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A device for efficient hyperspectral imaging for color analysis
1

Valentina Caricato, 1Andrea Egidi, 1Marco Pisani, 1Massimo Zucco
1

INRIM, Istituto Nazionale di Ricerca Metrologica, Torino,
m.pisani@inrim.it

1. Introduction
Hyperspectral imaging, in the following HSI, is a robust technique that allows to
obtain images combined with the spectral information of each pixel. Generally, a
HSI device is made of a dispersive element and an imaging system, i.e. a camera,
able to store a sequence of images. With this device it is possible to record a spectral
dataset called ‘hyperspectral cube’ that consists of a 3D matrix: the first two
components are associated to the image coordinates whereas the spectral
composition is recorded along the third component. Different kinds of HSI devices
can be found in literature, each one realizing the hyperspectral cube with different
methods [1]. Spatial-scan HSI devices consist of a dispersive element, like a prism
or a grating, integrated into an optical system, in such a way that the image is rowby-row scanned and the spectral information is recorded along the orthogonal
direction. All the spectra acquired are then combined together to obtain the final
hypercube. Wavelength-scan HSI devices are based on optical band-pass filters,
either tunable or fixed, and the spectrum has to be recorded in a sequence of steps
one for each wavelength. In time-scan HSI devices the spectral information for each
pixel is recorded in the interferogram acquired with different types of
interferometers like the Michelson interferometers [2], the Mach–Zender
interferometers [3], the Fabry–Perot interferometers [4], and the Sagnac
interferometer [5]. Finally a Fourier transform based algorithm gives the spectrum.
Considering the time-scan HSI devices it is important to notice that when the
detector noise is the major source of noise, the improvement of the signal to noise
ratio increases with the square root of the number of bins when compared to other
scanning spectrometers [5], [6]. Hyperspectral imaging finds application in many
different fields. In biology, it is possible to combine the HSI device with a
fluorescence microscope to detect the presence of specific fluorophores on a sample
[7], or to discriminate between immature and mature coffee beans [8]. In other
applications it is relevant to obtain a fast spectral discrimination, for example when
it is necessary to distinguish different LEDs [9], or when it is important to recognize
different minerals in drill cores for future missions to Mars [10]. Moreover,
hyperspectral imaging allows discriminating spectral properties of different minerals
that became a reference for the interpretation of features in remote sensing
applications [11]. In this paper we present our HSI device realized at the National
Metrological Research Institute (INRIM) based on Fabry–Perot interferometer
described in [4] coupled with a fast CMOS camera. This HSI device has high light
collection capability leading to low exposure times with respect to other
hyperspectral techniques. Preliminary results have been presented in 2010. Here we
present the upgraded version of the device together with the latest results in color
analysis and in spectral signature of minerals. The acquired interferograms are
recorded together with a reference laser at 405 nm necessary to calibrate the optical
13

path delay of the cavity. Moreover we present the RGB reconstruction obtained by
the hyperspectral cubes calculated with a dedicated LabVIEW software.
2. Set up
We have realized an optical set up to acquire spectra of different colored objects
ranging from fruits and vegetables to minerals rocks and butterflies, each one
characterized by many colored components with specific fingerprints. Basically our
HSI device consists of a fast CMOS camera Orca Flash 4.0, with a relay lens
between the sensor and the Fabry-Perot cavity, scanned by the action of three piezoactuators. Next the cavity we have an objective with a variable focus and numerical
aperture that ensures the coherence of the acquired signal and finally a pulsed laser
diode at 405 nm is used to calibrate the distance during the acquisition. A Xenon
lamp illuminates the object under test. Every acquisition has been recorded with a
bit depth of 16 bits, a frame rate of 40 Hz, low exposition times of 10-14 ms, a
scanned distance between the two mirrors of 27 μm, frames of 1024x1024 pixels
and no binning. The interferograms acquired are then elaborated by a specific
LabVIEW software that reconstructs the spectra of each pixel and the hypercube by
the Fast Fourier Transform algorithm. From the hyperspectral cubes we have
realized the corresponding RGB images, with colors accurately defined. In fig. 1
you can see a picture of the optical set up.

Fig. 1 – Optical set up used to acquire Hyperspectral images.
14

3. Results
Here we present the spectra and the RGB reconstruction from the hyperspectral
cubes obtained with our HSI device choosing different colored objects: fruits and
vegetables (fig. 2), a Malachite rock with blue and green colors (fig. 3) and other
minerals (fig. 4). Spectra are extracted from the hyperspectral cube selecting small
regions of 50x40 pixels and every spectrum has been normalized with respect to a
white reference visible in every image. RGB images have been obtained by an
automatic process that extracts the three-color components by weighting the
spectrum of each pixel with the CIE color matching functions.

Fig. 2 – RGB reconstruction of a plate of fruits and vegetables and the normalized spectra of small colored regions.
15

Fig. 3 – RGB reconstruction of a rock with azurite and malachite crystals
16

Fig. 4 – RGB reconstruction of some minerals and a red coral. From left to right: a blue lapis lazuli, a rose quartz, a
red coral and a turquoise.
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4. Color Rendering
Hyperspectral imaging allows accurate color rendering. Starting from the
hyperspectral cube we can obtain a color image by choosing the wanted weighting
function. As an example, RGB pictures shown here have been obtained from the
hypercube by using standard weighting functions CIE 1964. By changing the
weighting function it is possible to simulate the rendering obtained with a given
printer, monitor or projector. Also, from a hypercube it is possible to simulate the
effect of different illumination conditions multiplying the source spectrum with the
reflectance spectrum. So, it is possible to choose the optimal spectral composition of
the illuminator to obtain the wanted rendering. As an exercise we have simulated the
illumination of the scene in fig. 5 with different black body temperatures lamp. Note
that the result comes by the multiplication of the real spectrum by the lamp emission
spectrum, not by correcting the RGB parameters.

Fig. 5 - Simulation of different black body temperatures illuminating source obtained multiplying the spectra from the
hyperspectral cube with the black body ones. Temperature is decreasing from left to right.

5. Conclusions
We have presented our hyperspectral imaging device and shown its potentialities. To
summarize, the device creates a hyperspectral image with 1024 by 1024 pixel
resolution and less than 5 nm in spectral resolution. The images are captured with a
total exposure time around 20 s. Results shown here are in the 400 – 720 spectral
range, but the camera allows to obtain spectral imaging in the near infrared up to
1000 nm.
The hypercube can be post processed to obtain different results for different
scientific applications ranging from the recognition of minerals and vegetation from
airborne of space-borne Earth observation, color rendering, color analysis and more.
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Laser colouring on titanium alloys: characterisation and potential
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1

Federica Franceschini, 1Ali Gökhan Demir, 2Jonathan David Griffiths, 2Colin Dowding,
1
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1. Introduction
In recent years the process of colouring titanium alloy by laser has gained greater
importance due to the distinctive properties of titanium, the potential applications of
coloured titanium surfaces and the interesting capacities of the laser method of
energy delivery. Titanium is a material of great interest due to its high strength to
weight ratio and biocompatibility, causing it to enjoy widespread use in engineering
disciplines such as automotive, architectural and medical [1], [2].
Titanium and its alloys possess the relatively rare capacity to exhibit vivid colours
upon oxidisation of its surface layer. Through control of the oxidation process,
various colours can be produced. This is achieved by controlling the thermal cycles
applied on to the material that is in contact with the ambient atmosphere, which
contains oxygen [3], [4]. The use of a laser beam for colouring titanium (as opposed
to conventional methods such as furnace heating or anodization) permits flexible
manipulation of the oxidized geometry with high spatial resolution. The application
of lasers results in fine, precise and long-lasting coloured markings in the surface of
the irradiated substrate.
Common applications of colour marking of titanium are aesthetic in nature, such as
jewellery, eyewear and watch manufacture [5]. Colour marking of serial numbers on
titanium implants has been adopted in the biomedical sector, where ablation based
laser engraving is not permissible. All of these current applications would benefit
from greater process control. Therefore, the study of processing and optical
properties of oxide layers on the colour marking of titanium is fundamental to
enhance existing applications and to enable potential further applications.
In this work, laser colour marking of titanium has been investigated analytically and
empirically. The key area of limited understanding lies in the optical mechanism that
generates the perceived colour. Two main hypotheses regarding destructive light
interference on a thin film and absorption based wavelength elimination have been
proposed. Here, the interference in thin oxide films is evaluated as a potential
mechanism for wavelength elimination in white light. An analytical model that links
oxide thickness to eliminated wavelength due to destructive interference is build up
and, for the first time, a sensitivity analysis is developed. Laser colouring of
commercially pure titanium (grade II) was conducted using a nanosecond pulsed
active fibre laser delivered via scanning galvanometric mirrors. The colours
generated were categorized using human perception and subsequently quantified
through characterization of the absorption spectra by double beam
spectrophotometer. The outcomes of this work have allowed detailed consideration
of potential applications for this technology.
20

1.1

Interference in thin oxide films

The interference phenomenon was identified to be responsible for generating
perceived colours of oxide layers on titanium. For example, Pedeferri identified
destructive interference occurring in thin anodized titanium surfaces as the
underlying mechanism for the colour generation [1]. Moreover, he classified colours
as a function of anodized layer thickness [1]. The same hypothesis was adapted by
various different authors for oxide layers generated by laser [5], [6]. These
contributions showed different oxide layer thicknesses varying between 10-200 nm
assigned a colour to the measured values, as the tristimulus values X,Y,Z or the
wavelengths. An analytical solution to predict the visible colour reflected by the
surface based on the interference phenomenon has not yet been introduced.
In general, thin transparent layer interference occurs when incident light waves are
reflected by the upper and the lower boundaries of a thin transparent layer and then
interfere with each other to form a wave. Two different types of interference can
occur: constructive and destructive. The degree of constructive (or destructive)
interference between the two light waves depends on differences in their phases: 1)
the two incident waves A and B must have a phase difference of zero or 2π; or, 2)
the phase difference must be equal to π. The eliminated wavelength can be
correlated to the observed colour by the corresponding complementary colour [7].
In order to describe interference mechanism for a thin transparent layer, TTL, the
interaction between light and matter is schematized as in Fig. 1 [8]. The same model
is applied here for oxidised thin titanium layers.

Fig. 1– Analytical model for thin transparent layer interference

An incident ray, I, arrives at the external surface of the sample, forming an angle, ϑ1,
between the incident ray and the plane perpendicular to the external surface; this ray
is moving from an initial medium (with refractive index, n1), to a second medium
(that has a higher refractive index, n2). As a consequence a reflected ray, R1, is
generated at the external surface, ES, and a transmitted ray, T1 emanates into the
21

TTL at ES. R1 has the same angle from the plane normal to ES as I, while T1 forms
an angle from the normal plane, ϑ2, which can be determined using Snell’s law [8].
At the internal surface, IS, part of T1 is reflected back into the TTL as ray RT1; the
remaining light will is transmitted by the third medium (below TTL in Fig. 1).
At ES a proportion of RT1 is transmitted into the atmosphere by the ES as ray TRT1
and the remaining part is reflected back into TTL at ES as ray RRT1. The light
reflected from the upper and lower surfaces of TTL (R1 and TRT1) will interfere.
The degree of constructive and destructive interference between the two light waves
depends, as stated previously, on the deviation between their respective phases. This
deviation will in-turn, be the product of TTL thickness, TTL refractive index,
substrate refractive index and the angle of incidence ϑ1 between the white light
incident upon the ES of the TTL. It is essential to note that a phase shift of π may be
introduced to account for reflection at a boundary; π must be applied when n1 > n2.
Finally, it should be considered that the schematic arrangement detailed in Fig. 1 is
equally valid for all light wavebands, where the wavelength manipulated is selected
by TTL thickness.
When considering light incident upon the upper boundary, the optical path
difference of the reflected light (Δp) is calculated as the result of geometrical
relations using Snell’s law, [8]. To have experience constructive or destructive
interference the optical path Δp must be equal to an integer or a non-integer multiple
of the wavelength λ [8]. An integer coefficient, x, is introduced to represent the
number of a waveband.
Eq. 1
Eq. 2

Substitution of Eq. 2 into Eq. 1 yields Eq. 3 which is valid for both constructive and
destructive interference.
Eq. 3

For a system consisting of three layers with different refractive indices as seen in
Fig. 1, where n1 < n2 < n3, Eq.3 can be rewritten for (a) constructive interference and
(b) destructive interference. Thus Eq.3 represents the interference occurring in
oxidised thin titanium layers.
Eq. 4
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where m is a positive integer. Its value or its value minus one half represent x value
for either constructive or destructive interference. In order to achieve the elimination
of colours, TTL thickness must be great enough to cause destructive interference, or,
in other terms, eliminate the wavelength λ that appears in Eq. 4. The observed colour
is characterised as the complementary wavelength to that of the eliminated
wavelength.
In addition, a simple sensitivity analysis was conducted for this work with the aim of
defining the thicknesses required to eliminate all visible wavelengths to humans.
This analysis was developed around several restrictive hypotheses, in particular:








Single oxidised layer structure.
Isotropic material.
Approximation of the incident white light to a single ray with linear
polarization.
Existence of a defined interface between different layers.
Refractive index (n2) calculation used data reported in the literature [11].
All colours generated were the result of the first band of colour (m=1).
Incident angle ϑ1 assumed to be such that the transmitted angle ϑ2 was equal
to half of the critical angle (ϑc/2).

The resulting thicknesses were expected to differ from that measured and reported in
the literature, for instance in [6]; it was expected that the interference mechanism
may not be solely responsible for generating selective colour reflection in thin
titanium oxidised layers; thus, confirming proposals by other authors in the literature
[9], where the mechanism of absorption was proposed.
2. Experimental procedure
This section describes the experimental arrangement that was employed for this
contribution in order to colour titanium alloy and then measure the resultant colours.
Here, information about the material, the laser system, the measuring system and
strategies for colouring are reported.
2.1

Material

25mm x 25mm square samples were cut using a mechanical linear punch (Savio)
from a coil of commercially available 0.5mm thick, grade 2 pure titanium. Errore.
L'origine riferimento non è stata trovata. summarises the nominal chemical
composition of the alloy [10]:
Chemical composition for cp Ti GII [% by weight]
Ti
C
Fe
H
N
O
99.7
0.1
0.3
0.015
0.03
Max 0.25
Tab. 1 - Percentage by weight elemental components

2.2

Laser system

The laser and the positioning system, which were used for colouring, were accessed
in Politecnico of Milan. An active fibre laser source (YLP-1/100/50/50, IPG)
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operating at a wavelength of 1064 nm and working in a nanosecond pulse duration
regime was used. A galvanometric scanner head (TSH8310D, Sunny) was employed
for beam manipulation using the arrangement shown in the photographs given in
Fig. 2. The laser characteristics are defined in Errore. L'origine riferimento non è
stata trovata..

Fig. 2 – Laser equipment
IPG YLP-1/100/50/50
Average output power
P
50 W
Pulse repetition rate
PRR
20-80 kHz
Emission wavelength
λ
1064 nm
Minimum pulse duration [FWHM]
Τ
100 ns
Maximum pulse duration
E
1.09 mJ
Beam quality factor
M2
1.7
Focal lens
F
100 mm
Collimated diameter
dc
5.9 mm
Beam diameter
d0
39 μm
Tab. 2 - General characteristics of the pulsed fibre laser system used

2.3

Colour measurement

After colouring, each sample was analysed using a dual beam spectrophotometer
(DBS) (UV-2600, Shimadzu UK Ltd., [12]) in order to measure reflected colours in
a repeatable manner. The DBS measured the absorption of light with respect to the
wavelength of each sample. This used spectroscopy principles in order to measure
light characteristics, namely wavelength and colorimetric value. The DBS used
included the standard sphere for ultra-violet or visible spectra (ISR-2600) and
measured across a range of 180-900nm, as shown in Fig. 3.
Two proprietary software elements were employed (UV Probe and UV colour,
Shimadzu UK Ltd.); to calculate the transmittance, reflectance and absorbance
spectra from the measurements made by the DBS as well as tristimulus values.
The DBS used here made it possible to measure at different incident angles; as
shown in Fig. 4, sample, S, light had an angle of incidence of 0° (normal incidence)
whereas the reference, R, light had an angle of incidence of 8°. By using the S/R
exchange function of the software, it was possible to measure diffuse reflectance on
the sample side or to measure an 8° specular reflectance by positioning the sample
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appropriately. For this work specular reflectance measurements were taken and are
described in this paper.

Fig. 3 –Double Beam Spectrophotometer picture ([12])
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Fig. 4 – Optical system diagram ([12])

2.4

Experimental plan

Process parameters were largely discussed in the literature review, which identified
the following as the principle parameters: Power, P; pulse repetition rate, PRR;
scanning speed, v, determines the number of pulses delivered per unit length of
scan; pitch, p, is the separation between the laser scan; and number of scan passes,
N. P and PRR are parameters relating to the laser source; v, p and N are modified
using the galvanometer.
Preliminary analysis showed a larger variety of colours was achievable by varying v,
P and p. Alternatively, variations in PPR and N caused only tonal differences of the
same colours. Accordingly, a more comprehensive study was conducted by varying
the power and pitch within a smaller range; whereas a large range of scan speeds
was employed. Tab. 3 reports the experimental conditions.
Fixed parameters
Pulse repetition rate (PRR)
50 kHz
Number of passes (N)
1
Focal position (Δz)
2 mm
Varied parameters
Average power (P)
10 W, 15 W
Pitch (p)
0.025 mm, 0.05 mm
Scan speed (v)
From 10 mm/s to 250 mm/s steps of 10 mm/s
Tab. 3 - Fixed and variable parameters for the colouring strategy
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3. Results and discussion
Fig. 3 shows the palette of colours achieved as a function of laser parameters. It can
be observed that application of a higher power level (15W) generates a larger variety
of colours; whereas 10W yielded only grey tones below a certain scan speed
threshold, both for 0.025mm and 0.05mm pitch values. This observation suggests
that it is likely that oxidation is not activated to a suitable (colouring) depth below a
certain energy density; resulting only in surface smoothing.

Fig. 5 – Colour palettes obtained with different laser colouring conditions (Photograph: EOS 55 D 18-55 ZOOM 55,
CANON)

Fig.4 reports the absorption characteristics of 15W, 0.05 mm conditions as measured
and reported by DBS. It is fundamental to note that the absorbed wavelengths
represent the eliminated wavelengths; these can be correlated to the eliminated
wavelength in the presented analytical solution.
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Fig. 6 – Spectra of absorbed wavelengths for 25 different speeds for the condition characterised by cp Ti GII, Power
10 [W], PRR 50 [kHz], pitch 0.050 [mm] and number of passes 1 [-]

As it is evident in Fig. 6, each spectrum was characterised by a peak of absorbed
intensity. Fig. 7 gathers the highest absorption peaks as a function of laser
processing conditions. For a better interpretation of the results the graph should be
viewed starting from the highest scan speed condition, which corresponds to lowest
energy density delivered by the laser (laser irradiance). It can be seen that the
highest absorption starts near UV and enters the visible range before increasing up
to 750 nm wavelength. This observation is parallel to an interference based colour
elimination mechanism [4]. Oxidation depth should be proportional to irradiance,
which in return shifts the eliminated wavelength from low values in the UV range
towards visible.
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Fig. 7 – Wavelength of highest absorption versus speed, for samples of cp Ti GII coloured following strategy one.

In summary, this characterisation permits the authors to relate a unique wavelength
value to a specific process condition; for example, in order to achieve a specific
colour (defined by its wavelength) that has a complementary wavelength of 550 nm,
it is possible to set a specific combination of power, pitch, frequency, number of
passes and speed for cp Ti GII, as shown in Tab. 4:
Conditions
1
2
3
4

Fixed values
Number of
Passes [-]

PRR [kHz]

Variable values
Power [W]

Speed [mm/s]

Output
Pitch [mm]

λ [nm]

15
100
0.050
15
150
0.025
551
10
40
0.050
10
80
0.025
Tab. 4 - Example for colouring a specific colour with one combination of process parameters
50

1

Previous wavelength measurements permit the calculation of thicknesses by
application of the inverse of Eq. 4 – (b), under a restrictive hypothesis: in order to
eliminate a wavelength of 550 nm, a thickness of 0.065 μm is needed. These results
demonstrate that a range of thicknesses between 0.037 μm and 0.090 μm (if
considering the laser machining parameters all four sample plates machined) have
been identified. This range includes higher thicknesses than that reported in the
literature, for example 0.005 μm is reported in [3] and 0.025 μm is reported in [6].
This large film depth prediction enforces the conclusion that interference may not be
the only factor responsible for selective colour reflection by an oxide.
4. Conclusions
This work had three central aims; (i) identification of the mechanisms responsible
for laser colour marking of titanium, (ii) investigation of the effect of process
parameters on the colours produced as a means of process control and (iii)
consideration of potential further applications of the technique, as enabled by greater
control of the process.
A critical analysis of the optical interference mechanism led to the generation of a
model of interference for thin titanium oxidised layers. This was used to evaluate the
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thicknesses capable of eliminating all the wavelengths included in the visible range.
Moreover, it was used to evaluate thicknesses capable of eliminating wavelengths
detected by the double beam spectrophotometer. A comparison between the
thicknesses generated for this work and that reported by the literature allows the
possibility of dispelling the theory stating that selective colour reflection by thin
transparent layers is driven by interference alone. However, this analysis of
sensitivity was subjected to several constraints. Chemical analysis is suggested in
order to better understand the magnitude of influence of mechanism of absorption on
the selective reflection of colours by a thin transparent layer.
A systematic procedure was exploited in order to build up an experimental
methodology to colour and analyse titanium samples by laser and double beam
spectrophotometer, respectively. The colour absorption behaviour of the surfaces
with respect to the process parameters used is described, supported by a qualitative
analysis. Different reflected colours, defined by wavelength, were achievable by
varying the speed for a fixed power, pulse frequency and scanning pitch. Both
increased laser power and the complementary proportional decrease in pitch resulted
in the same effect: the enlargement of the high wavelength zone. This analysis must
be considered as a valid contribution to achieving a rigorous calibration of the laser
colouring process of titanium alloys.
Whilst established as a process in a research environment, laser colour marking of
titanium has had limited application in industry thus far due to an inadequate
understanding of aspects of the process, leading to insufficient process control. One
potential application is the manufacture of compact visual projectors. In order for
laser colour marking of titanium to realize its potential as a fully controlled process
in a manufacturing environment, an increased understanding of the complex
interrelation between processing parameters and the influence of component
geometry is essential on oxide layer thickness is required.
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1. Introduction
This work presents two algorithms to retrieve color texture images. Both of them
describe the image visual appearance by combining illuminant invariant color
information with the textural cues output by the local binary pattern (LBP) operator
[1], and perform image retrieval by a nearest neighbor classifier. According to
previous works [2] [3] [4] [5], this paper empirically shows that the addition of the
color features to LBPs remarkably increases the retrieval performances of the
techniques based on the LBP analysis only [1] [5].
The LBP operator detects image micro-structures (e.g. edges, lines, flat regions),
that are represented by binary vectors, called LBP, usually normalized in order to be
robust against in-plane rotation of the image [1]. By definition, the LBP operator is
insensitive to monotonic changes of image intensity, while invariance to chromatic
illuminant changes can be obtained by computing the LBPs separately on the three
image channels [3] [5]. Thanks to their high discrimination capability and low
computational complexity, the LBP operator has been successfully applied to a wide
variety of computer vision tasks, like video background subtraction [6], face
detection and identification [7], fingerprints recognition [8], image classification [9].
The main issue addressed here is how to add color information by preserving the
illuminant invariance of the LBPs. In fact, color is one of the most important
features for image description and retrieval [10], but its usage in practice is often
limited due to its strong sensitivity to the light. The proposed algorithms cope with
this problem in different ways.
The first algorithm, named GW-algorithm, provides an illuminant invariant color
and texture description as follows: first, it normalizes the colors of any image with
the Gray-World algorithm; second, for each normalized color channel, computes the
joint probability map of intensity and rotation invariant LBPs; finally, it
concatenates the probability maps of the three color channels and performs retrieval
by comparing them by means of a Lp metric.
The second algorithm, termed vK-algorithm, computes the joint probability map as
before, but without any color normalization, and implements a matching strategy
that takes into account possible changes of colors due to illuminant variations, based
on the von Kries model [11] [12]. In both these algorithms, the color and texture
probability map can be also weighted by the Euclidean distance of each pixel from
the image barycenter, in order to provide a global spatial description of the color
distribution.
The experiments carried out on the public real-world dataset [13] show that the
proposed algorithms outperform the approaches based on color or LBPs
individually, and in general better results are obtained by using the weighted
probability map.
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2. Local Binary Patterns: Definition and Computation
Let be a pixel of a gray level image and let
be a circular neighbor of
where denotes the radius of the neighbor and is the number of sampling points
with coordinates
defined by
where
are the coordinates of . Due to the discrete nature of the data, when
the coordinates
of any sampling point
do not fall at integer coordinates,
the gray value
is bilinearly interpolated.
The LBP label at is defined as

where indicates the gray value and
such that
if
, and
The ordered sequence

is a thresholding function from
to
otherwise.
is said LBP code.

Any image rotation changes the order of the LBP code entries, but invariance
against rotations of an angle of
(with an integer number) can be achieved by a
circular bitwise cyclic shift (see Fig. 1 for an example).

Fig. 1: Example of LBP computation. Here a 3x3 neighborhood has been considered (
). The central
gray value is highlighted in red. The LBP codes and their corresponding labels with and without rotation
normalization are shown in the blue and green boxes respectively.

Experiments reported in [1] and [14] showed that the best texture description and
classification is achieved by considering only a small subset of LBPs, called uniform
LBPs. A LBP is said to be uniform if it contains at most two bitwise transitions
(from 0 to 1 or vice-versa).
The rotation invariant uniform LBP (denoted as LBPriu, where ri stands for rotation
invariant and u for uniform) of a neighbor
centered in is computed by the
following equation:
(2.1)
with
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LBPrius: each uniform pattern is labeled
By Equation (2.1), there are exactly
by a number from 0 to , corresponding to the number of 1’s in its LBP code, while
the non-uniform LPBs are grouped together under the label
. Fig. 2 shows the
nine LBPrius for = 1 and = 8.

Fig. 2: The nine uniform LBP’s ( = 1, = 8). Black and white circles represent the 0 and 1 8-bit values of the
LBP operator. The number in blue denotes the unique code of each rotation invariant uniform LBP.

By definition, the
s are invariant to monotonic changes and shifts of the
gray level intensity of any image. In fact, for any real numbers and , with
(2.2)
Therefore, the LBP’s are robust to image noise modeled as an additive term, and to
any changes of image intensity, caused for instance by shadows or by varying the
distance of the camera from the light sources. As a consequence, the
’s of
the red, green, and blue channels of a color image provides an illuminant invariant
description of the colored texture. In fact, the change of image colors due to an
illuminant change is well approximated by the von Kries diagonal map between the
color responses captured under the varied lights [11], i.e.
(2.3)
where
are real strictly positive numbers, called von Kries coefficients, and
is the intensity value of the -th color channel ( = 0, 1, 2, i.e. red, green, blue) of
the RGB input image. Since the values of each color channel under the von Kries
map satisfy the Equation (2.2) for = 0, the corresponding LBP’s are illuminant
invariant.
Similarly, also the LBP’s of the 1D chromaticity image defined by
(2.4)
and

otherwise, are insensitive to changes of illuminant.

3. Color-LBP Description
For texture classification task, the occurrences of the LBPrius of an image are usually
collected into a histogram with
bins [15]. The LBPriu’s histogram has been
proved to be an excellent feature for fast texture classification, also in comparison
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with other descriptors, as co-occurrence matrices, Gabor filters, wavelets, or
Gaussian Markov random fields [16] [17].
Nevertheless, this work shows that the LBP’s discriminative power can be further
increased by integrating color information, and proposes two algorithms for
illuminant and rotation invariant color-based texture descriptor for retrieval.
As already mentioned in Section 2, the LBPrius computed separately over each color
channel are insensitive to illuminant changes. On the contrary, color is strongly
sensitive to the light. The GW- and vK- algorithms propose two different ways to
include color by preserving illuminant invariance.
3.1. The GW-Algorithm

This algorithm is named GW-algorithm because it achieves invariance to changes of
illuminant by normalizing the colors of any textured image by the well-known
Gray-World algorithm. The Gray-World algorithm maps the color response
at an image pixel on the triplet
, with
(4.1)
is the mean value of the intensity of the -th channel. This means the
where
mean RGB value of the new image obtained by the transformation in Equation (4.1)
is a gray color with intensity 128. This Gray-World normalized image is clearly
invariant with respect to illuminant changes. In fact, let
and
be the RGB values at under two illuminants. According to
the von Kries model in Equation (2.3) and to Equation (4.1),

The illuminant invariant feature used here integrates the color information encoded
in the Gray-World normalized image
with the LBPrius by computing for each
chromatic channel
of
the joint probability
of chromatic intensity and
texture, i.e.
(4.2)
where indicates the cardinality of the subsequent set,
and
vary respectively
and
. The three histograms defined by Equation
over
(4.2) are then concatenated into a 2D probability map, that is encoded as a
matrix (see Fig. 3 for an example).
The probability map can be also weighted by the Euclidean distance of the pixels
from the image barycenter, in order to provide a global spatial description of the
image color distribution. In particular, if is the image barycenter, the weighted
version of Equation (4.2) is
(4.3)
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with
.

Fig. 3: A texture from Outex imaged under the three lights inca, tl84, horizon (see Section 4 for more details) with
their gray-world corrected images and the color & texture probabilities implemented by GW- and vK-algorithms
= 8.
without weights and with = 1,

Gray-World color normalization can be replaced with other techniques, that remove
illuminant casts, as for instance [18] or [19]. The Gray-World normalization has
been chosen here because of its low computational charge.
3.2. The vK-Algorithm

This algorithm is named vK-algorithm because it relies on the von Kries model [11].
The vK-Algorithm describes the image appearance by the joint probability of color
and texture, without any color normalization. The probability map is computed as
before by splitting the input RGB images into its three channels and by computing
the histograms of color and LBP as in the Equations (4.2) or (4.3) where and
are replaced by and , respectively.
According to the von Kries model, the probability maps
and
of each color
channel of two images and
of the same scene imaged under two different
illuminants are stretched to each other by the von Kries coefficients along the
horizontal axis, i.e.
for any
(see Fig. 3).
Given a query image and a reference , the vK-Algorithm matches and as
follows:
a. the coefficients ’s are estimated by the method proposed in [12], that
minimizes the parametric Earth Mover Distance between the RGB color
histograms of and , or equivalently, between the horizontal projections
of and .
Formally, let
and
be the histograms of the -th color channel of
and respectively. By the von Kries model
.
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Thus, the method in [12] computes the set
by a least square approach that finds the best line fitting
and estimates
the points of
. The similarity between
and
is measured by the
Earth Mover Distance (EMD) between
and
. This distance
will be referred hereafter as parametric EMD, because of its dependency on
the coefficient (see [12] and [20] for more details);
b. the probability is stretched accordingly, i.e.
;
c. finally
and
are compared by a Lp distance. If and
are actually
related by an illuminant change, then the Lp distance between and
is
zero.
4. Experiments
The performances of the GW- and vK- retrieval algorithms have been measured on
the public real-world image dataset Outex [13]. This consists of 68 different classes
of colored textures, each represented by 20 images and captured under three
different lights (a 2856K incandescent CIE A light denoted as “inca”, a 2300K
horizon sunlight denoted as “horizon”, and a 4000K fluorescent light denoted as
“tl84”). Fig. 3 and Fig. 4 show some examples.
Given a query and a set of references, the image retrieval problem consists in
finding the reference which is the most similar to the query with respect to the used
features. The query is correctly retrieved if its class matches the class of the selected
reference.
The experiments have been carried out by setting as references the images captured
under an illuminant
(
= inca, horizon, tl84), and as query each image taken
under another illuminant
( = inca, horizon, tl84), and
.
The retrieval accuracy has been measured by the average match percentile (AMP)
and by the recognition rate (RR). AMP is defined as
(6.1)
is the number of references, and indicates the positions the first correct
where
response in the sorted list of the references output by the classifier, while RR is the
percentage of texture images correctly classified (i.e.
).
The performances of the GW- and vK- algorithms have been compared with those
output by other approaches that use exclusively texture or color information. In
particular, the following descriptors have been considered:
1.
2.
3.
4.

the histograms of the LBPrius computed over the RGB color channels;
the histograms of the LBPrius computed over the 1D chromaticity image;
the histograms of the RGB colors of the Gray-World normalized images;
the histograms of the RGB colors of the non normalized images.

All the histograms listed before have been computed with and without Euclidean
distance weights. The algorithms using the features at points 1, 2, 3 perform image
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distance ( = 1, 2) as similarity
retrieval by a nearest neighbor classifier with the
measure. In addition, for the feature at point 1, the log-likelihood statistic used in
[1] has been considered:
,
where denotes a bin of the -th histograms
and .
The color histograms at point 4 have been matched by using the Earth Mover
Distance as proposed in [12], in order to ensure invariance against illuminant
changes.

Fig. 4: Some examples of colored textures from Outex.

Fig. 5 shows an image, its Gray-World normalization and its 1D chromaticity
image, along with the descriptors at points 1, 2, 3, 4. The corresponding joint
probability maps of color and textures used by GW- and vK-algorithm are shown in
Fig. 6.
Tab. 1 summarizes the descriptors used in the experiments along with their
acronyms. Tab. 2 reports the mean values of AMP and RR averaged over the
number of database images and of the pairs
. Tab. 2 also shows the
rounded up mean value of the rank .
The value of controls the size of the neighbor of each pixel and thus the scale at
which the texture is described. Neighbors of different size capture different visual
cues of the texture, and some of them may even provide poor or noised information.
The value of
is related to the robustness of the descriptors against in planerotation. The choice of the pair
providing the best description in terms of
retrieval performances is not addressed here, but the experiments have been carried
out by considering two different values of
: (1, 8) and (2, 16).
All the retrieval algorithms achieve the best performances for
= (2, 16), and
with the descriptors weighted by the Euclidean distance from the image barycenter.
Apart from the case of the LBPriu’s histograms of the RGB color channels (point 1 in
Section 4), the retrieval performances do not change by using the distances
or
as similarity measure. Therefore, for the other features, the results obtained with
as retrieval distance are omitted in Tab. 2.
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Fig. 5: An image, its gray-world normalization, its 1D chromaticity image and the color and texture descriptors listed
in Section 4, points 1, 2, 3, 4.
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Acronym

Descriptor

LBP (R, P)

Histograms of the LBPriu’s with radius R and P sampling points computed over the
three color channels.
LBP (R, P), L2
Histograms of the LBPriu’s with radius R and P sampling points computed over the
three color channels, weighted by the Euclidean distance.
LBPC(R, P)
Histograms of the LBPriu’s with radius R and P sampling points computed on the
1D chromaticity image.
LBPC(R, P), L2
Histograms of the LBPriu’s with radius R and P sampling points computed on the
1D chromaticity image, weighted by the Euclidean distance.
GW-Colors
Histograms of the Gray-World normalized color channels.
GW-Colors, L2
Histograms of the Gray-World normalized color channels, weighted by the
Euclidean distance.
GW-Colors + LBP(R, P)
Color & texture joint probability of Gray-World normalized images [GW-algorithm]
GW-Colors + LBP(R, P), L2
Color & texture joint probability of Gray-World normalized images, weighted by
the Euclidean distance [GW-algorithm].
Color
Histograms of RGB color channels.
Color, L2
Histograms of RGB color channels, weighted by the Euclidean distance.
Color, LBP(R, P)
Joint Probability of color and texture [vK-Algorithm].
Color, LBP(R, P), L2
Joint Probability of color and texture, weighted by the Euclidean distance [vKAlgorithm].
Tab. 1: Acronyms of the retrieval algorithms.
Descriptor

Retrieval Distance

AMP

RR (%)

MEAN RANK
[on 1360 img]

LBP (1, 8)
Log-Likelihood [1]
0.89971
10.613
137
LBP(2, 16)
Log-Likelihood [1]
0.93845
18.125
85
LBP(1, 8)
L2
0.90558
11.067
129
LBP(2, 16)
L2
0.94323
18.787
78
LBP(1, 8)
L1
0.93327
23.946
92
LBP(2, 16)
L1
0.96827
36.078
44
LBP(1, 8), L2
L1
0.93492
23.836
89
LBP(2, 16), L2
L1
0.96968
35.343
42
LBPC(1, 8)
L1
0.88932
11.618
151
LBPC(2, 16)
L1
0.90535
18.027
130
LBPC(1, 8), L2
L1
0.89389
10.637
145
LBPC(2, 16), L2
L1
0.90871
16.544
125
GW-Colors
L1
0.97943
21.446
29
GW-Colors, L2
L1
0.97939
21.336
29
GW-Colors + LBP(1, 8)
L1
0.98433
31.716
22
GW-Colors + LBP(2, 16)
L1
0.98766
37.378
18
GW-Colors + LBP(1, 8), L2
L1
0.98416
31.017
23
GW-Colors + LBP(2, 16), L2
L1
0.98779
36.863
18
Colors
Parametric EMD
0.95845
36.569
57
Colors, L2
Parametric EMD
0.96118
36.703
54
Colors + LBP(1, 8)
Parametric EMD, L1
0.98256
42.451
25
Colors + LBP(2, 16)
Parametric EMD, L1
0.98633
47.745
19
Colors + LBP(1, 8), L2
Parametric EMD, L1
0.98310
42.096
23
Colors + LBP(2, 16), L2
Parametric EMD, L1
0.98685
47.708
18
Tab. 2: Retrieval Results (see Tab. 1 for the acronyms of used descriptors). In the last four descriptors, parametric
EMD has been used for computing the von Kries coefficients and L1 to match the color corrected probability maps.
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Fig. 6: Color and Texture Descriptors (with and without Euclidean weights) used by vK- and GW- algorithms. These
features refer to the image in Fig. 5. The black bands visible in the probability maps of GW-algorithm are due to the
discrete nature of the visual data (the value in Equation (4.1) is cast to an integer).

The worst results are obtained by using the LBPriu’s histograms with
,
and the log-likelihood statistic as retrieval distance (AMP = 0.8997 and RR = 10.61
%). The performances significantly increase for
and
.
does not
Also the use of the LBPriu’s histograms of the 1D chromaticity image
provide good results, because the color information encoded in is too coarse.
The GW- and vK- algorithms provide the best performances. In particular, the best
results are obtained by GW-algorithm with the weighted color and texture
probability. In this case, AMP = 0.9878 and on average the correct image is at the
18th place of the ranked list of references. By discarding the Euclidean weights, RR
(AMP, resp.) is slightly higher (lower), than the RR (AMP, resp.) achieved in the
best case. However these differences are negligible.
The vK-algorithm outputs similar values of AMP and , while RR is remarkably
higher than that obtained by the GW-algorithm: the 47% against the 37%. This
means that the number of images correctly classified (i.e. = 1) is higher for vKalgorithm than for the GW-algorithm, but the rank of the images not correctly
classified is lower for vK-algorithm than for GW-Algorithm. Therefore, on average,
the AMP is more or less the same for both the algorithms.
5. Conclusions
According to previous studies, this work has shown that the joint use of color and
texture improves the performances of any retrieval algorithm using color or texture
only. The retrieval algorithms presented here ensure invariance against variations of
illuminant and in-plane rotation of the image. Future work will include a multi-scale
image analysis in order to achieve robustness against size changes, and the usage of
the proposed algorithms for object detection and semantic image labeling.
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1. Introduction
Human Visual System (HVS) has complex and robust mechanisms to acquire useful
information from the environment. Color sensation does not depend on the point–
wise value of the stimulus, but on the spatial arrangement of the stimuli in the scene.
Same point–wise values of radiance can originate a completely different visual
response according to the scene content. In order to deal with the locality in image
appearance, different image processing algorithms have been developed with the
intent to exhibit behaviors similar to the HVS, such as ACE[1], STRESS [2], iCAM
and its evolutions [3][4], and the various Retinex implementations.
The main assumption of the Retinex theory [5-8] is that the sensation of color comes
from comparisons among different areas in the scene. Thus, in a Retinex
computational model, the appearance of each pixel changes on the basis of its
surround: therefore, pixels with the same value can trigger different sensations. This
locality of perception is achieved, in the original proposal from Land and McCann
[5][6], by paths scanning across the image, accounting for pixel ratio computation in
each chromatic channel.
Two different approaches have been proposed in literature for the implementation of
Retinex model. In the sampling approach, Retinex computation in each pixel is
applied using a subset of samples around the pixel of interest. The subset may be
considered using paths, two–dimensional point sampling, or considering neighbors
in a multilevel framework [9–12]. The integrating approach instead computes values
over the image using convolution masks, weighting distances, or differential
mathematical techniques based on Poisson–type equations [13-18].
In this paper, we present a novel sampling-based Retinex implementation, where the
neighborhood of a pixel is investigated using principles of Swarm Intelligence.
Swarm Intelligence, commonly used for example in the fields of optimization and
artificial intelligence, deals with the modeling of the collective behavior of simple
agents interacting with the environment and among themselves. These models, in
general physically or biologically inspired, provide meta-heuristics for a wide set of
combinatorial optimization problems. There are several families of Swarm
Intelligence, and among them we have considered the Ant Colony System (ACS)
[20]. The first studies on the development of artificial ants date back to the 1990s
and are based on the work of Dorigo et al. [20]. Inspired by the behavior of real ants
foraging for food, Dorigo et al. developed the so called ACS for solving the
Traveling Salesman Problem (TSP). Today their pioneering work has been
diversified to solve a wider class of numerical problems [21].
In the novel method presented in this paper, we consider a termite colony
exploration of the image, i.e. a tuned model for image processing derived from the
ACS for the TSP. In daily life, termites are also known as “white ants” and as this
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model attempts an eager exploration in search of the local reference white, we have
called our algorithm Termite Retinex (TR).
The rest of this paper is organized as follows: section 2 briefly describes the ACS
system, followed by our proposal TR in section 3. Section 4 presents TR
characteristics and finally, in section 5 conclusions are drawn.
2. The Ant Colony System Model
We present a brief introduction of the first ACS model proposed by Dorigo et al.
[20] and of the TSP. The TSP is a NP–hard problem in combinatorial optimization
and theoretical computer science, where, given a list of cities and their pairwise
distances, the task is to find the shortest possible tour that visits each city exactly
once. It has been proven that ACS converges to the optimal solution with short
computational time, when cities are on a plane, and a path (edge) exists between
each pair of cities (i.e., the TSP graph is completely connected) [22].
Three ideas from natural ant behavior are transferred to the artificial ant
colony:
1. The preference for paths with a high pheromone level,
2. The higher rate of growth of the amount of pheromone on shorter paths,
3. The trail mediated communication among ants.
An artificial ant k in city r chooses the city s to move to among those which do
not belong to its working memory Mk by applying the following probabilistic
formula [23]:

⎧
⎪
⎪
pk ( r, s) = ⎨
⎪
⎪
⎩

α

β

(τ r,s ) (ηr,s )
α
β
∑ (τ r,u ) (ηr,u )

if s ∉ M k

u∉M k

0

otherwise

where τr,u is the amount of pheromone trail on edge (r, u), ηr,u is a heuristic function
called visibility (which is the inverse of the distance between cities r and u), and α
and β are parameters that allow a user to control the importance of the trail versus
the visibility. The memory Mk is the taboo list of the kth ant, which contains the cities
that it has already visited. City s is inserted in the list when the ant transits from city
r to city s. The choice criteria of the parameters α and β can differ widely according
to the problem for which the ACS is used. A guideline on how to choose the values
of the different parameters for the TSP problem can be found in [22].
3. Termite Retinex
The original Retinex model developed by Land and McCann [5][6] is based on
computing the relative channel lightness (L) at a point i as the mean value of the
relative channel lightnesses (l) computed along N random paths from point j to the
point i:
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N

Li =

∑l
h =1

i, j
h

N

where:
i
⎛ I ∈ path ⎞
⎟⎟
lhi , j = ∑ δ log⎜⎜ x +1
x= j
⎝ I x ∈ path ⎠

where Ix is the lightness intensity of the pixel x, Ix+1 is the lightness intensity of the
pixel x + 1, and h is indicating the path and δ represents a threshold mechanism:

⎧
⎛ I ∈ path ⎞
⎪
if log ⎜ x+1
⎟ > Threshold
⎪ 1
⎝ I x ∈ path ⎠
⎪
δ =⎨
⎪
⎪ 0 if log ⎛ I x+1 ∈ path ⎞ ≤ Threshold
⎜
⎟
⎪
⎝ I x ∈ path ⎠
⎩
The threshold mechanism helps to discount slow varying gradients. However, a
mathematical analysis of Retinex model has proven that the algorithm maintains its
fundamental properties even without the threshold [24]. During the computation of l
along the path h, the value of l can become positive: this means that a lighter area
has been found. In this case, a reset mechanism forces to restart the chain of ratios
(sum of logs) from the point of reset, by considering the lightness value found at the
reset point as new local reference white. The point i can be either along the path, like
in the original Retinex formulation, or at the end of the path like in the MI–Retinex
family [8]. We have chosen to implement the Termites using the MI–Retinex
approach.
When attempting to model the human vision system, an important characteristic to
consider is the locality of the visual sensation [8][26]. The way the image is
explored affects the influence that the surrounding pixels have on the final estimate
of the visual sensation. The main objective of the use of a colony of termites is to
control with an alternative mechanism the way the image content is explored, and
thus the locality of perception. As consequence, a new set of parameters is created to
describe and investigate the local behavior of Retinex.
In TR, a convex combination of the ACS equation (Section 2) is derived
with a different leading principle: an artificial termite k in pixel r chooses to move to
the pixel s in its 8–neighborhood N8 (but not currently in its working memory Mk )
by applying the following probabilistic formula:
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⎧
⎪
⎪
⎪
pk ( r, s) = ⎨
⎪
⎪
⎪⎩

α

β

(θr,s ) ( cr,s )
α
β
∑ (θr,u ) ( cr,u )

if s ∉ M k and s ∈ N8

u∉M k and s∈N8

0

otherwise

where θu is the amount of poison on pixel u, cr,u is the bilateral distance between
pixels r and u , and α and β are parameters weighting the importance of the poison
versus the closeness (which is directly related to the brightness of the pixel). In the
case all the surrounding pixels have the same probability, one pixel is drawn
randomly with uniform probability. In our model the memory Mk is the taboo list of
the kth termite, which contains the coordinates of the pixels that the termite has
already visited. This list is updated inserting the coordinates of pixel s when the
termite transits from pixel r to pixel s. The poison is the inverse of the amount of
pheromone. Once a termite has transited on pixel s, the quantity of poison on pixel s
is updated as follows:

τs =τs +Q
θs =

1

τs

where Q is a chosen amount of poison with 0 < Q ≤ 1. As in Retinex models, each
pixel is treated independently. After processing a pixel, the amount of poison at all
pixels must be reset to the initial value of 1 before starting processing a new pixel.
Therefore, artificial termites are essentially governed by three principles:
1. The preference for pixels with a low poison level. Divergence is required,
in order to explore different areas of the image: the poison acts as a
repulsion “force”, inverse of the attraction force pheromone in ACS;
2. The growth of the amount of poison on visited pixels. The higher the
quantity of the poison added on a pixel, the stronger the divergence
behavior of the termites. Furthermore the poison is a feature that prevents
the paths from a complete randomness since it affects the locality, it can be
used as a tuning parameter in order to obtain different spatial effects;
3. The length of the path, which also affects the locality of the filtering. In
particular, a termite should never travel across the whole set of pixels in the
image, because it would lead the filtering to the global white asymptote and
thus to a global white normalization of the image content.
Furthermore, the following constraints are required to be a novel tool for
exploring locality:
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1. A termite can choose to move only to one of the 8–neighboring pixels,
jumps forbidden. By exploring larger neighborhoods and allowing the
termite to “jump” might lead to not discovering the proper local reference
white;
2. The choice of a pixel is based on its distance and intensity value: the
visibility η is substituted with the bilateral distance c as defined below, that
we will refer to as “closeness”. The use of the bilateral distance is known to
be a suitable tool for edge–preserving [27] and in TR is justified by the fact
that the presence of halos are reduced in the final image with respect to the
simple distance based only in intensity values (Fig. 1).
The bilateral distance cr,u is defined as follows:

cr,u =

de =

de + dv
2

( xr − xu ) + ( yr − yu )
2

2

dv = I ( xr , yr ) − I ( xu, yu )
where de and dv are the distance in coordinates and in intensity values respectively, I
is the image channel and (x, y) are the coordinates of the pixels. When a termite has
to choose among eight neighboring pixels with same intensity values, the preference
goes to one of the four diagonal pixels with respect to the vertical and horizontal
ones. This phenomenon of preference for the diagonal pixel gradually disappears
with a high number of termites and with the participation of the poison.
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Fig. 1 - Halos appearing using only the simple distance on intensity values on the bottom–left, using bilateral distance
on the bottom–right.

4. Tuning Termite Retinex
In the TSP problem, all the meta-heuristics attempt to find the optimal solution. In
the field of Spatial Color Algorithms (SCA) [26], the optimal solution depends on
the task of the algorithm. In the work that we are presenting, the goal of the filtering
is a qualitative emulation of the HVS for an unsupervised image enhancement.
Two important points must be noticed :
1. TR does not need to travel across the whole set of pixels in the image as
other variants do [19].
2. The poison is a feature that prevents the paths from a complete randomness,
since it affects locality and can be used as a tuning parameter in order to
obtain different spatial effects.
In the case of TR, choosing the number of termites and the length of their paths is a
trade–off between the computational cost of the algorithm and the locality of the
filtering. By introducing too many termites and paths that are too long may lead to a
higher computational cost. Moreover, as we are interested in finding a local
reference white and not the global white of the image, a termite should never touch
all the pixels of the image. On the other side, paths that are too short can be a
constraint on the locality, and too few termites can lead to a high chromatic noise
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due to insufficient image sampling. Filtering examples using different spatial
investigations are shown in Fig. 2. In general, a large number of termites traveling
for a long path (number of pixels Ns) is needed in order to investigate a wide
neighborhood for searching the local reference white.
The poison θ and the weight α, which control the divergence of the swarm, are also
essential for investigation: low values of θ strongly enforce termites to choose
different directions from each other, while high values of θ make termites converge.
An example of the behavior of the swarm with different values of and with constant
quantity of poison Q = 1 is shown in Fig. 3, while an example of constant values of
and α and β with increasing quantity of poison Q in steps of a factor of 10 from 10-4
to 1 is shown in Fig. 4.
A rule of thumb derived from previous studies suggests that Ns ≈ 70% of the length
of the diagonal of the image results in a good score in observers’ image quality
preferences [28]. Regarding α, β, and Q, the suggested starting values are 0.1, 0.9,
and 1 respectively. We underline to the reader that the parameters do not change
during pixel recomputation, but they are kept constant for the whole processing of
the image. As a result of more comprehensive set of experiments, we can confirm
this rule of thumb as a starting value for the parameter setting. Since the choice of
parameters are affected by the image content, a finer tuning could be necessary.
Retinex is a white patch algorithm [8], and TR follows the same behavior. The
brighter areas in the image are mapped towards white and this is performed locally,
in a way that is edge preserving. Furthermore, like other SCAs [26], TR tends to
produce images whose histograms are flatter than those of the originals. It also
performs automatic color correction (Fig. 5) and dynamic range maximization if
starting from a low dynamic range image (Fig. 6). In case of High Dynamic Range
(HDR) images, TR can be used as a local tone–rendering operator. Examples are
shown in Fig. 7.
5. Conclusions
In this paper we have presented a Retinex implementation, called Termite Retinex,
which uses principle of Swarm Intelligence. In Termite Retinex, the idea of paths
(the basis of the sampling approach of the original Retinex formulation) is
reconsidered using the Ant Colony Optimization model: the local filtering of
Retinex is investigated through a set of “termites” moving inside the image. By
tuning a small set of parameters, we can control the overall behavior of the swarm
and therefore the final effect of the Retinex filtering. We have presented the swarm
intelligence model used in Termite Retinex, and we have discussed its parameters.
Finally, we have shown different examples and applications of Termite Retinex
filtering, like unsupervised image enhancement, dynamic range stretching, color
correction, and high dynamic range tone rendering.
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Fig. 2 - Results obtained varying the number of termites k and path length Ns.
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Fig. 3 - Termite investigation with two different configurations of α and β, and quantity of poison Q = 1. The path of
each termite is distinguished by a different color. A high value of α and a low value of β make the termite swarm to
explore a wide area of the image as shown on the left, while a low value of α and a high value of β make the termite
swarm to explore a smaller area of the image as shown on the right.

Fig. 4 - Original on the top followed by termites with α = 0.1, β = 0.9 and increasing quantity of poison Q.
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Fig. 5 - An example of unsupervised color correction.

Fig. 6 - An example of unsupervised dynamic range stretching.
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Fig. 7 - Examples of unsupervised tone rendering of HDR figures from web.
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1. Introduction
As it is known, today it is possible to represent images that comes from the real
world (acquired by capture peripherals such as a scanner or a digital camera) on
digital devices such as the monitor of a personal computer. This simple statement
put us in front of a remarkable problem. In fact, to observe (“to perceive”) a scene
(of any kind) with our visual system and reproduce it “faithfully” on a digital device
are more different tasks than one can just imagine.
Independently on how much sophisticated and technologically advanced, the digital
device that we will use to represent the scene cannot compete with the complexity of
our visual system [1]. In addition, visual system gives us as feedback a percept that
is largely elaborated by the numerous mechanism selected by evolution to give us a
more comprehensible vision of the world. Moreover, the environment that we
observe can dramatically change in function of various conditions such as light
conditions or material properties.
Represented images (also the ones defined as “high fidelity”) are, for the given
reasons, approximations of the actual aspect of the observed world. In the majority
of cases this approximation is enough, but it’s better to start from the beginning and
realize the fundamentals and the limits of the digital representation systems.
Captured reality is usually represented on digital devices, usually a monitors, that
can work with different technologies (old CRTs, LCDs, Plasma, LEDs or the
modern OLEDs). The input signal of these devices is usually (in almost all cases)
reduced to a 3 channel signal known as RGB (Red, Green and Blue). To recall what
said about the difference between representation an percept, it’s noticeable that three
are the photo-receptors types (the cones) placed in the human retina deputed to
perceive different wavelengths of the visible spectrum and their maximum
sensibility can be roughly approximated with 440 nm (blue), 540 nm (green) and
580 (yellow-green). There is large overlapping on the sensibility curves of those
photoreceptors. The stimulus read by our photoreceptors do not correspond to the
values (RGB) used to describe colours on a digital device.
2. Image resolution
The screen on output devices is composed of a grid of point named pixels. Most of
the screens have these points (pixels) composed by three different dots (one red, one
green and one blue) that, by additive synthesis, can reproduce a wide quantity (see
Colour depth) of colours. The matrix of pixels that compose the screen may have
different resolution (number of vertical and horizontal pixels) or aspect ratios (4:3,
16:9, 3:2, etcetera) and the composition of the grid may vary between different
technologies, such as CRT (different aperture grille like Cromaclear, Shadow mask,
Trinitron or Chromatron), Plasma, LCD, LED and OLED (wide variety of matrices
of different orientations and even with the contribution of different colour such as
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yellow), but in the end, the input signal that reach the output device is a 3 channel
RGB (the device translate this signal in accordance with his hardware).
3. Colour depth
Every operation carried out by a computer in the end, is elaborated as a binary code
(0 and 1) and the description of colour is no different. The Colour depth, is the
quantity of information used by a computer to describe a colour and can be
expressed in bit.
The bit is the basic unit of information handled in computing and digital
communication and can have the value of 0 or 1. While the quantity of information
(value in bit) increase, the quantity of colours available to describe an image
increase as well. The colour depth indicates how many bits are used to create the
final colour of a single pixel (or can also indicate the number of bits used for every
colour channel of each pixel).
One bit images
This kind of image is also defined as “binary image” because its pixels can assume
only two values (0 and 1) resulting in only two colour available. The files that result
from these images are usually very light but clearly, the final appearance of the
image is not comparable with a real life scene. These image are quite often used for
devices such as b/w laser printers of fax machines.
Two bit images
In this kind of images each pixel can assume 22 colours. These colours can be the
result of an algorithm that averages the colours envelope of the captured scene or o
rough greyscale as well.
Three bit images
In the early 80’s, home computers (like the Sinclair ZX spectrum) were able to
produce images with 8 colours. This great achievement (even with its limits)
inspired the graphic and video games industry.
Four bit images
The next generation of graphic made possible to reach 24 colours (used by the EGA
Computer display standard, introduced by IBM in 1984). Home computers with 16
possible colour (like the Commodore VIC 20, C64, Amstrad CPC, Atari and the
first Color Macintosh) were able to let graphic devices (like the optical pen that
allowed to draw directly on the monitor) being available also to non-professional
end users.
Eight bit images
As the technology improved by the years, the number of representable colours
reached 28. In late 1980 / early 1990, personal computers were able to reach 256
colours.
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3.1 Direct colour

While the number of representable colours increased, the colour maps went so huge
that it became difficult to manage. For higher colour depths the colour value refers
directly to a specific colour space (like the RGB) and the information directly match
different values of brightness for the three colour channels.
True Colour and above
24 bit images are also called “True colour”. With 8 bits for each channel (256 shades
of red, green and blue), the number of colours that can be obtained is 16,777,216.
The name “True colour” is due to this enormous quantity of colours but recently
hardware technology manage to push to 12 bit per channel (more than 68 billion
colours). These images (36 bit) are called “Deep colour” and can be represented on
output devices named UHDTV (Ultra High Definition television) [4].
Alpha channel
The 32 bit images are a little deceiving, because they are in fact, 24 bit images with
an additional 8 bit channel called ALPHA. The alpha channel manages to control the
opacity of the represented colours giving the possibility to obtain images with
portions of them that are actually transparent. This property is very helpful
especially in computer graphic in order to achieve a various range of visualization
effects.

Fig. 1 – Example of composition of colour on a single pixel. We assume that the object on the right is a pixel matrix of
a 24 bit image. The yellow pixel in the corner is composed by all the 8 bit of red “on” plus all the 8 bit of green “on”
and the 8 bit of blue “off”. If we wanted to obtain the magenta instead of yellow, all of the green should be “off” and all
the blue should be “on”. For the white all the 3 channel must have all the bit “on” and the opposite to obtain the black.
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Fig. 2 – Various images with different colour depths. From up to down, 1 bit (2 colours), 2 bit (4 colours), 3 bit (8
colours), 5 bit (32 colours), 6 bit (64 colours), 8 bit (256 colours), 24 bit (16,777,216 colours), 32 bit (16,777,216
colours plus a 256 levels opacity channel).
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4. Colour models and colour spaces
To simply describe a colour is a complex task, it is very difficult to tell to someone
that a colour is more “reddish” than another. To help us in this task there are some
mathematical models that, if associated with a description on how the data should be
interpreted (viewing conditions, etc.) define a colour space (that usually can be
translated into a graphic diagram)[2][3]. These mathematical model anyway, if not
mapped to an absolute colour space are arbitrary and cannot be used as system of
colour interpretation globally recognized. That points out that there are colour
models that are considered absolute (because they do not depend from the devices
on which the colour is represented) and other that are device dependent.
4.1 Relative colour models

Those kind of models cannot be considered as an universal system to identify
colours in an unambiguous way. That’s because if we represent a colour with the
same coordinates (Fig. 1) on two devices with different technologies, the colour
perceived by an hypothetic observer may be different.
RGB colour model
As result of the Young-Helmholtz theory, the RGB model is a well-known additive
colour model base on the three additive primaries Red, Green and Blue. Is widely
used for the representation of colours on the electronic system, such as monitors,
projectors, digital photography and coloured lighting systems. The sum of the three
colour gives white as result, while the total absence of these primaries gives black.
The primaries summed in couples return the primaries of the subtractive systems;
cyan, magenta and yellow. Graphically (Fig. 1), this colour model is generally
represented on a cube in which red, green and blue are placed on three alternate
vertices with the cyan magenta and yellow between them. The other two vertices
usually represent black and white. The R, G and B values of this model must not be
confused with the response given by the short, medium and long cones (r, g, b).
CMYK colour model
Opposite to the RGB model, the CMYK is a subtractive colour model and is
generally used to describe the printing process. The primaries of this colour model
are Cyan, Magenta and Yellow while the “K” stands for Key (the key plate of black
used to align colours and give contrast to an image). Unlike the RGB model, the
CMYK sum of the primary is black and their total absence is white (subtraction of
brightness from white). The sum of couple of CMYK primaries gives the RGB
primaries.
HSV and HSL colour model
Especially in computer graphic it happens frequently to step on these colour models
(especially the HSV), because they are frequently present in the colour pickers of
many software. Due to their ease they are in fact ideal to describe the colour of
surfaces and can be usually found in 3D software.
H stands for Hue, that is the position of the colour on an ideal circle where all the
“pure” (saturated) colours lay equidistantly from a centre. S stands for Saturation,
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that is the percentage of saturated colour (in the colour we are describing) and is
usually represented by the distance from the centre and the circle of saturated
colours (outer circle = 100% saturated colour, centre = 0% of saturated colour). The
V (in the HSV model) stands for Value, that is a number between 0 and 1 that
describes how much light is “reflected” by the colour (0 = black, 1 = white) and
graphically is placed on the central axis of the system (that can be represented as a
cylinder or a reverse cone with the black at the tip and the white on the base). In the
HSL model, the Value is replaced by L, that stands for Lightness, the brightness of
the colour, graphically placed on the central axis like the value, with the difference
that the circle stands in a middle of a segment with black on one side and white on
the other (the solid is generally represented as a cylinder or a double cone).

Fig. 3 – On the left a graphical representation of the HSV (Hue, Saturation, Value) colour model and on the right the
HSL (Hue, Saturation, Lightness) colour model.

Other models
Since the relative models are not used to describe colour in a incontrovertible way,
(since a conversion based on an absolute colour space is necessary for that) there are
no particular limits on their creation.
That contributed to the proliferation of a large number of colour models used to best
fit the purpose of their “creators”. A wide number of variables an interaction (direct
and indirect) methods have been developed so that the models cannot always be
recognised as pure colour model. For instance some software use these model in
order to create false colour maps, mapping a colour scale on variables such as
weight, temperature, density, luminance, illuminance and so on, or it is possible to
apply filters on a light on a 3D software to simulate things like the colour or the
colour temperature (adjusting the colour temperature to simulate a light warmer or
cooler translates in nothing more than a direct change in the RGB channels of the
image).
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4.2 Absolute colour spaces

The different technologies used to obtain the images (different LED matrices or
CRT instead of LCD or plasma, etc.) result in a colour appearance that can be
dramatically different from one device to another. This problem can be easily
observed if we stare at the TV area in a tech shop; the screens have different
luminosity, contrast, chromaticity. So, what’s the right colour? To solve the problem
we can measure the output directly on a device in order to do a calibration with
colour spaces that are not affected by the device [5]. When comes to digital
representation of colour the absolute colour spaces used more often are the CIE
XYZ and the CIE L*a*b*.
CIE XYZ
The CIE XYZ is one of the first colour space that have been mathematically defined.
Created by the Commission Internationale de l'Éclairage, this colour space is based
on the results of the experiments of William David Wright (1928) and John Guild
(1931). The base of the model (the CIE RGB) is defined by the three colorimetric
functions of a standard observer (described by the experiments of Wright & Guild
[6]). In these experiments the curve of the sensibility to red present a portion that
have negative value and for this reason, it is not very practical in order to give a
numeric definition of colour, thus the curves were mathematically elaborated to get
rid of the negative values, maintaining the energetic balance below the curves.
That’s why the primary colours of the XYZ colour space are not real colours but
imaginary primary colours. The CIE 1931 chromaticity diagram define a space in
which all the perceived colours are “represented”. The shape of the diagram look
like an horseshoe in which the pure (monochromatic) colours of the visible spectrum
are on the edge and goes from blue (380 nm) to red (780 nm) in a clockwise path.
The segment that unite the edges of this curve present the magenta colour (that is not
a monochromatic colour but the result of the sum of red and blue).

Fig. 4 – The CIE 1931 chromaticity diagram. On the exterior edge the monochromatic colours are expressed in their
wavelength (nm).
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The XYZ are the tristimulus values: the Y value represent the luminance of the
colour, while X and Z represent the response of the cones to incident light. All the
possible chromaticities (x,y) can be identified on the CIE 1931 diagram at a given
luminance Y (Fig. 4).
CIELAB
This colour space is also known as CIE L*a*b* [7] and it’s base on the principle of
the colour opponent (first formulated by Hewald Hering). This principle states that
is impossible for a colour to be a mix of two opponent colours. So it’s not possible
for a colour to be perceived as a red-green or blue-yellow. On this basis the colour
space variables are L* that represent the lightness of the colour (0 = black, 100 =
white); positive values of a* indicates a red colour while negatives a green one;
positive values of b* indicates a yellow colour while negatives a blue one. This
system is designed to approximate the vision and can represent all the colours
perceivable by human beings, but in order to use it as an absolute colour space it’s
necessary to indicate the white point. Usually the illuminant used for this purpose is
the standard CIE D50.

Fig. 5 – Graphical representation of CIE L*a*b* diagram. The data described by this colour space can represent
colours that are outside the range of colours that can be shown by digital displays.

4.3 Colour systems

Other than the colour spaces there are classification used to represent colour that are
commonly used in the design practice and industry; these system are not
mathematical models but real arrangement of colours with physical samples that can
be seen and visually evaluated under the desired conditions. Examples of these
system are: Munsell, DIN, OSA, DIN, Coloroid, and others. Let’s see the most
widely spread.
Munsell
Created by Albert Henry Munsell at the beginning of ‘900, this system is based on
three variables organised cylindrically in an irregular solid (Fig. 6), these variables
are Hue, Value and Chroma.
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Hue describes the chromaticity of the colour and present five principal hues: Red,
Yellow, Green, Blue, and Purple, with also five intermediate hues (yellow-red, bluepurple, and so on).
Value is the lightness of the colour and in reported on the central axis (0 = black and
10 = white). Chroma refers as the “purity” of colour and is represented radially on
the solid. Due to the nature of the eye, some colours have more potential Chroma
than others (yellow than purple for instance) and that translates in the irregularity of
the solid.
NCS
The Natural Color System is a proprietary colour model developed by the
Skandinaviska Färginstitutet AB (Scandinavian Color Institute), based on the
physiological principle of opposition (already described). Like the CIELAB it is
based on six opponent colours (red, green, yellow, blue, white and black). The three
values used to identify each colour are W (whiteness), S (blackness) and C
(chromaticness). The NCS palettes (organized in set of samples disposed as
equilateral triangles), are most commonly used for colour comparison in the design
process.

Fig. 6 – To the left the irregular solid of the Munsell system. To the right, the solid representation of the NCS system.

4.4 Colour collections

Other than the models, colour spaces and colour systems, there are colour catalogues
(collections) more or less diffused, that are sold or given for free for various design
purposes. Some of those collections are found also in the colour pickers of graphic
software (especially 2D raster photo editors like Corel Photopaint or Adobe
Photoshop).

Fig. 7 – Colour collections palettes. From Left to right: Pantone, HKS, Toyo. Other examples are: RAL, Roland,
Focoltone, Trumatch, etc.
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5. Colour management
Colour management is the series of operations carried out in order to convert colour
when passing from a device to another [8]. As already said, different technologies
can return images that can be very different and that can be a problem when the
correct representation of colour is mandatory. When passing from a monitor screen
to a video projector or a printer, for instance, colour may be so different that can
invalidate the representation. Every device can represent a limited (depending on the
technology) number of colours. The complete subset of these colours is called
Gamut, and is typical of every device.

Fig. 8 – Three different Gamut areas represented on the CIE 1931 chromaticity diagram [9]. An Ultra High Definition
Television, a generic printer (CMYK) and a CRT monitor.

5.1 Changing the coordinates to maintain the colour

The base concept behind a correct colour transformation is to convert the
coordinates of the origin device (RGB) into coordinates of an absolute colour space
(for instance CIE XYZ), then the same must be done for the target device. To have
the same colour on the two devices, the CIE XYZ corresponding at the wanted RGB
of the origin device must be found in the characterization of the target device and the
corresponding RGB values must be considered.
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Tab.1 – Example of transformation between two devices with the absolute colour space CIE XYZ.

Fig. 9 – Different conversion operated with different rendering intents between two hypothetic different gamut areas.
From left to right Absolute colorimetric, Relative colorimetric, Perceptual and Saturation.
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The characterization of the devices can be done with various tools, there are
colorimeters (colour spiders) that can be applied directly on the monitors and can
“read” the whole RGB subset. This kind of characterisation can be done for the
printers and the input devices (digital cameras, scanners, etc.) as well.
5.2 Rendering Intents

What happens when the target device cannot replicate all the colours of the origin
device? If some of the colours that need to be converted are not included in the
gamut area of the target device? Usually this happens on the edges of the gamut
areas. In this case, some corrections must be done in order to have a conversion that
is not exactly correct, but with a satisfying approximation. To obtain such correction
the Rendering intents come to aid. Rendering intents are the way a conversion
software modifies the origin gamut in order to fit it into the destination gamut.
There are substantially four rendering intents (Fig. 9).
Absolute colorimetric
When the origin gamut is quite similar to the destination gamut, the software
represent the included colours as they are and modify (by clipping) the colours that
are not included. This kind of intent works well when the image has large portions
of not very saturated colours.
Relative colorimetric
In case the image is rich in more saturated colours this kind of intent should be
better. The mechanism is the same as the absolute colorimetric, but the relative
recalibrate the destination colours in accordance with the white point of origin (the
destination white is replaced).
Perceptual
This intent is used when it’s mandatory that colours maintain their relative positions.
Each colour (even the ones that could have been correctly represented) is
proportionally modified to let the origin gamut fit completely in the destination
gamut. The colours, although modified, maintain their proportions and the human
visual system compensate, making the two images appearance similar.
Saturation
Used if the accuracy of the image is not mandatory (for technical drawings,
geographic maps, diagrams, etc.), but it’s better to have saturated images (even
scarifying hue and brightness). This intent stretch (or compress) the origin gamut
into the destination gamut granting much more saturated colours.
5.3 Colour profiles

Colour profiles are applications (that can be embedded in the file, given with the
device or installed in the operating system) that allow the transformation of colour
from one device to another, using a Profile Connection Space (usually CIE XYZ and
CIE L*a*b*). Examples of these applications are the PostScript Color Manager and
the ICC profiles. Essentially the operations carried out are both the colour
65

transformation with absolute colour spaces and the gamut adaptation described in
the rendering intent.
PostScript Color Manager
Developed by Adobe in 1990 this colour profile work with two entities, the Colour
Space Array (Csa) and the Colour Rendering Dictionary (Crd). The Csa is the table
that describe the operation from the origin coordinates (usually RGB or CMYK) to
the absolute space XYZ. The Crd is the characterization table that lead from XYZ to
the destination device on the basis of a chosen rendering intent.
ICC profile
Developed by the International Color Consortium [10] starting from 1995, the
principal difference between the two solutions is that the ICC profile have a single
table of conversion that works directly and indirectly. The Colour spaces supported
are the CIE XYZ and CIE LAB (whit referent illuminant D50). Unlike the
PostScript Color Manager the ICC profiles has all the rendering intent embedded
and associated with the inverse tables.
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1. Introduction
Over the last few years, in the field of archaeology, significant progress have been
achieved in the use of techniques of digital media as tools for documentation,
management and communication of cultural contents. True, precise and complete
documentation of artifacts is essential for conservation and preservation of our
Archaeological Heritage. A 3D digital model of an existing artifact is today a
powerful tool for analysis, management and communication of AH since it can
accurately describe the real object both on geometric and on color, texture and
reflectance properties of its surface [1].
Beside the progress in the field of digital visualization techniques, techniques for the
acquisition and modeling any kind of artifacts, such as architectural or
archaeological ones, drastically improved. This progress has dramatically
transformed the way in which the information is collected, processed and broadcast.
The techniques used have evolved from expensive surveying processes (using active
or passive sensor) to low-cost technologies based on structure-from-motion (SFM)
techniques [2], a recent key technology able to combine friendly use with accurate
results [3, 4]. Similarly to the mature and long-established digital survey, the
pipeline based on SFM techniques is able to ensure high accuracy shape modeling
and to maintain the consistency of color from its detection, to texturing collimation
on the mesh model till to digital visualization, guaranteeing, however, procedural
costs considerably lower.
In this framework, the color characterization of AH artifacts still remains a central
issue both for intrinsic reasons, both for reasons linked to the digital process. From
the intrinsic point of view, it is well known that color definition, in a built artifact, is
linked to a number of factors including the subjective aspects of visual perception
and objective characteristics of the light source, as well as the way the object is
being observed [5]. Generally, a physically-based material rendering requires the
definition of the Bidirectional Reflectance Distribution Function (BRDF) [6], or,
better, the well-known Bidirectional Texture Function (BTF) to take in account of
surface mesostructure [7]. The problem becomes even more sensitive when creating
3D digital models from real world objects [8]. This process implies identifying
color, texture, and reflectance properties of surfaces in an outdoor environment,
where lightning conditions are difficult to control and where it is not possible to
guarantee quantifiable color fidelity because of the difficulties in modeling the
BRDF. In the last years, this topic received vast attention in the AH and in graphics
fields [9-13], unfortunately most of these studies concern case with controlled
illumination or are more devoted to problems of texture-to-mesh registration.
Basic steps of color capture and rendering in the 3D reality-based modeling are
generally related to model texture mapping or color-per-vertex assignment, while
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they are not linked to color definition. Color capture and rendering have to deal with
several issues, as: the registration of captured color and geometric data, the
correction of captured data to account for surface and lighting geometry, the
capturing of small scale (yet visible) geometry accounting for its effects, and
problems in combining the results of multiple overlapping input data sets.
In this paper we describe a low cost color processing system that allows to enhance
different techniques for reality-based 3D models construction and visualization of
archaeological artifacts with the aim to ensure fidelity of the perceived color both at
runtime, for real-time rendering visualization, and in the rendered images. This
process has been developed in order to render reflectance properties with perceptual
fidelity on a consumer display. Finally, we focus on the integration with suitable 3D
capture devices and pipelines, and on the consistency of our results.
Compared to commonly used techniques, our workflow ensures camera color
calibration and management using a limited number of well-calibrated photos. It
avoids inaccuracy and multiple processing phases fully covering the mesh and used
for texture mapping. It presents two main improvements over existing techniques:
a. it overcomes our previous solution, described in our paper in the 2011 edition of
this conference [14], because it is based on a more accurate color management
system from acquisition to visualization and on a more accurate reflectance
modeling;
b. the color pipeline could be used inside well established 3D acquisition pipeline
from laser scanner and/or photogrammetry. Besides it could be completely
integrated in a SFM pipeline allowing simultaneous processing of color/shape
data (i.e. VisualSFM pipeline [15]) avoiding the typical problem of building
exteriors 3D capture, that is the need of data fusion from multiple sources.
In particular, this last improvement is a significant feature that allows solving two of
main lack of the SFM pipeline: time compression and limited color fidelity of the
final 3D model.
Our techniques consist basically in a pre-processing of the images used to define
colors and shape and could be used from non-expert operators (i.e. archaeologist and
architects), directly on the field, and without the need of sophisticated equipment.
Workflow, methods, standards and operational best practices developed are
completely device-independent; consequently, our choice of instrumentation, within
certain limits, does not affect the results.
We described our techniques using an artifact of the Pompeii archaeological area as
a case study [16].
2. 3D AH textured models construction pipelines
Several methods exist for acquiring the geometrical information necessary to build
3D models and rendering their surface texture and reflectance properties. Detailed
geometric information about artifacts can be obtained using laser scanning methods
[17, 18] as well as surveying, photogrammetric techniques [19, 20] and lately image
photo-modeling.
A reality-based 3D modeling of archaeological artifact and sites is generally
performed by means of either image-based techniques or active sensors, depending
on surface characteristics, required accuracy, artifact dimensions and location,
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project budget, working-team experience, etc. [21, 22]. Active methods (e.g., laser
scanning) can be combined with passive methods (e.g., terrestrial photogrammetry)
to take advantage of the strength of each. As told above, it is also possible to derive
geometric information using low-cost technologies based on structure-from-motion
(SFM) techniques, able to assure high accuracy shape modeling, to maintain the
consistency of color from the color detection, to texturing collimation on the mesh
model till to digital visualization and to guarantee construction costs considerably
lower compared to other techniques.
Beside the huge technical advances in the field of photo modeling, a lot of freeware
softwares and/or on-line procedures have been introduced (Autodesk 123D Catch,
ARC3D, Acute3D, and Pix4D) performing a 3D reconstruction from a collection of
images. These images can be taken at different times and with different cameras but,
in any case, they are used and combined to produce a model.
This technologies relies on matching algorithms (e.g., SIFT [23]) that identify
accurate correspondences among images; these correspondences are used in
structure-from-motion (SFM) algorithms to accurately estimate camera pose.
Camera pose can then be used in multi-view-stereo (MVS) methods, methods that
allow correlating measurements between multiple images to produce dense 3D
models. These methods offer an accuracy that is comparable to the one obtained
with laser scanners [24].
Beside acquiring an image dataset, our photo-modeling workflow is characterized
by the following steps: a) feature detection, b) feature matching, c) sparse 3D
reconstruction, d) dense 3D reconstruction, e) coordinate transformation, f) mesh
generation. Once the mesh is generated, color is projected onto the mesh from color
calibrated images that have been registered during sparse reconstruction.
As large amount of images might lead to inaccuracy and long processing time, a
small number of well-calibrated photos - ensuring that mesh is fully covered - can be
used for texture mapping by parameterizing the mesh surface [25].
In this context, unresolved issues involve camera color calibration, color
management, perceived color visualization at runtime inside the rendering engine
(i.e., OpenGL graphics) and the variations that arise from the use of various cameras
by different working groups, which can further affect many photo-consistency-based
reconstruction algorithms [26].
3. Color detection and visualization issues in AH field
Color detection of AH buildings usually highlights many operative difficulties due
to several factors. These factors lie on subjective aspects of visual perception,
objective characteristics related to sources of lighting and most common methods
are not able to offer the correct perception of color on an RGB monitor, and most
methods fail to ensure right color checking on a wide surface characterized by
heterogeneous colors. In this context, using digital techniques offers many
advantages such as allowing identifying color and reflectance properties of the
complete artifact surface, just using few camera shots.
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Fig. 1 - Photogrammetry and Laser-scanner 3D Modeling Pipeline

Fig. 2 - 3D Image photo-modeling Pipeline.

Accurate color reproduction is a very complex issue.
The purpose to determine the color and tone level of fidelity of a digital image
compared to the original document/object can be obtained by chromatic and tonal
definition [27]. The fidelity of color reproduction depends on a number of variables
such as the lighting level during the acquisition step, the technical characteristics of
the acquisition system and the mathematical representation of color information
throughout digitization pipeline [28].
The values of a color image are the result of the interaction of the incident
illumination, object geometry, object reflectance and the camera transfer function.
When illumination is reliably known, parameters for a surface reflectance function
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can be estimated using the image values [29]. Architectural and archeological
artifacts implies outdoor settlement; very often conditions are not repeatable,
because natural light characteristics are extremely complex and changeable; scenes
are characterized by many elements belonging to different planes, curved surfaces
and several materials, reacting to light in several ways. In the case of AH color
capture, then, we usually match with a wide range of materials characterized by
different values of light reflection, porosity, transparency, etc. Depending primarily
on natural light, we cannot design a basis set of lighting conditions.

Fig. 3 – Materials characterizing archaeological artifacts. Left: marble w. alterations and concretion crusts; right:
marble w. bas-reliefs

These difficulties increase using 3D reality-based models. The main topic of 3D
model mapping is to research the relationship between incidental light and reflected
one, in a specific point above the surface and the environment influence to the
measurements, in order to be reproduced in the most faithful way. Correcting the
captured data relies in either obtaining high accuracy data for the object shape and
illumination direction, or simultaneously solving for geometric properties,
reflectance, and illumination to fit the acquired data and a model of reflectance. The
most flexible approach starts from a set of images acquired either in a second stage
with respect to the geometry acquisition, or simultaneously but using different
devices, or finally in a unique solution (SFM techniques). Image-to-geometry
registration, which can be solved by automatic [30, 31] or semi-automatic [32]
approaches, is then necessary. Once alignment is performed, it is necessary to
extract information about the surface material appearance and transfer it on the
geometry. The most correct way to represent the material properties of an object is
to describe them through a reflection function (e.g. BRDF), which attempts to model
the observed scattering behavior of a class of real surfaces. A detailed presentation
of its theory and applications can be found in Dorsey [33]. Unfortunately, state-ofthe-art BRDF acquisition approaches rely on complex and controlled illumination
setups, making them difficult to apply in more general cases, or when fast or
unconstrained acquisition is needed.
When lightning conditions cannot be controlled, literature shows alternatives that try
to measure illumination at sparse (or even single) spatial locations. Yu and Malik
[34] estimated illumination from sun, sky and environment from photographs;
Debevec et al. [35] measure incident illumination from High Dynamic Range
images of spheres of known reflectance; Xu et al. assumes a known geometric mesh,
aligned color images, and segment captured images using laser scanner return
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intensity into regions of different spectral illumination before color balancing to
account for complex lighting variations [36]. These solutions lead to excellent
results but are too complex to implement for unskilled operators and require extra
acquisitions with instruments like probes or Time-of-Flight scanners.
A less accurate but more robust solution is the direct use of images to transfer the
color to the 3D model. In this case, illumination is not corrected at all, and the
apparent color value is mapped onto the digital object’s surface by applying an
inverse projection. In addition to other important issues, there are a number of
difficulties in selecting the correct color when multiple candidates come from
different images. The basic idea is to rely on methods of adjusting overlapping
images for consistency to produce an acceptable texture map. To solve these
problems, a first group of methods selects, for each surface part, a portion of a
representative image following a specific criterion - in most cases, the orthogonality
between the surface and the view direction [37, 38]. However, due to the lack of
consistency from one image to the other, artifacts are visible at the junctions
between surface areas receiving color from different images. These can be partially
removed by working on these junctions [31]. Another group ‘blends’ all image
contributions by assigning a weight to each one or to each input pixel, and selecting
the final surface color as the weighted average of the input data, as in Callieri et al.
[39]. These methods provide better visual results and their implementation permits
very complex datasets to be used, i.e. hundreds of images and very dense 3D
models. Nevertheless, undesirable ghosting effects may be produced when the
calibrated images are not perfectly aligned. This problem can be solved, for
example, by applying a local warping using optical flow [40].
The most critical point of these processes is related to the impossibility to achieve,
metric fidelity of color, texture and reflectance properties of surfaces. An acceptable
goal is therefore to have at least perceptual fidelity.
4. Color processing
Our color processing essentially consists of a thoughtful revision of a classic
pipeline of image calibration and enhancement using standardized methods and on
the basis of appropriate best practices, to ensure color consistency and resolution in
the acquisition and visualization procedures.
Starting from captured Raw images our workflow includes:
1. exposure compensation
2. optical correction
3. image denoise
4. sharpen
5. color balance.
The first two are a trivial step done using DxO Optics Pro version 9 using the DxO
camera-lens database [41]. In this phase also to compensate for exposition an
estimate of camera characteristic curve is done. This leads to a change of the final
contrast. Also the fourth step was done in DxO Optics Pro to adjust edge definition
in the image. The aim of this step is to compensate digital camera sensors and lenses
image blurring, leaving disabled the on-camera sharpen. This allows to have better
control on possible image artifact.
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Fig. 4 – Left: original RAW image; right: color calibrated + denoise processing image

As reported in [42], to reliably estimate the illumination colors in outdoor scenes
analysis and filtering of noise is a key step, since its presence is inevitable in natural
images, due to the sensors, the medium, or noise inherent in the objects, such as dust
and imperfect painting. Noise type includes:
a. Fixed pattern noise: includes ‘hot pixels’ and ‘cold pixels’. They are pixels
with fixed value. Defect sensor causes these types of bad pixels. Another reason of
fixed pattern noise is long time exposure, and especially with high temperatures. In
short, fixed pattern noise always appears in the same position.
b. Random noise: is a noise which intensity and color fluctuations above and
below the actual image intensity. They are always random at any exposure
length and most influenced by ISO speed.
c. Banding noise: is characterized by the straight band in frequency on the image
and highly camera-dependent. Unstable voltage power causes the noise. It is most
visible at high ISO speed and in dark image. Brightening the image or white balance
can increase the problem.
From an operational point of view pixels in a camera sensor will generate different
levels of noise based on the amount of light that strikes them. Add to this
temperature variance along with high ISO boosting plus underexposure and you can
end up with some challenging noise issues. In our case it’s common to have areas in
the sun and areas in the shadows in the same image, with vast luminance
differences, or underexposed images mixed with overexposed ones, all in the same
dataset. To give a simple solution to this complex problem, we choose to employ the
patented commercial software Imagenomic Noiseware 5 [43-44].
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Fig. 5 – Parallel between original RAW image(det. left) and color calibrated + denoise processing image (det. right)

Noiseware uses hierarchical noise reduction algorithms, subdividing the visual noise
into two categories, luminance noise and color noise, and the further division of
these two types into frequencies ranging from very low to high. Luminosity noise is
characteristic of the sparkly effect that we see in images. High-frequency noise is
prevalent in the luminance channel, which can range from fine grain to more distinct
speckle noise. This type of noise does not significantly affect the image quality and
can be left untreated or only minimally treated if needed. High frequency color noise
can conversely be rather noticeable. Lower frequency noise, the type that gives the
blotchy look, does degrade image quality in a much more visible manner.
This software allows solving easily all the cases that we can encounter. The method
includes detecting information edges in images and processing an image at different
spatial frequencies, working in the YCrCbcolor space.
Noiseware supports good quality, is easy to set-up, but is weak in detail. However
this is not an effective problem because the fine detail captured in the images is four
times oversampled compared to the geometric one, and it is, in any case,
unnoticeable in the finished 3D model.
The standardized method for evaluating and expressing color accuracy includes: a) a
physical reference chart acquired under standard conditions; b) a reference chart
color space with ideal data values for the chart; c) a means of relating or converting
the device color space to the reference chart color space; d) a means of measuring
and displaying errors in the device’s rendition of the reference chart.
A key step, in this process, is the determination and consequently the use of an
appropriate color space in which to render images on screen. We used the 8-bit
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Adobe RGB color space for textures acquisition and processing, and 8-bit sRGB as
texture color space in order to display images of 3D models rendered on screen. This
last choice is motivated by many reasons. The sRGB is the default color space for
HTML, CSS, SMIL and other web standards, such as it is the standard color space
for many input devices (cameras) and (i.e. sRGB IEC 61966-2-1) a rendered space
based on the features of the LCD reference monitor that is consistent from data
capture to visualization by different monitors or video-projectors. This color space is
also implemented in the OpenGL libraries, which our rendering software is based on
[45]. Main drawback of the sRGB color space is the gamma value built inside.
Unlike most other RGB color spaces, the sRGB gamma cannot be expressed as a
single numerical value. The overall gamma is approximately 2.2, consisting of a
linear (gamma 1.0) section near black, and a non-linear section elsewhere involving
a 2.4 exponent and a gamma (slope of log output versus log input) changing from
1.0 through about 2.3. A second drawback is the range of colors, narrower than that
of human perception (i.e., it does not display properly saturated colors such as
yellow cadmium and blue cobalt). This last downside is not a problem in our case,
because these colors are rarely found in our case studies.
In our processing the reference chart color image is neutralized, balanced and
properly exposed for the gamma of the reference data set. Color balance was
performed against a series of Gretag Macbeth Color Chart using X-Rite
ColorChecker Passport Camera Calibration to create an ICC profile that was
assigned together with the sRGB color space to the RAW image. The color accuracy
was computed in terms of the mean camera chroma relative to the mean ideal
chroma in the CIE color metric (ΔE*ab) using as reference values for all the color
patches the 8-bit measured in the Adobe RGB color space by Denny Pascale [46].
Imatest Studio software suite version 3.9 [47] was used to evaluate the quality of the
workflow and the master images. This step is based on the fact that two shots cannot
be taken in the same frame (i.e., shots with and without the ColorChecker);
however, we developed a protocol to use the same calibration for groups of images
with the same features (i.e., orientation, exposure, and framed surfaces). Thus, each
group of photos (typically consisting of 50-100 images) used to model a building
corresponded to no more than 4-5 different profiles, thereby maintaining consistency
in the process and the results. ΔE*ab surveyed varying between 3,5 and 5.
Conversely, it could happen that the color of incident illumination spatially varies
inside a single image. We tried to apply simple and efficient illumination estimation
method that chooses bright and dark pixels using a projection distance in the color
distribution and then applies principal component analysis (PCA) to estimate the
illumination direction [48]. Although the algorithm has shown excellent results in
the tests conducted by these authors, the effective gain of this preprocessing
appeared time-consuming and very limited in our case. We therefore decided not to
further develop the use.
From an operational point of view it should be noted that the calibration process
leans to give results less reliable as wider is the angle between camera axis and the
plane where the target lays and / or the difference between its light reflectance index
and artifact one. Cause these conditions, in fact, the target leans to reflect more or
less light than the material where is placed.
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The position of the target far from the photo center point is another element that
affects the quality of calibration.
5. Reality-based 3D and low-cost photo-modeling: a parallel
As we can see in Fig. 1 and 2 our color processing can be implemented in the more
suitable pipelines for 3D reality-based model AH construction:
a. data from triangulation, phase-shift or Time-of-flight laser scanning;
b. digital photogrammetry
c. dense stereo matching from SFM.

Fig. 6 – T/Left: 3D ToF Laser-scanner model; T/Right: 3D ToF+Triangulation Laser-scanner model 3D; B/Left: 3D
VisualSFM model w/o color calibration; B/Right: 3D VisualSFM model w color calibration.

Laser scanner, despite its acquisition procedure, is well-established in an extensive
literature, still has some critical issues: the automation of the process is limited to
only a few steps and to have procedures to overcome critical challenges for
improving workflow quality, due to its typical challenges: polygon stretching and
image radiometric differences in texture mapping; only recently all-in-one laser
scanners allow the acquisition of digital images, otherwise usually images are
acquired through digital cameras and shoot separated from the pipeline scan.
Similarly, the digital photogrammetric techniques, although not automated, require
operators manual processing and geometrical shape simplification.
Image photo-modeling workflow, here presented, is based on a pipeline developed
for 3D model construction and visualization using low-cost technologies.
The phase of image modeling is preceded by images calibration and processing,
seen above, which provides a set of calibrated photos, includes (a) feature detection,
(b) feature matching, (c) sparse 3D reconstruction, (d) dense 3D reconstruction, (e)
coordinate transformation, (f) mesh generation, and it is followed by texture
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projection of calibrate images - or a selection of them that assure to completely
cover the model - on generated mesh.
The pipeline even if is relatively easy to use and can be used by unskilled operators,
being nearly completely device-independent, can assure positive performance in
terms of the computed object coordinates and rendering of the microscale compared
with a ToF laser scanner (see Fig. 6), absolutely comparable with those obtained by
a triangulation laser scanner, though obviously with dimensional accuracy lower
than the last. The use of calibrated images throughout photo-modeling procedure
allows to obtain, compared to the model obtained using uncalibrated one, a more
accurate reality-based reflectance model, rendered in a much more incisive and
detailed surface characteristics of the archaeological find.
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1
Introduction
One of the most basic image processing is filtering, nevertheless how to express
colour image filtering that respects the physical and perceptual particularity of
colour information? Great majority of approaches comes from the linear imageprocessing domain that requires a valid colour addition and a valid colour
multiplication by a scalar value. Even if such low-level operations do not exist or are
not validated, lot of works are made in this direction, using Quaternion and Clifford
Algebra to embed the vector sense of colour [1, 2, 3]. Nevertheless, without that low
level enables operators, it is not possible to establish Quality of Service criteria as
accuracy, robustness or uncertainty measure that ensure the image processing
stability [4].
Another kind of approach came from the non linear domain, using rank order
filtering or graph approaches. Local statistics and neighbourhood are considered
without a convolution product using topological relation between image parts to
preserve structure degradations [5, 6]. If some marginal expression appeared [7, 8],
Astola, then Lukac proposed the first and most popular Vector Median Filters using
a distance function in a sliding filter window [9, 10].
Constructing an ordering scheme for colour data is an unachieved and complex
challenge, Astola express the problem through a cumulative distance function
constructing a pre-order and not a total order [11]. To solve this, some evolutions are
added to weight the distance or to control the noise identification. [12, 13, 14, 15]. In
parallel, lot of developments appeared on mathematical morphology for colour and
multivariate images producing different ordering scheme in different colour spaces
[16, 17, 18, 19, 20]. Recently, Ledoux proposed a complete framework allowing a
total order construction, combining several distance functions and proving the
perceptual validity theoretically and numerically [21, 22].
In this paper, we asked ourselves on the interest to respect the perceptual sense of
colour for median filtering purpose. First, we start to recall briefly the median order
filter principles and then we focus on the colour ordering problem, using classical
approach and more advanced one. Finally, we present and compare performances of
several ordering approaches for filtering expressed in different colour spaces in front
of the image complexity to measure the impact of scheduling face to largest local
colour complexity and some noise perturbations.
2
Colour vector median filter
Extending the median operator to colour images is not a simple task since the colour
vectors have to be sorted according to an order. The ordering relation will work on a
colour coordinates subset {C1, C2, ..., Ck, ..., CN-1, CN} extracted in the V(i0,j0)
neighbourhood associated to the pixel x of spatial coordinates (i0,j0). Using a
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neighbourhood of size N pixels with N = 2n +1, the ordered elements were noted
C(k) and the ascending scheduling is characterized by:
(1)
The median element of the neighbourhood is the pixel of colour coordinates N+1/2.
The filtering process consists of replacing the pixel of colour coordinates Cx by the
median neighbourhood:
(2)
A dedicated adaptation exists for special case, when neighbourhood size is even pair
N=2n:
(3)
Because, there are two central pixels whose colour coordinates are respectively C(n)
and C(n+1). Another criterion should be added to have a unique median element.
Therefore, the median element of the neighbourhood is the central pixel whose
colour coordinates have the minimum distance E to the average colour coordinates
CAverage. The median pixel is defined by:
(4)
where

in CIELab space.

Extension to rank order is direct, selecting another rank rather the median one or
constructing weighing median filters. But the main question is how to order a colour
coordinates set and what is the impact on the filtering results.
3
Colour and multivalued ordering
Thanks to recent developments in Colour Mathematical Morphology, more than 70
different approaches to schedule vectors were identified by Aptoula [16]. In
addition, Busin identified more than 23 different colour spaces to process images, so
it exists a quite infinity of combination to order colours [23].
For pure median filtering, cumulated distance based approaches initiated by Astola
are the most used [9], rather than in mathematical morphology where expressions
from lexicographic construction are preferred [24, 16, 25].
3.1 Cumulated distance based ordering
The classical cumulative ordering is introduced by means of the aggregate
(cumulative) distance (the sum of distances from a pixel to all other pixels):
(5)
where A is the identity matrix. The minimum or the median is the vector with the
minimum aggregate distance. The same principle was used for angular distances.
Many vector median filters are based on cumulative distance: the Adaptive Nearest
Neighbour Filter based on the maximum and minimum cumulative angular
distances, the Modified Vector Median Filter that uses a weighted Euclidean
distance defined by a non identity matrix A, the Fast Modified Vector Median in
80

which the middle pixel is replaced with the window pixel that minimizes the
cumulative distance to all others (excluding the middle pixel) and in the Fast Fuzzy
Noise Reduction Filter the middle pixel is replaced with the window pixel that
maximizes the cumulative similarity to all others excluding the middle pixel.
However the cumulative distance presents good results for median filters, it is not
suitable for the mathematical morphology because it does not lead to a total order.
Moreover the notion of infimum defined within the meaning of this order coincides
with the notion of median and has no sense of smallest element such that requires
the mathematical morphology.
3.2 Marginal and lexicographical colour ordering approaches
Marginal or component-wise ordering approach is based on processing the image
channels separately. Colour coordinates C1 is defined lower than C2 in CIELab space
when:
(6)
Used for median filters, such ordering is well adapted to remove Gaussian noise, but
fails to utilize the inherent correlation between channels. Some approaches can
override this correlation using for example Karhunen-Loeve [26]. To preserve the
original colour image and to prevent the apparition of artefacts (false colour or
otherwise) degrading the image quality, lexicographical ordering approach are
preferred and produced total order structures. The colour coordinates C1 is defined
lower than C2 (in CIELab space) when:
(7)
However lexicographical ordering has been widely studied in the framework of
mathematical morphology [24, 16], most of the comparisons performed in a
lexicographical order are generally determined using only the first channel. The
remaining dimensions are rarely involved in the comparison process, which results
in inefficient use of relations between the channels. Therefore, it may sometimes be
wise to balance the weight of the first component to give more importance to the
latter.
3.3 Distance-based colour ordering approach of Angulo
Lot of authors tried to embed distance function in the ordering scheme, to use
standard perceptual colour distance function. Angulo propose a generalisation of
distance-based and lexicographical-based approaches to colour and multivariate
mathematical morphology for any colour space (RGB, LSH and Lab...) and metric
distance (L1, L2 and the Mahalanobis...) by using a combination of sub-orderings:
reduced ordering based on distance to a reference colour and lexicographical
ordering to produce a total ordering [20].
In general terms, Angulo presents an ordering approach using distances to a certain
colour reference completed with lexicographical cascades. The colour coordinates
C1 is defined lower than C2 in CIELab space when:
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(8)
Where ||C1-Cref||2 defines an order-2 of Minkowski distance function. Using a E
distance function computed in CIELab allows to be close to the human perception.
Nevertheless for complex spatio-chromatic texture, non-linearity structure induces a
lack of accuracy and some artefacts.
3.4 Ordering scheme based on distance
In [21], for the first time a construction based solely on distance functions has been
proposed. This ordering scheme is based on the specification of colour convergence
coordinates, denoted O- for erosion and O+ for dilation. These convergence
colours are used to define the nearest colour to themselves as absolute maximum or
minimum colour. Thus, the colour coordinates C1 is defined lower than C2, with
reference to O- for the erosion operation when:
(9)
where |.| is a perceptual distance standard. It has been shown that the metric E,
expressed in CIELab, was the most appropriate for scheduling colour gradients [21].
Dual so, the colour coordinates C1 is defined greater than C2 with reference to the
colour convergence coordinates O+ for the dilation operation when:
(10)
The expressions 9 and 10 define the basic principles of scheduling, the extension to
a maximum or minimum extraction is given respectively by:
(11)
(12)
where SDf is the set of colours belonging to the image and SDg is the set of colours
belonging to the support of the structuring element. Additional constraints are
required to produce a single maximum or a single minimum. Hence, the definition
of a new orthogonal basis in CIELab space: (Λ,α,β) with Λ⃗ =O-O+⃗ where Cαx
and Cβx are respectively the values of the components α and β of the colour
coordinates Cx after landmark change [14]. The expressions 13 and 14 verify all the
required properties to obtain a total order structure and basic mathematical
morphology properties.
The expressions 13 and 14 verify the basic mathematical morphology properties
which are the total order and the duality:

(13)
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(14)

3.5

Colour vector median filter based on different scheduling
approaches: results and comparison
In order to evaluate the performance of colour vector median filter based on
different approaches, we select some test colour images from the databases Corel
and Outex introduced in figure 1. Filtering results are presented from the initial
image and a corrupted version by uncorrelated impulsive noise.

Fig. 1 – Representative colour images from database Corel and Outex

The results of filtering images using the colour vector median filter based on
distance ordering scheme to the colour convergence coordinates O+ and O- are
illustrated by the following figures 2 and 3:

(a) Colour vector median filter on original image
(b) Colour vector median filter on image with impulse noise
Fig. 2 - Colour vector median filter (4 iterations with the O+=Black and O-=White) applied on Corel image
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(a) Colour vector median filter on original image
(b) Colour vector median filter on image with impulse noise
Fig. 3 - Colour vector median filter (4 iterations with the O+=Black and O-=White) applied on Outex image

For comparative purposes, we presents also results of median filtering for
cumulative distance (figure 4 and 5) and lexicographical ordering scheme in
different CIE colour spaces (RGB: figure 6 and 7, Lab: figure 8 and 9 and HSV:
figure 10 and 11).

(a) Colour vector median filter on original image
(b) Colour vector median filter on image with impulse noise
Fig. 4 - Colour vector median filter based on cumulative distance (4 iterations) applied on Corel image
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(a) Colour vector median filter on original image
(b) Colour vector median filter on image with impulse noise
Fig. 5 - Colour vector median filter based on cumulative distance (4 iterations) applied on Outex image

(a) Colour vector median filter on original image
(b) Colour vector median filter on image with impulse noise
Fig. 6 - Colour vector median filter based on lexicographical ordering in RGB space (4 iterations) applied on Corel
image

(a) Colour vector median filter on original image
(b) Colour vector median filter on image with impulse noise
Fig. 7 - Colour vector median filter based on lexicographical ordering in RGB space (4 iterations) applied on Outex
image
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(a) Colour vector median filter on original image
(b) Colour vector median filter on image with impulse noise
Fig. 8 - Colour vector median filter based on lexicographical ordering in Lab space (4 iterations) applied on Corel
image

(a) Colour vector median filter on original image
(b) Colour vector median filter on image with impulse noise
Fig. 9 - Colour vector median filter based on lexicographical ordering in Lab space (4 iterations) applied on Outex
image

(a) Colour vector median filter on original image
(b) Colour vector median filter on image with impulse noise
Fig. 10 - Colour vector median filter based on lexicographical ordering in HSV space (4 iterations) applied on Corel
image
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(a) Colour vector median filter on original image
(b) Colour vector median filter on image with impulse noise
Fig. 11 - Colour vector median filter based on lexicographical ordering in HSV space (4 iterations) applied on Outex
image

In order to to ensure a fair efficiency comparison of different above-mentioned
colour vector median filters and to evaluate the filtering effect and performance of
our proposed method objectively, Two mainly quantitative measure criteria are
used: the mean squared error (MSE), a measure of the noise suppression capability
of a filter and the normalized colour difference (NCD), a perceptually oriented
metric measure of the colour preservation capability of a filter with the Euclidean
distance metric L2. These criteria are defined as follows:
(15)

(16)
where M and N are the image dimensions, (L(i,j),a(i,j),b(i,j)) and ( (i,j), (i,j), (i,j))
are the CIELab coordinates of the pixel (i,j) respectively in the original and the
filetred images.
Therefore, the performance of our proposed method was compared via these two
criteria with the other colour vector median filters to have objective measures (table
1 for Corel database images and table 2 for Outex database images) and not only
visual appearance results (from figure2 to figure 11).
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MSE and NCD measures between
original image and filtered image
(NCD*10-2)

Scheduling approaches
Colour vector median filter
with O+= Black and O-=
White
Colour vector filter based on
cumulative distance
Colour vector median filter
based on lexicographical
ordering in RGB space
Colour vector median filter
based on lexicographical
ordering in Lab space
Colour vector median filter
based on lexicographical
ordering in HSV pace

Corel1

Corel2

MSE and NCD measures between
original image and filtered image after
impulse noise (NCD*10-2)

Corel3

Corel1

MSE

NCD

MSE

NCD

MSE

NCD

MSE

NCD

7.21

1.48

6.24

1.12

18.73

1.94

9.63

1.58

6.81

0.91

5.17

1.10

16.15

1.90

7.43

6.24

1.44

5.73

1.13

19.56

2.01

13.72

1.43

16.69

2.07

60.31

13.96

1.56

16.99

2.12

59.94

Corel2
MSE

Corel3

NCD

MSE

8.05

1.31

25.11

2.50

NCD

0.96

7.79

1.27

24.88

2.28

10.02

1.73

8.26

1.36

25.41

2.56

3.70

46.47

1.85

84.21

2.80

177.53

4.97

3.72

24.26

1.67

55.41

2.60

141.25

4.69

Tab. 1 – Comparison of median filter performances based on different scheduling approaches with impulse noise
applied on Corel base images
MSE and NCD measures between
original image and filtered image
(NCD*10-2)

Scheduling approaches
Colour vector median filter
with O+= Black and O-=
White
Colour vector filter based on
cumulative distance
Colour vector median filter
based on lexicographical
ordering in RGB space
Colour vector median filter
based on lexicographical
ordering in Lab space
Colour vector median filter
based on lexicographical
ordering in HSV pace

Outex1

Outex2

MSE and NCD measures between
original image and filtered image after
impulse noise (NCD*10-2)

Outex3

Outex1

MSE

NCD

MSE

NCD

MSE

NCD

MSE

NCD

2.50

0.98

1.14

0.81

1.44

0.82

2.80

0.96

2.01

0.89

0.96

0.74

1.32

0.77

2.27

2.65

1.02

1.24

0.93

1.55

0.89

4.13

1.33

2.09

0.96

2.51

4.34

1.41

2.29

1.04

2.70

Outex2
MSE

Outex3

NCD

MSE

2.10

0.73

1.57

0.79

NCD

0.88

1.05

0.67

1.49

0.78

2.93

1.12

2.83

0.97

1.63

0.83

1.04

20.45

1.61

16.95

1.15

63.56

1.57

1.10

45.52

1.99

26.02

1.36

44.08

1.52

Tab. 2 – Comparison of median filter performances based on different scheduling approaches with impulse noise
applied on Outex base images
MSE and NCD cumulative measures
(NCD*10-2)

Scheduling approaches

Base Corel

Base Outex

MSE

NCD

MSE

Colour vector median filter with
O+ = Black and O-= White

74.97

9.93

11.5

5.09

Colour vector filter based on
cumulative distance

68.23

8.42

9.1

4.73

75.22

10.23

12.83

5.76

398.93

16.82

109.69

7.66

311.81

16.36

124.95

8.48

Colour vector median filter based
on lexicographical ordering in
RGB space
Colour vector median filter based
on lexicographical ordering in Lab
space
Colour vector median filter
based on lexicographical
ordering in HSV pace

NCD

Tab. 3 – Comparison of cumulative MSE and NCD measures of median filter based on different scheduling
approaches applied on Corel and Outex base images
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3.6 Discussion
To analyse image filtering results, we need to compare filtered images at the same
iteration level. So local colour statistics are modified in the same manner, and noise
removal impact could be clearly assessed. First, the visual and subjective
comparison of results from figures (from 2 to 12) shows that the median filtering
based on cumulated distance, expressed in CIELab presents the better behaviour,
removing noise artefact perfectly and for small filter size. Then the ordering scheme
based on distance seems the most powerful to remove the injected impulses while
preserving image edges and tiny details after 4 iterations compared to the other
median filtering approaches based on different ordering scheme.
The objective criteria confirm the subjective analysis. The measures of the MSE and
NCD criteria corresponding respectively to the noise suppression and the colour
preservation capability show the filtering efficiency and the high performances of
the proposed filter. As expected, the cumulated distance approach presents the better
filtering performance, individually and globally. The colour median filter from the
distance based ordering approach is close from the results obtained by the cumulated
distance one. As the spatio-chromaticity complexity of the test images is low, the
lexicographic RGB is also competitive among this numerical criterion. Nevertheless,
the subjective test shown that colour artefacts are kept even after 4 iterations.
4
Conclusion
In this work, we focused on the colour-ordering question more than to enhance the
median filtering complexity as such filters are highly sensitive to the colour ordering
artefacts or non-linearity inside the colour schedule process.
Therefore, we present a new colour vector median filter based on a total ordering
approach, which respects the perceptual and physical particularity of colour
information. We compare the basic ordering approach based on cumulated distances
to more advanced ordering structures from the mathematical morphology domain.
Quantitative and visual qualitative results of both the filtered original and corrupted
set of colour images from Corel and Outex databases prove that the proposed filter
based on perceptual distance ordering scheme has better performances and is more
efficient than the other existing filters based on lexicographical ordering schemes in
different colour spaces. Cumulated distance approach is the better median filter
approach in this experiment, but such construction does not allow producing a total
order required for more advanced morphological filters.
5
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Abstract
Two fully vector texture features are compared to classical texture features for
colour images classification. Behind this comparison, the asked question is about the
required complexity for colour texture discrimination. To explore it, we start from a
classical work on colour texture classification from Arvis. We processed Cooccurrence and Run-length matrix in a multi-components way and with two adapted
grey-level approaches (from the colour indexed equivalent image and from the
Intensity image completed by colour moments). Then we compare the obtained
results to more advanced texture features, computed in a vector way from the colour
image, and from the intensity image. These features are the morphological
covariance and the fractal signature. Results are computed for outex and vistex
database.
Results computed from classical features adapted from grey-level expression
obtained better scores than those obtained by vector approaches. The first conclusion
should be that vector features are not required for colour image processing.
Nevertheless, others hypothesis are possible, in particular about the low spatiochromatic complexity of outex and vistex database that explain such results.
1

Introduction

Texture information is one of the significant information to describe or recognize
objects in images [1, 2]. As texture information is related to surface or object
appearance, it exist several definition for texture based on the definition of repeated
pattern [3] or by similarity grouping in an image [4]. Starting from these definitions
a great number of texture features was proposed based on the Fourier frequencies
representation [5], the second order statistics by Co-occurrence [6], Run-length
encoding [7] or more complex representation like Local Binary Pattern [8]. If these
definitions embed naturally the texture definition in grey-level, their transformation
in colour domain is not natural due to the vector aspect and the computational
complexity [3]. Therefore, Palm shows that texture recognition tasks take benefit of
the luminance texture descriptors, and can be improved by informations about the
colour distribution [9]. Following this way, colour texture features are mainly
expressed in a non vector way: adding some colour distribution information to a
luminance based texture information [10], finding an adapted representation and
then grey-level texture features to extract an intensity channel reducing the colour
complexity [11] or combining texture features computed on each channel [11-15]. In
fact, all the approaches converge to express the certitude that colour information is
an additional cue for luminance texture descriptors. In this work, we restart from
Arvis work [12], and we ask ourselves about the importance of colour information in
the texture classification scheme.
This paper is organized as follow: in section 2, the texture features used in the
comparison will be presented; the classification scheme used to compare the features
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performance is presented in section 3, finally we present our results and comments
in section 4.
2
2.1

Textures features for images
Features from grey-level approaches

Image analysis trough texture features have their starting point for almost 50 years
with Haralick [16] and Galloway [17], both classified gray-level images using
statistical developments and the psychophysical experiments of Richard and Polit in
1974, Harvey and Gervais too in 1978 [18]. However, due to required computational
time, Haralick and Galloway not worked on the values obtained directly to compute
image similarities or distance, but they preferred to extract a series of sums called
features that resume the image content. These attributes seek to magnify certain
values in the representation of images as the homogeneity, the contrast or the
percentage variation in small values of gray to represent them through a scalar
value. Since these fundamental works, many authors like Ojala et al. [19], Vertan et
al. [20], Xu et al. [21], Xiaoyan et al. [7] proposed variants for texture features
computation and compared them inside texture classification contest like outex and
vistex contest.
2.2

Textures features adapted for colour images

Approaches combining color and texture can be grouped into parallel, sequential and
integrative technics. The parallel approach joins the grey level texture features of the
image to colour ones, and they are mainly used for image retrieval applications. The
sequential approaches use colour analysis to partition the image, followed by the
processing of grey level texture of each region. The integrative methods, in their
simplest version, use the union of the grey level texture features of each color
channel.
The most advanced integrative methods combine analysis of color and texture
properties in a vector way. Neverheless, such approaches are more complex than
their scalar equivalents [15] and it exists few approaches.
2.2.1

Cooccurrence

Arvis adapted co-occurrence matrix to colour images and proposed 3 different ways
of computation using the parallel approach (Fusion of Color and quantization) and a
non-vector integrative approach (Multi-component)[12]:
• Multi-components: each RGB image is divided into three separated
channels R, G, B, then classical cooccurrence matrix are computed inside
each colour channel and from inter-channel (RB, RG and GB). This
approach is not fully vector, but approach the vector complexity through
the 6 bi-channel co-occurrences. Following Hauta-Kasari [22], 4 features
from the 14 proposed by Haralick was retained [16]. Obtained feature size
is then 30 (6 x 5 scalars)1.
1

This approach was named "multispectral" by Arvis, but Losson changes it into
multi-components texture descriptors in a less confused name for colour image
processing [23].
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•

•

Fusion of color: Transforming the initial RGB colour space into HSI colour
representation, the co-occurrence matrix and 5 haralick features are
processed from the intensity channel (I). Then the average hue (H channel)
and saturation from the S channel are added to the feature set. The feature
size is 9 (5 + 2 + 2).
Quantization: After a hard colour reduction, the initial image is transformed
into an indexed colour image and the co-occurrence matrix computed from
it. Five Haralick features are processed from the resulting matrix.

Evidently, other combinations of gray-level approaches and colour information exist
in the bibliography:
• Union of characteristics of texture and color in parallel [24].
• Union of textures of gray on each channel [25].
• Segmentation level: entropy techniques [26, 27], the matrix of cooccurrence for characterization of clothing surfaces [28].
• Generation of artificial textures: generating a synthetic image by subtractive
co-occurrence [29].
2.2.2

Run-length Matrix

Run-Length encoding are used to analyze images looking for sequence of pixels
with the same colour component in a given direction. The result is a matrix that
express these probabilities, before to resume it by several sets of features [17, 30].
Vertan et al. introduce also three entropies attributes [20]. Among the Galloway
construction, run-length encoding can be computed only among the fusion of colour
and quantization approaches. Any vector approach exists among our knowledge.
2.3

Vector features from colour mathematical morphology

Few or any vector approaches were developed for texture analysis. Recently,
Ledoux and Richard extended the mathematical morphology to colour images using
perceptual distances. The ordering construction is based on colour distance
expressed in CIELab to allow a perceptual validation of the image processing
purpose. To avoid non-linearity in the ordering process, and consequently in the
image processing, they combine several distances from reference coordinates to
construct the ordering relation [31, 32]. Thanks to this construction, different texture
features could be processed: pattern spectrum, morphological covariance and fractal
signature. Others colour ordering approaches are possible and have been proposed
by other authors [33-35], nevertheless in [32] it proven that the proposed approach is
the most accurate for fractal dimension estimation.
2.3.1

Morphological covariance

Morphological Covariance [37] characterizes the texture analyzing the object
appearance frequencies in the image. Morphological covariance is calculated from a
function ξ and a pair of points P2 separated by a vector V (eq. 6). The function ξ
commonly used is an erosion but the opening was also used [38]. The main writing
form is the normalized one:
Kg(f,P2,V)=Volg(ξg(f, P2,V ))

(1)
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Kg(f,P2,V)=

Volg(ξg(f, P2,V ))
Vol(f)

(2)

The vector V can take different directions and different lengths, then Kg(f,P2,V) is the
concatenation of the different response among V.
2.3.2

Fractal signature

Fractal Signature expression is derived from the fractal dimension computation
introduced by Mandelbrot [39]. It characterizes the complexity of the objects whose
structure is invariant under scaling. This algorithm is derived from the MinkowskiBoulingan dimension estimation. The fractal signature is obtained evaluating the
volume evolution between two surfaces enveloping the image surface at different
scales i. Both surfaces are called upper U and lower L. The surface definition is
equivalent to an erosion (eq.12)/dilation (eq.13) using the non-flat structuring
element g with diamond shape and size 3 x 3.
Signi=VarSi- VarSi-1

(3)

VarSi=Si-Si-1;

(4)

With

S i=

Voli-Voli-1
2

(5)
(6)

Voli=Ʃx(Ui(x)-Li(x));
Li(x)=ԑg(f,igdiam)(x);

(7)

Ui(x)=δg(f,igdiam)(x)

(8)

And

The inferior and superior signatures came from Peleg [40] and are obtained in the
same way using the inferior volume Volinf (eq.14) and superior volume Volsup
(eq.15).
Volinfi=Ʃx(f(x)-Li(x))
(9)
Volsupi=Ʃx(Ui(x)-f(x))
3

(10)

Classification scheme

To compare texture features, Arvis constructed a basic classification scheme based
on a k-nn classifier in a dedicated space obtained after a Discriminant Factorial
Analysis. We slightly modified the classification scheme using a linear classifier
rather than a k-nn one (figure 1). It should be clarified that we rule out the use of the
k-nn as classifier that was the original proposal, since it does not has a model and the
way of associating a vector of characteristics with other similar is based on the
Euclidean distance minimum between them [41]. Then we were seeking to take into
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account the correlations between the features vector and to introduce some criteria
of accuracy for next step, we changed for the linear discriminant analysis classifier.
Features vector set has been extracted from two different databases of image texture
colour; the outex and vistex ones. The chosen outex test is the "TC 00013" with 68
colour texture images of 746 for 538 pixels of 24 bits (samples in figure 2) [42].
From Arvis proposal, images are split up into 20 disjoint sub-images of 128 for 128
pixels producing 20 sub-images. Each initial image is associated to one class, the
complete image set generates 1360 sub-images, 680 for to learn and 680 for
classification [43].

Fig. 1 – Classification scheme from Arvis with the two different classifier (k-nn from Arvis, and linear ones) [12].

Bayerlice 0

Wood 0

Canvas 0

Canvas 1

Fig. 2 – Some images of colour texture from outex test.

Vistex test is based on the image set labelled "Contrib TC 00006", with 54 colour
texture images, whose initial size are 512 for 512 pixels. Similarly, images are split
into 16 disjoint sub-images whose size is 128 for 128 pixels (samples in the figure
3). Thus 432 images are used to build the learning subset and the 432 remaining they
are used to build the classification features vector.

Bark 1

Brick 1

Brick 6

Clouds 0

Fig. 3 – Some images of colour texture into vistex test.
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4
4.1

Results and Discusion
Preliminary Results

Firstly, we take attention to the 3D-RGB histograms (figures 4 and 5). Colour
distributions are highly concentrated around one main ellipsoid well described by
one axis. Then for these images, it is possible to describe the colour complexity only
trough one-dimensional analysis with a sufficient accuracy level.

Bayerlice 0

Wood 0

Canvas 0

Canvas 1

Brick 6

Clouds 0

Fig. 4 – 3D-RGB Histogram of image presented in fig. 2.

Bark 0

Brick 1

Fig. 5 – 3D-RGB Histogram of image presented in fig. 3.

Secondly we explore the spatio-chromatic complexity using the texture features : cooccurrence (second order), run-length (third order) matrix, fractal signature and
morphological covariance as in the figures 6 at 9; that show the features variations
between the same image and with other image. Table 1 for outex and the table 2 for
vistex database present the obtained classification rates (ranked from the better to the
lower rate).We recall also the colour space used for the feature computation.
Obtained results are similar to those obtained by Arvis [12] (Multi-components,
Fusion colour and Quantization). If the cooccurrence or run-length matrixes embed
the initial image histogram, the extracted features from moments loose a part of the
histogram information. Consequently, adding some colour information to the texture
features increase the good classification rate (first three lines in tables 1 and 2). We
observed an increasing score from 83.67 % up to 90.44% using the average RGB
values for outex database (from 91.89 up to 93.06% for vistex database). Such result
is in concordance with Palm remarks [9].
In the same direction, parallel approaches trying to reduce colour texture to intensity
grey-level variation adding simple colour information (Fusion colour) obtain a
correct classification rate. At this level, we can remarks that such result confirms the
law complexity of the colour distribution observed in figure 4 and 5.
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Fig. 6 –Cooccurrence graphics for images canvas and bayerlice in outex database.

Fig. 7 –Run-Length graphics for images canvas and bayerlice in outex database.

Fig. 8 –Fractal signature for images canvas and bayerlice in outex database.

Fig. 9 –Morphological covariance for images canvas and bayerlice in outex database.

97

Method

Colour Vector
space
size

Correct
classification
percentage

Number of
features
reduced

Correct
classification
percentage with
reduction

Multi-composants texture plus colour
Multi-composants texture plus saturation
Multi-composants texture plus intensity
Fusion colour
RLM entropy
Multi-composants texture
RLM Galloway
Quantization

RGB
33
90.44
X
RGB
31
90.29
X
RGB
31
88.82
X
HSI
9
87.79
1
RGB
8
84.7
X
RGB
30
83.67
X
RGB
20
68.5
2
Gray5
54.85
x
level
Tab. 1 – Good classification rate for outex test (quantization 32 colours/channel)

Method

Multi-composants texture plus colour
Multi-composants texture plus saturation
Multi-composants texture plus intensity
Multi-composants texture
Fusion colour
RLM entropie
RLM Galloway
Quantization

Colour Vector
space
size

Correct
classification
percentage

Number of
features
reduced

88.67

69.5

Correct
classification
percentage with
reduction
93.75
93.51
93.05
92.12

RGB
33
93.06
3
RGB
31
92.36
5
RGB
31
92.5
3
RGB
30
91.89
1
HSI
9
88.42
X
RGB
8
82.87
X
RGB
20
81.48
2
Gray5
65.27
X
level
Tab. 2 – Good classification rate for vistex test (quantization 32 colours/channel)

84.02

Main limits of the existing colour texture features are to require a colour complexity
reduction before the cooccurrence or run-length matrix computation. Typically,
Arvis and other authors proposed to reduce the colour count to 2553 to 323 or 32 for
indexed approaches.
In figure 10, we compare the impact of the quantization level on the good
classification rate. Changing this quantization level from 323 to 2563 colours does
not improve the result of the classification. Such behaviour implies that as the
chromatic complexity is low, the local structure of the matrix are not modified but
preserved in sparser matrix.
Arvis proposed also to use a Discriminant Factorial Analysis to reduce the feature
size, and the redundancy between the feature parts, thanks to a discrimination
constraint [41]. We propose in the two last columns of tables 1 and 2 the number of
feature reduced and the correct classification percentage before and after reduction.
For Outex database, any feature size reduction is obtained, the spatial complexity
induces the use of the whole set of textures features. Such results are understandable
in regard of the texture content of outex database with variations from highfrequencies textures to textures from shapes. Whereas in the vistex database, as the
images are not reduced to textures images, some features could be remove from the
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feature set to improve the classification rate in particular, when colour informations
are added to texture information.

A. Outex database
B. Vistex database
Fig. 10 – Good classification rate among the quantization level (323 and 2563).

Finally, we take attention to texture features computed in a vector way. Table 3
shows the results of the correct classification rate for the outex and vistex database.
In both cases, gray-level features present the better classification rate, than those
obtained by the colour and vector approaches in a perceptual colour space.
Secondly, the obtained classification rate in the two cases is lower than those
obtained by the cooccurrence and run-length approaches. In addition, we can notice
that as covariance features are closed from the cooccurrence description, obtained
results are similar in gray-level for the two databases.
Fractal signature creates statistical features counting objects from high frequencies
to low frequencies, inducing great variations between values among the location in
the feature vector. However, such variations are not taken into account in the
distance measure between two fractals signatures, inducing an important lack in
discrimination ability. Such lack can explain a bad classification rate, and induce an
adapted distance metric for fractal signatures.
Method

Correct
classification Correct classification Vector size
percentage full features percentage
with
features reduction
outex
Vistex
Outex
vistex
outex
vistex

Covariance gray-level
82.35
73.84
Signature fractal gray-level
74.26
78.44
Covariance colour
54.7
30.55
Signature fractal colour
56.17
62.5
Tab. 3 – Good classification rate for vector texture approaches

85.01
74.26
58.67
56.17

90.27
75.23
55.78
62.5

8/200
10/40
12/200
10/40

15/200
9/40
10/200
9/40

It is particularly impressive to note the features reduction magnitude for the 4
morphological features (table 3). But only for the covariance, this complexity
reduction induces an increasing good classification rate.
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4.2

Discussion

In this work, we compare colour texture features, from a classical process by
cooccurrence and Run-Length Encoding to features computed in a vector process
(fractal signature and morphological covariance). In a first analysis, we can observe
that adding some colour information to texture analysis increases the good
classification rate. Then it is possible to discuss about the nature of the colour
information to add. Nevertheless, in a second point of view, the vector approaches
for colour texture analysis obtain worst results than the classical ones. We can
develop the limits of distance assessment between fractal signatures and the
proximity of expression between morphological covariance and cooccurrence, but
the result differences are really important.
From our first analysis, we established for some images that 3D-histogram show a
low complexity level. Then we established that modifying the quantization level did
not change the classification rate that confirms the previous purpose.
For the cooccurrence approaches, feature size analysis shows that the colour
information is required to improve the results; but that any (outex) or few (vistex)
feature size reduction could be applied for the texture part. This last result translates
the fact that the spatial complexity is important and requires several moments to
resume the matrix.
So combining, the first analysis result to this last one, we can conclude to a lowlevel of spatio-chromatic complexity for our two image-database, inducing the
ability to keep the colour complexity inside some average values in RGB and trough
a sum of multi-components analysis. Before to start and since this study, we take
attention to the existing texture image-database [44], and unfortunately all the
existing image-database presents the same or similar texture content, with this lack
of spatio-chromatic complexity.
5

Conclusion

Behind this study, we ask ourselves on the necessity of vector texture features. Why
after several tens of years in image processing we don’t have vector features for
colour texture management, classification, indexation .... ? In addition, in parallel,
we are attached to validated colour texture features to perception or physic. From
this validation purpose, we addressed in this study the question of spatio-chromatic
complexity, that do not require a specific texture definition and can be assessed in
psycho-visual experiments. We have shown that existing image databases present a
low level of spatio-chromatic complexity. Such conclusion induces that these colour
images do not require strongly vector texture features.
Several questions and interest point are extracted from this work. First one is about
the spatio-chromatic complexity assessment and definition. Such work is in progress
by the specification of a dedicated psycho-visual experiment. Clearly, such
construction is defined in a multi-level or in a multi-scale construction.
Second one is about the necessity to construct new image databases exploring in a
uniform distribution the spatio-chromatic complexity and not only the spatial
complexity. Third one and last one is about the vector construction of texture
features. The first colour texture features that we compared don’t present the better
results, but it exists lot of ways to improve them or to construct new propositions. .
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We hope thanks to our work on spatio-chromatic complexity assessment to produce
new digital features, more correlated to human perception of colour texture. Because
working on real and complex images, like skin images, shows daily the actual limits
in robustness and accuracy of existing colour texture features. So we know that we
need to progress in vector texture features definitions and validation among a
perceptual point of view or among a physical point of view for spectral images.
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1. Introduction
The digital revolution has deeply transformed our lives and our societies without a
plain display of its core principles and technologies.
Despite the revolution is so powerful to condition every aspect of human life, it is
made visible only by the changes it generates.
Even if unseen, the electric place that used to host and convey just phone
conversations has expanded itself in people perception from a thin, one-dimensional
speaking-tube to a fully dimensioned electronic landscape cross-bred with
computers and television [1].
Since the first half of the 80s these online computer networks became identified with
the word Cyberspace as used by novelist William Gibson: A graphic representation
of data abstracted from the banks of every computer in the human system. [2]
We have therefore developed the urge to represent it and to portray its complexity.
2. The Cyberspace visual code
A few technological elements have struck our imagination, sparking a brand new
visual syntax that conveys a sense of convolution and marvel.
Monochrome monitors, prevalent in the early-to-mid-1980s, with their phosphor
screens, black backgrounds and clear, bright typography, were assumed as key
elements for the flow of digital data through the network of interconnected
computers.
Gibson's own words: "Unthinkable complexity. Lines of light ranged in the
nonspace of the mind, clusters and constellations of data. Like city lights, receding."
[2] seem conceived to inspire Cyberspace first visualizations.
Even Neuromancer's cover, drawn by James Warhola, obeys to those first visual
suggestions. (Fig. 1)
But it was Steven Lisberger's Tron, released in 1982 by Walt Disney Productions, to
visually shape two generations' figurative representation of the ongoing digital
revolution. Celebrated as a milestone, Tron was one of the first movie to make
extensive use of computer animation. Combining early CG with backlit animation
and live action, it depicted the video game world (Fig. 2) in which the battle
between physical and virtual characters takes place. [3]
The look of the computer world was designed by Jean Giraud (Moebius, a french
comic book artist), Syd Mead (an industrial designer, concept artist for Ridley
Scott's Blade Runner), Peter Lloyd (a hi-tech freelance illustrator) and Steven
Lisberger himself.
Lisberger's Tron is a neon line character, whose appearance derives from the 70s
disco look, that lives in a digital world simplified to its maximum because of
hardware limits of computers used to produce it.
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Fig. 1 - William Gibson's Neuromancer cover drawn by James Warhola - 1984 (courtesy: Ace Books).
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Fig. 2 - Steven Lisberger's Tron digital world - 1982 (courtesy: Walt Disney Productions).

The limit on detail of background, imposed by the lack of computers memory
available at the time, has however deeply influenced the following Cyberspace
representations.
Even the shortage of colors depended largely on the movie production process'
limits, in addition to the display industry's own inspiring limits (especially the
monochromatic phosphor screen, so deeply associated with computer graphics).
Indeed, despite of its digital pedigree, most of the scenes, backgrounds, and visual
effects in the film were created using backlit animation. This required the live-action
scenes inside the virtual world to be filmed in black and white and colored in post
production to achieve a "digital" appearance. [3]
To fully understand Tron's visual influence in matter of digital worlds representation
on subsequent productions, compare its 1982 cyberspace with the one depicted in
1999 The Matrix written and directed by the Wachowski Brothers. (Fig. 3)

Fig. 3 - Wachowski Brothers 's The Matrix digital world - 1999 (courtesy: Warner Bros. Pictures).

The Wachowski Brothers' movie depicts reality as perceived by human in a
dystopian future as a virtual world, called the Matrix.
Its resemblance with 1984 William Gibson's words: "a consensual hallucination
experienced daily by billions of legitimate operators, in every nation…" reveals its
cyberpunk roots in common with Tron.
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The very weave of this shared digital experience is frequently represented as
downward-flowing green characters reflecting the green tint commonly used on
early monochrome computer monitors.
Again, just one color to illustrate an unthinkable complexity.
Moreover: primal monochrome CRT typography risen to embody machine language
itself and, therefore, used to portray whatever virtual world written in bits. (Fig. 4)

Fig. 4 - 2010 Tron: Legacy seems to start over with a text window displaying machine language (courtesy: Walt
Disney Pictures).

A visual complexity comparison between 1982 TRON and 2010 Tron: Legacy
reveals in a glance what has changed, what has evolved and what has stayed the
same for almost thirty years.
For Disney’s “Tron: Legacy,” Bradley Munkowitz was the lead animated graphics
artist. He assembled and led a team who conceived, designed and animated
approximately 10 minutes of UI sequences and holograms at Digital Domain for
director Joseph Kosinski and visual effects supervisor Eric Barba.
The original Tron neon line look, supported by 2010 computers, evolved in the
TronLines application, used to execute the board's circular-based formation
aesthetic, that takes inspiration and visual cues from the original Tron scoreboard's
behavior [4] [5]. (Fig. 5, 6, 7)
Other design tools included the 'Egyptian' algorithm that generated massive amounts
of linear-based traveling linework and was used extensively for the bracket
animations [6]. (Fig. 8, 9, 10)
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Fig. 5 - 2010 Tron: Legacy circular-based formation aesthetic built with TronLines application (courtesy: Walt Disney
Pictures).

Fig. 6 - 2010 Tron: Legacy circular-based formation aesthetic built with TronLines application (courtesy: Walt Disney
Pictures).
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Fig. 7 - 2010 Tron: Legacy circular-based formation aesthetic built with TronLines application (courtesy: Walt Disney
Pictures).

Fig. 8 - 2010 Tron: Legacy 'Egyptian' algorithm that generated massive amounts of linear-based traveling linework
(courtesy: Walt Disney Pictures).
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Fig. 9 - 2010 Tron: Legacy 'Egyptian' algorithm that generated massive amounts of linear-based traveling linework
(courtesy: Walt Disney Pictures).

Fig. 10 - 2010 Tron: Legacy 'Egyptian' algorithm that generated massive amounts of linear-based traveling linework
(courtesy: Walt Disney Pictures).

It's undeniable that the increased computing power available to the special effects
compartment has lead the 1982 Tron cyberspace visual syntax to an upper energy
level without neglecting its fundaments.
Nevertheless all cited effects were designed just to entertain, to deliver wonder and
sense of complexity in a consistent digital world, without any need to convey
information, least of all information of such a complexity.
For almost every element in the Tron: Legacy world there wasn't even any need to
mimic real-world information.
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Instead, during the executive board meeting scene, a board room interface is
displayed in which is shown a spherical map of the globe that features vector
outlines of the continents. (Fig. 11, 12)

Fig. 11 - 2010 Tron: Legacy spherical map of the globe featuring continents outlines (courtesy: Walt Disney Pictures).

Fig. 12 - 2010 Tron: Legacy board room interface (courtesy: Walt Disney Pictures).

Even if the CG team is the same and the 1982 Tron visual syntax is referenced, the
need to depict real-world information and complexity brings in colors and a brand
new level of information formatting.
Compare this latter fictional cyberspace representation with New York Talk
Exchange developed by the senseable city lab of MIT (Fig. 13) [7], or visual
representations of a small portion of the physical Internet as generated by the
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interactive Map of the Internet 2013 developed by computational graphic designer
Jeff Johnston (Fig. 14, 15,16) [8]

Fig. 13 - new york talk exchange (courtesy: Senseable City Lab).

The NYTE map illustrates the global exchange of information in real time by
visualizing volumes of long distance telephone and IP (Internet Protocol) data
flowing between New York and cities around the world.
Color is here used to render information in a hierarchical, interactive way with a
precise meaning, obeying to a visual code developed to carry on and organize data,
as done in the CAIDA's Internet Autonomous Systems graph. (Fig. 17) [9]
This graph combines dimensions showing peering richness and geographic
information, revealing the highly 'core-connected' nature of Autonomous Systems
(ASes). Polar angles represent the longitude of the AS headquarters, enabling
consideration of continental implications of AS richness.
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Fig. 14 - Interactive Map of the internet 2013 (courtesy: Jeff Johnston).

Fig. 15 - Interactive Map of the internet 2013 (courtesy: Jeff Johnston).
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Fig. 16 - Interactive Map of the internet 2013 (courtesy: Jeff Johnston).

Fig. 17 - Internet Autonomous Systems graph (courtesy: CAIDA).
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5. Conclusions
The explosive growth of networks, Internet and information systems has clearly
demonstrated that data were complex enough by themselves, without any need for a
visual syntax dedicated to make people able to imagine that complexity.
The immeasurable amount of information created and processed every day requires
a syntax dedicated to render abstract data accessible and comprehensible, in order to
make people able to cope with density and involvedness of reality datasets.
Neural and cosmic images have been compared to Internet and data maps because of
their complexities and resemblances. This brought in specific sets of visual rules that
descend from the peculiarities and the operating principles of the instrumentations
which those images were created with.
These visual rules may even apply, but are inherited from thoroughly dissimilar
scientific fields.
The digital revolution has many key technical and formal elements that could
influence the shape of its representation, but it has no complete grammar, nor any
imaging instrument to derive its own pictures from.
Nevertheless it requires a set of visual representation rules to display information in
clear, structured ways.
In this rising syntax, color plays an essential role: it must serve the cause of
usability.
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1. Introduction
The relationship between urban materials and lighting is increasingly important to
help building the affective and evaluative [1 - 2] image of the city. The literature
review defines the worldwide “urban colourscape” [3] as the colour summation of
the exposed and external objects that could be perceived in urban public spaces [4].
The “urban colourscape” is defined by natural, historical and cultural development,
by building materials and techniques and, in turn, it influences the urban culture and
style. It is also defined both by its primary single colours and by the whole visual
coloured effect made by the buildings’ architecture determined by the contrasts of
different layers of the city and the general environmental luminosity [5]. More than
this, the urban colourscape comprises both natural colours (e.g. urban bare land,
rocks, grass, rivers, trees etc.) and artificial or cultural colours that refers to urban
buildings, structures, roads, furniture and so on [6]. Cross-compared studies about
the overall colourscape of the city developed since the 60s by Jean-Philippe Lenclos
and the Japanese Colour Planning Center, showed that each city has its own specific
basic colour [7]: “yellow Turin” [8] “dark red brick” of Boston, “grey white granite”
of Washington, the “grey tones” of Chicago, “soil warm red” in Venice, “brown,
wine red and brown orange” in Amsterdam [9], the different colours of Copenhagen
depending on different historical periods [10].
The basic colour of a city is not made by just one pure tonality but it is the
combination of the main visual leading tonality from the hue of the walls (75%), the
auxiliary (20%) and the decorative colours (5%). From several studies, it appeared
that, the great part of historical urban colour was mainly dependent by the inherent
colour of building's materials decided for their cheapness and easiness to be found,
such as yellow or white paint [11]. In more modern urban constructions, with new
technologies and new materials, also new colours were used, following the
fashionable trends in architecture with saturated coloured coats or luxurious façade
surfaces [12].
If, all the previous studies were focused on the urban chromatography during the
daytime, on the other hand, this paper discuss the importance of designing the
chromatic image of the city revealed also by night-time [13-14] thanks to the
professional and scientific use of artificial lighting in order to shape and increase the
distinctive quality of the space, to ensure the city beautification [15] with light after
dark but also to increase the orientation and navigation in the nightly city [16]. As
LEDs based lighting fixtures and lighting systems are becoming more powerful,
more efficient and also qualitatively more sophisticated in terms of the different
spectral power distributions (SPD) they can provide, the floodlighting of facades and
the illumination of the urban environments could be designed with different
criteria’s, taking into account an objective and subjective urban chromatography of a
city. In this regard, there are really few studies and researches related to the proper
lighting for urban colours and materials aimed at enhancing the urban image by
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night but also taking into account energy efficiency and the subjective judgment of
the luminous urban atmosphere. For this reason, a preliminary study and a
metrological exploration of the relationships between urban materials and LED’s
based lighting systems was performed.
2 Research scope
Considering the fast and progressive evolution of LEDs lighting systems, it was
hypothesized that the future floodlighting systems for urban lighting would be
customized in order to perform different “lighting receipts” to achieve different
expressive but also energy efficient lighting design concepts in relation to urban
materials. A preliminary study about urban materials was performed with the aim of
collecting and selecting the samples to be representative of different “urban
colourscapes”. The final aim of the research was to define urban lighting design
insights reflecting on the relationship between urban material properties
(chromaticity and spectral reflectance) and specific lighting spectral emissions that
could enhance the visual perception of facades, external walls and street surfaces. In
this, a preliminary objective measurement and a subsequent definition of lighting
hypothesis was performed to be followed by an exploratory subjective assessment
with users.
3 Method
The investigation was performed with a preliminary survey about the most recurrent
urban materials and urban colours in the city by collecting a broad range of samples
that were prepared to be tested into a laboratory set up. In addition to this, a series of
illuminants related to the different categorized chromatic samples was elaborated
(Figure 4).
3.1 Urban Material Selection

Samples were chosen in relation to the most famous studies available in the
literature about the basic hue of the cities, taking into account both traditional and
modern materials. In addition to this, the selection was aimed at covering a wide
range of chromaticity: in particular stones, bricks, natural, varnished and treated
(oxidated) metals. A smaller range of materials (20 samples) was measured.
3.2 Urban Material Measurements

The Minolta Photospectrometer CM-700d is a compact, hand-held instrument for
measuring the spectral reflectance of surfaces with a diameter between 3 mm to 8
mm. The instrument utilizes the di 8°/de 8° geometry conforming to CIE No 15,
ASTM E1164, DIN 5033, ISO 7724/1 and JIIS Z8722-1982 (diffuse illumination, 8degree viewing angle) standards, and offers measurements with automatic SCI
(specular component included) and SCE (specular component excluded) switching.
The instrument combines measurement, data processing and displays functions in a
single unit; moreover it provides high-speed, high-accuracy measurements of
spectral reflectance (400-700 nm). To ensure accuracy, the CM-700d uses a doublebeam feedback system, monitoring the illumination on the specimen at the time of
measurement and automatically compensating for any changes in the intensity or
SPD of the light. Zero calibration was performed (under the same conditions of the
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materials’ measurements such as SCE setting, ambient temperature, etc.) to
compensate for the effects of stray light owing to the flare characteristics of the
optical system. In addition, it was useful to eliminate variations resulting from
changes in ambient or internal temperature. When zero calibration was performed, it
was followed by a white calibration that sets the maximum reflectance to 100%.
Each material was measured five times in different points of the surface because
colours were not uniform but changed significantly in the same sample. More than
this, each measure was repeated five times to derive a mean measurement. Materials
and measurements are represented in the Figure 1: two pictures of the sample under
natural lighting, the correspondent measured colour given as a RGB uniform colour,
the correspondent in the CIE L*a*b*, the corresponding Munsell chip plate when
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Figure 1 - Summarizing diagram of selected sample of urban materials

samples were lit by D65 illuminant and lastly, the measured spectral reflectance.
3.3 Urban Material Clustering

Depending on spectral reflectance, materials were clustered in different categories:
• yellowish and reddish toned ones, such as Bricks, Cor-Ten Steel, Dark
and Light Brass;
• reddish materials, such as Porphyry Stone and red (RAL 3020) varnished
aluminium;
• green-bluish materials, such as Green Oxidated Copper and blue (RAL
5005) varnished aluminium;
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•

clear grey materials, such as Plaster, natural aluminium, anodized
aluminium, clear (RAL 9006) varnished aluminium, Ostuni stone;
• darker grey and black ones, such as Pietra Serena Stone, Slate Stones;
A deeper analysis of the dark and light grey category of materials with the CIE
L*a*b* and Munsell atlas under D65 illuminant showed that they have different
slightly perceptible hues that, it was hypothesized, could be enhanced with different
light sources’ SPD. In particular for dark grey materials, the natural stone Donatello
was defined by a dark colour with a tendency toward cold hues (purple-blue) in
contrast with both Pietra Serena and Slate Stones that, even if showing a different
lightness, had warmer tones (yellow and yellow-red). Similarly, for light grey
materials, Ostuni stones and plaster showed a warmer tone (yellow) in comparison
to all the aluminium (anodized, natural and varnished) materials that tended slightly
to colder tones (green-yellow – blue). (Figure 2)

Figure 2 – Heterogeneous chromaticity of dark and light grey cluster of sample materials

4. Customizing the spectral power distribution
Many lighting designers see the necessity to have a better method for characterizing
the colour rendering quality of LEDs light sources, this increasing the debate about
how the traditional colour rendering metric (CIE-CRI) could be improved
[17][18][19]. Today, there is no a complete and exhaustive answer to this problem:
different metrics have been proposed by several research groups but a general
shared solution is far from be reached in a short timeframe. If the new metric is still
an open debate, a higher disagreement and misunderstanding is found in terms of the
proper and specific application of colour rendering of lighting sources in different
circumstances (e.g. what kind of spectral distribution for retail lighting? Increasing
the vividness of colours, preserving the naturalness, enhancing the texture of
materials?). What is traditionally used, the CIE-CRI, is a fidelity metric: it measures
the ability of a light source to render a defined set of colour’s samples in comparison
to a reference illuminant [20]. It is clear that “fidelity” is not always the desirable
property of a light source: in some situations, colour saturation is preferred [21-22]
and there is an important trade-off between high colour fidelity and the increment of
saturation of colour sample’s set. The CIE-CRI needs to define an ideal standard
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SPD, that for definition, yield undistorted colours, to which each considered test
source can be compared.
Many researchers agree that the current set of reference illuminants, formulated by
CIE-CRI (Planckian’s radiator and standard daylight) are a suitable choice. Other
studies point out that certain spectral distributions, under specific conditions, can
distort colours in a pleasing way, enhancing their appearance in comparison to the
reference light source [23]. The LEDs sources can display a sharp spectral variation
that stresses the actual limits of the CIE-CRI: in this respect, lighting designers and
manufacturers could optimize the SPD of LEDs sources to maintain high CRI while
increasing the ratio between the lumen output and the optical power of the light
source (Luminous Efficiency of Optical Radiation, LER). The crucial issue is that
really few perceptual experiments were performed to evaluate and validate the
optimization of the results.
4.1 Selecting the metrics of Colour Rendering Index

For this reason, in order to design a set up for a perceptual evaluation of the
appearance of urban materials (and their colours) in relation to different SPDs, a set
of illuminants with different colour rendering properties for three different values of
colour temperatures (3000K-4000K-5000K) was designed. For the evaluation of
colour rendering, four different indices have been considered:
• CRI for the evaluation of colour fidelity;
• CQS because it uses the saturated chromatic samples (unlike the CRI) and does not
penalize the increase in the score of saturation without tint distortion. Some
illuminants were built to maximize some chromatic samples in relation to the
previous clustered categories (e.g. red, red/yellow, green/blue). These illuminants
were defined because it is hypothesized that in different applications, for different
illuminated targets, lighting designer would need to create specific SPDs to enhance
certain chromatic features.
• GAI (Gamut Area Index), as a candidate indicator of colour preference (how
‘‘natural’’ objects appear as well as how ‘‘vivid’’ objects appear, and how well one
can discriminate between subtle differences in hue), as suggested by some studies
and researches [24]. Gamut Area Index (GAI) was determined by drawing the
chromaticity values of the eight colour samples used in CIE-CRI definition for a
light source. GAI is represented by the area of the polygon, so the larger the area,
the higher the GAI and better would be the colour discrimination, chromatic
saturation and vividness. Unlike CRI, GAI can be over 100, but this usually means
that colours appear oversaturated, and observer’s preferences decline [25]. In the
experiments mentioned in the literature, the preferred LED sources had a GAI of 80
[24], while the incandescent source had a GAI of only 49. The use of this index
should be done in conjunction with CIE-CRI: lighting designers should choose
sources with high CRI and high GAI.
• Gamut Area D65: in this case it is the gamut area of CIE chromatic samples R1-R8
on 1976 UCS (u’,v’) chromaticity diagram with respect to D65 reference.
4.2 Design of the Illuminants

The designed SPDs were built with five primaries light sources:
• Phosphor converted white LED model Lumileds Luxeon Rebel PLUS LX18P150Y
• Phosphor converted white LED model Lumileds Luxeon Rebel PLUS LX18P130Y
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• Generic Red LED with a dominant wavelength of 624 nm and typical Spectral
Half-width (nm) Δ λ 1 / 2= 20 nm
• Generic Green LED with dominant wavelength of 505 nm typical Spectral Halfwidth (nm) Δ λ 1 / 2 = 30 nm
• Generic Blue LED with dominant wavelength of 455 nm and typical Spectral Halfwidth (nm) Δ λ 1 / 2 = 20 nm
By combining these primaries, six SPD were generated and three different
hypothesis of light sources’ SPD were formulated.
5. Results
5.1 Hypothesis 01: Efficiency and Energy savings

There is a fundamental trade-off between colour rendering property of a light source
and its luminous efficacy [26]. One of these two quantities can be maximized only at
the expense of the other one: for example if the lighting design reduces colour
rendering of a light source, it results in more lumens per watt and vice-versa. This
trade-off occurs because human vision does not sense all the spectral components of
the perceived light in the same way. Luminous efficacy is driven by the human eye
spectral sensitivity performed by the V(λ) function, which describes that, given the
same power for each wavelength of light, our eyes will judge greenish light
(monochromatic radiation at 555 nm) to be brightest. Therefore high luminous
efficacy of a LED white light (conceived as an approximated mixture of all possible
colours) can be feasible if its spectral composition promotes those colours to which
our eyes are most sensitive to. This is the reason why, a white light with strong
power in yellow-green radiation will potentially show a superior luminous efficacy
(but will necessarily suffer from poor colour rendering).The luminous efficacy of all
the different light sources is evaluated on the basis of LER (lm/W) [27].
In the urban environment, this hypothesis would be translated in different colour
rendering properties of emitted flux in relation to different timing of the night:
maximizing LER after the curfew time and increasing the “quality” of the emitted
lighting when people are inhabiting the city. For every project of city beautification
with floodlighting, lighting designers should consider effective ways to reduce
lighting pollution and lighting overuse when not necessary [28].
4.2 Hypothesis 02: High colour rendering Index

Three light sources with different colour temperatures were proposed (3000K4000K-5000K). The main characteristic was the high value of CRI and CQS (at least
90) and a particular focus on:
• Q1>90 and Q2>90 for material clustered in Red group
• Q7>87;Q8>87 for material in Grey group,
• Q2;Q3;Q4>90 for Yellow-Red group
• Q10>90;Q11>90;Q2>90 for Green/Blue group.
All the illuminants developed according to the hypothesis 02 were constrained to be
near the Planckian locus (Du’v’<0.01). This hypothesis was defined for permanent
floodlighting of historical buildings and monuments whose image should be
preserved and whose colours and textures of original material should be rendered in
their original and true majesty [29].
123

4.3 Hypothesis 03: Enhance colour saturation to produce more vivid material

The use of more saturated coloured lighting in the city is generally related to
interesting, pleasurable experiences, accenting elements, enhancing volumes and
materials of architecture, creating a better and more pleasant environment [30-3132]. These background statements were used to hypothesize three different
illuminants (3000K - 4000K - 5000K) for obtaining more vivid colours in
red/orange material and more luminous and texturized appearance for the grey ones
(Figure 5).
To reach this scope, a set of SPD with enhanced gamut area and low colour
distortion were designed (CQS>80): on the basis of literature review the
chromaticity of this light source was placed below the Planckian Locus on CIE 1976
(u’,v’) colour space. In relation to this, some works were recently published showing
that a wide range of chromaticity can appear 'white' or 'minimal tint" and that such
chromaticity do not belong to the black body locus (BBL). The cited paper
investigates whether 'white' lights (in the sense defined above) is more appreciated
by the users in residential contexts [33]. The figure 3 represents the ‘white’ line
(dashed) derived from the experiment of Rea and Fressiner: the ‘White Body Line’
joins the points where white light of various colour temperatures was seen by
participants to be ‘un-tinted’ without following the BBL.

Figure 3 - Colour coordinates in CIE 1931 colour space for light source perceived as minimum tint (‘White Body Line’)
as function of CCT; chromaticity of Xicato Vibrant light engine, placed below the BBL. Adapted from Rea et al.

More than this, a recent experiments by Colette Knight using Xicato Vibrant
Modules showed similar results in the white light preferences in a retail
environment. Looking at 6 different white LED modules with nominal CCT of
3,000K and CRI between 83 and 98, more than 80% of the participants selected
sources placed below the BBL [34] in CIE (x,y) 1931 chromaticity diagram. The
result showed also that, with modules with chromaticity below the BBL, the
participants noted that:
• Colours of the items were more striking, in particular, blue and pink colours
appeared brighter and bolder;
• White objects appeared brighter, cleaner and stood out more from the distance;
• Individual objects stood out more distinctively in a group;
Considering these results, we decided to test the performance of white illuminant
with chromaticity below the BBL in conjunction with the grey sample materials.
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Figure 4 - Representation of selected SPDs for each hypothesis

Figure 5 – Comparison of Gamut areas for a 5000K illuminants in accordance to the three hypothesis
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5. Research limitation
This experimental study was conceived as a work in progress, by representing a first
step about measured properties of materials under different lighting conditions. It
was also meant to give a preliminary overview of chromatic differences between
urban materials and also was performed to be a preparatory set up for a wider and
deeper exploration from the user’s perception point of view. In particular, all the
hypothesis about the illuminants were based on assumptions derived by lighting
design practice and current literature review. A secondary phase would be necessary
to confirm or deny the hypothesis and to derive a theoretical framework about the
relationship between lit colours of urban materials and people assessment.
6. Future implementation
A second part of the research about the lighting influence in perceiving urban
materials, user expectations and about the impact of the lighting design is needed
through a qualitative and quantitative systematic investigation from users
perspective. A test lighting booth would be set up with the previous designed LEDs
illuminants and the previously measured lighting materials in order to assess people
preference in terms of naturalness of the appearance of material (e.g. realism),
enhanced texturization (e.g. tridimentional appearance), acceptability in relation to
efficiency of the lighting system and brightness perception.
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1. Introduction
The introduction of LED light sources for indoor lighting has rapidly changed the
lighting world, introducing important changes. The technology of this type of light
sources is continuously evolving making LED systems more and more efficient and
long lasting. At the same time costs are decreasing while LED use in the common
lighting practice is increasing. Given their spectral power distributions (SPDs),
which is very different from traditional light sources' ones, a revision of the colour
rendering properties was needed and the concept of colour quality has been
introduced. Nowadays, lighting designers can choose white light LED from a great
range of CCTs, while also guaranteeing high colour rendering indices (CRI).
However an important topic, that has already been the object of investigation but
needs further research, is how people perceive an environment and the objects inside
it when SPDs and consequently CCTs are different [1]. As far as colour perception
is concerned, it is well known that the mechanism of chromatic adaptation operated
by the human visual system tends to preserve the appearance of objects' colours
under different light sources' SPDs. In this paper the CIECAM02 was applied to
spectrophotometric data, in order to evaluate the chromaticity coordinates of
coloured objects. These measures represent the continuation of previous researches,
in which the changes in the chromaticity coordinates of various coloured samples
(LEGO® cubes) were measured under different light sources (LED and
fluorescents) and represented in the CIE Lab colour space [2]. The previous study,
however, did not attempt to correlate these measurements with people's perception
of colours of the same samples. In another study, under the same LED and
fluorescent light sources, 109 subjects evaluated these light scenes by filling a
questionnaire for each one of them [3]. The questions concerned the general
assessment of light quality: readability of a written text; pleasantness of the
environment; colour perception (using LEGO® blocks); influence on mood and
vigilance; brightness of the environment. The results showed that people's
evaluation of light sources differs on changing CCT and technology. The aim of the
present study is to compare the measured chromatic characteristics of the same
objects used in the first study with the colours' perception of a sample of 10 people.
For this purpose a test room with three LED light scenes was set up and a test
procedure was proposed and applied. In this paper the first results, regarding a
comparison between measured and perceived hues, are presented.
2. Method
The experiment was carried out in a test room of the Department Of Industrial
Engineering of the University of Naples Federico II. The only furniture of the room
consist in a desk (covered with white paper) and a chair where subjects seated
during the test. A photo of the desk is reported in Figure 1 along with its measured
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plan, the room's window was obstructed with a panel of the same colour of the
walls.

Fig. 1 - Test room's photo and measured plan.

Figure 2 reports spectral reflectances of surfaces and furniture.

Fig. 2 - Test room's spectral reflectances.

The test room is equipped with LED, fluorescent and halogen lamps controlled with
a DALI system; for this experiment only three LED luminaries were used, obtaining
a good illuminance uniformity on the desk and a good spatial distribution, avoiding
undesired shadows in the environment and on the visual task. Given that each
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luminaire is dimmable and allows colour changes, three light scenes were set up
using the same devices, in order to obtain the same illuminance and luminance
distribution in the environment: one with a declared CCT of about 2700 K, another
with a declared CCT of around 4500 K, and the last with a declared CCT of about
6500 K. All the light scenes determine quite the same illuminance on the desk
(about 470 lx). Table 1 lists the light scenes' characteristics, which were measured
with a Konica Minolta CS 2000 spectroradiometer and a Konica Minolta T10
luxmeter. As it can be noticed, values declared on the display of the control system
differ from measured values.
Light scene

2700 K
4500 K
6500 K

Measured
illuminance on the
desk [lx]

Measured CCT [K]

463
3013
478
4623
481
6751
Tab. 1 – Light scenes characteristics

Measured CRI

93
90
88

Figure 3 reports the normalized SPDs of the light scenes.

Fig. 3 - Light scenes' SPDs.

The test consisted in evaluating the colour perception of six LEGO® cubes lit by
these three light scenes: for each light scene and each cube subjects had to complete
a questionnaire, the cubes were presented to the subjects individually and for each
cube a single question was presented individually. The questions regarded hue,
colourfulness, whiteness and blackness perception. In this paper only hue results are
presented. In Figure 4 the hue test is shown: the subject had to put a mark on the
circle in correspondence of the perceived colour. 10 subjects were tested, 3 males
and 7 females (mean age 27), each one of them performed the Ishihara Colour
Blindness Test and resulted with a normal colour vision. Before test administration
all subjects learned about Natural Colour System's colour order and attended a
tutorial of the test.
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Each subject ignored what light scene was switched on, each one of them repeated
the test four times with the same light scene on different days and the scenes'
sequence was different for each subject.

Fig. 4- Test sheet for hue evaluation
3. Results
By applying the CIECAM02 model, the relative tristimulus values of the samples
and of the reference white were measured under the three light scenes. The adapting
luminance, in cd/m2, was obtained dividing by π the illuminance value (in lux)
measured at the eyes level. The D factor was assumed equal to 1, considering a
complete adaptation. Correlations between the CIECAM02's hue (h) with the test's
results for the same variable are shown in Figures 5a,b,c. The results are reported for
each light scene and each LEGO® cube, which is identified in the graphs with
squares of the corresponding colour (red, orange, yellow, green, light blue, blue).
a)

b)
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c)

Fig. 5a,b,c - Comparison between test results and CIECAM02 values for hue.

4. Discussion and Conclusions
As it can be inferred from the results reported in Figures 5a,b,c measured and
perceived data show a good linearity for all the three light scenes. The slope of the
straight line is just a little greater than 1 and it increases with CCT. The coefficient
of determination always assumes values greater than 0.99. In general, perceived
values are in good agreement with CIECAM02 values and in particular for the
4500K and 6500K light scenes, colours perceived as warmer are shifted toward the
red, while colours perceived as cooler are shifted toward the blue. The red cube is
perceived as containing more yellow under the 2700K light scene, while it is
perceived as a quite pure red under the other scenes. Perceived hue values of the
yellow cube are in perfect accordance with measured values, for all the light scenes.
The aim of this paper was to set up the test protocol and show the first data obtained.
Results for other colour attributes will be presented in a following paper. In order to
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give a contribution to the colour appearance models, more experiments are needed,
with different colour samples and surrounding conditions.
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1. Introduction
Light has an important impact on the wake up process. A direct or indirect exposure
in a colorful light can create different feelings. The wake up process is different
from one person to another, but the joy of wake up in the morning is something
gracious. It should also be remembered that colored light brings joy particularly in
the morning when we open our eyes. This study was undertaken to investigate the
user centered design (UCD) method and characteristics of user experience design
that elicit pleasurable response, in particular among people who need to wake up
gently in the morning or any other time to establish the design model for colored
lighting.
Sunshine and daylight keep us healthy and energized and they are essential to our
wellbeing. Inspired by natural planetary motion, the wake up lighting proposed in
this study uses an original combination of light, color and motion to wake us up
gently and naturally.
Incorporating user centered value into this product has become an essential strategy
for increasing a product’s competitive edge in the consumer market. The results of
this study could suggest the characteristics to consider developing pleasurable
lightings aimed at users. In-depth interviews were conducted with 20 participants in
order to collect responses that showed the evidence of pleasurable feelings with
lighting. This article then explores the role of colored light and its interaction with
the space in which the users living and sleeping.
Finally, this paper presents a unique lighting design model to provide an interface
which communicates the time as well as an aesthetic and emotional experience to
user. The study focuses on the user’s analysis and the sensorial properties of
materials and mechanisms influencing the wake up process of everyone.
2. Methods
In the present study it was hypothesized that the colored lighting could be reflected
in a natural human wake up process. The UCD method presented in this study is
found suitable for designing a colored lighting. In this method it is possible to
involve the real users into design process.
Bitner [1] mentioned three ways in which environment affects our behavior. Knoop
[2] presents a similar theory to highligh the effect of light on people; firstly visually,
it allos people to see. Secondly, the emotional influence of light, for example the
products such as ‘ambientexperience’[3] [4]exemplify how light can be used to
reduce emotions of stress and excitement for children in hospital environments.
Thirdly, studies on the biological effect of light have emerged. For example, light
can be used to stimulate our circadian rythm during office work [5]; it also helps to
activate our body or to relaxe it. Some studies suggeste that children’s concentration
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at school can be enhanced through light [6]. The Philips Wakeup Light [7] integrates
the biological effect of light in the ritual of waking up.
At the first stage of this research, subjects were divided into 4 groups: people who
wake up everyday before 6h00, people who wake up everyday between 6h00 and
12h00, people who wake up between 12h00 and 18h00 and people who wake up
after 18h00. This division relates to the lifestyles and the own activities of these
individuals. Someone who works during the day is different from someone who
works at the night. The irregularity of this working hours can also influence the time
of wake up for each person.
The age factor can also influence the wake up process. For example the middle-age
people tend to sleep more or less. In the both cases, early morning awakening with
the help of sunshine light produces a feeling of enegy for these people. There is not
nomerous products giving such a good feeling to the users at the morning or solving
their problem to wake up.
Through the observations and interviews, the effect of environmental colored
lighting upon wake up factors were examined. These factors were physiological and
psychological.
At the next stage, the design factors were reviewed according to the observed
elements and the emotional expression of users. Finally the ideas were evaluated to
acheive a final product.
In this study we have tried to create the colored lighting which tends to make an
energetic atmosphere at the morning or the time that everyone likes to wake up. We
also tried to adding different functionality to create an efficient object, not only
practical but also adapted to the divers situations. This product will be intelligent,
friendly and involved in the personal lives of everyone.
To acheive this product we have integrated the UCD (User Centered Design)
Method which basicly contains the divers factors influencing the user’s tasks. This
method is presented in five stages:
2.1. Define The Context

To define the context of this product it is necessary to consider all of general issues
around the wake up process. This product aims to simplify the process of wake up,
so we can turn to the natural process to create this condition. Today, light sources
can be embedded into everyday objects and environments, and it can be controlled
easily through microprocessors. These microprocessors can be given sensing
capabilities by equipping them with sensors interweaving lighting solutions into the
complexity of human life [8]. LEDs and OLEDs technology has a low power
consumtion, flexible form, high durability and long lifetime. The new capabilities of
lighting technologies provide opportunities to adapt environments to the dynamics
and flexibility of everyday life. Only when technologies become sensitive to
contextual situations, system can truly become adaptive, personalized and
anticipatory [9].
In this section of research, we present the benefits, constraints and initial
explorations regarding to the design and implications of natural colored lighting. We
propose a lighting system that behaves personnaly and adapts to the people’s
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activities throught implicit and/or explicit interaction. We argue that there is a need
into account these factors listed below:
2.1.1. Benefits and Goals

The benefits of such a lighting system can be summerized into these factors:
creating a sense of energy and vitality in the space and for the users, controling the
wake up process at any time during the day or night, allowing the other persons such
as family members to awaken others from distance, planning and setting divers
occasions, using a conventional light source in addition to use as an optical clock,
easy to use, using smart mobile phone and PC to set the sleep time for each day,
changing the alert sound into the sounds of nature or the other favorite sounds of
users, consuming low energy and efficient lighting.
2.1.2. Constraints

There are some constraints to considering for this product such as : the form of light
source, need to familiarization with the use of a smart phone and a PC,
manufacturing cost, user friendly both in the case of simple mechanism and the
interchangeable components.
2.2. Describe The User

The target group of this study consists of four parts: (a) people who wake up
between 6h00 and 12h00, (b) people who wake up between 12h00 and 18h00, (c)
people who wake up between 18h00 and 24h00, (d) people who wake up between
24h00 and 6h00. In these four categories we observed three types of people who
have the different problems because of their lifestyles or their own activities. The
first group consists doctors, bakers, night shift workers, ... who have a distinguished
working time that varied due to the special circumstances; the second group consists
the elderly people who have sometimes the physical difficulties to wake up or
sleeping because of their age or the medical treatments that they do, and finally
children and adolescents who need a regular schedule program for sleeping and
wake up.
2.2.1. User Properties and Characteristics

We have reviewd the interests and requests of users who have different ways to
acheive awakening. The survey method was done through interviews with a group
of users. It suggests that the sounds taken from nature like the birds sound, raining,
... or the voice of people close to the users such as mother, wife, brother, ... have a
significant impact on the wake up process.
Our user groups were analysed through their physical characteristics in three stages:
1) User age; all of people need to sleep at different ages for different hours. In
addition, the sleep cycle depends on the user’s ages.
2) Emotional and psychological characteristiques.
3) Cultural and climatic characteristics; this factor plays a direct role in the
sleep and waking up process such as holidays, ramadan, ...
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2.2.2. Standards

All living organisms have a clock mechanism or period clock of activities and rests.
They will control the time called lifecycle. For the humans the period of
physiological process and biological timeline is approximatively 24 hours.
According to the user’s activities these 24 hours have been devided into the periods
that everyone adapte them on his/her own lifestyle. For example the cognitive wake
up occurs two times during the day around 9h00 and 21h00, but in case of body
power it occurs around 11h00 and 19h00.
There is a question that how the body keeps and memorize this hours? The
researches illustrate that a thin cluster of about 20 thousand neurons in hypotamos
controls the biological cycles of our body. The control centre called the SCN adjusts
the body activities. Although the exact mechanism of this process is still unclear, but
the effect of sunlight for example can maybe the result of the controls of this system.
When the quantity of sunlight is reduced, the visual system sends the signals to the
brain and so it increase the production of melatonin. These hormones increase and
decrease the activity level which help us to feel sleepy or not. The clinical studies
show that the people who are blind have usually the troubles in their sleep/wake up
process, as well as those who work at nights or who travel alot with their biological
cycle.
2.2.3. Sleep and Colored Light Impact

The invention of the electroencephalograph allows scientists to study sleeping in the
new ways. In 1950 Eugene Auserinsky use this method to explore what is called
today ‘sleep’. Sleep has two main types:
1) Non-rapid eye movement or NREM sleep also called quiet sleep.
2) Active sleep, rapid eye movement sleep or REM sleep also called
paradoxical sleep. During the earliest stages of sleep, we are still relatively
awake. The brain produces the waves called beta waves which are small
and fast. Then the brain begins to relax and produces the slower waves.
Non-REM sleep is divided into three phases :
1) Step 1 Start Cycle and relatively light stage of sleep. It can be considered a
transition period between wakefulness and sleep.
2) This stage takes approximately 20 minutes of sleep. The body temperature
begins to decrease and the heart rate begins to slow to a level which the
sleeper is inconscious.
3) This is the deepest stage of non-REM sleep. After this stage the second part
of REM sleep begins. That is a transitional period between light sleep and
deep sleep. The dreams occur in this REM stage.
The visible light is an electromagnetic radiation that the human eye can view and
respond to it. The visible light has a wavelength of 380-740 nm and it is between the
infrared and ultraviolet light. According to the electromagnetic and quantum theory,
all phenomena are explained by the light.
The nature of light is well known, but there is still the question that what exactly is
it. Light is made of photons and a wide range of wavelengths. The researchs show
that the low-energy light bulbs can interfere with the human sleeping. During the
night, the blue light section must be less than other time because of its impact on the
hormon production. So a lighting with a white or warm white color can be used
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before or during sleeping. The combination of colors with light can produce
powerful, wealth, romantic, lively, mineral, friendly, gentle, welcoming, cute,
elegance, desirable, freshness, traditional, tropical, classic, reliable, comfortable,
royal, magical, strange and energetique ambiance.
The color psychology is the result of strong emotional reactions that people have
towards colors. The research studies prove that the physiology of human responses,
based on the color effects on the eyes and nervous system. It can also affect the live
of some environments.
For example, the colors like red, orange and yellow have the longest wavelengths
and require more energy to see what they are. These colors stimulate also our brain
mechanism and raise our heart and breathing rate. In contrast, cool colors such as
blue and green, which have the shortest wavelenghs, entre easily inside the eye and
create a relaxing effect.
Red

The red color is the most impressive vibration in the spectrum and reflects the
excitement, speed, power, pleasure and passion. For an immediate attention we can
put this color at the bachground of objects. That is the first color to be seen in the
dark and can not be seen from a long distance.
Yellow

Yellow is psychologically the happiest color in the spectrum with a sense of warmth,
optimism and joy. It will stimulate thinking and gives a sense of vitality to the other
colors.
Orange

This color is stimulant and reinforcing. It represente friendship, joy and adventure.
Bright orange has the highest affect on the eyes. It is warm and has the appetizer
effects.
Green

The green light color is psychologically the most calming color in the spectrum and
the easiest color to see. It reminds the spring, nature, life and energy of young
people. Dark green represents stability, growth and induce the high amount of
economic status. It is the universal symbol of safety.
Blue

It is a peaceful and sublime color. It represents the respect, honesty, reliability and
integrity. In some cultures it means abundance and prosperity.
Purple

That is a color with the sense of monarchy, nobility, power, excitement and luxury.
Dark purple has a spiritual, mysterious and strong character. The people affected by
this color are encouraged to dream more.
Pink
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This color encourage people to love and is known as a feminin color. The red is a
deep purple and it as the highest concentration of energy.
Brown

It is warm and comfortable with the ground, trees and makes a sense of cooking and
heating at home.
Gray

That is an official status which represents the dignity and authority with no warmth.
It introduce intelligence, maturity, sophistication and riches. Metallic gray represents
the scientific and technological progress aspects and introduces a sense of speed.
White

This color symbolizes purity, innocence, goodness and truth. That is a neutral color
and is considered as a cool color because of its community with snow and ice. This
color is often easy to visualize and is used in the healthcare product and
environments.
Black

That is the most powerfl and the most terrifying color that can be used to get a lot of
appearances. It is conservative, serious and in some cultures it is the symbol of
grief. The color depth gives a heavy feeling.
2.3. Task Analysis

The next stage of UCD method concerns the task analysis of the people who interact
with the product. When we return to the three categories of our users we can see that
some of them have to wake up early in the morning, but in the case of irregular work
time, this process is switched to another time of a day.
The colored lighting supposed to assume many aesthetic and comunicative functions
in environment and affect attention, visibility and emotion. The first function of this
colored lighting is defined to make the wake up process more naturally. The other
effects of this product create a sense of vitality and energy associated with a natural
performance of the product in order to create an atmosphere of awakening in the
morning.
This product is designed to allow parents to control their children without any stress.
The parents can go to their work and let this colored lighting make their children
wake up. The ribbon embedded in the product assigns different colors which is
adjustable to each point and reminds the time. For example it can remind us the time
that we must give a medical drug to anyone.
2.4. Function Allocation

This product contains several functional features listed below :
1) The ability to move from high to low and vice-versa which causes a
changeable position of colored lighting at different times to complete its
illumination.
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2) The harmonious color tonality in two distinct parts that contain an
embedded ribbon around spherical shape and the central sphere. The ribbon
is designed to allow people to change their selected color. The central
sphere is graduated from the lowest to the highest level (the amount of
sunlight in the morning) and move up and down according to the user’s
setting .
3) There is a programmed micrprocessor which is designed to regulate and
control the movements of the colored lighting in any time and for any
occasion. The program is designed to be installed on the mobile phone and
the PC. A three dimentional image of the product creates the virtual
environment which illustrates a real time aspect of colored lighting on the
mobile phone or PC screen. The users can change any factors from their
interfaces.
2.5. System Layout

Once the design process advances, the questions about the system layout have to be
answered to gain more details. We used for example the design process checklist
proposed by University of Cambridge. It contains the fundamental informations
about the design process, the inclusive concept generation and its principles. These
tables are presented in the discussion part at the end of this paper.
Figure 1 presents the technical details of our colored lighting and in Figure 2 we can
observe the user’s interactions on a mobile phone to control the colored lighting
from distance.

Fig. 1 – The technical details of colored lighting

Fig. 2 – The interactions with a mobile phone to control and setup the instructions of colored lighting

3. Results
After developping many ideas, the final sketch is selected and the other stages to
define the details are considered. The results are communicated and discussed with
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users. Figure 2 displays the result of this work. This colored lighting can provide not
only a natural light which seems to the sunlight, but also it can be programmed and
controled from distance. It contains some technical components which will be
discussed in our future research paper.

Fig. 3 – The colored lighting performance according to the time and the colore selected by user.

4. Discussion
The tables below show the process to acheive the fundamental factors needed to
colored lighting design.
Question

How does your process answer this question?

What are the needs?

The main requirment of user is a good feeling for the
wake up process and start a day with a sense of
satisfaction
Using light, color and sound

How can the needs be met?

User can apply the light, color and the sounds taken
from nature or the voice of people.
Research on user requirements and the standards
What should we do next?
needed in order to create the form, function and future
concepts
Tab. 1 – Fundamental questions of concept design

How well are the needs met?
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Manage

Activity

Review progress & Plan next
steps

Refine product goals
Build business case

Explore

Ensure common
understanding
Create a stakeholder map
Observe users
Generate personas
Describe user journeys
Capture needs list

Create

Stimulate ideas
Develop concepts

Evaluate

How does your process
answer this question?
The product introduction examples, problems concerns
of users
Interviews with users to find their requirement,
objectives, constraints, environmental
abilities, perceptual abilities of incoming user to know
how to use the sample
Assign tasks and activities of the user and the product
design
A sense of ease and joy in the dream, reminde
occasion, keep the mobile application
After reviewing a variety of different perspectives of the
prototype product made before
Similar examples of how to use the product and the
reaction of users
Creating a list of users and stakeholder in relation with
product
Interviews with 10 people on Kish island - Library
Research and Internet Research
Write scenario
For light elements: beautiful, simple, rational, natural
and easy to installing the program: easy, expressive,
attractive,
Brainstorming technique is used to achieve the ideas
and concepts

Make prototypes

Sketches will be assessed at each stage
Product is in advanced stage than before
After finalization of the latest sketches and final design
of three-dimensional model and
A prototype of the product is made

Agree criteria

Reviewing the basic and initial problems

Test with experts
Test with users
Estimate exclusion

Asked the opinions of users to apply
Three designs obtained are evaluated
Conclusions about the alternative scenario will be
eliminated or confirmed
Factors and evidences are adapting with a product

Present evidence

Tab. 2 – Key activities for inclusive concept generation
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Principle

How does your process

Repeat to refine

Incorporate this principle?
In each stage of evaluation we review and test the
process with users and find the challenges
Testing the product with the groups of users

Test early and test often
Strive for simplicity
It's normal to be different
Consider the whole user journey
Detail matters
More than just users
Challenge assumptions
Let ideas breathe

Start a day with a sense of energy and take away all of
electronic objects such as mobile phone and PC which
are applied to wake up people
We tried to recreate the ambient lighting to the natural
sunlight
The harmonious tonality of colors for different occasions
and the facility to setup with portable objects such as
mobile phone or PC
The possibility of controlling the sleep and wake up time
of children by their parents
Using the natural light and sound to stimulate the
natural environments and help people to sleep better
and wake up satisfied
Focusing on the ideas and concepts

Prove it

Submit all the steps

Wear different hats

Applying the ideas on the checklist of colored lighting

Tab. 3 – Principles of inclusive concept generation

5. Conclusion
This study was undertaken to investigate the user centered design (UCD) method
and characteristics of user experience design that elicit pleasurable response, in
particular among people who need to wake up gently in the morning or any other
time to establish the design model for colored lighting. In-depth interviews were
conducted with 20 participants in order to collect responses that showed the
evidence of pleasurable feelings with lighting. Some factors such as age and specific
time working can influence the problem of wake up between children, adults and
elderly people. We have categorized these people into four groups and apply the
information belongs to them into the design process. The final object represents a
colored lighting which has two essential parts: a ribbon and a spherical form. These
two parts move up and down and with this movement we obtain the colored light
which seems to the natural sunlight. The users can control the movement of this
colored lighting according the time, occasions and the quantity of light.
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1. Introduction
Color has always been a fundamental vehicle of communication. An observer, by
the means of color pattern perception, creates references, codes, and signals of
identity that make him part of his surrounding environment. Nature is the primary
source that gives man the ability of differencing millions of color shades, depending
on the wave longitude of reflected light. These photometric magnitudes are obtained
through factors that correspond to the relative spectral sensitivity of the visual
system, based on receptors in the eye that allow the detection of different levels of
color intensity.
However, there are other aspects that influence the perception of color. Visual
stimuli from the surroundings of a scene and characteristics of natural landscapes
derive on different perceptions of the environment. Also, we can find cultural [1]
and linguistic [2][3] differences in the perception and recognition of color amongst
several demographic groups. Variables such as age [4], gender [5], mental [6] and
optical [7] ailments affect the capacity of categorization and identification of color
shades.
For this reason, environmental and cultural adaptation plays a critical role when
determining color schemes. For instance, Eskimos [8] are able to differentiate a
significant amount of white and blue shades, while at the same time they cannot
differentiate green color shades. Such conditions bring some interesting questions:
What is the influence of the surroundings of a subject in his perception of color? To
what extent operates this influence, in terms of his adaptation?
While these are big questions that are already been given attention from different
disciplines such as Psychology and Biology, among others, we can contribute to
answer these questions by formulating a more specific one that is the object of this
study: What are the representative colors of an ecosystem?
Color scheme identification and generation deals with the extraction, by an expert or
by computer, of the representative colors of a scene. It has many important
application fields, e.g. textile, product, interior and exterior design, architecture, and
enables the possibility of generating palettes that 1) convey a message 2) can be
used for the quantitative analysis of a given scene (e.g. to calculate the amount of
deforestation of a given zone using satellite images).
Given the variability of the ‘manual’ or ‘by eye’ recollection of these palettes, and
its subjectivity given by the factors exposed above, it is desirable to have an
unbiased method for color scheme extraction. Nowadays, automated methods for
this task are widely used, easing the tasks of generating, selecting, comparing and
sharing these palettes. However, these tools for palette generation are based in color
extraction of just an image, which rarely holds the whole spectrum of color shades
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found in an ecosystem.
Thus, a method for scaling this process to a whole region is needed, in order to get
an insight into its variety and richness of colors, as well as opening the door to more
detailed analyses. In this paper we will describe, from our experience in a mountain
ecosystem, important aspects to take into account in the capture and analysis of
several digital images of a given zone, as well as results from this analysis. The case
study takes place in a mountain ecosystem at 2600 m., with an ample degree of
biodiversity in its forests, offering several shades of green that contrast with
environmental phenomena such as mist and rain.
Results of the project helped on achieving a greater understanding of the natural
Colombian scenario. Taking color as a perceptual identification tool that emphasizes
in communication at various levels, the exercise resulted in daring color tables
showcasing the variety of green tones in Colombian ecosystems, with application in
several contexts, such as interior design, clothing, urban landscaping, and product
design.
2. Visual Perception and Extraction of Representative Colors
The complexity and amount of surrounding information of an environment suggests
the need of abstraction mechanisms for a better understanding. Consider the way an
expert human observer makes a reconnaissance of a given region. In his search for
colors and patterns, the observer tries to capture the dominant colors of the
environment. Since we are examining this process of color extraction, and in order
to automate certain parts of it, it is useful to first choose a visual search model.
These models are based on the notion of objects of interest and distracting objects.
Thus, the effectiveness of this search is mediated by several factors, such as the
density (number of objects) of each type, as well as luminance conditions on a given
instant.
With an interesting view in this subject, Ramachandran [9] compares human
perception to machine visual detection. The author considers that images are
inherently ambiguous, and perception ‘fills the gaps’ caused by this ambiguity with
additional information that is outside of the image, e.g. previous knowledge from the
observer. Despite the author’s focus on moving images, he argues that the human
visual and cognitive system can be seen as a ‘bag of tricks’ that contains adaptive
heuristics that have been developed through millions of years of trial and error, in
order to resolve specific problems.
With this in mind, we can examine certain aspects of vision and detection: De Vries
[10] studies the nature of object detection based on the movements of the human
eye. The author examines Saccadic movements, which are a quick movement of
both eyes in the same direction, with the purpose of processing and rapidly
constructing a mental map of a scene. This eye movement is supported by two
strategies: stimuli-based saccades, and goal-based saccades.
2.1. Digital Capture of Color Shades
We can represent these saccades made by an expert by using a digital camera and a
post-processing of the resulting images under any of the known and widely used
image processing algorithms [11]. These algorithms, such as k-means clustering, or
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pixel-to-pixel average (Fig.1), are context-free algorithms, i.e. they do not consider
other images as related, and do not prioritize the different regions of interest of an
image. For instance, consider Fig. 1. There is a forest in the middle of the picture,
which is our main region of interest. However, we would also like to consider (to a
lesser extent) the grass region of the image, as it also makes part of the environment.
Moreover, there are details (such as the clouds and foggy mountains) that we
certainly do not want to consider in our analysis.

Fig. 1 – Sample image from a mountain ecosystem. Sky, fog and grass greatly influence the average colors of the
image.

Thus, a generic image approach is not very useful to our problem (Fig. 2), as the
average colors of the scene are clearly influenced by the white firmament, resulting
in ‘washed’, i.e. light colors. In order to propose a method for color extraction, we
have to consider aspects observer, taking into account factors such as his field of
view. Then, we have to assess the ecosystem and its surroundings, picking
representative zones for analysis. Finally, there are some considerations in terms of
the image quality and sampling.

Fig. 2 – Corresponding Global Average palette from Fig. 1.
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2.2. The System of Study
An ecosystem is composed by a large number of subsystems that share a breadth of
similar properties, such as flora, fauna, vegetation coverage, and microclimates,
among others. This is a challenge in countries such as Colombia, which presents
more than 300 ecosystems [12].
2.2.1. Location and trajectory

Fig. 3 – Sequence of five distances starting on a given scene (rightmost image). Note the changes in illumination.

It is certainly difficult to capture in just an image the richness of colors and shapes
from an ecosystem. Even if we consider a set of representative scenes, it is difficult
to grasp the different tonalities present if we do not consider its surroundings.
2.2.2. Region of Interest
Aspects such as the climate and weather of the ecosystem have an impact in the
illumination of a scene, and in consequence, of the perception and manifestation of
color. In our case, our region of interest is the high mountain forest, which is
characterized by its dark green and brown colors. However, as we scale our process
to involve several locations of this forest, each one with a set of distances, and in a
larger frame of time, it is inevitable that some unwanted or less important elements
appear in a photo.
For instance, as the observer enters e.g. a clear field on a forest (Fig. 1), the
firmament and grass occupy a large region of an image. As described in Sec. 2.1,
this affects the outcome of the analysis. Given that we do not want to discard this
image, as it offers a glimpse on the surroundings of the zone, we need mechanisms
for the detection of these less important regions of an image.
2.3. Image Considerations
Until now, we have discussed external aspects that revolve around the acquisition of
images of a given ecosystem. However, there are some methodological issues in the
processing of these images:
2.3.1. Resolution and Sampling
We must pay attention to the quality of an image at the different stages of analysis.
When scaling an image, it is necessary to consider 1) the interpolation algorithm
used for scaling, as well as 2) the resolution of the scaled image. Given that less
pixels are representing the same scene, pixels of the scaled image must accurately
represent the values of a neighborhood of pixels from the original image. The way
on which a neighborhhod is transformed into a pixel in the scaled image is the
interpolation algorithm (See Fig. 4).
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Fig. 4 – Nearest Neighbor vs. Bicubic Interpolation.

On the scaling factor, Fig. 5 shows a comparison of the histograms of the original
image and a scaled one, where the reader can see the distortion in the RGB channels.
It is therefore necessary to choose a resolution between 1600x1200 and 800x600
pixels, allowing a lighter image processing without significantly sacrificing color
frequencies.

Fig. 5 – Histograms of a photograph, where we can see the distortion in the frequency of RGB values.

2.3.2. Variations in Lighting
Given that we are photographing uncontrolled environments, there are some
variations in the amount of light of the scene (e.g. a passing cloud, occasional fog).
Taking several images of the same scene, and combining them a posteriori can
minimize the impact of these issues. However, this combination brings additional
challenges (Fig. 6), such as the movement of the objects in the scene (e.g. wind in
the foliage of trees), as well as unwanted movement of the camera when shooting.
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Fig. 6 – Overlapping of three samples taken from the same scene, taken two seconds apart each one.

3. Methodology
After taking into account the different issues in the capture and processing of these
images, we describe a method for obtaining the representative colors. It involves
three principal activities, namely Capture, Digital Processing and Assessment.
3.1. Capture
Images should be taken with a neutral (35-50 mm) focal length, resembling the
human vision. High or Low-angle shots should not be used, as they distort the scene.
Also, short (less than 1/250 second) shutter speeds are favored, as they offer defined
contours of the objects in the scene.
As we are interested in sampling a considerable range of the ecosystem, there should
be a marked set of zones. Each zone follows a path (Fig. 3) that should be
subdivided in a set of equally distributed points (e.g. each 20 meters in a 100 meter
path). This allows us to get a glimpse to a given spot and its surroundings. Each
point of a given zone should be sampled several times, in order to compensate
sudden changes in illumination and small movement.
3.2. Digital Processing
After the capture, we can start analyzing the color information of each image, and
combine the result with the analysis. This sub-process is conformed by several tasks:
1) the preparation (normalization) of the images, 2) the partition of each image into
channels of a given color space, 3) Segmentation of each channel by regions of
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interest, and 4) Analysis of each segment. The output of this sub-process is average
color information of the ecosystem that is the input for the next stage, Assessment.
3.2.1. Image Normalization
As described in the capture of the images, it is desirable to get several samples of a
given scene to compensate sudden changes in illumination. This introduces a new
problem, which is the synchronization of these samples (see Section 2.3.2). Here we
can take advantage of an Image Registration algorithm [14][15], which seeks to
minimize the difference between the samples. This involves the rotation and cut of
the samples until the overlapped images are similar to each other, pixel to pixel (See
Fig. 7).

Fig. 7 – Images that represents the difference between (i.e. the substraction of) three samples. Darker is better. Left:
before Registration. Right: after Registration.

Optionally, all images can be scaled to a reasonable resolution (e.g.1200x900 pixels,
see Section 2.3.1). By reducing the number of pixels to be analyzed, the processing
time of the images is also improved, without affecting significantly their histograms.
3.2.2. Channel Partition and Concavity Analysis
Each individual image is then separated into a set of grayscale images, each
representing a channel in a desired color space, such as RGB or HSV (see Fig. 8 and
9). Each grayscale image represents the intensity of a given channel (e.g. red).
Histograms of each of the partitioned images are extracted and a characterization of
the histogram takes place, by searching peaks and valleys, with the aim of
optimizing the next step, the segmentation of the image into regions of interest.
3.2.3. Segmentation
As described in Section 2, there are areas of an image that are more interesting than
others. Thus, each grayscale image partitioned into Regions of Interest (ROI). For
instance, the forest section (middle) of Fig. 1 is the most significant one, while a the
grass section (bottom) would be of secondary interest, and the sky area (top) would
be the least significant.
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Fig. 8 – Channel partition (rows) and Region of Interest Segmentation (colums) of an individual scene in the RGB
color space.

Fig. 9 – Channel partition (rows) and Region of Interest Segmentation (colums) of an individual scene in the HSV
color space.
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3.2.4 Segment Analysis
In order to obtain tentative color schemes from an image, we calculate the average,
maximum and minimum intensities of every channel within each of the segments
(the nine images of Fig. 8 and 9). With this information, we can obtain a set of
colors that are representative to one image, that is, a sample of a scene.
After obtaining the representative colors of every image, we can merge this color
information into a matrix that contains the consolidated color values, divided by
zone, distance, channel, and region of interest.
3.3. Assessment
Finally, to obtain tentative color palettes of the ecosystem, we can process the
matrix and assign weights to several criteria, e.g. the Regions of Interest found in the
previous step, as well as additional information such as luminance.
Also, we can manipulate how the color information is combined, e.g. by considering
only the maximum (or even average) color values of the images. This allows the
proposal of several color palettes, assigning values that represent the contribution of
each weight (e.g. sky, grass and forest regions of the image) to the resulting palettes.
4. Case Study: Chicaque National Park
We start from the photographic registry (Table 1) of an Andean Forest ecosystem,
where we picked up three zones that most represented the terrain and flora of the
ecosystem. For each zone, we selected a scene each 20 meters on a 100 meter range.
Finally, for each distance, three samples were taken, resulting in a total of 45 photos
that will be the object of our analysis.
Each image was taken with a Nikon D800 Full-Frame camera, with a focal length of
35 mm, aperture 5.6, and a resolution of 4928x3264 pixels and a RGB color profile.
Intensities vary depending on the distance and environmental factors, tending to
brighter registries on large distances, mostly caused by the apparition of firmament.

Scene

Shots

Distance

1

3

100m

2

3

80m

3

3

60m

4

3

40m

Light
intensity
(lumens)
> 20.000
lux
> 20.000
lux
> 20.000
lux
10.250 lux

Height

Time
of
Day

2,220

10:53

2,210

10:50

2,208

10:47

2,202

5

3

20m

10:44

16.580 lux

2,147

10:36

6

3

100m

8.700 lux

2,186

11:12

7

3

80m

15.450 lux

2,196

11:10
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8

3

60m

12.800 lux

2,194

11:06

9

3

40m

14.300 lux

2,187

11:03

10

3

20m

19.300 lux

1,188

11:00

11

3

100m

5.000 lux

2,193

12:32

12

3

80m

8.200 lux

2,135

12:31

13

3

60m

9.700 lux

2,173

12:29

14

3

40m

9.200 lux

2,165

12:22

15

3

20m

11.800 lux

2,142

12:20

Table 1 – Image capture of the three zones

Images resulting from the Capture were then processed using VTK and MeVisLab,
two Image Processing and visualization frameworks.
4.1. Results
The Assessment resulted in three tetra-chromatic palettes (see Fig. 10) that were
generated using different criteria, but preserving the weights given to each Region of
Interest. Sky and mist were ignored, while grass had a weight of 15% and the forest
of 85%.

Fig. 10 – Final palettes. Top: Average. Middle: Maximums and Minimums. Bottom: Maximum and Minimum
luminance.

The first palette is obtained by getting the average colors of each image. The second
one, by getting maximum and minimum RGB and HSV values, and the last one, by
getting the shades with maximum and minimum luminance.
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5. Conclusion
Extraction of the representative colors of an image is a widely used technique for
generating color schemes. However, this is constrained to carefully selected images,
where all the regions of these images are considered equal. In addition, this process
does not scale for larger environments, as partial results of each scene are not
combined.
In this paper we describe some of the factors that make this process a difficult one,
and outline a method for scaling the extraction of representative colors to wider
extensions. This involves the capture of several samples of multiple scenes on the
terrain, as well as their digital processing. This method is applied to a mountain
ecosystem, and resulting color schemes provide an overview of the representative
colors of the environment.
Benefits of the automation of the analysis of the captured images include more
accuracy in the extraction of the representative colors, as well as flexibility in the
selection of color palettes by several factors.
This research opens the gates to a deeper analysis of ecosystems, and research
opportunities include the extraction of representative shapes and patterns of such
ecosystem.
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1. Introduction
If the day creates a thousand colored patterns, that is even more true for the city at
night. As soon as dusk sets in, artificial lights begin to intrude and redefine the urban
realm due to its intrinsic properties and the indiscriminate use of colored lighting.
The rapid and continuous development of lighting technology has outgrown the
purpose of mere illumination and has put the sun itself in the shade by redefining
new properties for lighting design.
Nowadays, architecture is no longer simply the play of masses in light, quoting Le
Corbusier, but it is the interplay of fictitious image-messages in a feigned space.
With the success of this play of lights and colors the nocturnal city has surpassed the
city of the day in terms of aesthetic appeal. But are these characteristics of color
pigments, building material appearance and lighting rendering really what we mean
to provoke when we conjoin color and light in the city today?
During the day, color has a presence over and beyond buildings, people, spaces and
artifacts that make up the city: not only does color give meaning to cities but cities
give meaning to color, as for example, many commercial paint colors are named
after cities: Milano Red, Oxford White, Providence Olive to name a few, in this
sense color take identity from cities, but in the opposite way, can we affirm that
cities take identity from color? And how can we represent this color character when
the night comes?
Colors are momentary locations on the spectrum of light that culture and science are
always trying to determine into a stable system and nomenclature. Yet it is precisely
in their constant shifting and interdependency that color and lighting can model an
active convivial urban sensibility. The city consists of many colors, not as just a
collection of objects that are colored and make up the city, but also the colored
objects under different lighting situations in relationship to each other.
The urban environment provides a multitude of chromatic juxtapositions, frequently
fleeting and seldom static, characterizing a kaleidoscope in a continually changing
pattern of lighting and colors. Therefore, this article wishes to address lighting and
color as urban design materials and to picture the nocturnal dimension of cities as an
essential projectual lever. The possibility for nocturnal color identity across multiple
geographies is still to be further investigated in order to open up a field of new
possibilities for lighting design in a multidisciplinary and itinerant urban
environment.
2. The nocturnal dimension
The nocturnal urban knowledge has entered in the contemporary aesthetic
experience both as a representation of another time-space and as a contemplation of
the conquest by artificial lights of a foreign and threating territory: the night. The
gradual expansion of the daily life into the nocturnal hours is not only regarding the
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permanence in the same place or intensity of activities and levels of illumination, but
also for the simultaneity of relationships that connects different zones. The dilation
of the temporal dimension is mostly due to the increase in mobility and leisure, to
the understanding of the distances as a result of the new velocity, that could not be
achieve without the support of electrical lighting.
Therefore, the study of the rhythms of the city plays a leading role in contemporary
urbanism and it is one of the basics principles of this article about the role of lighting
design in the urban realm. The metaphor of the rhythms of the city can serve to
highlight some neglected temporality. Most of the research on this matter focuses on
the rhythms of the day, while studies on the city at night very often turn their
attention to the events above all accidents and unexpected: as soon as darkness falls,
the city becomes one-dimensional, a place of pleasure and vices, or a place of terror
masked by noise and indistinct illegal activities [1].
This unilateral approach has a crucial consequence for the visual impact and for the
significance of the architectonical object in relation to the users and towards the
urban environment at night. The increasing colonization of the night born from a
greater and different uses of the night hours, in fact has set in motion a process that
is non-controllable which has already altered the physiognomy and the meaning of
life in the dark, sheltered and far from the diurnal rhythms, becoming a builder of a
different identity.
Therefore a lack of studies regarding the nocturnal dimension of the cities and the
character of artificial light has collaborated in creating a confused state regarding the
role of lighting design and prevented new forms of expression between light and
color on the built environment. The issues regarding artificial lighting as an
instrument of urban design has obtained a position in the design practice without
having been examined in detail, and without any other consideration or further
qualification, except those of international standards that will favor the quantitative
aspects, and more recently the energetic consumptions performances.
It is the perception that there is a dimension of social life of the collective
involvement of the evening, which raised the issue of build the city at night in an
irreversible way for our time: how to build and by what means to build it without
betraying the physical, structural and functional city during the day. In that sense,
Murray explains his idea of a nocturnal urbanity, which will represent a new frontier
for architects and urbanists[2]. He argues that night offers a new boundary of
economic opportunity and social escape, and shows how more businesses are
making use of around-the-clock shiftwork, which all have a great impact when it is
related to the city lighting characteristics.
The problematic with lighting in architecture is even more complex due to the
difficult and uncertain contemporary conditions. One of the main issue today
regarding urban spaces is the lack of meaning or we could say a ‘sense’ due to
several and disperse hybridization of functions, forms and loss of geographic
reference not only local, but also global. So, a critical question for the future of the
cities is to support consistent spatial and temporal dimensions for people for the
returning of the idea of place.
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Therefore the aesthetics, formal and symbolic approaches between the urban space
and architecture requires a sensitive and experimental method in order to potentiate
the power to communicate with colors and lights, especially in the confusing
situation in which it is the nocturnal city today due to a misguided lighting
interventions and where colors are used without relation to the context.
Today, the tendency to seek a greater amount of light, both natural and artificial, has
oversize light sources, deleting those values of structuring shadow which becomes
appreciable physical reality of buildings. Exaltation of the urban center, international
marketing competition, wasting energy, dramatization of urban space is the
dominant aspects of our time.
Light and color has a strong influence on spatial behavior and actions of
territorialization[3] in the nocturnal hours. Yet their consideration remains
peripheral to professional discourse and their role invisible to the general public.
Frequently, lighting design is considered a step afterwards the architectonical or
urban design process. In this manner the subject of lighting is an issue to be solved
only from technical-scientific terms, underestimating the aesthetic and symbolic
component of light and color in the public realm.
Cities are complex systems that express multiple chromatic identities: the
introduction and change of color and lighting levels in the nocturnal built
environment can profoundly alter the message or its final image. Thus, it requires an
accurate study of the city components in order to establish a directive for this
multifaceted relationship between intrinsic colors from the urban space, the
luminous information from the environment and colored lights.
Due to these circumstances it is understandable that the color should be read and
used as a reference system, either by day or by night, an important and necessary
regulatory element in the relationship between man and space. According to Rabuini
and De Mattiello: “The use of color helps to define the formal organization of our
cities; should not be considered as only one element of decoration, but also as an
element related to the characterization and expression of environment color where
the man lives” [4].
When dealing with the relationship between color and light under nocturnal
conditions, it is possible to affirm that color is a visual variant; therefore it is not a
stable property that belongs to objects or to surfaces, but a visual adaptable
component which dependent on the lighting circumstances and on the characteristics
of the object, the observer and the environment. Agreeing with Arnheim, “color thus
seems to be characterized above all by showing variability in its appearance and
different meanings according to the position and function and it assumes and
occupies within the structure as a whole”[5].
Nowadays, the interaction of color and light at night plays an important role in the
perception, conception and realization of urban spaces in different areas both from a
theoretical and practical point of view. The binomial light-color has more than ever
become a tool for reading the nocturnal urban realm or a method to communicate
importance to an element of the design or from the context. It that sense, it could be
used as powerful tool to increase the urban character in the so called non-places [6]
for example.
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Through a lighting design project which includes colored lighting as a constructive
level and respects the characteristics of the urban environment, the light produced by
artificial lighting systems are able to drive and define specific areas of the urban
fabric in order to improve and facilitate the identification within its inhabitants and
visitors. Thus, it is possible to define a night image of city through a clear hierarchy
between all elements of the urban environment and their chromatic appearance. This
must match the psychological aspects related to user perception, visual comfort,
urban meaning as well as economic and functional in order to obtain an urban
quality understood as well-being and safety for the inhabitants.
The artificial light intervenes refunding radically the natural reality, since it has
control on straight physical parameters such as color rendering, intensity, position,
but above all is able to cancel the solution of continuity between day and night. As
states Lambertucci: “artificial light reveals, precisely because of its properties, the
pre-existence of the space surrounded by the darkness, but reveals its dependence on
the modification of light configurations, which establish an arbitrary temporality,
which passing under human control, become part of the project as real materials”[7].
Therefore the conscious use of artificial lighting and virtual colors become a social
instrument of great importance to the public space at night, because in addition to
ensuring visibility for the user, it also has a strong emotional and evocative potential
when dealing with color palettes for the formation of an urban atmosphere, or in
other words, an nocturnal identity for cities.
3. Colored urban screens
The study of color and lighting as a component for defining the identity of the city at
night must start from the study of the relationships between visual urban elements,
people and also in relation to the territory. Today, artificial colors and lighting can
be designed and engineered through the use of new lighting technologies,
multimedia and interactive systems either in the public or private domains.
Color is one of the many codes under which the city is represented and therefore
needs to be properly framed and interpreted through cultural systems and
appropriate information technologies. The roles and functions of color are diverse
and numerous, but still to be discussed most frequently are case studies concerning
the use of colored lights for contemporary urban spaces at night.
The new lighting technologies, materials and media are being used today to enhance
and stimulate our experience of daily life in real and virtual environments,
permanent and ephemeral with the aim usually to generate amazement. The
experiences of new media technologies also indirectly influence the way in which
each person creates their own mental representations of color. The colors that
characterize these new experiences are those of chemistry and electronics, are those
of the domination of technology over nature [8].
The handling and the development of artificial lighting technology such as LEDs
(light-emitting diode) where it has been reduced the size of the lighting source,
developed a high energy-efficient, with multicolored reproduction, attending to high
color rendering, and long life expectation for the systems…are important factors that
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have to be seen as an innovation that can be built-in architectural and urban areas, in
order to vary the modulation and the perceptions of urban spaces in all senses.
Currently the verticality of the façade offers new endless playgrounds for displays
and projections, and the same façade integrates these different technologies on it. So
the whole building envelope is pretty much combined with the technology available,
which is often made up of LEDs systems that will allow the facade to be
transformed into an object of media diffusion [9]. So the dual character of artificial
lights, the one of allowing the vision and the other to be seen, has cannibalized
architecture? The appearance of the facades isn’t dictated anymore by a formal
architectural composition, but by the amount of urban screens it can contain.
Nowadays the artificial light is imposed as the means that has more possibility to
synchronize the inertia of the architecture with the accelerated dynamics of the
contemporary life, due to its mutant and ephemeral characters. But the overlap of
this speed to the resistance of the architecture presents a real risk to share more and
more the gap between the building and the image of itself. Consequently lighting
not only reveals and builds, but excludes and deconstructs as Purini supports[10].
This modification of reality, implemented through particular superficial
interpretations of the architectonical object which can be mostly perceived at night,
it has proposed as a new architectural trend, all played on the commitment of the
light and colors, without further relations either to the urban context or functional
character. This audacious architecture imposes itself in the urban context by
assigning to color and light the stimulating role of mass communication and an
expression of a technological culture [11].
Also through the extension of new communication technologies, the user can
directly become actor in the construction of the image of the architectural object, in
the exterior and interior spaces according to pre-coded paths. As affirms Zennaro:
“the speed, immediacy, instantaneity, the changeability, the ubiquity, are just some
of the features of the facades of these buildings” [12].
Nowadays, the nocturnal character of a city has strongly contributed to detonate its
power of attraction or rejection. The metropolitan lighting reaches its most
sensational effects in the central places of the so-called "world cities", where the
nocturnal image is more expressive than the daytime, like Las Vegas for an extreme
example of this effect. This is due to commercial factors and socio-cultural
backgrounds, but also to the fact that today technologies related to the lighting and
color systems have followed us either on the external or in interior spaces, turning
the perceptible life of buildings an everlasting presence. Sometimes in the mostly
western metropolitan areas, you can go from daytime to the nighttime conditions
having artificial lights in a constant use.
The luminous fabric of the city is thus perceived as permanent bright screen, and the
juxtaposition of architecture and media-buildings schemes based on urban marketing
urge to architects, planners and artists to question in the search for a language that
meets the new media challenge avoiding stereotyped readings of the city or the
single architectural object throw the medium of light and color.

160

4. The event-city
The lack of a mutual approach between lighting design and the urban design process
plus a linear view of reality generate, and it is understandable, feelings of
uncertainty, but instead of living this condition as a loss, it is necessary to be
carefully assessed to be able to show different interpretations of urban spaces and
their different shapes by the use of colored lighting schemes for example. Thus,
places during the night, given the characteristics of the artificial lighting and the
available multimedia technologies, should not be thought of as enduring sites, but
moments of the meeting, not the present fixed in time and space, but the variables
events, such as the twists and flows of relationships. By applying a dynamic
approach, urban lighting projects should no longer be understood as a complete or
permanent lighting scheme in future but as a definition of how the lighting and color
scheme can and should adapt over time and in accordance with spatial reality.
As an example of this capability to transform the urban scenery, since the 90’s, the
festivals dedicated to light and color have spectacularly transformed cities around
the world and become a trend for the metropolis to get back the to the race for who
is the most attractive in the world, mainly in the cold winter nights. In these
festivals, temporary artificial colored lighting becomes a tool for the recovery of the
nocturnal urban experience, offering artistic and creative nonstandard techniques for
understanding the urban space in contrast with the rationalized design of the existent
public lighting.
Therefore, the festival of light could also be read under the concept of event created
by Bernard Tschumi [13]. The key concept of the position expressed by the
Situationist influence is the result of joint action between subjects, which operates
within the complex and changing reality and the effects are normally unexpected
interactions. Observing space interactions, urban sequences and human behavior, we
are talking about the rhythms of daily life, where the nocturnal dimension is one of
the key components in our society today.
The goal is not to build a new city that would delete the previous one, but to enter a
temporary chromatic reality in the city during the night. The success of these
luminous festivals, such as the Fête des Lumières a Lyon for example, has
contributed to the emergence of new standards in terms of urban lighting, which
facilitated the questioning of lighting masterplans of the major European cities.
If inspiration comes from temporary events though, how do you design color and
lighting systems for permanent uses? And how do you avoid the Disneyfication of
these lighting schemes if the spectacle has become the norm? On the contrary, how
do you stay out of this marketing race? These types of problems are those of the
design and planning the nocturnal dimension of cities for the years to come, the
sensitivity of people and ideas that aim to preserve the essence of nighttime, that is
to say, to distinguish rather than over-illuminate.
Artificial light was one of the factors that led to this extension of life beyond the
sunset, which completely changed our relationship with the nocturnal dimension and
had a strong symbolic and economic impact worldwide. We must recognize that the
design of the human environment this is not only an art of construction, but also an
art of technology, of which the artificial lights and virtual colors are examples.
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Thus the night of the contemporary city is where the everyday and the spectacular
now coexist favored by public and private lighting schemes transforming the urban
scenery in a real kaleidoscope of interactivity and different chromatics effects.
Colored and time-varying lighting solutions convey the image of a city in constant
transformation, the night landscape varied and changeable. The idea is to link the
city's architecture and lighting techniques to achieve a language that is the
expression of our time, without the dominancy of technology over environmental
quality.
5. Conclusion
The research of color and artificial lighting as instruments for the contemporary
design encounters the idea that lighting design has its own language still to be
further developed in association with the research for new references in architecture
and the urban rhythms.
Architects should deal with the life of their works in relation to the surrounding
environment even after sunset, because lighting design must be part of the creative
process and not just a technical subject to be mastered, if we want to reinterpreted
the actual crisis in architecture as a moment to open up a field of new possibilities.
Possible references to colored architectural lighting bring into play the concept of
urban experience itself. It seems correct to think that the nature of the image of the
city at night resides in the characteristics of its illumination and color rendering,
considering that the artificial light is an anthropic element capable of indicating and
detecting the presence of man in a place during the night. Somehow artificial lights
and colors are a semantic layer for the understanding of the contemporary city. A
deep knowledge of their properties and of their limits results to recognize the man
and his environment.
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1. Introduction
The passive technical solutions for the design of a new building or for the
requalification project of an existing construction are actually numerous. These
solutions have as main aim for the sustainable development the achievement of the
environmental targets (energy efficiency, saving of energy and of raw materials,
reduction of environmental pollutions, ...) and/or the achievement of the social
targets for constructions (thermal comfort, hygrometric comfort, visual comfort, ...).
In the design of a new building the possible passive technologies are really
countless. They are also compatible with the architectural and functional choices of
the project. In a requalification of an existing construction the different constraints
(for landscape conservation, for conservative restoration, for structure consolidation,
... ) reduce the number of passive applicable techniques [3][4][5]. In this specific
contest a passive solution characterized by technical feasibility, sustainable cost and
high performances could be an interesting topic for a basic research, applied
research and experimental tests in laboratory or in situ. These three characteristics
are present in the thermochromic or nanothermochromic colored coating for façade.
This type of coating is characterized by changing its thermal/lighting properties as a
function of the external temperature and consequent change of its color.
In the present work the first results of a research about the real applicability of this
type of coating in a requalification project are shown. In particular are presented: the
studies of theories and numerical models for simulations of the thermochromic
coating characteristics; the project of a in situ laboratory for experimental tests about
the coating characteristics; the first results of numerical simulations of a simple case
study in which the thermochromic coating is use on the vertical walls.
2. The thermochromic or nanothermochromic colored coating for
façade
The role of materials used in the urban fabric is important for the microclimatic
thermal balance. They absorb solar and infrared radiation and dissipate part of the
accumulated heat through convective and radiative processes into the atmosphere,
increasing ambient temperature. Thus, the optical and thermal characteristics of the
materials used determine to a high degree the energy consumption and comfort
conditions of individual buildings.
The main properties of a material that controls its surface temperature are the solar
reflectance and the infrared emittance. Increased values of reflectance and/or
emittance result in lower surface temperatures. Regarding the building’s
performance, lower surface temperatures decrease the heat penetrating into the
building and, therefore, decrease the cooling loads in case of air-conditioned
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buildings, or create more comfortable thermal conditions in case of non-airconditioned buildings.
The intensive research that has been carried out in recent years has led to the
development of new-generation materials and techniques that present advanced
thermal characteristics, dynamic optical properties, increased thermal capacitance.
One main requirement of an innovative material is the ability to be more reflective
and present lower surface temperatures during the cooling period, while being more
absorptive and taking advantage of the solar gains during the heating period. This
property can be described and analyzed by thermochromism. The thermochromic
effect can be defined as a change in the spectral properties of an organic or inorganic
substance caused by heating or cooling. In intrinsically reversible organic
thermochromic systems, heating above a defined temperature causes a change in
color from darker to lighter tones. This transition is achieved by a thermally
reversible transformation of the molecular structure of the pigments that produces a
spectral change of visible color (Fig. 1) [1].
For the production of the thermochromic coating, organic water-based
thermochromic pigments of powder form are used. The thermochromic pigments
usually are odorless and non-hazardous powder composed of thermochromic
colorant, melanin resin and temperature controller. Pigments are microencapsulated
with an average particle size of 1–10 mm. Microencapsulation serves as a barrier
between the thermochromic system and the chemicals around it, such as the paint
base, protecting the system from weather conditions, oxidation, etc. [6][7].
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Temperature change

Colorant
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Fig. 1 - Principle of thermochromism.

3. The application of nanothermochromic colored coating in a
requalification project of existing buildings
Buildings account for 40% of EU final energy demand. Most of those existing today
will still be standing in 30 years' time; the rate of new construction remaining
generally low. The renovation of existing buildings represents more than 17% of the
primary energy saving potential of the EU21 up to 2050.
The biggest challenge when reducing energy use in buildings is to increase the rate,
quality and effectiveness of building renovation (currently only at 1.2%/ per year).
To do this, it is necessary to reduce renovation costs and also to increase the speed at
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which it can be carried out in order to minimize disturbance for occupiers. To
achieve an ambitious increase of the renovation rate (up to 2-3% per year), effective
solutions need to be widely demonstrated and replicated [2].
In this specific contest a passive solution characterized by technical feasibility,
sustainable cost and high performances could be an interesting topic for a basic
research, applied research and experimental tests in laboratory or in situ. These three
characteristics are present in the thermochromic or nanothermochromic colored
coating for façade.
The basic idea is to increase the thermal performances of the vertical opaque
massive walls using the thermochromic colored painting. It uses the ability to be
more reflective and present lower surface temperatures during the cooling period,
while being more absorptive and taking advantage of the solar gains during the
heating period. Thermochromic systems can function as energy-saving systems. For
high temperatures, during summertime thermochromic coatings have the ability to
reflect solar energy, reducing the surface’s temperature, while in wintertime absorb
solar energy, increasing the surface’ temperature as reversible color change takes
place. This kind of performance could be added to the use of nanotechnology to
optimize the nanotechnology thermal insulation painting.
3.1. The project of a in situ laboratory for experimental tests about the coating
characteristics

The main goal of the project is the transformation of some apartments in " in situ
laboratories" to investigate the actual efficiency of several passive techniques in
terms of energy saving and of indoor comfort increase.
The passive techniques considered have to be not expensive and easily applied in an
existing building. In particular:
- the balconies are transformed in solar greenhouse;
- every windows are protected with an external solar protection system;
- the thermal, hygrometric and lighting indoor conditions are controlled by an
automation system;
- the external vertical opaque massive walls are painted with nanotechnology
thermal insulation painting.
The last passive solution could be investigated in two different versions:
nanotechnology thermal insulation painting without thermochromic properties or
nanotechnology thermal insulation painting with thermochromic properties.
4. The numerical simulations of a simple case study on the vertical
walls
To analyze the effect of the thermochromic properties on the vertical walls a
preliminary numerical study is conducted on a virtual building of a single room [Fig.
2].
The detail geometrical characteristics of the virtual building are shown in the
figures. In the following the main characteristics of the models are listed:
- Three different versions of the virtual building are analyzed: a) It has not window
on the facades; b) It has only a window on the South facade, while the other are
opaque; c) It has a window on every facade.
- The opaque walls are characterized by a traditional section [Tab. 1
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Tab. 1].

- The windows are standard thermal and lighting properties [Tab.2].
- Every window has an external solar protection system.

5m

N

1m
5m
Fig. 2 - The virtual buildings of a single room.

N°
1
2
3

N°

Layer

1
2

External coating
Massive

3

Internal coating

Layer
External coating
Cement/lime plaster
Massive
Brick Mansory Block
Internal coating
Cement/lime plaster

S
(m)

Mv
(kg/m3)

Ms
(kg/m2)

λ
(W/mK)

c
(J/kgK)

0.03

1100

33

0.5

1000

0.35

800

280

0.3

830

0.02

1100

16

0.5

1000

Tab. 1 – Thermal and energy properties of vertical walls.
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F
(m)

B
(m)

H
(m)

Uw
(W/ m2 K)

Lighting
Trasmission

Lighting
Reflection

0.1

1.0

1.5

1.2

63

15

Tab. 2 – Thermal and lighting properties of windows.
Solar
Absorptance
(thermochromic paint)

Visible
Absorptance
(thermochromic paint)

Solar
Absorptance
(standard paint)

Visible
Absorptance
(standard paint)

from 0.3 to 0.7

from 0.4 to 0.6

0.5

0.5

Tab. 3 – Solar energy properties of paints.

4.1. The first results of the numerical simulations

To evaluate the effects of the presence of thermochromic properties in the painting
the following parameters are evaluated (Fig. 5):
- Heating loads
- Cooling loads
- Solar transmission
The analysis of the heating loads with or without the thermochromic properties show
that in every case the presence of thermochromic properties increases the global
performances of the virtual building in terms of final heating loads in the different
seasons. In particular in the winter regime the heating loads decrease of the 9.3%
without window presence, 7.4% with one window and 5.8% with four window. In
the summer regime the cooling loads decrease of the 4% without window presence,
3.7% with one window and 3.4% with four window.
5. Conclusions
This work has to consider a first analysis of the possible advantages that can be
derived from the color-changing properties in a paint concerning energy efficiency
in buildings, indoor air environment and urban microclimate. The first results of the
numerical analyses (Fig. 3) show that both in winter and in summer regimes the
thermochromic properties can improve thermal performances of the opaque vertical
walls; this result encourages further investigations. Future work including more
investigations for the influence of the different types of nanotechnology and thinfilm techniques to deviate the incident radiation through multiple refractive layers
that can further improve the thermochromic effect. Besides experimental
investigations will carry out in a in situ laboratory in a requalification project [8].
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Time [h:mm]

Fig. 3 - The heating and cooling loads in the virtual building without window: (a) paint without thermochromic
properties; (a) paint with thermochromic properties.
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Fig. 4 - The heating and cooling loads in the virtual building with a window: (a) paint without thermochromic
properties; (a) paint with thermochromic properties.
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Fig. 5 - The heating and cooling loads in the virtual building with four windows: (a) paint without thermochromic
properties; (a) paint with thermochromic properties.
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Distribution of chromatic sensitivity in normal trichromats and in
congenital deficiency
John Barbur, Marisa Rodriguez-Carmona
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1. Introduction
In the absence of significant aging or disease red/green (RG) and yellow/blue (YB)
chromatic sensitivity vary greatly within normal trichromats [1,2]. Subjects with
congenital colour deficiency also vary from almost normal to complete absence of
RG sensitivity. The variation in wavelength separation (~δλmax) between the peak
spectral sensitivities of long (L) and middle (M) wavelength cones is arguably the
most important factor [3]. Differences between M- and L-class variant pigments
arise largely because amino acid substitutions in M-class pigments contribute less to
the corresponding shifts in spectral responsivity [4]. Other factors such as the
relative numbers of L and M cones, their optical density and the midpoint between
their spectral peaks can also contribute to the subject’s overall, RG sensitivity. In
addition, post receptoral ‘neural noise’ affects chromatic sensitivity and this leads to
significant correlation between RG and YB thresholds [2]. The purpose of this study
was to document the spread in chromatic sensitivity and to investigate the extent to
which the measured variability can be modelled using discrete subgroups within
each of the two classes of congenital deficiency.
2. Methods
RG thresholds were measured in 269 deutans, 132 protans and 333 normals using
the colour assessment and diagnosis (CAD) test. The colour vision of every subject
was also examined using the Nagel anomaloscope. Classification into normal,
deutan and protan classes was based on CAD and anomaloscope tests. Subsets of
subjects with deutan (16) and protan-like deficiency (24) were selected for genetic
analysis of their cone pigment genes in order to confirm the type of deficiency and
to predict the corresponding peak wavelength separation ~δλmax of their two, longwavelength, cone pigments. The subjects were ranked within each colour vision
class according to the severity of colour vision loss and the ranks based on
experimentally measured thresholds were then predicted using the smallest number
of discrete subgroups within each class.
3. Results
RG and YB thresholds measured within normal trichromats can each be described
using a single Gaussian distribution. When normalized with respect to the median
threshold the results show ~ 2.35 fold variation between the most and least sensitive
normal trichromat in both RG and YB colour vision (RG: μ = 1, σ=0.2; YB: μ =
1, σ=0.24). The ranked thresholds for the 330 normal trichromats can be predicted
reliably with these parameters using a single Gaussian distribution. RG thresholds
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within subjects with congenital deficiency show more complex ranking which is
indicative of mixed distributions with more than one subgroup. A minimum of three
subgroups, in the case of protan-like subjects and four subgroups for deutan
deficiency were needed to predict the measured ranks. The parameters of each
distribution (i.e., mean threshold, standard deviation and the percentage of the total
sample size) were optimised to predict the rank order of the measured RG
thresholds.

5. Conclusions
The rank order of thresholds measured in normal trichromats can be predicted by a
single Gaussian distribution with ~ 2.35 fold variation between the most and least
sensitive subjects. Deutans produced the most complex rank order which is
consistent with the larger number of discrete ~δλmax values derived from genetics. In
contrast, the rank order for the protan group was much simpler and could be
predicted well with only two or at most three Gaussian distributions.
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1. Introduction
In addition to screening for normal trichromacy the need to measure accurately the
severity of colour vision loss in subjects with congenital deficiency has become of
greater interest. It is now generally accepted that normal trichromacy is not required
to work safely in many visually-demanding occupations and pass / fail limits for
colour vision have been set in many environments based on measurements of
chromatic sensitivity. Within commercial aviation pilot applicants have to meet
specified levels of RG colour vision in order to become pilots. The colour
assessment and diagnosis (CAD) test provides a means of assessing accurately the
applicant’s chromatic sensitivity. Pass / fail limits derived from separate studies (i.e.,
6 CAD units for deutan and 12 for protan deficiency [1,2]) can then be used to
ensure normal levels of performance in the most demanding, colour-related tasks.
As a result of this approach, 35% of all colour deficients pass the set limits and are
allowed to become pilots. Since these limits must be adhered to strictly by the
certification authority, it is of interest to establish the predictive values and hence
the statistical ‘efficiency’ of the CAD test for the limits established for aviation
since thresholds close to the set limits will inevitably vary in repeated tests as a
result of within subject variability.
2. Methods
The CAD test has 100% sensitivity and specificity in identifying congenital colour
deficients simply because the gap between the least sensitive normal trichromat and
the most sensitive deuteranomalous subject is sufficiently large with respect to the
measured, within subject variability[3]. The latter has been assessed experimentally
for a range of threshold values by carrying out repeated measurements in both
normal trichromats and in subjects with congenital deficiency. Threshold data in 269
deutan and 132 protan subjects were used in the study. The standard deviation of red
/ green (RG) thresholds measured within single subjects varies from ~ 6 to 14%. A
mean value of 10% was selected for the study. This enables us to specify the
threshold probability distribution function (PDF) for any mean threshold. The
threshold ranking function for protan subjects was used to calculate the number of
deutans and the number of protans per unit threshold around the pass / fail limits of
6 and 12 units, respectively. Based on these data and the corresponding PDF, we
were able to compute the following parameters:
• FP (false positives) - the number of protans in our sample with a ‘true’
threshold smaller than 12 units and a measured threshold above 12 units and the
corresponding true positives (TP))
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•

FN (false negatives) - the number of protans with a true threhold larger than 12
units and a measured threshold smaller than 12 units and the corresponding true
positives (TN).

This process was then repeated using the ranking data for deutan subjects. The
efficiency of the test was calculated as: (TP+TN)/(TP+TN+FP+FN) and found to be
~ 97%. When the estimate of RG threshold is based on 4 repeats, the within subject
variability is reduced and the corresponding test efficiency was found to increase to
~ 98%.
5. Conclusions
A new approach is described that allows an estimate of test efficiency in the absence
of a ‘Gold Standard’. Using this approach we estimate that testing with ‘fixed
threshold’ pass / fail limits can be achieved with ~ 97% efficiency using a single
estimate and with ~ 98% efficiency using the average of 4 estimates.
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1. Introduction
The free-listing or free-emission task [1] is widely used for surveying the colour
vocabulary in common use within a given language community, if only as a
preliminary step before more focussed research on those terms which attract most
consensus. The task draws upon productive rather than receptive vocabulary. A
representative sample of speakers – as a rule of thumb, Weller and Romney [2]
recommend a minimum of 20 to 30 informants – list all the colour terms they can
think of.
Analysis of listing data has largely focussed on the single dimension of salience. A
low-salience term features in the productive lexicon of fewer speakers than a more
salient term, and those who do list it, come to it later in their sequences. These two
aspects of salience can be combined. Smith’s ‘C’ index [3] quantifies the salience of
a given term within each participant’s list, and then averages over participants.
Sutrop’s ‘Cognitive Salience Index’ (CSI) is similar [4], but can be applied to
published data. It involves the average location of a term across the lists in which it
appears, which is used to divide the proportion of lists which include the term.
Colour language investigations have often used C or CSI as one of the criteria for
determining the Basic Colour Terms (BCTs) of a language, i.e. those which occupy
the ‘base’ level of classification [5]. Smith et al. [3] ranked colour terms in
decreasing order of C (using data for 353 university students) and were able to
distinguish three separate classes of term: BCTs; non-basic terms, which they further
classified as ‘opaque’ or ‘transparent’; and ‘complex’ (plus ‘residual’ which
includes textures and patterns, not colour terms stricto sensu).
Few speakers have organised and memorised their colour vocabularies for sequential
access. More typically, some particularly prototypal or culturally-salient term comes
to mind first. This prompts the recollection of another term, and then another,
through a process of self-priming. Cognitive psychology offers the model of a
semantic network in which terms are nodes, connected by links; activation spreads
between nodes, spreading faster along stronger links or shorter distances [6]. The
participant is imagined as entering the network at some especially salient node (e.g.
‘red’) and then exploring it more-or-less systematically, at each step following a link
to whichever nearby node has become most strongly activated, until the boundary of
the domain is reached.
The listing process is not exclusive to the colour domain. As well as cognitive
science, it is favoured in cultural anthropology [2,7]. In neuropsychology it becomes
a diagnostic tool, whereby patients with conditions such as Alzheimers [8] or
schizophrenia [9] are asked to list nouns from a conceptual domain to test the
intactness of their semantic knowledge.
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The opportunity exists to extract additional dimensions of structure. If two terms are
regularly listed in close succession, one term following or preceding the other as if
mutually priming, one can assume a strong association, i.e. that the link in the
network between them is strong (this is independent of their frequency or priority
within the lists). Representing each term as a single point in a spatial depiction of the
network, pairs such as these should correspond to close neighbours.
In the Animal-name domain, Henley [10] reported that ‘sheep’ and ‘goat’ formed
the closest pair of items; it was rare to mention one without the other coming to
mind soon after. ‘Cat’ and ‘dog’ were the next most closely-linked pair. This is a
reminder that although we are parsing list adjacency in terms of ‘similarity’, this is
conceptual not perceptual similarity. Associational strength can stem from a contrast
or an antagonism as much as from the number of features the two items share.
Cultural associations and collocations contribute to the priming.
More generally, the information about associational strength to be gleaned from
listing data is not limited to adjacent pairs: separation of two terms by a few
intervening terms still hints at some association between them. Even if a participant
does not list term B after A, listing some third term C instead, the likelihood of B
appearing next in the list – that is, the activation of node B – reflects not only the
strength of its link to C, but also the earlier activation from A.
Notably, Henley [10] based a spatial ‘animal map’ on the similarities among pairs of
names. Shepard [11] extracted a parsimonious, two-dimensional map from similar
data. Storm [12] replicated [10] with more subjects drawn from six age bands,
though the matrices of inter-pair similarities could not be reduced to lowdimensional solutions. Friendly [13] applied a less open-ended “recall listing task”
in which participants are exposed to a list of items and then asked to recall as many
as possible. Recalled sequences are compatible with similarity-judgement-based
MDS solutions [14,15].
Outside of these animal-name applications, when cognitive psychologists and
cultural anthropologists have examined the patterns of intra-list adjacency, they
focus on clustering of items rather than spatial models [1], i.e. how memory
organises items into ‘chunks’. In this study, we extracted both forms of structure
from colour-term lists elicited from 11 languages. A clustering solution exposes any
sub-domains within the broader colour domain. Multidimensional scaling or MDS
can hint at the underlying cognitive dimensions which steer the participants’
responses, if the axes of the solution prove to be globally meaningful, although there
is no prior guarantee that this will be the case.
In addition, we used Smith’s ‘C’ [3] and Sutrop’s ‘CSI’ [4] to rank the terms in each
language by salience, in a comparison of the two indices.
2. Languages and participants
The sample contains 11 languages belonging to three different families: IndoEuropean, Uralic and Altaic. All languages are spoken in a vast territory of Eurasia.
The distribution of languages according to family with the number of subjects are
presented in Table 1. All subjects were recruited volunteers. The sampling was
random. Participants had different dialectal, educational and social backgrounds.
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The interviews were carried out by a native speaker (for Lithuanian, Estonian, and
Udmurt) or a proficient L2 speaker (for all other languages). All subjects were
screened for normal colour vision using [16] or [17].
Language

Language family

Italian
Castilian Spanish
Indo-European
Lithuanian
Czech
Russian
Estonian
Finnish
Komi-Zyrian
Uralic
Udmurt
Hungarian
Turkish
Altaic

Number of subjects (female/male)
133 (73/60)
38 (20/18)
51 (35/16)
52 (33/19)
24 (14/10)
128 (69/59)
68 (42/26)
51 (37/14)
125 (76/49)
125 (66/59)
60 (31/29)

Mean age
39
43
42
35
39
42
40
49
43
36
36

Tab. 1 – Number of subjects per language, female/male ratio and mean age for each language

One hundred thirty-three Italian subjects were recruited in Florence (60 males); 31
of those subjects performed the list task prior to a sorting task (see Section 3). The
interviews were carried out by the author MU in non-dialect (standard) Italian. The
mean age was 39 (ranging from 11 to 80).
Thirty-eight Castilian Spanish speakers were recruited in Madrid (18 males). The
mean age was 43 years (ranging from 22 to 85).
Fifty-one Lithuanian subjects were interviewed in Vilnius and Rokiškis by a native
speaker (16 males). The mean age was 42 years (ranging from 15 to 80).
Fifty-two Czech subjects were recruited in Brno and Prague (19 males). The mean
age was 35 (ranging from 15 to 70). They were interviewed by the author MU.
Twenty-four Russian speakers were recruited in Saint Petersburg (10 males). The
mean age was 39 (ranging from 20 to 61).
One hundred twenty-eight Estonian subjects were interviewed in Tallinn, Tartu and
other locations in Estonia by three different native speakers, 80 of them by Urmas
Sutrop [18]. The mean age was 42 (ranging from 9 to 77).
Sixty-eight Finnish subjects were interviewed in Helsinki, Turku and near Tampere
(26 males). The mean age was 40 years (ranging from 10 to 75). The interviewer
was author MU.
Komi-Zyrian is a minority language spoken by ethnic Komis in the Komi Republic
in Russian Federation. Fifty-one Komi-Zyrian speakers were recruited in Syktyvkar
and other towns or villages (14 males) by a fluent L2 speaker. The mean age was 49
years (ranging from 11 to 81).
Udmurt is a language spoken by ethnic Udmurts in the Udmurtia Republic in
Russian Federation. With the related Komi-Zyrian and Komi-Permyak, Udmurt
belongs to the Permian branch of the Uralic language family. One hundred twentyfive Udmurt speakers (49 males) were interviewed by a native speaker in the
Republics of Udmurtia, Tatarstan and Bashkortostan. The mean age was 43 (ranging
from 9 to 80).
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One hundred twenty-five Hungarian subjects were recruited in Budapest, Debrecen
and other towns and villages across Hungary (59 males). The mean age was 36
(ranging from 9 to 82). The subjects were interviewed by the author MU.
Sixty Turkish subjects were recruited in Antalya and Ankara by a fluent L2 speaker
(29 men). The mean age was 36 (ranging from 14 to 79).
3. Method
The list task was conducted as part of the interview for establishing basic colour
terms in a language. It was always carried out prior to colour naming task as in [5]
or prior to sorting task for 31 Italian subjects. The participants were blind to the
topic as they were recruited to ‘answer questions regarding their native language’.
They were requested to ‘Please name as many colours as you know’ in a respective
L1. Time allocated for listing and the length of the list were not limited. All
elicitation data was gathered orally and written down (and/or recorded) by the
experimenter.
Figure 1 plots log(C) and log(CSI) for the most salient 25 terms in four languages
(the logarithmic function transforms an exponential decline of salience into roughly
linear form). For most languages a ‘step’ marks a transition between basic and nonbasic terms, often with a smaller step between primary and secondary basic terms.
There is a cross-cultural trend for ‘red’ to be the ‘most prototypal’ colour.
Fig. 1 – 25 most salient terms in decreasing order of Salience, Russian, Lithuanian, Finnish, Turkish. Red lines: CSI.
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There is little practical difference between Smith’s C and Sutrop’s CSI. CSI elevates
the most salient term in some languages above the trend, and sometimes obscures
the ‘steps’, but it is applicable to data where only the mean frequencies and mean
priorities of the terms have been recorded or published. Additionally, the CSI does
not depend on the length of the individual lists.
Salience is not an infallible criterion for basicness: sometimes an unequivocal BCT
slumps down the ranking because of the weakness of its cognitive associations with
other BCTs (e.g. Lithuanian rožine ‘pink’). Conversely, sometimes a hyponym or
recessive near-synonym of a basic term is swept up into the basic side of the step
(‘violet’ is thus elevated in [3]).
Fig. 2 – Hierarchical clustering solution (‘dendrogram’ ) for Czech. Loops emphasize clusters shown in Fig. 5.
fialová violet
oranžová orange
růžová pink
hnědá brown
šedá gray
bežová beige
okrová ochre
lila mauve
tyrkysová turquoise
khaki khaki
černá black
bílá white
zelená green
modrá blue
žlutá yellow
červená red
zlatá gold
stříbrná silver

Following [10,11,13], we defined a measure of proximity between a given pair of
terms by taking the (absolute) difference between those terms’ sequence numbers
for each participant who listed them both, and averaging across those participants.
However, we used the geometric rather than the arithmetic mean, so that estimates
are more sensitive to an increment to a small separation (such as the step from
separation = 1, where two terms are consecutive, to separation = 2, where an
intermediary separates them) than the same increment for more widely-separated
terms (e.g. a step in separation from nine up to 10).
Not all the terms nominated in each language are included in the analysis, only
terms which were listed by enough participants to allow acceptably reliable
estimates of their associations with other terms. The number of such terms varied
across languages, according to the number of participants and their productivity.
Any pair of high-salience words appeared together in relatively many lists,
providing greater statistical confidence in the proximity that is estimated from them.
Conversely, proximities between low-salience terms are based only on lists from a
handful of productive participants.
We applied Hierarchical Clustering Analysis (HCA) to the proximities, grouping the
terms in a branching structure of clusters (for example, Czech, Figure 2).
The proximities were then analyzed with MDS, using PROXSCAL software within
SPSS 20. MDS represents the terms as points within a low-dimensional space,
arranged so that the distances between each pair of points reflect the corresponding
183

proximity. We retained two-dimensional solutions for ease of interpretation and
display. To weight the proximity values by their reliability, the MDS calculation
included ‘co-occurrence matrices’ (in which each entry is the number of lists
containing both terms of that pair). Consequently, less-salient terms are less tightly
constrained in the MDS solution.
Several features recur across languages, as illustrated by the solutions shown in
Figures 3, 4 and 5, which also demonstrate some forms of difference between them.
Some of the clusters from HCA are shown as nested loops enclosing the terms
comprising relevant clusters.
In each language, the horizontal axis (D1) is a gradient of priority, a term’s mean
position across lists – one aspect of salience – with primary terms at the left, often
starting with red, ranging to non-basic terms at the right (including complex,
modified terms and marginal cases such as silver and gold). Between these extremes
lie terms which are basic but secondary.
If everyone listed terms in the same order, a single dimension would suffice, but this
was not the case; additional axes are required to accommodate participants’
variations. These variations take the form of ‘chunks’: short sequences of terms
highly associated with one another, such that listing any one makes it easier to
include the rest of that chunk before continuing with the sequence. Chunks are
particularly obvious in the HCA solutions. However, regularities across languages
point to higher-level, longer-range associations existing between chunks.
Within the basic primary turns, the vertical axis (D2) reflects a distinction between
‘cardinal hues’ and the achromatic primaries black and white. A parallel distinction
exists among the secondary terms, separating purple and orange on one hand –
defined by their chromatic content – from grey and brown on the other hand, in
which desaturation or lightness are more characteristic. Other desaturated terms, if
sufficiently salient, are grouped with the latter sub-group: krem in Turkish, beež in
Estonian. This parallelism reflects possible trajectories through the names, with
some participants listing black and white and following the semantic links from
there to grey, while others list cardinal hues and progress to orange or purple.
The Spanish solution is distorted by the presence of non-basic dark terms (e.g.
granate) clustering with brown; the emphasis of D2 has shifted and for these terms it
is more of a lightness axis.
Pink is often included among these lightness-defined terms, or is at least adjacent to
the lightness sub-cluster if it is within the chromatic sub-cluster (as in Estonian).
Finnish is an exception here, with the main term vaaleanpunainen (literally ‘lightred’) and a less-salient hyponym pinkki, gravitating together to other modified, nonbasic terms. When a version of light purple or mauve or lilac is salient (or several
versions as in Turkish), it may appear among the chromatic terms as an afterthought
and appendage to purple, or within the lightness sub-cluster.
Udmurt has relatively few BCTs, and many of its colour terms are complex,
including nap-čuž ‘orange’. Busir ‘purple’ – atypically located in the solution – is
not universally spoken. The two dialects sampled in this study, Northern Udmurt
and Southern Udmurt, differ in using l’öl’ or lemlet for ‘pink’.
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Fig. 3 – MDS solutions for Turkish, Spanish, Estonian.
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Fig. 4 – MDS solutions for Finnish, Udmurt, Russian.
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The usual primary / secondary split broke down in the Russian solution. Four of the
24 participants began by listing a rainbow sequence of seven chromatic BCTs, from
red through to purple, forming these terms into an arc along the bottom of the
solution and accentuating the chromatic / achromatic split. One of these BCTs is
goluboj ‘light blue’, appearing in the rainbow beside sinij ‘blue’. Two terms for
lighter purple have formed a separate cluster with turquoise.
BCTs for ‘light blue’ are also present in Udmurt and Lithuanian [19], but in those
cases they are clustered with light, desaturated terms. In Italian (not shown), celeste
and azzurro may be BCTs in addition to blu, and they appear in the same vicinity.
The right-hand extreme of D1 contains a tier of less-salient terms: most of them
complex and ‘transparent’, modified by lightness or by association with natural
phenomena. In the Estonian map, for instance, specific forms of blue and green are
qualified by their relative lightness or darkness, or by metaphoric referents,
including the dyeing process in the case of potisinine, literally ‘pot blue’. Here D2
seems to distinguish complex chromatic terms from achromatic and also marginal
terms such as silver and gold, defined by properties such as sheen rather than by
hue. For languages in which turquoise is salient, it often appears in the neighbourhood of gold and silver, perhaps linked to them by connotations of jewellery.
Increasing the number of participants extends the coverage to less frequent terms,
most of them complex (Fig. 5). These are typically listed in chunks, with listing one
modified version of a BCT bringing others to mind. Thus they form domains in the
MDS maps, each united by the source BCT (rather than by a common modifier).
Fig. 5 – MDS solutions for extended Estonian [below]; Hungarian, Czech, Lithuanian.
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Moreover, the arrangement of these domains is similar – on a larger scale – to the
arrangement of the BCTs themselves in the basic section of the map. The periphery
of the Lithuanian map features ‘hedged’ terms such as žalsva ‘greenish’, arranged in
a similar pattern to the BCTs from which they derive. Similar ‘nuances’ exist in
English but subjects seldom list them as genuine colour terms [3]. The morphology
of Lithuanian promotes the formation of these terms, and also their acceptance [19].
In line with reports of a larger female colour vocabulary [20], females tended to list
slightly more terms than males, but the difference varied with language and only
reached significance for the Turkish and Estonian groups (p = 0.006, p = 0.033).
Conclusion
Color research has recognised common threads across languages, in the form of
BCTs and their associated perceptual categories. Here we focussed on conceptual
structure which influences perception (as well as vice versa). We converted a corpus
of listing data into a matrix of inter-item proximity estimates, to extract a ‘cognitive
map’ accounting for those listing responses. Any single participant’s list is a good fit
to the MDS solution if the sum of successive distances within it, stepping from one
selected term to the next, is relatively low. In effect, the maps are designed to
minimise this total trajectory length, averaged across participants.
There are cross-cultural regularities in how terms are ranked by salience. In addition,
similarities across the individual maps point to a shared pattern of associations
between terms, structuring the sequence in which they are listed. The resulting
dimensions and patterns of clustering reflect conceptual themes and attributes.
Notably, solutions are reminiscent of comets in shape. First-used and highlyassociated prototypes form a compact ‘head’ at one extreme of the ‘priority’ axis,
while the less salient terms spread out along the second dimension as priority
decreases and there is more opportunity for large sequence differences between
them, forming a diffuse ‘tail’.
There are differences as well as similarities, from language-specific additions to or
omissions from the colour lexicon. These specific features might reward closer
research for languages like Czech and Hungarian, members of different language
families but with sufficient mutual influence to form a Sprachbund.
Note that a term may be infrequently used, while appearing early in the lists of
people who do use it, locating it with other high-priority terms. That is, as an aspect
of salience, ‘frequency’ is distinct from ‘priority’. This occurs for terms where
alternative forms or dialect variants are recorded, where a given participant lists one
or the other (reducing their frequency) but the context is the same, resulting in
adjacent points in the MDS solutions (e.g. l’öl’ or lemlet both meaning ‘pink’ in
Udmurt, turquoise türkiis and türkiissinine in Estonian, beessi and beige in Finnish).
Similar results appear in the domain of animal names [10,11,13]. Again, there is a
robust gradient of priority, starting with ‘dog, lion, cat, horse, tiger’ [10] and similar
lists in [7,8,12]. Typically the second dimension is also meaningful [10,11].
Latent Semantic Analysis also yields a valid cognitive map for animal names [21],
and may be worth extending to the colour domain. In this approach, the interword
separations used as grist for the MDS mill are obtained from large text corpora.
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1. Introduction
This research is aimed at demonstrating that it is possible to obtain indirect measures
of colour differences by asking observers to describe and subjectively measure the
colours, and then to extract the colour differences from these subjective data. The
procedure is particularly useful when the difference has to be measured between
colours observed in different viewing conditions, for instance in different contexts or
under different illuminations. In this latter case, the procedure allows a complete
adaptation to the selected illumination under which colours are observed and
evaluated, while the direct comparison of two colours viewed under different lights
to ascertain their difference cannot be done in complete adaptation state. Our
primary purposes were to devise a consistent system of colour evaluation complying
with the theory proposed by Hering. A second goal was to measure the differences
of a series of colours observed under two different light sources: a LED 6500K and
an incandescent light source (illuminant A).
1.1. Natural Colour System

Many attempts have been tried to build a natural colour system in agreement with
Hering’s suggestions (Ostwald[1], Johansson[2], Hesselgren[3]) but for different
reasons their interpretation of the theory was not satisfactory. The last achievement
[4] which ended with the production of the NCS [5] was more successful and still
now widely known and used. Nevertheless the formulation of Hering’s proposal was
rather ambiguous as on the one side he stated that all colours can resemble six
unique (or elementary) colours (Yellow, Red, Blue, Green, White, and Black) and
therefore each colour can be connoted by the degree of similarity to a maximum of
four of them (as two pairs of colours are incompatible): from this point of view it
seems that the resemblance to one elementary colour is independent from the
resemblance to another elementary one. On the other side the procedure, followed
by the founders of the actual NCS to state the similarity of a colour to a unique one,
seems to be constrained by the necessity that, in a bipolar scale, an increase
similarity to one extreme involves a decreasing similarity to the other extreme, i.e.
they are complementary inside that scale thought as a unity.
The construction of the actual NCS followed the second procedure: the first step was
not a simple and direct evaluation of how much a colour resemble a unique one, but
involved an abstraction in considering the hue of that colour, and the position where
it could be located in the bipolar interval enclosed by the two hues to which the
colour is similar. Here hue means what is common to all colours which differ only in
whiteness and blackness. It corresponds to a vertical page, anchored at one side to
the achromatic axis, of most colour atlases. This step does not involve a judgment
about similarity with a colour, but where is the hue in the colour circle. The second
step, followed in building the actual NCS, was to place the individual colour in a
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triangle having the White, the Black, and the colour of maximum chromaticness of
that hue at the three vertices, so that the distances from White and Black correspond
to the similarity to them (the closest, the most similar). The same position specifies
also the chromaticness of the colour, i.e. its distance from the achromatic axis, and
then its proximity to the maximum chromaticness vertex. The colour notation which
follows from this procedure is rather peculiar, as it consists of two parts, the first
expressed by numbers indicating the position of the colour in the triangle, and the
second the position of its hue in the colour circle. As consequence, one number
represents the similarity of the colour to Black (S), a second number the similarity to
the maximally chromatic colour (C), and a third one the similarity to White (W). As
the position of a colour in the triangle can be determined by two only numbers, the
third (W) can be derived as a complement to the total (S + C + W = 100%), and
hence can be omitted.
The second part of the notation strictly speaking does not express similarity to one
or more colours, but it is an evaluation of its hue, i.e. where it is placed inside one of
the four bipolar hue scales (YR, RB, BG, GY). It is expressed by the codes of the
two extreme consecutive unique hues, and a number denoting how much close is the
hue to the second one, by assuming that the interval exhaust all possibilities and
therefore constitutes a unity (100%). The result seems quite legitimate, although the
four hue bipolar scales have not the same perceptual length as one might think on
the basis that all are unitary (for instance: Yellowness + Redness = 100%; Redness +
Blueness = 100% and so on).
The final notation therefore takes the form of this example: 3040 Y70R, which
means that the colour resembles by 30% to Black (S), by 40% to the most chromatic
colour in the triangle (C) and therefore by 30% to White (W), omitted; its hue is a
reddish yellow, similar by 70% to red (and 30% to yellow, omitted). One can
convert these latter numbers in actual similarities to unique colours by multiplying C
(the chromaticness) by the numbers expressing the hue: 40% * 70% = 28%
similarity to red; 40% * 30% = 12% similarity to yellow. One should stress that
these similarities to the unique colours yellow and red are not directly evaluated by
the observers, but derived by calculations from the position of the hue in the circle
and from C, determined by the similarities to white and to black. In conclusion, in
the actual NCS only the similarity of a colour to White and Black is directly
evaluated, and the two are loosely linked, as their sum plus C must be always 100%.
In this research the former procedure described by Hering is followed, and each
colour is independently evaluated as far as it resembles to the six unique colours (of
course, four of them at the most). This procedure does not guarantee that the sum of
the similarities sum up to a constant amount, but it appears more in line with the
very fundamental idea by Hering that all colours can resembles four unique colours
at the most. Therefore each colour can be characterized by six numbers,
independently evaluated one from the others, at least two of which are always zero.
The use of unitary bipolar scales, and the extremely regular and symmetric shape of
the NCS colour solid, is just a simplification which entails not always evident
consequences, like for instance the impossibility of comparing similarities to the
same unique hue belonging to different bipolar scales. For this reason a more
complete description of colours, than the one offered by the actual NCS, seems more
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suitable for deriving detailed colour differences, in the framework of an evaluation
of the light sources quality.
1.2. Colour Rendering Index

An important property of a light source used for general lighting is its ability of
showing colours of lit objects. At present, this aptitude is described by the use of the
colour rendering index (CRI) defined by the Commission International de
l’Eclairage (CIE): it is a single parameter which synthesises the variation of the
appearance of the colours of standardised objects, when they are lit by the light
source to be described and by a reference source with the same correlated colour
temperature, i.e. the light of which has the same appearance [6]. CRI is the average
value of special indexes defined for eight standardised objects. There is an intense
activity devoted to develop other parameters able to better extend the ability of CRI
to more recent sources based on white LED [7] and to complete the information
provided by an average parameter like CRI [8].
The description of the ability of a light in showing colours is based on the
comparison of the light under analysis with a source with the same chromaticity, this
choice creates difficulties in comparing two sources with different colour
temperature.
The sources able to bring out colour from objects usually have higher CRI, but the
best sources, according to the CRI definition, seem they should be similar to black
bodies at the same temperatures, or to Illuminants D, if the temperature is higher
than 5000 K; in this case CRI reaches its “maximum” value 100. It isn’t necessarily
true CRI equal 100 means the best source; the best source depends on the considered
application and sometime an increase of colourfulness or chroma with respect to the
CRI reference source, penalised by CRI, could not be a defect of the light, but a
sought quality for some purposes.
Furthermore, the construction of CRI seems more related to instrumentation and
mechanicism, but less connected to visual perception. Different approaches follow
other ways [9][10] analysing the colours on the observed objects with respect to
either the aspect of familiar objects, either in memory or in presence, or categories,
which are the basic structure of the human colour perception. Both these approaches
allow to disengage from the use of a reference source with the same colour
temperature of the source under test. The second option should be not influenced by
the culture and habits of the observers and is the way proposed by the authors. The
analysis of the light will be based on the concept of unique/elementary colours and
on the variations of the colour of the objects with respect to these references, as
different light sources are considered.
It could be useful to summarise the definition and properties of unique/elementary
colours: they are the six colours, each of them resembles only to itself. Four of them
are chromatic and are a red which resembles only to red, neither to blue, nor to
yellow; a yellow which resembles only to yellow, neither to red nor to green; a green
which resembles only to green, neither to yellow, nor to blue; a blue which resemble
only to blue, neither to green, nor to red. Furthermore these four chromatic
unique/elementary colours do not resemble to white and to black, therefore they
present the maximum chromaticness. White and black are the last two
unique/elementary colours, which do not show any chromaticness as they must
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completely differ from unique red, yellow, green, and blue. In addition white does
not resemble to black and black does not resemble to white, but it is apparent
[11][12].
As said before unique/elementary colours are the basic structure of the colour
perception: in fact any perceived colour appears similar, in different ways, to one or
not more than two chromatic unique/elementary colours and to white and black. It
was shown unique/elementary colours are constant for each person and can slightly
vary from one to another person with normal colour vision. Therefore they could be
a base of a colour space in which rises from the visual perception and not from
technological choices. They are an absolute reference, although this reference is in
the observer’s mind.
When we have transfer the reference in our mind, engineers have difficulties in
making measurements, while measurements obtained by instruments are required to
obtain an easy and fast qualification of a light source. The concepts can be identified
on objects which have to be lit by a light source. The reflection functions of the
selected objects and this light become references, but the choice of the light is
completely arbitrary and no more linked to the chromaticity of the analysed source.
Its power distribution along the visible range is not significant, the only requirement
is it contains power at every visible wavelength; in fact, its ability should be no more
than to be able to excite every object, whatever its spectral reflection function is.
2. Material and method.
The set of colours used in the experiment included 48 colours taken from the four
quadrants of the NCS colour system: 4 hues from each quadrant, 3 nuances for each
hue, as shown in Table 1. Each paper sample (3 x 5 cm) was slightly bent as to
appear as a cylindrical surface to facilitate the perception of surface colours, which
are the common or uniform component, while the illumination is varying point by
point, and mounted on a white support.
1030B10G
1060B10G
4030B10G
2020B30G
3060B30G
5030B30G
1030B70G
3050B70G
3060B70G
2020B90G
4030B90G
6020B90G

1030Y10R
1060Y10R
4030Y10R
2020Y30R
3060Y30R
5030Y30R
1030Y70R
1060Y70R
3050Y70R
2020Y90R
4030Y90R
6020Y90R

3050 R10B
3060 R10B
5030 R10B
1060 R30B
4030 R30B
6020 R30B
1030 R70B
3050 R70B
6020 R70B
2020 R90B
3060 R90B
5030 R90B

3050G10Y
3060G10Y
5030G10Y
1060G30Y
4030G30Y
6020G30Y
1030G70Y
3050G70Y
6020G70Y
2020G90Y
3060G90Y
5030G90Y

Table 1. The 48 colours used in the experiment, notated according to the NCS, divided in four groups
corresponding to the four quadrants of the NCS colour circle.

They were observed in a 70 large x 50 high x 50 deep cm viewing booth, with the
inside walls white (reflectance factor about 90%), and a set of different light sources
in the upper internal part, not visible to the observer. Two light sources, a LED
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6500K and an approximation of the CIE illuminant A were used in the experiment
(Figure 1),
Illuminant A approx.
LED 6500 K
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Figure 1. Spectral Power Distribution of the two light sources used in the experiment.
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Subjective evaluations of the colours were performed by moving a sliding arrow
mounted on a wooden stand from the left extreme which indicated no similarity at
all, to the right extreme indicating identity.
The movement of the arrow was continuous and no other indications were present
except the two extreme. A hidden ruler with divisions in millimetres could be bent
and displayed to fix the position of the arrow chosen by the participant. The
evaluation entailed an active movement by the observer and consisted of a purely
visual representation in a spatial scale of the degree of similarity showed by the test
colour to the unique colour at the moment considered.

Figure 2. The device used for the subjective evaluations: the arrow can freely slide in the two directions from one
extreme to the other

Three persons, female university students, with normal colour vision, expert in
evaluating colours, participated to the experiment. During the first 4-5 minutes of
the experimental sessions, under the illumination to be tested, the participant had to
prepare the samples to be studied and place them aside the viewing booth, prepare
the sheets where to write the results, and sit comfortably in front of the booth.
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The task encompassed two steps: first the participant had to arrange into the viewing
booth a series of 12 samples belonging to a quadrant of the hue circle in an ordered
sequence from the least to the most similar to the unique colour under consideration.
Secondly she had to singularly evaluate how much each sample resembled to the
considered unique colour by moving the arrow in the correspondent position. After
reading the number and copying it, she could pass to the successive sample. The set
of samples, the unique colour, and the light source were randomly chosen. All
operations were performed under complete adaptation state to the chosen light
source, which was always the same for a whole session. Fifteen evaluations for each
conditions were made, for a total of 5760 (48 test colours, 2 light sources, 4 unique
colours, 15 trials).
3. Results.
Similarities of the experimental colours to the each unique colours under the two
illuminations have been pooled to show the relationship between NCS nominal
notations and subjective evaluations (Figure 3). Similarities to each unique colour
have been pooled from colours showing the same characteristic (i.e. redness from
yellow-red and from red-blue colours, and so on). The experimental procedure
involve absolute evaluations while colour notations in the NCS system are always
relative to the total amount of chromatic plus achromatic aspects. Nevertheless
correlations between our results and the NCS notations are quite high (Pearson
correlation ρR=0.92;
ρY=0.85; ρB=0.92; ρG=0.78). Secondly subjective
evaluations of the chromatic aspect of our samples are regularly higher than the
NCS corresponding values, as the slopes of the regression lines show.

Figure 3. Subjective evaluations of the chromatic aspects of the experimental coloured samples
as a function of the correspondent nominal NCS notations.
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In the NCS system chromaticness depends on the chromatic appearance of a colour
and in parallel on its whiteness and blackness, as all measures are linked to sum up
to 100% (i.e. a unity).
a
b
RB
RB

BG
GY

BG

YR

YR

GY

Figure 4. The subjective chromatic appearance (C) of the experimental colours plotted as a function of the NCS C,
relatively to the colour sets derived from the four quadrants of the NCS colour circle.

Our results, because of the chosen procedure, show some independence of the
chromatic appearance from the achromatic one. If one assumes that the chromatic
appearance of the experimental colours, expressed by the sum of their similarity to
Yellow, Red, Blue, and Green, can be considered a colour quality corresponding to
NCS chromaticness, Figure 4a shows that evaluated chromaticness of all colours
have been much overestimated in comparison with NCS C (NCS notation: S =
Schwarz; C = Chromaticness, W = Whiteness), especially the purplish ones. On the
other side, considering as chromaticness the proportion of the chromatic aspect to
the whole appearance, including the achromatic one, Figure 4b shows that
chromaticness of the four groups of experimental colours is quite differently related
to the NCS C. In the latter case the Pearson correlation between subjective
chromaticness and NCS C is rather high (ρC=0.88) in comparison with the
correlation between the firstly described type of chromatic appearance and NCS C
(ρC=0.62).
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Figure 5. Subjective evaluations of similarity to White (W) and Black (S) are plotted as a function
of NCS nominal notations, for all the four groups of experimental colours.

Results about similarities to White and Black are shown in Figure 5. In almost all
cases similarity to White and Black are underrated in comparison with the
correspondent NCS values, especially for White. This result goes in the opposite
direction of the results obtained in the chromatic domain. It seems that whiteness
and blackness are less evident aspects of colours than the chromatic ones. Figure 6

Figure 6. Subjective evaluations of similarity to White and Black plotted as a function of L*.

shows the relationships between similarity to White - Black and a colorimetric
measure of lightness (L*). Neither in the case of similarity to White nor in the case
of similarity to Black, subjective evaluations appear to relate to lightness, with
which they have a correlation of ρS=0.69 and ρS=0.72 respectively.
Relationships between subjective evaluations of Whiteness – Blackness and the
correspondent NCS values are shown in Figure 7, where similarity to White appears
more underrated than similarity to Black, although both are lower as already seen.
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Subjective evaluations of Black and the nominal NCS correspondent values are
much more correlated (ρS=0.93) while correlations between subjective evaluations
of White and the nominal NCS correspondent values are somehow lower (ρW=0.82),
although quite considerable. It seems that whiteness be little related to lightness, but
the result by itself is not enough meaningful.

Figure 7. Subjective evaluations of White (at left) and of Black (at right)
as a function of the correspondent NCS notations.

As regard to the differences in the colour appearance introduced by the different
lights, Figure 8 shows the sums of similarities to all unique colours both for the
samples viewed under the source A and the source LED 6500K.

Figure 8. Sums of similarities to all unique colours both for the samples viewed under the source A
and the source LED 6500K, for the colours of the four groups of samples.

By analysing separately similarities to White and Black of all colours under the two
light sources, results show that White is evaluated a little more under the source A,
although not significantly (t49=1.58, p < 0.12), and therefore it is not affected by the
light difference, while Black receives lower evaluations under the source LED
6500K (t49=2.76, p < 0.01). Moreover similarity to Yellow and to Blue are not
significantly different under the two sources, while similarity to Red and to Green
are significantly affected (t49=3.84, p < 0.0004, and t49=4.08, p < 0.0002
respectively), being similarity to Red, and still more to Green, reduced by the
LED6500K source.
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4. Conclusions
The experiment was aimed at proving the possibility of direct evaluations of colour
similarities to the six unique colours, without following the procedure used to build
the actual NCS. This new method can be particularly useful to compute colour
differences between colours evaluated under different light sources with the scope of
deriving a metric of colour rendering. Moreover subjective evaluations of colours
can be of great value in supporting colour rendering indices derived by other ways.
The procedure followed in this research is quite different from that of the original
NCS, as it leads to consider colour appearance as determined by four dimensions
(two achromatic, W and S, and two chromatic, one of the following pairs: YR, RB,
BG, GY) instead of the usual three. Further research will be addressed to find a way,
if suitable, to reduce the four dimensions to only three, but at the moment it seems
that three dimensionsionality is a simplification of a more complex colour
perception structure. The concept of chromaticness, as it is used by NCS, seems to
be relative to other colour dimensions, similarity to unique hues and to achromatic
colours White and Black. The proposal which follows from this research is that a
more faithful description of colour perception can be obtained if similarities to the
unique colours are independently evaluated one from the other. Moreover results
from this research show also that it is possible to derive colour differences, and their
statistical significance, by using subjective evaluations to the six unique colours
taken under different light sources.
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COLOUR AND RESTORATION

201

202

Restorations of the monumental polychromy of the Gothic
cathedrals undertaken by Viollet-le-Duc
Laurence Pauliac
Centre Français de la Couleur

1. Introduction
From the 1840’s onwards, Viollet-le-Duc was one of the principal, if not chief,
protagonists in the establishment and execution of the conservation and restoration
campaigns of historic architectural monuments in France. The number of building
sites he directed in his career is impressive (more than 200) and we owe him the
writing of numerous publications, among theoretical essays on the restoration and
the famous Dictionary of French Architecture from 11th to 16th Century in 10
volumes [1].
In 1843 a competition launched to restore the cathedral Notre-Dame de Paris, victim
of the torments of time and of the vandalism of the French Revolution. It was
Viollet-le-Duc and Lassus who wined this competition.
Through the example of the cathedral of Paris, we will try to verify if the
restorations of the monumental polychromy of the Gothic cathedrals undertaken by
Viollet-le-Duc really respect the ideal of restoration of the architect, namely a return
to the primitive aspect of monuments.
We will see how Viollet-le-Duc went against its own convictions. No restoration of
the outside polychromy was envisaged, and several of the restorations of internal
painted decorations seem to make a reference to personal theories on color in
architecture rather than to Gothic chromatic conceptions.
2. Restoration according to Viollet-le-Duc
The innovations brought by the architect, real theoretical, technical and historic
revolutions, totally transform the world of restoration and their influence is met
nowadays too.
Let’s start our analysis with an extract of his - now famous - definition of
restoration: « Le mot et la chose sont modernes. Restaurer un édifice, ce n’est pas
l’entretenir, le réparer ou le refaire, c’est le rétablir dans un état complet qui peut
n’avoir jamais existé à un moment donné » (“The word and the thing are modern. To
restore a building, it is not to maintain it, to repair it or to redo it, it is to re-establish
it in a complete state which can never have existed at a certain point”)[1].
Viollet-le-Duc’s purpose was to restore entirely a building in a state of perfect
historic, structural and stylistic coherence, such as it was, or it should have been
once finished. The fact that this "complete state" did exist or not, doesn't seem
capital to him. The most important thing was to return life in the monument by
restoring all the physical and material characteristics of a given period. His
controversial restoration work was very much criticized over the years but this is not
the purpose of this article.
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We kept three major points of the architect’s theories on restoration directly
applicable to the restorations of the monumental polychromy: the return to an ideal
state, the respect of the style and the respect of the primitive materials.
By studying the attitude of Viollet-le-Duc as for polychromy and their possible
restoration, we will be able to define if he applied to the latter the same principles as
in the rest of its restorations. The external factors which have influenced Viollet-leDuc will of course be a part of our analysis: financing problems of the restorations,
needs and wills of the clergy, contemporary debate on the polychromy, recent
reflections and scientific publications on colours and their perception.
3. Internal Polychromies: Notre-Dame de Paris's chapels
3.1 The choice of a partial restoration

Nobody can assert that, in the Middle Ages, a polychromatic decoration recovered
completely the inside of Notre-Dame, but such decorations were an integral part of
this period projects, and considering the importance of the building, the opposite
would be very surprising.
The objective of our analysis being to verify if the restorations of the monumental
polychromy of the cathedral undertaken by Viollet-le-Duc respect his ideal of a
return to the primitive aspect, it is suitable, at first, to study the primitive aspect of
the inside of Notre-Dame, or, more exactly the opinion of the architect on this
matter.
When the restorations of Notre-Dame was undertaken, only some rare traces of its
original medieval decoration remained. In its monograph on the colour setting of the
cathedral chapels, Viollet-le-Duc recognizes unarguably the medieval will to
conceive such polychromatic decorations. However, he supports that:
« Il est certain que les nefs des cathédrales de Paris, de Bourges, de Reims,
d’Amiens, de Rouen, de Chartres, de Sens, n’ont jamais reçu de peintures sur les
parois de leurs piliers & de leurs voûtes » (“It is certain that the naves of the
cathedrals of Paris, Bourges, Reims, Amiens, Rouen, Chartres, Sense have never
received paintings on the walls of their pillars and their vaults”) [2].
And add : « A notre avis, le temps a manqué pour compléter les conceptions
premières. Quelques-uns de ces monuments reçurent seulement leur décoration
translucide, les vitraux colorés, mais aucun d’eux ne se revêtit intérieurement des
couleurs qui devaient contribuer à l’harmonie générale » (“In our opinion, they were
short of time to complete the first design. Some of these monuments received only
their translucent decoration, the coloured stained-glass windows, but none of them
put on inside colours which had to contribute to the general harmony”) [2].
From his point of view if the project of these paintings undoubtedly existed, their
execution was not thus able to be led to good port for lack of time (in 1985, the
cleaning of the walls of the north and south arms of the transept allowed to discover
not insignificant traces of medieval polychromy: the walls of the north arm were
totally covered with a uniform coloured bottom stopping in the capitals which receive
the fallout of gallery arches whereas blue, red and black colour settings underlined
the reliefs of the architecture).
Further, Viollet-le-Duc specifies:
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« La cathédrale de Paris […] n’a jamais été peinte à l’intérieur, bien que nous ne
mettions pas en doute que l’édifice ait été conçu pour recevoir ce complément
décoratif ; mais lorsque, vers le milieu du XIIIe siècle, on établit des chapelles entre
les contre-forts de sa grande nef, ces chapelles furent, en partie, décorées de
peintures ; &, en effet, les murs latéraux de ces chapelles – qui n’étaient que les joues
des gros contre-forts – laissaient voir, à l’intérieur, des surfaces froides et blafardes.
Il fallait nécessairement que ces surfaces fussent occupées par une décoration »
(“Paris Cathedral […] was never painted inside, although we do not question that the
building was designed to receive this ornamental complement; but when, by the
middle of the XIIIth century, some chapels were established between the foothills of
its big nave, these chapels were, partially, decorated with paintings; and, indeed, the
side walls of these chapels - which were nothing but the “cheeks” of the big foothills
- let show, inside, cold and pale surfaces. These surfaces had to be inevitably
occupied by a decoration”) [1].
This event explains the choice made by Viollet-le-Duc and Lassus right from their
first proposals of restoration: a restitution of polychromies in the arms of the
transept, the side chapels and the chapels of the chorus only.
Lets note that this will to mask irregularities and architectural defects by
polychromatic decorations corresponds perfectly to one of the missions of the
medieval monumental paintings.
Our purpose is not to examine the accuracy of the restorer’s knowledge of the
primitive aspect of the monument but his respect for what he conceived as such
according to its own researches, his ideas, but also the historic knowledge of the
period. We can thus consider that because Viollet-le-Duc thought that the inside of
the cathedral had never completely received an entire painted decoration, the choice
of a partial restoration of this decoration was justified and was corresponding
actually to the logic of restoration maintained by the architect.
3.2 The ornamental program

Viollet-le-Duc considered the medieval monumental polychromy as a mean to
emphasize the architecture while glorifying it. The good integration of the paintings
in the architecture was one of its main objectives. However far from subjecting
themself to the architectural effect, the paintings had to take actively part in it.
So he specifies:
« La peinture décorative grandit ou rapetisse un édifice, le rend clair ou sombre, en
altère proportions ou les fait valoir, éloigne ou rapproche, occupe d’une manière
agréable ou fatigue, divise ou rassemble, dissimule les défauts ou les exagère. C’est
une fée qui prodigue le bien ou le mal, mais qui ne demeure jamais indifférente »
(“The ornamental painting increases or makes a building look smaller, makes it
either clear or dark, distorts its proportions or asserts them, moves away or closer,
occupies the space in a pleasant way or tires, divides or gathers, hides the defects or
exaggerates them. It is a fairy who lavishes the good or the evil, but who never
remains indifferent”)[1].
These ideas, which resume perfectly the medieval tendencies (to put into relief the
existing structures and to create false volumes modulating the space), were however
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rather audacious for this period. Viollet-le-Duc contemporaries limited indeed the
polychromy to a simple tool of architectural development.
The principle set up for the decoration of Notre-Dame was based on a more or less
identical general plan in all the chapels. Their surface was systematically divided
into three horizontal zones:
Zone 1: from the base up to approximately two meters off the ground (including the
altar). This part of the walls was covered with dense motives in dark tones (Figure
1).
Zone 2: down from the walls up to the vault. The motives decorating the top of the
walls are less dense and are executed in clear tones (Figure 1).
Zone 3: the vault and the nervures. A false starry sky covers vaults. The nervures
were painted with plain colours or decorated with motives such as chevrons or
foliage (Figure 2).
An ornamented horizontal frieze separates zone 1 and zone 2. Vertical friezes also
frame the left and right extremities of zone 2 often conferring a wallpaper look to the
set. This last detail is more important than it could seem: thanks to the
industrialization, wallpapers knew a success and a phenomenal development in the
XIXth century.

Figure 1 – (a) Cathedral Notre-Dame de Paris, Chapel Saint Germain, tracing of the paintings made by Mr.
Ouradou. (b) Explanatory plan of the division in zones of the decoration of the choir chapels.
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Figure 2 - Cathedral Notre-Dame de Paris, Chapel St-Georges, an example of
vault with false starry sky and painted nervures.

The most important chapels, such as the side chapels of the chorus, received a more
developed treatment with narrative scenes illustrating the life of the saints to whom
they are dedicated. These scenes are placed over the altar and thus constitute a kind
of altarpiece. They are relatively simple compositions, in tint area and without
perspective.
We have already briefly mentioned that when Lassus and Viollet-le-Duc began the
restorations of Notre-Dame, its internal original medieval decoration had practically
completely disappeared. The most important of the rare remaining vestiges was
apparently a mural from the XIVth century, which decorated the right wall of the
axis chapel. This painting, a Madonna with Child surrounded with Saint Denis and
with bishop Matiffas of Buci in prayer (his grave was formerly situated just below),
was preserved but directly inserted within the new project of decoration into the
same vein as the chapels with narrative scenes.
3.3. The polychromatic system

The polychromatic system adopted by Viollet-le-Duc for the decor of Notre-Dame
de Paris's chapels is a very good illustration of the architect’s idea regarding
monumental painting. Viollet-le-Duc claims to base his entire theories on the study
of medieval examples, but their analysis denounces several contemporary influences
such as the modern notions of chromatic circle, primary, secondary, complementary
colours and the theories of Chevreul on the perception of colours. Always on the
lookout for the last scientific researches and Substitute Professor of composition and
ornament since 1834 in the art school of “rue de l’École-de-Médecine”, Viollet-leDuc could not ignore these theories. The catalogue of the books of its library [3]
shows moreover, that he was himself in possession of a work of Chevreul [4].
Known for his studies on fat and his works on colours, Michel Eugène Chevreul
(1786-1889) published his essay De la loi du contraste simultané des couleurs (The
principles of harmony and contrast of colours) in 1839. Named, in 1824, Director of
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the dye works at the Gobelins Manufactory in Paris, he was interested in the theories
on the colour within the framework of his functions which included the supervision
of the manufacturing of colouring agents being in use to dye the wools of the
famous factory. Confronted with various problems, he thoughts the colouring agents
had, sometimes, nothing to do with chemistry, but more with optics: when a tint did
not produce the wished effect, it did not always come from the pigments in use, but
from juxtaposed or nearby coloured tones.
While developing its works, he discovered and analysed diverse phenomena in
relation to the conditions of vision of colours and their simultaneous contrasts,
which influenced numerous artistic movements particularly Divisionism,
Impressionism and Orphism.
In order to understand better the influence of Chevreul on Viollet-le-Duc, let us
remind briefly his theory on simultaneous contrasts:
Two colours juxtaposed on the same surface modify themselves mutually in two
manners: as intensity and as nuance.
Intensity: the clearest lighter seems clearer and the darkest darker.
Nuance: a colour gives to its neighbour a complementary nuance in the tone.
Therefore, an orange circle placed on a white bottom makes this one appear blue in
its circumference whereas a white circle on a blue bottom seems, on the contrary,
orange-coloured. In the case of an orange circle on blue bottom, both colours act
mutually to deepen their tints and it's the same for two juxtaposed complementary
colours (Figure 3). On the contrary, two objects whose colours are close on the
chromatic circle tend to throw complementary shadows one on other: yellow takes a
purple nuance when placed near green. While opposite complementary get clearer
and are mutually excited, non-complementary colours thus tend to damage
themselves by mutually “getting dirty”.

Figure 3 - Simultaneous contrasts of nuances according to the theories of Chevreul
A colour gives to its neighbour a complementary nuance in the tone. So, an orange circle placed on a white bottom
makes appear this one blue to its circumference, whereas a white circle on a blue bottom seems, on the contrary,
orange-coloured. In the case of an orange circle on blue bottom, both colours act mutually to deepen their tints.

The harmonious balance according to Viollet-le-Duc
The system established by Viollet-le-Duc is based on the harmonious balance of the
values between muted colour and pure colour (to mute a hue means reducing its
purity by adding to it a certain amount of its complementary colour or a grey created
from the mixture of the three primary colours). He follows a law on the hierarchy of
colours intensity deducted from the analysis of several medieval paintings. This law
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takes as a base the yellow colour whose value corresponds to 1. The two other
primary, red and blue, correspond respectively to 2 and 3, and the secondary
colours, orange, green and purple, 3, 4 and 5. According to these observations, in a
yellow, red and blue decoration, the yellow has to occupy twice more surface than
the red and three times more than the blue so that the harmonious relations between
colours are preserved. An artist who chooses to use these three colours will thus
obtain logically red and blue motives on yellow bottom (with the red dominating in
quantity on the blue).
Whatever are the chosen tones, some muted hues, relatively neutral, always have to
cover the biggest surfaces whereas the pure colour are limited to small parts thus
accentuated.
The coloured light emanating from the stained glasses which enlightens the chapels
is also at the origin of this harmonious rule which attaches a major importance to
shades. According to the calculations of the architect, the coloured lights from
stained glasses tend to break down the pure colours and to weigh them down. To
fight this tendency, it is necessary to privilege modulated tones according to the
colour of glasses: "Thus, for example, if windows spread a slightly glazing lilac light
and what we want to obtain is a tone of blue, it is necessary to turn the blue into a
greenish hue"[5]. The influence of Chevreul’s writings is indisputable on this point.
Also, the value of colours to be applied must be chosen according to its intensity. If
we take the above example of the ornament with red and blue motives on yellow
bottom, the red and the blue have to be of different values, like a red brown and a
light blue.
Viollet-le-Duc lists three possibilities of harmony of tones used in Middle Ages:
- A binary harmony red / yellow with black and white (shade and light).
- A tertiary harmony red / yellow / blue with black and white or with only black. In
order to balance the set, this harmony involves necessarily the joint use of green,
purple and orange.
- A harmony obtained by all the colours with black and gold, where gold is then
substituted to white, occupies an essential place to complete or even restore the
harmony.
The necessity of coloured outlines
The systematic use of a black line as colours outlines is not only a graphic game
reminding stained-glass windows but it also makes a reference to the concepts of
simultaneous contrasts. Under the influence of the contrasts, we saw that colours
tend to merge and mutually “get dirty”. Black outlines prevent their direct
confrontation and this fusion feeling. According to Viollet-le-Duc’s observations,
brown-red tones and strong coloured oppositions do not require it.
Variation of colours according to the orientation of the chapels
The choice of the range of colours decorating every chapel was dictated by their
orientation and the light’s quality entering in each one of them. Starting from
observing that half of facing south chapels receives a much more lively and warmly
coloured light than the half facing north, Viollet-le-Duc chooses to keep this
difference to protect the harmonious balance. Consequently, the North chapels were
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provided with stained-glass windows in cold and pearly tones whereas South
chapels’ received windows in warm tones.
In order to keep the general harmony, the pallet of the paintings of every chapel
matches the colours of stained-glass windows (Figure 4).

Figure 4 - Cathedral Notre-Dame de Paris, Chapel Saint-Louis.

3.4. Technical and material characteristics

Concerning the restorations materials and realization’s techniques, Viollet-le-Duc
favoured the use of materials similar to the primitive ones, but, if the latter revealed
themselves to be of poor quality, he then used more solid modern substitutes.
The execution technique of Notre-Dame paintings is very badly documented. The
only apparently existing information is in Peintures murales des chapelles de NotreDame de Paris [2], where Viollet-le-Duc specifies:
« Le procédé de peinture employé est dû à M. Courtin ; nous avons pu reconnaître
les qualités de ce procédé, qui réunit une solidité au moins égale à celle de la
peinture à la cire la transparence & la fraîcheur de tons que donne la détrempe »
[2] (“ The painting process here in use is due to M. Courtin; we were able to
recognize the qualities of this process, which combines a solidity at least equal to
that of wax painting and a transparency and freshness of tones like the one given by
tempera”)
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In spite of in-depth researches, we didn’t find any document concerning this
“Courtin process” so praised by Viollet-le-Duc and its exact composition remains a
mystery. Maybe the techniques and materials used by the medieval painters of
Notre-Dame seemed too fragile to Viollet-le-Duc and he preferred a modern process
of better quality. But perhaps the “Courtin process” indicates a method similar to old
recipes. The importance which Viollet-le-Duc attached to the hard and solid
character of the process, close to the final aspect of wax paintings, is not indeed
fortuitous: a very wide-spread theory in the XIXth century wanted that murals
recently found in Pompeii were realized with wax polish, which would explain their
technical qualities (hardness, resistance in time) and artistic (depth, smooth finished
close to some polite marble) – further in-depth studies of these paintings proved that
they are realized in fresco.
4. Outside polychromies
All the previously studied points demonstrate a real motivation of Viollet-le-Duc to
restore Notre-Dame de Paris's internal polychromatic decorations. The outside
paintings did not have the same treatment, neither in Notre-Dame de Paris nor in the
other construction sites managed for by the architect and his decision was never
questioned.
Viollet-le-Duc described many timesNotre-Dame de Paris's outside polychromy, in
particular in the article "Painting" of his Dictionary [1]:
« Ainsi, à Notre-Dame de Paris, les trois portes, avec leurs voussures et leurs
tympans, étaient entièrement peintes et dorées, les quatre niches reliant ces portes,
et contenant quatre statues colossales, étaient également peintes. Au-dessus, la
galerie des rois formait une large litre toute colorée et dorée. La peinture, au-dessus
de cette litre, ne s’attachait plus qu’aux deux grandes arcades avec fenêtres, sous
les tours, et la rose centrale, qui étincelait de dorures ». (“Thus, in Notre-Dame, the
three doors, with their arches and their tympanums, were completely painted and
gilded, four niches connecting these doors, and containing four colossal statues,
were also painted. Above, the kings gallery shaped a wide coloured and gilded
border. The paint, over this border, did attach to no more than two big arches with
windows, under the towers, and the central rose window, which glistened with
gilts”).
Despite the numerous restorations executed on the facade of Notre-Dame, it was
nevertheless never questioned to restore the polychromy nor to colour the replaced
statues. This idea is not even suggested in the form of a possible future project in the
Report of the restoration project [5], and we didn’t find any trace of such an
intention somewhere else.
In the Middle Ages however, no difference was apparently made between internal
paintings and outside paintings and nobody would have been able to imagine a
religious monument with walls, architectonic decorations and sculptures were left
with a stone appearance: it would have been understood as unfinished, unthinkably
incomplete.
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This analysis allows us to underline and notice that, asking about the attitude of the
architect toward the polychromies’s restorations of the Gothic cathedrals does not
come down to estimate the coherence of its method with its theories. The question
actually opens up the way to a problem more profoundly anchored in the ideologies
of this time: a taste then almost universal for the purity of bare materials. These
monochrome limits, nearly achromes, imposed to architecture and sculpture since
the Reformation were so rooted in that time mentalities that the rediscovery of
antique polychromy by Quatremère de Quincy in 1814 [6], far from easing the
prejudices, actually re-launched the monumental polychromy debate between
opponents and defenders.
The architect’s differences of behaviour toward interior and exterior colour setting
are completely part of this historic context. Mural interior paintings, narrative or not,
were appreciated in the XIXth century. Ornament was fashionable and the
decorative aspect of interior paintings certainly had a positive influence. None of the
detractors of polychromies " of reliefs " (sculptures and architectonic elements)
would have thought of criticizing the internal polychromies. Unlike in the Middle
Age, in the XIXth century, these two practices did not belong to the same artistic
categories (this concept is always true nowadays).
In this context, it is very interesting to notice the ambiguity of the architect’s attitude
facing monumental exterior colour setting. In spite of its numerous positions against
the then used principles, Viollet-le-Duc had to compose with the prejudices of his
contemporaries and external factors such as coal pollution, then very present, and
the cost of the possible restorations.
In the article “Painting” of its Dictionary [1], Viollet-le-Duc admits that “ornamental
painting […] played an important role outside of buildings”. The totality of the
paragraph dedicated to exterior monumental polychromy is written in a positive tone
leaving no doubt about the architect’s favourable feelings for the object of his study.
Some passages clarify his opinion even more clearly. And so he notices:
« Pourquoi nous privons-nous de toutes ces ressources fournies par l’art ? Pourquoi
l’école dite classique prétend-elle que la froideur et la monotonie sont les
compagnes inséparables de la beauté, quand les Grecs, que l’on nous présente
comme les artistes par excellence, ont toujours coloré leurs édifices à l’intérieur
comme à l’extérieur, non pas timidement, mais à l’aide de couleurs d’une extrême
vivacité » (" Why do we deprive ourselves of all these resources provided by art?
Why does the so called classic school claims that coolness and monotony are
inseparable partners of beauty, when Ancient Greeks, introduced to us as the
ultimate artists, have always coloured their buildings inside as outside, not in a
bashful way, but with extremely bright colours ").
However, passages from the article Sculpture, in the same Dictionary [1], suggest
that Viollet-le-Duc had a more finely-shaded opinion. Rather than to analyse
sculptures in a global way, he separates the formal analysis and the analysis of the
possible polychromies. The descriptions that he makes of Notre-Dame portal
sculptures are thus very detailed, but strictly colour free. Also, pictures illustrating
the text are precise and meticulous line drawings, but without colour.
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It is only at the end of the article, after some long descriptions and formal studies of
medieval sculptures, that some passages tackle the issue of colour. The architect’s
tone is then very careful, as if soaked by all the quarrels on monumental
polychromy, which interested the majority of artists, architects and other
intellectuals of this time:
« Les artistes qui ont fait les admirables vitraux des XIIe et XIIIe siècles avaient une
connaissance trop parfaite de l’harmonie des couleurs pour ne pas appliquer cette
connaissance à la coloration de la sculpture. Et, à vrai dire, cela n’est point aussi
facile qu’on le pourrait croire tout d’abord. Les tentatives en ce genre qu’on a faites
de notre temps, prouvent que la difficulté en pareil cas est grande, au contraire,
quant on veut conserver à la sculpture sa gravité, son modèle, qu’on prétend obtenir
autre chose que des poupées habillées […] il faut reconnaître que la peinture
appliquée à la sculpture lui donne une valeur singulière, mais à la condition que
cette application soit faite avec intelligence et par des artistes qui ont acquis
l’expérience des effets de la couleur sur des objets modelés » (“The artists who
made admirable stained-glass windows of the XIIth and XIIIth centuries had a too
good knowledge of colour’s harmony for not applying this knowledge to sculpture
colouring. And, in truth, it is not as easy as we could believe it at first. Attempts
which have been made in our time, prove that the difficulty in such a case is big, on
the contrary, when we want to preserve in a sculpture its gravity and its model, we
claim to obtain something else rather than dressed dolls […] it is necessary to
recognize that paint applied to sculpture gives it a singular value, but provided that
this application be made with intelligence and by artists specialized on the effects of
colour on relief objects”).
Viollet-le-Duc warns against the effect of " dressed dolls " which apparently
characterizes the polychromatic sculptures of his time, but he does not go further
than this report and does not suggest trying to restore the polychromies "decently".
When talking about interior decoration, the architect criticized some of the works of
his contemporaries but proposed and carried out his own conception of things,
concerning the exterior polychromies. He does not go farther than written remarks.
These comments have much less eloquence and confidence than many of his
writings and only prove the ambiguity of his opinion on the issue.
But can we assume that Viollet-le-Duc’s personal opinion on polychromy is the only
explanation in the fact that he didn’t restore them? We would be tempted to answer
positively. Many other components could, indeed, be considered: the financial
aspect, a possible agreement (or disagreement) of the Church or some other
authorities able to wreck such a project. But there is a problem: no trace of project.
Nowhere in the papers of the architect is mentioned a plan, or, at least the will, to
restore exterior paintings. If pecuniary or " diplomatic " motivations had delayed or
cancelled the architect’s desires, he would have expressed loud and clear his
dissatisfaction and would have made every effort to find new solutions…
As an historian and archaeologist, Viollet-le-Duc had to recognize and, in a way,
appreciate the existence of Gothic monumental polychromy. But as a restorer, and
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especially as a man of the XIXth century, his opinion on sculpture was soaked by his
contemporaries colour free, pure and idealized view.
5. Conclusion
The only choice to restore a single aspect of this immense entity that we name
monumental polychromy contradicts Viollet-le-Duc’s own principle to give back the
monument restored to its primitive state. This "no restoration" of exterior
polychromies would be enough by itself to move forward a negative answer to the
question that we chose to answer at the beginning of this study. Renovations of
interior paintings only confirm this answer. The peculiarity of their realization (only
in the choir chapels) and the flagrant use of modern theories on colour are as many
"compromising" elements.
Notre-Dame de Paris's chapels paintings certainly show a very ingenious use of
Chevreul’s scientific theories. However, these principles do not correspond to
medieval realities and their use contradicts the architect’s restoration ideal.
Regarding exterior polychromies Viollet-le-Duc finally never grows away from his
colleagues’ ideas, which explains the absence of restoration attempts. It is of course
impossible for us to judge the architect’s attitude, it is inscribed in a totally different
context from ours and, even today, no restorer ventured to restore a whole cathedral
exterior polychromies.
Despite many incoherencies, the architect’s initiative was so innovative that we can
only keep positive aspects for the medieval heritage protection and for monumental
paintings restoration science advancement. Paintings that we hardly start to really
study, more than a hundred years after Viollet-le-Duc. It would be moreover very
interesting to examine the correctness, the accuracy and the relevance of any study
on sculpture or medieval architecture that doesn’t take into account polychromy.
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1. Introduction
The northwestern part of Algeria and in particular the region of Tlemcen is one of
the few places in Algeria that still has major representative monuments of Arabic
art. Its architecture attests of a thriving arts production. “One should be pleased to
admire what remains of the great royal city and jealously preserve its admirable
remains” [1].
The city of Tlemcen owes its embellishments to its successive dynasties; the
Almoravids, the Almohads, the Zianides and most particularly the Merinids [2].
Tlemcen’s monuments which span from the thirteenth to the middle of the
fourteenth centuries are contemporary to the great monuments of Granada in Spain.
They form a group of building associated with a period of full development of the
Andalusian architectural style. During their quarter-century long reign over the city,
the Merinids endowed Tlemcen of its most beautiful monuments, including Sidi
Boumediene compound, the Sidi'l-Halwi mosque, and the entire city of ElMansourah, of which, unfortunately only the main mosque’s minaret remains.
One of the elements that established the refined ornamentation of such buildings is
the scenery flat polychrome inlaid glazed pottery called mosaic of faience,
accompanied by stucco and wood decoration. Comparatively, the Zianides dynasty
produced Sidi Belahcen Mosque, the Mechouar Mosque and Palace and a school,
the Madrassa Taschfiniya. Zianides’ architecture is adorned with ceramic and
polychrome earthenware mosaics. The main sections of the faience mosaic (also
referred to as zellij) are cleverly juxtaposed and combined. They generally cover the
bases of walls, floors of courtyards, porches and door frames as well as the top parts
of minarets. The surfaces garnished with ceramics are the most colorful and the best
preserved ones.
The art of color is superimposed on the ceramic with geometric and floral
arabesques forms. The design of lines is mixed with that of the colors to provide the
place with a special atmosphere, highlight its architecture and its spatial and
architectural details. In fact, these materials conceal a rough masonry work, made of
rammed earth or unfinished bricks and provide an appearance of prosperity. “The
surfaces appear to be luxuriously adorned immediately evoking the taste of the
Muslim aristocracy” [3].
The geometry of the patterns and the fractals of this important heritage have been
widely studied. Comparatively, little has been done in terms of the study of color
design and arrangements. The objective of this work is to fill this gap. In the present
study, the analysis is restricted to a single monument where the polychrome of its
different pieces is explored. The relatively well preserved architectural ensemble of
Sidi Boumediene was selected for this study as the polychrome ceramics is widely
used. Other relevant monuments, such as the Madrasa Tachfiniya have been
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completely destroyed [4], only remain statements made by earlier French architects
of historical monuments, or some ceramics exhibited in the Museum Tlemcen.
The investigation methodology of the present study is based on a chromatic analysis
of the arrangements of colors and their derived psychological and symbolic
meanings.
2. Sidi Boumediene Compound
The Sidi Boumediene compound, located in the neighborhood of El Eubbad in the
city of Tlemcen, western Algeria, was built in honor of Abu Choaïb Madyane
(Boumediene) El Andaloussi, a teacher, writer and poet and pole of the Sufism
doctrine in Algeria and the Maghreb. The architectural ensemble includes the Sidi
Boumediene mosque, built in 1339 (739 AH) by the Merinid Sultan, Abu Hassan
Ali. It also includes the tomb of Saint Sidi Boumediene located nearby, and a
Madrasa (religious school) built in 1347 [2].
It is the flourishing ornamentation, mainly flat ceramic décor that makes this
building stand out as a remarkable heritage. Indeed, the entrance to the mosque is
made from a monumental porch, with a seven-meter high horseshoe arch, covering a
staircase which leads to the door of the mosque. On the front porch, a triple festoon
of brick inlaid with enamel of green netting, divides the frame into two parts: the
first, the Keystone, formed by a large circular border round the hanger, the second is
formed by two spandrels. The finishes of this framework, the amounts that support it
and the spandrels, are made by arabesques, floral decor with double palm interlaced,
regularly repeated, in mosaic tiled in four tones; white, brown, green and yellow
iron, framed by a green tone ceramic net. An epigraphic band in black on white
background, dedicated to Sultan Abu al-Hassan, is written above the rectangular
frame.

Fig. 1 – Monumental porch of Sidi Boumediene Mosque, covering a staircase with eleven steps covered with
multicolored diamond-shape ceramics . Source: author.
217

Fig. 2 – The front of the porch with a triple festoon of bricks inlaid with enamel of green netting. The tfinish is
highlighted by a four-tone floral decor. A majestic frieze ornatesthe upper part of the entrance porch
Source: http://www.vitamineca.com/mobile/photo-gm.php?p=articles/205/205935.jpg

The frieze which crowns the portal is decorated with inlaid bricks of brown enamel
plates and green bands above five radiating eight point rosettes. The intrados of the
arch carries a regular geometric white, yellow and brown ocher coating.
Eleven steps allow access to this porch and provide this arcade with a majestic base.
The stair risers are covered with diamond-shaped multicolored ceramics which
continues through the floor with polychrome faience. The subtle ornamentation
porch marks the threshold giving access to an introvert interior; the square courtyard
of the mosque, limited by the arch of the prayer hall in front of the main entrance,
embellished with a beautiful onyx basin for ablutions.
This courtyard, similar to that of the Madrasa of Sidi Boumediene (religious school),
is covered with mosaics, much less complex than the ornate porch. The ceramic is
composed with small diamonds of various colors. Tiles are assembled side by side
and arranged diagonally in rows of diamonds of the same nuance. They are also set
in bands through an arrangement of tones: manganese brown, copper green, iron
yellow and white. The diagonal bands, joined to each other form a checkerboard,
thus highlighting a grid floor.
Just as the porch and the door frame, the minaret, located at the northwest corner of
the mosque, is richly decorated with a polychrome mosaic. A frieze of inlaid
ceramic with large rosettes, result of a geometrical interlacing and star polygons,
delineates its upper part.
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Fig. 3 - Geometric design of the underside of the arch, with a light-dark contrast and a floral decoration of the arch
front. Source: left: author, right: watercolor by Duthoi 1872 [4].

3. Chromatic analysis
In Tlemcen, ceramic is represented by pavement tiles with stamping and by
multicolored tiles on stanniferous enamel.
The pigments as described and classified by Marçais [1] are as follows:
- White: beautiful dough, half-matt, slightly greenish, very little cracks
- Manganese brown: generally used very thick, as to form an almost black
tone.
- Yellow is iron yellow, rather impure, and produces a tan and spotted
yellow.
- Copper green has an intrinsic value and a very variable tone; in the same
decor it can appear as very dark and very deep, or very clear leaning
towards celadon or turquoise colors.
- The cobalt blue is quite rare; it does not seem to have been used in Tlemcen
before the second half of the sixteenth century. It is clear and almost pure.
This mosaic tile, in the form of enameled clay, is an assembly of varnished pieces
with different tones, cut according to a template and recessed into each other. These
pieces are molded, cooked and then coated with enamel and annealed again. They
are adjusted, arranged and placed in cardboard decorations plans established
beforehand. They are finally assembled and connected together with a mortar made
of lime and sand, to form large plates of approximately half a meter, which are then
fixed on the wall [1].
3.1. The porch

A flat polychrome setting highlights the grandeur of the porch and announces the
mosque with cursive writing and a combination of intertwined leaves and stems in a
set of curves and counter curves. The tones used are a very dark brown (almost
black), green, and tan-yellow, all on a white background. A green ceramic band
underlines the arch, scalloped bricks and other details of the porch.
219

This clever combination of ornamental flora symbolizes the infinite nature devoid of
a center [5]. For a Muslim, these forms are patterns whose repetition extends beyond
the visible material world; they are an expression of spirituality.
Islamic decoration is the least naturalistic art possible. The religious requirements
prohibiting human representation left a free hand to the Arab artists, to use the
imitation of plants [1].
This spirituality continues beyond the form, towards the world of colors. Indeed, the
Koran often contrasted white to black [6] as two contradictory elements of a pair;
light and darkness, day and night, shadow and light etc. In this floral composition,
the color contrast is very pronounced, creating a raised pattern effect: the floral
decor in dark brown seems to stand out from its white background (color contrast
between advancing and receding colors).
The clear-obscure (or chiaroscuro) is needed to develop not only a sense of
proportions, but also the connection between the dark form thought as positive and
the negative white. For painters, white and black are the strongest means of
expression for light and darkness [7]. From the point of view of their effects, white
and black are totally opposed. This type of contrast is also expressed in the Arabic
calligraphy
Here, white is the color of the visible light and black is the shadow that materializes
interception of this light, including that of the sun, representing a relaxing protection
from solar heat. It is part of the enjoyment in Paradise, which explains the desire to
create light and shadow effects.
Yellow and green colors are transitional colors between white and black. They are
also intermediate values. The floral decoration is related to vegetation and to the
garden of bliss promised to the Muslim [3]. This explains the use of the double palm
in green tone arranged with the black infinite rod that extends throughout the decor.
In Islam, green is the color of the vegetation, color of the eternity garden of fruit
trees, of green silk clothes, of different brocade sofas and carpets of paradise. The
green color is eternal in the afterlife, but ephemeral on earth. The aim was to fill the
surfaces with skillful combinations, by repeating various forms of ornamental plants.
The yellow palm leaf placed near the brown one (nearly black) is added to the floral
composition of the porch, which affirms the clear-obscure contrast. Here the yellow
color illuminates the chromatic ensemble. It replaces gold, gild and spark. It
represents the energy and the wealth of the Merinid dynasty. In our case study,
yellow is similar to the color of the brick and thus, creates harmony.
In this composition, the complementary shapes are coupled to an opposition between
two values or two colors: black and white, raw brick and glazed brick, whose
function is to disrupt the relationship between form and background. White on black
draws the lines of the pattern. This combination of shapes and colors allows the
transformation of the architectural context into a living and significant space.
Geometric patterns are combined with floral decoration. For example, on the surface
of the underside of the arc, there is a very pronounced oblique weft, creating brown
diamonds with identical shapes, which have the added geometric particularity to fit
together. These nearly black surfaces are surrounded by yellow bands. Their
composition is based on a clear/obscure contrast, creating a play of light and shadow
and a set of relief. At the same time, this combination of tone indicates a quality
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design, which is the contrast between the saturated and bright yellow and the dull
brown; de-saturated with the black. This would only accentuate the brightness of
yellow and gives it the brilliant effect of the gold color (The Merinides always
wanted to represent the golden color). This panoply of colors enhances and enriches
the white plaster. It creates frames design, light and shadows effects that animate the
arc, into a directory of mathematical techniques. Also, symbolically, the ornamental
abundance means prosperity.
3.2. The Mosque and Madrasa pavement

But more than vegetation, geometry gives rise in the Islamic context to an
ornamental exploitation that does not have its equivalent anywhere else [3].
First, stair risers of the stairs leading to the door of the mosque are decorated with
small multicolored diamonds, whose tones are identical to the porch colors; green,
black (dark brown) yellow on white background, all framed by a green ceramic
surround. These fragments in diamond, smaller than those which adorn the
courtyard of the mosque and the Madrasa, pleasantly decorate the staircase.
The gridded ground with fillets of diamonds is a formal system, where the geometry
associated with the color plays in counterpoint and highlights the fountain in the
middle of the patio. The diamond headbands are spread over the entire surface of the
courtyard and create a grid of alternating colors. Constructors have made a color
scheme of bright and dark tones with this surface area (yellow and white with
black), by creating a frame, like weaving or basketry.
Much variation on the principles of the frame has interesting similarities with the
textile arts [3]. With bands of dark diamonds, lines print their path on a background
of white diamonds.
The combinational logic of colors inside this frame creates visual effects.
Contrasting colors (black, white and yellow) accentuate the design of both frames
and patterns. The results are optical phenomena of vibration because the eye is often
undecided between clear and dark forms. The frame is a linear geometric
distribution of these compositions, resulting in a network combination. For the
viewer, the visual result is a moving and dynamic space, enlightened by white,
illuminated by yellow, punctuated by green. Black serves to emphasize and express
these nuances.
This polychrome geometric pattern possesses obviously, as those already mentioned,
a symbolic value given to this highly allegorical place of the mosque. Indeed, the
chromatic whole, punctuated by a green color, introduces the concept of the garden,
a glittering garden (with the use of yellow; color of gold and sparkle, of sun and its
reflections) to represent the Garden of Eden. This mode of expression enhances the
connotation, not the denotation, leaving the viewer with free rein in his
interpretation.
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Fig. 4 - The courtyard of Sidi Boumediene Mosque, with a polychrome mosaic of faience (brown, yellow, green and
white). Source: Author.

3.3. The Minaret

The minaret rises majestically above the architectural complex of Sidi Boumediene.
This is one of the prettiest still-standing specimens of its kind; by the synchronism
of its proportions, the variety of its toppings and finally, in order to be perceived; the
richness of ceramic coating that decorates its top [1].
The tile mosaic that adorns this pinnacle is composed of each side by a frieze of four
rosettes of rich geometrical construction. Decorative rosettes scheme has a symbolic
value, where polychrome stars (bright yellow, bypassing black tips, outlined by
white) are laden with celestial meanings; a dark starry sky. The clear-obscure
contrast is repeated. It emphasizes the spark of yellow, which forms a bright spot in
the dark surface that surrounds it.
To clarify the reading of the figures, the artist can assign to each element a different
color. But he can also disrupt the reading by playing on the simple alternation of
light and dark [3]. This abundant décor creates a sense of unreality faced with the
material reality of the monument, making it a pure decor, a heavenly dream, a
secluded place from worldliness.
A row of crenellations crowns the main body of the tower; they carry a mosaic
decoration unfortunately impacted by the elements. This is an adornment consisting
of white stars on a black background. The use of the bright star pattern (white on a
black background) is the incarnation of the celestial world. The pattern stands out as
a white active form on a dark background, thus highlighting it. Bands of green tones
underline the architectural style. With the clear-obscure contrast, the entire surface
takes a plastically animated feature.
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Fig. 5 - Minaret of the mosque with a geometric and polychrome decor of rosettes.
Source: left: watercolor Duthoi 1872 [4], right: author,

5. Conclusion
Earthenware mosaics played an important role in the decoration of the medieval
Arab architecture of Tlemcen. Its proven resistance to elements made it the best
exterior coating. Permanent colors are fixed to the portals, minarets, inside
courtyards spaces and mosques. Colors are used in isolated fragments or small
groups, and encrusted in a brick apparatus, as an exterior finish or shaped stone. The
tones are bright spots in the matt or dark surfaces that surround them. They are
either assembled in bands of a single tone highlighting architectural lines and
facilitating formal reading, or into complete panels, composed of interlacing
geometric, floral designs, mostly on white background. Color gradients that suggest
the volumes have been replaced by a play of contrasting oppositions, reflecting a
more graphic understanding of the form [3].
The visual impacts of these adorned spaces are intimately related to the magnificent
adorning which covers them. Indeed, polychrome ceramics transform the look of the
architectural space. It has a decisive influence on the appearance of a building and
the atmosphere that emerges, giving an identity to its geometric composition. This
ceramics adorning the flat surfaces and its colors in chiaroscuro contrast provide the
impressions of relief; form and substance effect; light and darkness…
The use of color deliberately destabilizes a static geometrical design by introducing
a new dynamic in architecture [8]. Furthermore, each color symbolizes a state of fact
in our world on earth or in the hereafter, combining psychology and physiology. The
aim of this ornamentation is aesthetic, philosophical and symbolic.
This know-how is characteristic of an epoch and a civilization; inherited from the
generations that preceded us. The image of this architecture, its aesthetic and its
polychrome is a visual memory that enhances the built heritage and improves the
quality of the present built environment.
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1. Introduction
Within a European project1, Centro Conservazione e Restauro “La Venaria Reale”
(CCR, Italy) in collaboration with Couleurs de Plantes (CdP, Rochefort, France) and
ARRDHOR CRITT Horticole (CRITT, Rochefort, France) recently experienced an
eco-innovative application of natural dyeing in the restoration of an ancient tapestry.
For integrating lacunae on historical tapestries, it is necessary to use fibres - suitable
for restoration - dyed ad hoc in the requested colour. Nowadays most of restorers
use synthetic pre-metallized dyes, which contain heavy metals such as chrome and
cobalt. The idea of testing eco-friendly products for dyeing arose from the necessity
of protecting operator health and reducing environmental impact.
On the other hand, synthetic dyes are very easy-to-use, as you can get requested
colour in a one-step process, varying relative ratios of three primary dyes and their
concentration in the dyeing bath. Once fibres dried, they are ready-to-use.
Since project started, we guessed that natural dyes, coming from different flowers
and plants, would not behave at the same manner of synthetics and that colour
reproduction would be more difficult. Moreover, the use of natural dyes requires to
treating fibres preliminarily with a mordant, implying a two-step dyeing process [1].
The challenge was to offer to restorers a complete palette of colours and recipes with
natural products and with streamlined dyeing processes.
Colorimetric and spectrophotometric analyses provided useful data for studying
behaviour and interaction of those products and for getting some colours – as a
yellow, a green and a brown - specifically requested in the restoration intervention
of a XVII century tapestry.
2. Experimental and method
Among the colour triangles currently used by restorers as reference for dyeing, we
considered the yellow, magenta and grey (YMG) triangle (figure 1). In this triangle,
pre-metallized primary colours at the maximum saturation value lie at vertex and
two-dye mixtures lie on the triangle sides. All the others are three-dye mixtures.
Inside the triangle, relative ratios among dyes change with a 10% step from 0% to
100%, forming in total 66 colours (i.e. Y:20%, G:50%, M:30%). As mentioned,

1

INNOCOLORS CROSSTEXNET ERA-PROJECT 2011 “Study of stability of traditional natural dyes
and their interaction with textile fibers in comparison with new natural dyes and new dye techniques,
applicability to industrial production and restoration of ancient textiles”.
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operator can obtain simply further colours, since it possible to change hue modifying
dyes’ ratio and to change saturation varying dyes’ concentration in the dyeing bath.
In the preliminary, practice part of the project, CRITT tried to reproduce the YMG
triangle using natural dyes and non-toxic mordants produced by CdP and testing
more than three hundred recipes. The set of recipes, simulating the 66 synthetic
colours, contains old fustic, weld, madder, dyer’s broom, myrobalan, logwood,
cochineal and alder buckthorn as dyes, and aluminium lactate, titanium oxalate,
copper acetate, iron lactate, woad and gallnuts as mordants. As textile support,
CRITT used commercial wool yards that are compact and elastic likewise the
restoration wool, but more easily available.
Firstly, by means of colorimetric analyses we compared the colours of the original
synthetic triangle to the natural ones made by CRITT and we recognized a critical
area inside both the two triangles that means an area where colour deeply changes
moving from one sample to the other. So, for completing the palette, it would be
necessary to obtain in that area other intermediate colours. While the use and the
matching of synthetic dyes give predictable colours, we supposed it would be
difficult to obtain intermediate colours by using natural dyes, in that area above all.
Therefore, in the second phase of the research, we deepened the study about dyes
and mordants’ behaviour by spectrophotometric and colorimetric analyses, aiming at
individuating recipes that could integrate the set of references providing to restorer a
more complete palette.
At the end, thanks to a general comprehension about mordants’ contribution to the
fibres’ final colours, we could modify some CRITT recipes in order to reproduce on
restoration wool2 samples precise colours, requested by restorers for the tapestry’s
integration. On these samples, we could evaluate by colorimetric analyses three
important aspects: the influence of the different textile support on the final colour;
the possibility of preparing fibres before (treating them with mordants in a previous
separate moment), in order to offer to restorers a faster and streamlined dyeing
process; the colour fading and light stability of dyeing.

Fig. 1 – One of the colour triangle of pre-metallized dyes based on yellow, magenta and grey (YMG) primary colours.
2

Wool weave yards BE-MI-VA, title 2/22 nm, colour 27666 15/00351.
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Colorimetric analyses were carried out by means of a spectrophotometer Konica
Minolta CM700d that works in a d/8° optical geometry along a 400 nm to 700 nm
wavelength range, with a 10 nm step resolution. The instrument was set to provide
CIELAB 1976 (L*, a*, b*, Cab*) chromatic coordinates, where L* corresponds to
brightness, a* from negative to positive corresponds respectively to the green or red
component and b* from negative to positive corresponds respectively to the blue or
yellow component, for standard illuminant D65.
Colour differences (ΔE00) were calculated from those coordinates using the
CIEDE2000 formula [2, 3].
Spectrophotometric analyses were performed in Fibre Optics Reflectance
Spectroscopy (FORS), using an Ocean Optics HR2000+ES spectrophotometer and
an Ocean Optics HL2000 halogen lamp, bounded by optical fibres of 400 µm in
diameter, working in a 2x45°/0° geometry and collecting spectra along a 350 nm to
1000 nm wavelength range with a 0,5 step resolution.
3. Research
3.1. Synthetic and natural colour triangles

Comparing synthetic colour triangle to the one reproduced by CRITT with natural
dyes, we did not find in general a perfect correspondence. In fact, the average ΔE00
calculated between any sample and its reproduction with natural dyeing is around
19.7 and this is principally due to the different level of saturation. Colours obtained
from natural dyeing appear, in fact, more saturated, showing averagely lower L*
values (average ΔL*CRITT-YMG: -17.8). Anyway, this alone should not be a problem,
since in general it is possible to weak the colour simply diluting the dyeing bath.
For comprehending behaviours of synthetic dyes, we firstly focused on the three
sides of the YMG triangle, where there are binary mixtures (YM, YG and GM), so
working with two only variables.
The first result was that the sides of the triangle behave as a sort of chromatic scale
of equidistant colours, so representing a satisfying palette for restorer, excluding the
area near to the yellow vertex. In fact, ΔE00 calculated between synthetic close
samples show always low and homogenous values of around 3 units, but in that
critical area: as shown in table 1, adding 10% of magenta or grey into pure yellow,
ΔE00 respect to yellow can rise up to 26 units. This means that operator can obtain
almost all possible colours exploiting that palette, but he could probably obtain
many other intermediate colours starting from pure yellow.
Considering CRITT samples simulating the triangle’s sides, one problem about the
use of natural dyes emerges soon: ΔE00 calculated between close natural samples
(table 1, white columns) are high and non-homogenous, suggesting that operator
should not use them as a palette of equidistant colours. Analysing values hue a* and
b* values, in fact, we noticed they have discontinuous trends all along the triangle’s
sides (orange curves, figure 2). Moreover, the problem of a critical area near yellow
vertex exists also in the natural palette, as confirmed again by ΔE00 values (table 1).
Those outcomes addressed us to deepen the research on natural yellow and green
yellowish dyes and their behaviours.
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SAMPLES OF COLOURS ALONG THE YMG TRIANGLE’S SIDES

ΔE00
between
close
samples

CRITT
natural
dyeing
ΔE00
between
close
samples

19,2
11,3
5,1
4,3
1,2
3,4
2,1

19,1
12,2
11,4
6,3
7,2
7,3
15,3

Pre-metallized
YM mixtures
Mag
enta
%
0
10
20
30
40
50
60
70

Pre-metallized
YG mixtures
Grey
%
0
10
20
30
40
50
60
70

ΔE00
between
close
samples
26,3
9,2
6,4
4,1
3,2
3,1
3,1

CRITT
natural
dyeing
ΔE00
between
close
samples
12,4
21,3
14,5
5,1
18,2
5,4

Pre-metallized
MG mixtures
Grey
%
0
10
20
30
40
50
60
70

ΔE00 between
close
samples
5,2
4,1
2,2
2,1
2,3
2,3
2,1

CRITT
natural
dyeing
ΔE00
between
close
samples
6,2
11,3
7,4
3,3
4,1
5,2
4,2

80
2,2
7,2
80
2,4
6,1
80
2,4
5,3
90
2,4
2,2
90
2,2
4,1
90
1,2
4,1
100
3,3
3,4
100
2,1
3,2
100
1,3
3,2
Tab. 1 – Trends of the ΔE00 calculated between couples of close samples along the YMG triangle’ sides and between
their respective couples of samples reproduced by CRITT with natural ingredients.

Fig. 2 Trends of a* and b* values in pre-metallized dyeing along the triangle sides (blue curves) and respective
reproductions made by CRITT with natural dyes (orange curves).
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3.2. Natural dyes and non-toxic mordants behavior

Inside the collection of natural samples made by CRITT, many recipes contain more
than one dye and/or more than one mordant.
As mentioned, mordants used in the 66 colours that simulate the synthetic triangle
are aluminium lactate, iron lactate, copper acetate and titanium oxalate.
Trying to understand their effect on the fibres final colour, we chose groups of
samples dyed with one only dye, and treated with anyone of those mordant, with
fixed values of concentrations.
Studying and comparing samples by means of colorimetric and spectrophotometric
analyses, we could appreciate how mordants have some distinct effects on the
fibres’ final colour.
In particular:
- the use of iron lactate as mordant makes the colour browner;
- the use of aluminium lactate makes the colour brighter;
- the use of titanium lactate or of copper acetate have a similar effect and
colour is more or less intermediate in relation to the previous two cases;
- copper acetate makes the colour a little bit greener, even if the greening
effect is obviously less visible in green samples.
For instance, inside the group of green samples, we did not individuate relevant
colour differences that could be clearly ascribable to the different mordant.
Nevertheless, we could verify that iron lactate, in general, makes colour a little bit
browner. Table 4 and figure 3 relate to green samples dyed with chlorophyll: here,
the use of aluminium lactate, copper acetate and titanium oxalate yield to the fibres
the same colour - as shown by chromatic coordinates -, while the fibres treated with
iron lactate are browner, showing lower L* and a* values and a higher b* value. On
the other hand, their reflectance spectra are all comparable: in all four spectra,
absorption bands are all aligned at the same wavelength ranges suggesting they are
due to the dye, while it is not possible to recognize any spectral characteristic
directly ascribable to mordants.
Inside the wider group of yellow and yellowish samples, it is possible to observe by
the naked eye that samples treated with aluminium lactate are the lightest ones while
the ones treated with iron lactate are the darkest ones and appear browner. On the
contrary, fibres treated with copper acetate and titanium oxalate appear quite similar,
even if copper yield to a lightly greener colour.
CRITT sample name

CRITT recipe
CIELAB 1976 chromatic coordinates
Mordant
Dyes
L*
a*
b*
284 2% aluminium lactate
Chloropyll 1%
56,1
-9,5
16,0
285 2% iron lactate
Chloropyll 1%
52,9
-7,0
20,1
286 2% copper acetate
Chloropyll 1%
58,2
-9,3
17,8
287 2% titanium oxalate
Chloropyll 1%
58,2
-9,4
17,8
Tab. 2 – CIELAB1976 coordinates of samples dyed with chlorophyll, previously treated with four different mordants.
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Fig. 3 – Reflectance spectra of samples dyed with chlorophyll, previously treated with four different mordants.

Table 3 and figure 4 relate to a yellow samples dyed with old fustic. In this case,
colorimetric values give evidence of the browning caused by iron-based mordant, of
the brightness caused by aluminium and of the greening (lower a* value) due to the
copper, visible by comparing samples 347 and 348. Reflectance spectra have, in
fact, different behaviours, showing low reflectance values in the case of iron lactate
treatment and higher values in the case of aluminium lactate, where it is also visible
a flex at around 490 nm. Differently from the case of chlorophyll, it seems
impossible to recognize spectral characteristics clearly ascribable to old fustic inside
the considered wavelength range.
Also concerning pink samples, the use of aluminium lactate gives the brightest
result, while iron lactate makes the final colour browner and darker. As for green
and yellow samples, titanium oxalate and copper acetate have similar effects on the
final colour, even if you can distinguish lower a* and b* values in the case of copper
based treatment.
Table 4 refers to the group of pink samples dyed with madder, reported as example
of those chromatic behaviors. In figure 5, FORS spectra of samples treated with
aluminium-, copper- and titanium-based mordants show characteristic and
recognizable spectral behavior of madder [4, 5]. On the contrary, the use of iron
lactate involves a deep flattening of the reflectance curve and a shift of the main flex
(600 nm) towards longer wavelengths range, identifiable in the browning effect of
the sample.
The knowledge about the influence of different mordants in the final colour helped
us in modifying some CRITT recipes, with the final aim of getting precise colors
requested for tapestry’s restoration.
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CRITT sample name

CRITT recipe
CIELAB 1976 chromatic coordinates
Mordant
Dyes
L*
a*
b*
345 2% aluminium lactate
Old fustic2%
55,5
4,1
37,7
346 2% iron lactate
Old fustic2%
35,8
3,6
19,0
347 2% copper acetate
Old fustic2%
46,9
6,4
38,4
348 2% titanium oxalate
Old fustic2%
50,7
9,7
40,9
Tab. 3 - CIELAB1976 coordinates of samples dyed with old fustic, previously treated with four different mordants.
CRITT sample name

CRITT recipe
CIELAB 1976 chromatic coordinates
Mordant
Dyes
L*
a*
b*
156 2% aluminium lactate
Madder 2%
45,3
34,8
20,5
45 2% iron lactate
Madder 2%
32,7
10,3
9,3
158 2% copper acetate
Madder 2%
46,8
16,5
9,6
3 2% titanium oxalate
Madder 2%
43,3
25,7
15,6
Tab. 4 - CIELAB1976 coordinates of samples dyed with madder, previously treated with four different mordants.

Fig. 4 - Reflectance spectra of samples dyed with fustet, previously treated with four different mordants.

Fig. 5 - Reflectance spectra of samples dyed with madder, previously treated with four different mordants.
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4. Application
4.1. Test on textile support

As mentioned, CRITT had tested recipes on samples of commercial wool. Since
wool generally undergoes some chemical treatment - as blanching or softening made
with products such as silicon that can inhibit the dyeing – we reproduced some
recipes as they are on restoration wool, in order to evaluate the influence of the
textile support on the final colour.
Comparing colorimetric values of commercial and restoration wool yarns – as they
are and when dyed with the same recipe – we could evaluate the colour difference.
As reported in table 5, commercial wool not dyed is of a brighter white, probably
because of some blanching treatment received during the production process, while
restoration wool not dyed is more yellow and a little bit darker, showing a colour
difference (ΔE00) of 19,2 units. Nevertheless, the starting colour of restoration wool
seems not to have a relevant influence on the yarns’ final colour (ΔE00 around 1).
As table 5 shows, two green samples both treated with 2% iron lactate and dyed with
2% old fustic (recipe n° 46) have very similar chromatic coordinates, with a ΔE00 of
1.2 units. The other example relates to two grey samples, both treated with 2% iron
lactate and dyed with 3% myrobalan, which show a ΔE00 of 1 unit.
PreCRITT – Natural dyeing
CCR – Natural dyeing on
Colour difference
Natural dyes
on commercial wool
restoration wool
CIEDE2000
metall.
Recipe n°
dyes
L*
a*
b*
L*
a*
b*
ΔE00
YMG %
(NOT DYED WOOL)
88,7
-0,4
10,5
83,8
0,62
12,8
19,2
Y:70%
M:10%
46 - CCR 46
38,7
3,9
18,6
39,9
3,2
17,7
1,2
G:20%
Y: 60%
M: 20%
50 - CCR 50
36,8
4,0
7,4
36,8
3,6
6,2
1,0
G: 20%
Tab. 5 - Colour difference between commercial and restoration wool and effects on some dyeing’s final colour.

4.2 Test on a streamlined dyeing process

Since all natural recipes require a two-step dyeing process - the first one involving
the treatment with mordants, the second one concerning the dyeing of fibres while
they are still wet - we imagined a way for providing to restorers a streamlined
dyeing process, shortening the working time.
The idea was to supply to restorers fibres already treated with mordants at different
levels of mordant concentration. As the mordant effect and its concentration are
decisive in the final colour of fibres, restorers should use that set of fibres,
differently pre-treated, for varying whatever recipe and obtaining different colours.
For this reason, we had to verify if an interruption between the first and the second
step of the dyeing process could have some effect in the final colour.
Comparing some samples dyed following the normal process to other ones dyed 28
days after the mordant treatment, the ΔE00 results averagely of 1.4 units, confirming
it is possible to interrupt the dyeing process without causing any relevant variation.
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4.3 Achievement of fitting colours requested for restoration

The restoration intervention on the historical tapestry required fibres of some fitting
colours, for integrating original areas that displayed some lacunae.
As mentioned, most of colours requested were lightly different from the ones
obtained by CRITT.
The first work of colour finding involved a yellow: it was necessary to get a colour
similar to the pre-metallized Y 100% sample, but lightly darker and a little bit
greenish. The Y 100% sample had been reproduced by CRITT using 10%
aluminium lactate as mordant and 5% old fustic with 5% weld as dyes. Starting from
that recipe, we modified dyes’ concentration as shown in table 6, adding also iron
lactate to get the browning effect: sample CCR 1f fitted well the requested colour
and it was used for restoration.
“COLOUR FINDING”: YELLOW
CCR sample
name
Original tapestry

Dyeing recipe
Mordant
-

CCR 1

10% aluminium lactate

CCR 1b

10% aluminium lactate

Dyes
5% old fustic
5% weld
6% fustet
3% weld

L*
43,7

a*
9,4

b*
32,5

Colour difference CIEDE2000
relative to the original tapestry
ΔE00
-

64,5

4,9

54,7

23,8

66,0

4,8

57,6

25,4

CIELAB 1976

10% aluminium lactate
10% Fustet
54,3
3,7
49,0
15,6
0,5% iron lactate
10% aluminium lactate
CCR 1e
0,5% iron lactate
10% Fustet
51,9
15,6 54,7
11,2
1% titanium oxalate
8% aluminium lactate
CCR 1f
10% Fustet
47,2
3,2
39,9
8,6
1% iron lactate
Tab. 6 – Schema of the CIELAB1976 chromatic coordinates measured on a yellow area of the historical tapestry,
compared to some samples made by CCR using natural dyes and non-toxic mordants modifying CRITT recipe.
CCR 1d

After that, we worked on a grayish brown colour: in this case, the most similar
synthetic sample was a three-dye mixture made with Y:60%, M:20% and G:20%.
Its reproduction with natural ingredient contained 2% iron lactate as mordant and
1% old fustic and 1% madder as dyes.
Since restoration required a browner colour, we firstly added iron lactate to the
mordant, increasing contemporarily dyes quantities (sample 49b, table 7). While
iron mordant had given the desired effect to the colour, probably the increasing of
madder carried it towards a too red hue. Therefore, we modified again dyes ratios
finding at the end a suitable colour for restoration.
Table 8 shows other examples about green colours. The first (CCR 46) is one of the
cases in which the recipe gave a good correspondence with the green original
tapestry area, so that restorer could exploit the recipe as it is. The second case is
about the recipe made with old fustic and weld, and with iron and copper-based
mordants (CCR 51), in which we could get the right colour varying mordants (see
CCR 51a, table 8).

233

“COLOUR FINDING”: GRAYISH BROWN
CCR sample
name

Dyeing recipe

CIELAB 1976

Dyes
L*
a*
b*
26,0
3,6
8,9
1% old
CCR 49
2% iron lactate
fustic
34,2
6,6
11,6
7,2
1% madder
5% madder
CCR 49b
5% iron lactate
23,3
7,3
8,6
4,7
5% fustet
10% old
CCR 49c
5% iron lactate
fustic
28,7
5,1
14,5
4,4
1% madder
8% fustet
CCR 49d
5% iron lactate
24,6
6,0
11,6
3,0
2% madder
Tab. 7 – Schema of CIELAB1976 chromatic coordinates measured on a grayish brown area of the historical tapestry,
compared to some samples made by CCR using natural dyes and non-toxic mordants modifying CRITT recipe.
Original tapestry

Mordant
-

Colour difference CIEDE2000
relative to the original tapestry
ΔE00
-

“COLOUR FINDING”: GREEN
CCR sample
name

Dyeing recipe

CIELAB 1976

Dyes
L*
a*
b*
43,1
4,4
17,9
2% fustet
39,9
3,2
17,7
1% fustet
CCR 51
46,79 1,79 30,64
9,7
1% weld
1% fustet
CCR 51a
2% iron lactate
40,9
3,4
18,7
2,4
1% weld
Tab. 8 – Schema of the CIELAB1976 chromatic coordinates measured on a green area of the historical tapestry,
compared to some samples made by CCR using natural dyes and non-toxic mordant modifying CRITT recipe.
Original tapestry
CCR 46

Mordant
2% iron lactate
1% iron lactate
1% copper acetate

Colour difference CIEDE2000
relative to the original tapestry
ΔE00
3,1

4.4 Light-stability evaluation of dyed samples

In order to verify the light-stability of the natural ingredients we used, we submitted
all dyed samples to an accelerated ageing by means of a controlled light exposure.
We used a Camera Sun-Test CP equipped with a Xenon lamp (1500 W) that
provides an irradiation of about 750 W/m2; a filter cuts the wavelength range under
320 nm, aiming at simulating the solar light indoor exposure of samples through a
window.
Table 9 shows some representative dyed samples, reporting their chromatic
coordinates and the colour differences calculated before and after the light exposure.
The result was that samples underwent a feeble discoloration after 24 hours
exposure, suggesting they can be used for restoration.
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CCR
sample
name

CIELAB 1976 chromatic
coordinates
before light exposure
L*
a*
b*

CIELAB 1976 chromatic
coordinates
after 24 hours of light exposure
L*
a*
b*

CCR 46
42,6
3,5
18,0
44,7
4,0
18,3
CCR 51
54,1
1,6
28,7
54,2
3,1
27,5
CCR 51a
46,3
3,4
17,7
47,8
4,5
18,9
CCR 1f
54,0
17,2
54,8
51,5
15,2
46,6
CCR 49
36,2
6,5
10,8
37,7
6,5
12,8
CCR 49b
25,8
7,2
8,5
27,8
6,5
9,5
CCR 49c
30,9
6,9
13,4
30,9
6,5
12,8
CCR 49d
29,4
6,3
12,4
31,3
6,7
13,2
Tab. 9 - Colour differences ΔE00 measured on some samples after 24 h of UV exposure.

Colour difference
CIEDE2000 before and
after light exposure
ΔE00
2,0
1,8
1,7
3,8
2,1
1,9
0,5
1,6

5. Conclusions
In the field of textile restoration, most of restorers now use synthetic pre-metallized
dyes, which contain heavy metals such as chrome and cobalt. All tests made within
this project on eco-friendly products for dyeing, risen from the necessity of
protecting operator health and reducing environmental impact, allowed to provide an
efficient alternative for dyeing.
Using natural dyes (old fustic, weld, madder, dyer’s broom, myrobalan, logwood,
cochineal and alder buckthorn) and non-toxic mordants (aluminium lactate, titanium
oxalate, copper acetate, iron lactate, woad and gallnuts) produced by CdP, in fact,
CRITT prepared with different recipes a wide set of coloured samples, that can be
used as a new reference palette for dyeing.
Moreover, the spectrophotometric and colorimetric study about mordants, carried
out at CCR, provided useful indication for comprehending how to modify recipes
whenever the restoration intervention requests further colours. For those cases, it
should be even possible to equip restoration laboratories with fibres pre-treated with
mordants at different values of concentration: therefore, the dyeing process at the
expense of restorer would be also extremely streamlined.
Thanks to this project, a yellow, a green and a brown obtained by modifying some
CRITT recipes were used by restorers to integrate lacunae of a XVII century
tapestry. On the other hand, FORS spectra collected on more than three hundred
samples represent now a new database on which to deepen the research, also by
means of other spectroscopic techniques, in order to use data as diagnostic tool for
future investigation.
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1. The Church of San Domenico in the Old City of Bari, its history and
its condition (2)
On the edge of the old city of Bari, after the Spanish domination were created,
instead of the medieval walls, a row of monastery. Between them there was the
Dominicans’ convent.
It is clear even now looking the coast line where the monastery survived since now,
and constitutes important spaces for development and implementation for the
cultural public activities. In the last few years the Italian Ministry for the Cultural
Heritage started the procedure to turn in museum and offices for the conservation of
the heritage two important areas.
On the other side of the historic town there is not so simple to understand today the
ancient form of the city edge because of the Nineteen century urban transformation.
After the national unification, in fact, the religious goods passed in the public
property and what remains of the ancient fortification of the medieval town, and the
structure that on that wall was constructed, were demolished to realize the great way
in the name of the king “Vittorio Emanuele II”. The building facing on that way
were totally remade, al least for their façade. Most of them were converted in public
offices.
Our Monastery, on the corner of the old city on the way “Corso Vittorio Emanuele
II” was used as police department. with great demolition and reconstruction. mostly
on the side of the modern city to the south. On the north side, the area facing the old
city was more conserved in a first time, but half century later, when it needs a
reinforcement of the roof and the ceilings, this part too have heavy modifications,
even if this time was decided to preserve the historical façade.
It was saved only the baroque church of “San Domenico” that occupied the NorthWest corner of the complex, facing the old city on the sight of the castle entrance
realized in the fifteenth century.
The church is now lead by the Confraternity of the Blessed Virgin Mary of the
Rosary and is now quite unapproachable from the near building, on the East and
South side even if it was once its own monastery.
For the truth there is still the possibility to attend at the ceremony from a little
balcony approachable from one room at the second floor of the Police Department,
getting through a decadent door quite hidden in a wall.
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The condition decay of the
church imposed in 2011 a
pressing intervention on the
covers for some infiltrations
of meteoric water. In this
circumstance was clear that
the complex of the church
suffers by a strong decay
condition coming out from
several years of lacking of
maintenance interventions.
The main degradations are
caused by the diffuse
problem
of
rising
groundwater
of
the
historical center added to
some specific condition of
the building. Like the
situation to be partially
covered with buildings
surrounding,
higher
in
volume, which does not
allow nor proper lighting,
nor a proper flow of winds.
All of that led to an
important state of decay on
the west wall of the church
that face on a very narrow
street.
One of the matter that
improve the condition of
rising
groundwater
especially for this building
is the great differences
Figg. 1 and 2 – Eighteenth-century perspective map of the city of Bari
and map of the transformation of the urban edge over the centuries
between sub-foundations of
XVIII-XX.
the church and of the Police
Department. In fact when the Public palace was consolidated, the works caused an
important increment of weight and it was necessary to work on the foundation level.
The great weight of the nearest palace joined with a different kind of foundation
(less permeable to the water) makes the floor of the church to be imbued up to have
the outcrops of water on the pavement, even if, over the years, is replaced with a
new marble paving whit a new screed and it is realized a baseboard: with marble
slice (breathable with an inner air-chamber) along the inner walls, and with
dehumidifying plaster on the exterior face up to 3 meters high.
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Moreover, the problem of rising water remain despite the fact that, below the current
paving, are present cavity (ossuaries), even if not circulated under the entire surface
of the church.

Figg. 3 and 4 – Previous inner and outer intervention for dehumificate the façade.

2. The intervention on the West wall of the Church of San Domenico (1)
Now the Confraternity decided to restore the church, the first part of the work (just
concluded) have to be started from the most critical area: the external face of the
West wall. At the moment of the work the lower part of the facade was covered by a
encrustation of macroporous plaster, and the most of the upper surface, in square
blocks of tuff, was very deteriorated by black crust and joints filled in concrete
mortar, over a very diffuse state of tartar, alveolization and erosion of the stone
surface.
The operation of restoration started with the research of the original condition, first
trough the archive documentation, and immediately after on the monument itself.
Unfortunately the large amount of work that the church has undergone erased many
traces.

Figg. 5 and 6 – Removing of the plaster and first cleaning test.

In this condition we tried to preserve all the surviving traces and rebuild the lost
image of the church so all the phases of the work were conducted like in antiquity.
The mortar was realized in place in calck mixed whith grinded tuff and pozzolan to
have the correct base for the further finishing intervention. We cared to the
chromatic balance of the mortar within the tuff blocks because of their continuous
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variation, in order to preserve a material and chromatic homogeneity of the façade,
even when, over the time, the protective layers will be disaggregated and missing.

Figg. 7 and 8 – first test of the mortar color mixes according with the nearest stone color.

Figg. 9 and 10 – examples of different condition of decay and of the area of color of different stones.

Figg. 11 and 12 – The bland-plaster to protect the tuff surface. The material in the photographs not completely dry,
so is possible to see easily the differences of the surface and of the thickness of the mortar to accompany the tuff
blocks.

After this phase, different solutions have been proposed for a kind of bland-plaster
(“scialbo”) more or less greasy in order to find the right balance between the issue of
the protection of the materials and the preservation of the historical image of the
church that in the popular sight have lost the plaster.
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The historical sight however report a blank surface, and the rests of the ancient
“scialbo” find on the surface was very thick and “greasy” so, with the agreement of
the Superintendence of Cultural Heritage, is finaly decided to restore the plaster
protection.
In the opinion of the authors, in this case, it was possible to return at a finish that is
testimony of his time, faithful in material and function.
In opposition the fashion of the "stone face view" that today invests equally all
historical centers and all types of masonry techniques, and that is a real danger for
the conservation, and a great false for the memory of our sites. That in the past was
surely more colored than the only stone color, and surely more durable than some
stone are in front of the bad weather.

Fig. 11 – near view of the plaster in course of working to understand the differences of thickness and the
accompaning of the tuff blocks surfaces.

Please note that paragraph 1 is by G. Martines, paragraph 2 is by O. Ferrieri Caputi
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1. Introduction
The knowledge of the optical characteristics of pigments used by craftsmen in the
olden time represents an important starting point for the study and characterization
of paintings.
In ancient time the pigments, depending on their nature, were often used in the
form of powder. Depending on their physical structure, the particles can be
distinguished into primary particles, conglomerates and aggregates [1]. The
pigments most often show up in the form of conglomerates from which, depending
on the grinding degree, particles of different form and dimension are obtained.
The optical properties and, in particular, the hiding power, the tinting strength and
the colour depend on the dimension and size of pigment grains [2].
The hiding power is the pigment capacity to make opaque the medium in which it
is dissolved. The hiding power is proportional to the difference between the
refractive index of the pigment and that one of the dispersing medium and it also
depends on the size and shape of the particles. It is known that, for a given size,
spherical shaped particles have higher hiding power [2].
The ability of a pigment to impart colour to the medium in which it is applied is
called tinting strength [2].
The pigment colour can be defined in terms of hue, brightness and saturation [3],
parameters that depend on the light interaction with the pigment. In addition to
incident light scattering and/or reflection, the selective absorption of different
wavelength photons is decisive in colour perception.
Unlike the modern ones, the hand-ground pigments used in the olden time were not
constituted by particles having all the same dimensions. In ancient times the
painters knew, on the basis of their experience, that excessive grinding of some
pigments determined the loss of colour or a saturation change. It was known that
each pigment had to be ground with different fineness degrees. They knew, for
example, that colour of cobalt blue, malachite and azurite would desaturate if they
were ground too finely. This is due to the fact that pigment colour depends on the
selective absorption of spectral components and, in the case of grains with too
small dimensions, the contribution of diffused white light component is prevalent
[4].
Depending on particle size, two types of pigments can be distinguished: “fine
grain” pigments with dimensions of grains lower than 1 µm, “medium grain” if the
dimensions fall within the range between 1 µm and 10 µm e “coarse grain” if they
are constituted by particles with a diameter of more than 10 μm. The dimensions of
the artistic pigments cover a range from 30 to 40 μm with some larger and smaller
particles [4].
The particles dimension determines smoothness, gloss and uniformity of the paint
layer. Pigments consisting of “coarse grain” particles induce very saturated colour
but have poor hiding power unlike those with “fine grain”, that, instead, have an
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increased hiding power. In a film consisting of larger and irregularly shaped
pigments particles, in fact, the light easily penetrates through the different paint
layers and therefore the contribution of the support to the reflected light is greater.
On the other hand, for some pigments, very thin and homogeneous grains have
good hiding power but little tinting strength. This evidence is not generally
applicable, in fact, for other pigments, colour saturation is not decreased by the
grinding. They maintain both a good hiding power and a good tinting strength even
in the case of smaller particles.
The present work is part of a larger research project whose objective is to
investigate, by spectrophotometry, a non-invasive and non-destructive technique,
the optical characteristics of historical pigments, considering the most used by
artists of the past, depending on particle size. On this occasion we present the
results obtained on a first group of pigments chosen and selected in order to realize
paints with powders belonging to different size classes.
2. Materials and methods
2.1 The pigments and dyes

The use of pigments and dyes that are selected for the study is documented in the
historical sources. Both dyes and pigments colour a substrate. The dye is
molecularly dispersed in the substrate which is being coloured. A pigment, in
contrast, is a colouring agent with particulate dimensions and is heterogeneously
dispersed in the medium being coloured. Hence the distinction between a dye and a
pigment is not always a sharp one. Historically, organic compounds have been
used as dyes and inorganic compounds used as pigments. The materials used have
been prepared by the companies Zecchi and Kremer Pigments GmbH & Co. KG
and their formulation was made according to old recipes. The choice of the
materials analysed in this work was mainly made by considering the pigments and
dyes for which it was possible to select different size classes. They are also chosen
because non-toxic and compatible with various solvents and mediums [5].
The materials examined in this work are represented by the red colour: cochineal,
dragon's blood, morellone brown, red bole, sinopia, and by the yellow colour:
gamboge, natural Sienna earth, French ochre, yellow ochre [6,7-10]. Gamboge,
cochineal and dragon's blood are dyes and have organic nature, their use is
documented in Plinio Il Vecchio (Naturalis Historia) and Cennino Cennini [11].
All the other pigments, which are inorganic and have a mineral origin, have been
widely used in the paintings of the past.
The pigments were examined in the form of paints made by mixing pigment
powder consisting of different sizes grains appropriately classified with the same
medium. The compound "pigment + medium" was created with a 1:2 ratio of the
components; the mixture for each size fraction was then painted on 10x15 cm2
canvas prepared with synthetic gypsum.
For all paints, casein, one of the most used historic mediums, was used [12]. It is a
phosphoprotein that is obtained from milk in the form of colloidal dispersion. The
optical properties of casein are the transparency and the absence of colour so that it
does not introduce a contribution like altering the exclusive pigment colouring
properties [5].
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2.2 Selection of the particle size of the pigments

In this work, two methods were adopted to operate the particle size selection of
pigments.
Particle size of gamboge, cochineal, and dragon's blood, which represent pigments
available in the form of agglomerated, was selected using a method (method 1),
which makes possible, through exclusive mechanical sieving, to have a large grain
dimension range. This method consists of two phases. First, they were ground in an
agate mortar to break up the particles of different sizes. In the second step the
proper selection of the grains took place using sieves with meshes in order to cover
a range between 40 and 500 µm in diameter (500, 280, 200, 150, 100, 75, 40 µm).
The application of the first method does not make possible to operate a restricted
selection and to obtain classes of grains whose size is less than 40 microns. A
second method was therefore used in order to exceed the limits imposed by
mechanical and manual sieving and to get "fine and medium grain" pigments more
precisely.
The second method (method 2) has been applied for the selection of particle size
powders of three yellow (yellow ochre, natural Sienna earth and French ochre) and
three red (red bole, morellone and sinopia) pigments. The main steps of this
method can be summarized as follows. The powder whose size was less than 40
µm was separated in size, according to Stokes' law, by sedimentation for different
times in distilled water. After drying it in the oven at 40 °C, the various size classes
of each pigment were collected. The grains dimension was checked by using the
Optical Microscopy (OM) and the Scanning Electron Microscopy (SEM) [13].
The pigments analyzed and the various size classes obtained are listed in Table I,
along with the colour index and the related chemical formula [2,4,14].
Pigments

Colour
Index

Yellow ochre
French ochre

PY-43
PY 43

Gamboge

NY 24

Chemical Formula

Particle size (µm)
<10, 10-20, 20-30, 30-40
<10, 10-20, 20-30, 30-40
<40, 40-75, 75-100, 100-150, 150200, 200-280, 280-500

natural Sienna earth

PY-43

Red bole

PR-102

Fe (OH)3
SiO2 + AlO3 + FeO3
80% resin acids, 13% gum, 7%
water
Fe2O3·nH2O + MnO2 +
Al2O3·SiO2·2(H2O)
Al2O3·SiO2+ Fe2O3

Cochineal

NR 4

Coccus Cacti

Morellone brown

PR-102

Sinopia

PR-102

Dragon's blood

NR 31

Fe2O3 + H2O3 + MgO + Al2O3 +
TiO2 + MgSO4 + SiO2 + C
Fe2O3 + H2O3 + MgO + Al2O3 +
TiO2 + MgSO4 + SiO2
C18H18O4

<10, 10-20, 20-30, 30-40
<10, 10-20, 20-30, 30-40
<40, 40-75, 75-100, 100-150, 150200, 200-280, 280-500
<10, 10-20, 20-30, 30-40
<10, 10-20, 20-30, 30-40
<40, 40-75, 75-100, 100-150, 150200, 200-280, 280-500

Table I. Pigments used: yellow (yellow ochre, French ochre, gamboge, natural Sienna earth) and red (red bole,
cochineal, morellone, ochre, dragon's blood) with the corresponding colour index, chemical formula and classes
particle size obtained.

2.3 Spectrophotometric analysis

The reflectance in the visible spectroscopy is a technique of optical investigation
based on the measurement of the Spectral Reflectance Factor (SRF) of the sample
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analyzed in function of the wavelength (range 400-700 nm) of the incident
radiation. The SRF is expressed as the percentage ratio between the intensity of the
reflected radiation and the incident radiation, as a function of wavelength. In order
to investigate the relationship between the optical properties of the pigments
analyzed and the grain size, the present study was carried out with the aim of
highlighting any changes in the paint layer of the SRF factor obtained with the
different size classes selected from each pigment. The analysis was conducted
using a Konica Minolta spectrophotometer, model CM-2006d with measurement
geometry d/8°, selecting an area of 6 mm in diameter (SAV mask, Small Average
Value). The results are related to 10° standard observer and the D65 light was
selected. The values were obtained by repeated measurements (5 different
acquisitions) and the elaboration concerned SPEX/100 data (SPecular component
EXcluded and UV component included). The acquisition step was performed with
the SpectraMagic ® software [15] while Origin ® software (OriginPro 8) was used
for data processing. The PH3DRA laboratories routine protocol [16,17] was used
for spectrophotometric measurements by selecting homogeneous and covering
paint layer areas. The scale adjustment was carried out by using a reflectance
standard with spectral properties close to that the perfect reflecting diffuser [18],
“white standard”, and a box (CM-A32), simulating a totally absorbent body, as
"black standard".
3. Results and discussion
Spectrophotometric analysis was conducted to assess the possible change of the
optical characteristics when the particle size of the pigments used in paintings vary.
The graphs are presented in the form of reflectance spectra with SRF% as a
function of wavelength (λ) and in terms of the derivative of SRF% (dSRF) as a
function of the wavelength (λ). The behaviour of dSRF allows us to detect the
characteristic points of the colour pigment and it is useful to highlight any changes
in the optical behaviour considering the shift of these points [19]. The
spectrophotometric analysis carried out on the two red pigments, cochineal and
dragon's blood, and the yellow pigment gamboge, for which a wide range of
particle sizes (from 40 µm to 500 µm) was available, showed that, with the
decreasing of grain size, SRF% values increase. The graphs of the reflectance
derivative factor do not show changes in the position of the maximum points for
any particle size class investigated. This testifies that the colour of the pigment is
not substantially modified when the size of the grains vary. This result was
obtained for all the analysed pigments. The SRF% behaviour and the values of the
related dSRF of the dragon's blood red pigment (figure 1) and the gamboge yellow
pigment (figure 2) were below reported as an example.
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Fig. 1 – Spectral Reflectance Factor (SRF%) and related derivative (dSRF%) values of dragon's blood pigment.

Fig. 2 – Spectral Reflectance Factor (SRF%) and related graphic derivative (dSRF%) values of gamboge pigment.

This experimental evidence is also confirmed by data obtained in paint layers with
smaller particle size of red (red bole, morellone and sinopia) and yellow (French
ochre, yellow ochre and natural Sienna earth) pigments selected by method 2
(Table I). We show, for example, the SRF% and dSRF behaviour for the red bole
(figure 3) and for the yellow natural Sienna earth (figure 4).
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Fig. 3 – Spectral Reflectance Factor (SRF%) and related derivative (dSRF) obtained for the red bole pigment.

Fig. 3 – Spectral Reflectance Factor (SRF%) and related derivative (dSRF) obtained for the natural Sienna earth.

As shown by results in the reflectance curve, the SRF% higher values characterize
paint layers made from powders of finer particle size (d <10 µm). These data
decrease with the increasing of grain size. The lower values are related to greater
particle size (range 30-40 µm). The trend reported in figure 2 and figure 3 was
found for all analyzed pigments. The dSRF behaviour also confirmed that, varying
the size, the maximum value corresponding to the dominant wavelengths does not
shift.
4. Conclusion
The optical behaviour of yellow (yellow ochre, ochre french, gamboge, natural
Sienna earth) and red (red bole, cochineal, morellone, dragon's blood and sinopia)
dyes and pigments, differently selected in size, was investigated by
spectrophotometric analysis. The grain size selection methods were two. The first
one was based solely on manual and mechanical sieving, after grinding some
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materials available in the agglomerates form in an agate mortar. It ensured the
selection of grains with dimensions between 40 µm and 500 µm. The second
method has been applied to obtain smaller particle sizes and has been achieved by
sedimentation procedure based on Stokes’ law. The spectrophotometry is a
selection methodology for painting characterisation because it is non-invasive and
non-destructive. In this study, this technique allowed us to assess the relationship
between the particle size and the optical behaviour of different dyes and pigments
in terms of Spectral Reflectance Factor. Measurements concerned paints made
with casein and pigment powders of different particle size classes. For both
materials, which were separated in larger grain size (method 1) and in finest
powder (method 2), the experimental results showed an increase of SRF% with
decreasing particle size. From the values of the derivative of spectral reflectance
factor (dSRF) it is also possible to underline that the position of the values of the
dominant wavelengths, characterizing the hue of pigments, does not shift.
Since the results cannot be considered generally valid, it is appropriate to confirm
by a greater number of dyes and pigments for a wide spectrum of particle sizes
preferably obtained with the same method and whose dimensions are lower than
those studied in this occasion. The perspectives of this work in fact concern the
development of a protocol for size selection in wide ranges optimizing the
procedure based on Stokes' law and, if need be, through the test of other methods.
It is similarly important that the measurements are carried out on a larger number
of samples and, above all, by choosing dyes and pigments of hues which until now
have not been investigated such as blue, green and brown. The extension of the
study to black and white pigments, which are pure and in binary mixtures,
represents an additional prospect of the research.
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1. Introduction
The major difficulties of surveying the historical façade’s painted decoration ,
depend mainly on the conservation conditions of the same, on the building support,
on the degree of legibility of compositional scheme, on the cultural sensitivity of the
researcher and on the objective knowledge of the different types of plastics and
painted ornaments of historical architecture.
The painted decorations often follow exactly the compositional schemes of orders in
architecture, but depending on the historical, economic and cultural period we can
distinguish different types of decoration such as : the representation of architectural
elements, ranging from the simple to the most complex structural and spatial
moldings partitions; architectural elements intermingled with individual figures
located in front of the prospective apparatus or in other cases inserted into them, in
order to assume themselves the role of structures; representation inside large panes
of figurative subjects, historical or mythological scenes, allegorical figures or
personification of the political and military power with their symbolic meanings.[1]
Knowledge of the treatises, study of historical texts on the "ornaments" and notions
of teaching about the possible compositions of the architectural decorations and their
proportions and study of shades are fundamental for the purposes of painted
decoration survey and conservation.
On this basis this study analyzes the relationship between the colour and the drawing
in the context of external finishes of the historical façade, how much the drawing
defines the colour or vice versa colour composes the drawing through the balance
between colour fields and combinations of hot and cold.
It’s fundamental to highlight how the drawing and the colour are related to the
potential conditionings that may accentuate, mitigate, reduce or differentiate the
individual elements, making a proportionate or perceptually distorte building, ,
through the research about the drawing of the patterns and the visual perception of
painted decoration.
This research analizes the drawing of the shadows through the study of the shape, of
the depth and of the thickness , the painting technique of chiaroscuro and the proper
use of colour.
Is drawing colour and / or the colour is shape and so drawing? This question is
often at the base of the problem of the study and revival of the painted decoration of
façades, concerns a number of issues that arise as the fundamental approach of the
problem. This paper proposes a methodology for the research aimed to investigate
the relationship between drawing , colour, plastic and painted façades’ decoration .
The methodology includes: study of historical treatises on the art of drawing of the
architectural orders, study of historical treatises on geometry (study of shadows),
study of the theories of colour- treated repercussions on the current methodology
survey painted decorations with the direct method and computer graphics.
253

2.Drawing father of the arts: architecture, painting, sculpture.
Che cosa sia disegno, e come si fanno e si conoscono le buone pitture
et a che; e dell'invenzione delle storie.
Perché il disegno, padre delle tre arti nostre architettura, scultura e pittura, procedendo
dall'intelletto cava di molte cose un giudizio universale simile a una forma overo idea di tutte
le cose della natura, la quale è singolarissima nelle sue misure, di qui è che non solo nei
corpi umani e degl'animali, ma nelle piante ancora e nelle fabriche e sculture e pitture,
cognosce la proporzione che ha il tutto con le parti e che hanno le parti fra loro e col tutto
insieme; e perché da questa cognizione nasce un certo concetto e giudizio, che si forma
nella mente quella tal cosa che poi espressa con le mani si chiama disegno, si può
conchiudere che esso disegno altro non sia che una apparente espressione e dichiarazione
del concetto che si ha nell'animo, e di quello che altri si è nella mente imaginato e fabricato
nell'idea.(G. Vasari, Le vite de' più eccellenti pittori, scultori e architettori, vol.I Della
Pittura, cap. XV, 1550,Edizione Giuntina)

Vasari sees the technique of the art all enclosed in drawing where we can find the
values of ideation , introducing a first classification of the drawing techniques
according to the degree of complexity. In the Treatise , Vasari are clearly
distinguishes sketches, intended as touches just mentioned, from draws, intended as
a defined section with profiles and contours essential for the architecture , sculpture
and painting.(fig.1) But painting is a plane covered with fields of colour around the
features defined by the drawing. The plane consists of a half light in the extremes
and the dark in the funds , and between these two fields ( dark and half light) colour
in between. These three fields , joining , make everything that is defined by the
draw, the more round and strong . It’s necessary to divide the three fields in at least
two parts , so the drawing covered by the light and dark colours is of good quality if
everything is proportioned between the parts.

Fig. 1 Giorgio Vasari, Compositive Module of the façade of the Uffizi, Florence, Uffizi Prints and Drawings 4883 A
(pen and bistro in white paper; mm.414x268)

But even in The Book of Art, 1390, Cennino Cennini places the painting second
only to science : "The foundations of the art are drawing and colour ", identifying
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a good amount of techniques and supports of the art . In the fifteenth century
treaties pay more attention to the “linear drawing” , which allows a greater
detachment from reality and therefore a greater focus on pure composition . The
Renaissance treatises emphasize the importance of drawing, seen as the main skill
required for anyone who aspires to become an architect.
Sebastiano Serlio - Tutte l’opere d’architettura, et prospectivae, 1538- was one of
the most popular books during the sixteenth century ; the beginning of Book II
observed that "the perspective would be nothing without the architecture and the
architect would be nothing without the perspective." (fig.2) Serlio pointed out how
all the greatest architects of his time, Bramante , Raffaello, Peruzzi and Giulio
Romano , had started out as painters .

Fig.2 S.Serlio, Tutte l’opere d’architettura, et prospectivae,Venice, Ed. 1600.

In the new division of labor that took shape during the fifteenth and sixteenth
centuries, what constituted a new genus of mostly architects , regardless of the
construction industry , was their mastery of drawing . This made it possible to
separate their activities from construction and design , due to the link between the
drawing and the geometry made possible by the new science of perspective; this
period bound architecture to abstract thinking , guaranteeing the status of intellectual
labor rather that manual. Within the new division of labor, the drawing was the only
part of the process of building production on which the architects maintained an
absolute and exclusive control.
Leon Battista Alberti reinforces this idea by asserting that "it is possible to draw all
forms in the mind without any recourse to the material." On the one hand the
drawing was entrusted with the vital responsibility to convey the idea by the mind of
the architect to the created building , but on the other hand the drawing suffered
from the disadvantage of being always considered inferior to the idea and ,
ultimately, to degrade it. . In practice, this tension was resolved generally
overestimating the accuracy of the orthogonal projection and exaggerating the falsity
of perspective . Alberti was the first to do this: "The difference between the drawings
of the painter and of the architect is as follows: the first seeks to emphasize the
importance of the objects in the painting through the light and shade by thinning the
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lines and angles ; the architect rejects the light and shade , but it gets its projections
by the plan and , without altering the lines and keeping the actual angles , reveals
the extent and shape of each prospect and of every side.” [2]
The drawing representation of decorative architectural elements in historical
treatises is mainly divided into two types: a prospectus wire and hatching drawing,
showing the parts in chiaroscuro. The planner , once identified the decorative
"types" arises the problem of verifying the perceptual prospective study wanted in
relation to the environment and the visual quality of the façade.
A very interesting graphical approach is the book “Perspectiva pictorum
architectorum” Andreae et Putei Pozzo, Andrea Romae, 1693 with the attached
tables of the prospective study from different points of view and study of light and
dark, particularly important for the technique of trompe l'oeil.
With this publication, Pozzo is not limited to writing a theoretical treatise , but he
has the merit of teaching the way to put into perspective all the architectural
drawings , to use both for painters and for architects, " the deception of the eye, can
be achieved only through a knowledge and a thorough study of the perspective
technique. This is the ambition of my book "( so writes Pozzo in the dedication to
the future Habsburg Emperor Joseph I ) . The first part is about the basic canons of
matter, the second part is about the operational procedures for drawing in
perspective domes , altars , fountains , stairs and other architectural elements . The
treaty is placed in the established tradition of architectural treatises that was
Palladio, Serlio, Vignola and Scamozzi. The artist, however, differs from these
illustrious names, elaborating a treaty that explores the art of perspective in all its
variations and applications : architecture, painting, theater, ephemeral apparatus .
The Jesuit artist can without doubt be considered the supreme representative of the
squaring representation .
The squaring painters, making use of knowledge about the geometric perspective
and techniques of pictorial representation on large wall surfaces , reproduce
spectacular spatial effects through the drawing of architectural elements real or
imaginary.
In the fifteenth century the interest of painters, sculptors and architects focuses on
the problems of linear perspective and in this context we capture the first symptoms
of the distinction between painting figures and architecture. The passage of
decorative painting, from ornamental architecture to connection with the depicted
scenes and, later , to the development and completion of the building structure itself
, is marked by the application of the principles of linear perspective to architectural
frameworks and architectonic backgrounds .
In the late seventeenth-century Rome, Pozzo represents the top of Baroque visual
culture that stems from a bold artistic experimentation exalting , with unpublished
proceedings , the allusive power inherent in the image space.(fig.3) [3]
With the drawings of the treaties of the eighteenth and nineteenth century , the
study and the use of shadow confirm , unlike Alberti , one of the foundational
aspects of the drawing representation. The “draw” achieves the highest academic
reputation in the nineteenth century , thanks to the lessons imparted by the
academies in Europe, where the watercolor technique was widely considered to be
essential to give to the performance a more incisive and popular character, because,
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unlike the linear perspective, which presupposes an intellectual process in the
understanding of the design , watercolor , and the use of shadows are an expression
of easily understandable language forms .

Fig.3 Pozzo Andrea, Perspectiva pictorum architectorum , Romae, 1693
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3. Conclusion: from the drawing to the application
The study of the painted decoration , as mentioned above, can not be tackled without
the depth and knowledge of the treaties, architectural orders , the study of
descriptive geometry and the rules and applications of the drawing first and of the
colour then. Particularly interesting for the purposes of restauration and / or the
project of facades’ painted decoration, are : Rules for Drawing the several Parts of
Architecture Gibbs, James London, 1736 (fig.4); The City and Country Builder 's
and Workman 's Treasury of Designs: Or, The Art of Drawing and Working the
Ornamental Parts of Architecture Langley, Thomas London , 1740 (fig.5) and The
principles of architecture Nicholson , Peter London , 1795-1798 (fig.6) , that are
actual implementation of practical manuals about architectural decoration and
composition of the façade.

Fig. 4. Rules for Drawing the several Parts of Architecture Gibbs, James London, 1736

Fig. 5 The City and Country Builder 's and Workman 's Treasury of Designs: Or, The Art of Drawing and Working the
Ornamental Parts of Architecture Langley, Thomas London , 1740

The first step is to define the decorative signs of the façade in proportional
relationship to the study of the component parts , identifying , at the same time, the
base colour and then the ornaments’ colour.
For this reason, the composition of the façade, simple or complex, takes into account
the primary structures of the building i.e. the vertical and horizontal ties.
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Fig.6 - (1-2-3-4) The principles of architecture Nicholson , Peter London , 1795-1798
(5)- Panel of Study at The Academy of Fine Arts in Genoa.

At first they follow the practical and organic characteristics; then processed in an
aesthetic sense without losing distinctive character, until in a final stage of stylistic
development break down sharply from the element structure; to give a rhythm in
architectural compositions , emphasizing the wealth of some areas and aesthetically
changing relationships. The first type of decorative expression is inherent in the
materials , the design is obtained by processing of surfaces - flat , rustic ashlar , and
imaginative forms of the Renaissance. The aesthetic transfiguration of the
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architectural elements is due to two methods : geometric procedure and reproduction
of the essential aspects of the nature both from the point of view of the design of that
of colour. The application of stucco depicting the elements of nature and the
architectural orders in the Renaissance has extensive use of decoration on the façade,
while in the seventeenth and eighteenth centuries are used in order to free decoration
from any constraint other than that of the general architectural framing .
The first of these applications simulate the architectural elements of stone (frames,
ashlars, shelves) or mimic, in the more strictly ornamental expressions, garlands,
shells, drapes, or foliage. Then they gradually assume fantastic character, which
only remotely reminiscent of ancient models, in broken curves frames, twists,
plaques, flourishes of any kind. The colour was almost constantly used, sometimes
as indispensable attribute of the form, or with overlay colours to construction
elements, or with the coating of paint entire wall surface, or with the combination of
different polychrome materials.[4]
The approach exemplifying the types of decorative facades led to the identification
of three basic types: Monochrome Bottom front and basement with simple
decorative elements (frames) - Monochrome Bottom front with monochrome base or
ashlars with decorative elements or simple (and frames antheridia) and
Monochrome bottom front with base monochrome ashlars or complex with
decorative elements (frames- antheridia-pilasters-panels and other decorative
elements). The use of bringing back in front the structural nature of the building and
especially the highlighting of the main floor has caused in the visual-perceptualformal habit, that has conditioned the decorative design choices to the point of
incorporating two floors in a decorative order so to donate luxuriousness that
internally does not exist.
The decor is also meant to recreate a harmony of "lost" proportion, adapting the
decorative elements to spaces.
In the treatise Grammar of Ornament, O. Jownes describes the use of colours
connected to the plaster and painted architectonic decoration:
Proposition 14.(on colour generally)
Colour is used to assist in the development of form, and to distinguish objects or parts of
objects one from
another.
Proposition 15. Colour is used to assist light and shade, helping the undulations of form by
the proper distribution of the several colours.
Proposition 16. These objects are best attained by the use of the primary colours on small
surfaces and in small quantities, balanced and supported by the secondary and tertiary
colours on the larger masses.
Proposition 17. The primary colours should be used on the upper portions of objects, the
secondary and tertiary on the lower.
Proposition 18.(Field's Chromatic equivalents.) The primaries of equal intensities will
harmonise or neutralise each other, in the proportions of 3 yellow, 5 red, 8 blue,—integrally
as 16.
The secondaries in the proportions of 8 orange, 13 purple, 11 green,—integrally as 32.
The tertiaries, citrine (compound of orange and green), 19; russet (orangeand purple), 21 ;
olive (green and
purple), 24 ;—integrally as 64.
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It follows that, each secondary being a compound of two primaries is neutralised by the
remaining
primary in the same proportions: thus, 8 of orange by 8 of blue, 11 of green by five of red, 13
of purple by 3 of yellow.
Each tertiary being a binary compound of two secondaries, is neutralized by the remaining
secondary : as, 24 of olive by 8 of orange, 21 of russet by 11 of green, 19 of citrine by 13 of
purple.[5]

A right approach to the choice of colours in the painted decoration of the façades is
in the awareness that it is influenced by the ratio of the proportion between the
parties given by perception especially by the contrast of simultaneity (J. Itten ,
Colour Art) [6]: definition of the decorative composition and identification of the
different colour fields , through the study of individual components and of the
relationship between the colour of light and shade.
The representation of decorative architectural elements in historical treatises is
mainly divided into two types: a prospectus wire and line drawing , showing the
parts in chiaroscuro. The planner , once identified the decorative "types" arises the
problem of verifying the wanted prospective study perceptual in relation to the
environment and to the visual quality of the façade. The restoration of the painted
decoration is the result of an accurate survey of the historical traces in order to
reproduce, as closely as possible,
the spirit of the original work.
The direct survey , the drawing from life , the investigation, also photographic, from
the panoramic to the details are the early steps of analysis aimed to colour plan of
painted facades .The compositive architectural façade was created as an expression
of the lexical composition of the aggregation highlighting the architectural building
elements and their interconnections.
From drawing to wire, the yield of shapes , surfaces, contours through tones and
graphic textures, up to a constant enrichment of personal stock of signs and
techniques , everything becomes essential to understand an architectural detail , the
relationship between architecture and urban configuration or landscape . Drawing
from life is depiction, critic visualization , communication, but this obvious
assertion is precisely the most difficult to achieve, because, after a long time, you
have the powers of observation and execution and the readiness of reading the real
meanings that allow you to translate the observed reality in an image rich in
meaning and can convey to those who view the drawing, the relationship established
between reality and draftsman.
Just as a subjective model of reality always different and changing , drawing from
life is the result of a complex set of shape analysis , for immediate application of
geometric concepts , of tonal evaluation, of the characters’ selection , knowledge of
graphic techniques and , of course, of critical consciousness .
In practice drawing from life allows us to observe how things change depending on
the brightness , the distance from the point of view and proximity to other elements ;
it allows us to understand that the technique must not prevail on observation and
transcription of meanings.
During my researches the images acquired during the photographic survey are
altered by computer graphics systems first with photo- rectifier and then with shields
contrast, with the study of tone, of colorimetric curves in order to identify the
different color tones.(fig.7)
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Fig.7 1 – Photograph of detail of a painted façades in Genoa Cornigliano
2 – Infographic Photo rectifier with shields and processing of contrast
3 – Development by chromatic variation curves of contrast
4 – Color correction automatically by algorithms, clipping colour channels to increase the contrast and correct
colour casts
5 – Last Steps with the addition of algorithmic processing aimed to find the bright and the dark to use as light
and shadow

At Academy of Fine Arts in Genoa, the students approach to the decoration of
façades through the application of the drawing and the colour theories painting
panels starting with the sheets for dusting and proceeding with the fresco tecnique .
From drawing to wire it goes to dust and then to the pave of the colour tests with
the same procedure with which we apply the chiaroscuro on painted façade, starting
with the drafting of the basic colours. In the first phase are applied the 1st dark, the
1st light and the first shadow on the bottom so as to make three-dimensional
drawing.
Then you apply the 2nd dark (for a darker tone) and the 3rd dark (still a darker
tone), the relighlt (a lighter tone) and the second drop shadow. The final touch is
given by Bus , a dark reddish-brown that is used to give more depth.(fig.8)
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Fig.8 - Exercise of Painting Façades Decorations at the Academy of Fine Arts in Genoa
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Abstract
Piero Bottoni’s work (1903-1973) shows a great attention for colors. From his youth and all
the way to his professional maturity he pursued a personal concept of urban space in which
the colorful fronts enhanced the plastic nature of the architecture.
This attention is already manifest in the early notebooks from his university days. It was then
confirmed with the exposition of 6 original watercolour paints at the 3rd Triennale of Monza
in 1927. With the "Cromatismi architettonici" he presented his colour concept and developed
a special relationship between the colour and the urban space.
He experimented with the integration of the shape and the colour on the street sides. The
tectonic shades on the building fronts shape the urban space with a gradual clearing upward.
This solution, inspired by Leonardo’s aerial perspective, showed a "constructive" concept of
colour, close to the avant-garde of the time.
The assets of Bottoni’s Archive testify the reoccurring presence of peculiar characters in his
colour concept, confirmed by the comparison between the theoretical writings, the
experimentation and the building: thirty years later he will use the same colour pattern for the
project for the City Hall of Sesto San Giovanni (1961-71).

1. Architecture between shape and colour: “Cromatismi architettonici”
In its historical literature, Architecture always expressed the craft of shape and
room, while painting was defined as the art of colour. Although the presence of
colour was supposed to be important in the aesthetics of the buildings and for the
mimesis or the highlighting of plastic articulation, it was not the fundamental
argument in design theory. In fact, the academic culture was permeated by the
Plato’s concept that recognized the substantial value of reality into the shape,
meaning it as the true essence of Architecture; on the other hand colour was
conceived as an attribute to the variability of the phenomenal world, its visible
character being a consequence of the building material or a feature of surface
appearance.
However it was an unavoidable but "secondary" factor, which did not altered the
quality of the project. Furthermore, it was due to several artisans, whether it was the
effect of materials, whether it was the result of the last finish treatment. Therefore
the colour was not part of the project, which involved just the construction. This
accessory concept is confirmed by the different nature of the Drawing, which is
expected to express the concepts and then is the main language of the project, and
Painting, articulating the visual experience, feelings and passions.1
Those concepts changed in the beginning of '900, when the artistic avant-garde
promoted a deep renewal within the research for a total work of art, bringing
together all the formal features of the other. The Architecture seemed to be the one
that could better embrace the others: the crushing of the spatial box retrieves plastic
1

M. Rossi (2010), p. 519-525.
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value of sculpture, while the Gestaltung’s psychological research transformed the
colour in a "constructive" element of the room. Colour also offered a replacement
item of the hated classical decoration by plastic.
From this point of view, the architectural avant-gardes agree. It could not be
otherwise, because it was just in the premises of the Gesamtungswerk, although the
real renewal of architecture promoted by the Modern Movement had functional and
constructive priorities. Actually the Architecture suffered the influences of his
historical literature, which configured in programmatic and theoretical treatises that
went far beyond the technical know-how of painters. Therefore the masters of the
Modern Movement on the one hand celebrated the purity of white walls
emphasizing the essential structure as Brunelleschi did, on the other hand they
indulged their taste for colour, testing himself in the painting such as the masters of
the Renaissance: Leonardo, Raphael, Bramante, Michelangelo… Someone, most
involved into the avant-garde research, also designed paints architectures, mainly
without a evident trace in the design drawings.
Today, nearly a century later, the reconstruction of the role of colour in the
architectural renewal requires a archaeological reconstruction that bases on the
comparison between the evidence of the project drawings and the original
documents. This survey can promote a better understanding of the relationships of
the twentieth-century architectural culture with other arts.
In Italy, the Milan school highlights a new attention to colour in interiors and details,
which is evident in the works and in the final view drawings of the project.

Fig. 1 – Piero Bottoni, Taccuini. Color notes on thumb drawings (courtesy of Archivio Bottoni – Politecnico di Milano)

Piero Bottoni was one of the more sensitive leaders to the issue, which he declined
mainly in urban scale with a surprising consistency over time, as you can see by the
comparison between the early writings and the senior masterful work of the Town
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Hall of Sesto San Giovanni (Milan)2. In his youth he sided the study of the
Architecture to the practice of Painting,3 such as also Luciano Baldessari4 had done;
later that experience marked the role of colour into their following work.
Bottoni’s attention to colour transpires in his youth notebooks, in which there are
several chromatic notes about the building materials and the landscape. The theme
of colour characterizes the continuous dialogue among the arts that features the
whole architect’s work. It is often intertwined with mosaic. 5
In April of 1928 he attended the Exhibition of Italian Rationalist Architecture in
Rome. He exposed a previous study colour in urban landscape, called “Cromatismi
architettonici”,6 confirming his adherence to Rationalist Movement just through the
statement of his colour concept: he posted the 6 watercolours that he had already
presented a year before in the Third Triennial Exibition in Monza, explaining in a
short paper the "constructive value of colour".7
He developed his concept through a theoretical and experimental research on the use
of colour in architecture. His palette and the reference to the urban scale recall Le
Corbusier’s colour research that seems to be the main reference of Baldessari’s work
too8.
The use of colour as an element on an urban scale, already advocated at the
beginning of the century by Bruno Taut9, was the original feature in Bottoni’ work
and it became the pretext of his meeting with Le Corbusier.
His relationship with the colour finds an exemplary expression in the coherence
between the beginning and the end of his architectural work, which are respectively
represented by the watercolours and the monumental project for the Town Hall, built
between 1961 and 1971.
2. Colour, drawing and design: the documents in Archivio Piero Bottoni
The Bottoni’s Archive in Politecnico di Milano10 is the key step for the study of the
architect’s work. It retains al the projects documents: drawings, models and other
paper documents such as critical issues, notebooks and even some paintings.
Beside the original watercolour and the related writings, it keeps a huge
documentation of the yearlong project for the town hall: 556 drawings, a model of
study and 268 written documents, the last of which is the parcel.11

2

Piero Bottoni (1903-1973), was one of the founders of the Movement for the Rational Architecture of
ItalY (MIAR); until 1951 he was the Italian delegate to the Congrès Internationaux d'Architecture
Moderne (CIAM), participating in the third edition in Brussels (1928) and IV in Athens (1933).
3
Luciano Baldessari (1896-1982), born in Rovereto, was introduced to the formal arts from Depero, who
was his first master.
4
Before graduating from the School of Architecture of the Polytechnic of Milan (1926), he became a
professor of Drawing at the Academy of Fine Arts in Milan.
5
G. Tonon, 2013, p. 160-179.
6
L. Meneghetti, 1983, p. 23-25.
7
In Architettura e arti decorative, VII [1927-1928], pp. 80-85.
8
M. Rossi (2013), p. 11-29.
9
O. Muratore (2010), p. 11.
10
Dircted by G. Consonni e G. Tonon.
11
Archivio Bottoni, Politecnico di Milano, Op. 428 - Palazzo comunale di Sesto San Giovanni (Mi),
1961-71, with Antonio Didoni.
266

“Cromatismi architettonici” is the title that Bottoni gave to his colour statement. It
concerns both the six pictures and the accompanying papers. Several copies offer the
same content, translated in different languages. All these published and unpublished
archive documents well clarify the synthetic captions to the original watercolours.
Actually between 1927 and 1928 the architect entered within the contemporary
debate about Rationalist Architecture publishing his colour notes in Italian, French
and German.12 This fact suggests how he was engaged in the battle for a constructive
use of colour in the design of the contemporary city.

Fig. 2 – Piero Bottoni, the six watercolours pictures of “Cromatismi architettonici” (cm. 24,8x18,1; courtesy of Archivio
Bottoni – Politecnico di Milano).

Bottoni complains the lack of Italy from the exhibition "Die Farbige Stadt",
organized by the Kunstgewerbe Museum in Zurich, quoting as examples the
12

Archivio Bottoni: the mimeographed text drawn up on the occasion of the exhibition “Die Farbige
Stadt” in Zurich in August-September 1927 was published (substiantially identical) under the title
Cromatisme Architectural, in «Das Werk», a. XV, n. 7, July 1928, pp. 219-221; Farbengebung in der
Architektur, in «Die Farbige Stadt», n. 3, marzo 1928, pp. 65-70; italian mimeographed paper, attached to
the watercolors presented to III International Exibition of Fine Arts in Monza, 1927, pubblished under the
title Die Farbenwirkung in der Architektur in «Süddeutsche Maler-Zeitung», a. XXVII, n. 12, June 1928,
pp. 191-192; unpublished notes to Cromatismi architettonici, 1927.
267

attention to the colour of the leagues in Germany and Switzerland and the debate
between critics and citizens in those countries.
The “Cromatismi” are his answer: on the one hand explain watercolours and
experimentation on the constructive value of colour, the other hand they become his
manifesto. It finish with an appeal to actions to chemists, constructors, architects and
aesthetes.
In this writing he states that "...each colour has its own volumetric value, able to
give the body where it is widespread a different aesthetic impression depending on
its tone, its intensity, and on the relationship with the coloured elements that
surround him...". Then he called "mass volume colour" the set of physical properties
that a colour gives the geometric volume it covers, whose constructive value follows
the laws of aerial perspective. The warm colours have a greater constructive value
while cool colours make evanescent the building. The contrast of hot and cold
colour becomes then a matter of "resistance" of shapes in landscape: "a dark red or
sienna solid is heavier and more resistant to light than blue, grey, olive green...".
The matter is not about the covering of architecture with colours, but it deals about
the design of colourful architectures, to feature the spatial effect, which the colour
generates in the city. That requires a good knowledge of technique and static, then
architectural sensibility rather than a pictorial one.
Bottoni quotes the essential stages of architectural history, recalling the importance
red-white contrast in Lombard architecture and the white-grey one in the Florentine
Renaissance, in which the two colours highlight the constructive elements, stressing
that the neutral colour kills the colourful life in the streets and squares of the city.
The watercolours show his colour research and demonstrate his statements, free
from the dominant models of the contemporary visual culture in Italian architecture.
He experimented the relationship between the shape and the colour on the street
sides, where the colour “hides” or dissimulate the façade elements.
The 6 pictures are the tool to check on the effect of colour through the direct
comparison of 4 different situations. Two of them change the direction of sunshine
or the opposite degradation of the colours in the same urban context. The other two
experience a combination of bold colours and a street overlooking the waterfront.
Then Bottoni’s research weaves the colour to the light, regarding the brightness of
the street and the visual perception of urban space. The author explains that he
imagined these situations to check out the relationship between the vacuum and the
colour set. Then he compared the "position values" of colours to the two rhythms
that characterize the scan of the architecture: the vertical axis is marked by the
colour and the horizontal from intensity. He noted that if the intensity is degrading
upward, the apparent centre of gravity get lower, balancing the masses; the opposite
would give more light to the narrow streets, but "takes out consistency to the
material of the lower floors", contradicting the static.
The tectonic shades on the building fronts stress the urban space and its relationship
with the architecture. Bottoni experienced tones and combinations that are unusual
in the architecture; he pursued a gradual clearing upward that exacerbates the
"depth" of the street in the rising up to the sky of the buildings in the modern city.
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This solution, applies into the urban landscape the Leonardo’s aerial perspective13
and complaint a "constructive" concept of colour that is close to the avant-garde of
the time. The way he approached to the colour design outlines his concept of the
building as part of the city, of the road and of the urban landscape, which unites him
and brings him closer to Le Corbusier.14
3. The Bottoni’s masterpiece in Sesto San Giovanni: colours reveals
the city’s soul
Thirty years later at the top of his professional activity, he takes up the same color
pattern in the project for the City Hall of Sesto San Giovanni (1961-71). The project
is very well documented in the material held by Piero Bottoni Archive.15 The front
of the building that houses the representative offices and a low porch (after the local
tradition) shows a mosaic tiling with a succession of saturated tones of pure hues.
They shade one another such as the color desaturation upwards, that is quoted in the
building of the offices, a tower that is 12-storey high.

Fig. 3 – Piero Bottoni, Town Hall of Sesto San Giovanni (1961-71)

13
Serra Lluch, A. Garcia Codoñer, 2009, pp. 180-187. The first reference is into the “Note ai Cromatismi
architettonici”.
14
Bottoni wrote to Le Corbusier, without knowing him, to submit his theory; the master answered with a
letter (15 January 1928) appreciating the work; in he letter he stresses the role of color in the definition of
the urban space, which is designed as "open room" and describes his intervention in Pessac, where the
sienna facades “secure” the space as full stops, while the pale green ones are lost in the landscape.
15
The provision consists of: n. 556 drawings, n. 527 photographic documents (both positive and negative)
and n. 268 written documents. The first one (July 4, 1960) is a letter of the head of the Demographic
Offices Department, who transmits "...the separate list of offices that are necessary for a decent
accommodation of services...”; the last one is the copy of the bill (December 17, 1971) for the
construction management of movable walls and office cabinets.
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Fig. 4 – Piero Bottoni, Town Hall of Sesto San Giovanni (1961-71), design sketches (courtesy of Archivio Bottoni –
Politecnico di Milano).

The archive assets testify the evolution of the concept of color. The maintenance of
peculiar characters is confirmed by the comparison between documents and
accomplishments: the written theory, the experimentation in the design and the
design that fulfills in the building. In fact, this assignment represents for the architect
an extraordinary opportunity to fully experience the application of the reflections
that he started in '27 with the Cromatismi. to a public building. The architecture was
destined to become the new agora of the city, already dubbed the "Stalingrad of
Italy”, in which the values of civic participation are combined with those of work
and industrial production.
The municipal complex is located on an artificial hill, surrounded by green area and
it articulates in a basement with garages and warehouses, on which there are the two
building containing the council chamber and the offices, a 12 storey building and a
elongated building for the civic hall and the registry.
Within this architectural composition of the complex, the color treatment of each
building serves as a language able to define and communicate the identity and the
specific raison d'être of the parts.
The main role assigned to the colour appears immediately in the facades of the
representation building that, in homage to the tradition of Lombard Broletto, looks
like a compact volume resting on a low porch. The first version of November '63 of
this building had brick fronts, while the final building is completely covered by a
mosaic of ceramic tiles, with a succession of saturated tones of “pure” colours.
These modulate from the brown-black of lower bands to fire-red, orange and yellow,
in accordance with the Bottoni’s rule to give more gravity to the building through
warm hues and a upward desaturation of colour. Below the pitch of the roof, a
continuous window tape separates the burning façade with a longitudinal cutting
from the overlying background. As a whole, the choice of colours recall the image
of the steel casting, stressed by the gloss of the ceramic tiles. The use of polished
enamel also in the realization of the study model already complaints this feature as
an important design requirement.
The archive documentation collects construction contracts and the agreements with
the yard suppliers, among those there are some mails from the company Italmosaic,
responsible for the supply of the facades cladding.16 The mailing reveals that this
16

Unfortunately the correspondence between the designer, the council and the supplier concerns only the
company’s mails, dated from April 22 to June 30, 1965. (Archivio Bottoni, Bottoni Fund, op. 428, folders
X-XV).
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expensive cladding, a ceramic mosaic with a special selenium email, required
different burning temperature for each of the 8 shades. The provision counted about
1000 square meters of 5x5 cm. tesseras, assembled in 10000 numbered sheets. The
graduation of colours is obtained by the various mixage of two following colours.
The gradual chromatic modulation is therefore obtained during the laying of the
mosaic, alternating tiles in increasing proportions of the initial color to those of the
next color. But black tiles, the tone is unconstant over the surface, providing the
vibrating effect of colours on the mosaic cladding.
Furthermore, this gradation of the coating is not applied evenly across all fronts, but
changes according to the identity and the use of the rooms behind every façade.
In fact the black-brown strips that appear like the natural continuation upward of the
shadow of the deep porch, along the long sides of the building take on a tilted
upward trend, denouncing outside the profile of the bleachers for the audience of the
council chamber. The volume of the latter, which embodies the apotheosis of the
values of civic participation, visually explodes in the pure red of the façade. That
colour dominate the covering of the convex head of the building, marked only by
two large windows with white marble frames, which illuminate from behind the
desks with benches of the city council. The opposite sides of the building,
corresponding to the front of the executive and representation offices, have no sports
around the openings and show a ascending gradation characterized by a rapid
discoloring towards the bright tones of yellow.
Even inside the building the color assumes the task of being the messenger of the
civic value of the place. Inside the hall, in front of the concave forum for the public,
a particular emphasis underlines the centrality of the space between the seats of the
board and the people desks. Bottoni placed in the middle of the floor a mosaic
decoration in the shape of a large oval, the margin of which is also shaded in fiery
shades, ranging from black to red and yellow, to identify the place of the exercise of

Fig. 5 – Piero Bottoni, Municipio di Sesto san Giovanni (1961-71), executive project of the tile mosaic under the
porch (courtesy of Archivio Bottoni – Politecnico di Milano).
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Fig. 6 – Piero Bottoni, City Hall of Sesto San Giovanni (1961-71), interior decorations.

participatory democracy with a deformed mouth of foundry on which the city and
the workers base their power. The reference to the blast furnace came back in the
shape of the seat-back planter that protects the ventilation chimney of the garage
located in the basement. In this case the red ceramic mosaic, joining the blackbrown metal finishing, seems to evoke the shape of the eruption crater and the
igneous universe of the Vulcan’s myth, stating more explicitly the link with the
world of metallurgy. desks with benches of the city council.
The volume of the translucent and multi-faceted building of management rooms
stands in counterpoint to the tower that hosts the administrative offices, which is
parallel to the first. A low transverse body connects each other the two main wing.
The building has a rectangular layout, but the front façade looks as polygonal, due to
the sharp chamfer of the corners. This plan conformation offered to the designer the
possibility to give the building a quite different character, according to the point of
view, by a constructive and chromatic treatment of the long facades that is different
from that of the header. In fact, for those who arrive from Via Cesare da Sesto, the
proximity of the polyhedral volume of the translucent directional building with the
gray shape of the high office building recalls the Broletto with its tower. However,
the largest visual rush due to the header chamfer, together with the writing "Il
Comune" at the top of the tower, in huge letters with colours that once again change
from brown to bright red, impose the image of the industry world, with the name of
the factory on the top of the flaming chimney.
If the office tower is seen from the other two roads of arrival (via Oriani and via
Modena), it looks like one of the scenes that are described in the “Cromatismi
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architettonici”. The strong horizontal partition with concrete string-courses scans
the upward desaturation of colour from the brown of the lower floor to the pinkbeige shades of the top. The adoption of a earthy and warm hues creates an effect of
materiality that is determined and accentuated by the conformation of the walls that
have a marked flaring upwards between a string-course and the other, and are
covered by rough slabs of cement, whose grossly texture recalls the melting residues
for of ferrous materials. The bands of colour gradation remember the ascending
desaturation of colour in the youth watercolours with the effect of a new force by the
play of light and shadow on the facade.
If you look closely at the string-courses, you see that the protruding ledges bear the
copper gutters and the sloping that allow the view of the sky from inside, providing
the offices with a natural light. Therefore, if the colour treatment of the facades
confirms the upward gradation for desaturation that Bottoni studied in his youth, the
colour modulation finds a scanning element in the deep shade that the constructive
shape projects on the facade to provide a natural source of overhead light inside the
offices. Under the porch a great decorative mosaic, depicting a blooming tree on a
black background, arises from the pavement to reappear in the office floor and does
seem to allude to "naturalness" of the workplace. It's still a natural element like fire
that appears in the black-brown-red decoration of some ceilings, remembering once
again the shapes and the colours of the igneous metallurgical world.
The underground basement, true to Le Corbusier's definition of terrain artificiel
shows the two open sides covered with embossed concrete slabs, shows its technical
role of retaining wall of the hill with as a ostentation of materiality. Along one of the
sides where the base sinks in the green grass of the artificial hill, the slope of the
ramp is flanked by a sequence of brut concrete slabs that compose the Monument to
the Resistance.

Fig. 7 – Piero Bottoni, Municipio di Sesto san Giovanni (1961-71), decoration details in ceramic tesseras.
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Fig. 7 – Piero Bottoni, City Hall of Sesto San Giovanni, original model

A kind of linear narrative is imprinted on the grey and rough surface, which
accompanies the climb from the road to the terrace, the secular churchyard where
stands the fiery brilliance of the seat planter. That public open space is then the place
where we can better grasp the relationship system in which Bottoni changes the
colour, from an ornamental attribute into a tool for the construction of the urban
landscape. Here, the basic element of the city -houses, public buildings, factories
and memorials- define their identity for references and allusions in a play of shapes
and volumes under the light of the sun and the secular cathedrals consciously choose
to be no longer white.
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1. Introduction
In the field of Architectural Heritage (AH), 3D model construction and visualization, using techniques based on structure-from-motion (SFM), is increasingly becoming a key approach, ensuring ease of use and efficient results, even for nonprofessional [1]. Significant progress has been recently achieved in the areas of efficient algorithms for scalable image matching [2], large-scale bundle adjustment [3],
and in generating dense and well-calibrated clouds of point as output [4], the core
components of SFM. As a result, it is nowadays possible to easily reconstruct large
scenes from image sequences and at low cost [5]. The topic of urban 3D reconstruction and architectural modeling from images, in particular, has received considerable
attention in the last decade [6]. Last year, in this same conference, our research
group proposed the development of techniques to integrate in the SFM pipeline for
AH 3D model construction accurate color capture, reproduction and visualization
using web-based real-time rendering techniques [7].
An unsolved issue by the method explained in the 2013 paper, is one of the effects
of specular reflections on both dense point clouds generation, and faithful color reproduction. Specular reflection is inevitable due to the characteristics of materials
existing in the real world with natural or artificial lightning. Acquired textures with
the presence of highlights present distinct looses of details. In urban environment,
these effects appear in areas with polished floors (i.e. marble), or in presence of
windows or ‘windows shop’, and determine scattering effects in the SFM generated
geometry and incorrect values of diffuse reflectance.
Despite this, computational approaches generally share the assumption that scene
surfaces are composed of pure diffuse reflection. However, for a wide variety of inhomogeneous materials in the real world, the reflection includes both diffuse and
specular components. Hence, algorithms that are usually based on an ideal
Lambertian can completely fail when facing the specular reflection. So far,
specularity removal methods need to be used to improve the photo-consistency
based image-to-surface registration as well as for 3D model reconstruction of surfaces with specular reflection component.
Diffuse and specular reflections are produced by different physical interactions between light and object surfaces. According to the neutral interface reflection model
[8], the color of the specular reflection is identical to that of the illumination, while
the color of the diffuse reflection is the intrinsic characteristic of the object.
Specularity removal can be viewed as the general problem of extracting information
contained in an image and transforming it into certain meaningful representation.
This representation is able to describe the intrinsic properties of the input image, and
it is well known under the name of intrinsic images introduced by [9]. Several characteristics of the original input image can be defined as intrinsic images: illumination color and geometry, surface reflectance and geometry and view-point [10].
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Fig. 1 - SFM pipeline with the specular removal phase on orange background.

In our case, the two intrinsic characteristics that must be extracted are the diffuse
and the specular reflection components. We reuse the diffuse reflection and we discard the specular one.
In this paper, we present a new technique to remove highlight effects from the SFM
results. Our solution provides a new reconstruction pipeline completely integrated in
the SFM pipeline re-using existing data to arrange new results. The process of acquisition of the images to get the finished 3D model is therefore unique and the process for acquiring and visualizing the correct perceived color is fully integrated with
the process of shape capture. Overall, the method does not require specific technical
knowledge, being therefore relatively easy to use, and it can be used over many different urban settings and contexts. Our processing is semi-automatic and just use
photographs employed in the 3D textured model construction of a standard SFM
pipeline. Main steps of our processing are:
a. image color balance and exposure compensation;
b. image denoising;
c. image highlight removal.
This last is the key step of the pipeline and represents the main novelty.
The use of SIFT-flow algorithm is key of this idea. SIFT-flow allows matching
densely sampled SIFT features between two images, while preserving spatial discontinuities [11], to align the images such that a pixel-wise comparison can be made
across the input set. Gradients with variation across the image set are assumed to belong to the reflected scenes while constant gradients are assumed to belong to the
desired background scene. By correctly labeling gradients belonging to reflection or
background, the background scene can be separated from the reflection interference.
Unlike previous approaches that exploit motion, our approach does not make any
assumptions regarding the background or reflected scenes geometry, nor requires the
reflection to be static. Our specular removal technique is based on [12], but further
customizations were introduced and finally the techniques was integrated in our
SFM pipeline (Figure 1). We tested our method using as case study example from
the arcades of Bologna, a superset of our field of interest because are present all the
problems which we want give solution.
2. Problem characterization & related works
Figure 2 shows images taken under the porch of a building. In these images, we can
see two of the most typical and frequent problems that appear in real-world 3D
shape and color capture of urban systems related with specular reflections problems:
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a. Polished pavements presenting highlights caused by different light sources;
b. A scene image behind a glass pane. This is the case of ‘window shopping’,
where one takes a photograph of an object behind a window. The glass will
produce an unwanted layer of reflection in the final image. The reflection from
the glass interferes with the view of the interior of the shop behind the shield.
In the determination of the diffuse reflection surfaces, traditionally these two phenomena are treated as different problems, one known as specular removal and the
second as layers separation. In this paper, we present a technique that aims to model
the two phenomena as two sides of the same coin. In our approach, specular and diffuse reflections are assimilated to different layers. In this way, the two problems are
brought back to the solution of a single problem known as separation layers, where
the captured image I is a linear combination of a reflection layer IR and the desired
background scene, IB, as follows:
I = I R + IB
(1)
The goal of reflection removal is to separate IB and IR from an input image I as
shown in figures 7-8. There are three reasons that led to this choice:
- Finding a unique solution easy to implement and avoiding multiple manual steps
in the SFM pipeline;
- Looking at the image histogram of the tonal distribution of these images (see
figure 3) we cannot see the typical behavior of images with highlights where data
appears on the right side. For this reason the results obtained through image processing techniques, or with High Dynamic Range (HDR) images in the elimination of specular reflections are unsatisfactory;
- Recently, several efficient techniques of layer separation have been developed
fitting well to our problems and establishing a ground on which to develop an
appropriate solution.
In [13] is presented a complete survey of specular removal techniques, with a useful
classification to select a proper method for a specific application. Following survey
authors and experimenting different and appropriate algorithm to our problems, we
could state that although the currently available methods achieve good component
separation results, they are limited by the conditions of their applicability.

Fig. 2 – Typical reflection problems in the urban context: shop windows and specular reflections on the floor.
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Fig. 3 – Figure 2 images histogram.

In particular, most of the techniques rely on a specific reflection model and assume
that the specular reflectance varies insignificantly with wavelength, which means
that its color is essentially the same as that of the light source. This, together with
their noise sensitivity, reduces the range of applications where these methods can be
used. Next, most part of these algorithms presents strong light requirement. Unfortunately we are in the case of uncontrolled light, single camera shot and it is hard to
use polarized filters. This limits a lot the number of solution available. Finally we
seen that the number of effects that these algorithm are able to manage are still limited compared to the complexity of the interactions in the real world.
To mitigate this problem many solutions require manual segmentation, a long, tedious and an easily error-prone process. We tried to preprocess images using automatic segmentation techniques, and also to apply this process to algorithms that in the
original formulation not have the requirement to mitigate the complexity of reflections in the scene. We defined more uniform areas on which are then applied some
of the algorithms described in [13]. Although significant improvements have been
observed, however, the road ahead remains long and hard.
From the point of view of the algorithm we focused, initially, on single images techniques, based on Shafer [14] dichromatic reflection model, starting from specularfree image techniques [15-17]. These methods are based on the idea of initially generating a pseudo-diffuse component image. This provides a partial separation of the
specular component, which is later used to complete the reflection component separation of the original image. The pseudo-diffuse component image is called Specular-Free Image because it is essentially a specularity invariant representation of the
input image. We tried also, remaining in the field of single-images and dichromatic
reflection model techniques: PDE-based [18], error analysis of chromaticity and appropriate selection of body color for each pixel [19], bilateral filtering [20], and intensity ratio [21] methods. Figure 4 shows some of results obtained using these
techniques. We experimented both default parameters and different values to better
fit our case study. We could see that the results were completely unsatisfying.
After these fails, we tried another common strategy: to use multiple images. These
techniques exploit information contained in an image sequence of the same scene
taken either from different points of view or with different light information. Such
sequence contains much more information on specularity than a single image since
the specular reflection varies through the images. In the case of a sequence of images taken from different points of view, scene points showing specular reflection in a
view can exhibit purely diffuse reflection in other views. By matching specular pixels to their corresponding diffuse points in other views, it is possible to determine
the diffuse components of the specularities. Some methods assume a fixed camera
that is able to capture a set of images with different mixing of the layers through var279

ious means, e.g. rotating a polarized lens, changing focus, applying a flash, or using
HDR techniques. All these methods present many drawbacks in our context. The
first three approaches demonstrate good results, but the ability of controlling focal
change, polarization, and flash is rarely possible. The third technique (HDR), appear
more reliable to our field, not requiring specific equipment.
Some studies of last years show accurate color-calibrated tone mapped HDR images
[22, 23], but the algorithms in the literature were not directly usable, and their limits
are still uncertain. In particular, we discarded the most recent pipeline purposed in
[24] to avoid an unclear all-in-one processing. We developed a new HDR-based
processing similar to that in [25]. Our goal is not only composing a single HDR
from multiple color images with different exposure levels [26], but also reducing the
color distortion during the tone mapping process.

[15]

[16]

[17]

[19]

[20]

[21]

Fig. 4 – Results of single images techniques of specular removal, based on dichromatic reflection model. All the algorithms are tested on the original configuration of values. Images represent the diffuse component.
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Fig. 5 – On the left color calibrated LDR image, on the right color calibrated HDR image. In the middle: color difference ΔEab; top color calibrated LDR image, below color calibrated HDR image.

We capture HDR images of the scene in RAW file format, minimum camera image
processing in the captured images, with and without inside a X-Rite color checker.
The color checker is photographed under the same conditions and with the same exposure bracket as the hero shot. The calibration is performed using this single HDR
image containing the X-Rite color checker, using reference values in the CIEXYZ
space [27]. We generated the HDR image using the reconstruction technique proposed from [28] following the study of the performance bounds of [29]. We
tonemapped the scene image with specular reflections, trying to minimize these effects and we applied the same setting to tonemap the image with the Gretag, using
the technique proposed in [30]. Finally, we applied the same processing of color calibration applied to the other LDR images. As you can see in figure 5, final results
are not very accurate and obtained pictures are impossible to merge with the whole
pipeline, where LDR images have been used. Having an HDR checker shot may not
always return accurate or desirable results since the tone mapping software can
sometimes create colorcasts. HDR tone mapping operators often exaggerate colorcasts in a scene, and include some version of local adaptation, so the color checker is
really just a starting point. To measure the error of the color corrected HDR image,
we calculate the average color difference ΔE between the color-corrected color
checker’s HDR image and the checker reference data (figure 5).
A different approach to reflections separation consists in the exploitation of motion
between multiple images [31, 32]. By analyzing the movie sequence, diffuse and
specular components can be recovered. A main problem of these techniques is the
indefinite number of images to be employed to the purpose. The number of images
to be used depends on working conditions, such as the distribution of ambient lighting sources and the viewing direction of the camera. Furthermore, multiple images
increase both the processing time and storage. In order to reduce the number of images to be used, stereo images [33] and flash/no-flash image pairs [34, 35] have
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shown to provide enough information for solving the dichromatic reflection problem. Lin et al. [36] present a method based on color analysis and multi-baseline stereo that makes use of sequence of images to achieve the separation of specular reflection. Nevertheless, extra devices and equipment were incorporated. This makes
very hard the practical applications of these techniques to the urban context. A second problem in the multi-image area concerns image alignment. The use of local
invariant features [2] is a powerful solution because these features are robust to typical appearance variations (illumination, blur, compression), and a wide range of 3D
transformations. Initial feature matching is often followed by geometric filtering
steps, which yield very reliable matches of 3D rigid scenes [37]. These operations
are nothing more than the first part of our SFM, in this way appears easy to embed
the specular removal process in the whole pipeline. Along this line [38] proposed an
image processing chain based on the use of local invariant features for building an
image of a painting from a set of photographs taken with a hand-held camera in a
non-controlled environment where highlights may appear. The proposed method has
been successfully tested on many examples of paintings in their museum environments. To apply this workflow in our field the main drawback concerns the original
assumption of like-planar surfaces.
In presence of examples with significant non-rigidity and other appearance differences, dense correspondences work better than sparse feature matches, and for this
reason more advanced methods combine sparse features with dense matching to
cope with large-displacement optical flow [39], and non-rigid matching of highly
different scenes [40]. Although both papers exhibited impressive dense correspondence results, they could be not robust to significantly changes in scale and rotation.
Multi-image techniques and alignment using local and global features were also the
last frontier of layer separation techniques, which could be viewed as a superset of
dichromatic approach. Above all these attempts to solve major lacks of the single
image method [41]: the user involvement and limited quality of results. The basic
assumption of these algorithms is that interference decomposition should result in
component images having fewer edges and corners than the original image. In [42],
Levin and Weiss considered a simpler problem, in which the user provides labels of
component images for a number of critical gradients in the interference image.
However, the problem is still ill-conditioned. A sparsity prior was introduced, which
states that the output of any derivative filter tends to be sparse. More explicitly, the
histogram of the output of a derivative filter is peaked at zero and fall off rapidly out
to the two extreme ends of the histogram. A probability function characterized by
the sparsity prior was constructed, which served as the criterion of interference decomposition. Some authors propose techniques to automatically label boundary pixels [43], deriving evidences from the input image, based on which boundary pixels
are classified as being object- or reflection-related, but, as said, results remain still
limited and multi-image techniques are, then, the most valuable solution.
3. Specular reflection removal method
Separating reflections from a single image is an ill-posed problem, as it requires extracting two layers from one image: in absence of additional knowledge about the
scene being viewed there are an infinite number of valid decompositions. To make
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the problem tractable additional information, either supplied from the user or from
multiple images, is required.
Our approach is an improved and calibrated version of the pipeline set by [12] and
[41, 42]. Moreover [41, 42] offer a solution to layer separation problem using a single image that needs to be manually labeled and where different labels represent
background or reflection parts of the image itself. Following results on the statistics
of natural images, these authors used a sparsity prior over derivative filters. They
first approximate this sparse prior with a Laplacian prior obtaining a simple, convex
optimization problem. Then they use the solution with the Laplacian prior as an initialization for a simple, iterative optimization for the sparsity prior that efficiently
find the most probable decompositions using linear programming. The results show
a clear advantage in a technique that is based on natural scene statistics rather than
one that assume a Gaussian distribution. Beside effective results, the developed
technique has a very strong constraint: it requires user intervention to label the image manually. To remove the need for user markup, [12] suggest to examine the relative motion in a small set (e.g. 3-5) of images to label gradients as either reflection
or background gradients in an automatic way. First, the images are aligned using
SIFT-flow [11]. Gradient variations are examined among the image set. Gradients
with more variation are assumed to belong to the reflection component while constant gradients are assumed to belong to the background component. The input of
[12] approach is a small set of k images of the same subject taken from slightly varying
viewpoints. Authors assume that the background dominates in the mixture image and
the images are related by a warping, such that the background is registered and the
reflection layer is changing. This relationship can be expressed as:
Ii = wi (IRi + IB )
(2)
where Ii is the i-th mixture image, {wi }, i = 1, . . . , k are warping functions caused
by the camera viewpoint change with respect to a reference image.
Pipeline steps are then, as in figure 6:
A. For each image:
- Warping functions estimation. It is accomplished by distorting the input image to
the reference image using SIFTflow algorithm - an extension of the original SIFT
Lowe technique [2] - allows extracting keypoints from an image and assigning robust descriptors to them for every image pixel. These descriptors are matched to
those of another image in order to produce a list of pairs of points. This list of
matching points is used to estimate the parameters of the transformation-warping
vector between the two images. A robust estimation method - RANSAC - is used to
automatically reject wrong matches before computing the transformation.
- Edge separation: the presence of a static IB in the image set allows the identification of gradient edges of the background layer IB and edges of the changing reflection layers IRi . More specifically, edges in IB are assumed to appear every time in the
image set while the edges in the reflection layer IRi are assumed to vary across the
set. This means edges can be identified evaluating the frequency of a gradient appearing at a particular pixel across the aligned input images.
- Layer Reconstruction: after labeling edges as background or reflection, the two
layers are reconstructed using an optimization technique that imposes a sparsity prior
on the separated layers as described by [41, 42].
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Fig. 6 – Layer separation pipeline.

B. Single images results combination. As in the original paper, we assume that the
minimum value across all recovered background layers may be a proper approximation of the true background. As such, the last step is to take the minimum of the pixel value of all reconstructed background images as the final recovered background,
as follows:
IB(x) = mini IBi (x)
(3)
We iterate the original pipeline [12] for each initial image, as all the images were
containing useful information for 3D reconstruction and all of them needed to be
processed in our SFM general pipeline.
Our photo datasets were mainly containing pictures of porches. This issue increases
the complexity of the problem, since this kind of photos is characterized by very
high contrasts, backlight, overexposed areas and underexposed ones (see figure 2).
This problem has been address working on the separation thresholds with which
gradients are identified as belonging to the background or the reflection layers.
4. Discussion and Results
In figures 7, 8 are the results of the use of our method to the different case of window shop and polished floor. From the point of view of the use inside the whole
SFM pipeline, the use of reconstructed layer separated images, leads to a strong improvement if compared to the use of original highlighted images, and we consider
the study as final. Results in figure 9 demonstrate our affirmation. Moreover, even if
results reconstructed images apparently show many approximations and artifacts,
images are evidently good enough to be processed through the SFM pipeline as the
software, assigning color per vertex, tends to discard the remaining highlighted surfaces. Effectively, if we analyze separately the layer separation results we can see
that we just begin a long road. The key problem is in the warping step, with the estimation of the warping functions, w−1i , to register the input to the reference image. For our purposes, we use a combination of SIFTflow and RANSAC to register
a pair of images by a homography. This solution computes descriptors densely (i.e.
for every pixel), instead of sparsely, to have an improved registration. However, the
planarity constraint often leads to reconstruct image regions slightly misaligned, especially when the scene presents elements on different planes, that is very often our
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case. Traditional dense correspondence method like optical flow, that are based on
image intensity, even with our assumption that the background should be more
prominent than the reflection layer, gave poor performance due to the reflection interference. However, images with very strong reflectance can produce poor alignment as SIFT-flow may attempt to align to the foreground, which is changing. This
will cause problems in the subsequent layer separation. While these failures can often be handled by cropping the image or simple user input, it is a notable issue.
Another challenging issue is when the background scene has large homogeneous regions. In such cases there are no edges to be labeled as background. This makes subsequent separation challenging, especially when the reflection interference is weak
but still visually noticeable.
Finally a problem that emerges when applying dense descriptors is invariance [45];
unlike interest points, which allow for some estimation of local scale and orientation, on arbitrary image locations scale estimation is not obvious. This is a significant issue in our context, because generally images have not a clear foreground and
background, and building edges sometime are oblique in respect to the picture plane.
For this reason in the future we will investigate further scale problem.

Fig. 7 – Example of separation of background IB and reflection IR layers separation results: shop window

Fig. 8 – Example of separation of background IB and reflection IR layers separation results: marble pavement.
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PBA 0.589

PBA 0.507

Fig. 9 – Final 3D model of our SFM pipeline and related number of images used in the reconstruction by the SFM
software and Bundle Adjustment Mean Error using VisualSFM software. On the left just using the highlighted images,
on the right using the layer separated images. You will see circled in red noisy points on the original dataset.
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Abstract:
The incorporation of the chromatic variants of the light in design formulations
characterizes the creative career of one of the last years’ most notable architects:
Steven Holl. Light is the first and the unique source of all colors, in their creation
and perception. Along the lines of an approach that might be called colour-idea, Holl
leads the chromaticism to the conceptual foundation of the architectural project.
Without leaving behind that color cannot detach itself from the reality of its material
dimension, his work goes from the idea to the perception with the language as a
vehicle: words and graphics, concepts and projects. To sustain the architecture on its
chromatic level implies making it visible also in the conceptualization phase, using
the architect’s ability to adapt to different levels of reflection and communication
which becomes manifest in his written work.
Key words: Holl, colour, perception, architecture, light, material

We cannot talk about colour without talking about perception. Our senses are
instruments of communication that allow us to relate to our environment. In our
response to sensory stimuli, we connect impression and experience to recognise
ourselves through sensations such as movement or balance. A sensitive and
differentiated perception is essential not only for our own survival, social relations
and to develop personal skills, but also for the development of creativity and the
design of the human environment. Colours are essential elements of our visual
perception and experience of the constructed space. Our environment is chromatic
where colour works in different information, communication and design plains.
Profoundly vital and interactive, it constructs a world that is emotional and
symbolic, connecting impression and thought.

LIGHT
Light, as has been endlessly repeated, is a transcendent element in the analysis and
composition of the architectural project. The image behind the well-known
definition of the Le Corbusier of architecture as spaces composed of light has
marked the retina and language of the latest generation of architects. However, it is
necessary to draw attention to the theoretical paradox that in reality surrounds the
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relationship between light and colour. Light is the first and single source of all
colours, their generation and perception. You cannot speak about one of them
without speaking about the others that remain, as they are an integral part of one and
other. The colour of an object depends on the type of light sent to the eye, a role
played in turn by the colour of the light that it is illuminating and part of this light
that its surface is reflecting, absorbing or transmitting. Therefore, light is converted
into coloured light when reflected onto a material and this interaction between light
and material qualities is what we call light. It must be emphasised that colour is not
a quality of an object, but rather something that depends on illumination. The world
is colourless, and so is made up of colourless material and energy. The name "white"
light does not provide an adequate amount of information as it fails to describe any
quality of its spectral composition in any form.
One of the more recent masters of the protagonism of light and the inclusion of its
chromatic possibilities in design formulations is undoubtedly Steven Holl. Over the
course of his career, he has shaped his own discourse around colour, one that
permanently forms part of the brand-identity that is presented as creatively
autonomous, and that therefore originates solely from ego itself, significantly
removed from the custom collaboration formulas for other names [1]. His personal
combination of perception and mastery was already apparent in his work on the
extension of the Cranbrook Institute of Science, an almost mannerist juggling act of
concepts and terms originating in different areas of knowledge. The new entrance
hall is called the "light laboratory"; a south-facing facade possessing different types
of glass- one of his specialities, his most widely considered trademarks- using a type
of abstract composition for its enclosure. The result: a range of light phenomena that
are projected onto the interior walls as the sunlight changes.

Fig. 1 –
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Steven Holl would already occupy a designated place in terms of a history of
architecture and colour, one that would be essentially connected to Le Corbusier
himself, with whom he would share [2], among other more obvious parallels, an
approach that we could call idea-colour, where chromaticism is an essential concept
of the project. His claim to identity from among the great milestones of architecture
is significantly demonstrated in the chromatic plain:
Ronchamp’s paradigm of light and space is nearly the inverse of the Pantheon.
While one has a mysterious, asymmetrical rhythm in a concave, curvilinear space
scattered with colour (from the thick blue and yellow cast glass to the enamelled
steel door mural), the other is a symmetrical abyss, a hollow purity in black and
white. In the Pantheon, a disk of white light is cast as the sun travels along its
interior in slow, celestial rhythm. The discontinuous, curvilinear space of Ronchamp
still seems to point in a optimistically new direction, while the authoritarian purity
of the Pantheon remains sublimely ancient. If one refers to the future, the other
speaks of the time before time open. In each building, thought and perception
seemed balance; here phenomena felt equal to the power of the ideas. [3]
More explicitly, there is a remarkably similar connection from a formal perspective
in the project for the Chapel of St. Ignatius of Seattle University. A series of
volumes that emerge from the roof capture the quality of the different light through
their distinct elevations and orientations. Its individualism is maximised thanks to
the dialectic combination of a lens and a colour field reflected in the interior of the
volume. Only the coloured light reflected from the baffle painted in a bright colour
located opposite the large window of each volume is visible from the inside of the
chapel.
The resulting effect of these "Seven bottles of light in one stone box" uses the visual
phenomena of complementary colours to express unity within the diversity of the
Jesuit method. The chromatic impression is multiplied by the reflections on the pond
surface and its appearance at night, when the different coloured beacons light up the
campus [4].
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The combination of light and colour is also a basic element in the construction of
offices for the I.T. company D.E Shaw & Co. in New York. A project that is to some
degree a successor to the above, between the sculpture work and the interior design.
This is a 9-metre tall, double-storey space where the visual connections to the
different levels are visible through a set of strictly geometric gaps, open at different
heights that allow the different spaces to be viewed that make up the program. The
neutrality of how the walls and floors have been treated places the artistic spotlight
on the light and colour. Both of these change depending on the time of day with a
varying perception of the intensity of the tones that are projected that project a wide
range of fluorescent colours such as green, orange, pink and blue at the times of day
when there is little light. Folds and openings serve to project colour to the darkest
surfaces, textured with those that are more visible. In short, this is a profoundly
appealing experiment on the possibilities of reflections and projections of colour in
space, from an abstract approach where the "immaterial", in the author's own words,
"of the projected colour is analogous to the intangible electronic trading of the
company".

Fig. 3 –
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Exploration of the possibilities of a relationship between apertures and chromatic
phenomena is also visible in the Sarphatistraat office building in Amsterdam. Here,
the "chromatic space" is composed of a light reflected on the different layers of the
building cladding. As customary with Holl, art and science are behind its conceptual
inspiration- the piece of music by M. Feldman Patterns in a chromatic field- and the
subtle variability in the building's visual presence: the interaction between the
perforated screens, with the application of his much loved sponge effect, and the
reflection of randomly placed colours, result in a changing effect according to the
light, which is even more powerful when viewed at night and in the reflection in the
canal.
Due to the multiple layers of porous materials –from the perforated plywood and
aluminium of the interior to the perforated copper of the exterior- light is bounced
between the building’s layers, forming a mutable “chromatic space” between the
inner and outer layer: At night light will project in thick floating blocks of colour.
Beyond the painted surfaces of a wall or a raw material’s colour, chromatic space is
a dynamic spectral probe. Luminosity takes on volumetric in moistened droplets
suspended in midair. A forming blank glistens. [5]

MATERIAL
With light as its starting point and all the symbolic and magic capacity contained
within the individual and collective mindsets, colour cannot exist in isolation despite
the reality of its material dimension. Without the presence of a physical environment
or support, colour does not exist for human beings, as it is merely a reflection of
material. The ensuing result is an interesting identification between colour, with all
its transcendental attributions and its material base. Confusion is transferred to the
hierarchy of colour that is constructed on the basis of social and economic value.
The palette becomes subjective, a relative vehicle of a particular chromatic
demonstrative effect of each social construct. We can see how the changing
availability and evaluation of materials, pigments and colours has evolved over the
history of architecture.
Although the idea of lenses and apertures capable of qualifying spaces through the
chromatic control of light has continued in the work of Holl [6], even at a higher
level such as in the extension of the Nelson Atkins Museum of Art, where the
accumulating sequence of light results in a dynamically merging of landscape and
architecture, we should single out this other important dimension in his work, where
colour is also the protagonist. This signals a shift from abstraction towards material,
moving just as easily between the words which relate to the geometric shapes,
scientific concepts or qualities of the supports of the construction elements.
This interconnection capacity, which he himself has stated to be the objective,
exemplifies the fundamental coherence of his projects:
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We must consider space, light, colour, geometry, detail and material in an
intertwining continuum. Though we can disassemble these elements and study them
individually during the design process, finally they merge. Ultimately we cannot
separate perception into geometries, activities and sensations. Compressed, or
sometimes expanded, the interlocking of light, material and detail creates over time
a "global" image of interweaved experiences [7].
In the "Y" House in the Catskill Mountains in New York, the layout plan of diagonal
crosses paths responds to three core basic variables with the location. The
articulation, formed by a Y with the stairway and central ramp is repeated on the
outside, with an elongated shape whose end forks into two outstretched arms, facing
south and topped off with spacious balconies. Its colour, just like its geometry, is a
free interpretation of the environment, and functions perfectly in the harmony of the
contrast. The framing and the roof, both made from steel, are painted in an intense
oxide red colour. The exterior siding is made from red-stained cedar wood panels, in
a similar effect to that achieved with the stained concrete of the facade of the
Bellevue Arts Museum. The interior, in contrast, has white walls and black ash
floors.
The texture of the material conditions the colour that is made evident with the light,
something that the light absorption itself is dependent on. In terms of the perceptual
and aesthetic parameters, this is a fundamental value since different textures change
the qualities from the roughness that qualifies the tone to the brilliance that provides
the shine of its reflective quality. Holl is aware that the material qualities need not be
reflected in intense colours or in dramatic results of temporal degradation. He also
achieves this in the subtlety of the grey tones that provides the play with different
orientations, compositions and degrees of transparency, as exhibited in the project of
the New residence at the Swiss Embassy or the aforementioned Atkins Museum
throughout its containment.

PERCEPTION
From idea to perception using language as a vehicle. Words and graphic art,
concepts and projects. An ability to adapt to different languages that is evident in his
writing, as can be seen in his theoretical texts, especially in publications such as
Anchoring or Parallax, and in the graphic profusion of his projects, where we are left
with no doubt about his vocation as a painter. In the earliest sketches developed, the
approach for the Knut Hamsum museum in Hamary, Norway, the architect reveals
that particular colour plasticity of his abstract thinking. In order to define the tower
structure, a "battlefield of invisible forces" is marked out in the black tarred wood of
the facade coatings with defined compositional resources with names like "the girl
with sleeves rolled up cleaning yellow glasses" or "brown dog with silver collar." It
is significant that, even though the result is similar to his most recent work the Nail
Collector's House, the conceptual basis itself is completely different, where the
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reinterpretation of the industrial history of the site and the architectural tradition is
of greater importance in this latter work.

Fig. 2 -

There are a very wide range and variety of citations available. The expansion of the
School of Architecture of the University of Minnesota is a project that, while
continuing to explore the material possibilities of colour also establishes the
chromatic plane to language from ideas. The four new outdoor spaces, that have
arisen from the juxtaposition of the two volumes veiled in an L shape, have very
"appropriate" names such as the red autumn garden or the light patio. The interior
incorporates the colours of the coloured concrete floors and the walls the texture and
varying tones of the aged copper plates. The work has been designed beyond the
execution of the work itself, considering visual aspects such as the development of
the yellow bushes in the morning flower garden or the changes brought on by the
shade of the horizontal truss in the perception of the facade patina texture, which
will be different in winter with the stripes of snow remaining on the truss.
An alternative way to interpret this is from the project phases that could be
conceived far beyond the chromatic resolution. Polychromation, which is so
frequently linked to the arbitrary and gratuitous in architecture, is evident in the
facade of Simmons Hall MIT in Massachusetts, in response to the technical scheme
for the calculation of the loads in the building, where the red areas denote the largest
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ones, the blue coincide with the lightest ones, while the yellow and oranges
correspond to the intermediate ones [8].
The sustainability of the project within which we could refer to it as a chromatic
level is visible in the conceptualization phase. With some degree of confusion
among the watercolours, the functional and programmatic drawings of his work
have emerged from an undeniable plastic eloquence. This is a tool that has been
gaining prominence in recent works, especially those taking place in the East, in
China or Korea and can be extended to the end result of the work. The Residential
complex of Beijing aims to become a city within a city However, it starts off from
the reflection on the polychrome architecture of Chinese architecture in its aspiration
for diversity; facades are dotted in different shades to shine at night like coloured
membranes.

Fig. 5 -

This concern for what is called as "night spatiality" indeed takes us back to the real
theoretical basis of his association with colour: perception as an architectural motor
and destination. It is rooted in a deep theoretical knowledge, from the texts of
Merleau-Ponty to Wittgenstein from the Observations on colours that went on to
inspire work on the Department of Philosophy at the University of New York,
capable of growing with the project to connect to the perceptual sensations
generated by light, matter and form. We could conclude by borrowing from the
definition coined by artist Carlos Cruz-Diez for his Physichromies in terms of
architecture: structures that change according to the movement of the light and the
viewer, projecting colour into space and creating an ever-changing situation [9].
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1. Introduction
In this paper I present a part of my research on the colors of the city of Bechar
(Algeria). It is about a chromatic study of the ancient architecture of the Ksour.
Being a subject of intervention, regarding their degradable state, the Ksour are the
case of my study, especially that the subject of color does not occupy, virtually, the
involved on these heritage sites. This research aims to put the basics for methods
which allow to know what to preserve as a color and how to do so, especially during
a restoration, and to understand the evolution of the chromatic state of the city.
2. Presentation of the concept “ ksour”
Bechar is a city of the Algerian Southern, situated at 950 km to the south-west of
Algiers, the Ksar (local pronunciation "gçar" which means a village consisting of an
inhabited part and a territory. It is the place of the typical ancestral agglomeration of
Saharan cities [1]. A set of "gçûr" (pl. of gçar) form an entity with the same generic
toponym, it is what is known as an oasis, a term which does not, paradoxically, have
an equivalent in the local dialect. The inhabited part of the Ksar is surrounded,
generally, by a "çur" (wall) Fig.1.
Bechar contains several Ksour in the city and in the suburbs (Taghit, Mougheul,
Lahmar, Kenadsa ...), but, unfortunately, they are almost all in a degradable state, so
that, they are in a permanent restoration [1]. But the methods used to restore them
require thinking, because some interventions do not seem to respect the nature of
these constructions, concerning materials and the original construction techniques,
not mentioning the colors!

Fig. 1 - A view of the Ksar of Taghit (One of the Ksour of Bechar).
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3. The concept of “memory colors”
The colors are a means of communication that reflects emotions. Their role in
architecture goes beyond the simple decorative application, to achieve goals that
tend to transform the architectural space and create its identity. The notion of
"memory colors" Proposed by J.P. Lenclos ensures that the geographical feature of a
site products the regional color palette through a complex interaction of several
factors. Those regional colors are important chromatic features and prominent
aspects of the site's identity, a patrimony [2].
On the other side, in her book “chromo-architecture”, M.P. Servantie, tackles the
issue of the use of colors in architecture. She presents four attitudes which are
necessary to build using colors: camouflage, integration, development and
neutrality. These attitudes depend on the nature of the site and the building, in
addition, to the intention of the architect [3].
The architecture of Bechar is an earth architecture based on a know-how inherited
by generations, an architecture linked to the culture and the traditions. That’s why
the situation of the tonal dominants of the Ksour, regarding the concept of memory
colors and their chromatic attitude, seems very useful to define the chromatic
identity of the city.
4. Method
The basic concept of my research is "the memory colors" but this notion seems
complex: on the one hand there is "colors" and on the other there is "History". The
aim behind the used methodology is to determine the complexity of this concept
objectively. For this reason, several methods are used in parallel, which I can
classify into two main categories:
The first one is all about history, culture and sociology. The second, which itself
consists of two sub-parts: the first is rather technical; it deals with construction
techniques, the used local materials, the typology of the building and the light. The
second is based on the observation that allows us to understand the chromatic nature
of the environment of the Ksour.
Concerning the historical, cultural and sociological analysis, the goal was to
understand the origins of the architecture of the Ksour and the circumstances of their
birth and their implementation. I used the consultation documents stored in the local
authorities and some academic, works already established that deal with this subject.
The sociological methods of analysis (surveys) are used to understand the vision that
people have towards the colors and determine their chromatic culture. For that
purpose, I conducted surveys on people in different Ksourian sites from different
categories of age to answer questions that revolve around the chromatic culture and
symbols of colors for these people.
This socio-historical analysis was complemented by a typo-morphological study of
the concerned sites. It allowed me to classify these constructions according to their
forms and architectural character, regarding, their construction techniques
throughout history. This study also allowed me to understand the philosophy of light
in the Ksour.
As an earthen architecture, based on a local know-how, the chromatic aspect
itself is the result of the use of local materials. In this context, it was necessary to
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have a fairly broad idea of these materials and their employment techniques. In this
domain, there have been numerous laboratory studies established at the University
of Bechar by specialists. These studies archived were of a great support for my
research.
The study of the chromatic nature of the Ksourian environment was conducted
through the analysis of the geography of the concerned sites, natural features and
climatology. It was supported by the observation to determine the natural chromatic
character of these sites in order to locate the attitude that the Ksour take in their
environment on the scale ranging from camouflage to neutrality, previously
presented.
5. Results and Discussion
As a result of the historical analysis, the Ksar is always in the downstream of the
hydraulic path. For obvious reasons of "water saving" the housing part of the Ksar is
always located in the upstream, allowing the water to serve domestic needs first
before reaching the culture zone. When the territory is able to grow to accommodate
the population increase, the Ksar multiplies. Another "neighborhood" is then
juxtaposed to the first one and so on until the capacity of the region comes to a limit.
At that time, another oasis develops further with its Ksar that could call for others,
which, seen from the air, gives to the oasis habitat that insular aspect surrounded by
a wall.
In architectural terms, the type of homes is quite simple. Rooms are built around a
courtyard. One of these rooms is without a roof and acts as a kitchen. The Space is
hierarchized, so that, the corridor is limited to one person inside the Ksar, for
privacy reasons: the space in the Ksar is only explained to his habitants. For the
same reason, the light is hierarchized, a strategy is installed to keep the foreigner’s
eyes away, inside the Ksar, in the streets serving the houses, the light is almost
absent, houses’ windows overlook the courtyards, often white niches for lamps are
dug into the walls. Foreign person who is outside, where the light intensity is
important, lose vision for a few seconds once inside the Ksar. This attitude is also
applicable on the colors, depending on the surveys I conducted: Ksourian people
consider bright colors as elements that attract attention.
The main building material is the "Tub" a kind of solid brick made of local clay. The
stones are also an essential material. The use of wood is limited to doors and
windows because it is rare in the region; it is sometimes replaced by palm trunks
that serve as beams "khashba". The ceilings are made of palm tree palms "jrid". The
walls are relatively thick and covered on the outside with a coating consisting of
clay pellets. The resulting surface is very irregular and creates shadow zones that
keep the freshness. The facades are in most cases left in their natural state without
being colored, but the doors, windows, niches and rare decorative elements are
highlighted with white lime paint.
Regarding natural colors, Bechar is a deserted city where the sky is often clear. In
the summer, the blue of the sky is very clear because of the intense sunshine, in the
winter the blue is less saturated, and the sky is rarely cloudy. The dark days are rare.
They characterize the days of sandstorms where the sky is blue-red and the rainy
days where the blue sky is less saturated. The palms are the most important type of
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the vegetation of the city which often gives a less saturated green. The landscape
surrounding the Ksour is characterized by yellow ocher of dunes but the red ocher
earth characterizes some areas.
6. Conclusions
From the results of the analysis I have done on several levels, I can deduce that the
chromatic character of the ancient architecture of the Ksour which defines the
chromatic identity of the historical city is closely related to two main factors: the
inhabitants’ culture and the geographical nature of the site. These two factors play
an important role for other secondary factors to come into play, such as construction
techniques and materials of which the color dominates the landscape. These factors
are themselves conveyed by the inhabitants’ culture and traditions.
The nature of the landscape determines a limited regional palette, so that the Ksour
are born in a naturally poor environment of color. They are built by people who
culturally believe that the color artificially added to the building is an element of
attraction which should be avoided, and prefer to remain discreet. This is what
creates an attitude of camouflage approved and supported by the materials directly
coming from the environment.
Finally, we noted earlier that the solutions applied to restore this type of construction
do not take into account several characteristics of the constructions which obviously
generate an ignorance of the values hidden behind the colors. Thereby, the
restoration directly affects the chromatic identity of the Ksours which is the result of
a delicate interweaving of all these cultural and natural factors which reflect the own
lifestyle and the way of thinking of the inhabitants.
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1. Problem detection
The preserved historical buildings of Western Ukrainian towns were erected
under the influence of the European architectural culture. Throughout the period of
their formation and development those towns in the territorial respect belonged by
mid-XXth century first to the Austro-Hungarian Empire, and then – to Poland and
Hungary. Over that period Western Ukrainian towns started being planned in a
better way and got aesthetically richer. The owner supervised by the magistrate was
responsible for proper appearances of residential buildings and for their primary
form preservation.
Starting with mid-ХХth c. Western Ukraine came to belong to the Soviet Union,
and over almost 50 years its architecture and coloristics were in decay. Buildings
where one family used to reside were now populated with 5-6 families. Multi-storey
buildings where one floor used to belong to mainly one owner were now populated
with 3-4 families. New residents were mainly natives of adjacent villages or military
men from Eastern Ukraine, and they cared not too much about the appearances of
their building, considering them to be their temporary property the state had to take
care of.
Starting with mid-ХХth. c. and up till the 90-ies, throughout the Soviet period,
reconstruction of historical buildings and constructions, in particular, their
coloristics was rarely made on a proper level, with historical layer renovation. In
case coloristic reconstruction was being made, it was mainly the reconstruction of
administrative buildings and there was usually some ideological grounds to it, while
residential buildings standing side by side with them or surrounding similar
premises were provided reserved and monotonous colour range solutions, as if
creating the effect of monotonous background. Typical coloristic solutions for
residential buildings in the historical milieu of Western Ukrainian towns was limited
to uniform building front painting in one basic colour with absolute ignorance of
architectural and spatially decorative façade elements. Any manifestations of
previous building coloristics were visually destroyed, that depriving them of identity
and making them uniform and single-type ones. Gradation of ochre red and yellow,
yellow colouring agents and tone gradations of light green, whitey pink colour were
taken as the basis. One of the basic colours of the period was grey, with its tone
gradations, in particular, that referred to residential buildings constructed over the
above period and located in the historical town milieu. Visual ruining was
supplemented by possible destruction of compositional proportions of the whole
building with no hesitation at all. Semi-basement or parterre floors of building
facades were “restored” almost every year by local authorities with a saturated dark
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grey shade, thus visually they were cut off from the other part of the building and
faded into the pavement. Further, no less effective step was roof covering, when red
terra-cotta tile or sheet metal was replaced with shimmering zinc-coated steel sheets,
this visually destroying the roof of the building. Quite often those two effects were
combined in one building, thus visually reducing the height of the building, violating
its primary compositional proportions. The use of similar visual effects and these or
those colour solutions was chaotic, there were no designs of coloristic building
solutions, let alone whole towns. Such coloristic interventions into the town
structure deprived them of their identity, towns lost their ‘image’, their self-identity.
In fact, that was the situation almost throughout the whole of the Soviet Ukraine.
2. Modern coloristic peculiarities of Western Ukrainian towns
Starting with independence proclamation and up till present Ukraine has been
short of money for restoration and improvement of city appearances, in particular,
that of small towns, therefore most old problems remain, but new ones keep popping
up as well.
Starting with early 90-ies coloristic monotony of the Western Ukrainian town
appearances has been changing in the opposite direction.
Dwellers of residential buildings, after buying out dwelling and apartments in
which they reside, show interest in the appearances of their property. Each year
more and more colour units come to participate in the polychrome palette formation,
and this does not improve visual environment of the contemporary historical centres
of Western Ukrainian towns, at the same time intensifying the aggressive nature of
their visual milieu.
Decay of the buildings appearances and
passive reaction on behalf of local authorities
to arbitrary interference into facade
appearances brought about an explosion of
colour solutions in the architecture of Western
Ukrainian towns.
For heat resource economy purposes,
residents insulate facades with insulation
materials on their own, or do repairing works
consisting in old window replacement or
replacement of the façade elements their
apartment has.
After those works are done there follow
coloristic works that are often discordant with
or contrast with the main building, façade
solution concept. Independent coloristic
insertions occur not only on front walls but in
window frame, semi-recessed balcony, door
elements, etc.( Figure 1)
Fig - 1
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Facades
In arbitrary interference into the building façade coloristics there were certain
stereotypes – that was mainly semi-basement parterre floor for trade, balcony or
semi-recessed balcony area, window frames, fragmentary façade solutions and
visual separation of the side face and front facade. Coloristic elements on the
facades of Western Ukrainian towns can be divided into two groups:

Figure 2 – Samples of arbitrary interference into building facades
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The first group includes coloristic elements imitating primary or current building
coloristics, being distinguished for a purer or more saturated shade which is
normally several tones lighter.
The second group includes coloristic elements that obviously differ from and
contrast with initial or current coloristics.
Usually, samples of the first-group coloristic elements occur on front facades
more frequently, while as far as side ones are concerned local residents are less
controlled and, therefore, introduce less restrained coloristic elements. All in all,
such coloristic elements lead to the change in the visual perception of buildings not
only in the coloristic aspect. Arbitrary interference destroys the rhythmic of façade
perception. For instance, vertical rhythmic of architectural façade elements can be
neutralized by horizontal arbitrary coloristic element introduction that destroys the
general façade concept. The above-mentioned coloristic replacement of roof and
semi-basement façade parts intensifies the effect. All in all, one may trace the
general tendency towards horizontal façade proportions in Western Ukrainian towns
achieved via coloristic element introduction.
Folk traditions of local residents of the Western region and Ukraine in general
include the custom of decorating and visually restoring coloristics of dwelling, and,
as a rule, it is once a year (in spring) that rural residents renovate the colour of
arhictectural elements and, less frequently, the building, and they do not set the goal
of preserving initial coloristics for themselves. Colour of façade or of elements
could change just by one tone, or the coloristics could change drastically throughout
several years.

Tab. 1 – Characteristic colours in arbitrary interference into building facad

Windows and balconies
Windows and balconies are the façade elements that unite internal space of the
flat (apartment) with the external one (façade). While making reconstruction of
premises, owners rarely ignore the possibility of ‘making’ external elements of their
property ‘noble’ mainly by way of coloristic interference which rather constitutes
the interior continuation than a part of the exterior. As far as windows and their
frames are concerned, the most popular colours in those territories are as follows:
dark blue, blue, violet, also pink, dark cherry, green. Those colours most frequently
occur in folk architecture on certain architectural elements, therefore, when those
colours occur on the same elements in urban surroundings parallels with rural
architectural milieu are involuntarily drawn.
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Fig. 3 – Samples of arbitrary interference on architectural facade elements

Tab. 2 – Characteristic colours in arbitrary colouring solutions for architectural elements.
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Similar coloristic interferences can be traced in the neighbouring countries bordering
on Western Ukraine.

Fig. 4 - Samples of arbitrary interference into building facades in Poland
One of the key hypothesis is that residents of different urban villages and towns
introduce coloristic culture of dwelling decoration taken from their ethnic region
while moving to cities. That got manifested in the coloristics of dark blue, dark
brown and cherry-coloured windows, pink façade elements, in particular, in new
residential areas.
This situation is of interest since residents of Western Ukrainian cities try to
change or improve appearances of their buildings by taking their own effort, and that
refers both to historical and to modern residential milieu.
It is understandable that such coloristic interference has to disappear, but during
reconstruction, in particular, coloristic one, Western Ukrainian cities can acquire
certain individuality and avoid monotony.
The current situation provides a perfect opportunity for a more detailed study of
the opinion relating to coloristic arrangement of new residential city complexes and
reconstruction of old ones, in particular, in Western Ukraine.

Conclusions
Certain coloristics caused by specific historical, social and economic as
well as natural and geographic conditions always constitutes an integral part of
people’s everyday life. These conditions affected the search of harmonious
coloristic palettes of object and spatial environment that best suited specific
features of a certain region. That is coloristics, composition, textures worked out
for centuries under the influence of those circumstances are optimal for their
region.
The study of mainly regional coloristic specific features and their
introduction into modern designing of object and spatial environment will enable, to
a certain extent, to harmoniously active the colour palette.
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"Clarity" is analyzed here in terms of projectual and operating concepts that define the chromatic landscape of a city or
a territory.
It will be exposed colorist designer’s posture in the act of designing, inventing, and imagining the colors of the city.

We will introduce an anecdote which makes us wondering about the concept of clarity in the context of this conference.
Our agency NACARAT had to work in 2010 on the creation of the color chart for the city of Lille. The title of the
mission was the following " LILLE, A CLEAR CITY : color in the city, a chromatic study of the urban landscape in
Lille ." Today, this title still questions us about the equivocity of its interpretation. Perhaps this ambiguity was its virtue
itself, thus encouraging us implicitly to engage our thinking in many directions. Was it to evoke the clarity of these
white coated missing ? To make the requirement for highlighting historical colors specific to Lille ? To propose a color
project for the city ? To boost a new creative dynamic through a new and original color project? Probably everything at
once. Many hypotheses that the chart creation had explored, shaked, converted, chosen.

Clarity : this term is often used to cover different issues related to urban, with varying degrees of complexity,
complementary or contradictory, as urban virtues : aesthetic, historic or programmatic. The clarities of the city
participate to make it readable in various aspects of its "being" and its appearance, it is somehow the result of its unity,
its consistency, its good management, so we ask ourselves "which clarity(ies) for which territory (ies)"?
By engaging this conceptual exploration , we will equation practices of color project , specific issues in relation with the
different fields of color practices. Then, we will deal with projects in relation with a territory, a city, a perimeter, a
specific area.
We will evolve in several disciplines to define a creative posture suitable to the specifications of the project.
About clarity, several assumptions can define this concept. We will develop it following three points.

Before rolling out our reflection, here is the raw etymology of the word "clarity" in the online dictionary of CNRTL1
confirming the different levels of interpretation:
Étymol. et Hist. A. Concr. 1. 950-1000 claritet “light, glow” (Saint Léger, éd. J. Linskill, 201); ca 1100 clartet
(Roland, éd. J. Bédier, 1432); av. 1463 banny de la clarte Phébus « privé de la vie » (Villon, Poésies, V, 29, éd. A.
Longnon et L. Foulet), employé surtout dans la lang. classique, puis poétique (Ac. 1694); 2. a) ca 1100 clartet «
« character from what has brightness, purity” (Roland, loc. cit., 2990); b) 1538 « nature of which is clear, transparent,
clear” (Est., s.v. limpitudo); 3. 1268 fig. « caractère de ce qui est illustre; renommée » (Brunet Latin, Trésor, éd. P.
Chabaille, p. 390). B. Abstr. 1. 1580 « quality which is easily intelligible, sharpness” (Montaigne, Essais, livre II,
chap. 10); p. ext. 2. 1643 "Luminous truth" (Cor., Pol., IV, 3); 1672 « knowledge, notion” (Molière, Femmes savantes,
I, 3), ,,vieilli, au moins en prose`` d'apr. Lar. 19e. Empr. au lat. class. claritas (de clarus, clair*)"Clarity, brilliance"
literally and figuratively.
The three points that follow are committed to transcribe these signifying levels:

1 - The material clarity: the white color as the color of clarity?
2 - The clarity as a Unit: the vision of a colorful set of the same tone.
3 - The historical clarity: the color, a mode of relation between time and space in the city

1

CNRTL Centre National de Ressources Textuelles et Lexicales

1-The material clarity: the white color as the color of clarity?
Materiality
and
materials
of
the
white
color,
Clarity: "light, glow", "character of what has brightness, purity '2

particularly

in

French

architecture

The rapprochement clarity / light / white may seem a commonplace. It does not approach the clarity of neutral colors.
But to analyze correctly this commonplace, we begin to stumble on the old paradox of " white - color " or " white - nocolor." In Occident, we culturally have integrated the Newton's prismatic experiment demonstrating " additive synthesis
", making white-light as the meeting of all spectrum's colors , but not a color. The demonstration encourages indeed to
consider the white intangible as the light, and not as a subject . This experiment differs white (like black) of the same
rank colors. In the modern times, it is this no-color Michel Pastoureau3 tells us that the Protestant Reformation ,
chromophobic , plebiscite to ensure social morality. The late nineteenth and early twentieth century also attest that
bequeath in the mass production of daily life objects whose palette is limited to a " black-brown-gray-white range”4.
How can we not see ourselves as inheritors of this symbolic of the white color?
Dictionary of words and expressions of color dedicated to the White, writted by Annie Mollard – Desfour,5 introduced
this same duality citing first André Gide in The Pastoral Symphony " Imagine now white as something very pure ,
something where is no longer any color, but only light "and later " it is in a cultural and linguistic point of view that
white is a color. The term white is a basic term , generic , basic, an hypername which includes all shades of white, as
well as blue, red, yellow, green, white with its own nuances is part of the basic terms for naming colors, " color basics
terms in the terminology of Berlin & Kay ," then " the white, in uses point of view , functions as a color, white color is
part of the lexicon, (it defines) a special world, in a physical and symbolic point view . " It is also confirmed by Michel
Pastoureau .
At the first time, what interests us here is to see how white “takes body”. In this idea, the dictionary collects and lists
terms referring to the white material, "alabaster", "white lead", "lime", "kaolin", "white Paris," "Spanish white",
"marble" "pearl", "ivory", "opal", "plaster", "quartz", "glassy", "asbestos", "silver", etc.. All these materials, endowed of
textures, grains, plastics and various types, suggest the diversity of shades of white, invitation to talk more of "whites."
Thing we try to check by investing architecture, particularly that, very specific, of heritage and building stones, looking
for material white heritage, white stones across the french territory.
Many cities in France can summarize all or part of their chromatic landscape in the color of white , like the cities of
northern France where the white chalk is abundant and serves to whiten limestone facades, for example the city of
Angouleme with its buildings in white chalk, or La Rochelle known since the Middle Ages as the "white city" , as
Montauban in south , the" white mount " in Occitan language. Thus do we represent shades worn by the subject and the
geography of white: whitish , milky , transparent , translucent, matt, gloss , powder (...) that sometimes characterize the
stones, sometimes coatings, decorations facades.
To go further, we explore the database Monumat6 who inventoried since 1996 some 6855 varieties of building stones.
Developed by the Office of Geological and Mining Research (in collaboration with the Research Laboratory of
Historical Monuments and the Ministry of Culture), in the "stone" category, the database distinguishes the quarries
stone and the monuments stone and classifies data according to six criteria: geographical (region, department),
petrographic family, stratigraphic stage, color and common name. Specific terms of geology demonstrates the scientific
guidance called for inventory.
For each stone, a "identification" is given from the alpha-numeric identifiers of the mineral and the career of origin, the
common name of the quarry of origin, the family, the lithology, the geological level, the stratigraphy, and the frame
"area extraction" informs at last about the color of the stone and details a description of it (grains, textures, fossils,
vacuoles) until its patina.
The launch of a research from one color entry with the word "white" gives rise to more than 150 responses with case
"white." More than 150 colorful descriptions of white stone from the strict "white", bluish white, off-white to white to
beige, white to yellow shade, white to light yellow, white to yellow tinged, raw white to light beige, white to gray white,
white and pink, pale yellowish white, plain white cream, white, pearl gray, white to light brown can take locally pinkish
color, white with yellow tinged, whitish tinged with green, grayish white or light gray lightly variegated with red, etc..
Reading these descriptions color stone temperament white confirms the plurality of white stones in France , it reveals
2
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the complexity to define the color appearance of white material . The only adjective " white " is not enough, most of the
time, if we want to realize finely colorful nature of this clear stone : at last, these are nuances, shades , colored areas ,
effects that are transcribed . This description also informs probably , indirectly , about the retinal and aesthetic
sensibility of the observer . And an epistemological point of view, about a geological observation protocol that provides
a description of the color. And ultimately, the importance of the colored transcript for the operationality of the database
whose target is " project owners renovations DRIREs , companies specializing in renovation, operators building stones,
etc. " for who color can be a crucial information.
So here, it is the needs of a certain field, those of the built heritage and its conservation, which leads us to design the
white as a color-material, considering it as material. The colorist-designer welcomes the enterprise however he regrets
the subjectivity of color descriptions. To borrow the words of Jean-Claude Pinçon7 , " the words , the language assumes
the chart " 1 , but what kind of chart ? Immaterial chart. Without real samples of the materials described, the coloristdesigner can imagine the white from the qualifiers and seeks to identify in its colorlibrary, he can try to recreate them
manually. In vain if it is rigorously safeguard colorlibrary white stone restoration purposes . Only tools like the NCS
color atlas or ACC atlas would be able to detail the sum of shades of white mineral . This lake of Monumat database
takes us back to this double consideration of White: "White -color" or " white-no-color ", white material or immaterial
?
"What is the white color from the point of view of nuance? A lack of hue and a high brightness due to the combination
of all colors of the solar spectrum; "color" clearer that reflects light rays - so most opposite to the black which absorbs
all. An ideal color, utopian, the "white-white", perfect white, "white body", which broadcasts all visible radiation it
receives, on an equal basis and in all directions, without any absorption "8. this is an opportunity to explore, in this idea
of a clear, a ery different representation, that of the immaterial, that of the disincarnated, that of the pure. That of the
promise of a city always new, pure, stripped of its spatial and temporal chao thanks to clarity and light of the white.
On the unborn territories of the city or for those that are wanted new , there is often question of building in the same
time with visionary and timeless. Paradoxical features if we think that the visionary is embodied in a ever seen. The
color is fashion, it is the language of an era, it leaves its mark in the built weft, print itself in the memory of our walls.
Timelessness is draped in white, it is shetered to the perishable nature of a " color that goes ," literally as well as
figuratively. The bright white is the idealized image of our antic cities, the canon of ( a)chromatic aesthetic of the
classical age. City ageless and without memory. And white, in an optical point of view is a whole, it is not incomplet
like the red color, the color green, or blue as it brings together all the colors. Therefore, it is more than just color. It
would be a metacolor . This reasoning, both positivist and ideological, rule out the possibility of aesthetic reflection on
the color by virtue of the original superiority of white over all colors: it federates them simultaneously making them
individually incomplete, detachable from the context in which they operate. That is to say accessories and
interchangeable. Unjustifiable. As part of the project built, the promotion of white can be a kind of chromatic nochoice.
Which can therefore be seen as a form of detachment, renunciation of the use of colors. Except to reconsider the white
color as embodied in a matter, a material. Even new materials, synthetic, resin, plastic, allowing it again to take part to
the otherness that is already shared by other colors.
In Argenteuil, near of Paris, the renovation of the architecture of the “esplanade Allende” has been the subject of a color
management scheme. The thermal insulation outside under draft allowed to renew completely the look of the frame
front. The City Hall seized the opportunity of this large operation to entrust colorists Nacarat to orient the project
supervisor in a global aesthetic project for the whole urban space.
This scheme has resulted in the definition of four color themes for the four blocks making up the esplanade and the
creation of a specific color and materials scheme to each block directory. One of the most striking aspects of the project
is its location in the heart of city which juxtaposes the block 1 to the oldest Argenteuil artery. It was one of the most
difficult issues that colorists last reply by imagining a way to combine chromatically two very different part of city
without sacrificing the readability of their time, but confirming them.
The Street Paul Vaillant Couturier, the oldest one, was not affected by the study. However, the co-visibility of the artery
19th and 11 floors facade of the block 1 has suggested the use of white. Not only for its virtue of "modernizing" but also
for raw contrast it created in the urban landscape and visual dropping out it occasioned at the same time. It was to
showcase both built portions of the city backed against each other.
We would not talk about the white of the block 1 but about whites because it is a true color chart of nuances, of effect
and textures. The plurality of plastic appearance of whites is there to materialize this color too often conceived as achromatic. Translucency and depth of a polycarbonate alveolate, the whiteness of a smooth coating, the shadow of a
white wall plaster, matte luster and silver of a zinc, shadows and bright light materials, frame of a layout plan or pattern
confirms this search materialization white. And it confirms a chromatic white choice
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These two pieces of city, backed, collide, stare and probably succeed in this way to coexist each other. None denied the
benefit of another. White does not have this function of neutralization, equalization, or dematerialization, it highlights
the differences between these two components of the city through chromatic opposition. Paul Vaillant Couturier street is
made of small buildings, colorful in ocher-yellow or pinkish-beige accented with brown spot, blue, motley commercial
signs of all kinds. Colored rupture in the built forehead allows the readability of these two moments of the city.

IIlustration 1: White, material or immaterial ? Tollens Range, Nacarat, 2010 (C)

2 - The clarity as a Unit: the vision of a colorful set of the same tone.
Clarity: "quality which is easily intelligible, sharpness."9
The city of Toulouse in its protected perimeter, will be here the context of our demonstration, a demonstration that
embraces the heritage issues. Building the chromatic chart of the city in 2012, the documentary and field investigation
has confirmed a homogeneous and nuanced chromatic landscape born from local geological constraints rich with marly
clays suitable for the manufacture of brick and tile, and concomitantly, from a secular building tradition.
"Toulouse shares with Albi, Montauban and others the privilege of being a pink city. The term is new but actually much
older. It has always struck travelers coming from far away. In the late 15th century, Jerome Munzer, perched on the Bell
St Sernin, could admire the panorama of the city: all the houses are of wood, brick and clay. He could not fail to be
struck by the great vessels of the Cordeliers, Jacobins, Carmelites and Augustinians in Toulouse landscape. With the old
nave of Saint-Etienne cathedral, they were the prototypes of a new aesthetic. Brick, used as an exclusive material,
stained with great force their facades punctuated buttresses and it obviously plays an essential role in the formal
definition of the new religious urban art –the southern gothic. "10
The construction of the general range of the city that transcribed methodically dominant colorful facades focused on this
very striking color sensation, the pink-orange. Thus the general palette of 100 colors is designed according to a range of
shades of 10 "matrix-colors." The shading could be considered a form of degradation of the "natural" matrix-colors, but
not "mathematical", that is to say that this degradation is not based on a consistent visual gap between color palette.
It was about finding 10 colors characteristic of terracotta used for Toulouse buildings at different times of its
urbanization, and make them gradually evolve over 10 levels in their clarity and saturation. We based our work in
particular on the atlas and the NCS classification, in which matrix-colors are defined by saturation indices and clarities
ranging from 30 to 40, with hues located in space YR (from the Y10R to Y80R). The redder colors characterize the
periods of Middle Ages / Renaissance (Y80R, Y70R, Y60R), the medium color, more orange characterize periods of the
18th and 19th centuries, the most yellow colors are those of the facades of the 19th Haussmanian and neo-classical
inspiration (imitation stone), that of the first half of the 20th (modernsime / Art Deco / ...) show the red-orange to
yellow.
During the seventeenth and eighteenth centuries clay will "ensure that Toulouse Street consistent character that was hit.
The presence of some ornaments for simple they are, providing a connection between architecture with erudite ambition
and the simplest construction. »11

For the colorist, terracotta is beyond the first constructive material, "the primary pigment" that colors the city frontage
after frontage. It is quite legitimate to talk about pigment insofar crushed brick (commonly called in french "tuileau"),
reduced to powder more or less fine, and served as pigment load for plasters and mortars. Palette that emerges is
derived pigment mixtures of terracotta, and the addition of white and gray lime, grayed sands. From this homemade
chemistry pigments is born this shading, so particular, of the colorful appearance of Toulouse.
9
CNRTL Etymologie
10 Toulouse ou Les délices de l'imitation, Editions Mardaga, 1995,
11 Ibid p.42

One could speak here of "chromatic genius of the city", that is to say an original, inimitable character and inamovible,
which shows that Toulouse has developed for centuries, through the resources of its soil, by construction practices in
situ, the coloris in french that we recognize in it today in the term "pink city". Chromatic genius would we be tempted
to say so, that is a part of the genius of the site which would be based on a specific art of putting colors together.
Pigments derived from crushing the clay in Toulouse defined matrix-colors. These pigments, together, are the physical
condition of the experience of coloris. The coloris, to borrow a notion from the theory of the art of the eighteenth
century French and Italian means "harmony all together" as defined by Roger De Piles. Here we take hold of the
concept of colors to explain both the work of colorist-designer in the creation of the color palette of Toulouse and which
also characterize the chromatic genius of the city. It is up for the colorist to understand and assimilate what makes the
coloris of the city by analytical work that isolates the chromatic color component engineering then together to
understand the colors. So here is born the paradigm that color / unit / clarity. The unit within the meaning of wholeness,
of all non-reducible, at the risk of breaking the consistency Place / Space / time.
"Uunfinished habour, high design without future, and yet what is surprising is the ability of this site to bring a common
measure to buildings and heterogeneous functions. This common measure is included in a world of construction,
material, texture, color. Brick, the large and flat brick of Toulouse for each building, below the style and the century
that saw it help to close the banks of the Garonne to form a spectacular facade, gives the measure of the geometric
constant of the parallelepiped terracotta. It gives to everything a nature of ageless (...)Geometric constancy of brick,
uniqueness of the time expanded in four centuries, uniqueness of architecture despite the variety of tastes and styles.
What strikes the visitor is clearly a willingness to put in order, the choice of monumental, garndiose, the desire to give
to large buildings as to simple wall invaded by a parasitic vegetation its exact design.»12
To further explain what means the Toulouse coloris, this "chromatic genius" of Toulouse, we also rely on the concept of
"Dasein" Kantian, that is to say a "being colored" of the city characterized by the coloring matter and jointly by the
chromatic persistence whatever the age of the city, a chromatic continuity which, in turn, makes it even more difficult
the periodic classification, such as a kind of smoothing centuries, a continuum of coloris, a time continuum. And that is
a characteristic of the coloris of Toulouse. It establishes a spacio-temporal continuum like nowhere else.
Clarity-unit in Toulouse is to be seen as a fundamental character of the city. The color scheme had to recreate the
palettes this character of continuity, of unity, without which a part of the colorful heritage of the city had disappeared.
This heritage territory nourishes the colorist in science and know-how that must continually innervate his job and
methods he can establish, transfer, to build its color project in different urban areas. This concept of clarity-unit is
probably conceivable in other urbanized areas in the perspective of a definition of the coloris of their urban landscapes
in the light of this sensitive material which poetizes the city, in a way to reconnect, as says Pierre Sansot, 'consciences
and walls ".13

12 Ibid, Songe archéologique d'un promeneur par Patrick Celeste, p83
13
Pierre Sansot, Poetique de la ville – 1971

Illustration 2: the General Range of Toulouse, Nacarat (C)

3- The historical clarity: the color, a mode of relation between time and space in the city
Clarity: "quality which is easily intelligible, Sharpness", "luminous truth," "knowledge, notion”.14
This is the idea of the city that has been the monstration of an experience of the city, its temporality: the city-existence.
This is to address the archaeological practice of the colourist in designing color tools dedicated to the architecture of the
town, to try to make "perceiving" literally producing the "clear view" or this "see through" the city in its various
ages.Clear in the sense of intelligible in scholastic philosophy and the classical age opposes the dark, calling particular
knowledge, concept, idea or perception. The historic center is the perimeter of such an investigation. Color archaeology
deploys a process of recognition and inventory thereof in the business of dating or periodization of color by including
the identification of expertise (construction methods, type of material), and correspondingly or not the identification of
socio-cultural practices, styles (composition facade decorations), identification of architectural typology (house of
borough, city building, private mansion ...)
On the subject of historical color, Michel Pastoureau is rich of teaching: he questions the idea of the "original state" of a
work - what is the first color of the work? - Insisting on this working time as "historical fact" : progress, changes,
rearrangements, deletions which materialize time. It is on this historical fact that the archeology of the color has to
highlight on the coloration of a period, more even sensitivity, its culture.
"What do we see really of the colors of Michelangelo with our 2004 lighting? Is the Treason not larger than the
transformations carried out slowly by time and men between the sixteenth and nineteenth centuries? Most criminal too,
when we consider the example of evidence of the past and of today's sights. Too much research on the alleged historical
or archaeological "truth" sometimes leads to real disasters”15
Our regard, current, thus preventing already, by its sensitivity and concerns, all omniscient vision, that is to say, any
understanding of total state of things at one time, it interprets and therefore deformed.
The history and archeology that fees it set up reflexive logic whose goal is to organize the particular vision of the city
through a chronologically line through cataloging indices dated more or less accurately, collected to make the city
intelligibile of the city from the perspective of its anteriority. This is what the colorist in architecture can take to design
what will be the color memory of the city.
It is about to giving a historical cityscape view as a sedimentation, aggregation of fragments of time displayed in the
infrared image. There would reveal simultaneously the visible and invisible layers, component the thickness time. The
relief of a city can be partly topographic shaping the geography of the country, it may also be historical, that is to say
born of earthquakes of time dominated by crystallization periods of urbanization of a city. This historical and
archaeological undertaking also contributes to a better understanding of color in its participation to the very existence of
the city.
14
CNRTL Etymologie
15 Michel Pastoureau, Une symbolique du Moyen-Âge occidental, Ed du Seuil, 2004, p129

In detail of the work in progress, there is also the difficulty of delimiting periods whose contours are sometimes unclear,
difficult to read. What must do you show? The original color or the passage of time? So generally it is to reproduce as
closely as possible and the rules of the aesthetic and chromatic art built with integrity, that is to say to restore the unit
time erasing recent chromatic alterations, or considered "against nature" (collection, removal, diversion), to remove the
superficial veil or opaque mask deposited by centuries which undefine the appearance of ancient architecture and
excluded from the mesh ordered by the history.
Because territories invested by the study are often very large, and because the stress of deadlines thereof required to do
so, the work of colorist and designer in the archaeological exercise is a collaborative work first with complementary
expertise to his own, those of the heritage architect, buildings architect of France, the historian of the planner and
archives services of the city that will provide him an overview of the major periods urbanization , an inventory of
practices and facades representative of a period or style, iconographic or textual funds. Regarding representative
buildings of the period, they become the anchor points within the historic mesh somehow "historical genres of
reference" that allow the colorist to design specific corpus of the frame of heart city or "families" with architectural
standard-colors.
Far from being fragmented, history is organic, deploys more flexibly than desired. To identify a period, the historian
applies to detect ruptures. André Corboz says "Before having thought the story does not exist; it is only chaos trends
and events (...) There's no territory without imaginary territory "16. An imaginary city, so it is history. The work of the
colorist would be a work of definition and ordering colors in a historical narrative which once again corresponds to a
research process about unit in a spatio-temporal distribution approach and classification exercise.”

Illustration 3: Mapping urbanization periods of the city of Lille, Pattou Studio (C)

4 - Conclusion
What the concept of clarity allowed us to explore as a whole are the current concerns surrounding the practice of color.
It is also the key aspects that nourish the color project for architecture and urban , and more broadly for territory,
showing the many conceptual anchor points: the science , the imagination , the creation and the invention one.
For the colorist , the temptation to claim his posture of a scientific approach, as its field of intervention is vast, fed by
uncertainty and exposed to a certain disbelief. Science is a way to positively justify the project , to circumvent the
objections viscerally related to color: impermanence, variability, instability, superficiality. However, " to scientify, " to
rationalize the job is trying to obliterate its inherent creativity . The idea is to resist from the call of the projects
subdivision and practice in a logical of gender in order to promote and always adapt new ways of designing the color of
the urban .
Agility is then one of the ways to the fully practice this profession avoiding the partitioning of postures and succeed in
combinations that regenerate our models of project production, make them expanding and transposing them.

16
Pour une poétique du détour. Rencontre autour d'André Corboz, ed. De la Villette Collection Ecole nationale
d'architecture de Grenoble. Sous la direction de Catherine Maumi, p20
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1. Introduction
The challenge of re-allocating the Évora Museum’s main fine art collection pieces
into a new environment whilst the museum itself was undergoing renovation was
immense. The purpose of this was to enable the public to continue to visit these
pieces, even if at another location.
And so it was. The project was unique, since the chosen location for this rendezvous
was the old and severely degraded Church of Saint Claire’s in Évora. Its interiors
were in an advanced state of deterioration. The design brief specified the placement
of the chosen exhibitional pieces within architectural context, and at the same time
allow the visitors to appreciate both artworks and church.
The architectural project was designed by the IPM – Portuguese Institute of
Museums, and the main trait was the creation of four oversize rectangular porticos
that would occupy the whole of the main plan of the church. There would then be a
second and last space for the exhibition which would continue its discourse from
this main area: the choir area that had a low, well drawn out frescoed ceiling.
The pieces to be exhibited were of various natures from old oil painting, stone
sculptures and other artifacts. A Colour scheme was then jointly commissioned by
the Évora Museum and the IPM, which were initially quite skeptical at the time and
actually doubted how colour could aid in the organization and underlining of the
exhibitional discourse.
The solution lay in adopting a cobalt blue for the exterior of the porticos which
would allow for the Portuguese azulejos (ceramic tiles) to vibrate and make the
church’s vision a coherent spectacle. The inside of the archways were then subdued
with various tones of grey, depending on the importance of the artworks on show.
Colour was a vital tool in the creation of an encompassed reading of the exhibitional
discourse itself. It allowed for various levels of observation of the various pieces
regarding their degree of importance. The outcome was extremely coherent, both in
terms of Architecture, Art History and Museology.
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2. The Évora Museum and the chosen Artwork
Located in the heart of the historical centre of the city of Évora, the Évora
Museum occupies the Episcopal building next to the Cathedral. The origins
of the museum go back as far as1804, however its official opening was only
fixed in 1915 after the Portuguese Republic was implemented.
The museum collections amount to almost 20 thousand pieces, where
painting, sculpture and archeology. However it’s most important pieces are
the small nucleus created by the monk, Frey Manuel do Cenáculo,
archbishop of Évora in the 1700’s. Here we can also observe some
paintings from the European schools of the 17th and 18th centuries.
In the year the museum officially reopened its doors to the public in 2008,
its collection was again restored to its main building. This marked an
important turning point for the Évora Museum, not only for its renewed
building interiors and exteriors, but especially due to an important series of
restorations to the collection. This long period enabled historians to actually
dig deeper and enhance the vision they had on this collection as a whole.
At the historical point in time when many religious orders were extinct the
Museum was also able to enhance its collection in terms of painting,
sculpture and the decorative arts. One of its vital painting pieces is the altarpiece of the Évora Cathedral; it has been dated as a Flemish piece of
artwork from the 15th Century, beginning of the 16th century.
The chosen pieces for this main
nucleus of the collection also had
some handsome gilded woodwork and
were chosen specifically to be a part
of
the
temporary
exhibition
installation to be mounted at the
church of St.Claire.
Fig.01 Brochure image of a city map of Évora,
part of the book on the city “Cidade de Évora Livro da Academia Nacional de Belas Artes –
Inventário Artístico de Portugal, Concelho de
Évora II Volume, VII” Lisboa 1966.
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3. The Church of Saint Claire’s Monastery
The Monastery of Saint Claire was built in the Sixteenth Century and is
classified as a National monument and an example of Religious
Architecture. It is located in the historical centre of the city of Évora in the
province of the Alentejo. Nowadays the church is all that remains from part
of the convent and still stands in good conditions, as well as the choirs and
the old cloisters that together design an “L” shaped plan. It was built to
match the elevation of the existing road and the elevation of its surrounding
urban grounds. Its main door and its frontal portico are dated from 1592,
and are classified as being Corinthian.
The church itself is designed in a rectangular plan with and interior
longitudinal axis, with a main body and chancel being of much the same
length and height. The ceiling is covered in ‘false-barrel vaults´. The main
entrances to the church are two side-way arches. Its interiors are covered in
gilded woodwork and Portuguese azulejo tiles.
Within the church’s interior, its main body actually communicates with
both choir areas the named ‘high ‘choir is all executed in master woodwork,
and the ‘low ‘choir area is all finished off in frescoes. We can still identify
the wall remains which partitioned these three areas. The main church’s
body has a ceiling which is still in reasonable conditions and illustrates its
squareness and Roman Baroque influence.

Fig.02 The exterior entrance doors of the Church of St.Claires. Fig.03 A section
of the church with the portico designed in.
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4. The Portuguese Institute of Museums: the Design Proposal
The former Portuguese Institute of Museums – IPM has since recent years been
renamed the IMC IP – Instituto dos Museus e da Conservação, namely the
Portuguese Institue of Museum and Conservation in general. The Imc then merged
with the IGESPAR and the DRCLVT. It now oversees the majority of Museum
Institutions in the whole of Portugal, and consequently the country’s amazing
collections and artworks.
In May 2004, the IPM was aiding one of their museums, the Évora Museum during
its period of rehabilitation and conservation works. For a three year period the
Museum building was scheduled to be closed, for this reason on of the most visited
collections of the country was going to be frozen. The idea was then to re-allocate
the most important pieces into a temporary visitable space.
The chosen one was St.Claire’s church also in the city centre, next to the Giraldo
Plaza. Although the church was no longer open to cult, its interior was currently in a
state of serious degradation, and in desperate need of conservation too. The
challange was then set to the IPM. They had to envision and create a supportying
structure for this diverse collection (painting, sculture and others). It was up to us to
design the colour proposal for this intervention.
The design proposal was very contemporary. The new structure definetly marked a
statement within the church space. It was meant to reconcile and control the two
entrance doors as well as allow for the contemplation of the church’s tilework. The
design solution was the creation of four portico structures, with about 1,00m spacing
between each and totalling a third of the church’s height. This enabled the visitor to
see the tilework between the porticos.
Another one of the spatial characteristics that made this chosen venue special was
the existance of one of the oldest altar pieces in the whole of Portugal, and also one
of the lower choir areas with intense coloured frescoes in tone of deep red and green,
characteristically different from the cobalt blue tilework of the rest of the church.
The specific placement of the four poticos in the central part of the church with the
top ends open so as to see the altar and the lower choir. In the latter a false ceiling
was designed with a slight opening, strategically placed so as to allow the
invisionment of the undamaged part of the frescoes.
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For the proposal istelf, we had to bear in mind the diversity of the chosen media and
their future positions within these portico structures so as not to distort their
curatorial and historical importance. In this was the exhibitional space was divided
into two distinct areas, the church’s main body with the new four porticos and the
lower choir area with a more cosy environment. The main bulk of the artwork of this
temporary nucleus was thus located within the portico.

Fig.04 Plan view of thr architectural proposal.

The lower choir area had a more subdued intervention and less pieces on show.
Within theses two distinct spaces we then created a second layer of walling,
perpendicular to the main walls. These were then painted with different hues of grey
according to the importance of the piece that particular wall was framing into
context. We used the thickness of these walls to create small niches coloured in a
lighter grey than the wall it had been cut into in order to house smaller sculpture
pieces.
One of the first issues we read into, after fully understanding the architectural and
design project, was to make note of the different materials that were going to be
applied. What type of wood was going to be applied on the new flooring (varnished
pinewood); what type of walling system (plastered walls); and detailing (glass and
stainless steel banisters etc). The artworks’ materials were also tremendously
important, we worked with paintings, gilded woodwork, wooden and stone furniture
and sculpture.
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2. The chosen Artwork : Évora’s Temporary Nucleus
Another important step taken, was the knowledge of the pieces to be exhibited.
Besides going down to Évora and visiting the location for the exhibition , we also
went into the Museum’s reserves to feel the vibration and presence of these
particular pieces (Figs.04-11) in order to be able to understand the predominance of
colour for our the design of the Colour Proposal.

.

Fig.05, 06 and Fig.07 Artworks and chosen pieces for the selected nucleus.

Figs. 08, 09 and Fig.10 Artworks and chosen pieces for the selected nucleus.

Although the nucleous had a large variety of media, most of the pieces were
classified as Sacred Art. Some of the most important pieces accounted for were the
triptics suportes on guilded woodwork; small pieces of sculpture and a variety of oil
paintingss of large and small proportions.
The majority of materials which composed these pieces were determinant when it
came to deciding their spatial positioning. (eg.a limestone/light sculpture was set on
a dark background) This attitude was a vital one for the correct construction of the
Colour Proposal.
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The very materiality of the Church’s main body was very striking. It was totally
covered in Portuguese Azulejos (ceramic tiles) and therefore relfected a cobalt blue.
This made us test a few different hues of blue for the exterior paint coating of the
porticos. The chosen one was the cobalt in order to work in ressonance with the
tilework, and at the same time reinforce the power of such a contemporary
intervention.
The secondary walls within the porticos, were assumed with a less intense colouring.
Various tones of grey were applied. The curatorial attitude was one of subduction
and trying to allienate the background’s colour interfering with the reading of the
pieces themselves. However the various greys were also meant to make these
different vertical plans of walls stand out on various layers.

Fig.11, Fig.12 and Fig.13 Sketches of the colour scheme applied to the interior of the intervention.

After visiting the space of the church and all the chosen artworks in the reserves and
digesting all the available options to consider for the realisation of our Colour
scheme, we started to plan and draw. Following these decisions on some of the
options, we would then finalize our intentions based on the on-site information, in
order to evaluate the choices with the correct lighting.
The main area to colour was the exterior plan of the four porticos. The chose hue
was cobalt-blue, the same as applied on the azulejos. The purpose of this choice was
to create a resonance with the interior of the church.
For the area of the lower choir an old red hue was chosen to vibrate against that
same hue applied on the frescoed ceiling in order to frame the opening on the plaster
ceiling desing by the museum team. For the remaining partitions and the interior of
the porticos different tones of grey were applied according to the pieces they were
framing. Special atention was given to the yellowish tone of the pine wood used for
the flooring and the choice of the grey hue was picked accordingly.
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5. The Colour Project and colour considerations
Once the IPM and the Évora Museum approved the Colour Scheme we asked CIN
(Corporação Internacional do Norte) the paint brand chosen to provide us with the
necessary samples, to test the selected hues on site. This on-site testing was vital for
the final decision on the NCS Colouring tuning.
It was at this specific point in the project that the various decision makers involved
truly understood the power of colour application. Even though we actually tried out
the different hues on small slabs of wall, our final judgment was made according to
the result of the placement of these various pieces on different locations.

Fig.14 and Fig.15 Sketches of the colour scheme seen from a top isometric perspective.

It was extremely important to draw out this Colour Scheme on the actual design
project so as to apreciate the possible results. The on-site work was absolutely
invaluable to tune in the final chosen hues. There is no one-way to do this. We had
also talked to the MET* designers, and the way they do this is along this same line
of thinking. They talk it out with the parties envolved, bring out the colour samples,
try things out, get larger swatches, look at the colours on the gallery walls, install the
lighing and even when thins look almost final there could still be some changes.
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Ultimately, and after all these trials, we returned to most of our original decisions.
The cobalt blue for the exterior of the porticos and a soft grey ontheir inside. This
same grey hue was applied on the interior walling of the lower choir area as can be
seen in the images below of the construction phase of this intervention.

Figs. 16, 17, 18, 19, 20, 21 and 22 Images of the exterior of the porticos with the cobalt blue being
rehearsed, the lower choir area with its arched ceiling, and the colour swatches.

We can clearly understand that due to the difference in heights in both areas of this
project, the lower choir area is so much smaller, that it did call for a more profound
colour like the dark red hue (NCS 6030-Y50R) chosen for this purpose.
The various grey tones chosen ranged from darker (NCS 6500N) to the mediun tone
(NCS 2500N) for the walls which held the larger oil paintings with the gilded
framework, and the lightest tone (NCS 1500N) for the largest areas of interior
walling and also the niches for the smaller stone sculptures.
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6. The final results and the public
The final output of this exhibition was incredibly successful. The different tones of
grey worked beautifully in their subdivision between lighter, medium and dark greys
according to the different artwork they were supporting. So working from outwards
towards the inside of the porticos the greys were lighter and then became darker as
you came inwards.

Fig.23, 24, 25, 26 and Fig.27 Final images of the finished project in which we can observe the different
plans of the chosen colour scheme and the artwoeks, August 2004.

The major hue, the statement maker was the cobalt blue very much playing on the
echo of the Portuguese Azulejo tiles. Last but not least was the ox-rouge red that we
applied in the lower choir area which emphasized its cosy atmosphere and
concentradte the viewers eye on the wonderful frescoued ceiling.
This colour was solely applied on the ceiling and not on the walls. The lighter grey
also made an importante connection between the two very different spaces of this
project: the larger central space of the church and the lower choir area. This common
partition walling was coloured in this one same light grey to offer continutity to the
interior space of this newly constructed almost ‘alien body’ within the church.
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7. Conclusions: The vital importance of pratical experimentation.
The main objective of this project was to coherently exhibit, in temporary
conditions (this would mean the pieces would suffer rotativity) the artworks that
were chosen to compose the main nucleus of the Évora Museum’s collection. The
main trait of this new body built inside the church of Saint Claire’s was its
permeability. The four porticos were created with a space between them so the
visitor could observe both exhibition and Church when inside this new space.
The lower choir area was absorbed in a way that clearly connected it with the main
body of the church, but also due to its lower height mad it a more intimate
exhibtional area. The main selected colour hues achieved exactly this. In the latter
area the ox-red made the pre-existing frescoed ceiling come to live, and the latter
with the use of cobalt-blue, made the contemporary potrtico structures not seem as
giant, and actually reflect the Portuguese azulejo tiles. The exterior context was set.
On the interior side of the intervention, the various tones of grey allowed for an
encompassed reading of the various and very different pieces of the collection to be
framed and read as a coherent whole. The lighting options on the very top of the
inside of the porticos helped with indirect ilumination of the newly created space.
We also used ‘spots’ for a more intense and individual iluminaton of the artwork.
The written text was reproduced in light grey to stand out on the darker greyed
walling.
Even though at the very beggining of this project the team thought the Colour
Scheme might have been too powerful for the design brief, with the precise help of
the on-site colour experimentation to fine tune the selected hues, the result was quite
spectacular. Colour actually aided in adapting a fiercely contemporary intervention
into a historical building, and actually framing historial sacred artworks. As stated
by the Museum director at the time:
‘… the colour scheme gave a precious contribution to the project in that it
underlined the search for the best colour solutions to actually add value to the
artworks themselves and to integrate the curatorial mounting of the show in the
historical space where it was dedstined to inhabit...’
(Oliveira Caetano J. 2004 – Director of the Évora Museum) 1

326

“The application of colour for exhibitional purposes : Re-allocation of
the Evora Museum’s Art Collection in 2005.”
1

Felipa B.G. Paes de Vasconellos Gomes da Costa

1

Master of Science in Curatorial Studies, Faculdade de Belas Artes de Lisboa, Master of Science in Colour in
Architecture, Dip. Architecture at Faculdade de Arquitectura Universidade Técnica de Lisboa, felipabgpv@hotmail.com

This mise-en-scene of all the design brief considerations that we toyed with so
much, has efectively come to life sucessfully with the use of Colour as a powerful
tool in exhibition design. Ultimately we urge all designers to have this hands-on
approach and on-site experimentation when it comes to applying Colour.
This type of investigation has made it possible for us to truely understand the
difficulties that may arise when curatorial discours is put into practise with
exhibition mounting and design considerations, and how to solve them.

Fig.28 and Fig. 29 Final images of the porticos.
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Reflected colours,
Like a chromatic wind
Passing over the surfaces,
Dyeing them,
Allowing them to appear
What they are not,
Covering them with a colourful fabric
Without thickness,
With the ephemeral duration
Of the unexpected,
Of the fleeting light that gave rise to
all. [1]

Fig. 1 – “Reflected Colours”, author´s art installation for the exhibition Descobrir a Forma Através da Luz e da Cor,
FAUTL, March 2012

1. Light, Colour and Time
It is with the words ( יְהִ י אוֹרyehi 'or) in Hebrew or fiat lux in the Latin translation (let
there be light) that God (Himself synonymous of light) ends the chaos in a world
that was before plunged into darkness, like described in the Book of Genesis. In fact
we can say that light ends the chaos of darkness, organizing the visual world that
surrounds us. Together with light colour comes along. Light, Itten said, is the first
phenomenon of the world, and reveals to us its spirit and living soul through colours
[2]. The visual perceptual space is defined by its boundaries (or their absence), and
these, transmitted by colour, owe their existence to the light that makes them visible.
We can say that colour is the shape of space and is largely responsible for creating
the emotional atmosphere of each place.
Natural light, in constant variation, has an archetypal relationship with our senses
and with our well being, conveying the notion of time throughout the 24 hours
circadian cycle. Light is the most paradigmatic diachronic element in architecture
and it has also a great impact on our biological rhythm. Mehta in his work Designing
For and With Senses and Sensibilities refers to the sense of light and time among 35
senses coming from physiological sensations that humans have [3]. This sense is
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based on melatonin secretion, which in turn is related to the variation of the natural
light. Time brings variation in natural light and therefore in colour perception.
If every perception relies on variation, as Bateson states, we can say that time is its
generator [4]. Arnheim also refers to visual experiences as being always embedded
in a context of space and time [5]. According to these authors we may state that it is
through the transformations derived from the natural variation of light that the
spaces and their constituents (volumes, materials, colours, textures) transmit the
daily notion of Χρόνος (chronos).
During the apparent movement of the Sun we can observe surfaces and objects
changing from direct sunlight to shade and vice-versa. According to this
phenomenon the colour of the surfaces constantly changes, being this mutation the
result of variation in intensity, colour and direction of sunlight. This notion relating
light variation with colours was identified and described in 1435 by Alberti: It seems
obvious to me that colours take their variations from light, because all colours put
in the shade appear different from what they are in the light [6]. These changes
promote different perceptions of space and its materiality, whether we are outside or
inside a building. And this, we find natural. Natural light and its variations, transmits
the notion of time to the spaces in which we live, relating the image of reality,
through perception, to our biological rhythm, and connecting us with the cosmic
clock. If we were confined to a space without any contact with natural light we
wouldn´t notice the passage of time, and our body, with all their functions related to
light, would be confused and stressed.
Since whenever there is light there is colour (colour is the child of light according to
Itten [7]), we state that colour variation is a natural and meaningful attribute for
space perception and for human comfort.
2. The importance of Light and Colour Variation in the built
environment as a comfort issue
Until the end of the XIX century, shadows were constantly changing in our
environment, as Casati reminds us in his book Shadows [8]. During the day, this
perception is obvious, but also during the nighttime, illumination resulting from
burning materials with natural variation (like candles or petrol lamps) always
produced movement that was replicated in the shadows. Light variation (and
consequently colour variation) was a natural presence for 24 hours. In our days
artificial light became static in our environments at night, always with the same
intensity and direction provoking an immobility that is not natural to us.
Artificial lighting causes what Jean-Paul Sartre refers to as the look of Medusa about
things, paralyzing them. The colours caused by the artificial lighting will not change
over time and the objects remain motionless in their appearance, and with their
shadows. The relationship of colour and time disappears with artificial light: the
world is petrified. This unnatural stability of light and colour perception could cause
psycho-physiological disturbances like fatigue, stress, etc., and this awareness is
conducting to new concepts in artificial illumination, promoting solutions that could
vary over time with different intensity and colour temperature. The lack of changes
can be described as a lack in emotion since Aristotle, in De Anima, defines sensation
as a kind of change, a movement, something that undergoes a variation [9].
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It is our accumulated experience in observation of natural transformation of colour
by the action of light, that allows us to recognize that one space is painted the same
colour, even if the walls and ceiling present to us many shades of it (many colours).
For instance a ceiling gets darker if the light comes downward from an opening on a
wall, and this wall will be darker than the wall in front, which receives light directly
from that opening. The relationship between these perceptive colours will vary
throughout the day. Also if there is a tree in front of the opening, the room will be
tinged green with more or less intensity depending on the natural circumstances of
daylight and sun direction. In figure 2 we can observe the enormous difference in
terms of colour perception among the same inherent colour painted on different
surfaces, due to the circumstances of lighting and also to different surface finishings
(matte and gloss). We can conclude that some surfaces have the possibility of
getting colours from outside, like 2 and 4, reflecting, in this case, the blue colour
from the sky.

Fig. 2 – Francisco Arruda School, José Neves, architect, João Pernão e Maria Capelo, colour consultants

This colour variation within a room could be an important element for human
comfort promoting a more natural and dynamic relationship with nature, and
consequently, with our own body response. This could, for instance, foster attention
and efficiency in learning spaces.
From this example we can infer the importance of thinking diachronically in space
in order to develop it in the project design process. When developing our
architectural projects we are more trained to mentally stroll through the spaces we
create - which is another type of diachronic movement – than to think of their
inevitable transformation by the light (both natural and artificial). But we can’t
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forget that it is the light that causes the visibility of space though colour perception,
modelling its appearance and giving us time awareness throughout its variations.
Anyone who has visited the Pantheon in Rome [fig.3] will never forget this
paradigmatic example of time awareness built by the movement of the overhead
light projection on the walls.

Fig. 3 – Pantheon in Rome: a sun clock

3. Colour is not a property of objects or surfaces
Surfaces have a colour that we can name inherent colour and have many others
depending upon the circumstances of observation and lighting. Those we name
perceptual colours. Goethe in his Theory of Colours [10] had already established the
distinction between colours belonging to objects (permanent, inherent in bodies) and
colours derived from its appearance (passing effects).
In figure 2 we can observe that for one inherent colour we have many perceptual
colours. So we can say that colour doesn´t belong to the objects, spaces or surfaces
but to the observer. Colour is not in the eyes of the beholder but in his brain.
According to this, Mahnke stated that colour is the sensation caused by certain
qualities of light that the eye recognizes and the brain interprets [11]. This
interpretation always depends on a multitude of variables, and though the surfaces
have only one physical measurable colour (inherent colour), we have innumerable
colour perceptions (perceptual colours), all of them being that surface’s colour.
Variation in time is the key for this multitude of perceptions since we can only get
one perception at a time.
4. Reflected Colours
We have developed a research on reflected colours that goes from some
experiments, made for our PhD work “Colour as the Form of Space”, to their
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application in architectural spaces, mainly in Braancamp Freire School in Lisbon1.
We´ve concluded from these experiments that a coloured surface could act as a
source of coloured light and that the intensity of the reflected colour perception
increases when the surface that receives it is positioned in the shade. This findings
corroborate Ruskin´s statement in his The Elements of Drawing [12] when he refers
that the colour of the shaded side of objects depends on the colours of the other
objects that are near to them: “the only certain fact about dark sides is, that their
color will be changeful” (p.56). We also concluded that white is the best receiver
and receptacle for all colours, as noticed by Leonardo da Vinci in his Treatise on
Painting [13].
Reflected colours, usually unnoticed, have an important impact on the perception of
the phenomenon of colour: once struck by light, each surface reflects and transmits
the characteristics of its own colour. If we took a picture of a white room that has a
tree or vegetation outside its window we should notice that their surfaces would be
tinged with green. Al Kindi, a great Persian scholar in the IX century, believed that
everything that physically exists in the world emits rays in all directions, forming a
network in which all acts on everything. This holistic approach was applied from the
heavenly stars up to our body, to the objects around him, and even to the thoughts of
our mind. But this is also important for the recognition of the relevance of this
phenomenon of action / reaction of colour in all surfaces on our visual field.

Fig. 4 and 5 - Author’s experiment with reflected colours

In figure 1, all the colours we see are reflected colours since the coloured surfaces
are placed in a position where they could not be seen from the observer’s point of
view. In another experiment we can see the colours placed in horizontal position,
1

Braamcamp Freire School was designed by CVDB Architects, with João Pernão as Colour
Consultant, and had recently won the 2013 WAN (World Architecture News) Award for
Educational Building and the Archdaily Building of the Year 2014 Award for Educational
Architecture.
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viewed from above [fig.4] and then the result when lighted from above and seen
from a frontal point of view [fig. 5].
The ephemeral effect of reflected colours in our built environment could be very
important in providing the variation our perception needs to allow us to be
concentrated in the various tasks we perform. The human being needs diversity in its
everyday life, as it exists in nature, and the changes in environment are essential to
its psychological well-being, also by relating space perception with time.
5. Reflected colours as a design tool: The Braancamp Freire School
5.1. General approach

Our goal in Braancamp School is balancing complexity with unity regarding the use
of colour in space perception, in order to create confortable and motivational spaces
for learning. Colour defines and qualifies aesthetically and architecturally the several
spaces according to ergonomic principles that allow for a sense of comfort and
orientation within the school. A dynamic view of colour in space and time was
created [fig. 6].

Fig. 6 - Author’s early sketch for the school’s atrium and for the colour accentuations on the corridor.

Nearly achromatic colours, like the exposed in-situ concrete, the pre-fabricated
concrete panels, the acoustic blocks and the pavement in dark grey and white
terrazzo mainly define the school spaces. Colour accentuates and qualifies special
moments such as the circulation and the informal study areas and the auditorium.
The chromatic dynamism of these moments, accentuated by strong and saturated
colours, identifies their character and purpose. The corridor is a passage among light
and colour, accentuated by vertical connections between the two floors [fig. 7].

Fig. 7 – The corridor: a passage among light and colour
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Colour in the classrooms is more neutral and achromatic to enable a quieter space
for more focused studies, using only a stronger yellow color in the acoustic ceiling
to provide a sense of comfort and warmth.
5.2. Colour variation

Within this overall calm and achromatic atmosphere we create a subtle variation and
diversity through the use of reflected colour during the day.
In the atrium the yellow painted skylights tinged the space in different ways
throughout the day. The auditorium, painted blue, is the central element of this entry
space. These two complementary colours, yellow and blue, dynamically characterize
this special moment of the building and introduce the visitors to the colour
environment they will find [fig.8].

Fig. 8 – The atrium is a dynamic lighted space always with a different interplay between reflected colours and surface
materials.

The surrounding walls are painted white, the best receptacle for all colours, and the
other surfaces are achromatic raw concrete. These achromatic colours are chosen for
better playing this strong game of reflections and variations, always being different
to our perception.
In classroom spaces, light is reflected in the coloured concrete exterior surfaces
nearby the windows [fig.9]. The difference between inherent colour and perceptual
colour varies during the day and can be enormous as we can see in this figure.
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Fig. 9 – Outside and inside effect of painted surfaces placed nearby the windows.

The presence of roller blinds, used to control direct sunlight, gave another effect to
the reflected colours, scattering their tone throughout the room [fig.10]. The roller
blinds revealed themselves as an effective tool for conveying colour into the space.

Fig. 10 – roller blinds scattering reflected colours

The exterior painted surfaces are facing different directions and they have different
goals according to its geographic position: facing Northeast we have more surfaces
painted yellow and red, because of its warmth perception, and some painted white to
enhance the luminous reflectance giving more light to the classrooms; facing
Southwest we have some blue and green surfaces, for its cooling perceptual effect,
and almost no yellow [fig 11 and 12].
In other spaces we use also the green to relate with the outside, for instance in the
ones facing the playground and the green landscape. Nevertheless, we always have
more than one painted colour for each space because we don’t want to promote a
sensation derived from one single hue, but to explore the interaction between
colours.
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Fig. 11 and 12 – Warmer colours on Northeast façade and cooler colours on Southwest façade

In the circulation spaces the painted surfaces near the ceiling openings spread their
colours to the white and the concrete grey of the walls [fig. 13]. When passing
through the corridor the reflected colours affect differently the inherent colours of
the walls.
At the end of the main corridor the yellow painted walls of the sculptural stairs
reflect their colour to the concrete surfaces of the stairs, accentuating the
architectural vertical axis through light and colour [fig.14].

Fig. 13 and 14 – Reflected colours enrich the perception of the architectural environment.

337

The several spaces are continuously dyed in a multiplicity of tones as the day
progresses and the sun moves around. This allows for a great diversity in how these
spaces are experienced and perceived both in an overwhelming and ephemeral way
with different daylight. This contributes to the presence of a natural changing
colour/light environment that enables attention and concentration, as variation is
natural for the human being.
6. Conclusions
Time is inseparable from the act of perception, and in particular of visual perception.
Wittgenstein states that space, time and colour are forms of objects [14]. Time is
also present in how a space is affected by light over a day. The perceptual
processing of chromatic environment, dictated by changes in the natural light, is an
important indication of the passage of time and a powerful relationship to the
circadian cycle that regulates our biological clock. The colour variation of surfaces,
during the day and at night with artificial lighting, is an extremely important
phenomenon in architectural space and therefore should be addressed in
architectural design according to its importance.
We can use colour variation through reflected colours as a design tool in architecture
to increment quality and comfort to daily perception, especially in places intended
for long periods of human presence like offices and schools. Whether we are
thinking of subtle variations in places designed for concentration or more dramatic
changes in places like atriums and corridors where the dynamic could be enhanced,
we can use reflected colours as natural happenings that could link our perception to
the unexpected, to the natural changing of our environment.
With a close intertwined work with the architects that define the goals for each
space, this approach can lead to more comfortable, and aesthetically better achieved,
built environments for human presence.
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O!pole. Folk art in Opole Province - from analyses to design. A
color pallet project of folk art in Opole Province, Poland. (The project
was designed in cooperation with Zamek Cieszyn, a center of research and documentation into
material culture and design, and The Land of St Anne, a local association.)
Anna Kmita, Ph.D. Academy of Fine Arts in Katowice, Poland, Design Department, Color design studio

1. Introduction
This project presents a study of color pallet of folk art in Opole Province. The
objective of this project is to analyze the color of given elements of folk art in Opole
Province as well as to prepare color pallets inspired by the folk art in that region.
This project is based on a subjective selection of official folk elements in Opole
Province which seem to be essential considering regularity of their ornamentation
and color. The following are the questions arisen:
- Are there any color pallets characteristic of folk art in that region?
- Are these pallets a result of symbols? Or are they a result of traditional dyes and
materials available?
- Does the color of particular folk elements (e.g. furniture, Easter eggs, ceramics,
etc.) differ and if yes, to what extent?
- How to record the most common color values?
- How to describe and present results of the research?
Project assumptions:
• Color pallets define color tendencies in folk art in Opole Province.
• Establishing parameters of colors provides information and organizes the
way of giving name tags to folk exhibits.
• Proposals of color pallets can be used in information service and promotion
of folk art in the above-mentioned region.
• The project of color pallets is an open-access and easy to use graphic tool.
•
2. Terms and definitions
Hereinafter, a few essential terms concerning folk art show a place of a modern
designer in relation to folk artists. These terms also define their partnership and
interaction.
Folk art / folk industry: ‘Defining formal features of folk art seems to be the only
sure criterion. Harmony between form, technique and tool as well as manufacturing
skills are features of great importance to esthetic values in folk art.’ [1]
‘Folk art, based on regional tradition, works with the use of natural resources or the
ones produced and made by a community with their own hands (…) Folk art
manufactures have a characteristic and unique essence and they are made under
specific circumstances. ‘[2]
Folk artist: ‘A man who acquired his/her executive skills through observations and
learning from the elderly in a community and not in the course of education. [3]
Folk manufactures: ‘They are made anywhere and by anybody on the basis of any
regional elements, especially esthetic values’ (Cepelia, souvenirs, manufactures of
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industrial design); ‘They diffuse folk art, presenting characteristic features of a
particular region and showing national peculiarity of culture.’ [4]
Definitions of elements included in the study:
Color book: This is a project book which includes a description and a collection of
photographs presenting objects of folk art which are basis of the color pallets.
Posters – color mood boards are graphic elements of inspirations, ideas or trends
presented in a given visual form. The project includes five color mood boards
presented on boards of dimensions: 100 x 70 cm.
Posters – projects of color pallets inspired by folk art: This color pallet is a result
of an analysis of color tendencies of folk elements of art in Opole Province. The
color pallets can be used in accordance with the assumptions presented below.
There are six color pallets: three are inspired by folk architecture while the rest
three- by Easter eggs, ceramics and glass. Each color is described in NCS, Pantone,
the CMYK and the RGB color models.
3. Action plan - analyses
3.1 Interviews with local experts of folk art:

Within the scope of analyses and preparation to the project the following interviews
were conducted with:
- some local experts of folk art, such as Mr Bogdan Jasiński of the Opole Open-Air
Museum of Rural Architecture,
- female members of ‘The Land of St Anne’, a local association,
- folk artists, especially Ms Małgorzata Mateja, Ms Barbara Herok and Ms Marta
Żmija Glombik.
Workshops organized in the course of O!pole project help to establish a wide
framework of the project as well as to select art disciplines in Opole Province which
shall be representative of the whole cultural phenomenon.
3.2 Establishing parameters of a few dozen of selected folk art exhibits which
belong to archives of the Opole Open-Air Museum of Rural Architecture.

Establishing parameters of exhibits consists in work with color sample, such as
Natural Color System and Pantone. 75 “frames” were chosen from hundreds of
photos presenting various folk elements of art in Opole Province. Next, they were
set together with corresponding color proof and presented in a color book.
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Fig. 1 An example one of 75 frames, set together with corresponding color.

Fig. 2 Description of colors.
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3.3 Tendency analysis.

It is easier to present general color impressions with color mood boards than
separate cards. The color mood boards present color of folk elements of art in Opole
Province in such areas as folk architecture, embroideries, fabrics, Easter eggs,
ceramics as well as materials and ornamentation. Compositions of photographs and
colors included in the color mood boards are compared with publications on the
same subject taking into consideration the choice of photographs and patterndesigning. [6], [7].

Fig. 3 Color moodboards.

3.4 Ornamental and material pallets analysis.

While working on color parameters of folk elements of art, a need to group and
name the most important tendencies in ornamentation have arisen. As a result of
interviews with folk experts and observations, as few crucial ornamental motives,
such as plant, floral and geometric ones, are specified. The archives of photos prove
tendencies described in the latest publications concerning folk art in Opole Province.
The following are the most important elements of ornamentation:
• geometric figures (solar signs, windmills, rosettes, stars, diamonds,
triangles),
• rose – in characteristic graphic layout and color,
• motive of meadow – floral features which are freely chosen and graphically
transformed, without actual reference to natural flowers,
• flowers which are simplified to geometric figures, presented in strap or
central composition according to visible axes of symmetry (tree of life and
others),
• zoomorphic elements.
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Fig. 4 Ornamentation moodboard.

3.5. Dyes and color symbols analysis

Dyes responsible for particular colors are originally natural ones. However,
nowadays, even the experienced folk artists replace them with chemical
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counterparts. Freely accessible pigments and ceramic oxides as well as special dyes
for glass are used in ceramics. Loom, ceramic and bricks burning studios as well as
other workshops break with tradition of craft manufactures.
The most traditional discipline is still the art of making Easter eggs. Colors of Easter
eggs are obtained from stocks of different parts of plants and flowers, such as:
• green – barley or wheat sprouts,
• black – oak or ebony bark,
• red – grub stock, mallow, blackcurrant or onion skin,
• brown, yellow (of lower intensity) – onion skin or alder cones,
• blue, violet – fermented oak timber with iron filings.
However, more and more often natural stocks are replaced with food coloring or
fabric dyes. [8]
The folk artistic activity in Opole Province has created its own language of color
symbols. It is also still best noticeable in the art of making Easter eggs. The color of
Easter egg is a message conveyed to the recipient which has the same value as a
poem carved on the egg. [9]
Such defined colors of Easter eggs have the following meanings (written both, in the
Silesian dialect and translation):
• black – ‘Dlo kamrata’ / For a friend or a respected person,
• green –‘ Dlo szkalca’ / For a student,
• yellow – ‘Dlo wrazidlatego absztyfikanta’ / For an intrusive cavalier,
• red –‘ Dlo szaca’ / For a beloved,
• brown – ‘Dlo zolytnika’ / For a suitor,
• blue – ‘Dlo niywjernego absztyfikanta’ / For a disloyal cavalier,
• violet – ‘Dlo starego karlusa’ / For a confirmed bachelor.

Fig. 5 An example easter egg with traditional sentence and ornaments.
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In other areas, for instance in costumes from Opole Province, the color concerns
more practical aspects and visual ergonomics. It also derives from historical
circumstances (18th century fashion or Prussian military uniforms). Some parts of
costumes have a color attributed to their user’s status, e.g. a neckerchief for a best
man is pink while the one for a groom is green. Another example is a bride’s velvet
dress which is supposed to be black. [10], [11].
The folk color of Opole Province is not strictly connected with the official heraldry
of that region.
4. Plan of project actions.
4.1. Projects of color pallets.

The posters of color pallets are inspired by color of folk architecture as well as by
Easter eggs and ceramics.
Project of color pallets - Inspiration: folk architecture.
The poster includes comparison of color tendencies in architecture. It is a
comparison of all colors which parameters are either established by means of
templates or taken from photographs (frames) of architecture. The colors are taken
from a color book and are organized in a circle.
There are three color pallets of different tones (each pallet has seven colors). The
tones are representative of typical colors of folk architecture. The color pallets
(marked as: A, B, C) include white and other colors, and they form a group of cold
(azure), warm (brown) and green colors (mixed pallet).
A, B, C color pallets - The colors in the color pallets can be used:
• in any proportion,
• in any number of colors (the best visual effect is achieved with four out of
six colors),
• each of the color can be used as a background color or replaced with a
material of similar color and then, used as a background,
• white is an additional and optional color.
Project of color pallets- Inspiration: Easter eggs and ceramics.
The poster includes comparison of color tendencies in ceramics and the art of
making Easter eggs. It is a comparison of all colors which parameters are either
established by means of templates or taken from photographs (frames) of ceramics,
glass and Easter eggs. The colors are taken from a color book and are organized in
circles- the internal circle represents Easter eggs while the external one represents
ceramics. There are three color pallets established on the basis of pallets inspired by
ceramics and Easter eggs. Those three pallets include fourteen colors each. There are
different ways of mixing those colors, each representing rules governing folk art. (e.
g. Easter eggs are always same-color with white tones while pottery mixes white,
black and basic colors in a right proportion, sequence, etc.).
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Fig. 6 An example colors pallets inspired by regional folk.

4.2 Examples of practical application of the color pallets.

Ten postcards presenting architecture, handicraft as well as local dialect of Opole
Province are a creative example of application of the color pallets as promotional
tools. The postcards will be donated to the Opole Open-Air Museum of Rural
Architecture and to the local association, ‘The Land of St Anne’, in
acknowledgment of their assistance given in the course of this project.
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Fig. 7 Proposal of using design of occasional postcards.

4.3 Application of the color pallets in the media.

The color pallets present hues, their saturation and brightness which are most
common in particular folk elements of art in Opole Province. They are a graphic
proposal and can be used as:
• corporate identity and events concerning folk art in that region,
• promotion tools such as graphic and multimedia materials,
• exhibition elements.
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However, the above-mentioned pallets shall not be directly copied or applied
without consultation as:
• a ready color code in visual information systems of public spaces,
• a color pallet in architecture (projects of facade, etc.),
• a color pallet for sculptural as well as for decorative structures.
Appropriate visual matrix, cohesion with the other graphic elements, scale and way
of presenting them as well as their legibility (which depends on all above-mentioned
components of the composition) are a necessary condition to achieve the desired
effect.
The color pallets include colors presented by means of templates of the analyzed
folk art objects. All the color pallets can act as copying, interpreting and creating
tools. Although, they do not make the only necessary visual form for describing and
promoting the heritage of folk art in Opole Province, they can be helpful in several
graphic and exhibition projects.
5. Conclusions - summary
This project helps to systematize color tendencies of a particular area of folk art.
Basically, it provides tools for designers who need information about characteristic
colors of Opole Province in order to keep the original pallets and hues as well as to
find visual context for their works in the color of that region. The color pallets have
also an archiving function for folk artists themselves as well as for people who do
such artistic activity. Color mood boards and posters of color pallets have a
popularizing aspect and shall be presented at exhibitions in the above-mentioned
region as well as in ‘Zamek Cieszyn/ Castle in Cieszyn’ during presentation which
will conclude the O!pole project in autumn 2014.
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1. Introduction
Nail polishes are generally monochromatic, pearly iridescent or glittery. The present study deals with an
innovative color travel effect which is inspired by the automotive tuning. The cars are most of the time
customized by adding a top layer of effect paint onto a black background. The goal was to transfer these colored
tuning effects into nail varnishes. An additional requirement was to investigate the feasibility using one single
layer which means one single product. Indeed, a mono-product is preferred by customers than a double
application designed cosmetics. The nail polish must then change shade according to the incident light and to the
observation angle. Thus, when the customer moves her hands, the nail polish shows continuously different
shades.
The color effect is created by innovative pearls that exhibit a wide interference reflexion, for instance : Cyan Blue - Violet - Red. The percentage of the pearl in the formula was optimized in order to create a monolayer nail
polish with an intense color travel and a high gloss, similar to a double coat nail varnish and matching
automotive tuning. Finally, the added value of the selected pearl was proved by comparing it with a classical
pearl.
2. Material & Methods
The nail polishes were formulated with different quantities, nature of pearl as well as different color
backgrounds. The monolayer nail polishes created were systematically compared to the corresponding black nail
polish plus the colored top coat (= 2 layers applied successively).
The monolayer nail polish contains intrinsically both the pigments for the background and the pearl for the
desired effect. In opposition, the duo of nail polishes consists in a first layer of a monochromatic black color
(background) to which a pearlescent top coat is added.

Two layers nail polish
-

-

Step 1: 2 coats of background (containing the
black pigments)
+
Step 2: 1 top coat (containing the pearls)

Monolayer nail polish
-

A single step: 2 coats of the color changing
nail polish (black pigments + pearls mixed
together)

Table. 1 – Characteristics of the two layers nail polish versus the monolayer nail polish.

The nail polishes were applied on opacity charts with a film applicator which enables to simulate a monolayer
application (humid thickness = 400µm) or a double application (humid thickness of the first layer = 400µm and
humid thickness of the top coat layer = 160µm).

Figure. 2 – Principle of the two layers nail polish

In order to characterize the color effect, two instruments were used. A glossmeter (BYK, Micro- Tri- Gloss) was
used to measure the specular reflection gloss of nail polishes. A multi-angle spectrophotometer (Xrite MA98)
enabled the measuring of the reflected light for each wavelength from 400 to 700nm. It does so for different
angles setups (incident and observation angles). 4 angles configurations were selected as recommended by the
standard ASTM E2539-08: 45as15, 45as-15, 15as-15 and 15as15. Therefore, for each angles setup, the color
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perceived by the consumer was identified and therefore the full range of colors displayed by the nail varnish was
determined.
3. Results
3.1 – Color effect of interference pearl A

For each pearl and each background, the best composition to create a color travel as close as possible to the one
obtained with the two layers nail polish, was investigated.
The results presented below correspond to the case of a black background combined with an interference pearl
named A. This pearl is marketed to be able to display 4 different interferences: Violet - Blue - Red - Orange.
The graphics represent the percentage of reflectance of the nail polish in function of the wavelength. For a given
angles setup (i.e a given light incident angle and a given observation angle), the composition of the reflected
light was analysed.
Several trials were formulated. They differ one from another from the percentage of pigments (which gives the
intensity of the background) and the percentage of pearl. 3 trials are compared with the two layers nail polish (in
green) which shows the targeted effect. To be as close as possible from the target, the curves should be
superimposed for the 4 angle setups.

Figure. 2 – Profiles of reflectance according to the wavelength (nm) for 4 angles setups: 45as-15, 45as15, 15as-15z0 and15as15z0. Nail polishes combining
a black background and pearl A.

The color travel of trial 2 seems to be the closest to the targeted one. However, the gloss of trial 2 is lower than
the one of the two layers nail polish as shown in table 2.
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Nail polishes
Two layers nail polish: background 30% - pearl A 3%
Trial 1: monolayer nail polish: background 15% - pearl A 10%
Trial 2: monolayer nail polish: background 20% - pearl A 12,5%
Trial 3: monolayer nail polish: background 20% - pearl A 10%

Gloss
63,5
26
25,5
20,1

Table. 2 – Nail polishes ‘gloss.

The gloss is decreased for the monolayer nail polishes in comparison with the two layers nail polish. Indeed, the
latter has two different physical layers placed on top of each other which enables a higher specular reflexion (and
less diffusion) as represented schematically in figure 3.

Figure. 3 – Explanation of the gloss difference between the 2 in 1 nail varnishes and the 2 layers one.

3.2 – Color effect of interference pearl B

The effect of another pearl exhibiting different interferences (Cyan – Blue – Violet – Red) was investigated in
the nail varnishes. The results are presented hereafter.

Figure. 4 – Profiles of reflectance according to the wavelength (nm) for 4 angles setups: 45as-15, 45as15, 15as-15z0 and 15as15z0. Nail polishes
combining a black background and pearl B.
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Trials 1 and 2 are the closest to the two layers nail polish. The latter appears to be a bit more reddish for the
angles setup 45as-15 as its percentage of reflectance is higher than the one of the trials from 600nm to 700nm.
The gloss data are presented in table 3:
Nail Polishes
Two layers nail polish: background 30% ‐ pearl B 3%
Trial 1: monolayer nail polish: background 15% ‐ pearl B 10%
Trial 2: monolayer nail polish: background 15% ‐ pearl B 7,5%
Trial 3: monolayer nail polish: background 15% ‐ pearl B 5%
Trial 4: monolayer nail polish: background 15% ‐ pearl B 2,5%

Gloss
61
24,1
31,8
44,3
61

Table. 3 – Nail polishes ‘gloss.

The two layers nail polish has a higher gloss than trial 1,2 and 3 but similar with trial 4. From the data, in that
case, the gloss seems to be anti-correlated with the percentage of pearl in the formula.
In this situation, the best monolayer nail polish imitating the two layers nail varnish is trial 2. Indeed it provides
a very good color travel effect using fewer pearl than trial 1 and it has a higher gloss.
Finally, the figure below shows the different shades perceived by the eye for each angle setup, for trial 2.

Figure. 5 – Color travel of the selected monolayer nail polish: trial 2 with 15% of black background and 7,5% of pearl B.

Remark:

Different backgrounds other than the black one were screened like for instance a white, purple, orange or blue
background. It happens that, as expected, the black background is the best one to highlight the effect of the
interference pearl and show a more intense color travel.
3.3 – Investigation of the added value of iridescent pearl B

To complete the previous results, it was interesting to investigate the added value of pearl B. To do so, they were
compared with more classical pearls (named pearl C) that are also marketed for their interference color.
Monolayer nail polishes were formulated with 15% of the given pearl. They were analysed with the methods
previously explained.
Figure 6 gathers the curves representing the % of reflectance according to the wavelength for several angles
setups.
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Figure 6. Comparison between pearl C and pearl B: profiles of reflectance according to wavelength (nm) for several angles setup.

For the monolayer nail polish containing pearl C, the profiles of reflectance are similar for all the angles setups.
On the contrary, the nail polish containing pearl B displays different profiles of reflectance and therefore
different shades according to the angles setups.
These measurements prove the added value of pearl B thanks to which a real color travel is achieved whereas
pearl C gives an unchanging color whatever the light incidence angle and the reflexion angle.
4. Conclusions
The study of color composition combined with optical measurements enabled the finding of the best composition
to create a monolayer color changing nail polish, for pearl A and pearl B, imitating the effect given by the
application of a monochromatic black layer plus a pearlescent top coat.
In the two cases presented, the color travels are very close, except for some wavelengths for which the effect is
more intense with a duo of nail polishes. Therefore it is possible to create a tuning effect nail polish inspired by
the automotive industry.
However, it has to be noticed than the monolayer nail polishes have a lower gloss than the two layers nail polish.
The percentage of pearls can have either a negative or a positive influence on glossiness. The 3D effect
perceived is also decreased. Indeed, when using a top coat, there is a 3D visual effect due to the fact that two
different layers are physically on top of each other.
Finally, the pearl B used was compared with a classical pearl which also presents some interference. The first
one definitely has an added value as it has been proved that the classic pearl cannot create such a color travel.
Finally, the color effect was achieved respecting other cosmetic qualities such as easiness of application, long
lasting properties and stability.
Bibliography
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1. Introduction
Nail polishes are subtle products as the formulas are not so different, from one product to another. The
differences lie in the right balance of solvents, resins, polymers and plasticizers [1]. Thus, the claims of brands
like glossiness, long lasting or drying speed in the market are related to this balance. The other way to stand out
in this saturated market is color, from perfect lacquered to special visual effects. This parameter seems to impact
the lasting of the nail polishes formulated on the same "lacquer" base. A nail polish formula can tolerate some
types of pigments, whether in terms of nature, origin or percentage; targeting make-up result and quality
requirements. Although the formulation rules are respected, some shades are regularly noticed for chipping faster
than others.
The aim of this study is to identify influential parameters on lasting properties by considering the number of
consumer returns to the number of items sold; and therefore to anticipate future shade formulation by avoiding
risky zones.

2. Material & Methods
This study is built on a 95 nail polishes' shades. The following information was compiled for each formula (10
items):
1. Percentage of each pigment dispersion (10 pigments: D&C Red 36 lake, FD&C Yellow 5 lake,
D&C Red 30 lake, Titanium dioxide, Manganese violet, Black Iron oxide, Red Iron oxide, Ferric
ammonium ferrocyanide, D&C Red 7 lake, D&C Red 34 lake)
2. Nature of each pigment
3. Amount of same origin pigments (organic or mineral)
4. Proportion of mineral/organic pigments
5. Amount of same nature pigments (iron oxides, lakes, etc.)
6. Proportion of same nature pigments (iron oxides, lakes, etc.)
7. Total amount of pigments
8. Percentage of pearls
9. Total amount of pigments and pearls (total charge, expressed in pigment dispersions)
10. Proportion of pearls and pigments in total amount
Customers have the possibility to contact La Ligne de Chanel when they are not satisfied by our products. All
reclamations are recorded by the Product Vigilance Department by categories, such as packaging, application,
make-up result, etc. Therefore, customers' spontaneous declarations on lasting properties problems in nail
polishes were available since 2008. Using the sell-in for nail varnishes, we were able to calculate the consumers'
complaints for lasting problem's reason, expressed in ppm.
After a descriptive analysis of nail varnishes' composition, the link between formulas composition and number of
returns for lasting problem was studied using a principal component analysis (PCA). This method was performed
on nature of each pigment in active variable, and consumer's complaints on lasting properties in illustrative
variable. Two different analyses were performed: one based on coloring raw material expressed in percentage of
total charge; and a second one expressed in percentage in formulas.
Finally, to study the effect of each coloring raw material and the compiled information (the 10 items) on the
number of consumers' complaints, linear regression model were performed.
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3. Results
3.1 – Descriptive analysis

The distribution of the number of lasting problems (ppm) is presented in figure 1. 44% of studied products
recorded no spontaneous complaints, 28% less than 15 ppm and 27% between 15 and 63 ppm, which is not so
high. Nevertheless, we wanted to investigate deeply the possible link between composition and complaints.

Figure 1. Number of lasting problems (ppm) distribution

3.2 – Link between formula composition and complaints

Due to confidential information, pigment nature and shades' names have been hidden on resulting factorial plans
(figures 2 to 5). The first analyse of the formula composition with raw material express in percentage of "total
charge" is presented in figures 2 and 3. The first factorial map of the PCA explains 33% of the information. We
can see on figure 2 that axis 1 opposes the polishes containing higher proportion in total charge of pigment 1 (on
the left) to those containing larger proportion in total charge of pigments 2, 3 and 4. Furthermore, polishes with
larger proportion of pigment 2 also have larger quantity of pigment 4. Besides, the second axis shows that
polishes with higher proportion of pearls have lower proportion of pigment 8. By adding lasting problem as
supplementary variable on the graph, we can notice that there is no high correlation with some particular nature
of pigment, as the corresponding arrow is short and located on the centre of the graph. When looking at figure 3
(the polishes representation), and representing each shade with a point size proportional to the number of
complaints, we cannot conclude that a specific type of shade lead to high consumer complaints, as "big points"
are equally distributed on the map. Axis 3 of the PCA (12% of the variance) was also investigated (data not
shown), and leads to same results.
When performing similar analysis with coloring raw material expressed in percentage of total formula, once
again no correlation was found between complaints and formulation (figures 4 & 5).
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Figure 2. Formulas composition (in % of total charge) and number of returns for lasting problems – First PCA factorial plan.

Figure 3. Polishes with point size proportional to number of returns for lasting problems – First PCA factorial plan
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Figure 4. Formulas composition (in % in the formula) and number of returns for lasting problems – First PCA factorial plan.

Figure 5. Polishes with point size proportional to number of returns for lasting problems – First PCA factorial plan
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3.2 – Effect of each raw material and the compiled information (the 10 items) on the number of
consumers' complaints

Again, there is no strong link between consumers' complaints and the studied parameters (for example titanium
dioxide dispersion proportion in total charge on figure 6), but some of them tend to show an impact.

Figure 6. Link between titanium dioxide dispersion proportion in total charge and lasting problems

Only D&C Red 7 lake and D&C Red 34 lake show more impacting effect on lasting problems (figures 7 & 8).
S

Figure 7. Link between D&C Red 34 lake dispersion proportion in total charge and lasting problems
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Figure 8. Link between D&C Red 7 lake dispersion proportion in total charge and lasting problems

For D&C Red 7 lake only a trend was found (p=0.0959). But, if we split consumers' complaints in three classes
(none, ≤15 ppm and ≥15 ppm), and realise a mean comparison test of amount of D&C Red 7 lake dispersion in
total charge, polishes with no complaints contains lower amount of D&C Red 7 lake dispersion than those with
more than 15ppm complaints (p= 0.0462). Same results are obtain when expressing D&C Red 7 lake dispersion
in percentage of the formula (p=0.0082).
So, these pigments and their proportions are positively correlated with problems of lasting properties.
The amount of organic origin of pigments is also positively correlated with lasting properties troubles (figure 9),
mainly due to D&C Red 7 lake and D&C Red 34 lake which are organics, and none mineral pigment stands out
among all pigments.

Figure 9. Link between amount of organic pigments and lasting problems

When we study separately pigment dispersions and pearls, there is an interesting point. Using more pigment
dispersions seems to lead to a worse lasting product. At the opposite, using pearls seems to enable to move
towards better lasting nail polishes (figure 10).
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Figure 10. Link between pearls proportion in total charge and lasting problems

On the 95 analysed formulas, 8% are composed only with pearls, 41% contain only pigment dispersions, and
51% of nacreous shades are composed of both. This is why we cannot dissociate pearls and pigment dispersions
effects.
Finally, total charge taken as a whole is significantly impacting on consumers' complaints (figure 11). This is
explainable by the relative proportion of pigment dispersions and pearls in a nail polish formula. The pigment
dispersions represent on average 81% of the total charge and, as we already see, percentage of pigment
dispersions' increasing brings lasting problems.

Figure 11. Link between total charge and lasting problems

By resuming all addressed points, none specific pigment seems to be responsible for the chipping problem.
However, 2 organic pigments, D&C Red 7 lake and D&C Red 34 lake, show a trend with returns on chipping.
Amount of organic pigments and total charge have to be considered when formulating the nail polishes shades,
as they are positively correlated with consumers' complaints.
Despite these items can show a correlation, it is important to notice that rather low correlation have been found.
Therefore, this analysis draws out some trends, which have to be taken into consideration for future
development.
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The color family has also been studied. Nevertheless, this item is more difficult to interpret as the level of
consumers' demand may be higher for certain color families. Typically, a classic shade, as red family, implies
more expectations of long lasting from consumers than a yellow or green shade, which would be changed after 2
days of wearing.

4. Conclusions
Formulation of nail polishes is currently a colour affair, particularly for a few years with the market explosion.
The colour effect in nail polishes' shades is clearly a mean to seduce consumers, to try to be different from
competitors and sometimes to be very innovative by using new materials.
Formulation is not so obvious. In order to have the best lacquered effect and coverage, the amount of pigments
and pearls need to be very high.
Despite the great advantages of a different colour, it is absolutely necessary to avoid disappointment of
consumers, which leads to a reduced brand image. Taking into consideration organoleptic and stability qualities
is inevitable. As we showed, some parameters are directly linked to consumers' complaints on chipping and
lasting properties, as amount of organic pigment, total charge and in minor impact proportions of D&C Red 7
lake and D&C Red 34 lake dispersions in total charge.
By pushing formulas to the extreme colour limits, there are repercussions on quality requirements, like stability
or more specifically on long lasting qualities.
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1. Introduction
The IT world – i.e. IBM or Intel just to mention some of the most popular and
elderly companies – seems to have always favoured some colour ranges identified –
among all the possible palettes – in blue/cyan variants and grey scale, making of
them a sort of chromatic commonplace. This choice apparently perpetuates itself and
become even more recurrent in the Web 2.0. Virtually all brands and interfaces of
social networks and sharing platforms first generation elected light blue not to be a
differentiating element rather of similarity.
From the Facebook blue to the Twitter or Vimeo cyan, colour seems not to be part
of the visual language aimed to distinguish the company corporate communication,
on one hand, nor the user experience of these platforms, on the other.
If the physical impairment of Zuckenberg – that made him choose a specific light
blue visible also to people with a partial colour blindness – has became almost a
urban legend, is not so clear why other brands and entrepreneurs decided a similar
chromatic approach, not to say mimetic and plagiarized.
Conversely, the mobile Web 3.0 in its variations – for example iOS7 – breaks this
pattern opening up to a more wide variability of expression and connotation. But in
this re-appropriation of a key component of the visual language does not apparently
correspond consistent design awareness.
However the lack of constraints – instead of being a challenging opportunity to
experiment knowingly with new uses of chromatic codes and meanings – is letting
forget the basics of the colour language even in its most basic and semiotic
consolidated design guidelines.
The paper suggests a critical review by the exemplification and comparison of the
major players in the Web 3.0 market referring both to the design of colour principles
– as part of the graphic culture and the user experience – and to the Web specific
standards.
2. From brand to web: a common chromatic path
Mainly due to the involvement of one of the most well-known US brand and graphic
designer– Paul Rand – and is remarkable experience, IBM became one of the first
companies to set a standard in brand iconography in IT field bounding deeply in the
corporate culture both the bold and strong slab font and the deep and charming blue.
According to the most established attribution of meaning – at least in the western
countries – blue represents one of the most serious tint to choose and to use from the
colour palette. It has a connection with the concept of calm, relax, deepness,
reliability, solidity, security (for a deeper understanding of colours meaning see
Brusatin [1], Luzzato & Pompas [2] and Bollini e Greco [3]).
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IBM’s brand has become a milestone and a sort of benchmark in technologies field
to look after. Intel itself, just to mention the most remarkable entrepreneurship
realities, has chosen a bold blue as primary identity colour and magenta as a
secondary one to create a huge contrast. Fostering from electronic to information
technologies, that means growing on a scale of dematerialization, the Windows
operating system and its graphical user interface is linked to the duality of blue and
grey. The same combination – although treated with a graceful balance among cyan,
light grey and withe – was used both in the web site and in part of the iOS 7 action
triggers and button [4].
This combination – in the variant of a bright blue tint and a dark neutral grey – was
originally used also from the first generation of browser’s HTML 1 visualization
defaults, that means Netscape and successively Internet Explorer. This widely
diffused colour combination has become a common place in which many brands,
design patterns, GUIs’ chromatic palette found a shared language. It seems to work
consistently according to the mental model already well known by the users.
Jacob Nielsen himself only recently abandoned the thought that this web palette
should be used permanently as the only possible way to convey a correct and usable
interface pattern to people. In the book “Web usability” [5] he was still strongly
recommending to use bluette and underline to mean ‘interactive link’ in the visual
grammar of web graphical interfaces. Although other authors strongly disagree with
this position – Sofia Postai [6] and Luisa Carrada [7] just to mention some of the
Italian specialists – the assertion of Nielsen and the massive use of this design
pattern – Google abandoned it definitively no more than a month ago in its search
engine pages results – tell us how it is still deeply embedded in the web user
interface design.
3. The web 2.0 chromatic topos
Also the second generation of Internet – that means the so-called web 2.0 – renewed
and consolidated this design chromatics topos. Almost all the sharing services and
social network identify both the brand identity colour and the user interface
chromatic pattern in a not so wide range of blue tint.
3.1. Facebook and the colour accessibility

Although Facebook wasn’t the first social network established in the ‘00s it has fast
become the refence experience in the field. With is undoubted leadership in term of
users, power, services and innovation capabilities it is setting most of the standard of
the social web, among them also the chromatic palette adopted as a reference for the
other first generation of social media design and usability.
The choice of the blue tint came out from a personal visual disability of the founder
Mark Zuckemberg: taking an online test he realized that he was red-green colourblind. Blue is Facebook’s dominant colour, because – as he said – “blue is the
richest colour for me – I can see all of blue.” [8]
This remains the leitmotiv of all the many evolution and revolution that Facebook
improved along the years: it has always been pretty monochromatic since from the
beginning (2004) so that the site remains as simple as possible. At the time, a fairly
plain site stood in stark contrast to MySpace and other previously popular social
networks, as remarked by Amig Agarwal. [9]
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It is also interesting to notice that Facebook abandoned the classical duality of
digital palette – a brand/default colour and a contrast one to stress and put evidence
on links, buttons and action triggers – to play just with blue the most mute and
transparent – according to Bonsiepe definition [10] – of the social interfaces.
3.2. LinkedIn: the professional touch

Started in parallel with MySpace, surpassed by Facebook LinkedIn found its own
position in the field of the vertical and specialized social network as the referring
point of the professional community a sort of online referenced public curricula as
preconized by Siegel in the late ‘90s [11]. According to its positioning, vision and
mission and to the other unwritten rules of business field, also LinkedIn has chosen
a light blue surrounded by a wide with space and light grey for its brand and GUI
design. In this case we can interpret both from the mimetic point of view – to be seen
serious and professional also in off line and formal work environment – and from
the strategic benchmark in the field of social media becoming a neutral aggregator
of the daily streaming produced in other platforms (Twitter, blogs, etc.) by users.
3.3. Vimeo: professional videos

On the other hand Vimeo made the return journey to the light blue corporate tint,
consistently and widely used in the interface of the video channels. Its main and
heavier competitor is Youtube the video streaming platform that represent the
second biggest site – after Google – in terms of traffic and views. Vimeo positioned
itself as and streaming aggregator where to present in a selected, well organized and
user friendly framework, professional videos. The bold, dynamic, young and
energetic cyan link the platform to the other professional ones – i.e. LinkedIn – and
differentiates it from the chaotic, not well chromatic identified language of Youtube
– which logo is red and black. The blue meaning is clearly reinforcing the brand
declaring the professional vocation of the vlog platform.
3.4. Twitter: micro, smart and cyan

Twitter is probably the most aggressive competitor of Facebook, not in terms of
users or diffusion – it remains a niche in the field of social networks, but represent
the most specialised, innovative and active place where sophisticated digital users,
influencers and gurus, meets, dialogs and share high valuable contents – but of
language and user experience innovation.
In this sense twitter adapts to the chromatic dominant topos, but at the same time is
characterized itself by the use of saturated cyan. A color that maintains the same
values of the range of the blue already in the by the other social networks, but in a
more dynamic, aggressive and fresh declination. The speed of communication in
140 characters of the micro-blogging platform is associated with a variation of
stronger and sharper colour which makes the interface more vivid, fast and smart.
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Fig. 1 – Web 2.0 first generation of social media: brand and UI colour

As is clear shown in Figure 1 – in which are presented only brand to identify the
dominant hue of the entire graphical user interface and its chromatic palette – the
dominant color of the first generation of Web 2.0 is blue in its maby various with
rare exceptions. On the one hand in combination with cool colors i.e. the range of
green as adopted by Foursquare and the first version of Stumble Upon’s brand, on
the other hand juxtapose to the magenta in Flick'r. The only exception to this is
apparently YouTube, belonging to the galaxy of services offered by Google with
matching red and black.
4. The second generation of social media: forcing the colour palette
The second generation of social media force explicitly the design patterns also
unbalancing the previous blue dominant color palette towards the warm colors like
saturated, bold, hot red. The new ruling seems to express a freer and aggressive
communication, on the one hand, but on the other it flattens even more on a unique
hue. The chromatic revolution often proceeds in parallel with the re-branding of
some services and their positioning and systematization in integrated
communication ecosystem. It is the case of Google+ that to differentiate itself both
the from previous platform launched with little success from Google and from the
main competitor Facebook. G+ opposes to the deep, calm blue a saturated red
(100% yellow and magenta) designing a user interface that – in contrast to the
neutral and transparent of Facebook – is vivid, energetic and hard-hitting.
A similar operation is carried out also by Stumble Upon that leaves behind the brand
bichromatic cold and mute, for a one-color red logo more effective and impacting.
4.1. Pinteres: red passion

Point of reference of this second generation is Pinterest. It represents an evolution
and a mix between Flick’r and social interaction models in which many other
platforms dynamics converge and merge together.
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So as Facebook is completely played on blue and white to ensure a large neutrality
regard to contents, Pinterest also plays on the duality of the corporate colour and a
secondary hue component. But the effect is significantly different. If the first is
likely to result not only in fact monochrome but also mono-tonous, the second one –
relying on the significant contrast between the red and the neutrality of the layout –
plays its identity and user experience on a system where the chromatic contrast
creates evidences, hierarchy and focus while ensuring harmony and difference,
pleasure and usability.

Fig. 2 – Web 2.0 second generation of social media: brand and UI colour

Nevertheless the second generation of web 2.0 abandons the blue paradigm and the
hegemony of the design patterns introduced by Facebook it’s reduced to an even
more stereotypical choice of colour. As Figure 2 highlights the differences among
the brand – not to mention the obvious plagiarism between Path and Pinterest
iconography – are even more reduced.
4.2. The changing language of colours in interaction
The experiment proposed by Mark Hemeon [12] on the buttons of the main social
networks and web platforms reveals a deeper aspects of the chromatic language
adopted in the interactive aspects of web 2.0.
If the first generation of Internet adopts a set of colors to indicate the different states
of the interaction of a link or a button – i.e. link: blu, active link: red, visited link:
purple – in Web 2.0, the semantic of colour becomes more complex. The UI project
still involves a triad of colours whose meaning is related to the hierarchy of operable
actions. A primary colour is chosen to highlight the major action triggers according
to the corporate palette and brand hue, another color – often in contrast with the
main one – is used for the sub-actions, important but not essential. The third one is
often a neutral or mute one and cover a wider range of interactions both “negative” –
for example undo an action – or occasional utilities – such as the settings, or profile
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customization etc. This tertiary color is often also used for the effect off or when a
link or a button is disabled because you can not use the function on that page or
because it corresponds to the page where you are located.

Fig. 3 – An extract of “The Button Test” conducted by Mark Hemeon on social media UI

As you can see in Figure 3 the major players of the web 2.0 first generation are
using the blue as the main colour – i.e. the primary hue of the corporate palette – a a
second contrasting color often used as a secondary color in brand identity – the
brand’s magenta in Flick’r or a complementary yellow in Twitter – and a light gray
as a neutral identification of utilities. On the other hand, the second generation of
social media seems to reduce to a couple of hue – highlight vs neutral – simplifing
the chromatic grammar of the graphical interface.
6. Mobile OS: loosing the chromatic grammar
The third revolution in the web is represented by the introduction of mobile devices
– this means with the debut of iPhone in 2007 and of iPad in 2010 – and the
consequent shift between the world of desktop to the new mobile operating systems
and applications.
In the transition to mobile operating system Apple has become the standard de facto
– at least for the Android world because Windows is taking its own way – to refer to
for developing single and commercial applications’ interfaces. The iOS7 [4], in
particular, is making a wide use of colour both with esplicit labels or text explainig
the effect of each bottons/action trigger in an interface language that abandoned
definitively a mimetic approach to simulate the real world, that means
skeuomorphism , 3D and shadows effects and a large use of iconographic symbols.
The iOS7 seems to use for every system section color, so for example the calendar
uses red, the cyan email and so on. On one hand, this implies to use a different hue
for each one, and secondly, that the semtiotics generally attributed to colors such as
red or green can not be consistently applied to this interfaces.
Also the typical triad of internet – blue, red and purple – or web 2.0 – seen in the in
Hemeon’s experiment – is abandoned in favor of a dual combination – for example
red and cyan or red and green – but without applying a steady and consistent way.
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The result is a chromatic language ambiguous and confusing in several screens
where the same message is presented in different colors without constant reference
to a clear and shared semiotics or meaning.

Fig. 4 – The use of colours in iOS7: timer

So, for example, by comparing the screenshot shown in Figures 4 and 5 we see the
same button/message “undo” presented both in red – a worning message thath I’m
canceling that means an irreversible action – in the first case and in cyan – a much
more less alertive message just referring to the reverse action typicall to empty a
filled form instead of sending it or the abothion of a task – in the secon one.
At the same time, the button that should be off (Figure 4: timer) and then according
to the grammar of colors in which the Internet has accustomed us to “off” and
neutral stands evidenced by the use red applied to the timer icon.
Furthermore within the same screen (figure 4: set new alarm) 3 buttons with very
different functions – cancel, save and delete – are all three red a very strong and
alarming colour reserved to prohibitions, irreversible operations and permanent
deletion of information.
Vice versa in Figure 5 are the same color is an action “active” – saving a draft –
either “cancel” – a passive one – the operation that allows to continue editing the
text.
Finally in figure 5: new email message you may notice that the button “undo” and
“send” are both cyan. The colour design pattern contradicts the basics rules of
usability and the mental model that the user alreasy have – emdedded in their
experience reinforced in many fiel of experience, not only the web – that to opposite
beahviour of an action trigger, generally corresponds also an opposite use of
colorurs or, at least, of visual handling of each elements.
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Fig. 5 – The use of colours in iOS7: mail

7. Conclusions
The evolution of the internet brought to encode and evolve a chromatic language
that has its roots on the one hand in the classic visual grammar, the other in the
specific dynamics of this medium of mass communication. Abandoned the narrow
range become a sort of a topos of the chromatic color palette both corporate and for
user interface the experiments of the second generation of web 2.0, however, it
seems difficult to diversify and find chromatic identity more original.
The search becomes even more uncertain and somewhat more confusing – a babel
rather than a new found iris – the new frontiers opened by the worlds of the mobile
web 3.0. User experience & interface design should probably go back to the deep
roots of the language of color to their culturally established use and to the encoded
and conventionally attributed meanings.
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1. Abstract
The presentation concerns the issue of using colour in contemporary Polish
residential interiors based on the example of design and sales of paint collections by
selected Polish manufacturers. The collections of colours, which usually contain
between 40 and 60 shades, constitute a popular offer for the customers who do not
employ interior designers and feel no need for more advanced colour selection from
mixers. A collection of colours with a rather small number of shades makes it easier
for the customers to choose the colour and is an economically beneficial alternative
to mixing colours based on the currently used colour systems.
Designing colour collections for two large Polish companies over several years has
allowed me to make certain interesting observations concerning the specific colour
preferences of the Polish customer, based on both sales results and the colour trends
established by the Polish market, which are often different from the trends of
Western Europe. The presentation will recognise the changes made to the collections
in the years 2011, 2012, and 2013 – which will reflect both the changing colour
trends and the local colour traditions or inclinations resulting from climatic,
historical, and economic conditions.
2. Historical background
Colours used in interiors, in a particular country, are connected with such factors as
local tradition, materials and dyes, as well as colour preferences of its residents
which reflect the surrounding flora, climate and landscape, as well as colour
symbolism, and various aspects of material culture. In Poland, during the period of
the communist regime, economic problems caused that the opportunities of buying
elements of interior design were very limited. Paints produced by the state
companies available on the market were also of a very narrow range of colours.
More demanding consumers who wanted to stand out against all-pervasive
mediocrity were forced to turn to house painters who helped them achieve
exceptional colours depending on their individual needs by mixing pigments. On the
other hand, in public buildings and facilities, a typical combination of colours was
used, which caused that staircases in residential buildings, as well as school
interiors, public administration buildings and health service facilities looked almost
identical. At the same time, the economic and political crisis of the 1980s leading to
the political transformation in 1989 caused that most buildings were left nonrenovated, and it brought about general dullness of surroundings.
3. Colour standards in Poland
Thus, craving for colour was one of the effects that a capitalist system brought in
tow. State companies like Zjednoczenie Przemysłu Farb i Lakierów Polifarb were
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divided and taken over, in part, by foreign companies; what was left originated
Polish local brands. In the 1990s, the Natural Colour System was introduced in
Poland due to the efforts of Janusz Konaszewski and Ryszard Bojar, and it became
the most popular standard of colour notation. Then, there were initiated works
concerning the creation of the first Polish pallet of colours. The Color Koncept
Studio of Ryszard Bojar prepared a set of interior and elevation colours inspired by
the colours of the Polish landscape. For a year, a team consisting of Ryszard Bojar,
Violetta Damięcka, Krystyna Arska, Agnieszka Putowska, Sylwia Dobrowolska
examined selected regions of Poland in a manner inspired by Geography of Colour
by Philippe Lenclos [1] and it resulted in a selection of several dozen of colours
grouped in four categories: yellow (G90Y-Y50R), red (Y60R-R10B), blue (R20BB10G), green (B50G-G80Y) and off-white (c=00, c=02)[2].
4. Colour identity
The search for the colour identity of the Polish territory was also based on references
to folklore tradition that had generated a number of original patterns in many
regions. In her doctoral dissertation titled Colours in rural architectural and
landscape complexes, with special emphasis put on the southern Poland area, [3]
Justyna Tarajko points out a range of hues and colour sets used in rural houses of the
Krakow and Sandomierz areas, as well as of the Podhale and the Powiśle regions.
The analysis includes dyes and sets of colours, as well as regular ornaments used
both inside and outside buildings. The application of dyes produced from local clay
and lime, along with natural colours of wood, created a pallet of colours well
harmonized with the surrounding flora and natural scenery. However, when
traditional wooden architecture was replaced with a chaotic pseudo-modern one,
particularly in places where there were no area development plans, it brought about
visual chaos, especially in terms of colours.
4. Colour outside
On the other hand, natural colours of brick and stone, as well as colour sets resulting
from the combination of those materials, have been largely predominant in urban
architecture, particularly in the area of southern Poland. Jurassic limestone has been
a building material particularly popular in Małopolska, and it was obtained in the
form of limestone bricks used for secular and sacred buildings from the Middle
Ages, through the Gothic, Renaissance, and Baroque era, nearly to modern times
[4]. The combination of dark red bricks and warm white lime is a characteristic
element of the architecture of the Krakow area landscape. Limestone has also been
used in the form of cobblestones, frequently combined with a porphyry material.
The precincts of the St. Mary's Basilica in Krakow are a perfect example of this
usage. Light yellow dolomite has also been a popular material which greyed under
the influence of atmospheric factors. A lot of architectural elements, both inside and
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outside, have been made with yellow and grey Subcarpathia sandstone, sometimes
with a reddish hue. There could also be found dark brown or rust-coloured
sandstone, depending on the location of the deposit where it was extracted. At
present, in spite of the fact that natural stone is not so popular in architecture
anymore, it should be noticed that warm colours of yellowish, reddish and beige
hues are still preferred both for interior and external designs, as it has been shown,
among others, in research conducted at the Academy of Fine Arts in Krakow [5].
5. Colours for interiour decoration
A necessity of choosing colours for interior decor causes a lot of problems for
people who are not professionals in the field of design and architecture. Therefore,
the experience of Polish companies shows that extensive colour charts derived from
a standard colour notation system (NCS, Munsell, ACC) are solutions rather for
designers and architects than for an average consumer. That is why, in the early
1990s, collections of ready-made colours appeared in the offer of many companies.
In many cases, a proposed set of colours was created without designer’s
participation, being a result of experience of a sale department, and it included pastel
colours (without addition of black). of a distinct chromatic hue which looked good
in small colour samples - yellow, green and orange. These were the colours which
were supposed to help people overcome the dullness of concrete buildings typical of
the architecture of the Communist period having such bad connotations. The Global
best selling colours [6] research which was carried out by the Akzo Nobel
Decorative Paints company in 2008 proved that, in comparison to the residents of
Western European countries, the Poles show a much stronger tendency to use pure
colours, warm in particular, but they reject achromatic and cold colours. Moreover,
the analysis carried out for marketing purposes by Fabryka Farb i Lakierów Śnieżka
showed that, in 2010, the best selling colours for interiors were warm hues of beige,
yellow, and orange: 1 – desert flower (NCS 1510 – Y40R), 2 – sunshine (NCS 1040
Y10R), 3 – scorching savannah (NCS 0515 Y40R), 4 – hot summer (0550 Y30R).
6. Colour names
Names constitute an important element of a set of ready-made colours; names
should be associated with common experience of colours and usually connected
with observations of nature, changing seasons or semi-precious stones. Names given
to particular colours stimulate imagination and, at the same time, facilitate
remembering paint hues. Here are some examples of names of the collections
available on the market: Colours of Nature (FFiL Śnieżka), Colours of the Elements
(Bolix), Seasons (Nobiles), Garden of Colours (Jedynka), Magic of Refined Colours
(FFiL Śnieżka), Decoral – Fashion (Decoral), Colours of the World (Dulux). An
analysis of different names of colours included in these collections makes one aware
that there are no names of colours in the Polish language connected with architecture
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or local pigments. At the same time, the real hues corresponding to names like
Bunch of Roses, Spring Leaf, Mountain Crocus, Field of Sunflowers or Juicy
Apricot are a lot more vivid than the colours of paints bearing those names. This
confirms that an average consumer has a taste for pure and bright colours which are
not always suitable for interior usage. The conducted study also shows that
descriptive names have a clear advantage over the numeric notations resulting from
the adopted system.
7. Colour trends
Collections of ready-made colours are annually updated so that companies could
have a chance to announce current colour trends for a given year. However, in this
case, the scope of changes is very limited due to the fact that consumers are
accustomed to particular colours, and due to their reluctance to be driven by trends
while changing interior designs. As it has been shown by the research carried out by
the Institute of Industrial Design in Warsaw in 2011, the basic reasons for choosing
interior colours are as follows: individual colour preferences of consumers (48%),
price (18%), colours of other furnishings (15%), family and friends' advice (8%),
designs derived from the interior and architectural magazines (5%), sale special
offers (4%), others (2%). Therefore, in spite of the fact that some companies
announce colour trends each year, in fact, they are mostly based on the same shades,
juxtaposed in different combinations, alternatively supplemented with a few season
hues. Having participated many times in groups setting trends in ready-made colours
for various Polish brands, I must state that these trends are mainly of marketing
character and are based on the experience of large European concerns. New colours
are introduced in a very limited range so as to preserve the basic character of the
collection and reduce the risk factor to the maximum. New colour trends are often
intended for colours produced in mixers, but not for those sold as ready-made ones.
It is the effect of the situation where the consumers interested in new trends are
those who can afford to buy more expensive brands and seek advice from an interior
designer.
8. Designing of colour collections in Poland
In 2011, I started cooperation with the Śnieżka company - a producer of interior
paints available on the Polish market and in other countries of Eastern Europe. As
their consultant, I was responsible for redesigning the Colours of Nature collection,
and I participated in the creation of the Satin brand newly introduced onto the
market. The company offers products in the medium price segment, and those
products constitute a representative reflection of an average Polish consumer's
preferences. Colours of Nature is a collection existing on the market since 2004, and
in the beginning it consisted of 40 colours; in the successive stages, it was extended
to 53 colours in 2014. At first, it was divided into five hues: yellow, orange, red,
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green and blue (combined with purple), and it only included colours having the
dominant content of white (NCS S0505 – 0540), derived from a limited number of
colour triangles. In 2007, it turned out that the collection clearly lacked warm
neutral colours: off-white, beige and brown. The range of colours was extended and
arranged in the following groups: neutral, yellow, red and orange, green, as well as
blue and purple. The brand offered only one hue of warm grey. In 2011, because of
the increasing popularity of cool and neutral colours, I suggested that a separate line
of colours should be added to the collection. However, when research was
conducted, it turned out that this type of changes would not be accepted by
consumers. In subsequent years, three cool greys appeared gradually on the market,
but their sale is mainly connected with consumers coming from big cities. Moreover,
four colours of the blue and purple group were phased out.
In 2012, the Greinplast company from Rzeszów requested my help in the creation of
a new brand of ready-made colours of paints for residential interiors. The company,
which addresses its products to architects and construction companies, previously
used a wide range of NCS colours, mixed according to the consumers' needs.
However, at the request of individual consumers, a decision was made to extend the
offer by about 40 ready-made paints. The subject of the project was both designing a
series of colours, their names, and suggested combinations, as well as preparing
sample applications of the colours in residential interiors on the basis of photos
coming from a bank of photographs. The Greinplast company sells its products in
southern Poland; therefore, colour preferences of residents of that region were of
special importance when choosing the colours. A set of different kinds of
construction and finishing materials, as well as paints traditionally used in the
architecture of the region, became the base for the choice of colours for the
collection. The following materials were chosen (among others): Jurassic limestone,
Subcarpathia sandstone, alabaster, marble from the Świętokrzyskie region, and
porphyry from the region of Krzeszowice, as well as ceramic brick, and concrete.
Colours were analysed on the basis of NCS, and it led to the creation of a set of
about 120 colour samples. The final collection, introduced onto the market in the
autumn of 2013, consists of 40 colours divided into five hue lines. Because of the
fact that the collection is mainly addressed to a group of architecture and
construction professionals, the company decided to introduce sixteen neutral
colours: eight warm and eight cool hues. The proposed names are directly related to
the architectural materials and pigments. A summary of sales results planned for the
autumn 2014 will enable the company to verify the colours of the collections.
8. Conclusions
A study of the Polish market carried out through a period of the previous four years
allows us to draw conclusions concerning both consumer preferences in connection
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with the range of colours used in interiors, as well as directions of changes to which
those preferences succumb. Colour notation based on NCS allows one to determine
the scope of the changeability of colour features like whiteness, blackness and
chromaticity. The offer available on the paint and coating market, which is
becoming better and better, causes that consumers are more aware and demanding,
and in the future it may lead to more common usage of a wider pallet of colours (of
the NCS for instance) obtained in paint mixers, and thus, to the improvement of the
appearance of private flats or public buildings and facilities.
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1. Introduction
Weddings in India are essential representation of culture, religion, traditions and
customs of one’s community. Today, Weddings are one of the only few mediums or
platforms where individuals get a chance to practice their traditions and customs.
Due to the expansive nature of Weddings and the nuances involved, even Foster and
Johnson [1] have acknowledged that no single academic approach or study can
claim wedding attire as its exclusive purview.
Wedding dresses are the most telling and visible models of garments which reflect
one’s identity, culture, taste and belonging. Prestige, wealth and status are also
reciprocated through wedding dresses. In the larger context wedding dresses
referring to the bride’s attire are said to have complex interlocking relationships with
the society, they bond a society together in wed- lock apart from the union of the
couple. It simultaneously reveals that these wedding dresses are carriers of the spirit
of the times and evolving traditions. Wedding dresses are highly adaptable and
deeply cherished transitional traditions of the community and society in its larger
purview. Sometimes the bride is left with no choice and has to follow what the
family has to offer. In India especially in some Hindu communities, the bridal dress
is given to her as a shagun or a good omen by her mother- in law. In this case the
bride is left with little or no choice of her own. But there are some who step out and
experiment with the traditions. The contrast between what the bride wishes to wear
and what the community is reflected through her fashion adoption process. The
summation of brides from whole of the community and their respective adoption
cycles will reveal fashion change in the larger context.
It is important to highlight here that even Lowe [2] in her study states that fashion
product or service could be studied in isolation but will not give exact accounts to
what lead to changes in its cycles and why. In order to do understand why and
diagnose better analysis, several perspectives (sociology, psychology, anthropology,
demographics, economics, culture and history) were taken into account to deliver
this study.
This study limits its context to the Hindu Wedding Dresses, further focusing on the
Bridal wear of Business community. The study scans visual memories or in this case
wedding albums of brides married during the years 2000-2012. This study follows a
mix method approach of research. The research strategy included: Personal
Interview, Photo- elicitation method and Visual Abstraction from photographs. The
Interview guideline questions were based on the consumer adoption process and
allied influences: the Fashion Adoption model of Sproles [3] and the relevant
Fashion Change theories. This study used the interview guideline as a frame to pose
questions to the respondents which included open ended, multiple choice and close379

ended questions. The variation in type of questions made the process not tiring and
easy for the respondents.
Personal Interviews
Method
Time line
Target
Sampling Method
Number of Samples
Questions Posed
Period
Respondent code
Duration

Face- to face in depth interview
sessions, recordings of the sessions
Year 2000-2012
Business Community Married Women
Snowball Sampling
50
Same as designed in the Interview
Guideline
March- April 2012
SR(x): eg: SR1
20-60 minutes

Fig.1 Research Methodology: Personal Interview Parameters

A total of 57 respondents agreed to be interviewed and shared their albums. Out of
the 57 interviewees only 50 responses were selected, while 7 responses had to be
rejected due to non- valid responses and bad photographic quality of the
photographs shared which made it difficult to draw out visual analysis.

2. Bridal Wear as a means of demonstrating Fashion Change
Royal and Traditional bridal dresses had a character to them. Today the bridal wear
is about experience, it is about creating a different look every time a bride decides
her attire. With the changing techniques of embellishments, cross- pollination of
influences across the globe both at micro and macro levels to the extent of the bridal
wear losing out on its visual belonging. Earlier bridal attires could be visually
differentiated, but it is a difficult to do so today with the retail market and designers
selling bridal wear which are not categorised according to region or religion.
Perhaps only jewellery could have been a possible parameter for telling, but due to
the overwhelming mix and match artificial jewellery options, which are sometimes
selected over original jewellery, has made the task of visually differentiating even
more difficult.
3. Photographs as a mode of enquiry
Banks [4] suggests that photo- elicitation method is a straight forward method to
understand but difficult to utilize. It involves using photographs to invoke
comments, memory and discussion in the course of semi –structured or structures
interview. Banks further elaborates the process by asserting that “specific examples
of social relations and cultural form depicted in the photographs can become basis
for a discussion of broader abstractions and generalities; conversely, vague
memories can be given sharper focus, unleashing flood of details” [Banks, 2007, pp65].
Lowe [2] prescribes that categorical sorting as a quantitative method to evaluate
photographs by categorising them according to the set codes or categories. It is
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advantageous as it is easier than assessing the measurements visually as in metrical
measurement method. Also Categorical sorting allows assessing dress features
without seeing a full front view of the figure. Further because it becomes
increasingly difficult to get full front views from the bridal albums in the case of this
study, categorical sorting helps expanding the potential data bank for analysis. The
categories assigned in this study essentially originate from the learning of Review of
literature where Kumar [5], identifies: colour, surface, silhouette, jewellery and
accessories. Look being important in today’s context is also taken into account as a
category. Colour codes (Fig.2) were assigned to each category; each respondents
photograph board was assessed against each code. Further a collective frequency of
prevalent category and details was drawn.

Category

Look

Colour

Surface

Silhouette

Details

Visually
evaluating
the overall
look

Colour as
visible on
the
photographs

Elaborating
on the type
of
embellish-ent motifs
and work

The basic
outline of
the
garment

Jewellery and
Accessories
Evaluating
the type and
form
of
jewellery
along
with
any
other
accessories
held/ adorned

Fig.2. Categorical sorting: Colour codes and parameters.

As bridal photographs are considered to be auspicious symbols of marriage for
some, based on ethics of research and on request by respondents, the identity of any
respondents will not be revealed any part of the study as a result of which the faces
have been masked on each photograph board.
3.1. Photo- elicitation and Visual Analysis

The visual boards of each respondents were analysed and sorted according to the
categories arrived at:
- Look
- Surface
- Silhouette
- Colour
- Details : Jewellery, accessories
The Visual boards were investigated on the basis on visual assessment with no corelation to details provided by the respondents. This was done to avoid biases at any
levels. Also the photo elicitation was brought on discussion with the respondent only
after the interview guideline was completed. The bridal photos were then discussed
at length. This was done to ensure and triangulate whether what the respondent
claimed of adopting was actually implemented.
Also it is of importance to sight here that ‘three is a trend’ [6] technique was
definitely kept in mind while calculating the frequency. But it is of importance to
note that in the bridal fashion segment any frequency of the value three or below
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three suggested that there was experimentation or a unique value in the attire of the
bride. Hence the lower values were not ignored in this study.
The category of look was assessed against a pre-designed look catalogue. Following
looks were found to prominent visually.
Type of look
Frequency
Bling
39
Traditional
13
Neo Bride
5
Modern/ Simple/Urbane
1
Fig.3. Frequency Distribution based on type of looks derived.

In some cases the looks tend to overlap into two categories, hence they were counted
in both the overlapping categories. Number of boards that were bling in their look
was prominent.
The surface was analysed on the type of embellishment techniques used and also on
resemblance to the techniques. It was found that the techniques were always used in
combinations. Sometimes all possible techniques were implemented on the surface.
Type of Surface : techniques used
Zardozi
Dabka

Frequency
40
15

Gota patti, gotta kinnari

8

Fig.4. Frequency Distribution based on type of surface

Zardozi was the most prominent techniques used. But the quality of materials used
and the finesse is questionable. Water dropped versions of original zardozi were
prominent.
SR10, SR21, SR22, SR25, SR26, SR34, SR39 and SR46 (respondent codes) were
the only respondents who’s attire reflected better and fine embellished surface of a
superior quality.
Motifs used
Mango/ Ambi/ Paisely
Peacock
Floral motifs and patterns

Frequency
43
3
50

Fig.5. Frequency Distribution based on motif types

Floral patterns and motifs were found to be visible on all the boards. The
Paisley motif was amongst the most prominent motifs used and variations
of the same were visible in terms of size, shape and quality. The peacock
motif was also found to relatively prominent.
SR26, SR10, SR21, SR22 and SR 25 motifs reflected high standards of
aesthetic value and were even strikingly similar to the motifs in trends in
the last season.
It was also noted that the density of work on the surface was overwhelming
with no breathing spaces between the motifs.
The prominent silhouette was flared and variations of it were found.
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Silhouette
Voluminous /flared
Flared/ trumpet
Slim/ trumpet

Frequency
6
22
6

Fig.6. Frequency Distribution based on silhouette type.

The maximum prominence of flared silhouettes highlights that the average Indian
women body figure has a heavy abdomen. A flared silhouette hides all the flaws of
the body; hence its prominence on the boards is clearly visible.
Attire
Lehanga choli duppatta
Saree
Visible use of traditional charchanchi
saree

Frequency
49
1
6

Fig.7. Frequency Distribution based on the attire adopted.

Maximum number of respondents were adorned in Lehanga, choli and duppatta,
only Respondent SR2, was sporting a multi-coloured saree, but this could also be
probably due to the fact that her marriage took place in early months of the year
2000; hence the use of saree continued from as that of time line A.
Colour was the most difficult parameter to assess. With the use of multiple colours
in single attire it was difficult to sort them under individual colour categories;
instead combinations of colour categories were prominent and reoccurring.
The categorical sorting of colour revealed that red was the most prominent colour
and was used in several combinations. The combination of red + gold+ purple/
maroon was the most prominent. Almost all colour combinations had the use of gold
or silver as zari, or metallic wires, coiled wires, sequins etc.
Several new colour experimentations were also visible; the use of colours: turquoise,
bright orange and olive green were the most striking.

Colour
Red+ silver+ gold
Red+ dull +white
Red + gold+ Purple/ Maroon
Red+ orange+ blue+ pink+ gold +silver
Red +Lemon Yellow+ silver+ gold

Frequency
8
3
15
4
1

Red+ orange+ green
Maroon +silver
Maroon + green + dull gold
Maroon + cream +gold
Aubergine + gold
Magenta+ pink + gold +silver
Maroon + fuchsia + gold
Aubergine + gold+ maroon + green

1
1
3
3
2
1
2
3
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Dull white +gold
Off white + olive green / green + gold
Off white + magenta + pink +gold
Persian blue / Turquoise/ Magenta/
Fuchsia+ gold
Fuchsia + silver
Persian blue + orange +silver

3
2
1
2
1
1

Fig.8. Frequency Distribution based on colour preference and adoption.

The use of artificial jewellery to match with the attire was clearly reflected, the use
of sat lara haar, maangtika, nath was prevalent among all. Original jewellery was
also used. It was seen that when original jewellery was used, the work on the attire
was fine, simple, and intricate but on dense; while when artificial jewellery was
used, the amount of work on the attire was overwhelming and dense but cannot be
classified as fine work.
Details
Kalirey
Artificial Jewellery
Original :
gold/ diamond.stone/kundan/polki

Frequency
5
24
25

Fig.9. Frequency Distribution based on jewellery details

4.1 Interpretations
• Bling was prominent as a look.
• It was found that the techniques were always used in combinations.
Sometimes all possible techniques were implemented on the surface.
• Zardozi was the most prominent techniques used. But the quality of
materials used and the finesse is questionable. Water dropped versions of
original zardozi were prominent.
• The type of work has striking resemblance to works from the Royal courts,
especially from the Mughal harems - Muslim courts and Rajasthan courts.
•
Floral patterns and motifs were found to be visible on all the boards. The
Paisley motif was amongst the most prominent motifs used and variations
of the same were visible in terms of size, shape and quality. The peacock
motif was also found to relatively prominent.
• It was also noted that the density of work on the surface was overwhelming
with no breathing spaces between the motifs.
• The maximum prominence of flared silhouettes highlights that the average
Indian women body figure has a heavy abdomen. A flared silhouette hides
all the flaws of the body; hence its prominence on the boards is clearly
visible.
• Maximum numbers of respondents were adorned in Lehanga, choli and
duppatta, only Respondent SR2, was sporting a multi-coloured saree. This
clearly indicates that during the period from the year 2000-2012 Lehanga
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•
•
•
•

•

choli duppatta were considered to be traditional versions of bridal wear and
were more accepted than the otherwise traditional saree.
With the use of multiple colours in single attire it was difficult to sort them
under individual colour categories; instead combinations of colour
categories were prominent and reoccurring.
The combination of red + gold+ purple/ maroon was the most prominent.
Several new colour experimentations were also visible; the use of colours:
turquoise, bright orange and olive green were the most striking.
The use of artificial jewellery to match with the attire was clearly reflected,
the use of sat lara haar, maangtika, nath was prevalent among all. Original
jewellery was also used. It was seen that when original jewellery was used,
the work on the attire was fine, simple, and intricate but on dense; while
when artificial jewellery was used, the amount of work on the attire was
overwhelming and dense but cannot be classified as fine work.
The more aware the brides were in terms of fashion and trend information
the more experimental they were with their looks. While those who were
less aware and kept no track of trends highly relied on retailers for ideas
and options.

It was observed that the “Bling Look” is now synonymous to traditional or is “New
Traditional”. Two bling looks were created [figures 10 and 11] from the
photographs of the bride to better classify as to what refers to traditional today.
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Fig.10. Bling look 1: Compilation of the common visual factors

Bling Look 1:
• Colour : Combination of Red with any colour, use of gold and silver is
important
• Silhouette: Flared
• Surface: Simple, fine, intricate, high quality techniques
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Fig.11. Bling look 2: Compilation of the common visual factors

Bling Look 2
• Colour: Combinations of any colour with gold and silver
• Silhouette: flared
• Surface: highly dense, rich
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5. Conclusion
The bridal retail segment has resulted in the showcase of its immense power by
making changes in perceptions of brides. Lehanga, choli and duppatta are now the
defined traditional attires as opposed to the saree that was traditional in the 19801990’s. The Lehanga was essentially worn by the Mughals and the Rajput women.
With the rise in aspirations and the saree seeming to be restrictive and nonfashionable non- evolving, the Lehanga was more promising and evolved giving
scope of uniqueness with every experimental additions and subtractions. Zardozi
and dabka techniques which were prominent in the Mughal harems have continue to
aspire the brides of today, Water dropped manifestations provide for the aspirations
the brides.
Glossary of Terms:
[1] Shagun: A good omen or sometimes referred to as an auspiciousness in terms of a gift
[2] Zardozi: embroidery worked with gold and silver thread, once used to embellish the attire of the
royals in India.
[3] Dabka: or Dapka is a very detailed type of needle work which is done after the fabric has been put on
the adda or a metallic frame. First a thick cotton cord is stitched on the pattern to be embroidered.
Then on this cord prefabricated zari thread is looped on with an ordinary stitching needle. The
patterns mostly made are of flowers, leaves, or the national bird of India – the Peacock.
[4] Gota: Woven gold border cut into various shapes to create a variety of textures in the patterns,
usually attached to the hem of the cloth and covered with wires of silver and gold, surrounded by
coloured silk thread work. The work ressembles enamelling.
[5] Kinnari: refers to the embellishments done only at the edges in the form of tassels or gota work.
[6] Gota Patti: referes to long running lengths of gota in the form a narrow tape.
[7] Ambi: is also known as the mango motif; sometimes used to refer to the paisely motif.
[8] Sat lara haar: refers to a long seven layered or seven stringed necklace
[9] Maangtika: is a part of the Indian jewllery for adorning the hair, worn on the parting of the hair
(maang) in place of the red spot (tilka or tika) on the foreheads of Hindu women. Shortned version of
shrngar patti ro matha patti.
[10] Nath: Round, gold nose ring with kundan, stone or diamond setting.
[11] Lehanga: Flared skirt worn along with a choli or blouse.
[12] Choli: essentially refers to the Indian short/long blouse
[13] Duppatta: veil cloth worn to cover the upper body and head.
[14] Saree: Indian Women’s garment: a six yard length rectangular fabric drapped in various styles,
ususlay worn with a blouse and a long under-skirt.
[15] Charchanchi Saree: Traditional sari worn only by a some Hindu community brides during her
wedding.
[16] Kalirey: A highly ornamented long tassel usually made of glass or plastic enamel which hangs loose
from the bangles, was traditionally worn by Punjabi brides during wedding ceremony and was earlier
made out of shells, coconuts an flowers. Usually worn on both hands.
[17] Kundan: Kundan keshri is a traditional form of Indian gemstone jewellery involving a gem set with
gold foil between the stones and its mount, usually for elaborate necklaces. The method is believed
to have originated in the royal courts of Rajasthan and Gujarat. It is the oldest form of jewellery
made and worn in India.
[18] Polki: Polki is refered to uncut diamonds which give Asian jewellery a 21st century look with a
touch of traditional flavour.
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COLOUR AND CULTURE
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A overview of the history of the use of colour in jewellery
Lynne Bartlett
Jewellery Designer/Maker, London, lynnebartlettoriginals@btinternet.com

1. Introduction
From ancient times rare and beautiful coloured materials have been prized and
worn as personal adornment, indication of status and/or for supposed protective or
amuletic purposes. This presentation outlines the ways in which jewellers have
incorporated colour into jewellery from the earliest times to recent decades.
Consideration is given to the colours of the most commonly used metals,
gemstones in various forms, vitreous enamel, anodised aluminium and, finally, the
interference colours of titanium.
Of all the elemental metals only two, gold (yellow) and copper (red) are
intrinsically coloured. All the others are white or rather various shades of grey.
Regardless of the workability, strength or cost, the aesthetic appearance is
equivalent. Whether the yellow was high purity gold or bronze, or the white was
silver, platinum or a base metal alloy, the visual impact was essentially the same.
Gold may be manipulated by alloying to produce a range of colours namely white,
yellow, red and green but the variations are subtle. Vibrant colours can only be
introduced by the incorporation of other materials in a piece of jewellery.
It is the range and use of these coloured materials such as gemstones and enamels
that are the focus of this paper but to cover such a vast subject means that I can
only provide a glimpse of the methods and materials that have been used. I have
also limited my examples to Europe and the ancient civilisation of the Middle East
that have most influenced the development of European jewellery.
It could be argued that because our knowledge of earlier periods is limited by the
artefacts that have survived, mostly items incorporating precious materials, we
have a biased view of the jewellery worn by our ancestors. However, as we see
today, the costume jewellery worn by the majority of people tends to reflect the
designs of more precious pieces and it is not unreasonable to suppose that this was
also the case in the past.
2. Early Adornment
In early societies ‘found’ objects such as shells, seeds and coloured stones were
used as adornment and examples have been found in graves dating back to 30,000
BC [1]. Necklaces from ancient cities in what is now Iraq illustrate how the
materials were fashioned and drilled so that they could be worn. In later periods
found objects were augmented by beads fabricated from ceramic and glass.
Coloured beads with varying degrees of shaping have continued to be a significant
jewellery item over the centuries.
With technological advances metals began to be used extensively. Gold was
particularly prized for its colour, immutability and the relative ease with which it
could be worked. Highly sophisticated gold jewellery has been excavated from
Sumerian tombs dating from 2500 BC in ancient Iraq. This jewellery also
incorporates coloured gemstones such as lapis lazuli, garnet, turquoise and
cornelian, which were fashioned into both simple and complex shapes as shown in
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Figure 1. For example from 3000 BC turquoise beads were combined with garnets
and gold. Typically beads were fashioned into biconical shapes but there are also
examples of more elaborate gem cutting from Ur where gemstones were cut and
polished to set as inlay into metal brooches [2] The gemstones were mostly opaque
and surely prized for their intense colours.
The Ancient Egyptians used turquoise, lapis and coral to produce vibrant multicoloured jewellery and also created beads with similar appearance from glazed
composition and faience, Figure 2. As glass became more available in the Egyptian
New Kingdom (ca 1567-1085 BC) it was used to imitate natural stones as well as
in fine inlay, which could be argued as the precursor to true enamel. Jack Ogden
[3] gives a good overview of ancient sources of metals and gemstones and how
they were worked.
2. Greek and Roman Jewellery
Gold working spread around the Eastern Mediterranean and examples of fine gold
work are known from Crete, Mycenae and Etruria. The emphasis in this work was
in the many sophisticated techniques that were used to embellish the gold surfaces.
Gemstones are relatively rare but examples of an early type of dark blue enamel
have been found in Mycenean tombs in Cyprus dating from the thirteenth century
BC [2].
Greek jewellery, drawing on this legacy of fine workmanship, is characterised by
the use of gold. Only in the Hellenistic period (from 325 BC) is there an increased
use of coloured gemstones with fine quality cabochon cut garnets and transparent
gems such as amethyst and emerald [4].
The Roman conquest of the Hellenistic world and establishment of the Empire (27
BC) resulted in jewellery in a similar style with the accent on gold work. But this
developed into a much more polychrome style.
The Romans had a particular fondness for emeralds (in crystal form), sapphires and
pearls as shown in Figure 3. Mummy portraits show how these items were worn.
Almost all the forms of jewellery that are worn in the twenty-first century had their
origin in the Roman period. Romano-British jewellery reflects a merging of the
‘standard’ Roman jewellery with the added influence from the strong Celtic
metalworking traditions. In particular colour was incorporated not only from the
example of Roman gemstone use but also from the Celtic technique of enamelling
on bronze, Figure 4.
3. Anglo-Saxon and Byzantine Jewellery
The colour palette changed over the centuries and between different cultures. As
shown in Figure 5, the Anglo-Saxons produced amazing jewellery featuring red
garnets and blue enamel [5]. The technique of inlaying thin slices of garnet into
cells of gold, backed with textured gold foils, is thought to have its origins in
Southern Russia around 300 AD and to have spread with migration of the Gothic
tribes throughout Western and Northern Europe [6]. These jewels show a great
sophistication in gem cutting and gold working.

Fig. 1 – Carved lapis and gold beads from

Fig. 2 – Collar of glazed composition beads from

Ur, 2500 BC.

Egypt, 2020 BC.

Fig. 3 – Gold bracelet with emeralds and pearls

Fig. 4 – Copper alloy brooch with red and blue

from Roman Egypt, 1st century AD.

enamel Faversham,UK, 1st-2nd century AD.

Fig. 5 – Gold shoulder clasp with garnet inlay

Fig. 6 – Gold reliquary cross with cloisonne

and blue enamel Sutton Hoo Treasure England

enamel Constantinople, 11th century AD.

7th century AD.
All images in Figs 1-7 courtesy of the British Museum, London
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Fig. 7 – Enamelled gold hat badge with rubies

Fig. 8 – Enamelled gold pendant with baroque pearl

and diamonds Spain or Italy 1526-75.

pearl drop and emerald Europe late 16th century.

Fig. 9 – Brooch with diamonds set in silver and

Fig. 10 – Base metal earrings with Blue Creeper

Hessonite garnets set in gold Europe ca 1700.

bird heads England 1872 .

Fig. 11 – Anodised and dyed aluminium earrings

Fig. 12 – Heat-coloured titanium neckpiece

Jane Adam ca 1995.

Lynne Bartlett 2013.
All images in Figs 8-10 courtesy of the V&A Museum, London

In Northern Europe during the ninth and tenth centuries there is an increasing use
of silver but in the Eastern Mediterranean the rise of a particular Byzantine style of
highly coloured jewels featured gold cloisonné enamelled work, Figure 6.
4. Medieval Jewellery
In the early thirteenth century gold was used to set polished gemstones of different
colours in simple brooch forms, which also had a practical purpose. Subsequently
goldsmiths demonstrated their skill by creating intricate high-relief gold work
which was covered in enamel and enhanced with gemstones. These highly
decorative jewels were particularly important as hat badges worn by men, Figure 7.
Such magnificent mediaeval jewels were mostly royal status symbols, indications
of piety or princely gifts [7]. The allegorical scenes depicted in the chased and
engraved gold were embellished with rubies, emeralds, sapphires and diamonds
and with fine enamels. Even pendants that incorporated imitation gemstones are
finely enamelled on the reverse.
Unusual materials and large gems were particular prized and baroque pearls [8]
were often used as the bodies of animals Figure 8. In the early fourteenth century
gem-cutting became more elaborate and faceted stones started to be used
extensively. There are examples of other styles of gem cutting such as amethyst
and agate cameos.
Much more information from the fifteenth century onwards can be gleaned from
the portraits of the period. Many artists were also jewellery designers and faithfully
represented the jewels worn by their sitters. In London we have a fine collection of
jewellery from the late sixteenth and early seventeenth centuries in the Cheapside
Hoard [9]. The Hoard includes many finished pieces incorporating enamelled gold
chains set with sapphires, emeralds, garnets and diamonds, carved amethysts and
emerald earrings and gold rings set with rubies and other gemstones. It also
contains many unset gemstones with a particularly large number of cabochon
garnets. The range of materials used shows how extensive the trade in coloured
gems had become and indicates the popularity of multicoloured jewellery in the
period.
5. Eighteenth and Nineteenth Century
By the eighteenth century new sources of gemstones, particularly diamonds,
emeralds and topazes from S America, were extensively used as in Figure 9. Such
increased availability made jewellery more affordable, especially for the growing
affluent middle class, and designs and materials became much more subject to
changes in fashion. Over the ensuing decades fashionable jewellery veered from
almost monochrome, diamond-set designs to multi-coloured, multi-gemstone
pieces and this cycling of styles has continued through the twentieth century.
The Victorians used an amazing array of gemstones, enamels and other materials,
with rare and unusual species particularly prized Figure 10.
In the late nineteenth century new metals such as platinum and aluminium were
increasingly used but both were essentially white metals. The strength of platinum
made it an ideal material for ‘invisible’ settings in which the gemstones played the
major role in the design of the piece. Initially the whiteness of the metal and its
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relative lack of tarnish meant that it was used as a setting for diamonds replacing
the mixed gold and silver settings of early diamond-set jewels but designers at the
prestige fine jewellery houses such as Cartier increasingly used multi coloured
gemstones.
6. Aluminium
Aluminium, when it was first produced in the mid-nineteenth century, was treated
as a novel material set in gold mounts. The isolation of the pure metal was very
difficult and small ingots of the purified metal were shown at the Paris exposition
in 1855. It is perhaps not surprising that the modernising nephew of Napoleon
Bonaparte, Napoleon III, ordered the fabrication of aluminium utensils and is
reported to have eaten from an aluminium plate in preference to a gold one. Other
special uses for aluminium included the cap on the top of the Washington
Monument which was cast from aluminium in 1884 because of its whiteness and
resistance to tarnish [10]. The statue of Eros at Piccadilly Circus was cast in
aluminium in 1893. As new processes for aluminium production were developed,
the metal became readily available and was used for general construction and the
growing aeronautical industry.
In 1923 anodising was developed to provide protection from corrosion of seaplane
parts. The process thickened the natural aluminium oxide layer on the surface to
provide a durable hard layer. This layer could be dyed and it was not long before
dyed anodised aluminium was used for jewellery. Of particular note is the work of
Jane Adam an example of which is shown in Figure 11. The lightweight of
aluminium and the broad range of decorative possibilities have made it a
significant material for the twentieth century jeweller.
When aluminium is anodised in sulphuric acid a thin porous oxide layer is created
on the surface of the metal. This layer is very receptive to dyes, usually organic
materials, and a wide range of patterning techniques can be used to produce what is
effectively a coloured metal surface.
Colours may be bright or subtle and, as the pigments are fixed in the thin adherent
oxide layer on the surface of the metal, they are very durable. However because
aluminium is very lightweight, large, easily wearable pieces of jewellery can be
made.
7. Titanium
One area of colour that has not been covered so far is patination. Examples exist
from antiquity of metal sculptures that have been coloured in this way and historic
armour used ‘bluing’ to provide multicoloured surface decoration [11]. However,
as much historic jewellery has been buried, it is often not possible, even if the
underlying metal has survived, to be sure if the whole surface was coloured.
The twentieth century saw the introduction of a new metal, titanium, whose colour
could be said to be produced by a form of patination, i.e. oxidation. Industry values
titanium for its unique combination of high strength and low weight, and although
this has been exploited by a few designer/makers, it is titanium’s colour potential
that most attracted jewellers to the material and led to its expanding usage through
the 1970s and 1980s. The thin oxide layer produced on the surface of the metal by

heat or anodising resulted in a wide range of interference colours. Various ways of
preventing oxygen reaching the surface by masking were used to produce stunning
optical effects. Research has established [12] that the use of titanium for designed
jewellery was a technical innovation, pioneered in the UK and instigated by the
titanium metal producers.
Early users of titanium tended to use coloured pieces in a similar way to gemstones
by setting them in silver frames or fixing them with silver pins. However the
strength of titanium meant that very thin sections could be cut as integral pins. Its
biocompatibility also meant that integral ear wires could be produced without the
problems that have been associated with the use of non-precious metals for such a
purpose.
One of the pioneer jewellers who first used titanium at Birmingham (1965-1968)
was Ann Marie Shillito. The first identifiable piece of designed titanium jewellery
is a belt buckle. Another artist of note in the early decorative use of titanium was
Pietro Pedeferri, a University researcher in electrochemistry in Milan, he was
inspired by the colour possibilities of the metal to produce wonderful compositions
on titanium. In this case he used flat sheets of titanium as a canvas.
By the early 1970s titanium had become a regular product used in Jewellery
courses. However its popularity peaked in the late 1980s and it is only in recent
years that its use has been revived, Figure 12.
8. Conclusion
In this rapid survey it has not been possible to cover some of the more ephemeral
coloured materials used by mid-twentieth century contemporary jewellers, such as
paper, textiles and polymers, including nylon and acrylic. The deliberate use of
such materials has produced debate between contemporary jewellers and
proponents of more traditional styles, which use precious metals set with
gemstones or enamel. However the distinctions are often blurred and this is a
subject for a different discourse. Whatever the material, colour continues to be a
major factor in jewellery design and new coloured materials are eagerly adopted.
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From Pythagoras to Kandinskij: colourful architecture
1
1
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The idea that there is a correspondence between music and colour is a very old one.
In The Republic’s Mith of Er, talking about the Celestial Spheres, Plato says1: ‘The
largest [the circle of the fixed stars] is spangled, and the seventh [the sun] is
brightest; the eighth [the moon] coloured by the reflected light of the seventh; the
second and fifth [Saturn and Mercury] are in colour like one another, and yellower
than the preceding; the third [Venus] has the whitest light; the fourth [Mars] is
reddish; the sixth [Jupiter] is in whiteness second.[…] on the upper surface of each
circle is a siren, who goes round with them, hymning a single tone or note. The eight
together form one harmony[…]’. Er’s tale is based upon the Pythagorean2 concept of
the Harmony of the Spheres by which the interval between the earth and the sphere
of the fixed stars was considered to be a diapason, the most perfect harmonic
interval. The allowing arrangement is most generally accepted for the musical
intervals of the planets between the earth and the sphere of the fixed stars: from the
sphere of the earth to the sphere of the moon; one tone; from the sphere of the moon
to that of Mercury, one half-tone; from Mercury to Venus, one-half; from Venus to
the sun, one and one-half tones; from the sun to Mars, one tone; from Mars to
Jupiter, one-half tone; from Jupiter to Saturn, one-half tone; from Saturn to the fixed
stars, one-half tone. The sum of these intervals equals the six whole tones of the
octave.3 Through Er’s Mith, Plato extends Pythagora’s concept, which saw the
number as the universal principle that is reflected as light or sound, a qualitative
living reality that had to be experienced, binding together planets, tones and colours.
The science of canonics, which was invented by the Pythagoreans, is metrical
geometry applied in all of its essentials. According to its procedures, each musical
pitch is represented by a length on the canon or rule, a length that is practically
measurable. In Menon, Plato, speaking through Socrates, describes color as "an
effluence of form, commensurate with sight, and sensible.”4 In Theætetus he
discusses more at length on the subject thus trough Socrates: "Let us carry out the
principle which has just been affirmed, that nothing is self-existent, and then we
shall see that every color, white, black, and every other color, arises out of the eye
meeting the appropriate motion, and that what we term the substance of each color is
neither the active nor the passive element, but something which passes between
them, and is peculiar to each percipient; are you certain that the several colors
appear to every animal, say a dog, as they appear to you?”5
From XIVth and XVth centuries many scholars and architects such as Francesco di
Giorgio Martini, Luca Pacioli, Leon Battista Alberti, Fabio Calvo, Giovanni Paolo

400

Fig. 1 – The intervals and Harmonies of the Spheres. From Stanley’s The History of Philosophy.

Fig. 2 – On this manuscript of the fifteenth century are symbolized the two main uses of harmonic proportions in
music and architecture. The link between the two disciplines is emphasized by the ascending octave that culminates
in a compass. On the very top of the image are shown the perfect musical intervals already theorized by Pythagoras:
the octave, fifth and fourth, respectively, identified in fractions of 2/1, 3/2 and 4/3.

Lomazzo, Cesare Cesariano, Sebastiano Serlio, Raffaello, Paolo Giovio, fra
Giocondo da Verona, Jacopo Barozzi da Vignola, Andrea Palladio and his student
Vincenzo Scamozzi began a long series of studies, designs and treaties in which
buildings were erected through the rule of musical proportions and such a method
was referred as obvious and unavoidable for the construction of their work. In the
XVIIth century, both Francoise Blondel and Bernardo Vittone stand out from their
fellow scholars. The application of the musical theories became an important
practice in architecture. Leon Battista Alberti wrote “I am every day more and more
convinced of the truth of the Pythagorean saying, that Nature is sure to act
consistently, and with a constant analogy in all her operations. From whence I
conclude that numbers by means of which the agreement of sounds affects our ears
401

Fig. 3 – The system of archéomètre comprises different concentric zones of equivalents which each contain a
respective messenger or medium of information: colours, planets, zodiacal signs, musical notes, letters and
numbers. From Saint-Yves d’Alveydre’s Archéomètre.

with delight, are the very same which please our eyes and mind. We shall therefore
borrow all our rules for the finishing of our proportions from the musicians, who are
the greatest masters of this sort of numbers, and from those things wherein nature
shows herself most excellent and complete.”6 And again, the “musical numbers are
these, one, two, three, four [...] All of these, taken in twos, are skillfully used by
architects to plan markets, squares and open spaces in which they focus exclusively
to two proportions, length and width: and they even use them, taken in threes, to
plan sitting rooms, council’s rooms etc. In these, they use the same measure for
width and length, and they want that the height corresponds to a convenient
proportion.”7 In 1683, François Blondel, architect and urban planner, published at
the Académie royale d'architecture his teaching in the Cours d'architecture, ou
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Fig. 4 – Musical proportions of the Actic Base. From Blondel, Cours d'architecture.

Traite de la decoration, distribution et construction des batiments where he drew the
sum of his teaching, building the ultimate codification of the where he drew the sum
of his teaching, building the ultimate codification of the architectural rules that from
the Renaissance onwards had an universal value.8 Blondel shows how to build an
attic base; within each moulding he draws some letters of the alphabet and a series
of five numbers, while at the side of it, he draws a pentagram. The letters written on
the base of the column correspond to the same notes written on that portion of the
pentagram on the right of the image. The first seven letters of the alphabet express
the sequence of sounds: La (A), Si (B), Do (C), Re (D), Mi (E), Fa (F), Sol (G). The
same notes are expressed in letters on the pentagram through the use of three of the
seven ‘ancient’ keys of interpretation. On the pentagram, from top to bottom, we
find the Bass, the Contralto and the Soprano key. Reading the notes, written
according to the different codes expressed by their keys, we have the following
sequence to be read vertically: ADFA on the left of he base, BEGB in the middle
and EACE on the right. Reading horizontally, each portion of the column expresses
a fifth ratio (3:2).
In 1760, Bernardo Vittone9, referring to the work of Blondel who had regarded
architecture to music, wanted to “…explain the relationship between the parts of
this [Attic] Base with the tunes of a Perfect Musical Tone, for an easier
understanding, I will explain it in terms of Canto Fermo. The main parts which
make up this base are, between themselves, in the same proportions as the numbers
10, 12, 15, 20, of these, the first one, 10 is the height of the upper torus and matches,
in the grave tone, re of d la sol re, the second number, 12 is the height of the scotia
and matches fa of f fa ut, 15 is the height of the lower torus and matches la of re d’a
la mi re, and 20 matches la, or re of d la sol re, so that placing those tunes, which
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Fig. 5 – Vittone’s Canto Fermo tunes: re la fa re using Fefaut key and si fa re si using Cesolfaut key. From Vittone,
Istruzioni Elementari.

correspond to the parts of the base, on a scale of Canto Fermo, they will express this
lullaby”.10

Zodiac Sign

Planet

Colour

Music Note

Aries
Taurus
Gemini
Cancer
Leo
Virgo
Libra
Scorpio
Sagittarius
Capricorn
Aquarius
Pisces

Mars
Venus night
Mercury night
Moon
Sun
Mercury
Venus
Mars night
Jupiter
Saturn night
Saturn
Jupiter night

Red/orange
Red
Red/violet
Violet
Blue/violet
Blue
Blue/green
Green
Yellow/green
Yellow
Yellow/orange
Orange

FA mi#
MI fa b
re# mi b
RE
do# re b
DO si#
SI do b
la# si b
LA
sol# la b
SOL
fa# sol b

Tab. 1 – Colours, planets, zodiacal signs, musical notes. ‘b’ stands for bemolle while ‘#’ stands for diesis. From SaintYves d’Alveydre’s Archéomètre.

However, we must differentiate between the association of color-music that comes
from the phenomenon of synesthesia11, as in the case of Vasilij Kandinsky, and an
universally applicable intellectual exercise. The famous painter used to associate
colours to particular instrumental timbres, rather than particular harmonies.12 In Il
linguaggio dei colori from Dello Spirituale nell’arte, Kandinsky associated, in the
low register, the colour green to the tone of the violin, in the high register and in the
low register the colour blue respectively to the flute and to the organ and the
contrabass, yellow to the trumpet, red to the brass instruments and in particular to
the tuba (in some of its nuances, to the cello), orange to the viola or, in the contralto,
violet to the english horn and to the bassoon. For Kandinsky, music wasn’t inspired
by a program, but rather reflected the inner experiences, which went far beyond the
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'content' of the paintings, manifesting themself in a purely musical form.13 During
the same period, Alexander Nikolayevich Skrjabin, a Russian composer and pianist,
empirically drew up a table of corresponding musical and chromatic tones. In his
symphonic work Prometheus, Skrjabin applied his method in a very persuasive way
so that DO corresponded to red, SOL to pink-orange, RE to yellow, LA to green, MI
and SI to white-blue (blue moon), fa# to vivid blue, do# to purple, la b to purple
violet, mi b and si b to steel grey, FA to brown-red.
After having discovered the dualities colour-music and music-architecture, it may be
easy to convert architecture in colour. But to do this, we must proceed with caution.
Now let’s take, for example, Blondel’s Base attica and Vittone’s explanation on
how it should ‘sound’; the next step is to define what colour matches the melody we
discovered. It may be possible to use Kandisky’s or Skrjabin’s matching charts but
that would result in a very subjective result since it is extremely unlikely that any
two synesthetes will report the same color. It is imperative to find a unique and
universal chart, something that comes directly from the primeval tradition, always
equal to itself, imperturbable and immovable regardless of time and space. In 1903,
the Frenchman Alexandre Saint-Yves d’Alveydre (1842-1909) published
L’Archéomètre, an enormous work intended to be a comprehensive key permitting a
survey of ancient culture.14 The Archéomètre attempts to assess the real value of
each philosophical, scientific or religious system and its place in the universal tree of
science or tradition. Its geometrical system comprises different concentric zones of
equivalents which each contain a respective messenger or medium of information:
colours, planets, zodiacal signs, musical notes, letters and numbers. Its centre is
formed by four superimposed equilateral triangles filling a circle and forming twelve
tips, with each tip being ascribed a specific colour. According to the French Master,
Vittones’ architecture can be ‘played’ by the colours Violet/yellow-GreenRed/orange-Violet (if we were to use the key of Fefaut) and by the colours
Blue/green-Red/orange-Violet-Blue/green (if we were to use the key of Cesolfaut).
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1

I prefer using the verb ‘to say’ instead of ‘to write’ as Plato’s Πολιτεία is written in the form of dialogue
between Socrates and his pupils. It is well known the great importance that Plato (like Socrates) gave to
the verbal teaching in detriment to written books. As written word is always static, the dialogue is a way
to engage the intellect of the people who are discussing.
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2

It is said that Pythagoras by chance passed by a brazier's shop where a smith was pounding out a piece
of metal upon an anvil. By noting the variances in pitch between the sounds made by large hammers and
those made by smaller implements, and carefully estimating the harmonies and discords resulting from
combinations of these sounds, he gained his first clue to the musical intervals of the diatonic scale. After
taking note of the weights of the hammers, he returned to his own house and constructed an arm of wood
so that it extended out from the wall of his room; at regular intervals along this arm he attached four
cords, all of like composition, size, and weight. To the first of these he attached a twelve-pound weight, to
the second a nine-pound weight, to the third an eight-pound weight, and to the fourth a six-pound weight.
These different weights corresponded to the sizes of the braziers' hammers. Pythagoras thereupon
discovered that the first and fourth strings when sounded together produced the harmonic interval of the
octave, for doubling the weight had the same effect as halving the string. The tension of the first string
being twice that of the fourth string, their ratio was said to be 2:1, or dupla. By similar experimentation he
ascertained that the first and third string produced the harmony of the diapente, or the interval of the fifth.
The tension of the first string being half again as much as that of the third string, their ratio was said to be
3:2, or sesquialtera. Likewise the second and fourth strings, having the same ratio as the first and third
strings, yielded a diapente harmony. Continuing his investigation, Pythagoras discovered that the first and
second strings produced the harmony of the diatessaron, or the interval of the third; and the tension of the
first string being a third greater than that of the second string, their ratio was said to be 4:3, or
sesquitertia. The third and fourth strings, having the same ratio as the first and second strings, produced
another harmony of the diatessaron. According to Iamblichus, the second and third strings had the ratio
of 8:9, or epogdoan. Levin, 1994.
3
The key to harmonic ratios is hidden in the famous Pythagorean tetractys made up of the first four
numbers (1, 2, 3, and 4) which in their proportions reveal the intervals of the octave, the diapente, and the
diatessaron. Ferguson, 2008.
4
”ἔστιν γὰρ χρόα ἀπορροὴ σχημάτων ὄψει σύμμετρος καὶ αἰσθητός." Plato, Μένων, 76.
5
“ἑπώμεθα τῷ ἄρτι λόγῳ, μηδὲν αὐτὸ καθ᾽ αὑτὸ ἓν ὂν τιθέντες: καὶ ἡμῖν οὕτω μέλαν τε καὶ λευκὸν καὶ
ὁτιοῦν ἄλλο χρῶμα ἐκ τῆς προσβολῆς τῶν ὀμμάτων πρὸς τὴν προσήκουσαν φορὰν φανεῖται γεγενημένον,
καὶ ὃ δὴ ἕκαστον εἶναί φαμεν χρῶμα οὔτε τὸ προσβάλλον οὔτε τὸ προσβαλλόμενον ἔσται, ἀλλὰ μεταξύ τι
ἑκάστῳ ἴδιον γεγονός: ἢ σὺ διισχυρίσαιο ἂν ὡς οἷον σοὶ φαίνεται ἕκαστον χρῶμα, τοιοῦτον καὶ κυνὶ καὶ
ὁτῳοῦν ζῴῳ ". Plato, Θεαίτητος, 153-154.
6
Alberti, 1987.
7
“[i] numeri musicali son questi, uno, due, tre, quattro […] Di tutti questi numeri si servono gli
architettori comodissimamente, presigli a duoi a duoi, come nel disegnare il mercato, le piazze e gli spazi
scoperti, nelle quali cose si considerano solamente duoi diametri la lunghezza e la larghezza: ancora gli
pigliano a tre a tre, e se ne servono per disegnare il luogo da sedervi pubblicamente, e la sala del
consiglio e simili. Ne’ quali similmente fanno corrispondere la larghezza e la lunghezza, ed all’una ed
all’altra di queste vogliono che la altezza corrisponda a proporzione conveniente.” Alberti, 1966.
8
Quattrini, 2012.
9
It is extremely important to note that while Blondel used the pentagram with the Bass, the Contralto and
the Soprano key, Vittone used the hexagram of Canto Fermo with Fefaut and Cesolfaut key.
10
“…spiegare il rapporto che hanno le parti di questa Base [Attica] con le voci di un Tuono Musicale
Perfetto, che per più facile intelligenza esporrò in termini di Canto Fermo. Stanno i membri principali
che questa base compongono, tra loro come i numeri 10, 12, 15, 20, de’ quali posto, che il primo, cioè il
10, che l’altezza rappresenta il Toro superiore è […] corrisponda […] alla voce più grave, la quale sia
re di d la sol re, il secondo, cioè il 12 rappresenta l’altezza della Scozia […] corrisponderà al fa di f fa
ut, il 15 altezza dl Toro inferiore al la ovvero al re d’a la mi re, e finalmente il 20 al la, ovvero al re di d
la sol re […] sicché disponendoli in scala di Canto fermo le dette voci coll’ordine, che alle membra della
Base corrispondono, si troverà essa esprimere questa cantilena.” Vittone, 2008.
11
By the Oxford Dictionary online, synesthesia is ‘the production of a sense impression relating to one
sense or part of the body by stimulation of another sense or part of the body’. This means the impression
is personal and different for each person.
12
“I violini, i bassi gravi e particolarmente gli strumenti a fiato [del Lohengrin di Richard Wagner]
incarnarono allora per me tutta la forza di quell’ora di prima sera. Vidi nella mente tutti i miei colori,
erano davanti ai miei occhi; linee tumultuose quasi folli si disegnavano davanti a me.” Kandinskij, 1989.
13
Kandinskij, ibid.
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14

The term archéomètre comes from the Greek αρχης-μετρον, the measure of the Principle (from αρχης
principle μετρον, measure).

407

Color categorial perception and second language acquisition
Jodi L. Sandford
Dip. Lettere, Università degli Studi di Perugia, jodi.sandford@unipg.it
1. Introduction
This paper illustrates results of perceptual and linguistic experiments conducted to
verify “categorial1 perception”, naming, and comprehension of color terms in
Italian as mother tongue and in English as a second language. I employed Franklin,
Clifford, Williamson, and Davies’ [1] experimental procedure to see if young
Italian children, 3- to 5-year-olds would confirm their results of categorial
perception in 2- to 4-year-olds (the age range considered for the onset of color term
establishment reliability acquired of the first focal colors by 3 years and brown and
grey 6-9 months later [2]). Franklin et al. found that categorial perception emerges
“irrespective of naming and was not stronger in those children with more
developed color term knowledge”, and sustain that “color term knowledge does not
modify categorial perception, at least during the early stages of childhood” [1]. The
further objective was to verify if there is any variation or interference in categorial
perception during the acquisition of a second language that has slightly different
linguistic color categories (i.e. blue - blu, azzurro, celeste).
We understand the color spectrum as a continuum and identify colors through
distinct categories. Basic or focal colors are easily identified and agreed upon,
though the boundaries of these categories is difficult to agree on and tends to vary
according to context —when blue is no longer blue and becomes green. A category
contains those members that are similar. The more a single item is different from
another the more likely it be identified as belonging to a separate category.
Recognizing that two items belong to separate categories is known as
“categori(c)al perception” [3], [4]. Categorial perception of color is understood to
be activated when colors from the same category are discriminated less easily than
colors that cross a category boundary. I tested categorial effect in groups of 3, 4,
and 5-year-olds through: ‘two-alternative forced-choice tasks’ (henceforth 2AFCs), a naming test (for the stimuli of the three different 2-AFC sets), a
comprehension and a naming test of the eleven focal colors. The 3 and 4 year-olds
did the training and the tasks in Italian, and the 5-year-olds did the training and
tasks in English as a second language and repeated the naming and comprehension
tasks again in Italian.
The results of this series of tasks should support one of the three theories of the
origins of categorial perception. 1) Categorial perception is “hardwired” into the
visual system —the universal point of view. 2) Categories are constructed by
language —the relativist stance. Or, 3) Categorial perception is a matter of
“perceptual reorganization”, somewhere in-between linguistic universalism and
1

Since the topic of discussion is “categorization”, I opt to use “categorial” i.e. of or relating
to a category, rather than “categorical” i.e. definite, uncompromising, unconditional, to
disambiguate between the two lexemes, even though in this literature “categorical” tends to
be used.
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relativism. The third option “postulates that there is an innate predisposition for
category boundaries at certain points in the color space but that language learning
modifies the location and extent of categorical perception, reorganizing the
representation of perceptual space” [1]. The cognitive linguistic approach would
explain perceptual reorganization as stemming from our embodied projection of
the world, which becomes specialized according to the linguistic construal of the
single language-culture-context and the cognitive models thereby developed (e.g.
[5]). Hence, categorial perception may expand or recede if the category boundary
is not specifically reconfirmed by the language(s) acquired or learned. This type of
refining mechanism has been found in research on language acquisition [6] and in
reference to universal grammar, i.e. principles and parameters [7].
The issues taken into consideration are: Will color categorial perception be found
in young Italian children? What is the impact of language learning on the extent of
categorial perception? Do children who linguistically mark the boundaries show
categorial perception, or is categorial perception greater if children linguistically
mark the boundaries [1]? Does knowledge of a second language alter accuracy in
categorial perception?
2. Experiment overview
To test for categorial perception, the first task involved the 2-AFCs, which is the
same test used with adults, though adapted for young children. The methodology is
explained in the next paragraph. As illustrated in Fig. 1., categorial perception tests
stimuli grouped into a set of three: A1, A2, and B. They are equidistant in the color
space. Two stimuli, A1 and A2 belong to the same linguistic category (e.g. green),
and B2 belongs to a different linguistic category (e.g. blue) adjacent in the color
space. Categorial perception is evinced when the participant identifies the stimulus
pair A2-B more accurately than the stimulus pair A1-A2.

Fig. 1 – Illustration of categorial perception between two categories: A and B. Each box represents a stimulus that
is spaced equidistantly from the other. The dashed line represents the category boundary.

Researchers have verified categorial perception in same-different judgment,
recognition memory, and 2-AFCs [1], [8], [9], [10], [11]. Both Franklin and Davies
[12] and Franklin et al. [1] have shown that young children demonstrate categorial
color perception across the green-blue, blue-purple hue boundaries, and across the
red-pink lightness and saturation boundaries. This experiment calqued the previous
studies using the same color boundary groups. I prepared three sets of stimuli, (1)
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Green: green, blue-green, blue, (2) Blue: blue, purple-blue, purple, and (3) Red:
red, pink-red, pink. I investigated the size and effect of each category by judging
the accuracy of identification in the task between the foil and the target pairs.
I used the naming tasks of the stimuli sets to reveal the presence of a linguistic
category boundary. I grouped the naming patterns of the test stimuli as belonging
to the group of: no linguistic boundary, a correct linguistic boundary, and a
reversed linguistic boundary. As Franklin et al. [1] state: “if the linguistic
categorization creates the category effect (linguistic relativity model), then (a)
those children with no linguistic boundary should show no category effect, (b)
those children with a correct linguistic boundary should show between-category
facilitation, and (c) those children with a reversed linguistic boundary should show
within-category facilitation. If linguistic categorization amplifies the category
effect (perceptual reorganization model), then (a) those children with no linguistic
boundary should show weaker category effect than those children with a boundary,
(b) those children with a correct linguist boundary should show between-category
facilitation; and (c) those children with a reversed linguistic boundary should show
within-category facilitation. If linguistic categorization has no impact on the
category effect (universalistic model), then all children would respond categorially
to the same extent, irrespective of their pattern of naming” (p.122).
The further comprehension and naming tasks were administered to verify the
general linguistic knowledge of the 3-5 year olds (henceforth yos) of the 11 focal
colors and to record the general fluency. I hypothesize that the children’s general
knowledge of color terms may be linked to categorial perception if a correlation
between language knowledge and categorial perception emerges. I further
hypothesize that language may affect the children’s clarity of categorial perception
when learning a second language, especially when the two languages mark the
boundaries differently.
In this case the second language, English, may affect the boundaries of the tested
categories, i.e. blue. English categorizes the macro area blue, including the Italian
subordinate categories of blu and azzurro, and possibly celeste [12]. Furthermore,
requiring the informants to identify half tones of blue-green, purple-blue, or pinkred as a different tone than the focal color could stimulate a linguistic accessing of
something other than green, blue, or red. This could give rise to naming frequent
Italian terms that cross these color category boundaries.
2.1. Methodology

Participants: A total of 56 native Italian speakers (28 males and 28 females)
between the ages of 3 and 5, volunteered to participate in the experiments. The
Scuola dell’Infanzia “Lucina” in Perugia was very cooperative in allowing Anna
Testi to come to the school and work with the children in their own environment.
The groups that were tested only in Italian were comprised of: 19 3yos (8 males
and 11 females) and 18 4yos (10 males and 8 females). The group tested in Italian
and English consisted of 19 5yos (10 males and 9 females).
The 5yos had already participated in over 22 hours of English activities aimed at
learning various English expressions (conventional greetings, holiday terminology,
colors, family members, farm, forest, and jungle animals, and fruits and
vegetables). The native English teacher conducted the matching and memory
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games using objects and flash cards, through one hour a week activities, working
both on comprehension and performance.
Stimuli and design: For the 2-AFCs we made two bears on plasticized medium
grey heavy paper, Pantone 403C, which had smiling faces drawn in black ink. The
colored sweater stimuli were made of the same printed-paper and plasticized to
withstand the practice and task usage of 56 children. Each paper sweater was the
same size and shape. To allow for easy application to the bear, a Velcro strip was
glued on the bears’ tummy and on the back of the paper sweaters, so when the
child had selected and applied the chosen sweater it would stay in place.

Fig. 2. Bear figures in medium grey Pantone color

Fig. 3. Focal stimuli paper sweaters

Focal stimuli: Different than the original test [1] we used Pantone coordinates to
make sure that the colors were constant, measurable, and reproducible. The
Pantone colors corresponded to the original Munsell colors. The colors included:
white (BIANCO), black (426C), red (1797C), green (361C), yellow (107C), blue
(P072M), brown (7518C), pink (1767C), purple (PPURPLE), orange (1585C), and
grey (430C). Two sweaters per color were made for the 11 focal colors.

Fig. 4. Test stimuli color sets: green, blue, red

Test stimuli: We again used Pantone coordinates that corresponded to the colors
established in and confirmed by adult naming and similarity judgments [10]. The
test stimuli were made according to these three sets and were broken down in the
following manner (identifying the Pantone code that corresponded to the Munsell
code): Green set: green (361C = M7.5G), blue-green (562C = M5BG), and blue
(P072M = M2.5B); Blue set: blue (P072 = M10B), purple-blue (Pviolet =
M7.5PB), and purple (PPurple = M5P); Red set: red (1797C = M6/10R), pink-red
(1787C = M5/12R), pink (1767C = M4/14R). The first two columns in Fig. 4
(green and blue-green, blue and purple-blue, and red and pink-red) comprised the
“within category” couples and the middle and last columns (blue-green and blue,
blue-purple and purple, pink-red and pink) comprised the “between category”
couples.
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The procedure was conducted in a non-standardized lighting condition, though the
situation was the same for all of the participants. We tested them each individually
in the well-known environment of their school library with natural mid day
sunlight that penetrated the room on three sides.
Procedure: All children completed the 2-AFC task, naming, and comprehension
tasks after a training session. The training session consisted in familiarizing them
with the task using the focal colors (Fig. 3). We showed them how when one bear
wore a colored sweater, the other bear should wear the same color sweater, and
that they could pick it out of the sweaters on the table and put it on the other bear.
We placed the two bears and the two sets of sweaters on the table in front of the
child, a color was randomly selected from set A and placed on Bear A, the child
was asked to pick out the corresponding sweater for Bear B from set B. We went
through this process three times with different colors, before proceeding with the
more complex task. Bear B and its set of sweaters was covered with a white piece
of paper while the test stimulus –Bear A and an A sweater– was uncovered for 5
second exposure. Then Bear A was covered for another 5 seconds, before
uncovering Bear B and the B sweater set. After the child had made his/her
selection and placed it on Bear B, we uncovered Bear A to allow the child to
evaluate his/her choice. The child was praised with a matching choice and
encouraged to modify it, if not. Each child carried out this task successfully three
times before proceeding to the 2-AFC task experiment. Each child was tested on
only one of the color sets.
In the 2-AFC task we used only the test stimuli (Fig.4), and the procedure was the
same as the second part of the training. This randomized task limited the choice
between two sweaters: the correct choice (the target) was the exact color of Bear
A’s sweater, and the incorrect choice (the foil) was either a between or within
category color sweater. The categorial relationship –between and within– was
poised twice to each child, for a total of four judgments. We then showed the
stimuli sweaters to the child and asked what color they would call the sweater.
Comprehension and naming: After completing the 2-AFC tasks, we laid out the
focal color sweaters and asked the child to put, for example, the “red” sweater on
the Bear. Each color was tested and the child’s response recorded. After this, the
focal stimuli sweaters were put out on the table and the child was asked to name
the colors.
3. Results
Three category boundaries: On the whole category effect was manifested. I
calculated the number of correct judgments for between category and within
category for each participant. Accuracy resulted in 86.25% target-foil choices of
the between category compared to a 76.34% target-foil choices of the within
category. Considering each set separately, an unusual result emerged: the Green set
accuracy was higher for within category 94.74% compared to 86.84% between
category accuracy. In keeping with [1] the Blue set accuracy was higher for
between 78.94% than within 52.63%. And the Red set accuracy was higher for
between 94.44% than within 69.44%. Even though the within category was higher
for Green, the between category accuracy for Green was higher than the Blue set
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between accuracy, and close to the Red set between accuracy. Our results for
overall accuracy per set were higher [Sandford (S) vs. Franklin et al. (F)] for Green
93.42% (S) 60.62% (F) and Red 80.55% (S) 56.87% (F), than), and slightly lower
in the Blue 72.37% (S) 77.50% (F). The higher percentages of accuracy is most
likely due to maturation, since we included the 5yos to test second language
acquisition. The average of correct 2-AFC answers grew with age: 3-yo mean 3.1,
4-yo mean 3.2, and 5-yo mean 3.6, out of 4 possible. Categorial perception
emerged according to accuracy for all three sets.
Naming accuracy and comprehension: The majority of the color names given for
the three 2-AFC sets were accurate: ranging from Green- green 100%, blue-green
74%, blue 95%; Blue- blue 85% (+5% celeste), purple-blue 49% (+ 5% azzurro),
purple 54% (+ 31% fucsia); and Red- red 100%, pink-red 67% (+17% fucsia), pink
90%. The method used to calculate the linguistic boundaries followed [1], though
our results showed no children without a boundary, and some with 3 distinct
boundaries. A total of the naming task results show a majority, 62.50%, manifested
a correct between category linguistic boundary (3yos 23.21%; 4yos 17.86%; 5yos
21.43%). Another 17.86% gave 3 different color names for each set (3yos 7.14%;
4yos 7.14%; 5yos 3.57%), demonstrating an advanced linguistic awareness that
each color tone have a different label; though 12.5% gave accurate labels (e.g.
fucsia for pink or purple; azzurro for blue halftones), the other 5.36% were more
approximate (e.g. celeste for blue, blue-purple; arancione for pink-red). 3.57%
gave wrong labels, but recognized a difference. Considering the 3-label children
with the other between linguistic boundaries, 80.36% demonstrated linguistic
boundaries. The other 19.64% showed a reverse boundary. No children showed no
linguistic boundary in Italian.
Color term comprehension and naming: All of the children scored mean 92.05% of
comprehension of the focal color terms, and 91.07% named the focal color
sweaters correctly. The mean accuracy score on comprehension and naming
respectively is: 3yos 84.21% and 78.94%; 4yos 97.50% and 98.00%; 5yos 93.79%
and 96.16%. The 4yos did best in naming and comprehension. The 3yos did better
on comprehension than naming, and both the 4yos and 5yos did slightly better on
naming than comprehension, which [1] affirms as expected.
I calculated a general term fluency index, explained in [1], by averaging the mean
number of colors named and the mean number of colors identified: a result of
20.14 out of 22 focal colors. A categorial effect index was calculated by
subtracting the within-category score from the between-category score (on the 2AFC task) for each child. A score higher than 0 indicates a categorial effect; that
is, between-category accuracy is greater than within-category accuracy. A score of
0 indicates no categorial effect. A score lower than 0 indicates a reversed
categorial effect, within-category being higher that between-category accuracy.
The categorial effect was 0.71 indicating a general result of between-category
boundary.
3.1. Second Language Results
There are several things to consider in the 5-yo group: their accuracy scores were
not as high as the 4-yo, which I would argue has to do with interference from
second language acquisition. Often there is a period during second language
413

acquisition where there is a set back in linguistic performance, before a general
advancement [6].
Naming and comprehension: The actual performance and competence in English
was tested three times. Naming the 2-AFC stimuli: the mean accuracy was 1.47 out
of 3 in English (2.68 in Italian). The linguistic boundary for the 5yos emerged as
between category for 47.37%, no linguistic category for 26.32%, and reversed for
26.32% in English (between category for 68.42% and reversed for 31.58% in
Italian). The between category children in both languages were the same, though
fewer in English due to lack of color term production. Naming of the 11 focal
colors averaged 6.21 in English, and 10.57 in Italian. Comprehension of the 11
focal colors averaged 8.1 in English, and 10.32 in Italian. The average of naming
and comprehension was 65.09% in English, and 94.95% in Italian.
4. Discussion
The group responded accurately to all three boundaries with an average of 86.25%.
Though the category effect was evident for the Blue (0.68) and Red boundaries
(0.55), the Green boundary showed a slight within category effect (-0.15). The
distant boundary ratio A1-B were the most accurate of the between category tasks.
Considering the effect of naming on the size of the category effect, it seems that
the linguistic categorization slightly amplifies the category effect along with
maturation of the individual. The three different age groups emerged each with
gradually higher average scores on the 2-AFC task (17 errors for 3yos, 15 for 4yos,
and 8 for 5yos; see §3). They also had progressively higher scores on naming 2AFC stimuli accuracy: 3yos 2.37, 4yos 2.67, 5yos 2.68. The subordinate color
terms that the children were stimulated to access in the 2-AFC naming task
included azzurro, celeste, and fucsia. In a previous study by Sandford [13] azzurro
[light blue], rosa [pink], celeste [sky blue], and fucsia [fuchsia] ranked close to and
above some of the 11 focal color terms in cognitive salience. Each term could
result in the naming a half-tone: azzurro in blue, green, or purple; celeste in blue
and possibly green; and fucsia in purple or pink. The focal color
naming/comprehension tasks showed a high degree of accuracy, with a slightly
lower percentage for the 5yos. This most likely was due to the English interference
in the training and task experience and the general process of second language
acquisition. The 2-AFC halftone purple-blue and pink-red stimuli and full tone
purple naming accuracy were lowest. Difficulty in naming accuracy for the “blues”
seems relevant to the restriction of linguistic category in English.
5. Conclusions
This research, differently that [1], argues that linguistic categorization amplifies
the category effect: those showing a correct linguist boundary and a betweencategory facilitation scored mean 20.30 in focal naming/comprehension, and mean
3.48 on the 2-AFC naming score. Those few showing a reversed linguistic
boundary and within-category facilitation scored mean 19.54 in focal
naming/comprehension, and mean 3.4 on the 2-AFC. No children in this study
showed no linguistic boundary in Italian, and 23.32% of the 5yos did in English.
The group demonstrates a good progressive general knowledge of color terms and
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color fluency, which is in keeping with the perceptual reorganization model. The
model as described in [1] postulates an innate predisposition for category
boundaries in the color space, and that language learning modifies the location and
extent of categorial perception, and may reorganize the representation of
perceptual color space. Athanasopoulos et al. [14] also confirmed this model with
electrophysiological evidence. The increased error in color naming in Italian by the
5yos who are in the process of acquiring a second language would seem to further
confirm this model, and reflect language interference. Nonetheless, the high degree
of accuracy makes it difficult to tease out the variation of perceptual category
effect, and at the same time there was greater general accuracy in categorial
perception than in linguistic ability to mark the boundary. This, and the higher
mean number of 3yos in establishing a between boundary in naming, allows us to
evince that categorial perception is independent of color naming. [1] states that
“infant color categorial perception has been found in British and American infants,
but no such tests have been made on infants from other language groups”, this
research evinces that young Italian children also demonstrate categorial perception.
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1. Introduction
This paper belongs to a developing practice-based research on the use of colour as
groundwork in the creative process of contemporary painting, analysing specifically
its transformative potential and significance in the artistic practice that somehow
connects pictorial and architectonic languages, mainly in the field of expanded
painting. The study is a consequence of my work and experience as a painter; a work
where colour, a visual and expressive element that is volatile, ambiguous and
continuously deceives, is protagonist in the creative process of pictorial objects that
perform an appropriation of architectonic elements or that assume a more evident
architectural dimension and quality. In this process colour is able to transform
significantly space and the way we perceive and experiment it, both the space
represented in painting and the space created by painting through its distension to
real space, its expansion and three-dimensional derivation. In this case, chromatic
relations can provide a more physical and interactive experimentation, being
connected with the architectonic space. I want to explore distinct mechanisms of
communication between pictorial and architectonic space, incorporating
architecture’s formal and structural specificities in artistic objects that are always
and primarily painting. In the dichotomy between geometric space and open space
designed by the language of landscape there is an interdisciplinary exercise: painting
quotes architecture, needing also to leave its own field, which might start in the
definition of the support and the way it connects with the exhibition room, diluting
boundaries. Throughout this process, architecture can be translated into an artwork
of small-scale or in the orientation of the artwork to an architectonic, monumental
scale, occupying space and inviting the spectator to physically experiment the
artwork. In any event, the intention is to relate space, scale, limits, matter,
construction and habitability in a pictorial object, manipulating these concepts
through the expressive and defining potential of colour: its ability to be and behave
in different ways in distinct spaces and contexts, evidencing a vulnerability that is
intrinsic to the changing nature of its expression, organization, identification and
orientation. Due to this changing volatile and unstable nature, the discourse on
colour is, in fact, often divergent and inconclusive, which is transversal to distinct
knowledge areas. Mainly when it is constructed in an artistic context, the colour
subject is fundamentally approached and though in the act of doing things and
through practice [1]. As David Batchelor states, at least over the last century and a
half, the discourse on colour has been, for the most part, a discourse of reflexions,
observations, asides and remarks, being fragmentary, contradictory, difficult to
generalize. The one thing that we can be consensual about is that it is a discourse
made in and through practice. That is why the author argues that colour is not
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largely an academic discipline; rather it is generated in the course of making things
[1]. In studio art investigations the concepts of investigation and creation tend to
merge and be contaminated, so it is based on this assumption that this research
wants to approach colour subject through a continuous artistic experimentation in
the field of painting, connecting practice and reflexion in a coherent unit. In this
process, it is fundamental not only to import the results of the developed artistic
practice to the final results of the investigation, but also to understand how artists
currently approach the concepts and processes coincident with this investigation. In
fact, it is fundamental to frame my artistic practice in the context of several and
distinct approaches to the privileged use of colour in contemporary practices: do
artists, today, use colour in a preferential, specific assumed way and work with it as
an autonomous element that defines the composition and interferes in the perception
of space? Or is chromophobia, as defined by David Batchelor [2], still interfering in
contemporary artistic practices? When artists or architects assume the significance
of colour in their work, which strategies do they use, in their creative process, to
perform it? How is colour relevant in their work, how do they relate to it, how do
they apply it, do they assume it, how can colour be central in the construction of
artistic objects? And what role colour plays in contemporary art? When Batchelor
talks about chromophobia, he argues that colour has been an object of extreme
prejudice in Western culture [2]. Since antiquity, colour was systematically
marginalized, diminished and target of a fear of something that seems unknowable.
This chromophobia that denies colour complexity manifests itself, according to the
author, in two essential ways: colour seen as some “foreign” body linked to concepts
as the feminine, the oriental, the primitive or the infantile; or colour perceived as a
secondary quality of experience, something superficial, supplementary and
inessential. So, colour would be dangerous, trivial or both. Even advancing to the
present day, the belief that seriousness in art is an issue in black and white still
persists [2].
However, some significant changes occurred: we can use the example of the
exhibition curated by Ann Temkin at the Museum of Modern Art, New York, in
2008: Color Chart: Reinventing Color, 1950 to Today. The exhibition gathered the
work of forty-four artists that, at some point of their careers, used colour in a
privileged way. The exhibition took as its starting point the commercial colour
charts, addressing the impact of standardized, mass-produced colour on the art of the
past sixty years [3]. This acknowledgement of colour as a matter-of-fact element,
common and accessible, rather than a vehicle of spiritual or emotional content,
represented a major artistic shift that took place during the middle of the twentieth
century. This change of perspective on the topic of colour, whose subjective and
emotional dimension lost power throughout the twentieth century, was coincident
with a new attitude from the artists themselves: they started rejecting the artistic
traditional pedagogy about the right colour relationships and, instead, adopted
aesthetical approaches that relied in ready-made sources and arbitrary systems, using
colour bought off the shelf or assigned by chance, loosing the idea of the traditional
colour harmonies [3]. Thus, artists work with colour as an autonomous element that
is appropriated and used directly as it is, using chance, intuition and randomness.
Batchelor argues that there are three different but connected levels of autonomy that
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are assigned to colour in this context of use: the autonomy of colour from every
other colour; the autonomy of colour from colour theory; and the autonomy of
colour from the register of representation [2]. So, there are no hierarchies, each
colour is independent from the other, colour is assumed as a theme, a concept, a
source and raw material, simultaneously. Colour is colour and doesn’t have to be
associated to an object, a landscape or an excerpt of architecture. Artists like Donald
Judd and Gerhard Richter sought an approach to colour through the intellect and not
through an emotional or sentimental level. With his colour charts, Richter
concentrated on accident, indifference, and the pleasure in looking. He broke with
all forms of expressive and symbolic statement associated to colour [5]. Other artists
like Jasper Johns, Ellsworth Kelly, Kenneth Noland, Al Held, Sol Le Witt and Frank
Stella worked with colour charts, dissociating colour from any traditional mean or
strategy and redefining the parameters of colour.
Nowadays, it is worth questioning the place, role and significance of colour in
contemporary artistic practices and what conscience do artists have about that role. It
is also worth trying to answer Ann Temkin’s question: What defines colour after
colour theory? [3]
This paper aims to propose a contemporary approach to colour subject, focusing
some examples and confronting them with my own artistic practice, a practice where
colour is, in an assumed way, essential. It is important to frame the act of composing
and creating through colour in artistic contemporary practices, emphasizing the
specific cases of artworks that represent an abolishment of the frontiers between
painting and architecture. I intend to cross my creative process with the ones of three
selected artists or architects that gather, in their body of work, issues, processes,
themes, concepts or techniques coincident with this investigation and, thereby, that
intersect my own artistic work at some point. The main purpose is to think about
colour from the perspective of experience.
2. Colour in the creative process: intuition, trial and error.
Colour is a theme of assumed and unquestionable ambiguity and prone to divergent
results. The fact that it is hard to systematize and that the identity of each colour
only arises through a relational process leads to an unavoidable reflexion about the
role of intuition in the creative process that focuses on colour and chromatic
relations, tensions and interdependence. How much of reason and intuition are part
of the artist’s decisions? Josef Albers argued that the development of sensitivity for
colour arises through experience [4]. The author proposes that, through experience
and a process of trial and error, we can develop the ability to see colour, its action,
relations and connectivity. This strategy comes from the fact that colour is an
element of enormous subjectivity and that deceives continuously, evoking several
interpretations. So, it is important to question if an artist that works in an assumed
and privileged way with colour is able to develop, through experience, an intuition
that leads him to perform precise and balanced choices in his creative process. For
Albers, what matters is to see what happens between colours [4], but can the
intentions inherent to a creative process based on colour interaction be effectively
controlled? If colour identity arises exclusively by relation and we can´t isolate it
from a context containing a number of variables, how can we identify and establish
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an order and balance, or a disorder and chaos, in an artwork where colours are
determinant? How can we control the results, reactions and perceptions of an
established order, if we can´t control the variables?
I believe that this control and establishment of an order arises through experience.
We need to manipulate colour to understand its transformative potential and the way
it changes an entire composition based on one decision or one choice.
In my creative process, I start composing exclusively through colour. I can use a
blue stain crossed by two red lines as the beginning of the work. Everything that
comes next has to dialogue with the previous choices, even that it is to erase it, to
abolish their significance. This is a process of trial an error and continuous
experimentation, a process of adding, nullifying, emphasize, of effective and
affective utilization of the error, the problem and the uncertainty. Intuition is, in fact,
used in a compatibility platform with a cycle of thinking/action and
information/transformation. Colour, here, is used as a subject and an experience, a
physical experience from the act of doing things. It is nothing else than itself and,
for that reason, governs the creative process, composes the image, guides its
construction and management, transforms significantly space, landscape and
architecture’s grammar, using a relational process to influence the perceptive and
interpretation results. Therefore, there is an appreciation of the sensorial experience
of the artwork, which has the ability to seduce, using chromatic relations to achieve
it. In these creative mechanisms that assume a grade of randomness and variability,
after several wrong solutions there is always one that assigns significance and
indispensability to the previous ones. That is why there isn’t a plan, only strategies
to complete a balanced and necessary composition, strategies that are based on a
previous continuous experimentation.
In my painting work, the appropriation of architectonic language to pictorial space,
even turning it into something dysfunctional and fictional, connects to chromatic
relations to design and structure landscape. The search for an idea of threedimensionality in a two-dimensional base arises in the use of colour to create an
image of depth, of several reading plans and also in the fact that these are
representations of places and landscapes that appeal to our desire to inhabit them.
There is an interest in the formal and aesthetical dimension of the architectonic
language and the represented constructions, being wrong and impossible, intend to
question what makes us feel at home, protected and sheltered. The house arises,
here, as a paradigmatic example of the approach to place, to the intimate, personal
and emotional experience of inhabiting, occupying and using.
Colour becomes fundamental in the process of creation of these landscapes, where
architecture seems to be transformable, flexible, virtual, ephemeral and malleable,
devoid of its functionality and pragmatism.
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Fig. 1 - Ana Pais Oliveira. New strange place to live #16. Acrylic on canvas. 130x230cm. 2011.

Fig. 2 - Ana Pais Oliveira. Impressive constructed memory #6. Acrylic on canvas. 100x150cm. 2012.

The creation of a more direct relation between painting and architecture, especially
between pictorial objects and architectonic space, became a natural and necessary
consequence of my studio art investigation. In fact, painting would probably not
evolve as it did if it wasn´t inserted in a platform where theoretical research is
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important to revive and transform the artistic object. One of the first projects that
had the purpose of leaving painting without leaving it was the series entitled Houses,
several corners of the world, developed in 2012. The project is composed by
seventy drawings with collage on different coloured cardboards. It is a work that
wants, precisely, to create a more direct relation between the support of painting or
drawing and the architectonic space. Each piece has its own autonomy, but the
project contemplates its view in a frieze that designs a colourful line (of about 24
meters) in the architectonic space or exhibition room. The interaction of the
chromatic results achieved through the different funds appears only when the
drawings are exhibited together. It is intended to create a game of contrasts and
harmonies, approximations and deviations, a dynamic and pulsed reading of the
whole piece, that models space and our perception of it through colour.

Fig. 3 - Ana Pais Oliveira. From the Series Houses, several corners of the world. #62 and #15 from 70 drawings
15x30cm. Drawing and collage on coloured cardboard. 2012.

Fig. 4 - Ana Pais Oliveira. Excerpt from the Series Houses, several corners of the world. 70 drawings 15x30cm.
Exhibition view, Espaço Habitado, Espinho, Portugal. 2012.

At this point of the investigation it became crucial to explore new three-dimensional
options. The project Neighbourhood comprises a series of elements that come
together in an exhibition context, resulting of the articulation of wooden panels with
the dimension 13x18cm. Several supports were used to compose two threedimensional pieces through chromatic relations. The pieces are intended to be threedimensional paintings: they are exhibited in the wall, but they materialize a need to
bring out some constructions present in the paintings. With this exercise, using their
values, hues and luminosity can enrich chromatic relations. In Neighbourhood #2
colour is, in fact, used as a concept and an autonomous element that creates an
architectonic construction through different saturations of the same or similar
colours.
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Fig. 5 - Ana Pais Oliveira. Series Neighborhood (Exhibition view). Acrylic on canvas, wooden shelf. 2012.

Fig. 6 - Ana Pais Oliveira. Neighborhood #2. Acrylic on panels with canvas, wooden shelf. 80x20x15cm. 2012.

In more recent work, the support of painting is used to provide a three-dimensional
perception of the piece, giving the idea that painting wants to leave its own field,
intercepting the spectator’s perception with volumes with different widths and
thicknesses. The different canvases are like architectural blocks, neighbourhoods
and shelters that are always connected to the architectonic representations in
pictorial space. The spectator can wish to contour and physically explore houses,
shelters, volumes and containing forms.
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Fig. 7 - Ana Pais Oliveira. Neighborhood #4. Acrylic on canvas. 70x 260cm (5 canvases with different widths and
thicknesses). 2013.

Fig. 8 - Ana Pais Oliveira. Entrada privada. Acrylic on canvas. 80x 290cm (6 canvases with different widths and
thicknesses). 2014.

3. Colour in the work of selected artists and architects
3.3. José Bechara
The selection of some artists or architects to deepen in this investigation was based
on the intention to find, in the work of each one of them, a specificity more
expressive and significant that could justify the choice and inform the artistic
reflexion of this research. But the first criterion used to perform these choices was
based in a subjective, almost emotional perspective: there is a great sense of
identification and proximity between my work and theirs.
José Bechara, born in 1957, is a Brazilian artist that started his career as a painter,
but soon had the need to explore different methods and materials to create
constructions that allow distinct experiences in the pictorial field. In any event, the
use of colour in a boldly way and the remnants of his experience as a painter are
present in the sculptural work and transversal to his entire production. José Bechara
embodies a paradigmatic example of the progressive expansion of the traditional
field of painting, using pictorial language in different supports and materials. He
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soon abandoned the traditional support of painting and started using, instead of paint
and canvases, truck traps, cattle leather, oxidation and copper emulsions. Then he
had the need to perform a sculptural experience. His work approaches an
intermediary and indefinite field where painting, sculpture, drawing, installation and
architecture intersect and become contaminated. In fact, we could try to frame his
Graphic Sculptures or Spatial Drawings in a tight field, but that would be
unsuccessful because they represent the perfect example of how painting,
architecture, sculpture and drawing can meet in the same object. The questioning of
the specificities of each language starts in the title itself: they are sculptures, but also
a three-dimensional derivation of drawing. The artist draws the full and empty
volumes in the architectonic space, occupying it with colour. Maybe we could call
this series of works Graphic Paintings, as colour is so important in the way occupies
space and provides a true pictorial experience. In Ultramar com 9 cabeças,
ultramarine blue pervades our senses, and that is why I need to look at this piece as a
three-dimensional painting that imports architecture specificities in the way it
presents a geometric plot distended to real space.

Fig. 9 – José Bechara. Ultramar com 9 cabeças (from the series Esculturas Gráficas). Vinyl emulsion and ultramar
pigment on wood and balsa wood, 2010.

In Bechara’s work, the theme of the house is frequent and enhances the
communication interface of the artwork with architecture. The house is treated in a
symbolic and plastic way. Thereby, in the work of Bechara architecture can be a
small house impossible to inhabit, painting can be the result of the oxidation of an
appropriated material, and space can be manipulated by a three-dimensional
deviation and extension of drawing. Colour is always important. In the series Open
House, for instance, colour can become fundamental to confer a pictorial dimension
to an object that can be seen as sculpture or even architecture.
In fact, Bechara said he never stopped painting. He started an adventure in sculptural
field without leaving painting. He says that in certain works, the residues of a
sculptural thinking are present in painting work, and also the opposite. He could be
investigating the presence of colour in a sculptural operation even that he was
exclusively a sculptor. But he argues that he needs to do that as consequence of his
experience as a painter. Thinking about how colour can contribute to the intention
that he has with a sculptural work, the idea is to confront it with part of the previous
painting production, in a process of mutual contamination. And despite of the
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experiences with drawing, sculpture and installation, Bechara believes that painting
ties it all [6].
Another relevant specificity of the work of this artist, in relation with the purposes
of this investigation, is the fact that there isn’t, in his creative process, a plan.
Bechara says that rarely a new work comes from a plan. In fact, every plan goes
wrong, doesn’t work. He does not specifically cause the accident, but he pays
attention to it. The intention exists, but in fact it is not needed, it is not straight and it
is attracted by the accident. [6]

Fig. 10 – José Bechara. Casa Maior (from the series Open House). Formica, MDF and PVC. Variable dimensions
around 50x80x100cm. 2006.

3.4. Pedro Calapez
Pedro Calapez, born in 1953, is a Portuguese artist that works between painting and
drawing, figurative expression and abstraction, using multiple-part image
compositions on geometric surfaces that are interfered with expressive gestures and
striking colours. He uses strong primary colours to define the pictorial space of
aluminium boards. The artist is interested in the pictorial and architectonic treatment
of space. Architecture is, in fact, one of the organizing references of his work, but it
is translated in contradictory lines and perspectives, becoming a fictional
architecture. As he states, what typifies his work is the reference to representations
of the landscape, of the architecture, of the space, whether inside or outside, spaces
surrounding the observer [7]. In the act of drawing through architectural
representations, the artist performs an interrelation between lines and colour fields, a
comunication process that can fluctuate: the space of colour and the space of line
sometimes compete; sometimes come together [7]. For Calapez, the choice of
colours in his work is very intuitive and visual, fact that embodies the main
specificity of his work that connects with this investigation and my own artistic
practice. Colour is an expressive visual element in Calapez’s work and the fact that
his choices are made based on intuition and in a visual action approaches the idea of
constructing a discourse on colour based on experience. Pedro Calapez is interested
in colour-field painting, because of the involvement of the spectator in that
chromatic field [7]. Then, he surely performs an expansion of paintings’ field,
turning the concept into something distensible and volatile. Since the mid-1970s
Calapez has built a language within the scope of the “expanded field”, as defined by
Rosalind Krauss at the end of de seventies, regarding sculpture extension and “its
extraordinary demonstration of elasticity” [8] The truth is that chromatic relations
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can become more rich and impactful when they relate to the dialogue between
pictorial and architectonic space, transforming the perception of artistic objects that
dilute the boundaries between painting, sculpture and architecture.

Fig. 11 – Pedro Calapez. Mod #2. Set of 59 acrylic painted aluminium panels. 210x900x24,5cm. 2007.

3.4. Herzog & de Meuron
Herzog & de Meuron are two Suisse architects, Jacques Herzog & Pierre de
Meuron, both born in 1950. Their architecture projects are frequently inserted in the
discussion of if they are art or architecture, mainly because of the way they privilege
collaboration relations with artists. They started collaborating with artists since the
late 70s and frequently privileged this enriching collaboration from the beginning of
the projects, which is different from decorating architecture after it is finished. These
transdisciplinary relationships became a brand of their work and this is the
specificity that made me choose them: the way architecture and art can connect in
real space, in a building that wants to interact with the spectator and user as an
artwork. Architecture, in fact, even started to be shown and discussed in the context
of the art world. Since the 80s, Herzog & de Meuron have shown how the outer skin
of the building can function as a set of images regardless of the receiving structure.
An example is their collaboration with Thomas Ruff for the facade covered with
images from the Eberswalde Technical School Library in Germany, a project from
1999. The architects wanted to combine a building with images and Thomas Ruff
was invited to choose the images for the facade. Herzog & de Meuron decided the
size, materiality and organization of the motifs. The result arises as an architectonic
work of art where the idea of tattooed skin emphasizes the density and identity of
the building. The skin appears like a two-dimensional surface that involves the
volume of the building. Translucency and mutability take the place of the permanent
and settled feature so common in architecture.
But another project where colour is protagonist in this collaboration relation
between artists and architects is the Laban Dance Centre in Deptford, London,
where Michael-Craig Martin was invited to integrate this project from 1997. This
artist is known for his wall drawings of vibrant colours. He uses colour in a bold
way and Herzog & de Meuron knew they wanted to use colour as a defining feature
of the building, something that would benefit from the dialogue with an artist. Craig427

Martin tried to develop a way of integrating the solid surfaces from the interior of
the building with the translucent effects of the exterior surfaces and, to achieve that,
he used a colour scheme in the three main corridors of the building. Colour turns out
to define the rhythm and orientation both inside and outside the building, giving a
particular identity to each part of the dance centre. Craig-Martin used lime, turquoise
and magenta semi-translucent polycarbonate panels, turning the interior more
penetrating and vibrant and the exterior more light and translucent. This is a perfect
example of how colour can become an essential visual element to connect art and
architecture.

Fig. 12 – Herzog & de Meuron. Laban Dance Centre, Deptford, London. Project with collaboration with Michael
Craig-Martin. 1997.

5. Final considerations
Each of the selected artists or architects to work in this investigation have a
specificity connected to the relation between colour, painting and architecture,
informing the artistic research that it is being made. It is fundamental to understand
how they work with colour nowadays and to frame the discourse on colour in
contemporary practices. A final and primordial purpose of this investigation is to
create an exhibition project where it will be included the developed work that better
represents the results of this research and better reflects the primordial use of colour
as a way to intersect and hybridise painting and architecture in the same object.
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1. Introduzione
Glass is so widely used in everyday life that it is difficult to imagine a world without
it. Glass is most commonly used as containers for food and drink. This is because it
does not absorb smells or flavours, is easy to clean, and can be produced cheaply as
the raw materials are plentiful. It is also used for: Windows and mirrors optical
equipment such as lenses, binoculars and telescopes, fibre optics used for
telecommunications and in medicine, glass tubes and light bulbs.
Where and when glass production began is uncertain. It is thought by some that the
first glass was probably developed in the Mitanniar or Hurrian region of
Mesopotima, possibly as an extension of the production of glaze [1].
While the accounts give alot of informations,so far make entertaining stories, they
are not commonly accepted as historically accurate and currently scholars believe
that glass was discovered either as a process of metallurgy or form an evolutionary
sequence in the enlargment of ceramic materials. These two hypothetical origins are
deemed plausiable as both early technologies has procedures that could be
considered pioneer of glass.
It is only in recent decades that the substantial and extent of the glass making
industry in early times has come to be appreciated. However there is still a great deal
of probability and conjecture about glass production in the near East [2].
Glazing in Iran has a very long and old history and this industry has been used at the
primary stages for making the simple objects and appliances. A discovered glass
necklace at the northwest of Iran referred to 2250 years B.C. that has blue beads
demonstrates the antiquity of this industry in the country. In the archaeologists’
explorations within the recent years, glass pieces with greenish color that belong to
the prehistory have been extracted in Lorestan, Shoosh and Hassanlou.
Providing the most reliable evidence available concerning glass production are find
form the scientific of early Elamiate empire. Due to lack of archeological document,
the techniques employed by the Elamite empire glass maker for the forming,
decorating and applying of cylindrical glass, have had to be surmised [3].
2. Material
In this interventional study , data was gathered by observation and using
questionnaires. We have applied two X-ray methods utilizing synchrotron XRD and
XRS to the study of cylindrical glasses of Elmiate empire. XRD is suitable for
analyisis of elementary substance and elements. XRS experiments carried out to
analyze links and reactions between Molecules.
One of upcoming problems has been finding the samples of cylindrical shafts used
in the window panes of Choghazanbil with the minimum manipulation in the
configuration of these glass shafts. Ultimately, a few samples of these glass shafts
were found in the laboratory of Ancient Iran Museum. These samples have been
examined in terms of materials compositions, color, structural geometry and
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chemical compounds by XRD and XRS analyses. Results of these tests and analyses
are still in progress of examination and analysis.
3. ChoghaZanbil Az A Cradle of history
ChoghaZanbil, the great elamiate holy city, was inscribed on the world heritage list
in 1979, making it one of the first cultural sites to be so recognized. Being such as
exceptional site, it is particularly regrettable that it has been influenced by serious
conservation problems resulting both from years of warfare.
For over three thousand years, the Elamiate holy city of Dur Untash, today known as
Choghzanbil, has stood in magnificent isolation an immense plateau in the present
day Khuzistan province of southwestern Iran. Although Choghazanbil is situated in
the region of the ancient capital of Susa, this extraordinary site has only revealed its
secrets to archeologist in recent times. The research and excavation work carried out
in the course of the last 70 years have brought to light city exceptional historical
value [4].
ChoghaZanbil is a historical district which located at 48°30′ northern latitude and
32°00′ eastern longitude at southwest of Iran,Khosestan province and southeast of
ancient city of Shoush.
ChoghaZanbil temple which is the largest remained architecture record of Eilami
civilization was built on SardarAbad anticline at 3th century B.C. which is located
inside folded Zagross zone.
ChoghaZanbil is considered the finest surviving testimony to the once_ great
Elamite civilization. In addition, the spectacular centerpiece of the complex is the
world’s largest zigguarat and the last remaining one in Iran [5].

Fig.1 and 2- ChoghaZanbil Ziggurates as a cradle of history( www.irantravelingcenter.com).
.
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According to medical and pharmaceutical Babylonians and Assyrans is the reason
that the glass making industry has advanced in Iran’s neighborhood. District’s
evidence from Khuzistan, Ilam indicates that the glass industry in the 13th century
BC were there. Gyryshman has gained a lot of glass tubes from digging of ziggurat
temple. Due to gyryshman’s documents was demonstrated glass specification outer
diameter 25.1cm and inner holes with 6.0 diameter. This glass ring was made with
frosted black glass and appear they have been used as network window [6].

Fig. 3 - glass bottles from excavations of Choghazanbil Temple( Source by: Author).

Some evidences of glass making are available from Khuzestan means Eilam that
indicates this industry has been practiced there within 13th century B.C. Girshman
has extracted a lot of glass bottles from excavations of Choghazanbil Temple. In
addition, a lot of glass tubes with external diameter of 25.1cm, internal hole
diameter of 6cm and length of 75cm have been discovered. These glasses are made
of black and white opaque glass rings and glass paste and seem to have been used in
the window grill. These shafts in the window pane were set beside each other
obliquely and due to their glass nature transited the light as well as avoided the dust
entry. The history of glass in the world is referred to 4th millennium and in Iran to
2nd millennium B.C [4].
In the examinations provided on cylindrical tube samples, copper oxide was seen
frequently in the compositions of these glass shafts, because the surface of these
available samples has been tarnished. It may be due to ionic exchange of cations and
H+ by water that creates different salts on the glass surface, and following the light
radiation and temperature, the reaction is accelerated and copper oxides inside the
glass compounds exit therefrom and consequently results in opacity and paling.
One of the other elements available in these compounds includes the silica network
bands that shows the presence of sand (Sio2) that causes the glass holing and
shelling, ion H+ with the ionic radius is smaller than alternative cations will contract
the glass surface. At first, the surface be notched and then due to repeat of silica
extraction, the surface will beshelled and hydrogen layer.
The other elements available in the structure of these glass shafts include a few Fe
and Mn that results in darkening these samples within period and adjacent to the
moisture. In the glasses, the salty layer has been seen several times that their colors
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have become black and dark brown and completely opaque. Decrease of Fe (II) and
Mn (II) causes fading or bleaching and during the salting progress, water is going to
bore. The atoms have positive charge and release the hydroxide ion. Oxidation is
accelerated in above-mentioned alkaline conditions within the wet and dry layers.
The hydrated light yellow Mn (II) ion and hydrated light green Fe (II) ion is
converted to MnOH and FeOH and consequently the hydrated silicate layers of salt
are remained in the holes. The structure is reopened and cations are hydrated and
hydrolysis is performed, and decomposed hydrated oxides are deposited and exited.
The compounds used in the glass shafts of Choghazanbil have not been yet specified
absolutely and analysis process on these samples is continued until reaching to an
exact result, but the available evidences and changes made on the structure and
appearance of these samples demonstrate the elements and compounds available in
the glass paste [6].
3.1. Islamic Glass Heritage Of ChoghaZanbil Cylindrical Galss

The techniques of glass production in Persia greatly improved during the early
Islamic period. Consequently the greatest achievements in the production of glass
during Islamic period were made. . Many of the changes seem to have begun in the
9th century. Whether this was due to a continuation or revival of the achievements
reached in the Sasanian period or due to an influence from the ʿAbbasid court has
still to be resolved. In addition to abstract ornamental motifs, one sees the
emergence of new decorative patterns, both figural and non-figural and usually in a
highly stylized fashion.
All in all in this era glass making industry have been burgeoned, and led to make
colored glass with different oriented and functional talent. The Nasiralmolk mosque
extensively used colored glass in its façade.
The Nasīr al-Mulk Mosque or Pink Mosque is a traditional mosque in Shiraz,Iran,
located in Goade-e-Araban place (near the famous Shah Cheragh mosque). The
mosque was built during the Qājār era, and is still in use under protection by Nasir al
Mulk’s Endowment Foundation. It was built by the order of Mirza Hasan Ali Nasir
al Molk, one of the lords of the Qajar Dynasty, in 1876 and was finished in 1888.
The designers were Muhammad Hasan-e-Memar and Muhammad Reza Kashi Paze-Shirazi.
That is also named in popular culture as pink mosque due to the usage of beautiful
colored glass for it’s incredible interior design and applying different type of glass
that had marvelous impact in interior lighting of this mosque. Windows with tinted
glazing transmit the light in various colors. They can prevent from transmitission of
a large amount of sun’s specttrum and work as sun control. To investigtae this
effect, one persian famous window that was be called “Orsi” and had been applied
at Nasiralmolk mosque, has been choosen as a case study and the window geometry
and glazing color combination of them were studid.
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Fig. 4 – NasirAlmolk Mosque, Interior of this mousque( http://kvnhyun.wordpress.com/precedence/).

Fig. 5 – Nasiralmolk Orsi, one persian famous window that was be called “Orsi” (http://www.art-days.com/nasir-almulk-mosque-iran/).

433

Fig. 6 - Nasiralmolk Orsi, one persian famous window that was be called “Orsi” (http://www.art-days.com/nasir-almulk-mosque-iran/).
Iran has been located in a region that has the highest level in the world with respect to receiving the solar energy. In
Iran, averagely more than 280 days yearly have been reported as sunny day that is a considerable value, but yet
makes the use of shading and flow control and input radiating spectrum unavoidable during use of direct sunlight.
The elements used for avoiding and preventing the light radiation include as follows: vertical and horizontal consuls,
external shutter, internal curtains, lights shelters, external obstacles for building such as trees and green walls etc.

In the meanwhile, one of items that have been lowly considered is shading by the
glass itself. The glass as a material that has the transitability of magnetic waves
absorbs a little energy during transit-as reflection- and avoids its input into the
building. Even, the most transparent and colorless glasses don’t let the major part of
ultraviolet and infrared waves to transit.
Whereas more than 46% of solar energy is situated within the limited range of
visible spectrum wavelengths, though blocking a part of this spectrum radiation may
be very effective on prevention of heating the building inside.Concerning about
darkening the inside space and persuading the residents to use of artificial lights may
be the cause of inattention to this subject, whilst the light intensity arising out of the
sunlight in Iran is more than what required and input of the whole radiating
spectrum in addition to heating the interior space may create other discomforts such
as daze due to the radiation intensity, thus relative decrease of visible light transit
seems to be necessary.
Preferred absorption within the spectrum’s visible wavelengths area creates color in
the glass. This type of glass has been entered into the Iranian architecture since
Safavid and used in the light inlets, grills and windows with color glasses and sashes
[7].
There three distinct glass represented, the first, the most common type of Islamic
color glass, bears a deep amber transparent stain on transparent base glasses which
are either very well decolorized, or tinged with the characteristic aqua or pale
greenish colors produced by iron.
The second type is a dense yellow_ orange opaque stain on either a dark blue
transparent base glass or, more rarely, on a greenish glass slightly stronger in color
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than the aqua mentioned above. It should be noted that this yellow color is definitely
due to stain, that is, the color result from a fine dispersion of colorant particles
beneath the surface of the glass.
The third type is a bright red opaque( or translucent) stain on a deep olive_ colored
transparent base glass.
Although these description have been stated in terms of pure colors, the yellow and
red stains sometimes show a mottled effect containing other colors.
5. Conclusion
As result the knowledge of glass making from Elamiate empire leads to make
colored glass in Islamic period, which has descisive role in lighting interior space.
In the present paper, to consider the effect of these glasses on reduction of energy
input, geometric structure and color composition of sashes used in Nasirolmolk
Mosque of Shiraz was selected. The objective of this study is opening another
horizon of hundred thousand history of Iranian artifacts and their effect on the
design of Iranian traditional artifacts. Furthermore, the idea of consciously reduction
of light intensity and optimum utilization of sunlight focusing on the potential of
color glasses use has been concealed in the Iranian history since past, whilst this
subject is raised in the current world as one of the sustainable thought approaches
and products design with the green and conservative approach.
The yellow glasses had the most use and blue glasses the least use in the sashes
applied in the large scale space, whilst in the small scale samples, almost all colors
had been used equally. It may be due to need to large scale spaces to further lighting
and shining. It is notable that considering the high cost of red glasses that is three
times more than color glasses, we may observe lower rate of their application in the
traditional sashes. The results indicated considerable use of red glasses in the large
as well as small scale samples.
Emergence of glass in ancient Iran and within Ilamian era has had a wonderful effect
on creation of a new generation of glasses within Islamic period so that the
compounds used therein are the result of the same compounds of old glasses plus
elements added for coloring the glasses. This sustainable thought in utilization and
saving of natural resources has been appeared since long times ago in the Iranian
ancient history but today has been converted to one of concerns of mechanized man
life.
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Oral communication preference
Today, the use of color in architecture, especially in facade renovation projects of, is carried by the multitude of
composite materials available on the market.
These materials in their diversity, bears the colors, patterns and textures of their opposites: a concrete takes the aspect of
a wood, a sandstone the aspect of a concrete and vice versa.
A same color, the red for example, may in turn be worn by brick, stained wood, colored concrete, or a glass stained in
the mass.
This way, the new use of color offers in a large part of the « poetry » of the material, which turns over projects
at the service of aesthetics and it goes far beyond its own constructive functions.
What interests us here deals with the chromatic transfer in a way to consider color as the responsible of the
architecture's identity, being at the same time the necessary link with the history of the architecture.
Dealing with notions of type and « contretype » – ie., duplication or color matching, we can understand how the colorist
designer in architecture captures color information, to turn it into an archive, to reproduce it or to reinvent it.
After having analyzed these two terms, based on specific color projects examples, we will try to understand
how the color is :
- an echo of fantasized material , towards a poetic of « color-material », a story-telling.
- a metaphorical interface with the reality, which rewrites chromatic scenarios, in connection with the site, in a
continuity supported by the color, not by the material itself.
The next step is to use this work to offer a new way of classifying the material and color data in connection with the
identity of a building and its history, as a desire for renewal.
Finally, we will open towards the notion of invention, when the contretype (duplication) outshines its referent to offer
new scenarios of creation.
I. Color type and « contretype », concepts to re-invent:
The notions of type and « contretype », within the profession of colorist are still questioned because they are not very
well known in their définition itself :
The color contretype, specifically, in the daily time of colorist designer consists of identifing the color of a material by
the use of a color palette or more simply using color pencils or paintings.
- It is thus the chromatic transcription of the material in a flat paper color sample.
- Taking materials samples is also considered as a form of contretype , and consists in scratching or sometimes coring
on the least damaged and the oldest parts of the building to sample the materials of the facade.
These samples are sometimes analyzed in laboratory.

Illustration 1: color contretype of bricks in Lille
(France)

So, through these field research aiming at finding the chromatic identity of a place, the colorists rely on laboratories that
operate the samples picked up to give prominence to the pigments and the material composition of the oldest facades
fronts of which their status and conservation can provide valuable insight about the aesthetics and skills of an era.
At the heart of the project, whether creating a color scheme for a city, creating a patrimonial color chart, or taking part
of a rehabilitation project, we systematically approach the project in a prospective way, by questioning the place and
setting up a phase of chromatic diagnosis: the diagnosis is mainly based on the collection of colorful information,
« contretypes ».
In a territory previously defined (country, region, city, district, street ... archived images database: paintings and
photographs), it is necessary to collect many information and consolidate the meticulous examination of the colored
material data. This collection will be oriented differently depending on the objectives. This way that gleaning of
chromatic informations or materials, will constitute a basis for interpretable colored information as « instant colored
pictures » so characteristic of the period of the survey, the atmospheres, the « urban paintings ». It will already be a
practice of the « contretype ».
The collection of color data, which can take several forms, is the one we want to question.
Indeed, raising the stakes of such practices and questioning the way the colorist designer can use it, generates a
reflection that questions both the action of « contretyping », but also, from a purely epistemological point of view, the
very status of the « contretype ».
" Between 1443 and in 1445, Alberti developed the first a method of mapping surveys.
Françoise Choay in the introduction of the book The modern cult of monuments by Alois Riegl, outlines the genesis of
this particular thought that is the will to preserve historical monuments. "1 (and in which the practice of the
« contretype » is present as a testimony of the past.)
Etymologically, the "type" is a "symbol, representation," but also "a whole set of distinctive characters (selected
through various criteria) of certain groups of objects, individuals, allowing their classification. "2
This « type » is what gathers. As the colorist does when he combines colorful information to analyze it better. Thus, this
gathering by architectural typologies, by coatings, by materials or areas of color families makes possible to a whole set
to make sense, to become intelligible.
To typify is a term coming from the action of "establishing as a type ». It is derived from the name « type », borrowed
from the latin typus "picture, statue, model", and especially "character, stage of a disease." The perspective of the type
color in the field of architecture would it then be understood as a phase of an overall disease ? That may be required to
cure the traces of the past to perpetuate the old or to rewrite a fantasy from another time?
Commonly, the « contretype » itself is known as the following sense : "A film worn, damaged, or threatened with
chemical decomposition can be duplicate. A double negative is established, through which we can draw a considerable
number of new positive copies. Well executed, a first color matching alters very little photographic quality »3
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This « contretype » in the photographic sense is by far the best known. This is a technical term that belongs to the field
of photography. The colorist makes it his own in its meaning of double and in its scientific proximity to the existing.
In the Thesaurus dictionary [1], are listed the following terms for « contretype »: focus-setting development-pose, and
further (entrée 775.21) to arm, to charge, to set, to build, to fix, to reveal. If we look at those words, it is simply to mean
all the data we can use from a generic definition. But the explanation that interests us here is the result of technical
process and corresponds to the facsimile of a phototype. Facsimile, from the Latin facere, to make and to simile, a
similar thing, is an "exact reproduction of a painting, a drawing, a work of art by various processes and mechanical or
photographic steps "(Larousse 2000). In graphic arts, CONTRETYPE definition is as follows, "reproduction obtained
from the type". Type referring to an element derived from the Greek "brand footprint; engraved character "(TLFI), and
used in the construction of the vocabulary in the field of reproduction to designate either a machine or what is printed or
reproduced. In conclusion, the CONTRETYPE is an "object" that allows the exchange of an object with another by a
system of reproduction of his characters.
This term contretype, if we study it in its lexical structure is composed by « contre » (against) and type, that contre, if
we analyze it, allows us to make an even richer interpretation:
Le Contre: Etymologically and historically gives the idea of opposition:
Contre : The compound means the symetric inverse of the designated thing. See in french monenclature contre-calque,
contre-champ, contre-courbe, contre-empreinte, contre-épreuve, contre-hachure, contre-hermine, contre-taille, contretype (…...) » 4
But « contre » brings also the idea of complementarity: thus, "Contre" simply marks repetition, complementarity.5
Here, the colorist will take the double meaning of the « contre », and question it or even reverse the meaning of the term
contretype that will pass from a copy negative (cf. photography) to a color transcription of the material . This one will
be « contre » (against) but also « tout contre » (close to) the material.
The process of making a contretype is to put a color palette against the front, face to a color as accurate as possible, but
against this one because color will deny the fundamental properties to better extract the color information.
The contretype becomes a support of expertise, a reference to reality anda scientific imprint of the color found, based
on the observation, the experience and deduction, but it is also, in the paradox of the « contre », which extracts
elements of reality to open new creative possibilities.
Let's deal now with the term « prototype ». Notifying a target consisting of a spatial and temporal precedence, -Pro
allows to derive toward the adjective derived from Low Latin PRONARE « tilt foward, bend », and used as a name
from 1550 to qualify a muscle allowing the forearm to perform a rotational movement of the hand, from outside to
inside. The exterior as an influence that is causing inward movement? The body integrated to the type in action? The
"prototype « is a first, original or primary model; he takes a figurative sense of "perfect model"6, that allows, in the field
of production, to reproduce indefinitely. But what would be the perfect model to reproduce in the current imaginary?
What would result from a pronator movement, from exterior to interior, through a practice of the colorist in architecture,
and what would represent such a configuration? The prototype would not certainly be anymore the "perfect model" or
"original", as it seems to on its first meaning.
Alternately repository, testimony, or creative tool, the « contretype » is linked to the real through the action of sample
collection, it distances itself within mappings and models, it is transferred to other materials through renovations, then it
empowers to become an independent project. We will try to explore those paradoxes. In a spatial and temporal
anchoring, it could be relayed by the prototype, necessary link with an idea of movement, from the outside inward, from
the renewed appearance to the intimate history of the building in motion is the one that interest us, because the history
of the colored material in architecture can not be frozen and its movements open our minds to new intentions.
II. An echo of fantasized material , towards a poetry of « color-material », a story-telling.
How far the contretype goes if it is an information that retrieves from the object its substance to better define it ?
The contretype of an object can it be translated in words, codes, formulas?
The designer colorist regularly use coding systems to relay color information.
For example, a red ox blood duplicate on a doorway could be archived in the codification NCS S 6010- R90B. This
code, from the Natural Color System, is based on the classification system of three-dimensional color ( TSL). Out of
context, this code is not only a serie of numbers and letters, but for the colorist it returns to an area of color identifiable
in its sole reading: R10B is the domain of red, 6010 evokes a dark and little saturated color.
The use of indirect referents, as codification or color names, allows the relay of chromatic information, and the transfer
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to other areas of color.
The door, one of the first subjects of chromatic analysis of a front, however could be described in a completely different
way:
A poem by Francis Ponges will it have the same properties?
This doorway that we take time to analyze through its different features,
from type, typology and contretype would be enrichied by the
contribution of poetry?
Les rois ne touchent pas aux portes. Francis Ponges
Ils ne connaissent pas ce bonheur : pousser devant soi avec douceur ou
rudesse l'un de ces grands panneaux familiers, se retourner vers lui
pour le remettre en place, — tenir dans ses bras une porte.
... Le bonheur d'empoigner au ventre par son nœud de porcelaine l'un
de ces hauts obstacles d'une pièce; ce corps à corps rapide par lequel
un instant la marche retenue, l'œil s'ouvre et le corps tout entier
s'accommode à son nouvel appartement.
D'une main amicale il la retient encore, avant de la repousser
décidément et s'enclore, — ce dont le déclic du ressort puissant mais
bien huilé agréablement l'assure.7
In another poem by the same author, le galet, the roller, the stone
doesn't seems to be a very easy thing to contretype, to type. Here the authors needs 2418 words to describe this
inanimate object.
The color names are 4 or 5: "transparent, obscured, dull, gray, pink, gray, gray, pale pink, dull. They leave the
spotlight to other more adjectives:fabulous, pasty, awful, glorious, fiery, dramatic, humble, beautiful, monstrous, rare,
heavy, cold, chaotic, dense, sacred, rain, humiliated, invisible, interlacing high, impassive, dotted, knead, overgrown,
broken, rocky, fragmented, polite ... "
Here is a small extract :
« Leurs figures, leurs corps se fendillent. Dans les rides de l'expérience la naïveté s'approche et s'installe. Les roses
s'assoient sur leurs genoux gris, et elles font contre eux leur naïve diatribe. Eux les admettent. Eux, dont jadis la grêle
désastreuse éclaircit les forêts, et dont la durée est éternelle dans la stupeur et la résignation.
Ils rient de voir autour d'eux suscitées et condamnées tant de générations de fleurs, d'une carnation d'ailleurs quoi
qu'on dise à peine plus vivante que la leur, et d'un rose aussi pâle et aussi fané que leur gris. Ils pensent (comme des
statues sans se donner la peine de le dire) que ces teintes sont empruntées aux lueurs des cieux au soleil couchant,
lueurs elles-mêmes par les cieux essayées tous les soirs en mémoire d'un incendie bien plus éclatant, lors de ce fameux
cataclysme à l'occasion duquel projetés violemment dans les airs, ils connurent une heure de liberté magnifique
terminée par ce formidable atterrement. »8
The question of imitation in all its forms, from duplicate to the poetic evocation, will allow through the project practice
to remain connected with our subject of study, but also to get away from it. For Nelson Goodman this topic is central:
« The catch here, as Ernst Gombrich insists, is that there is no innocent eye . The eye comes always ancient to its work,
obsessed by its own past and bye old and new insinuation of the ear, nose, tongue, fingers, heart, and brain. It functions
not as an instrument self-powered and alone, but as a dutiful member of a complex and capricious organism. Not only
how but what it sees is regulated by need and prejudice. It selects, rejects, organizes, discriminates, associates,
classifies, analyses, constructs. It does not so much mirror as take and make ; and what it takes and makes its sees not
bare, as items without attributes, but as things, as food, as people, as enemies, as strars, as weapons. Nothing is seen
nakedly or naked. (...)
The copy theory of interpretation, then, is stopped at the start by inability to specify what is to be copied. Not an object
the way it is nor all the ways it is, nor the way it looks to the mindless eye. Moreover something is wrong with the very
notion of copiing any of the ways an object is, any aspect of it. For an aspect is not just the object-from-a-givendistance-and-angle-and-in-a-given-light ; it is the object as we look upon or conceive it, a version or construal of the
object. In representing an object, we do not copy its version or interpretation-we achieve it. »9
Thus, the all study of an existing, although classifiable as "scientific", because of the methods and systems in
place, in order to facilitate the transcription, synthesis and analysis, may offer new creative possibilities.

7
8
9

Francis Ponges, Le parti pris des choses, Edition Gallimard, Paris, 1942
Ibid.
Nelson Goodman, Langages de l'art, Editions Jaqueline Chambon, Nîmes, 1990, p36

We take the example of an urban
project that rethink the historic
architectural polychromy of a
modern heritage in the new city
of Quetigny.
There, each architecture, coated
with polychrome molten glass,
offers a range of around ten
colors. A total of 144 colors
make up this city.

Illust

In this project, the mission of the
colorists was double: first, to
identify
the
historical
polychromies and to carry out an
archivable and transmissible
inventory.
On the other hand, to renovate
the buildings, in the spirit of the
local place, but using more
modern materials.

ration 2: The city of Quetigny today

The « contretypes » or color-matching made on the local place and the samples of materials have feed a double goals: in
a desire to work with the concept of « archeology of color », and to create a standardized and codified color chart, as a
witness of an era : the chart has been made and filed in the town council.

Illustration 3: "Contretypes" in Quetigny

Illustration 4: the patrimonial color chart

Then, in a vision of the Goodman's notion of copy, the object seen « -from-a-given-distance-and-angle-and-in-a-givenlight », has been reinterpreted and reinvented. The careful analysis of the colored information is then moved gradually,
from a mapping of records to a mapping of the invention, of the referent, of the novelty.

Illustration 5: Quetigny in the seventies

This "failure to specify what is to copy" was able to seize alternately the poetry of the place: its lights, its reflections, its
coloris and not only its colors, and its environments.
A range of new materials then emerged, carried by polychromies, but not only.
The story of a city landscape is then told, and the city of Quetigny could continue to be written, as Le galet (the roller)
of Ponges, in the poetry of the place.
It is indeed this invention which refers Nelson Goodman: "But in all these ways, a representation or description under
the class and how it is classified, it can create or indicate connections, analyze objects, organize the world (…)
Cutting new elements or classify, or providing those who were familiar with a new type of labels, or new combinations
of old labels, may provide new insights »10
Classification schemes that the colorist implements give birth successively to creative places quite differents.
III. A metaphorical interface with reality, that rewrites chromatic scenarios, in connection with the site
and its history, in a continuity supported by the color, not the material itself.
In the Introductory note of Françoise Choay, taken from the work of Alois Riegl, « The modern cult of monuments »,
she outlines the evolution of thought on the issue of conservation of the built heritage and memory of places, including
some architectural types that previously were not considered, such "urban fabric, brownfields and vernacular
architecture".
« Before this change, one can resist to wondering about the meaning of the conservation of ancient monuments, and the
role it plays, and could or should play in today's societies.
Does conservation sterilize the creation and innovation? But the non-conservation does not return to deprive us from
roots and memories essential to innovation? »11
It is this memory of the place that invites innovation here. A memory of the past, fueled by field survey and archival
research that will gradually draw tomorrow's memory.
Thus, in some facades renovation projects, in order to safeguard the identity of projects dedicated to rehabilitation,
through thermal exterior insulation for example, the choice of new materials for facades are motivated by a chromatic
continuity. The contretype field will be here the guarantor of continuity.
The materials used on the facade will be different from the original materials, but the colors will be retained, in a
chromatic transfert logic. The material will mutate, but the color will remain. This commitment goes beyond a simple
choice of the artist, it envisages color as the necessary link that can serve as a dual purpose which may seem
contradictory, of renewal and continuity.
This practice makes sense at a moment when heritage conservation becomes more complex than in the past: as stated by
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Françoise Choay, even modern buildings are considered as obvious architectures, whose qualities, types, are to
preserve, but they are nevertheless subject to environmental regulations that require them to be rehabilitated.
It is indeed the "use value" spoken by Alois Riegl, it is to consider that as a building is occupied, used by humans, it is
best to rehabilitate it rather than continually dropp it in ruins. This does not however prevent him to give a "historical
value", what makes it unique and thus subject to preservation in its historical particularities and its original aesthetic
state.
"The historic value of the monument lies in the fact that it represents for us a particular stage, in somewhat unique, in
the development of a field of human creation. From this point of view, what we are interested in the monument is not
the trace of the destructive forces of nature, as they are carried from its birth, but its original state as a human work. The
historical value is much greater if the original state of the monument is revealed in greater purity, as it was represented
at its inception. »12
For us, invention already lies in the fact of considering a "modern" building as historical, while it is inhabited, relatively
new and considered as a "common" architecture. This way , we give this historical value to Riegl's concept, but we
allow him a renewal in continuity.
In fact,"Riegl thus shows that in terms of both theory than practice, that dilemma destruction / conservation can not be
resolved in absolute, the what and the how of conservation never have a solution - fair and true- but alternative
solutions, of relative relevance "13
This search of solutions, relevant and irrelevant, offers a posture for type and contretype: to accept the belonging to a
time, a style, a type and to analyze all their particularities through the action of countertyped – color matching. To go
contre (against) , or tout contre (close to) and to support the rehabilitation of buildings.
IV. Toward the creation of a new way of classifying the material and color data
The type at the service of the colorist designer, a transfer for the renewal.
Today, the issue of urban identity arises at large.
We are therefore in a perspective, in a plural sense, at the same time contextual, visual, industrial, ergonomic, and
symbolic, new tools and strategies from the archeology of the color of the cities, to exceed consensual chromatic
responses where, everywhere in France, the local color is awkwardly limited to an issue of integration, without being
thought of as "an engine of urban re-creation".
We must give cities the ways to reconsider the local color in its role as both heritage preservation and urban renovator.
To do this,our tools such as material samples, color palettes and maps of territories, are the place to reinterpretation and
transfer of color toward other materials.
Thus, we want to implement the principles of the equivalence, that "type" color in its various materialities, making
possible at the same time to preserve, to renew architectural and urban aesthetics, to meet various constructive
ambitions, to foster innovation, to guide appropriate uses and purposes of the new materials of the building industry, to
advise the industry offering a more respectful context of the French local identities.
This ordered and codified reticular model will be an innovative tool, serving local communities and industry, making
part of research groups and who worked from the data and types of classification of colors that will be implemented in a
color and material library. Thus, brick colors can therefore be found transcribed in all other materiality to marry
contemporary constructive aspirations of cities such as Toulouse, Lille, Amiens, Tourcoing without sacrificing local
identities.
The materials are then classified, using the records of color and language. Another element of the narrative and the
intention may also be offered. This allows, through the appointment of colors identified to represent the story to tell or
the usage scenario to implement to re-question in the material itself by its classification within a universe of referents.
For example, brick and its referents materials will be named and codified in a common language, and then integrated
into a single whole set.
This new reference using narrative and goals to present the existing heritage from the method of "family
resemblances14 » assumed by Ludwig Wittgenstein, that is to say, as a set of associations, building type in the idea that
there is « something common to all games, when in fact the games have the same nose, others the same eyebrows and
others the same approach, these similarities and overlap 15 » in order to speak, to be able to broadcast it.
In this sense, the types are based on colors gathering grouped under the generic title, but with their own personalities.
This figure reveals a clean and identity appointment by group, color field or use.

12
13
14
15

Alois Riegl, le culte moderne des monuments, son essence et sa génèse, Avant propos de Françoise Choay, Editions du Seuil, Paris, 1984, p.73
Alois Riegl, le culte moderne des monuments, son essence et sa génèse, Avant propos de Françoise Choay, Editions du Seuil, Paris, 1984, p.17
Ludwig WITTENGSTEIN, Le Cahier Bleu et les Investigations philosophiques, paragraphe 11
Ludwig WITTENGSTEIN, Le Cahier Bleu et les Investigations philosophiques, paragraphe 11

But at all times, the rules may change by the fact that the family similarities implies indeterminacy, the multiple and the
fuzzy.
In this respect, the concept proposed by Wittgenstein allows modularity in the meaning of the color, but further in its
pictorial representation.
In this context, the same color can be named differently depending on the data type determination. The final
configuration of the type then requires to appeal to the senses, as well as the receiver's memory. The names chosen for
the colors then evoke specific title universe, and used to refine the symbolic vision of the kind currently being built.
These additional clues helps us to make meaning type and bind it to something suggested. Gradually, this posture can
then consider this equivalence system as a system that can continuously invent and reinvent.
This research and development posture appropriates and renews archaeological expertise to serve the preservation of the
color memory of a territory or of a material, and its renewal.
It considers this memory as a reflective tool of local color thought, capable of promoting new postures for color
heritage , and we believe it fundamental to both the exercise of our profession, but also in the interest and for the benefit
of local communities and industries of the building sector.
We also perceive them as able to move progressively to new color areas through and thereby new types.
Conclusion :
We state here a new way of protecting the heritage using color as a vector of transmission.
Beyond the mere color information, the « coloris », the compound color is obviously at the heart of our subject. The
rythms and the existing color on the façade, the associations of typed colors, can be reflected in the resonance of the
material chosen to make the link between two eras.
In recent projects that take place in the heart of older buildings areas, the link between the colors of an old material and
the colors chosen for a new architecture makes it possible thinking other ways of considering the place.
The link between the materials of the building will be like a musical sheet, using the same notes but different
instruments : the melody will be both the same and fundamentally renewed.
The specific “typed” color and its multiple reinterpretations will again play a role as a link, using its creative force,
without imposing specific material, but shades, rhythms, glints, variations.
The “contretype” could then no longer be the testimony of a given period, but becomes autonomous and source of
creation.
It becomes color, inspiration source, another type.

Glossy vs. matte: An overlooked feature in psycholinguistic colour
naming studies
1,2

Mari Uusküla, 1,3Martin Eessalu

1

Institute of the Estonian Language, Tallinn, martin.eessalu@eki.ee, mari.uuskyla@eki.ee
2
Tallinn University, Department of Translation Studies
3
University of Tartu, Institute of Estonian and General Linguistics

1. Introduction
This paper contributes to the general issue of psycholinguistic colour research by
putting an emphasis on a feature rarely discussed. Namely, we are investigating the
selection of colour stimuli, and more precisely the surface attributes of the stimuli:
whether the surface is glossy or matte. Taking the category black as an example, we
argue that the rather overlooked feature of surface attributes is an important one and
should be taken into account when choosing appropriate stimuli.
When carrying out fieldwork on the Estonian language within the Max Planck
Institute for Psycholinguistics project Evolution of Semantic Systems (EoSS) [1],
we observed that subjects had difficulties recognising glossy colour chips of darker
hues. More specifically, no conventional stimulus emerged as a clear case for the
black category. Analysing the Germanic language data from the EoSS project, the
same pattern was clearly identified: only a few languages had a tile for black with
high consensus (meaning that at least 50% of the subjects of one particular language
named the specific stimulus black). Investigating the data collected by using ColorAid Corporation stimuli, we observed no similar issues: in every language, there was
a stimulus for black that had high consensus among the subjects. We therefore
conjecture that some other aspect is responsible for such a vast difference in colour
naming. Leaving aside slight differences in hue, the most notable difference in two
sets of stimuli was matte vs glossy surface: Color-Aid tiles had matte surfaces, while
the Munsell set was glossy. We therefore propose that cross-linguistically the
category black might include “other aspects of appearance” in the colour semantics
besides hue, lightness and saturation, as elegantly worded by [2]. We believe that the
feature of matte vs glossy should receive more attention than it has attracted so far.
2. Participants
The languages chosen for this study constitute a convenience sample: we needed a
reasonable amount of data for both Munsell and Color-Aid Corporation stimuli, and
were able to retrieve the datasets for the languages listed below (see Table 1). There
is little overlap in languages covered with stimuli from two colour systems, but as
our goal is to exemplify a wider cross-linguistic phenomenon, we argue that the
imbalance of two groups is not an obstacle. Group I data were gathered using ColorAid Corporation stimuli [3], while Group II data were collected using Munsell
stimuli [1].
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Finnish

Number
of
subjects
68

Lithuanian

51

Italian

102

Czech

52

Hungarian

125

Spanish

38

Estonian
Swedish

19
20

Estonian

29

English

20

Swiss German

20

Danish

20

Icelandic

21

German

20

Norwegian

20

Language

Females/mal
es

Mean age
(W/M)

39.5
(38.4/41.4)
35/16
42.3
(40.5/46.3)
56/46
38.6
(36.8/40.9)
33/19
34.7
(32.6/38.2)
66/59
35.6
(37.0/34.1)
20/18
42.7
(49.2/35.5)
10/9
32.7(33.8/31.5)
10/10
27.2
(24.8/29.6)
16/13
28.7
(27.1/30.7)
9/11
22.3
(22.8/21.8)
10/10
25.6
(26.9/24.3)
11/9
26.5
(27.2/25.4)
10/11
29.0
(33.6/24.8)
10/10
21.1
(21.0/21.2)
9/11
28.4
(26.2/31.1)
Tab. 1 – Language sample
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Mari Uusküla
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The structure of the two groups is rather different: Group I data (using Color-Aid
stimuli) were gathered with the idea of keeping the internal structure of the language
sample balanced in terms of age and gender. The amount of data per language was
also (usually) larger. Group II (EoSS data) language samples had younger mean
ages, as the target groups were undergraduate students [1]. Nevertheless, nearly
every language sample of Group II included some older subjects.
There is a slight possibility of a bias due to EoSS studies normally having fewer
subjects, but it is rather unlikely that the effect of bias was responsible for the entire
phenomenon we are describing.
3. Stimuli and procedures
Two experimental methods were used to gather the data: the data for Group I
languages were obtained using the field method established by Ian Davies and
Greville Corbett [3]; the data for Group II languages were gathered using a method
devised by Majid and Levinson [4].
In the studies conducted with Davies and Corbett’s field method, the subjects were
instructed to name all 65 colour stimuli that were presented to them one by one in
random order, placed on a neutral grey cloth (for more on the experiment see [3]).
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The stimuli were 65 coloured papers from the Color-aid Corporation 220 set. These
were glued on 5x5 cm plywood squares. Color-aid uses a modification of the
Ostwald colour system, which incorporates three main characteristics: hue,
blackness or shade, and whiteness or tint. Colour-aid codes should be read in the
following manner: Y stands for yellow, YOY stands for yellow-orange-yellow, S in
a code represents shades (1-3) as in Y S2, and T represents tints, as in YOY T4 (14). The conversions of Color-aid codes to CIE coordinates are available in works [3]
and [5]. Both studies were carried out in natural daylight.
In Majid’s and Levinson’s field method [4], the subjects were shown 84 Munsell
tiles in a fixed order, and were asked to name them appropriately. Since the Munsell
colour system is widely known, we will refrain from an in-depth description of it
here.
The analysis of the results is given with the assumption that Color-Aid BLACK and
Munsell N2 are perceptually very similar, and the main characteristic differentiating
the two stimuli is the surface attribute glossy vs matte.
4. Results
Generally, the two colour systems have three stimuli that have prominently been
named ‘black’: BLACK and GRAY 8 for Color-Aid and N2 for Munsell tiles.
Perceptually, Color-Aid GRAY 8 is greyer than BLACK and Munsell N2 seems to
fit between those two.
In Table 2, the naming pattern for the category black in 15 languages is shown with
the black colour terms in the respective languages, and the overall naming
frequency, the dominant frequency (both dependent on the number of informants),
the number of stimuli that were named black and the specificity index. For technical
details consult [3]. Overall, the frequency includes the frequency of all the stimuli
that were named black, and the dominant frequency is the summed frequency of
stimuli that had black as a dominant label for the stimulus. The latter means that at
least 50% of the subjects named that stimulus with an appropriate name for black.
Specificity index (SI), which is essentially a measure of proportion (varying between
0 and 1), is calculated in the following manner: dominant frequency divided by the
overall naming frequency. If the index value is 1, all participants named stimuli with
the same label, the word for black in their native language; if the index value is 0,
black was the label given to some (1 or more) stimuli, but it was not the dominant
colour term for that particular stimulus (in our data N2 or BLACK). In conclusion,
the specificity index shows the strength of the category, with overall frequency and
the number of stimuli characterising the borders, showing the range of the category
limits in the colour space.
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II

Language
Finnish
Lithuanian
Italian
Czech
Hungarian
Spanish
Estonian
Swedish
Estonian
English
Swiss
German
Danish
Icelandic
German
Norwegian

Number
of
subjects
68
51
102
52
125
38
19
20
29
20
20

Colour
term

Overall
frequency

Dominant
frequency

Number
of stimuli

Specificity
index (SI)

musta
juoda
nero
černá
fekete
negro
must
svart
must
black
schwarz

97
77
173
86
185
59
33
25
24
14
37

95
77
169
85
182
59
33
0
0
0
13

4
2
5
3
5
2
2
5
5
5
7

0.98
1.00
0.98
0.99
0.98
1.00
1.00
0.00
0.00
0.00
0.35

20
sort
42
33
5
21
svartur
2
0
1
20
schwarz
4
0
1
20
svart
13
0
4
Tab. 2 – The naming pattern of category black across languages

0.79
0.00
0.00
0.00

Table 2 shows that Group I languages have very little variation for black: nearly all
tiles that were named black were also dominant. The number of stimuli being
somewhat larger for some languages indicates random noise: a few single / idiolectic
namings here and there that bear little weight in naming dominance (note the
differences in overall vs. dominant frequencies). Where the number of the stimuli
labelled as black is 2, they are always BLACK and GRAY 8. Any additional stimuli
have very small naming frequencies, and do not add much to the general analysis.
On the other hand, the Munsell data in Group II languages rarely show any
dominant naming pattern whatsoever (excluding Danish and Swiss German). For
example, if such colour naming data was used to establish basic colour terms, it
would be most difficult to have any clear evidence for black as a basic colour term,
which Berlin and Kay established as one of the first two colour terms to lexicalise in
a language [6].
In Table 2, we see that the area of variation (number of stimuli) is rather similar to
Group I data. As black has almost no dominance in the experiments using Munsell
stimuli (Group II), other colour terms occupy the area. Below, we point out the main
overlapping categories.
N2, the blackest stimulus of the data gathered with Munsell stimuli, usually co-exists
with grey (the modifier “dark” is often added). Many participants labelled stimulus
N2 with the following expressions instead of black: the Estonian hall ‘grey’ and
tumehall ‘dark grey’; the Swedish mörkgrå ‘dark grey’; the English grey; the
German dunkelgrau ‘dark grey’; the Icelandic dökkgrár ‘dark grey’ etc.
As we look at the expansion of stimuli that were also named black in many
languages, such as 5Y 2/2, we find that the most dominant names given to this
stimulus were the Estonian pruun ‘brown’ and tumepruun ‘dark brown’; the
Swedish brun ‘brown’ and mörkgrön ‘dark green’; the Swiss German bruun
‘brown’ and dunku bruun ‘dark brown’; the Danish brun ‘brown’ etc.
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10Y 2/2 is a stimulus that veers more towards the green area of the spectrum, but is
also found among stimuli labelled as black. 10Y 2/2 often overlaps with dark green,
but also with dark brown. For example, the stimulus was named in the following
way: the Swedish mörkgrön ‘dark green’; the Swiss German dunku grüen ‘dark
green’ and dunku bruun ‘dark brown’; the Norwegian brun ‘brown’ and mørkebrun
‘dark brown’; and the Estonian tumeroheline ‘dark green’ and tumepruun ‘dark
brown’.
Above, we have shown the very narrow and consensual variation of black in ColorAid studies (Group I) and the blurry co-variation of black, (dark) brown and dark
green in the Munsell group studies (Group II). In the latter group, there is a wide
variation in which it is uncommon for a colour term – whether it is black, dark
brown or dark green – to be the prominent label for a stimulus. Comparing Munsell
N2 and Color-Aid BLACK (see Table 2), we see that BLACK is the conventionally
established hue named as black; on the other hand, N2 is not. As both are
perceptually very similar, we suggest that the main difference between the two is the
surface feature: Color-Aid stimuli are matte-surfaced and Munsell stimuli are
glossy-surfaced. We therefore argue that glossiness is a feature that influences
colour perception and especially naming in the darker regions of the colour
spectrum. This feature can be further illustrated by the example of car colours, as
cars are often painted glossy: it is easier to detect and label the colour of lighter cars
than darker ones.
Conclusion
We conjecture that the semantic meaning of black in many languages is wider:
besides the black hue, the surface of the stimulus seems to play a certain role in
seeing black tiles as black and labelling them accordingly. The speakers of many
languages seem to expand the colour term black to encode darker colours in general
(dark brown, dark grey, and even dark green or dark purple), perhaps with an
etymological or analogical connotation with dirt or impurity. However, this
hypothesis requires further in-depth analysis. As seen from the results, the semantic
meaning of black is restricted and clearer if matte colour tiles are presented to the
subjects. Quite opposite results are obtained if glossy tiles are presented to
participants in psycholinguistic field studies, providing much larger possibilities for
interpretation. We therefore call on field linguists to carefully select their stimuli in
anticipation of probable bias in gathered results. Nevertheless, it must be
emphasised that the present study only focuses on black and we have no conclusive
evidence that the phenomenon can be extended to the entire colour spectrum.
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1. INTRODUCTION:
From experience we know that a multitude of details usually conceals the essence
of certain shapes, like the old saying goes that because of the multitude of trees we
cannot see the forest! The method of abstraction helps us to understand the
environment better, in a way it eliminates a multitude of unimportant details. These
regards we can actually see and understand the essence of things in their
complexity. The scope of the overall perception of the environment has been the
concern of the Gestalt psychology for decades. From its principles, defined
methodologies are derived which help us to look at fine detail analysis. For
example, triangle and circle represent a fundamental opposite in the design theory.
All forms in between, such as trapezoids, squares and polygons represent only a
variation of these two geometrical extremes (Fig. 1) [1]. They are initially diverse
on the side of triangle, but in direction to the circle their differences are slowly
declining - the higher the number of polygon-sides, more they become insignificant
[3].

Fig. 1: Triangle and circle shows us that all shapes in between are compromises
[1], whereas, polygons closer to the circle are losing their features [3].
Gestalt principles are consistent with the recognition that our mind tends to
simplify visual perception in order to more rapidly detect and better understand the
environment. To explain complex structures the simple geometrical shapes such as
circles, squares, triangles or sphere bodies, such as cylinders, cones, cubes,
pyramids, etc. are most helpful. The simpler the shape, the easier and faster you
can grasp and understand it [1]. This phenomenon represents the grammar of
architecture, design and art in general [3].
2. EXPERIMENTAL
A work of art, design or architecture carries specific messages or expressions,
which are built strictly according to certain morphological rules.
Morphological elements in design are sometimes clearly visible, on other
occasions concealed. However, all the elements in its basic structure are built from
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certain morphological building blocks, hierarchically conditioned with each other,
forming scale categories.
The integrity of Gestalt principles allows us a detailed analysis of every building
block [2]. According to this logic, we can classify morphological building blocks
into four hierarchical categories [6]:
1st category of Building blocks represent the color per se, being the “skin of all
visible world”, or everything visible, but at the primary level without any form, as
the form is obtained by all other categories [6].
2nd category of Building blocks includes dots/points that represent the first shapeforming level, from which all the other categories are formed (Fig. 2) [5].
3nd category of Building blocks ranks a collection of different typological lines,
defined by mathematical polynomials [7], [8].
4th category of Building blocks is classified as a collection of typological variety of
surfaces. Depending on type of building blocks, the third dimension occurs, which
is the origin of the complex definition of the surface. Definition of the surface
includes a multitude of elements and their complex combinations.
Roughly summarized, each surface area is defined by a color and a contour line of
the surface area [2]. When transition into the 3rd dimension (space) occurs, new
morphological elements arise: convexity, concavity, softness, hardness, etc. [4].
With regard to the interpretation of the building blocks, the colors are discussed in
context of their basic dimensions - Hue, Chroma and Lightness.
It is important to stress that without colors any other category of building blocks or
visualization can not exist! A single color can not define any specific form other
than the basic ambivalent charge on the sensorial-sensual-emotional level [6]. This
sensorial, sensual and emotional influence of colors is expressed only in the form
of an achromatic/chromatic building-blocks such as points, lines, surfaces, etc.,
which in combination of all together give us meaningful forms [5].
3. RESULTS
Gestalt principles are extremely helpful in the interpretation of design objects,
contributing decisively to elaborate artistic content and bring order in the visual
syntax. As already indicated, the color itself describes the entire surface of a
certain shape - an entity, but at the same time a form-entity is defined by its
contour line (Figure 2) [2].

Fig. 2: Colors are describing the entire surface of a particular design entity, but at
the same time the design of the entity is defined by a contour line at its periphery
[2], which can arbitrarily vary in the thickness as by color of the line.
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Changing the colors or (and) the thickness of contour lines changes the total
overall shape. Contour lines namely add adjective properties to existing form noun [6]. Therefore, it is essential that they are analysed together in relationship.
By changing these adjectival features the same structural and compositional design
gains completely new expressions and meanings or dramatic visual characteristics.
However, this systematically classifies different types of contour lines, which
constitute a basis for the evaluation. In this regard, the contour lines act as
adjectives in relation to the appearance of the object - a noun. Color, surface shape
and contour lines enable the creation of a wide range of expressions in architecture
and design, as well as in all types of visual art.
Building Blocks - dots/points are crucial in defining adjective features of lines,
while their size affects the thickness of contour lines, which then naturally
manifests itself in the form of the final image or images [6]. In this simple way,
you can justify the passage from one extreme forms/entity to another, as it is the
transition of the triangle to the circle (Fig. 3). Without the help of interpretative
methods this would not be easy to define or even to perform!

Fig. 3: Changes of the outline thickness perform step by step transition from one
type of the shape to an antagonistic one - from the Triangle to the Circle. In that
process the dots’ sizes are progressively growing, but the triangle sizes are
gradually reducing. [6]
In artistic expression, within design or architecture, the contour lines may be
extremely effective dramaturgical element in the psychological interpretation of
visual content. For example, in a drawing by Keith Herring we can observe a
gradual increase in the thickness of lines. Thus, the effect is at the beginning
almost invisible, later ethereal light becomes gradually heavy with the increasing
thickness of contour lines (Fig. 4). Similarly in paintings of Dufy and G. Rouault
we can see a significant difference by the use of lines: Dufy uses slim and light,
Rouault rough and rugged lines. Dufy’s image appears effortless, playful and
optimistic, while Rouault’s work is much more dramatic, difficult and pathetic
(Fig. 5).
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Fig. 4: Keith Herring’s drawings show variations of outline thickness, giving us a
variety of different expressions - from very light to very heavy. The basic drawing
is the same in all examples, but the dot size creates the difference among drawing
lines and their specific expressions.

Fig. 5: Examples of two different types of outline thicknesses in paintings by Raoul
Dufy and Georges Rouault. The first one appears as light, gentle, easy, and vivid,
but the second appears as heavy, dramatic, and profound. The thickness of drawing
lines plays the role of an adjective, which greatly affects the final appearance of
dramaturgy.
In the example of "three bicycles" we can observe the influence of the thickness of
the contour lines, creating functional differences between the bikes. The use of thin
lines gives us the impression of light and elegant structure, which could represent
the concept of lightweight bike. The use of thicker lines intensifies the impression
of a more robust and heavy structures, which may represent the design of a
mountain bike or so (Fig. 6).

Fig.6: Drawing of the same bicycle design with a thin line gives us fine and
feminine appearance, but the use of bold lines a robust, strong, tough, solid and
more masculine look. The line thickness plays the role of adjective, defining even
functional aspect of bike.
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4. DISCUSSION
Gestalt principles preferably show in 2-dimensions viewing surface models and
observations in flat surface and as a good visible illusion of 3-dimensional space
[5]. All the elements of the observed object are present in their environment and in
their relational relationships. Gestalt principles in this respect constitute a
pragmatic model of classification and evaluation ratios in two-dimensional box
illusions, which can be illustrated by the so-called classification of the strength of
typographic lines: HL (Hair Line), SL (Slim-Light), L (Light), N (Normal ), LM
(Light Medium), M (Medium), MB (Medium Bold), B (Bold), HB (Heavy Bold),
BB (black bold) etc. [5].
In a Mondrian picture (Fig. 7), we made structural reconstructions. We first
removed all the lines. Only the structural design of pure color surfaces remained.
On the ‘cleaned’ surface we applied four different thicknesses of lines.
Comparisons of created pictures showed escalation of dramaturgical effect
depending on the intensity of the lines. The pictures differ from each other at the
first glance by the relative average of brightness. This means, that from exactly the
same artistic concept and design of the same colored surfaces by the use of
different thicknesses of contour lines a completely different results obtained in
appearance as a dramatic expression and the final character of the Artwork.

Fig. 7: In the picture by P. Mondrian (original proportion is the third from left) we
presented example of the Gestalt principles, resulting in dramatic visual
transformations of the same painting concept, provoked by gradual changes of the
outline thickness only.
In architecture Gestalt principles are extremely effective. Each object is composed
of a plurality of elements, as shown in the case of the facade of the house with
numerous windows, first seen as a wall, covered with a monolithic glazing walls,
through the phased expansion of the liner caesura window edges, to the small
windows - from the maximum open to almost closed concept of windows (Fig. 8).

Fig. 8: The illustration of simplified architectural facades presents the general
principle and the effects, caused by the outlines of window frames.
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In this context, we present a building in Venice with frames around the openings
for windows, doors and portals (Fig. 9a, 9b). Only slightly thickened window
frames of the building and leveled the width of the edge of the street portal on the
building changed the look and emphasized the importance of windows on the
building (Fig. 9a, 9b).

Fig. 9a, 9b – In the left building original window frames are in comparison to
portal frame much thinner. On the right all frames are of equal width and we can
notice that the window frame become more outstanding, what can be noticed at
once.
By changing the color of window frames (contour lines) we get further plurality of
different variables/attributes, conditioned by the laws of color contrasts [6]. In
artistic expression, design or architectural design the contour lines are extremely
effective dramaturgical element due to the psychological interpretation of the
contents, as evidenced by the concept of Le Courbusier’s building Villa Savoye in
white. Its contrast is a building in dark grey, almost black color, build as replica [9]
(Fig.: 10a, 10b)! The same concept and architectural structure gives entirely
different appearance.

Fig. 10a, 10b - Le Courbusier Villa Savoye is standing on the structure of white
pillars as weightless, what clearly and effectively portrays the body of the building,
as if hovering above the ground. Meanwhile, in its black replica [9] the pillars
become almost invisible, and the dark heavy masses become even more enigmatic
in its equilibration above the ground.
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Examples of two completely antagonistic concepts of buildings that cover both
extremes of the Gestalt principle are an utilitarian building by Mies van der Rohe
and a Church of the light by Tadao Ando. The first is completely open, clean and
seemingly light, the second one introverted, completely closed construction, heavy
sacral, representing spirituality and contemplation (Fig. 11a, 11b). Luminous Cross
in this building becomes a mystical interpretation of the exterior light and the
worlds beyond!

Fig. 11a, 11b: Mies van der Rohe’s Farnsworth House in Plano, USA, with
maximally opened concept with large windows. The contrast is the sacral space of
the Church of the Light in Ibaraki, Osaka by Tadao Ando with thin window
openings in the form of a cross, surrounded by totally closed walls. The cross of
light is playing unbearable mystic solution.
5. CONCLUSIONS
In architecture, design and art, enhancement of thickness of lines determines
appearance, characteristics and functional aspects, implying widely applicability of
semantic and syntactic methodology [6]. This methodology very clearly defines the
differences and their value ratio. In addition, it strongly influences the external
image formats, especially the dramaturgy of image and visual composition. The
influence upon the inner content is important as well. As it is, its contribution to
semantic duality is created among colors and shapes. Contour lines add the
ambivalent adjectival noun forms to the existing properties [6] and should be in
relational relationships. When we change these adjective properties of contour
lines the same structural and compositional design is getting a completely new
expressions, meanings and dramatic visual characteristics. Finally, we can
conclude that Gestalt principles systematically classify different types of contour
lines, which is the basic for the value of classification. Gestalt principles enable
colors, shapes, surfaces and contour lines to form a wide range of expressions that
can be used in almost all creative fields.
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Abstract:
Art of the Ancient East has always been a fusion of color and design. The use of Blue in all arts, such as : architecture ,
pottery , tile work and carpet is of paramount importance. Blue makes link the man with sky. Blue with circular form ,
Line approved , winter season correspond with the element of air , Blue is purity and immaculacy. Among all the colors
that

will

attract

the

eye

towards.

Blue

is

excreted

negative

energy

from

humans.

The color is pure love .Extraction natural color blue of Turquoise and Lazuli Stones is obtained .for dyeing fibers are
extracted from the Indigo plant In ancient chine art , Lazuli as one of the seven precious stone that has been mentioned ,
is the ability and success. In ancient Greek and Roman the appearance of love “Aphrodite /Venues” is
characterized. “Lapis Lazuli” stone, jewelry making was common in ancient times. In Iran ,Rome, Greek
And

Egypt

were

used

abundantly

in

the

Temples

.

Now
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Nowadays Ultramarine combination of aluminum _silicate and with some brimstone. This Research topic is how to use
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in

various
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:

Blue

in

Carpet

Field . but the other arts blue set in motif .so Blue is bridge between different nationality World.
Key words: Azure, Ultramarine, Jewelry
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in
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Introduction:
The blue color has many applications in different historical periods , this color , had much impact on the
variety of artistic fields . The blue color can be a bridge between different nations in the world .
we see a wide range of blue color in architecture , tile, ceramic objects , metal , glass and hand woven .
(Image 1)
Blue color corresponds with circular form , sky line. Winter and the element of air .
Blue recalls distant memories of the past . Blue represents purity and immaculacy. this color remove negative
energy from humans. The blue color is symbole of spiritual love, nature , Sea and sky . In different culture ,
several symbols are attributed to it , the containing the special meaning .
This concepts include: true , intellect , revelation , honesty , loyalty , stability , virtue , modesty,

good name ,

magnanimity , having foresight , pious , peace , rapture and spirituality. [1]

Image 1: application of blue color in buildings

In budda cultural its meaning is cold of sky above and the waters below (Dhama_Dato wisdom) .
In chinese cultural : is the meaning of sky , clouds, east indigo dragon , spring and wood .
American

Indians : the meaning of

peace and tranquillity . Hebrew : compassion .

Maya

culture :

defense against the enemy . Christians culture : existence of heaven , eternity , fait , loyalty and the color of
virgin mary .

islam culture ;

means light , pure , spirituality and unity . Hindus , and blue india . Greek

and Roman culture ; the goddess of sky , the color of venus , the symbol of " Zeus / Jupiter " and " Hera /
Juno" .
In language of German, the blue color know as sign of " beau – ideal " that the name of is "Gamot". there is
no such word in the English language but almost it gives mean "Sensitivity feeling ".
blue color has various spectrum from light to dark blue . green appears by adding yellow to blue . [3]
it was common to use a blue – green color in Islamic art. Cobalt is the most used element in the
Islamic period . [2]
Art of the ancient east had a special attention to the cobalt . The beliefs of ancient people some of
the colors were attributed to the planets . Venus planet has been attributed to blue , indigo and violet .
Gem stones like blue ruby , indigo diamond are used because of their attractiveness.
Blue is interwoven with emotion and spirit of artists in different periods of history . [5, 9]
Method and material ;
Method to achieve blue in the mining has been carried out .
In different countries , blue was gained from various materials . in ancient Rome the "garden wood" is a
plant that obtained blue pigment . in Iran , Egypt , Turkey they used to " Turquoise" and " Lapis – Lazuli "
stones and indigo plant . now all of these materials are used in the decorative arts . (Image 2)

Image 2: decorative arts

Turquoise
Turquoise is combined with natural hydrated aluminium phosphate and the formula is :
2Al 2 O3 , P2 O5 , 5H 2O . Coefficient of friction of this stone is approximately equal to the glass number 6. In normal
mode, turquoise is unshaped, with streaks of brown or white .
Changes of color in this stone is proportional to the moisture. it is pores quickly will absorb dust and grease .
Locations of mines that containing this stone are in north east of iran ( in volcanic rocks of "nishapur" city and in
turkey. (Image 3 and 4)
In Turkey and India, color of turquoise is alive – green and yellow – green also this stone is found in

Image 3:

Volcanic rock of

Turquoise stone

Sinai peninsula in the south west America .

Turqouise

extraction from

two source,

mountain and earth. In mines, turquoise is incombination with stone . You should brake and then
it from the rock . the earthy turquoise is better than turquoise

stone .

separated

this stone should be without

white

and black pores . [4]
Turquoise is used in a lot of rings and necklaces . This color had many applications in the Islamic
and ancient periods . This color is a semi – precious stone . it has calming and
the variety color of this stone is sky blue to blue green .

Image 4: Turquoise mine in Iran

infinity effect

on people .

Lpis – Lazuli , Azur

Lazuli stone looks like glass . lazuli is produced by melting of cobalt oxide and silica . this stone
obtained in "Badakhshan "

and near the " Balkan sea" . lazuli have medicinal properties and

therapeutic . Marcopolo visited the mines of this stone in the 1271 AD . [11] (Image 5)

Image 5: Molecular structure of Lapis lazuli

Indigo :

color of indigo is blue.

this plant is small tree with red or pink flower . this plant has a old

history . plant of indigo is the best material for blue dyes . In all of the world , people used it . For example
in india , china , Egypt, Iran , and Rome , this plant is used for textiles and other objects . this color very
suitable for carpet dyeing . indigo
(Image 6)

grows in tropical lots . this plant has a various shades of blue. [6]

Image 6: Appliation of Indigo in carpet dyeing

Cobalt ;

The other source of blue is cobalt , cobalt include oxide with powder of glass and

produced

metallic glaze . in Islamic arts, cobalt is used for metallic glaze . Combinations of cobalt oxid and silica are
used in enamelling ( colouring the surface of metals with Cobalt glaze) . (Image 7). the metalic objects with this
color are very attractive . this product has many applications in iran " Esphehan " city. Color of cobalt is
used in clay work, metal work , architecture and design home . cobalt is usually used in the formS of black
oxide " CO3O4 " or nitrate carbonat and solfut . cobalt can easily be used in high temperature cooking . In the
Islamic period cobalt is used extensively in the production of water based inks.

In different

periods , cobalt plays an important role in the preparation color of ceramic and clay work.[7,8]

Image 7: enamelling or Minakari in Isfahan, Iran

historyical

Ultramariyan ,
Nowaday, the another blue color used in art is "Ultramariyan"

and used instead indigo, lazuli and azur

.
This color is complex sillicat aluminium with little sulphur , it is easily wetted with water and not
resistant against acids . ultramarine is used in the paint of industries textiles , plastic and etc. [10]
Results ;
In this study the different species of blue color were examined . blue in the history of world art meet
many necessities emotional , spiritual. In recent years nature colors are replaced with chemical colors. Turquoise
and lazuli stone creat a great luminosity on jewelries. The creation of art is not only relevant a historical
period . the significant point is that deep connection between human and natural resources have always been
in all culture . in modern art, turquoise and lazuli stones can be created precious works.
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Introduction
The term “celadon” refers to three definitions. First, it is a hero of a french fiction,
“L’Astrée” written by Honoré d’Urfé [1]. Then and by extension, it becomes a color
name in Europe. But, finally, it makes mainly reference to one special chinese
porcelain created during Shang Dynasty (1250 before J.-C) which gets a blue-green
glaze like the color of jade. Moreover, this ceramic is designated by the chinese
words “qing ci” which mean “green (or blue) porcelain”.
Consequently, my research about celadon is done through a double look. On one
hand, the birth of this mythic ceramic in China around the first millennium and on
the other hand, its place in occidental culture since its appearance in Europe during
the 17th century. Celadon’s complexity lies in its power of ubiquity which has been
unintentionally conferred to it. So, fictionalisation concept comes up on its
own. These are, the uses of the object itself, of its color and also of its name which
are going to create multiple fictions.
This color approach is innovative since it asks the problem of denomination. Indeed,
the translation may be liable for the loss or the transformation of color's name.
Over a first phase, we will examine the different origins of the french word :
céladon. Then, we will compare this European term with the Chinese denomination.
Through this paper, we shall also be discussing at the problems caused by
preconceived opinion of translation (or transitional decisions). At last, a mapping
will regroup the various interactions which exist between specific meanings and
uses. This mapping will enable us to understand the alliances which have developed
between each entity.
I . Etymology and Etymologies
1) Main origin
To help understand and analyze this ceramic, we must, in the first place, take
interest in its etymological meaning. De facto it’s not possible to talk about céladons
ceramics without mentioning a major reference, frequently quoted, which is none
other than L’Astrée by French author Honoré d’Urfé. This work of more than 5000
pages is a pastoral novel decomposed into six parts whose first volume was
published in 1607. It tells the story of a romantic shepherd named Céladon who
professes an undying and platonic love for his ladylove, Astrée.
It is most likely that the French author Honoré d’Urfé was inspired by Ovid’s
Metamorphoses for the name of his hero [2]. Indeed, in this epic poem written in
Latin, two characters are named Céladon. Both of them are mythological warriors
and one is a Lapith. Honoré d'Urfé chose Greek mythological names because it was
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very popular in 17th century, as can be seen in this extract:
« Il lui fallait des noms de miel pour l'âge d'or des amants, des noms de bergers et
de bergères, de héros et d'héroïnes, doux comme ceux-ci, dont l'Astrée et Céladon
étaient les coryphées : (…). La recherche de tous ces noms donne une légère idée du
style d'alors, dont le chef d'école fut D’URFE. » (p 231-232) [Translation : He needs
sugar names for golden age of the lovers, names of shepherd and shepherdess, of
heroes and heroines, pleasant like these ones, which Astrée and Céladon were the
guide : (…). The research of each names gives a small idea of the style at this
period, whose d'Urfé was the leader."] [3]
But the word Céladon has initially its roots in the Greek word Keladôn
[κελαδων][4]. Etymologically the term refers us to “noise, clamor” or “sonorous,
resounding” and is commonly used to signify the noise made by people who are
fighting each other or who are arguing. It’s also used to describe the sound made by
a river or water flowing. Interestingly, the sensations stemming from Greek
etymology relate in a much more forceful way to harshness than sensitivity or
finesse. By contrast, the second aspect of the definition invokes chromatic elements
(blue, green, white, gray,…) aside from sound elements (water, river). Furthermore,
it may be noted that Homer used the term Celadon to name a Greek river in the
seventh book of Iliad. And we acknowledge that Arcady waters were actually green.
2) Secondary origins
Even though these two leads, that is to say L’Astrée and ancient Greek, are still
today the most clear, two others origins are sometimes mentioned without
nonetheless having been proved true. These two versions contribute to feed a myth
and accentuate the mystery of its creation.
Therefore the second story goes that in 1171 (or in 1171, it depends on the source)
[5], the first king of Ayyoubide's dynasty offered to the Syrian Sultan, Nur ad-Din,
forty pieces of celadon porcelains. To thank Salâh ad-Dîn, the syrian called this
ceramic by the name of his donor.
A last anecdote associates the term celadon with Sanskrit. It would draw its origin
from the term śilā dhārā. In most of the cases, the word Céladon is translated as
“green stone”. This designation “green stone” in some way recalls another stone
which is the jade. In addition to the fact that this semi-precious stone can have
different shades of green, it carries a strong symbolic value in China where it is
worshipped for various reasons and considered more valuable than gold [6].
Although the likelihood and accuracy of these theories are questionable, one thing is
sure, it feeds the myth around celadon ceramics. Whether it is an Indian word
(śilā dhārā) or a Middle-East's name (Saladin) which managed to integrate the
French salons of the seventeenth century, what is certain is that inevitably arouses
images of exoticism, mystery and fascination.
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II. About chinese conception
Along with this western designation, we can notice the existence of a Chinese term
that expands the field of investigation as well. In mandarin the word céladon does
not exist. When refereeing to céladon, Chineses use the denomination qîng cí which
means "green (or blue) porcelain". There is no sign of the romantic and poetic
aspects of the Latin term. Consequently, it is the object itself which is described. It
should be pointed out that this name has been chosen by Chinese archaeologists and
researchers in the 70s.
Thus, if the designation seems to modern eyes simply functional, it is not entirely.
The ideogram qîng indicates in fact two colors (or two chromatic fields): "green or
blue". Despite the fact that there are already terms to separate these two distinct
colors in Chinese. The ideograms cuì and lǜ mean "green", whereas the chinese
character lán means "blue".
Besides and as a remark, BERLIN and KAY do not approach this question on their
work. They quote only the case of the Vietnamese language for this double use ;
xanh defining at the same time blue and green colors [7].
As a result, this linguistic distinctiveness evokes the difficulty to identify this
ceramic and moreover its color. Throughout history, these ceramics have undergone
numerous color variations. Early in their conception, the enamel was green-olive,
brown and dark ; and then, during Qing dynasty for example, celadon ceramics were
more blue, turquoise and very luminous (also because there were put on white
porcelain). The difficulty to specify this ceramic is overall linked to the difficulty to
define the aesthetic criteria of an object that has evolved steadily over the last 2000
years. As yet there is no comprehensive, accurate definition of the term céladon.
III. Various Celadon's names (Graphic 1)
We can notice two distinct parts with regard to the translation. As a first step, we can
see that asian names are more close to the chinese designation. The interesting thing
is that these translations retain the two color names. For example, the japanese term
ao means "blue or green" and we can also do the same observation with the korean
name cheong. On the other hand, the occidental terms are built on French base
name, that is to say "céladon". In German, this is a little bit different because there is
a "s" ; we oddly think about the name of "Saladin" with this first consonant…
The french dénomination céladon raises various issues. That's why, such a belief has
now been disputed widely. The Anglo-Saxon are the first "Europeans" to start using
a new word which is the denomination "greenware" to speak about these Chinese
porcelains. This appellation being more closed to the Chinese meaning and name.
Even though the choice of this designation erases poetic and romantic effects, it is
first intended to not falsify history, origin and manufacturing processes of this
ceramic. Ultimately, the meaning of the English word "greenware" seems to be
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fairly neutral and more justified than French word.

Graphic 1. Various Celadon’s names
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IV. Network in connection (Graphic n°2)
By assembling all the elements, it is possible to create an interesting network of
information. It allows us to perceive with more clarity, the links or the frontiers
between every entities which compose the term celadon.
Greek and Latin origins are clearly developed through this network. Initially, the
word céladon is still related to fictional genre and mythological imaginary. Céladon
embodies different male figures with opposite personalities (kindness of the
shepherd; violence of the warrior Lapith). Alongside these incarnations, there are
numerous landscape identities as the river, the streams and even the weather
elements (storm, wind). As a general remark, it represents elements in motion and
consequently it suggests mobility. This facet of the word runs in a completely
opposite direction to Céladon’s persona. As the matter of fact, Honoré d'Urfé’s
shepherd should possibly be regarding as a static and daydreaming character.
Beyond the diversity of these properties, chromatic fields emerge patently. The
conspicuous presence of the element "water" allows us to reveal shades of blue,
green, grey; as well as, surface effects : transparency, brightness, radiance, reflect,
sparkling, iridescence. These elements also allude to materials as stone, rock, pebble
(river bed)…
In conclusion, we can see that Latin and Greek literatures are very developed in the
lower part of the graphic. In this part, there are many literary sources to support
those versions. By contrast, in the upper part of the graphic, there aren't written
sources. That's why, this part is more ethereal and close to imagination. It is also
related to the fact that terms like "Saladin", "śilā dhārā" or "céladon" play with
phonetics effects, there are really musical. De facto, there is a double perception
about this word. On one hand, it is close to literature and writing, and one the other
hand, the history of celadon's name is built on oral tradition.
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Graphic 2. Network in connection of Céladon
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As a conclusion
To build its name, the mythical porcelain had to make its way through fiction. The
history of a word is essential because it provides information about the creator and
permits us to give an identity to this word. With regard to celadon ceramics, artisanpotter is not who baptized these porcelains, and this in itself makes it much more
difficult to question its origin. Céladon is a good example of these words that are
sometimes appropriate history and origin because it is through his name we
monopolize somehow reputation.
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Abstract
Nowadays, using gaming structures such as gaming fundamentals, gaming
motivation, and gaming elements is a developing method to solve life problems.
This method named as Gamification is highly applicable to increasing audience’s
participation and encouraging him to change his behavior. Game has unique
properties that result in incredible outcomes. Gamification has high potentials in
training. Humans inherently tend to learn, however, children may be reluctant to do
so due to strict, inflexible teaching methods and in fact a lack of appealing elements
in educational system. Experiences have shown that the effects exerted by games on
children’s learning are stronger than those of books and mandatory practices.
Researchers exclusively concentrate on exploring new techniques and tools
regarding Gamification in educational system.
New challenges in modern education include more participation of students, riveting
their attention, and creating positive attitudes in an educational environment. Studies
on children and their parents’ behavior show that modern world also influences
children’s lives. Various types of game console, application, tablet etc. pave the way
for a favorable environment to employ these tools not only for playing but also for
training. As far as children have freedom of choice, they prefer to choose their own
cloths and tools, comment on most issues, and also look fashionable by imitating
their parents. To do so, first of all, a child takes interest in recognizing the colors.
It’s during childhood that each individual is most markedly influenced by colors.
Moreover, sharp and pure colors are also used the most in the very same period.
Consequently, necessary training for the identification of colors and its basics should
be done throughout childhood.
This study sets out to provide the most effective method of teaching children
through the use of Gamification with the aim of identifying colors, their basics
including color composition, harmony, contrast, purity etc. As each age group has its
own perception about environment, the training should be classified and presented
specifically for each age group. Using educational methods which involve group
games, online games, applications, and game consoles has also been incorporated in
this study. In addition, the effect of such training on children’s behavior and
performance in relation to color identification and its usage has been investigated.
Keywords: Children – Color – Play – Game – Education - Gamification

477

Introduction
Learning through play
Babies and young children are powerful learners, they are not passive learners – they
enjoy participating in ‘hands-on’ and ‘brains-on’ activities [1] and play underpins all
development and learning for young children. Play refers to any mental or physical
activity even done by group or individual and results in joy and satisfaction.
Play is something in which humans of all ages from diverse cultures engage,
although the purpose for and the type of play may be different across ages and
cultures. Relationships between children and with adults are central to learning and
teaching through play. Two-way interactions and the exchange of ideas and thinking
between children and adults in play contexts influence children’s continued
motivation, sustained interest in the experience and what they learn [2].
Children increase their problem-solving abilities through games and puzzles [3].
They gain an understanding of size, color, shape, and texture through play.
The most important and vital period of life is from birth to seven years. As
intelligence growth lessens from six and stop in seventeen. Therefore, all we have to
train our intelligence is the first six years of our life. Intelligence needs an indirect
train in which using special methods and gaming is one way. Gaming for a child
works like a school and is very critical till age of seven. Children inherently like to
learn new things. They response to their environment and new things immediately.
Color is one of the most important things in childhood. They recognize their toys
and clothes through colors, even if they don’t know the name. Therefore, we can use
this aspect significantly.
Fear and lack of charm in existing methods of teaching
Nowadays, parents situated their child in a forcing condition of teaching without any
knowledge through gamification. An insufficient teaching system which forces child
to do homework, consider fines and punishment not only cannot be successful but
also causes fed up learning.
Psychologically, using compensation and punishment is not useful; however, we use
rewards to encourage children to learn more in gamification since punishment still is
disappointing. So, in case of a mistake we are just allowed to repeat and repeat in
order to accomplish learning which results in rewards.
Regarding to existing conditions, planning and inventing a new method of teaching
is avoidable. Considering favorable impacts of gamification in teaching methods, we
can review its impacts in teaching colors to children too.
What is Gamification?
“Fun can obviously change behavior for the better” is the statement that surrounds
The Fun Theory initiative by German automotive company, Volkswagen. Whether it
is encouraging drivers to buckle their seat belts or citizens to recycle and lower the
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rates of littering, Volkswagen puts a twist on these mundane tasks to make it fun.
One of their initiatives that went viral, was the Piano Staircase at the Odenplan subway in Stockholm, Sweden. Each step of a staircase in the subway was setup to play
a musical note when it was stepped on. At the end of the campaign, the results
showed that 66% more people used the musical stairs over the escalator.5 This is a
prime example of gamification, and is a common tactic that companies are using in
their marketing strategies [4].
Gamification refers to service design aimed at providing game-like experiences to
users, commonly with the end-goal of affecting user behaviour. Gamification is a
relatively new term, but not a new concept. The roots of gamification originate in the
digital media industry [5] and started out with the term “funware” [6] back in 2008.
In today’s digital generation gamification has become a popular tactic to encourage
specific behaviors, and increase motivation and engagement. Though commonly
found in marketing strategies, it is now being implemented in many educational
programs as well, helping educators find the balance between achieving their
objectives and catering to evolving student needs [4].
Gamification and Learning
There are some barriers for effective learning in a traditional learning environment,
however, we can transform the information more effectively by using successful
application of gamification methods.
Although the main purpose of using gamification is to change students behaviorally,
many instructors trace “motivation and engagement during their learning process”.
In students’ point of view, gamification is applied to reduce negative emotions
which cause through traditional education systems. “It lets them approach
knowledge and skills, using the learn-by-failure technique that is popular in gamelike environments, without the embarrassment factor that usually forms a part of
classroom education. Instructors on their part can efficiently achieve their set
objectives and use currency-based tracking mechanisms to get feed-back on their
students’ progress.”
However, applying gamification in a successful manner is not easy, Hsin-Yuan
Huang and Soman suggest five steps which can increase the possibility of an
effective approach in gamification. We should take this into account that
gamifying may require long periods of fine-tuning and most definitely should not
replace the original. Since we apply gamification in a proper way it can serve as a
powerful strategy which can empower the education system and achieve learning
objectives by influencing the behavior of students [4].
Identification
Gamification and color
Gamification has a wide range of activities. We can advantage of abilities of game in
boring and confusing teaching to encourage children. Game tools, online and
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computer software can expand gamification. There are some active websites for
teaching colors to children. Kiddy House and Lil-Finger are successful examples in
this field. However, it is better to make more interaction between child and software
or website in gamification that decreases fear of mistake and communication in
child. Games are like play except that they usually have an end, a payoff.
Using these methods are limited now, since the necessary cultural base isn’t
provided in developing countries. These methods require electronic and online
educational tools which are not available for all. But we can use simpler tools with
smarter design which are more accessible to everyone.
Children and colors
Skills such as naming colors, showing affection, and hopping on one foot are called
developmental milestones. When children recognize colors they are noticing,
matching, sorting, and labeling the characteristics of things in the world around
them. Recognizing colors is a skill that is often difficult for children because it is
necessary to know the color words, as well as to identify the abstract characteristic
of color.
Mentioning colors and pointing out colors is helpful, but not enough. Children often
know more color words than colors and so mislabel colors. For example, a child
might say, “I wanted the red one,” but be referring to the green car.
Children will learn to recognize colors more quickly when they are intentionally
taught the color words and color recognition at the same time.
In order to notice color and how it is separate from shape, children need help.
Because they tend to notice the shapes and uses of objects before they notice color,
using identical objects with different colors can be useful [7].
When children seem not to be learning colors (particularly red and green) by the age
of four, they can have an eye exam that will accurately check for color blindness
(see http://www.schoolhealth.com/shop/pe_11115.asp#articles).
Learning world of colors
A normal child learns the names for hundreds of objects before learning to name a
single color. This is a remarkable fact, well known to many observant parents.
Charles Darwin noted this about his own children, and wrote: “I distinctly remember
declaring that they were color‐blind.”. Using tests that measure eye movements, it
has been found that, at just eight weeks of age, infants can discriminate a large patch
of white from a large colored patch of almost any hue. Purer hues are more easily
discriminated. This ability continues to improve with age [7].
Infants show color preferences by three months of age and color categorization by
four months of age. A normal child learns the names for hundreds of objects before
learning to name a single color. This is a remarkable fact, well known to many
observant parents. For example, when it is the time to learn the colors, parents may
refer to a tomato and say “red” or “tomato is red”. Charles Darwin noted this about
his own children, and wrote: “I distinctly remember declaring that they were color-
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blind.” Using tests that measure eye movements, it has been found that, at just eight
weeks of age, infants can discriminate a large patch of white from a large colored
patch of almost any hue. So, she/he groups colors into perceptual categories before
learning the name. Purer hues are more easily discriminated. This ability continues
to improve with age. However, Computer models of word learning for colors
demonstrate that, in principle, this learning process could reshape the color
categories [7].
According to Pitchford and Mullen (2003), Conceptual color space of child is
shaped between 35.6 and 39.5 months by recognizing the nine basic colors (yellow,
blue, black, green, white, pink, orange, red and purple). After nine months lag,
another two basic colors (brown and grey) become reliable for child. The reason of
this lag to conceptualize these two colors still is undetermined.

Fig. 1 - Age at which children acquire reliable knowledge of each of the eleven basic colors. The Weibull
fits of figure 5 were used to determine the average language age at which each of the eleven basic colors
could be reliably discriminated (a d’ of 3.28, p < 0.05); the developmental sequence is plotted above [8].

Fig. 2 - Development of color term knowledge as a function of language age: mean d’ for performance
collapsed across color comprehension and naming tasks. The interaction between LA group and color is
shown for the 2-year and 3-year LA groups and the main effect of color is shown for the older children.
See text for results of the statistical analysis of the data [8].
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It seems that “although children readily confused colors that are chromatically
adjacent, irrespective of their similarity in luminance (such as purple with either
pink or blue)” they can distinguish between distant colors with similar luminance but
not hue (like red and grey or pink and green). Therefore, we might say that
perceiving color is based on “the location of the category in color space, and not by
luminance per se” [9].
Color Gamification is a way to gamify color theory and one of the available samples
of adult online gamification. This is a simple and attractive sample of gamification
for teaching colors that designed by Maria Munuera and Mark MacKay. By using
this game people can measure their knowledge about colors. This application has a
gaming aspect along with training and although it becomes harder step by step,
encourages and motivates players to pass levels. This game help user understand
color properties and harmonies.
As each stage of the game, your eyes match wits with your brain. As you have 30
seconds to match colors according to:







Hue
Saturation
Complementary colors
Analogous colors
Triadic colors
Tetrad colors

Fig. 3 - This kind of brain game is a great tool for becoming better at color grading. It is also one of three
games that aim to make user a better designer. [10].
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Fig. 4 - we can find one of the games for children to learn different color terms with same shapes. The
child should place the 11 “color scribble” cards in the pocket charts and they should identify the colors by
name. This game can help children to acquire concept of color easier [11].

The difference between gamification and common traditional gaming is the direct
engagement of child without supervisor presents. Having this in mind, gamification
has the potential to change our everyday experiences into better and more enjoyable
ones. So, gamification simplifies the process of learning colors in a way that
increases children’s motivation. This creates a new experience which engages
learning with joy and motivation.
Therefore, we consider this game for Three years old children. As the training
should be classified and presented specifically for each age group, we classified the
gamification in order to teach colors to specific target group. The process can be
explain as below:
Objective: Helping children to understand the concepts of 11 basic colors
Complete: Trying to understand the concepts of each stage
Push: Motivation to pass the next step
Step 1: black
Step 2: white and blue
Step 3: yellow and green
Step 4: red
Step 5: pink
Step 6: purple
Spep7: orange
Step 8: gray and brown
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Fig. 5 - In each step, children learn name of a new color and realizing it completely. This Gamification is
a sample for 3-years old children and its design have to be in compliance with children mentality and their
learning potential. In this way, learning starts with simple levels and go forward to remain children’s
motivation in the process.

Conclusions
Studies show that gaming has a significant impact on children’s mind growth. Using
game in teaching has been considered by several psychologist and researchers.
Various methods, books and games are available which are very important in
teaching colors. Since gamification shows its favorable effects in planning and
training projects, even in adulthood, therefore, it seems it can be a suitable method in
teaching children. Gamification is used in several schools and colleges recently, to
improve learning. This is due to inefficiency of traditional system of learning and
different expectations and needs of this generation. So, planning and setting creative
educational systems is necessary for children in pre-school and primitive schools to
accustom them with this method.
Gamification can be found in various aspect of our life and it would be a great scope
for researches and new applications. For example, tablets and smart phones develop
rapidly in recent years, so, we can find new opportunities to survey on potential
application of gamification on these always on, always available and always
connected to the internet devices, and thus able to have the concept of gamification
extended into every aspect of everyday life [12].
Child encourages by him/herself to accomplish or continue learning instead of
forcing by teacher or parents to learn and practice.
As educational systems are changing to software and digital methods and
gamification instead of traditional ways, thus it is better to familiarize child with this
methods and use it in teaching colors as one of the primitive teaching of child.
Researches show children can perceive the relation among colors and their
combination after 11, so we can utilize digital gamification in this age.
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Some advantages of gamification in step by step learning of colors includes:









Determining reward and how using them in teaching (e.g. using chocolates
with related color or colored toys)
Possibility of repeating in case of mistake in choosing correct answer
Giving constant and immediate feedback; good feedback is effective,
exciting, timely and engaging
Increasing motivation and engagement
Accurate conception of basic colors
Reducing the negative emotions happen in traditional education
Simultaneously training of shape, words, colors
Synthesizing training environments and gaming

As a conclusion, we can express that it is time to use gamification more and more to
solve most of problems in society. However, it is important to apply it in order to
motivate users, as recognition the world of children and their need is a disputed
subject. This can be explore another fields for other researches and articles.
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1. Introduction
The students in the third grade of the Media Design Programme, Department of
Arts, Communication and Education at LTU Luleå University of Technology have
worked on the concept of Identity and Colours, in an in-deepening course, exploring
taste, gender and big or small cultural and economical capital.
The educational aim of the course was to make the students strongly reflect and face
social, cultural, aesthetic, economical and historical issues, all related to the shape
and colour of designed items. All this should be processed both from the designer’s
and the purchaser’s point of view.
The focus was also, and maybe we could affirm mainly, on how we categorise and
define what we think and experience, in other words what we perceive, as
“beautiful” or “ugly” when it comes to colour, shape and finish and its meaning in
the design project.
The students worked with packaging projects against the different groups in the
French sociologist Pierre Bourdieu’s map of lifestyles.
The products to be packed were gingerbread cookies, an archetypal and very loved
food in Sweden, strongly related to Christmas and winter. Fig. 1 is an image taken
from the Swedish song-book Nu ska vi sjunga, published for the first time in
1943[1], note the colours used, deep orange and dark green typical of the Art
Noveau period.
2. Method
Using as a starting point Pierre Bourdieu’s map of lifestyles as a method to develop
their ideas, the students were asked to closely look at two style eras - the Arts and
Crafts and Art Nouveau, but also to our time period plus gender, and accordingly
work out new gingerbread packaging proposals.
The two eras, historically directly created by the industrial revolution, were chosen
as they represent the beginning of the professional figure of the designer, and were a
challenge both in the choice of colour palettes, decoration and shape.
The Arts and Crafts movement was an international design movement that
flourished at the end of the nineteenth century. Its influence reached until the 1930s
and its leading figure was the artist and writer William Morris, who was inspired in
his turn by John Ruskin who believed in skilled creative workers and disliked the
division of the production process, and other like Augustus W N Pugin, an exponent
of the Gothic revival, who emphasized to be true to the material, structure and
function. The movement began as a search for new aesthetics in decoration and
design products and as a fierce reaction against the styles that were developing in the
machine made products. Morris himself believed that the designer should also be a
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craftsman, a little bit like the nowadays-growing philosophy proposing self-made
design. Morris thought that “Because craftsmen took pleasure in their work the
Middle Ages was a period of greatness in the art of the common people (...) The
treasures in our museums now are only the common utensils used in households of
that age, when hundreds of medieval churches - each one a masterpiece - were built
by unsophisticated peasants”[2], and, on the other hand, he affirmed that modern
industry was “altogether an evil, but when he could find manufacturers willing to
work to his own exacting standards, he would use them to make his designs”[3], in
Fig. 2 the wallpaper Pimpernel, 1876, representing a repeated, simplified flat natural
motif again in typical colour schemes like olive green and cream.
The Art Nouveau, instead, emerged at the turn of the 20th century throughout
Europe this time as a reaction against the academic decorative rules. Its underlying
principles were to search inspiration in nature rather than in Neo-classicism.
Twisting vegetal or floral curvy lines, evanescent feminine silhouettes and animal
patterns, but also geometric styled patterns and lines were the typical motifs, they
derived partly from Japanese Art, chiefly by Hokusai’s works, and also from Celtic,
Rococo and Gothic art. In the Eisen-Tropon graphics designed by Henry Van de
Velde in 1898, Fig. 3, we can recognize the lines and colours of art nouveau, orange
red, dull green and ochre. Another good example is the poster of a woman, Fig. 4,
advertising the JOB cigarette and created by Alphonse Mucha, the latter became
famous with his first poster advertising a play, Gismonda, featuring Sarah Bernhardt
in 1895. This period ended at the beginning of cubism and surrealism.
The students were then to reflect on what could be defined typical of these two
periods’ artistic expression, colour, shape, materials and elements they used etc., in
fact two styles of the design history inside the same century as both styles were
active during the latter 1800, and at last interpret them in their own way. They were
also to create the actors that were the possible purchasers of the packaging they
ideated.
Finally in the second step they were to create contemporary packaging versions,
always reflecting on Pierre Bourdieu’s maps of lifestyles. Bourdieu was a French
sociologist, who employed methods drawn from many different disciplines like
philosophy, literature, sociology and anthropology. Here in Fig. 5 we see the food
assessment map made by him in his Distinction: A Social Critique of the Judgement
of Taste [4], where we can read passages like “tastes in food also depend on the idea
each class has of the body and of the effects of food on the body, that is, on its
strength, health, and beauty”. The following excerpt of Bourdieu’s book describes
his concept of lifestyles: “Taste is the practical operator of the transmutation of
things into distinct and distinctive signs, of continuous distributions into
discontinuous oppositions; it raises the differences inscribed in the physical order of
bodies to the symbolic order of significant distinctions. It transforms objectively
classified practices, in which a class condition signifies itself (through taste), into
classifying practices, that is, into a symbolic expression of class position, by
perceiving them in their mutual relations and in terms of social classificatory
schemes. (…) a distinctive life-style, by anyone who possesses practical knowledge
of the relationships between distinctive signs and positions in the distributions –
between the universe of objective properties, which is brought to light by scientific
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Fig. 3 – Traditional Swedish image from the songbook Nu ska vi sjunga.

Fig. 4, 3 and 4 – Wallpaper Pimpernel by William Morris, 1876. Eisen-Tropon graphics designed by Henry Van de
Velde in1898. JOB cigarette created by Alphonse Mucha in 1895 (all images via Wikimedia Commons)

Fig. 5 – Pierre Bourdieu and his food map.
489

Fig. 6, 7, 8 and 9 – Myra Starklint Grönberg works on Arts and crafts.

Fig. 10 – Myra Starklint Grönberg works on contemporary age.
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construction, and the no less objective universe of life styles, which exists as such for
and through ordinary experience. (174-4)”.
The involved students further employed diverse literature and media in various
subject areas such as art, architecture, textile and furniture design in order to deepen
the analysis of art history and textile science, using both a socio-cultural and gender
theory perspective. In a second phase they elaborated Mood Boards, sketches, colour
palettes and simple prototypes. A special value has been given to the specific theme
of colour, both in its symbolic, social and psychological aspects and in its truly
aesthetic appeal.
The most meaningful and complete works, have been carried out by two female
students, Myra Starklint Grönberg and Lovisa Hugardt. They have in their own
particular way of proceeding and thinking elaborated packaging proposals for each
period.
They both find it more effortless to tackle our past eras than the contemporary age as
was easy to foretell, as in the first case we are not experiencing the historical period
in first person and it is possible to find a lot of indications and testimony from that
time, however they created optimal results. The analyses should form the basis for
the design of 12 packaging proposal, of which four pieces were inspired by the Arts
and Crafts epoch, four by the Art Nouveau era and four were contemporary
packaging based different gender and social perspective. Following the images of
the final gingerbread packaging projects, in Fig. 6, 7, 8 and 9 Myra Starklint
Grönberg’s Art and Crafts reflections, in her words the first one is “inspired by John
Bauer's fairy tale world” and the target group has a high level cultural capital, the
second one is a pretty lavish jar with Morris wallpaper and silk ribbon, a luxury item
for a rich target, the third one is a less expensive, simple cone of paper that could
pack everything from sugar to candy or as here gingerbread, a still beautiful
packaging with a Tudor Rose and the fourth is a variant of the Morris pattern but in
a different colour scale. This package was to be produced industrially and was
targeted to those who wanted to imitate the people who could enjoy a big
economical capital. Interesting are her works on fashionable hipsters, in her own
words “I have been asked to study and reflect two styles in design history, the Arts
and Crafts movement and Art Nouveau; both styles active during the latter 1800s. I
have studied how society was like during this time, in order to get a better overview
on how the people lived, and to be thus able to design in the best way to my invented
personas. Then I went into the gender component and read about gender theory in
order to design the next four containers, this to four male stereotypes”, and in Fig.
10, the metro-sexual design, “this packaging is painted half over with a glossy black
colour and the lid is lined with leather. It is a lavish packaging. A metro-sexual man
cares about his appearance, and sometimes he plays on the line between what is
perceived as typically masculine and feminine”.
Lovisa Hugardt have designed very interesting works, for example if her Art
Nouveau proposals were inspired by Alphonse Mucha, who used a woman as model
for advertising. She didn’t give a name to her packaging design, instead she used the
parameters of big or small cultural or economical capital. In Fig. 11, 12, 13 and 14
we have at first a product for a couple Philippe and Camilla, with high economic
capital but little cultural capital, something exclusive with much detail, like a box of
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chocolates in two shades of brown and a white font with good contrast, following
the second product is for Bernard and Joan, with less cultural capital and small
economic capital, Lovisa chose a classic Art Nouveau style with a woman with
“spaghetti hair”, pale skin and rosy cheeks on a particular green used on jewel
boxes, the third couple, Jacques and Geraldine, with big cultural capital but small
economic capital, the choice fell on purple here, for a more progressive
interpretation of the design and the woman on the package was made elegant and
with a strong pictorial front and the fourth one, a couple with small economical and
cultural capital, Claude and Colette, had a simple shape and no woman on the
package front in two shades of brown recalling paper. Finally her works on gender
and contemporary age were meant for women she personally knew.

Fig. 11, 12, 13 and 14 – Lovisa Hugardt works on Art Nouveau.
Fig. 15 – Lovisa Hugardt works on contemporary age.
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Here in Fig. 15 we see the package for big economical capital but small cultural
capital inspired by a rococo mirror, in black and gold. “I thought of champagne and
velvet and was inspired by these structures, what is the surface of a velvet pillow
and how do the bubbles in a glass of champagne move?”
3. Conclusions
It has been a very learning experience about colour associated with both a given
historic time culture, cultural or economical capital and gender, but also we have
worked with double loop learning and thus increased complexity also about art
history, cultural analysis and design/colour. It is fundamental to inspire the students
to reflect about complexity and aesthetics in an early phase.
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1. Heritage and materiality
During the past 50 years cultural heritage has become a major focus of travel. With
more than 46.1 million tourists a year, Italy is the fifth most visited country in the
world for its rich art, history, culture and ancient monuments. Italy also contains
more World Heritage Sites than any other country in the world [1]. What once used
to be the privilege only of gentlemen of independent means, who could afford to
make the ‘grand tour’ to Italy, has now become embedded in the education, social
fabric and public consciousness of every European citizen. Yet it is no longer
necessary to travel to access cultural heritage. In the UK in 2013, for example, the
National Trust had over 3.9 million members, an annual turnover of £450 million
and net assets of £1.1 billion [2]. Its 350 historic buildings were staffed by over
70,000 volunteers and received 19.2 million visitors, yet it operates with no
Government support. The British Museum holds over 13 million objects and had a
record 6.7 million visitors in 2013. More than 2 million individual object entries are
available online, 650,000 of them illustrated, and in 2013 the museum's website
received 19.5 million visits, an increase of 47% from the previous year.
Central to the visitor experience in any museum or gallery is looking at objects
in the collections. An object is a relic of a time and place, crafted using
contemporary techniques and representing the prevailing social values. Coming face
to face with an ancient statue or
artefact, one cannot help but be
moved by its materiality and the
realisation that this object was
there in the past and is still here
now. If only it could tell its story
of all that it had witnessed over
the centuries! The materiality of
an object is one of the ways that
it conveys authenticity: signs of
Fig. 1 – Fragment of the ‘Hunters Palette’ in the British
toolmarks,
decoration,
and
Museum, c.3100 BC, showing the patina of its pastness [4].
texture of the substrate show how
it was made; signs of granularity, wear, damage, cracking, weathering and decay
show its degradation with the passage of time (Fig. 1). All combine to give the
impression that it is the ‘real thing’. Even if one cannot touch the object and feel its
tactile qualities, the patina of age somehow transforms its degraded nature into
something evocative, even romantic, adding to its charm and visual power. The
appearance of the object is inseparable from its ‘pastness’ [3]. It follows that in any
visualisation of a cultural heritage object the patina needs to be reproduced
accurately, or at least in a way that is convincing. Plaster casts and 3D prints are
invariably disappointing in this respect.
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2. Dimensionality and spatial resolution
The availability in recent years of technologies for 3D acquisition has opened the
way for digital surrogates of cultural heritage objects. If one can represent the
geometric coordinates, colour and tone at every point on an object surface, then it is
possible to render its appearance when viewed from any angle. It is the dream of
every manager to be able to digitise the objects in her collection en masse, but
unfortunately at present
there is no one technology
that can produce good
results in a short time for
every type of object. Laser
scanners, for example, are
quick and relatively easy to
use, but do not cope well
with surfaces that are
transparent, glossy or very
dark. Multiple scans need
to be made from every
viewpoint,
producing
multiple point clouds that
then have to be merged.
For a complex object this
post-scan processing can
take hours by a highly
skilled operator to achieve
satisfactory results.
Photogrammetry
has
developed rapidly in recent
years through the Structure
Fig. 2 – Three methods of 3D digitisation of a scarab of engraved
steatite with a gold band from ancient Egypt c.1800 BC: (top) colour
from
Motion
(SfM)
laser scanner; (middle) protogrammetry using SfM multi-view stereo;
technique, in combination
(bottom) photometric stereo from a set of images taken in a dome.
with multi-view stereo
(MVS), enabling many features in a set of images to be detected and registered in a
3D framework, onto which the image texture can be mapped as a dense point cloud.
It relies on enough images from different angles to provide multiple views of every
feature point on the surface. The point clouds produced tend to be rather noisy and
susceptible to dropouts in specular highlight regions [5]. Photometric stereo gives
better detail at the expense of poorer geometry (Fig. 2).
A key issue for 3D digitisation is spatial resolution, i.e. the fineness with which
surface detail can be represented. Ideally the digital record would contain all the
detail wrought upon the substrate by a craftsman. This depends on the nature of the
tool (pen, brush, knife or stylus), on the dexterity of the hand, and on visual contrast
sensitivity, but a reasonable estimate of the finest detail is approximately 40 micron
[6]. By the Nyquist criterion this would require sampling every 20 micron or finer,
i.e. with 50 points per mm or 1250 dpi. Most systems cannot achieve this level of
detail, which can be described as mesoscopic.
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3. Colour and the spectrum
The role of the observer is central to any display or presentation. In the context of
the graphic arts, Hunt [7] distinguished two broad types of objectives in colour
reproduction: accurate and pleasing. An accurate colour reproduction should match
the original to the extent that when the two objects are placed side-by-side under the
same illumination they look the same, at least to the majority of observers (Fig. 3).
In the case of fine art reproduction this is actually a rare case, because the original is
generally not available for
comparison [8]. A pleasing
reproduction is not necessarily
accurate but adjusts the tone,
colour and sharpness in a way
that is preferred. In the
processing of photographic
prints from film negatives it was
standard practice by Kodak and
others to adjust the chromaticity
of blue sky, green grass and skin
tones to make them more like the
ideal (prototypical) memory
Fig. 3 – Side-by-side comparison of two reproductions with the
colours
expected
by
the
original painting on the wall of the National Gallery, London.
consumer. Thus the print of a
The painting The Adoration of the Kings is a fragment of an
painting that one might buy
altarpiece by the Master of Liesborn c.1470, NG258.
online, or even in the gallery
shop, is generally not an accurate match to the original but is enhanced to be more
attractive in a way that conforms to popular imagination. Colour management
enables this to be done in a systematic way through different ‘rendering intents’. In
electronic media, such as television and computer displays and mobile media, the
quality of naturalness is important. In psychophysical experiments, observer
preferences for brightness rendering and chromatic rendering of images tend toward
greater contrast and higher colour saturation [9].
Colour stimulus is determined as the product of the spectral power distribution of
the illumination, the spectral reflectance factor of the surface, and the spectral
sensitivity of the observer. Because human vision is trichromatic, with three classes
of photoreceptor in the retina, the CIE system of colorimetry reduces the
computation to three numbers at each point, the so-called tristimulus values. But this
convenient reduction of dimensionality disguises the underlying spectral reality. It
leads to metameric differences in colour perception between environments with
different light sources, between observers with different visual sensitivities, and
between humans and cameras. For best representation of any coloured object,
especially for cultural heritage purposes, the reflectance spectrum of the surface
should be captured as accurately as possible, by multispectral sampling in
sufficiently many bands to capture all spectral frequencies present in the colorants
[10]. For paintings this makes it possible to identify pigments, to quantify fading and
to predict colour appearance under various illumination sources [11].
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4. Gloss and specularity
Most objects are digitised and processed on the assumption that the surface is
Lambertian, i.e. that the incident light is reflected diffusely with equal intensity in all
directions. In fact for the majority of
materials this is not true. Most surfaces
have a sheen or gloss, which causes
light to be reflected more strongly in
one direction. Point sources of light are
reflected as localised specular highlights
from shiny surfaces. The polynomial
texture map (PTM) technique attempts
to model these directional highlights by
a biquadratic function [12] or by
Fig. 4 – One frame of an HD video flyover of a 14th
century Islamic craftwork in silver and gold, showing
hemispherical harmonics. A more
the simulated appearance of the roundel decoration
convincing simulation can be obtained
with a virtual light source from a low angle in the east.
by first finding the normal vector at
each point on the surface, then fitting a Lorentzian function to model the distribution
of reflectance as a function of radial angle from the peak [13], in effect one half of
the bidirectional reflectance distribution function (BRDF). The method has been
used successfully in rendering the effect of a light source moving over a highly
polished metallic object featured in a public exhibition at the Courtauld Gallery in
London [14]. Such methods truly bring cultural heritage into the public imagination.
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