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A Novel Hyperspectral Imaging System
for Colorimetry and Cultural Heritage Applications

F. Preda1, A. Perri1, O. Shan1,2, C. Manzoni2, D. Comelli2, G. Valentini2, G. Cerullo1,2, D.
Polli1,2
1NIREOS S.R.L., Via Giovanni Durando 39, 20158 Milan (Italy)
2IFN-CNR, Dipartimento di Fisica, Politecnico di Milano, Piazza Leonardo da Vinci 32, I-20133
Milano, Italy
Keywords: hyperspectral imager, FT spectroscopy, colorimetry, cultural heritage
Introduction
Hyperspectral Imaging (HSI) is a novel analytical technique based on spectroscopy, with the aim of
measuring the spectrum of the light coming from each point of a scene of interest (Wolfe, 1997).
While the human eye has only three color receptors in the blue, green and red, hyperspectral imaging
measures the continuous spectrum of the light as a function of the wavelength λ for each pixel of the
scene at coordinates (x,y) with fine spectral resolution, not only in the visible but also in the nearinfrared (NIR) range. The collected data form the so-called hyperspectral image: a 3-dimensional
data-cube as a function of x, y and λ. These data contain an extensive amount of information.
Therefore, many numerical methods and algorithms have been developed to enable the extraction of
quantitative parameters related to the physicochemical properties of the imaged objects (Grahn et al.,
2007; Amigo et al., 2015), as well as the clustering into different components, useful for the analysis
of congested scenes. For this reason, HSI is a powerful technique, which has been applied to a wide
range of fundamental and applied studies in fields as diverse as remote sensing (Ben-Dor et al., 2013;
Sellar et al., 2005), medical and biological imaging (Lu et al., 2014), agriculture (Huang et al., 2016),
coastal and geological prospecting (Scafutto et al., 2016), safety and security (Liu et al., 2018),
military field, archaeology (Liang, 2012) and conservation science.
HSI has been implemented in a wide variety of methods. The simpler approaches are constituted by
snapshot HSI, which employs a matrix of bandpass filters on the surface of the detector, and spectral
HSI, which uses a tunable spectral filter in front of a monochrome imaging camera (Gat, 2000).
However, the drawback of these techniques is the acquisition of a limited and discrete number of
bands. In order to measure continuous spectra, a common method is spatial scanning HSI, which
combines a dispersive spectrometer with a raster-scanning approach, either in point-scanning
(whiskbroom) or line-scanning (push-broom) modes. This approach is widely applied in industrial
quality-control monitoring process. However, the main limitation of these techniques is represented
by the high losses imposed by the entrance slit of the spectrometer, which lead to long acquisition
times.
An alternative HSI method to measure continuous spectra combines a monochrome imaging sensor
with an interferometer (Davis et al., 2001). In this approach, known as Fourier-Transform (FT)
spectroscopy, the light of interest is split in two collinear delayed replicas, whose interference pattern
is measured by a detector as a function of their relative delay. The FT of the resulting interferogram
yields the continuous-intensity spectrum of the light. The FT approach carries several prominent
advantages over dispersive techniques: (i) all the wavelengths are measured simultaneously, thus
increasing the number of photons reaching the sensor and leading to higher signal-to-noise ratio in a
readout-noise-dominated regime (Fellgett's advantage) (Fellgett et al., 1949); (ii) higher throughput,
due to the absence of slits (the Jacquinot’s or étendue advantage) (Jacquinot, 1960); (iii) high
wavelength accuracy, thanks to the calibration of the device with a laser beam (the Connes’
advantage); (iv) variable spectral resolution, which can be adjusted at will by varying the maximum
scan delay of the interferometer via software; (v) the spectral resolution can be changed without
affecting the throughput of the device; (vi) the spatial resolution can be adjusted independently from
the spectral resolution; (vii) possibility of parallel recording of the spectra of all pixels within a twodimensional scene of an imaging system. Two essential conditions must be met by an FT-imager in
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order to provide high quality spectra: (i) the relative delay of the two generated replicas of light must
be controlled to within a fraction (1/100 or better) of the optical cycle (e.g., 0.02 fs at 600 nm) and
(ii) the dephasing of the bundle of rays that form the interferogram at a given pixel must be as limited
as possible. FT-based imaging is achieved using either a static or a temporal approach. In the static
scheme, the interferometer has no moving parts, and a spatial interferogram is formed along one of
the dimensions of the image. The acquisition is performed by moving the object with respect to the
camera, making this method particularly suited in production lines, in which the object to be measured
is moving e.g. on a conveyor belt, or for airborne remote sensing. In the temporal approach, the
interferometer has a moving element, which is scanned to vary the delay of the replicas, with no need
of relative movement between the object and the camera. This method is better suited for the imaging
of stationary objects and is thus widely used in applications such as colorimetry or cultural heritage
studies. FT-HSI systems have been built based on Michelson or Mach-Zehnder interferometers
(Persky, 1995); however, since they are sensitive to vibrations, it is difficult to achieve the required
interferometric stability without active stabilization or tracking. Alternatively, liquid crystal cells
have been used to introduce a voltage-controlled delay between orthogonal polarizations (August et
al., 2016). In the last few years, birefringent interferometers have attracted particular attention
because of their compactness and insensitivity to vibrations, due to their common-path nature. They
are mostly based on Wollaston or Savart prisms (Harvey et al., 2004), or their variants. Because of
the arrangement of their optical axes, they are characterized by a strong chromatic lateral
displacement, which reduces the visibility of the interference fringes.
In this work, we present an innovative FT-HSI system based on a patented common-path birefringent
interferometer (CPI) in combination with a bidimensional monochrome CMOS sensor. The
interferometer overcomes the limitations of the Wollaston and Savart prism-based imagers, providing
negligible chromatic dispersion and small geometrical separation between the interfering replicas.
This leads to the deep interferometric contrast required by the FT approach. The presented HSI
camera (model HERA from NIREOS S.R.L.) works in a broadband spectral region, from the UV to
the near infrared (0.4–1 μm wavelength), and it features an exceptional throughput, high spectral
accuracy and a wide versatility of use (Perri et al., 2019).

Fig. 1 - Schematic setup of the hyperspectral camera. P1 and P2: wire-grid polarizers; A and B blocks: α-BBO wedges and plate, with optical axes
indicated by the black arrows. The blue arrow indicates the wedge translation direction.
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Experimental Setup
A scheme of the hyperspectral camera is shown in Fig. 1. It consists of a CPI interferometer (model
GEMINI from NIREOS S.R.L.) based on the Translating-Wedge-Based Identical Pulses eNcoding
System (TWINS) technology (Brida et al., 2012), followed by an imaging system. The CPI is placed
in between the object plane and the objective of the monochrome camera. The birefringent blocks (A
and B in figure) are made of α-barium borate (α-BBO). P1 and P2 are wire-grid polarizers with
extinction ratio >5000 in the range 400 nm - 2 μm. P1 polarizes the input light at 45° with respect to
the optical axes of A and B. Block B is a birefringent plate that introduces a fixed phase delay between
the two orthogonal polarizations that propagate along the fast and slow axes of the material. Block A
has optical axis orthogonal to the one of block B (see black arrows in Fig. 1), thus applying a delay
with opposite sign. The overall phase delay introduced by the CPI ranges from positive to negative
values according to the relative thickness of the two blocks. To enable fine tuning of the phase delay,
block A is shaped in the form of two wedges with the same apex angle, one of which is mounted on
a motorized translation stage. Interference between the two replicas is guaranteed by P2, which is
also set at 45° with respect to the optical axes of A and B, and projects the two fields to the same
polarization. The spectral resolution provided by the interferometer is inversely proportional to the
maximum phase delay. In this case, the spectral resolution is 1.6 nm at 600 nm. The objective has
focal length f = 25mm and maximum aperture f=1:4. The detector is a 1280x1024 monochrome
silicon CMOS sensor with a 1/1.8" format, 10-bits depth and a spectral sensitivity ranging from 400
nm to 1100 nm. The total angular field of view of the imaging system is ϑ = 15,4°.
Results
As a demonstration of the high spectral accuracy provided by the CPI, the hyperspectral camera was
first employed to measure a test scene made of a set of calibrated spectral standards, as shown in
Figure 2(a). The imaged samples are four colored Spectralon materials (green, blue, red, yellow, G,
B, R, Y; 1-inch diameter), acting as calibrated diffusive reflectance standards (Labsphere Inc., North
Sutton, USA), and a white Spectralon, with (98.3 ± 1.3)% reflectance in the range from 300 nm to
2.5 μm (Labsphere Inc.). In addition, the beams of a red (λ = 635 nm) and a green diode laser (λ =
532 nm), both with bandwidth of 0.37 THz, were directed on points 1 and 2 indicated in Fig. 2(a),
respectively. The scene was illuminated by a broadband 150W Xenon lamp.

Fig. 2 - (a) RGB image generated from the hyperspectral data-cube computed for a D65 standard illuminant (CIE 1964); (b) Spectra of the five color
standards and of the two laser lines (red and green) of the sample reported in (a); dashed and solid lines refer to tabulated and measured data, respectively.
(c) Chromaticity diagram, in which the measured (white crosses) and tabulated (black dots) data relative to the 4 Spectralon materials are reported. (d)
The table indicates the error of the measured reflectance spectra with respect to the tabulated ones.
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The camera lens was set at its largest aperture and the total measurement time of the image, including
lapse time for motor movement and data transfer, was approximately 25 seconds. Figure 2(b) shows
the reflectance spectra of the diffusive colorimetric standards. The dashed lines correspond to the
certified reflectivity values, while the solid lines are the spectra retrieved from our HSI system and
averaged over the surface of each standard. Absolute reflectance was calculated after spectral
calibration with the white Spectralon and correction for spatial and spectral non-uniformities of the
illumination by imaging a white Lambertian surface at the object plane. Figure 2(c) shows the
chromaticity diagram, in which the points relative to the measured (white crosses) and tabulated
(black dots) data of the Spectralon materials are reported, showing the high level of accuracy of the
system. To compare the measurement with the certified spectra of these reflectance standards, we
also evaluated the mean standard deviation of the difference between the measured and tabulated
spectra of each standards. The results, reported in the table in figure 2(d), indicate that the difference
is less than 2.18%, demonstrating that our camera is able to measure absolute reflectance with very
high accuracy in the visible and near-infrared (NIR) spectral range (400-1000 nm). Notably, the
measured spectra cover a broader region in the NIR region than the tabulated one, and only the
spectrally overlapping region for the two measurement was considered in this comparison. Figure
2(a) shows the projection of the reflectance spectra in the RGB space. The image projection was
computed by considering a D65 illuminant (CIE 1964).

Fig. 3 - Hyperspectral imaging of an artistic glass window (A. M. Nardi, 1969). (a-f) Subfigures from the data-cube, at selected wavelengths (g) RGB
image computed from the spectral image; (h) map and (i,j) corresponding transmitted spectra of the blue tiles, after automatic image segmentation;
spectra in the visible range (i) are rescaled by a factor of 10.

The spectral imager was then used to analyze a portion of an artistic stained-glass window located at
the Santo Spirito Church in Milan (Italy), realized in 1969 by A. M. Nardi (1897-1973). Stained
glasses typically exhibit unique spectral features due to strong absorption bands located at welldefined wavelengths. Since the manufacturing process of window glass has changed throughout time,
its spectral characterization is a valuable method to determine its composition and coloring agents,
Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVIB

ISBN 978-88-99513-13-9

XVI Color Conference, Bergamo 2020

14

therefore enabling the assessment of the authenticity of ancient windows (Meulebroeck et al., 2016).
In this measurement, the window was back-illuminated by natural sunlight, and the camera recorded
the transmitted light. The total acquisition time was approximately 45 seconds. A selection of images
corresponding to specific wavelengths are reported in figure 3(a)-(f); as expected, each tile absorbs
at specific spectral bands. The synthesized RGB color image is shown in Fig. 3(g). Due to the backillumination configuration it was not possible to measure a reference image of a Lambertian source.
Therefore, the RGB image shown in figure 3(g) is a colored representation rather than a projection in
the RGB space. An automatic image segmentation algorithm was performed to extract the different
characteristics of the blue tiles. This algorithm is based on k-means statistical analysis of the
measurement (Jain et al., 1988). The blue colored tiles were assigned to 5 different classes with
peculiar spectral transmission as shown in figure 3(i) and 3(j). The spatial distribution of these classes
is shown in figure 3(h). Interestingly, despite very similar RGB colors, these classes show peculiar
spectral differences. This is especially evident by looking at class 3. Indeed, the tiles belonging to this
class are strongly absorbing in the NIR spectral region. This is a very different behavior with respect
to all the other classes. This might suggest that these tiles were added later to the artwork, maybe as
a replacement for broken ones.
Figure 4 reports the results of a principal components analysis (PCA) algorithm applied to the
described artistic glass window (Grahn et al., 2007; Amigo et al., 2015). Figures 4(a)-(c) show the
intensity maps of the main three components of the hyperspectral data-cube, while figures 4(d)-(f)
report their spectral profiles. As expected, the first component brings information on the overall
intensity of the image, as one can notice from the map (figure 4(a)) and from its spectral coefficient
(figure 4(d)), which is positive for all the wavelengths and corresponds to the spectral intensity of the
sunlight that was back-illuminating the scene. The second component of the PCA highlights with
positive scores those parts in the image whose transmission spectrum is characterized by high
intensities in the NIR region (between 750 nm and 1000 nm) as shown by the positive weight of the
spectral coefficient (figure 4(e)). Noticeably, the scores related to the second component of almost all
the blue tiles in the scene appears to have high positive intensities, thus confirming the results
obtained by the performed segmentation analysis (Figure 3(h)-(j)). As expected, the two blue tiles
identified by the class 3 of the segmentation and indicated by dotted yellow squares in figure 4(b),
are not highlighted in the second component of the PCA, as they are characterized by strong
absorption in this spectral region.

Fig. 4 – Principal Components Analysis (PCA) of the artistic glass window of Figure 3. (a)-(c) Intensity maps relative to the first 3 components resulted
from the PCA and (d)-(f) their spectral coefficients.
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Finally, we employed the novel hyperspectral camera to image "La Crocefissione di Viterbo", a 16thcentury painting attributed to Michelangelo Buonarroti and located in the “Colle del Duomo”
Museum in Viterbo (Italy). One of the most intriguing details of the artwork is St. John’s face, which
has a female aspect when observed under visible illumination, but it assumes more masculine traits
and a hollowed aspect when observed under UV excitation. This phenomenon, which occurs only in
the face of St. John and hence appears to be intentional, is also documented by many historical
documents. Indeed, a Crucifixion artwork panel was donated to Vittoria Colonna by Michelangelo
Buonarroti and mentioned in the documented epistolary communication between them. In fact, in the
letter “del lume" (“about the lamp"), written by Vittoria and directed to Michelangelo, she expresses
her surprise regarding a “Crucifixion” sent her by Michelangelo, which she had “well observed with
a glass, a lamp and a mirror […]” (“Io l'ho ben visto al lume et col vetro et col specchio, et non viddi
mai la più finita cosa"). Figures 5((b)-(f)) show the results of the spectral analysis of the artwork.
Panel (b) displays the RGB projection of the reflectivity spectral data-cube, while panel (c) shows the
RGB image of the fluorescence emission of the artwork upon ultra-violet excitation. As expected,
these two measurements clearly show the change of the traits of St. John’s face. Panel (d) and (e)
present the contributions to the image at 500 nm and 700 nm, respectively. In panel (f), the
superposition of two spectral angular maps is reported, highlighting the similarity between different
zones of the painting. The parts colored in green correspond to the pixels characterized by a strong
spectral similarity to the right hand of St. John, while the parts colored in red highlight the similarities
to the red mantle. This composite image clearly demonstrate how Michelangelo has wisely used the
red pigment present in large portions of the artwork (Vermillion red) to create the desired effect on
St. John’s face.

Fig. 5 – (a) “La Crocefissione”, artwork attributed to Michelangelo Buonarroti, located in Museum of Colle del Duomo, Viterbo (Italy). (b)-(c) RGB
color map of the detail of Saint John’s face under (b) visible and (c) UV illumination, reconstructed on the basis of the collected hyperspectral datasets.
(d)-(e) Reconstructed images of the reflectivity at (d) 500 nm and (e) 700 nm. (f) Composite image of the similarity maps constructed by considering
as the reference spectrum the one in the red mantle (red channel) and the one in the fleshy pink tone of the right hand (green channel). Tolerance value
for both similarity maps has been set to 15 degree (0.26 rad).
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Conclusion
In conclusion, we have introduced an HSI system employing a common-path birefringent
interferometer (CPI) to perform FT imaging. The presented configuration combines the main
advantages of FT spectroscopy, such as high light throughput due to the absence of slits, the
multiplexing advantage and the user-adjustable spectral resolution, with the advantages provided by
the common-path geometry of the employed interferometer, such as exceptional delay accuracy and
insensitivity to vibrations. We have demonstrated that our compact hyperspectral camera is able to
acquire spectral absolute reflectance, transmittance and fluorescence images with broad spectral
coverage and high spectral resolution, which can be further increased by the use of thicker birefringent
plates. The angular field of view (15.4°, set by the f = 25 mm camera lens) can be easily increased by
employing camera lenses with shorter focal lengths and using larger plates to avoid vignette effects.
Thanks to the high interferometric visibility and the throughput offered by our camera the acquisition
time of each frame is as short as 10 ms with low-dose illumination by a 150-W Xenon lamp
(illuminance was about 135 lux in the case of the artwork "La Crocefissione di Viterbo").
Furthermore, the introduced technology can be straightforwardly extended to the short-wavelength
infrared and mid-infrared ranges using suitable detectors and birefringent materials, enabling a broad
range of imaging and sensing applications.
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Abstract
SHAFT (SAT & HUE Adaptive Fine Tuning) is an automated framework for target-based color
correction. A key element of SHFAT, in order to ensure an accurate color reproduction, is an iterative
CIEDE2000 variation comparison between a reference and target image. In this paper we replace the
standard CIEDE2000 with the Euclidean color-difference formula for small–medium color
differences in log-compressed OSA-UCS space (Oleari et al. 2009). Subjective and objective tests do
not show a statistically significative difference in performance between the two formulae but
analyzing the blue areas in the CIE diagram the use of the log-compressed OSA-UCS space may give
better results.
Keywords: Color correction, Targets, Color balance, Euclidean color difference formula in logcompressed OSA-UCS space, Color management
Introduction
The solution to the problem of ‘color correction’ in digital photography is today a crucial step to
ensure an accurate color reproduction in many fields as automotive, fashion, product design, interior
design, fine art, historical architecture, archaeology. Today state-of-the-art divides ‘color correction’
techniques into two general categories: spectral sensitivity-based and color target-based approaches,
as specified by the ISO 17321.12 (ISO, 2012). The spectral sensitivity-based methods connect devicedependent and device-independent color spaces by a linear combination of camera spectral sensitivity
curves and color matching functions. On the other hand, the target-based characterization methods
establish the color relationship according to a set of color patches with available pre-measured
spectral or colorimetric data. Despite their limits (e.g. to be valid only for a lighting geometry, color
target materials and surface structure) these latter achieved a growing success in the last years,
essentially due to their flexibility and easy to use. This large use allowed, in recent years, a sustained
growth of number of researches aimed at improvements of the target-based process. Basically, these
investigations concerned two areas: algorithm efficiency in the calculation of the transformation
between measured CIE XYZ values and captured RGB values; target types (i.e. tables with more
patches, different color of patches, different material of the target patches). However, the number of
researches aiming to improve the technique to measure the distance between CIE XYZ values and
captured RGB values, allowing to find the transformation which minimizes color error in the image
reproduction are a short number, also if researches concerning color-difference formula presents
improvement and in-depth each year. Moreover, the analysis of the correlation between objective
correctness ΔE and subjective visual differences ΔV related to the target-based ‘color correction’
methods are a research field where developments appear limited and relevant visual errors could
appear in the rendered and color corrected images using existing techniques. In practice is skipped
the most important problem in color difference evaluation: the prediction of subjective visual
differences (ΔV) from objective color measurements performed by instruments (ΔE). This requires
reviewing the whole ‘color correction’ validation process to avoid mismatches between ΔE and ΔV.
In this paper we focus on this problem of the error evaluation, which we believe to be crucial to ensure
an efficient color correction process. We experimented a new solution exploiting our color correction
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technique, the so-called SHAFT (SAT & HUE Adaptive Fine Tuning) (Gaiani and Ballabeni, 2018),
an automated framework for target-based ‘color correction’ benchmarked successfully in many and
different use-cases mainly related to the Cultural Heritage as that in (Gaiani and Apollonio, 2019).
SHAFT exploits a set of optimization and enhancement techniques on exposure, contrast, white
balance, hue and saturation for each RGB channel and is based on the ‘color correction’ linear
approach by Bruce Fraser, the so-called Adobe Camera Raw calibration scripts calibration procedure
for successive approximations. The software differs from the original technique for the number and
the types of tests done along the processing pipeline and for the algorithm used to find the best
variation from the original values of the selected parameters (exposure, contrast, white balance, hue
and saturation on each RGB channel). In the SHAFT the optimization process was guided in the
original formulation by an iterative CIEDE2000 variation comparison. In this work is presented a
variation of the framework replacing the CIEDE2000 with the Euclidean color-difference formula for
small–medium color differences in log-compressed OSA-UCS space (Oleari et al. 2009). Tests
results of the new solution using a common reference, the target X-Rite ColorChecker Classic (XCC)
(McCamy et al. 1976) (Fig. 1) are presented showing that a lower number of iterations is required to
reach the same numerical performance. Experiments with users are presented in order to evaluate the
quality of the framework. As final rendered color space we used the sRGB-IEC 61966-2-1 defined
with respect to CIE illuminant D65. Downsides of the sRGB color space (gamma value approximately
of 2.2; colors gamut narrower than the human one, not allowing to display properly saturated colors
such as yellow cadmium and blue cobalt, the color of the patch F3 of the XCC clipped) are well
balanced by the 100% displayability on today's consumer monitors and the full support from the 3D
Graphic API enabling a faithful reproduction of color in 3D applications.

Fig. 1 – The target X-Rite ColorChecker Classic

The color difference formula in target based ‘color characterization’ problem
In evaluating color image capture, there is normally a validation effort aimed at determining goodness
of the color-correction operation. This involves comparing the target colorimetry to that predicted
from the color profile-processed pixel values. Several visual color difference formulas are used to do
this. Their use is not limited to the evaluation of the deviation from the desired capture of color image
information but is part of a calibration function to establish the best possible mapping from camera
RGBs values to device independent XYZs values (or rendered RGB values). The most common
measurement technique is the CIEDE2000 color metric, termed ∆E00, computed for each color patch
in the CIELAB color space given by the CIE in 2000 (Sharma, et al., 2005):
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The CIEDE2000 formula, recommended by CIE mainly for color differences within the range 0-5
CIELAB units (Melgosa et al. 2013), is the improved version of the CIE Euclidean distance measure
in the CIELAB color space. Recent papers show improvement to the CIEDE2000 formula (e.g. by
simple power functions (Huang et al. 2015); or setting SL = 1 (Berns, 2016)), achieving results better
about the agreement with visually perceived color differences. However, the statistical differences
reachable are marginal (Melgosa et al. 2017) and then the original formulation remain the more easily
and reliably usable. Finally, it is important to note that CIEDE2000 has not an associated color space
(Kuehni, 2002) and then, potentially, the use of a more perceptually uniform color space as the OSAUCS system could be a solution allowing major improvement in the visual results of the calculations.
Euclidean color-difference formula for small–medium color differences in log-compressed
OSA-UCS space
The OSA-UCS (Optical Society of America's committee on Uniform Color Scales) is a color order
system developed between the years 1947-1974 from an idea of Judd and the consecutive work of
MacAdam (Oleari, 2004). The intention of the OSA committee was to show equally perceptible
differences between all pairs of adjacent colors and proposed a set of three orthogonal coordinates
(𝐿*%+ , 𝑗, 𝑔) to specify the color samples arranged according the cube-octahedron lattice, which
represent lightness, yellowness and greenness, respectively (Oleari, 2004). The OSA-UCS system is
specified for the CIE 1964 observers and D65 illuminant. The color difference formula developed for
this system, termed Δ𝐸, , was proposed by Oleari et al. 35 years after the original work (Oleari et al.
2009). The formula is Euclidean and defined as follows:
ΔE = /(Δ𝐿, )& + (Δ𝐺, )& + (Δ𝐽, )&
where 𝐿, , 𝐺, , 𝐽, are appropriate transformations of the original coordinates 𝐿*%+ , 𝑔, 𝑗. Lower
complexity than CIEDE2000 and equally good in the prediction of many available empirical datasets
(Huertas et al. 2006) have invited the formula to be tested in the SHAFT framework.
Experimental setup
Image Quality Assessment of color corrected images processed using the two different color spaces
(CIELAB and log-compressed OSA-UCS space) was made exploiting both objective and subjective
methods. For the experiment, our dataset of 22 XCC RAW images described in (Gaiani and Ballabeni,
2018) was used (Fig. 2). The dataset consists of images captured in photo studio, indoor, architectural
scenarios and outdoor environment, where natural light characteristics are extremely complex and
changeable and represent different cases and problems of the ‘color correction’ target-based process.
The objective assessment was done using the following image quality factors:
∆𝐸!! mean excluding the patch F3 which color is outside of the sRGB color space
∆𝐸!! standard deviation without the patch F3 which color is outside of the sRGB color space
∆𝐿!! mean of absolute luminance
Exposure error in f-stops measured by pixel levels of patches B4-E4, using gamma values
measured rather than the standard value for the color space (i.e. in the case of sRGB 2.2)
5. Processing time
6. Number of cycles of the SHAFT algorithm.
1.
2.
3.
4.

The subjective image quality assessment method is based on ISO 20462, of which Part 1 is an
overview of practical psychophysical components (ISO, 2005). In practice, we used the
psychophysical technique of paired comparisons, performing two experiments:
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a. in the first experiment (for preference), two versions of the same image processed in the twocolor spaces were presented along with the original (reference) XCC placed in a box. 19
images of the whole dataset of 22 XCC were presented to the observer.
b. in the second experiment (for accuracy) the image of a single patch with its reference XCC
placed in a box is presented to the observer. A total of 72 patches (36 for each color space)
were presented to the observer. An evaluation of the accuracy of the reproduction of each
color patch using a categorical judgment was requested.
For the first experiment we used a ‘forced-choice’ comparison - 3AFC (three-alternative forced
choice) - displaying both the tests images and reference for a fixed amount of time (15 seconds). After
that, images will disappear from the screen and observers will be asked to choose the image with
higher quality. Observers are always required to choose one image even if both images possess no
difference. There is no time limit for observers to make the decision. We used this approach based on
three items, instead of the most common based on two elements, fundamentally because the triplet
comparison experiment can be judged more quickly than the three separate paired comparisons as
stated in Annex D of the ISO 20462-2 (ISO, 2005).
In the second experiment the subjective assessment was done using a categorical rating with a mean
opinion score techniques applied to a double-stimulus experiment. The observer is asked to rate the
quality of the single patches on an abstract scale containing one of the five categories: excellent, good,
fair, poor, or not worth keeping (Zwick, 1984), furtherly mapped to numbers between 1 and 5. Finally
the Z-score technique is used instead a simple mean opinion score (the arithmetic mean over single
ratings performed by human subjects for the given stimulus) to avoid to have unreliable results, e.g.
caused by the fact that observers are likely to assign different quality scales to each scene and even
distortion types (van Dijk et al. 1995).

Fig. 2 - Dataset of 22 RAW images evaluated

As factors such as display device and lighting condition affect the results of these methods, we used
a set of recommendations for standardized testing methods for subjective image quality assessment
by the International Telecommunications Union in 2008 (https://www.itu.int/rec/T-REC-P.910200804-I). The X-Rite XCC was positioned within a light booth sized 538x310x273 mm built for this
experiment colored as the F4 patch of the XCC. The light sources used are two high-quality LED
Relio2 (https://www.relio.it) illumination devices emitting continuous spectrum light at a CCT of
6500°K, a neutral white with high color rendering, brightness of 40000 lux at 0.25 m, and CRI>95%.
Considering the spread angle of the light beam of about 60°, each Relio2 illuminating the whole target
and is ensured uniformity of illumination. The evaluated images were displayed on a BenQ PhotoVue
Photographer Professional LCD monitor with IPS technology, a 27-inch LED display, in native
resolution of 3840x2160 pixels. The monitor features a resolution of 163 dpi, brightness of 350 nit,
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and color gamut 100% sRGB. During the experiment, the monitor was calibrated daily by an X-Rite
I1 display pro sensor driven by X-Rite software i1Profiler profiling software to D65 and a gamma of
2.2 (measured ∆𝐸!! = 1,8). We increased the peak luminance of the sRGB color space from the
suggested 80 nit to 160 nit to reflect current capabilities of LCD displays rather than an average peak
brightness of a CRT. Also, the spatial uniformity of the monitor was investigated. It was found that
the mean CIELAB color difference for the 12 colors at the nine different paired spatial locations was
0.92, with a maximum of 1.86. This result is quite acceptable considering that the detection threshold
for assessing image difference in previous literature is >2 CIELAB units (Gibson et al. 2000).

Fig. 3 – The experimental environment

Fig. 3 illustrates the experimental setup. The images were assessed by 12 naïve observers who were
confirmed to have normal or corrected to normal vision, following the observation that currently,
researchers on color differences consider that reliable results require at least 10 individual observers,
with a minimum of 3 replications per observer (Liu et al. 2013). The observers were both male and
female between the ages of 26 and 67, with normal color vision, according to the Ishihara test. Prior
to the experiment, all observers were trained to assess image difference using the category judgment
method. After each visual assessment, the gray background was presented for a few seconds so that
the observers recovered from visual adaptation to avoid the afterimage effect before the next visual
assessment. For additional reliability, all observers repeated each experiment three times, but no two
repetitions took place on the same day in order to reduce the learning effect. The whole experiment
took approximately 30 minutes per observer. In order to build the visual presentation and to record
users’ answers, we utilized the Python library PsychoPy, a framework to develop psychophysics
experiments developed by University of Nottingham (https://www.psychopy.org/). The displayed
size of the image was set to real size of the XCC (273 x 192 mm). The two images in a pair had a
separation of about 10 mm and the background was set to the XCC patch F4. The sequence of images
and the position of images on the display (left or right) were randomized. The type of the experiment
(accuracy or preference) was also randomized, however for a given observer it remained constant.
Results and discussion
Table 1 shows the results of the objective test. As shown above, the two approaches based on ΔE00
and ΔEE do not show a statistically significative difference in performance. Error, measured with
ΔE00, ΔC, ΔE94 and ΔL, as well as computational load, measured as processing time and number of
cycles needed to achieve the correction optimization, is comparable. The confidence level to compare
processing time and number of cycles with T-Test was set at 95%.
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ΔE00

ΔEE

Image id

ΔE00

|ΔL|

Exposure
error

_48_R01_

2.93

1.36

0.17

162.00

125

3.33

1.16

0.17

158.00

125

_DSC0134

2.17

1.27

0.08

31.25

125

2.31

1.09

0.08

35.01

125

_DSC0136

2.57

1.21

0.08

32.29

110

3.41

1.12

0.08

36.07

125

_DSC0945

4.39

2.79

0.18

51.00

125

5.23

2.73

0.18

51.01

30

_DSC2118

2.32

1.53

0.04

38.86

125

2.68

1.29

0.03

40.04

125

_DSC2416

2.70

1.50

0.10

37.64

220

2.85

1.30

0.10

36.08

315

_DSC2524

1.80

0.94

0.06

36.05

125

2.04

0.80

0.06

40.14

125

_DSC2801

2.01

0.98

0.06

37.40

220

2.38

0.73

0.06

40.41

220

_DSC2935

3.60

2.36

0.10

39.44

126

3.71

2.13

0.11

39.71

125

_DSC3197

2.51

1.59

0.07

33.21

505

5.47

3.62

0.07

34.24

410

_DSC3630

2.30

1.26

0.09

35.28

505

2.98

1.54

0.09

34.76

410

_DSC6062

2.35

1.62

0.15

37.84

30

2.84

1.45

0.15

40.16

220

_MG_9935

2.60

1.64

0.08

42.01

30

3.26

1.74

0.08

44.71

125

_T4A4626

4.69

4.15

0.08

47.48

30

5.11

4.00

0.08

49.92

125

_T4A4846

2.36

1.20

0.11

48.18

125

5.11

4.00

0.08

50.48

31

_T4A5900

2.73

1.26

0.11

45.27

220

3.00

1.41

0.06

48.49

125

_wb_L5_A

2.33

1.32

0.08

48.00

200

3.00

1.10

0.08

48.00

200

1__200Is

1.98

0.96

0.08

50.00

125

2.24

0.69

0.08

52.44

125

2__200Is

2.46

1.24

0.08

50.73

31

2.84

1.02

0.08

53.39

126

3__200Is

2.20

1.16

0.09

50.11

30

2.78

0.70

0.09

50.01

125

APC_0029

3.70

2.20

0.14

35.13

126

3.86

2.17

0.14

36.32

125

APC_0033

5.42

3.39

0.19

31.45

315

5.93

3.21

0.18

37.69

220

162.41

3.47

1.77

0.10

48.05

167.36

Mean
2.82
1.68
T Test on processing time:
T Test on number of cycles:

Processing
Time

Number of
cycles

ΔE00

0.10
46.39
0.356617002
0.889405395

|ΔL|

Exposure
error

Processing
Time

Number of
cycles

Table 1 – Objective test results

Tables 2-4 show results related to the subjective tests a. and b. In detail, Table 2 illustrates observers’
preferences of two version of the same image processed in the CIELAB and OSA-UCS system color
spaces for the 19 images of XCC.
ΔE00

ΔEE

S1

11

8

S2
S3
S4

10
13
8

9
6
11

S5
S6

10
6

9
13

S7
S8
S9

10
12
10

9
7
9

S10
S11
S12

7
11
12

12
8
7

Total

120

108

Observer

Table 2 – Number of XCC image preferences for each observer

Table 3 presents the mean opinion score in the scale 1-5 of the observers related to the group of single
patches coming from the two different processing corrected with the Z-score technique. Table 4
presents the mean opinion score corrected with the Z-score technique grouped for single patch.
Researches conducted on determining the smallest mean opinion score difference perceptible to users
for digital photographs is approximately 0.46 and is required the 75% of the users to be able to detect
the higher quality image (Katsigiannis et al. 2018).
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Observer

ΔE00

ΔEE

S1

-0.38

-0.50

S2

-0.23

-0.26

S3

-0.39

-0.46

S4

0.56

0.52

S5

0.64

0.66

S6

0.29

-0.16

S7

0.49

0.32

S8

0.17

0.17

S9

0.27

0.02

S10

-0.63

-0.47

S11

0.63

0.91

S12

-0.50

-0.55

Total

0.07

0.02

Patch

ΔE00

ΔEE

A1

-0.24

-0.29

A2

0.29

-0.07

A3

-0.74

-0.71

B3

-0.17

-0.22

C1

-0.56

-0.23

C3

0.17

0.20

D3

0.34

0.27

E2

0.78

0.79

E3

0.71

0.71

Total

0.06

0.05

Table 4 - Mean opinion score corrected with the Z-score technique of all
observers per each patch (36 for each color space)

Table 3 - Mean opinion score corrected with the Z-score technique
per each observer on the 72 patches (36 for each color space)

From these results emerge that no difference appears both in objective and subjective tests between
the use of different color spaces for the ‘color correction’. Moreover, the perceived (ΔV) and
computed (ΔE) color differences are proportional to each other. However, analyzing in-depth areas
in the CIE diagram where colors are compressed (i.e. the blue colors area) the differences between
the color spaces results greater and we can state that the use of the log-compressed OSA-UCS space
could give better results.
Conclusions
In this paper we presented a novel version of SHAFT (SAT & HUE Adaptive Fine Tuning) automated
framework for target-based color correction. The standard CIEDE2000 color difference formula is
replaced with the Euclidean color-difference formula for small–medium color differences in logcompressed OSA-UCS space in the iterative step of variation comparison between a reference and
target image. Results from subjective and objective tests do not show a statistically significative
difference in performance between the two color difference formulae. However, analyzing the blue
areas in the CIE diagram the differences between the two color spaces results greater and the use of
the log-compressed OSA-UCS space may give better results.
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Abstract
The paper presents some preliminary outcomes of a number of research experiences focused on the
one hand on the survey of colour as a specific field of architectural heritage documentation, and on
the other on the representation of colour in digital views. These representations are processed
through rendering software, allowing information to be transferred through digital elaborations able
of rendering the chromatic features of surfaces in photorealistic visions.
Within this survey and representation process, the role of the colour is crucial, mainly regarding the
approach to colour documentation, assessment, elaboration and representation. The novelty regards
the inclusion of this approach within the so-called “survey of the project” as a form of investigation
through sources and documents as a starting point for critical analysis and representation.
Among the main outcomes of this process, it is possible to highlight the digital reconstruction of
buildings that no longer exist or have been deeply modified by interventions that have altered their
original layout and chromatic configuration.
Keywords: Documentation, Survey, Architectural Heritage, Representation, Digital Colour,
Photography.

Introduction
The survey of colour as a specific field of architectural heritage documentation, and the
representation of colour in digital views are part of several research activities - developed within the
authors' research centre focused on documentation, survey, diagnostic investigations and
representation of Modernist Architecture in Latin America. These research activities carried out by
the DIAPReM Centre (Development of Integrated Automatic Procedures for Restoration of
Monuments, Department of Architecture, University of Ferrara), also processed at the educational
level, have led to the development of a methodology called "survey of the project". This procedure
is an "indirect" investigation through available sources and documents as a starting point for critical
analysis and representation in BIM - Building Information Modeling, and photorealistic renderings
of architecture. Among the purposes of analysis, documentation and representation, the
management and reproduction of surface chromatic features is essential in the elaboration of digital
views (Lukac and Plataniotis, 2018).
The paper presents some preliminary outcomes of research experiences focused on the survey of
colour as a specific field of architectural heritage documentation, and specifically on the
representation of colour in digital views. These representations are digitally processed, allowing
information to be transferred through digital and paper elaborations able of rendering the chromatic
features of surfaces of renowned architectures in photorealistic visions.
The paper deepens a sequence of steps, systematized at methodological level, which have led to the
optimization of the representation through the management, correction and digital colour
processing. The creation of digital photographic shootings and the processing of synthetic data
sheets describing surveyed surfaces, their interaction with the environment and related schematic
representations that identify the mapping of dispersions, roughness, deformations and other
characteristics of the material are parts of this process. Up to the use of image corrections, by using
chromatic channels and colour calibration for the transfer of the digital image on paper.
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Project framework and overview
The topic of colour survey and its digital representations has been deepen by the authors in several
research projects related to interdisciplinary areas.
On the one hand, the topic of colour is the focus of in-depth studies concerning in particular the
documentation and survey of historical surfaces and the creation of colour databases useful both for
the intervention on historical surfaces and for the conservation project (Balzani and Maietti, 2010;
Balzani, 2011), up to recent experiences in international contexts (Maietti, 2019). On the other
hand, colour is a research avenue - within digital representation - constantly developed and updated
(Zattini, 2019).
These two areas find a point of blending and connection in the experience of the research on
documentation, analysis and representation of Modernist heritage architecture in Latin America, in
order to collect a database of models as support for different research directions.
Some of these architectures have been survey on site within some project of documentation and 3D
survey developed by the DIAPReM Centre, including colour reliability in image-based 3D
modeling of heritage architectures (Gaiani et al., 2017), others have been investigate by an indirect
process of documentation, analysis, investigation and digital representation.
This research field has led to the development of a methodology based on “indirect” survey, based
on the analysis of the available sources and documents as a starting point for the critical analysis
and representation of architecture: the “survey of the project”.
The methodological process is divided into seven steps: Research and documentation, Survey of the
project, Parametric modelling, Rendering, Scale model, Conceptualization process, Creation of a
conceptual model (Maietti and Zattini, 2019).
Starting from a bibliographic, photographic and iconographic documentation, the building is
analysed by identifying geometric and constructive relationships. The graphic representation starts
from sketches aimed at analysing the main features of the building, including colour features.
As part of the building digital modelling, points of view similar to the photographs of the built
architecture retrieved in the research are set, defining the first rendering drafts. The photorealistic
approach aims to deepen the relationship between volumes and the light and the materials used both
indoors and outdoors. Each material is in fact filed and described both in terms of its physical and
visual-perceptual characteristics.
This part of the research is particularly relevant for the survey of the project focused on Modernist
architectures in Latin America. Part of the process has in fact been applied in order to digitally
reconstruct architectures of the great masters of Modernism that have been demolished or
architectures that have been modified over time, losing their original materials and chromatic
characteristics.
Colour management in architectural representation
The representation of colour through rendering software requires knowledge of the materials of the
analysed architecture, giving a strong critical-analytical value to the whole process. Architectural
surfaces are indeed heterogeneous elements for which it is not possible to render a single colour in a
photorealistic vision and coherent communication of information, representing just a single colour.
For instance, a grey colour related to a concrete material is strongly influenced visually by the
surface finish; if the surface shows traces or grooves of any formwork or if it is porous, there will
be, visually, a different and often heterogeneous perception of the colour itself.
Moreover, when the object of the representation is the architectural heritage, the chromatic
characteristics are strongly influenced by the surface features in terms of state of conservation. The
presence of surface degradation whether this is kept in the graphic works or removed for possible
simulations, requires a basic chromatic reference and the definition of the surface appearance.
Among the main actions necessary for digital colour processing - cognitive phase, processing, and
representation - photographic documentation plays an essential role (Fig. 1), whether it is found in
the documentary material used for the survey of the project or produced on purpose.
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Having the opportunity to make the photographic documentation directly, offers substantial
usefulness, including the possibility to take advantage of suitable lighting and the support of colour
atlases (or maps) for a visual determination of the reference colour.
The approach to colour assessment on photographic documentation found on paper or digital
documents, often in black and white for historical buildings, requires a more critical attitude, where
the main source is a bibliographic search.

Fig. 1 - Above: example of indirect photographic analysis with documentary support relating to the analysis of the building in its context and the used
materials; information then compared with other more recent photographic data (Manitoga house, from National Historic Landmark Nomination,
npgallery.nps.gov, pp. 18, 43). Below: example of exterior rendering with representation of the context and the building, where materials are sourced
by photographic comparison and document analysis of Manitoga house

In the analysis of a "complex" surface, such as a stone floor, tile or wall paneling, a synthetic form
is filled in. This sheet includes a significant area of the reference photograph, the definition of the
material, a description of the surface appearance and a functional description of how the material
interacts within the environment according to the light sources and other nearby materials.
Then, always within the sheet, the map elaborated for the definition of the feature is reported
together with other grayscale maps for the definition of the different surface characteristics, such as
the mapping of dispersions in the case of reflective elements, roughness or possible deformations
(Fig. 2).
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This procedure leads to certain visual and perceptual focuses that are essential for the
representation, through digital software, of the materials (Thompson et al., 2011). The result
expressed in a photorealistic representation will therefore not deviate from the real perception of the
material, thus preserving its formal and chromatic features. The latter in fact are adjusted following
the result obtained, compared with the original photographic data.

Fig. 2 - Example of filing carried out for a material which describes the surface appearance and behaviour within the environment in which it is
placed. Inside the sheet, image elaborations that express the surface aspect, the behaviour of the reflections, the relief factor and any other
characteristics for the management of the material in a 3D environment for rendering and realistic graphic simulation purposes are included

For the adjustment or correction, therefore, a "trial and error" process is applied starting from the
use of the acquired photographic data, corrected from time to time, especially at a chromatic level,
according to the result obtained, by comparing the reference photo with the digital processing of the
same simulated environment. For the correction of the starting chromatic digital data, a
decomposition by elements according to the type of surface is performed, going to isolate, for
instance, wooden boards, tiles or stone inserts. This process of “decomposition” is useful in order to
better understand the interaction between the elements of complex surfaces and to enrich their
information, especially in the definition of the different colour maps (Fig. 3).
A surface as complex as a stone face is then broken down into binding mortar and stone blocks,
allowing the two types of element to be handled separately, cleaning up any shadows or
imperfections. Afterwards, it is possible to make a further distinction even on the single stone
elements, dividing them by shade or even forcing a chromatic variation if the surface on which the
representation work is focused is not acquired by the reference building but by a similar surface in
terms of morphology.
Once the corrections have been made, the image obtained in grayscale is checked for its balance in
terms of contrast with the colour data (Sharma and Bala, 2017). Again, on the basis of grayscale, by
using the subdivision of the compositional elements, it is therefore possible to elaborate the maps
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that concern the mortar rather than the stone elements or both, changing the gradient according to
the intensity of application of the effect.
With regard to simpler surfaces but characterised by reflection effects, such as treated wood or
ceramics, the trial and error procedure is essential in understanding which effect is predominant
compared to the others and for the variation in saturation and contrast of the colours and drawings
as a result of the influence of light. Plastered surfaces, which have a minimum light dispersion
factor, although they are distinguished by a single colour, still contain information that interferes
with the perception of the appearance such as porosity and any deformations given by the substrate.

Fig. 3 - Above: reference photo of the playroom of Frank Lloyd Wright's home and studio in Oak Park (left, A. Abernathy, The Oak Park Home and
Studio of Frank Lloyd Wright, 1988, pp. 24, 25) and rendering of the room modeled in 3D (right). Below: internal view of Manitoga’s studio (left, by
Lilit Marcus, cntraveler.com) and its photorealistic rendering (right) where the realized materials have always taken place on the comparison of the
photographic and documentary data

Fig. 4 - From left to right: reference photo (A. Abernathy, The Oak Park Home and Studio of Frank Lloyd Wright, 1988, p.21), example of mapping
for the material's surface and example of mapping of the glossiness characteristic of the same surface
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Fig. 5 - Example of material management inside Autodesk - 3ds Max, where each graphic component (properly renamed) is applied to one or more
materials, with reference to the specific characteristic

The approach to surfaces featuring significant decorative elements such as frescoes, wall paintings
or graffiti is different. In this case, it is not a decomposition of elements but rather a mapping of the
entire surface concerned. In this way the effects that characterize the surface will be localized only
where they are present (reflections of gold leaf or stucco, relief of edges, differentiated porosity and
so on), proceeding with the chromatic correction always based on the objective verification of the
simulated result (Figure 4). The same order must also be reflected in the management of materials
within the software editor with the correlation of all the maps generated as a result of the perceptual
analysis, previously outlined within the sheets, for the definition of the material properties (Figure
5). Although existing buildings have different characteristics from each other, this procedure allows
to create material libraries related to a specific historical or stylistic period (Gerhard and Harper,
2010), where the material component becomes the basis on which to attribute specific chromatic
information. This rigorousness is crucial when dealing with the built heritage not only for the
representative aspects but also for the appropriate passage of information.

Fig. 6 - Above: black and white photo of the Cuadra San Cristobál complex by Luis Barragan (De Anda Alanis, E. X., Luis Barragán, Clasico del
Silencio, Collecion Somosur, 1989, p. 169) and recoloured photo (Rispa, R., Aguanza, M. J., Barragán, Opera Completa, Logos Impex, 1996),
p.188). Above: frame of the same shot dated 2012 (Jqrstate, Barragán: La Cuadra San Cristobal, YouTube.com, 18 April 2012) and 3D rendering with
colours based on critical analysis of the various photographic representations and historical documentation
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Conclusion
The proposed methodological approach is conceived as an integrated and multifaceted process
according to different levels of knowledge. On the one hand, it is linked to the field of colour
digitization, including colour reproduction and management, digital colour correction, image
processing, photography and artificial vision. On the other hand, it is related to the topic of lighting,
considering steps related to colour rendering, adaptation, constancy and memory of original
chromatic features of analysed architectures.
The topic of architectural syntax is also covered, since the overall research is related to the digital
documentation and conservation of heritage buildings often no longer existing or severely modified
by interventions that have changed their original chromatic pattern (Figure 6) (Carpiceci, Marco,
and Fabio Colonnese, 2014).
The results obtained are managed entirely digitally and consequently all the chromatic changes
processed take place within the RGB additive method, which is the reason why the processed image
is closely related to the hardware support with which it is interfaced and, for this reason, the
comparison between processed data and photographic data is made on the same screen. As a final
step, for the printing of the processed data, the result is checked on paper, calibrating any
corrections on the CMYK subtractive method. Having initially taken care of the entire digitizing
process by comparison, the main corrective operations concern the brightness and contrast of the
image and the saturation of the colours that come too close to the purity of the three channels that
describe the composition in RGB.
This last step is carried out through printing tests on heavy paper with a weight between 120 and
140 grams, in order to increase ink absorption, and a white point sufficient to avoid possible
chromatic alterations. Each print test consists of the print of critical areas of the processed images to
which different corrections of brightness and contrast and saturation are applied, in order to
optimize the final representation.
The research is also an opportunity to open new scenarios and to experiment new digital process to
digitally manage colour features (Nnolim, 2018).
The described procedure leads to a critical approach in the architecture analysis, deepening the
degree of knowledge of the different surfaces. The digital elaborations display a chromatic data
evaluated and interpreted together with information regarding the features of the reference material.
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Abstract
The contribution addresses the definition of a methodological protocol for the documentation and
digitization of mosaic systems in the Basilica of the Nativity in Bethlehem. To obtain a computable
digital model of the mosaic systems, attention is paid to the restitution and discretization of the
chromatic variation of tiles. The sequence of actions carried out describes the technical procedures
from the detection to the definition of a reliable data set to the structuring of three-dimensional
reliable models for manage and evaluate the mosaics.
Keywords: Digitization, Vectorization, 3D Printing, Layers, Byzantine Mosaics, Church of the
Nativity, Bethlehem.
Introduction to the research project
The research project intends to define the analysis criteria for the digital documentation of
polychrome mosaic devices. The study of digital technologies and image acquisition tools, to define
reliable graphic models and drawings, has focused attention on the chromatic qualities of the
mosaic system. The chromatic difference of each tile generates the drawing. So the disposition of
the tiles follows a division into homogeneously colored areas, intending to create chromatic effects
functional to describe the scene, concerning the distance from the observer's point of view. The
mosaics differ according to the type of decorative apparatus and the texture that propose. The
geometric construction of the composition varies according to the different decorative typologies
and the different texture solutions presented.

Fig. 1 - Different geometry and pattern in a floor mosaic. In red the white external part, in blue the decorative mosaic tiles.

The texture can be geometric or organic, depending on the space distribution modules and the
characterizations of the ornament. It could be also figurative if it proposes scenes and settings that
include the insertion of specific figures and places. In these configurations, the articulations of
colors vary to define the three-dimensionality of the image or to suggest chiaroscuro effects.
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These tonal variations could imply a very rich chromatic offer within the same mosaic complex,
which also becomes necessary to summarize according to the types of tiles and materials used.
Concerning these differences, the current detection techniques intend to define the most appropriate
methods for matching each tile or portion of the mosaic with a decisive graphic simplification for
the determination of a color scheme map.

Fig. 2 - Photogrammetry output: dense point cloud (right) and textured model (left). Photogrammetry was the most important documentation way for
the analysis of mosaic tiles colors and pattern.

Digital color detection in mosaic systems
The complexity of the mosaic, expressed in a variety of representative scale, relates the individual
tile, the infinitesimal element of the graphic apparatus, to the spatiality and environmental quality of
the whole.
A simplified reading of the figure-background relationship, full-empty, is followed by a deeper
cognitive analysis functional to conservation practices, which concerns a micrometric
characterization of the descriptive apparatuses. A survey of a mosaic system, conducted with digital
technologies and aimed at knowing each tile from a morphological point of view, must, therefore,
aim at several purposes: to archive the morphometric qualities of the complex, including individual
imperfections, alterations and deformations; describe the characteristics of each tile in the
composition; simplify and thematize the chromatic qualities to categorize tiles concerning their
positioning.
Depending on the different colors, each tile occupies a position and an orientation. Wall mosaics
tiles can have different inclinations, to allow the reflection of light and amplify the brightness of the
drawing. Generally, this occurs in the most precious mosaics and the inclination of the single wall
tile varies according to the abscissas, depending on the windows position and so on the direction of
the light. An accurate survey must, therefore, be able to communicate exactly the different
inclination of each tile, with a level of detail comparable to a 4:1 scale.
documentation way for the analysis of mosaic tiles colors and pattern
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Fig. SEQ Fig. \* ARABIC 3 - digitalization of a mosaic. The partition into colours help to appreciate the design of the mosaic
Fig. 3 - digitalization of a mosaic. The partition into colours help to appreciate the design of the mosaic.

This zoom could imply a loss of orientation concerning the general composition of the work, but it
is precisely in this possibility of reading the detail that the advantages of digital technologies reside,
which still manage to guarantee a change of scale ensuring the overall view.
Today the detection activities allow us to postpone the problem of reading the detail to a postproduction phase. Specific procedures enable to work in the data acquisition phase focusing on a
simpler scale, that consider only the general descriptive apparatus. Photo acquisition or laser
scanner detection campaigns are designed for the simple purpose of "covering" the mosaic surface
and obtaining its digital duplicate. The database produced contains all the information necessary to
make a functional critical synthesis. Through the postproduction could be defined an effective
documentation system for the management, conservation, and enhancement of the mosaic.
The mosaic system of the Basilica of the Nativity and its color
At the time of its construction, the interior of the Basilica was completely covered with mosaic
decorations. On the wall there was mosaic for a total of about two thousand square meters, of which
almost 200 remain today. The floor was covered of mosaics for the entire area up to the Cave of the
Nativity but during the centuries was partially covered and it remains below the current floor
(Bagatti, 1952; De Girolamo, 2017). The original flooring of the Constantinian era was then
brought to light with the will to document it. The floor mosaic, although fragmented, maintains an
integrity that allows us to read and appreciate the complexity of the original design.
The mosaic consists of six portions different in size, spacing, and shape of the tiles and graphic
content. This narrative heterogeneity corresponds to the chromatic choices of tiles composition:
from the black and white duotone of the frames (Portions C and F), to the shades of blue and pink
of the greeks (Portions D and E), to the polychromies of the fruits and leaves, which restore depth to
the elements (Portions A, B, and D).
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Fig. 4 - Distribution of the mosaics inside the Nativity Church. On the left, some images for describe the restoration project and the final view

The color scheme of the mosaic tiles goes hand in hand with the chosen material and their size. In
animal figures the need to highlight three-dimensionality or movement finds a solution in a
compositional richness. Dense positioning of tiles of variable and very reduced size, compared to
the size of the tiles used for the perimeter white carpet parts, increases the effect of deepness. To
represent such dynamism and depth even in the smallest figures, it is necessary determinate
precision even in the details of animal’s muzzle or angels faces.

Fig. 5 - From the photo set to the vectorialization of the mosaic tiles.

In the floor mosaics tiles have dimensionally different cuts, according to the compositional function
that they take as a geometric frame, background, or subject of the design. The black and white tiles,
mainly used in the first two modes, are the largest, reaching up to 1.5 cm in size on each side. Being
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conceived as a two-dimensional work, three-dimensionality is given by the management of the
colors used to compose the images and the reflected light. Wall mosaic tiles instead have an
inclination variable respect the horizontal line (up to 30°). This is obtained with a different laying of
the bedding mortar, and the light assumes significant importance. The study of light becomes
fundamental for visual representation; the choice of colors and the arrangement of the tiles
determine the different reflections produced in the environment (Doria, Picchio, 2020).
The documentation activities of the Nativity mosaics took place in two different moments,
depending on the development of the restoration site: the wall mosaics was analyzed and
documented in 2013 and the floor mosaics in 2019. The detection operations carried out with laser
scanner1 and photographic shooting2, have seen the definition and application on the mosaic surface
of a grid. This one allowed a return as precise and reliable as possible in metric and colorimetric
terms. The mosaic decorations were then divided into 15, 30, or 45 cm square shape based on the
complexity of tiles to be documented.

Fig. 6 - Point Cloud from TSL and Photogrammetry they were fundamental for analyzing the inclinations of the soil and walls.

From the survey to the digital restitution of the mosaic’s colors
The objective of the graphic restitution operations is to obtain a reliable and realistic document
database from which you can quickly calculate the totality of tiles to be able to read the decoration
with the architectural structure. The digital restitution of the entire mosaic surface was carried out
by orthorectification and union of the photographic images and their vectorial redrawing. These
processes required discretization of the mosaic system, based on color simplification.
The mosaic tiles are characterized with colors according to the general drawing that allowed us to
Fig. SEQ Fig. \* ARABIC 5 - From the photo set to the vectorialization of the mosaic tiles.
operate following the
chromatic characterization. The different shades had to be kept separate in
each digitization process, in order to calculate how many tiles, belong to, reconstructing correctly
the digital drawing.
The post-production of the images (Parrinello, La Placa, 2019) allowed to proceed with the semiautomatic vectorization. Drawing lines are carried out by colors and managed by layer,
schematizing the shades perceivable in macro-groups of colors.
The vector digitalization process does not allow to fully grasp the chromatic nuances. The shades
vary according to the original or restoration materials, the state of conservation and the irregularity
of the tiles.

1

Through the use of TLS technologies, it was possible to obtain a topological survey of the morphology of the mosaics
in order to reduce the target assignment error compared to a direct survey, and with which it was possible to check the
geometry of the individual portions of mosaic. The Laser Scanner used is a FARO FOCUS S 150 of CAM2, with a
range of 150 m for scanning and precision up to ± 1mm at a distance, color overlay for HD photos and 4X color scans,
in color, with times of 8 minutes at scan.
2
SONY alpha 6000 camera, set to 24mm fixed focal length, ISO to 100 and times varying from 1/5 "to 2" and
incandescent white balance and Canon EOS 77D fixed focal length 18mm camera. ISO at 150 and variable times up to
2.5 ", made possible thanks to the use of a tripod, with incandescent white balance. The photographs were taken
vertically with respect to the mosaic, in duplicate (with numbering and without numbering of the grid box), also
including the side panels for a control overlay.
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Fig. 7 - Documentation process (right to left): dense point cloud from photogrammetry, mesh model, textured model and orthoimage to start with the
post-production phase. The vectorialization of the tiles it is what allows their computation.

Synthesize the different gradations perceived and assign each one a corresponding reference colorcoded is therefore a fundamental step in the process.
The colors identified lead to a simplification of the real colors, but ideally return the drawing,
respecting chromatic scales and shades.
The vectorial restitution was then carried out by organizing the different methodological phases for
separate colors. Each photographic image (or portion of the photo-plan) has been calibrated,
highlighting a precise color scheme from time to time. The result of this operation, managed on
Adobe Illustrator, allowed to reach a semiautomatic vector reproduction, otherwise not evaluable
(Parrinello, La Placa, 2019).
The vector files of the various mosaic surfaces are also used for the enhancement and the renewed
possibility of evaluating the heritage. The two-dimensional restitution made it possible to define a
digital three-dimensional model that adds information on the differences in the height of the floor
surface, reproducing the real arrangement of the tiles on it.
Following the analysis and synthesis operations, the digital reproduction of each mosaic decoration
is made up of a series of layers, different only in terms of color quality. The vector file structured in
this way allowed us to experiment with the production of a concrete three-dimensional model on a
Fig. - Documentation process (right to left): dense point cloud from photogrammetry, mesh model, textured model and orthoimage to start with the
post-production phase. The vectorialization of the tiles it is what allows their computation

Fig. 8 - 3D pinted model of a mosaic portion. each color is rendered with different depths in the 3D prints.
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wooden and plexiglass support. In the mosaic composition it is the chromatic variation, in addition
to the arrangement of tiles, that generates the image, therefore it could not be ignored when
operating for its return.
The generated model reproduces a portion of the mosaic A in 1:1 scale, with a technique that allows
the reading of tiles, in geometric and chromatic terms. The individual elements do not emerge but
are engraved on the two different supports with a depth that increases in a way proportional to the
hue of the layer to which they belong.
The tangible result is that the white tile corresponds to a slightly superficial incision, while the
black tile has a depth of more than 5 mm.

Fig. 10 - 3D tiles model. The terrain was managed from the point cloud.

Fig. 9 - Modeling images that highlight the soil trend and the differentiation of each tile based on their true detected shape.
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Abstract
A procedural approach for the 3D reconstruction of coursed masonries from rectified RGB images
is discussed. Edge detection and vector delineation of brick joints are followed by a phase of brick
clustering for masonry classification and depth modeling of the wall. Masonries falling under 3
types of brick arrangement are correctly recognized and reconstructed. The approach is tested on
several images of real masonry walls and it is effective on masonries characterized by the presence
of bricks of a single format.
Keywords: masonry digital reconstruction, masonry delineation, raster to vector, edge detection.

1. Introduction
1.1 Background
Procedural modeling of the city ranges from the digital reconstruction of entire districts to the
production of single building models (Zhu et al., 2016). From the analysis of avaliable studies about
digital reconstruction of urban areas by algorithmic procedures (Musialski et al., 2013) and
automated as-built modelling (Pətrəucean et al., 2015) can be assessed that methods that use images
and point clouds for the recognition and modeling of architectural features are of great interest and
in continuous development. The automation of this parametric modeling process of architecture
from in-site survey materials is furthermore a very active field in the present-day scientific research
(Czerniawski and Leite, 2020).
Morphology of building walls can be very complex, especially in heritage buildings, and several
techniques can be implemented to extract adequate information to classify and model its underlying
structure. Image-based delineation of masonry, in particular, relies on edge detection to identify key
areas of the wall structure: firstly, the regions where gaps between bricks lie. This is a critical step
for the classification process of masonry morphology as it allows the segmentation of single bricks,
but the subsequent 3D modeling phase also requires investigation as it allows to obtain a full
reconstruction of the asset.
1.2 Literature review
Edge detection is a commonly employed technique for masonry delineation. Canny algorithm
(Canny, 1986) and the 2D continuous wavelet transform (Valero, Forster, et al., 2019) both show
good results in the research of objects contours in raster images.
Among the several procedural approaches to delineation of heritage masonries, Valero et. al
proceed to detection of rubble masonries the by means of colored point clouds (Valero, Bosché, et
al., 2019). Detection of visible defects of the brick apparatus and the implementation of the results
on a BIM platform by means of false-color textures is also addressed (Valero et al., 2018).
Cappellini et al., moreover, propose a procedural solution to model roman masonry starting from
photogrammetric surveying. The modeling procedure recreates in a 3D environment the wall
texture, but doesn’t respect the actual position of single stone blocks. The authors express, indeed,
the necessity to link the modeled geometry to points and edges of the original masonry to refine the
results (Cappellini et al., 2013).
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Color-based recognition and delineation is moreover a path followed by some authors. Kim et al.
uses a color-based approach to detect concrete walls in construction sites using machine learning
techniques (Kim, Son and Kim, 2012) while an approach based on the use of Hue, Saturation and
Value channels to delineate masonry structures in proposed by Sithole et al. and produces
promising results also on non-periodic masonries (Sithole, 2008).
Furthermore, the issue of classification of masonry images is addressed by some authors. Oses et al.
investigate the applicability of classification techniques to several masonry structures. The study
presents the several classification methods falling in the supervised learning, a technique that solves
the issue of sorting input data under prefixed categories. (Oses, Dornaika and Moujahid, 2014).
Despite the results of the studies on raster delineation of masonry, seldom the three-dimensional
reconstruction of building wall features is addressed by researchers. A pixel to voxel conversion is
indeed performed by Tiberti and Milani to construct FEM models for structural analysis, but the
procedure starts from binary sketches of non-periodic historical masonry and not from actual survey
materials (Tiberti and Milani, 2019).
1.3 Scope
This paper focuses on automated detection from images and transposition to parametric model of
coursed masonries. An image-based approach to vectorization of wall textures characterized by
horizontal rows is outlined and tested on several masonry samples. Python programming language
is selected, due to its flexibility and effectiveness, for the coding tasks to reach the automation of
the process.
The work specifically aims to digitally reconstruct masonry walls by only basing on rectified
images. The approach proposed by the authors firstly seeks the achievement of a vector
representation of each brick in compliance with the real wall texture. The second purpose, seldom
addressed in literature before, is to create an automatic workflow for three-dimensional modelling
of the analyzed masonry basing on the actual brick arrangement. The approach seeks to be effective
on coursed masonries composed by bricks of a single format. Segmentation and three-dimensional
reconstruction of single bricks is tested on several masonry images to verify the strength of the
proposed workflow to the unpredictable conditions that can occur when dealing with real
masonries. The Classification tree method is implemented to recognize 3 types of masonry.
2. Methodology
The proposed methodology relies on the integration of Canny algorithm with a clustering process to
classify masonry morphology from raster images and transpose it to a three-dimensional vector
geometry. Investigated masonries are characterized by a single brick format and classified in 3
types depending on the arrangement of the bricks (Fig.1). Calibration of the Canny algorithm to
masonry recognition application is indeed performed and integrated with a multi-channel
investigation of the source image. RGB and HSV representations of the image are processed
iteratively throughout the algorithm to obtain a reliable localization of brick joints as closed
contours (Fig.2). The issue of automated transposition of detected geometries from raster to vector
environment is addressed in the study by assessing the orientation of each brick of the wall texture
on the basis of the area value of its detected contour.

Fig. 1 - Block diagram of the workflow employed in the study.
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Fig. 2 - From top to bottom: Source RGB image, Hue, Saturation and Value Channels, Canny algorithm output, Delineated masonry
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In order to provide wide applicability to the proposed workflow, images represented in the RGB
color space, the most common representation found when dealing with survey material, are chosen
as source data. The automated conversion to HSV is then integrated in the masonry delineation
process (Jain, 1989) (Krstinic, Stipanicev and Jakovcevic, 2009) to improve detection and
segmentation performance. HSV color space is very common in image-based object detection and
segmentation (Chang and Liu, 2004) (Maldonado-Bascón et al., 2007) (Kim, Son and Kim, 2012)
due to its reliability and invariance to illumination levels (Wesolkowski, 1999), avoiding the
deterioration of color values typical of RGB images under illumination changes (Bascle, Olivier and
Lemaire, 2006).
The RGB image and the three channels of the HSV representation are subjected to the edge
detection phase. The image that allows the detection of the largest number of closed contours
undergoes the subsequent phases. For the edge detection, Gaussian blur is calibrated for the specific
task of masonry delineation as the input image is automatically scaled to a specific dimension when
introduced in the algorithm. Thresholds of the Canny algorithm are calibrated on several masonry
cases to offer a meaningful outcome for the delineation task, still not creating too much noisy
contours. The multichannel approach, moreover, enables to discard noisier results of the edge
detection phase. Once obtained a representation of brick edges, the presence of horizontal joints is
investigated first in an automated way. Seeking the densification of horizontal or sub horizontal
edges, straight horizontal lines are generated to delineate the joints. UV coordinates of horizontal
lines actually give a vector representation of detected joints. As a second step of the algorithm, a
mask is applied to the binary image of the edges to hide regions of horizontal joints. Vertical joints
are then detected seeking densification of vertical or sub vertical edges. UV coordinates of vertical
joints are extracted and used to delineate vertical straight segments in compliance with previously
delineated horizontal lines.
Key intersections between horizontal and vertical joints are then identified and used for the
reconstruction of brick faces by means of mesh geometries. A first phase of brick recognition and a
second phase of classification of the whole masonry are performed before the depth reconstruction
of the investigated wall.
Area values of brick contours are therefore calculated in order to evaluate the orientation of each
brick in the wall texture for the classification phase. A stage of outlier detection is performed to
investigate the presence of anomalous values due to local delineation failure of brick contours. This
phase allows to remove from the dataset bricks that show a contour area significantly different from
the majority of the data. Anomalous bricks retrieved from the analysis are due to probable zones of
masonry deterioration or poor joints delineation.
An approach based on data clustering is implemented for the recognition of bricks with faces of
different dimensions exposed. Mean shift clustering algorithm is then used to separate bricks
oriented with the front face in sight from side-facing ones, relying on the area value of their
respective contours (Fig. 3). Front-facing bricks, indeed, show a lower value of the contour area,
while side-facing bricks are characterized by a higher value of the contour area. The choice of mean
shift clustering algorithm is based on its capability of estimating the number of clusters directly
from the dataset. Other clustering algorithms, indeed, request the user to manually specify the
number of clusters to look for in the dataset. Masonries investigated in this study, though, range
from the Type A, in which a single cluster of bricks occurs, to the Type B and C, in which two
clusters occur (Fig. 2). The intervention of an operator that specifies the number of clusters on each
run of the algorithm is unfeasible to obtain an automated process, although it can be avoided using
the mean shift algorithm. The chosen approach appears also meaningful if the possibility to expand
this workflow to masonry walls with more than one brick format is considered. More than two
clusters would indeed occur in that case. The decision tree method is then implemented to classify
the bricks arrangement from area values and number of clusters. Brick occurrence is used as a
decision criterion to classify masonry images between the three types of brick arrangement shown
in Figure 2. The presence of a single cluster indicates the occurrence of the Type A. The presence of
Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVIB

ISBN 978-88-99513-13-9

XVI Color Conference, Bergamo 2020

47

2 clusters denotes instead the Types B and C and the ratio between front-facing and side-facing
bricks is considered as a decision criterion between the two. Front facing bricks in Type C, indeed,
approximatively doubles the number of side facing ones, while the count of brick occurrences is
proportional in Type B.

Fig. 3 - Brick clustering and outlier removal (grey bricks) for masonry classification and mesh reconstruction. Above: bricks belonging to different
clusters are shown in different colours. Below: scatter plots of the area values of non-anomalous bricks undergo the clustering process.

UV coordinates of key points of the delineated brick contours are finally transposed into Cartesian
coordinates to obtain a vector representation and used to create 3D mesh geometries of the bricks of
the investigated wall, in accordance with the masonry type. The final transposition is performed by
automatically saving the mesh geometries to a DXF file, a format amenable to the majority of 3D
modeling software.
3. Results and Discussion
The proposed workflow is tested on several images of real masonries with different illumination
levels and chromatic differences of the bricks. While the horizontal joints detection demonstrates
quite robust, a high level of noise on the bricks surface may lead to fuzzy contours and eventually to
the detection and delineation of false vertical joints. This is the main cause of the undersized bricks
in wall reconstructions shown above (Fig. 3). The oversized bricks are instead due to inconsistent
vertical joints or to local bad response to the edge detection process. Anomalies of both types,
however, are removed from the dataset within the outlier removal phase and don’t affect the
clustering and classification phases.
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Although results of the experimentations show an overall good accuracy in the reconstruction of the
masonries represented in the tested images and the few anomalies are due to local edge detection
inaccuracy and poor contour definition, the workflow is reliably applicable only to masonry walls
with a single brick format. Application to masonries with more than one brick format doesn’t
completely prevent the 3D reconstruction, but it leads to the creation of bricks with unrealistic
dimensions (Fig. 4)
The classification and 3D reconstruction method, even if shows room for improvement and further
calibration of the algorithm, offers encouraging results for the possibility to generate a detailed
reconstruction, although an inferred one, of the masonry interior structure (Fig. 4).

Fig. 4 - Detail of a 3D reconstruction (some bricks have been removed to show masonry interior).

One of the limits of this approach is that a feasible reconstruction of the masonry depth is achieved
only in walls that feature bricks of the same dimension and only three types of masonry are
recognized. Future improvements will address the expansion of the suitability of this method to
more complex wall textures and the improvement of the decision criteria in order to make them
effective for additional brick arrangements.
Conclusion
A workflow for the automated delineation and 3D reconstruction of periodic coursed masonries
from survey images is proposed and tested on several images of real coursed masonries. Python
environment is chosen for the coding task in order to provide automation to the process. RGB
source images are transformed in the HSV color representation to the Canny algorithm for the first
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detection of bricks edges. The binary image of the edges is used to extract the brick contours. In
order to obtain a vector representation of the masonry, the UV coordinates of edges of horizontal
brick joints are firstly detected and delineated from the contours. Vertical joints are detected in a
second step and added to the previous, in compliance with the detected height of each row of bricks.
Intersection points between lines allow to delineate the contours of each brick. The area value of
each closed contour is calculated in order to classify and reconstruct the masonry structure. Mean
shift clustering algorithm is used to sort contours of front-facing bricks from contours of side-facing
ones. The amount of detected clusters and the number of occurrences of front-facing and sidefacing bricks allows to classify each analyzed masonry under one of the 3 categories investigated in
this work. A 3D mesh reconstruction of the masonry is finally performed and the geometric model
is saved to a DXF file.
The results obtained in the study can be applied to orthophotos, obtained through a process of
digital survey (i.e. Structure from Motion), to establish a direct link between the image and the
featured reconstructed geometry. Practical applications of this procedure can also be found in the
automated BIM modeling process for the 3D reconstruction of buildings from survey material and
in the automated FEM modeling of masonry structures, as it can provide a detailed model of
masonry morphology.
Future work should consist of further experimentation on different and more complex masonry
structures to achieve results of wider applicability.
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3. Colour and Lighting
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Abstract
The use of colors on building façades is surely one of the aspects characterizing the urban space.
Depending on the architectural culture, it can have a more or less relevant impact in determining the
aspect of the cities, being sometimes an identity mark of the architectural culture: This is the case of
the use of the azulejos in the Portuguese buildings. The chromatic characteristics of the building
façades have a crucial role not only from an aesthetical point of view, but also from a technological
one. They are responsible for the radiative thermal exchange mechanism, contributing in the general
energetic balance of the envelope.
The paper analyzes four typologies of azulejos, underlining the connection between the chromatic
composition of the decorative pattern and the corresponding optical behavior. For each selected
typology the used colors were identified, spectral reflectance values were measured and the
corresponding total reflectance and CIE L*a*b* coordinates under the D65 illuminant were obtained.
Finally, for each tile the percentage area covered by each color was calculated, in order to define the
chromatic composition of the façade in quantitative terms. In this way it was possible to evaluate the
reflectance of the façade, useful for simulation purposes, calculating it as the weighted average (based
on the covered area) of the reflectance values corresponding to the identified colors.
Keywords: azulejos, building envelope, colors of façades, spectral measurements.

Introduction
The building envelope represents the interface between the indoor and outdoor architectural space.
As a consequence, it has a crucial role from both an aesthetical and a technological point of view: on
one hand the shape and the appearance of the envelope determine the way the building interacts with
the urban space; on the other hand its physical characteristics are fundamental in regulating the
energetic exchanges between indoor and outdoor environment. Even though these exchanges are
influenced by the entire stratigraphy of the building skin, the outside finishing layer (i.e. the one
responsible for the aesthetical appearance of the façade) has a crucial role, since it is responsible for
the radiative mechanism of thermal exchange.
After all, the relationship between the choice of outside finishing materials and the climatic
characteristics of a location is undeniable. One classical example in this sense is represented by the
white Mediterranean houses, where the use of high-reflective finishing materials allows the
absorption of solar radiation to be reduced and the thermal flux from outside to inside to be limited
during the hot season. Moreover, it must be underlined that in the modern architecture, the current
attention to the bioclimatic design and to the reduction of energy consumptions, has straightened the
attention to the study of reflectance properties of the building envelope. In this sense a crucial topic
is the use of the so-called cool coating, i.e. high reflective covering material absorbing less solar
radiation than the traditional one, thanks to their selective absorption and reflection behavior (Pisello,
2017). For example, the application of these materials (especially on roofs) can be an effective
strategy to reduce the problem of the urban heat islands (Santamouris, 2014). Moreover, previous
studies demonstrated that the characteristics of the finishing layer of the envelope can have an
interesting impact on the energy requirements of the buildings (Ascione et al. 2010), that relevant
summer energy savings can be obtained both in school (Synnefa et al. 2012) and in commercial
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applications (Levinson et al. 2010) and that the use of cool materials can improve the energy
efficiency of existing buildings as well (Marino et al., 2015).
So, the selection of outside finishing materials must account for different needs: on one hand the
aesthetical values, i.e. the way the façade offers itself to the urban space, defined by the chromatic
and optical characteristics of the materials; on the other hand, the thermal performance. Of course,
the two aspects are strictly interconnected. This interconnection is particularly complicated when the
outside layer is characterized by materials with a not uniform finishing, for example ceramic painted
tiles. Looking at Fig. 1.a, it is obvious that the white and the blue parts of the tile will be characterized
by different reflectance values, but what is the reflectance value to be assumed for the entire tile and
consequently for the entire façade?
For these specific cases, another aspect that must be underlined is that there is a substantial difference
between the light physically reflected by a surface and the brightness sensation a person perceives
when looking at the surface itself. This means that comparing two materials characterized by the same
hue and by a lightness one the double of the other, the corresponding reflectance values will be not
one the double of the other. Of course, the decorative process is driven by aesthetical needs and the
choice of colors is based on a perceptive mechanism, influenced by the evaluation of how much a
color appears brilliant and not on how much light is physically reflected (even if the two aspects are
connected). So, the decorative choices have an impact on the energetical behavior of the façade, and
it is important to assess the consequent implications.
Characterizing the way such a façade reflects light and in general radiation is not easy, but this
information is fundamental when performing building simulation analyses. For this purpose,
Mardaljevic et al. (2015) proposed to define the reflectance values of such surfaces based on the
analysis of High Dynamic Range (HDR) images obtained by means of CCD cameras, by analyzing
measured luminance and illuminance values. In another study, (Blanco Cadena et al. 2019), the
analysis of the HDR images is based on a per-pixel reflectivity evaluation to easily acquire an
approximate value of the surface visible reflectance, by knowing the total amount of pixel of the
image.
The paper is a first step of a research project aimed at evaluating the reflectance of the building
materials characterized by a non-uniform finishing. For this purpose, a specific case study was
selected: the azulejos used to cover the facades of Portuguese buildings.
The azulejo is a square clay tile (14·14 cm or 15·15 cm). Its rear surface is porous and not treated to
make easier the application on the façade; whereas the front one is shiny and decorated by means of
vivid colors. The introduction of the azulejo art in Portugal is traditionally dated between the end of
XV and the beginning of XVI century, when king Manuel I of Portugal decided to decorate the real
palace, currently known as Palàcio Nacional de Sintra, according to the style of the Andalusian
palaces. From that moment on, the art of the azulejos spread more and more, increasing its original
figurative language. New decorative schemes, such as zoomorphic and phytomorphic themes were
added to the original geometrical models typical of the Moresque style, originally acquired by the
Andalusian artisans (Nery, 2007). From the half of the XIX century the introduction of industrial
production processes allowed the realization of azulejos on a large scale, introducing new formats
(rectangular or more complex shapes), but the use of the traditional square tile has not been
abandoned. So, the use of this decorative process became very spread not only for building façade,
but also for floors and interior walls in churches and palaces. Contemporaneous artists have recently
proposed again this traditional element in their artworks. Nowadays, several manufactories produce
modern azulejos, some of them with a handcraft production process. The decorative technique of the
most spread azulejos is based on the repetition of simple geometrical or organic shapes composed
together to determine complex drawings. Sometimes the most complex obtainable pattern can be read
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on the single tile (see Fig. 1.c and 1.g). Other times the decoration of the single azulejo is studied so
that the combination of the tiles one next to the other, obtaining squares gradually bigger, defines
more complex drawings (see for example Fig. 1a and 1.e).
In this study, four typologies of azulejos were chosen and examined. For each selected typology the
used colors were identified, the curves of spectral reflectance corresponding to each one of them were
measured by means of a Konica Minolta CM2600d spectrophotometer and the corresponding total
reflectance and the CIE L*a*b* coordinates under the D65 illuminant were obtained. Finally, for each
tile the percentage area covered by each color was calculated, in order to define the chromatic
composition of the façade in quantitative terms. In this way it was possible to evaluate the reflectance
of the façades made by the selected azulejos, calculating them as the weighted average (based on the
covered area) of the reflectance corresponding to the identified colors.
Method
The four different types of hand-made decorated azulejos are represented in Fig. 1. They will be
indicated from now on as T1, T2, T3 and T4. The choice of these samples was driven by the will to
analyze models realized in different colors and characterized by different geometrical compositions.

Fig. 1: Analyzed tile typology: only 1 tile (a, b, c, d) and composition of 9 tiles (e, f, g, h)

As it can be seen in Table 1, all the chosen types, except T2, measures 14∙14 cm. The analyzed tiles
present 2, 3 or 4 different colors and, excluding T3 (for which the complete drawing is completely
represented in only one tile) for each analyzed typology the combination of 4 azulejos allows
obtaining more complex geometries (see Fig.1).
For all four of the azulejos spectral reflectance corresponding to each color was measured by means
of a Konica Minolta CM-2600d spectrophotometer. Due to the handmade decorating process, colors
were applied on the tiles by means of brushes. Spectral reflectance was measured in three points for
each color of each tile. The spectroradiometer provides reflectance with specular component included
and excluded, allowing the specular component to be evaluated as difference between them. Then,
starting from spectral data, total reflectance and L*a*b* coordinates were inferred. For this purpose,
considering that the façades are lit by daylight, the D65 illuminant was used. Then, by means of a
CAD software, the area covered by each color in each tile was calculated and expressed as a
percentage of the total area of the tile. In this way it has been possible to identify the dominant colors
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for each analyzed typology. These values were used to calculate an average reflectance referred to
the entire tile, obtained by weighing the reflectance of each color for the area it covers.
It must be underlined that the measured reflectance values are referred to the spectral range of the
used instrument, i.e. 360-740 nm. In order to have a more precise idea of the radiative behavior of the
analyzed materials, the reflectance referred to the entire solar spectral field should be analyzed. The
difference between these two values, can be more or less similar depending on the analyzed colors as
demonstrated by Schabbach et al. (2018). They measured thermal and optical properties of colored
ceramic tiles used for roofs in Brazil and found that, on 19 analyzed samples, for 10 of them the
difference was lower or equal than 10% and for the others higher and reaching at most 19%.
Specifically, for some colors like ivory, light ivory and light beige the two reflectance values were
very similar (maximum difference 4%), whereas the maximum shift was observed for light and dark
brown.
Table 1: Characteristics of the analyzed samples

Typology of
tile
T1
T2
T3
T4

Dimensions
14∙14 cm
15∙15 cm
14∙14 cm
14∙14 cm

N° of modules necessary to
obtain the complete geometry
4
4
1
4

N° of colors

Colors

2
4
3
4

White, Blue
Bordeaux, Yellow, White, Green
Blue, Brown, Beige
Bordeaux, White, Green, Black

Results
In some of the following graphs each analyzed chromatic sample will be indicated by means of an
acronym composed of letters corresponding to the tile typology (T1, T2, T3 and T4), to the first letters
of the color (W-White, B-Blue, Bo-Bordeaux, G-green, Y-Yellow, Be-Beige, Br-Brown, Bl-Black)
and to a number (1, 2 and 3) indicating the sample. For example, T1.B.2 is the second analyzed
sample related to blue color, measured in T1 tile.

Fig. 2: Spectral reflectance of each measured sample
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As it can be observed in Fig. 2 for such colors the obtained spectral reflectance curves are quite
coincident for mostof the measured samples, whereas others (blue in T1, green in T2 and T4, yellow
in T2 and bordeaux in T4) present a similar trend, but are distant one from each other, meaning that
even if the hue is similar some sample are brighter than the others. Of course, this is confirmed by
the analysis of the total reflectance reported in Fig. 3. For example, the 1.B.3 has a reflectance 6-7%
higher compared with the T1.B.1 and the T1.B.2 (Type 1 in Fig. 2) and the T4.G.3. reflectance is 8%
higher than the T4.G.1 and 5% higher than the T4.G.2. As it can be inferred from Fig. 3 the reflection
specular component of the tiles is never lower than 2% and never higher than 6%. Moreover, the
highest values (specular component higher than 5%) are always observed for the white samples (see
T1, T2 and T4 in Fig. 3). For the other colors, it ranges between 3% and 5% assuming the lower
values (between 2 and 3%) for the brown samples in T3.

Fig. 3: Total reflectance related to D65 illuminant (represented by histograms on the left axis) and specular component of each measured sample
(represented with black points on the right axis)

Fig. 4 reports L*a*b* components referred to the D65 illuminants for all the measured samples. As
it can be seen from the graphs, all the analyzed colors are low saturated, being generally located near
the origin of the a*b* axes and characterized by a* and b* coordinates lower than ±30. The only two
exceptions are represented by yellow samples in T2 (b* coordinates ranging from 53.20 to 54.43) and
green samples in T4 (b* coordinates ranging from 31.05 to 37.62). Moreover, it can be observed that,
except green samples in T4 for which the chromatic variations are slightly higher, generally, for each
color the measured samples present a* and b* coordinates very similar. As for L* as it was predictable
by observing the spectral reflectance curves, the colors characterized by more significant shifts for
L* values of the various samples are blue in T1, green in T2 and T4, yellow in T2 and bordeaux in
T4.
In Fig.5 ρ and L* values referred to D65 illuminant are compared for each measured color. As it was
reported in the introduction, there is not a direct correspondence between reflectance and lightness
values. As it can be seen in Fig. 5, the difference between the reflectance and the lightness is lower
when colors are brighter and higher when they are darker. Consequently, the samples characterized
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by very low reflectance (see for example brown samples in T3 and black ones in T4) have L* values
not so low and equal to around 30.

Fig. 4: L*a*b* coordinates referred to D65 illuminant of each measured sample

Fig. 5: Comparison between ρ and L* values referred to D65 illuminant

Fig. 6 reports the percentage area occupied by each color in each tile. In T1 and T2, the dominant
color is white (78% for Type 1 and 52% in Type 2), being the background on which the other colors
(blue in T1 and green, yellow and bordeaux in T2) are applied. A similar configuration can be
recognized for T3 for which the background is beige (62% of the area). The only exception to this
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chromatic composition is T4, for which dominant colors are 2: white (38%) and green (37%). In any
case, it has to be pointed out that for each analyzed typology the dominant colors are very bright (L*
higher than 70 even for green in T4), whereas the others are darker being characterized by L* values
generally lower than 50 (except yellow in T2). This chromatic composition, using bright colors as
background and reducing the use of darker ones for smaller decoration elements, determines that the
tile, and consequently the façade, maintains a high global reflectance, as reported in Table 2.

Fig. 6: Percentage area occupied by each color in each tile
Table 2: Reflectance referred to each color and each tile

Tile
typology
T1

T2

T3

T4

ρ (D65) of the color [%]

White

Fraction of area occupied by
each color on the tile
0.78

Blue

0.22

15.82

Bordeaux

0.14

15.73

White

0.52

68.78

Green

0.27

10.08

Yellow

0.07

39.62

Beige

0.62

48.13

Brown

0.32

7.37

Blue

0.06

16.21

White

0.38

66.95

Green

0.37

48.90

Bordeaux

0.07

8.86

Black

0.18

5.79

Color

67.66

ρ (D65) of the tile [%]
56.25

43.46

33.17

45.20

Conclusions
The analysis of the selected tiles has driven to the following conclusions.
The production process and the colors used to paint the tiles determine a glossy finishing that can be
numerically expressed by means of the reflection specular component. This component oscillates
from 2% to 6% and is slightly different depending on the considered color, with the highest values
observed for the white samples (specular component always higher than 5%).
From the point of view of the chromatic composition, the used colors are characterized by hues not
very saturated, with a* and b* coordinates always lower than 30 (the only two exceptions are the
yellow samples in T2 and the green samples in T4).
In the analyzed azulejos typologies, the chromatic composition preferred is the use of a light color as
background (occupying most of the tile’s area) and of darker colors to paint the decorative details.
The only exception in this sense is represented by T4 tile, for which two dominant colors can be
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observed: white and green occupying together 75% of the area; however in this case the selected
green is very bright and characterized by a L* value higher than 70.
Considering the reflectance values of these background colors, they range from 48.13% (beige in T3)
to 68.78% (white in T2). The colors used for the details have reflectance values ranging from (5.79%
black in T4) to 16.21 (blue in T3). The only color used for the details and characterized by a higher
reflectance value is the yellow in T2 (ρ=39.62). The predilection for brighter colors for the
background makes that, when evaluating the average reflectance values of the tiles, they turn out to
be not so low, even if dark colors are used. Specifically, they range from 33.17% (in T3) to 56.25%
(in T1).
As it was previously underlined the limit of the paper is to analyze the reflectance only in the visible
spectrum. It would be interesting to evaluate the solar reflectance of the materials to obtain a clearer
idea about the global energetic behavior of the materials.
Future studies should aim at evaluating if the obtained findings can be exported to other typologies
of azulejos. Moreover, similar analyses can be expanded to other typology of finishing, presenting
similar complexity in chromatic composition, for example interiors surfaces covered by paintings.
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Abstract
In this research, aimed to didactically demonstrate the effects of lighting and indoor surfaces
reflectance on contrast perception, a 3D device in a box has been designed and built to isolate the
observer from the effects of ambient light that can affect the results of the experiment. This device
allows you to check the effects of the variations of light intensities distribution and surfaces
reflectance isolated in two extreme situations. The difference, compared to imaging-based systems,
is that with this apparatus you can evaluate the perceptual difference of two conditions at the same
time as the real lighting changes with surfaces reflectance. This is done being able to observe 2
different chambers. The device is also portable and has been designed to be self-explanatory.
Keywords: Lighting, lightness contrast, visual perception, interior design.

Introduction
The perception of both depth and three-dimensionality of objects is influenced by various factors
including stereoscopic vision, contrasts in lightness, hue and saturation. The lightness contrast is a
fundamental factor that contributes significantly to visual perception. In turn, the lightness contrast
is dependent on the variations in the reflectance of the observed surfaces and the amount of
illuminance they receive. This includes indirect illuminance, which in turn depends on the
reflectance of the main surfaces within the indoor environment. Through reflectances and
illuminance values, the luminances of the points on the surfaces of objects can be determined. The
extent to which these luminances vary significantly influence the perception of contrast. This can be
calculated using different methods such as the Weber (1996) -Fechner (1860), Michelson (1927),
Root Mean Square contrast (Peli, 1190) and others.
There are many practical experiments on contrast. With draft, it is possible to create combinations
of sharp and blurred contrasts and verify the perceived effects by maintaining a fixed vision and
eliminating saccadic movements. In addition, the use of variable light sources also allows for an
assessment of how the level of illumination affects the performance of surface contrasts, in
conjunction with the presence of more or less marked contrasts.
The more uniform the lighting on the surface of the objects, the lower the contribution made by the
light to the increase in the lightness contrast. In this scenario, the contribution of lightness contrast
to visual perception decreases considerably. In other words, contrast loses one of its fundamental
contributing factors, namely the ability of lighting to create shadows and dim light that enhances the
perception of three-dimensionality. While the theoretical explanation behind this phenomenon is not
particularly problematic, learning to manage it practically in interior design, which consists of light,
colour and three-dimensional spaces, is not so obvious. For this reason, we have conducted this
experiment on a small scale, within a confined environment which allows us to visually verify the
effects related to the size of the light source, the distribution of the light intensity emitted from the
source and the reflectance of the partitions in the spatial distribution of indirect illuminance, the
light field, and therefore on the contrasts of luminance.
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The didactic approach
In interior design, the three fundamental factors that come into play are light sources, physical
spaces and human beings. In lighting design for humans, the radiometric physicalphenomenological reality of light radiation cannot be separated from the physiology and
psychology of visual perception. At the basis of this assumption lies the observation, first
experiential but also scientific, that human visual perception does not register the surrounding
environment in the way a measuring instrument could, but rather it interprets it. As stated by Josef
Albers (2006): “…it is precisely the experience that teaches us that in visual perception there is a
discrepancy between the physical fact and the psychic effect”. But it is Edwin Land (1977) who
motivates certain phenomena such as subjective constancy: “The human visual system has evolved
to enable us to see the world under stable lighting and chromaticity conditions by compensating for
variations in lighting chromaticity within certain limits. [...] It, therefore, has the ability to establish
a closer relationship with the outside world than a camera can.”
From the point of view of didactics in design, by posing the question of the relationship between a
light source and visual perception of space as a factor of fundamental importance in Interior Design,
we can also imagine this category of experiments as a projection to the third dimension, that
complements the physical-radiometric immateriality of light, with a framework of experiential
methodological ideas that does not replace, but rather completes in light and space, the historic
Basic Design of Bauhaus (Bauer, 1990; Itten, 1963). Gestalt psychology, developed in Germany at
the beginning of the 20th century, greatly influenced the development of Basic Design. As Kurt
Koffka (1935) states, this links perception and phenomenological experience: “Experimentation and
observation must go hand in hand. The proper description of a phenomenon can alone exclude
several theories and indicate the precise characteristics that must appear in the correct theory. We
call the latter type of observation [...] «phenomenology» for us phenomenology means a description
of direct experience as complete and as unprejudiced as possible.”
The purpose of the investigation method is not to produce an inventory of strange phenomena, but
rather to establish cause-effect relationships, as Gaetano Kanizsa (1997) argues. He emphasises the
importance of the method and the purpose of investigation in experimentation: “Experimental
phenomenology is not limited, as is often believed, to a mere description or inventory of phenomena
[…]. Its aim is more ambitious: it is the discovery and analysis of necessary causal links between
visual phenomena, identifying the conditions that determine, favour or hinder their appearance and
the degree of their evidence.”
The experiment
Every day we live, work and study under ambient lighting conditions through natural and/or
artificial lighting. In the context of didactic design experimentation, this variable lighting can
influence the way visual perception experiments are conducted. An experimental wooden box,
measuring 50x30x30 cm, has therefore been designed to limit and control the quantity of ambient
light which could also diminish the perceived resultant effects.
Two separate and different chambers have been created inside the box to provide separate lighting
and reflectance conditions for the surfaces around the box. In both chambers, two identical busts
have been placed, made from white polystyrene, whose surface has a lambertian type reflection.
The two busts can be observed through two holes placed on the front surface of the experimental
box in the centre of the two chambers. The box also has an explanatory teaching card, attached to it,
which can be taken out from under the box to explain the purpose of the experiment to the student
(Figure 1). On the back of the box, there is a small area where the power cable is placed when
transporting the experiment.
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Fig. 1 – The experimental box as seen from the outside with the two holes to see the two internal chambers and the explanatory teaching card which
can be taken out from under the box.

Fig. 2 – The opened experimental box with the contribution of natural light from the environment. It is possible to observe the two light sources and
the different conditions around the surface reflection of the two chambers.
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The two chambers can be viewed individually through the respective front hole or at the same time
by opening the front wall of the box secured by two hinges. In the first case, there is strong control
of the lighting and reflection conditions that affect the perception of the bust. When the box is
opened, on the other hand, the interior lighting is added to the ambient lighting present in the
environment where the perceptual experiment is conducted (Figure 2).
The first chamber of the box, located on the left, has black partitions, ceiling and floor, similar to
that of a darkroom, to reduce the effects of light reflection from the surfaces as much as possible.
This allows the effects of indirect lighting to be minimised as much as possible. In addition, the
lighting is achieved using a high-power LED with a spot-type light intensity output and a beam
angle of 35°. The lighting on the bust is realised with direct and concentrated illumination which, in
the context of lighting design, is called accent lighting, which is often used for the illumination of
three-dimensional cultural heritage. The sharp directional lighting accentuates the shadows on the
sculpture, enhancing the contrasts and the three-dimensional perception of the bust, though its
surface has a lambertian type reflection (Figure 3).

Fig. 3 – The bust observed from inside the left chamber of the closed experimental box. Sharp contrasts caused by the contribution of focused direct
lighting increase the perception of the three-dimensionality of the bust.

In the second chamber, on the right, the partitions, ceiling and floor are white, with lambertian type
reflections, similar to the classic painted walls of an everyday interior living environment. This
ensures that there is a maximum contribution of indirect lighting due to the reflection of light on the
surfaces of the chamber. The lighting is provided by a high-power LED placed behind a transparent
diffusing polycarbonate sheet. The emission of light intensity emitted from the polycarbonate is of
the lambertian type and is also directed towards the partitions and the floor, which in turn reflects
the light, thereby generating a large contribution of indirect lighting which reaches the bust from all
directions. The shadows on the sculpted bust are almost non-existent, resulting in a strong softening
of the contrasts and flattening the three-dimensional perception of the bust (Figure 4).
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Fig. 4 – The bust observed from inside the right chamber of the closed experimental box. The contrasts softened by a strong contribution of indirect
omnidirectional lighting sharpen the three-dimensional perception of the bust.

Conclusion and future work
It is important to clarify that this experiment is not intended to present any new scientific discovery
on the perception or optical description of contrast. The experiment should be recognised for its
importance in the basic training for a lighting designer. In this context, there is an experiential need
to be able to experience in practice how visual perception changes in an interior, depending on two
fundamental factors of the design: the choice of light intensity dsitribution of the light sources and
the effects produced by indirect lighting resulting from the materials chosen for the main surfaces of
the interior design.
Further considerations on the effect that these variations of light can also have on the psychological
understanding of expression remain open. In addition, the introduction of further degrees of
freedom and complexity of the experiment may be the subject of future studies: for example, the
contrasts in hue and saturation that are normally present in interior design.
Another factor to investigate is the limitations posed by modern digital photography in correctly
portraying the images featured in this essay. In fact, we know that modern cameras and
smartphones integrate algorithms designed to make the perception of photography more stable and,
in limited cases such as the ones presented here, they can tend to soften contrasts, when they appear
excessive, or increase them, when they are minimal. However, this aspect places even more value
on this research, which is based on enabling a direct observation of reality, rather than photographs
or renderings represented in a book or on a computer screen.
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Abstract
The value of the perception about the space we live is nowadays one of the main concerns in
architectural design. It’s well established that lighting strongly affects the visual perception of the
surrounding world: the same room lit with very different spatial and spectral light distributions will
appear very differently. For this reason, architects and light designers consider light and materials
strictly connected and both, in their interactions, concurring to give shape and dimensions to the
environments they create. This is confirmed by the fact that vision dominates the perception of the
world, often even in complex multisensorial contexts. Indeed, in designing the built environment,
the main sensorial stimuli are separately studied and controlled: so the luminous environment is
designed irrespective of the acoustic one and both them are not at all connected to the thermal
features. In many cases, in absence of specific problems, acoustic issues are totally neglected.
However recent research demonstrates that there exist mutual links among the different senses and
this multisensorial experience allows the brain to integrate all the types of information coming from
the environment in order to better act in it, by means of a continuous adaptation process. This multisensorial adaptation process determines changes in one sensation (for example visual sensation)
when in presence of another one (for example acoustic sensation) and vice-versa: the result is a
global perception of the surrounding world aimed at controlling it and feeling safe in it. Some
architects, designers and artists, consciously or unconsciously, have taken account of these mutual
interactions in their work by means of an almost total control of the designed environment in order
to induce specific sensations in the occupants. Despite the awareness that multisensorial effects can
improve the global comfort and well-being for people and despite the developments in the field of
neuro-sciences, at today the scientific findings from medical research are not at all directly
applicable to the environmental design practice, neither through rules nor through guidelines. The
only existing experiments of multisensorial architecture are really few: we can find several
applications in buildings like museums, both in their architectural project and in scenografic
settings; as well in housing units where some lighting systems, integrated with related sounds and
smells, could offer the chance to create spaces with different “moods” based on the needs of the
users. In this paper some reflections about sensorial and multisensorial effects are approached, with
possible implication in the architectural environment.
Keywords: multisensorial perception; light, colors and sound; architecture and senses.

Introduction
Every time we think about the space, especially a living one, we consider a place which has some
specific shapes. It could be defined by walls and windows and some lights for an interior one or we
could think about open spaces defined by trees or a square: everything is generally defined by some
physical elements which characterize it, but we can refer also to something that could suggest our
perception about a space like the impact of lights, smell, touch. The architectural space isn’t defined
only by the stones and materials, but also by some intangible elements which can give emotions to
everyone perceive that place. Looking at the architecture of the past we can find several examples
that evoke or alter some spatial perception in order to give some emotions: let’s think about cult
buildings where the focus was the expression of the power of God. Expressing this concept
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architects start to think about the influence of the light and the shadow on the human sensibility in
order to create great suggestions with their buildings [1]. Analogue effects are obtained with a
conscious use of colors and their role: during the past we found a lot of examples of ethical value of
color choice in architectural process. Questions arose about the use of white and black or the idea
that the choice of basic colors was better than the other colors. Generally, the use of a specific color
was referred to some wide social and ideological connotations. In many examples of older
architecture, it was a common rule covering the surfaces in rooms with painted pictures or painting
walls with imitation of some specific and treasured materials. In the past, people didn’t know
anything about brain activities, but with their experience, they understood how colors related to
some light conditions could influence human sensations. Moreover, light was considered a mean for
emphasizing the sacral and symbolic spirit of a place: people always referred to the light as
something sacred. Among contemporary architects, Steven Holl talks about contrasts between light
and shadows, daily changes and their effects [2]. In this way light became an architectonical issue
and sometimes the matter of a spatial definition. Space could be defined by geometries using light
in agreement to a proper choice of colors which reflect the mood of the place. Space can be tensive
with some light elements that create contrasts with shadows. Anyway, the perception of the space
gives the chance to establish a relationship between people and architecture, and the feeling of it
depends on all our senses: indeed, we can recognize a place even only with the smell or with the
sound. Tadao Ando suggests that building materials are also wind, lights and everything which
appeal to senses [2]. Architectural space could be seen as a meeting point where the human
experiences find all their correspondences in it. In this way we can define a place not only by its
architectural elements, but also for some features which characterize it: we can attribute a strong
identity to a place as for example a library or as a bar, if we work on the global perception of it.

Composing the space: lights and colors
“I believe that the building materials are not limited to wood or concrete, which have tangible
forms, but they go beyond and also include the wind and light, which appeal to the senses” (Tadao
Ando).
In the design process, color and light are often seen as something subordinated to form, volume and
function [3], but there are also many architects who consider them as important means for creating
spaces. Several studies about colors demonstrate how they affect the perception of a space, in
relation to the light spectral and spatial characteristics. Space can be modelled by light and the
relationship between this one and the architecture has both aesthetical and functional purposes [4].
Architecture expression can be enhanced through a proper use of light and colors; contrasts and
shadows, obtained by the three-dimensional nature of both light and architecture are fundamental
issues as well. Louis Kahn focused his attention on the relationship between light and silence: he
said that light, specifically daylight, can reveal the shapes of the architecture and light itself could
be a tool for expressing spatial elements. Actually, we can create new kinds of spaces using lights
on facades [5], creating contrasts with visible objects and giving illusions of tangibility: light seems
to acquire the sense of consistence and this could lead to a completely new way of creating and
perceiving spatial realities. In other words, a different shape of the space can be obtained through an
artistic approach which can be developed in a realistic use of light. Indeed, as Lao Tse said, the
relationship between light and architecture could happen, consciously or not [21]. Electric light has
very different features than daylight, at least till today: it comes from fixed and constant sources of
emission, consumes energy and could involve “visual noise”. Light produces also non visual effects
on human beings, both physiological and psychological and today’s LED technology, joined to the
advanced automatic control systems, allows to create light scenarios fit to individual needs and
characteristics, for example taking into account for the variations that occur in aged people. The
chromatic characteristics of lights affect color perception and colors in their turn, inducing different
emotions, enhancing the space experience and playing a big role on feelings, physical status,
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psychological mood and even human socialization [6]. Color choice in architecture has to fulfil
many different requirements concerning human experience as well as economic and practical
issues: color and light are strictly linked with the spatial experience and they are absolutely
fundamental for our existence as human beings [7]. Besides all the other issues, planning a right use
of color and light increases efficiency and provides proper and safe communication between space
and occupants.
Composing the space: sound
Sound is an element which belongs to our life, but often we don’t consider it as something which
can characterize it: during the day, it’s so ordinary listening sounds like noises, horns, smartphones
and computers that belong to our reality [8]. The worst thing is that we consider them only as
something about our life, but we don’t mind about it when we describe a place: we often can talk
only about the loudness of a space where we stayed, focusing in that moment to something which
was producing disease. Sounds are elements which we meet every day, but usually we refer to them
in a “musical” way, finding some elements which could create a link between sounds and emotions
and building a space with these elements: a sound often reminds to something which belongs to our
past or simply seems to touch our “resonant body”. In this wide variety we can also add sounds of
our ordinary life which characterize a place: everything which come in our ears describe a simple
space, including the silence. Many studies are focused on the impact of environmental sounds and
noises on the brain, in order to assess how these parameters affect people living in contemporary
cities, both indoor and outdoor. We can talk about loudness level of stimuli and the activation of
cortical brain areas involved or the study about the possibility to recognize a sound mixed or
“hidden” in a noisy environment [9]. These sounds and noises can be collected in a word:
soundscape. A mapping of the acoustic elements of an urban area can be used as a tool to improve
the quality of life with sounds. Generally, in the design process, the strength of visual aspects is
more effective than the acoustic ones. This brings to neglect the impact and the force of
environmental sounds. A soundscape could be related to many factors, like the historical ones, the
presence of typical sound noises, the size and geometry of a space, etc. Till now, the approach to
soundscape has been to use some values referred to the acoustic impact in order to identify high
levels of noise or the potential of speech, but it is not so common considering the sound starting
from the early stages of the design process. In analogy with light and air, every day we are
surrounded by a lot of annoying sounds and this is what we can call as “acoustic pollution” [10].
Expanding the usual idea of sound, we can say that sound could be considered as something which
is with us in every moment and for these reasons we can think about some “sound scenes”, “sound
planning” and “sound control”, adding to the project some features that give the possibility to create
spaces more and more complying with human needs.

See sounds and listen colors: perception and brain
It’s well known that some connections between senses are possible during a perception phase and
this reflects on the activity of our brain. This process is called synesthesia and it is a phenomenon
where perceptive experiences are created by different sensorial stimuli and the interactions between
senses are generally natural and involuntary [11]. There are people who can perceive spontaneously
these associations: it’s estimated to be around 1-2 % synesthetes in normal people. Synesthesia is
not an abnormal phenomenon, but it happens with low occurrence. The experiences of synesthetes
are involuntary and passive: in fact they don’t control them but experience them as they happen.
Another characteristic is that the experiences of synesthesia do not occur inside one’s mind,
moreover they are perceived to take place within the subject’s personal space. The third
characteristic is that the sensations are generic and durable. Hearing colors is quite a common
experience among synesthetes. The perceptions of colors associated with particular sounds has been
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found to be consistent among individuals, but no common set of color and sound associations exist
between individual synesthetes [22]. Synesthesia is a personal experience and the details of the
perceptions are completely subjective. If large groups of people would hear the color red when a D
note was played, or the color green when the notes F and C were played, there would be insight into
a physical and a psycho-perceptive understanding of how sound and color are connected [23]. Many
studies have been focused to find neuronal correlations about this. Brain functions are related to
some areas which are more active during the perceptive process: neuroimaging literature shows
how communication and connectivity are strong among 90 anatomical regions. Functional
connectivity differences appear to be related to the brain areas that are involved in the specific
subtype of synesthesia. In any case, perception is the process to reach the consciousness or the
comprehension of the information caught by senses and what we feel is the result of past
experiences, culture and object comprehension. Without considering pure synesthetic phenomena,
undoubtedly perception is not limited only to one human sense, independently from the others, but
sensations ask something more: so color, sounds, temperatures, space etc are linked in many ways
and with them are associated feelings and various sensations. There are different theories about the
way the synesthesia disciplines synesthetic perception and explaining them goes beyond the aims of
this paper, in any case synesthetic experiences activate all those brain areas that are normally
involved in a “normal” sensation evoked by an external stimulus [12]. Despite synesthesia is
something that could be referred to a natural human quality of only few people, everyone can be
impressed by some colors or sounds which seem to touch the “vibrating soul” we have and the
influence of the reality around us could be very important to our multisensorial perception.

Can we link our senses? Multisensorial context and architectural effects
The responsibility of architects is to create spaces which work on our senses. Zumthor talks about
the atmosphere of a specific place involved by the interaction of material, space and shadows in an
architectural setting in order to create the ambience or a mood of a particular place [13]. For
Pallasmaa the atmosphere is linked to the Genius Loci or the spirit of a place which has an
immaterial and experiential nature too: so we can experience a building with our senses as soon as
we enter it connecting ourselves with the space and all the elements of the architecture like
materials, light and sound, play a great role in our perception [14]. There is a sort of hierarchy
among these elements: Pallasmaa defines light as “being the element in space which very often
determines how we feel”. Zumthor describes it as an element which has a spiritual quality: it can
express and inspire feelings of serenity and calmness as moving and exhilarating, stimulates the
other senses and affects the perception of a space. Light can interact with colors in order to create
powerful and amazing atmospheres and defines rhythms trough the architectonical elements.
Anyway, space in an architectural setting is also influenced by sounds: Pallasmaa believes that each
space and building have their own sound which can be monumental, intimate or hostile. Sound can
affect our perception and this happens not only by means of the ears, but through the our whole
body as well: generally sound is linked to the shape of a building and the materials that are found
and how they are placed together [15]. New technologies allow sound to influence architectural
space and become a design tool [16]. Moreover, if sound (and silence) is responsible for powerful
auditory experiences, also tactile perception gives the chance to feel a building through our hands:
the sense of touch interacts with all the other senses because the body interacts with all the elements
that compose an architectural setting, creating a stronger perceptive experience [17]. Our perception
is also related to what and who is around us: in fact the bodily presence in an urban environment
influence the spatial experience and it’s often only the absence of people in it which brings our
attention about buildings and the space we are living in. Designing a building is not only designing
forms but creating a place that induce feelings and emotions with the help of light, sound and touch.
Pallasmaa has a multi-sensory approach to the question about the definition of a space measured by
the eye, ear, nose, skin, and even tongue and presents the senses as a generator for sensory thinking
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as well as contributing to reason. Steven Holl refers to a sensitized consciousness to everyday
experience and he sees wordless architecture as the perfect medium to awake all the senses. In
multisensory design the perceptive impact on five senses must be considered and three systematic
concepts related to perception that are incorporated within it: hapticity, kinesthesia and synesthesia,
are to be taken into account [16]. Furthermore, it’s important to understand the difference between
space and place: the first is established from the space as it becomes better known and is endowed
with the value that one gives it. With haptic we refer to the “ability to experience the environment
of a place through active exploration, typically with our hands”. The difference between touch and
hapticity is that touch is often characterized as two-dimensional, and a haptic experience is threedimensional. Kinesthesia is understood in a subconscious way and affects an experience through its
connection with touch, movement and hapticity. Synesthesia is an involuntary phenomenon that
collects sensory information from one sense and transfers it to another. So, there are people who
have a natural synesthetic perception of the world, but we can apply this kind of approach to
everyone, affecting their individual perception of a space. The application of a multi-sensory
approach in an architectural project is not an easy task, but it is something that gives to architects
the possibility to improve environmental quality, human wellbeing and health, while reducing
energy consumptions and costs.
In synthesis, when creating architectures, vision is often seen as the leading sense [18] and light
gives the opportunity to better perceive architectural elements: shadows and darkness are essential
for the sense of vision determining depths and distances [19], however combining vision with the
other senses allows to create something more than this.
Multisensorial architecture: a challenge for the future
At today, several examples of multisensorial approach in architectural contexts are aimed at
amplifying what could be the spirit of a place or give a new view about it [20]. One of these is the
work of Peter Zumthor in the Therme Vals [13]. He uses the light as something which can give
different directions and points of view to the space. Columns create patterns of light and shadow
and light creates a sensual experience where daylight and electric light are perfectly balanced and fit
to the materials of the baths. Other examples are referred to the use of lights and colors through
architectural elements: there are several “light artists” like Marco Nereo Rotelli who can give a
new image to facades of buildings and open spaces with the use of lighting systems.
This kind of “projections” defines spaces in a not ordinary view. This could be seen as an artistic
approach to the architecture and opens a debate on how and when it is possible to express new
elements and change perceptions through the use of lights, touch [24] and colors [25]. Among the
several architectures aimed at combining light and colors [26], the Children’s Museum of the Arts
in New York [27] deserves particular attention, because all the rooms are characterized by a specific
color referred to their established functions. Extending the multisensorial approach, a noteworthy
example which links architecture, color and sound is the D-Edge by Muti Randolph, Marcello
Pontes, Zemel and Chalabi Architects [28]: in this building, which is an electronic music club, they
created spaces where colors of LED lights change according to music rhythm, creating dynamicity
in the architectural space. Another different and interesting example is the stair built on a seawall in
Zadar (Croatia) [29]: tubular forms have been created in this building which, almost like an organ,
make this building "sound" with the waves of the sea. In this case the structure becomes an
instrument itself. The notes generated will be always different, according to the waves, rendering
the staying near the sea a sensorial experience.
The perception of the surrounding environment can be modified in order to emphasize some
emotions which reflect important meanings. An example of this is the Jewish Museum in Berlin
Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVIB

ISBN 978-88-99513-13-9

71

XVI Color Conference, Bergamo 2020

[13]: this building, by Daniel Libeskind, has the difficult duty to express the history of the Jewish
people. For the Holocaust period, Libeskind designed some spaces where created a dramatic
auditory experience: this rooms are called voids and he was suggested to express the evil and the
pain of the Second World War period. He designed some installations in these places and in one of
these he placed copper plates in the shape of desperate-looking faces. Visitors have to walk on faces
and there is an echoing sound that fills the space. The echo of the footsteps on the copper plates
evokes the desperate cries of all the people who have lost their lives in concentration camps. These
few examples give an idea about the potential effect of a multisensorial approach in architecture.
However, they are mostly referred to artistic applications: the complete and simultaneous control of
all the environmental stimuli in architecture and their interaction represents a future challenge for
architects and designers.
“The senses define the interface between the skin and the world, the interface between the opaque
interiority of the body and the exteriority of the world.” (J. Gibson).
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Abstract
In a recent teaching experience within the Master in Lighting Design & LED Technology of
Politecnico di Milano, the students had the opportunity to visit the production studios of Mediaset
and to attend a lesson on the use of light in television spaces. The subject is undoubtedly
fascinating, having its roots in the art of illumination of classical theatre, up to new approaches and
technologies, such as automated mobile lights and LED light sources.
The approach to lighting for the TV differs (albeit with some significant overlap) from the more
traditional architectural lighting; the organization of the workgroup, the design processes and the
tools used, the objectives to be expressed with the light and the strategies to achieve them, the
available technologies and above all, the colour control of the lighting envelope.
Lighting for television spaces (but also for movie industry) is based on the assumption that the final
observer is not the human being as for the architectural sector, but the camera. The digital eye of the
camera does not have the internal dynamics of the human visual system; it does not have the same
automatic adaptation and correction mechanisms, although technology allows numerous operations
to control the parameters related to colour. Based on this assumption, the indices commonly used
for the human observer such as the CRI or TM-30 are also not adequate for an evaluation of the
sources (or lighting systems) for television and cinema applications.
The purpose of this contribution is not to cover all the techniques for the lighting of television
studios (extensive topic) entirely, but to collect some information relating the terminology and the
indexes used for the colour and some of the limits coming from the new technologies.
Keywords: Light, Colour, Camera, Television, Colour rendering indexes.
Introduction
When it comes to lighting, some distinctions must be made by force, architectural lighting and road
lighting, medical and office work, cultural heritage, and entertainment. The raw material with which
you work is always the same, like the physical laws that regulate it. However, the aims of each
sector are undoubtedly different, even if they can overlap in intent, practice and technology.
Especially in recent times, progress in the field of lighting source control technologies has allowed
an ever-growing hybridization between the world of entertainment and architectural lighting. The
use of colour or dynamic lighting in the architectural sphere is no longer considered a taboo, on the
contrary, more and more often lighting capable of changing intensity and colour temperature (or
colour) is implemented to favour the principles of human-centric lighting.
The primary purposes of each sector however, remain broadly well defined. In this contribution, we
will focus on television and cinema lighting. The first and foremost difference is that the
illumination must meet the requirements for the cameras and not for the human observer. Even if
sophisticated, these devices do not have the typical processes of the visual system (such as the
colour constancy, or the lateral inhibition of the retina, to name just a couple). Some technologies
may attempt to copy some features of the visual system; however, the level of complexity of human
beings cannot be replicated in this context, and some precautions are necessary.
Concerning colour, the primary attention that the lighting group (usually composed of the director
of photography and the gaffer) must have is to apply all the necessary technical procedures to
balance the colour temperature of all the sources on stage. It is fundamental to carry these
procedures following the white balance for digital cameras or stock of film chosen.
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Another fundamental task consists in the introduction of coloured light for aesthetic reasons or to
simulate specific light sources in the scene, in support of the narrative of the program.
The colour temperature and white balance
I do not intend to dwell on the basic concepts of colour science, as it is not the purpose of this
article. Still, speaking of the world of television lighting we can report that even here, some
importance is given to the CIE chromaticity diagram of 1931. Such diagram, as it is known,
represents the gamut of human perception and the colours all appear in their most saturated version
on the outside of the horseshoe. Of these colours, the most peculiar ones are the one lying on the
line of the purples, which represents colours that are obtainable only through the mixing of the
others (the extremes of the visible spectrum in particular). The most interesting component,
however, is undoubtedly the one given by the central space of the diagram, that is where the colour
saturation decreases until it reaches the curve known as the "Planckian locus", which represents the
whites, in their various shades (or make-up, as is often said in this field).

Fig. 1 - CIE 1931 colour space.

Warm light, cold light, measured in Kelvin, this is well known and also widely used in the lighting
of workplaces (the base of Circadian lighting). Still, the problem linked to this aspect, in the TVlighting field, is considered from a different point of view. When lighting sources with multiple
colour temperatures are present at the same time in an environment, the human visual system tends
to mitigate the dominant colours by attenuating the perception of different colours; the light will
therefore appear warmer or colder, but still white. This phenomenon does not apply to equipment
such as cameras. Whether they are film stock or digital sensor (both Charge-Coupled Device and
Complementary Metal-Oxide-Semiconductor), they are not equipped with the sophisticated
correction methods typical of the visual system. They might have attenuation algorithms, but they
will never be at the level of our visual perception. Stock films, for example, are balanced at 3200 K
(Tungsten light) or 5600 K (Daylight); digital cameras, on the other hand, can be set to a value of
your choice between 3200 K and 5600 K, but always and in any case only one colour temperature at
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the time. This means that when there are whites with different colour temperatures at the same time
in a scene, the camera can only have a single white point as a reference; the others whites will all
appear more or less yellowish or bluish.
This situation is not acceptable when it comes to television recordings, and therefore, once the
reference white has been established, some correction operations on the sources must be adopted.
On non-dynamic sources, it is possible to operate additively, by summing other sources with
different colour temperatures to ensure that the final result is balanced or subtractively, reducing the
power of some components of the spectrum. This result is usually obtained (at least partially)
employing correction filters (gels); CTO (Color Temperature Orange) or CTB (Color Temperature
Blue). Filters have different intensity levels (full, half, quarter, one-eight) and are designed to shift
the hue of light along with the Planckian locus. LED luminaires can modify the shade of white (but
also the colour) with multi-chip sources (which would enable an additive synthesis of different LED
dies) or also with interchangeable phosphor panels. However, it is not uncommon to use filters even
on solid-state sources; classic lighting designers sometimes use this technique in specific fields such
as the exhibition area (Murano, 2017).

Fig. 2 - Maverick, soft mid-power fixture from Cineo Lighting. Color temperature (or even colour) is modified by changing apposite phosphor panels.

KELVIN or MIRED units
When applying a correction with gel filters, the result is not linear. If I use a 1/8 CTO filter on a
cold source, I can get a colour temperature shift of about 200K. If I apply the same filter on a
warmer light-source, the shift can even reach 600 K. The amount of radiation that is filtered is also
very different. The colour temperature corrections applied via hardware on LED lighting fixtures
follow what was set by the operator. However, a consolidated methodology deriving from the use of
gel filters has resulted in a particular approach to colour temperature corrections.
In order not to be constrained by the lack of linearity described above, filter manufacturers consider
units called MIREDs (Micro REciprocal Degree), instead of using the simple Kelvin scale (Priest,
1933). The MIREDs then also entered the interfaces of the control systems of LED luminaires;
although not strictly necessary, they provide a more comprehensive selection range that takes into
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account the preferences of the technician. The MIREDs are calculated by dividing 1 million by the
colour temperature to be converted; therefore, a MIRED shift is calculated by subtracting the
starting value from the target one. For example, a daylight type source (6500 K) is equal to about
154 MIRED, to convert it to an incandescent type warm light-source (3200 K / about 312 MIRED)
a shift of 158 MIRED is required (obtainable with a full CTO gel). Obviously, the radiation lost in
the process (for classical sources) is not taken into account here.

Fig. 3 - It is possible to approximate a MIRED shift with a nomogram. This figure represents a shift from a tungsten light-source to a daylight source.
The conversion is obtained with a MIRED shift around 130 through a Wratten 80A filter. Image courtesy Bhutajata (CC BY-SA 4.0)

Δuv or Green/Magenta axis
The Planckian locus is the curve describing the different colour temperatures in a chromaticity
diagram. However, the correlated colour temperature data alone (Davis, 1931) is not sufficient to
describe the chromatic make-up of lighting-source, especially when it comes to the rendering of a
scene through a camera. The isotherm lines that transversely intercept the Planckian locus curve
represent the chromatic variability that sources with the same colour temperature can have.
Numerically, their value is described by the parameter Δuv (MacAdam, 1937) that quantifies the
distance of a point on the isotherm from the Planckian locus (which ideally represents a "pure"
white). If the value is positive (above the curve), white will be tinged with green/yellow; if the
value is negative (under the curve), white will be tinged with magenta/pink. It is, therefore, possible
to have whites which, with the same colour temperature (expressed in K), have very different
colours.
In TV Lighting, the green-magenta axis describes these displacements above or below the Planckian
locus. Also, in this case, chromatic correction filters are available to correct the chromaticity of the
light. These filters act on what is known as the CC scale (Color Compensation Scale) and can range
from Full minus green (magenta filter, 30M) to full plus green (green filter, 30 G). As seen for the
MIRED, this terminology (the magenta-green axis) has also been adopted in the most recent LED
luminaires, whose chips are equipped with green and magenta dies to correct the chromaticity of
whites according to the CC scale, and implemented in the product interface.
The correction given by the green and magenta LEDs is particularly crucial in luminaires that have
two chips inside them that produce different white lights through conversion with phosphors. This
type of LED has dies that emit blue light through a layer of phosphors, which reconvert the
coloured light into white light, whose characteristics vary according to the composition of the
phosphor layer. Thanks to this technology, we can have lighting fixtures that implement coloured
light (Red, Green and Blue) and white light with two different colour temperatures; for example,
cold (daylight at 6500 K) and warm (tungsten at 3200 K). However, when we use these latter two
sources to obtain intermediate colour temperatures, we could run into some problems. The
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transition from cold light to warm light by merely mixing the two corresponds to a linear shift on
the chromaticity diagram. The Planckian locus, however, is not a line, but a curve. The intermediate
shades of light between warm and cold fall under the Planckian curve, thus tending towards
magenta. In modern LED lighting fixtures, however, thanks to green and magenta chips, installed in
the products, it is possible to compensate for this issue with control systems, by adjusting the
position of the light on the green/magenta axis.

Fig. 4 - Example of LED light sources with green magenta colour correction. The Mole-Richardson proprietary LED chip. Image courtesy of No Film
School channel.

New technologies, new problems
Solid-state light-sources have now also taken root in the entertainment lighting sector. The
efficiency of the sources is undoubtedly a plus for anyone; however, one of the main reasons why
LED technology is particularly desirable (now that the emitted fluxes have become more than
reliable) is the possibility of controlling numerous parameters of each luminaire remotely from a
console. Indeed, some aspects will take some time to be accepted, such as high-power HMI sources;
they are more available and less expensive for the same luminous flux. Still talking about economic
aspects, the productions are often reluctant to invest in something that provides (in the end) the
same visual achievement that was obtained with "classic" sources, looking only at the final result
and not at man/hours and better management of the control processes. Finally, the irruption of
electronics in a field historically dominated by electrical engineering, leads to the need for staff
improvement, introducing skills that were not widespread before; this requires a lengthy training
process that often slows down production, in a sector where timing is essential. In addition to the
difficulties described above, there are other aspects to take into consideration.
The advent of LEDs has greatly enriched the colour palettes of directors of photography, and
numerous ways of standardizing colour coordinates have been studied to have a common
vocabulary to work on. However, this made it even more evident that different cameras capture
colour in a slightly different way from each other. In addition to this, the reproduction of captured
colours is done on devices (the user screen) that often has an inadequate gamut. The colour of the
light can be created by adding different types of LEDs or by conversion using phosphors. Still,
these two approaches can include several methodologies and other elements, such that in the
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various steps necessary for video reproduction, metameric matches happen that, with the "classic"
sources were less common. In some aspects of o production, a high colour rendering is desirable:
make-up, wardrobe, brand identity, commercial products, logos.
Their reproduction must not be distorted by light sources that are inadequate from a spectral point
of view. Numerous efforts have been made to find a way to describe the ability of a light source to
render colour; the colour rendering indexes have existed for several years. However, they present
some fundamental problems to which are added specific issues for the television and cinema
lighting sector field.
CRI and "classic" colour rendering indexes.
The most common method of determining the colour rendering of a light source is to use it on
specific sample colours and evaluate how much it differs in rendering these samples compared to a
reference source. Comparison is the method underlying the CRI (Color Rendering Index) proposed
by the CIE. Around the mid-1900s, the advent of fluorescent sources and their early way of
rendering colours raised the need to invent a method for determining the chromatic quality of
sources. The CIE proposed a test sample method of colour rendering evaluation. Today, the CRI is
still in force, in its updated and extended form, but it presents numerous problems that subject it to
continuous criticism and requests for revision (Davis and Ono, 2009). First of all, the system is
based on 14 colour samples taken from the Munsell color system (Munsell, 1905), the first choice
of these samples (eight) was made up of low saturated colours and only in a second version were
those with higher saturation added. The choose colours, however, do not adapt to new
discontinuous spectrum light sources (such as metal halides) or LEDs and can give very low render
values even for very performing sources. In addition to this, there are inconsistencies on the choice
of colour space used to calculate the chromatic distance between the points (CIEUVW), the use of
the Von Kries transform for colour adaptation (defined as inadequate). The lack of continuity at
colour temperatures above 5000K for which it is necessary to pass from the Planckian locus to the
CIE Daylight locus (CIE, 1999) and many other criticisms.
These issues have led some researchers at the National Institute of Standards and Technology
(NIST) to develop an alternative system known as Color Quality Scale (Davis and Ono, 2010). The
CQS is based on the evaluation of Munsell colour samples (such as CRI) that are much more
saturated. Moreover, the colour space used is CIELAB (more uniform than CIEUVW). In this way,
the sources are not penalized (nor rewarded) if they increase the chroma (a factor considered
positive for contrast perception (Hashimoto and Nayatani, 1994)) compared to the reference, but
only if they reduce it and if they cause changes in hue or reduction of lightness. A further and more
recent colour rendering index is ANSI/IES TM-30-18 (IESNA, 2018) which uses an objective
statistical method to evaluate the differences between the test source and the reference source, based
on a set of 99 samples. The colour space used is CIECAM02 (CIE TC 8-01, 2004). It is not only the
evaluation of fidelity that is taken into consideration, but the standard also implements a graph that
shows a comparison between the two gamuts (test and reference), which give a straightforward and
quick reading of the results obtained. Without debating on which index is the most appropriate,
there is one thing in common: all these indexes have been designed for the evaluation of colour
rendering by the human visual system. In the television and cinema lighting sector, however, the
final observer is the camera and not the human being. This crucial difference makes all classic
colour rendering indexes inadequate for television purposes. It was, therefore, necessary to study
specific indexes for this sector.
TLCI-2012, TLFM-2013 and SSI indexes
In an attempt to remove the well-known problems of the CRI, the researchers of the European
Broadcasting Union (EBU), based on some preliminary studies (Sproson and Taylor, 1971),
developed indexes for the television sector, the Television Lighting Consistency Index in 2012 and
the Television Luminaire Matching Factor in 2013 (EBU, 2017).
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TLCI-2012 removes the human observer as regards colour discrimination, entrusting the evaluation
to a spectroradiometric measurement of a sample (the first 18 patch of the Macbeth ColorChecker,
excluded the greyscale) compared with a reference sample. The chromaticity of the reference used
can be on the Planckian locus (if the test source is below 3400 K), on the Daylight locus (if above
5000 K) or a linear interpolation between the two (if the test is between 3400 and 5000 K). The
measured values are then processed by a specific software that simulates the typical characteristics
of the cameras and displays where the image will be played. For cameras, the considered
parameters are responsivity curves, linear matrix, and optoelectronic transfer function or gammacorrection. As for the displays instead, the parameters are the non-linearity or electro-optical
transfer function, and the chromaticities of the set of primaries and white balance point. Once the
calculations have been performed, the software returns a unique value (Qa) from 0 to 100, which
indicates how feasible it is to attempt a chromatic correction on the source. The results must be
interpreted according to the type of production; for example, film-type shots have a much more
restrictive reading than live shots with different cameras.
The TLMF-2013 is very similar to the previous one. The main difference is that instead of an ideal
sample source, a real one is used, which can be chosen according to the type of test source and
specified in the results. The aim is to be more direct than TLCI in the evaluation of the mix between
different sources. While TLCI is useful to equipment manufacturers, TLFM is aimed at
practitioners, so that they can predict a combination of sources before arriving in the studio, where
it is usually too late to intervene (Wood, 2013).
A further index is the Spectral Similarity Index (SSI) developed since 2016 by experts from the
Academy of Motion Picture Arts and Sciences (Academy of Motion Picture Arts and Sciences,
2020). In the SSI, to avoid the excess of variability given by the human evaluation or numerous and
different cameras (which may have spectral sensitivities that reach out of the visible spectrum), the
variance of the test source related to the reference source is taken into account. Therefore, the
spectral sensitivities of the various devices are not considered, but how much (in certain portions of
the spectrum) the test source spectrum differs from that of the reference source (Tungsten or
Daylight). The purpose was to create a "confidence factor"; an index (from 0 to 100) on the
probabilities of the test source to render the colours in the same way as the reference.
Conclusions
Light is an element that both from a professional and a research point of view proves to be very
transversal. It can be treated from numerous points of view and with very different approaches. In
the case of lighting for the television and cinema sector, the overlaps are considerable, but the
terminologies are different. In some cases, the elements cannot be transposed from one field to
another (as in the case of TLCI and TLFM). In other cases, they are shared and perhaps only differ
by terminologies or approaches (MIREDs, Green-magenta axis, Spectral Similarity Index).
Knowledge of these differences is essential for those who intend to deal with the television lighting
sector.
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Abstract
The perception of colors is based on four main dimensions, with their characteristics of observation
and interpretation that affect all human-color interaction, which is psychological, physiological,
physical, and chemical. Color psychology is an area of knowledge that addresses color as an
element of human cognition, corresponding to studies that discuss the symbology of colors and how
this principle affects emotions, feelings, and the psychological perception of chromatic spectra.
Thus, the present article aims to understand how studies on the psychological dimension of colors
have been carried out in scientific works since its first publication identified to the present, that is,
the year 2019. For this, a systematic bibliographic review was carried out that mapped articles,
dissertations, and thesis, obtaining, as a result, 106 texts. The methodology used is classified, in
terms of its objectives, as descriptive, and in terms of its approach, as quantitative and qualitative.
As a result, it was observed that the majority of research involving experiments, case studies, or
surveys, that is, human beings in the dynamics of work, study them in general, without sticking to
any of the genders in a specific way. In this same sense, the most researched age groups are those
between 21 and 59 years of age, while the least debated are those between 60 and 90 years of age.
Complementing these perceptions, it was possible to identify that the colors most discussed in
academic works are those considered primaries, such as red, blue, green, and yellow, respectively in
order of quantitative research. Finally, about the main productive sectors that investigate color
psychology, the area of psychology was the most versed, as expected, followed by the sectors of
product development, design, and marketing. In the universe of the psychological field, cognitive
psychology was the most debated, while psychophysics appeared last.
Keywords: psychological perception, sbr, color psychology, chromatic studies, colorimetry.
Introduction
Colors are present in the daily life of the whole society, is systematically planned when the
objective is to draw attention to a particular focal point, especially in products. Its language is broad
and usually acts in the subconscious making connections with other moments or objects whose
memory has already been stored in the brain. From that point, even if unconsciously, the mind will
react positively or negatively when faced with a specific color combination. To this end, color can
be defined as a perceived and sensory sensation, being the result of the action of light on the sensors
present in the retinas of the eyes (Silveira, 2015; Ribeiro, 2011). Colors are of fundamental
importance in the life of human beings since they are capable of provoking various stimuli, such as
evoking feelings. For Farina, Perez, and Bastos (2006) they have bodily vibrations in the human
senses, being capable of producing sensations, such as producing joy in human cognition, as well as
sensory reflexes of great importance, in addition to operating as a stimulant in our emotions.
Chromatic preferences are often determined through lived experiences, sometimes tending to prefer
one color over another because it causes certain types of memories, such as sadness, joy, and
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melancholy, or even provoking memories certain periods, such as childhood or youth. Farina, Perez,
and Bastos (2006) state that colors are stimuli that influence whether or not to like something.
The psychology of colors studies the influence that some colors play on the human mind (Ferreira
Junior, 2015), in addition to identifying the sensations of the environment and how they influence
the perception of what it is around us. For product development, this perception should be used as
an input and innovation objectives, because often the change in the color of an artifact can provoke
a new stimulus in the consumer.
To understand how the dynamics of the psychological dimension of colors occur, a bibliographic
study on the scientific papers, thesis, and dissertations that have been published in recent years was
necessary. For more consistent research, the systematic analysis method was used, where a great
part of the literature related to the subject is surveyed, thus generating results with new concepts
addressed on the same theme (Donato and Donato, 2019). To analyze the existing bibliography, we
sought to work on research based on the following problem: “what are the main research objects
addressed in the field of color psychology?”. For this purpose, to answer the question, it was based
on the methodology applied by Solino et al. (2015) and a systematic literature review was carried
out to achieve the following purpose: to identify and classify publications by studied genres, age
groups, main colors researched and, finally, the main productive sectors that address color
psychology.
Methodology
The application of a solid methodology becomes essential to validate any scientific research.
Considering this, the applied methodology manages to trace paths so that the objectives and results
that the researcher aims for, are achieved.
In this sense, this research is classified, as to its type of study, as a systematic bibliographic review,
which can be characterized through the words of Faria (2016) and developed by Santos et al. (2018)
as a scientific investigation of greater magnitude, with the primary objective of raising, gathering
and critically evaluating the methodology used in the research, synthesizing its results. There are
several advantages to using this type of study since systematic reviews allow incorporating a wider
range of important results for research, instead of reaching certain conclusions based only on
reading some articles (Santos et al., 2018).
This article classifies its objectives as descriptive research, in which, according to Gil (2008), its
main focus is the description of the particularities and variables present in a certain society or even
phenomena. Thus, exposing how the psychological dimension of colors is being worked on in
scientific research.
As for its approach, classifies as quantitative and qualitative research, due to the existence of a
survey of articles and a qualitative analysis of these studies. Fonseca (2002), states that, in the
quantitative approach, data are collected and quantified, focusing on the objectivity of studies and
using mathematical language to describe the main causes of a phenomenon. Besides, the
aforementioned author (2002) and Gil (2008) define the qualitative approach as being focused on
aspects that are not quantified, as it focuses on understanding and explaining the dynamic form and
information collected from the relationships between the variables. For the development of the
systematic bibliographic review, the script worked in the research carried out by Solino et al.
(2015), Santos et al. (2018), also adapted from the study by González and Toledo (2012) and
complemented by the methodology presented by Donato and Donato (2019).
The study process was carried out in six stages, where the first was to select which computerized
databases would be the object of study, the second was the choice of keywords, the third was the
effective search for studies, then, in the fourth stage, a review of titles, abstracts and keywords was
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performed, the fifth, in turn, was about the exclusion of studies that did not meet the proposed
specificities, and finally, there was a parallel reading of the exclusion of complete texts that had no
relation to the researched topic.
Methodological procedures
As mentioned above, the present study was developed within six stages, where, first, (i) two
computerized databases were chosen: Google Scholar and Capes Journals Portal. Soon after, (ii)
four keywords were defined, in Portuguese and English, to obtain a more extensive filtering and a
more precise review of the texts related to the theme, these were: 'Psicologia das cores', applied in
the Portuguese of language, and 'Color Psychology', in the English language, together with this, to
capture thesis and dissertations, it was also used the keywords ‘Psicologia das cores dissertações’
and 'Color Psychology Thesis'.
Extensive research was carried out in both databases, leaving open not only the search for scientific
articles but also dissertations and thesis, excluding only studies carried out in the year 2020, as the
cycle of studies had not ended until the time of completion of this systematic bibliographic review,
considering, thus, only works published until the year of 2019. Also for the more precise
development of the review, (iii) it was determined that up to 40 pages from each of the databases
would be searched, namely, the Capes Journal Portal and Google Scholar, because from that
number of pages the works that appear tend to either be repeated or have no more relation to the
topic discussed.
Then, in the fourth step, (iv) the analysis of titles, abstracts, and keywords was carried out, to
identify which results had some relation with the terms used. In the fifth stage, (v) was eliminated
from the bibliographic review texts that did not have the complete material available and also as
mentioned, were not directly or indirectly related to the theme of color psychology. After
completing the steps described above, a final total of 106 scientific types of research was obtained.
In which 96 were from scientific articles and 10 were the results of thesis and dissertations. After
the result of this totality, for the development of the Systematic Bibliographic Review (SBR), we
tried to understand how color psychology has been approached in scientific research.
Bento (2012) identifies the relevance of carrying out literature reviews by bringing up the idea of
understanding the current state of research around a given topic. Thus, it is necessary to understand
the main methodologies and views explored and worked on in these publications. Thus, in the sixth
stage (vi) to collect information, the following topics were divided: type of study, year of
publication, color concept, type of approach, objectives, object, author's focus, country where the
research was conducted and country surveyed, results found and several other points taken into
account. After choosing the points considered important for the construction of the interpretation
worksheet, the 106 texts were read, then the documents were analyzed and the entire table was
filled out. The focus of this work is to expose only the results of the main research age groups
identified, the focal colors, and areas of application in the research universe of color psychology.
Gender and focal age range of the studies
Due to a large number of studies with experimental content, case studies, and surveys being
conducted in the dynamics of the researches in color psychology, that is, research that involves
human beings, there is the possibility to obtaining of data regarding the main focuses of research.
As well as the main age groups surveyed and the genders that are most prominent. In some studies,
it is possible to notice the presence of more than one experiment being exposed, resulting in a focus
on different groups of people between the two experiments, both in terms of gender and age group.
Most works study human individuals in general (67.92%), addressing them in two ways, where
there is no distinction between genders during the narrative development of the research or where
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they study them separately in a single work and in then compares them. In addition to this data,
there is information that the female gender shows itself at an equal level with direct focus with the
male, both with 4.72%, representing only 5 surveys each. With that, it is noticed that the researchers
do not have the direction for studying the colors regarding a specific gender, but they usually study
them through comparisons with each other, as in 67.92% of the mapped cases. Finally, 22.64% of
the articles involved in these SBR do not have gender as a research focus at any level.
Regarding the numbers of surveys referring to the age groups studied (Fig. 1), it is important to note
that, in some articles, there are no surveys involving people, as well as surveys that do not
externalize these data, so that the works in that do not apply or do not specify this information
comprised about 28.9% of the mapped texts. As in the topic of gender, some works include more
than one age group as a focus, spanning two or three and having a unique and relevant focus on
each one.

Fig. 1 - The main researched age in color psychology

The age group that proved to be prominent in the studies was the one that corresponded to the
experiments carried out with people of middle ages (26.1%), considering in this plan people
between 21 and 59 years of age, showing themselves superior even to the works that study the age
groups as a whole (23.8%). Although the values of "All" and "0-20" are also quite similar, the
research shows a balance between the numbers, except for the age group of the elderly. The age
group with the lowest number of researches was the elderly people (60 to 90 years old), with the
dedication of only 2.8% of the works in color psychology.
Focal color
Research does not always deal with colors from their total universe, so some focus on specific
colors, debating their strands of meanings, or, in some cases, seeking to identify the relationships
between them.
Among the 106 cataloged texts, the presence of 18 types of research that has identified that focus on
only one color, that is, 16.98% of the total, thus debating their effects and meanings. Some
publications uniquely work more than one color, that is, 27 works that comprise 25.47% of the total
and that, in turn, aim to debate several specific colors regarding some objects, artifacts, or emotions.
In some cases, it is still customary to make a comparison between these colors, exploring each of
the chromatic elements approached as a unique research sample. With that, Fig. 2 shows the number
of focal colors researched in the mapped scientific papers.
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Fig. 2 – The main researched colors in color psychology

The most debated color is red, appearing in 16.05% of the works, followed by blue, with 15.43%.
Next are green and yellow (11.73% and 11.11%, respectively) with similar percentages. With this it
is possible to perceive a greater centralization of research in the colors considered primary, these
being pointed out by Johannes Itten, Josef Albers, Wassily Kandinsky, and Paul Klee as yellow, red
and blue and, although green is not a primary color at first, in combination with an additive
synthesis of colors, green appears alongside red and blue as primary, with the four colors mentioned
being basic colors (Pedrosa, 2008; Pina, 2009; Barros, 2011).
The most researched color being red, it appears as a result of its range of cross-cultural meanings, as
well as its strong psychological effect on individuals, Guimarães (2001) still points out that when
there are colors with different nomenclatures, they are usually linked to some nuance of red, which
demonstrates its high polysemy.
The least versed color is marron, also known as burgundy, with 0.62% incidence, followed by
cream and metallic tones (gold and bronze), which each had 1.23%. It is possible to perceive little
discussion about the different chromatic nuances, being the pure hues, the most worked in a
generalized way, that is, variations of the blue in the sense of hue and tone, like cyan or navy blue,
are purely treated by the nomenclature 'blue', there are few occurrences of colors that refer to this
variation, such as the terms bluish-purple or blue-green. This emerges in the discussion of cultural
change in the name attributed to colors across each culture.
Same sense within the variations of yellow, as the low or null existence of works that deal with the
yellow color variability, being commonly associated with some characteristic that refers to the
color, such as canary yellow or lime green. Pereira (2011) explains these occurrences, while it is
elucidated by Treptow (2013), where research tends to make use of the basic terms of color,
generalizing a whole range of hues under a single basic and common terminology.
In another sense, the research also mapped in its spectrum, works that debate the colors of human
skin and their perceptions and psychological developments in the social environment, for
understanding these studies as being inserted within the notion of color psychology. All the works
found with this concept in mind debate how social dynamics and human-human interactions occur
from the analysis of points of view and events experienced by people with black skin, addressing
both issues of structural racism in different areas society and historical development topics.
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Main productive sector and specific area of application of the studies in the Color
Psychology’s field
Through the analysis of the scientific texts, the main sectors through which the color psychology
was analyzed were outlined. With this, Fig. 3 shows that the purely psychological area had a greater
appearance, corresponding to 58.49% of the texts, since it is the main focus of the dimension
discussed in this work, however, the Design and Product Development sector had a relative
expression, presenting together 18.87% of the works.
As these are areas inherent to product development, it is interesting to know the process of
signifying the effects of colors on consumers' psychological aspects, as it aims to create artifacts
that are attractive and have aesthetic qualities for a specific target audience. Linked to this, it is still
possible to observe the presence of works in the marketing sector (6.6%), an area also considered
correlated to the design and development of products, totaling 25.47%, which demonstrates a high
level of importance of this type of knowledge for the design and marketing area as a whole.

Fig. 3 – The main productive sector researched in color psychology

Through the analysis of the texts, the main sectors through which the color psychology was
analyzed were outlined. With this, Fig. 3 shows that the purely psychological area had a greater
appearance, corresponding to 58.49% of the texts, since it is the main focus of this work, however,
the Design and Product Development sector had a relative expression, presenting together 18.87%
of the works. The research areas for purely theoretical (that is, academic) development, architecture,
and ophthalmology were researched with a lower incidence, comprising 1.89% each. The ‘Others’
topic included areas that have only 1 incidence, such as physical, hospital, audiovisual, social and
technological, scoring 1.03% each and together forming 5.2% in the graph seen in Fig. 3.
Within the area of psychology in general, a process of division into sub-areas was made using the
concepts of Feldman (2015) and added to the psychophysical area, observed through the concept of
Costa (2011), with adhesion identified by the need to also classify the psychological and
physiological effects inline within some terminology, which is not brought up in Feldman's theory
(Tab. 1).
The result of this analysis was that cognitive psychology appears in 65.22% of the works that deals
with psychology, its focus is to study mental processes as being associated with people's behavior,
related to the psychological dimension of colors for trying to understand how chromatic effects
exert power over individuals' attitudes. Personality psychology (17.39%) studies the points at which
human beings clash with each other, their aspects of subjectivities and individuality, chromatic
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preferences or chromatic perceptions are the main means of observing the relationship between the
theme and the area, as it seeks to identify how each individual perceives and relates to the chromatic
object.
Psychology areas
Cognitive psychology
Personality psychology
Transcultural psychology
Behavioral neuroscience
Psychophysics

Research participation
65.22%
17.39%
6.52%
6.52%
4.35%
Tab. 1 – Sub-areas of psychology

Immediately afterward, transcultural psychology appears (6.52%), in which how cultures converge
and diverge among themselves, within this topic, it is understood that the works aimed at the
comparative analysis of generalized chromatic perception through optics cultural aspects and
aspects arising from their perceptions. Feldman (2015, p. 7) explains that the subarea of behavioral
neuroscience “examines the biological bases of behavior”, relates to a more neurochemical view,
where it seeks to determine the chemical or humoral changes that occur in the brain from contact
with color (6.52%). Finally, psychophysics, with 4.35%, connects from the understanding of Costa
(2011), about how the visual passage of chromatic physical stimuli awakens sensations and
behaviors in the brain of individuals.
Conclusion
The present research aimed to understand which were the main objects of study in the area of the
psychological dimension of colors. In this sense, a systematic bibliographic review was performed
in the Google Scholar databases alongside with the Capes Journals Portal, reaching a total of 106
texts that were read, analyzed, and categorized.
Thus, it was concluded that the main approaches revolve around the study of young-adult
audiences, attributing to the public being considered mass, neglecting the age groups of older
people, however, without sticking to any gender in a way specific, referring to studies that discuss
how psychological perception of both genders happens. Still, it was identified that the primary
colors were the most researched, being red, the color with the highest level of perception to human
eyes, the color with the largest number of studies, due to its character of visual power. Finally, the
sectors of greater research in color psychology concern psychology, as expected, more specifically
cognitive psychology, for dealing with the apprehension of studies of the processes of the human
mind. Still, there was also a relative concentration in the areas of design, product development and
marketing, sectors that deal with human beings, their preferences, and their psychological effects
directly. Thus, by systematizing all academic works published until 2019, we can contribute to the
field of color psychology studies, making it possible to provide a basic guide to identifying the
points that were most discussed and those that need a higher level of understanding.
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Abstract
Colors are visualized as being one of the most important aspects in the way people relate to the
environment, with other people and, more industrially, with artifacts, being responsible for the
effective development or not of the first contact with the product. The preferences in colors bring
the human notions of being affectionately attracted by a certain aspect of a composition to the
detriment of another, generating immediate identification or refusal, being something
psychologically and culturally constructed. In fashion products, colors are responsible for adding
value through emotional and aesthetic aspects, these preferences being essential points to build a
marketable and attractive product. Thus, the objective of the present work is to identify how color
preferences, discussed through their hues and their color lightness, in fashion products, change as
the differences between genders are observed. In this sense, the research is classified, about its
objectives, as exploratory-descriptive and as to its approach as quantitative and qualitative.
Regarding technical procedures, a survey was developed in the city of Caicó, in the Brazilian state
of Rio Grande do Norte, a city in the countryside of the northeast of Brazil. The survey was
conducted with 170 people during a scientific and technological exhibition at the Federal Institute
of Education, Science and Technology of Rio Grande do Norte, 117 of which were female and 53
male respondents, aged between 7 and 64 years. As a result, a greater focus on the female gender in
hue, pinks, and purples was understood, while a lower preference for greenish hues, in the sense of
color lightness, tended to dark tones and refusals to medium tones. However, as for the male
gender, the preferred hues were bluish, while the least preferred were pinks and violets, about color
lightness, the male gender preferred mostly medium tones, and with low choice, light tones. Thus, it
was concluded that genders play an important role in color preferences in fashion products,
identifying socially constructed characteristics through the history of colors as being responsible for
the direction, as it corroborates the social notion of the female gender, preferring pinks hues and
purples, this being conditioned mainly within the masculine gender, presenting tendencies of
preferences to the bluish ones and a high refusal to the pinks and purples.
Keywords: Gender Differences. Color Preferences. Hue. Color Psychology. Chromatic Studies.

Introduction
Colors are characteristic of everything that is around us, therefore a matter of fundamental
importance for the development of any product. Baxter (2011, p.48) defends that “we see an object
when the light emitted by it penetrates the eyes and reaches the photosensitive cells of the retina,
generating an electrical impulse”, thus, the colors are presented as the first factor of perception in an
image. In fashion products, the color becomes even more indispensable, being used for the
development of garments, accessories, and composition of prints. The relationship between the
subject and color is directly linked to the environment in which he lives, age, education, as well as
to the individual's gender.
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According to Heller (2013), men and women like the color red equally, possibly because it is the
first color that is usually presented to children. Often, the chromatic preferences come from
childhood memories and feelings that a certain color passes.
Thus, colors have been part of human life since birth, where society imposes the distinction of
gender by color, such as pink for girls and blue for boys, but these preferences are changed over
time. Color is a constructive element, it carries a symbolic value, it conveys meanings and
sensations, in some tones, it transmits peace and subtlety, and in others, it can show yearnings
towards negative feelings (Pina, 2009). Therefore, based on this information, this study seeks to
understand how color preferences compose in fashion products when observed through differences
in perception between genders.
Theoretical framework
Color, in general, does not have a material existence, it is a sensation perceived when light falls on
an object, that is, each color is an electromagnetic wave (Silveira, 2015). Garcia et al. (2017),
adding that the visualization and illumination of colors are based on a set of physical, physiological,
and psychological processes. As a result, the colors change according to the luminosity and may
have different shades of the same hue. The perception of color is, in general, very variable, as it
depends on how each individual perceives the variations of light and color through his visual
system. The chromatic preference is given by several factors, among them are the experiences lived
with a certain color or even the fact that we learned that such color is more suitable for such an
object (Pina, 2009). To Farina, Perez, and Bastos (2006), the chromatic preference does not have a
real existence, it is built and can be modified by the influence of the environment in which the
individual is inserted, age, education, among others.
Taylor, Clifford, and Franklin (2013) explain that several theories seek to define the emergence of
chromatic preferences, but that these studies seek to generalize the way people, through their
culture, tend to prefer certain colors, thus generating a pattern results and serving as a contribution
to areas that seek knowledge between human-color interaction. The first studies on chromatic
preferences came in the 19th century, in research by J. Cohn in 1894, attributing only those choices
to personal tastes. At the beginning of the twentieth century, more precisely in the 1940s and carried
out by J. Eysenck (1941), these early studies resulted in no high differences in chromatic
preferences between genders (Taylor, Clifford & Franklin, 2013).
In more accepted theories today, Palmer and Schloss (2010) study the theory of the relationship that
exists between color preferences and their associations with natural objects or events, so if a person
has an appreciation for the sky, then color blue will be one of your favorites, this idea is also
applied to colors that are categorized as not preferred. Still, Heller (2012), demonstrates that there is
a difference in chromatic preferences between genders, the color blue is the color preferred by both
sexes, in their findings, only 1% of men and 2% of women do not like the color blue. Therefore, for
product development, colors are essential, Singh (2006) states that 62% to 90% of purchase
preferences are directly linked to the colors that make up the syntax of the visual configuration of
the artifact.
In other studies, Sorokowski et al. (2014) analyzed chromatic preferences between individuals from
Poland and Yali in Papua, obtaining results from the chromatic difference between regions and
between sexes. In the study, the Poles chose blue as their favorite color, thus coinciding with the
study by Heller (2013) which says that blue is the favorite color and yellow/orange appears as the
least favorite color, on the other hand in Yali, red and yellow appear as a favorite color. Therefore,
the chromatic preference changes according to time and culture, thus reaffirming the theories
explained by Taylor, Clifford, and Franklin (2013).
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In fashion, color is one of the main requirements for product development, wherein in many cases,
the “power of attraction depends not only on color and luminosity but also on psychological
effects” (Farina, Perez, and Bastos, p 137). Therefore, colors are of paramount importance in the
construction of any product. Pina (2009) corroborates when he affirms that both in products and in
garments, color appears as the element that most influences the purchase.
Methodology
The research is classified, in terms of its nature, as applied, whose main characteristic is the
application and use of knowledge. In terms of its objectives as exploratory-descriptive whose
purpose is to develop and modify ideas through the description of the characteristics of a given
population and as for its approach, it is classified as quantitative-qualitative (GIL, 2008). As for
technical procedures, the research begins by developing a questionnaire used to obtain the data.
Based on the color chart developed by Silva (2017) in her thesis (Fig. 1), the test had 39 colors, 12
pure colors, 12 colors darkened with 50% black, 12 colors lightened at 50% opacity and 3
achromatic colors, arranged and divided into 4 groups of 5 hues and 3 lightness, and 1 group of 3
hues and 3 lightness.

Fig. 1 – Group of colors used in the experiment (Silva, 2017)

The research was carried out during a scientific event, called VI Scientific, Cultural and
Technological Exhibition of the Federal Institute of Education, Science, and Technology of Rio
Grande do Norte - campus Caicó, through the application of a questionnaire (Fig. 2) that, first,
sought demographic data based on the questionnaire applied by Crepaldi (2006) and the second
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stage the selection of 5 of the colors that the respondents liked most when it comes about fashion
products.

Fig. 2 – Questionnaire developed based on Silva (2017) and Crepaldi (2006)

For the application, two new iPads (6th generation) with a 10.2-inch retina screen and a resolution
of 2160 x 1620 pixels at 264 dpi were used. Was guarantee that both have the same lighting
settings, thus ensuring that respondents were subjected to the same visualization conditions of the
colors and at the same time optimize the time of application of the questionnaires.
Discussion and results
The research sought to understand the chromatic preferences among people taking into account the
hues and luminosity. In this way, it was also possible to perceive the chromatic preference between
men and women. To this end, the analysis was carried out in the city of Caicó, in the state of Rio
Grande do Norte, Brazil, during a scientific and technological exhibition held annually by the
Federal Institute of Education, Science and Technology of Rio Grande do Norte, counted on the 170
people participated, 117 of them female and 53 men, aged between 7 and 64 years. The analysis of
the results was divided between five hues: achromatic, greenish, bluish, yellow/orange and reddish,
and pinks and violets. In Figure 3, it is observed that, in general, the most preferred hues, usual
between both genders, are pink and violet, with 202 mentions and greenish hues were the least
preferred with only 115 mentions.

Fig. 3 – General chromatic preferences in hue

Regarding the differences in preferences between genders (Fig. 4), it was found that among male
people there were 70 mentions of bluish hues and for pink/violet hues and greenish hues, there were
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only 36 mentions, characterized as the last in the list. Regarding the female gender, there were 166
mentions of pink and violet hues, the largest being, and 74 mentions of greenish hues, the least
preferred.

Fig. 4 – Chromatic preferences in a group of hue though genders

Thus, it is possible to understand that women have a greater preference for pink and violet hues and
men for bluish hues, which, in the study by Heller (2013), presents the color blue as preferred
among 46% of men, also being consonant with the found by Ellis and Fieck (2001), about colors in
general. It is perceived, in this way, corroborated also in the fashion universe. In the studies of
Heller (2013), the author discusses rooted sexism and how the attribution of pink colors to women
and blue to men had rapid social acceptance and was impregnated in human cognition to the point
of being the most mentioned colors among genders, this The study developed here clearly
demonstrates this social precept as still in force, especially in fashion products. Still, the same
phenomenon took part in the analysis of chromatic preferences developed by Fortamann-Roe
(2011), where men tended to blue and women tended to magenta tones, in proportion to the tones of
green a low selection.
The luminosity, according to Farina (2006), refers to the ability that the color has to reflect the
white light that is in it, therefore the research also sought to understand the preferences when
observed through the shades, more specifically the light, medium and dark bias of the dimensions of
the existence of colors.

Fig. 5 – General chromatic preferences in lightness

In general, looking at Figure 5 above, dark tones appear as the preferred tones, with 322 mentions,
followed by light tones with 272 mentions and medium tones with 256 mentions. Therefore,
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according to the general results, dark tones are the preferred tones, with a greater preference for
black in both genders.

Fig. 6 - Male preferences in color lightness

As can be seen in Fig. 6, among males there is a greater preference for medium tones with 102
mentions, followed by 89 mentions for dark tones and 74 for light tones, in general black is the
preferred shade among the men.

Fig. 7 – Female preferences in color lightness

Thus, among the female gender, there is a predominance of preference for dark tones with 233
mentions, followed by 198 mentions of light tones and 154 mentions of medium tones, the black
tone was preferred among women (see Fig. 7). What exactly differs from the research by
Fortamann-Roe (2011), since the researcher identified a much greater male preference for dark
tones, as well as medium tones.
Conclusion
Chromatic preference is a very complex topic to be studied, as it depends on the perception of each
individual, as well as the context to which it is inserted, in addition to their geographical location.
However, the research sought to provide information to the regional industry in the development of
fashion products, since the region is a hub for the making and training of new designers.
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The present work detailed the preferences for hues and shades of the inhabitants of the city of
Caicó, a region in the interior of Brazil, to know the chromatic preferences through the genres. It
was possible to discover that, among the hues, men prefer the bluish ones and deny the pinks,
violets, and greens, in proportion as the women have a tendency towards the pinks and violets and a
refusal for blue and greenish hues. Thus, it is perceived and corroborated the notion of the power of
macho rooting in society projected also in the chromatic elements, a sign with socio-cultural power,
since it was attributed at a certain moment in history the pink and violet hues as feminine and blue
as masculine and, it proved to be a reality established in the group of volunteers who understand the
universe of respondents in this research.
As well as, it had the objective of detailing the preferred shades between men and women, obtaining
as a result that the medium shades are the preference of the masculine gender, and the dark shades
are preferred among the feminine gender. Finally, the research objectives were achieved, the
applied methodology was satisfactory to map the preferences of hues and shades, as future work,
one can focus on the development of research that seeks to identify the core of these preferences
trends across gender, mainly focusing on luminosity.
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5. Colour and Restoration
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Abstract
The belief that 20th-Century architecture can be recognized by the use it made of the colour white
has been widely rebutted over the last few years. One of the most interesting results of the research
studies on the buildings of the Modern Movement is the rediscovery of colours. Many factors
contributed to the idea that Modern Architecture was mainly characterized by white, but black and
white photography is for sure the most influential one. All those black & white pictures were
instrumental in paving the way for a precise iconography associated to Modern Architecture, thus
leading to a serious misconception. It is as if Modern Architecture lived a parallel life in vintage
photographs. Even if it is perceived in the collective imagination as that perfect artistic shot
suspended in time and space, Modern Architecture did develop and change over time, in particular
with respect to details and finishes, such as colours. This article aims at highlighting those tiny
changes that – even though insignificant when taken singularly – substantially contribute to
changing the way a building is perceived when considered as a whole. Giuseppe Terragni’s Casa
del Fascio is so well suited to the purpose. One of the masterpieces of the Italian Modern
Movement, inaugurated in 1936, it has been used as Guardia di Finanza police headquarter since
1957. Colour variations represent a key element in the architectural language of Casa del Fascio.
The plasters, the wood and iron windows and shutters, the doors, the grout joints of the concreteframed glass blocks, the stairway railings changed in colour many times, thus altering the
appearance of the building. Walls, for example, have many different coats of paint: originally the
lower part had a special colour obtained by mixing blue and light green, while the upper part had a
lighter colour. When looking at black & white vintage photos we can spot the different colour
shades, as if these were supposed to enhance some surfaces in contrast to others. Today this effect
has been eliminated through the white paint coat applied to all the surfaces. The stairway railing
met a similar fate: originally embellished by a two-tone effect it is now all black. Together with the
white walls it seems to inaccurately translate the vintage pictures. Although it is of utmost
importance to understand which colours characterized the building at the time of its construction, no
less important is to comprehend how its surfaces were transformed over time and why a specific
colour was chosen and eventually altered. Terragni’s Casa del Fascio can now be returned to the
inexorable passing of time, as it no more embodies the idea of an incorruptible monument.
Keywords: Modern Movement, Built Cultural Heritage, Casa del Fascio, Colour
Introduction
While waiting for a history of colour in 20th-Century architecture, it is possible to mention – as an
introduction – the tasks colour has performed in many of the so-called Modern Movement works:
the exaltation of the landscape, its ability to direct and distribute functions, its thermal properties to
capture or block heat, its therapeutic power, its use to create a feeling of belonging to a group
(neighbourhood), its political role in certain social contexts (Reichlin, 2013) and – particularly
important in this work of Terragni we are dealing with – "colour as an organic part of architecture,
that is, as an element of expression of space-time relationships [...] not on a plane, not in two
dimensions, but in the new field: time-space in four dimensions" (Van Doesburg, 1979).
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The use of colour in Terragni’s architecture
The colour schemes developed by Terragni in his architecture are inextricably linked to the
international Modern Movement. What is certain is that he knew the work of the European avantgarde and of its leading architects, as well as their colour composition systems: Le Corbusier's
Purism, Taut’s Expressionism and Rietveld's Neoplasticism. The problem of colour in architecture
was also widespread in the Italian cultural debate of the time: Bottoni's studies on architectural
chromaticism and Sartoris' graphic experimentations are some of the most famous and
representative examples (Artioli and Belluschi, 1990). The critical inattention to colour also
affected Terragni’s works, even though he always used different materials and colours. Villa Bianca
in Seveso had a facade painted in pink, Villa del Floricoltore in sky blue-grey, Casa Rustici was
coated in red hue and white marble, while in Casa del Fascio in Lissone marbles of different types
and colours were used (Artioli and Napoli, 2004). Even in the Novocomum the colour played an
important role. While, at present, the building has a predominance of white-grey shades imposed by
the restoration by Zuccoli in the 1950s, at the time of construction the building facades were coated
in a light hazelnut colour. The parts underneath the balconies, the recesses and corner cylinders
were painted in orange, the windows in red, the shutters in grey-green and the iron railings in blue
(Artioli and Belluschi, 1990). The use of colour gradations was one of the key elements of the
architectural language of the Novocomum, as it was for the Casa del Fascio in Como.
The case study: Casa del Fascio in Como
Terragni’s Casa del Fascio in Como is one of the historic masterpieces of the Italian Modern
Movement (Fig. 1). Inaugurated in 1936 it was used as a National Fascist Party branch for only nine
years, until 1945 when the city of Como was liberated from the Fascist Regime. Since then it was
used by the National Liberation Committee parties and in 1957 it became the headquarter of the VI
Legion of the Italian Finance Police, which still occupies it (Poretti, 1998).
The building has four floors with a square plan and it is characterized by a large central double
height hall called Salone delle Adunate (Gatherings Room), illuminated from above through a
skylight made of concrete-frame glass block (Fig. 2). This huge space originally contained the
panels designed by Mario Radice: a marble stele and a large image of the Duce on a glass support.
These elements were not simply decorative, but also compositional. The gallery of the first floor
which connects the offices overhangs the Salone delle Adunate (Fig. 3). The second floor follows
the distribution system of the first: the only difference is that the gallery opens onto the roof of the
Salone delle Adunate, characterized by a walkway that crosses it in the middle. On the top floor the
building is divided in two parts by two open galleries (Artioli, 1989).
The lack of immediate recognition of the monumental value of Casa del Fascio, listed only in 1986,
led to maintenance actions over the years that have altered the original design intents of Terragni,
including the use of colour.

Fig. 1 – Outside view of the Casa del Fascio
(Photo by Sara Mauri, 2016)

Fig. 2 – Salone delle Adunate (Photo by Sara Fig. 3 – Gallery at the first floor (Photo by
Sara Mauri, 2016)
Mauri, 2016)

Research on colours and materials
The poor consideration by the critical literature to the problem of colours and the interpretative
errors induced by the approximation of black & white vintage photos have led to the spread of an
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incorrect chromatic simplification also for what regards the Casa del Fascio in Como. Colour
variations actually play a leading role in its architectural language because, as we have seen in the
previous chapter, they are a compositional feature typical of Terragni’s architecture and not a
simple technical and formal finish. The plasters, the grout joints of the concrete-framed glass
blocks, the wood windows and shutters, the doors, the stairway railings have changed in colour
many times, thus altering the appearance of the building. Another key aspect is the natural colour of
the materials used in the Casa del Fascio, just think of the countless types of marbles that cover its
interior spaces and that have also undergone more or less significant transformations. The result is a
building rich in coloured surfaces and materials that now, deprived of some of its original colours,
is equally fascinating but simplified and somewhat mortified in its expressive potential.
Plasters finishing
Years ago, during the repainting works of the Salone delle Adunate, some signs of colour came to
light and, from a quick extemporaneous analysis; these were immediately identified as the original
colours. These had in fact a gloss stucco finish, like marmorino, which could not be traced back to a
later coating due to its refinement. Sky blue in the vertical walls and grey in the horizontal surfaces,
the finishes colour recalled the same contrast chosen in the contemporary Villa del Floricoltore
(Artioli and Napoli, 2004). In 1999, thanks to a new repainting work supported by the Italian
Finance Police, the Superintendency of Archaeology, Fine Arts and Landscape in Milan
commissioned a series of scientific investigations to research its original colours.
A first study carried out by the restorer Salvatore Napoli concerned the stratigraphy of finishing
layers. A total of fourteen stratigraphic tests were executed in different points of the building, seven
on the ground floor and seven on the first floor, in order to define all the paint sequences applied
over the years, from the first finish to the last layer (Fig. 4). In general, the number of paints found
on the surfaces is eight, but on the ground floor, in two samples, the number of layers found is
lower. It is assumed that the colour binders of the first four layers are synthetic polymeric materials,
while the deepest ones contain lime. The deepest layer of blue-green colour (that is three
millimetres thick) is made up of a compact, smooth, glossy finish which is very similar to
marmorino, confirming what was already hypothesized during the first observations (Artioli and
Napoli, 2004). This precious finishing treatment was also documented in the special issue of the
monthly magazine Quadrante, published in 1936 and completely dedicated to the Casa del Fascio:
in the list of suppliers and executors of the works there is the Giacomo Lingeri company as
responsible for the polishing of the Salone delle Adunate walls, which could be intended as a
particular finish such as marmorino (Terragni, 1936).
In addition to the various stratigraphic analysis, the Superintendency engaged Dr. Antonietta
Gallone from the Department of Physics of the Politecnico di Milano to analyse some walls colour
samples on the ground and first floor, using chemical-physical methods in order to establish the
nature of the materials used. A total of seven samples were analysed. The investigation
methodologies used (optical microscope and scanning electron microscope investigation,
microchemical tests, x-ray fluorescence and x-ray diffraction analysis, staining tests) highlighted
original pigments of two different shades of blue: a light turquoise, obtained by mixing artificial
ultramarine green particles with white stucco, and a light blue, obtained by using artificial
ultramarine blue. From the examination of the stratigraphic sections, the layers containing the blue
particles were overlapped on those with the green particles. Hence, the walls were originally coated
with a stucco paint of a delicate blue-light green colour consisting of a compact and homogeneous
layer of fine grain size material (Gallone, 1999). In the gallery wall on the first floor, it is now
possible to observe a small portion of the surface repainted with the original colour, for illustrative
purposes (Fig. 5).
Looking at black & white vintage pictures we can spot the different colour hues, as if these were
supposed to enhance some surfaces in contrast to others or to establish an intimate connection with
the decorative panels by Mario Radice and the glass panels of the pillars. The blue-green colour
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identified probably distinguished the Salone delle Adunate surfaces up to the upper limit of the
beams, above which there was a lighter colour, perhaps white (Fig. 6). Another hypothesis is
suggested by Terragni himself in the monthly magazine Quadrante. At the height of 2.10 m he
identifies a horizontal line, considered as fundamental in the building structural-architectural
planning, corresponding to the line of the doors, as well as to the Sala del Direttorio (Board of
Governors room) windows and the intermediate landings of the stairs (Terragni, 1936). It is
therefore possible that originally there was a slightly different colour from the one applied below
this height to underline this limit, maybe a blue-light green of a lighter shade. Unfortunately, the
stratigraphic analyses were carried out at a height of less than 2.10 m, so it is not possible to
demonstrate the previous two hypotheses. Today this effect no longer exists because the internal
surfaces were repainted several times with white paint coat (Fig. 2-3) or white pigments combined
with small amounts of black particles (grey paint coat), with a synthetic resin as a binder. We are
not able to precisely date these repainting works. It is conceivable, however, that the application of
grey paint layers dates back to the occupation of the Italian Finance Police, quite used to repainting
everything in grey, being grey their official colour (see the doors and windows chapters).
It would therefore be desirable to carry out further analyses on the Salone delle Adunate beams and
ceiling, which still retain their original colours, and maybe even in other parts of the building, such
as the offices, of which nothing is known.

Fig. 4 – Stratigraphy of finishing layers on the
ground floor (Photo by Sara Mauri, 2016)

Fig. 5 – Reconstruction of the original colour of
the plaster finish and of a door (Photo by Sara
Mauri, 2016)

Fig. 6 – In this vintage photo it is possible to
notice the difference between the colour of the
skylight structural elements and of the
underlying beams (Terragni’s Archive, 1936)

Doors
The Casa del Fascio interior doors are made of wood cladded with Bakelite and are painted with a
grey hue (Fig. 3), a colour attributable to the period when the Italian Finance Police started
occupying the building. In 2004, a stratigraphic test was carried out on the ground floor bathroom
door to establish its original colour. From a conservative point of view, the paint was oxidized, but
had no adhesion or cohesion defects or cracks. By making a stratification test with paint strippers
and scalpels, four layers were found on the door front part, well adherent to each other. The deepest
layer is the original black Bakelite material, the second one is a blue-grey paint, the third one is a
pale-yellow paint (probably an oxidation of the previous layer), finally the last fourth level is the
grey paint still visible today. There is also a stratification along the door thickness: after the
sampling a dowel made of a different wood essence and two different layers of paint came back to
light (Rampoldi, 2004). Other investigations on another door revealed a first layer of bright green
colour, the same found on the wooden windows and shutters and in the grout joints of the concreteframed glass blocks. At the moment, next to the colour reproduction of the plaster finish we have
mentioned above, there is a small portion of door repainted in green (Fig. 5). There are doubts,
however, that this green colouring was executed immediately at the end of the construction and on
all the doors, because, from the photographic documentation of the time, some doors seem to be
very dark, perhaps black, thus leaving in evidence the Bakelite clad. This theory confirms the
results of the ground floor door sampling, which probably had the Bakelite as its original finish
without any coating.
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Windows and roller shutters
Windows play an important role in the articulation of the Casa del Fascio facades: Terragni paid
particular attention to their design by using innovative systems. Two solutions were adopted: iron
windows, inserted in the concrete-framed glass blocks panels of the facades and inner courtyard,
and wooden windows, for the external facades of the office areas. The latter ones were specifically
designed and patented by the company Colombo & Clerici for the Casa del Fascio. The wooden
windows consist of two elements: a ribbon window, in the lower part, almost always having the
same width as the span, aligned at the top with the height of 2.10 m, and a transom having the same
width as the span in some rooms, half width in others and being completely missing in others again.
They can be classified into ten typologies according to the different shapes, sizes and opening
systems, but all have the same movement system based on a counterweight mechanism. Due to their
high technical complexity and to the action of atmospheric agents and variations in temperature and
humidity, the wooden windows are in a poor state of conservation. For this reason, in 2005, the
Superintendency obtained specific funding for their restoration: in order to select the most suitable
intervention methodology, some sampling operations were carried out on a window located on the
ground floor in Via Pessina. The restoration work ended in 2006 and concerned the frames’
structural stiffening through the insertion of steel tubulars and the replacement of the single glazing
with a safety one (Artioli et al., 2009). In parallel to these operations, a number of paint samples
were taken from the window frame with the aim of identifying the stratigraphic sequences through
chemical investigation. The spectrophotometric analysis measured the samples reflectance at
various wavelengths (between 400 and 700 nm) to accurately reconstruct the frame’s original
colour, while infrared analysis established the characteristics of the pigments (Barium sulphate
and/or Lithopone, Calcium carbonate and Zinc stearate) and of the binder (it is likely to be Urethane
alkyd) (Ambrosini, 2005). These investigations showed that the original paint colour was green
both inside and outside the window. The pigments have been modified over the years from green to
grey in the 1950s, up to the current painting, which is grey internally and brown externally (Fig. 7).
In order to obtain again a colour as close as possible to the original, the wooden frame of the sample
window was treated with a green satin oil-based paint and a traditional gloss synthetic paint (Fig. 89) (Ambrosini, 2005). In 2016 two other windows were restored, both on the ground floor, one in
Via dei Partigiani and one on the rear facade. The intervention methodology and the colour applied
for the window frames were the same as those used for the restoration of the sample window.

Fig. 7 – Stratigraphic analysis of the window
wooden frame (Photo by Luca Ambrosini,
2005)

Fig. 8 – Restored sample window (Photo by
Luca Ambrosini, 2006)

Fig. 9 – Detail of the restored sample window
(Photo by Luca Ambrosini, 2006)

Each wooden window has an external shading system consisting of wooden roller shutters, replaced
in the 1990s with handmade reproductions. Before their replacement, however, some investigations
were carried out to establish their original colour. When restoration works began, they were painted
with a brown coat under which another slightly softer shade of brown was found that had been
painted over the original light green layer. This latter paint was also found in the slats’ hidden parts
and in the vertical edges: this is due to the fact that the original paint was spread on each slat before
they were assembled, while the following coats of paint were spread only on the external parts of
the shutters (Artioli, 1993).
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Being the wooden windows and shutters painted green, it can be inferred that the iron windows had
the same colour, too. Unluckily, these were completely replaced, so there is no certain information
other than that deduced from the vintage photos.
Marble and glass claddings
Marble, used outside as a cladding (Fig. 1), is also widely used inside, not only for decorative
purposes, but also to create emotional effects through its colour combinations. If the only variety of
marble used externally was calcare di Botticino, internally there are different types: Pietra di Trani,
Giallo Adriatico, Nero Col di Lana and Nero di Belgio. Although Terragni described the various
types of marble in the monthly magazine Quadrante in a dedicated section, no mention was made
where they were used (Terragni, 1936). Hence, assumptions have been made about it.
Pietra di Trani is a compact limestone, with a colour that can vary from straw yellow to brown. In
particular, the variety inside the Casa del Fascio is the filetto rosso, characterized by a light-yellow
background with thin parallel stripes pink coloured. In the form of slabs, it probably covers the floor
and pillars of the Atrium as well as the stairs. Giallo Adriatico marble has very similar features to
Pietra di Trani and it is characterized by a uniform yellow background, devoid of veining and
stains. Maybe it was used as floor covering for the Salone delle Adunate (Fig. 10), although, from
direct observation, this is more similar to calcare di Botticino. The latter was used as a tile to cover
the galleries of the first (Fig. 3), second and third floor in lieu of the original linoleum.
Nero Col di Lana marble has an intense and compact black colour. This feature, together with the
very fine grain and the absence of white stains, makes it comparable to Nero di Belgio marble, also
used in the building. Given the lack of information about its application, it is supposed that it was
used in the cladding of the bathroom walls towards the galleries.
Nero di Belgio marble has a compact structure, a dark, intense and uniform black background and a
homogeneous grain. In the Casa del Fascio, this type of marble was probably used to cover the
Atrium’s false ceiling. The original lucidity of the marble was damaged by the bonfires that were
often lit inside the building in the years before the Italian Finance Police occupied it. The smoke
opacified and blackened the marble slabs and, due to the lack of maintenance over the years, they
are still in this condition. Polishing tests were carried out in February 2008, but these were not
followed by any kind of project concerning the restoration of the material’s characteristics (Mauri
and Busnelli, 2016).
In the Casa del Fascio, glass was also used as cladding material, in particular in some pillars in the
Salone delle Adunate, in the part below the steps of the main staircase and in the bathrooms’
internal walls. With regard to the pillars, the glass panes framed them for a height of 2.10 m from
the ground and were anchored to the structure. Currently the glass panes have been removed and
replaced with Pietra di Trani. The parts below the steps of the main staircase were made of Opalina
nera, a type of coloured glass. Finally, the interior walls of the bathrooms were covered with
painted glass tiles (replaced with the same material in the 1990s) whereas different colours were
used for each floor (Artioli, 1999): light blue in the bathroom on the ground floor, green on the first
floor (Fig. 11) and yellow on the second floor. These tiles further confirm the importance given by
Terragni to colour.
Stairway railing
The main staircase, which connects the ground floor to the first and second floor, is – as we have
seen – cladded with slabs of Pietra di Trani and with Opalina nera. The railing is made up of ultrastrong glass panes, which accompany the passage from one ramp to another with a full and regular
curvature. Here, the sheet of glass is inserted between two couples of iron profiles. Along the ramps
the glass is supported by metal pillars and the handrail, also made of iron, follows the curve of the
sheet of glass. Over the years the railing has undergone some chromatic alterations highlighted by
comparing the current situation to black & white photos (Fig. 12). The handrail and the vertical
pillars have been roughly painted in black, covering the original ebonised surface. The same type of
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paint was used on the couple of iron profiles supporting the glass in the passage between the two
ramps, probably originally coloured with a shade of green (traces of green were found on the
secondary staircase railing). Hence, the original double chromaticity that characterized the railing is
lost today due to the uniformity of the black colour (Pracchi et al., 2017).

Fig. 10 – On the left Pietra di Trani marble
floor in the Atrium, on the right Giallo
Adritico floor in the Salone delle Adunate
(Photo by Sara Mauri, 2016)

Fig. 11 – Bathroom on the first floor covered Fig. 12 – Comparison between a vintage photo
with green glass tiles (Photo by Sara Mauri, and the current situation of the stairway railing
(Photo by Sara Mauri, 2016)
2016)

Conclusion
In the last 15 or 20 years, restorers have carried out studies on many iconic cases showing that the
“white cubes” were never white: Billiet House in Bruges (1927) (Verdonck, 2007), Sonneveld
House in Rotterdam (1933) (Block et al., 2001), Van Doesburg’s Studio House in Meudon (192930) (Polman, 2013), Peeters house in Deurne (1932), Ville Savoye in Poissy (1929-31), Ville La
Roche in Paris (1923-25), , Bauhaus in Dessau (1925-26), Villa Beer in Vienna (1930), Tugendhat
House in Brno (1929-30) and so on.
Our purpose is to add information regarding the history of the life of Casa del Fascio and how it has
changed during the years. This was possible thanks to in-depth research in the archives at a national
and municipal level as well as a survey of the building, mixing direct and indirect sources.
Furthermore, various hypotheses were assessed, when possible, by means of physical and
stratigraphic analysis. The aim is not to provide the exact composition of original colours or to
repaint them in a future conservation project, but rather to provide a solid basis in order to be able to
understand what has changed and how, and to make decisions in full awareness and responsibility.
If everything seemed to be white in the past, nonetheless it is not necessary that modern architecture
must now be fully recoloured. For this type of architecture, we do not accept the passage of time,
considered as a sign of premature decadence, a failure of modernity. This could end up in the
“Dorian Gray syndrome”, which is perfectly represented in the title of a famous article written by
W.J Paijmans and J. Molenaar on the work done in Villa Sonneveld: “A modern Villa from 1933 to
2001. As if nothing has happened” (Canziani, 2004).
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Abstract
Romanesque and Gothic architecture was polychrome and - in most cases - the appearance of
medieval cities had to be much more 'colourful' than it looks today.
From 20th century, in Umbria, high seismic risk has strongly shifted the attention on structural aspects
of buildings to the detriment of formal authenticity of historical construction elements causing serious
losses of material of high documentary value, especially regarding mural finishes, which are the most
vulnerable part of the architectural apparatus.
Present study deals with the problem of colour in the medieval Umbrian wall facings to deepen the
history of architecture to increase awareness in conservation and greater the enhancement by also
offering ideas for possible reconstructions of the decorations.
The aim is to investigate conservation and restoration issues of architectural surfaces, focusing on the
value of the authenticity of matter. Recent studies on the use of bi-chromatic decoration in medieval
building techniques in Umbria and on the chromatic alteration of local stone have drawn attention to
new research perspectives about the exterior layers of architectural surfaces and on the characteristics
of their pigmentations. It has been demonstrate that some types of stone such as the Scaglia Rossa well known as the 'pink stone of Assisi' - can change colour in a non-reversible way from red to
yellow (this variation is perceived by the human eye as a passage from dark pink to light pink and/or
to white) in relation to weather phenomena.
Based on these considerations, the still visible traces of possible chromatic transformations of this
building material and of historical finishes (e.g. painted plaster) were examined, especially where
they were used in bi-chromatic patterns (white-rose). Differences between shades of colour of the
stone according to the exposure to sunlight and rainfall in relation to its position on the structures
have been observed, highlighting the importance of a reinterpretation of Middle Ages Umbrian
architectural surfaces. In particular, it is possible that the decoration obtained with the juxtaposition
of pink and white limestone elements, typical of the villages of the Umbrian-Marche Apennines,
could have been characterized by much more vibrant colours, with contrasts similar to those obtained
in the decorations of the contemporary Tuscan buildings. This theory is also validated by the
comparison with interior pictorial decorations and with the painted architecture of some of the
greatest coeval artists.
Keywords: building techniques, medieval architecture, colour, finishes, conservation.
Introduction
Colour in European medieval architecture has been important. Studies on the surface treatment of
medieval buildings show the presence of polychrome and poly-material apparatuses that could have
made exterior facades as colourful as the interiors. These decorations were made to emphasize the
architectural spaces and to highlight the most important structural elements and represents one of the
most used decorations during Middle Ages (Fachechi, 2016; Fiorani, 2008). To colour the
architecture, specialized manufacturers used different building materials and tapestries, or they
painted the single building elements. The most frequently used techniques or decorative paintings
were frescoes, lime, and lime casein paintings, and - rarely - oil paintings. More refined techniques
arose in Late Middle Ages, among them: painting decorations with the aid of pre-formed moulds,
etched plasters, and glazed terracotta (Aceto 1995; Borgherini 2001; Bernardi 2010).
Even in cases where the wall facings where designed to be left unplastered, it cannot be excluded that
the surfaces may have been treated with further finishes to homogenize the patterns obtained,
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emphasize the colour tones and/or preserve the surfaces. As in the famous case of Siena cathedral on
which gilding residues and traces of different and specific colouring treatments were found for each
of the materials that were to have an aesthetic as well as protective function (Droghini, et al 2007).
However, many of decorative and surface finishing elements have been lost. It happened especially
in Umbria and in other Italian regions with high seismic risk. Here, historical buildings had suffered
serious losses and had always been subjects of heavy restoration actions which, in many cases, have
not assessed the importance of authenticity of small architectural surface treatment traces when it
seemed that these had no remarkable aesthetic interest. Another reason for colour loss which is found
on Umbrian surfaces is due to the chromatic alteration of the constituent materials because of
atmospheric agents. Recent studies have shown the possible discoloration of the Scaglia Rossa stone
of the Umbria-Marche Apennines on the facades of some famous architecture in Assisi.
Materials analysis, together with the identification of new traces of historical finishes, therefore allow
us to hypothesize that even the exterior facades of medieval Umbrian architecture could have had
decorations with very vivid colour tones like contemporary monuments of other Italian and European
regions.
Bi-chromatic and poly-chromatic architectures in medieval Umbrian architecture
In Umbria bi-chromatic and poly-chromatic decorations were realized both by painting and with the
juxtaposition of stones of alternating colours. Painted layers on exterior surfaces, however, have been
largely lost over the centuries and only few architectures showing these treatments remain nowadays
in this region (Fig. 1).

Fig. 1 – Gothic stairs of Palazzo Trinci in Foligno (XIV-XV centuries). Exterior facades have been incorporated into the building during subsequent
construction phases, favouring the conservation of frescoes. Photo by E. Scopinaro (2015).

On the contrary it is still possible to analyse several cases of structural decoration with the alternate
arrangement of local white and pink limestone (Fig. 2). This technique - initially used only for single
decoration elements such as arches, pillars, portals and rose windows - reached its maximal spread
and highest level of accuracy between the 13th and the 14th century with wall facings characterised
by regular alternation materials with different natural pigmentation and disappeared during the 16 th
century (Gigliozzi 2013; Pardi 2000).
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Fig. 2 – S. Lorenzo cathedral in Perugia. Photo by E. Scopinaro (2017).

In the most leading Umbrian cities there are five different types of chromatic alternation of the
elements arranged in the wall facings: arrangement as rows, as bundles of rows, generally formed by
three recurrent lines, as alternating squares arranged on diagonal lines, a kind of medieval revision of
the Roman opus reticulatum; as a network, with belts of white stone framing squares of pink blocks;
as pierced slabs overlapped so that the underlying colour emerges (Scopinaro 2017). At first sight,
the categorised techniques only differ in drawing, however sometimes different patterns are related
to different building methods also in the inner part of the wall.
The major and the most refined concentration of decorated masonries can be specially found on
external facades of religious buildings in Perugia, Assisi, Foligno, Spoleto, Spello, Todi, Gubbio and
Sangemini. Some of the most relevant examples of these building techniques are the churches of S.
Maria Assunta in Monteluce (1415) and of S. Francesco al Prato (1464) in Perugia, S. Chiara basilica
in Assisi (1256-’67 and first half of 14th century), S. Feliciano cathedral in Foligno (1133 and 1201)
and the church of S. Damiano in Spoleto (half 13th century – begin 15th century).
From a historical point of view, it has not yet been possible to trace the reasons that led to these kinds
of masonries. While it is easy to assert that the choice of materials and their chromatic features may
have been dictated by the availability of the site, it is difficult to understand how much the materials,
the technical know-how of local workers, and/or political decisions influenced the choice of different
decorative designs. It is also possible to assume that the designs in many cases could be more complex
than they appear today with the inclusion of a greater number of materials of different colours and
shapes. An example is preserved in the facade of the church of S. Francesco al Prato, partially
protected from deterioration with the construction of the Cappella del Gonfalone, removed in 1925
(Salvo, 2013).
In most cases, the possible chromatic decoration of exterior wall facings of Umbrian historical
architecture is traceable only where there is structural decoration, but it is probable that the surfaces
may also have had other finishes. Today the other finishes have been lost and even the colour of the
structural decoration does not necessarily correspond to the original one due to weathering.
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The chromatic alteration
Recent research on alteration and degradation phenomena of the Italian pink limestone called Scaglia
Rossa have methodological implications in the study of wall surfaces and in their conservation and
restoration. In fact, this limestone is one of the most employed lithotypes in Umbrian medieval
construction not only for its ease of extraction and carve, but also because of its colour. (Scopinaro
and Török, 2018; Scopinaro et al, in press).
It can be observed that pink limestones can discolour, turning to white or ocher, in a non-reversible
way, sometimes confusing the formal interpretation of the original pattern used in wall facing. In
these cases, it is not clear whether these patterns formed the part of the architectural design or the
colour differences are related to later colour alteration caused by external factors. Such chromatic
material changes depend on the structure of the chemical elements forming the rock. These changes
are still under study but appear to occur within a time ranging between 40 and 100 years after stone
extraction. Water can react with the oxides present in the stones generating hydroxides and thus losing
the typical red colour (Vannucci et al, 1986).
It can therefore be assumed that the reaction of some types of red rock to the atmospheric agents
would not be unknown to medieval builders. However, their difficulties in controlling the above
phenomenon could result in the creation of structures with decorations that today appear not
‘chromatically regular’.
If the material has lost its original pigmentation, the various lithotypes can be recognized with noninvasive petrographic analysis. Fossils present in limestones structure are visible with a magnifying
glass (10x) and allow us to date the rock and establish any possible alteration.
This alteration can be found in both civil and religious buildings of Umbria and especially in Assisi
thanks to the high percentage of decorated buildings, the lack of white limestone quarries nearness
the city and the presence of Scaglia Rossa stone, perhaps already in the process of bleaching when it
was extracted.
Wall facings of S. Chiara basilica in Assisi (PG)
Assisi is one of the cities with the largest amount of identified bi-chromatic stone structures
characterized by the discolouration phenomenon. In this city there are several historical buildings
made up with Scaglia Rossa ashlars and most of them present chromatic alterations. However, not
all the masonries are useful to this study because many surfaces had to be covered with plaster and
the chromatic aspects of construction elements should be irrelevant in terms of decoration. In few
cases, indeed, the colour of the rocks used should be important as the example of S. Chiara basilica,
built during the second half of the 13th century and enlarged in 14th century.
The wall facings of the main facade of this monument are made of pink and discoloured pink
limestone chosen to create a rather perfect bi-chromatic alternation. We cannot know if the partial
discolouration of the pink blocks in the pink rows had already occurred during the construction
phases. We can however state that the pink rocks partially discoloured present inside the white rows
were already imperfect during the placing, because the alteration is not reversible.
Since this structure was designed to be one of the most important religious buildings in Umbria during
Middle Ages, it had to be accurate realised and its construction dates back to the period of maximum
accuracy of bi-chromatic structural decoration, it is not possible that the use of partially discoloured
red elements could have been accidental (Bigaroni et al, 1994). This construction also suggests that
medieval builders probably knew the possible colour variations of the stone, given the use that was
made of it in these masonries. In this case it is possible that the work had been perfected with a
finishing layer of which traces have not been detected (Fig. 3-4).1

1

It is possible to hypothesize that the white colour of the white rows was improved by means of a subtle
finishing layer, e.g. a scialbatura of lime milk, which now has disappeared.
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Fig. 3-4 – S. Chiara basilica in Assisi (PG). Main facade and detail. Photos by E. Scopinaro (2018).

Other chromatic peculiarities found on the same building concern the walls of S. Agnese chapel built
on the left side close to the transept of S. Chiara basilica from the 14 th century. This chapel - built on
a pentagonal plan - has totally decorated surfaces. The masonries have bi-chromatic wall facings with
structural decoration, as a net with white stone ashlars laid on vertical and horizontal plans that frame
pink square slabs (Fig. 5).

Fig. 5-6 - S. Chiara basilica in Assisi (PG). Exterior wall facings of S. Agnese chapel. Photos by E. Scopinaro (2018).

The decorative motif is divided horizontally into two parts by a thin moulding cornice. The lower
part of the masonry - up to about 3 meters from interior pavement level - has the same decoration
both in the internal and external facing of the wall. The upper part maintains externally the same biColour and Colorimetry. Multidisciplinary Contributions. Vol. XVIB
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chromatic pattern, with different measures of elements, and changes completely the interior
ornamental apparatus, which nowadays presents more complex designs that cannot be taken into
consideration by this study because they are to be referred to perhaps very different constructive
phases.
As in the main facade, the pink stone used in the external wall facings of this structure seems to have
been discoloured. Examining the wall from the bottom upwards, it can be seen that the colour tone
of the pink elements appears systematically darker as you get closer to the roof. Based on the studies
on chromatic alteration of rose rock it is possible to suppose that the stone have lost colour due to the
combined action of sun and rain, maintaining - whole or in part - the original colour only in the most
sheltered parts (Fig. 6).
Analysing this masonry, a fragment of possible historical finish was also found. It is a fresco-painted
plaster located in the upper portion inside one of the trefoil arches of the cornice and it probably
belongs to a subsequent intervention, also from medieval period. (Fig. 7-8).

Fig. 7-8 - S. Chiara basilica in Assisi (PG). Detail of an architectural finishing fragment on the upper part of exterior wall facings of S. Agnese chapel.
Photos by E. Scopinaro (2019).

This finish confirms the possibility that surface colours could also be inserted on surfaces decorated
with materials of different pigmentations and opens to the hypothesis of a decoration based on shades
of darker (pink) colours. This hypothesis would also be supported by the colour of the same stone
inserted in the internal wall facing of the same masonry. The interiors of the chapel present the same
construction technique as the exterior made with the same design at the same scale of representation,
but in this case the tone of the pink stone slabs is decidedly darker. In this case the stone is made
darker also by the presence of a surface treatment with wax which has also favoured its protection
over time. The same construction technique is present in other walls both inside and outside. When
found in internal wall facings, the surface is always treated with some protective layer, as in the case
of the lower basilica of S. Francesco in Assisi, where the colours of the fresco decorations in imitation
of the pink stone also agree with the dark tone of the treated and protected stone.
Today, however, it has not yet been possible to identify any traces of any such treatment on the
external walls.
Conclusion
Recent research on architectural historical finishes and on stone alteration underlined the importance
to deepen the study of buildings surfaces of medieval Umbria.
Mainly due to the seismic events in this region a lot of historical material has been lost. Nevertheless,
by examining the walls with bi-chromatic and poly-chromatic decoration, obtained by the
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juxtaposition of materials with different colours, it is possible to outline some aspects of the
appearance of medieval cities.
The comparison between interior and exterior wall facings of the masonries decorated with pink stone
highlights differences in conservation. Based on recent studies on the chromatic alteration of Scaglia
Rossa rock, it is possible to assume that sometimes external surfaces could have completely or
partially lost their original colour. These decorated facades may therefore have been more vibrant in
according with the ones used in the false-stone painted plasters and in accordance with the
representations of medieval multicolour architecture, such as those which are in Giotto’s frescoes in
the superior basilica of S. Francesco in Assisi (Benelli, 2016).
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Abstract
Reflectance spectroscopy is a well-established technique for the study of traditional artworks on
parchment, paper, textiles, stained glass/windows, wall, canvas, and panel paintings. For the analysis
of plastic heritage, its application is still a pioneering line of research. It poses new challenges due to
the inherent complexity of plastics and a lack of experimental protocols for the reflectance analysis
of these materials. Being a non-destructive technique (sampling is not required) and thanks to the
possibility of in situ applications, reflectance spectroscopy might be used as a preliminary tool for the
detection of possible discolouration in the plastic heritage caused by polymer and colourant
degradation (e.g. yellowing, darkening and fading). In this work, the application of Fibre Optic
Reflectance Spectroscopy (FORS) and colourimetry for the discolouration assessment of plastic
heritage is presented. The spectroscopic techniques successfully characterised the discolouration, and
results of yellowing and fading measurements of naturally aged historical plastic objects are
discussed.
Keywords: historical plastic objects, discolouration, FORS, colourimetry
1. Introduction
Because art reflects our social context, plastics have become part of modern and contemporary
cultural heritage. Plastic artefacts are nowadays displayed in museum and exhibitions as design
pieces, artworks and historical objects. The conservation of plastic objects poses serious conservation
challenges and, at present, is a crucial issue in heritage science. In a few decades, plastics may start
to degrade and, when it occurs, is fast and irreversible, making preventive conservation strategies
vital.
Colour is one of the key elements that determines the plastic appearance, especially in modern plasticbased objects which are generally characterised by vibrant and colourful surfaces. Its alteration can
dramatically affect the perception of plastic objects and works of art, thus making its preservation
fundamental. Discolouration or colour change of plastic heritage have been already reported by the
conservation community (Quye and Williamson, 1999; Shashoua, 2008) and specific terms have been
coined to describe the phenomenon (Lavédrine et al., 2012).
The term discolouration describes all the possible alterations of the original colour including;
darkening (the material becomes dark or darker), fading (gradual or complete loss of colour and
brightness) and yellowing (shifting toward yellowish hint/colour). The degradation of the polymer
and modifications of the colourant, alongside with surface soiling, can be responsible for the plastic
discolouration. While the impact and contribution of polymer degradation to discoloration have been
widely studied (e.g. photo-oxidation of polyurethane, hydrolysis of cellulose acetate and release of
acetic acid), only a few studies have been devoted to colorant degradation mechanism (Allen and
McKellar, 1980).
The detection of the earliest stages of discolouration can support the preservation of entire collections
and help to define better conservation strategies. In addition, the characterisation of the discolouration
may suggest the ongoing degradation mechanism based on the polymer nature and whole formulation.
For this purpose, in situ approaches, where sample preparation is not needed, represent an ideal
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method. To the best of the authors’ knowledge, no studies have been specifically devoted to the
investigation of plastic heritage discolouration through the use of in situ techniques.
Fibre Optics Reflectance Spectroscopy (FORS) has been already successfully used in assessing the
colour changes and incipient degradation of contemporary artworks (Cucci et al., 2013). Colour
measurement is instead widely used to evaluate the degradation of plastic formulations in industry
(Charvat, 2004; Müller, 2003; Webber, 1979). In this work, a set of naturally aged historical plastic
objects, belonging to a private Portuguese collection, was studied and the use of FORS and
colourimetry tested to investigate their discolouration.
2. Materials and methods
2.1 Case studies
The private collection gathered by Isabel Florentino includes more than three hundred objects entirely
made of plastic elements. The collection contains items from all the ages of the Portuguese plastic
industry (from the 1930s to 2000s) and was studied as part of the research project “The Triumph of
Bakelite - Contributions for a History of Plastics in Portugal” (Callapez, 2017) which contributed
writing the history of the Portuguese plastic industry (França de Sá et al., 2020).
Probably produced in the second half of the 20th century, the objects selection includes items of
different sizes and end-uses (mostly domestic). The selection consists of:
- a naturally aged white telephone made of acrylonitrile butadiene styrene (ABS) (Fig. 1);
- a series of food containers with a red lid made of polyethylene (PE) (Fig. 2a,b) and polystyrene
(PS) (Fig. 2c).
The telephone and red plastic elements were specifically chosen because show evident discolouration,
mainly yellowing and fading respectively. Due to the presence of Portuguese inscriptions such as
‘Grão’ (chickpea), ‘Arroz’ (rice), a Portuguese production can be attributed to the food containers.

Fig. 1 – ABS telephone.

Fig. 2 – Food containers.
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2.2 Colour measurements
A Microflash mobile colorimeter DataColor International was employed for measuring the colour of
the historical objects. The colourimeter is equipped with a Xenon lamp and the 1976 CIELAB colour
coordinates (L*, a*, b*) were calculated over an 8 mm diameter measuring area, considering the D65
standard illuminant and the 10° colourimetric observer (CIE 1964). The reflected specular component
(SCE mode) was excluded in the measurements. The instrument was calibrated with a white (100%
reflective) and black (0% reference) balance, in accordance with the DataColor calibration procedure.
The white (porcelain) and black trap standards were provided by the manufacture. The reported values
are the average of three measurements, which proved to be sufficient to guarantee reproducibility.
2.3 Fibre Optic Reflectance Spectroscopy (FORS)
The FORS spectra were recorded using a reflectance spectrophotometer Ocean Optics, MAYA 2000
Pro, with single beam optical fibres, equipped with a linear silicon CCD detector Hamamatsu and a
halogen lamp Ocean Optics HL-2000-HP (20 W output) in the 380-1000 nm range. The analyses
were obtained with 8 ms integration time, 15 scans, 8 box width, and acquired at 45°/45° measurement
geometry. Calibration of the spectrophotometer was carried out using a 99% Labsphere Spectralon
diffuse reflectance standard.
3. Results and discussion
The ABS telephone is characterised by areas with different degrees of yellowing. The bottom part of
the handset, as well as its housing, are "pristine" white due to limited exposure to light (Fig. 1). The
top of the handset and of the entire object are completely discoloured (Fig. 1 and Fig. 3a).

Fig. 3 – Naturally aged ABS telephone, FORS spectra a) and L*, a*, b* values in 3-dimensional CIELab76 Colour Space b). Projections of the points
along L* vertical axis and a* and b* perpendicular horizontal axes are also reported.

Interestingly, one can observe a gradient of yellowing along the side of the handset which corresponds
to areas more or less exposed to direct light. The portion of the handset that partially fits inside the
telephone housing, and hence is less exposed to light, seems of the same colour of the bottom (Fig.
3a, points 1 and 2), whilst the upper portion shows yellowing (Fig. 3a, points 3-5). The application
of FORS enabled to detect differences among the analysed points on the side of the handset (1-5 in
Fig. 3a) and the white base which was used as a reference for the natural colour. In particular, by
comparing the corresponding reflectance spectra, it is possible to note that the slope of the rising edge
between 400 and 450 nm progressively disappear in the reflectance spectra from the whitest to the
yellowest areas (points 1 and 5 respectively). This results in a shift towards higher wavelengths of
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the maximum of the reflectance, enhancing the yellow component. Although points 1 and 2 in the
telephone transmitter appeared white at the naked eye, the reflectance spectra profile indicates an
incipient yellowing, probably in an early stage. The formation of new chromophores as a consequence
of the photo-oxidation of the ABS can be responsible for yellowing at the phone surface (Boldizar
and Möller, 2003; Salman and Al-Shama’a, 1991; Saviello et al., 2014).
Colour measurements could not be obtained with the portable colourimeter due to the very small size
of the area analysis; hence, colorimetric coordinates where extracted from the Vis reflectance spectra
(400-700nm) considering the spectral distribution of D65 standard illuminant and the colour matching
functions CIE 1964 standard colorimetric observer (10° standard observed) with 10 nm of step
(Oleari, 2016). The colorimetric analysis showed a significant colour variation between the analysed
points, confirming the discolouration also suggested by FORS analysis (Fig. 3b). The exposed areas
are characterised by higher positive b* values with progressively lower L* values, which indicates
respectively yellowing and a slightly darkening of the plastic.
FORS spectra and CIELab coordinates of the red lids are reported in Fig. 4. In a recent work, the
historical plastic objects were selected for an in-depth characterisation of the materials (Angelin et
al., 2020). Beside the identification of the polymer type, colourants such as organic pigments and
fillers were also disclosed. Pigment Red 53 (C.I. n. 15585) was found as main red colourant in the
red plastic elements here selected, in mixture with Pigment White 6 (titanium dioxide TiO2, C.I. n.
77891) which is the most important white pigment used in the colouring of plastic.

Fig. 4 – Naturally aged PE and PS red lids, FORS spectra a), b), c) and L*, a*, b* values in 3-dimensional CIELab76 Colour Space d). Projections of
the points along L* vertical axis and a* and b* perpendicular horizontal axes are also reported.

The synthetic organic pigment can be found either well-preserved (lid h, Fig. 4c) or faded (all the
other lids, Fig. 4). The PS lid h is characterised by the highest positive a* values and a strong
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absorption in the blue-region in the FORS spectra (400-550 nm) due to π–π* electronic transitions of
its keto / hydrazone tautomeric form (Hunger and Schmidt, 2018). The s-shape profile of the spectrum
was already observed for other relative modern red pigments based on β-naphthol (2-naphthol) - such
as Pigment Red 1 (C.I. n. 12070), Pigment Red 3 (C.I. n. 12120), Pigment Red 48 (C.I. n. 15865),
Pigment Red 49 (C.I. n. 15630), Pigment Red 57 (C.I. n. 15850) (Lewis, 1988; Feller, 2001) - and it
is characterised by an inflection point at about 588 nm. When fading occurs, changes in the profile of
the FORS spectra and of the colourimetric coordinates are observed. The strong absorption bands in
the blue-region, starting from the inflection points of the reflectance spectra, partially disappear until
the completely loss of the s-shape profile (e.g. lid g_1, Fig. 4c). This results in the loss of the red
colour and a whitening of the plastic elements as confirmed by the colour measurements which show
an increase of the L* coordinates and a decrease of positive a* values. The final colour of the red
plastic lids is the result of the Pigment Red 53 and Pigment White 6 mixture because the polymeric
matrixes does not absorb in the visible range (plastics are nearly colourless) (Webber, 1979). With
fading and consequently loss of the red pigment contribution, the proportion of the mixture changes
and may result in a visible colour difference. As fading of the plastic lids becomes more severe, a
shift of the inflection points towards lower wavelength and the appearance of absorbance bands
between 400 and 550 nm can be observed as results of the different Pigment Red 53 : Pigment White
6 ratios. This trend in the reflectance curves was already observed when similar organic pigments
were mixed in different proportion to titanium dioxide pigment (Lewis, 1988).
While the PE lids a, b, c, e and f show a homogenous discolouration of the red plastic piece, the PE
lid d and the PS lid g are instead characterised by a spotty pigmentation. For these two objects,
significant difference in the FORS spectra and colourimetric coordinates between points in same
plastic lid were observed. Where the colour is almost completely faded (points g_1 and d_1), an
increase of the positive values of coordinate b* was detected likely due to the contribution of the
polymer yellowing.
4. Conclusion
This study proves the suitability of FORS and colour measurements for the characterisation of
discolouration in historical plastic objects. The yellowing of a naturally aged ABS telephone and the
fading of a selection of PE and PS red lids were successfully detected.
The degree of superficial yellowing visible on the side of the telephone transmitter was dependent on
the extent of light exposure of the telephone. In areas where the telephone results still preserved (and
white), FORS revealed an incipient stage of yellowing. FORS measurements could be thus considered
as a useful preventive tool for detecting incipient degradation phenomena not detectable by simple
visual inspection.
FORS and colour measurement demonstrated to be sensible enough to detect different levels of
fading, which correspond to different stages of degradation. In the case of organic pigments based on
β-naphthol, the shift of the inflection points toward lower wavelengths could be used as an indicator
of the fading rate. The loss of the characteristic s-shape profile indicates the complete degradation of
the organic pigment. Contribution of the yellowed PE matrix to the faded colour of the plastic
elements was observed at the last stage of deterioration, where the red colour was almost completely
lost.
This work also highlights the conservation problem of discolouration in plastics in collections. Only
a few studies have already discussed the topic, and this work opens new avenues in the use of FORS
and colour measurements for the assessment of discolouration in plastic heritage. The two
spectroscopic techniques are complementary and allow a fast and in situ characterisation. Their
combination can represent a preliminary step in a multi-analytical protocol to control and monitor the
discolouration of plastic objects in museum and collections.
The interaction between ultraviolet-visible-near-infrared (UV-Vis-NIR) and plastics, poses new
challenges due to the inherent complexity of the plastic material and lack of experimental protocol
for the reflectance analysis. While Vis reflectance spectra can be used to identify colourants and
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discolouration, UV and NIR regions may support the identification of the polymer nature. Plastics
show a prevalent specular component in the reflected beam (due to their very smooth surfaces) and
specific scattering processes (due to the semi-crystalline or amorphous structure of the plastic itself),
hence, a full understanding of its application is still lacking. The geometry of acquisition can strongly
influence the resulting reflectance spectra profile where diffusely reflected beams should be
maximised in the detection.
Acknowledgements
This work was supported by Fundação para a Ciência e Tecnologia, Ministério da Educação e da
Ciência (FCT/MCTES), Portugal, through doctoral programme CORES-PD/00253/2012 and PhD
grant PB/BD/114412/2016 (Eva Mariasole Angelin); Associated Laboratory for Green Chemistry–
LAQV financed by FCT/MCTES (UID/QUI/50006/2019); and by the funded research project, The
triumph of bakelite - contributions for a history of plastics in Portugal (PTDC/IVC-HFC/5174/2014).
The authors thank Isabel Florentino for the access to her private collection of historical plastics.
References
Allen, N. S. and McKellar, J. F. (1980) Photochemistry of Dyed and Pigmented Polymers. Essex:
Applied Science Pub.
Angelin, E. M., França de Sá, S., Picollo, M., Nevin, A., Callapez, M. E., Melo, M. J. (2020) ‘The
identification of synthetic organic red pigments in historical plastics: developing an in situ
analytical protocol based on Raman microscopy’, Journal of Raman Spectroscopy (accepted).
Boldizar, A. and Möller, K. (2003) ‘Degradation of ABS during repeated processing and accelerated
ageing’, Polymer Degradation and Stability, 81(2), pp. 359-366. doi:10.1016/S0141-3910(03)00107-1
Callapez, M. E. (2017) ‘An Interdisciplinary Project on the History of Plastics in Portugal’, eplastory-Journal of Historic Polymeric Materials, Plastics Heritage and History, 1(1), pp. 1-8.
Charvat, R. A. (2004) Coloring of Plastics. 2nd eds., New Jersey: Wiley.
Cucci, C., Bigazzi, L. and Picollo, M. (2013). ‘Fibre Optic Reflectance Spectroscopy As A NonInvasive Tool For Investigating Plastics Degradation In Contemporary Art Collections: A
Methodological Study On An Expanded Polystyrene Artwork’, Journal of Cultural Heritage, 14, pp.
290–296. doi: 10.1016/j.culher.2012.08.003
Feller, R. J. (2001) Color Science in the Examination of Museum Objects. USA: J. Paul Getty Trust.
França de Sá, S., da Cruz, S. M., Callapez, M. E. and Carvalho, V. (2020) ‘Plastics that made history
- the contribution of conservation science for the history of the Portuguese Plastics Industry’,
Conservar Património, pp 1-29. doi: 10.14568/cp2019017
Hunger, K. and Schmidt, M. U. (2018) Industrial Organic Pigments: Production, Crystal Structure,
Properties, Applications. 4th eds., Weinheim: Wiley.
Lavédrine, B., Fournier, A., and Martin, G. (2012) Preservation of Plastic Artefacts in Museum
Collections. Paris: Comité Des Travaux Historiques et Scientifiques (CTHS).
Lewis, P. A. (1988) Pigment Handbook: Properties and Economics. Vol I, 2nd eds., Canada: Wiley.
Colour and Colourimetry. Multidisciplinary Contributions. Vol. XVIB

ISBN 978-88-99513-13-9

121

XVI Color Conference, Bergamo 2020

Müller A. (2003) Coloring of Plastics. Munich: Verlag.
Oleari, C. (2016) Standard Colourimetry: Definitions, Algorithms and Software. UK: Wiley.
Quye, A. and Williamson, C. (1999) Plastics Collecting and Conserving. Edinburg: NMS Pub.
Salman, S. and Al-Shama'a, N. (1991) ‘Effect of Thermal Aging on the Optical Properties of ABS
Plastics’, Polymer-Plastics Technology and Engineering, 30(4), pp.343-349. doi:
10.1080/03602559108021000
Saviello, D., Pouyet, E., Toniolo, L., Cotte, M. and Nevin, A. (2014) ‘Synchrotron-based FTIR
microspectroscopy for the mapping of photo-oxidation and additives in acrylonitrile–butadiene–
styrene model samples and historical objects’, Analytica Chimica Acta, 843, pp.59-72. doi:
10.1016/j.aca.2014.07.021
Shashoua, Y. (2008) Conservation of Plastics. Oxford: Butterworth-Heinemann.
Webber, T. G. (1979) Coloring of Plastics. Canada: Wiley.

Colour and Colourimetry. Multidisciplinary Contributions. Vol. XVIB

ISBN 978-88-99513-13-9

122

XVI Color Conference, Bergamo 2020

Blue or grey? The changing colour of the blue sleeve of Abra in the Helsinki art
museum collections’ painting “Judith and her maidservant”.
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Abstract
A 17th century oil painting on canvas from the Helsinki Art Museum (HAM) collection titled
“Judith and her maidservant” was under material investigation and conservation as part of an art
conservation BA thesis work in the Metropolia University of Applied Sciences. The sleeve of the
maidservant Abra in the HAM painting had retouching which were significantly brighter and bluer
than the original colour of the sleeve as it reappeared under the heavily discoloured varnish. Has the
sleeve been as bright blue as the retouching colour? What is the pigment used in the blue sleeve? To
answer these questions various pigment analysis methods were used, including Specim IQ
hyperspectral camera, XRF, cross-section samples, indigo test, IR-photography, and polarized
microscopy. Polarized microscopy revealed the blue pigment to have particles pointing to Prussian
blue and artificial ultramarine.
Keywords: oil painting on canvas, art conservation, material analysis, pigment analysis, XRF, IRphotography, indigo test, polarized microscopy

Introduction
A 17th century oil painting on canvas from the Helsinki Art Museum (HAM) collection titled
“Judith and her maidservant” (Fig. 1) has been attributed first to Pierre Mignard (1612–1695) and
later to Orazio Gentileschi (1563–1639) and is almost identical to a painting found in the National
Museum of Norway in Oslo, attributed to Orazio or Artemisia Gentileschi (1593–1656) (Fig. 2).
The Oslo painting and the HAM painting are very similar, the Oslo painting being 136,5 x 159,5 cm
and the HAM painting 146,5 x 118,0 cm. The idea of the HAM painting being from the Gentileschi
workshop was an exciting one and sparked the interest for finding out as much as possible about the
painting’s materials.

Fig. 1 – Judith and Her Maidservant, (oil on canvas, 146 x 117 cm) before conservation, symmetrical daylight. Photo: Hanna Kukorelli / HAM.
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Fig. 2 – Judith and her Maidservant with the Head of Holofernes, (oil on canvas, 136 x 160 cm) Orazio Gentileschi, Artemisia Gentileschi
(assistant), ca. 1608. Oslo Nasjonalmuseet. Photo: Børre Høstland / Oslo Nasjonalmuseet.

The composition of the two paintings is identical to the extent that they might well have come from
the same artist or workshop. Despite the similarities, the paintings have some striking differences:
the Oslo painting being of different format, having a green curtain painted in the background, and
the maidservant holding the basket with Holofernes’s head having a bright blue sleeve. The HAM
painting lacks the curtain and the blue sleeve of the maidservant has been described as grey in an
essay from the 1950’s (Sinisalo, 1952). The HAM painting has a recorded provenience from 1895
onward, when it was notarized as part of Otto Wladimir Frujuhelm’s art collection (Laaksovirta,
2020).
The blue pigment used in Abra’s sleeve in the HAM painting is interesting as the chemical
composition of the pigment could shift the timing of the painting by hundreds of years. If the
pigment used in the HAM painting was something other than natural ultramarine or indigo, the
painting would be much more recent than expected. The use of a bright blue retouching also raised
some questions about the underlying pigment (Fig. 3). Had the original blue of the sleeve been as
bright as the retouching colour? If it had, was it possible that the blue had faded? In what time
frame would this fading possibly happen and what pigment would fade like this?

Fig. 3 – Detail image of blue retouching on Abra’s sleeve (Laaksovirta, 2020).

During the conservation thesis work, the HAM painting was analyzed first by the means of
analytical photography, more specifically with Ultraviolet fluorescence and Infrared reflectography,
to get an overall idea of the condition of the painting’s surface as well as possible retouching and
overpainting (Laaksovirta, 2020). Small areas of retouching on the blue sleeve were visible in the
UV-fluorescence image (Fig. 4). The Infrared reflectography showed the sleeve to be of a very pale
hue with dark shadows (Fig. 5). A Specim IQ hyperspectral camera gave readings for iron
indicating the use of Prussian blue in the retouching (Picollo, 2019).
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Fig. 4 – Detail image of UV-fluorescence mapping of retouching and overpainting (Laaksovirta, 2020).

Fig. 5 – Detail image of IR-reflectography during varnish removal (Laaksovirta, 2020).

Pigment analysis
The pigments on the HAM painting were analysed further with X-ray fluorescence measurements
(XRF) using an Innov-X Alpha Series® EDXRF spectrometer. All measured pigment areas gave
high readings of lead, well over 200 000 ppm. The blue sleeve gave minor readings for sulphur,
silicate, iron, calcium, tin, and mercury (Laaksovirta, 2020). The bright blue retouching also gave
readings for zinc, indicating the use of Prussian blue (Hornytzkyj, 2020). No copper or cobalt was
found, ruling out the presence of azurite, cobalt blue, Verdigris, malachite, and smalt (Laaksovirta,
2020). The minor reading for iron could point to Prussian blue (Bartoll, 2008), but iron was present
in all the measured 11 points, which would indicate that the iron is present in the ground layer.
Since the XRF gave little information on the chemical composition of the blue pigment, an indigo
test was carried out to see whether indigo was present. As an organic pigment with no heavy
chemical elements, indigo does not give any readings on the XRF. The indigo test was negative in
that no blue phase appeared in a test tube with a solution of water, NaOH and Na2S2O4 and the
ground sample particles on top of which ethyl acetate was added to induce the indigo oxidation
from a yellow solution to blue (Hofenk de Graaff, 1974). Even with the indigo test being negative,
the presence of indigo could not be fully ruled out as the sample particles were small, and the test
relies on a visual examination of the test tube. Indigo might have been present in the sample
particles in such low quantities in ratio to the solutions used in the test tube, that the blue phase was
simply too faint to be detected visually.
Cross-section samples were taken from several pigment areas of the painting and they all showed
two layers of brownish orange or light red priming (Laaksovirta, 2020). The blue pigment area of
Abra’s sleeve showed a faintly purple layer on top of the orange ground layer followed by a white
layer with blue pigment particles. On top of this white layer there is a thin darker layer of possibly a
blue pigment (Fig. 5). The ground layers in the HAM painting were consistent with those found in
the painting in Oslo. The Oslo painting had, in addition, several grey priming layers, which are not
present in the HAM painting (Ford, 2015; Papi et al, 2019).
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Fig. 6 – Cross-section sample of the blue pigment area in Abra’s sleeve in visible light (100x magnified) and UV-light (200x magnified)
(Laaksovirta, 2020).

Prussian blue and artificial ultramarine
After the XRF had ruled out the presence of copper and cobalt and the indigo test was negative, the
next options for the blue pigment were either natural or artificial ultramarine or Prussian blue.
Prussian blue has been used by artists since the early 18th century and artificial ultramarine since
1826-7 (Bartoll, 2008; Kirby and Saunders 2004). Natural ultramarine and artificial ultramarine
(Na8-10Al6Si6O24S2-4 (Plesters, 1966)) could possibly be detected with XRF by the presence of
sodium, sulphur, silicate and aluminium (Bartoll, 2008). Sulphur and silicate were both found on
the HAM painting in all measured areas. Since aluminium was not present in the XRF results, it
could possibly rule out the use of ultramarine, or the XRF device used simply gave readings too low
to be considered. With the XRF results still inconclusive, senior research scientist Seppo
Hornytzkyj in the Finnish National Gallery was asked to examine the pigment with a polarised light
microscope. According to Hornytzkyj, the pigment potentially seems to be a mixture of Prussian
blue and artificial ultramarine (Hornytzkyj, 2020).
Conclusion
The blue pigment found on Abra’s sleeve in the HAM painting has been tentavily identified with
polarisation microscopy to possibly be a mixture of Prussian blue and artificial ultramarine
(Hornytzkyj, 2020). The identification process of the pigment included several methods starting
from analytical photography, cross-section, XRF and polarization microscopy. The identification
progressed through ruling out what was potentially present and what was not. The methods used
gave valuable information on the structure of the paint layers (cross-section), the chemical
composition of the pigment areas (XRF) and on the condition of the surface of the painting.
It is difficult to say whether some or any, and to what extent, fading of the blue pigment has
occured as the entire pigment area has been exposed to the elements with no area for comparison as
no part of the blue area has been, for example, covered by a frame. The only indication of a possible
fading is the contrast between the bright blue used in the retouching to the more greyish blue of the
sleeve. Since there is no record of a retouching or any previous restoration, there is no
documentation of the appearence of the colour before 1952, when it was described as grey with no
mention of retouching.
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Abstract
Historical buildings and their decorative apparatus have a key role in the transmission of national and
local traditions, requiring to pay attention to the conservation of these structures and their overlapped
decorative layers, mostly made by varnishes and stuccos. Unfortunately, procedures and
methodologies for both documenting and preserving such particular Cultural Heritage are not clearly
standardised in Estonia, where several historic manor houses are managed by private owners which
have not precise guidelines to follow during the restoration of such complex structures. In this context,
the Estonian Academy of Arts (EKA) organised an international workshop on “Colour Measurement
and Documentation in Architectural Paint Research” with the aim to bring together several experts,
techniques and tools from different countries in order to define, optimise and modernise the
methodologies nowadays employed for the identification, documentation and preservation of
historical painted interiors and colours. The workshop held in October 2019, besides a theoretical
session, carried out a practical work at the Kirna manor house (Järva County, ca100 km from Tallinn),
analysing the entrance hall of the building. The paper presents first results of the research and
discussion between international experts.
Keywords: Conservation science, historical interiors restoration, colour measurement, colour
documentation.

Introduction
In Cultural Heritage science, the conservation of interiors is an important topic for the preservation
of the traditions of historical buildings and their ornaments, but also to understand the perception of
colours and their use in national and local architectural context and original decorations. Nevertheless,
the issue of colour documentation of historical interiors has not always been addressed properly,
especially in Estonia, where specific guidelines or standard procedures are relatively vague, nonstandardised or even not available. This multitude of solutions and the lack of specific instructions
do not provide help to the curators of the historical buildings during the research aimed to the analysis
and restoration of interior spaces, causing confusion in the choice of the colour documentation
method. In this paper we intend to present the results achieved during the international workshop on
“Colour Measurement and Documentation in Architectural Paint Research”, organised by the
Estonian Academy of Arts (EKA) and held in Estonia in October 22-25, 2019. This workshop, which
in its first edition had participants coming from 6 countries, had the aim to connect different
professional figures involved in paint restoration and colour research, such as conservators, art
historians, specialists in colourimetry and digital reconstruction, for sharing experiences and gaining
solutions about documenting, interpreting and visualising colour information of the historical
buildings interiors. The workshop was organised in two parts: the first theoretical for the discussion
of the topic among the researchers, during which keynotes presentations described different view of
the issue, sharing the best practices in various countries; the second part was practical and carried out
in situ in the historical interior of the Manor House in Kirna (Järva County, ca 100 km from Tallinn,
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Estonia). In this latter, participants were asked to develop a workflow of measurement and
documentation for the characterisation of the overlapped paints and reconstruction of their historical
phases. For the data acquisition in the Manor House, several systems were used, among them colour
scanners, spectrophotometer, colour charts and photographic equipment.
Finally, the results of the workshop were discussed in a round table, proposing and comparing
different methods and suggesting useful solutions which could be developed as a pipeline including
both scientific measurements methods and historical/artistic evaluations of the local traditions.
The case study: brief history of the Kirna Manor House
After Northern Estonia was ceded to Sweden in 1583 at the conclusion of the Livonian War, King
Gustav Adolf the Second granted many fiefs to Swedish nobles, which started to build private manor
houses throughout the 17th century, among them the Kirna manor (Fig. 1a). The earliest written
records of the Kirna manor estate date back to 1614 (Maiste, 1985), when the king donated the village
to the Baltic German nobleman Hans von Fersen, who shortly afterwards established the Kirna manor
estate. In 1679, the manor house, consisting of an archaic wooden structure with a central mantle
chimney and a few auxiliary buildings, was inherited by Heinrich von Fersen; with his family he kept
ruling the estate for nearly 150 years. Indeed, the still existing structure of the grand manor complex
could be probably attributed to the brothers Hermann Friedrich and Otto Wilhelm von Fersen in the
second half of 18th century (Danil et al., 1985; Parek, 1973). In fact, this dating has been confirmed
by a dendrochronological analysis performed on samples coming from the spruce beams in the attic,
approximately dating back the year of construction of the Kirna manor house to 1772 (Läänelaid,
2016). Later, in 1784, the manor estate was inherited as dowry by Otto Wilhelm von Fersen’s
daughter, Helene Dorothea von der Osten-Sacken, and in 1804 retrieved by her first husband’s brother
J. Carl Magnus von der Osten-Sacken, who modernised the manor house taking inspiration from the
the High Classicist examples of St Petersburg, i.e. by adding the Classicist elements like the portico
with six columns, triangular pediments covering the protruding bays of the symmetrical building
wings, the stucco decor of the first floor hall, the main staircase, and even the floral decor of the
pointed groin vaults in the ground floor entrance hall. In 1821 the manor house was sold to the Mayor
of Kirna Georg Pilar von Pilchau and, during his family’s near-century-long ownership, the manor
has nearly completely fallen in disuse. During this period the Kirna manor was one of the most
outstanding examples of manor complexes in Estonia, in terms of both architecture and culture.
In 1919, the estate was expropriated by the newly independent Estonian Republic and later functioned
as a private school. Later, during the German occupation of Estonia in World War II, it was used as
a training centre for Nazi officers. The manor house continued to be used as a school during the Soviet
occupation and after employed with several purposes, such as farm, library a post office, a canteen
and some apartments. The condition of the building deteriorated heavily over this period with the
tiled stoves dismantled and several doors and stucco decor damaged. Nevertheless, starting from
1964, the Kirna manor estate was included among the buildings of national importance. In 1997, the
manor house was sold by the re-independent Estonian State and it now operates as an alternative
medicine centre. During its long history, the entire Kirna manor house has been rebuilt, repaired and
repainted several times, providing a complex and multi layered structure.
The most important room of the building, that has been the object of the studies during the workshop,
is the entrance hall (Fig. 1b), extensively modified during the centuries, also for its central position
within the house.
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a)

b)
Fig. 1 – Kirna manor house, Järva County, Estonia: a) Picture of the exteriors of the structure, currently under restoration (Ph. credits: T. Tiidor,
2019); b) The entrance hall where the workshop has taken place (Ph. credits: M. Vilisoo, 2017. https://www.puhkaeestis.ee/et/kirna-mois).

Aims of the workshop
The purposes of the workshop are multiple, namely i) to experiment on the painted surfaces of the
entrance hall’s vaults, using different research methods prevalent in the five invited countries; ii) to
test out several colour measuring techniques and tools, including both destructive and non-destructive
tests on the finishes, analysing traditional systems or customary practices and advanced colour
measuring devices for educational and professional purposes; iii) to examine and date the finishes of
the vaults and the paint layer stratigraphy and chronology besides the floral stucco decorations and
their adjacent architectural features, i.e. the addition of door and windows in renovations; iv) to revise
the adopted workflow and define the best practice in the light of the results of the practical activities
and the study carried out jointly by the international experts.
The work was organised essentially to answer some specific research questions on the entrance hall:
at first, five research teams (each led by an international expert) with members coming from different
countries and with diverse educational and professional backgrounds, examined the common
methodology used in the leader’s country and carried out the study on the finishes of the manor
house’s vaults according to the relative techniques; then, the outcomes were reported individually by
each team, compiled by a student of the Department of Cultural Heritage and Conservation
responsible for the documentation; finally, the teams engaged in constructive interaction comparing
the results to share reflections, suggestions, proposals for research improvement and definition of
good practices.
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Methodology
The methodology applied to the paint research is consistent with the main aims of the workshop (see
previous section), but since these techniques differ considerably among countries, the following is a
summary of the applied methodology by the teams with the aim of documenting and studying the
historical paint layers and constructional stages of the entrance hall, divided into the main objectives
of the study: 1) general documentation for extensive analysis prior to restoration; 2) research and
dating of hidden layers under the existing decorative finishes; 3) identification of pigments and
materials used in the paint coatings; 4) identification and measurement of colours of paint layers.
General documentation
The issue of documenting and analysing the case study has been addressed similarly, mainly
producing some drawings/notes and photographic material before, during and after destructive
samples and tests, located according to a shared scheme for reference points and sample classification.
However, data capture varied from a team to another, in general capturing digital images
representative of the object with different devices (smartphones, compact cameras, reflex cameras) –
adding a ruler for reference and a X-Rite ColorChecker Classic or Passport for colour reference in
proportion with the surveyed sample dimension – also considering a more detailed system for storing
image metadata and best quality data such as i) shooting in RAW format to gather uncompressed
data, ii) converting images in lossless compression formats, iii) processing images balancing colour
and storing useful data for further digital processing (Gaiani et al., 2016; Ramanath et al., 2005).
Analysis of hidden layers
One of the most interesting challenges of the workshop was the study of the previous paint finishes
and chromatic aspect of the entrance hall over time. To do this, experts followed a twofold method:
on the one hand the analysis of existing photographic material starting from the early twentieth
century, that albeit mostly in black and white helped to define the main stages of the earlier decoration
stages and colour schemes (Fig. 2); on the other hand preparing small openings and mechanical paint
exposures in strategic areas (i.e. changes of colour in historical images), that is walls, pilasters, stucco
decorations, frames, avoiding areas near possible subsequent or evident recent modifications.
Although the latter is a relatively destructive technique, paint exposures proved to be essential to
discover the previous decorative phases and their related paint colours: discovered layers were
identified with a shared system, located in specific cards with the entrance’s plan and numbered in
chronological order starting from the oldest (on the top of the plaster layer), then compared to
different areas discoveries to verify layer definition and chronology (Fig. 3).

Fig. 2 – The analysis of existing photographic material: one of the earliest photograph of the vaults of the Kirna manor house, 1910 (Ph. Credits:
Estonian National Museum, glass-plate negative, ERM Fk 887:559, https://www.muis.ee/museaalview/666778).
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a)
b)
Fig. 3 – Destructive analysis of the vault: a) Paint exposure with a colour card and ruler (Ph. Credits: T. Tiidor, 2019); b) The location of the exposure
is shown on plan, different paint layers and colour schemes are identified and documented, including closest NCS colour.

Identification of pigments
Besides an on-sight assessment by experts on the paint materials, cross-section cut out with surgical
scalpels were microscopically examined in the laboratory under visible and ultraviolet light, as well
as scanned with an electron microscope (SEM), which helped both the correct identification of
stratigraphy and pigments used in the paints.
Colour measurements
Different methods have been adopted, which we could divide into two main categories whether or
not involving technical equipment, and to be precise for the first using a) specific colour measuring
device and b) processing software, and for the second using c) only the naked eye perception or d)
assisted by comparison to specific colour charts. As a prerequisite for all, the measured samples have
been cleaned prior to any measurement to remove dust or patinas that are not relevant; coloured
fragments of surface paint were then checked in daylight if removed or with the help of controlled
flicker free artificial LED-lighting given their indoor location (Yongnou Digital YN1200, CRI>95+):
a) Portable tools used for measuring colours were a Konica Minolta Spectrophotometer CM 2300d
and a NCS Colour Scan 1.0 RM200 with a different definition of colour system. The first is more
time-consuming but reliable and provides a spectral response of the colour to light stimulation
translated into physical colour spaces coordinates, CIE L*a*b* in this case. This instrument
evaluates the reflectance, the hue, the lightness of samples of an area of 1 cm2, particularly with
flat surfaces, recording measured average. This type of instrumentation is often used for in situ
quick analysis or in the case of impossibility of moving the artwork (Sanderson, 2015; Ceccarelli
et al., in press) (Fig. 4). While the second, after scanning the colour surface, gives a direct
translation into the closest NCS notation and index (perceptive colour) along with related CMYK,
RGB, L*a*b* and lightness values; meaning that it represents the closest match to an existing
colour of the NCS chart with its coded name (Kahu et al., 2018);
b) Various pipelines for balancing images have been developed by researchers and specific software
can be used to process images documenting colours (Rieger et al., 2016; Gaiani and Ballabeni,
2018). For instance, Adobe Camera RAW allows white balancing images captured with the colour
reference X-Rite Color Checker Classic or Portable; ProfileMaker Professional 5.0 can be used to
create ICC profile to be assigned to images; Imatest Master 5.2.4 allows testing the colour fidelity
between the reference ColorChecker patch and its radiometrically calibrated image in terms of the
mean camera chroma relative to the mean ideal chroma in the CIE colour metric (ΔE*ab) to
estimate perceptibility tolerance of colour quality (Mokrzycki et al., 2011; Gaiani et al., 2019);
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c) Naked eye perception is a personal interpretation of colour and cannot be considered as a scientific
nor repeatable practice for classifying or identifying colours, as it is grounded only on the
professional’s expertise and no evidence is left for storage or classification. This homemade
practice is often used on heritage without artistic relevance when the diagnostic and intervention
phase coincide in the same expert, whose familiarity with the subject guarantees a minimum of
experience. Nevertheless, as the colour test evidenced, there could be problems related to view
deficiency, preventing it to be included among the scientific methodologies. However, since this
technique was adopted by some professionals as exclusive practice for surveys, it was mentioned
as a benchmark for the final discussion of the good practice workshop to set a standard;
d) Comparison with reference charts helped to define the closest colour by using the naked eye
perception comparing the patch side by side with the painted finishing. Colours of sample areas
were ascertained by both experts and non-experts in the field of colour research. Used charts are:
NCS - Natural Colour System INDEX 1950 colour chart; NCS colour chart Kulturkulör för
linoljefärg, developed in collaboration with the Swedish National Heritage Board, which contains
300 colour samples with traditional pigments historically used in linseed-oil paint; Caparol 3D
system Plus, a more affordable colour chart with limited selection of patches matching to historical
colours. Alternatively, to the use of colour charts, some experts use to prepare a similar colour by
mixing pigments on site to have a sample for documentation but without standard classification.

Fig. 4 - Colour sample near to the S-W vault, measured using Konica Minolta Spectrophotometer CM 2300d (Ph. credits: T. Tiidor; measures
by S. Ceccarelli)

Outcomes
Visual inspection, which is still the cheapest analysis and most common method in some countries,
whether or not supported by coded colour charts for reference to compare side by side a physical
colour sample with the painted architectural surface (yet with limited selection of colours), is a timeconsuming practice. The results of such a measure are quite subjective and inaccurate, depending on
lighting conditions, only related to the expert’s long-standing skill and training, with a low to medium
accuracy in the colour matching with cheaper colour charts or discrepancies in the conversion
between different colour systems.
On the contrary, instrumental analysis is easier, faster and more reliable, with a medium to high
accuracy in the colour matching depending on the device used (measured or average colour), but still
often mistrusted by traditional supporters who feel their professionalism threatened by technological
advancement, rather than considering tools as a valid support to their undeniable skills.
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Values from measuring devices point out some aspects on the sampled areas to be considered in the
subsequent restoration steps: i) different devices refer to different colour systems, that must be taken
into account regarding the required reliability and purpose of documentation, especially because in
conservation practice it is still usually necessary to convert this data into commercially used colour
systems like NCS, which potentially causes slight conversion inaccuracies; ii) the measured area is
very small respect to the wider painted surface (about 1 cm2) and the measured values refers only to
this specific measuring spot, so it is necessary to consider the whole surface with multiple samples;
iii) the same paint finishing can produce different results due to the measured surface condition
(unsmooth layer, covered with dust or dirt, faded material/paint, cracked surface, etc.), so it is
essential for the expert to choose properly the measured area to obtain useful information from the
device; tools can be expensive, so additional budget is needed to cover purchase and maintenance.
Hence, both traditional and instrumental practices proved to be complementary to a complete study.
Conclusions
The workshop has brought tangible results in terms of information on the chronological development
of colour paint finishes and colour schemes of the entrance hall. Moreover, helping to debate with
participants from different countries the pros and cons of various techniques and methodology and
their applicability not only to the case study, but also more generally to the usual workflow adopted
by experts with limited time and budget for paint research prior to restoration.
Dealing with the workshop, interdisciplinarity of the working teams was considered to be a resource
for a diversified point of view and contribution on the subject matter of the research; moreover, novel
and insightful perspectives were gained from international collaboration and expertise. Multiple tests
carried out by the teams were useful to determine in-depth knowledge on the case study and
preliminary assumptions, even if the topic still remains open and needs further analysis to reach final
conclusions about the historical finishes and decor colour scheme of the entrance hall at the Kirna
manor house. The use of portable, user-friendly and quick capturing colorimetric device was proved
to be already customary in some of the capturing workflows, or could be easily introduced without
excessive costs or required expertise in the experts pipeline i) to improve the acquisition in terms of
speed (a greater amount of samples measured in a limited time) and ii) quality (no mistakes in case
of subjective colour perception, different lighting conditions, possible partial colour blindness, or lack
of expertise in the colour field), iii) to record reliable and objective data for further analysis, that are
easily preserved and stored even in online databases, without problems due to the physical
deterioration of sampled material or cardboard reference (i.e. the colour chips cut out from the colour
charts and then glued to documentation reports, that can got lost or lose colour over the course of
time).
Finally, scientific approaches were preferred in order to gather the most reliable data for
documentation, storage and further processing by means of specific software/device, since notes
collected with the naked eye and without any coded names or scientific classification reference are in
conflict with the very idea of reliability, reproducibility, quality and longevity of information and
cataloguing over time. Important is to notice that data collecting methods and representation should
be understandable, if possible also repeatable. Nevertheless, the experts’ perceptive skills relying on
their long-standing experience in this domain certainly represents a fundamental contribution in the
restoration phase, when the interpretative component is also necessary in the work and skilled experts
trained at recognising the different nuances have a key role in determining the best restoration choice
for the final output with the artistic sensitivity that a device alone cannot provide.
The results of this useful workshop are now used in the Department of Cultural Heritage and
Conservation for the development and the improvement of a graphical documentation system related
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to colour data collecting and presentation, with the aim of its future application to restoration of other
Estonian manor houses and even in international case studies.
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Abstract
The present study focuses on the potentiality of a non-invasive approach for the identification of dyes
on textiles. Twelve natural dyestuffs and three mordants were selected and combined to create a set of
wool samples whose reflectance spectra, acquired using FORS technique, were the basis for a spectral
database. The same set was used to test the Specim IQ hyperspectral camera, with positive results for a
non-invasive investigation on wider areas. The application of Spectral Angle Mapping (SAM) gave the
possibility to map directly on the image those pixel with similar spectral features. Finally, colorimetric
data were acquired with a spectrocolorimeter to obtain chromaticity coordinates.
Keywords: dyes, wool fiber, FORS, hyperspectral imaging, textiles, non-invasive.
Introduction
Historically, the identification of dyes on textiles is made through invasive or micro-invasive techniques
such as HPLC or Raman-SERS (Ferreira et al., 2000; Leona, Stenger and Ferloni, 2006; Smith,
Thompson and Lennard, 2017). The following study is intended to build up a spectroscopic database on
colored wool fibers in the ultraviolet (UV), visible (Vis) and near infrared (NIR) range, whose aim is to
help conservation scientists and conservators – albeit in the preliminary stages of their investigation – to
recognize dyes in a non-invasive way.
The importance of leading a non-invasive analysis is fundamental when investigating artworks. In this
sense, Fiber Optic Reflectance Spectroscopy (FORS) in the UV, Vis and NIR range, which has been used
for the investigation of works of arts since 1990s and has become an established technique for the study
of artistic materials (Bacci, 2000), represent a valid option because of its portability, and ability to
perform non-invasive fast in situ analysis. Furthermore, the application of the emerging imaging
spectroscopy technique makes it possible to extend the FORS analysis to large areas. This is the reason
for testing the Specim IQ hyperspectral camera (Specim, Spectral Imaging Ltd, Oulu, Finland), which is
compact and portable, to the same samples used to create the spectroscopic database.
Finally, colorimetric data were acquired using a spectrocolorimeter to calculate for each sample its
chromaticity coordinates.
Method
Preparation of samples
In the present work, twelve dyes and three mordants were selected within those historically used in
dyeing. Among the selected dyes, nine are from plants (Alcanna Tinctoria, Anthemis Tinctoria,
Indigofera Tinctoria, Haematoxylum Campechianum, Rubia Tinctorum, Carthamus Tinctorius,
Curcuma Longa, Juglans Regia, Reseda Luteola), two are insect dyes (Dactylopius Coccus cacti and
Kerria Lacca) and one is a lichen (Roccella Tinctoria). Preparation of samples was led following ancient
recipes by a specialist in the field on a set of skeins of raw wool, each of 20 g, that was prepared with
three selected mordants (KAl(SO4)2, CuSO4 ∙ 5H2O, FeSO4 ∙ 7H2O) to enrich the color palette.
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The cochineal dyed wool was etched with both alum and a mixture of alum and iron sulfate. The indigo
and orchil dyes were employed with a vat procedure.
Experimental
Colorimetric analysis was carried out using a Konica Minolta CM-700d spectrocolorimeter, operating in
the 360-740 nm range with a 10 nm wavelength pitch. The instrument features a diffraction grating, a
silicon photodiode double array and a pulsed xenon lamp with UV cut filter. The measurement setup for
the analysis on the set here analyzed is: CIE 10° standard observer, D65 illuminant, 8mm ø illumination
area, d/8° geometry with both specular component included (SCI) and excluded (SCE).
The FORS data were acquired using a compact module, which is portable and features in a unique chassis
two spectroanalysers equipped with fiber optics. To obtain data, it was decided to use only the Zeiss
MCS601 UV-NIR spectroanalyser, which is equipped with a multi-channel spectrometer (MCS)
polychromator with 1024 diodes, 0.8 nm spectral pixel pitch and 2.4 nm spectral resolution. Data were
acquired in the 350-1000 nm range, 298.5 ms integration time and continuous dark current mode, selected
before each measurement to improve the s/n ratio. Silica fiber optic bundles were used to send and to
collect the radiation to and from the samples with a 2x45°/0° geometrical configuration to avoid the
reflected specular radiation (Bacci, 2000). All samples were previously analyzed using a Perkin Elmer
Lambda 1050 UV-Vis-NIR spectrophotometer in the 200-2500 nm range to obtain full information over
the UV-Vis-NIR range and to understand were to focus the FORS measurements. The 1000-2200 nm
region was excluded from the FORS measurements as it is practically covered by the wool spectral
features.
Hyperspectral data were acquired using the Specim IQ hyperspectral camera, compact and portable, with
an user-friendly interface, reduced weight and dimensions compared to those instruments conventionally
used in hyperspectral imaging. The IQ camera operates in the 400-1000 nm range with a 7 nm spectral
resolution. It features a CMOS linear sensor with a sampling pitch of 3.5 nm for 204 spectral bands.
Images resolution is 512x512 pixel and data (file-cube) are almost 300MB (Cucci et al., 2017, 2018;
Picollo et al., 2018). The experimental setup chosen consists of an illumination system with a fiber optic
bundle and two light diffusers to send the radiation from the source (150W halogen lamp equipped with
a IR cut filter) to the sampling zone, with a 2x45°/0° geometry. Integration time was fixed for all
measurements at 55ms, for an overall of 50s acquisition time. The ‘custom’ modality was selected to
collect data, and the reference was taken using a 99% reflectance Spectralon® Labsphere. Calibration of
wavelengths was done using a reference of orange plexiglass. Furthermore, a luxmeter was employed
during the acquisition of data to record the amount of radiation sent over the sample, which was
approximately 2000 lux, 45 mW/m2 (almost 22.5 mW/lm of UVa radiation). It is important to underline
that these parameters are within the recommended values of UVa radiation dose for objects that are
sensitive of UV-Vis radiation, such as dyes and textiles.
Results
Colorimetry
Measurements were carried out on all samples, including those with raw wool and cardboard only, with
three acquisition for each sample to assure repeatability and to permit the calculation of error for all set
of measurements. In table 1 arithmetic averages are shown for both SCI and SCE L*a*b* (CIE1976)
values and their color difference, E, was obtained using the CIEDE2000 formula. Colorimetric data
show that SCI and SCE values are not dissimilar and that E is under the limit of human vision.
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Table 1: CIEL*a*b*1976 values and difference of color (E00) between SCI and SCE measurements obtained with
CIEDE2000 formula for each sample.
SAMPLE
Alkanet_Cu
Alkanet_Fe
Alkanet_KAl
Cardboard
Chamomille_Cu
Chamomille_Fe
Chamomille_KAl
Cochineal_KAl
Cochineal_KAlFe
Indigo
Lac_Cu
Lac_Fe
Lac_KAl
Logwood_Cu
Logwood_Fe
Logwood_KAl
Madder_Cu
Madder_Fe
Madder_KAl
Orchil
Safflower_Cu
Safflower_Fe
Safflower_KAl
Turmeric_Cu
Turmeric_Fe
Turmeric_KAl
Walnut_Cu
Walnut_Fe
Walnut_KAl
Weld_Cu
Weld_Fe
Weld_KAl
Wool_Cu
Wool_Fe
Wool_KAl
Wool_raw

L*
45.71 ± 0.22
39.95 ± 0.36
33.91 ± 0.15
70.52 ± 0.01
52.99 ± 1.06
53.10 ± 0.38
62.39 ± 0.07
56.43 ± 0.04
53.13 ± 0.01
46.27 ± 0.03
48.46 ± 0.02
48.26 ± 0.02
32.14 ± 0.01
42.60 ± 0.18
46.48 ± 1.06
25.26 ± 0.13
46.62 ± 0.01
43.17 ± 0.02
43.09 ± 0.01
39.97 ± 0.01
55.68 ± 0.02
55.85 ± 0.13
71.56 ± 0.04
55.74 ± 0.10
55.75 ± 0.42
63.78 ± 0.04
34.70 ± 0.03
42.10 ± 0.02
42.20 ± 0.03
56.30 ± 0.06
42.04 ± 0.03
68.46 ± 0.01
69.93 ± 0.01
58.48 ± 0.26
85.67 ± 0.01
84.16 ± 0.03

SCI
a*
1.69 ± 0.24
1.36 ± 0.05
7.24 ± 0.15
1.25 ± 0.01
-3.65 ± 0.28
2.80 ± 0.04
12.59 ± 0.05
25.88 ± 0.02
14.94 ± 0.01
-6.16 ± 0.01
2.76 ± 0.01
3.08 ± 0.01
25.36 ± 0.02
-1.96 ± 0.03
1.34 ± 0.06
1.67 ± 0.01
10.27 ± 0.01
10.03 ± 0.01
37.73 ± 0.01
32.16 ± 0.01
-7.27 ± 0.04
5.28 ± 0.02
5.43 ± 0.02
-2.06 ± 0.05
11.35 ± 0.09
17.84 ± 0.04
4.53 ± 0.02
5.67 ± 0.01
8.90 ± 0.01
-3.34 ± 0.01
3.86 ± 0.01
6.36 ± 0.01
-9.59 ± 0.01
14.26 ± 0.03
-0.54 ± 0.01
-0.20 ± 0.01

b*
6.56 ± 0.19
5.39 ± 0.16
-5.06 ± 0.18
7.96 ± 0.01
26.11 ± 0.27
17.74 ± 0.15
49.83 ± 0.04
3.59 ± 0.01
2.57 ± 0.01
-13.87 ± 0.01
7.76 ± 0.01
5.39 ± 0.01
2.34 ± 0.01
8.44 ± 0.15
10.34 ± 0.24
-5.91 ± 0.03
10.38 ± 0.01
11.67 ± 0.01
26.06 ± 0.01
-6.85 ± 0.01
25.66 ± 0.16
24.28 ± 0.07
47.35 ± 0.01
37.56 ± 0.19
34.69 ± 0.09
74.99 ± 0.02
11.83 ± 0.02
11.60 ± 0.01
16.03 ± 0.02
42.10 ± 0.05
18.55 ± 0.01
77.51 ±0.01
12.43 ± 0.01
30.42 ± 0.16
15.75 ± 0.01
14.97 ± 0.01

L*
45.69 ± 0.25
39.88 ± 0.38
33.84 ± 0.12
70.36 ± 0.01
52.93 ± 1.10
53.01 ± 0.25
62.34 ± 0.09
56.40 ± 0.05
53.02 ± 0.01
46.22 ± 0.02
48.44 ± 0.01
48.15 ± 0.01
32.03 ± 0.02
42.59 ± 0.18
46.39 ± 1.06
25.21 ± 0.13
46.58 ± 0.01
43.05 ± 0.01
43.05 ± 0.01
39.95 ± 0.01
55.62 ± 0.25
55.79 ± 0.09
71.56 ± 0.04
55.68 ± 0.06
55.78 ± 0.34
63.72 ± 0.03
34.67 ± 0.03
41.98 ± 0.01
42.07 ± 0.02
56.19 ± 0.07
42.02 ± 0.02
68.41 ± 0.03
69.87 ± 0.02
58.47 ± 0.25
85.64 ± 0.03
84.12± 0.03

SCE
a*
1.70 ± 0.24
1.38 ± 0.05
7.26 ± 0.16
1.26 ± 0.01
-3.64 ± 0.28
2.79 ± 0.05
12.60 ± 0.05
25.87 ± 0.03
14.95 ± 0.02
-6.18 ± 0.01
2.77 ± 0.001
3.09 ± 0.01
25.38 ± 0.01
-1.95 ± 0.03
1.35 ± 0.06
1.66 ± 0.01
10.28 ± 0.01
10.04 ± 0.01
37.75 ± 0.01
32.23 ± 0.01
-7.25 ± 0.03
5.28 ± 0.02
5.45 ± 0.02
-2.04 ± 0.06
11.34 ± 0.06
17.96 ± 0.04
4.55 ± 0.03
5.69 ± 0.01
8.94 ± 0.02
-3.33 ± 0.01
3.87 ± 0.01
6.37 ± 0.01
-9.57 ± 0.01
14.27 ± 0.03
-0.58 ± 0.01
-0.22 ± 0.01

ΔE00
b*
6.58 ± 0.19
5.41 ± 0.16
-5.04 ± 0.18
7.99 ± 0.01
26.12 ± 0.29
17.76 ± 0.16
49.83 ± 0.04
3.62 ± 0.03
2.60 ± 0.01
-13.84 ± 0.02
7.79 ± 0.01
5.42 ± 0.01
2.38 ± 0.02
8.46 ± 0.16
10.36 ± 0.23
-5.88 ± 0.03
10.40 ± 0.01
11.69 ± 0.01
26.10 ± 0.01
-6.80 ± 0.01
25.69 ± 0.18
24.31 ± 0.06
47.45 ± 0.02
37.58 ± 0.19
34.69 ± 0.01
75.14 ± 0.04
11.84 ± 0.02
11.62 ± 0.01
16.07 ± 0.01
42.11 ± 0.04
18.59 ± 0.01
77.55 ± 0.02
12.47 ± 0.02
30.43 ± 0.16
15.82 ± 0.01
15.02 ± 0.01

0.03
0.06
0.07
0.13
0.06
0.09
0.04
0.03
0.08
0.05
0.03
0.12
0.09
0.03
0.09
0.05
0.04
0.11
0.05
0.05
0.07
0.07
0.03
0.04
0.11
0.06
0.03
0.11
0.12
0.11
0.03
0.04
0.06
0.02
0.06
0.04

Fiber Optics Reflectance Spectroscopy (FORS)
For each sample, three FORS measurements were acquired, positioning the bundles parallel, orthogonal
and oblique to the yarn’s fibers. The three reflectance spectra compared did not show differences despite
the reflectance intensity. Hence, it was decide to choose the orthogonal configuration to build up the
spectral database, since it showed the highest reflectance values.
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The comparison between spectra of wool with the three mordants highlights the influence of the metallic
salts on the spectral features. In particular, wool samples etched with iron and copper sulfate show
important absorptions in the UV-Vis region (Fig. 1) that can affect the spectral features of dyes, making
it possible to distinguish dyes not only depending on their chemical nature but also on the mordant used.

Figure 1: Reflectance spectra of raw wool (solid line), alum (dash line), copper sulfate (dot line), iron sulfate (dash dot line).

Through the identification of dyes of the same color emerged the impossibility to distinguish yellows
(chamomile, safflower, turmeric, weld) etched with iron and copper sulfate (Angelini et al., 2010).
Instead, it is possible to partially discern yellow dyes etched with alum (Fig.2) since all samples show a
wide absorption band in the 300-450 nm region, but safflower and chamomile absorb at lower
wavelengths compared to turmeric and weld. Moreover, weld and chamomile show a smooth shoulder
at 660-670 nm. Regardless, to accomplish a deep discrimination of yellow dyes it would be useful to
apply statistical and multivariate procedure, such as PCA, as reported in (Cazenobe et al., 2002).

Figure 2: Reflectance spectra of yellow dyes etched with alum: chamomile (solid line), safflower (dash line), turmeric (dot
line), weld (dash dot line).

Red dyes can be divided into animal and vegetal according to the n→* absorption of the
anthraquinones’ carbonyl group, which occurs at 500 nm and 540 nm for madder and at 524 nm and 560
nm for cochineal and lac (Gulmini et al., 2013; Vitorino et al., 2015; de Ferri et al., 2018). Though, it is
not possible to distinguish the two insect dyes except by studying their first derivative as reported in
(Fonseca et al., 2019) and shown in Fig. 3. The identification of animal and vegetal red, instead, it is not
possible with samples etched with iron and copper sulfate.
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Figure 3: First derivative spectra of animal red dyes: cochineal (solid line) and lac (dash line), both etched with alum.

Purple-bluish samples (alkanet, logwood, orchil and indigo) show reflectance spectra that make their
identification possible according to values reported in literature (Fig. 4). In particular it is possible to
observe two bands at 424 nm and 588 nm (Gulmini et al., 2013) for logwood with alum mordant and two
bands at 545 nm and 580 nm (Aceto et al., 2015) for the orchil dyed sample. Instead the indigo dyed
sample shows the typical →* absorption of the indigo molecule around 660 nm plus another week
band at 550 nm (Monahan and Kuder, 1972) and a shoulder at 345 nm (Gulmini et al., 2013).
The only dark dye present in the set (walnut) does not show any characteristic absorption. However, its
spectral features in all spectra with the three mordants makes walnut dye easily distinguishable from the
others in the set.
In the set, it was not present any sample mixture of two or more dyes; nonetheless, it was possible to
investigate the potentiality of FORS analysis on some Anatolian rugs from a private collection. Results
on these rugs showed that it is possible to distinguish dyes in mixture according to their spectral features.

a.

b.

Figure 4: a. Reflectance spectra of the three logwood samples: logwood with alum (solid line), logwood with copper sulfate
(dash line) and iron sulfate (dot line). b. Reflectance spectra of orchil dyed wool.

Hyperspectral imaging
Hyperspectral data were acquired grouping samples both by shades (reds, yellows, etc.) and by same
type of dye in order to compare shades of the same dye etched with the three salts.
Results show that spectra obtained with Specim IQ camera are comparable to those obtained with FORS.
Indeed, for most of the samples it is possible to qualitatively identify the compound immediately after
the acquisition of file-cube data. For examples, samples dyed with cochineal and indigo show the same
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spectroscopic features encountered in FORS spectra (Fig. 5). Quite the opposite, in the acquired data it
is not possible to discriminate lac dye from madder both etched with alum, since spectra extracted out
from file-cubes show a wide absorption band: at 400-550 nm in the case of madder and at 500-600 nm
for lac.

a
b
Figure 5: Reflectance spectra of indigo (a) and cochineal (b) extracted out of the file-cube using Specim IQ Studio.

The same consideration applies to the purple-bluish dyes, especially in the case of alkanet and logwood
where spectra are not well resolved. Nevertheless, thanks to the use of the Spectral Angle Mapping
(SAM) algorithm, it is possible to map directly on the image those pixels with similar spectral features
to recognize areas where alkanet was used rather than logwood.
Hyperspectral data of yellow dyes etched with alum show that, as predictable, it is impossible to identify
dyes because all spectra extracted out from the file-cube present similar features. However, the SAM
algorithm permits to distinguish the four yellow dyes applying a high tolerance angle between 2.56 and
1.81 rad (Fig. 6).

a.

b.

c.

d.

Figure 6: Areal distribution of pixel with the same spectral features obtained applying SAM algorithm on file cubes
respectively of: a) chamomile, b) weld, c) turmeric, d) safflower.
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Conclusion
Results obtained in the present study constitute the basis for the creation of a spectroscopic database that
will be soon online at the IFAC-CNR website. The twelve dyes here analyzed represent only a start point,
so it is not excluded in the future to include more dyes and typology of yarns.
Analysis carried out on the set show positive results for a qualitative, in situ analysis to identify dyes.
FORS analysis confirmed this technique as a valid option to preliminary discern dyes, being a noninvasive portable technique, which permitted to acquire good quality reflectance spectra thanks to which
it was possible to identify most of dyes according to their spectral features. Furthermore, colorimetric
data show that the difference of color between SCI and SCE components is under the limit of human eye
relevance.
Finally, the use of Specim IQ camera permitted the non-invasive acquisition of hyperspectral data on the
set. Spectra extracted out of file-cubes are comparable to those obtained with FORS for most of the
samples in the set and gave the possibility for a qualitative analysis on wider areas for each file-cube.
Furthermore, where spectra extracted out were not well resolved, the application of SAM algorithm
permitted to map pixels with the same spectral features to recognize areas where the same dyes were
used.
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Abstract
The article gives a brief history of modernist architects Lina Bo Bardi and Oscar Niemeyer, and
tries, through a bibliographic review and visual analysis, to identify meanings, analyze the
generated spatiality and understand the impact generated by the repetitive and striking use of the red
color. To do so, a brief history of the color red and how it was mastered, perceived, and
appropriated by humans over the centuries is traced, and, finally, three essential projects of each
architect are analyzed. We conclude narratives for the reds of Lina and Oscar, who go through the
communist history of the characters, pictorial indications, and the theory of functionalism.
Keywords: Modernism, Brazilian modernism, red, Oscar Niemeyer, Lina Bo Bardi
Modern Brazilian Architecture
Modernism in Brazil, according to Lúcio Costa (1902 –1998), is justified by the affirmation of the
identity of our culture and representing the “spirit of the time.” For Oba (2014), this movement,
which prioritized function, caused Brazilian architects much interest. The discussion about modern
issues gains significant prominence in Brazil after the constant migratory movements in the postwar period, whether from Brazilians who returned after studying abroad or from foreigners who
were looking for an opportunity outside Europe that was in crisis. It is important to note that not
only did the European crisis repel professionals, but the condition of Brazil attracted them.
Cavalcanti (2001 apud Lobato, 2009) states that good economic conditions, the government’s will
to establish a new face for the federal capital, and a generation of revolutionary intellectuals and
architects made modern Brazilian architecture a reality. With the new republic, the change in the
bases of production of national wealth and the migration of the status of Brazil from an agrarian to
an emerging country creates a demand for buildings that represent this recent phase of the country.
These works were mainly from the government of Getúlio Vargas (1930-1945), which had as one of
its priorities the construction of buildings to house government agencies of the new administration
(Cavalcanti 2001 cited Lobato, 2009).
Among the various possibilities for discussing the use of color in this historical-cultural context,
two Brazilian architects were selected for a more careful look at this article due to the recognized
influence in the unfolding of the issues opened by the avant-garde. The works analyzed, both three
copies of Lina Bo Bardi as three copies of Oscar Niemeyer has a marked cultural nature. In addition
to the programs themselves, such a characteristic is manifested in the condition of manifestos about
what architecture is, which this type of order allows. In this sense, party issues are manifested more
clearly, making it possible to investigate the meanings of design actions and how the definition of
the use of red, present in all the works to be analyzed, contributes to the creation of architectural
discourse of each architect.
Lina Bo Bardi
The architect was born on 5 Dec. 1914 in Rome, Italy. She graduated in architecture from the
Faculty of Architecture of the University of Rome. After graduating, she moved to Milan, where,
after working for Gio Ponti, she became the editor of the magazine Quiaderni di Domus. During the
Second World War, she founded with Bruno Zevi the publication A-Cultura dela Vita and is a
member of the Italian Communist Party. In 1946, she married the journalist and art critic Pedro M.
Bardi (1909-1999), and, in that same year, they left for Brazil, where she was naturalized in 1951.
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Initially, she lived in Rio de Janeiro-RJ, then the capital of the country, where she had the
opportunity to expand her influences and knowledge of the new country. However, it is when she
moved to São Paulo (SP) - after Pietro was invited to found and direct the Museum of Art of Sao
Paulo Assis Chateaubriand - MASP - Lina turns icon of modern Brazilian architecture. In 1950 Lina
founded Habitat magazine - an important cultural vehicle that included art, architecture, design,
cinema, theater, music, photography. In 1951 she built her residence - the Glass House - which is
currently the headquarters of the Instituto Lina Bo e P. M. Bardi. In 1957 construction began on the
new MASP headquarters - Lina’s first project that will be analyzed in the article - in 1959 “she is
invited by the governor of Bahia to direct the Museum of Modern Art of Bahia (MAM-BA)”
(Instituto Bardi, 2020), in the same year she restores Solar do Unhão - second project analyzed in
the article. In 1977 the construction of the third project analyzed in this article began - the Centro de
Lazer Sesc - Fábrica Pompéia in São Paulo (SP).
Oscar Niemeyer
Oscar Niemeyer was a Brazilian, born in Rio de Janeiro-RJ on 15 Dec. 1907. He studied at the
National School of Fine Arts (now the Federal University of Rio de Janeiro), where, in his third
year, he interns with Lúcio Costa - future urban planner responsible for the project for the new
national capital Brasília (1960). Lúcio Costa was invited, in 1936, by the then Minister of Education
Gustavo Capanema to design the new headquarters of the Ministry of Education and Health. Lúcio
brings together a group of young architects; Lúcio still insists that Le Corbusier be invited as a
consultant and, despite not inviting Oscar from the beginning, he ends up calling him. In this way,
Oscar ends up contributing to the project that is considered one of the foremost modern Brazilian
architectural landmarks, the Gustavo Capanema Palace. After that, Oscar falls in the graces of
important figures - as the best example, we have the governor of the state of Minas Gerais, Brazil’s
future president and founder of Brasilia, Juscelino Kubitschek. Oscar lived 104 years and worked
until the last years of his life, resulting in a vast collection of works, drawings, and sketches. In
2003, nine years before his death, he was asked to design his first building in Britain as part of a
Serpentine Gallery action devising the third work that will be analyzed in this article.
The Red
Red, according to Michel Pastoureau (2017), was the first color that humans dominated,
manufactured, reproduced, and discovered different tones, first in painting and later in the dye.
According to the same author, this also explains why in some languages, the same word means
“red,” “beautiful” and “colorful”. Le Corbusier (SerraLlunch, 2013) agreed and guaranteed that red
affirmed its presence. One of the primary colors is considered a warm color (Argan, 2013) and has
been widely used with mastery by great artists such as Pietro Mondrian, Vassili Kandinsky, Marc
Chagal, Ellsworth Kelly and Mark Rothko.
Outside the artistic field, the color red is also very representative. According to Klein (2018), red is
a symbol of power and government since antiquity permeating the Middle Ages, it was worn by
Roman emperors, popes, and European sovereigns. During the French Revolution, a movement
that, according to some authors, inaugurates the Contemporary Age (Fernandes), the Jacobins and
sans-culottes as identification dressed in a red cap. During the 20th century, the color red was
adopted by communist movements, workers, and socialist movements, in the sense of fraternity. In
this context, the color was also associated with the hope of a better life, as well as with blood and
suffering.
Museum of Art of São Paulo - São Paulo, São Paulo - Brazil
The Museum of Art of São Paulo was founded in 1947 by Assis Chateaubriand (1892-1968)
businessman and patron of São Paulo. The first modern museum in the country was directed by the
Italian critic and dealer Pietro Maria Bardi, Lina’s husband. Initially, it worked on one floor of a
business building and moved to the current location in 1968. The location of the building itself is
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iconic, situated on the most famous avenue in the country’s financial capital; it is still under the
intersection of another avenue. The landmark of the history of 20th-century architecture is based on
the use of concrete and glass. Its 74-meter span has always been a geographical reference and
meeting point.
The four massive pillars that support the volume above this span, as well as the beams that make up
this structural effort, are bright red. Although, since the beginning of the sketches, the red color
appeared and, according to Miyoshi (2006), it was an old idea for Lina to use the color, initially, the
beams had no color, they were in apparent concrete without any aesthetic treatment. In the 1990s, in
order to solve an infiltration problem, a company donated products “for the protection of exposed
concrete against deterioration” (Miyoshi, 2006, p. 143). The color chosen by Lina is fire-fighter red
(fig.1), in addition to transforming the building as a “cultural event” (Miyoshi, 2006, p. 143) the
proposal aimed to encourage the use of paints that fled white or ice accounted for 70% of national
consumption (Miyoshi, 2006).
On the floors below the span, there are two stair-ramps also in red (fig.2). The proposal made by
Lina Bo Bardi, in this sense, reserves the use of red in two distinct functions, structure and
circulation. The gestures in red bring in common the desire to signal, point out, distinguish the
elements put in color. Architecture should be understood as a set of elements that are articulated
throughout, but that have their particularities.

Fig. 1 – MASP, (KON, N.)

Fig. 2 – Stair-ramps. (KON, N.)

The Solar do Unhão - Salvador, Bahia - Brazil
Upon receiving the invitation to direct the Museum of Modern Art, Lina stayed in Salvador, Bahia,
between 1959 and 1964, where she found another face of Brazilian identity, the African face. The
museum is located in Solar do Unhão, an existing building that needed to be restored and adapted to
receive such a program. Due to her experience in post-World War II Italy, Lina applies critical
restoration to the set of buildings (Cerávolo, 2010, p. 219). The use of the color red in the external
frames (fig. 3 and 4) was not agreed with the heritage agencies, Cerávolo (2010) states that the
colors of the facades and frames would be specified later after submission to the National Heritage
agency. Finally, the choice of red color did not pass through the appreciation of Organs responsible
agencies, Azevedo (1963 apud CERÁVOLO, 2010, p. 234) characterizes this and other choices as a
“loss for the monument”.
In the Solar do Unhão project, what can be perceived is the use of red as a signaling gesture with
intentionality close to the use of color in the MASP project. The architect with her choice reveals
her look at the historical construction processes belonging to the work involved, that is, the
difference between the brick-built in masonry and the openings treated in wood. By observing the
set, one can learn the difference between the fixed parts and the moving parts, employing colors,
enabling so many other inferences about the architectural qualities.
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Fig. 3. Solar do Unhão. (Kon, N.)

Fig. 4. Solar do Unhão’s Entrance. . (Kon, N.)

Sesc Pompéia - São Paulo, São Paulo - Brazil
Lina was invited in 1977 by Renato Requeixa and Gláucia Amaral, then directors of the SESC Social Service of Commerce, to transform the Mauser Brothers’ old drums factory in a leisure
center. The project develops over nine years with the help of students and recent graduates (Ferraz,
2008). The new public facility should promote social harmony, cultural production, and social
welfare of the city’s population. With the addition of two large exposed concrete prisms to the
original set, the project gains prominence, the blocks receiving sports equipment are inaugurated in
1986. The apertures of the lower block have amoeboid form while in the more massive block they
are square, but do not follow orthogonal alignment. In both buildings, the openings are closed in red
wooden trellis (fig. 5). In addition to the use of red in the frames, several installations, such as air
ducts, truss fittings, handrails, throughout the complex, which a priori should go unnoticed, become
red and stand out in the landscape (fig. 6).

Fig. 5. Sport blocks - Sesc Pompéia. (Kon, N.)

Fig. 1 Installations in Red. (María Conzález In:Delaqua, 2019)

The Sesc Pompéia project reveals the coherence of the architect’s plastic research. An intention in
the sports blocks is very close to that seen at Solar do Unhão. Despite entirely different situations,
the same desire to signal, differentiate between fixed, open, and mobile openings. The ameboid
shape, in one block, and the misalignment, in the other block, reveal the constructive possibilities of
concrete as much as the rhythm and alignment reveal the limits of masonry in the Solar.
Museum of Contemporary Art of Niterói (MAC) - Niterói, Rio de Janeiro – Brazil
The museum on the banks of Guanabara Bay in Niterói was designed in collaboration with
structural engineer Bruno Contarini. Completed in 1996, the cylinder blooms like a flower
composing the landscape for which it is also a viewpoint. Its circular shape includes a large glass
opening that allows visitors to the museum to appreciate all the natural beauty that surrounds it.
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With its main body at 16 meters high, access is via a winding concrete ramp that allows the visitor
to appreciate the landscape and the building itself on a 98-meter long architectural promenade full
of changing perspectives. The invitation and marking of the ramp take place through its red fire
floor, a plastic decision to highlight the access of the large white volume (fig. 7).
It is noticeable that the architect has a clarity of the functions of the elements that constitute his
architecture that brings him closer to the gestures in red of Lina Bo Bardi. The peculiarity of this
proposal, however, brings the didactics of signage by the color closest to the use of the building.
The external views of the whole reveal little of the red, it is in approaching that the color starts to be
perceived by the user. This project marks the proximity of the modern functionalist view while
inserting the scale of the user and the experience in the use of red.

Fig. 7. Museum of Contemporary Art (Leonardo Finotti In: SEGRE, 2010)

Serpentine Gallery Summer Pavilion - London, United Kingdom
The Serpentine Gallery pavilion aims to give visibility to architects who do not yet have a project in
the UK, so the talent of the professional can be shared and appreciated by a new audience strolling
through Hyde Park. The pavilion is part of an annual event produced by the gallery that, at the
beginning of the London summer, performs its assembly and is dismantled at the end of the same
season (Allen, 2018). For 21 years, this annual event has featured projects by great architects, and in
2003 it was Oscar Niemeyer’s turn.
With clear traces of modernism, it was “built in concrete, painted white and accessed by a ramp”
(Doroteo, 2006). A synthesis of significant elements of the architect’s best-known projects. A grand
gesture of drawing, loose from the terrain, which unfolds in a single direction and generates the
spatiality of the ensemble. This gesture is presented in white, being emphasized at the entrance by a
void, built away from the closings, and accessed by a ramp with a red cover (fig 8), and at the back
by a red plane (fig. 9).
The two uses of red mark the particularity of Oscar Niemeyer’s plastic intentions, already identified
in the Niterói project. The ramp has the same scale as the MAC ramp experience in a dimension
proper to the event that the pavilion opens. The red plan does not differentiate a useful function.
Closure plan (red), floor, and roof (white) are fences and fixed. The function of this use of color is
related to the poetics. It is essential for the architect to be visible the gesture that originated the
form, and the red emphasizes the visibility of this white generating line. It is the stimulus of the
consciousness of the plastic experience of space.
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Fig. 8 Main facade with access ramp – (Modern Architecture London) Fig. 9 Back facade – (Modern Architecture London)

Auditorium - Ibirapuera - São Paulo, São Paulo – Brazil
Conceived by the then governor of the state of São Paulo, José Pires do Rio, the park that would be
modeled after great European examples such as Hyde Park in London or Boi de Boulogne in Paris.
Parque do Ibirapuera occupies a total of 157,000 m² and is only opened in 1954 due to the drainage
problem that the land presented. The problem was solved by the then official Manequinho Lopes,
who decided to plant hundreds of Australian eucalyptus on the ground so that they could drain the
water in the region.
The buildings that make up the infrastructure of the park were designed by Oscar Niemeyer, and
landscaping should be run by Burle Marx, but the latter was not executed. The park’s program has
various equipment such as temporary exhibition spaces, museums, auditoriums, lakes, planetarium.
Despite the vast program here, we will analyze only the auditorium. Initially, the building had not
been completed and was only completed in 2005, almost 50 years after the park opened. The
auditorium is a trapezoid that has its entrance marked by a red marquee (fig.10), which was
nicknamed Flint (Dudeque, 2009). In addition to the punctual presence at the entrance, the back of
the auditorium (which is reversible) the large opening door of what would be the stage is also a
large red rectangle that strongly marks the white prism (fig. 11).

Fig.10. Ibirapuera Auditorium (Kon, N.)

Fig.11 Stage’s rear opening - Ibirapuera Auditorium. (Manuel Sá in Baratto, 2019)

Oscar Niemeyer adopts a very controlled color/material palette, that is, uses only white, red, and
wood. White is reserved for opaque surfaces built while the wood is for the handrail and some
acoustic coverings. Red is highlighted not for a specific function but for accompanying the
user/spectator through all their experience in the auditorium spaces. First, it signals the entrance
unequivocally, with the marquee, and then immediately welcomes the route along the internal ramp
(fig. 12) to the audience spaces (fig. 13), through the floor covering. It would be a matter of
signaling, as in the previous cases. However, the experiential issue is highlighted when it is
emphasized when inviting Tomie Otake to make a sculpture in red. The occupation of the wall and
ceiling by the artist radiates throughout the space through the reflection of color. Red expands its
signaling and didactic function to become the poetic accent of the proposal.
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Fig. 12. Intern Ramp – Ibirapuera Auditorium (Kon, N.)

Fig. 13. Audience - Ibirapuera Auditorium. (Kon, N.)

Conclusion
The secure connection of the two architects, Lina and Oscar, with the premise of modern
architecture that remained faithful to the attention to the functionalism typical of the avant-garde of
the beginning of the 20th century. The red of Lina and Oscar may have had different origins; they
are in sympathy with communism and in the certainty of marking their projects with vivid and
exquisite colors. Kandinsky’s theories fostered this avant-garde by attributing spiritual qualities to
very few geometric elements and colors, for him, for example, “red is extremely immobile by a
restless color, vivacious and active ... immense and almost inconsequential force” (Luz, 2014,
p.214). The perceptual intensity of the red is adopted by the two architects, analyzed here, as a
cognitive resource to signal what architecture is built on. In the case of Lina Bo Bardi, with a strong
emphasis on the tectonic issues of the work in its plastic dimension through a didactic approach. A
way of forming the critical conscience of modern man. In the case of Oscar Niemeyer, this social
function emphasizes this social awareness due to its poetic dimension through the valorization of
the experience of color. The two architects fixed themselves in the collective imagination as
irreverent, bold, and brilliant; undoubtedly, red marked the history of both also in a pictorial way.
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Abstract
The article deals with the issue of colors and their distribution through a series of street-art from three
cities located in different countries (Béjaia - Algeria, Belgorod - Russia and Aberdeen - Scotland).
The purpose of the study is therefore to investigate the influence of lighting conditions on the use of
colors in the urban space. The research methodology is conducted by quantitative and qualitative
approaches to encompass all the multidisciplinary aspects related to the notions of color and light.
The first approach aims to collect quantitative data. It consists of two phases: on one side it’s the
elaboration of a representative corpus with the use of photography. Then the resulting photos are
processed by computer simulation with specific software, Photoshop® and Color Spatioplotter® to
involve color distribution and averages. The objective is to identify the dominant color in every piece
of art. On the other side, luminous environment study based on climatic databases and special for
each region is conducted to deduce the main characteristics of the luminous environment in each city.
At the end of this step, every street art is classified according to the colors and luminous atmosphere.
Qualitative analysis may involve visual inspection and comparison of the street-art samples. The
correlation between quantitative and qualitative data and indicators will identify a viable range colors
choice to ensure the visual wellbeing of the local inhabitants of the city. The results are expected to
create a recommended color range map for city planning which can be adopted during the early steps
of urban design.
Keywords: luminous anbience, color, urban design, Graffiti, cultural activities.
1. Introduction
Light and color are integral elements of natural and urban environments. The act of painting is a way
of thinking, a way of exploring hypotheses and testing creative ideas in a visual way. Culture acts as
the parallel of the human identity emerged in contemporary public spaces on different forms and
became as presents and familiar in today’s urban space. (Beichen Yu, Simon Bell, 2020). Usually
considered, as an act of vandalism, tags and scribbles, graffiti is now one of the various respectable
art forms and one of the cityscape components. (Islam, 2014). Street art allows exploring individual
and collective integration of people in social space. These artistic and graphic elements rely heavily
on color to convey their messages and may even be predominant in relation to the space experience.
(Ian et al., 2017).
In urban design practices, colors have always been considered as a powerful tool for visual
communication to build connections and associations in urban space. These specific capacities allows
colors to be an integral part of architectural and urban design. (Eddine Choulak, 2009). Colour has
been used as an active design element which responds to new challenges and demands in urban public
spaces. (Aline Barlet et. , 2020) (Colore et al., 2020) Colour can also be associated with different
components of the urban environment such as light and be instrumental in city transformation and
urban colour planning to respond to spatial and social perceptions as well as contemporary
needs.(Paule, 2010). The article is based on the assumption that individuals who are similar in
characteristics would exhibit a similar style in their work of art. This paper will demonstrate different
types of light impact on art and culture; such as weather characteristics, geographic situation, etc.
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1.1. Color as powerful design tool in urban planning
Color is a comple of psychophysical and psychophysiological phenomenon involving the physics and
interpreted by the visual system. (Diane, 2004). Different fields have treated the issue of the nature
of colour, colour perception and its application in creating art works. (Amati, Mitra and Weyrich,
2014). Colour theories and systems are an essential aid to the designer. The decorative application of
colour is carried out with a definite aim in mind, whether aesthetic or functional. (Thomas, 2002).
Urban design, or the art of building cities, is the method by which designers create an environment
that fulfils his aspirations and represents his (Moughtin, 2003). Architectural colour design and urban
colour planning are the two major branches of traditional environmental colour design in urban
contexts, which have been profoundly influenced by the historical perspectives on colour in
architecture. Architectural and urban design consists of the manipulation of many interrelated
elements including space, form, structure, light, texture, and colour. (Poor, 1994). The link between
perception and actions would therefore have a cerebral reality, anchored within a network dedicated
specifically to the perception of space in a functional manner. (Jeremy, 2013).
1.2. Graffiti as cultural actions in urban space
Because of its importance in society, the urban environment should highlight the interdependence
between perception and action. (Beaudoin, 2007). Urban space can be considered as a forum for the
city's artists and establish a line of communication between the artist and the community. An example
of actions on a given space is street art more specifically graffiti. As a subcategory of public art, street
art is a part of the cultural experience of city life, it can be represented as a self-authorized pictures
created in or applied to surfaces in the urban space that intentionally seek communication with a
larger circle of people about different subjects. (Yan et al., 2019).
Graffiti as part of the semiotic landscape represents a form of interactive art because it resembles a
conversation between a writer and an artist. Graffiti has inspired linguistic landscape studies. At the
turn of this century, Graffiti is regarded as a form of interference with the aesthetics of urban space
and appeared as a new form of urban intervention. (Young, 2012). In addition, aspects of graphic
variation in the production of graffiti may be perceived as forms of social practice. Graffiti can change
the way society experiences city because it interrupts the commercialized systems of signs. (Heyd
and Karnatz, 2020).
1.3. Color design & Natural light
Paintings and murals in all cultures of the world demonstrate the use of light, shade and color in
illustration of mood and creation of atmosphere. (Touhami, 2005) Natural light is one of the urban
space components, which allows designers, architects and urban planners, to highlight the culture of
people and the beauty of a space; this property of light is at the roots of a series of ways of speaking,
seeing, thinking and living. On one hand, it was approved that natural lighting systems can participate
in the process of generating ambience in urban space. Because of most of the information received
by humans is visual, designing public spaces while giving importance to daylight will contribute to
ensure a pleasant visual comfort inside these spaces. (Daiche et al., 2016). On this basis, any attempt
of instrumenting the design of ambiences and the use of colors in the earliest steps of urban space
planning with referential procedures can be considered as a possible approach. (Daiche et al., 2016).

Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVIB

ISBN 978-88-99513-13-9

154

XVI Color Conference, Bergamo 2020

2. Materials and methods
The methodology of the research is based on a selected samples of street-art & graffiti from three cities located
in different countries.

2.1. Cities presentation
Aberdeen is the first chosen city; located in northeast of Scotland, it is known for being one of the
cultural centers in UK. Another criteria was the specific characteristic of its architecture during the
Victorian era especially the use of the granite for the majority of buildings which has led to its local
nickname “the Granite City” or sometimes Grey City according to the color of the most of buildings.
Aberdeen has far milder winter temperatures than one might expect for its northern location, although
statistically it is the coldest city in the UK.
The second city is Bejaia; one of the most prosperous cities on the Mediterranean coast. It is
principally the largest city in the Kabylie region of Algeria. In cultural aspect, the Kabyle community
is known for the use of colors in their clothing style as well as their traditional objects. Each summer,
a color festival is organized to highlight the importance of colors in regional culture. Bejaia, like most
cities along the coast of Algeria, has a Mediterranean climate, with very warm, dry summers and
mild, wet winters.
Belgorod is a city located in the south-west European part of Russia. The given name means literally
"White city" because the region is situated on large deposits of chalk among white chalk hills.
Through history, Belgorod was always rich on cultural traditions, and now it is industrial and
educational center in Belgorod region. Moreover, it considered to be a spiritual center of the Central
Federal District. The climate of Belgorod is temperate continental; summers are hot and dry. Winters
are moderately frosty with often thaws accompanied by rains, especially in December.

City

The average annual
amount of sun hours

classification

Monthly hours of
sunshine over the
year

Aberdeen Oceanic climate

(Cfb)

180 hours

1433 hours

Bejaia

(Csa)

350 hours

4386 hours

(Dfb)

270 hours

1740 hours

Belgorod

Climate type

Mediterranean
climate
Humid continental

Köppen

Tab. 1 – Climate classification & caracyeristics.

2.2. Data collection:
June is chosen due to the optimal conditions of luminance coming from the sky to ensure clarity of
the obtained photos. A high-resolution digital camera is used for capturing the whole surfaces of the
work of art in front of the wall. The collected data is then trimmed, coded and organized by giving a
code corresponding to the city and the work of each graffiti. The location of every graffiti is indicated
according to the city map, and showed in the following figures (Fig. 1, 2 and 3).
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Fig. 1 – Graffiti location on city map of Aberdeen.

Fig. 2 – Graffiti location on city map of Bejaia.

Fig. 3 - Graffiti location on city map of Belgorod.

2.3. Measures & Analysis:
In order to analysis the colour distribution on the chosen graffiti, a combination between two specific
software is adopted. Firstly, Adobe Photoshop is used to touch up the photo frame, so as to leave only
the graffiti in the photo and obtain histograms. The second software is Color Spatioplotter which
allows to extract the color distribution in every graffiti, by extraction of dominant colour groups
which are more than 10% of the Graffiti surfaces and extraction of the dominant color in each group
which is highest. Also, can generate a list of color by color quantization of the entire color into a few
prominent colors.
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3. Results and discussion
3.1. Results
Aberdeen: results of the research in this city. Aberdeen shows that there is not a specific group that
dominates, but the detail means that it is the colours of the name "grey and dark" that dominate, such
as: Cadet, Battleship Grey, Dark Jungle Green, Dark Lava. These colors correspond perfectly to the
bright climate characterizing the “grey” city represented by the clouds as well as the color of the
buildings.
Bejaia: existence of different themes. For Bejaia, which is the second city, results show that CyanBlue is the dominant colour for all graffiti with, at least, 20% of surface occupied compared to the
total surface of the work. We also notice a slight presence of the red colour symbol of the revolution
and the sacrifice of this people throughout history and until today. To this can be added, the
Mediterranean culture characterized by the presence of the sea and the sun for much of the year.
Belgorod: for this third city, there is another dominant colour, that of Green-Cyan with a percentage
of up to 30% of surface occupied compared to the total surface of the work. The detail of these groups
gives: Dark Olive Green and Rifle Green. This is linked to the themes of graffiti always inspired by
nature either by the illustration of a natural landscape, or by the illustration of animals in a natural
setting. One of the main reasons for this choice is the project of "green art" brought by local artists
who promote the idea of "saving nature, beauty of nature", going as far as obtaining permission from
authorities to promote this project.
3.2. Discussion
This study demonstrates the impact of luminous environment of the city on the use of colours by
artists in urban public space. The use of color in urban space is, in large part directly linked to local
light conditions, so that in a region characterized by a low level of lighting, the choice of color is
oriented towards those to dark character in order to merge the urban and natural landscape. On the
other hand, in the regions characterized by a high level of illumination, the choice of colors is for
those bright to be in harmony with the luminance of the sky. In addition, color can also play a role in
promoting an urban-scale project.
3.3. Conclusion
This research is a review and an evaluation of the impact of light conditions as a phenomenon
allowing understanding the cultural activities in contemporary urban space.
Colors and light constitute as much data that can, by following a precise approach and an adapted
protocol, being translated architecturally and spatially. Besides the aesthetic aspects, designers can
also pay even more attention to the theme of “light” for other reasons, because this is an area that
must face up to operational realities such as visual wellbeing, environmentally responsible practices
and climatic conditions.
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Abstract
Modern architecture in Genoa rests on three main reasons: the complex natural place, the industrial
and port socio-economic matrix and the absence, until the 1960s, of a school of local architecture.
The architects who with their attempt to approach the reality of Genoa, a difficult and stimulating
site, and through the development of constructive characteristics typical of industry such as rhythm
and seriality, invention, indifference to the formal rule and great impact, are to be considered
fundamental on the urban landscape, they radically changed the perception of places.
The great transformations move along the great historical-urbanistic changes of the city: 1926 unification in the Great Genoa of 19 Municipalities; 1936-38 new docks in Sampierdarena and the
new heavy traffic road Genova Serravalle; 1930-32 the Town Plan for central and Levante areas and
public competitions; Regime and architecture: modernizing force that welcomes the currents of the
artistic avant-garde in its ranks.
This study investigates the relationship between the city, the transition phase between the liberty
influences and the search for the essential in the figure of Giuseppe Crosa di Vergagni and the choices
of the Municipality of Genoa which determined the new urban spatiality with the architects who in
the Fascist regime period remained unknown - Technical Offices of the Municipality and Mario
Braccialini 1930-1955 very interesting public works, by architects remained unknown. (G.
Gentilomo, L.Solari, R.Tassistro, G.Zappa).
In addition, the figures of Daneri, Fuselli, Morozzo della Rocca, Vietti with the open and radical
evolution that leads to a change in spatiality and the years of the great urban opportunities indicated
by the 1932 Town Plan elaborated by Zappa and Viale that lead to the creation of three unitary
interventions: Piazza della Vittoria, Piazza Dante -Piazza Rossetti with the figures of Piacentini and
Daneri. The color in these architectures, precisely because determined by the materials, plays a
fundamental role in the definition of the volumes and in the components of weight-shape-light.
Keywords: color, materials, perception, rationalism.
Introduction

In 1926, on the pages of "Rassegna Italiana", Group 7, made up of seven Lombard architects,
including Luigi Figini, Gino Pollini and Giuseppe Terragni declared: the new architecture, the true
architecture, must result from a strict adherence to logic, to rationality. A rigid constructivism must
dictate the rules. The new forms of architecture will have to receive the aesthetic value only from the
character of necessity, and only later, through selection, the style will born. Since we do not pretend
to create a style at all (similar attempts to create from nothing, lead to results such as "liberty"); but
from the constant use of rationality, from the perfect correspondence of the structure of the building
to the proposed purposes, the style will result by selection. It is necessary to succeed in this: to ennoble
with the indefinable and abstract perfection of pure rhythm, the simple constructiveness, which alone
would not be beauty. It has been said, "by selection": this word is surprising. We add: it is necessary
to persuade oneself of the need to produce types, few types, fundamental. […] It is necessary to be
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convinced that at least for a time the new architecture will be made in part of renunciation. It is
necessary to have this courage: architecture can no longer be individual.
In the coordinated effort to save it, to bring it back to the most rigid logic, to the direct derivation
from the needs of our times, it is now necessary to sacrifice one's personality; and only from this
temporary leveling, from this fusion of all tendencies into one tendency, will our architecture, truly
ours, be born. [...] and we young people are ready to give up our individuality for the creation of
"types": to the elegant eclecticism of the individual we oppose the spirit of mass production, the
renunciation of individuality. It will be said that the new architecture will be poor; we must not
confuse simplicity with poverty: it will be simple, and the greatest refinement lies in perfecting
simplicity. (1)
Urbanistic Conversations
The debate relating to urban planning in the first half of the twentieth century is widely covered in
the new sector magazines: Architettura magazine of the national fascist architects union, Rassegna
Italiana, Rassegna di Architettura monthly magazine of architecture and decoration, Edilizia
Moderna, Architettura e Arti Decorative organ of the National Union of Architects, Urbanistica
magazine of the National Institute of Urban Planning, Casabella-Costruzioni, Casabella Continuità,
Domus and METRON international architecture magazine.
The selection of some articles, following a careful critical research on the "style" of the new Italian
architecture, focuses on some sections of the magazines: City Plans and Architecture, Urbanism or
Urbanisms ?, City Plans and Traffic, Urbanistic Conversations, Bibliography and Technical
newsletters.
Cesare Albertini, in Piani Regolatori e Architettura of 1932, explores the causes of the mutual
influences that the shape and layout of the streets can exert on the shape and aspects of the buildings
as essential building blocks of the city that determine the physiognomy together with the streets and
squares of inhabited areas.
In this regard, reference is also made to the American city plans which, unlike the European cities,
are not the product of historical and traditional factors, but were formed on the basis of a preestablished plan and it is of particular interest to understand what influences those plans had on the
architecture and the appearance of cities. Philadelphia and Washington reflect the American ideal
chessboard plan. In 1807 a Special Commission was commissioned to prepare the New York City
Master Plan with different objectives guided by the simplistic concept that a city is made up of
dwelling houses and that rectangular houses allow the most convenient use of the land.
But this led to the lack of space for large public works and, as it was not possible to extend, the
grandiosity was sought in the exceptional height of the buildings. Albertini criticizes the relationship
between buildings and the chessboard pattern, with roads and intersections that do not allow to
enhance the aesthetic appearance of the buildings. [2]
In April of the same year -1932- the directives of the Regime for the Cities Plans were published,
which must include wide streets and squares. Look Great, displace, decentralize, restore. Respect the
memories of the city, but do not make old stuff the object of bigoted veneration. [3]
In 1932 in Genoa a new master plan, called the "master plan of the central areas of the city", provided
for various revolutions of the road structure and in the city building style, with the demolition of part
of the historic center, necessary for the opening of new roads and the construction of some galleries
including Galleria Colombo in 1937. The competition was won in August 1931 by the "Janua" group,
made up of architects Giulio Zappa and Aldo Vitale. The Genoese architect Robaldo Morozzo della
Rocca also collaborated in the study of the detailed plan for Zappa and Vitale, in his role as
representative of the Superintendency.
In the drawings of the awarded projects, the solutions have similar characters but the winning project
presents excellent traffic solutions and the good layout of Piazze Dante. [4]
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His original project involved the construction of four high-rise skyscrapers: from the center of the
square, towards the outside, it was however transformed by the intervention of the architect Marcello
Piacentini, who, appointed consultant for the detailed plan of the area, outlined a different planaltimetric approach, reducing the number of skyscrapers from four to two.

Fig.1- Plan and studies of the future Piazza Dante by arch. Morozzo della Rocca. Architecture, Magazine of the National Fascist Architects Union Urban Planning The City Plan of Genoa - 1932 pag. 690.

The monumental structure of the Galleria Colombo by Tomaso Badano and Giulio Zappa served as
a closing perspective and stood out thanks to the chromatic contrast between the black marble
cladding and the white frame of the arches.
Piazza della Vittoria was born in the same decade as piazza Dante (1930), conceived in the original
form by the architect Marcello Piacentini, who also redesigns the project for the triumphal arch (1924)
to crown it, inaugurated on May 31 1931.
The two longitudinal elevations of the square are characterized by razonalist architecture that
surrounds it, while from the north side a straight axis opens which, passing through via Giuseppe
Verdi, connects it to the Brignole station. The south side ends with the Caravelle gardens, which
create an elevated observation point. Piazza Dante and Piazza della Vittoria were connected through
a road axis that includes the Galleria Cristoforo Colombo and the straight Via Ippolito D 'Aste, the
result of the master plan of the central areas, aimed at expanding the boundaries of the city center to
the mouth of the Bisagno stream, unifying them under a single style.
On the other side of the Bisagno stream, there is another important square in Genoa: it is Piazza
Rossetti, designed in 1933 by the architect Luigi Carlo Daneri; called "social and seaside square" also
in rationalist theme, it refers to Scandinavian models and completes the Genoese rationalist panorama.
The three squares, together with the more eclectic Piazza De Ferrari, became the four focal points of
the city center, each with a different function. In the original project they were thought to form a
circumvallation around the new center of Genoa.
Genoa therefore sees the transformation of the city through the new squares. The first urban planner
to propose a careful study of the concept of the square was Viennese architect Camillo Sitte, who in
1889 published the text "Der Stadtebau nach seinen Kunstlerischen Grundsatzen" ("The art of
building cities"), in which it is placed great attention to the art of space, to squares as a fundamental
urban element for city life.
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Sitte's study of the squares is divided into various chapters, which, however, present a common crucial
point: the shape. He measures the buildings, the streets, the layout of the monuments (churches,
fountains, statues), hypothesizing the public space as the sum of several individual interventions,
capable of creating a collective result, composed of a complex stratification of different languages,
and it should be investigated how a work of art should be studied. The square, therefore, from an
incubator of monuments, becomes itself a monument, transforming itself into an architectural
unicum.[5]
The formal and chromatic choices
In June 1936 the demolition and excavation works began which between 1937 and 1938 will lead to
the construction of the "skyscrapers" in Piazza Dante.
The visual games and the perspectives allow to enhance the main historical-artistic buildings while
the demolition of some ancient parts of the cities also allows the easy flow of penetration traffic flows.
Piacentini describes his stylistic choices in Architettura d’oggi with the need to achieve integral unity
and correspondence between form and substance, between architecture and construction, against the
decadent dualism that took place to its worst consequences through eccletism. The complex social,
economic, industrial life of the twentieth century affects aesthetics: scientifically organized work
leads to the type of mass construction. Only with these criteria can American skyscrapers, grandiose
blocks of metropolitan housing be made. [6]
The formal values of the American skyscrapers, linked to the directives of the Regime, merge into
the celebratory architecture by M. Piacentini.
The Commission on Building Districts and Restrictions, Board of Estimate of New York, expressed
the concept of the zoning envelope as the most innovative aspect of the 1916 ordinance. Although,
as the reformers noted, the principle of regulating bulk had precedents in Parisian and other European
building codes, at the high-rise scale introduced in New York City, the formula for a maximum spatial
envelope was entirely new. The idea of stepping back the upper floors of high-rises to allow more
light to reach the street had first been suggested by American architects in the 1890s, and in 1907 and
1908, when several prominent figures, including David K. Boyd, had proposed a formula for setback
massing. That idea, combined with Flagg's plan for allowing a tower on one-quarter of the site,
became the basis of the zoning envelope. [7]

Fig.2- From left: Shelton Hotel, Barclay Vesey Building, New York Telephone Building, The New Yorker Hotel.
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Fig.3 - Final report, June 2, 1916. Commission on Building Districts and Restrictions, Board of Estimate, New York, 258-9.

The North Tower by Arch. Giuseppe Rosso, also known as " Dante Tower 2", is the first to be built
between 1936 and 1938 by the construction company Gazzani and Lavarello (it will be the only
building to respect the project envisaged by the master plan). With the subsequent construction of the
South skyscraper, however, the primitive symmetric approach is lost and the side scene perspective
is unbalanced in favor of the Piacentini skyscraper.
The rationalist style, also influenced by American lines, develops throughout Europe at times with
futurist influences that can be found in the North Tower, especially on the side towards Via XX
Settembre with the same chromatic formalisms of the French intervention of Villaeburne. [8]

Fig.4 - From left: North Tower in Genoa arch. Giuseppe Rosso 1936-1938; Tower Buildings Villeurbanne Lyon, arch. Leroux Giroud 1931-1934.
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The North Tower is in reinforced concrete with cladding of different materials, including the stone
of San Gottardo (for the base), the red of Verona in the atrium, the travertine for the exteriors and the
green Alpi for the flooring. The structure consists of 21 floors: 7 floors make up the porticoed base,
while the other 14 make up the tower that rises above. This last part of the skyscraper has obvious
references to the Futurist movement, both in terms of the dynamic vertical momentum (the building
in fact reaches 78 meters in height), and for the suspended walkways on the upper floors. After a few
years, however, the South Tower stole the show, unbalancing the perspective view both for its
imposing size and for the chromatic coating, which stands out more than the surrounding buildings.
Torre Piacentini, built in reinforced concrete between 1938 and 1940, was in fact the tallest building
erected in Piazza Dante, with its 108 meters high.

Fig.5 - Torre Piacentini: Regulatory plan of Genoa and insertion of the project in the district of Ponticello subject to building thinning for the
construction of Piazza Dante.

The tower designed by architect Piacentini was built by the engineer Angelo Invernizzi between 30
July 1938 and 28 March 1940 with a reinforced concrete structure.
A variety of materials were used for the construction of the building: Mazzano marble in the plinth
and Botticino in the upper cladding, Rosso Levanto in the frames of the entrances, Travertine in the
internal claddings of the portico and Verde Alpi in the internal floors of the atriums.
The tower is alternately covered with courses of about one meter in lithoceramics (red clinker) and
small courses of about 30 cm in Botticino marble.
The building also stands out for some decorations, the mosaics by Cesare Garusso and Oscar
Saccorotti, while two bas-reliefs by Guido Galletti are carved in the façade of the plinth, one
representing the navigator Cristoforo Colombo and the other the Balilla in defense of Porta Soprana.
Palazzo Gaslini stands next to the Piacentini Tower. Similarly to the two main towers, Palazzo
Gaslini, as well as the subsequent Palazzo INA, was designed to have a volume equal to theirs, so as
not to create unevenness within the square project. Due to some dynamics, however, the building,
under the supervision of Piacentini, did not exceed 40 meters in height, in fact, the unsolved
physiognomy of the area, due to the indefiniteness between the square and the road junction, did not
allow completion.
Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVIB

ISBN 978-88-99513-13-9

XVI Color Conference, Bergamo 2020

165

Palazzo INA is the mirror building of Palazzo Gaslini and, as the two towers can be considered twins,
these two buildings also have a structural link between them, which makes the square harmonious, in
particular the connection with Via Dante. As previously said, this building, like the Gaslini one, was
thought as high as the two Towers, and here, this first project, is particularly noticeable, since the
upper part, with the vertical momentum of the tower (dominated by a 'large white pergola), seems to
evoke the originally planned height. its chromatic relationship, which provides a strong contrast
between the red clinker and the white marble borders; for the cubature and overlapping terraces; for
its curvilinear profile, which makes the relationship with the Gaslini building harmonious.
Conclusion

Fig.6 - Materials and chromatic map of the palaces of Piazza Dante

Modern architecture is all turned towards a violent expressionism, writes G. Samonà in Review of
Architecture - The Functions of Ornate in Modern Architecture. Everyone feels the need to crudely
cut shapes and grooves, to make the architectural elements as harsh as possible. Therefore the bold
modern polychromy was for the architect a powerful means of accentuation, especially since the
Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVIB

ISBN 978-88-99513-13-9

XVI Color Conference, Bergamo 2020

166

chiaroscuro obtained by contrasting masses is not today, in general, practically a means to emphasize
the compositional lines, these always retain a complete and serene fusion, a harmony of meters and
rhythms, which the colors, much calmer than those used today, will never be able to disturb. Because
instead the architectures oriented, like ours, to manifest themselves with powerful contrasts, always
made use of chiaroscuro.
But the most characteristic index of this feeling of square, straight, crudely rhythmic, is offered to us
by the black and white drawing, which is today the most common graphic expression for architectural
projects. This way of drawing, on the other hand, aims to emphasize the modeling of the composition
with the utmost energy, aiming to obtain in the drawing the sharp effects that they intend to implement
in true color.
If color helps to give life to architecture, distinguishing it from engineering, the decoration has been
simplified to the extreme even in the careful processing to which the noble materials are subjected
that become part of architectural elements, from semi-precious stones to polychrome marbles.
The new decoration enhances particular color tones in the marble that draws the most daring notes
by contrasting rough and roughly hewn parts with smooth and shiny parts, which dramatizes the
expression, for example by drowning a white frame in a very wide dark band.[9]
The decorative function of color wants to give a sense of grandeur, coldness. The very particular
polychromy, intended to enhance and underline the rough architectural squaring, has no comparison
in the past.
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Abstract
This study aimed to investigate how home furnishing stores can provide a personalised colour
palette to its consumers in the United Kingdom (UK). A framework of research methods was
designed to support the exploratory nature of the study by conducting: a Consumer Survey, a
Designer Questionnaire, and a Colour Experiment. The Colour Experiment involved creating
Virtual Reality (VR) panoramic High-definition (HD) living room designs based on a personalised
colour palette for the survey participants.
The study showed a high impact of colour on purchase decision, positive emotions associated with
colours, possible gap between consumers’ and designers’ views on colour, and minimal consumer
involvement in the colour palette creation process. The VR imaging was found a powerful tool that
can increase the consumers’ realization of preferred colours in addition to providing a colour
preference database for home furnishing stores/designers. Further studying of the VR
implementation strategies was recommended in addition to large-scale surveys for a full
representation of designers and consumers views.
Keywords: colour, interior design, colour preference, home furnishing, virtual reality

Introduction
Colour is vital; it is considered an individual experience because certain colours are of a symbolic
meaning to an individual (Manav, 2007). Scientists investigated the influence of interiors’ colours
on individuals perhaps because interiors dominate humans’ perception and knowledge. In fact,
despite that humans like nature and the outdoors, they spend most of their lifetime in enclosed
environments (Kwallek et al., 1997). Colour is also a reflection of personal expression and homes
are a definition to one-self (Belk, 1988); hence, this creates a necessity of facilitating a variety of
interiors’ colours in the market.
In order to deeply investigate interiors’ colour palette decisions, it is important to study the design
process. As a start; sources of inspiration (i.e. nature, archives, art, etc.) are important as these:
define the context, generate ideas, and evoke designer’s mental abilities (Eckert and Stacey, 2000).
Additionally, in the design process, designer’s understanding of both aesthetics and design elements
is essential (Wilson, 2001). Studies show that colour is an important primary design element in
interiors and home furnishing; however, Smith (2003) stated that this importance is underestimated
when designers rely on ready-made catalogues to make colour palette decisions.
As for tools, interior designers widely use Computer Aided Design for modeling (i.e. AutoCAD);
yet, recently other online tools are available. Such modern tools are not only for designers’ use but
also suitable for consumers’ use. Simulation also can be practical for interiors; however, it is noted
that simulation was frequently applied in interiors research field but not applied as much in
interiors/furnishing stores. Only a few examples of the use of simulation in furnishing retail/services
are available. IKEA and Decorilla are two examples of interiors companies which offered a Virtual
Reality (VR) experience to the consumer (IKEA, 2013; Decorilla, 2017).
It was found that in consumer’s mind, the significance of a customised product is higher than the
physical product itself (Du Plessis and Rousseau, 2003); hence, this study was influenced by the
significance of product customization, the importance of colours in home furnishing, and the
noticeable lack of colour personalisation in home furnishing stores.
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Materials and Methods
The design of methods and experimental work targeted achieving the aim of the study which is to
investigate how home furnishing stores can provide a personalised colour palette to consumers in
the UK. Besides reviewing relevant literature, the research objectives explored: designers’
approaches for palettes creation, consumers purchase attitudes including colour impact, colours
availability in stores, and the use of VR technology to facilitate personalised colours.
A Consumer Survey (CS), a Designer Questionnaire (DQ), and a Colour Experiment including
Colour Experiment Feedback (CEF) were conducted to address the research aim, objectives, and
the research questions. A framework diagram was designed for that purpose (Fig. 1).
The core methodology design consisted of four main stages: design, data collection, results, and
analysis. Such core methodology design formed each of the Consumer Survey (CS) and Designer
Questionnaire (DQ). As for the Colour Experiment Feedback (CEF), it stemmed from the
Consumer Survey (CS) data (as seen in the Fig. 1).

Fig. 1 – Methods and experimental framework diagram

Research Questions (RQ1 to RQ5) were as follows:
RQ1: What are designers and consumers’ views about the colours available in home furnishing
stores?
RQ2: How does colour influence the consumer’s purchase decision and life quality?
RQ3: What are the purchase attitudes of consumers in terms of frequency, motives, preferences,
desire to shop, and store loyalty?
RQ4: How do consumers see the VR imaging as a tool for home furnishing shopping?
RQ5: How does the consumer influence the colour palette process?
This study adopted both qualitative and quantitative approaches especially that the qualitative
approach is suitable for dealing with subjective assessment of opinions (Kothari, 2004).
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The study did not target building or testing theories; therefore, Content Analysis was applied by
classifying, summarising, and comparing. As illustrated in (Fig. 2), responses were split into
phrases (Quote), then summarised in (Sub-theme), and compared leading to final (Theme) (Schulz,
2012). Additionally, Word Cloud was another tool used for qualitative data visualization.

Fig. 2 – Coding and classification (Schulz, 2012)

Consumer Survey (CS) sample determination was based on the statistical reports of Office of
National Statistics (ONS, 2016) and Snowball sampling strategy was adopted. 29 UK-based
consumers of age group 30-64 were involved in the survey which included closed-end questions of
Likert scale or multiple-choice (70% of total number of questions), and open-end questions (30% of
total number of questions). The survey questions explored: consumer’s purchase behaviour, colour
impact on purchase decision, post-purchase experience, and participant’s current living room
satisfaction. As part of the Consumer Survey (CS), each participant selected 3 preferred colours
from a provided colour wheel. The colour preference selections were essential to build the Colour
Experiment simulation in which virtual reality panoramic high-definition images were designed
based on the colour preferences.
Five participants were involved in the Designer Questionnaire (DQ) which targeted designers who
are aware of the home furnishing colour palette process. A set of predetermined questions were
addressed to participants either by interviewing or form filling (as per participant’s preference).
Questions formed the Designer Questionnaire (DQ) sections investigated: designer’s sources for
inspiration, the palette creation process, factors influence the palette creation, and the designer’s
information related to market analysis. For survey conducting and circulating, Google Forms and
social media platforms were used (i.e. Facebook and Twitter).
Experimental
The Colour Experiment relied on constructing 3-dimentional (3D) photo realistic panoramic highdefinition (HD) images of customised living rooms based on participants’ colour preferences which
were provided in the Consumer Survey (CS). Due to time limitation the experiment was conducted
with 6 participants based on availability and location within the time limit. Roomstyler online
platform was used to design the living rooms and generate the VR simulation. (Fig. 3) represents a
panoramic equirectangular projection of living room P3 (P3 is the participant’s code).
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Preferred colours were specified by Hue, Saturation, and Brightness values (HSB) using Adobe
Photoshop CC and consequently; rooms’ furnishing colours were based on the HSB values. Solid
colours were used and patterns were avoided. For walls and floorings, less saturated hues were
applied.
Living rooms VR panoramas were viewed by participants on Roomstyler website using a
smartphone placed inside a VR head-set (Thumbs Up Immerse). The Colour Experiment Feedback
(CEF), consisted of 8 pre-determined questions which explored: the participant’s impression and
satisfaction rating of provided colour personalisation and VR simulation, reasons of participant’s
current home colour choices (living room specifically), acceptance of VR if available in stores, and
the influence of VR service price if provided in stores.

Fig. 3 – Equirectangular projection of living room P3

Results and Discussion
Using different tools for the Designer Questionnaire (DQ) data gathering caused additional data
sorting and non-response bias while using only one tool (Google Forms) in the Consumer Survey
(CS) was effective. The use of social media platforms to circulate the Consumer Survey (CS) did not
facilitate calculating the survey response rate, however, the Designer Questionnaire (DQ) response
rate was determined and noticeably low (38%).
Successful VR imaging was achieved by Roomstyler but the platform lacked colour readings and
therefore, Adobe Photoshop CC colour picker tool was used which was time consuming.
Females were the major participants in the Consumer Survey (CS) (79% of total participants) which
supports studies stating that 94% of home furnishing purchase decisions are made by women
(Silverstein and Sayre, 2009).
96% of the Consumer Survey (CS) participants were enthusiastic about colours and rated its
influence on home furnishing shopping as ‘Above 80%’. Participants provided variable reasons
behind the colour influence during shopping such as the colour effect on mood or selecting colours
which fit in existing rooms.
Consumer Survey (CS) participants strongly agreed that furnishings’ colours help in relaxation and
can improve life quality. Additionally, participants were uncertain that their preferred colours are
available in stores and this may reflect a confusion or unawareness about their own colour
preferences. Price was found a major factor contributing to stores preferencing.
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Consumer Survey (CS) results also showed that the final purchase decision is mostly made in stores
not online. Although the Consumer Survey (CS) did not indicate frequent shopping of furnishings,
45% of the participants answers indicated the possibility of impulse buying.
Unlike the consumers views provided in the Consumer Survey (CS), the Designer Questionnaire
(DQ) implied that designers see that colour choices currently provided in furnishing stores are
adequate for consumers. Some designers described consumers colour satisfaction with ‘Neutral’
while others selected ‘Satisfied’.
Designers acknowledged that consumers’ influence on colour palette decision at the design stage is
minimal to none. Designer Questionnaire (DQ) results indicated that colour palettes are highly
influenced by the designer’s awareness of: production process, colour combinations, and brand
identity. Additionally, design aim or context and materials/process limitations may be prioritised.
According to the questionnaire (DQ), the colour personalisation concept does not appear to be a
common practice in furnishing stores and limited to bespoke interiors.
In the Colour Experiment and Colour Experiment Feedback (CEF), participants highly rated the
rooms’ simulations as a representation of their ‘Personalised Colour Palette’ excpet for one
participant who highlighted the importance of colour proportion in a room. Participants explained
some factors which affected their current living room furnishing colour choices such as:
unavailability of certain colours in stores, selecting colours to fit previously owned items, and
compromise with partners. All the participants highly accepted the VR experience and strongly
agreed to its use in stores if available. The graphical representation using Word Cloud in (Fig. 4),
shows the frequency of words addressed by the Colour Experiment Feedback (CEF) participants to
express the first impression about the personalised rooms simulation. High frequency of adjectives
such as: like, light, calm, exciting, and pleasing indicate the positive impressions. Furthermore,
Colour Experiment Feedback (CEF) results implied that using VR tools in stores may depend on
fees associated with the VR service and the assistance provided by store teams.

Fig. 4 – Colour Experiment Feedback, VR impression

Conclusion
The methods and tools used in this study provided adequate results to support its aim and
objectives. The study provided an overall idea about consumers and designers views on colours of
home furnishing which highlighted a noticeable gap between both views (i.e. colours avalilability
and consumer satisfaction). Colour choices limitation, which can negatively affect the market, may
be caused by this gap in views between designers and consumers in addition to the minimal
consumer involvement in the colour palette decision process (as per the DQ results).
Since the DQ response rate was low and the designers’ input was highly variable, a large-scale
designers questionnaire is recommended. On the contrary, the CS can be a useful pilot for designing
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future statistical studies that could give accurate representation of furnishing market consumers in
the UK.
Aligning with previous empirical work, this study showed that the colour palette decisions mainly
rely on the designer’s expertise; a finding which urges to investigate the designer’s own colour
preference influence on the palette outcome.
Achieving a ‘personalised colour palette’ concept at the design stage currently appears uneasy
because the palette process and designers’ practices are variable and not specfically identified.
Nevertheless, the VR technology can be an alternative approach to achieve colour palette
personalisation. The recommendation of VR for palettes personalisation is based on the positive
impressions expressed by the experiment participants in addition to the consumers tendency to
make the final purchase decision in stores not online. Being a powerful tool, the VR may positively
affect the purchase decision confidence and raise the consuemrs’ realisation of their personal colour
preferences. Furthermore, providing VR tools in stores can generate a database of consumers’
preferences for designers/retailers and accordingly improve the understanding of consumers needs
besides facilitating consumer targeting. Price is the factor that may limit the use of VR in home
furnishing stores; hence, a detailed study of implementation possibilities is highly required.
In the field of home furnishing, it is important to understand that colour is not only a tool for
marketing or attracting consumers with the sole aim of driving the sales force but it is also essential
to the consumer’s self-expression, life quality, and wellbeing.
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Abstract
According to the communication theory, people tend to interact with artifacts as if these were
human. New technologies have a huge impact on the way people work, interact, and communicate.
Playtime is an important activity for child development as it stimulates as well as predicts cognitive,
motor, emotional and social skills. Collaborative toys require careful designs both technical and
social. This paper presents a wearable smart toy that will promote collaboration for children. Such a
product brings children together to solve a puzzle collaboratively. The patterns draw on this
interactive wearable toy use color and light to elaborate on the social intelligence of children and
encourage them to play together and increase their teamwork capacity. The design of collaborative
activity for children should allow them for certain types of conversations, feedback, and questions.
The structure of a collaborative activity should consider tasks, scripts, and roles. Group size and
ability grouping are flexible based on the nature of design patterns and activity. The social space
should afford grounding by not only allowing for social interaction but also by stimulating such
interaction. Collaboration within the product for children can be defined as an integrated and
information driven approach that includes children/parents/teachers, procedure and technology. The
purpose of this paper is to identify the relationships between teamwork design for children, social
intelligence and human values, categorizing the studies focused on the interplay of these three
variables, with a focus on their appliance to interactive toy design context. We present the design of
a wearable interactive colorful toy with the aim of promoting basic social skills; stimulating
spontaneous, independent and collaborative play; and providing sensory regulation opportunities
through color and light. The results show that children had different playing behavior depending on
the type of selected color/pattern, the number of players and the playground environment. They
develop more interaction through their smart toy while they play together and recognize the real
human values and the correct combination for solving the puzzle.
Keywords: Smart Toy Design, Social Intelligence, Color/Pattern Recognition, Collaborative
Teamwork.
Introduction
According to research, play has five defining aspects: it is structured by constraints, active without
being stressful, focused on process not outcome, self-directed, and imaginative (Gray, 2008). The
most theories and definitions of play share common features (Hutt, 1981; Meisner, 2007; Piaget,
1953; Vygotsky, 1978). Play is defined in the Dictionary of Education as “any pleasurable activity
carried on for its own sake without reference to ulterior purpose or future satisfactions” and the
children’s play entry adds, “freedom of action among children, for pleasure and amusement”
(Good, 1973). The most recent Handbook of Child Psychology purports, “the essential benefits of
play lie in the manipulation of information in a pressure-free context that is informed by external
and internal determinants, but not controlled by either” (Rathunde and Csikszentmihalyi, 2006). To
create and understand playful learning experiences in a manner resonant with Gray’s key aspects, a
wearable smart toy is employed to an iterative design-test process. Next we briefly describe this
process and the evaluation methods employed within it.
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Communication Theory
The humans as social beings have different needs and carry out biological and social activities such
as, eating or sleeping and, in a wide and diverse sense, they need to communicate. Human
communication can be defined as «a historical, symbolic and interactive process by which social
reality is produced, shared, preserved, controlled and transformed» (Rodrigo Alsina, 2001).
Communication processes maintain a dual relationship with social systems and individuals
themselves. Communication facilitates the contact between people and promotes the participation
of individuals and allow them to build their own social relational wolrd. The communication
processes are fundamental in daily activities of children as social subjects that they are continually
interacting in different ways with their environment and with themselves. The communicating
processes are given at different levels such as intrapersonal, interpersonal, intergroup,
organizational and media communication. For children, communication is a quality and a capacity
that their emotions can be learned in different levels. The social world of children consists of joint
conversational activities, whose design is similar to games (Ibid).

Cognitive, motor, social and emotional skills development in children’s play
Theory and research approach the children’s play as a personality trait and as a child’s
predisposition to engage in playful activities and interactions in a certain and individual way
(Boyer, 1997). Lieberman (1965, 1966) postulated the existence of the playfulness trait in young
children and she identified five factors of this playfulness quality: (a) physical spontaneity, (b)
social spontaneity, (c) cognitive spontaneity, (d) manifest of joy, and (e) sense of humor.
Piaget (1962) pointed the important role of play in child’s development, observing that play
provides a creative imagination that can be used in later thought and reason. Flexibility and
imagination exhibited by children in some types of play have a great value for creative thinking in
other activities (Yawkey, 1986). Motor creativity has been defined as the combination of
perceptions into new and fresh motor patterns that can be either a solution to a pre-established
problem, or the expression of an idea or emotion by means of the human body (Wyrick, 1968).
Movement during preschool age is the primary and dominant way of action, expression, learning,
communication and children’s overall development (Gruber, 1986).
McBride (1992) defined critical thinking relative to the psychomotor domain and as “reflective
thinking that is used to make reasonable and defensible decisions about movement tasks or
challenges”, and he proposed a four-phase model that includes cognitive organizing, cognitive
action, cognitive and psychomotor outcomes. In the first step of this critical thinking schema, when
a problem requests the discovery of a movement or an idea, the cognitive organization is activated.
The cognitive action step refers to the ability to use the information generated during the previous
step, to make judgments about how various locomotors, stability, and manipulative patterns were
executed and modulated. The production of cognitive and psychomotor outcomes is activated in
third and fourth steps. During these steps, the knowledge of movement elements such as space,
effort, and relationship for the planning of novel or modified movement patterns is required.
Toys and games enable child’s development through a search for overcoming the limits, using
challenges as learning situations in a scenario where the biggest goal is to have fun. According to
Kamisaki (2011) and Pedroso et al. (2013), toys arouse curiosity and, for their diversity and
richness in shapes, colors, sounds, and materials, they become ideal tools for learning, developing
thought, concentration and attention. Child play, due to the pleasure involved, becomes an
important instrument for developing and overcoming for children.
Materials and methods
A group of 12 children aged 4 to 7 years were studied in the current study. They were boys and
girls. All participants were Iranian, lived in Tehran, right-handed and had normal vision. They did
not have any difficulty in color sensing. The materials used in the current study consisted of 16
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cardboards colored green, red, blue, yellow and light green that had essentially the pattern of
monsters. All of the 16 cardboards were presented to the participant, who was seated on a chair and
asked to pick the card to solve the puzzle. For the next step, after realizing the first prototype, they
were asked to do the same geste but on the bag that was on the back of other player. The principle
methodology used in this study is based on gamification system. The following diagram is drawn
on the basis of gamification 6D pattern design and it has been used in this study [Fig.1]. this
framework helps the designer step by step to design a gamified system that strengthen certain
behaviors and stimulates an engagement in mind. By prioritization of goals, all aspects are covered
in a gamification system and finally should be decided about which elements have to be used in this
study (Weerbach & Hunter, 2015). In the following, the process of this research which is based on
Werbach and Hunter’s six-step ("D6") gamification design framework will be discussed in more
details:
Define objectives
In order to ensure the appropriateness of interactive objectives and techniques of this color/pattern
based smart toy, in the context of a particular field of creative imagination, the game’s appeal to its
target group and the effectiveness of the learning mechanics are explored. The existing games
which answered the children’s needs are found (external research) and along with the solution
provided by the design team (internal research) used as the inputs a systematic analysis of all the
solutions are categorized and divided for easier comparison. In this field, it is undisputed that
wearable toy design poses different challenges from entertainment game design and requires a
unique methodology that addresses both instructional strategies and learning theories. The main
objective of wearable smart toy design is similar in nature to that of entertainment games, but is
more complex, in that not only must one maintain intellectual control of the elements that lead to a
fun and engaging game, but one must also plan instructional elements that lead to a fun, engaging,
and educational game experience (Gunter et al., 2006). The goal is to formalize the core gameplay
of the game, or multiple gameplays, using the flow charts and use them to determine what sorts of
challenges these actions might present to players and determine what kinds of abilities are required
to complete these tasks. Our objective is also to trigger principles such as flow, engagement, and
motivation, as they would emerge from a purely entertainment-oriented game.

Fig. 1 – Benchmarking and comparing similar products through cognitive, collaborative, emotional and social factors
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Delineate target behaviors
The game can enhance collaboration through consensus among the members of the group, which
must deploy the skills of exchange of ideas, opinions and knowledge. ‘Coaster’ as a wearable smart
toy, can be used as an alternative so that character creation is a motivating experience. Apart from
the above characteristics, Coaster is designed specifically for learning with favorable points such as:
real-time feedback, socialization, the development of creativity and the promotion of participation.
The basic dimensions of the gamification are three and are structured in a pyramid way: 1. the
dynamics at the top, the mechanics in the middle and the components at the base (Weerbach &
Hunter, 2015). At the level of dynamics, the target behaviors are to satisfy the motivations of those
who play to perform certain actions. For this toy, progress, recognition, rewards and status are used.
At the level of mechanics all the elements of the game that allow the participant to advance such as
rules of the game, control mechanisms, levels, points system, challenges, luck, competition,
feedback, acquisition of resources, rewards, transactions and shifts are considered. Components
refer to the objects that constitute the game, as well as the specific elements to materialize what is
defined in the mechanics of the game such as avatars, badges, collections, content unlocking, gifts,
scoreboard, levels and points. In the first phase of the game, the parent/teacher defines that children
must create one or multiple groups and each group should put on a Coaster. There are 5 monsters
pattern and for each bag there is one of the characteristics of the monster. Children categorize the
pieces of the same shape and place inside the proper parts and start to play. In the case of false piece
the red light is on and at the end of the game, if all the pieces are in the correct place, the green light
offers the access to the other player to continue the game with others. The result of this process
orients them towards an original monster created by lines, patterns, colors, etc. The winner is the
group who arrive first and complete all the components of his monster one by one.
Describe your players
As the 4-7 years old children is considered for this study, a group of children habited in west part of
Tehran city is selected and the process of gathering essential data has begun. By considering the
actual situation in the world (Covid-19), different tools for collecting data are used virtually such as:
interviewing with children, observing their play and identifying their preferences, holding short talk
by children about smart toys and their needs, photographing and filming and asking them to
participate in a participative game. The data collected in this step is translated to children needs and
then valued according to their importance for children. One of the useful tools is persona. With the
creation of persona we can imagine the players, their characteristics, their interests, their needs,
their activities and other information about their role during the game. For this study, 3 personas are
created and a simulation of their presence in the game is realized. Another tool that helps us to
define better our players is mood board. With this tool, we can collect all the images that illustrate
the universe of players. A successful mood board can help designers to define which color they can
propose or which inspirational source can help them to create a new product.

Device activity loops
After identifying children needs and before generating any concept, the game activities are
determined. These specifications will be reconsidered after selecting the final concept. The most
important needs are mentioned in the table below (Table.1). After identifying needs, indexes which
response to these needs are identified as well and the matrix of need-index is provided. Then the
specifications are determined by using the indexes. The specifications can be change according to
the final concept and manufacturing limitation.

Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVIB

ISBN 978-88-99513-13-9

179

XVI Color Conference, Bergamo 2020
Table 1. Children needs and their importance

Need Number

Needs

Importance

1

Encourage children to play

4

2

Provide collaborative teamwork

5

3

Inform children about the color

4

4

Consistently inform children about their involvement in the game

3

5

Inform children about their cognitive capabilities

5

6

Involve children’s favorite colors/forms

2

7

Empower their social and emotional capacities

5

8

Use attractive elements for kids such as light/sound/motion

3

9

Use interactivity as creative key

5

Don’t forget the fun
It is aimed to produce a fun activity for this toy by stimulating the imagination and by addressing
different information. During this step every idea that comes to mind is telling like in the
brainstorming without judging. It can increase the production of creative ideas. With this purpose,
lotus blossom is an effective technique which proposes different ideas and many inspirational
sources. In this study, firstly the lotus blossom technique is performed and many ideas are
composed for visual and functional aspects of game. A group of cards are designed for the
visualization of the drawing process. For each card, four factors of collaborative, emotional; social
and cognitive skills are evaluated [Fig.2].

Fig. 2 – Creative ideas and pattern propositions for wearable smart toy

Deploy the appropriate tools
In order to see whether the process of introducing this interactive experience makes improvements
to collaborative game, a paper prototype got tested with 12 of children and its affordance was
successful in attracting children to the concept and play activity. Paper prototyping technique was
used in the process of testing. The whole feedback process got video recorded and photographed.
Prototype got tested in a semi-crowded environment which allowed other children to notice the
gaming structure. The final prototype included a series of 16 blocs, 1 bag, 1 LED, 32 magnets and
some accessories to play in multiple groups [Fig.3]. Participants had to choose one or multiple team
structure according to their will, the game interface and number of other players. One of the authors
played the role of narrative voice and told the fantasized story of each monster. Players then could
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gain bronze, silver and gold monster badges in exchange for a number of their winner pieces. The
concept of the prototype aimed to develop a toy that allowed the inclusion of all children and the
stimulation of auditory, tactile and visual senses, at the same time that it was equally playful for all
the children. The prototype was made with 3D printed technique, foams and fabrics to offer a
contrast of color and textures and stimulate cognitive perception of children. The materials were
chosen considering the ease of access and manipulation, besides its price, so that the product did not
have a high final cost. All the materials chosen are commonly used by the industry of toys. The
magnets offer the possibility of creation the puzzle and the functionality of LED [Fig.3].

Fig. 3 – Components of wearable smart toy and the real tests with children

Conclusion
The results of the present study showed that a child who has a high predisposition for play,
communication and joy, is also physically creative, meaning fluency in novel and divergent
movement patterns or in ideas production. He/she has, namely, a more developed ability in
divergent movement, which is a product of creative and critical thinking, according to Cleland
(1994). The child who engages in a game shows a number of psychological characteristics, such as
positive attitude, high physical and cognitive activation, disposition for communication, joy,
imagination, curiosity, collaboration and humor. This supports McBride’s (1992) theory, which
viewed fluency and flexibility in motor responses as the ability to generate many and various ideas
produced from previous experiences, and to elaborate on them critically based on changes of
movement elements (space, effort, and relationship) for the planning, the alteration and their final
modulation (McBride, 1992). On the other hand, playfulness is an obvious and intrinsic
predisposition for play and expressiveness (Barnett, 1990, 1991) that includes a host of
characteristics such as imagination, humor, feelings expression, curiosity, novelty-seeking,
tolerance and inventiveness (Athey, 1984; Barnett, 1990; Cattel, 1979; Singer and Rummo, 1973).
Participation in structured play, with dramatic elements, exercises for body sensitization and
expression feelings and dispositions through movements, showed capabilities for better
communication and activation during play (Smith and Connolly, 1972). Singer and Singer (1978),
which is in accordance with the opinions of play theorists, underlines that experiences through
playful activities and the ability to practice playfulness are a way of developing and completing
one’s personality. Furthermore, there activities are also a way to confirm and test the reality of
things as well as edifying one’s knowledge of the world around one. The results show that most of
the participants considered the prototype innovative, inclusive, attractive and with the potential to
stimulate the child’s sense, being able to be implemented as a stimulation instrument for the
neuropsychomotor development of children. This result suggests that the principles considered for
the design of the wearable smart toy were adequate, and the value added to it would be a differential
to the industry that produces and releases it in the market.
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Abstract
This paper discusses the role of the color in the field of design in which concerns to its contribution
for construction of meanings in fashion collections. To do so we use the semiotic theoretical
approach. Semiotics is classified as the science that studies signs and meanings, and semiosis, in
this context, is the understanding of the process of development of meanings. In fashion collections,
as in any other product design, meanings are an important part of user experience. Fashion products
narrate stories which is expected to be comprehend by users. Therefore, the conceptual
development of the theme is an important tool that designers have to guide the user on
understanding the meanings those products aims to arouse. Semiotics is a theoretical framework
that supports the fashion conceptual development. All the parts that encompass this creative process
must be coherent. Among them, it is worth highlighting the semantic panel, the material chart, the
elements and principles of design and the chromatic project. The color, in its turn, will be in
responsible for interconnect all those parts and so keeping the coherence. The assertive
development of the visual message structures will potentialize the meanings one aims to
communicate. Consequently, it may positively affect in target audience's process of recognition and
identification, establishing an effective connection with the presented fashion collection. This
construction of meanings is conditioned to semiotic processes that will take into account both
individual issues of the target audience, as much as perceptions and symbologies of colors. In this
sense, the objective of the present work is to introduce a methodology, based on semiotic analysis,
that has as principle to guide designers on their creative processes. As well, to guide those who
want to analyze other previous collections as study of case. We argue that insofar as the chromatic
projects be strongly coherent with all the fashion collection aspects, it will better impact the target
audience. Therefore, by this presented methodology, we aim to contribute with an effective look
into color potentiality inside a fashion product development. Designers must consider colors in a
collective and plural way, just like cultural values, and the semiotic approach give it a support.
Keywords: Color Psychology. Chromatic Message. Fashion Design. Creative process. Color’s
semiotics.
Introduction
Inherent in any product of the design, the aspects and possibilities of communication are a factor
that alters, manipulates, and leads the entire perception of the artifact through the point of view of
the consumer-observer (Bürdek, 2010). In the world of fashion products are no longer different. As
a cultural product, fashion emerges in a universe that serves as a representation and identification
for those who use them, being subject to recognition and, thus, the development of an entire
communication system based on the inherent social, cultural and imaginary aspects of fashion, that
is, configuring itself as a material artifact of associations and symbolic conventions built within a
social environment (Emerenciano, 2015).
In the creative stages of building a fashion collection, the aesthetic dimension demonstrates choices
of references that are consistent with the social and cultural context, and also taking into account the
immediate identification of the message that is being conveyed with the possible repertoire of the
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target audience. This conceptual relationship of fashion products with a theme is very much related
to the human nature of telling and transmitting stories. That is, of bringing artistic inspirations,
especially from the past, as the cradle of material culture to be explored, developing assertions and
enchanting an audience, in this context, fashion consumers, through a set of objects and artifacts
that, together, transmit and discuss a message (Renfrew and Renfrew, 2010; Treptow, 2013).
Regarding the technical perspective of developing these fashion collections, the figure of the style
or fashion designer is responsible for creating the configuration of the visual language that these
products will carry, assembling conceptual and semantic panels that will bring the visual references
that the collection will carry, choosing color charts and ensuring that the designs present cohesion
and coherence from the design point of view and a marketing justification (Treptow, 2013). In this
way, the plastic elements of design are approached as an extremely important way to build this
visual manifestation, leading the observer's gaze in a recognition process (Renfrew and Renfrew,
2010). At the heart of this work, the power that color has within fashion products to generate and
transmit visual messages when combined with a form that is consistent with its ideals is particularly
emphasized, considering that in fashion products, color is the first link that exists between the
artifact itself and the observer's cognition (Zhang, 2013).
Colors have been used throughout history to rank, categorize and represent aspects of daily life. As
well as to represent sociocultural context of a period, which can be noted by historical artifacts and
garment, such as the color purple during Ancient Greece in the emperor's robe, raising them to a
higher level and differentiating them from other people of the people (Farina, Perez and Bastos,
2006). These associations arrived in the fashion collections serving as a means of representing an
idea and visually supporting the use of a theme, ensuring the effective delivery of the visual
message through identification with the cultural and contextual repertoire within the concept-colorobserver relationship. In this same way, Koh (2018, p. 266) says that “Depending on how color is
used in clothing, the color itself serves as a metaphor for symbolism, and the implication of
metaphor gives a story to fashion products".
In this perspective, semiotics fits as a relevant science to understand the process of development of
the meaning, explored here through the of colors applied in fashion products (Niemeyer, 2003).
That is, understand how this relationship between concept-color was built and also what visual
justifications proposed within that product project support the choices made within a color chart of
a chromatic project from a fashion collection, since investigate the production of meaning through
artifacts, such as clothing products. Thus, the question addressed in this research is observed from
two points of view: initially, how to ensure cohesion and coherence between the color chart of a
fashion collection being developed and its chromatic project during the creative process? Besides,
how other people can understand through study of case the way that other fashion designers plan
and design their own chromatic project?
Therefore, based on this brief discussion, the objective of this paper is to introduce a methodology
in the form of a visual script that assists in the development of analysis and semiotic construction of
the chromatic project of fashion collections when the colors are related to its thematic and semantic
concept. The methodology approach in this work comprises a review of the existing literature
through the pertinent topics, such as fashion, colors, semiotics and visual language, in an attempt to
subsidize the construction of the model that best categorizes itself in this universe.
Development of the semiotic model
In the creative development of a fashion collection, it is important to contain all parts of the process
in a state of cohesion and coherence. Bearing in mind that, in fashion products, more specifically
clothing, colors play a role that makes it responsible for ensuring an automatic identification. As
fashion products have an inherent language, colors are relevant as part of this configuration.
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Addressing the concepts of authors such as Charles Sanders Peirce and Charles William Morris, as
they support the statements constructed in the semiotic analysis script discussed below, allowing for
a determination of the points to be followed within the evaluation, ensuring the fixation of the
principle of pertinence and eliminating the idea of biased subjectivity connected to the results of the
assessment (Krippendorff, 2006; Santaella, 2012). The model is composed of four equally
important perspectives for final analysis: 01) the technical dimension; 02) the aesthetic dimension;
03) the decoding dimension; and 04) the semiotic dimension (see Fig. 1).

Fig. 1 – Graphical synthesis of the semiotic analysis model

The model proposed hereis based on the work of the researchers Juliana Emerenciano (2011) and
Nathalie Silveira (2015; 2018), in the sense that both works address methodologies for analyzing
the visual language of artifacts. As well as, based on João Gomes Filho’s book (2008) that verses
about the Gestalt of the objects. The research developed by Emerenciano (2011) has a centrality
solely focused on clothing products with fashion value, totally in line with those versed in this
research, Silveira's (2015; 2018) and Gomes Filho (2008) investigates the semiotic visual
configuration of the artifacts and graphic products in general.
Technical dimension
This dimension is composed only by the technical sheet of the fashion collection, delimiting each of
its points in relation to its primary construction (Table 1).
ANALYSIS TOOL FOR THE CHROMATIC PROJECT OF FASHION COLLECTIONS

FASHION COLLECTION TECHNICAL SHEET

NAME:
TYPE OF COLLECTION:
BRAND:
DESIGNER:
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QUANTITY OF LOOKS:
QUANTITY OF COLORS:
LAUNCH EVENT:
YEAR:
COUNTRY:
BASE CONCEPT:
KEYWORDS:
Tab. 1 – Sheet of the technical dimension

At this point, issues related to the technical construction and launching of the fashion collection are
explained, bringing references of its location, brand, its creators, in addition to the concepts that
guide its development. It is important to pay attention to these points, to the extent that
understanding the origin of the fashion collection allows us to understand where it came from, as
well as its technical points, it allows a better location of the project in a space-time sphere, such as
sociocultural (Silveira, 2018). Throughout this, it is possible to locate the perception of the color in
a sociocultural space of time and understand where its semiotic and interpretative construction came
from. Since as the location changes, the color interpretation also may change.
Aesthetic dimension
Understanding the aesthetic construction of the creative process of a fashion collection is an
important role within the process of decoding the dimensions of the analyzed product (Table 2).
LOOKS - PHOTOS / DRAWINGS

CONCEPTUAL/SEMANTIC PANEL
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COLLECTION RELEASE
How did the designer or fashion brand present the collection to the public?

Space for speech
Tab. 2 – Sheet of the aesthetic dimension

In the delimitation of the creative process, the characteristics related to the construction of the
aesthetic dimension of the fashion collection are brought. Initially, the corpus is submitted to the
semiotic analysis process, visually exposing the stimuli evaluated, whether, behind photographs of
fashion shows or the drawings that make up the collection. This topic can and should be modified at
the mercy of the dimensioning of the collection, this is, the number of looks that make it up.
Then, the semantic panel is brought, with all the visual references used as inspiration to support the
conceptual construction of the fashion project, an important tool to understand the inspirations used
to develop the fashion collection and where the color chart comes from, which will be used in the
final collection. To understand the concept of design in color, it is important to understand the
references used to build the color chart. Finally, we insert the release produced by the brand for the
official launch of the collection to the general public, to understand primarily the semantic
interaction of fashion designers (Renfrew and Renfrew, 2010; Treptow, 2013; Martins, 2018).
Decoding dimension
Since fashion collections have chromatic projects with a large number of colors, to understand these
constructions semiotically, it is important to divide it into units and characterize it, following the
three types of colors existed in the fashion collections, explained above (Table 3).
COLORS

BASE COLORS

INTERMEDIATE COLORS

TONIC COLORS
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Tab. 3 – Sheet of the decoding dimension

Thus, the analysis begins with the deconstruction of its chromatic project, subdividing from the
notions that one perceives which are the base colors present in the collection, in turn, those that will
be more visualized. The intermediate colors, characterized as those that appear many times,
however less frequently than the one mentioned initially. The tonic colors, referring to those that
appear in small details, occasionally during the development of the fashion collection (Martins,
2018). From this perspective, it is possible to observe which colors create a bond or remain in a
more prolonged way linked to the consumer's cognitive perception and which one has greater
conceptual importance with the theme worked on.
Semiotic dimension
Visual literacy comprises a stage in contemporary life where the human being lives surrounded by
signs from non-verbal language, that is, posters, cinematographic productions, as well as fashion, so
knowing how to read and interpret images is translated as a necessity in the post-modern
multimedia world (Dondis, 2003). Gomes Filho (2008) brings at the same time that this reading
occurs from the development of aesthetic sensitivity, as well as its cultural, technical, and
professional repertoire. In this sense, it was decided to approach semiotics through an analysis
focused on the dimensions of a product, that is, syntactic, semantic, and pragmatic, as a means of
ensuring effectiveness and pregnancy during the act of visual reading of the artifacts.
ANALYSIS OF CHROMATIC SIGNS IN THE SYNTATIC DIMENSION
What are the syntactic elements of the analyzed fashion collection that help color in the development of the visual
message? How do the colors in the composition affect each other? What do these elements denote? Which elements
present in the analyzed fashion collection support these statements?

Space for the analysis

VISUAL REFERENCES

ANALYSIS OF CHROMATIC SIGNS IN SEMANTIC DIMENSION
What do the colors in the fashion collection represent? What kind of chromatic representations were used in the
fashion collection: iconic, indicial, or symbolic? How does color help to represent the purpose/function of the fashion
collection? Which elements present in the analyzed fashion collection support these statements?

Space for the analysis

VISUAL REFERENCES
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ANALYSIS OF CHROMATIC SIGNS IN THE PRAGMATIC DIMENSION
Who uses the product? In what situation is it used? How does color interfere with this use? What is the main function
of color in the analyzed fashion collection: practical, aesthetic, or symbolic? Which elements present in the analyzed
fashion collection support these statements?

Space for the analysis

VISUAL REFERENCES

Tab. 4 – Sheet of the semiotic dimension

In this topic, the analysis moves to the semiotic dimension, where it was approached from three
perspectives of observation: syntactic, semantic and pragmatic, considering the relationship levels
of the chromatic sign with the artifact that it applies. Niemeyer (2003) conceptually explains these
semiotic relationships; starting with the syntactic, also called technical or constructivist,
understanding the structure of the products and the formal elements that compose it, in this
dimension, the internal elements of the construction of the artifact are analyzed and how their
relationships develop when observers in a group. Concerning the pragmatic dimension, it
understands the relationship of the artifact with its user, whether these are ergonomic or
sociological, and it is specifically worth discussing through the practical, aesthetic and symbolic
use. In the scope of this work, it includes the use of color within that determined collection of
fashion towards the artifact-observer connection. Finally, about the semantic dimension, it concerns
the one that is most related to the context, that is, it seeks to determine which are the meanings of
representation of the artifact or element that is undergoing the analysis process. All of the
affirmations constructed during the semiotics analysis are justified through visual references.
Final considerations
This research addressed the importance of semiotic attention and the effectiveness of planning the
configuration of the visual language of colors through the chromatic design of fashion collections.
In this sense, it demonstrated that it is interesting to have and propose semiotic methodologies for
the analysis of visual language to be applied during the creative stages of the product design, as this
will ensure that all the practical, aesthetic and symbolic parts of the artifacts are in line with each
other. This work contributes to the area of study of colors within the fashion design course, also
serving as a contribution to subjects on color in courses in the area, demonstrating its importance
and appliance.
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Abstract
The search for the order of colours was the subject of research not only by scientists or artists, but
also by decorative painters and colour chemists. The results of their work were translated into
colour charts, which were both a way of recording technologically possible colours and ordering
them in the scales. The colour charts were an indispensable aid in the work of interior architects and
the palette of colours they offered influenced the appearance of contemporary interiors and the
tastes of the recipients.
Currently, colour charts are available in various forms: atlases, tables, fan decks, single samples, or
in electronic version. The manufacturers' preferred version is fan decks, which represents a
reasonable compromise between colour matching possibilities and the price of reproduction.
This study was conducted as an explanatory qualitative investigation to understand the processes by
which interior designers choose colours using colour fan decks.
The thesis is that both the selection of colours and their scaling in the fan deck are of great
importance in the work of a colour designer and strongly influence the choice of colours. 10
interviews were conducted with interior designers, the aim of which was to analyse the most
popular colour fan decks of various brands on the Polish market such as Dulux Colour Palette, NCS
1950 Index, RAL Classic Collection, Benjamin Moore Classic Colours, Para, Tikkurila Symphony,
Pantone Fashion & Home. Interviewed participants evaluated the range of colours, their scaling,
division into groups, general colour order, and talked about their ways of using the colour charts.
Keywords: colour design, colour charts, colour systems, colour in interiors
Introduction
Colour charts were created from the beginning of the 17th century, both as colour palettes for
painters and as a reference point in taxonomic descriptions of plants and animals. One of the most
famous is WERNER’S Nomenclature of Colours which was carried by Charles Darwin on his
voyage on HMS Beagle. A snake that Darwin recorded in his notebook in 1835 was described as
‘primrose yellow’, No 63 on one of the pages of yellows (Baty, 2017). The colours in ‘Werner’s
Nomenclature’ were divided into 10 groups: Whites, Greys, Blacks, Blues, Purples, Greens,
Yellows, Oranges, Reds and Browns. Each colour had a number and a name (Syme, 1821).
Another famous colour chart is the 1692 "Traité des couleurs servant à la peinture à l'eau" by Dutch
watercolour painter A. Boogert. In a volume containing over 800 hand-painted swatches, Boogert
described how to mix an array of watercolour tints (St Clair 2016).
In the second half of the nineteenth century, ready-mixed paint had become a widely available
product. This was accompanied by the widespread application of colour charts as a tool for colour
selection. And although the quality of the paint was often in doubt and the differences between the
colour of the sample and the ready-mixed paint were large, the switch to industrial production had
completely changed the colour design process (Baty, 2017). Albert Munsell pointed out the growing
need for a colour system that would enable notation independent of verbal terms: ‘Music is
equipped with a system by which it defines each sound in terms of its pitch, intensity, and duration,
without dragging in loose allusions to the endless varying sounds of nature. So should color be
supplied with an appropriate system, based on hue, value and chroma’ (Munsell, 1905). First
version of Munsell Color Notation was prepared in March, 1905, but the challenge was to
reproduce each of the colours accurately. Munsell had difficulty finding a printer that could
reproduce the “middle colours” needed for his Atlas and decided to have the charts painted by hand
(Blaszczyk, 2012). An important issue for Munsell as a teacher was the question of colour harmony
Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVIB

ISBN 978-88-99513-13-9

192

XVI Color Conference, Bergamo 2020

and his system served both as a form of colour notation and as an aid to creating harmonious
combinations. This aspect of colour patterns is often ignored, and the creation of beautiful colour
combinations is left to artistic intuition only. As the chemical industry developed, many paint
manufacturers created their own notation systems. Most of those were adequate for their purposes;
some more elaborate than others and colours usually were presented in some order in regard to hue,
saturation and value. But no written or symbolic notation is given for a colour’s saturation and
lightness, so visual judgements must be made. One system’s superiority over another depends on
the variety and amount of colours available, how the system is organized to facilitate design work
(Mahnke, 1996). The key feature of colours used in interiors is saturation. Finding the right level of
saturation allows to create interiors with optimal aesthetic values and not causing undesirable visual
and psychological effects – such as afterimages or psychological discomfort. As we know, colours
in a large area are visually different from small samples (Anter, 2000). A well-designed colour chart
will allow the architect to choose the colours that are suitable for use in interiors.
Colour fan decks analysis
Colour fan decks are the most popular form of colour palette presentations. Practical in use, they
can be applied both in the design studio, as well as during consultations with the client and in the
designed interior itself. They are used by designers both to inventory the colours found on site and
in the process of colour selection and colour design. For the survey, 9 colour fan decks were
selected, which are most often used by Polish designers, these are in alphabetical order: Benjamine
Moore Classic Colors & Historical, Dulux Colour Palette, Flügger 900, Magnat Colour System,
NCS 1950 Index, Pantone Fashion & Home, Para, RAL Classic Collection, and Tikkurilla
Symphony. (Fig. 1)

Fig. 1 Colour fan decks used for the test:: Benjamin Moore Classic Colours (1), Dulux Colour Palette (2),
Flügger 900 (3), Magnat Colour System (4), NCS 1950 Index (5), Para (6), Pantone Fashion & Home (7),
RAL Classic Collection (8), Tikkurilla Symphony (9)

“Benjamine Moore Classic Colors & Historical" fan deck includes 1680 colours, divided into the
following groups: toned oranges golds, toned yellows, toned greens, toned green teals, teals-blues
fresco pales, warm neutrals browns, browns-reds, blue-violets, cool neutrals, toned blues, historical
colours. There are 7 monochromatic colours on each strip, forming a brightness scale. The colour
order is not very consistent and colours with different hue and saturation are on the following strips.
Each colour has a numerical notation and a name.
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Dulux Colour Palette fan deck includes 2600 colours divided into 10 groups: off-white, red, orange,
yellow, green, blue-green, blue, indigo, purple, neutral. On each strip there is a 7-point
monochromatic scale. The colour notations correspond to the ACC Colour Map System and their
characteristics such as brightness, saturation and hue are different for the following strips.
The Flügger colour chart consists of 900 colours. It is divided into five colour sets with different
saturation: bright colours, vivid colours, quiet colours, discreet colours, grey colours. On the
following pages, you will find 8-point brightness scales. The colour samples have two sizes, the
bright colours are larger.
Magnat Colour System, by a Polish paint manufacturer, includes 2729 colours, which have been
divided into 4 groups: off-white, chromatic, semi-chromatic, grey. On each page there is an 11point brightness scale . The colour with the maximum saturation is in the middle of the scale.
NCS INDEX 1950 contains all NCS 1950 standard colours that are arranged into five colour
groups: greyscale, yellow-red (G80Y-Y70R), red-blue (Y80R-R70B), blue-green (R80B-B70G),
green-yellow (B80G-G70Y). All colours are also shown from their positions within the NCS colour
triangle and the NCS colour circle, providing easy navigation between the different colour areas.
PANTONE Fashion, Home + Interiors fan deck includes 2310 colours and is divided into two parts:
Color Guide 1 and Color Guide 2. The division of the TPG colours into two parts corresponds
approximately to the division into warm and cold colours. On each strip there are 7 colours, of
similar brightness, varying in hue and saturation.
Para Core Colour System includes 2000 colours, divided into 5 groups: pure colours, mid-tone
colours, muted colours, heritage collection, G7 collection. On each strip there is an 8-point
brightness scale.
The RAL Classic Collection is the smallest of all the palettes used, with 213 colours only. The
colours are divided into 9 groups: yellows, oranges, reds, purples, blues, greens, grays, browns,
whites and blacks. Large, individual colour strips, making it easy to experience each colour’s tone.
Samples are arranged numerically, with no relation to their brightness or saturation.
Tikkurila Symphony's includes 2436 colours and consists of two volumes: pure colours and muted
colours. On each strip there is a 12-point scale, divided into two parts with different black content.
The colours with the highest brightness are at the bottom and at the top of the card.
Individual interviews
In order to determine how well the colour fan decks meet the needs of colour designers, 10
interviews with interior designers (5), industrial designers (3) and architects (2) were conducted. All
the participants declared themselves as having been using the colour charts for their professional
practice. Table 1 represents the individual interviews in order and demographic information.
Interview order was determined based on participants availability. All participants (except one) had
more than 15 years’ experience working with colour.

1. Beata

+50

Work
Experience
+25

2. Justyna
3. Aga

+40
+40

+15
+15

Respondent

Age

Professional
Training
Interior designer
Architect
Interior designer
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4. Joanna

+50

+25

Interior designer

5. Jacek
6. Agnieszka
7. Bożydar

+50
+50
+40

+25
+25
+15

Architect
Interior designer
Industrial designer

8. Ania

+40

+15

Industrial designer

9. Marta
10. Andrzej

+30
+50

+5
+25

Industrial designer
Industrial designer

Residential
Interior Design
Exhibit Design
Exhibit Design
Corporate Interior
Design
Visual
Communication
Design
CMF Design
Residential
Interior Design

Fig. 2 – Individual Interview Order and Participants Profile

Each of the designers taking part in the interview answered a set of 20 questions, which were the
starting point for a discussion on the use of colour fan decks. The interviews revealed that designers
use colour fan decks for both the inventory of colours and the design itself. Many of them
consistently use the same set of colour palettes, using successive combinations of colours in the
designed interiors. The selection of samples from the fan deck is a preliminary phase, which is
always accompanied by testing the paint directly on the wall. The most accepted colour palette
among the designers participating in the survey is the Benjamin Moore collection (5 answers). The
accompanying smaller colour sets (e.g. off-white or grey palette) and the mobile application Color
Capture are also popular. However, the high price of the paint means that after selecting a colour in
Benjamin Moore, equivalents are sought in other systems. NCS is appreciated for its versatility and
logical colour arrangement. The respondents leaned to arrange the colours in chromatic order: by
colour wheel (5 answers) and by colour groups (6 answers). The placement on subsequent strips,
e.g. the whole group of greens (both tints and shades) allows for easy comparison of the colours
considered by the designer. Such an arrangement appears e.g. in the Dulux Colour Palette. The
order from the brightest to the darkest (8 answers) is considered to be the most preferred. Only 2
people preferred the scheme adopted in Tikkurila and Magnat's fan decks, in which the most
saturated colour was placed in the middle of the strip.
The respondents received 2 colour samples, made with matt acrylic paint (the colours did not come
from any of the above mentioned standards) and were supposed to indicate the closest colours in all
9 standards. Tikkurila was considered the most intuitive one and NCS the least intuitive. At the
same time, the respondent's habituation to a given pattern had a significant impact on the response.
Perhaps for this reason the answers differed significantly.

Resp. Resp. Resp. Resp. Resp. Resp. Resp. Resp. Resp. Resp.
1
2
3
4
5
6
7
8
9
10
Which colour charts do you
use in your design work?
NCS Colour Index
Benjamine Moore Classic
Colors
Dulux Colour Palette
Flügger 900
Magnat Colour System
PANTONE Fashion, Home +
Interiors
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Para Paints
RAL Classic
Tikkurila Symphony
Inne
What features of the chart
are important to you and
why?
Wide range of colours
Well matched, beautiful
colours
Logical colour order
Two colours can be compared
Clear colour notations, index
Large colour samples
Other
How many colours are there
enough for you in the colour
chart?
up to 500
up to 1000
from 1000 to 2000
the more the better
Which way of arranging
colours in the chart is the
most functional in your
opinion?
by hue (colour wheel)
according to saturation levels
by colour group
by thematic groups (e.g.
historical colours)
by degree of gloss (e.g. gloss,
matt, semi-matt)?
other
How many colors should
there be on the page?
1 colour
2-6 colours
6-8 colours
More than 8 colours
What would be the best
colour order on the fan deck
pages?
the darkest colour in the
middle of the column and
gradually lighter colours in
both directions
looking from above, from the
brightest to the darkest
looking from above, from the
darkest to the brightest
the most saturated colour in
the middle of the page brightened up and blackened
down
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other
Which of the charts is more
useful for you in interior
design?
With a more extensive group
of light and neutral colours
(off-white, gray, beige) than
dark and saturated
Having a similar number of
light, saturated and dark
colours
Other
Please find the colour that is
closest to the colour of the
sample obtained in the
charts. Which of the charts
was the most convenient?
Benjamine Moore Classic
Colors
Dulux Colour Palette
Flügger 900
NCS
Magnat Colour System
PANTONE Fashion, Home +
Interiors
Para Paints
RAL Classic
Tikkurila Symphony
Fig. 3 – Answers to Selected Questions from the Interview Protocol

All 10 respondents considered colour fan decks to be a basic tool for interior designers, the
importance of the aesthetic factor was stressed – some of the palettes (Benjamin Moore, Para) were
considered to offer more beautiful colours than others. In the opinion of respondents, a wide range
of colours is as important as their proper selection. Respondents stressed the need to find the right
level of saturation; the colours must not have too little or too much black. Well-chosen saturation
level in the colour palette significantly improves the colour design process.
The most appropriate number of colours in the fan deck was considered to be between 1000 and
2000 samples (9 answers). The most intuitive is the order of colours in a spectral way (colour
wheel), or separate colour groups corresponding to the primary categories according to Berlin and
Kay's classification. In addition, thematic collections (traditional pigment colours, historical
colours, colour trends) are also helpful.
Conclusion
The purpose of this study was to determine: the role colour charts play in the process of interior
design, as well as what order of colours designers consider the most suitable for the precise
selection of the colour palette. Literature pertaining to the historical and contemporary colour charts
was reviewed and ten colour professionals were interviewed. All interviews were approximately 4560 minutes in length. In two interviews which were conducted over the internet, the part on
searching for colours in the colour fan decks was not included. The interview protocol included 20
questions, the answers to the 8 questions directly related to the colour fan decks are presented in
Figure 3.Study participants had extensive knowledge of colour as it pertains to interior design. The
final discussion in this thematic area centred on decision-making process and more specifically, the
ways in which the colour fan deck should be designed in order to limit the number of necessary
attempts to choose the right colour for the interior. As the study is a prelude to the development of
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the concept of a new colour palette for a Polish paint manufacturer, assumptions were formulated
regarding the features and structure of the new system. One of the questions posed during the
interviews concerned the use of electronic colour libraries in interior design. All respondents
considered this tool to be helpful at the initial design stage during the preparation of visualization
for the client. However, free access to real samples and the need to check them on site are an
irreplaceable working method. Work on developing a new colour chart will continue.
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Abstract
This paper is a Brazilian case study that will demonstrate the relevance of the color chart in fashion
management. In general, clothing creation companies usually select several specific colors to use in
order to assist not only the creative process, but also to guide the purchase of inputs such as fabrics
and trims for each collection. It is worth saying that the colored samples of these colors are organized
on a sheet of paper and each one receives an identification. That said, the purpose of this paper is to
analyze the way in which companies arrange colors on the chart in order to check if there is any
relationship with the color theory in this process.
Keywords: color chart, fashion design, Brazil, color theory.

Introduction
“Fashion” is a cultural phenomenon that refers to the cyclical change of society in relation to
language, manners, ideas, tastes, habits, choices and affects artifacts in general, such as furniture,
cars, home appliances and decorative objects (Calanca, 2008, p. 11; Lipovetsky, 1989, p. 24). Usually,
fashion is applied to all social arenas and clothing is one of the cases (Simmel, 2008). Although its
meaning is not limited to clothing, in this research the word “fashion” will be used about clothing.
And, more specifically, the creation of clothing items, which is one of the moments when color is of
fundamental importance. After all, it is a striking feature in any piece of clothing: a yellow shirt, green
pants, a white dress. That is, the pregnant color in the pieces is very noticeable to the public, but few
notice the color of the sewing thread, the color of the zipper, the bias, the collar, the label. The garment
is accurately designed by fashion designers at the time of creation.
In addition, it is possible to see in store windows that the pieces were designed to generate a series of
combinations, such as the mathematical “combinatorial analysis”. Designers plan the 'mix and match'
among the pieces. In these cases, the challenge is to use the same color in fabrics and materials with
different lightness, textures, trim, such as jeans and cotton T-shirt. There is a margin of acceptance
due to the difference in materials, but there needs to be a balance. That is why, before starting to
design a clothing collection, designers select the colors they want to use and organize them in a chart
called a color chart. It will serve as a source of consultation for the team from before creation to
production, considering all moments of the design process.
The experience in higher education in fashion design has shown the challenge students have to deal
when applying colors in their final projects. There is still a gap between theory of color teaching and
the way colors are presented in fashion trend catalogs, that designers frequently use as reference.
Pantone® colors are present in the daily life of this student and young professional. In an attempt to
narrow the dialogue between the use of pantone colors and a theoretical basis, we began to analyze
the organization and composition of the color charts of the collections, starting with four companies
that we present in this paper as case study.
Color and Fashion Design: how theory is used by designers
As previously mentioned, color is relevant in the fashion world and the color chart plays a
fundamental role in this environment. The color chart is a showcase that gathers samples of colors
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used in the collection. The selected colors will guide the creation during a project and the purchase
of inputs for the manufacture of garments. It is necessary to make clear the need to describe colors
accurately to avoid miscommunications. Each color sample on the chart may be a “small solid (flat
colour) printed square, which is accompanied by a technical reference provided by a paint
manufacturer”1 (Bann, 2012, p. 193).
These references are codes that will allow those involved with the project to use exactly the desired
colors, even without looking at the samples. Regarding the fashion universe, these colors reference used to create the color charts - are often consulted in color catalogs manufactured by Pantone®, an
international company recognized for selling color guides with the purpose of allowing “designers to
‘colour match’ specific colours when a design enters production stage - regardless of the equipment
used to produce the colour” (Design Face, 2020). Thus, there is greater control on the part of creation.
It can be said that Pantone® conquered the market thanks to the style consultancy offices, which from
1965 began to establish guidelines to facilitate the production flow, reducing the insecurity of
industrialists in the face of the need to periodically reinvent themselves - at each cycle. After all, a
collection is nothing more than a landmark of ephemerality, as it reinforces the obsolescence of the
old collection, as soon as the new one comes into force (Liger, 2012, p. 19). Which means that
periodically these offices have had to develop new color combinations for their new collections.
In practice, according to Françoise Vincent-Ricard - one of the pioneers at the head of the French
office Promostyl - the work of such offices has consisted of researching and providing companies
with information on trends in the form of illustrated notebooks (1989, p. 58). The information offered
in those notebooks was categorized in “style” indications about colors, shapes and materials related
to the textile process for the industrial fashion chain, from spinning to retail (Rech, 2006). Promostyl,
as well as the French Carlin and the Brazilian Inova Moda, provides Pantone’s reference when citing
the colors of the season. Since 1963, Pantone®, under the command of Lawrence Herbert, has
developed color matching systems for a variety of substrates, including fabric (Design Face, 2020).
From this brief explanation we aim to present the close relationship between style consultancy offices
and the Pantone® Color System. Not only that, we would say that colors for fashion designers has
been synonymous with Pantone.
Regarding its application in the fashion market, the company presents the Pantone® Textile Color
System which is separated in two sort of color charts - the colors references in dyed cotton (TC or
TCX) and the colors references printed on paper (TP or TPX). “The suffix ‘TP’ stands for ‘Textile
Paper’ and the suffix ‘TC’ stands for ‘Textile Cotton’” (Pantone, 2020a). The addition of letter X
means that the colors belong to an extended range. As well as, it is a code to differentiate the most
recent editions. Another suffix can be found on Pantone® Textile Color System, launched in 2015,
the eco-friendly formulations which are printed on paper is represented by TPG, which stands for
Textile Paper Green (Pantone, 2015).
Finally, we understand that Pantone® is a reference widely used in the field of fashion design due to
its presence throughout the ‘design process’ (Design Council, 2020). Since from the discovery phase
(insight into the problem), when designers consult trend books developed by companies such as
Carlin, until the deliver phase (the solution that work) once that Pantone® Color Guides are easily
available both digitally and physically in the hands of the professionals of supply chain. What,
therefore, enables communication between creation and a product? From this, we can infer that the
relationship of designers with the theory of cuts tends to be influenced by the nomenclatures and
organization of colors that this company uses.

1

Originally from portuguese: “pequeno quadrado impresso sólido (chapado), é acompanhada por uma referência
técnica fornecida por um fabricante de tintas”
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Pantone textile system notation: the theory unknown or neglected by designers
Pantone textile system notation is based on a cylindrical solid and consists of a code of three pairs of
digits. The first two digits of the Pantone code show the lightness (value) of the sample on a scale
ranging from 10 (lightest, 90% to 100% reflectance) to 19 (darkest, 0% to 10% reflectance). The
second pair of digits shows the hue of the sample and it consists of the section of the cylinder - a tone
circle. This tone circle is divided into 64 sectors, starting with 01 for yellowish green, and ending in
64 for greenish yellow. The third pair shows the sample chroma on a scale from 00 for gray to 64, the
maximum saturation assumed. This system for color numbering, although not explicit on the
company's website2, demonstrates its relationship to the theoretical foundation considering the three
attributes of color as in the Munsell System. (Régula, 2004; Araújo, 1991)

Fig. 1 - Pantone textile system notation (Hirschler, 2002 by Régula, 2004)

In which concerns to color samples presentation in Pantone Color Guide, there is no explanation in
the company website about the criteria used to organize them. So as to take the discussion to the field
of theory of colors, we suggest that Pantone has been mainly organizing its colors by considering the
attributes of Hue and Value. Differently from Munsell Book of Color, in which each sheet (page) has
two axes of coordinates (vertical for value and horizontal for chroma), Pantone presents in each sheet
its colors in one single vertical axis. Each one of these sheets presents one Hue which varies in Value
and Chroma. Despite of that, it is not easy to identify the variation of Chroma. The perception of
lightness is more obvious. Even though there is no logical precision in the ordering of color attributes,
Pantone Color Guide allows the user a wide view of all hues when opening the book in the form of a
'quarter circle'. As we can see in the following figures.

Fig. 2 - Pantone Color Guide and The Munsell Book of Color (Pantone, 2020)

Design process: how fashion designers use color
The knowledge of colors has wide influence on design process. Not only the selection of color
samples, but also the knowledge of its attributes, its semantic aspects and the possibility of chromatic
2

During the conduct of this research between the years 2015 and 2018, we could find in the Pantone Help Center the
explanation about the relationship between its numbering and the parameters of hue, value and chroma.
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combinations are of great relevance in this process. Considering the four phases of the design process
based on the double diamond (Design Council, 2020), we can identify the role of color in each one
of them.
The designer starts his process with the trend research (1. discover), where the color references will
be analyzed especially under the meaning aspect. In the next phase (2. define), from the elaboration
of a semantic panel to conceptualize the collection, the designer will extract the colors to assemble
the charts. It is important to register the color codes and search for equivalences in the Pantone catalog
that serves as a reference to facilitate communication between designers and suppliers. In the third
phase (3. develop), the designers elaborate the collection and at that moment two questions are
important. The first question is the search for color equivalence among the different materials used
in garment (which evolves color applied to fabrics, metals, plastic, etc.) to maintain an acceptable
harmony. The second question is how designers will organize the colors in terms of color balance
(analogous and complementary, for example), contrast (hue, value and chroma) and in terms of
chromatic proportion. All this care with the use of colors is due to the possibilities of interaction
inherent to them, as postulated by Albers. And that will consequently affect the visual perception of
the target audience. Finally, in the fourth phase (4. deliver), the designer must provide the solution
that works. That it is, regarding the use of colors, what is feasible to make - the colors that best apply
to the various items of garment. Keeping in mind the need evaluates the selection of pigments to
minimize the possibilities of metamerism. As well as providing a technical sheet with the largest
possible number of equivalent references. In the case of fashion designers, it is common to specify
Pantone. This reference serves as base to compare with other color catalogs of supply chain.
Case study: Brazilian color charts
Methods and materials
To carry out a case study of the trendy color chart, we selected and analyzed color charts from the
same year and the same season (winter) of four similar companies. It was done based on the fact that:
1) they are companies located in the state of Rio de Janeiro, Brazil (in which place the research were
taken); 2) hire fashion designers on their staff; and 3) serve the young female audience. In order to
facilitate observation and maintain the confidentiality of companies, the collected cards were
redesigned, however, maintaining the same order and number of colors per line with their respective
references (color name and color catalog reference), exactly as the original ones. In this paper we will
refer to these companies as Brand 1 (B1), Brand 2 (B2), Brand 3 (B3) and Brand 4 (B4). We present
next a miniature version of these color charts indicating the numbers of each color used by each
Brand. These numbers preceded by hashtag are also used in the analysis boards present further. The
aim is allowing an analysis of these color organization in each Brand's color charts. Note that B1 and
B2 (fig. 3) present one single group of colors meanwhile B3 and B4 (fig. 4) present more than 1 group
of combinations in which some colors are repeated.
Brand 1 [1 group; 16 colors]

Brand 2 [1 group; 23 colors]

Fig. 3 - Miniature version of color charts from Brand 1 and Brand 2.

Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVIB

ISBN 978-88-99513-13-9

202

XVI Color Conference, Bergamo 2020

Brand 3 [2 groups; 9 different colors]

Brand 4 [3 group; 7 different colors]

Fig. 4 - Miniature version of color charts from Brand 3 and Brand 4.

It is worth mentioning that all companies use the Pantone textile reference. Brands 1, 2 and 3 use
Pantone TPX on their cards and Brand 4 uses TCX. Such references were used to assist the authors
in reorganizing the color charts of each one of the brands into Analysis Boards. The elaboration of
such boards aims to allow an analysis of how Brands take advantages color attributes variations - hue
and value. In these analysis boards, different from how companies present in their color charts, we
order colors by these two attributes.
As Pantone itself does, such brands selected for this research also name their colors, as it is easier to
identify than to call them by code. These names, which we will refer to here as trade names, are
somehow related to the vocabulary of the target audience and to the concepts that the brand wants to
communicate. We can notice three forms of nomenclature in the color charts: (1) hue name; (2) hue
name + commercial name; and (3) commercial name. In this analysis we are also interested in
highlighting which names are related to each of the colors. To do this we will keep the original names
and translate them into English when necessary.
Analysis and discussions
When carefully analyzing the organization of colors in the charts developed by the brands studied in
this paper, we observe a logic of visual organization by hues and/or lightness (value) in B1, B2 and
B3. However, we chose to do a more detailed analysis considering that the first pair of digits
correspond to Value, and the second pair of digits correspond to Hue. By checking the Analysis Board
1, we can observe that all the brands use light, mid and dark tones. Looking at the # color numbers,
we can see that, except for B1, there is no logical sequence when considering lightness assortment.
The same thing happens when we observe the Analysis Board 2, there is no logical sequence when
considering hue assortment.
Concerning to color naming, we can notice that B3 and B4 have four colors with the same codes, but
with different names. This is proof that each brand names its color according to its collection. There
also the use of the same name (sand) for light tone colors (B1 and B4). In general, considering that
the color references used by the designers of the four brands analyzed come from the same source,
from the major trend companies, it is admissible that such colors are similar if not the same. In this
case, the names of the colors play an important role in the conceptualization of the collection. These
names bring an atmosphere that can relate to varied stories. Creating them is one of the possible
storytelling techniques, a resource that the designer can use to convey the desired atmosphere
(Lidwell, Holden, Butler, 2003, p. 230). For example, the colors of B4 are: Sand; Yellow Africa;
Night Blue; Orange Bossa Nova; Atlantic Green; Kilim pink; and Black. We could deduce that the
theme presented is Brazilian culture with the influence of Africa. Making the person feels like being
in a mystery night to the sound of Bossa Nova on the sands of an Atlantic Ocean beach. This just to
illustrate how colors and names can be related to contribute in the creative process and marketing
strategies.
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Value/Lightness (11-19)

11 - _ _ _ _ TPX (next to white)

Brand 1 [16 colors]

Brand 2 [23 colors]

19 - _ _ _ _ TPX (next to black)

Brand 3 [9 colors]

# 19
Branco/White

11 - 13
Light
tones

#2
11-0105 TPX
(Areia/Sand)

Brand 4 [7 colors]

#6
Branco/White

# 18
11-0107 TPX (Creme/Cream)

# 13
12-0521 TPX (Pistache)

#1
12-0915 TPX (Blush)

# 12
12-0825 TPX
(Amarelo/Yellow)

# 20
# 10
13-5313 TPX (Sky)

14 - 17
Midtones

12-1206 TPX (Cinza/Grey)

# 17
13-1107 TPX (Nude)

#5
14-1050 TPX
(Mel/Honey)

#7
13-0905TCX
(Areia/Sand)

#1
13-1107 TPX (Nevada)

# 15
14-5714 TPX
(Verde Piscina/Green Pool)

#3
15-1225 TPX
(Camurça/Suede)

# 10
15-1132 TPX
(Cáqui/Persimmon Fruit)

#4
16-1439 TPX
(Terra/Land)

#6
17-1461 TPX (Bourbon)

#7
17-1663 TPX (Chili)

# 11
17-5034 TPX (Jade)

18- 19
Dark
tones

#7
12-1206 TPX (Gelo/Ice)

#2

# 21
16-0000 TPX
(Cinza Mescla/ Grey Mix)

16-0928 TPX (Egito/Egypt)

# 11

17-1562 TCX
(Laranja Bossa Nova/
Orange Bossa Nova)

#6
17-1656 TPX (Coral)

#5
18-1660 TPX
(Vermelho/Red)

#6
16-0950 TCX (Amarelo
África/ Yellow Africa)

#4

16-1364 TPX
(Laranja/Orange)

# 15
18-0316 TPX
(Oliva/Olive)

#4
15-5424 TPX
(Alga/Seaweed)

#8
18-1660 TPX (Scarlet)

#7
18-2436 TPX (Rosa/Pink)

#3
18-3945 TPX (Melbourne)

#8
18-3027 TPX (Uva/Grape)

#2

#9
19-3810 TPX
(Marinho/Marine)

18-3945 TPX (Azul/Blue)

# 16
#8

18-4728 TPX (Verde
Alga/Green Seaweed)

#9

18-5425 TPX (Verde
Esmeralda/ Emerald Green)

# 13

18-5203 TPX (Grafiti)

19-1934TPX (Wine)

# 14

19-2045TPX (Berry)

#1
19-2041 TCX (Rosa
Kilim)

# 21

19-3830TPX (Eclipse)

19-3536 TPX (Roxo/Purple)

# 14

19-3810 TPX (Azul
Noturno/ Nocturnal Blue)

19-3919TPX (Indigo)

# 12

#2
19-4007 TCX
(Preto/Black)

#9

# 16
19-3900TPX (Rock)

19-3951TPX (Blues)

#3
18-5128 TCX (Verde
Atlântico/ Atlantic Green)

#5

#4

19-4010 TCX
(Azul Noite/ Night Blue)

#1
19-3952 TPX (Azul Royal/
Royal Blue)

#3
19-4507 TPX (Azul Marinho/
Marine Blue)

# 23
Preto/Black

#5
Preto/Black
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Hue (1-64)

_ _ - 01 _ _ TPX (yellow greenish)

Brand 1 [16 colors]
01 - 08
yellow
greenish
to
yellowish
colors

_ _ - 64 _ _ TPX (green yellowish)

Brand 2 [23 colors]

Brand 3 [9 colors]

Brand 4 [7 colors]

# 21
16-0000 TPX (Cinza
Mescla/ Grey Mix)

#2
11-0105 TPX (Areia/Sand)

# 18
11-0107 TPX
(Creme/Cream)

# 15
18-0316 TPX (Oliva/Olive)

# 13
12-0521 TPX (Pistache)

# 12
12-0825 TPX
(Amarelo/Yellow)

09 - 15
orange
colors

#1
12-0915 TPX (Blush)

# 20
12-1206 TPX (Cinza/Grey)

#5
14-1050 TPX (Mel/Honey)

# 17
13-1107 TPX (Nude)

#3
15-1225 TPX
(Camurça/Suede)

# 10

#4
#6

#7

#1

13-0905 TCX
(Areia/Sand)

13-1107 TPX (Nevada)

15-1132 TPX
(Cáqui/Persimmon Fruit)

16-1439 TPX (Terra/Land)

#7
12-1206 TPX (Gelo/Ice)

#2
16-0928 TPX
(Egito/Egypt)

#6
16-0950 TCX (Amarelo
África/Yellow Africa)

# 11
16-1364 TPX
(Laranja/Orange)

#4
17-1562 TCX (Laranja
Bossa Nova/ Orange
Bossa Nova)

17-1461 TPX (Bourbon)

16 - 23
reddish
colors

#7
17-1663 TPX (Chili)

#6
17-1656 TPX (Coral)

#8
19-1934TPX (Wine)

#9

#5
#1

18-1660 TPX
(Vermelho/Red)

19-2041 TCX (Rosa
Kilim/ Pink Rug Kilim)

19-2045TPX (Berry)

24 - 43
pinkish to
lilaceous

#7
18-2436 TPX (Rosa/Pink)

#9
18-3027 TPX (Uva/Grape)

#5
# 13
19-3830TPX (Eclipse)

19-3536 TPX (Roxo/Purple)

#4

# 16

19-3810 TPX (Azul
Noturno/ Nocturnal Blue)

# 14

18-3945 TPX (Azul/Blue)

19-3900TPX (Rock)
19-3919TPX (Indigo)

# 12
19-3951TPX (Blues)

#2

#9

19-4007 TCX
(Preto/Black)

19-3810 TPX
(Marinho/Marine)

#2

#5

#3
18-3945 TPX (Melbourne)

#1

19-4010 TCX (Azul
Noite/ Night Blue)

19-3952 TPX (Azul Royal/
Royal Blue)

#3
19-4507 TPX (Azul
Marinho/ Marine Blue)

44 – 57
bluish to
greenish
colors

# 16
# 11

18-4728 TPX (Verde Alga/
Seaweed Green)

17-5034 TPX (Jade)

#3
18-5128 TCX (Verde
Atlântico/ Atlantic
Green)

# 22
# 10

#4

18-5203 TPX (Grafiti)

13-5313 TPX (Sky)

# 14
18-5425 TPX (Verde
Esmeralda/Emerald Green)

15-5424 TPX
(Alga/Seaweed)

# 19
Branco/White

#6
Branco/White

# 23
Preto/Black

#5
Preto/Black
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Conclusion
Results show us three important things concerning color naming, color organization and color
harmonies. Regarding the identification of colors on the charts, in addition to the Pantone code, a
commercial name is used. It usually comes preceded by the name of the color plus its characteristic,
such as "pink kilim", referring to the shade of pink commonly used in Indian tapestry. Alternatively,
the name used alludes to a known color, such as "Scarlet" which refers to scarlet red. In this analysis,
we could observe the repetition of the same color in different cards only with the change of the
commercial name. As for the organization, we identified that three of the four companies organize
colors according to the hue (following the sequence of colors in the spectrum) and the fourth organize
them by the color harmonies. Finally, as for the color combinations, we could find that companies
would better take advantage of it if they had considered dimensions of color such as hue, value and
chroma. Based on what we presented in this paper, we argue that its contribution to the field of color
study is to verify how color is used in professional practice. Moreover, we aim to collaborate with
the teaching of color so that designers can consciously apply color theory in their projects.
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Abstract
I will determine the shades associated with this idea of an unique flesh color, retrace its history and
emphasize its inclusion in the field of pink. I carry out this analysis in a transhistorical and
transmediatic way, based on medieval texts, literary works and artists' writings, compared with
pictorial and sculptural, figurative and abstractive artworks, but also with other cultural productions
like fashion, comics or animation. It is also a question of seeing in which ways this association
between pink color and complexion is also articulated with the system of race, since it indicates only
the skin of the Whites — even symbolically —, understood as the color of the skin in general.
Keywords: Flesh color, Skin color, Pink, Race, History of Color.
Introduction
Used to designate the color of the skin, the term "flesh" is a synonym of “complexion”, or “skin tone”.
It exists many links — lexicographically, visually, and symbolically — between the flesh color and
the pink color from medieval painting manuals to contemporary arts and fashion trends. Also, several
contemporary artists used pink as the color symbolically embodying the bodily experience common
to all human beings. In these cases, pink refers to the flesh understood as mucous or as what is found
under the skin. Pink can then biologically signify the organicity of the body, the experience of human
life in a philosophical sense, or even the emotions perceived through the skin, giving color a
psychological dimension. However, the color of white skin is neither really pink, nor the same from
one individual to another (due to tan, age, health, etc.).
The purpose of this article is to show how pink became the generic color of the (white) skin, but also,
how the white complexion alone became capable of signifying the concepts of flesh, life, and
humanity. Based on a transmedia and transhistorical study, I will show how pink has become, over
the centuries, the color emblem of white skin, then symbol of human color taken as a whole. I will
also show how this construction is articulated with the concept of race, and therefore how pink
participates in its own way in the symbolic superiority of Whites over Blacks
In the flesh: the flesh color in history of painting
In painting, the term “flesh” is employed as an equivalent to the rendering of the skin. “Flesh”
understood as a color term then designates the only skin of White people, often the only
dermatological type represented by Western artists and approached by treaties on the arts. Skin
appearance is at the center of the concerns of Western artists, especially painters, because the
restitution in painting of the appearance of the color of human skin is a complex and technical
challenge, “an inaccessible chimera” (Pernac, 2008). From Greek and Roman Antiquity, the
complexion was not limited to color, it was even rather a question of arrangement of shadows and
lights to allow the rendering of volumes (Lichtenstein, 1999, p. 38), to transmit “the expression of the
flesh” in all its dimensions, including tactile (Diderot and Le Rond d’Alembert, 1766, p. 11). The
qualities of the flesh in paint are also described with the Italian term morbidezza which means
“suppleness”, “softness”, “tenderness” and “blur”, and which refers to the texture of the flesh and not
to its color.
We would have to wait until the end of the Middle Ages for the rendering of the flesh to become a
real object of technical study which would occupy artists as much as their commentators for centuries.
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Indeed, the flesh would become more complex in Duecento with the application of a base of verdaccio
on which was applied other layers which gave the illusion of volume. From the 14th century, the
carnations produced by superimposing layers of colors, sometimes transparent (glaze) would have a
finesse never obtained until then (Laneyrie-Dagen, 2006, p. 139), reaching a striking realism in artists
such as Jan Van Eyck (Fig. 1) or Raphaël (Fig. 2). Still in the Middle Ages, tempera emerged
alongside the encaustic technique which had endured since Antiquity, becoming the majority
technique: it allowed painters to widen their palette by diluting the pigments in different solutions
based on glue or egg. The tempera technique was supplanted by oil painting at the end of the Middle
Ages (around 1500), which allowed painters to obtain the most beautiful flesh in the history of
painting (Fig. 3) (Magnain, 2009, p. 92).

Fig. 1 - Van Eyck, J. (1435) Madonna of Chancellor Rolin [oil on canvas].
Fig. 2 - Raphaël (c.1509-1512) Madonna of Loreto [oil on wood panel].
Fig. 3 - Rubens, P. P. (c.1618), The Rape of the Daughters of Leucippus [oil on canvas].

The exact color of the flesh color in painting remains difficult to define and actually corresponds to
a wide spectrum of shades, often clearer on representations of women (Frost, 2010), more or less
reddish depending on the emotional state of the character (embarrassment, anger, etc.). Several
treatises on medieval pictorial techniques offered a wide variety of recipes with multiple mixtures
based on green, blue, ocher, white and red, making it possible to faithfully render the flesh colors
(e.g. Cennini, c.1390/1859, p. 13). However, cinnabar red and whitewash are commonly used in these
recipes, i.e. shades of pink (red mixed with white) (Gettens, Feller and Chase, 1972). At the end of
the Quattrocento, flesh color was called incarnato (from the Latin carne, “flesh”) and assimilated to
red. Incarnato would later give the color term “incarnate” which Diderot used to describe the color
of blood that shines through the skin of the characters in an oil on canvas by Louis-Jean-François
Lagrenée (1876, p. 47). The incarnate evokes indeed the blood which circulates under the skin and
which tints it by transparency, as “under the blow of a categorical imperative of the in-between:
between surface and depth” (Didi-Huberman, 2008, p. 24). The lexicographer Mollard-Desfour does
not succeed in precisely determining the shade corresponding to the French term incarnat (incarnate),
and classifies it in her dictionary of red as “more or less bright red” (2009, p. 255), but also in that of
pink, describing it as a “bright pink” (2002, p. 179-182).
Is white skin really pink? An explanation about pink as a flesh color
The skin is physiologically made up of several layers (epidermis, dermis, hypodermis), each with
specific structural and chemical properties, but also with its own color. The complexion perceived by
our visual apparatus then results from the superposition of these layers perceived through
transparency. Physicist Caroline Magnain has established a relationship between the dermatological
structure of the skin and the pictorial representations of Caucasian skin tone, by analogy between the
superposition of skin tissues and the layers of matter deposited on the canvas (2009). Hegel also
pointed out that the color of the flesh in painting reflects the different colors of the organic layers of
the body: the transparent yellow of the skin, the red of the arteries, the blue of the veins, to which are
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added gray, brown and green tones (1848, p. 417). Thus, even the abstract works such as the pink
monochromes of the American painter Marcia Hafif (Roman Paintings, 1986) are spectroscopically
similar to that of real skin, because the superimpositions of successive layers of pigments (red, blue,
and yellow) take up the stratified biological structure of the skin (Magnain, 2009, p. 95).
There is therefore a biological reason for the multiple visual representations of white skin in pink
shades in Western artistic and cultural productions: in painting (Fig. 4; Fig. 5), but also in sculpture
(e.g. Three Horizontals (1998) by Louise Bourgeois), cartoons and comics (think of the pink face of
Disney's Cinderella). Fashion and cosmetics also designate by “flesh” a set of products with colors
supposed to refer to the color of the (white) skin (Fig. 6). More recently, it has been replaced by the
term “nude”, more specifically for make-up, evoking an idea of "natural", that is to say without
artifice. In litterature, pink is used to describe white skin too, as in the poem “À une robe rose” of
Théophile Gautier associating the pink fabric of a dress with the “light pink” color of a woman’s skin
(1850). From a lexicological point of view, the flesh color is also considered as a shade of pink, after
the carnation of Whites (Mollard-Desfour, 2002, p. 152-153), but which is not to be confused with
the generic term “pink” (Kerttula, 2002, p. 240; Kuriki et al., 2017; Zimmermann et al., 2015).

Fig. 4 - Boucher F. (1759) Pan et Syringe [oil on canvas].
Fig. 5 - Bonnard P. (c.1924) Pink Nude in the Bathtub [oil on wood panel].
Fig. 6 - A pair of nude shoes. Creative Commons Zero.

However, even if we restrict ourselves to only white skin, all skin tones do not have the same color.
Painters have although criticized shades of “flesh color” offered by the merchants of colors Sennelier
or Marin, for being too pink to be able to account for all the white carnations (Magnain, 2009, p. 92).
There is actually not exactly one shade of flesh color, but many shades of pink: sampling carried out
on images answering the keywords “flesh color” and “nude” collected on the internet shows the color
would be circumscribed to a set of predominantly pink shades (see Hughes and Wyatt’s methodology,
2015), but that it also exceeds it as evidenced by the shades of brown, orange, yellow and gray (Fig. 7 ;
Fig. 8). There is not exactly a flesh (or nude) color, but a large spectrum of flesh colors which are
majoritarily pink shades, which shows that there is a strong association between pink and white skins,
even if no one would say that indeed, Whites are not really pink.
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Fig. 7 and 8 - Color chart of flesh and nude colors, obtained from the collection of hundred pictures answering the keywords “flesh color” and “nude
color” on the internets. January 2020.

The shadow of the White: Pink, race and whiteness
As a shade of pink, there is no doubt that the flesh color refers only to the white Caucasian skins.
However, the existence and recurrent use of a single term to designate the complexion, which is a
white complexion, leads me to question pink flesh in articulation with the concept of race. Skin color
has indeed always participated in the construction of individual and collective identities, and is done
in the system of classification of individuals according to their skin color (Blanchard, Boëtsch &
Chevé, 2008, p. 8-10). Mechthild Fend also specifies that it is no coincidence that the term “skin
color” appeared in the second half of the 18th century in the theory of French art, simultaneously with
racial anthropology, both discourses granting the superiority of white skin as the universal ideal and
standard of beauty (2005). White skin has indeed been associated since Antiquity with beauty —
especially female one (Pelletier-Michaud, 2016, p. 198), and youthness (Garo, 2008, p. 31), always
considered an ideal of beauty to be attained in Japan (Wagatsuma, 1967), but also in black African
communities (Emeriau, 2009). The blushing skin of embarrassed White women has also become a
means for painters to bring eroticism to their canvas, also linking whiteness to desire and sexuality
(Fig. 9; Fig. 10).

Fig. 9 - Honthorst (van), G. (1625) Smiling girl, a courtesan, holding an obscene image [oil on canvas].
Fig. 10 - Fragonard J.-H. (c.1755) La coquette fixée [oil on canvas].

In addition, the history of art is also ethnocentric, that is to say that it visibilizes in the West essentially
the production of White artists who themselves have mainly represented White characters, both by
critics and by institutional exhibitions or acquisitions (Fernandez-Sacco, 2001). Furthermore, when
Black people were presents on painting, they were represented for a long time from a racial and
colonial angle (Lafont, 2019). Whiteness not only dominates in the field of representations, but also
gives the impression that whiteness is a norm. This last element would also explain why the color
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term “flesh” was constructed from the color of Whites only, because they represent a majority or even
universal model. We can therefore say that the flesh color has a relationship with whiteness, a concept
that designates the white social, cultural and political hegemony faced by ethno-racial minorities, as
well as a mode of problematization of social relations of race (Garner, 2007). Using pink as the color
of flesh in cultural and artistic productions, considering that everyone has the same complexion, i.e.
a white one, could be consequently considered as a symbolic violence for non-White people (see
Bourdieu and Passeron, 1970), which allows the maintenance of an unequal hierarchy based on race,
by incorporating social, cultural and aesthetic classifications according to skin color.The French antiracist activist Rokhaya Diallo recalled for example that pink-beige color of sticking plasters or the
“nude” trend in fashion was designed for the comfort of Whites to be mixed up with the their skin
color, but are extremely visible on black skins (2018).
Under the skin: Flesh color as human being symbol
Sometimes, pink used as skin color by contemporary artists can have a symbolic dimension which is
dissociated, at least in part, from the strict representation of the skin; it is a question of transmitting
the idea of flesh/skin, and of associating a precise symbolism with it. For exemple, the pink plaster
painting-sculptures of the Italian artist Ettore Spalletti are mineral and powdery, and at the same time
give an impression of life through a play of depth and subtle nuances, giving the rendering of the
flesh that only oil usually does. He rightly referred to the skin, stressing the link between the pigment
and dermatological variations: “pink has no fixity: it is the pigment of the skin that changes according
to our moods” (Boudier, 2018). Colors and emotions are indeed linked as many studies have shown
(Simmons, 2011; Clarke and Costal, 2008): theorist of affects Brian Massumi explains that colors are
capable of directly affecting the body, “[r]eflexively (that is to say, nonreflectively) in an immediate
nervous response” (2005). The skin is therefore an interface between the inside and the outside, at the
intersection of the Self and the Other and thus becoming a field of expression, experimentation and
confrontation (Dagognet, 1998, p. 35). In the film Pieles (2017), the Spanish director Eduardo
Casanova follows several protagonists with bodies considered to be out of the ordinary (burnt face,
eyelessness, dwarfism, etc.) in their intimacy, exploring various themes such as desire, reification,
discrimination, rejection or the search for authenticity. The skin evoked by the title appears as a
metaphor for intimacy, sexuality, but above all in relation to the other, and the omnipresence of pink
in the decorations, costumes and visuals of communication as a way of symbolizing this skin, but
also emotions and intimacy.
Pink as the color of the flesh can therefore also signify the affects and emotions that pass through the
flesh/skin. Thus conceptualized, the flesh can then be evoked by the artists without any physiological
consideration and hence emancipate themselves from representation. Pink in the work of French artist
Yves Klein particularly embodies a highly accomplished conceptualization of flesh: known for his
ultramarine blue monochromes, he has however also produced numerous pink monochromes (named
Monopinks) evoking the skin. In opposition to the immateriality of the blue, Klein’s pink refers to
material world: the flesh is thus thought not in terms of corporality, as making direct reference to the
body and its organicity, but indeed to the flesh as a concept, referring to materiality perceived not as
a form, but as an experience (Morineau, 2006), echoing the Maurice Merleau-Ponty’s concept of flesh
thought ontologically as an extension of the body, as a part of the world (1979). Other artists such as
the French Marguerite Humeau (exhibition FOXP2 at Palais de Tokyo, Paris, 2016; see Santa Lucia,
2016) or the Austrian Pamela Rosenkranz (installation Our Product, 2015; see Launay, 2015) have
developed this same discourse by using pink as a symbol of the flesh, understood as a common
material shared by all human beings, in short, a pink symbol of life and humanity. This association
between pink as flesh color and human being was also developed by theories of the anthroposophist
esoteric current: its creator Rudolf Steiner did not strictly write a theory of colors, he nevertheless
proposed a meaning of colors as representing the forces in action in nature: green is the color of
plants, white that of light, black that of darkness, and the peach-blossom color (Pfirsichblütfarbe) that
of the human soul. Peach-blossom is a shade of pink that Steiner described with reference to the
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“color of human flesh, which of course is not exactly the same for different people”, admitting
therefore that pink cannot signify all skin tones (1921/2010, p. 10).
Can we really disconnect the flesh color as a symbol of humanity, from the flesh color representation
of white bodies? Perhaps it is necessary to think of the flesh not as indicating the color of the skin,
but rather what lies below: the muscles and organs, or even the mucous. The art historian Dominique
Grisad said for example about the serie Second Skin (2017) of the Swiss artist Nici Jost that “[p]ink
is both skin-deep and flesh and blood” (2019, p. 18), the artist herself saying that pink is a color of
“equality and unification”, because no matter the skin color, size, ethnicity or gender, our mucous are
all the same color (2016). However, if the mucous, certain organs or certain meats can effectively be
pink or considered as pink colored, it is more the red which represents our organic interiority, that of
the blood which colors the muscles, which flows when the body is opened or injured. Even when the
flesh thought as underskin organic matter is represented in pink, the red of the blood is always
intrinsically associated with it, both visually and symbolically (Salamandra, 2018, p. 131). American
artist Derek Jarman rather wondered if Steiner (as a reminder, Klein, Humeau, Rozenkrantz or Steiner
are also White people) would have chosen the color of the peach blossom as the color of human
existence if he himself had been Black (1994/2003, p.194). One can indeed wonder if the pink flesh
as being able to designate the whole of humanity would not have to do with the whiteness of those
who make this association. This is not to say that artists, theorists or even marketers are racist, but
more to contextualize our symbolic systems, the way we deploy them — in particular through color,
and their real effects on individuals.
Conclusion
If the use of pink in representations of white bodies responds to a logic (admittedly simplified) of
transcription of the real, its use as a symbol of the skin tone in general or of humanity as a whole is
more problematic, because it fits from a racial perspective, shaped by history and representations,
which it is impossible to ignore. In the same way, if pink can signify flesh thought of as what is
common to human existence, its symbolic construction is anchored in a Western and white history of
art, and cannot claim any universality. This analysis of a part of the symbolism of pink thus reveals
how the relations of power (here of race) between dominant and dominated intervene in the history
of colours and enrich their symbolism.
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Abstract
Research was undertaken in order to increase knowledge of the use of factory made paints in the
early 20th century, and as a result, knowledge on saturation of colours used at that time in
architecture. The methodology employed included analysis of archival materials, such as
architectural designs, comments in the press and colourful depictions. As a result, several cases
were detected and their colour schemes were analysed. The study provides additional information
on the use of factory made paints and saturation of colours applied over discussed period of time
useful in conservation of architecture.
Keywords: colour, architecture, paints, Germany, 1920s

Introduction
As the final effect visible on elevations depended on such factors as type of ground, binders and
painting materials used, technique and texture, a question emerged to what extend colour of the
early 20th-architecture was a result of lime mixed with mineral pigments on site that remained a
common painting technology up to the middle of the 20th century or eternal colour was rather a
result of artificial pigments which production commenced in the 19th century and started to be
applied on a bigger scale in the early 20th century.
Research focused on the colourful trend that took place in German architecture in the 1920s and
concentrated on establishing examples of industrially painted buildings. It was especially
questioned if within this colourful trend colours were rather pale as result of commonly used lime or
of stronger saturation that came from the use of factory made paints.
In order to achieve this goal examples of the use of factory made paints on the early 20tharchitecture were examined using as a basis cases from Germany.
So far numerous colour charts form that period was published in literature but historical sources
provide additional information on buildings painted with factory made paints. This information
increase our knowledge of the use of new panting materials.
Sources and Methods
The methodology employed included analysis of archival materials, such as architectural designs,
comments in the press, and colourful depictions stored in German archives and libraries in Berlin,
Leipzig and Munich. Yet, the main source of information appeared to be written sources, mainly the
press, both professional magazines and daily newspapers that discussed architectural issues. As a
result, several examples of the use of factory made paints were detected and their colour schemes
were discussed in the following article.

The use of factory made paints in sacral architecture
The Corpus Christi Church in Breslau (presently Wroclaw) had been under construction from 1360
until 1470. Since then, whenever the building was refurbished, every time it was adopted to either
sacred or secular functions it had to play over the centuries. As a result, the original gothic features
had disappeared with time.
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The aim of the renovation that took place in the 1920s was to restore the original medieval
character of the church façade, and as colour was a characteristic feature of medieval architecture, it
was introduced during the renovation on the gable. The builders did not mean to restore original
colour scheme, they only wanted to revive the spirit of the old building by the application of colour.
In this way the old brick church become more visible, it also attracted the attention of lay people.
The press commented that the church, which dominated over neighbouring buildings over the
centuries, was not only an important place of worship, but also testified the culture development of
the city. For those reasons, artistic activities undertaken during the facade renovations aimed to
restore the former place of the church in the panorama of the city.
According to the comments published in the press in 1920s, it was the first attempt to combine
brick architecture with polychrome in Breslau at that time. Pale, so-called angelic pink and black
were chosen as basic colours that would revive and but disturb the simple composition of the
facade. Those two colours compose well with all shades of brick, from light red to dark brown.
Those reddish hues were contrasted with four hues: white of the mortar joints, cobalt introduced to
small plastered areas, green of a copper roof and gold applied to the tracery.
The press commented that the achieved result was a great success and the achieved contrast of a flat
brick wall and multi-coloured, painted details was rated as glamorous. The calm and harmonious
colour composition emphasized and strengthened the expressive power of Gothic architecture.
The colour scheme was designed by professor Utinger from Breslau, who also supervised the
implementation works. KEIM mineral paints that proved their durability on other buildings have
been used during the renovation (Wiedermann, 2019), (Fig. 1).

Fig. 1 – The three medieval churches in Wroclaw with whole brick gables: (from left) St Dorothea’, St Adalbert’ and Corpus Christi. The Corpus
Christi Church as in 1920s and today. Pictures by Karolina Białobłocka (2016). Black and white picture reproduced from: Schlesischer Malerbund,
Vol. 11, 1928

The use of factory made paints in commercial architecture
Mineral paints were also used during renovations of public buildings’ elevations, e.g. on towns halls
in southern Germany: in Horb am Necker and in Esslingen am Necker.
The former town council and guard house in Horb am Necker was mentioned in 1420 and rebuilt
after the fire in 1725. The elevations were decorated with wall painting in the years 1925-27, the socalled Horb book. The multi-coloured figures were painted on yellow ochre background, as it used
to be popular in previous centuries. Important personalities were portrayed in the medallions and a
religious scene was painted on the gable. Additionally, inscriptions that reminded the city’s
residents about the most important values: integrity, loyalty, love and diligence covered the
elevation. KEIM silicate paints were used in the 1920s. By using this technique it was possible to
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achieve an interesting aesthetic effect – KEIM paint covered the surface in the way the facade
seemed be almost untouched by paints (Meier-Oberist, 1928) (Fig. 2).
The other town hall was erected in the half-timbered technology around 1425. The building, in
which tax issues were originally discussed and settled, was extended in the late 16th century in the
Renaissance style. The building has been modernized over the centuries, but it retained the original
style: Gothic on the south elevation and Renaissance on the north elevation.
KEIM mineral paints were used during the renovation in the years 1924-26. At that time, red was
chosen in order to unify those two very different parts of the building by the means of colour.
Brown-red that corresponded well with dark timber was applied among timber beams on the south
facade in order to strengthen the whole surface (the beams were painted transparently brown). The
same shade of red was applied to the wall surfaces on the Renaissance elevation and was contrasted
with white cornices and green shutters. Architectural details, such as wooden cornices and beams
were painted with oil paints, and the plastered surfaces were painted with KEIM mineral paints
because of their freshness and intensity (Lempp, 1926), (Fig. 2).

Fig. 2 – From left: Town Hall in Horb, Town Hall in Esslingen am Neckar (south and north elevations). Reproduced from: Die Farbige Stadt, Jh. 1,
Heft 4, 1926, 56.

The application of KEIM mineral paints was also indicted in the historical materials on three other
commercial buildings, two newly erected buildings in Berlin and one historical building in Munich.
The KEIM advertisement leaflet from the 1920s indicates that in Berlin their paints were applied on
the house of ostriches in the Berlin zoo. The no longer existing shelter for birds was erected in 1901
in a form inspired by Egyptian temples and was embellished by multi-coloured wall painting. The
colourful scenes presenting details from the pharaohs’ household, haunting scenes, as well as
hieroglyphs were presented on the white background (Fig. 3).
Erich Mendelson designed the facade of the office building in Berlin – Kreuzberg in 1930 as faced
with travertine. Yet, the side walls were painted KEIM paints, probably the colour used resembled
travertine (Fig. 5).
An advertisement published in Die Farbige Stadt magazine in 1928 provides information about the
application of KEIM mineral paints in Munich. The gate Isotor is one of four medieval city gates
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that was erected in 1337 and served as barbican. The advertisement informs that the gate Isator was
repainted with KEIM mineral paints in the second half of the 19th century: we can see two
gentlemen chatting in front of the gate ‘the gate was painted forty three years ago’ and presumably
admiring good preservation of colours (Fig. 4).

Fig. 3 – The no longer existing ostrich’ house in Berlin zoo. Reproduced from: KEIM advertising brochure from the 1920s.

Fig. 4 – The city gate Isartor in Munich presented on the advertisement in Die Farbige Stadt magazine. Reproduced from Die Farbige Stadt
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The use of factory made paints in residential architecture
The KEIM company leaflets from the 1920s presents newly erected residential housing estates in
Berlin: Britz, Karl-Legien_Stadt and Zehelendorf. Those estates represent colourful movement in
architecture of that time - red, green and blue were widely applied on elevations. Multi-coloured
window frames and doors acted as additional colourful accents. Factory made paints were also
applied on the tenement houses in the centre on Munich (Fig. 5). The building located at
Marienplazt in Kaiserslautern and the building on the estate Südheim in Sttutgart are another
examples of the use of KEIM paints on residential architecture. The first building was painted
monochromatic intense blue in 1925, and the latter was covered with two hues of green in 1927
(Hebing, 1928), (Fig. 6).

Fig. 5 – The brochure of the KEIM company included pictures of buildings painted or repainted with KEIM mineral paints in Berlin: the Britz, KarlLegien-Stadt and Zehlendorf residential estates, the office building in Kreuzberg. Reproduced from: KEIM advertising brochure from the 1920s.

Fig. 6 – The building in Kaiserslauten, teh building in Stuttgart and the tenement house in Munich. Reproduced from: Die Farbige Stadt, 1928, Heft
6, and KEIM advertising brochure from the 1920s.

In Silesia, the housing association Schlesische Heimstätte that was run by an architect Ernst May in
the years 1921-25 used two colour tables – one for external and the other for internal painting.
External walls were either covered with pigmented plaster or painted mineral paints by KEIM,
whereas the colour chart of Paul Baumann was applied to interiors (Markowska 2000).
Ernst May designed colour scheme for the part of residential area in south Bunzlau (today
Bolesławiec) in 1924. The external walls were to be painted two colours: red (285) was for
elevations facing the north, and blue (1107) was for the south elevations. The side walls that faced
the east and west were to be painted alternately blue and red. The east elevations of houses number
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1-3, 14-16, 20-29 were designed as red and other east elevations were blue. And the west elevations
of the houses number 1-3, 14-16, 20-29 were to be painted blue whereas the other west elevations
were to be red. Window frames were two coloured: green and white (green 1028 and white 175).
External doors were designed as green (1027), similarly the pipes (green 1028) and garden timber
structures (green 1027). The bases of the buildings were to be painted black (tarmac black) whereas
the cornices and dormers – white (174 for cornices and 175 for the dormers). Roofs were designed
as covered with red tiles (May, 1925), (Fig. 7).

Fig. 7 – The colour scheme for the part of residential estate in Boleslawiec, Silesia. Reproduced form: Schlesisches Heim, Jh. 6, Heft 2, 1925. A
sketch by Karolina Białobłocka based on data from Schlesisches Heim, Jh. 6, Heft 2, 1925

Ernst May also designed multi-coloured, contrasting colour schemes for residential interiors. For
instance, a colour scheme for a house No 2 in Zalesie, Wroclaw was decided in the early stage of
design. Four colours dominated in most of the rooms: blue, green, red and white. Three of those
colours were usually applied on floor, walls and ceiling in different variations. The multi-colourless
was additionally emphasised by colourful pipes and lighting.
The colour schemes was as follows:
Room 1: white tiles on floor, red walls (303), white ceiling (175);
Room 2: white tiles on floor, white walls (175), white ceiling (175);
Room 3: blue floor (1109), green walls (979), white ceiling (175);
Room 4: blue floor (1109), red walls (303), blue ceiling (1088);
Room 5: white tiles on floor, white walls (174), white ceiling (175);
Room 6: white tiles on floor, white walls (175), blue ceiling (1088);
Room 7: green floor (1027), blue walls (1088), red ceiling (333);
Room 8: blue floor (1109), green walls (979), red ceiling (333);
Room 9: black floor (13), yellow walls (566), red ceiling (303);
Room 10: brown floor (557), grey walls (85), red ceiling (303).
Ernst May also treated with care smaller elements. Window frames were to be white (175) with the
exception of room number 6. Here window frames were designed as blue, the same shade as the
ceiling. Furthermore, the tiled furnaces were white, the lighting elements were red (303), gas pipes
were lemon yellow (704) and water and heating pipes were blue (1107). The staircase’s walls were
to be painted yellow (709), floor – brown (557), stairs – blue (1109), handrail – black (13) and
ceiling – white (175) (May, 1925), (Fig. 8).
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Fig. 8 – The colour schemes of selected interiors of the house in Zalesie, Wroclaw. Diagram by Karolina Białobłocka based on data from:
Schlesisches Heim, Jh. 6, Heft 2, 1925

Conclusion
The study provided additional information on the use of artificial paints in the 1920s, especially on
the use of materials produced by KEIM, the paint company already operating in Germany before
1945.
In the following article several examples, both newly erected and renovations, of colourful
architecture are discussed. The examined buildings includes one example of sacral architecture:
medieval church of Corpus Christi in Breslau (today Wroclaw); five examples of commercial
architecture like the town hall in Horb and Esslingen, a house for ostrich in Berlin zoo; and the city
gate in Munich; and six examples of residential architecture, including and erected residential
districts in Berlin and Bunzlau and a colour scheme for interiors of a family house in Breslau.
The study increase our knowledge of the use of factory made paints in the discussed period. And as
factory made pigments were purer and more intense, the study provides more data that colourful
buildings erected in the early 20th century in Germany were not only see-through and transparent
as a result of the use of lime technique but also intense.
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Abstract
The study illustrates the relationship between scenic space and optical illusion, connected to the
influence of the chromatic and bright component in significant examples of the Modern and
Contemporary Architecture of Milan, Como, Bergamo, Naples. Therefore, the research objectives
are: a) “visual model” of reading, classification, comparison interdisciplinary data and perceptive
quality; b) interpretative values of the spatial-architectural system in relation to the capabilities of
identify new scenographic contexts; c) development of a methodology De-Morphogenesis/Semantic
Ontlogy (DSO) in the historical reality that favors Industry 4.0. The methodology, defined by
system articulated of digital sheets divided into information categories and linked to a database, was
based on a process of “Morphology of the Form” (plasticity of forms, architectural-scenographic
construction and theatrical scenic illusionism), “De-Morphogenesis” (architecture’s deconstruction
and definition of same elements’s meaning in a new vision). The study allowed to highlight: syntax
(set of formal data relative to geometric); semantics ontology (architectural elements’s significance
set); develop of a methodology DSO; Contaminated Representation also generated by the
relationship between scenic space and optical illusion; connected to chromatism, as well as by the
experimentation and fusion of light with color for innovative chromatic surfaces.
Keywords: Scenic space and illusion/Chromatic Component, Visual model, Morphology of the
Form, De-Morphogenesis, Contaminated Representation.
1. Introduction
The significant Modern and Contemporary architectures of Milan, Como, Bergamo and Naples are
emblematic products for: renewed stylistic characteristics; freedom and spatial fluidity; relationship
between space and size; itinerary and transparency; materiality and color spaces; beauty
(relationship between construction and objective, materials and constructive elegance, Bruno Taut
1880–1938); aesthetics, interpreted in the whole building “what is functional is beautiful” (Bruno
Taut). The quality of contemporary experiments, especially of Milan, has favored the creation of a
“Contaminated Architecture” based on a “Contaminated Representation” (algorithmic prototyping
methods and innovative communication models). In the latter, the relationship between architectural
space and optical illusion, transparent volume and force interpenetration, exaltation of dark tones
and a widespread illumination, geometric construction and algorithm, experimentation and fusion of
light with color for innovative chromatic surfaces is significant. Therefore, the study illustrates the
relationship between scenic space and optical illusion connected to the influence of the chromatic
and bright component in significant examples of the Modern and Contemporary Architecture of
Milan, Como, Bergamo, Naples. This to define spatial, decorative and aesthetic identity with the
following objectives: a) “visual model” of reading, classification, comparison interdisciplinary data
and perceptive quality; b) interpretative values of the spatial-architectural system in relation to the
capabilities of identify new scenographic contexts; c) development of a methodology DeMorphogenesis/Semantic Ontlogy (DSO) in the historical reality that favors Industry 4.0. The study
allowed to highlight: syntax (set of formal data relative to geometric); semantics ontology
(architectural elements’s significance set); develop of a methodology DSO; Contaminated
Representation.
2. Methodology
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The methodology, defined by system articulated of digital sheets divided into information
categories and linked to a database, was articulated on:
A) “Morphology of the Form”, understood as study of the formal aspect through the following
levels: A.1) Monumentality, Complex Forms, Plastic and Scenographic through lexicons: a)
plasticity of forms and subtraction of matter; b) recovery of the perspective space relationships and
geometry; c) architectural-scenographic construction related to theatrical scenic illusionism in
which the perspective method has provided the basis of the optical illusion (see Andrea Palladio
1508-1580 for the Teatro Olimpico – Vicenza with an anthropocentric perspectival view favored by
the illusion of depth of temporary buildings by Vincenzo Scamozzi 1548-1616); d) transparencies
and visual illusion in the articulated monumental staircases; e) the turning “bibienesca” for corner’s
view; f) succession of different cuts of the stage with long and short scenes.
B) “De-Morphogenesis of the Architecture” understanding as deconstruction of the architectural
image (formal and constructive aspects) and definition of same elements’s meaning in a new vision;
it in addition to considering some lexicons (chiaroscuro and chromatic technique, identity
characters, utilizations, formal composition’s analysis, technological structure), proposes advances
for interoperable models application and consider the following levels: B.1) Mathematical Rule and
Gradualness of Spaces: a) matrix lexicon and geometric texture, system of rules marked by
mathematical and proportional relationships taken from the natural and pagan world, based on the
circumference and the square (synonyms of the sky and the earth), that in the Baroque will be
associated with unity and perfection (in the case of the circumference) and with the trinity (in the
case of the equilateral triangle and hexagon). Recurring is number 3. Criteria that Greg Lynn (1964)
deems feasible with algorithmic numerical series. B.2) Color, Surfaces and Matter with the
lexicons: a) chromatic and material, based on currents of thought, distinction of elements, functional
differentiation of spaces, symbolic and psychological meanings; b) materials and textures, based on
innovative textures, methods of aesthetic and compositional treatments; c) light effects connected to
chiaroscuro, for the visual restitution of shapes and profiles given by the combination of pure
shapes and visual lightness, chromatic uniformity; c) material transparency. B.3) Color, Light,
Nature / Landscape with lexicons: a) color experimentation through the solutions: Bauhaus 19191933 (design combinations, according to Johannes Itten 1888–1967, for chromatic properties - red /
white / black - and schemes geometric compositions; or as Theo van Doesburg 1883-1931, through
chromatic contrasts for primary colors or black and white, yellow and black with the insertion of
colored elements and multicolored objects, strong colors and contrasting, geometric patterns);
Deconstructivism with design / chromatic innovations, transition to disequilibrium, chromaticformal dynamism, to the instability of forms and the use of primary colors. B.4) Light / Nature /
Landscape with the lexicon: a) color, light and nature to combine, through design transparencies,
tonality of gray, light and nature within the projects (see Bauhaus headquarters). B.5) Color
combinations Post-production, through compositing and the following lexicons: a) experiments
with light and colors; b) innovative chromatic surfaces and fusion of lights with colors, based on:
chromatic perception (light / material); adequate lighting tonality (color rendering index - CRI) to
the type of objects and psychological effects. In the first case, the warm tones (red, orange, yellow),
unlike the cold (purple, blue, green) that favor spaciousness, allow a better spatial definition. The
same thing can be said for the furniture with light colors, that unlike dark colors with dramatic
effects and perceptive drama resulting from the sharp cut of the shadows, favor the diffusion of
light to the disadvantage of the clear separation between lights and shadows. Regarding the
sensations that stimulate colors there are: emotions (red), calm and balance (green), joy (yellow),
negative feelings (blue-black-dark colors), triumph and glory (orange), vastness (blue), stimulating
functions and intellectual activities (white); c) “destination profile” through Non Colorimetric
Intents (Perceptual - to maintain the color tint at the disadvantage of brightness and saturation –
Saturation - to maintain color saturation at the disadvantage of brightness and tint) and Colorimetric
(Relative Colorimeter - modification of the saturation but not the brightness of colors - Absolute
Colorimeter - modification of the saturation and brightness of colors); d) color / information
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channels. B.6) Color combinations for Simulation and Photorealism, based on visual stimuli similar
to those produced by reality linked to the lexicons: a) variations of luminance through the theory of
the tristimulus (light sources, materials and lighting model); b) global illumination through RayTracing models (specular reflections of light) and Radiosity (diffuse reflections between surfaces).
B.7) Contaminated Representation with lexicons: a) digital transformation and digital
metamorphosis, that gather the level B.5 experiments and allow to highlight the relationship
between architectural space and optical illusion, transparent volume and force interpenetration,
exaltation of dark tones and a widespread illumination, geometric construction and algorithm,
experimentation and fusion of light with color for innovative chromatic surfaces.
C) “Semantic Values of the Architecture by On-Morphogenesis with Perceptive and Symbolic
References” through both a recomposition of the formal architectural vocabulary (lexicon) in a new
vision of transformation, and of the intangible aspects linked to the cultural landscape. This with
regard to the following levels: C.1) Architectural Representation Level of Characters’s
Anamorphosis; C.2) Architectural Representation Level of Identities and Syntax Morphological;
C.3) Dimensional Representation Levels. Therefore, with regard to the modern and contemporary
architectural works in the cities of:
1. Milan, Como, Bergamo, significant examples are:
Casa del Fascio, Como 1932-1936 (Giuseppe Terragni 1904-1943), defined by a compact volume
of white marble (for the diffusion of light, of rationalist approach) with four floors, a square base
organized around a double hall height with main staircase and gallery distribution. The atrium
seems to extend scenically into the square opposite as in the: a) Palazzo dello Spagnuolo - Naples
by Ferdinando San Felice (1675-1748), the highest expression of the Neapolitan Baroque, in
which transparencies, diffusion of light (without any clear separation between lights and shadows)
and optical illusion for the articulated monumental staircases coexist; b) courtyard of honor of the
Palazzo Brera - Milan by Francesco Maria Richini (1584 - 1658), exponent of a group of Milanese
designers that imposed on Milan characters of modernity (gaudiness, formal exuberance and
scenography) of the Roman Baroque and consisting of a portico with arches on double columns, to
favor the diffusion of light (light colors), volumetric lightness, scenography; c) two classical
courtyards with double columns of the Collegio Elvetico (Palazzo del Senato) - Milan by Fabio
Mangone (1587–1629), with extreme formal purity; d) in the atrium of the Palazzo Serbelloni by
Simone Cantoni (1739–1818), theatrical, scenic for the rhythmic order of the pillars with a large
back garden (see Neapolitan and Milanese noble palaces) - (Fig.1). The flat glass-block roof of the
atrium allows the filtering of light with chiaroscuro effects and material transparency with visual
restitution of shapes and profiles. This also for use in the interiors, in addition to white, of warm
tones to promote spaciousness and spatial definition. The matrix and geometric texture lexicon
also has characteristics of the classical school: identical golden and proportional ratio between
map and facades, equal size of the facades, different scores from the windows in the facades to
favor perception between inside and outside (Fig.2).

Fig. 1 - From left, G. Terragni, Casa del Fascio, Como (Source: https://seyler.eksisozluk.com, Maurizio Montagna); F. San Felice, Palazzo dello
Spagnuolo, Naples (Source: Wikipedia, Pinterest); F. M. Richini, Courtyard of honor Palazzo Brera, Milan; S. Cantoni, Palazzo Serbelloni, Milan
(Source: www.cambiaste.com)

Fig. 2 – On the top left, G. Terragni, Casa del Fascio, matrix lexicon and geometric texture (Architectural Representation Course, II School of
Architecture, Milan Polytechnic – A. De Masi)
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 Palazzo dell'Arte, Milan founded in 1933 (Giovanni Muzio 1893-1982, founder of the twentieth
century “Italian Artistic Movement”), presents a marked differentiation between the external
architectural forms (lofty and proportionate) of warm red brick color for the longitudinal bodies
(scenic effects and perceptive drama resulting from the clear cut of the shadows, stimulating
sensations linked to emotions) with a white portico (based on the need to distinguish the elements)
and the interiors (with visual lightness and rationalist chromatic uniformity) in white (diffusion of
light to the disadvantage of the clear separation between lights and shadows, activation of
stimulating and intellectual functions). Scenic design similarities (transparencies and chiaroscuro
effects of formal visual restitution) can be found with the Palazzo Reale in Milan, Villa Reale in
Monza (1777), palazzo Belgioioso (1777), by Giuseppe Giorgio Pietro Baldassarre Piermarini
1734-1808 (exponent of the eighteenth-century functionalist character) as regards the design of the
staircase and succession of the internal rooms (representative elements, spaces without limits to
favor optical illusions). In Piermarini, as well as in Muzio, the monumental and majestic character
of the buildings is evident, intended as a macrostructure of representation, unitary and dynamic;
moreover, relationship between scenic and proportional characters, form and connection of spaces,
in which neoclassical forms coexist in a rationalist design vision balanced between perspective
vision and spectators vision, alternation of light and shadow (Fig.3).

Fig. 3 – From left, G. Muzio, Palazzo dell’Arte, Milan (photos, freehand drawing and render, Architectural Representation Course, II School of
Architecture, Milan Polytechnic – A. De Masi). Interiors: visual lightness, rationalist chromatic uniformity, scenic transparencies and chiaroscuro
effects of formal visual restitution with the Palazzo Reale in Milan by G.G.P.B. Piermarini (Source: www.palazzorealemilano.it,
www.milanoguida.com)

 Casa Rustici, Milan 1933-36 (Pietro Lingeri 1894-1968, Giuseppe Terragni), consisting of two
buildings of seven floors, connected by balconies aligned with the main facade. The result is a
volumetric composition with joints and subtractions, visual transparencies (entrance area with
glass block) and chiaroscuro aspects. Similarities can be found not only with the characters of the
Modern Movement, but also with those of the Palazzo Serbelloni - Milan (1770) by Simone
Cantoni (1739-1818); in particular with the majestic and extensive neoclassical loggia surmounted
by a tympanum for dividing the façade, compositional research and light filtering for chiaroscuro
effects. The cladding of the external facades is made up of two materials and colors: white marble
slabs in the external panels, light orange plaster (to favor scenic effects and perceptive drama
resulting from the cut of the shadows, stimulating sensations of triumph/glory). The internal
cladding is with glass brick surfaces along the stair and yellow plaster (to promote spaciousness
and spatial definition, as well as to stimulate the feeling of joy.
 Palazzo De Angeli Frua, Milan 1947–1966 (Pietro Lingeri, Giuseppe Casalis, Sandro Tibaldi,
Umberto Busca), Hoepli Bookstore, Milan 1955 - 1959 (Figini Luigi, Pollini Gino) and Faculty
of Architecture - Milan Polytechnic, Milan 1970 - 1985 (Vittoriano Viganò) defined in the
facade by rhythmic articulation (verticality, structural and functional distinction): the first based
on pillars (36x18cm) with a center distance of 160cm and full-height windows (Fig.4); the second
with a structural grid in reinforced concrete, parapets in pink Baveno granite and dark brown
aluminum fixture. On the ground floor an unlimited spatiality defined by rationalist chromatic
uniformity in white (diffusion of light to the detriment of the clear separation between lights and
shadows, activation of stimulating and intellectual functions) and backdrops of the air shafts
covered with vines to simulate the idea of a garden; the third with cruciform pillars, steel beams
and tie rods in which the theme of emptiness dominates the built space, creating relationships
(Fig.5).
 Building in via Leopardi 1958 - 1961, Milan (Vico Magistretti, Guido Veneziani), Church and
parish complex of SS. Giovanni e Paolo, Milan 1964 - 1968 (Luigi Figini, Gino Pollini, Mario
Saltini), IBM Education Center 1970–1974 - Novedrate, Como (Bruno Morassutti, Mario
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Memoli, Giovanna Gussoni, Maria Gabriella Benevento), Mondadori Group headquarters in
Segrate 1968–1975 (Oscar Niemeyer), although belonging to different periods, they are
characterized by the marked external volume (scenic and plastic - Baroque period), filtered by
Italian rationalism and differentiated by rhythm, finishes and functions. In the first case, the dual
use with lodgings on projecting terraces concluded with bricks, involves the union of the volumes
of the facade by pairs of coupled pillars (Fig.6); in the second case the building consists of a two
blocks; the parish is defined by protruding and compact scenic volumes, visually impenetrable of
exposed brick. The scenic-perspective aspect is produced by the concrete roofs with domed
skylights in white and polychrome plastic and three different lanterns (Fig.7); the third develops
within the unique Light / Nature / Landscape in a direct relationship with nature; it is defined by
rhythmic blocks of extreme formal purity (Fig.8); in the latter case, the scenic-perspective logic
combined with the visual lightness of the volumetric forms produces light effects connected to the
chiaroscuro with the visual restitution of shapes and profiles (Fig.9). In the first two cases, the use
of red brick is dominant to favor scenographic effects and perceptive drama (resulting from the
sharp cut of the shadows) with stimulating sensations linked to emotions. The interiors of the last
three cases are characterized by dark colors with scenographic effects to favor the same effects.

Fig. 4,5 – From left, P. Lingeri, G. Casalis, S. Tibaldi, U. Busca, Palazzo De Angeli Frua, Milan; L. Figini, G. Pollini, Hoepli Bookstore, Milan
(Source: Lombardia Beni Culturali, M. Introini; interiors: https://flawless.life/it); V. Viganò, Faculty of Architecture - Milan Polytechnic (photos,
freehand drawing and render, Architectural Representation Course, II School of Architecture, Milan Polytechnic – A. De Masi)

Fig. 6-8 – From left, V. Magistretti, G. Veneziani, Building in via Leopardi, Milan, (Source: Lombardia Beni Culturali, S. Suriano, 2011; L. Figini, G.
Pollini, M. Saltini, Church and parish complex of SS. Giovanni e Paolo, Milan; B. Morassutti, M. Memoli, G. Gussoni, M. G. Benevento, IBM
Education Center, Como (Source: Lombardia Beni Culturali, Marco Introini)

Fig. 9 – On the top left, O. Niemeyer, Mondadori Group headquarters, Milan (photo Mondadori Group, Ordine degli Architetti PPC di Milano). 3d
modeling and rendering, post production: profile assignment, profile conversion (Course in Digital Modeling Techniques - 3D Computer, Brera
Academy of Fine Arts in Milan, A. De Masi)

 Condominium in via Sacchi 1947–1949, Milan (Pietro Lingeri, Augusto Pini), Condominium
in piazza Sant'Ambrogio 14, 1948, Milan (Mario Asnago, Claudio Vender), Building in corso
Monforte 9, Milan 1963–1966 (Luigi Caccia Dominioni) are extremely rational in the forms and
in the compositional distribution with plays of light and shadow carried out by the repetition of the
windows with oblique splays grooves (as in the case of the last one) and projected cornice; the
second as regards the materials presents the flooring of the atrium in clear Chiampo perlino that
detaches from the plaster of the walls and from the outside covered with travertine slabs.
 Giangiacomo Feltrinelli Foundation, Milan 2013-16 (Herzog & de Meuron), Prada
Foundation, Milan (Rem Koolhaas), I-LAB di Italcementi, Bergamo (Richard Meier), Apple
Store in Milan, 2017-2018 (Norman Foster + Partners) are buildings of the same period, with a
strong geometric and formal impact, visually balanced, innovative and transparent materials; the
first is defined as “glass pyramids” and consists of two buildings with a horizontal pyramidal
shape, five floors with large glass surfaces for fusion of lights and colors, visual transparencies,
scenic design). The interior of the reading room is made with warm colors (to favor scenic effects
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and perceptive drama resulting from the clear cut of the shadows) mixed with white (to favor the
diffusion of light to the disadvantage of the clear separation between lights and shadows,
stimulating and intellectual functions) (Fig.10); the second is a continuous contrast between old
and new, wide and narrow, black and white, open and closed (between Bauhaus and
Deconstructivism); the tower, in white concrete, presents a trapezoidal and rectangular formal
configuration with an increasing height of the ceilings to favor contrasts (black and white) and a
diversified perception (perspective aspects); the third, with a V-shaped configuration, is based on
the quality and gradualness of the large functional spaces; it is characterized by the large
suspended tip that covers the entrance and creates a large covered outdoor square. The system of
windows and the use of transparent concrete allows to filter the light and create chiaroscuro
effects with interiors (visual lightness and rationalist chromatic uniformity) in white (to favor the
diffusion of light and the activation of stimulating and intellectual functions); the fourth is a
modern, transparent meeting place, based on a spectacular glass fountain (parallelepiped) in which
the extension of the upper square with it is evident, as with San Felice, Naples (Fig.11).
 PENTHOUSE ONE -11, Milan (Zaha Hadid), is a fluid environment, with large continuous
windows overlooking the surrounding park; the contrast between blind and transparent partitions,
mobile and fixed separation systems visually return a unitary whole.
2. Naples, significant examples are:
 Palazzo delle Poste 1933-1936 (Giuseppe Vaccaro, Gino Franzi), monumental, rationalistfunctionalist, surprising for the spatial / itinerary, freedom / fluidity relationships; it is
characterized by: a) an elliptical geometric structure for the façade of Piazza Matteotti with a
majestic central opening divided by a full-height pillar, covered in diorite; b) internal structuring
based on sequence of long scenes articulated by pillars clearly shows an optical-visual balance
guaranteed also by the windows as in the case of: a) Domenico Fontana (1543-1607) in the church
of Santa Maria della Stella; b) Cosimo da Fanzago 1591–1678 in the churches San Giuseppe in
Pontecorvo e Santa Maria degli Angeli alle Croci for: supremacy of the constructive aspect over
the expressive one; use of sinuous and complex forms, plastic and scenographic to favor

Fig. 10 - On the top left, Herzog & de Meuron, Giangiacomo Feltrinelli Foundation, Milan. Render – Illustration of warm tones to promote
spaciousness and better spatial definition (Course in Digital Modeling Techniques - 3D Computer, Brera Academy of Fine Arts in Milan, A. De Masi)
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Fig. 11 - Norman Foster + Partners, Apple store in Milan, Color combinations Post-production: Compositing and experiments with light and colors
(Course in Digital Modeling Techniques - 3D Computer, Brera Academy of Fine Arts in Milan, A. De Masi)

architectural theatricality and optical illusion, effects of light and shadow; fixed - frontal
perspectival scene (see Sebastiano Serlio 1475–1554) and mixed mode (view from above and a
frontal view); c) chromatic separation between interior and exterior that participates in the
chromaticity of the urban environment; bichromatism on the outside (Baveno diorite up to the
height of the sixteenth-century loggia in Via Monteoliveto and light marble from the Strona
Valley) to favor scenographic effects and perceptive drama; inside, the two-tone atrium white for
the ramps that envelop the viewer; transparency and diffusion of light accentuate its extension into
the square in front (see palazzo of the Spagnuolo courtyards of San Felice that constitute the
theatrical-illusionistic scenographic whole with the architectural-spatial system of the staircase
and the “void space” reflected within the courtyards scene. This because in the eighteenth century
theatrical scenographies reproduce ideal models - transgression by some authors of the uniqueness
of the central convergence point, new visibility favored by perspective deformations, composition
in the central unit with the stylistic and iconographic elements of the lyric theater, framed between
two foreground scenary flat to favor the “framework scene” of Filippo Juvarra 1678 –1736 and
representation with multi point perpectives; courtyard of Palazzo Brera by Richini) and the warm
tone (yellow) of the wallpaper to promote spaciousness and spatial definition. Finally, the halls
with dark pillars (material difference of the elements as in the Teatro Mediceo of Florence,
Bernardo Buontalenti 1531-1608) and furniture with red marble tables; stools in nickel and leather
to accentuate scenic effects and perceptive drama (Fig.12).
 Mostra delle Terre Italiane d’Oltremare 1938-1940 (Marcello Canino), born as the Triennale
d'Oltremare and conceived as a Universal Thematic Exhibition, is a significant example of Italian
Rationalism based on an Hippodamian structure with some significant buildings: a) Palazzo
Canino 1940 (Marcello Canino), former Palazzo degli Uffici, consisting of a compact block
covered in travertine (for the diffusion of light) with a semi-elliptical colonnade pronaos on the
façade; example of monumentality and aesthetic elegance; interior consisting of three courtyards
in scenographic succession, in the Roman domus style as an enclosure, without any involvement
with the space in front. It is significant how the external volume appears in line with the closure of
the courts, in defense of the space. b) Padiglione America Latina 1938, 1952 (former Bank of
Italy, Credit and Insurance Pavilions), conceived by Bruno Lapadula and redesigned by Michele
Capobianco, Arrigo Marsiglia and Alfredo Sbriziolo by inserting a rationalist loggia and steel
structures according to Ludwig Mies van der Rohe;
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 Faculty of Engineering 1955-72 (Luigi Cosenza), where the theme of the marked differentiation
of external architectural forms (proportionate and rationalist with Le Corbusier 1887-1965
imprint) is combined with the internal atrium (visual lightness and rationalist chromatic
uniformity) in white (to favor diffusion of light and activation of stimulating and intellectual
functions). There are some scenic design affinities (scenic transparencies and chiaroscuro effects
of formal visual restitution) with Terragni's Casa del Fascio.
 Stazione Circumvesuviana di Napoli Porta Nolana 1972-1975 (Giulio De Luca, Arrigo
Marsiglia) conceived as an extended concrete structure with cantilevered roof, exposed beams.
The exposed concrete cladding, combined with a marked volume (jutting and sharp), allows
scenographic effects with opening towards the front part (Fig.13).

Fig. 12, 13 – On the top left, G. Vaccaro, G. Franzi, Palazzo delle Poste (first picture, www.charmenapoli.it); D. Fontana, Santa Maria della Stella’s
church (Source: Wikipedia); Cosimo Fanzago, church of Santa Maria degli Angeli alle Croci, Naples; M. Canino, Palazzo Canino (Source:
www.flickr.com); B. Lapadula, M. Capobianco, A. Marsiglia, A. Sbriziolo, Padiglione America Latina; L. Cosenza, •
Faculty of Engineering
(Source: https://www.openhousenapoli.org); G. De Luca e A. Marsiglia, Stazione Circumvesuviana di Napoli Porta Nolana. Visual lightness and
rationalist chromatic uniformity

Conclusion
The Modern and Contemporary architectures of Milan, Como, Bergamo and Naples are bearers of
cultural, geometric, material / chromatic values emblematic of the Modern Movement, of the
Bauhaus (chromatic contrasts, colored elements and colorful decorative objects) and the
Deconstructivism (chromatic-formal dynamism). The study highlighted: the syntax (set of formal
data relative to geometric); semantics ontology (architectural elements’s significance set); develop
and experimentation of methodologies DSO; the relationship between scenic space and optical
illusion connected to chromatic surfaces, to the experiments of light and colors, fusion of lights with
colors; effects of light and chiaroscuro (Casa del Fascio, Palazzo delle Poste - Naples), visual
lightness and chromatic uniformity for the visual rendering of shapes and profiles (Palazzo
dell’Arte - Milan), geometric lexicon and purity of forms (Headquarters of the Mondadori Group),
optical illusion and transparencies (Church of SS. Giovanni e Paolo, Milan; Palazzo Canino Naples).
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Abstract
Color is strongly relevant to humans, not only because it enables the description and recognition of
material objects, but also because it allows to express emotions and life situations, depending on the
cultural background. In this work, we study the relationship between color and technology in Italian
culture through a questionnaire investigating if and how the color associated to the ideal concepts of
domestic appliances, robotics, computers and internet are affected by their color appearance, designs
and/or applications. The answers to the questionnaire, given by 58 Italian volunteers with different
age, gender and education, show that the technology objects have been related mostly to grey tones,
included black and white, while the immaterial concepts of Internet have been often linked to all the
visible spectrum of colors.
Keywords: Color Technology, Color Culture
Introduction
Color is a very important feature for humans [Parker, 2016], [Tanaka et al., 2001]: it characterizes
objects and people, allowing their recognition and distinction. For example, when we lose something
and we ask someone to help us to find it, we are used to specify the color of the lost object. Similarly,
when we describe a person, we mention the color of his/her eyes and hairs. Color is relevant also to
establish the freshness of the food and its nutritional properties, as well as the ripeness degree fruit
and vegetables [Colore, 2016]. In our life, color is even much more than a visual descriptor: we
employ it to describe intangible concepts like situations, feelings and sensations [Kremers et al.,
2016]. In English the blue color is semantically associated with sad melancholic feelings, so we have
the blue Monday and the blue notes and from this color derives a whole blue music genre, while
having green fingers refers to the ability in growing plants. In Italian and other languages, a yellow
book is a detective novel and pink is associated with feminine and romantic concepts. While the
semantic use of colors is shared and common in some languages, in every culture the meaning related
with color names can be different. As stated by the Berlin and Kay theory [Berlin and Kay, 1991],
color terms and naming in different cultures have been deeply studied, and today is commonly known
that the way in which a color is named, can change its perception in the culture and people which use
it. In English a red-letter day is a very important day and in French ˆetre dans le rouge (being inside
the red) means being economically broke, concept that in Italian is expressed with the color green
(essere al verde).
In this work, we focus on the Italian culture and we investigate the association color-object in
technology. Technology is becoming more and more present in our life, starting from the first
television and washing machine, appeared on the market more than 70 years ago, up to the most
modern appliances, like cell phones, tablets, notebooks, smart refrigerators and ovens, not to mention
the world of the apps supporting our activities, from booking appointments to organize our work.
Here we focus on the ideal concepts of domestic appliances, robotics, computers and internet and we
study if and how they have been conditioned by the following features: color appearance, designs
and/or field of application. The choice of such features is motivated as follows. As already mentioned
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at the begin, the color appearance plays a crucial role in detecting an recognizing objects. The object
“banana” is instinctively associated to the yellow color of its peel. Object designs, usually selected
on the basis of market strategies, may influence the association color–object [Aslam, 2006]. This is
the case of the Apple products, with the IMac computer (1999) with its innovative trans-lucid design
in Bondi blue, followed by the more modern iPhones and iPods: their color make them highly
distinguishable from similar devices of other brands. Finally, the association color–object may
depend on the color pragmatism, i.e. on the specific cultural domain where the object is used [Agnello,
2013], [Chirimuuta, 2017]. For example, the object ”hospital” might be associated to the color
”white” even if hospitals may be in principle located in colored building. The choice of “white” is
here justified by the fact that many medical supplies are white, since they cannot contain colorants
and must be easy to disinfect. As a consequence, white corresponds to the idea of sanity and
cleanliness.
Our study is performed through a questionnaire asking a set of Italian volunteers to associate a color
to six technology concepts, precisely: the electronics as the set of circuits, cables, antennas, sockets,
etc; the world of our domestic appliances, like squeezer, coffee machines, electric broom; the
robotics, like drones and humanoids; our computers; internet as knowledge repository; and internet
as communication tool. To enable a fair analysis of the responses, for each question a list of colors
covering a wide range of tones was proposed but only one choice was admitted. The data collected
has been statistically analyzed and revealed that the most concepts have been associated to the
grey/bluish tones.
The paper outlines as follows: Section 2 describes the questionnaire; Section 3 reports a statistical
analysis of the responses given by the participants; finally, Section 4 draws our conclusions.
Our Questionnaire
The questionnaire begins with a brief description of the importance of the colors in our daily life.
This is to introduce the participants - that were anonymous and responded individually - to the topic.
The introduction explains the relevance of the color to human life: from detecting and recognizing
object to describing emotions and life situations.
The questionnaire consists of eight questions: two of them regard personal data of the participants,
i.e. age range and expertise on technological stuff, while the others focus on the association color–
technology and are reported below:
1. The color of Electronics: Imagine electric circuits, electric sockets, TV and radio antennas and
phone cable, which are objects part of our daily life since many years. What color do you think for
these objects?
2. The color of Home Technology: Think about house appliances which are part of furniture:
television, washing machine, electric blender, coffee machine, hot water heater, telephone, PC. . .
What color do you associate to these objects?
3. The color of Robots: Think about robots that they are getting more and more involved in our life.
What color does it come in your mind?
4. The color of Computers: Think about computers. What color does it come in your mind?
5. The color of Internet as Modern Encyclopedia: The term encyclopedia comes from the Greek
word enkyklos paideia, literally meaning ”circular education”, and thus a full education at 360 degree
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learning. Thinking about internet as the new modern encyclopedia with continuous and prompt
updates, what color does it come in your mind?
6. The color of Internet as Mean of Communication: Internet is the new mean of sharing
information. Internet reports worldwide news and comments from users. Internet is a virtual lobby
where people meet and share ideas. Furthermore, Internet of Things (IoT) allows communication
between devices. For example, a refrigerator can notify you on mobile about an expiring product
meanwhile you program through mobile your washing machine for the next laundry.) Which color
do you associate to these internet communications?
For each of these questions a list of colors, covering the visible range of the light frequencies plus
gray tones, is proposed: White, White to Grey, Grey, From Grey to Black, Black, Blue / Green,
Yellow / Orange, Red / Violet, Violet / Blue, Rainbow. Here ’rainbow’ denotes the whole visible
spectrum. Each participant is asked to select only one of such colors. The questions from 1 to 4 regard
material objects, while the questions 5 and 6 are about two immaterial concepts of Internet. To the
best of our knowledge, there is a lack of works regarding the association of a color to technological
objects, in particular to material stuff like domestic appliances and so on. On the contrary, regarding
the color of Internet, there are many studies mainly related to the colors displayed in the software that
enable the access and the use of Internet resources. These studies usually do not consider emotional
features related to Internet, just they analyze the preferred colors of web pages and apps (see for
instance [Hebert, 2016]. Here, we contribute to the state-of-the-art by investigating the colors linked
to aspects of Internet not related to its visual appearance of web pages and apps. Precisely, we attempt
to determine which color is associated to Internet as a repository of information, and to Internet as a
way to be in contact with others, e.g., useful for digital social interactions.
Results
A group of 58 Italian volunteers between 16 and 85 years took part to our questionnaire. Being age a
sensitive information, it was not included in the questionnaire but recorded separately just to control
to have a meaningful statistical population sample. The 24% of the participants declared to be very
confident with technology, the 31% declared to be confident and the 35% declared to be less confident
with technology, while the remaining 10% declared to have scarce competences on technology.
The histograms of the responses to the six questions about color and technologies are plotted in Figure
1. These plots revealed that while for some of these concepts there is already a common judgement
(e.g., the computer have been often associated with the grey colors), for others the responses are more
variable (e.g., the concepts of Internet). In particular, for electronics, home technology, robots and
computers the percentage of people selecting a gray tone, including black and white, exceeds the 63%
of the participants. More precisely, for home technology and computers, this percentage is more than
the 90%, for robots it is about the 89%, while for electronics it is the 64% about. Regarding the other
colors, green/bluish and yellow/orange are quite often chosen to describe electronics (17.24% and
12.07% respectively), while they poorly characterize the other categories of material objects.
Red/purple and purple/blue received a low score for all the responses to the questions from 1 to 4. In
all the histograms regarding the questions from 1 to 4 the peak is reached on a gray tone. We conclude
that gray tones along with black and white have been mostly selected as colors for the technology
objects in questions from 1 to 4. In this respect we observe that such tones characterize the appearance
of most of the objects belonging to these categories and this probably influenced the responses of the
volunteers much more than other possible concepts connected to other aspects, such as the application
field. For instance, the concept “domestic appliances” may be related to home, i.e. to a private space
that might evoke the world of family and sensations like love and protection, usually associated to
warm colors. On the contrary, for the questions 5 and 6, regarding the immaterial concepts of Internet,
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the scores received by the gray tones, included black and white, are much lower than those reported
for the material concepts. More precisely, the gray tones within black and white received the 43.10%
(question 5) and the 22.14% (question 6) of the preferences of the participants. Therefore, as for the
material objects, the gray tones within black and white are widely associated to the immaterial
concepts of Internet. Nevertheless, in the histograms of questions 5 and 6, the peaks are reached
respectively on “rainbow” (27.59%) and on “rainbow” an “blue/green” (22.41%). Blue collected the
15.51% of the votes for question 5 and the 22.41% for question 6. The colors yellow/orange,
red/purple and purple/blue collected overall the 13.79% and the 25.86% of the preferences
respectively. These values are quite different from those reported for the questions from 1 to 4.
Figure 2 shows on left the histogram of the votes collected from questions 5 and 6 and merged
together. As observed for the plots considered separately above, the pick is reached by the bin
“rainbow” with the 27% of the preferences, and an high score is also reported by blue and by the bins
relative to the gray tones, white and black considered all together. In the following, we match the
scores obtained for the Internet concepts merged together with the scores reported in the work
[Hebert, 2016] by the designer Paul Herbert. In [Hebert, 2016], Herbert studied which are the most
used colors (blue, green, yellow, red, purple plus white, black and gray) in the Internet. To this
purpose, Hebert wrote a PHP script to analyse the colors of the ten most popular web pages and of
their style sheets (e.g., Google, YouTube, Facebook, Amazon). From the histogram in Figure 2 on
right, we observe that, excluding the monochromatic tones, blue is the most popular color on the
Internet, since its frequency doubles the shades of yellow and red, and triple the greens, while purple
is the least relevant. It is to note that our analysis accounts for a slightly different color set: we specify
three different tones of gray, we consider orange along with yellow, blue with green, red with purple
and purple with blue instead of only one gray tone, yellow, green and blue separately, red and purple
separately. We also consider the category “rainbow”, collecting all the colors of the visible spectrum,
that on the contrary was excluded from the Herbert analysis. We also highlight that while our test is
based on color human vision and perception, that by Herbert is based on algorithms exploring colors
as encoded by a machine, and colors perceived by humans strongly differ from those reported by a
machine [Land and McCann, 1971].
Nevertheless, we performed a coarse comparison, whose methodology and results are described in
the following:
•

•

•

Comparison of the results on gray-white-black tones - In Herbert tests, the gray tone received
about the 28% of the votes, while in our tests the three gray tones received overall about the
17% of the votes. If we consider also white and black, these scores become the 50% for
Herbert tests, and the 34% for our tests. Thus, in both the cases, the choice of gray as color
for Internet received much less votes in our questionnaire than in the Herbert study; we note
that white received the same score in both the tests.
Comparison of the results on cold colors - The blue and green colors reached about the 25%
for Herbert tests and the 21% for us (column blue/green). By comparing the purple color of
Herbert test with the purple/blue of our tests, we observe that the first one received about the
5% of the votes, while the second one received the 7% of the votes: this means that in both
the cases, purple is poorly related to Internet.
Comparison of the results on warm colors - the score of the Herbert yellow and red colors
considered together was compared with the score of our yellow/orange and red/purple
categories merged together; these scores are respectively the 20% and the 13%.

Although for each color class, the two tests provide different percentages, the trend of the histogram
is almost the same, with the highest value reached by gray tones plus white and black, followed by
blue/green, then by yellow/orange and finally by purple. For this trend analysis, we assumed that the
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votes “rainbow” could be distributed uniformly on the other histogram columns. The similar trend
obtained by our tests and by Herbert tests may indicate once again that people judging the “color of
Internet” could be influenced by the visual appearance of web sites and apps. Nevertheless, as a
difference, we observe that the variance of the color scores of our tests is lower than that of the Herbert
tests, which have a noticeable peak (the 50% of the results) on the gray tones within black and white.
This means that people has a quite “colored” idea of Internet even if its web pages and apps are mostly
gray/bluish, at least when Internet is considered as a knowledge repository and/or a social interaction
tool. A different perception of “color Internet” with respect of a machine may be due to colors of web
pages and apps, but also to personal feelings and emotions related to the uses of Internet.
Finally, Figure 3 shows the histogram where all the responses of our tests. White-gray-black reaches
here the highest value, followed by blue and rainbow. The high rate of White-gray-black is due to the
associations between color and material objects, while the votes given to ’rainbow’ and “blue” mainly
derives from the associations between color and Internet. Therefore, despite mono-chromatic tones
are widely chosen to represent technology, our study highlights that the Internet concepts we explore
introduce a more colorful perception of technology.
Conclusion
In this paper we have analyzed the relationship between colors and technology in the Italian culture.
We have investigated through a questionnaire how the color associated to the ideal concepts of
domestic appliances, robotics, computers and internet are affected by their color appearance,
designs and/or applications. Results from 58 Italian volunteers with different age, gender and
education, show that for material and immaterial technology concepts a common judgement
associated to grey tones is the most frequent. Considering ”Internet as Modern Encyclopedia”, we
observed that blue and ”rainbow” also reach an high score. Considering internet instead as ”Internet
as Communication Tool”, blue and ”rainbow” outperform other tones and shades of color. While
for the material concepts, the choice of color seems to be highly related to the visual appearance of
the objects, for the immaterial concepts regarding Internet, the choice of the color seems to be
determined by other features, since previous studies indicated “blue/gray” as the most frequent
color in web sites and apps. These results may be the starting point for studying the relationship
between color and technology from other points of view. Therefore, in order to enable further
analysis, the questionnaire (in Italian) of this research work is freely available contacting the
authors.
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Fig. 1 – Histograms of the responses to the questionnaire broken down for each question.
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Fig. 2 – Comparison between the score distribution in our test (left) and reported by Paul Hebert [Hebert, 2016] (right).
The number reported over each column is the percentage of the data falling there and approximated to the nearest integer.

Fig. 3 - Graphical representation of the cumulative results of the experiment.
The numbers reported over each column is the percentage of the data falling there and approximated to the nearest integer.
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Abstract
The study aims the develop of an representation’s Heritage eco-sustainable finalized at recovery
and resilience of the urban landscape form; in particular, the Computational Color Drawing (Visual
Perception, Aesthetic Theory and Semiotic Interpretation) acquires a significant role for the
connections with the urban space, the fusion of light with color, color contrasts, innovative
chromatic surfaces. For this reason the research aims are the visual representation of models with
simultaneous description of information for the architecture and urban landscape; it will go to favor:
a) long-term regenerative synergies for empty spaces; b) “operative reading” to identify criteria and
address lines in environmental insertion techniques. This will highlight the material culture of the
place and the genius loci; c) phenomenological reading of the changing complexity of
environmental reality with connections between the behavioural and physical structures of the place
(Christian Norberg-Schulz - 1926-2000, Kevin Andrew Lynch 1918–1984); d) knowledge and
communication of modification’s processes of both the Cultural Heritage (CH) and the genius loci
implemented for “typologies of representation” based on semantic meaning, lexicology, aesthetic
criteria; for this reason the study will refer at theories of “Gestalt psychology” of the Bauhaus
(1919-1933), then developed by Rudolph Arnnheim (1904–2007), Appleton (1919-2015), Kevin
Andrew Lynch (1918 –1984) and applied to the environment and landscape visual of
“environmental psychology”. Therefore, the methodology will be expressed through the categories:
a) Landscape Knowledge (Semiotic Interpretation and visual perception of Historic Urban
Landscapes - HUL; Aesthetic theory of Gestaltic Psychology for landscape forms appreciation). b)
Architectural Unit knowledge (Elements of Recognition and Evaluation of the Identity Character of
CH, Sensitivity levels in Scale Reading). The scientific contributions of research are: a) to represent
the elements order in the urban fragments process identifying functional, dimensional and
integration mediators. b) graphic interrelation’s processes for identification of scenographic
contexts; c) to create a process of well-being of the users in the architectural space in order to
produce communicative progress for the identification of criteria relating to environmental insertion
techniques.
Keywords: Visual Representation Models, Representation’s Heritage Eco-sustainable,
Phenomenological Reading, typologies of representation, environmental psychology
1. Introduction
This research, that has as its objective the development of an representation’s Heritage ecosustainable finalized at recovery and resilience of the urban landscape form, was born from the
study conducted by the author as senior expert of the Italian Ministry of Cultural Heritage and
Activities and Tourism for the “Network for the Governance of Cultural Policies 2012-15”. The
project, concerning the events of emergency in Campania, provided to creation of a database with
World Wide Web (WEB) application for Geographic Information System (GIS). Therefore, the
study gathers the results obtained and proposes a methodological advance on the dimensions
identities of research in representation in the mapping of the cultural and natural features of Historic
Urban Landscapes (HUL), Green Contemporary Territories and Smart City. In particular, the
Computational Color Drawing (Visual Perception, Aesthetic Theory and Semiotic Interpretation)
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acquires a significant role for the connections with urban space, the fusion of light with color, color
contrasts, innovative chromatic surfaces and will enable to pursue: a) long-term regenerative
synergies for empty spaces; b) development the critical sensibility for a correct interpretation of the
existing architectural ambient through survey’s informational dimensions. This is to highlight the
processes of laceration in the urban fabric that influences the perceptive quality; c) identification of
criteria, address lines (operative reading) in environmental insertion techniques and place’s material
culture, genius loci to favor a process of well-being of the users in the architectural space; c)
Phenomenological reading of the changing complexity of environmental reality with connections
between the behavioural and physical structures of the place according to Christian Norberg-Schulz;
d) knowledge and communication of the processes of modification of both the CH and the genius
loci, according to Norberg-Schulz named “spirit of the place”, of the landscape with the
construction of a “visual model”, which can be implemented, for “typologies of representation” and
different categories related to “temporal and not temporal dimensional apparatus (semantic
meaning, lexicology, aesthetic criteria). This will allow, through the grid of knowledge and nodes,
to represent, in scalar reading the “sensitivity levels” both on a landscape scale (cultural archaeological, urban, productive, color contrasts) and architectural systems through historical signs
and modifications (De Masi, 2008). For this reason are important the studies on the theories of
“Gestalt psychology” of the Bauhaus (1919-1933), then developed by Rudolph Arnnheim (1974),
Appleton (1975), Kevin Andrew Lynch and applied to the environment and landscape visual
(perceptual studies) of “environmental psychology”.
2. Methodology
The methodology, based on a “operative reading” to identify criteria, address lines in environmental
insertion techniques and place’s material culture, genius loci, will be articulated through the
following Grid (G):
G1 - Landscape Knowledge: Semiotic Interpretation and Aesthetic/Perceptive Theory with the
classes:
 C1-“Physical, Identity and Knowledge Landscape Elements” for understanding the aspects of
landscapes areas (Entirety, Criticality and Vulnerability) with the subclasses: SC1.1 “Study of
Environment and Landscape Units” with particular attention to Anthropological Semiology
Charter (infrastructural, settlement, cultural, historical, architectural sign); articulation of the
Urban and Rural Historical Landscapes of the environmental mosaic; Absolute Visualisation
Charter (display of the great lines of the perceptible landscape). SC1.2 “Methods of Survey and
Visual Evaluation of the Morphological Characters of the Landscape” with the study of visual
frameworks (forms of the ground, the distance and position of the observer) according to Kevin
Andrew Lynch and described by: a) Visual Planes (succession of elements in the space); b)
Visual Cones (distinguished by dimension, depth, orientation); c) Main reference points (useful
elements for orientation and localization); d) Delimited Visual Scopes (limited and enclosed
view); e) Visual Margins/Barriers (relative to observer distance, height and consistency); f)
Visual Obstacle Elements (contrast, color inconsistency, shape, weaving, dimension). (Fig.1).
SC1.3 “Evaluation of Complexity through Indicators at Different Dimension Space-Time”
(integrity and fragility of open and closed urban spaces, permeability of constructed
environments, porosity of anthropic environment, environmental disorder, integrity and
connection of spaces to green, significant environmental attractors (Ferrara & Campioni, 1997).
 C2 “Color Identity and knowledge Surfaces and Matter” with the lexicons: a) chromatic and
material, based: 1) on currents of thought with design combinations, according to Johannes Itten
1888–1967, for chromatic properties - red/white/black - and schemes geometric compositions; 2)
Color contrasts (Itten): light and dark (two colors with different brightness), saturation (contrast
between bright color and opaque color), tonality (contrast between different shades), warm/cold,
extension (different colors do not make the same volume); color generation, opposite brightness;
3) Theo van Doesburg 1883-1931, through chromatic contrasts for primary colors or black and
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white, yellow and black with the insertion of colored elements and multicolored objects, strong
colors and contrasting, geometric patterns; b) distinction of elements, symbolic and
psychological meanings; c) materials and textures with methods of aesthetic and compositional
treatments; d) light effects connected to chiaroscuro, for the visual restitution of shapes and
profiles; e) material transparency; f) warm and cold tones;
 C3 “Scalar Reading of Sensitivity Levels” for read the modifications and evaluations of data
within the area interest landscapes. It allows the development of a “visual model” that returns a
reading of CH by the “sensitivity levels” of historical signs and knots (Fig.2).
Visual perception and aesthetic theory, together with the chromatic identity, are structural part of
the complex system of recognition and translation. In particular: a) for semiotic the landscape is
composed of signs and objects that are cultural units of the perceptual system with objective and
subjective meanings. The landscape is as visual perception reveals it and from the circumstance in
which such context is perceived as reported by Italo Calvino (1923-1985) in “Esercizi di
Descrizione”. b) The process of identification is possible through an isomorphism relationship
between the relevant part of the stimulate information and a mnesic visual information pattern: a
sort of gestaltic schema (Arnheim, 2004). c) Each object has its own expressive connotation that
immediately affects our vision (Arnheim, 1954). d) For an analytical and objective method,
assuming a sort of a priori knowledge of things that have a typical or categorical character to be
privileged with respect to the subjectivity according to Norberg-Schulz. e) Each model is based on a
plastic and iconic reading according to Greimas. f) The relationship between perception and cultural
context determines the awareness of landscape values in the light of Kevin Andrew Lynch’s (19181984) visual framework.

Figs. 1,2 - Sede della Gioventù italiana del Littorio (L. Moretti) - 1933-37 and Palazzo dei Ricevimenti e dei Congressi (A. Libera) – 1937- 42, Rome.
Study of visual frameworks for recognisability and identity of places, warm and cold tones. Course of Techniques of Representation, University of
Rome III (A. De Masi); Residential building “Casa Rustici” – 1933-35 (P. Lingeri, G. Terragni) and Palazzo per Uffici De Angeli Frua (P. Lingeri) 1949-50, Milan. Sensitivity Levels of historical signs and knots. Course of Architecture Representation, Milan Polytechnic (A. De Masi)
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In the seventeenth century, the visual perception of the landscape was combined with aesthetic
research on the beauty of nature as a “source of enjoyment for who contemplate it” (see Pompeian
School). In the twentieth century the aesthetic/perceptive studies of the landscape were supported
by the environmental psychology based on Gestaltic to safeguard and create design spaces. They
were identified through the legibility, recognisability and attribution of value to the structural
elements of the landscape. Among the studies: a) Denis Cosgrove (1948-2008) about a “symbolic”
reading of the landscape; product of “objectification” process within a relationship between subject
and experimented object. The theories of Gestaltic psychology, elaborated by Bauhaus (founded in
1919) identified in visual perception the instrument to read the structural elements of the context; b)
Rudolf Arnheim (1904-2007) that considers, in the 1974, “visual perception” as a cognitive act
capable of contributing to the development of human capacity to adapt in the environment; c) Jay
Appleton (1919-2015), that elaborates, in 1975, the “habitat theory” in which “aesthetic
appreciation...arises from the spontaneous perception of those characteristics that in the shapes,
colors, spatial and other visible attributes, operate as signaling motivate for favorable environmental
conditions or against survival”; d) Kevin Andrew Lynch (1918-1984) that introduces the concept of
“imageability” as “readability” or how to organize information that reaches at brain and allows the
individual to orient themselves in the context in which he is located (Lynch, 1960). This is possible
through “mental maps” consisting of categories such as paths, nodes, margins, visual reference
elements, homogeneous environments to identify visually – perceptual reading modality of urban
and extra-urban landscapes.
G2_knowledge at Architectural Unit level with the classes:
 C1 “General Elements of the Architectural Unit” for a comparative reading of localisation,
geographic-administrative data with the cartographic documentation.
 C2 “Elements of Recognition and Evaluation of the Identity Character of CH” for read the
typological/structural data related to the elements of particular interest with the subclasses:
SC2.1 “Integrated Digital Survey: Acquisition and Data Recording”. SC2.2 “Digital Restitution
and Modeling” (reading of formal, functional and dimensional aspects through the
representation methods; creation of an integrated 3D system of dimensional and formal data
manipulable for the purpose of preservation and checks geometry, topology and photometry
data). SC 2.3 “Reading of Identity Characters, Pre-existence and Utilizations” for supports of
CH through both the restitution made by orthogonal representation methods and the
management of 3D urban models. SC2.3.1 “Methodological Reading of Orthogonal
Representation” that highlight the typological and figurative aspects, signs, pre-existence, uses,
conservation and restorations. In addition, the relationships integrated into appropriate thematic
plans, with the processing data both in the area of interest landscape and in the landscape unit.
SC2.3.2 “Reading Methods of Three-Dimensional Representation” that allow to emerge the
different modifications and evaluations of data on CH. SC 2.3.3 - “Hypermedia Systems” to
facilitate both computer dialogue between different 3D modeling methods and communication
of modification processes. This through “temporal and not temporal dimensional apparatus” for
the purpose of sharing of aspects related to the relationship between perception and
representation, knowledge and understanding of current Urban Landscape (UL).
 C3 “Patterns related to Typologies of Representation” for a “temporal and not temporal
dimensional” images of Cultural Landscapes. The pattern is related at permanence,
modifications and subsequent comparing of data of different functional, historical, geometric,
typological and structural categories with topological, photometric and geometric
characteristics (De Masi, 2008). (Figs.3,4)
 C4 “Representation of the Urban and Scenographic Environment” (Fig.5) that is based on the:
a) Contaminated Representation (algorithmic prototyping methods and innovative
communication models) which is significant the relationship between architectural space and
optical illusion, transparent volume and force interpenetration, exaltation of dark tones and a
widespread illumination, geometric construction and algorithm, experimentation and fusion of
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Figs. 3,4 – On the top left, Residential and office building (L. Figini, G. Pollini), Milan. Temporal and not Temporal Dimensional Model’s
Interpretation by 3D system and lexicon vertical and horizontal structures. Course of Architecture Representation, Milan Polytechnic (A. De Masi);
Residential building “Casa Rustici” – 1933-35 (P. Lingeri, G. Terragni), Virtual model that identifies the wood model and the geometric structure
according to the Morphosis architects. Courses of Architecture Representation, Milan Polytechnic and University of Roma III (A. De Masi)

light with color for innovative chromatic surfaces; b) Color combinations Post-production,
through light and colors based on: chromatic perception (light / material); adequate lighting
tonality to the type of objects and psychological effects; “destination profile” through Non
Colorimetric Intents and Colorimetric; Color combinations for Simulation and Photorealism,
based on visual stimuli similar to those produced by reality linked to global illumination
through Ray-Tracing models (specular reflections of light) and Radiosity (diffuse reflections
between surfaces). The C5 will refer to studies of: 1) Karl Friedrich Schinkel (1781-1841) in
which the idea of landscape as representation belongs at the concept of pictorial representation.
Schinkel, as Luigi Vanvitelli (1700-1773) and Giovanni Battista Piranesi (1720-1778), shows
attention to: a) Perception and analysis for the control of the space without any distinction
between natural and ideal space, pictorial and architectural space because the space is unique;
b) The idea of scenic or fantastic space that does not differ from the natural one in which there
is a clear relationship between space “figurative fantasy” and “concrete reality” of the
architecture. The pictorial representation between 1805 and 1816 (see Palermo’s Panorama)
present the raised viewing center for reading the compositional structure with: The characters
in the foreground; A division between the first and the second visual representation plan (a
bridge, a narrow street); The scenic backdrop, as a third floor. Between 1819 and 1840, in the
“Collection of Architectural Projects” are present: a) For the most emblematic projects exterior
perspective views for the overall chart with the contextualization in the landscape; in the case
of interior views, a representation of the qualities of the space internal. In other architectural
sheets drawings of plans, elevations, sections and details with prospective views in coexistence.
The elaborates denote the rigorous application of oblique projections according to the
eighteenth-century Venetian vedute aimed at highlighting the technique of representation and
the representation of natural elements with chiaroscuro effects to underline the interior of
representation (Fig.6); b) For smaller projects, a single architectural sheets where there is both
map and front of the same building with different scale of representation;
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Fig. 5 – On the left, Sede dell’Unione Fascista dei Lavoratori dell’Industria (C. Cattaneo, P. Lingeri, L. Origoni, A. Magnaghi, M.D. Terzaghi) 1938 – 66, Como. Architecture Representation according to Schinkel Contaminated Representation. Course of Architecture Representation, Milan
Polytechnic (A. De Masi)

The elevations are twice the size of the plan. The plan, in axis with the front, respects the
disposition of the past masters with the same meaning from figurative point of view (Fig.7). c)
Central or accidental interior perspective, extremely decorated to detail the space with
references to the traditions of the nineteenth century. This is in line with his contemporary
Benjamin Henry Latrobe (1764-1820). From 1834 to 1841, the component of sentiment, of the
contemplation and poetry materially enters the representations of its last three projects. In the
Royal Palace on the Acropolis (1834), Schinkel represents the reception room in central
perspective view cut to one side to return the illusion of an accidental view. He integrates,
surprisingly, architecture and context, both inside and outside, for the imperial residence in
Orianda (1838) of the tsarina Alexandra. The representation of the environments of the
Crimean Museum and the temple-belvedere is entrusted to the central perspective views
elaborated according to the model of the Pompeian School with the observer that inspects from
a window (Fig.8).

Figs. 6,7,8 – K. F. Schinkel, on the left, Atles Museum, 1830; Park Glienicke: Kasino, Berlin, 1836; Crimea Museum, Orianda. Section Prospective

2) Frenchman’s School Drawing (mid-nineteenth century to the early twentieth century)
that reconstructed Pompeii’s building structure with accurate reproductions both the frescoed
walls and the architectural structure. The representation was addressed to: a) “Large colored
sections” with shadows, grouped in the same chart and in the same scale of representation; but
subdivided by plan, according the representation of Monge’s School. b) Perspective views,
isolated and scrupulously defined in the context of theater districts. The latter presents an
elevated point of view and a structure for “reading plans” as in Schinkel’s representation
(Fig.9). The evolution of parietal and mosaic decoration, linked to the development of the
Vesuvius house in Pompeii, shows bond between of “pictorial representation” and
“architectural construction” all harmoniously incorporated into the landscape. The pictorial
representation, as highlighted in the picture “Architectural Landscapes” (catalog No. 56 - 3rd
Style) consists of: a) A central perspective with a elevated view and articulated on two
horizontal axes; in one are placed the two convergence point of the vertical (named IV, 2V) and
horizontal (named 3O, 4O) planes. In other cases there are two or three elevated nonconvergent points toward the center; b) A central spectacular backdrop of the urban landscape
with an image that accentuates the construction of the backdrop convergence point between the
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horizontal axes of convergence point. The vertical axis develops the dimension of the
prospective image between E1 and E2; c) Two frontal planes with central division (Fig.10).
The Pompeian dwelling wall decoration is represented by the geometric rigor and the observer's
position by window, resumed in the 1800s and in the prospective views of Schinkel for the
Crimean Museum in Orianda. The pictorial decoration in the Villa San Marco in Stabia
presents at walls false architectural with imitation of spaces richly decorated of marble. In
addition, includes mythological or family scenes, reproductions of temples or representative
buildings on the sea according to the perspectival organisation illustrated (Fig.11). Even Filippo
Brunelleschi (1377-1446), in the illustrations of the squares of the Signoria and of the
Battistero (Florence), elaborates a rigorous construction of the space based on codes and
geometric relationships. The central perspective view and the viewpoint will allow of highlight:
a) Relations between objects as cognitive value; b) To establish a role to each object in the
space pattern (Fig.12). The villas of Andrea Palladio (1508-1580) are an example of “visual”
integration with landscapes. The perspective representation, tool for building an organic
landscape with a succession of relationships, is intended as scenography for a reading of the
sequence of scenes and discontinuity of the spaces. Furthermore, it is in line with the nature of
the interpretation of paintings of the ‘500 Venetian and the representation of literary myths.
Villa Barbaro at Maser of Palladio is an example of perfect combination between architecture
and nature, landscape and its representation with illusionistic frescoes depicting landscapes
along the walls of the noble floor. According to Pierre Francastel (1900-1970) in the early
Renaissance, the landscape will be represented by “plan selection” and “fragmented views” in
order to confer visual unity on the parties.

Figs. 9,10,11,12 – On the left, French architects of the nineteenth century. The Theater District; Architectural Landscapes, Pompeii. Painting No. 56 3rd Style; Stabiae, Space No. 50 of the Villa San Marco, IV Style, from the publication of Roman Villas of Stabiae, Nicola Longobardi, Naples 1997;
Anonymous Florentine, Il supplizio di Savonarola, XV century. Reconstruction depicting Piazza della Signoria, Florence.

3) Dynamic Representation of Futurist Movement (1909-1918), understood as one of the
fundamental estheticism revolution movements of the twentieth century, explores the theme of
city and landscape as privileged place of modernity, overwhelming power, interconnections
between elements and strong design vertical. The representation of the UL and buildings,
unlike the past, will be oblique perspective (bottom to top) and distinguished by: a) A principle
of activism, action, dynamism and simultaneity; b) Fragmentation, spatial interpenetration of
objects, and decomposition in line of force movement; c) A multiplication of conflicting points
of view as in the case of Giovanni Battista Piranesi’s views (1720-1778); d) Buildings with
strong vertical development, such as the drawings of Hugh Ferriss (1889-1962), carried out
with accidental perspective. These shows urban projects and skyscrapers illuminated artificially
through a “theatrical-expressionist” vision of an ideal world. e) A effective lighting with
exaltation of color strength. In the works of Umberto Boccioni (1882 -1916), “The city that
rises” and “The street enters the house” the representation is violent cause of the vortex of the
modern metropolis. He shows concentric forms, cut planes, contrasting perspective views and
conjunction of elements such as a photomontage. The sense of movement and speed in the UL
will be proposed among others: a) Antonio Sant'Elia (1888-1916) with the representation of
cities of huge interconnections between one building and another. He shows representation
with strong verticality highlighted by the view of perspective in order to increase dynamism;
b) Mario Chiattone (1891-1957) with the buildings of a modern metropolis, 1914. 3) Virgilio
Marchi (1895-1960), with a building seen from an airplane; c) Pier Luigi Bossi (1907-2000), in
art Sibò among the masters of aerial painting. The language will be based on a new artistic
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conception linked to the vision of the landscape from above, bed dynamically, dilated,
distorted, with rotating or overturned images. Colors and shapes will quickly happen, resulting
in simultaneous visions; 4) Morphosis and Drawing of American Architects between
Illusion and Advertising. It is characterized by: a) A capacity to illustrate the richness of the
composition of the landscape, the cultural and social dynamics of the contemporaneity; b)
complicated sculptural forms for the diverse organizational systems present and intrinsic of
emotionalism, of sensationalism that escape from geometric control. The multiplicity of
irregular and surfaces lines attracts the curiosity of matrix search (Fig.13). The representation,
starting from this design complexity, consists of: a) “Innovative model of communication”
based on a complex design thinking in balance between transparent volume, force
interpenetration, geometric construction and algorithm that can return a unique expression
conclusive. The transparency of the volumes appears in line with orthogonal axonometries
elaborated by the German Bauhaus German School of Art (1919-1933) to represent the
functionalism of the regular forms of architecture. The transparency of the volumes appears in
line with orthogonal axonometries elaborated by the German Bauhaus School of Art (19191933) to represent the functionalism of the regular forms of architecture; b) Spatial
compartment of objects and decomposition of the line-force movement as in the futurist period.
The feeling that comes out is of complex and contradictory forms; c) Exaltation of dark tones
and a widespread illumination to accentuate elongated shadows, as in Giorgio de Chirico’s
work (1888-1978). 4) Limited representation of plan and sections in communicative sheet, as
they are considered secondary to the understanding of architectural forms; d) Model
representations, in perspective (at a single viewing center) or in axonometric projection
relevants for position and size. Spatial understanding is increased by rotation the model and
subsequent visualisation in axonometric projection (from top to bottom and from bottom to
top).

Fig. 13. Morphosis, projects 1993-97. Virtual model, that identified the wood model, and geometric strcture

As in the expressionism of “Italian rationalism” of the “Italian Movement for Rational
Architecture” (MIAR) of the 1930, where the axonometric vision is understood as the
conclusive representation of the design process, comparable to the wooden model, presented
with view from top to bottom (to identify with the wooden model of the past), and from bottom
to top (replacing accidental perspective representation as it is considered a non-rational visual
interpretation). Limited works of MIAR are represented in perspective, as those of Giuseppe
Terragni (1904-1943), for the understanding of space; e) A creative methodology that starts
from the “volumetric model” to reach the “mathematical model” on which to realize detailed
studies in the project.
Conclusion
The research collects the results obtained as a senior expert of the MiBACT and proposes a
methodological with the development of an representation’s Heritage eco-sustainable finalized at
recovery and resilience of the urban landscape form; in particular, the Computational Color
Drawing (Visual Perception, Aesthetic Theory and Semiotic Interpretation) highlighted the
connections with the urban space, the experimentation and fusion of light with color, innovative
chromatic surfaces. The results achieved are: a) An “operative reading” to identify reading criteria
and addressing lines in the environmental insertion techniques; b) Phenomenological reading of the
changing complexity of environmental reality with connections between the behavioural and
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physical structures of the place. This by according to Christian Norberg-Schulz (1926-2000) and
Kevin Andrew Lynch (1918 –1984); c) Knowledge and communication of modification’s processes
of both the Cultural Heritage (CH) and the genius loci implemented for “typologies of
representation”; it will be based on semantic meaning and lexicology, aesthetic criteria and color
space. The scientific contributions of research are: a) to represent the elements order in the urban
fragments process identifying functional, dimensional and integration mediators. b) graphic
interrelation’s processes for identification of scenographic contexts; c) to create a process of wellbeing of the users in the architectural space in order to produce communicative progress for the
identification of criteria relating to environmental insertion techniques.
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Color and material in interior
Design of coloring in aspect of didactics
Case study “Study of the project of unusual area for playing and relaxation”
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Corresponding author: annakmita@gmail.com, akmita@asp.katowice.pl
Keywords: CMF, Psychological aspect of color, Color’s didactics.
Introduction
The paper presents findings of the educational project concerning learning about design of colors and
implementation CMF (color, material, finish) in public space, interiors and product.
Academy of Fine Arts in Katowice conducts research and didactic program within color design. In
the course of lectures, case studies and practical assignments students acquire basic knowledge and
skills at parametrization and design of color (Fig.1)

Fig. 1 – didactic program (color design)

Project
Within the design and didactic activity, a project of an unusual playroom and relaxation area for
children and youth of the Katowice Community Day Care Center at the Gniazdo Foundation was
executed in collaboration with a textile producer (Lech Fabrics Company). In accordance with the
notion of corporate social responsibility (IDEO, Myślenie projektowe w bibliotekach, Podręcznik
projektowania usług skupionych na użytkowniku, www.designthinkingforlibraries.com, Fundacja
Rozwoju Społeczeństwa Informacyjnego, 2015) , it assumed a purposeful participation of the
enterprise in educating young designers as well as improving a fraction of the world for the group of
local children in Silesia region.
The premise of cooperation
The headquaters of Lech Fabrics company, leading importer and producer of fabrics, is located in
Kostrzyn, Wielkopolskie. It is there where you can see their modern offices, showroom with
exhibitiono of upholstered furniture and warehouse of 14 thousand square meters of surface. Lech
Fabrics, as didactic partner was chosen by Academy of Fine Arts not only bacuse of its 40 years’
experience and technical potential but also because of its values. It is a family based business, oriented
towards social activity and distribution of knowledge and experience with young designers.
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Cooperation between the Academy and business partner assumed series of trainings and presentations
of possible application of fabrics as well as cooperation in terms of the production and implementation
of the product.
It was started by granting an access to technological facilities, organization of dedicated workshops
and consultation with the designers of fabric about choice of colors in the interior, making it possible
to work with fabrics made available by the producer. Knowledge about sample of colors and creating
color tendencies was enriched by the context of range of chosen brand.
What made it especially motivating for students was the fact that while studding, they didn’t put their
energy into something abstract with no guarantee for application. Their work was motivated by both:
the fact that their designs had a chance for application and implementation, were noticed, rightfully
rewarded in terms of this particular action and also (we, designers) and (producers business partners)
could help children and teenagers in need from Community Day Care Center at the Gniazdo
Foundation.
Students have designed the interior where children and youth were able to read books in small groups,
study, relax, conduct therapeutic meetings and carer–ward conversations.
The stages of work on the project were similar to classical project of service (service design) with
constant contact with future users and with support of experts (representatives of the industry)
We could distinguish:
 Building of the team and mutual inspiration.
- Creating the team that would include students, Academy pedagogues, employees and pupils of
Gniazdo Foundation, employees and experts form Lech Fabrics.
- Working up areas of cooperation and user’s needs during workshop.
- Didactig workshops for students of ASP, lead by Lech Company.
- Workshops with the users (listening and putting needs into priorities, creating moodboards of ideal
space, presentation of possibilities, arrangement of the space, choice for inspiration.)
- Interview with employees and psychologists of Foundation in order to crate in compliance with the
needs of the users.
 Generating ideas and prototyping regarding the service and the project.
- Creating space mock-ups, color and fabric models
- Building of usage processes
- Building and research of functional ares of chosen space.
- Research of colors (perception of taint in changing light conditions on fabric and wall paints)
- Studio visits in the plant and Poznan Fairs
 Verification of the project
- Contest method of displaying ready solutions.
- Modeling and prototyping
- Technological consultations with the producer (implementation)
- Mutual application of the project in space. (in the implementation there were involved pupils,
employees, students) building mutual community and responsibility for the project.
Methodology
During the process of creating student’s projects, where the stage of analysis translates on the project
concepts, triple diamond methodology is often used, designed by Design Council
(http://www.designcouncil.org.uk/news-opinion/introducing-design-methods), based on 4 stages:
discover, define, develop and deliver. It allows to organize design process according to rule: Possibly
the widest scope of analysis, then the stage of drawing conclusions and their analysis and again – free
prototyping and building precise design concept.
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Working group: author of this document as well as students who were carrying out experiments and
used developed methods:
a. describing symbolism and taint (moodboards. graphs, semantics)
b. choice of materials and finishing (CMF)
c. influence and use of taint in interiors (simulation of perception of taint and materials
in different light conditions, in Pantone LightBox booth)
d. parametrization of colouring (NCS, Pantone, Ral, CMYK)
Ad. a describing symbolism and taint (moodboards. graphs, semantics)
Group of students and technologist from Lech Fabrics created color moodboards that formed the base
for further project. They also worked with “semantic graph”. Semantic graph is a measurement scale
where in its opposite axis spectrum of contrary features is located. The example of features filling in
the spectrum for this task, would be traditional - modern, everyday – festive, gleaming – mat,
chromatic – achromatic.
Student may situate its project assumption in chosen area of the spectrum built on these features. In
the process of defining features that create the spectrum, they used method of mind map in order to
fulfill the context of the project. Accentuating the semantic aspect in design process gives a sense
consciousness of how the basic features may impact (form, material, structure, surface, color,
dimension) on the way its perceived psychologically and physically (basic features understood as
encountered in design process, variables, determining its form) (Fig.2).

Fig. 2 – methods - moodboard
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Ad. b choice of materials and finishing (CMF)
Functionality of the project and its final look – was also created in a form of consultations with users
with the support of specialists from Lech Fabrics – solutions for particular design problems were
pointed out thanks to combinations of different materials and technologies.
Ad. c. influence and use of taint in interiors (simulation of perception of taint and materials in different
light conditions, in Pantone Viewing Booth LightBox.)
Choice of colors was elaborated in the process of consultations with experts and psychologists and
carried out in the participation process with users of day care center (there were pictures taken of
specific color combinations in the context of particular space, choice of materials and temperature of
light as well as preferences of colors chosen by users)
There were few analysis of chosen color samples. The first analysis concerned functioning of chosen
color on a simple three dimensional object (cube), it was aimed at showing to young designers the
change in which their chosen taint is going through.The next analysis concerned chosen range of
colors of wall acrylic paints, classic observation, how natural light influences perception in the
interior – enriched by research of color samples in Panton Viewing Booth Light Box. Another
analysis – carried out in the same conditions concerned chosen combination of fabric samples from
the palette of materials given by the producer. Thanks to different forms of light in the interior (natural
day light, artificial, neutral, warm) students were able to observe phenomenon of metamerism on all
chosen surfaces, structures and color variants (Fig.3, Fig.4).

Fig. 3 – methods – color simulation
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Fig. 4 – methods – materials simulation

General description of research conditions:
Photographs of samples were made with digital camera equipped with full frame matrix type CMOS,
without low-pass filter, factory-calibrated. There were fixed setting of exposure in every taken
photograph, 100 ISO, f/14, ¼ sek.
Balance of white in the camera was 5000K (day light like in the case of lample type D50)
Pictures were taken in a darkened room, samples were lightened only with PANTONE 5 Viewing
Booth, using succeeding sources of light:
1) Daylight (D50) color temperature 4990 K, fluorescent lamp with light intensity 2120 lx
2) Store 1 (CWF) color temperature 3806 K, fluorescent lamp with light intensity 1625 lx
3) Store 2 (TL84) color temperature 3980 K, fluorescent lamp with light intensity 1921 lx
4) Home (Inc A) color temperature 2847 K, fluorescent lampwith light intensity 1299 lx
For the tint space of recorded files, Adobe RGB was chosen, there were no interferences in taken
photographs. (there was no post production, no digital editting).
Application of above methods, allows observation of difference in color temperate of implied source
of light in comparison with original Daylight (D50) and its influence on perception of the color of
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materials used in a study as well as (additionally) difference of intensity of the light between particular
sources of light. Measurement of color temperature and intensity checked for source of light installed
in the piece of used equipment PNANTONE 5 Viewing Booth, given by the producer.
Ad. d. parametrization of coloring (NCS, Pantone, Ral, CMYK)
Project - an unusual playroom and relaxation area for children and youth of the Katowice Community
Day Care Center at the Gniazdo Foundation expected form students parametrization of chosen
elements in many color patterns. Range of colors of wall paints (NCS), wood varnishes (RAL),
material elements, textiles (Pantonel), all which create basis of designer’s work. It was a robust and
good experience and practice of usage of samples and attempts of translation of colors between them.
Beside the color scheme of the room, the idea was to present interesting places in Silesia in order to
familiarize young people with history, build identity and community of place as well as spark their
imagination. This purpose is served by the wall map and original seats, which present places marked
on the map. (Fig. 5, Fig. 6)

Fig. 5 – project

Fig. 6 – project (details)
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The resulting color layouts are composed of illustrations and characteristic typography, applied to
natural fabrics and wood. Employing various variants of textiles (padded furniture, decorations, panel
partitions, curtains etc.), the entire project responds to the functional needs of its users. The color
scheme was developed in consultation with experts and psychologists, and executed in participatory
process with the users of the facility.
Conclusion
The projects aims to promote the creative and innovative solutions using textiles in public spaces, in
reference to interior color design. The added value is presenting students with the opportunity to work
with an actual business (textile producer). It should start with technological background, organizing
dedicated workshops and consults with textile producer, possibility to work with materials provided
by the producer. Knowledge of color charts and creating color tendencies is enriched by the context
of product range of a given brand. The project was implemented by the end of 2019. Nominated for
a praise “Śląska Rzecz 2020” - Silesian Matter – in category “service” as an example of model
program of cooperation between higher education representatives and public utility institution.
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Abstract
Although colours are very much present in the interior decorating of cafeterias, their effect on buying
behaviour is not straightforward. The target of this study was to explore the impact the changing of
the main colouring and thus the general appearance of a cafeteria has on customer experience and
sales. This experiment was made during a course at Laurea University of Applied Sciences, Finland
by its students and with the supervision of the teacher. The cafeteria in question was a living lab
operated mainly by students on one of the university campuses. Unfortunately, the unexpected took
place in spring 2020, and the coronavirus situation hindered from fully being able to carry out this
experiment. The results do to some extent offer interesting implications on colour and customer
experience. But, especially the reflections students gave about their increased understanding on the
use and impact of colours in general, in the marketing and business content, and their personal life,
represent the main findings of this project.
Keywords: marketing, colours, interpretation of colours, living lab, education, customer
experience
1. Introduction
According to the learning by developing pedagogical model developed and used by Laurea University
of Applied Sciences (Finland), most courses that students take should offer them an authentic
encounter with the world of work. This means a development project done for a company or
organization. When I last autumn started planning the 2020 spring implementation of the course
Service Business and Marketing, I had an interesting discussion with a friend about the effect of
colours. Colours have always interested me and although the measuring of their impact on the
psychological functioning of humans is challenging (see e.g. Elliot 2015, Shi 2013, Elliot & Maier
2007), they are widely used in marketing. Since Laurea benefits of having living labs, user-centered
open innovation ecosystems integrating research and innovation research in real life communities and
settings (for more information, please see enoll.org), I decided that this time I would use one of these
living labs and make the project about colours and marketing.
2. The Infrastructure
The living lab best suited for the targets of this course was the cafeteria Beat (Café Beat) located on
the Laurea Leppävaara campus. This cafeteria is operated mainly by students of Hospitality
Management with the supervision of members of staff. It has 25 seats and about 100-300 customers
take advantage of its services per week. It forms part of a wider learning environment called
BarLaurea. This living lab offers various services: a lunch buffet, an à la carte restaurant, the cafeteria
Beat, and meeting & catering services.
Since all Hospitality Management students work and do development projects in the BarLaurea
environment as part of their studies, the students were all familiar with how the cafeteria operated.
This helped in the orientation of the project. The course Service Business and Marketing is a 10 credit
course that is offered to all students of Hospitality Management in the second semester of their
bachelor degree studies. The course introduces students to business models and revenue generation
in the service industry. It deals with topics such as buying behaviour, segmentation, marketing mix,
and competitive advantage. The course includes a development project with the aim to expand the
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student’s knowledge in business economics from a marketing perspective. This time the use of
colours in marketing was the more defined topic.

Figure 1. Café Beat, the sales counter
Picture by Sini Setälä

Figure 2. Café Beat, general view
Picture by Sini Setälä

3. The Schedule and Implementation of the Course
The project began in January 2020 with an introduction to the concept of the business idea of the
cafeteria. Students discussed how Café Beat answered to the basic business idea questions of what,
to whom, why and how. Based on their own experience, they also analyzed which issues constituted
the strengths of the cafeteria and which were its weaknesses. Students were then divided into seven
smaller groups and during the following weeks they gathered information about the use of colours in
marketing. They were asked to define how to implement this information in the project and design a
concrete marketing trial that would take place in Café Beat during the spring semester. Students were
allowed to define the more precise target themselves as long as its focus was on the marketing of the
cafeteria. Students went through various studies on the use of colour and marketing (e.g. Casas &
Chinoperekwyei 2019, Mubeen 2016, Elliot 2015, Elliot and Maier 2014, Shi 2013, Ha 2012, Elliot
& Maier 2007, Elliot, Moller and Friedman, and Maier & Meinhardt 2007) and also more tangible
information on the use of colour (e.g. Peltomaa 2020, Kramer 2019, and Forsberg 2013).
In the beginning of February 2020 students presented their first report, the initial findings. Based on
their research students concluded that the choosing of a right colour to enhance sales and customer
behaviour can be difficult and although there is a lot of research, the effects on behaviour may be
ambiguous. After a lot of discussion, it was agreed that the trial would be the using of three different
colours in the cafeteria environment. The three colours that were chosen were based on the research
and presentations of the students and the colours they had suggested in their designs. The chosen
colours were green, yellow and purple. They would be implemented as one colour per week for three
consecutive weeks. The colours would be put in place in the form of curtains, pillows or pillow cases,
paper cups, napkins, tablets, and using the appropriate colour in the ads on the service counter. The
objective was to explore if the use of colour made a difference in the sales and customer experience
in Café Beat.
The students were then again divided into teams, this time three groups, one per each colour. Each
group was in charge of designing in detail one method of collecting data. The methods chosen to
collect data were interviews, questionnaires and observation. In addition, students would use the cash
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register data to analyze the potential impact of colour on sales. The trial weeks would take place in
March, with one control week prior and one control week after the colourful weeks.
On February 19, the whole group visited VTT, The Technical Research Centre of Finland Ltd, and
its living lab, TestEat, that offers a space to implement new research technologies within a functioning
restaurant environment. This space is co-owned by IBM and the food company Fazer. The purpose
of the visit was to benchmark and get scientific guidance by researches. The final target of the project
was defined after this visit: Does Colour Matter? The goal was to study the impact of colour on the
sales and customer satisfaction.
The first control week took place 2.-6.3.2020. The yellow week, the first of the colour weeks, was
organized right after, 9.-13.3.2020. Then took place something we had not anticipated. The spread of
Covid-19, the Coronavirus, was declared as pandemia and the university campuses were closed. This
obviously had an immense impact on this project since the remaining two colourful weeks had to be
cancelled. As a result, only one team, the yellow, had been able to gather all the data intended and
presented it online on 13.5.2020.

Figure 3. Café Beat, The Yellow Week
Picture by Sini Setälä

Figure 4. Café Beat, The Sales Counter, Yellow Week
Picture by Sini Setälä

The students whose teams had not been able to carry out their colour week in the cafeteria, were
assigned a compensatory task. This compensatory assignment was done either individually or in pairs.
The task was to choose an organization that mostly uses the colour violet/green in marketing, or at
least in its logo. Then, to familiarize oneself with the organization’s business idea and analyze why it
had selected this specific colour. Which factors that govern buying behaviour could be identified
behind this choice. The analysis was to be based on research and studies, and contain a discussion on
whether the organization had made a wise choice of colour. Was in it accordance with its business
idea and if it were up to the student/student pair would they elect to change the colour, and if so, why.
4. Results of the Colour Experiment
Because of the news about the coronavirus and its spread, there were less people than normally using
the services of the cafeteria already in the beginning of March when the first control week took place.
The following week, the yellow week, experienced even a bigger loss of clientele. For this reason,
the results that students got via the interviews, observation, questionnaires, and cash register data are
sadly nor very representative nor very abundant in numbers.
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They do contain some interesting comments though. When students asked during the control week
whether colours had any impact on the agreeableness of a cafeteria in general, only 21% gave an
affirmative answer. But, most people stressed the importance of decorations and outlook in general.
79% thought that the environment had no impact on buying behaviour. According to studies, (see e.g.
Kumar 2017 and Géci, Nagyová, Ľudmila, & Rybanská 2017) people may not realize the impact
colours actually have.
Students concluded in their data analysis that the colour yellow did not result in any measurable
happiness nor creativity that could have been expected based on the studies students had analyzed
prior to the starting of the experiment. But, at the same time, they concluded that the data showed the
cafeteria was found to be much more pleasant during the yellow week. The colour yellow resulted in
mostly positive images in people. Some thought it reminded them of spring and its festivities. The
excess use of yellow caused irritation and a sense of anxiety in some customers. Most comments
during the yellow week reflected the positive attitude that the customers had to the yellow coloring.
Some complained that its use was exaggerated.
The cash register data did not offer any reliable information because the coronavirus situation resulted
in the diminution of the customer flow during both the control and the yellow week. Students
concluded that the data gathered via different evaluation methods complemented each other and that
in spite of the challenging situation they had been able to find some results of the impact of the colour
yellow in the operating environment of Café Beat, as stated above.
Since there was so little data to really analyze the impact of the colour yellow, I decided to shift the
focus more on the reflections of students with regard to this type of a topic and project. I asked them
to individually reflect what they learned about the topic, the significance of colours in general, and
more specifically in the context of marketing. They were also asked to analyze which meaning colours
had had in their lives prior to this project, if any, and had this work resulted in any changes.
5. Students’ Feedback – The Reflections
The following feedback is a summary of the reflective reports students wrote. They are gathered into
themes: The Impact of Colours in General, Colours and Communication, Colours and Marketing,
Implementation of the Course, Consequences for the Future, and Issues to Ponder.
Impact of Colours in General









I learned a lot about the different meanings that colours have, I had not thought about this
before.
it was so interesting to see what is behind the use of colours (theory).
same colours have surprisingly similar meanings for different people.
same colours may have different meanings for different people.
colours form a big part of the earth´s biodiversity.
I see more colours now and find them marvelously interesting!
now I understand why some places attract me more than others.
I do not have any eye for colours at all!

Colours and Communication
 colours affect people and the feelings they have (autumn colours, sunsets, blue seas) =>
colours communicate on an emotional level and are therefore mightier than words.
 humans and animals use colours to communicate.
 colours can be used in company communication, e.g. green for recycling and environment
friendly products - also when this is not true => image creation.
 colours have symbolic meanings.
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company logos indeed communicate with colours!
I have been able to use colours in communicating different sides of me, highlighting
something and maybe hiding my timid and sensible side.
if I wear for example green today, how does it affect the people around me? This was so
interesting!
I seldom shop at Lidl’s - because of its flashy colours.
I like to use colours in decorating and have for that reason thought about them more. Right
now I have yellow tulips in a vase on my table in order to brighten the gloomy corona
spring.
if I do not want to stand out in a crowd, I wear a neutral coloured piece of clothing.
in decorating I use lighter and calmer colours, in clothing I have a vaster and also brighter
array.

Colours and Marketing
 colours are very important in marketing.
 now that I know that the colour red increases appetite, I understand why so many fast food
chains use it.
 colours affect buying behaviour.
 attaching a colour to a product changes its image (flowers).
 if we think about the colour ”poisonous green” (like originally a frog in the Amazons), does
it now remind us of a soda for example, or candy rather than a frog?
 the best colour combination for a company is one that unites its values and goals with the
business area and industry.
 sometimes I only buy a product because of its colour.
 it was interesting to notice how two companies in the same line of business and sharing
similar values also use similar colours in marketing.
Implementation of the Project
 it was great to experiment with colours in a real life situation.
 this was a new and innovative way of working.
 we were very much involved already in the planning of this.
 even though we do a lot of team work in Laurea, this one required more self-leadership and
taking matters ”into your own hands”.
 the campus cafeteria is such a familiar environment for many of its customers that maybe
the changing of colours did not affect as much as it would in settings where there are more
new customers available.
 the instructions we got were not clear enough!
 we could not implement the idea we came up with in the first report, but had to make
compromises. That was not nice and resulted in useless work!
 the teams were too big.
Consequences for the Future
 I analyze the ”why” of the use of a colour now.
 I am more critical about colours now.
 I can decorate my room better now (happier or cosier).
 I did like yellow before. Now I am actually attracted to it and am thinking of buying yellow
clothes.

Issues to Ponder
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I was left pondering, what if I know the colour from nature (e.g. green for forests), and if I
see a picture of a yellow forest, is the effect disturbing because I know that a forest should
be green?
I have always liked colours – and nature. After the course I realized that maybe it is because
there are so many colours in nature that I love them so much and want to bring them inside
also (use in decorating).
As a child I wore pink (pretty in pink). As a teenager I wanted to rebel with black and now
that I am older, I dress in happier colours, but have still difficulty in wearing anything very
bright.

6. Teacher’s Notes
The precision with what you needed to offer guidelines for this kind of a project was challenging. I
wanted the students to make decisions themselves. That is very common to the projects we have in
Laurea. Students also for the most part appreciated this freedom and challenge. But, some complained
of the lack of clear instructions. And, a big group moved slowly. The project required a lot of time,
even more than I had anticipated. There were some free riders and not everyone was involved in the
decision making of the student teams. The selection of the three colours was to some extent a
compromise. Some students did not like making compromises. The so called good students that
worked a lot for the success of the project, also seemed to benefit the most from this kind of study
that required a lot of self-leadership. They were able to learn from mistakes, faced challenges with a
solution orientation and discussed this in their feedback. Some students blamed mistakes on others
and especially on the teacher (lack of clear instructions). The ability to work in a team was of crucial
importance for the success of the project. Laurea students work a lot in teams and thus have
experience about it. But, it seemed to be a bigger issue in this project. Maybe this had to do with the
number of participants in the colour teams. This was also commented in the student feedback. The
teams of ten people were indeed too big and it was my mistake not to realize that in time in order to
react. There could have been more division of the tasks.
Students made some guesses when no data was available in the interpretation of the results though
they had been instructed not to. Some students were not happy that their original idea (offered in the
first student report in February) was not implemented as such and criticized of having done useless
work. They did not see the benefit for the overall understanding of the use of colours.
Even with the Corona outbreak and the disappointment of not being able to implement what was
planned for, the compensatory reports were overall very well done and made good use of the
knowledge base gathered previously. Students also gave good feedback for the compensatory
assignment.
7. Conclusion
Since the topic of colours and their effect is not familiar to many, more emphasis should have been
placed in the beginning of this project on the common general discussion about the effect of colours
before deciding which ones to implement. Students were fairly conservative in the use of colours and
some commented the use of a bright coloured garment as standing out in a crowd which they did not
want to do. This may have affected their choice of colours for the cafeteria environment as well. The
colour yellow and its connection to Easter has to be taken into account and probably avoided if the
implementation is in spring. There are likely to be other colours that are connected to events or
seasons as well.
This project was very interesting. I hope to be able to give it another try in the future. But, even before
that, I will stress the significance of colours more in my classes. This was a great learning experience
for me personally. I thought I understood student behaviour well based on my vast experience on the
matter, but realized I still have a lot to learn about human behaviour. And the interpretation of colours.
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Abstract
This paper consists of part of the results of a research in the field of packaging and the connotative
uses of black color. The aim is to discuss symbolic values that black intends to evoke, beyond the
already known concept of luxury and sophistication. The paper is both exploratory and theoretical,
because we use rhetoric and semiotic approach to discuss the role of color, image and text in
packaging design. Researchers divided the work into two phases. The first one consisted of
investigating the possible meanings of black color in the packaging by going to point of purchases
and analyzing existent packaging, cataloging them and finding common characteristics. The second
phase consisted of a deeper analysis of each new approach found in the first phase. Researchers
used semiotics as a theoretical framework to investigate visual rhetoric from the relationship among
color, image and text. The discussion presented here consists of the results related to the selfacceptance new approach regarding the use of black color in hair cosmetic packaging.
Keywords: packaging design; black color; rhetoric; afro-Brazilian; hair care; semiotics.
Introduction
Color is one of the fundamental elements in visual communication and its study is part of the basic
training of any professional in the design area. In the field of packaging, whether for the purpose of
a denotative or connotative message, the repeated use of certain colors in certain product categories
ended up generating chromatic identities at points of sale. For this reason, color has long been used
in its potential for communication, identification and persuasion.
Denotative message refers to analogical information, that is, the use of color by similarity,
mentioning the product it contains. The use of color in packaging, in turn, is not limited to the
obviousness sometimes important and necessary for the immediate recognition of a product. The
symbolic use of color by metaphor rather than analogy is quite common. It is the use of color in the
construction of a connotative message. The connotative use of color becomes possible through
meanings that we have built over the years, as well as from established cultural conventions. It is
notorious that the use of color in its connotative aspect is somewhat more complex, given the
subjectivity and influence of the cultural context. However, when we correlate its use with both
image and text it becomes easy to infer the symbolic meanings of color.
Among the different possibilities of using colors in packaging design, the black color has been
caught our attention because it is not very common to find a naturally black product, except
automotive products made from oils and greases and some foods like beans. Despite this, in recent
years, we have seen an increase in the use of black in food and cosmetics. Which made us infer the
probability that this is due to a connotative intention. According to the historian Michel Pastoureau
(2011), for centuries the meanings of this color oscillated in an ambivalent way, among positive and
negative perceptions: life and death; profane and religious; mediocre and sovereign; to name a few.
In the case of packaging, the author points out the symbolic relationship between color and the
concept of luxury and sophistication, and it is common to find them in high-value perfume, jewelry
and alcoholic beverage packages.
It is notorious that the use of color in its connotative aspect is somewhat more complex, given the
subjectivity and the influence of the cultural context. However, this connotative aspect is important
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once the companies seek to differentiate their products at the point of sale. For that reason, in this
paper, black will be addressed as connotative information on packaging. Moreover, we present the
rhetorical contribution that this visual element has presented in Brazilian hygiene packaging that
promotes the acceptance of curly hair and female empowerment.
The mediatized rhetoric of packaging
In the mid-twentieth century, with the advent of supermarkets, packaging began to acquire new
functions in addition to containment, protection and transport (Camargo & Negrão 2008:26). As the
figure of the counter salesperson disappears, the packaging starts to be seen as ‘silent salesman’ (see
Pilditch 1961). From then on, we have come to understand packaging ‘as: a system whose function
is technical and commercial and aims to pack, protect (from the production process to
consumption), inform, identify , promote and sell a product’ (Camargo & Negrão 2008:29). The
authors also state that it is necessary to ‘understand that packaging is a permanent presence in the
communication process’ (Camargo & Negrão 2008:34). Therefore, considering its communicational
and persuasive functions, and understanding that the packaging constitutes a support for a ‘hybrid
visual-verbal language’ (see Santaella 2001), we argue the importance of studying and analyzing
the relationship between verbal and non-verbal elements under the perspective of rhetoric.
The researcher Samuel Mateus says that Rhetoric in the 21st century should be called Mediatized
Rhetoric (2018:158), once it contemplates ‘persuasion realized (and potentiated) through the Media’
with both verbal and non-verbal content. In this sense, studying rhetoric nowadays and in
communication media, such as packaging, is to consider the study of verbal rhetoric and also of
visual rhetoric. Consequently, it is necessary to recognize the symbolic and communicative aspects
of both verbal and non-verbal elements. Certainly, considering packaging, not everything is
rhetorical, just as not everything is rhetorical when it comes to information. In certain
circumstances, what is intended with the message is just to inform. Data such as: food sales
denomination; list of ingredients; net contents; expiration date; instructions on how to use; those are
examples of technical information that has no intention of persuading, so there is no rhetoric.
Likewise, the use of colors and images can only be related to a denotative message. However,
messages that discuss the product's advantages, as well as ‘connotative information’ (Scatolim
2006:5) such as colors, images and textures, can be considered a ‘rhetorical exercise insofar as it
seeks to persuade (make believe) spectators to modify a behavior’ (Mateus 2018:21).
Thus, it is proposed as ‘mediatized rhetoric’ of packaging, the ability that it has to communicate
from the combination of words of persuasive character and visual elements (including colors) with
the final intention of transmitting certain values to the consumer. Unlike classical rhetoric, which is
based on speech and argumentative techniques of verbal language, on the mediatized rhetoric of
packaging, designers and marketers use visual language techniques in line with short advertising
texts. Hence, one must understand the characteristics of verbal rhetoric commonly used in
packaging, as these will guide the selection and application of color in the packaging.
Analisys of rhetoric by a semiotic approach
Visual rhetoric, as well as verbal rhetoric, is based on the arrangement of basic units of language.
As to visual rhetoric, the language is understood from the concept of ‘image’, which is composed
by the union of shapes, colors, figures, among other visual elements that compose a visual message.
According to Joly (2012), images provoke associations capable of identifying objects, attributing to
them a certain number of sociocultural qualities elaborated through conventions. In the semiotic
approach it is possible to understand communication through the image considering it as a visual
message. After all, semiotics studies the sign process (semiosis) in the construction of messages
meanings, taking to account their use context.
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Signs are any event that produces an interpretive effect, such as words, images, colors, sounds,
among others. According to Peirce's semiotics, signs can be analyzed through their internal
properties in reference to what they represent - and all their application possibilities - or in the
interpretive potential that awakens in their user effects on the interpreter (Santaella, 2002). The sign
relations take place through the object that gives rise to a semiosis. The object is considered
immediate when it represents, indicates, resembles, suggests or evokes a dynamic object, that is, the
original object. Moreover, a sign can present itself as an icon (by similarity), index (by sugesting)
and symbol (by convention)
Knowledge about semiotics makes it possible to choose and use signs that are more strategic for
communicative purposes. According to Santaella (2002:70), “Colors, textures, composition and
shapes have great power of suggestion: a color resembles something with the same color; a shape
resembles something that has a similar shape, and so on”. These elements and strategies of visual
language can be adopted as a rhetorical resource. In the case of packaging, the decision of which
look will be used must be centered on the consumer and on the possibilities of reading that he or she
will make from each exposed sign.
Considering the visual language of the packaging, it is important to emphasize that in the image,
color is one of the most important elements to compose the rhetoric. ‘Color is an important element
of product identification and product association’ (Camargo & Negrão 2008:177), in addition to
having a strong symbolic character. Unlike the texts on a package, colors can be identified from a
greater distance and, therefore, have a first impact on the consumer, along with the visual elements
of shape, dimension and space. In this case, perhaps, colors symbolic character is already in
evidence and the consumer may have intentionally selected a packaging because of it, in the search
for a product category or a specific benefit. However, it is to the extent that the consumer interacts
with verbal information that color will have the potential to act as persuasive information.
It is known that ‘there is no meaningless color. The impression caused by each color is determined
by its context, that is, by the interweaving of meanings in which we perceive it’ (Heller 2013:18),
with the meaning of colors being somewhat dynamic. When applied to packaging, it is the context
of use of these colors (type of product in which they are applied and verbal speech linked)
responsible for the perception of their meaning. It is argued in this paper that both the color is
influenced by verbal discourses, and in the same may be able to potentiate the effect of words on
the consumer.
Case study: the use of text, image and black color in Brazilian cosmetics
The research presented in this paper was carried out in the Brazilian market. Firstly, we aimed to
investigate the connotative approaches to the black color usage in food and personal hygiene
products packaging. For this, we carried out a field research in some of the main points of purchases
of Campina Grande city (Paraíba, Brasil) to understand to which extent black color is used in
packaging.
The first stage consisted of cataloguing products packaging that predominantly adopted the black
color. To do so, we developed a chart to register the front image of packaging, products’ category,
company’s name, and keywords taken from packaging publicity texts. In this phase we identify
three current symbolic approaches: health, self-acceptance, and superior quality. In this paper we
present the analysis and discussions related to the self-acceptance approach in which concern to the
use of black color in hair care cosmetic product packaging.
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Then, we move foward to a second stage which consisted of a deeper analysis of self-acceptance
approach identified in the first phase. So as to confirm the specific use of black, we expand the
analysis comparing those black colored packaging with other packaging from the same company. In
these second stage of the research we aimed to understand how the other visual elements could
contribute to the consolidation of the symbolic discourse linked to black color. After all, since color
is one of the elements that compose an image, understanding the use of color also means
understanding its relationship with the meanings of the other visual elements that make up the
packaging. To the extent that consonance was identified among the use of such visual elements, we
could infer the potential of that color to generate chromatic identities at points of purchase.
Therefore, we performed an analysis of the textual and visual rhetorical resources presented in the
packaging visual design. We elaborated a third chart that allowed us to observe the resources
present in the packaging, highlighting them as agents of rhetoric. This time, the intention was to
understand whether these resources corroborate the construction of an oriented discourse. That is, a
discourse that could favor the consolidation of chromatic identity through convention.
Results
Field research and packaging cataloging allowed the discourse analysis of companies when they use
black color. The figure below shows the second chart model with some of the packaging
catalogued. By comparing them, we could perceive they are in consonance with the discourse. This
analysis allowed us to infer that color can indeed be used as visual rhetorical element, serving as
resource for the construction of specific speeches.

Fig. 1 - Visual analysis of the use of black in the acceptance promotion category
Source: Prepared by the authors based on the research carried out
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Packaging with a predominance of black color stand out as carriers of speeches aimed at promoting
acceptance to the detriment of other companies' packaging, which with disparate speeches, also
adopt different colors with different purposes. This sort of predominance in packaging allows black
color to be elucidated as a rhetorical resource to reinforce textual and imagery discourses. To
further understand this strategy, we extracted the main packaging verbal information (Figure 2) so
as to analyze the possibilities of correlation between image and text.
Packaging / Verbal message

Packaging / Verbal message

Powerful curls. Bunch at its best. The “Otily
Powerful Curls” Curls Activator has exclusive
AminoRepair technology, a mass repository
composed of biofunctional amino acids and
innovative active bioadhesive, obtained from
the association of Chia and Flaxseed
polysaccharides, it adheres to the hair fiber,
forms a resistant and flexible film, which
defines and protects the curls, keeps the hair
flexible, disciplined, aligned and with natural
appearance for longer.

Curls yes! Developed for powerful
women, Curls yes! is a line of
products for frizzy and curly hair,
created exclusively to highlight the
best of each curl and enhance the
natural beauty of the hair”

Daily and very luxurious treatment for hair
thirsty for life. Also excellent for use after
staining or other chemical processes. Our
sudden death treatment is like that, either you
love it or you don't know it. It penetrates the
hair strands without asking permission, ending
the days of dry and blown hair without pity
or mercy. Sudden death.

Contains coconut oil + D-Panthenol +
Shea + 6 powerful oils. It leaves hair
soft, powerful and lighter. Phyna*
fragrance, a luxurious consistency,
hydrated, healthy and soft threads,
curls that shine.
*Brazilian slang for the Portuguese
word fina, which can be translated
for posh

Completely relaxed, without parabens,
petrolatum, silicones and sulfate. It still
contains in its formula the intense oil of
baobab seed, which besides having a
miraculous hydrating power, is perfect for
you who brings attitude and power in your
head. I remove the tangled knot. I cure
weakened strand of hair. I remove dryness. I
solve everything in 3 minutes.

I bring the beloved shine. I remove
the split ends. I undo knots. Cure
frizz,
Holy
Powerful Black.
Contains Baobab seed oil. Without
parabens, petrolatums, silicones and
sulfate.

Figure 2: Verbal message contained in the 11 packaging selected for analysis.
Source: Prepared by the authors based on research

We could verify the use of black in personal hygiene packaging in order to promote the empowered
female and the use of curly hair. All packaging we analyzed used, to expose this approach, verbal
message oriented to the promotion of female empowerment and the use of curls. They used catch
phrases or tips, as observed through the words highlighted in the previous figure.
It is important to highlight that the black packaging selected present as textual discourse two ways
to promote acceptance: one being linked to the use of curls; and the other encourages female
empowerment. But, in addition to the textual, it is also possible to find the use of images that also
reinforce the meanings imbued through the texts presented. We selected three packaging to present
this deeper analysis in the present paper 1. , as observed in the following image analysis charts,
which was based on semiotics.

1

The six charts are available at https://drive.google.com/drive/folders/1CFpoRQXgy8eB9oyYnVqRTvq40dCydSR0?usp=sharing
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Fig. 3 - Semiotic analysis of Packaging 02.

Fig. 4 - Semiotic analysis of Packaging 03.

Fig. 5 - Semiotic analysis of Packaging 06.

In the analysis of these packaging we can find somehow the textual discourse reinforced by the
images that refer to the concept of ‘promoting acceptance’, such as images of women with curly
Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVIB

ISBN X978-88-99513-13-9

XVI Color Conference, Bergamo 2020

271

hair and with attitude or illustrations that evoke it. Thus, it was possible to observe symbols and
icons associated with female empowerment and the use of curls as imagery recurrence.
Among these visual references to reinforce the discourse, we cite the case of the poster known as
Rosie, which is a symbol of the feminist movement and was created in the 1940s by the American
government with corporate intentions. The image showing a strong and apparently independent
woman became famous in the 1970s as a symbol of female empowerment (Heine & Sales 2020).
The use of the female image on the packaging refers to this feminist symbol, the handkerchief in the
hair and the woman's position make reference to Rosie, thus being an icon, since, according to
Santaella (2002) they refer to their objects through the similarity.
The vibrant and contrasting colors, present in most of the packaging analyzed, can be associated
with color harmony found both in contemporary Afro-Brazilian and African fashion. African
multicolor way of dressing has influenced Brazilian culture (Vidal 2018). In the process of adapting
to the new culture - imposed by slavery - blacks ‘brought dance, rhythm, colors, brilliance and
adornments, which are present in African Brazilian fashion’ (Harger & Berton 2013). According to
the authors, for a long time the potential market for the black public was neglected.
By using colors which can be symbolically associated with Afro-Brazilian and African culture in
those packaging, companies reinforce the market niche aimed. The symbol is a sort of sign in which
the association is given by a convention process. Therefore, the symbolism of those colors could be
aroused by the use of other visual references from Afro-Brazilians such as curly hair. The growing
wave of Afro-Brazilian people empowerment coupled with women's empowerment motivated
companies to seek new formulas for their cosmetics as well as changing their marketing plans. This
fact can be noticed when ‘internet searches using the terms curly and curly hair, according to data
released by Google BradLab, increased 232% and 309%, respectively, in the last two years’ (Silva,
2017). In this same universe of images, we identified iconic figures of curls in the researched
packaging, making reference to the wavy hair.
Final considerations
The research revealed the adoption of black color in packaging from categories that were unlikely,
such as personal care products. This demonstrates the way of perceiving color as a visual resource,
extrapolating analog adoption and expanding it to new meanings that benefit communication. The
first stage allowed the verification of the connotative use of black color in packaging of the
investigated categories, through shared speeches, which together demonstrate the ability to
construct meanings about issues emerging in the current context, such as promoting acceptance.
The connotative use can be clearly seen as a strategy for the differentiation among black packaging
and its competitors at the point of purchase. The research carried out demonstrated the black color
being used as an indication of differentiation at the gondola. Due to the visual contrast, those
packaging with black color stand out more than the other ones. At the first glance color takes our
attention. At a second moment, other visual and textual information exert their communicative
functions. The use of color associated with a textual discourse and specific and recurring images,
among the universe of packaging investigated, corroborate the connotative use that the black color
promotes in hygiene products.
The meanings we attribute to the black color in this research are confirmed by the content of the
textual speeches and the types of images used. The recurrence in the use of black color linked to the
concept of promoting the acceptance of curls and encouraging female empowerment leads us to
infer the emergence of a chromatic identity for the category of hygiene and personal care products.
This is because, in the field of packaging, the repeated use of certain colors in certain product
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categories ends up generating chromatic identities at points of sale, which assist in communication
through assigned meanings.
The connotative use of black in hygiene products was apparently made possible by a convention
established by the companies responsible for the packaging design. Faced with a demand for
differentiation, linked to the emergent discourses in the social context, black tends to be configured
as a convenient option. However, we argue that its symbolic value will depend on the quality of
textual and visual messages. As color, image and text are integrated in your rhetorical exercise, the
chances of a package persuading your audience will be increased.
The repetitive use of black in packaging in the hygiene and personal care sector, linked to the same
type of textual and visual discourse, contributes to the perception of a common meaning: promotion
of acceptance and empowerment. Being black the color of strength and social struggle. With that,
the perception and representation of the black color becomes one. It is likely that other products
with a similar configuration and represented by the black color will be perceived as such.
The packaging with a predominance of black color, found during the research, demonstrated a new
perspective for the adoption of color in the current context. It consists in the use interconnected to
the construction of a connotative approach, through issues that have been recently erected in the
social space. Important topics such as acceptance have been the subject of discussion, and therefore
have been consolidated in the public's imagination. This issue apparently aroused the need for
differentiation in companies, with black being an apparently satisfactory alternative.
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