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The Self-luminous Neutral Scale in the OSA-UCS system and
Whittle’s Formula

!Claudio Oleari, 2Manuel Melgosa
! Universita degli Studi di Parma, Dip. Fisica e Scienze della Terra, 43214 Parma, Italy _ claudio.oleari@fis.unipr.it
% Universidad de Granada, Departamento de Optica, 18071 Granada, Spain _ mmelgosa@ugr.es

1. Introduction

Every psychometric color space and perceived color system has an achromatic line
defining a neutral scale spanned by a lightness coordinate, e.g., L* in CIELAB and
CIELUYV, Lgsa in the OSA-UCS system, Munsell’s value V in the Munsell system
and Dunkelstufe D in DIN 6264 system. These neutral scales can be used to
calculate barely visible threshold changes of lightness, or equal-appearing supra-
threshold steps of grey scale, matching grey appearances, etc. Currently, CIE TC 1-
93 Calculation of Self-Luminous Neutral Scale is investigating to recommend a
neutral scale for self-luminous surfaces [1], and hopefully the new recommendation
may complement or help to replace the grey scales previously mentioned.

This work considers the lightness scale of the OSA-UCS system [2-7], at the present
defined by the complicate Semmelroth formula, with the intent of evaluating the
simpler Whittle formula [8-10] for representing the OSA-UCS lightness. The
contribution of this work is divided into two parts:

1) the fitting of the OSA-UCS achromatic scale by the Whittle formula as function
of the percentage luminance factor Y);
2) lightness scale in the OSA-UCS system:

a) the definition of a percentage luminous factor W obtained by a fitting of the
constant OSA-UCS lightness planes in the (Losa, &, j) space by a linear
mixing of the tristimulus values, as it is for the percentage luminance factor
Yio;

b) the evaluation of a relative spectral luminous-efficiency-function W(1), in
analogy with the relative spectral luminous efficiency function V,o(4), which
takes into account the Helmholtz-Kohlrausch effect;

c¢) the fitting of the neutral scale from Whittle’s formula, denoted by Ly, as
function of the percentage luminous factor W (A comparison is made
between the Ly, obtained from Whittle’s formula, and the original Lgga,
obtained from Semmelroth’s formula);

d) the evaluation of the metrics in the space (Ly, Gy, Jw) by the Euclidean color-
difference formula [11-13].

2. OSA-UCS’ lightness formula

The OSA-UCS system [2-4] is organized in planes with constant lightness and
lightness Losa is one of the coordinates that spans the OSA-UCS space.

The color samples of the OSA-UCS atlas are observed on a grey background, i.e. a
homogeneous area adjoining the target. Therefore it is found that the lightness Loga
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1) is positive if the luminance factor of the color sample is greater that the
luminance factor of the grey surround, zero if equal and negative if lower;

2) the lightness Loga takes into account the Helmholtz-Kohlrausch effect, according
to which, in addition to luminance, chromaticity also contributes to the
brightness;

3) the lightness Loga takes into account the crispening effect, according to which the
brightness of a sample is affected by the brightness of the grey surround, whose
percentage luminance factor is Y;o = 30.

All this is described by a formula given by the OSA-UCS Committee according to a
modification of Semmelroth’s formula

Logs {5.9(1/0”3 —§+C)—14.4}i M

NA

where
1/3

with Y, =Y F (2)

1/3

_J+0.042|Y, 30" for (¥,-30)>0
—0.042|Y, =30/ for (¥,-30)<0

F =4.4934x% +4.3034y2 —4.2760x,,y,, —1.3744x,, —2.5643y,, +1.8103

and Y is a percentage luminance factor of the color sample.

The Helmholtz-Kohlrausch effect is described by the factor F, which modifies the
percentage luminance factor Yy, The factor F' assumes an equal value on ellipses
centered at (x;o= 0.3859, y;o= 0.4897), with a ratio between the axis lengths equal to
1.4138 and with the major axis forming with the axis x;o an angle of 43.73°. The
value of F for the D65 chromaticity is 1, i.e. the illuminant D65 is assumed
achromatic.

3. Whittle’s lightness formula

Paul Whittle proposed a lightness formula for a self-luminous grey-scale as “the
simplest and most precise” calculation of the change of luminance AY (in cd/m?)
necessary to achieve any number of just noticeable differences (JNDs) of achromatic
appearance ALy. [8-10]

Whittle’s JNDs are calculated from the background luminance, Y, of the increment
or decrement AY. The luminance interval AY is defined as the difference between
target luminance Yand Y;:

Y-¥,
Y, +Y, 3)

JNDs between[Y,Y, >Y]=a,log,,| 1+b(1— k)L
kY, -Y)+Y, +Y

JNDsbetween[Y.Y, <Y]=q,log,, (1 +b(1-k)

where b = 6.58, a, = 8.22, a, = —7.07, Y4= 0.39 cd/m’ is the dark light noise and k is
a constant in the interval [0,1] to account for the effect of intraocular scattering,
which grows as viewing angle subtended by target decreases.
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4. Analysis restricted to only color samples of the OSA-UCS atlas
considered as significant for an achromatic scale

Since not all the constant lightness planes have an achromatic sample in the OSA-
UCS Atlas, the achromatic scale we are going to propose is obtained from the
achromatic specimens, where exist, and by the average of the color specimens with
lgI<1, |j|<1 elsewhere. These samples are considered as representative of an
achromatic color scale in the OSA-UCS system. For these achromatic samples the
Helmholtz-Kohlrausch effect is considered negligible and consequently the lightness
is only function of the luminance factor Y;,. The Whittle lightness formula in Eq. (3)
is defined on an absolute scale while the OSA-UCS system is defined on a relative
scale (accordingly, in next Equations the luminance will be substituted by the
percentage luminance factor and the JNDs by the lightness). Therefore the constants
of the Whittle formula have to be redefined for a relative scale

Y, -Y
for ¥, >Yoo Ly =q log,, 1+bIM @)
(Noa *+Yon)
(_Y10+Kob)
for Y <Y =a,log, |1+b ————= 5)
0 <Y, Ly =a, glol: ) Ty, Y,)

where Yo, = 30 is the percentage luminance factor of the background and Y4 is the
dark light noise that is seen in the absence of any light. Equations (4) and (5)
provide equal value for Yjy= Yy, i.e. for Losa = 0. The constant k, present in Eq.
(3), is supposed equal to O for the view of the size of the viewing angle of the OSA-
UCS samples.

Next Whittle’s formula fitted the Loga lightness data of the color specimens with |g|
<1, j] <1, assuming zero dark light noise and zero intraocular scattering,

Y —
for Log, >0 or ¥, >Y,, =30 L, =12.23591og,, [l+1.1076(“)3—030)} (6)

for Ly, <Oor Y, <Y, =30 L, =-5.2406log,, |:1+ 2,9615M:| @)

10

with fitting RMS < 0.10 computed on the whole set of color specimens with |g| < 1
and |j| < 1 of the OSA-UCS atlas. Egs. (6) and (7) regard only the achromatic scale.
Figure 1. plots the Whittle function fitted on the OSA-UCS data, together the data
given by the OSA-UCS atlas.

5. Analysis extended to the whole OSA-UCS atlas by fitting lightness
with Whittle’s formula

1) Spectral luminous efficiency function

In a controlled visual situation adapted to the D65 illuminant with a color sample on
a grey background, lightness depends only by the tristimulus values that specify the
color sample and background.

13



LOSA
Ly

for ¥, >30 L, =12.2359log]{1+1.1076%}

for ¥, <30 L, =-5.2406log,, {1_,_2.9615@}

10

10 20 Y0, =30 40 50 60 70
Percentage luminance factor Y,
Fig. 1. Plot of the Whittle function (red line) over the data of the OSA-UCS atlas with |g|<1, |j<1 represented by grey
crosses (x). The big black dots (e) represent the average of the value of the data of the OSA-UCS atlas at equal

lightness and the red dots () represent the value of the Whittle function averaged over the data of the OSA-UCS
atlas with |g|<1, |j|<1 and equal lightness.

The loci with constant lightness are planes in the OSA-UCS space. The formula of
Semmelroth describes the constant lightness loci with surfaces that are no longer
planes in tristimulus space. This means that the lightness is a nonlinear function of
the tristimulus values. The representation of the lightness by means of a linear
function of the tristimulus values of the color sample is here considered as an
approximation.

As known the percentage luminance factor Y) is the tristimulus value that represents
the luminous stimulation. First, this analysis searches for fitting the lightness of the
OSA-UCS system with a linear function of the tristimulus values of the color
samples.

As we will see, the obtained function is almost equal to each value of lightness and
this leads us to believe that the linear fit is a good approximation. In analogy to the
percentage luminance factor Yj, that is a coordinate in the tristimulus space, this
linear approximation led us to define a percentage luminous factor W, representing a
relative luminous stimulation in the OSA-UCS system that takes into account the
Helmbholtz-Kohlrausch effect in a linear approximation

14



W=L X, +L Y, +L,Z, with L, =0.2152, L, =0.7305, L, =0.0761
W=L,A+L,B+L.C  with L, =0.4975, L, =0.3487, L. =0.1756

®)

where (X9, Y10, Zio) and (A, B, C) are the tristimulus values in the X;¢Y0Zio
reference frame and in the adapted ABC reference frame [5-7], respectively, which
are related by
A 0.6597 0.4492 -0.1089)( X,,
B|=|-03053 12126 0.0927 || ¥, ®)
C -0.0374 0.4795 0.5579 )\ Z,,
On this basis, it is defined a relative spectral luminous efficiency function W(4), in

analogy with the relative luminous efficiency function Vj¢(4), which has a very low
variation when lightness changes (Figure 2):

W(A)= Lx )_Cm(l) + LY 910(/1) + Lz Elo(ﬂ)

with L, =0.2152, L, =0.7305, L, =0.0761 (10)
W(A) =L, @A)+ Lyb(1)+ L.c (L)

with L, =0.4975, L, =0.3487, L. =0.1756

where ()_cm(/l),ylo(i),fm(/l)) and (E(ﬂ),g(ﬂ)f(ﬂ)) are the color-matching

functions in the X;(Y1¢Z;( reference frame and in the adapted ABC reference frame,
respectively.
For an analysis of the spectral luminous efficiency function see references [14-18].

W)
1

400 500 600 700
Wavelength (nm)

Fig. 2. Relative spectral luminous efficiency functions obtained from the different lightness planes of the OSA-UCS
system (grey lines) and relative spectral luminous efficiency function W(A) (red dots e and red line) computed as
weighted average, with weights equal to the numbers of color samples belonging to any constant lightness plane .
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ii) Luminous factor and Whittle’s formula

The Losa lightness has been related to the percentage luminous factor W for each
sample of the OSA-UCS system and the best fit of Ly by using Whittle’s formula is
shown in Figure 3.

Ly
LOSA
5
0
-5
. (W-30)
for W>30 L, =10.5548 log,,| 1+1.3270
N
(W +30)
for W <30 L, =—5.8178log,,| 1+2.4190———=
Ly g“’[ 0.4+w}
I

10 20 W,=30 40 50 60 70 W

Fig. 3. Whittle’s function in Egs. (11) (12) (red line) over the lightness data of the OSA-UCS atlas represented by
grey crosses (). The big black dots () represent the average of the value of the Losa data at equal lightness and
the cyan line represents the results from Semmelroth’s formula.

Whittle’s formula with best fitting parameters is:

W=30) | i RMS <0.12 (1D
(0.4+30)

(-W +30)
0.4+W)

for W>W, =30 L, =10.5548log,, {1+1.3270

for W<W, =30 L, :—5.817810g10{1+2.4190 } with RMS <0.15 (12)

where W;, = 30 corresponds to Losa = 0 and is the percentage luminous factor of the
grey background behind the color samples, and the dark light noise is approximated
with a 0.4 value. The RMS value of these fits were computed on the whole OSA-
UCS atlas. The two fitted Eqs. (11) and (12) provide equal value for W = 30, i.e.
Losa = 0.
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iii) Metrics and Euclidean color-difference formula in the (Ly, Gy, Jy) space with
Whittle’s lightness

The color-difference formulas have been long and deeply studied in recent decades
and their study is not yet completed. The OSA-UCS space has been studied with
considerable success to represent the color differences [11-13]. Here we consider the
Euclidean color-difference formula AEy defined in the log-compressed space
derived from space (Losa, G, J) transferring this formula into the log-compressed
space derived from space (Ly, Gy, Jy) to assess its quality. The Euclidean formula
depends on four parameters, which are defined on the experimental color difference
data by an optimization process. The STRESS quantity [19] statistically quantifies
the quality of these formulas. This operation is repeated in the new space (Ly, Gy,
Jw) by using the same experimental data used in the previous work [12] and STRESS
= 28.42 is improved [STRESS = 29.48 in (Losa g, Gg, Jg)]. The transformations from
the tristimulus space to (Ly, Gy, Jy) space are as follows:

1) (A, B, C), Wand Ly are defined by Egs. (8), (9), (11) - (12), respectively;
2) The coordinates (Gy, Jy) are defined by

Jw 2(0.5735L,, +7.0892) 0
= X
G, 0 —2(0.7640L,, +9.2521)
! A/B (13)
n
0.1792 0.9837 0.9366
X
0.9482 -0.3175 ln( B/C j
0.9807
The Euclidean color-difference formula in (Ly g, Gy, Jwe) is the following
AEy ;= [(ALy o) +(AGy ) +(Ady ) (14)
where
Lys= (bijln{ler—L(lOLW )} with a, =2.8628 and b, =0.0106
L aL
Jy g =Cypsinlhy), Gy, =C, ; cos(h,)
with

JW
hy, = arctan [—G—j

w

Cys =[bi]1n|:l+b—c(10CW )} with a. =1.2204 and b, =0.0448

c dc
C, =1[GW2 +]W2 .
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Evolution of colours in football shirts through colorimetric
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1. Introduction

Football fans express their identification with their team especially with colours of
football shirts. The respect of “tradition” is something so important that very small
changes can provoke anger in fans, who express their opposition in news and social
media. This could create problems for merchandising[1]. Fiorentina (Florence’s
football team) wears purple shirts, very uncommon in football world[2]. Probably
for this reason shirt’s colour is a very sensitive topic ‘fé)r Fiorentina’s fans (Fig.1).

Fig. 1 - A graffito “signed” by some Fiorentina’s supporters: the translation is “we say no to the bluish shirt”

In the recent years the introduction of high definition colour television and new
strategy of merchandising have assigned an important role to shirt’s colour.
Checking and the reproduction of official colours of a football team is nowadays
very important.

2. Material and Methods

Thank to the help of Museo Fiorentina[3] we have received at our lab 50 original
shirts belonging to different sport seasons. Every shirt is called using the year of the
second part of the season; as an example, the shirt used during the season 1958-1959
will bel called 1959. We have measured every shirt using a Minolta
spectrophotometer Cm-2500c with 10 nm of resolution, 45°/0° geometry optics and
360-740 nm wavelength range. We have checked our measurements using, on three
samples, a very accurate instrument: a Perkin Elmer spectrophotometer lambda 900
with an integrating sphere. The measurements of the two instruments agree within
the experimental error: we decided to use Cm-2500c that permits to see the exact
point of measurement. This peculiarity is very useful when we want to check shirts
with different hues.
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Ageing is a real problem in this kind of measurements. Nowadays every shirt is used
only one time but during the the 70’s and before every shirt could be used and
washed many times during a season, producing a degradation in colours.
Furthermore, old shirts could be inhomogeneous in colours: in order to check this
hypothesis, we have measured the same shirt in ten different points apparently of the
“same purple”. The results expressed in the CIELab system are shown in Tab.1.

L | 25.1+0.7
a | 27.9+0.7
b | -42.4+0.9

Tab. 1 — Mean and standard deviation obtained by ten measurements on the same shirt changing the measurement
point.

3. Experimental Results

For every shirt we can examine the reflectance spectrum and the colour coordinates.
Here we present only some data in order to present the variability trough years: a
complete report will be published in the future together with some psychophysical
measurements that want to investigate if every Fiorentina shirt could be called
“purple” nowadays. In Fig.2 the reflectance spectra of 1959 (the oldest shirt
available at Museo Fiorentina when we made the measurements) 1967, 1968, 1969,
1970 are shown. The first 4 shirts are very dark. This is a typical feature of the shirts
in the “golden age” of Fiorentina (Fiorentina won the championship in 1955-1956
and 1968-1969): a radio show devoted to Fiorentina is called “Viola Scuro” (Dark
Purple in Italian) in order to create a link with these famous years. The 1970 shirt is
redder and less dark.
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Fig. 2 - Reflectance spectra for 1959-1967-1968-1969-1970.
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Fig. 3 - Fiorentina’s shirt for season 1958-1959.

1982 (Fig.4) is a very famous shirt for the history of Fiorentina because in that year
many football team decided to renovate their shirt and their logo. Probably we can
define 1982 as the first year of the “modern football”. The year before Fiorentina’s
logo was completely renewed with an overlap between the traditional red fleur-de-lis
and a capital "F", for Fiorentina. Supporters disliked it when it was introduced, but
the logo remained until 1990. In the same year for the first time in Italy a sponsor
name was allowed on the shirt.

Fig. 4 - Fiorentina’s shirt for season 1981-1982.

1982 is the brightest shirt in Fiorentina history. Its difference is evident looking at
Lightness, but also looking at reflectance spectra (Fig.5).
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Fig. 5 — Reflectance spectra for 1959-1982-1983. 1982 is brighter compared with 1959 (that we can consider the
golden standard) but also with 1983.

Another important year was 1978 because for the first time on Fiorentina’s shirt
appeared the logo of the “technical sponsor”: Adidas. The “technical sponsor” is the
factory producing shirt, socks, shorts and other part of the kit and should not be
confused with the main sponsor previously cited that could be completely unrelated
with football’s world. In 1979 Adidas produce the first synthetic shirt (until that year
the shirts were made using wool). Despite these great changes reflectance spectra are
quite similar (Fig.6) because probably Adidas made a big effort to maintain the same
colour.
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Transforming the CIELab coordinates into CIELCh coordinates [4][5] it is possible
to study the evolution of the hue. We have calculated AH (variation in the hue) using
as reference point 1959 shirt. Using this approach, it is very evident the change in
hue happened in 1970 (Fig.7).
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Fig.7- AH from 1959 evaluated for 1967, 1968, 1969. In 1970 there is a big change in hue.
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But particularly interesting is the relationship between technical sponsor and hue.
Every technical sponsor tends to use a “proprietary” purple, realising its own colour.
Looking at Fig.8 we can note that there is a good correspondence between technical
sponsor and hue.
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Fig.8— AH from 1959 evaluated for seasons from 1992-1993 to 2000-2001. At the same colour correspond the same
technical sponsor

This behaviour is also evident looking at season from 2002-2003 to 2012-2013
(Fig.9).
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Fig.9- AH from 1959 evaluated for seasons from 2002-2003 to 2012-2013. At the same colour correspond the same
technical sponsor
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3.1. Comparison between real and fake shirts

Colorimetric analysis could be very useful also to distinguish real historical shirt
from fake shirt. A real Fiorentina’s shirt for example from 90’s can be evaluated 300
€, but a shirt from 60’s can be sold at 5000 € and this evaluation provokes a big
market for fake reproduction. Recently we have examined a shirt pretending to be an
original shirt from season 1969-1970. Comparing this shirt with two original shirts
from Museo Fiorentina (Museo Fiorentina receives some shirts directly from players
admitted to the Hall of Fame) we have noticed that the red of the fleur-de-lis in the
tested shirt is completely different (AE=9.3) from the red of the two original shirts.
Instead the red of the two original shirts is the same (AE=0.7). Obviously this is not
a decisive proof, because in those years, before the introduction of official technical
sponsor, some differences could be due to different suppliers. But it is a hint that,
together with the analysis of textiles and weave, can help an expert in his/her
evaluation.

4. Conclusions

Through the years purple in Fiorentina’s shirts is changed in many different ways.
While the first shirts are dark, nowadays we can see very bright shirts that result
pleasant on the TV screen. A definitive Fiorentina’s purple do not exist: every
technical sponsor creates its own purple. A colorimetric analysis could be useful in
order to discriminate between real and fake shirts. At the moment we are conducting
psychophysical experiments for understanding if every purple in Fiorentina’s history
could be called purple nowadays.
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1. Introduction

This research belongs to a series of studies on the colour rendering properties of
light sources. The peculiarity of the work is the ecological setting according to
which observations are made under complete adaptation. For this reason no direct
comparison between differently lit colours is made, but observers describe colours
once under a light source and in a second time under another source. The rendering
capability of the two sources can be derived by computing the differences in the
colour descriptions performed in the two conditions. If descriptions are the same, the
two sources show the same colour rendering capability, otherwise the larger the
differences, the worse the colour rendering of one lamp compared to the other.

2. Method.

A good colour description is crucial for this purpose, and we used the method
suggested by Hering for developing a natural colour system [1] to evaluate how
much a given colour resembles the six elementary colours (W S Y R B G,
respectively: white black yellow red blue green). In a viewing box (Figure 1) a
single colour patch bent to appear cylindrical and lit by one light source was
observed and evaluated according to how much it looked similar to an elementary
colour (green for instance).

mm

Figure 1. The viewing box used for the experiment. At left lit by an incandescent source; at right it is lit
by a LED 6500K source.
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Figure 2. The 16 samples used in the experiment. C: chromatic, W: whitish, |: intermediate, S: blackish
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In different runs all the 16 colours used in the experiment (Figure 2): 4 nuances (a
chromatic, a whitish, an intermediate, and a blackish colour) taken out of 4 mixed
hues (orange, purple, turquoise, lime) were evaluated for their similarity to all the
elementary colours (W S Y R B G, respectively white, black, yellow, red, blue,
green); and in different sessions the whole procedure was repeated under the
different light source, with complete adaptation to each of them.

A mechanical ruler (Figure 3), over which an arrow could be moved from a
‘minimum’ position at left (no resemblance) to a ‘maximum’ position at right
(complete similarity), was used to accomplish the subjective evaluations, without
any external reference except the two extreme points of the interval.

i —

Figure 3. The mechanical ruler used as a visual scale to evaluate the colour appearance of the
experimental samples. The arrow can be moved from left (no similarity) to right (complete similarity), and
back. A numerical scale to register the answer is visible only after the arrow has been positioned in the
wanted place.

The position chosen by the observer was then quantified by a number, hidden during
the evaluation operation, describing the distance of the arrow from the origin, and
these measures were later normalized to a 0-100 scale.

Four psychology students with normal colour vision volunteered in the experiment,
and performed more than 12000 evaluations in the whole set of different conditions.

2. Results

The main results are presented in Figure 4, where all the subjective evaluations of
the chromatic components of the observed colours are plotted as a function of each
sample, grouped according the their hue. The NCS measures of the same samples,
performed by the NCS Colour Scan, are inserted in the same diagram.

Our results are in relatively good agreement with the NCS values, although they are
not highly correlated. Experimental mean evaluations are higher and more expanded
than the NCS measured notations. The Pearson correlations between raw evaluations
of Yellowness, Redness, Blueness and Greenness and the corresponding NCS
values are shown in table 1.

(Under source A under source LED under A+LED
sets Pearsqn t 0 Pearsgn i 0 Pearsgn i 0
correlation correlation correlation
Ye / Yncs 0,83 3,63 | 0,008 0,86 4,16 | 0,004 0,84 587 | 0,000
Re / Rncs 0,81 3,44 | 0,011 0,83 3,69 | 0,008 0,81 516 | 0,000
Be / Bnes 0,58 1,76 | 0,121 0,62 1,94 | 0,094 0,60 2,82 | 0,000
Ge / Gnes 0,94 6,83 | 0,000 0,88 451 | 0,003 0,91 8,15 | 0,000

Table 1. Pearson correlations, Student t, and p, between mean evaluations of Yellowness, Redness, Blueness and
Greenness and the corresponding NCS values under the source A, LED, and both. Ye, Re, Be, Ge: evaluated Y R B
G; Ynes, Rues , Bres , Gnes: Y R B G notations according to the NCS (measured by NCS Colour Scan).

28



80 -

evaluation of chromatic components
N
o

o
7]
=

30 55 15 R50B o
4030 30 R40B —
5040 10 R50B @
20 30 50 R50B <
10 50 40 B50G ©
20 40 40 B50G —
40 30 30 B50G ¢
102070 B70G =
05 60 35 G50Y ©
20 60 20 G50Y
50 30 20 G50Y &
05 30 65 G50Y =
10 70 20 Y60R
30 30 40 Y60R
50 30 20 Y60R
20 20 60 Y60R

Figure 4. Mean evaluations of the chromatic components, and the NCS notations derived from measurement with
NCS Colour Scan for all the studied colours. Top: experimental data, coloured lines. Circle (one of the two
chromatic components, for instance blueness in the first 4 colours) and square (the other chromatic component, for
instance redness in the same colours) under light source A. Diamonds and triangles: the same components under
light source LED. Solid line: light source A; broken lines: light source LED. Bottom: NCS measured notations, black
lines. Circle (one of the two chromatic components, for instance redness), and diamonds (the other chromatic
component, for instance blueness). Abscissa: NCS full notations of the studied colours (blackness, chromaticness,
whiteness, hue); In bold the most relevant NCS attribute of the samples. C: chromatic samples; I: intermediate
sample; S: blackish samples; W; whitish samples.

The evaluations of Greenness are the most correlated to the NCS values, while those
of Blueness are the least; moreover correlations of Blueness are not significant if
considered separately under the two sources (in bold).

In Figure 4 at the first sight one realises that the distribution of the experimental data
is quite different from the distribution of the NCS measured notations, which
occupy the lower part of the diagram. While NCS values are relatively small, the
experimental mean evaluations are quite higher and dilated; and moreover one can
see some peculiarity of the distribution which differentiate the hues being
evaluated: when blue appearance is rated in blackish samples, it receives high
marks, and lower marks in whitish samples. The contrary happens with yellow
samples, which receive higher yellow evaluations in whitish samples, and lower in
blackish samples. Something similar, but quite reduced, happens also when redness
and greenness are evaluated. This means that there is some interaction between
achromatic and chromatic evaluations, which on the contrary should be independent
as it happens in the NCS. Therefore we decided to transform the raw data by taking
into account these interferences to get subjective values closer to the NCS data.
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The transformed evaluation (t.ev) is then computed according to the following non-
linear equation, in which three components, whiteness (W), blackness (S), and the
specific colour (C), contribute to the result:

tev=m, *W"e, +m;,*S e, + m, *C~"e.+ offset €))]

where m, is a scale factor and e, is an exponent, found to minimize the square
differences between the transformed results and the NCS values. Results are
presented in Figure 5.
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Fig. 5 - Representation of the raw and transformed evaluations of the chromatic components. Circles: NCS notation,
diamonds and dark triangles: raw evaluations; squares and light triangles: transformed evaluations. Top left:
evaluations of Yellow; top right:: evaluations of Red; bottom left: evaluations of Green; bottom right: evaluations of
Blue. In abscissa the eight samples which appear of the evaluated colour (for instance the eight yellowish colours ).
In figure 5 we see that the non-linearly transformed evaluations are almost
superimposed to the NCS corresponding values for each colour, which was the aim
of the transformation. Although our method searched for absolute evaluations, i.e.
independent from other constraints like the evaluations of other colour components,
we expected that our results would be correlated with the NCS notations, which on
the contrary are interdependent. The transformation seems to have been particularly
successful as regard to the increase in correlation of our results with NCS values.
The left column of Figure 6 shows how the chromatic evaluations of the samples
change under the two light sources. Points aligned along the diagonal mean there is
no change, while deviations from the diagonal means that in one case the specific
appearance is more pronounced under a source than under the other.
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Figure 6. Left column: transformed evaluations of the chromatic components Y R B G under the light source LED as
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If the evaluations do not differ from one source to the other, the points are lying in
the diagonal, otherwise there is a difference in the evaluations, and this means that
the source show different colours. Under the LED source greenness is lower in the
chromatic (c) turquoise colour (BG) and higher in the blackish (s) turquoise colour;
and it is still higher under LED in the lime blackish (s) colours (arrows). Other
deviations are circled.

The right column of figure 6 shows how the evaluations of the two chromatic
components of each sample appear balanced under the two light sources: points
aligned along the diagonal mean equal evaluations of the two colours appearance.
The points representing the evaluations of the samples are labelled by C (chromatic
sample), W (whitish sample), I (intermediate sample), S (blackish sample), and the
label is close to the point corresponding to the evaluation under source A. As most
colours in our experiment, considered from the NCS system, are balanced (50% of
one colour and 50% of the other colour) the points in the diagram should lie along
the diagonal. Deviations from the diagonal mean that one colour is more visible at
the cost of the other, and deviations due to the ‘objective’ (according to NCS
measures) presence of the two colour appearances is documented inside the
diagram; moreover the ratio between the two colour evaluations can be a function of
the source under which it is perceived. For instance in chromatic purple samples
(C) red evaluation is higher than blue evaluation because their ratio measured in
NCS is 60% vs 40% (R40B). On the contrary in the case of the whitish orange
sample (W) the yellow component is more evaluated under the source A than
under source LED (mean evaluation 16.7 vs 13.1). Probably these deviations are
due to the spectral power distributions of the two sources (Figure 7)

—— lluminant A approx.
———. LEDG500K

spectral radiance [a.u.]

400 450 500 550 600 650 700 750
wavelength [nm]

Figure 7. Spectral power distribution of the two light sources used in the experiment.

The following Figure 8 shows the raw evaluations in the left column and the
transformed evaluations in the right column, separately for the different hues of the
studied samples (orange, purple, turquoise, and lime) as a function of the
corresponding measured NCS values.

An interesting results derived from transforming non-linearly the raw evaluations is
that on the one side the correlations between data and NCS values notably increase
(compare data from table 1 and 2), and on the other side correlations of the colour
evaluations with evaluations of White and Black decrease, as it appears in Table 3.
This means that the transformed data are essentially related to the chromatic aspect
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In figure 6 left side, evaluations of elementary colours observed under source LED
(triangles) are plotted as a function of the evaluations observed under the source A of
the samples and independent from the achromatic one.
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Figure 8. Mean evaluations of the chromatic components as a function of the NCS values. Left raw data; right: after
non-linear transformation. From the top to the bottom the evaluated component is Yellow, Red, Blue, and Green.
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Pearson

sets correlation t p kind stat.
NCS & A 0,02 0,07 0,94 very low ns
NCS & LED 0,11 0,40 0,69 very low ns
A&LED 0,95 11,89 0,0000 very high significant

Table 1 — Correlation between sets of data before non-linear transformation. NCS: values given by NCS Colour
Scan; A: evaluations given under source A; LED evaluations given under the source LED.

Pearson

sets correlation t p kind stat

NCS & A 0,73 4,007 0,001 high significant
NCS & LED 0,84 5,870 0,000 high significant
A&LED 0,90 7,534 0,0000 high significant

Table 2 — Correlation between sets of data after non-linear transformation. NCS: values given by NCS Colour Scan;
A: evaluations given under source A; LED evaluations given under the source LED.

Light source BIW B|S Y|W Y|S GIW G|S RIW RIS

A before t 0,56 0,52 0,44 0,49 0,02 0,04 0,36 0,26
A after 1 0,38 0,33 0,01 0,07 0,08 0,12 0,24 0,14
LED before_t 0,49 0,49 0,42 0,53 0,23 0,15 0,39 0,29
LED after t 0,44 0,41 0,05 0,04 0,15 0,13 0,31 0,22

Table 3 — Correlations between the mean evaluations of the chromatic components B'Y G R and Whiteness and
blackness S, under the two sources A and LED, before and after the non-linear transformation.

In the following Figure 9, the changes in correlations are relevant under both light
sources for evaluations of Yellow and Red, while correlations of Blue evaluations
changes under the source A, but not under source LED, and in any case changes are
low, although in the expected direction.

1,0 1,0
B Y G R B Y G R
08 W S W S WS W S 08 W S W S WS W S8
(%2} (%2}
é 06 .éo,e \
< < A
2 04 \g \Q 4 1 %04 e b A
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A A ,
02— 00— |\ 02 VoV \1/
o o © o
0,0 : 0,0 cl
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

samples samples

Fig. 9 — Correlations between the mean evaluations of the chromatic components B Y G R and Whiteness and
blackness S, under the two sources A (right) and LED (left); triangles: before; circles: after the non-linear
transformation. Arrows show the decreased correlations.

Correlations of green evaluations changes under source LED for the whitish samples
and under source A for the blackish samples, although here in the wrong direction
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(this is the only case out of sixteen); the likely reason might be that correlations
were extremely low already before the transformation, and therefore could not
further decrease: the final correlation with black is still very low, and we can
consider irrelevant the change. Although both correlations of B and W, and of B and
S decrease, the final values are still relatively high (around 0.44). It seems that it is
not possible to free the evaluations of blue from those of black and white.

The following Table 4 shows the changes in correlations between subjective raw
evaluations of Yellowness, Redness, Blueness, and Greenness and the
corresponding NCS measured values; Table 5 shows the changes in correlations
between the raw and transformed evaluations under the sources A and LED.

Ye | Re | Be| Ge | Ya| Ra| Ba| Gal
Yncs Rncs Bnes Gines Yien Rien Bieo Giep
0,84 0,81 0,60 0,91 raw 0,994 0,987 0,991 0,843

0,99 0,95 0,79 0,94 transformed 0,995 0,987 0,984 0,992

Table 4. Left. Correlations between subjective evaluations of the chromatic components of the sample colours and the
corresponding NCS measured notations, computed with raw and transformed data.

Right. Correlations between subjective evaluations under sources A and LED for raw and transformed data. Y:
Yellowness, R: Redness, B: Blueness, and G: Greenness. e: evaluated colour.

One can see there is a relevant increase in the correlations between subjective and
NCS values after the non-linear transformation (Table 4 left). Moreover the
correlations between the subjective evaluations under the source A and those under
the source LED are very high already with raw evaluations and therefore the
increase after transformation is limited (Table 4 right).

Our aim was to find whether and how much colours appear different when viewed
under different light sources, A and LED6500K in our case. From the descriptions
given by the observers most colours actually appear different in the two conditions.
To measure this difference we used the Mahalanobis distance (Dy), particularly
convenient when the difference has to be computed from multidimensional
distributions, as it is the case of colours evaluated by a number of observers.

Dwm = M(covar) * [MT(differences of the means) * Mi(covar)] * M(differences of the means) (2)

The calculation is based on the covariance matrix and the differences of the means,
and provides also a significance level of the difference. It is also possible to derive a
measure of similarity (S) between two distributions from the Mahalanobis distance
(Dw):

S=100*EXP(-0,5* Du"2) (3)

The assumption is that maximum similarity between colours viewed under two
different lights means that colours appear identical and therefore the lamps have the
same colour rendering capabilities. If on the contrary similarity is limited, i.e.
the same objects appear of different colours under the two sources, a colour
rendering index can be calculated as a geometrical average of the degree of
similarity of each colour pair (the same object under the two lights) [2].
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NCS code kind Du De S p

3055 R50B PC 2,68 3,1 28 0,000
2030 R50B Pl 1,60 1,4 279 0,000
4030 R40B PS 2,04 24 124 0,000
5040 R50B PW 7,45 6,0 0,0 0,000
1050 B50G TC 0,59 0,6 842 0,099
1020 B70G Tl 0,64 0,6 81,7 0,067
2040 B50G TS 0,46 0.4 898 0,231
4030 B50G TW 5,71 53 0,0 0,000
0560 G50Y LC 1381 8,9 0,0 0,000
0530 G50Y LI 3,74 3,7 0,1 0,000
2060 G50Y LS 4,06 4,7 0,0 0,000
5030 G50Y Lw 4,80 41 0,0 0,000
1070 Y60R AC 3,19 3.2 06 0,000
2020 Y50R Al 2,81 35 1,9 0,000
3030 Y30R AS 3,61 3,9 0,1 0,000
5030 Y60R AW 3,12 3,1 08 0,000

Table 5. The table shows the bidimensional Mahalanobis distance (Dw) derived from transformed evaluations (the pair
of elementary colours evaluated for each sample) under the two light sources. The Euclidean distance (De) derived
from subjective evaluations, the colour similarity (S) from Mahalanobis distance, and the statistical significance (p,
assuming critical o = 0.05) are also included. Kind: characteristics of the colours (P, T, L, A: Purple, Turquoise, Lime,
Orange respectively); C: chromatic samples; /: intermediate sample; S: blackish samples; W; whitish samples. Non
statistically different distances are in bold.

Worth noting that Purples show strong constancy under the two light sources, as
the differences between the colours under the two lights are very small and not
significant, while correspondingly their similarity is very high.

We performed the calculations of the colour similarity with the transformed
evaluation data, considering the two dimensional distributions (only evaluations of
chromatic components, which can be at most two, because of colour opponency).

Usually lightness does not enter in the calculation of a colour rendering index as it
depends on the illumination level and not on its spectral power distribution. Then we
calculated the colour similarity under the two lights still using the transformed
evaluations, and in this case we assumed the two chromatic components were a
sufficient basis for deriving the colour similarity for the scope of the experiment.
Therefore similarity is computed only for the chromatic aspects of colours, not their
luminance, which might be increased or decreased according to the power of the
sources.

5. Conclusions

The experimental method we used here seems particularly useful to accurately
describe colours perceived under a specific light source to which the observer can be
fully adapted. From different descriptions of the same colours under different light
sources we can derive the similarity of the colours under the different lights and then
compute a rendering index (by fixing one source as the reference). The method has
revealed good capability in detecting similarity and differences between colour
observed in different times and in different light to be use both for practical
purposes and for theoretical ones, as the study of a phenomenal colour system.
Further research is needed to improve the details of the calculation of the rendering
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index, after the suggestions by Smet et. al [2].
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1. Introduction

The human color sensation deriving from the observation of a certain point of a scene
may differ from the physical luminance of that point. In fact, several experiments
revealed that the color sensation at a point depends not only on the photometric
properties of that point but also on the physical luminance of the colors surrounding
that point and on their spatial arrangement [1] [2] [3].

Retinex [4] is the earliest computational model that attempts to estimate the color
sensation by taking into account this empirical evidence. Retinex assumes that the
color signal is processed separately by the retina photoreceptors and that there exist s
a spatial interaction among the colors of the viewed scene. In agreement with these
hypotheses, when applied to a digital color picture, Retinex works separately on the
three image chromatic channels and processes the colorof each image pixel based on
the surrounding colors. The result is an enhanced color image, where the chromatic
dominant of the light and possible smooth shadows are lowered, while scene details
and edges are enhanced.

Many implementations of Retinex are available in the literature [2]. They differ from
each otherin the way they spatially explore the neighborhood ofeach pixel and in the
way the colors adjacent to that pixel are processed. The original Retinex
implementation, analyzed in details in [5], scans the neighborhood ofeach image pixel
x by aset ofrandompaths ending in . The chromatic intensities of the colorsensation
at .» are obtained as the average, among the random paths, of the relative ratios of the
pixel's chromatic intensities along each path, where division by zero is of course
prevented. The one-dimensional, path-based scanning approach of the original
Retinex has been adopted by many other subsequent Retinex implementations, e.g.
(61 (71 (8] [9]-

Among the many variants of Retinex, we here describe and compare the Random
Spray Retinex (RSR) algorithm presented in [10], and its two subsequent variants
STRESS [11] and QBRIX [12]. Our attention to RSR and to its variants is justified by
the success of this algorithm, that has been widely used for many applications, e.g.
[13] [14] [15].

RSR is the first Retinex implementation that replaces the random path scanning
approach with a bi-dimensional random sampling. RSR originated from the need to
solve some problems raised up by the use of the random paths. In fact, the path -based
sampling mechanism of the original Retinex presents three main disadvantages:first,
the color filtering strongly depends on the number and on the geometry of the used
paths; second, the randomness ofthe paths introduces chromatic noise in the estimate
of the color sensation; third, in order to reduce this noise, many paths have to be
scanned, resulting in long computational times. RSR overcomes these problems by
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introducing a novelspatial sampling that explores the region around each image pixel
a with a random spray. A random spray is a set of pixels randomly selected from a
circular neighbor of x with a radially decreasing density, accounting for the fact that
the pixels closer to & are more relevant to color sensation then the others [2] [16]. For
any spray, the color sensation at  is computed as the ratio between the intensity of
and the maximum intensity in the spray.In order to reduce the chromatic noise due to
the random sampling, many sprays are generated, and the final color sensation is the
average value over the sprays' color sensations. Again, the algorithm precludes
division by zero.

STRESS [11] (Spatio-Temporal Retinex-inspired Envelope with Stochastic
Sampling) is a variant of RSR, particularly suitable for local contrast stretching,
automatic color correction, spatial color gamut mapping, and efficient color to
grayscale conversion,e.g. [17] [18]. As RSR, STRESS explores theneighborhood of
each image pixel by the useof random sprays,butit estimates the color sensation in
a different way. Precisely, for each chromatic channel, and for each image pixel i,
STRESS computes the lightest and the darkest pixel in each spray centered at :+ and
uses these values to define two functions, said the minimum and the maximum
envelope, that contain the chromatic signal. The color sensation at i is obtained by
stretching the chromatic intensities at » between the corresponding minimum and
maximum values in the envelopes.

QBRIX [12] (Quantile-Based approachto RetlneX) is a probabilistic formulation of
RSR. It removes the sampling procedure and models the spatial arrangement of the
image colors by a suitable distribution function. There are two implementations of
QBRIX. The first oneis a global filter (here indicated as G-QBRIX), based on the fact
that chromatic intensities rarely occurring in the image are not relevant to the color
sensation, thus theycan be ignored. According to this principle, the probability density
function (pdf) of each chromatic channel is computed, and the intensity value
corresponding to a quantile, fixed by the user, is set up as reference white. The color
sensation is obtained by rescaling the chromatic values of the image by the input
quantile that controls the percentage of discarded colors. The second implementation
is a local filter (here termed L-QBRIX), that takes into account the spatial distance
between the image colors: for each chromatic channel and for each pixel x, the
algorithm computes a pdfat =, where the contribution of each image pixel is weighted
by its distance from . The color sensation at . is then computed as in the G-QBRIX.
Disregarding the random sampling, QBRIX estimates a color sensation image with a
negligible chromatic noise.

The present paper presents areview and a comparative analysis of RSR, STRESS and
QBRIX, carried out on a public datasetof color pictures [19] and on some synthetic
images usually employed to test color filtering algorithms. We evaluate the
performance by means of different measures concerning the capability to enhance the
contrast and luminance of the input image, the spatial local properties and the
chromatic noise possibly generated by the filtering. The evaluation scheme and the
obtained results can be used for the analysis and the comparison of other filtering
algorithms.
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2. Notation

Let 7 be a color image with size 4 x B, where 4, B are positive integer numbers.
Let Cy, 'y, Cy be the chromatic channels of 7. Each of them is regarded as a function
C; : Supp(]) — [0, 1], where Supp{T)is the image support,ie. the setof the spatial
coordinates (a,b) of the image pixels (a € {1,...,. A}.be {1,...,B}). Here we
assume that the chromatic intensities of 7, that in a standard RGB image range over
{0,...,255}, have been normalized in [0, 1]. This assumption is introduced for
numerical reasons. Here we refer to the color sensation as to a color image /. defined
on Supp{7)and having chromatic components gy, L, Ly.

3. Random Spray Retinex

Random Spray Retinex (RSR) [10] is an efficient implementation of Retinex, widely
used in many applications. As pointed outin Section 1, RSR was born from the need
to decrease the computational cost of Retinex and to partially remove the chromatic
noise possibly introduced by the random paths in the estimate of the color sensation.
These objectives have been reached by adopting a novel sampling scheme and by
simplifying the equation for computing the color sensation. The algorithm works as
follows.

For each chromatic channel (; and for each pixel = € Supp([), with C;(x) # 0, RSR
generates N (> 0) random sprays centered at . The kth random spray .S () (
k=1,...,N) is a set of image pixels {yi....,y}'}, belonging to a circular
neighborhood centered at . The parameters Nand A7 are non-null positive numbers
and A7{> 0)is smaller or equal to the number of image pixels. The pixel q,f is defined
as

yf;, = (wg + pcos(), 1 + sin(H)) 3.1
where (4, ) ) are the spatial coordinates of ::, p and # are uniformly randomly chosen
over the sets [0, 7] and [0.2#) respectively, and R is the radius of the spray.
Experiments reported in [10] showed that the optimal value for R is the length of the
image diagonal. Fig. 1 shows a random spray centered at the middle point of an
image.
The ith chromatic intensity of the color channel at = is computed by the following
Equation:

M
1 Ci(x)
i\r) = —= 2
=N 2 e G2
where ;. 1is a pixel of S;{) such that
Ci(xg) = max{C;(y) : y € Sp(x)}. (3.3)

Since we assume that Sy {) contains #, and C; () # 0, C; () is greater than zero,
and thus Equation (3.2) makes sense. When C;(r) = 0, L; () is set to zero.

The parameters N and M control respectively chromatic noise and locality of color
filtering. The optimal values of NVand M depend on the input image and they can be

empirically determined as a trade-off between good image quality and computational
time [10].
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r 7 '(i?a( t r L= ! |
Fig. 1: Arandom spray centered in the middle of a colorimage from YACCD. Thepixels of a spray are highlighted in
red.

3. STRESS: Spatio-Temporal Retinex-inspired Envelope with

Stochastic Sampling

STRESS (Spatio-Temporal Retinex-inspired Envelope with Stochastic Sampling)
[11] inherits from RSR the image exploration mechanism, while it implements a
different equation for estimating the color sensation.

For each chromatic channel (; and for each pixel x € Supp([), with C;(x) #£ 0,
STRESS computes N random sprays centered at . For each spray 53 () (k =1,

N), it estimates the local reference lightest and darkest chromatic intensities E;";m ( )
and E* (), defined as

mem

Eyin(x) = min{Ci(y): y € Se(x)};
Ee(r) = max{Ci(y): y € Si(x)}.

and E*  can be regarded as two smooth functions, ie. the minimum and

TT]?H reon
maximum envelopes, defined from the image support to the chromatic intensities,and
containing the entire chromatic channel. Fig. 2 shows an example of such envelopes.

The values E* . (2)and E¥ () are used to compute a local chromatic sensation

v (x) from Sy () by the following equations:

1 if Ry(x) = 0
k() = § Zite)—EE () . (34

R () otherwise

where Ri.(2) = B}, . () = E},;, ().
The final chromatic sensation L;(::)is then obtained as

l 3 =
Li(e) =42, . _ if By (@) = En(2) (3.5)
i Lil@)=Fm () horwise

En (x)—Eo ()

where
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N

N
R(x) = %ZRR(,{) v(x) = %Zok(x)
T k=1

T k=1
En(x) = Ci(z)— R(x)v(x): Ey(x) = Ey(2) + R(2).

minimum envelope

maximum envelope

CubeAAO1

Fig. 2-The red componentofanimage from YACCD (CubeAA01) \cite{yaccd2003} and its minumum and maximum
envelopes. These results have been obtained by seting ¥ = 35 and A = 125.

Using the mean values R{x) and »(x) instead of the mean values of £* ; (x) and
E¥ (x)over the number of sprays emphasizes the weight of the chromatic in tensity

of the pixels close to , and thus produces a less noisy image, with few haloing
artifacts [11].

4. QBRIX: Quantile-Based approach to RetlneX

QBRIX (Quantile-Based approach to RetlneX) [12] is a probabilistic version of
Retinex, based on RSR. QBRIX relies on the observation that the color sensation at
any image pixel x is poorly influenced by (1) colors rarely occurring in the image and
(2) colors of pixel located far from . The observation (1) leads to an implementation
of a global color filter, named G-QBRIX, while merging both (1) and (2) leads to a
local color filter, named L-QBRIX. Both these versions process the chromatic
channels separately and replace the random sampling of RSR with a statistic approach
that suppresses the chromatic noise that in RSR is due to the random sampling.
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4.1. The Global Filter: G-QBRIX

For each chromatic channel, G-QBRIX computes the probability density function
(pdf) of the chromatic intensities. Due to the discrete nature of the data, the pdf is
approximated by a histogram, normalized so that it sums up to 1.0. The pdf of a certain
chromatic value ' is thus computed as

_ #{y eSuwp(l).y: Cily) = C}

p(C) #{y < {Supp(/)}

@.1)

G-QBRIX is grounded in the observation that chromatic intensities rarely occurring
are irrelevant to color sensation, regardless of their values. The observation holds for
the highest luminance pixels which are to be used as reference white values: as a
consequence G-QBRIX considers only a certain percentage of image pixels,
corresponding to a quantile () of the pdf p. We remind that the quantile () of the pdf
p 1s a real number ranging over [0, 1] that partitions  in two parts at a chromatic
intensity ¢ such that >.7_,p(z) = Q.
The value of () is a user input and controls the percentage of pixels to be disregarded:
more precisely, the percentage of retained pixels is the (100 - 2)%. The value of L; ()
(where as usual i is an image pixel) is given by the following equation:

0 if Ci(x)=0

Li(z) =41 it Ci(x) > q,Ci(x) £ 0 4.2)
s (@)

= otherwise

The second condition defines the chromatic sensation when ¢ is smaller than the value
of C;{x). For instance, this the case of an image with ;(r) = 1 and a low value of
p(Ci ().

4.2. The Local Filter: L-QBRIX

L-QBRIX re-implements the procedure of G-QBRIX by taking into accountalso the
influence of the spatial arrangement of the colors in the image. For each chromatic
channel (’; and for each pixel : in the image support, the algorithm computes a pdf
of the chromatic intensities at :, such that

L1 d(z,y)1-=
@@=y X |55 43)
ye{Supp(I)\{=},Ci(y)=C}

In this equation, €{:x, 1) denotes the Euclidean distance between = and y, 77 is the
length of the image diagonal, the parameter «r is a real number tuning the relevance
of the distance in the color sensation, and W =3 , p..(A) is a normalization factor
where A ranges over the possible chromaticity intensities.

As in G-QBRIX, also in L-QBRIX the chromatic sensation Z; () is computed by
selecting a quantile of the pdf ,.(C") and by applying Equation (4.2).
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5. Experiments

The color sensation output by the Retinex algorithms is an enhanced color image,
where the chromatic dominant of the light and possible slight shadows are partially
removed and the scene details are emphasized. In our comparative analysis of RSR,
STRESS and QBRIX, we define aset ofevaluation measures taking into account three
visual properties of the color sensation, already used in previous works, e.g. [20] [9]:
brightness, contrast, chromatic dynamic range. The analysis of these quantities allow
to evaluate the image enhancement produced by the algorithms o fthe Retinex family.
We remark that here we do not consider any pre- or post-filtering calibration of the
input and output images, which is usually required by other tasks, e.g. for modeling
the human vision system [21].

The proposed comparison is performed on the public dataset YACCD [19] that is
composed by 168 pictures displaying seven objects portrayed against two textured
backgrounds and under seven illuminants with and without shadows (see Fig. 3 for
an example). The tests have been also performed on a simple image, named
Test16.255, displaying a bright square (with uniform RGB color (255, 255, 255)) over
a dark background (with uniform RGB color (16, 16, 16)). Due to its simple structure
(see Fig. 4(a)), Test16.255 is commonly employed to visualize the filtering effects of
spatial color algorithms.

(A)

(B)

Fig. 3- Anexample from YACCD: (A)
each illuminant, the object is display ed against tw o different backgrounds, with and without shadow's.

5.1. Evaluation Measures
Brightness - We evaluate the brightness variation between the input image 7 and its
color filtered version 7. by comparing their brightness mean values. Precisely, the

mean image brightness is defined as
1

" By e Supp(D)}

> (Boly) + Bily) + Ba(y)) (5.1)

y€Supp({)
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where Supp (I) indicates the set of the image pixels, and for any 7 =0, 1, 2, B;
indicates the chromatic values of the inputimage (i.e. B; = ;) or of a filtered version
(IGB, = L,)

Contrast — We evaluate the improvement of the details visibility by comparing the
mean value of a multi-resolution contrast of the brightness of 7 and [, as proposed in
[22], which accounts for local chromatic intensity variations at different scales. The
contrast measure is defined operatively by constructing a pyramid of A images
Iy, ..., Iyy_1 (with H an integer positive number) where [ is the brightness of 7 and

foreach h = 1,...,H — 1, I, is the image [, _, rescaled by 0.5. For each image I,
we evaluate the /ith local contrast at a pixel y € Supp({)

aw =5 3 1) - 1)

2ENs(y)

where Ny(y) denotes the 8-connected neighborhood of y. The global contrast @, of

I is then obtained as the mean values of «;, over the number of pixels of [, i.e.
1

~ #{y € Supp(1,

Ch

T cx(y).

The global contrast of 7 is then obtained by averaging the values ¢;, over h:
H—1

czézm. (52)

h=0

Histogram Flatness - The brightness and contrast enhancement of the Retinex
algorithms modifies the shape of the pdfs of the chromaticity image channels.
Precisely, the divisions performed by RSR, STRESS and QBRIX stretch the pdf of
the brightness ofthe inputimage. We quantify this effect by computing the flatness F
of the pdf. Flatness is defined as the 7.! distance of the pdf p ofthe image brightness
from an uniform pdf [23].

5.2. Results

Fig. 4 shows the filtering results obtained on the image Test16.255. These results
have been obtained by using V= 15 and M = 200 for RSR and STRESS. As
highlighted by the histogram equalizations in (f) and (g), the results obtained by using
RSR and STRESS are noisy because of the random sampling.

Tab. 1 reports the values of the evaluation measures listed in Section 6.1 for the
database YACCD. In these experiments, in order to reduce the computational time,
we rescaled the YACCD images by 0.25, so that the size of the images considered
here is 250 x 200 pixels. The parameters N and M input to RSR vary from image to
image. They have been set up as suggestedin [10]: each image has been processed
with different increasing values of & and M, then we chose as final filtering the
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picture such that the CIELab difference between two subsequent filtering gets smaller
than a fixed threshold. More details about the parameter set up for this dataset are
provided in [20]. The pairs (/N,A) used for RSR have been used also for STRESS.
In QBRIX, we report the results obtained by setting Q =0.99.

(a) (b) (c) (d) (e)
(f)

Fig. 4-Image Test16.255, and its filtered v ersions with (b) RSR; (c) STRESS; (d) G-QBRIX; () L-QBRIX). Visualy
the images look equal. Equalizing the histogram does not change the images (a), (d), () while the images (b) and (c)
change: figures (f) and (g) show the chromatic noise added by the filtering process to (b) and (c) respectively.

(g)

ALGORITHN MEAN LUMINANCE | MULT-RESOLUTION | FLATNESS [x 10-3] (F)
() CONTRAST (C)
NONE 113.31 23.32 3.48
RSR 138.09 275 2.82
STRESS 126.40 32.04 2.44
G-QBRIX 138.01 28.70 2.79
L-QBRIX 14357 30.00 2.84

Tab. 1 - Results on YACCD.

All the considered algorithms output an enhanced image, with increased luminance
and contrast, while the histogram flatness diminishes, meaning that the filterin g
widens the dynamic range of the chromatic intensities. On average, the results
obtained by RSR and G-QBRIX are very similar. STRESS outputs images with a
lower brightness and with a higher contrast than the other algorithms. L-QBRIX
produces the brightest pictures.

Two examples of the color filtered images obtained by RSR, STRESS and the two
versions of QBRIX are shown in Fig. 5andFig. 6. Precisely, Fig. 5 shows the results
on an image captured under an illuminant simulating the natural daylight with a
correlated color temperature of 6500K; Fig. 6 shows the results on an image taken
undera light with a considerable red component, and reports the color filtering results
obtained by running QBRIX with two different values of the quantile Q. The results
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obtained with the highest quantile (Q = 0.99) are closer to those output by RSR and
STRESS. We remark that L-QBRIX may produce a halo around the object borders:
this is due to the spatial locality of the algorithm. In general, for a very low value of
Q, many pixels satisfy the second condition of Equation (4.2), thus the algorithm
provides a too bright image, where many details are lost. When Q = 1, G-QBRIX
behaves like scale-by-max, while L-QBRIX realizes a local effect, where the pixels’
intensity is weighted by the spatial distance of the max.

(a) Input Image

(d) G-QBRIX (e) L-QBRIX
Fig. 5-(a) Animage from YACCD and its filtered v ersions with (b) RSR; (c) STRESS; (d) G-QBRIX; (e) L-QBRIX.

6. Conclusions

In this paper we have reviewed and compared three Retinex implementations: RSR,
and its variants STRESS and QBRIX. RSR and STRESS share the same spatial
sampling strategy, performed by random points, while they differ from each other for
the mathematical equationusedto compute the color sensation. QBRIX reformulates
RSR in a probabilistic framework that avoids the random sampling, and performs
color correction by considering the statistic distribution of the image chromatic
channels.

We have compared these methods by measuring their image enhancement capability
on the public color database, YACCD that contains the pictures ofsix objects acquired
under seven different lights, with and without shadows, and with two different
background.

The experiments show that all these methods enhance the input image by producing
an image with higher brightness and contrast, and with a better use of the available
dynamic range.
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Fig. 6 - Results of RSR, STRESS and QBRIX for two different values of the quantile.
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1. Introduction

In 2013 we presented a new process and some solutions for color acquisition, man-
agement, rendering and assessment for the generation of Architectural Heritage (AH)
3D models from images [1]. The aim was to illustrate easy, low-cost and rapid proce-
dures to produce high radiometrically correct images/models while being accessible
to non-specialized users and unskilled operators - typically heritage architects. The
solution was successfully tested on the 3D digitization of 10 kilometers of historical
porticoes but its applicability demonstrated some bottlenecks mainly due to the lack
of automation in many steps.

In the last years, the pipeline for 3D reconstruction using image-based techniques is
increasingly becoming a key approach, ensuring ease of use and efficient results, even
for non-professional [2]. Significant progress has been recently achieved in all core
components of the image-based pipeline. Unfortunately, very few developments have
done for the problem of accurate color reproduction using automated processes.
Nowadays the problem of an accurate color description and reproduction using images
could be depicted as the problem of faithfully determine the color and tone level and
can be solved by the chromatic and tonal definition [3]. The fidelity of color repro-
duction depends on a number of variables such as the lighting level during the acqui-
sition step, the technical characteristics of the acquisition system, and the mathemati-
cal representation of color information throughout the acquisition and reproduction
pipeline. In particular, the values of a color in an image are the result of the interaction
of the incident illumination, the object geometry, the object reflectance, the lens and
the camera transfer function. In general, the solution of this problem requires under-
standing and controlling environmental and artificial light sources during the image
acquisition phase. When illumination is reliably known, parameters for a surface re-
flectance function can be estimated using the image values [4].

AH artifacts implies outdoor environments, where natural light characteristics are ex-
tremely complex and changeable. Scenes are characterized by flat, textureless and
curved surfaces reacting to light in several ways. The wide range of materials lead to
different values of light reflection, porosity, etc. These difficulties increase when the
problem of chromatic and tonal reproduction is addressed to the context of reality-
based 3D modeling and visualization [5].

We could summarize the problem from the acquisition point of view stating that the
capture-to-render image processing pipeline is a crucial step to ensure color fidelity
and consistency of correct measurement. Furthermore, the quality of the acquired and
used images is becoming fundamental to allow automated methods of doing their
tasks correctly. Motion blur, sensor noise, jpeg artifacts, wrong depth of field are just
some of the possible problems that are negatively affecting automated 3D reconstruc-
tion methods. These problems are then coupled with lack of texture scenarios, re-
peated patterns, illumination changes, etc. Therefore, image pre-processing methods
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are fundamental to improve the image quality for successful photogrammetric pro-
cessing [6]. Finally, a typical image dataset of an AH object consists in a series of
acquisitions observing the object through several viewing angles with some problems:
not all images could contain a color chart (colorimetric calibration not accurate); not
all image areas are lighted uniformly (radiometric values can differ).

This paper presents an efficient and automated image pre-processing methodology
developed to increase the processing performances of the two central steps of the pho-
togrammetric pipeline (image orientation and dense image matching), and simultane-
ously radiometrically improve the quality of an image datasets to accurately reproduce
the correct colors of the surveyed AH. The proposed methodology aims to achieve a
robust automatic color balance and exposure equalization to ensure (i) faithful color
appearance of a digitized artifact and (ii) improvements in both sparse and dense 3D
reconstruction in the photogrammetric process. The solution is completely automated
and can be easily integrated in any processing workflow as it consists in pre-pro-
cessing the images used to define colors and shape. The output result is a set of color-
calibrated images.

We move then in the well-delineated context in which authors [7] demonstrated that
a preprocessing approach for RAW imagery can yield significant photogrammetric
accuracy improvements over those obtained with JPEG. RAW files are intentionally
inscrutable data structures, but have been reverse engineered with some success to
gain access to the raw data inside [8]. In our consideration, only the basic in-camera
processing was retained: black point subtraction; bad pixel removal; dark frame, bias
subtraction & flat-field correction; green channel equilibrium correction; Bayer inter-
polation. To avoid uncontrolled modification of the RAW pixel intensity values we
did not allow these on-camera processes: denoising; color scaling; image sharpening;
color space conversion; Gamma correction; format conversion.

A software exploiting Xrite ColorChecker Classic was developed and tests were per-
formed to demonstrate the efficiency of our process in different situations. Color ac-
curacy (‘color characterization”) was evaluated and expressed. Finally, we evaluate
the consistency of our color pipeline compared to image-based reconstruction proce-
dure in three contexts: image matching, image orientation, and semi-global matching.

Fig. 1 - A result of the developed workflow.
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2. Camera radiometric calibration & color space transformation

A digital image captured with a digital camera is formed by the intensity values of the
RGB channels. Each of these values is influenced by three physical characteristics: (i)
source of light (also called illuminant), (ii) object reflectance or transmittance and (iii)
sensor spectral response (combination of spectral characteristics of colorants used in
the Bayer filter and spectral sensitivity of the photodetectors). The image values f. =
(fz» fc, f3) depend on the color of the light source 7(1), the surface reflectance S(x,
A) and the camera sensitivity function pc(1) = (p. (L), p. (1), p, (1)), where A is
the wavelength of the light and x is the spatial coordinate [9, 10]:

fe(0) = mp() [, I(Dpe (DS (x, DdA + my(x) [, [(Dp, dA (1
where ¢ = {R,G,B}, w is the visible spectrum, and mj and 1, are scale factors that
model the relative amount of body and specular reflectance that contribute to the
overall light reflected at location x. Under the Lambertian assumption the specular
reflection is ignored. This results in the following model:

£.(0) = m@) [, [(Dpe DSCx, DA @)

where m(x) is Lambertian shading. It is assumed that the scene is illuminated
by one single light source and that the observed color e depends on the color of
the light source /(1) as well as on the camera sensitivity function p(4):

e = (;é) = [ IMp (d 3)

Without prior knowledge, both /(1) and p(4) are unknown and hence the estimation
of e is an ill-posed problem that cannot be solved without further assumptions. In
particular cameras use a finite set of sensor responses, obtained by spectral integration
[11], to describe the continuous light spectrum. Imaging sensors vary widely with the
characteristics of the camera and different cameras usually produce different values.
There exist several computational camera calibration models that estimate the sensi-
tivity functions of the camera [12, 13]. Given an estimate of the sensitivity function
of a camera and standard sensitivity function, there exists a 3x3 transformation matrix
Ssen converts theoretical responses for standard sensors into those of the actual camera
[14]. If p’ is the vector whose standard coordinates are pj, and p denotes the response
of the camera whose coordinates are p, we have: p =Ssen p’.

For digital images, color characterization methods refer to the techniques of convert-
ing camera responses (e.g. RGB) to a device-independent colorimetric representation
(e.g. CIEXYZ) [15, 16]. The main problem consists in recovering a linear relationship
between the irradiance values and the pixel encoding produced by the camera, typi-
cally non-linear. We need therefore to model the non-linearities introduced by in-
camera processing for enhancing the visual quality of recorded images.

The availability of RAW data from current SLR cameras removes any extra and un-
wanted processes (e.g., white balance and gamma correction). This help to provide a
linear relationship to scene radiance and to obtain device-independent images that can
be quantitatively compared without knowledge of the original imaging system [17].
Models that approximate raw (linear) RGB from nonlinear RGB images (e.g., SRGB)
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exist, but they require a series of training images taken under different settings and
light conditions as ground-truth raw images [18].

The problem of ‘color characterization’ is usually solved determining the non-linear
camera response function from observations. It can be based on multiple images taken
with different exposure times from a fixed camera location [19, 20], color distribution
analyses around image edges [21], or color profiles obtained from varying lightings
[22]. In all of these cases, recovering radiometric response functions without addi-
tional knowledge or assumptions is an ill-posed problem.

Basically, color characterization methods are divided into two general categories in
the literature: spectral sensitivity-based and color target-based approaches, as speci-
fied by ISO17321.14 [23]. The spectral sensitivity-based methods connect device-de-
pendent and device-independent color spaces by a linear combination of camera spec-
tral sensitivity curves and color matching functions [24-26]. 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 [27].
These latter methods are valid for a particular lighting geometry, color target materials
and surface structure. Therefore, it is recommended to keep the viewing/illuminating
geometry consistent with the measurement geometry and typical observing conditions
[28] while capturing a digital image of a target. One common reference useful for
target-based characterization techniques is the target X-Rite ColorChecker Classic
[29], which has standardized patches with known reflectance.

The most precise calibration for any given camera requires recording its output for all
possible stimuli and comparing it with separately measured values for the same stim-
uli [30]. The responses to these representative stimuli can then be used to calibrate the
device for input stimuli that were not measured, finding the transformation between
measured CIEXYZ values and captured RGB values. A complete review of these
techniques is given in [3].

In most of the proposed methods, camera responses are required to be RAW data and
already corrected for non-linearity, dark current and optical flare. In many cases, a
simple linear transformation is sufficient to map device-dependent and device-inde-
pendent spaces with adequate performance although higher-order polynomials have
reported better estimations [31].

After camera radiometric a conversion of image colorimetric coordinates in a scene-
referred non-linear color space as SRGB, AdobeRGB (1998) to be used in the photo-
grammetric pipeline [32], is done. In particular, SRGB IEC 61966-2-1 is a default
color space for multimedia application [33] with the white-point at 6500K temperature
(D65). The sRGB is consistent from color capture with different acquisition devices
(scanner and cameras), to visualization by different devices and is incorporated by the
two dominant programming interfaces for 3D graphics, OpenGL and Microsoft Di-
rect3D. Main drawback is the gamma built inside that cannot be expressed as a single
numerical value. The overall gamma is approximately 2.2, but it consists of a linear
(gamma 1.0) section near black, and a non-linear section elsewhere involving a 2.4
exponent and a gamma changing from 1.0 through about 2.3. A second drawback is
the range of colors, narrower than that of human perception (i.e., it does not display
properly saturated colors such as yellow cadmium and blue cobalt). This last downside
is not a problem in our case, because misrepresented colors are rarely found.
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3. Target detection

In the camera characterization techniques based on color targets, the targets placed in
the scene are usually manually or semi-automatically localized to extract color values
of chart patches. When dealing with large image datasets the target localization can
be lengthy and tedious. Automatic target detection is then an important feature and
become a needed requirement in automated processing pipelines.

Currently only few proposals exist addressing automatic color target detection.

In [34] a semi-automatic method focusing on images with a significant degree of dis-
tortion is introduced. The presented technique requires an operator to select the four
corners of the chart. On this basis, the coordinates of color patches are estimated using
projective geometry. The essence of this method is a multi-stage color patch detection
where the image is transformed with a Sobel kernel, a morphological operator and
thresholding into a binary image and find connected regions. The technique is not
suitable for our uses, requiring an operator.

[35] introduce a real-time automatic color target detection procedure extracting po-
lygonal image regions and applying a cost function to check adaptation to a color
chart. The color chart model is described by coordinates and color values of chart
patches. In order to find the chart coordinates in image, four corners of chart model
are projected on image with the use of a Direct Linear Transformation (DLT). Coor-
dinates of color chart are found and a cost function measures the colors of the chart in
the image and determines correction parameters. The technique is fast and robust
against image noise, blur and other typical distortions, but using image region statis-
tics fail when color target is very small in the imaged scene.

[36] uses image binarization and patch grouping to construct bounding parallelo-
grams, then applies heuristics to try to determine the types of color charts.

[37] focuses on multi-color object detection with cluttered backgrounds and variable
illumination for a target application to color chart detection. They adopt a coarse-to-
fine strategy to predict the chart location and recover its topological structure, e.g. the
position and boundary of each constituent color area. A per-channel feature extraction
with a sliding rectangle, fed into a rough detection step with predefined 2x2 color
patch templates, followed by precise detection.

A different class of solution aims to simply locate the color target in the image rather
than detect it. In [38] authors present an automatic ColorChecker detection technique
where the algorithm first quantizes all colors to those in the color chart, then performs
connected component analysis with heuristics to locate patch candidates, which are
then fed to a Delaunay triangulation which is pruned to find the final candidate patches
and finally determine the orientation of the chart. The method is based on the fact that
there are low perspective distortions, the scanning resolution is known and the lighting
is approximately constant in the image.

A more general approach was considered in the method proposed by [39], who used
color descriptors to automatically locate the color reference target. SIFT feature
matching and then clusters matched features are fed into a pose selection and appear-
ance validation algorithm. The method is robust to varying illumination conditions,
but it is complex and presents the typical limits of SIFT technique.
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Commercial software is also capable of doing a semi-automatic color reference target
detection. Examples are the X-Rite ColorChecker Passport Camera Calibration Soft-
ware [40], which tries to perform an initial automatic detection, Imatest [41] and
BabelColor PatchTool [42]. Every software however usually relies on human inter-
vention to manually mark or correct the detected reference target.

Freely available tools also exist. The most interesting for our applications are Mac-
Duff [43] and CCFind [44], both aiming at detecting the ColorChecker Classic inside
an image. MacDuff, exploiting some code from OpenCV, handles the case of images
with an X-Rite ColorChecker Passport. The solution uses adaptive thresholding fol-
lowed by contour finding with heuristics to try to filter down to ColorChecker squares,
then using k-means clustering to cluster squares. The average values of colors of
square patches are then computed and a recursive process based on Euclidean distance
in RGB space minimization try to find if any layout/orientation of square clusters
would match ColorChecker reference values. The software assumes that the Col-
orChecker occupies a relatively large portion of the input image. CCFind is a method
implemented in MATLAB specifically designed not to use color as a cue. CCFind
does not detect squares explicitly. Instead, it learns the recurring shapes inside an im-
age. It’s a solution shape-based robust to illumination changes and perspective distor-
tion, returning the coordinates of the center points of the color patches of a X-Rite
ColorChecker. The main limitation is the difficulty to find ColorCheckers, relatively
small within the image, or those that are close to the image borders. [45] implements
a preprocessing step for finding an approximate region of interest (ROI) of an X-Rite
ColorChecker, and apply it to both CCFind and a template matching approach. The
algorithm uses a texture transformation to better differentiate the reference target re-
gion from the rest of the image (i.e. to enhance its contrast). Then it creates a saliency
map by using region and color information, and a threshold is used to create a binary
mask of this saliency map. A ROI is finally determined by applying morphological
operations to the resultant mask. The experiments show that the algorithm improves
both detection and computation time by reducing the search area, but further improve-
ments are needed to use it in a fully automated workflow.

From this quick review we could observe that main difficulties in color target detec-
tion are (i) a deformation of shape of target and (ii) a small size of chart in the image.
The deformation of shape of color target is connected with orientation and location of
chart in the image. Distortions are made by location of color chart, not rigid material
of color chart and camera optics. Influence on the proper detection have also the light
conditions. The ambient light causes changes in the color values and high color vari-
ations due to non-uniformity that could affect color-based techniques. Given this con-
sideration and the typical scenarios of our work, a new approach was developed.

4. Developed methodology

In this section we present a method that, integrating ICC-based color management and
target-based color balance, aims to acquire the color of the measured AH artifact with
perceptive fidelity.

The aim of our color pre-processing consist essentially in obtaining radiometric cali-
brated images able to ensure the consistency and fidelity of surfaces colors reproduc-
tion throughout photogrammetric pipeline.
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Fig. 2 - Developed workflow.

Lying between the two main color correction approaches (color characterization spec-
tral sensitivities based vs. color targets based), we adopted a technique that uses a set
of differently colored samples measured with a spectrophotometer, taking as target
the popular and consistent X-Rite ColorChecker Classic. We simplified the whole
calibration procedure exploiting the observation that all the shots of a specific scene
are taken in very short time (few minutes) and with similar point of view and camera
direction, while illumination and camera parameters remain practically unchanged.
We then used a calibration strategy referred to that specific scene and illumination,
allowing us to avoid to take multiple image with different exposures.
A captured color image containing the reference chart color is neutralized, balanced
and properly exposed for the gamma of the reference data set. Since two shots cannot
be taken in the same frame (i.e., shots with and without the ColorChecker) we devel-
oped a protocol to use the same calibration for groups of images with the same features
(i.e., orientation, exposure, framed surfaces). Thus, each group of photos (50-100 im-
ages) used to model a building correspond to less than 4-5 different profiles, thereby
maintaining consistency in the process and the results.
From an operational point of view, the preservation of color fidelity throughout the
image processing is ensured, as in our manual pipeline, by:

- taking pictures in the most homogeneous operative conditions possible (aper-

ture/exposure direction and intensity of light);
- including ColorChecker target inside the photographed scenes in order to correct
the image radiometry;

- storing photos in RAW format;

- using an appropriate color space throughout the image processing.
An important and critical issue is the acquisition of the color target. In order to main-
tain uniform lighting in an external environment, for each image, we need to consider:
(i) surfaces illuminated and oriented as the ColorChecker and that presents an angle
of incidence with sunlight of approximately 20-45 degrees or (ii) image acquisitions
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performed with overcast sky. To minimize the light glare, that would give unexpected

results in the calibration process, the ColorChecker is normally placed on a tripod with

a dark background and orthogonal to the camera optical axis. Other practical issues

affecting the quality of calibration (e.g. position of the target far from the photo center

point, size of the target in the image) are minimized by a new automatic detection
technique able to find target of different size and in different position in the image.

Our color processing essentially consists of a thoughtful revision of a classic pipeline

of image radiometric calibration and enhancement using standardized methods and on

the basis of appropriate best practices, to ensure color consistency, in a new automatic
workflow. The steps are performed automatically with a new application written in

MATLAB language. Basically the developed software solution is a RAW image pro-

cessing implemented in MATLAB and supported by DCRaw, an open-source com-

mand-line program, easily coupled with MATLAB [46], allowing image demosa-
icing, white balance, output file in a rendered color space, gamma correction, bright-

ness control, 8-bit/16-bit conversion. Our automatic workflow is as follows (Fig. 2):

1. RAW image 16-bit linearization

ColorChecker localization

Polynomial fitting of observed ColorChecker values with expected values

Image correction using the fitting function found at point 3.

White balance of the correct image

AE*(, mean error evaluation on the ColorCheker 24 patches

Iterative image correction using the fitting function found at point 3 increas-

ing the degree of the polynomial at each step; iteration stops when AE*g,

stops decreasing
8. Image correction using the new fitting function.

In this process a key-point is the use of an appropriate color space for the output im-

ages. Our final color space (the output referred color space) is SRGB, a choice moti-

vated by many reasons: sRGB is the default color space for HTML, CSS, SMIL and
other web standards; it is consistent among different monitors or video-projectors; it
is implemented in the OpenGL graphic libraries, which the rendering software is

based on [47]. As reference, we used the 8-bit SRGB color spaces by [48].

Main features of our software are as follows:

a. ColorCheker detection. We improved the [49] solution correcting the failures when
the target was too near to the observer. The algorithm, if it does not find the target
at first attempt, resize the image increasingly and adds a frame of white noise around
it, to keep the initial size. After that the target was found in the image resized, coor-
dinates are bringing back on the original ones.

b. RAW image linearization to CIEXYZ color space and 16-bit encoding to work
without missing information.

c. Polynomial fitting of image values. This step aims to minimize the difference be-
tween measured colors and image colors by converting linear CIEXYZ colors to a
standard, device-independent space. The transformation is achieved using a per-
channel Polynomial curve fitting algorithm. Polyfit (x,y,n) returns the coefficients
for a polynomial p(x) of degree n that is a best fit (in a least-squares sense) for the
data in y. The coefficients in p are in descending powers, and the length of p is n+1:

Nk wn

p(x) = p1x™ + P x™ N+ 4 P + Py

60



In our case, our function accept as input the normalized color matrix of the 24
CIEXYZ values on the patch of the target image, and the normalized destination color
space (in our case SRGB) measured values of the patches. It returns a structure con-
taining the parameters needed to the fitting by relating the values of the patches of the
current image (the observed data) (y), with the measured reference values (the ex-
pected data) (x).

5. Results & conclusions

For the evaluation of the performances of the implemented methodology, different
functionalities were tested in the context of architectural scenarios.

A. ColorCheker finding: a standard dataset of RAW camera images (i.e. free of any
color correction) having a known color target was used (Fig. 3). Three cameras (Nikon
D200, Nikon D3100 and Nikon D5300) with wide-angle lenses were used in the ac-
quisition procedure. The dataset consisted of 15 images representing different cases
and problems. The X-Rite ColorChecker Classic chart is included in every acquisition.
The presented method, [45] and X-Rite ColorChecker Passport Camera Calibration
Software [40] are compared on a set of 15 images depicting the target, presenting
different and typical problems. Results are shown in Table 1, demonstrating that our
solution outperforms the other two detection algorithms.

Fig. 3 - Dataset of 15 RAW images W|th ColorCheker evaluated.

. Enhanced | X-Rite ColorChecker Passport Camera
Our solution | "o ping Calibration Software
Number of ColorCheker detected 15 13 7

Tab. 1 - Number of ColorCheker detected using different algorithm and using 15 images.

B. Color fidelity: The method for evaluating color accuracy includes: a physical ref-
erence chart acquired under the current illumination (corresponding to the illumina-
tion to be discard); a reference chart color space with the ideal data values for the
chart; a way to relate or convert the device color space to the reference chart color
space; and a way to measure and show errors in the device’s rendering of the reference
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chart. The X-Rite ColorChecker Classic target is employed. Color accuracy was com-
puted in terms of the mean camera chroma relative to the mean ideal chroma in the
CIE color metric (AE*) as defined in 2000 by the CIE on the CIEXYZ chromaticity
diagram [49]. The formula is recommended by CIE mainly for color differences
within the range 0-5 CIELAB units that is our case [50].

The AE*, of the automated pipeline was also compared with the result of the previous
manual workflow for a subset of targets used in A4.
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Fig. 4 - Color accuracy of manual (left) and automated (center) color balance of the image on the right.

File Name AE*o AE*y Exposure error Exposure error
manual automated (f-stops) (f-stops)
sRGB sRGB manual sSRGB automated sRGB
_DSC0339.NEF 12 33 0,63 0,08
1_esterno__DSC2524.NEF 3,84 2,54 0,13 0,09
2_SOT-PORT_2_T4A4846.cr2 442 2,85 0,07 0,01
2_SOTPOR_2_DSC2801.NEF 4,36 3,05 0,18 0,11
ESTERNO_A-1_DSC2935.NEF 3,92 2.86 0,09 0,16
_DSC0134.NEF 447 2,11 0,19 0,01
_DSC0136.NEF 16,1 2,34 1,19 0,03
_DSC2118.NEF 7,98 24 0,41 0,01
_DSC2416.NEF 5,92 3,83 0,09 0,04
_DSC6062.NEF 5,71 242 0,04 0,02
Mean error 6,544 2,77 0,302 0,056
Standard deviation 3,563 0,493 0,3431 0,049

Tab. 2 - AE*y evaluation.

As reference, we used the 8-bit SRGB by Denny Pascale [48] and the AE*, calcula-
tion was made using the ColorChecker tool of Imatest Master software version 3.9
[41]. Exposure error in f-stops was also evaluated. Best results are obtained if it is less
than 0.25 f-stops. Results are shown in Table 2 where a great improvement over the
manual solution is evident.

Figure 4 reports the mean camera chroma relative to the mean ideal chroma in the CIE
color metric (AE*() and the color analysis for the above image. Results of manual
color balance are on the left whereas automated workflow results are on the right.
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C. Photogrammetric pipeline: the performances of the previously presented pre-pro-
cessing are evaluated in the photogrammetric pipeline and reported using the statisti-
cal output of the bundle adjustment (re-projection error), the number of points in the
dense point cloud and the pairwise matching efficiency. For the image processing, we
combined a calibrated version SIFT as detector/descriptor [51], VisualSfM as bundle
adjustment [52] and nframes SURE [53] for dense stereo matching. Two different
image networks (Fig. 5 and Fig. 6) with different imaging configurations, textureless
areas and repeated pattern/features of AH were employed. The two datasets represent
an urban test framework and summarizes a typical historical urban scenario.
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Fig. 6 - The Palazzo Albergati dataset.

No Enhancement Enhanced Automatically enhanced
Oriented images 39 39 39
PBA quality 0.427 0.487 0,511
Points 3+ cameras 14001 13911 10758
Dense SURE 29173640 30394116 30644190
Point on image _DSC3201 8174 7835 6824
Inlier matches 605 413 444

Tab. 3 — Dataset Albergati — photogrammetric process results.

No Enhancement Enhanced Automatically enhanced
Oriented images 17 21 21
PBA quality 0.981 0.537 0.562
Points 3+ cameras 777 3216 3115
Dense SURE 1107508 1.368.590 1.412.165
Point on image _DSC6305 4688 6288 5412
Inlier matches 148 159 162

Tab. 4 — Dataset Portico 35 — photogrammetric process results.
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The datasets contain convergent images, some orthogonal camera rolls and a variety
of situations emblematic of failure cases, i.e., 3D scenes (non-coplanar) with homo-
geneous regions, distinctive edge boundaries (e.g., buildings, windows, doors, and
cornices), repeated patterns (recurrent architectural elements, bricks, etc.), textureless
surfaces and illumination changes. Images of both datasets were acquired using a Ni-
kon D3100 with a 18 mm nominal focal length. The first dataset (35 images) pertains
two spans of a three floors building (6 x 11 m) characterized by arches, pillars/col-
umns, cross vault and plastered wall. Camera moved along the porticoes, with some
closer shots of the columns (Figure 5). The second dataset (39 images) depict a three
floors historical palace (54 x 19 m) characterized by repeated brick walls, stone cor-
nices and a flat facade. Camera move along the fagcade of the building, with some
closer shots of the entrances (Figure 6). In Tables 3 and 4 the results show an excellent
improvement with the applied automated image enhancement.

In this paper we presented a new automatic solution to ensure color fidelity in auto-
matic photogrammetry and to increase the processing performances of the two central
steps of the photogrammetric pipeline. We demonstrated the pre-processing technique
developed performs well both in the recognition of the target, both in the room color
calibration, both in the photogrammetric pipeline.
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1. Introduction

The continuous increase of the computational power (faster results) of today’s
computer contributed to the diffusion of 3D representation software used by
designers to produce the so-called photo realistic renderings. The goal of these
images, usually, is to show what should be the final look of the project.

Very often, unfortunately, these representations are the result of empirical graphic
representation based (in the best cases) on the experience of the designer and his
ability to achieve images that are similar to what he plan to realize. However, when
these forecast images are produced without a precise methodology in the
management of virtual materials or the importing and integration of technical data of
lighting products, the resulting digital images, although their strong visual impact,
do not match the final appearance of the project once put in place.

Having a beautiful image to present to the clients may help the designer to get the
job, but in the end, if the real scene (with all of its luminaires, finishes and materials)
is too different from the virtual image presented, there can be problems with the
clients.

This paper is part of a more wide work on representation and is meant as a help for
the designers, by using modelling and representation techniques that are quick,
efficient and that suit better the typology of selected lighting fixture. Our aim is to
describe some accurate and practical techniques of modeling and representation of
the lighting fixtures in a virtual project, while maintaining both photo-realism and
photometric accuracy.

These procedures can be used in the most common 3D software (for modelling and
representation).

2. Modeling

Often the designer, in order to speed up the modeling process, makes use of 3D
models available online from the manufacturer's website or portal/libraries dedicated
to three-dimensional computer graphics.

Unfortunately, these models are not always suitable for the production of forecast
images, for various reasons. Some time they are conversion of models that have
been created for the CNC (Computer Numerical Control) of the objects, so with the
purpose of the realization of a physical model; or maybe with a different setting of
the coordinates system. This can result in the first case in a model with excessively
many polygons and in the latter, a model that can have “inverted Normals” (that
result in visible “holes” in the surfaces of the objects).

In these cases the better choice is to rebuild the model of the luminaire, defining
from the beginning the desired level of detail and therefore the modelling technique
that allows the designer to obtain a good result and in an efficient way, by thinking
to the final rendering from the beginning.
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The level of detail is fundamental in order to not wasting time, needed for modelling
(user time) and for the rendering (computational time). The designer must be aware
whether the luminaire will be represented in the foreground, the background or in an
intermediate situation. In the latter case, the modelling techniques used, have to
allow changes in the resolution of the 3D model, increasing the resolution (and thus
the quality and the computational time required) of the geometry in relation to the
importance of the model in the scene (using for instance the subdivision modelling).
The choice of the best modelling technique depends from the geometry of the
luminaire that can be made of one single piece or by multiple components (in this
case, the techniques can be more than one). If the model can be assimilated to basic
geometries, it will be enough to use the CSG (Constructive Solid Geometry)
modelling. The primitives available in the software (cubes, spheres, cylinders,
cones, toroid, etc.) are edited with basic transformations such as move, rotate, scale
or copy.

If the model turns out to be more complex, but still can be built with operations of
addition, subtraction or intersection between two or more solids, it is possible to use
the so-called Boolean operations. These are very fast in order to obtain complex
geometries even if they can cause two order of problems: visual continuity between
the polygons (strange shadows and colors) and topology (the organization of the
polygonal structure) of the model. In the most common modelling software there are
tools that allow to solve (or at least to improve) these problems.

The modelling based on 2D shapes is ideal in case of long (more or less flat) thick
objects, so extrusion or taper operations can be effective.

Many lighting fixtures can be assimilated to 2D profiles that can be revolved around
a specific axis. The “lathe” command, present in most of the modeling software,
may allow the designer to obtain these geometries easily.

For parts such as cables, filaments, springs, it is possible to use modeling tools such
as Sweep or Loft [1].

Sweep allows the creation of 3D geometries by making a profile (generated by the
user or available on a library) “run” along a path (always generated by the user)
keeping its perpendicular aligned to the tangent of the path

Fig. 1 — Example of the use of the Sweep tool. On the right, it is possible to see the circle that will act as profile
running on the path (in this case a curve). On the left the resulting geometry.

The operation done by the Loft tool is similar to the one of the Sweep tool, but with
more options. It is possible to scale, rotate or twist the profile, along the path,
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modifying the resulting geometry. If no one of the previous tools can be used
efficiently, the modelling technique that allow the designer to reproduce the most
complex shapes is the Polygonal modelling [2].

Generally, starting from images (most likely technical drawings, the “blueprints”)
used as planes of projection; it is possible to start from a primitive solid (or a single
polygon) and rebuild the entire object (by moving and/or adding vertices and
polygons). It is good practice to begin realizing a low-poly model (when possible)
and then increasing the number of polygons at will, by using a “Subdivision tool”.
This procedure split up the interested polygons in four parts and (if present) relax the
adjacent polygons (also divided) creating a more smooth geometry. The process can
be repeated more times intervening on a single parameter (number of iterations).
However, it is necessary to pay attention to the number of iterations selected,
because for each one, the number of polygon of the interested area quadruplicates,
increasing exponentially the weight of the 3D model and the time needed to
calculate the renders.

Fig. 2 — Example of increase in the number of polygons in relation to the number of iterations choices for the object.

In order to decide how many iteration are needed for a model, as previously
mentioned, the designer should know the importance of the object in the scene; for
foreground objects, the number of iterations will be much greater than for objects in
the background.

3. Photometry

Once achieved the goal of a balanced (quality/weight) 3D model, it is necessary to
transform the obtained geometry into a luminaire that can be used to render the final
scene.

A desirable thing is to use the software as a verification tool (how my project will
look like, if T choose one luminaire instead of another) and not just to produce
attractive images. In order to do so, it is necessary that the software in use is
equipped with calculation algorithms that approximate the real light distribution in
space, in a plausible manner. This s possible only when indirect light is actually
calculated by the interaction of the emitted light and the surfaces of the scene, and
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not simulated with hypothetic parameters such as “ambient light” (used in some
software to increase the amount of diffused light in the scene).

In the past (in software used to do lighting verification), these calculations were
made by the algorithms of Radiosity (which allowed the simulation of light diffused
evenly in all the directions and the soft shadows) and integrated by Ray tracing
algorithms (used to calculate specular reflections and sharp, defined shadows).
Nowadays, the programs specialized in light calculations have been updated with
more recent algorithms such as Photon mapping (frequently available also on
common modelling and representation software) or the rapidly diffusing Physically
based render.

That said it must be clear to the designer that it is not possible to get reliable results
by using the typical (found in every representation software) light sources of
computer graphics (such as OpenGL Ambient, Point, Directional, Spot).

The real luminaires have (in most cases) a spatial distribution of intensity more
complex than these defined by OpenGL lights. As an example, it is very easy to
understand that the light distribution in space of a road luminaire is not similar to
that of a table lamp or a spotlight (used for example in a retail premise). Each
luminaire has a real light distribution, which is the result of interaction between the
lamp (commonly called "bulb") and the optical system of the device, generally
designed to meet specific project requirements.

3.1. Photometric files

The "shape of emission" of light in luminaires is generally measured by using an
instrument called Goniophotometer that performs an angular investigation on the
emission and saves the results in ASCII files containing (along with other
parameters) a table that put in relation spatial angles with the light intensity emitted
by the luminaire. These files are generally called Photometric files, or Photometric
webs.

Obviously, these shapes are more complex than the OpenGL lights (that are not able
to imitate these shapes).

Point Light Spot Light . Ambient Light Directional Light

4

5

l\l“
™7
N

7N
Fig. 3 — From left to right, different generic light sources commonly used in 3D softwares: Point, Spot, Ambient and
Directional. The far right shows the photometric web of a real lighting fixture (Mellow Light IV by Zumtobel)

The photometric files are generated in different formats (mostly in relation to the
nation in which they are acquired/crated) such as Eulumdat - *.1dt (mostly Europe)
[3], IESNA - *.ies (America) [4], CIBSE TM14 - *.cib (United Kingdom) [5], LTLI
- *.Itl (Denmark) [6].

In addition to these standard files are also several proprietary formats used by
specific lighting design software, such as the format *.uld (Dial - Dialux) [7], the
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format *.ox1 (Oxytech - Litestar) [8] or the format *.rolfz (Relux Informatik - Relux)
[9], which are often integrated with a 3D model that is usually given by the
luminaire manufacturer (and not always modelled properly).

Obviously these latter formats are read only by their programs (whose main purpose
is not the photorealistic rendering, but rather the photometric verification) and
cannot be opened (photometric data + 3D model) with the software commonly used
for photorealistic renderings.

The choice given to the designer is to import (in compatible software) the most
common photometric files (such as Eulumdat) or other open formats (IESNA,
CIBSE, LTLI) which can simulate the actual light distribution of the equipment, but
still, not their physical appearance.

In order to reproduce the appearance of a luminaire it is necessary to couple the
geometric model to its corresponding photometric web (usually recovered from the
manufacturer or obtained by a relief in a laboratory).

3.2. Model and Photometry coupling

After modelling the geometry of the luminaire with the methods suggested in
paragraph 2, it is necessary to place a light source whose emission properties will be
those of the photometric web. The photometric files are related to a point in space
that emits light with different intensities as vectors in space.

In the physical reality, these intensities are the result of the interaction between the
light emitted by the source (discharge in gas, burner, LED, etc.) and the optical
system of the luminaire (reflector, refractor, lenses, filters, etc.) and, for this reason,
the measured photometric file already considers these interactions.

Consequently, it is important that the three-dimensional model of the luminaire,
does not interact (for instance, by cutting off) with the emission of the photometric
web. In many software, this is possible by editing the properties of the light source
so that some objects (in our case, the part of the luminaire that emits light, in which
the photometric web will probably be placed) do not interact with the light
(specifically, it does not cast shadows).

In order to complete this task correctly, the designer need to place the light source
(photometric web) in a correct way according the modelled geometry. Logic would
suggest placing the photometric web in the same position where the light source is
found in the real luminaire. In reality, the solution is not so simple.

Where to place the photometric web (that is always assimilated to a point) when the
light source is widespread? What is the placement position when, inside of the
luminaire, there are multiple lights sources (such in the case of LED lighting
fixtures)?

If the purpose is the photometric accuracy and the program allows you to exclude
parts of the geometry from the lighting calculation, the correct position is that of the
“photometric center” of the luminaire.

The photometric center is defined as the point where the luminaire is aligned with
the measuring instrument (the goniophotometer) during the relief in which the
photometric file is generated. The correct position of this point is described by the
standards for the light fittings measurement, which may vary from country to
country (for instance America [4] and Europe [6]) and result into the generation of
different photometric files.
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It is possible to consider the photometric center as the locus from which the light is
emitted, and therefore, it should be considered as the point of junction between the
geometry of the 3D model and the photometric files.
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Fig. 4 — To the left (in blue) some guidelines for the identification of the photometric center (also called photometric
zero), marked in red, as prescribed by the European standard UNI EN 13032-1. To the right (in green), some of the
prescription provided by the American standard IESNA LM-63-02.

The operation of identification of the photometric center is easier for the categories
described by the standard. Nevertheless, for some luminaires (mostly decorative)
with very complex shapes, it is necessary to use some simplifications and
adjustments (and this happens for the goniophotometric relief as well). For instance,
a complex chandelier will hardly have a photometric file, but if the file exist,
probably it will be not described in any standard. In this case, the designer should
look at the shape of the photometric web, at the position of the light sources (by
looking to a catalogue or the brochure of the product) and deduce the position of the
photometric center that in most cases, correspond to the center of the geometry of
the luminous part of the fixture.

4. Color

A fundamental problem in the representation of the luminaires (and light in general)
is constituted by the limits pf the representation devices. The computer-generated
images are mostly produced to be displayed on video; it can also happen that these
images are printed, maybe with high resolution but still, the means of typical
representation, are unable to compete with the dynamic of the physical reality. This
is true regarding both the luminance contrasts, and the spectral component of light.
Having to use a representation device (usually a monitor), all of the colors must be
converted to RGB triplets (Red, Green, Blue).

A mixture of three components does not compose light in physical reality; it is an
electromagnetic radiation composed by different wavelengths of which, our visual
system can perceive only the portion between 380 and 780 nanometers (so violet,
indigo, blue, green, yellow, orange and red).

Given this, it is also necessary to specify that often, the light sources commonly used
in luminaires, have nonlinear emission spectra (different form that of the sun, for
example) but rather incomplete or in bands (peaks in certain colors). This is the
reason why some light sources are less effective in render colors. Under these light
sources, some colors appears to be dull and grayish.
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The chromaticity of a computer generated light source, must necessarily be
converted into an RGB triplet (to be represented common monitors, which are
matrices of RGB LEDs), but also when the user have to decide the color of a light
source within the modelling software, the most used method is still RGB.

Sometimes color presets are available in the interface (for example relating to
different technologies or different color temperatures), but even if the chosen values
recall the real physic, in practice, the light is colored only by changing the RGB
values.

Nevertheless, there are some rendering programs [10] [11] [12] [13] [14] [15] [16]
[17] [18] that implement algorithms able to mimic (more or less) the spectral
behavior of light, displaying the color by simulating the spectral colors (with a given
spectral step, for example simulating the properties with steps of 10nm).

There are many ways to implement these algorithms, but generally, although they
allow higher accuracy in the calculation of color (simulating more correctly
phenomena such as the spectral dispersion or the lower color-rendering index of
some light sources), this cost globally in terms of greater complexity of use and
extended computation times.

The same concepts are valid also for the materials applied (the so-called “shaders™)
in the scene, which by reflection, refraction and transmission, can affect the
spectrum of light by dispersion or by reflecting or transmitting only certain
wavelength (and thus, changing the color of light).

If the will of the designer is to remain faithful to the physics of real world, it is
necessary [19] to use a software that calculates light and its interaction with
materials (shaders) with a full spectrum algorithm.

5. Case studies

Three case studies of digital representation of real luminaires will be described
below, but before starting, a little premise is necessary: the described techniques
(modelling and rendering) are not the only ones that can be used. The focus is to
achieve models that are clean, efficient and with a level of detail that can be
increased or decreased at will.

The software used for this case studies is 3D Studio Max 2016 by Autodesk, but
these techniques can be easily reproduced in any compatible modelling software.

5.1. Evoluzione by Disano illuminazione

Evoluzione is a very common fluorescent linear lamp produced by Disano
[lluminazione. The simple, straightforward design is also reflected on the simplicity
of the modelling process. The luminaire is obtainable with five geometric shapes: a
parallelepiped for the external shell, an extruded profile for the aluminum reflectors,
cylinders for the lamps, other parallelepipeds for the lamp-holders and the side
abutment.

The external shell is obtained by a parallelepiped, where on the lower face is visible
a hole (obtained by subtraction of another parallelepiped). The thickness of the shell
is obtained by using a command that create (with a given thickness) a series of
polygons parallel to the existing ones (usually this command is indeed called
“Shell”).
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The profile of the reflector is extruded for the length of the luminaire, and closed at
the sides, by the abutments, created by two parallelepipeds. These two elements are
placed inside of the external shell.

The fluorescent lamps are obtained with four cylinders (primitives) while a
polygonal modification of a parallelepiped, allow the designer to create the lamp
holders.

Fig. 5 — Basic geometric components for the 3D modelling of Evoluzione by Disano llluminazione.

After the model is created, it is necessary to find the correct photometric file to
couple with the model. As in most case, these files can be downloaded from the
website of the manufacturer. To place the light source (photometric web) in the right
position (photometric center) the designer should look at the standard. In this case,
both the American [4] and European [6] standards states that the photometric center
is in the center of the luminaire (intersection of median axes) at the height of the
lower face of the external shell. It is important not to modify the values of intensity
inherited by the photometric file, because these are the measured values of the
luminaire.

The problem should be very visible right now: how it is possible to simulate the
appearance of the four luminous tubes with just one photometric file (that, in this
case, emits only downwards). Only with the photometric file, this is impossible. The
tubes will appear dark, even if the luminaire is actually emitting. To solve this, the
designer must use a little trick. First, it is necessary to assign the correct shaders to
the geometry, paying attention to the energy balance of materials, because it is
necessary to reproduce the real finishes (specular, diffused or combined reflections)
and the right index of reflection (or transmission and refraction) of each part of the
model. For Evoluzione, the external shell is a highly diffusive painted (white) metal
with a small reflective component (around 65% diffusive and 5% reflective). The
other parts (except the tubes) are made of brushed aluminum (70% specular with
glossiness lowered to 50%).

To obtain the fluorescent tubes, it is necessary to use a self-illuminating material
(many representation software possess this kind of shader) in order to simulate the
light coming out from the tubes. Two important elements must be considered while
using such material: first, the self-illumination effect must be visible in the
reflections of the other components and second, the light emitted by the self-

74



illuminated material must be ignored in the global calculation of the scene. This
because if the light of the self-illuminated material is computed, it will invalid the
luminous emission of the photometric file, producing unrealistic results.

Fig. 6 — From left to right: picture of the luminaire, geometric model of the luminaire (red sign indicates the
photometric center) and production render of the luminaire.

5.2. Caboche suspension by Foscarini

The geometry of this luminaire is highly populated with elements that obviously,
will affect the weight of the final scene. In order to create the “skeleton” of the
object, a primitive can be used (in this case, a half-torus with a low number of
polygons) and replicate in a roto-symmetric way. The refracting elements are
created starting from spheres, modified in the junction part toward polygonal
modelling. The body that hosts the LED light source (which is not visible because
the glass is opaline) with polygonal modelling starting from a half-sphere and the
same, for the element that holds the luminaire on the ceiling; in this element some of
the Polygons were removed in order to create the cuts for the wiring.

Cables and suspension wires are created starting from lines and curves. It is possible
to create the element and then use a command to create a thickness (at a given
dimeter) or, it is possible to use the “Loft” tool.

Fig. 7 — Basic geometric components for the 3D modelling of Caboche by Foscarini.
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The materials for the Caboche line are an opaline blown glass for the luminous
body, polymethylmethacrylate for the spheres and polycarbonate for the arches,
stainless steel for the suspension cables and transparent electrical cable for the
power supply.

The crucial element in this luminaire is the crown of spheres that refract the light
coming from the luminous element placed in the center. In order to achieve this
effect, the spheres must be considered as solid geometry so it is possible to take
advantage of the index of refraction (around 1.49 for the PMMA) to achieve the
refraction effect. The other materials should not be difficult.

The position of the photometric center, following the indications (figure 5, profile
10) of the European standard [6], is in the center of the suspended element (and not
inside of the luminous body as logic may suggest). It is also important to pay
attention to the orientation of the photometric web. In this case, for example, the
emission of the luminaire is both direct and indirect. The designer must identify the
right verse of the emission by looking at the polar diagrams of the luminaire on the
catalogue or the manufacturer’s website. In this case, the higher intensities are
oriented downwards, so the photometric web must be oriented accordingly.

Fig. 8 — From left to right: picture of the luminaire, geometric model of the luminaire (red sign indicates the
photometric center) and production render of the luminaire.

5.3. Aoy by Flos

The shape of this luminaire can be easily obtained from the cylinder primitive,
paying attention to increase the amount of segments enough (if the luminaire is in
the foreground an approximation to 32 segments may be a good choice).

The arch at the base is obtained by subtracting a shape (another cylinder) and
refining the geometry with polygonal modelling, removing the unnecessary
polygons and vertices created by the Boolean subtraction.

The opaline goblet inside of the cylinder can be obtained by extruding the upper part
of the cylinder downward and then detaching it from the rest of the body.

The upper reflector is created by revolving a curve along the vertical axis (with a
“Lathe” tool). Lathe can be used also to create the two elements that form the light
bulb. The first three elements need to have depth, so the “Shell” command must be
used. Also in this model, it is possible to use subdivisions in order to adapt the
resolution of the polygonal mesh in relation to the position of the luminaire in the
scene.
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Fig. 9 — Basic geometric components for the 3D modelling of Aoy by Flos.

The external body is made of clear glass and the internal diffuser and reflector are
made of white, opaline glass. The light source is a bulb, with the upper half with a
chrome finish that serves as anti-glare system.

The position of the photometric web in this case is not in the center of the luminaire,
but in correspondence of the light source. The European standard [6] states that for
luminaires with transparent sides or without side members, the photometric center
correspond to the lamp photometric center.

Another element to keep in consideration is that this fixture (in dark environments)
creates a slight caustic effect at the base of the luminaire.

In order to achieve so, the software used must be able to calculate caustic, and the
effect has to be set up properly.

The opaline diffuser and reflector may need a little improvement with a self-
illuminated material and, to achieve the caustic effect (and for physical correctness),
they also must be removed from the calculation of shadows together with the bulb.

Fig. 10 — From left to right: picture of the luminaire, geometric model of the luminaire (red sign indicates the
photometric center) and production render of the luminaire.
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6. Conclusions

The techniques described can change in relation to the software used and the shape
of the luminaires (that can span from very simple to incredibly complicated passing
through an infinite number of variations). All the objects can be created in many
ways, but the techniques described are efficient and allow the designer no to worry
about the weight of the model (that can directly affect the time of calculation).
Synthesizing very quickly, the important steps are:
e The study of the luminaire (geometry, photometry and materials, directly
on the catalogues or manufacturer website)
e What to represent (hidden components should not be modelled)
e Select the technique (the most efficient way to model all the visible parts)
e Scalability (trying to provide a method to change the resolution in relation
to the importance of the luminaire in the scene)
e Correct position of the light sources (coupling the photometric data with the
geometry, placing the photometric web in the correct spot)
e Creating the visual aspect of the object (materials and properties to set in
order to respect the physics of the real world, and overcoming the
limitations of the system geometry/photometry).
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3. COLOUR AND LIGHTING
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Warm white, neutral white, cold white: the design of new lighting
fixtures for different working scenarios
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1. Introduction

Nowadays office lighting is fundamental for vision and for increasing wellness and
working performances by considering the physiological and psycho-perceptual,
social, behavioural and postural factors in relation to the working luminous
environment.

1.1 Trends: the future of office working activities and environments

The design of the future workspaces should take into account the overall
management of work and the social aspects that are established in the workplace.
The work done in offices is becoming more nomadic, less tied to the needs of a
fixed workstation and predetermined, but potentially executable everywhere in the
office space or out of it, globally, in every part of the world.

The work is an inherently social process which requires that people quickly pass
from a focused job (individual tasks of processing, concentrating or relaxing
moments), to team working (creative collaborations), to sharing activities (meeting
with communications and presentations)'. Each of these activities can be configured
in different physical postures and requires different luminous atmospheres that are
consistent with the context, the purpose and performed work activities. The use of
new technological tools is inducing new ways to move and work in the office
environment, in the micro space of the human body postures and in the macro
environment of the entire workspace®®: the multimodal use of different
technological devices for reading and working (pc displays, keyboards, tablet etc.) is
determining different visual field and tasks*. Work environments nowadays require
flexibility in the arrangement of furnishings and the increased possibility of
reconfiguring the space, in addition to the need of managing the personal space in a
situation where the job done individually is reduced in favour to shared and team
activities®. Recent studies of office future trends reveal the importance of creating
healthy spaces in which workers can be “energized” or “relaxed”, passing from
concentration to relaxation, where they can suspend their activities for periods of
“daydreaming” to refresh mentally and to be more productive in the long term®.

1.2 More than functional lighting

Traditionally, office lighting fixtures are focused on limiting glare, providing energy
efficiency and durability: in the majority of offices they are equipped with
fluorescent tubes with correlated colour temperature (CCT) 4000K and very limited
controllability. On the other hand, more than only achieving the required
illuminance on the work/task area, lighting should be adjustable in relation to
individual physiology, age and health. Nowadays, lighting research and design are
focused on two macro-themes that converge and intersect: the new Solid State
Lighting technology (SSL) and Human Centric lighting (HCL)” with its strategic
importance both in driving the correct application of the new SSL technologies and
also in improving the quality of life (wellbeing, mood, health) of individuals. Office
lighting can influence people wellbeing and behaviours through circadian rhythm
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activation/suppression by synchronizing the timing of the biological clock. Previous
studies show that specific circadian lighting receipts (quantity, spectrum,
distribution at eye level, timing, duration) are important for helping people in
concentrating and improving cognitive performances at work, improving alertness
and vitality, providing better sleep quality® and enhancing the general mood® .

The luminous environment can enhance people mental and cognitive regeneration'®
"and contribute to the wellbeing and productivity of individuals. Numerous studies
have explored the issue of the regenerative potential in the workplace'?!3 but a
limited number of studies has focused on the importance of lighting in reducing
mental fatigue and increasing cognitive performances'*!>16, Despite of this, for
enhancing the wellbeing of people, an environment should visually reconnect to
nature both with natural lighting!” (access to daylight through the window)!®!° and
with artificial lighting, creating non-rhythmic sensory stimulation through the
dynamics and variation of spectrum and distribution. This performance reconnects
the individual to natural performances by creating a more complex and intriguing
visual scenario through biomorphic shapes and patterns®. Several experiments and
studies demonstrate that office workers prefer lighting which is distributed in a
direct-indirect way, with some of the light being reflected off the ceiling and
surrounding surfaces?'+2>%,

The quality of life of individuals can be enhanced also if they can control their
lighting: research demonstrates that, when people work in environments that can be
changed according to their personal preferences, they evaluate the lighting as of
higher quality and the office as more attractive. In such an environment, they tend to
develop a more positive mood, to work in a more focused way and this can influence
their general wellbeing.?*

1.3 Controllable lighting at work

In order to ensure that individuals are able to experience their favourite lighting
levels and luminous atmospheres to accompany different working activities and
tasks, lighting should be flexible by providing a certain degree of control in terms of
illuminance?, white tuning or spectral tuning?®??%2° but also lighting
distribution®®. The individual control of lighting is positive not only for personal
customization of the lighting atmosphere and for influencing positively the mood of
people contributing to personal and environmental satisfaction®! but also in terms of
energy efficiency by reducing the energy use in comparison to the typical fixed light
level provided in offices3>33,

By allowing a wider level of controllability and new lighting functionalities, the new
SSL based lighting fixtures need more precise digital controls, more calibrated
lighting performances and more complex, but user-oriented interfaces which ensure
the complete freedom with wusability and recognition of functions,
experience/pleasure of use and satisfaction in the control*,

In particular, advanced systems are required in order to guarantee the understanding
of multiple functionalities and control possibilities: the user interface and the user
interaction are a wide and new field of investigation in the lighting design field. In
particular, with tangible user interfaces (TUI), such as innovative remote controls,
and with surface user interfaces (SUI), such as displays of tablet and smartphones,
the user can control the lighting in a more precise way by adjusting single lighting
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parameters or in a more abstract way by setting up preset-based lighting scene
(where all the parameters are changed simultaneously) based on lighting atmosphere
or work activities. In addition, the literature® shows that it is preferred to save
personal lighting scenes for later recall.

2 Research scope

This article would analyse in detail the importance of implementing LED lighting
engines that provide white tuning by describing and comparing the characteristics of
two experimental prototypes realized at the Laboratorio Luce — Politecnico di
Milano: COOELO and ASTERISM. Conceived as innovative lighting fixtures, they
include the possibility to vary the intensity from a maximum to a minimum value
and the Cold - Warm White tuning by running on a daily schedule, with an internal
timer, or modifiable at a personal level through direct interaction. These luminaries
could be applied for activate or suppress circadian stimulation, for behavioural
control, for matching the colours with natural lighting (daylight during day, warmer
dimmer light in evening), for cooling or warming the room to counteract exterior
temperatures and for tuning lighting atmosphere according to users’ preferences.
COOELO and ASTERISM were developed for research scopes in order to test the
photometric, optical, quantitative and qualitative performance of the tuning of white
shades close to the black body curve in an efficient way. In addition to this, the
prototypes were used to implement several hypothesis of user interaction with the
lighting system.

3 Method

The lighting engines, COOELO and ASTERISM were designed and prototyped for
technological assessment to test different lighting scenarios that have been defined
through the previously presented extensive literature review. The different
possibilities of dynamic lighting concerns:

e dimming from 0 (OFF) to 100 (ON);

e  white tuning;

e control of direct and indirect lighting distribution independently;

e  variation of lighting scenarios.

By measuring, evaluating and analysing these lighting prototypes, this paper aims at
highlighting the following issues: colour mixing in relation to the optical systems,
range of colour tuning in relation to efficiency and Colour Rendering Index (CRI),
lighting functions and user interface.

4. COOELO

The prototype COOELO is a semi-direct suspended lighting fixture for a single
working location in a small office. It consists of four parts:

e Box for LED driver, Arduino and XBee Shield mounted on the ceiling;

e Reflective structure for direct and indirect light distribution;

e Lighting engine with Blue LEDs and Remote Phosphor (3000K-5000K);

e Management and control system.

The overall dimensions of the lighting system are 630 x 346.5 x 152 mm (height).
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Figure 1 - COOELO lighting prototype

4.1 Lighting performances

The lighting engine is characterized by royal blue LEDs (48 LED Luxeon Rebel
LXML-PRO1-0425), four separated mixing chambers coated with a highly diffusive
material for a better white lighting uniformity and remote phosphors of two different
CCT (Intematix Corporation CL-830-L225-PC and CL-750-L225-PC).The lighting
engine addresses its emission to a faceted reflector which is inspired by nature in the
geometric repetition of the hexagonal pattern and reflect light while generating
glitter effects and the scattered image of the emitting lighting source. In addition, the
central part of this structure is characterized by transparent facets in order to have
lighting on the ceiling of the room.

COOELO meets the parameters of maintained average illuminance, uniformity and
comfort in terms of glare in accordance with the UNI EN 12464-01. Its lighting
performance is direct downwards lighting (60%) and indirect upwards lighting
(40%), in order to avoid the "cave effect" . The device, installed at 1.2m from the
workplane, provides an average level of illuminance of 280 lux with a uniformity of
Emin/Eave=0.6 on the visual task (1.6m x 0.8m) and an average level of 140 lux on
the surrounding area (2.6m x 1.8m), with a uniformity value of Enin/Eave=0.45. The
UGR index value is below 19 calculated for 5 different observers located (sitting or
standing) in the simulated room. The lighting performance can be controlled by
dimming the intensity from 0 to100 and tuning the CCT from 3000K to 4900K. The
diminished value of the cold CCT is derived by the known phenomena of interaction
between the plastic material and the incident light beam: the plastic used in the
prototype structure (obtained through rapid prototyping techniques such as
stereolithography) has modified the CCT, by warming the tone of white of 100K.

Figure 2 - COOELO lighting performance: photometric distribution and illuminance false colours representation
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Figure 3 - COOELO lighting performance: direct —indirect lighting prototype with different CCT
5. ASTERISM

ASTERISM was conceived as a modular lighting fixture for the multifunctional
desk, able to evolve in different shapes and configurations, by taking into account
different working scenarios, from individual to collective working modalities.
Unlike a monolithic lighting system, it is composed by several functional modules
which ensure the maximum flexibility of installation in terms of spatial composition
and lighting distribution/variation in relation to working activities.

i \‘ b
T l—t * j\ erism

Figure 4 - Asterism lighting prototype
Asterism consists of a supporting structure with connected lighting modules to
create a constellation of luminous elements. The main elements are:
e  box for LED driver, Arduino board and XBee Shield mounted on the ceiling;
e three modules for direct illumination (down-light);
e four modules for indirect lighting (light-up);
e management and control system.
5.1 Lighting performances
The device consists of a direct emission, realized by means of three spots equipped
with 4 LED CREE MC-E Dynamic White and a LENS LEDIL C10702-Rocket-4-W
with a measured beam aperture equal to 2x22°. The indirect emission is ensured by
8 modules with 18 Mid-Power 3030 LED SEOUL STW8C2SA in two CCT and
they are equipped with asymmetric optics (LEDIL C12446_SOPHIE).

85



Figure 5 - On the left: photometric distribution of the direct lighting module; on the right: photometric distribution of the
indirect lighting module

All the modules for direct and indirect lighting can be controlled autonomously in
term of dimmability from 0 to 100 and white tunability between 3000K to 6000K.

Figure 6 - ASTERISM lighting performance: direct -indirect lighting prototype with different CCT and single modules
controllability

Asterism can be controlled by varying the following lighting scenarios (Figure 7):

= Scenario 1-Workshop supports the multifunctional work in teams during
meeting and networking situations or processing group activities. Each direct
lighting module is individually controllable (lighting levels and CCT). The
indirect lighting guarantees visual clarity with a neutral CCT, increasing the
perceived space for a welcoming public dimension.

=  Scenario 2—Focus ensures the creation of an environment suitable for individual
work, where the increased focus on the visual task implies higher level of
illuminance and neutral/cold CCT (central direct module) in the area where the
user is working. The surroundings are evenly lit from indirect lighting
(neutral/cold CCT) ensuring a balance of luminance with the background.

= Scenario 3-Haven configures a private working environment, with lighting
direct on the work surface of the desk, ensuring moderate levels of illumination
in the visual task. Indirect lighting is off or dimmed at low levels in order to
reduce the perceived space of the room, creating a confined environment for a
subjective solitary concentration.

=  Scenario 4-Relax defines a relaxing work environment ideal for a break from
the pace of a daily working routine and for the attention restoration after a
prolonged mental and visual fatigue. Lighting would be mainly indirect
(3000K) exploiting the ceiling and walls while direct lighting will be turned off
or adjusted to a minimum.
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Figure 7 - From left to right: Scenario 1-Workshop; Scenario 2-Focus; Scenario 3 -Haven; Scenario 4-Relax

6. Measurements

In relation to the evaluation of the luminous performance of the devices, a series of
laboratory measurements were carried out to verify the chromatic performances of
the lighting prototypes.

The results reported in this paper are limited to the prototype Asterism, considering

only direct emissions on the reference plane, for which a deviation between the

measured and predicted values would be more critical. For this reason, the direct
lighting module of the prototype Asterism was measured in accordance to the
following protocols:

e  Measures of the spectral power distribution for the assessment of chromaticity,
CCT and CRI, considering different settings of the luminaire in terms of emitted
luminous flux and tone of light. The measurements were conducted by
measuring the emission in the axis of the device, at a distance of 0.75m.

e Measures for evaluating colour uniformity of the incident light on a target
screen, changing the CCT and leaving constant the value of the emitted flux (in
first approximation, it is assumed that the regulation of emitted luminous flux
does not modify the activation proportions of the two channels). The screen was
placed at 0.75m from the luminaire.

7. Results

Figure 8 shows the extent of the deviation of the CCT emitted from the direct beam
with respect to the nominal value: in an ideal luminaire, the curve should be a
straight line tilted at 45° with respect to the abscissa axis independently of the
adjustment for the emitted flux. As shown in the Figure 8, we can conclude that the
adjustment is very good for large values of the emitted luminous flux (100% and
75%), while it tends to worsen for cold CCT, when the emitted luminous flux is
reduced to 10% compared to the maximum value.
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Figure 8 - Trend of measured colour temperature (ordinate axis) in accordance
with the corresponding rated value (abscissa axis)

For a proper evaluation of the influence of this deviation from a perceptual point of

view, the following procedure was used:

e Determination of relevant parameters (semi-axes and inclination) for a 3-step
MacAdam ellipses corresponding to the chromaticity measured by setting the
device to the maximum output flux and by adjusting the CCT between 3000K
and 6000K in steps of S00K

e Fixed a CCT inside the specified range, the values of chromaticity were
measured changing the percentage of emitted flux (75%, 50%, 25%, 10%)

e It was then established that, all chromaticity values obtained by dimming, fall
within the corresponding ellipse.
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Figure 9 - Evaluation of the constancy for the chromaticity of emitted light changing the percentage of emitted flux.
Measurements from left to right of 3000K-4000K-5000K-6000K

Figure 9 shows the results obtained by applying the described method: with the
variation in flux, chromaticity remains almost constant with respect to the value
obtained at maximum output, regardless of the value of the selected colour
temperature.
7.1 Colour mixing in relation to the optical systems
The colour’s uniformity of the emitted beam was evaluated by observing the image
formed on a screen perpendicular to the axis of the luminaire placed at a distance of
0.75m: the results are generally good for all the CCTs (Figure 10). The result
essentially depends on the used lens and the aperture of the light beam which is not
excessively wide; indeed very narrow opening would make critical mixing between
the emissions of dies pairs that constitute the MC-E LED Dynamic White.
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Figure' 10 - Distribution map of CCT measured with 2D Colour Ahalyzer CA-2000 by Konica Minolta:

on the left, Asterism direct lighting emission at 3000K; On the right 4000K
7.2 Range of colour tuning in relation to emitted luminous flux, efficiency and
CRI
The percentage change of the lighting levels as function of the CCT is contained in
approximately 2%, irrespective of the value of emitted flux (the chart in Figure 11
shows the results for 5 different settings of the emitted flux). Best results would be
possible considering a more fine tuning of the management system settings, but it
was not considered necessary since the differences are not visually perceptible.
The CRI R, defined according to the CIE publication 13.3 of 1995, varies in a range
between 80 and 75, as function of the considered CCT: the index assumes the
highest values for lower CCT values and decreases when the CCT increases.
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Figure 11 - Percentual variation of illuminance changing the CCT for different levels of dimming

The performance obtained is shown in Figure 12 (on the left). On the right the
Figure 12 shows the index trend Ro¢ according to the CCT: the decreasing trend of
the graph with increasing CCT is mainly due to the growing proportion of cold light
with increasing CCT. The two trends shown in the graphs are essentially due to the
colour rendering characteristics of the used LEDs and not very dependent on the
power supply system and the technique of adopted current regulation.
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Figure 12 - On the left: CIE color rendering index Ra as a function of CCT;
On the right: Results of special colour rendering index Rs as function of CCT
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7.3 Lighting functions and user interface

Controls were a critical element in managing white-tuning of the prototypes and
giving an intuitive user interface. Both the control platforms of the two lighting
systems were enabled to tune smoothly through the CCTs without changing the total
light output over the colour range. In addition to this, they allowed the control of the
luminous output by maintaining stable the CCT and without causing flicker. Despite
of the fact that both systems were equipped with two different controls (sliders), one
for power and intensity level and the other for CCT, they show different levels of
complexity in providing information and controlling different functionalities. In fact,
the more complex are the lighting performance achievable, the more complex the
user interface becomes.

CCT 300N - 3000K OWOFF  POWER ONLED

Figure 13 — COOELO interface and control system

The COOELO control platform (Figure 13) has a display to give direct visual
feedback about the specific CCT and intensity level (in percentage). The
ASTERISM control platform is more complex since each lighting module can be
separately controlled with the possibility to play or record lighting scenes. The
interface is provided with a visual diagram of switches representing the lighting
modules of the prototype: each button allows to control each module differently in
manual mode, adjusting both CCT and lighting levels.
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Figure 14 - ASTERISM interface and control system

In addition to this there are other controls that allow to switch from manual mode to
record mode (it allows to record the lighting scenes) and play mode (it allows to
play lighting scenes previously recorded).

8. Conclusion

The white tuning of the two prototypes was achieved in two ways:
e COOELO: Phosphor conversion in which two different remote phosphors
were placed above blue LED to convert the coloured light into white light;
e ASTERISM: phosphor-converted LEDs with two different CCTs.
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The described measured lighting prototype (Asterism) was equipped with 2 LEDs
white primaries and it is evident that the white tuning between 3000K and 6000K is
performing sufficiently in terms of smoothness between different CCT with constant
emitted flux. On the other hand, the CRI R, diminishes with higher CCT and this is
primarily dependent on the LEDs quality. These performances were achieved just by
compiling a lookup table and by using a current controller based on PWM with 16
bits.

With a more complex lighting engine, equipped with more than 3 LEDs primaries
(e.g. RGBW — RGBA - RGBAW), it would have been possible to enhance specific
parts of the spectrum in order to achieve better CRI and specific colour rendering
properties such as enhancing the Gamut area. In this more complex systems, it could
be more difficult to create a stable CCT at different lighting intensities with a stable
CRLI If the chromaticity of two different lighting fixtures is perfectly the same, the
SPD (Spectral power Distribution) of these two may not be: this can make objects
look different (because of different colour rendering capability). With RGBW
fixtures, the same luminaire can be set up to render objects’ colours in a variety of
ways, from oversaturating to desaturating them, meanwhile the CCT doesn’t change.
In those situations a retroactive system is required for controlling and adjusting the
lighting output through a temperature sensor for measuring the T; of each LED
primary or a shielded colour sensor for measuring the direct lighting emission.
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1. Introduction

Daylight is the most important illuminant and source in colorimetry. Particular
attention is given to the D65. The D65 exists as natural light in the day and as an
illuminant, but a source emitting a light equal to that of the day does not exist.
Simulated daylight can be achieved through many different methods: wide band
fluorescent lamps, e.g., F7 and FL 3.15, filtered tungsten halogen lamp and other
technologies. Certainly in the near future other daylight simulators will be produced.
All of these simulators can produce sources with very good correlated color
temperature (CCT) and chromaticity of the simulated daylight, but the reproduction
of an equal spectral power distribution (SPD) is almost impossible.

These sources have a very high color rendering index (CRI), which is not adequate
for judging color-rendering accuracy. A quantitative assessment of the suitability of
a practical daylight simulator is made by computing the special metamerism index
for a change in illuminant [1, 2, 3].

Since daylight has a content of UV radiation with consequent fluorescence, the
daylight simulation regards fluorescent or non-fluorescent specimens. The CIE
method considers pairs of virtual specimens, specified by their reflecting and
fluorescing properties, which are metameric matches for the CIE 1964 observer
under the reference CIE daylight illuminant. Two different indices are used, one to
evaluate the visible region of the spectrum and the other one to evaluate the
ultraviolet region. This method quantifies the mismatch when the pairs of virtual
specimens are illuminated by the simulator under testing. The computation and the
necessary numerical data are given by CIE[1, 2]. Then a grade, A, B, C, D, E, is
given by CIE from the metamerism indices.

This work concerns the construction of a program for this calculation. From the CIE
reports, this calculation is complex in terms of the algorithm definition. This
complexity is described and analyzed.

The CIE method is described in details in Section 2 and an ad-hoc computer
program is presented in Section 3.

2. CIE method for daylight simulation

As aforementioned, daylight has a content of UV radiation with consequent
fluorescence, and thus the daylight simulation regards fluorescent or non-fluorescent
specimens. As a consequence, two different indices are required, one to evaluate the
visible region of the spectrum and the other to evaluate the ultraviolet region. The
CIE method:
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i considers pairs of virtual specimens, specified by their reflecting and
fluorescing properties, which are metameric matches under the reference
CIE daylight illuminant and for the CIE 1964 observer.

ii. quantifies the mismatch when the pairs of virtual specimens are illuminated
by the simulator under test.

The CIE method is only based on the computation and the necessary numerical data
are given by CIE [2, 3].

The requirements and the steps for the computation are the followings (warning: in
this work the wavelength is shown at times with A and other times with u to avoid
confusion in the event that there are operations dependent on wavelength present in
the same equations to be considered separately):

The observer is the CIE 1964.

The spectral power distribution of the daylight simulator under test is known S(4)
(Fig. 1).

200
D63(A4), C(d)

1004

Relative spectral
power distribution

0 T T
300 400 500 600 700 800
Wavelength (nm)

Fig. 1 — Comparison between the C illuminant and the D65, as example of test (daylight simulator) and reference
illuminants, respectively.

The daylight simulator must have the chromaticity coordinates on the (u'1o, V'19)
diagram within a circle having a radius of 0.015 centered in the chromaticity
coordinates of the standard daylight illuminant (Fig. 2).

0.6

0.5

0.4

0.2

0.1

00|  DS0, D55, D65, D75

L L L L L
0.0 0.1 0.2 0.3 0.4 05 0.6

Fig. 2 - Allowable range of chromaticity coordinates of daylight simulators on the (u'10, V'10) chromaticity diagram.
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Evaluation of spectral power
distributions in the visible region

Evaluation of spectral power
distributions in the ultraviolet region

CIE considers five pairs of virtual non
fluorescent specimens constituted by 5
standard and 5  corresponding
metameric samples. The standards are
the same for all the daylight illuminants
(D50, D55, D65, D75) and the
metameric samples are proper of any
illuminant.

The spectral reflectance factors R(4) of
the non-fluorescent specimens
(standard and metameric) are directly
known from the CIE tables [2,3] and
are plotted (Fig. 3).

0.9

—Standard -- Metamer 1
0.8 9

—Standard -- Metamer 3 ,
—Standard -- Metamer 4 o
—Standard - - Metamer 5

0.7 1

Spectral reflectance factor

T L] T L] T
400 450 500 550 600 650 700
Wavelength (nm)

Fig. 3 - Spectral reflectances R(1) of five metameric
pairs used in the evaluation of D65 simulators in the
visible range.

The fluorescent color sample is
illuminated by a source S with spectral
power distribution S(1) normalized as
follows:

S (1)=100

S(A) (D
D S(WF(1)Au

1=400

A part of the incident radiation is
reflected with a radiance factor fr(1) and
a part is absorbed. The absorbed part,
specified by the Luminescent
(Fluorescent) radiance factor Q(u), is re-
emitted by fluorescence with Relative
spectral  distribution  of  radiant
fluorescent emission F(A). It follows that
a sample irradiated by the source S,(1)
emits by fluorescence the radiance:

F(A)
 (1)=N
where:
460
N= 73 S,(0(mhu
1=300 3)

is the effective excitation and F(1) is a
relative quantity normalized to 1 as
follows:

700

21:300 F()=1 @

The total radiance factor related to the
source Sy(A) is:

Pr(D)= Br(A) + L(A). &)

Quantity S(1) regards the light source,
and Sr(w) (Fig. 4), O(w) (Fig. 5) and F(1)
(Fig. 6) are related only to the color
sample.

The definitions given by CIE Illumination
vocabulary, compared with those given
by CIE 51.2-1999, are given below.
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Fig. 4 - Spectral radiance factors Sr(A) of the three CIE
color samples defined in the visible range.
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Fig. 5 - Fluorescent radiance factor Q(A)AA of the three
CIE color samples defined in the range 300-460 nm.
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Fig. 6 - Relative spectral distribution of radiant fluorescent
emission F(A) of the three CIE color samples, which is the
same for the three samples.

CIE considers three virtual fluorescent
samples which are metameric with three
non-fluorescent samples illuminated by
one of the standard daylight illuminants
(D50, D55, D65, D75). The functions
OMAL, pr(4) and F(1) related to the CIE
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fluorescent samples are directly known
from the CIE tables [2, 3]. The reflected
spectral radiance factors fr(x) of the CIE
specimens are plotted in Fig. 4. The
quantities Q(u)AA and F(A) related to the
fluorescence are plotted in Figs. 5 and 6,
respectively.

The total spectral radiance factors of the
three fluorescent specimens are computed
as follows:

(1) the spectral power distribution S(1)
is normalized according to Equation
(1)

(2) a factor N taking into account the
fluorescent emission is computed
according to Equation (3);

(3) the total spectral radiance factor
pr(1) for the fluorescent sample lit
by the simulator, according to
Equations (2) and (5), is (Fig. 7):

Br() = (i) + N LA
S, (A) 6)
with the spectral distribution of the
fluorescent component FQ)
normalized to 1 according to
Equation (4).
1.0
0.9
0.8
5 07
Tﬁ 0.6
-,'% 0.5
‘?-'- 0.3
0.2
01 LAy for(h) Bsr(d)
0.0 T T T T T

400 450 500 550 600 650 700
Wavelength (nm)

Fig. 7 - Total spectral radiance factor fr(A) for the
fluorescent sample lit by the simulator defined in the
visible range. The illuminant C is used as trial for
simulating the D65.




The computation of (Xig, Y9, Zyo) for
each specimen lit by the simulator S(1)
is made by Equation (7) with
summations with 5 nm steps in the
wavelength range 400-700 nm.

The computation of (X, Y19, Zio) for
each fluorescent specimen lit by the
simulator S(4) is made by equation (7)
with summations with 5 nm steps in the
wavelength range 400-700 nm (The total
spectral radiance factor Sr(1) substitutes
the spectral reflectance factor R(4) in
Equation (7)). The spectral radiance
factor of the non-fluorescent samples in
three metameric pairs (metameric for
D50, D55, D65 and D75) for the
ultraviolet range evaluation is given by
CIE in a separate table.

700
X,=K Y SRAT (AL
A=400,A2=5
700
Yo=K D SARAF(AL
A=400, AA=5
700
Zy=K 3 SORAZ,(AAL

A=400,AA=5

with K =100

700 @)
> S(A)F(DAL

A=400,AA=5

Then the color specification is made in the CIELAB or CIELUV systems, according
to the color-difference formula considered.

The color difference between the five
corresponding
metameric samples is computed by one of

standards and the

the following color difference formulae:

The color difference between the three
non-fluorescent samples and the
corresponding three fluorescent ones is
computed by one of the following
color difference formulae:

AE:b,lO = \I‘I(AL:O)2 + (Aal*o)2 + (Abl*o)2 >

AE, 10 = (AL, + (A +(A¥ ' o)

The metamerism index in the absence of
fluorescence is obtained by an average M,

of the differences of five color pairs:

M, :éiAE,.

i (10)

where AE; may be AE*,,,19 or AE*y,10.

The metamerism index in the presence
of fluorescence is obtained by an
average M, of the color differences of
three color pairs:

:
M, =%ZAE,. (11)
i=1

where AE; may be AE*,,,19 or AE* 1.

Finally, a grade, A, B, C, D, E, is obtained from the metamerism indices as defined

in the following table.
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Grade M, or M, based on AE*,, M, or M, based on AE*,
A <0.25 <0.32
B 0.25 t0 0.50 0.32t0 0.65
C 0.50 to 1.00 0.65 to 1.30
D 1.00 to 2.00 1.30 to 2.60
E >2.00 >2.60

For clarity, the definitions of the quantities considered given by CIE Illumination
vocabulary are recalled, compared with those given by CIE 51.2-1999:

Definitions from CIE 51.2-1999 [4]

Definitions from ILV CIE S 017/E:2011
[2]

Luminescence
emission of optical radiation caused by
any non-thermal process

Fluorescence
the emission of optical radiation (light)
when a substance is exposed to any type
of electromagnetic radiation, where the
emitted radiation generally appears
within 10 ns after the excitation.

NOTE: This effect is due to an “allowed”
transition generally from an excited
singlet state to a ground singlet state.

Radiance factor (at a representative
element on the surface of a non-self-
radiating medium, in a given direction,
under  specified  conditions  of
irradiation).
Ratio of the radiance of the medium
to that of a perfect reflecting or
transmitting  diffuser  identically
irradiated.
Symbol :

NOTE: In the case of fluorescent
media the radiance factor is the sum
of two portions, the reflected
radiance factor S and the fluorescent
radiance factor £y .

Br=pr+ pL.

This may be called the total
radiance factor.

Radiance factor (at a surface element of

a non-self-radiating medium, in a given

direction, under specified conditions of

irradiation) [S]:
ratio of the radiance of the surface
element in the given direction to that of
the perfect reflecting or transmitting
diffuser identically irradiated and
viewed.
Unit: 1

NOTE: For photoluminescent media, the
radiance factor contains 2 components,
the reflected radiance factor, Sy, and the
luminescent radiance factor, f;. The
sum of the reflected and luminescent
radiance factors is the total radiance
factor, fr:

Br=PBr + L.

Reflection radiance factor (at a
representative element of the surface of
a medium, in a given direction, under
specified conditions of irradiation):

Reflected radiance factor (at a surface of
a non-self-radiating medium in a given
direction, under specified conditions of
illumination) [fRr].
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Ratio of the radiance due to
reflection of the medium to that of a
perfect reflecting or transmitting
diffuser identically irradiated.
Symbol: fi.

See NOTE to “radiance factor”

Fluorescent radiance factor (at a

representative element of the surface of

a medium, in a given direction, under

specified conditions of irradiation):
Ratio of the radiance due to
fluorescence of the medium to the
radiance of a perfect reflecting
diffuser identically irradiated.
Symbol: S

(mutatis mutandis)
Luminescent radiance factor (at a
surface of a photoluminescent medium
in a given direction, under specified
conditions of illumination) [fy].
See NOTE to “radiance factor”

Fluorescence radiant efficiency:
Ratio of the radiation emitted to the
radiation absorbed in energy units.
Note: Ratio of the radiation emitted
to the radiation incident on the
fluorescent material is called the
external radiant efficiency
Symbol: Q(4"), where A' is
excitation wavelength.

the

(mutatis mutandis)

External quantum efficiency (of a
detector):

ratio of the number of elementary events

(such as release of an electron)

contributing to the detector output, to

the number of incident photons,
including those reflected by the
detector.

NOTE The use of the unqualified term
“quantum efficiency” always implies
external quantum efficiency.

Relative spectral distribution of
radiant fluorescent emission:
The fluorescent radiant emission at
each wavelength of a fluorescent
material expressed as a fraction of the
total ().
Symbol: F(4).
(*) The definition of F(1) requires

D> F()=10

Relative spectral distribution (of a
radiant, luminous or photon quantity X(1))
(S
ratio of the spectral distribution, X;(L),
of the quantity X(A) to a fixed reference
value, R,
which can be an average value, a
maximum value or an arbitrarily chosen
value of this distribution:

sy = XA
R
Unit: 1
NOTE: X; is also a function of A and in
order to stress this, may be written X;(A)
without any change of meaning.

3. Daylight simulator program

The Daylight simulator will be a toolbox belonging to the Colorimetric eXercise
software [5]. This toolbox presents the CIE method for assessing the quality of

daylight simulators [2, 3].
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Table 1. Colorimetric data related to the daylight-simulator and simulated daylight illuminant, color differences
Imetamerism indices evaluated in the intermediate computation and final Grade. The numeric data are related to the
illuminant C used as simulator for D65 illuminant.

Chromaticity of the simulated illuminant C x10=0.31376, y10=0.33116
Chromaticity of the daylight-simulator x10=0.31033, y10=0.31919
Chromaticity distance between simulated and 0.00733 (allowable range < 0.015)
simulator in (u'10, v'10) diagram
Evaluation of the visible region Evaluation of the ultraviolet region
metamer AE* 3,10 AE* 10 metamer AE* 3,10 AE*yy,10
1 0.249 0.414 1 3.825 5.997
2 0.267 0.397 2 3.170 4.975
3 0.208 0.216 3 2.609 4.060
4 0.226 0.361
5 0.429 0.502
average M, =0.276 M, =0.378 average M, =3.202 M,=5.010
Grade =B Grade =E
JRIaTEY

CIE '64 Observer

Simulated illuminant
s [c:\Colorimetry Files\C_tiuminant_5nm TXT -

Show simulated daylight and

D= iy daylight simulator spectra

Output |

Fig. 8 - Dialogue window of the computer-program toolbox. The user has to choose the simulated illuminant and the
spectral power distribution of the corresponding daylight simulator. With “Show simulated daylight and daylight
simulator spectra” the spectra of the illuminants are plotted as in shown in Fig. 9. With “Output’ the complete
computation is shown in the next window reproduced in Fig. 10.

il

124.09

Daylight simulator

200 nm 300 nm =500m 400 nm 500 nm 600 nm 700 nm 7200m 800 nm 900 nm 1000 nm

Chromaticity of the daylight simulator |~ Chromaticity distance between simulated and simulatorin (u',, ,V'y, ) Background ———
x [o3w033 y [osi919 [000733  (allowable range < 0.015) & Black © White &

Fig. 9 - Spectral power distribution of the D65 illuminant as simulated daylight and of the C illuminant as daylight
simulator.
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Daylight simulator _lclx]

[ Visible-spectrum analysis UV-spectrum analysis

Show non-fluorescent Show reflected Show fluorescent Show radiant Show total
metameric reflectance radiance factor radiance factor fluorescent radiance factor
factors BR(A) QM) AN emission F(A) BT(A)

i~ Chromaticity of the daylight simulator —‘ ”Chromallcww distance between simulated and simulatorin (u', ,v',;) |

X | 0.31033 ¥ | 0.31919 0.00733 (allowable range < 0.015)
—Evaluation of the visible region — [ Evaluation of the ultraviolet region

Metamer | AE* (ab10) | AE* (uv.10) | ||| Metamer | AE* (ab10) | AE* (uv10) |

1 0249 0414 1 3.825 5997

2 0.267 0.397 2 317 4975

3 0.208 0216 3 2.609 4.06

4 0.226 0.361 average 3.202 5.01

5 0.429 0.502

average 0276 0.378

Grade I B Grade E

—

Fig. 10 - Output window of the computer-program toolbox “Daylight-simulator evaluation-Special metamerism index:
change in illuminant”. Color differences between metameric specimens evaluated in visible and in ultraviolet region,
average color-difference values and grade are given.

The user proceeds as follows (Fig. 8):

(1) Choose the daylight to be simulated (D50, D55, D65 or D75).
(2) Input from file of the spectral power distribution of the daylight simulator.

The computer program first shows a comparison of the test and reference
illuminants (Fig. 1, 9), then makes the computations as shown in Section 2, whereas
the result is synthetized in Table 1 and Fig. 10.
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1. Introduction

Color is an essential characteristic of the man-made architectural environment. All
design professions that deal with objects and surfaces, lighting or light emitting
elements have to communicate color aspects to realize their ideas. Light emitting
diodes (LEDs) extended the scope for light applications significantly. Today we are
able to design and realize a broad range of custom light spectra. Their applications
within the field of architecture range from retail to healthcare and entertainment.

Several of the established descriptors to characterize color, transmittance of
materials or light sources are based on spectral data. This means that designer
working with light and color must merge different data formats to allow firm
conclusions. In fact, computer screens are doing this in rather simple manner -
everything is translated to hardware specific RGB values. Especially dynamic color
designs that are triggered by events or time marks are complex to develop. Unified
profiles to characterize colors and light are intended to enable an efficient
communication of the spectral aspects involved.

Todays practice is that object colors are defined according color systems (e.g.
Natural Color System), light sources are categorized according correlated color
temperature (CCT) and dominant wavelength. To judge the interaction of object
colors and lighting there are additional color rendition descriptors (e.g. color
rendering index). A rather complex, but detailed concept to describe color changes
in comparison to a reference light is incorporated in the IES TM-30-15 procedure to
define color rendition [1]. This description method is like the CCT description
restricted to characterize achromatic light. Additional it requires calculations for a
large set of reflectance values. For many color designs it is sufficient to check
selected combinations instead of a full set of predefined samples.

There are several reasons why choosing colors to fit a concept is a delicate task. One
hurdle is that language to characterize colors only poorly aligns with the metrics
used. Spectral data contains a wealth of information, but it requires specific
knowledge for correct interpretation. The proposed method to ease communication
builds on insights that color naming and the concept of unique hues align well with
each other [2].

2. Unified Profiles to describe spectral data

Spectral data is required to describe light source characteristics and properties of
surfaces. Electromagnetic radiation between 380nm and 780nm is considered as
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visible light. In radiometry, photometry and color science the spectral power
distribution is used to characterize the illumination as amount of energy per unit area
and per unit wavelength. The spectral distribution of the light emitted influences the
appearance of objects. The color of an object is a result of what parts of the spectrum
are reflected, absorbed and transmitted. When light sources are shielded from direct
viewing all light the eye receives is reflected light (see Figure 1). The basic idea
behind the method introduced is that unified profiles are used to describe the spectral
characteristics at all stages from light emitters to reflecting surfaces and the light
received by the eye.
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Fig. 1 - Characterization of the impinging spectrum in case of daylight illumination and in case of usage of 3000K LED
light sources. Spectral data is represented in four wavelength bands: blue, green, yellow and red.

Reflectance is the ratio of the reflected light to the total amount of light incident on
that surface. Dark materials may reflect less than 10% of the light and very bright
materials up to 90% of the incident light. Spectral data for light sources and for surface
reflectance are in general presented in form of diagrams with wavelength on one axis
and energy or energy ratios on the other (see examples in Figures 2 to 4). These
diagrams represent well the physical data, but are cumbersome to verbalize. The
profiles introduced here summarize spectral data in a format that is also for laymen
easy to communicate. Gall and Lapuente [3] defined bands of wavelength with the
aim to assist selection of suitable lamp spectra. To describe radiation between 380nm
and 720nm they used 6 spectral bands: purple, blue, green, yellow, orange and red.
The chosen intervals were within the range of 23nm (yellow) and 93nm (red). To meet
the objective to ease communication for design purposes in this approach the spectrum
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was split in accordance to the principle of unique hues [4]. This well-established way
to categorize colors is for example used in the Natural Color System (NCS). Starting
point for defining four slices in wavelength space was the precondition to locate the
yellow band around 576nm (compare Lillo, Moreira et al. [5]). A heuristic strategy
was employed to define wavelength bands for red, blue and green. There was no
obvious objection to use the same bandwidth for all four bands. Hence four bands of
53nm width (see Table 1) were defined. The resulting range represents well conditions
for which color vision seems to function at its best [6].

Tab. 2 - Definition of the Spectral Profile with its 4 spectral bands.

Band Wavelength range
B: Blue 444nm — 496nm
G: Green 497nm — 549nm
Y: Yellow 550nm — 602nm
R: Red 603nm — 655nm

Profiles with the mentioned characteristics can be easily derived from spectral data by
calculating the average of all values within each band. Independent of the profile type
all profiles share the same structure. Values for emitted light and light that travels
towards the observer are expressed in W/(m? nm), reflectance values are expressed as
percentage.

3. Unified profiles applied to describe reflecting surfaces and light
emitters

The following examples demonstrate how to apply unified profiles. The profiles are
generated from data describing the spectral distribution in the range between 444nm
and 655nm. The profiles represent radiometric data, therefore neither information
about cone response or luminous efficiency is required. As input typically
measurements of spectrophotometers, or spectrometers are used. The examples for
reflection spectra shown in Figure 2 are the most saturated NCS samples for blue,
green, yellow and red hues. It is easy to recognize that the yellow sample is the
brightest of all. It reflects wavelength above 540nm and additional also a considerable
amount of the radiation between 500nm and 540nm. This characteristic is also
represented in the profile, columns for red and yellow are tall, additional is some green
contribution to recognize, but practical no blue contribution. The profile for the red
surface shows most clearly a case that all reflected light fits in one spectral band
(603nm - 655nm). This means that when this sample is illuminated with either green
or blue light it will appear black.
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Fig. 2 - Unified profiles and spectral distribution of reflectance data for 4 NCS samples representing the unique hues.

Most achromatic LED light sources available today use phosphors for color
conversion. Two typical spectra for such LED sources are shown in Figure 3. The
profiles on the left shows the difference that the first source contains more blueish
light than the second source. Looking at the CCT of both sources than this was exactly
to expect. The third source is a halogen lamp which typical emphases warm tones.
Generally, all achromatic light sources with good color rendering characteristics will
show a balanced profile, either with emphasis on the red part or the blue part (like

daylight).
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Fig. 3 - Unified profiles and spectral distribution of two achromatic LED and one halogen light source.

LEDs are not only efficient light sources they also excel in providing highly saturated
colors. The impression of very pure chromatic light is caused by a very narrow band
of light emission. Figure 4 shows next to the corresponding profiles the emission
spectra of four chromatic LEDs: blue, green, yellow and red. The wavelength of the
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emitted light is dependent on the used semiconductor material. In comparison to the
spectra shown before, the bandwidth can be quite narrow.
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Fig. 4 — Unified profiles and spectral distribution of 4 chromatic LED light sources.

By combining LEDs with different dominant wavelength it is possible to realize
almost any light spectrum. To design spectral characteristics of light sources has
become a reality. To describe color characteristics of multicolor LED luminaires is
one of the application fields for unified profiles. The profiles can also be used to
distinguish metameric matches or sources with same CCT but different spectra. As
unified profiles can also represent spectral energy that enters the eye the profiles may
provide a solution to describe conditions causing chromatic adaptation.

4. Conclusions

The proposed approach of unified profiles of spectral data is focused on efficient
communication and therefore accepts abstraction to four wavelength bands. As a
result, it is nearly as simple as a trichromatic system, but fits more accurately human
perception and established communication practice. The elegance of the solution lies
in the fact that profiles of spectral data are derived from physical measurements, but
align at the same time with notions used for everyday color communication.

Defining dynamic color scenes can be cumbersome. A compact way to describe
spectral aspects of scenes and color combinations is considered to make handling
easier. Designer from various disciplines need to define spectral characteristics to
transform the natural environment with the purpose of adapting it optimal to human
life. What future work has to prove is that compression to profiles with four bands is
accurate enough to characterize color in spatial and dynamic color concepts.
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1. Introduction

The use of colored light in architectural design has increased significantly
over the past two decades. Bold colors, for example, are frequently integrated into
lighting for facades and public spaces, and subtle tunable solutions are being tested
for retail (e.g., color rendering) and health care (e.g., circadian effects).

Perceptual experiments suggest that nominally identical colors (so-called
metamers), as defined by chromaticity and luminance, might not be identical in
perceived brightness [1] or saturation [2], especially when viewed in a full field-of-
view including peripheral photoreceptive mechanisms. Most color metrics used in
practice and application are based upon the central visual field of view [3]. In
addition, light of different spectral compositions can vary in eliciting non visual
physiological responses [4, 5]. We are interested in the architectural relevance of
nominally metameric colors when experienced in large-scale conditions with a full-
field of view including peripheral vision.

Lighting design for theater and music performance has developed a body of
knowledge for the creation of sophisticated designs with colored light. In theaters
and studios, seven-color light emitting diode (LED) systems are being used
increasingly to replace traditional filtered tungsten sources. Three- or four-color
LED sources, as used in many architectural color-changing fixtures, have been
judged by design professionals as insufficient to produce the desired color range and
quality for theatrical and other performance uses [6]. The transition from filtered
tungsten sources to multi-emitter LED sources comes with the challenge to color
match past projects that are being retrofitted [6, 7]. It also comes with the
opportunity to use metameric colors as a new design tool. The technology change
also exposed shortcomings for the most common metrics used in industry to measure
and match luminous color and light level. Practitioners and manufacturers observe
limitations in matches made via color and luminance meters, and are often left with
developing color and brightness matches by eye [6, 8].

In order to investigate the differences in the effects of large-scale colors
matched for chromaticity and luminance, we designed dedicated experiments in the
50° x 60’ x 35’ black box studio space of the Experimental Media and Performing
Arts Center (EMPAC) at Rensselaer Polytechnic Institute (RPI). Semi-circular wall
surfaces (denoted ‘tubicles’, 9° diameter x 14’ height) were built and illuminated
with nearly equivalent colors that were mixed using different methods: filtered
tungsten, a three-color LED system, and a seven-color LED system, as well as a
video projector. In addition, we closely matched the chromaticity of the colored light
using paint pigments illuminated by white LED and tungsten light sources.

Using this apparatus, we conducted a series of studies with two hue groups,
amber and cyan, using hybrid research methods [9]: a qualitative study (Study 1)
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with 17 participants, followed up by a quantitative protocol (Study 2) with 12
participants. The participants experienced the conditions at different vantage points
using their full fields of vision. In addition most of the participants (n=29) also
participated in separate sessions (Study 3) dedicated to measure blood pressure in
response to the lightng conditions.

2. Study Approach and Set-up

When viewing nominally equivalent colors with a full field of view,
discrepancies in perceived brightness [1] and saturation [2] have been observed. To
explore the perceived differences of equivalent colors in architectural-scale spatial
settings, we conducted a series of studies.

We built several semi-circular viewing chambers (tubicles) in a black-box
studio and created seven nearly equivalent color conditions for amber and cyan
respectively that were mixed using different methods. Figure 1 shows the spatial
layout in the planning stages.
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Fig. 1 - Semi-circular viewing chambers (tubicles), size: 9’ diameter x 14’ height, in a 50’ x 60’ x 35’ black box studio
space.

The color conditions for the amber and cyan hue groups were created as follows
(with the amber conditions mentioned first, the cyan conditions second):
1. AT or CT: a tungsten source with an amber or cyan color filter on white
matte paint
2.  ALED or CLED: an amber or cyan LED on white matte paint
3. ARG or CBG: ared + green LED mixture, or blue + green LED mixture on
white matte paint
4. ARL or CIR: a red + lime LED mixture, or a red + indigo +cyan LED
mixture on white matte paint
5. AP or CP: a digital light processing (DLP) projector red + green mixture, or
blue + green mixture
APLED or CPLED: a white LED source on amber or cyan paint
APT or CPT: a tungsten source on amber or cyan paint

N o
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Figure 2 (amber) and Figure 3 (cyan) show the different spectral power
distributions (SPDs), scaled for relative light level, of conditions 2-7 in relation to
condition 1 (filtered tungsten), which was used as a reference. Figure 4 shows the
chromaticity coordinates for all conditions plotted on the 1964 CIE diagram for 10°
vision.
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Fig. 2 - Spectral power distributions of amber conditions 2-7 in relation to condition 1 (scaled for relative light level).
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Fig. 3 - Spectral power distributions of cyan conditions 2-7 in relation to condition 1 (scaled for relative light level).
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Fig. 4 — Chromaticity coordinates (CIE 1964) for the amber (left) and cyan (right) conditions
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Due to the scale of the set-up and the equipment available, the conditions were
not exact metamers; they did not match precisely in their chromaticity (see Figure
4). But these are the conditions that are found in the field using currently available
technologies and so have ecological validity for architecture and design.

We were interested in how people would evaluate the conditions and whether
consistent patterns in responses could be observed. We were particularly interested
in the following questions:

e Are there consistent patterns in participants’ comments on perceived

differences among conditions?

e Are the differences consistent with or different from the metrics of

chromaticity and luminance?

e Are there relationships between responses in different categories (e.g.

visual and emotional or spatial qualities)?

3. Procedures
Three studies were conducted.

3.1. Study 1

Study 1 was exploratory and qualitative. Seventeen color-normal [10]
participants between the ages of 27 — 82 (mean 50 years) participated, ten males and
seven females, with varying degrees of expertise in working with light and color.
Nine of them work professionally with either light or color: seven as designers and
two as photographers.

The participants were free to move around as desired; see Figure 5. Each
participant was shown a timed sequence of 13 pairs of illuminated spaces, 2 minutes
for each pair, with a 30 second break to reset adaptation of the eyes. They were
asked to give any comments and comparisons in response to the color conditions.

Each participant conducted the study with both hue groups, amber and
cyan, separatly, one in the morning, one in the afternoon. The order of conditions
and hue groups were varied for counterbalancing.

All comments, whether written or spoken, were recorded, transcribed and
coded into categories: visual qualities (brightness, saturation), emotional qualities
(aversion, attraction), and spatial qualities. The results were graphed and produced
ranking orders for the different conditions (e.g., bright to dim, saturated to
unsaturated).
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Fig. 5 - Participants evaluating and comparing two amber conditions (left) and two cyan conditions (right)

3.2. Study 2

Based on the terms used by the participants in Study 1 to describe the
conditions, we conducted a follow-up study (Study 2) two months later using the
same lighting conditions. Twelve color-normal [10] participants between the ages of
24 — 65 (mean 43 years), 9 males and 4 females, sat in a fixed location (see Figure 6)
and evaluated the conditions using a questionnaire. None of the participants had
been part of Study 1. They had varying degrees of expertise in working with light
and color. Six of them work professionally with either light or color: two as
designers, four as scientific researchers.
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Fig. 6 - Participant sitting in the tubicle (left) using a questionnaire (right).

Again, each participant conducted the study with both hue groups, amber
and cyan, separatly, one in the morning, one in the afternoon. The order of
conditions and hue groups were varied for counterbalancing.

3.3. Study 3

Study 3 was conducted with participants of Study 1 and 2 in a separate
session, sitting immersed in the condition as illustrated in Figure 7. There were
twenty-nine participants, all between the ages of 24 — 79 (mean 46 years), with 17
males and 12 females. Blood pressure was measured using an arm cuff at the onset
(base line) and for each condition (1.5 minutes of exposure). In between the
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conditions the participants were exposed to 30 seconds of darkness to reset
adaptation.

4. Results

Study 1 produced a rich variety of comments, such as: “Oh! That is very
much more cheerful. I don’t know why. It doesn’t look that different, but it seems
more cheerful. When you are in it feels more like it is difficult to balance. Try to
stand on one leg. Hehehe. This is leathery. I could knit myself up in there though.”

It made individual differences in perception and preference, depending on
experience and personality, more apparent. This is illustrated in the below responses
of two different participants to the same condition:

Participant #16: (Laugh) “Oh, wow, now that gets me excited. On the right.
Oh my gosh. That’s a happy color! Hah! Oh my lord. Nice contrast here.”

Participant #7: “That’s very bright and very light. Almost translucent. It’s
back to upsetting. A group that’s upsetting. Unstringing. It makes me breathe hard.”

In addition, group differences were detected in Study 3. There was a
statistically significant effect of gender and age (p<0.05) for the blood pressure
measurements in response to the color conditions.

While individual differences could be observed, there were also reliable
average patterns in the study results. For Studies 1 and 2, all results were organized
in categories of visual qualities (brightness and saturation), emotional qualities
(attraction), and spatial qualities (spaciousness).

Results from both experimental sessions, Study 1 and Study 2, suggested
that people consistently were aware of qualitative differences of nearly equivalent
conditions at large scale for both hue groups, amber as well as cyan. This held true
not only when observers were seated in one location and instructed to fill out a
questionnaire (Study 2), but also when walking around comparing conditions from
different locations (Study 1).

Differences in perceived brightness were distinct and significant, and the
brightness perception results were predicted slightly better using a provisional scene
brightness model [11] than luminance, the industry standard.

Also, while differences in chromaticity were small, especially for the amber
conditions, the differences in perceived saturation were relatively large.
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Focusing on the three LED sources only (ALED, ARG, ARL (amber) or
CLED, CBG, CIR (cyan)) suggests that the perceived visual differences in
brightness and saturation between the narrowband LED condition (amber LED
(ALED) or cyan LED (CLED) respectively) and the 3-color source LED condition
(red+green LED (ARG) or greent+blue LED (CBG) respectively) were reliable
(p<0.05). However, the perceived differences in brightness and saturation between
the 7-color source LED condition (red+lime LED (ARL) or red+indigo+cyan LED
(CIR) respectively) and the other two LED conditions (ALED and ARG, or CLED
and CBG respectively) were not.

This suggests that when matching luminous colors in spatial environments,
options beyond narrowband RGB sources can provide closer matches. In addition,
these can also offer a variety in color rendering properties which might be useful for
design applications [6].

In addition to exploring the differences between the luminous color
conditions, the studies showed differences between luminous color and illuminated
colored paint (illuminated color). The illuminated color conditions were evaluated as
similar to the luminous color (colored light on white paint) when viewing them from
farther away (Study 1), without being immersed or covering the full-field of view.
The participants did not notice that it was not the light that was colored. From close-
up, immersed in the condition (Study 1 and 2), there were, however, differences, as
described in the quotes below:

Participant #10: “initially seems similar, but after looking at paper - seems
almost grey / more dull and memory of other wall impact is more vivid”.

Participant #16: “They both seem pretty similar, but the one on the right
seems more saturated and luminous. And the one on the left, it feels more integrated
with the fabric, and it appears less luminous. And... then when you get up close and
it’s the only thing around you it feels pretty saturated. Proximity changes some of
the effect of the color. They re quite the similar hue, and now I do realize that that’s
actually painted.”

The illuminated color retained saturation, while the luminous color
conditions desaturated (likely due to chromatic adaptation [12]). This was especially
apparent in the results for the cyan hue group, because chromaticity predicted that
the cyan paint condition would look less saturated than the cyan light conditions.
The above observation suggests that with the increasing use of colored light in
architectural environments, more detailed perception studies into full-field chromatic
adaptation would be useful to inform design applications.

One of our objectives was to learn about possible relationships between the
perceptions of visual, emotional and spatial qualities, and, as well, physiological
measures (blood pressure). Therefore, after coding all results into such categories
and creating interval rankings, we correlated the results. The statistically significant
correlations (p<0.05) are summarized in Figure 8.
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Fig. 8 - Significant correlation between the participant responses according to categories for amber and cyan

The perception of brightness was correlated with perceived spatial and
emotional qualities for both hue groups, amber and cyan. Brighter conditions
seemed preferred and appeared more spacious than dimmer ones. For the cyan
condition brightness was also correlated with blood pressure.

The correlations also suggest that for the amber conditions a higher
saturation was evaluated as more attractive and preferred. For the cyan conditions,
however, the correlation was negative: less saturated was preferred. Saturation was
also correlated with blood pressure for both hue groups: higher saturation coincided
with a higher blood pressure.

In addition, blood pressure was correlated with emotional quality for both,
amber and cyan; for cyan it was also correlated with how spacious a condition
appeared.

5. Summary

For cyan and amber conditions that were matched closely for chromaticity
and luminance, participants reported reliably perceived differences between
conditions in saturation and in brightness (reliable average trend); these differences
were larger than predicted by the industry metrics in common use (luminance,
chromaticity). Participants also reported differences between the nominally similar
conditions in emotional and spatial qualities (reliable average trend). In addition,
there were correlations between visual qualities, spatial, emotional qualities and
measured blood pressure.
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This confirms observations from field practice that the metrics and tools
currently used to match luminous colors do not provide satisfying matches when
used for large-scale set-ups.

Furthermore, the results suggest that participants are able to pick up subtle
differences, and evaluate nearly equivalent colors differently depending on spectral
composition. This can inform design practice when choosing the technologies and
tools to implement color into spatial designs.

In addition to the average patterns, trancribed qualitative responses and
associations substantiated the average trends while also adding information about
individual variations between the different participants.
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Abstract

Starting from a variational analysis of the so-called Rudd-Zemach model of
achromatic induction, we will provide a theoretical model that can be also applied to
context-driven higher level cognitive features.

The key ingredient of the model is the balance between assimilation and contrast,
which we show to be one of the basic features of color perception. In the case of
contrast, judgments and contextual information are negatively correlated; on the
contrary, in the case of assimilation, there is a positive correlation between the
judgment and the contextual information.

The balance between them can be interpreted in a variational sense. Multiple
examples and discussions are presented to support the model.

1. Introduction

Psychological literature often makes a parallel between the processes and the
mechanisms of perception and cognition. However, this parallelism often lacks of a
rigorous mathematical analysis.

The starting point of this work is the famous Wallach's experiment on simultaneous
contrast [18]. This is a classical experiment about the induction phenomenon that
shows how the surround of a stimulus alters the perception of its luminance.

More recent psycho-physical data obtained by Rudd & Zemach [13] have proven
that the simple mathematical explanation given by Wallach is not satisfying and they
updated the theory by introducing techniques coming from edge integration models,
in particular the famous Retinex model of color perception by Land and McCann
[7]. Provenzi [12] showed that the Rudd and Zemach model can be embedded in a
variational framework, i.e. their equations can be found by the minimization of a
functional.

Interestingly, this functional is given by the sum of two terms in opposition: the first
term is called assimilation (or dispersion) and its minimization tends to assimilate
the stimulus to the average of the surround, thus decreasing the information content
of the global scene; the second term is called contrast and its minimization tends to
intensify the difference between stimulus and surround, which instead has the effect
of augmenting the informative content.

As proven in Provenzi [12], the optimal balance between these two conflicting
actions turn out to be the Rudd and Zemach model.

Contrast effects driven by the surround can be observed also in other domains

beyond simple perceptual tasks. We can define a contrast effect as an overrate or
underrate evaluation of a stimulus when there is a simultaneous, temporal or spatial,
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presentation of a context with a lower or greater value, respectively, in the same
dimension of the stimulus compared to the same task performed in isolation.

Given this definition, the contrast effect regards judgments or estimation that go
beyond simple perceptual task. For example, it can be observed in perceptual tasks
where top-down influence can be stronger (such as the perception of beauty when
judging faces), or more cognitive-oriented tasks, such as preference judgments.

To give an example within the domain of perception of beauty, let us consider a face
that is judged neither particularly beautiful nor ugly in isolated conditions. If the
same face is judge together with a set of particularly attractive faces, it will be
judged less beautiful. On the contrary, if the very same face is judged together with a
set of particularly ugly faces, it will be judged more beautiful compared to the
judgment in isolation [15].

The same holds for tasks usually related to higher-level cognition ([1], [5], [8], [10],
[11]). In particular, the study of Parducci [11] about moral judgment asked to rate
the gravity of acts, such as “ Habitually borrowing small sums of money from friends
and failing to return them ”, when accompanied with very serious bad acts such as
“Using guns on striking workers > or trivial acts such as *“ Cheating at solitaire”. Of
course, he found that in the latter “ Habitually borrowing small sums of money from
friends and failing to return them ” was judged more grave compared to the former
case.

Finally, the contrast effect regards also performance in conditioning paradigms (see,
for example [4]). It’s important to note that contrast effects belong to more general
context-driven phenomena. The counterpart of contrast effect is assimilation in
which we have that luminance appearance shifts toward that of the surrounding
regions ([3], [6]). In higher-level cognition, the most famous example of
assimilation is anchoring ([14], [16]).

So, in this paper we aim to extend the formal analysis already done in the domain of
achromatic induction to propose a more general theory of context-driven phenomena
that can also be applied to cognitive tasks. The main advantage of our formal
analysis is that it can be used to make novel accurate predictions about contrast
effects that can be tested and tuned by devising new empirical tests.

The paper is structured as follows. First, we will briefly review Wallach's task
displaying the different formal models that have been proposed in order to account
for this phenomenon. Secondly, we will describe the meaning of our formal model
about contrast effect and we will discuss the possibility to apply it to higher level
cognitive phenomena.

2. Measure of achromatic induction and its variational interpretation
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Human visual perception is not determined only by the luminance of an object
surface, but also by that of the surrounding objects. This phenomenon is called
induction, to stress the fact that visual perception is induced (and altered) by its
surround. What just stated is valid both for skotopic and photopic vision.

Skotopic vision refers to luminance stimuli so dim that only the rod photoreceptors
are excited, in this situation we perceive only shades of gray and the induction
phenomenon is defined to be  achromatic. Photopic vision, instead, is related to
luminance stimuli bright enough to saturate the rods and excite the three cone
photoreceptors responsible for color vision, for this reason, in this case, induction is
called chromatic.

The most elementary example of induction is the simultaneous contrast
phenomenon, depicted in Fig. 1: the inner squares have exactly the same luminance,
however we perceive them very differently because we are strongly influences by
their distinct surrounds.

Fig. 1: Top: Chromatic simultaneous contrast.
Bottom: Achromatic simultaneous contrast.
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While measures of chromatic induction are still difficult to carry on, achromatic
induction has been measured through psychophysical experiments. The first
quantitative measure of achromatic induction has been performed by H. Wallach in
1948, see [18]. In his classical experiment depicted in Fig. 2, Wallach considered
two disks, T and M for Target and Match, embedded in black background B, with

luminance Dy and Dy , surrounded by two rings of luminance Ry and Ry ,
respectively.
He showed this configuration to a set of observers adapted to the light condition of a

R

dimly illuminated room keeping Dy and M fixed, using Ry as an independent

variable that he could fix in every experiment, and Dy as a dependent variable that
the users could adjust in order to achieve a perceptual match between the two disks
T and M.

Notice that the luminance values selected fall in the scotopic (nearly mesopic) range,
to assure that only achromatic stimuli are generated.

Fig. 2: Wallach's classical experiment. The background is depicted as a shade of
gray for visualization purposes.

If the luminance of the surrounding rings failed to influence the perception of the
achromatic color of the disks, then the match among the two disks would be simply

the photometric match , i.e. Dy=Dr , instead Wallach found that a fairly good
achromatic color match among the two disks was obtained when the ratios between
the disk and the ring luminances were identical on the two sides of the display, i.e.
Dyl Ry=D1/Ry , a formula called Wallach's Ratio Rule.
By taking the Briggs (decimal) logarithms at both sides and solving for Dy we
find:
log D,,=log D+ log R,,—log R,
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Thus, according to Wallach's Ratio Rule, the plot of the perceptual match in the

plane of coordinates (x, Y ) - ( log R;,log D, ) should be a straight line with
slope -1, against the slope 0 that a photometric match would measure.

More recent measures on the classical Wallach's experiment show that this slope is
actually between -1 and 0, as reported by Rudd and Zemach in [13].

Notice that, with respect to Wallach's ratio rule, these measures show that humans

tend to under-estimate log D for low intensities of log Ry , over-estimate it for

log R,

high intensities of , and to agree with it for medium intensities.

To account for these new psychophysical data, Rudd and Zemach have proposed a
more sophisticated model than that of Wallach's. In particular, they weighted the
different areas of the visual field with weights that decrease as a function of the

WS> w,> wylw, <1

distance to the center: ,l.e. , and so on.

Rudd and Zemach call their model of achromatic induction Weighted Log
Luminance Ratio”, or WLLR for short. If WLLR were the true model of achromatic
induction, then an observer would match the brightness (perceived luminance) of the

disks Dy and Dy of Fig. 2 when this equation holds:

w,log D,//R,+ w,log R,,/B=w,log D;/R,+ w,log R,/ B

log D

solving this equation w.r.t. M we have

log D,,=log D+ (1—w,/w )log R,,—(1—w,/w,)log R,

The WLLR model thus predicts that if we plot the Log of observer's matching disk
settings versus the Log of the test ring luminance, the data should fall on a straight

line having a slope (1=w,/w )€(=10)
Zemach's observations.

, which is coherent with Rudd and

Recently, a variational interpretation of Rudd-Zemach's model has been proposed in
Provenzi [12]. Variational principles amounts to define a suitable energy functional,
i.e. an integral function, whose minimum is attained when the so-called  objective
function is found. In our setting, the objective function is the perceived luminance.
Without entering in the details of the variational model, we can state the core result
of Provenzi [12] as follows: the Rudd-Zemach's observations about luminance
match in Wallach's experiments can be described by the minimization of the
functional
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L(logL) =1/2f (logL(x))zdx
—1/4J]‘DZ x,y)log(L (y)/L(x))zdxdy’

where " is the weight of achromatic induction, the continuous version of Rudd and

L

Zemach's weights, is the perceived luminance and D i the spatial domain of

the visual scene.

It can be noticed that, in order to minimize w ( log L) , the first term (called term

of assimilation or dispersion) must be minimized, which forces 108 L

towards the constant value 0, or, equivalently, L towards the constant 1, the
absolute value is not important (because it can be renormalized via a global scale
factor), what is important is that this corresponds to a uniform information.

Instead, due to the presence of the minus sign, the second term (called contrast term)
must be maximized (in order to become as negative as possible), which corresponds
to increasing the difference among the perceived luminances.

to be pushed

Of course, this describes a conflicting mechanism, which corresponds to the balance
between the two opposite actions just described. This gives a concrete example of
the existence of two conflicting actions whose balance is in accordance with
psychophysical measures.

It is important to stress the meaning of these two terms in terms of information
content. The minimization of the assimilation term reflects the minimization of the
informative content of the scene. In other words, when this term is small the final
percept pulls toward a uniform scene, which has a low information content. Thus,
we can interpret the assimilation term as an inhibition one. Instead, the minimization
of the second term tends to amplify the information content of the scene, for this
reason we can interpret it as an excitation term.

The simultaneous presence of both terms is essential: without the opposition of the
dispersion-inhibition term, the contrast-excitation term would blow-up the
information content. Vice-versa, if only the dispersion-inhibition term would be
allowed to work without the contrast-excitation one, then the stimulus would be
assimilated to the surround and the informative content would become trivial.

3. New predictions in high-level cognitive tasks

We deem very interesting the challenge to test if the edge integration model and its
variational interpretation are not limited to psychophysics of visual perception but
they can be also applied (possibly with suitable parameter adjustments) to make
accurate predictions in other domains of psychology. The interest comes from the
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fact that the role of context is crucial in taking decisions, making judgments and,
more generally, evaluating stimuli [2][9][17].

The variational model discussed in the previous section assumes that the effect of
the context (represented by the ring that surrounds the disk in Wallach's experiment)
decreases as the distance between the context and stimulus increases.
Mathematically, this means that, if we consider (as in Rudd-Zemach's model)

discrete weights Wi , = L2t express the influence of the surround on the

w n=12,.. . If, instead, we consider

w

. <w
stimulus, we must find " #*!1 n for every

(as in the variational model) continuous weights represented by a function of two
or more variables, then we must find that the function is decreasing with the distance
from the stimulus.

It is natural to expect that this assumption holds true also in higher level cognition
phenomena, because a larger spatial or temporal distance between the stimulus and
the context tends to reduce the contrast effect in judgments related to perception of
beauty or in moral judgments, to quote but two examples. Even if this property is
reasonable in higher-level cognition, it must be explicitly verified with empirical
data coming from dedicated experiments.

4. Discussion and conclusions

We have discussed the so-called weighted edge integration model that can explain
empirical data about achromatic induction. We have also discussed an interpretation
of this model through variational principles, which allows to put in evidence the fact
that achromatic induction can be described as an optimal balance between inhibition
and excitation, in the sense rigorously explained in the paper.

Achromatic induction belongs to the category of context-dependent phenomena,
such as other higher-level cognitive phenomena as beauty perception or moral
judgments, to quote but two.

We hope that this paper can motivate the design of new psychological experiments
to check the applicability of weighted edge integration models and their variational
interpretation to a broader set of higher-level cognitive phenomena, resulting in a

powerful multidisciplinary interplay between applied mathematics and psychology.
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1. Introduction

Lighting quality plays a fundamental role in the perception of spaces and objects.
Indeed, in order to guarantee a comfortable and pleasant luminous environment,
colour aspects cannot be neglected.

This issue is particularly relevant in the field of cultural and architectural heritage
valorisation. Indeed colour is one of the means to communicate artworks meaning,
especially considering two-dimensional pieces as paintings, tapestries, frescos,
mosaics and some marble works (e.g. parts of altars or decorative floor). When
lighting three-dimensional artworks, it is fundamental to consider light influence on
shapes perception, shadows effects and chiaroscuro definition. Sculptures are often
monochromatic and, consequently, colour perception, despite fundamental in order
to exalt materials and shapes, is not so crucial as for two-dimensional pieces. On the
contrary, as for the latter case, chromatic ranges can be very wide and the use of
colours is a fundamental element of the expressive language. Furthermore, in some
cases, the combination of different tones and the use of a specific artistic technique
is consciously chosen by artists, in order to obtain the desired colours perception (as
for studies connected to impressionism or pointillism)

Colour perception is influenced by different factors: light sources parameters (as
Spectral Power Distribution -SPD, Correlated Colour Temperature -CCT, Colour
Rendering Index -CRI); environment and objects characteristics; observer’s
psychological and physiological conditions.

Previous studies [1] [4] [9] focused on the effect on colours perception under
different light scenes. Moreover the combination of illuminance level and CCT
influences artworks perception and observers level of satisfaction [11]. SPD of the
emitted light should be chosen depending on some object characteristics (optical
proprieties) and the environment should be considered as well. When considering
two-dimensional pieces, lighting design presents specific problems depending on the
analysed artworks typology. Specular reflective materials, as oil colours, determine
veiling effects. Some materials, as fabrics, are particularly prone to be damaged by
UV radiations [2]. Moreover, for paintings or tapestries, it is fundamental to
consider the interaction between artwork and environment colours, especially those
of the wall to which they are hung up. The importance of the background is such
that the European Standard EN 16163-2014 [12] considers it essential in order to
give value to artworks and to guarantee their good perception. However, in some
cases the interaction with environment is very difficult to control. For example,
marble works are generally part of more complex architectural elements (e.g.
decorative floors), so it is difficult to distinguish which element is the artwork and
which is the background.

Finally users’ preferences cannot be neglected. Factors that influence colour
perception are not easy to be controlled all together and the use of field tests could
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help to investigate their effects on people’s preferences and to define guidelines for
designers as demonstrated by previous works [7][11].

At the same time LED sources are rapidly spreading, increasing design possibilities,
by providing a great range of technical choices. Indeed, these light sources are
characterized by high CRI values, various CCTs and, in some cases, for same
luminaire the SPD can be changed, according to specific requirements [3][5][6].
Designers should take advantage of the potentialities of this technologies in order to
individuate the most suitable luminous scenario, able to enhance artworks,
accounting for their characteristics and environmental conditions.

The goal of this paper is to show how colours perception of two-dimensional
artworks is influenced by light scenes and settings characteristics and what are the
main parameters characterizing the artworks typology and exhibition set-up.

Two case studies will be presented. The case n°l regards a marble altar located
inside the “Certosa di San Martino” in Naples (Italy), characterized by decorations
with an organic matrix and by a kaleidoscopic chromatic range. Two different
luminous scenarios were set, each obtained by two projectors (CCT of 3000 K and
4000K respectively), in order to guarantee an illuminance level at the altar equal to
300 1x.

The case n°2 regards a copy of “La dame en Bleu” by Matisse, installed in the
Photometry and Lighting Laboratory of the Department of Industrial Engineering at
the University of Naples Federico II. In this case 12 settings were considered by
combining two CCTs (3000K and 4000K), two illuminance levels (50 Ix and 300
Ix), three backgrounds (white, blue and red).

For each case study, about 20 subjects performed a test, to express their preferences
regarding the valorisation of the artworks colours.

2. Method

Following subparagraphs describe the two case studies and the method applied to
carry out the survey.

Particular attention is given to materials characterization, lighting conditions, choice
of luminaires photometry, parameters used to set light scenarios and tests structure.
The characteristics of the two experiments slightly diverge because, as it was
previously reported, the artwork setting strictly influences design choices.

For example, in the case of the “La dame en Bleu”, the contribution of daylight is
neglected, in order to consider a museum application without daylight. The opposite
applies to the marble altar of the "Certosa di San Martino", located in a chapel of a
church, daylit by a window located in the top of the perimetral wall.

Moreover, the marble altar frontal of the "Certosa di San Martino" is surrounded by
other elements of high artistic value, consequently LED projectors, useful to define
accent lighting, were chosen. For “La Dame en Bleu” LED wall-washers were used
being suitable to light paintings.

As for the lighting of the marble altar frontal, CCT is the only variable parameter
used to define luminous scenarios. On the contrary, as regards “La dame en Bleu”
illuminance levels at the painting and colours of the wall were changed. Two
illuminance levels were considered in order to evaluate differences between
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maximum levels prescribed by regulations (defined to account for risks of damage
due to excessive light exposure) and higher ones. As for the altar frontal, regulations
do not impose exposure limits considering that marble is not a light-sensitive
material. Moreover because of its positioning in the chapel, it was not possible to
vary any other environmental characteristics.

As for the survey, in each case, subjects previously performed and passed the
Ishihara Colour Blindness Test, for the assessment of a correct colour vision, and a
self-assessment test named Self Assessment Manikin, for the control of mood.
However, questions related to the evaluation of the artwork were different.
Specifically, in the case n°1 they were exclusively about the perception of the altar
colours quality. In the second one, they also referred to the perception of the
environment and to the capability of the setting to enhance or not the artwork
perception.

For each case-study, in order to characterize chromatic features of the considered
artworks, the spectral reflectances of each material were detected thanks to the use
of a Konica Minolta CM 2600d spectrophotometer. Then the related chromatic
characteristics were derived. Moreover, in order to characterize the luminous
environment, CCTs and illuminance levels were measured by Konica Minolta CS
2000 Spectroradiometer and Konica Minolta TC10 Luxmeter respectively.

2.1 Case n° 1: the ""Certosa di San Martino"

The "Certosa di San Martino" represents an excellence of the Neapolitan baroque
art: the church of the Certosa has a single aisle (NW-SE axis) and six chapels
adjacent to it, each entirely decorated with marble inlay works and paintings. The
research illustrated in this paper focused on the San Bruno's Chapel, realized by
Cosimo Fanzago (1631-1656), and in more detail on the “paliotto”, which is the
frontal decorative element of the altar.

The aisle of the church is lit by windows located in the top of the walls, whereas the
chapels have a single opening above the altar (Figure 1).

Fig. 1 - The aisle of the "Certosa di San Martlno" and San Bruno’s chapel
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All windows are shaded by UV-filtering curtains with a low transmittance factor, so
in order to reduce daylight entering. It was decided to not exclude daylight
contribution in the experiment, in order to maintain the real lighting condition, thus
offering only the possibility of mesopic vision. The experiment was carried out in
July from 11 to 12 am. Considering weather conditions specific of this period, the
measured daylight contribution ranged from 30 to 60 Ix and the maximum value was
obtained at noon in a clearly day.

Without electric light, these low daylight levels determine an atmosphere of
solemnity and concentration which is typical of holy architectures. On one hand this
condition is particularly appropriate to fulfil the worship functions for which it was
built, but on the other hand it does not emphasize the unique polychromy of the
decorations, for which the church is currently visited, since it became a museum.
Even if the original lighting conditions are respected, the goal of this research is to
light up in an accurate way the most significant decorative elements, in order to
enhance their beauty.

The altar frontal is characterized by six colours and very small chromatic variations
are present. Figure 2 reports the marble spectral reflectances and chromatic
coordinates.

As the colours circle shows, two colours are located in the first quarter and are
characterized by chroma values equal to C*..q =21 ; C¥y0,,= 38.6. On the contrary,
the others are located in the second quarter, but they are characterized by very low
chroma values (C*gee, =0.39 ; C¥gey= 0.15); for this reason it is difficult to
distinguish them.

Marbles' spectral reflectances [%]
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Fig. 2 - The spectral reflectances and chromatic coordinates of the “paliotto” marbles

Four LED projectors, two with CCT equal to about 3000 K and two with CCT equal
to about 4000K, with high CRI values were installed, aimed at the “paliotto”. The
projectors were located at a height from the floor equal to 1.43 m and a distance
from “paliotto” equal to 2.50 m, in order to obtain a 300 1x constant illuminance on
the altar frontal.

Figure 3 reports the light scenes SPDs and photometry of the selected projectors.
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Fig. 3 - Light scenes SPDs and projector photometry.

Table 1 reports the measured luminous scenarios characteristics:

Light scenes | llluminances [Ix] | CCTs [K] CRI Auv
3000 K 317 2797 97 -0.002
4000 K 320 4199 84 -0.0017

Tab. 1 - Light scenes characteristics

Figure 4 shows the altar frontal lit by the two different light scenarios.

Fig. 4 - The marble altar lit by the two different light sources

For each spectral distribution, 20 subjects (average age 27 years) performed a test in
order to evaluate their preferences regarding the valorisation of the “paliotto”
colours.
Test consisted of five questions aimed at defining colours perception quality:
Considering the luminous scenario you see, colours are:

e low contrast-high contrast;

e dark - bright;

e unsaturated - very saturated;

e boring - vivid

e unpleasant - pleasant.
Questions were randomly asked and each subject repeated the test twice for each
SPD in two different moments. People answered by drawing a cross on a linear and
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not graduated diagram (see Figure 5). Only during data processing phase, a
graduated scale, ranging from 1 to 10, is added to the diagram, in order to translate
graphic answers in numeric values.

on oH
cowtrast coNTRAST

normG | vwin

Fig. 5 - Example of test

2.2 Case n° 2: “La Dame en Bleu”

The second case study regarded a simulation of a museum application, set up at the
Photometry and Lighting Laboratory of the Department of Industrial Engineering at
the University of Naples Federico II. The selected painting was a reproduction of
“La Dame en Bleu” by Matisse (1937), a stylised portrait of a woman, characterised
by wide and well defined chromatic areas (Figure 6). Chromatic range consisted of
seven colours: this made easy the chromatic and perceptive analysis.

.-z\ 74—

Fig. 6 — “La Dame en bleu” , Matisse, 1937
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The laboratory is a neutral room in which daylight contribution was excluded
obstructing the window thanks to an opaque panel. The painting was lit by two LED
wall-washers, in order to obtain a good illuminance uniformity at the painting
surface. Luminaires were managed by a DALI controller; through a touch panel four
luminous scenarios were set, varying CCT (3000 K and 4000 K) and illuminance
level (50 1x and 300 1x). Figure 7 shows the light scenes SPDs and the wall-washers
photometry.

Light scenes's SPDs [W m2nm sr]

o i AN
380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 & S i \

~~~~~ 3000K S0 lux === 3000 K 300 lux 4000K 50 lux s 4000 K 300 lux
Fig. 7 - Light scenes SPDs and wall-washer photometry

The measured luminous scenarios characteristics are reported in table 2.

Light scenes | llluminances [Ix] | CCTs [K] CRI Auv
3000 K 61 3005 91 -0.0042
3000 K 308 3013 91 -0.0029
4000 K 57 4004 90 -0.0045
4000 K 299 4071 88 -0.0024

Tab. 2 - Light scenes characteristics

The wall to which the painting was installed, was alternatively covered by blue, red
and white cardboards. These specific backgrounds were chosen after analysing the
most recurring museum settings. Figure 8 shows spectral reflectances of painting
and background colours and the chromatic coordinates of the painting colours. As
the colours circle shows, three colours are located in the first quarter and are
characterized by following chroma values: C¥q =21 - C¥gpee= 65 - C¥yip= 20;
only one colour was located in the second quarter and was characterized by a
chroma value equal to C*,= 91; one colour was located in the fourth quarter and
was characterized by a C*;,. =68 chroma value.
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Painting and cardboards spectral reflectances [%]
100 YELLOW

GREEN

360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740

red — black blue yellow
white skin hair e blue cardboard -
BLUE
------ red cardboard white cardboard

Fig. 8 — Painting and cardboards spectral reflectances and chromatic coordinates of the painting colours

The painting (66 cm x 53 cm) was hung up at a height from the floor equal to 1.97 m
and, during the survey, subjects stood up at distance of 1.35 m, in order to guarantee
a 28° visual angle (Figure 9).

0.65

Average height
1.70

Fig. 9 - Test room’s measured section

The 21 selected subjects were 25 years old on average and were architects or
students. Each of them performed the test twice for each scenario and each
background during different days, i.e. each person was interviewed 42 different
times.

The test consisted in a questionnaire about painting colours perception, pleasantness
of setting and visual comfort. As for colours and painting perception, two couples of
opposite attributes were chosen: low contrast’/high contrast - unsaturated/very
saturated and dark/bright - unpleasant/pleasant.

As for pleasantness of exhibition set-up, three couples of attributes were chosen:
uncomfortable/comfortable - tense/relaxed - diminished/enhanced. Each couple
corresponded to the limit values of an evaluation scale that goes from -3 to +3, with
a neutral value of 0 [11]. Figure 10 shows an example of test. In order to guarantee
the perfect subject’s adaptation to the luminous scenario, the questions were read by
an external reader, while the interviewee was only focused on the painting setting.
Among two consecutive light scenes, a minute of dark and then a minute to adapt to
the new scenario were scheduled.
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In the following, the questions reported in Figure 10 will be indicated as

Q1,Q2...,Q7.

color Light scene Name Date

COLORS
1) The colors of the painting show

low contrast + high contrast
3 2 4 o 1 2 3
2) The colors of the painting appear

unsatured very satured
3 2 El 0 1 2 3
PAINTING

3) The painting appears

dark i + + + + + | bright
) 2 a ) 1 2 3
4) This lighting contition is
pleasant
2 Bl o 1 2 3
EXHIBITION SET-UP
5) The visual perception of this exhibition set-up is
3 2 Bl 0 1 2 3
6) The atmosphere of this exhibition set-up is
tense relaxed
3 2 A ) 1 2 3
7) The painting’s perception in this exhibition set-up is
enhanced
3 2 Bl ) 1 2 3

Fig. 10 - Test example

3. Results

3.1 Case n°1 : “Certosa di San Martino”

Regarding the first case, the goal of the test was to evaluate how the different CCTs
affect the perception of the “paliotto” colours. Data obtained by the test indicated a
clear tendency by the interviewees to prefer the light scene with a 3000 K CCT, as
showed in figure 11.

Average of answers to 3000 K light scene Average of answers to 4000 K light scene

10 10

s 3

8 8

? ?

6 6

s s

s s

3 3

2 2

1 1

¢ S & & & ¢ A S & S

& & & & & & & \r"s &
& & & & & & o & &
& & & & & 3 & & &

G & § 0

bFig. 11— Comparison of test results for the two different Iight scenes

More specifically, for equal illuminance level, the light scene with a 3000 K CCT
was considered brighter than the 4000 K CCT one, and the “paliotto” colours were
perceived highly contrasted and saturated. Moreover, for both light scenes, the
colours were considered vivid on average.

137



3.2 Case n°2: “La Dame en Bleu”.

Results obtained by data processing showed how CCT, illuminance level and
background colour affect the two-dimensional artwork perception and pleasantness
of exhibition set-up.

3000 K/50 lux Light Scene 4000 K/50 lux Light Scene
Ql Q@ Q3 o4 Qs % Q7 Ql Q@ Qs Q4 Qs 6 Q7

o | - m N L B i - =

ET N l- o EmE - - l-
10

WRED CWHITE  WBLUE WRED CWHITE  ®BLUE

(a) (b)

3000 K/300 lux Light Scene 4000 K/300 lux Light Scene
Q2 Q1 04 Qs Q6 a7 Q Q3 Q4 Qs Qe Q7

2 1 Q2
ARIEIRIETET IR R BT B T

Ql

1
1w
20
. I I
am
®

WRED WHITE mBLUE ®RED WHITE WBLUE
c (d)
Fig. 12 (a,b,c,d)- Test results for four different CCTs and illuminance levels combinations

Figure 12(a,b,c,d) shows the questionnaire results for all analysed luminous
scenarios.

Colour perception was evaluated by means of Q1 and Q2 and the most influencing
factor is illuminance level: for each CCT and background, colours were perceived
well contrasted and saturated, for an illuminance level equal to about 300 Ix. On the
contrary, for a 50 Ix illuminance level, results were clearly worse, especially for
white background.

Q3 and Q4 evaluate the painting perception and illuminance level was again the
most influencing parameter. Indeed, for each combination of colour background and
CCT, the 50 Ix illuminance level showed worse results, with negative values as
regards red and white backgrounds.

The perception of the exhibition set-up was considered rather comfortable for each
CCT and high illuminance level and interviewees considered the blue background as
the most comfortable. On the other hand, for the low illuminance level, red and blue
backgrounds were evaluated as neutral, whereas the white one was generally
considered uncomfortable. As for Q6, the most influencing parameter was CCT:
with a 3000 K CCT the setting was perceived as relaxing for each combination of
illuminance level and colour background, with a slight preference for the blue one.
On average, for high illuminance levels, the painting perception was considered
enhanced and the combination of 4000 K CCT and blue background turned out to be
the most favourite one; low illuminance level diminished the painting perception,
especially for red and white backgrounds and for a 4000 K CCT.
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5. Conclusions

The two case studies were relative to different kinds of two-dimensional artwork,
therefore parameters used to evaluate the results and the test were considerably
different.

Indeed, in the first case, concerned a marble artwork, CCT was the only variable
parameter considered, because marble can afford high illuminance levels with no
risk of damage. As it was expected, the preferred light scene was the 3000 K CCT
one, since the “paliotto” colours were mainly in the red-yellow range and such CCT
enhances the perception of this kind of colours.

On the other hand, the second case consisted in an artwork sensible to high
illuminance level, which can be harmful for the surface integrity [2] . Moreover, the
exhibition set-up plays a fundamental role in the painting perception. For this
reason, more parameters came into play, increasing the complexity of the analysis.
Overall, results showed that the preferred setting was blue background with 4000 K
CCT and 300 Ix illuminance level. Red and white backgrounds had comparable
results for high illuminance levels and negative marks were registered for low ones.
CCT variations slightly affected the results, whereas illuminance level was the most
affecting parameter to perception of the colours and of the painting. Marks heavily
improve with a high illuminance level, for each colours background. However there
are constrictions to the illuminance level, as imposed by European Standard EN
16163-2014 [12] , that sets the maximum values allowed of illuminance level and
Annual Light Exposure, in order to preserve artworks. Standards do not permit the
continuative exposure to 300 Ix illuminance level; this issue can be solved by means
of occupancy sensors, that increase the illuminance level only when needed.

Test results are relative to the two cases and cannot be considered valid for all kinds
of artwork; indeed further experiments are needed, changing exhibition set-ups and
two dimensional artwork typologies. These case studies could help designers that
approach to the light project to choose the luminous scenarios aimed at the
valorisation of cultural heritage.
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1. Introduction

Multiple sclerosis or MS is a disease of the immune system that affects the central
nervous system [1]. The cause of this desease is not clear but it seems that the
activation of immune mechanisms against the antigen is one the causes [2]. The first
protests of the disease is appeared between the ages of 20 to 40 years old with the
symptoms such as anxiety, weakness, imbalance, vision impairement, mental
changes such as depression, frustration and loss of the ability to solve the problems
[3].

More than 400 thousand people in North America and 500 thousand people in
Europe and a total of 2.5 million people around the world are infected by MS [4].

In Iran, the prevalence of MS is about 15-30 in 100. According to experts in MS
Society of Iran, each year 5000 new patients are added on the list of the center [5].
This disease threatens the independence and the ability of person to participate
effectively in family and community. It leads the patients to the lack of competence
and self-confidence [6]. It often happens at the time that a person expectes and
health and because of its unpredictable nature, some patients may feel that they are
not able to plan for their future [7].

This desease would interfere with seeing, walking, moving multiple organs and
generally leads to multiple paralysis. Its symptoms in different people are different
and that is one of the biggest problem of patients regarding to treatment strategies
and measures. The first signs include fatigue, weakness, numbness, loss of balance
and difficulty with coordination [8].

Vision disorders are the most common symptoms of MS. These disorders can be
assisted with the loss of vision, color vision impairement and visual field defects [9].
About two-thirds of MS patients have the intestinal problems [10]. psychological
disorders are also the common symptoms, although they are not directly associated
with MS symptoms. 50-60% of patients have the depression problems. Suicide is a
common complication in these patients [11]. Cognitive dysfunction includs memory
impairment, attention disorders, difficulty in solving problems, and data analysis
problems in shifting attention [12].

About 70% of MS patients are experiencing the loss of selfconfidence and in many
cases they have an important emotional problems [13].

For better walking, MS patients need some mobility assistances like canes but in
society they tempt to cover their disease by not using such assistance. By using
colors in assistances like canes, the patient’s confidence will increase and in
consequence they prefer to use cane more often. So this paper presents a new
approach for using colors and patterns in these patients’ canes.

This research is a descriptive study. A number of 200 patients from Iran MS Society
were chosen, which were in condition to participate in the study. The sampling
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method was simple and available. Questionnaire and interview were used for
gathering data and then the data were analyzed by descriptive statistics. The
statistics then showed that 78% of MS patients need to use canes and they don’t use
them because they don’t appreciate the look. These canes are not used by these
patients so it can bring them lots of consequences causes difficulties for them.

The outcome of the present research indicates that by using colorful and patterned
canes 59% of patients got interested in using them and more than 67% of the
patients showed tendency towards canes with colors. These outcomes indicate that
colors have strong effects on patients and by using colors patient’s self-confidence
and social spirit will increase.

2. Self-Confidence

We have a basic need in life that is "good feeling" about ourselves. We need to
estime ourselves with a good physical, intellectual, emotional and human feeling.
Self-confidence feeling is full of emotion and is based on the values that are attached
to the society [14].

Self-confidence influences the quality in all stages of life and plays an important
role in people’s behavior. One of the most common psychological disorders, is the
loss of sel-confidence because of some deseases [15].

Self-confidence has an important effect on the positive approach in psychological
treatement and introduce to the mental health [16]. Low self-confidence can cause
numerous problems including social conflicts, a variety of psychiatric disorders,
especially depression, suicide, anxiety and addiction [17]. Other studies have shown
that reducing self-confidence is also one of the reasons for compatibility problems
[18] and is one of the risk factors for suicide attempt [19].

Other studies show the impact of high self-confidence in order to improve clearly
the performance at any age, employment and social level as well as organic and
inorganic disease [20].

In this regard, a literature review of MS patients shows a high degree of stress of
quality of life, difficulties in social role and relationships, depression, anxiety and
poor sleep quality [21].

Depression is the most common psychiatric disorder in MS patients and its
prevalence is about 27-54% [22]. The recent studies report the prevalence of 37% of
anxiety disorders in these patients [23]. Moreover, 3 % of people with MS, said that
the anxiety symptoms are the most disabling factor in the first year after diagnosis
report [24]. The prevalence of anxity in women is two times more than men [25].

2. Cane

Cane in definition is something that can be took in hand on which someone can lean
to walk [26]. The patients can use the cane to have more stability in walking. Using
cane affects positively the breast muscles and reduces the pressure on the knees [27].
There are different types of cane such as : blind cane, elderly cane, handicap cane,
sport cane, and decorative cane. Depending to the expected performance of cane
there are different categories that we describe them:
- Regular cane or ‘C cane’ is for someone who has the pain or weakness in
one or two feet or has the trouble to maintaining his/her balance. Using this
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cane reduces the weight on legs. For people who have the balance
problems, especially elderly people, using these devices can prevent
serious consequences such as fractures and prolonged hospitalization and
even prevent death.

- Curved cane is another device which can devide the weight of patient in the
line of cane. Curved cane is suitable for patients who have the difficulty in
walking because of their pain in knees or hip.

- Four legs cane has a greater lean surface and can support more weight. This
device can be stand on the ground if the patient wants to use his/her hands.

- Axillary canes are suitable for the personnes who need the force of their
arms to balance their walking. An axillary cane support 80% of the weight
of a person and two axillary canes support 100% of the weight. These canes
need more energy and powerful arms, so they are not so good for elderly
people [28].

3. Color and Psychology

Color is the most important visual element which is full of feeling. Many theorists
believe that colors affect the human psyche. Because of the importance of the
psychological impact of color on our environment, today it has became an applied
science [29].

Knowing the language of colors, can help designers in their product design to
consider the advantage of the psychological impact of color on consumer behavior.
The color effects are not the same for all people but we can not ignore the power of
colors [30]. Human is able to detect more than 7 milion colors and it is the largest
area of human experiences [31].

As color evokes emotion, thinking, living and culture of a community, many people
mutually can also be psychologically influenced by color [32].

Colors affect the human spirit, and also the human body [33]. Color is a visual
element which creates the emotions, but it is also able to transmit the message [34].
Itten said that colors are the forces that consciously or unconsciously and pisitively
or negatively affect our thought [35].

There are lots of tests to choose the colors according to the personnality of people or
depending to the expected color effects [36].

An individual’s response to color can be based on some characteristics such as age,
sex, ethnicity or socio-economic groups and even local weather [37]. So it is dificult
to find the real results about colors even the colors are associated with psychological
and symbilic dimensions [38].

4. Methodology

More than 60% of MS patients suffer from muscle weakness especially on the legs
and need the mobility aids such as canes to walk. Many MS patients do not use the
mobility aids because they want to hide their MS symptoms, while these
equipements can help them to stop the growth of desease [39].

Since low self-confidence is one of the depression symptoms, and regard to the large
number of MS patients who are suffering from low self-confidence, the present
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study was done to evaluate the confidence of patients before and after using colored
canes and the effect of color on mobility aids to increase the self-confidence.

This study is conducted in MS Socity of Iran in Tehran in 2015-16 with the
participation of 200 MS patients (including 105 females and 95 males) between 27-
42 years old. Having low balance disorders was necessary for patients who
participated in this study. Some clinical factors are also indicated for this study such
as they have not yet reached to the acute phase of their illness and can walk without
the other’s help. At the end of the interview and questionaire the principle and
secondary needs of patients are provided as shown in Tab. 1. MS patients indicated
that the existing canes are not beautiful and they use them because they do not any
other choice.

Principle needs Secondary needs
Folding and adjustable height Patient’s balancing
Multi-functional Proper hand grip
Reusable after its life cycle Lightweight
Warning the desease symptomes Beautiful
cheap Distinguished
Creating the sense of pride
Create the sense of self-confidence

Tab. 1 - The principle and secondary needs of MS patients

The results showed that MS patients have low self-confidence by using their existing
canes. They said that using these canes affects their image in the society and the
others know their desease, this is what the majority of MS patients escape from that.

So it seems that in addition to increase the performance of existing canes, colors can
be also the most important factor to satisfy these people. In Tab.2 the canes
properties indicated by MS patients and translated as design parameters are
illustrated.

Needs Importance Index

Balancing okkk koK Sectional area must be at least 6
inches

Full body stability HoHAAA X Basic cane must have at least 3
branches

Proper hand grip *xk Handle diameter must be

between 2.5-5 cm and the angle
of  connection must be

approximatly 90°
Lightweight *x Maximum weight 1 kg
Distnguished HHAAK New form and color
Beautiful ok ko k Good performance with vivid
colors
Pride sense kKK Different from the patients’ cane
Self-confidence sense kKKK Beautiful color and good design
cheap *x According to the patient's

purchasing power

Tab. 2 — Translation the needs of MS patients to design index
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In this step, to identify the design factors, some of the existing canes in Iran were
analysed (Fig. 2). The results are shown in Tab.3. According to the obtained results,
the cane (C) is more performent and responds better to the needs of users.

Fig. 1 - Four types of existing canes for MS patients.

Auxillary Four leg cane Curved cane Standard cane
cane C B A Importance Needs
D
s P s s 5 Balancing
e Frees e s 5 Eviting
the shoot
s s e # 4 Hanf grip
s # # s 4 Lightwei
ght
# # # # 3 Portable
# e e # 3 Height
adjustable
0 0 0 0 3 Folding
0 0 0 0 5 Beautiful
0 0 0 0 5 Pride
sense
# #* % % 2 Cheap
# # # # 4 Desirable

Tab. 3 — The comparaison of four types of existing canes and their characteristiques.
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According to the studies, the self-confidence has seven indicators such as :

- Introversion/Extraversion

- Compromise

- Personal satisfaction

- Ability to empathize

- Emotional evolution

- Verbal skills

- Defuse the tension [40]
The participants are asked about the most important self-confidence indicators using
the canes. The results are shown in Fig. 2.

The most important self-confidence indicators for MS
patients

N

® Lack of satisfaction ® |ntraversion ® Lack of empathize ® Lack of defusing tension
Fig. 2 - The most important self-confidence indicators for MS patients.

In the second survey, a self-confidence test is done using 30 questions. Each patient
use two types of cane during one week. The results are shown in Tab. 4.

Self-confidence of patients before using colorful cane

Relative self-confidence -
Full self-confidence -

0o 10 20 30 40 50 60 70 80 90

Tab. 4 — Self-confidence patients before using colorful cane.
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SELF-CONFIDENCE OF PATIENTS AFTER
USING COLORFUL CANE

Full self-confidence ~—

Relative self-confidence _

Lack of self-confidence _

0 10 20 30 40 50 60 70

Tab. 5 — Self-confidence patients after using colorful cane.

5. Result

According to the proposed indicators, a colorful cane is designed and is tested by
MS patients. In this study, in order to measure the variables of two standardized
questionaires, we have integrated the design process in the same direction and its
results are directly applied to the survey.

Fig. 3 — The colorful canes designed for MS patients.
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6. Conclusion

The aim of this study was to evaluate the effectiveness of the use of a cane with a
new color to improve the self-confidence of MS patients and to reduce their anxiety
respectively. Due to this aim, a group of patients were studied using questionnaires
in two pre-test and post-test phases.

The use of colorful canes indicated a higher level of confidence and reduces the
depression and anxiety in MS patients. So it can be concluded that the use of a cane
with a new color can improve the self-confidence of MS patients and play a
significant role in their social image.
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1. Introduction

Image classification is one of the most important tasks in image analysis and
computer vision since 1980s [1, 2, 3, 4], helpful for numerous applications,
including pattern recognition and object tracking [5, 6, 7], skin detection and face
tracking [8, 9], image retrieval [10, 11], defect detection and metrology [12, 13],
biomedical and satellite or aerial imagery [14, 15, 16]. Color and texture provides
important cues for all these applications but it’s often difficult to combine these two
main information. So, in this paper we present a new formulation for color Run-
Length Matrices (cCRLM) that we apply to the classification of different styles of
painting. This study is part of a regional research project about digital patrimony. To
begin, we explain our methodology to compute cRLM and the associated attributes.
Finally we describe the promising results obtained on a database of 6 paintings of 4
different artists before the conclusion.

2. Stat of the art for color texture classification

Texture and colour are important image properties for classification that have
received significant interest from research community, with prior research generally
focusing on examining separatly colour and texture features. A major problem is
that textures in the real world are often not uniform, due to changes in orientation,
scale or other visual appearance. In addition, the degree of computational
complexity of many of the proposed texture measures is very high. So the main
problem in color texture characterization and classification is to define the real
characteristic parameters. In this part we will describe the main existing approaches
for texture, color and color-texture analysis.

2.1. Texture aalysis

Texture hasn’t a formal definition, it can be regarded as a function of the variation of
pixel intensities which form repeated patterns [17, 18]. This fundamental image
property has been the subject of significant research and is generally divided into
four major categories: statistical, structural, model-based, and signal-based methods
[19] as we can see on Table 1 from [20].

Table 1 : classification of texture analysis approaches
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Category | Method
| | 1. Histogram properties
Co-occurence matrix
Local binary pattern
Other gray level statistics
Autocorrelation
Registration-based
‘Primitive measurement
Edge Features
Skeleton representation
Morphological operations
Spatial domain filtering
Frequency domain analysis
Joint spatialfspatial-frequency
Fractal models
Random field model
Texem model

Statistical

Structural

Filter Based

Model Based

e e

Statistical measures analyze the spatial distribution of the pixels using
features extracted from first and second order histograms. Two of the most
investigated statistical methods are the gray-level differences [21] and the co
occurrence matrices [22], sometimes combined [23]. The co-occurrence
matrices and their associated parameters are very popular [24, 25, 26, 27, 28,
29]. Another usual approach is the Local Binary Patterns (LBP) concept
developed by Ojala et al [30]. that attempts to decompose the texture into
small texture units and the texture features are defined by the distribution
(histogram) of the LBP values calculated for each pixel in the region under
analysis. These LBP distributions are powerful texture descriptors since they
can be used to discriminate textures in the input image independently of their
size. The dissimilarity between two or more textures can be determined by
using a histogram intersection metric. An LBP texture unit is represented in a
3x3 neighborhood which generates 28 possible standard texture units. In this
regard, the LBP texture unit is obtained by applying a simple threshold
operation with respect to the central pixel of the 3x3 neighborhood. On
another side, Galloway proposed the use of a run-length matrix for texture
features extraction [31]. Various texture features can then be derived from
this run-length matrix as we will explain in next part. The Model-based
approaches include morphological image processing [32]. These methods are
well adapted for macroscopic textures in which primitives and rules of
geometrical arrangement are identifiable. Signal processing methods have
been investigated more recently. With these techniques, the image is typically
filtered with a bank of filters of differing scales and orientations in order to
capture the frequency changes [33, 34, 35, 36, 37, 38]. Fisrt signal processing
methods tried to analyse the image texture in the Fourier domain, but these
approaches were clearly outperformed by techniques that analyse the texture
using multi-channel narrow band Gabor filters. This approach was firstly
introduced by Bovik et al [34] when they used quadrature Gabor filters to
segment images defined by oriented textures. This approach was further
advanced by Randen and Husoy [38] while noting that image filtering with a
bank of Gabor filters or filters derived from a wavelet transform [39, 40] is
computationally demanding.
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In their paper they propose the methodology to compute optimized filters for
texture discrimination and examine the performance of these filters with
respect to algorithmic complexity/feature separation on a number of test
images. In the family of model-based methods, we can find the fractal
description and the random field models. During the past years, several
authors discussed to use multiresolution stochastic approaches to model
textures [41]. Stochastic models consider textures as samples from a
probability distribution on the image space. In this way, each pixel location is
considered as a random variable. A parametric probabilistic model is then
applied to this random field to obtain the joint or conditional probability
distributions.

2.2. Color Analysis

Color is another important characteristic of digital images which has
naturally received interest from the research community. This is motivated by
advances in imaging and processing technologies and the proliferation of
color cameras. Color has been used in the development of numerous
classification algorithms that have been applied to many applications [42, 43,
44].

2.3. Color-Texture Analysis

Generally, authors proposed the use of a combination of color and texture
features [45]. Texture features are computed in greyscale and combined with
color histograms and moments [46, 47]. These combined features are then
sent to a classifier for color-texture classification [48]. Other authors
proposed the use of color quantization to reduce the number of colors and
process the resulting image as greyscale for texture extraction [49, 50]. But
the development of advanced unified color-texture descriptors may provide
improved discrimination over viewing texture and color features
independently. How best to combine these features in a color-texture
mathematical descriptor is still an open issue, with strong links with the
human perception modeling. To address this problem a number of
researchers augmented the textural features with statistical chrominance
features [51, 52]. The extra computational cost required by the calculation of
color features is negligible when compared with the computational over-
head associated. In the family of statistical approaches several authors have
proposed color-cooccurrence matrices definitions [53, 54, 55]. Algorithms
for color LBP have also been developed [56, 57, 58, 59]. Building on this, the
paper by Pietikainen et al [60]. evaluates the performance of a joint color
Local Binary Patterns (LBP) operator against the performance of the 3D
histograms calculated in the Ohta color space. They conclude that he color
information sampled by the proposed 3D histograms is more powerful then
the texture information sampled by the joint LBP distribution. This approach
has been further advanced by Liapis and Tziritas [61] where they developed a
color-texture approach used for image retrieval using both statistical and
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signal approaches. In their implementation they extracted the texture features
using the Discrete Wavelet Frames analysis while the color feature were
extracted using 2D histograms calculated from chromaticity components of
the images converted in the CIE Lab color space. Structural approaches using
Morphological operators are also extended to color by numerous authors [62,
63, 64, 65]. Others researchers focused on color Model-based approaches
using Markovian [66] or color fractal models [67].

3. Proposed approach based on RL Matrices
3.1. Original gray level approach

Introduced by Galloway [31], Run-Length Matrices have been defined to
extract statistical features on the gray level distribution in image. A run is a
set of collinear pixels with the same gray level in a given direction and the
run length is the number of pixels in a run. The Run-Length Matrix Me(n,1)
contains the number of runs of length 1 for each gray level n for the direction
0. Generally, four directions are used: horizontal, vertical and two diagonals
(® =0°,45°,90°,135°) are used. The maximum run length Lmax is dependent
of the direction and the images size or may be selected arbitrarily. In [31, 68,
69], the Run-Length Matrices are used to characterize images textures with
statistical features. They are defined by the following equations, where N is
the number of gray levels in the image, Lmax is the maximal run length and P
is the number of pixels in the image. The short run emphasis (SRE) is used to
highlight the abundance of short run, inversely, the abundance of long run is
appreciate by the long run emphasis (LRE). The feature gray level non-
uniformity (GLN) is used to highlight the run distribution uniformity and the
run length non-uniformity (RLN) increase when the number of same length
run decrease. The run percentage (RP) measure the proportion of run in
image or area. Finally the low gray level run emphasis (LGRE) and the high
gray level run emphasis (HGRE) are two additional features to the SRE and
LRE.
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3.2. Our color adaptation

We propose an original method, cRLM, to adapt the run length matrix for
color images. This method is based on color perception criteria: the Just

Noticeable Difference (JND) and the distance metric AE 1 between two
colors defined by the International Commission on Illumination (CIE). In a
study by Mahy [70], a JND = 2.3 threshold is used to differentiate the two
colors side by side as perceptually different. However, as proposed in [71], a
JND between 3.5 and 5.0 provides a practical classification of a perceptibility
color difference. Preliminary, the RGB images are converted into CIELab
colorimetric space. The run X is determined with threshold (JND) on the
distance AE between first pixel pix(X(y ) and the nth collinear pixel pix(nt h).

While equation 9 is valid, the collinear pixels are added to form a run and run
length L is determined by the number of valid pixels.

pix(nth) € X = AE(pix(nth), pix(Xp)) < JND 9

Then, we choose as the representative color of the run, the median color
Cineq among the colors of the collinear pixels aggregated in the run. This

value (equation 10) corresponds to the pixel color that minimizes the
cumulative distance on X, based on the distances AE, and represents the best
perceptual color representative of the run.

1 AE?, CIE94 - this color difference is applied in the L*a*b* color space.
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L
Cined = pix(x) € X = arg min (Z AE(pix(x),pix(l)) (10)
pix(x

The median color Cy,,4 and run length L are included in the run length
matrix Mg(n,l). There are two cases (see Algorithm 1): if the median color is

already present in the matrix or very perceptually near of a present color
(within the meaning of JND) then the value is added to the present matrix
value for the corresponding color and the run length L. Otherwise, this
median color is added in a new row of the matrix.

Finally, after repeating these operations on all image pixels and for all
direction, we obtain four color Run-Length Matrices (cCRLM) where each
indexed color is perceptually distant of the other present colors in the matrix
and corresponds to the median colors of the image runs. As with gray level
Run-Length Matrices (RLM), the color image textures can be characterized
by using statistical features in equations 1 to 8. Additionally, we recom-

2
mend merging the color Run-Length Matrices to obtain a general
characterization of color textures.

Algorithm 1: Merge Cmed and L in MO

Data: Color C,,,.4, run length L, run length matrix Mg
and list of color in run length matrix Cy,

Result: Merge C,,,.7 and L in Mg
initialization : Delta =0, Deltamin = o=, idx = —1
for i=0:size(Cy, ) do

Delta = AE (Cped, Cug (1))3

if (Delta < JND & Delta < Deltamin) then
Deltamin = Delta;
idx=1i;

end
end
if (idx! = —1) then
| Mg(idx,L)+ =1
else
Mg .add(newrow);
Mg(newrow,L)+ =1,

end
Algorithm 1: Merge C,,.; and L in Mg

process similar to the algorithm 1 but the median color is replaced by the
colors in the matrix Mg,
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4. Application to painting classification
3.1. Our color adaptation

We have tried to characterize by cRLM attributes 4 types of paintings: Miro,
DeVinci, Monet and a contemporary artist, Larissa Noury. L.Noury and
Monet have an abstract style, Monet is one of the famous impressionist and
DeVinci is classical painter of the Renaissance. We can see on Figure 1 that
Larissa Noury’s style is closed to the impressionist style because she paints
with color touches and with impressions of motions given by her painting
applications by hands moving on the canvas.

Fig. 1 - Painting database

id |

3.2 Used methodology for classification

After computing the global cRLM with a JND value of 4, we extract the 8
features (see Equation 1 to 8), described below, associated to the number of
colors on each painting. Then, we used a Principal Component Analysis
(PCA) to obtain a visual representation of the position of each painting in the
features space. On figure 2, we can note that the paintings of each artist are
very closed. They form an independent group regarding the paintings of the
other artists.
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The interpretation of each class and its position is totally linked to a
perceptual analysis of the style of paintings. For Miro, we can see that long
runs dominate and the color number is very limited. All his paintings forms a
really separate class from the others. Despite techniques that may seen almost
similar, L.Noury and Monet paintings are closed but clearly separated.
Monet’s paintings are very aggregated, corresponding to an homogenous
style, with quasi constant color number. L.Noury use very different color
pallets, of different sizes. The lengths of the runs are very different from
painting to another one. That could be explained by the fact that sometimes
she applies only small touches of color, and sometimes she spreads the colors
with her fingers, giving greater runs. However, her paintings form a single
distinct class. DeVinci is very constant through his works. He uses very few
colors with medium run lengths. His class is the most aggregated.

Fig. 2 - Paintings classification, visual representation of PCA.

%DVE-
i V5
2 & Dv3
Ml‘lﬂﬁ &
. DV4
1 M3
.
M4
o Js
L1 L4
0 ® 2]
L5
]
@6 ®
14 )
L2 MiMi5
AA
Mi3
2 A
i6
Mi2
AT A i
3 T T T T T T T T
5 4 3 2 -1 0 1 2 3 4

5. Conclusion

In this paper we have proposed a new definition for the color Run-Length
Matrices (CRLM) taking into account a perceptual point of view by using
JND and AE distance in CIELab. By computing usual associated parameters,
for an application of paintings classification, we show that this cRLM can be
helpfully used for textures characterization. Tests have been applied to 6
paintings of 4 different artists with success. After these good results, we can
consider to use this color approach in another domains as industrial vision to
classify other color textured objects.

Acknowledgment : Thanks to French region Aquitaine-Limousin-Poitou-
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1. Introduction

Specific pigments used in contemporary art show an intense visible fluorescent light
when illuminated by UV radiation: this can be used to obtain combination of colors
and light effects. A typical example comes from the works of the painter Mario
Agrifoglio that based his technique to the study of mixing and layering of
fluorescent and non-fluorescent pigments realizing a unique effect. In fact, the color
perception can be different according with the type of light source used to illuminate
the paintings; in some cases, the result is inversed: black pigments under visible
light became white under UV and white pigments in visible light turn black in UV
light due to the absence of fluorescence. The authors analyzed some of the coloring
materials used by the artist and left in his workshop after his death. Starting from
these materials, 18 samples have been prepared varying concentration and mixtures.
Measurements were made through multidisciplinary technique: imaging techniques,
colorimetric measurements, spectral techniques and elemental analyses.

This research is part of a project aimed at conserving Agrifoglio’s paintings. The
characterizations of the materials used by the artist is critical to make the right
choices in the intervention phase. After verifying that the author used mixtures of
pigments and colors to obtain principal hues in his paintings, the analyses presented
in this work were carried out on the original raw materials left by the artist.

2. The UV-induced visible fluorescence and color appearance

These particular paintings were made with the purpose of producing an effect of
distortion of perception. Displaying them in two different illuminants (fig. 1) is
required in order to completely understand the artist’s message [1]. The pigments
used are the result of a long research activity in achieving a metamerism and
producing an opposing behavior visible under ultraviolet light. The knowledge of
the materials used by the author is therefore of particular importance, in order to
investigate the author's innovative technique and technology and to be able to
provide the tools needed for proper conservation [2, 3].

The opportunity given by this case study, also allows us to answer to interesting
questions about encoding colorimetric materials designed to work with non-visible
light. Colorimetric spaces are inadequate to define colorimetrically such materials
and what it is possible to give is a spectroscopic description and comparison of the
same material under different lights together with an elemental analysis to know the
composition [4].

In addition, what is interesting from a scientific point of view, but also for art
historians and conservators, is whether the author has worked with off-the-shelf
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pigments or prepared them adding fluorescent substance to non-fluorescent
pigments to differentiate them under UV light.

An answer to this question can be extremely important for the purpose of an
aesthetic intervention in the conservation phase, in case of lacunas in the paint film.
In fact, retouching Agrifoglio’s paintings requires to find the right material not to
compromise the artist’s message with a different metamerism, both under visible
and UV light. For the same reason, it could be interesting to analyze how a
particular fluorescent substance added to non-fluorescent pigments can modify their
perception under UV light, as to evaluate the use of this same substance to obtain
variations of fluorescence emissions.

Fig. 1 - A work by Mario Agrifoglio under visible light (on the left) and under UV light (on the right).

3. Colorimetric, spectroscopic and elemental description of fluorescent
pigments.

The work consisted in the analysis of some original materials which have been left
in the artist's Studio after his death (fig. 2). Some samples were made from small
containers with pigments but in many cases it is not possible to find any indication
on the packaging. From what is known of the author's technique, it is likely that the
artist has mainly used ready-made colors. However, all the tests found in the
workshop, prove that in some cases fluorescent compound have been added to non-
fluorescent pigment. Well-known fluorochromes are the stilbene, the coumarins and
the imidazolines which absorbs in the UV portion of the spectrum and re-emit in the
blue portion of the visible spectrum and the fluorescein, a synthetic organic
compound as well, with a peak excitation at 494 nm and with a peak emission at 521
nm [5]. However, unfortunately, these are only few compound that can be used for
art pigments [6-8].
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Measurements were made using a multidisciplinary non-invasive approach and the
techniques that have been used are listed in the following parts.

3.1. UV-induced visible fluorescence imaging

Samples were shot under 2 x 72W, 365 nm-UV light at 160 m distance placing light
sources at 45° to the normal of the samples. To allow us to compare UV
fluorescence behavior, visible images were shot under tungsten halogen lamp with a
correlated color temperature of 2850 K. A Nikon D80OE was used to take photos of
both UV and Vis images [9].

3.2. Colorimetric measurements

A standard commercial colorimeter Minolta CR-400, Xenon Lamp, D65 illuminant,
d:0° geometry, was used. Data are the results of an average of three measures and
the CIEL*a*b* color system was used to represent these data [10].

3.3. UV and Visible Spectroscopy

Spectroscopic measurements were performed by means of a Fiber Optic
Spectrometer (FORS) (HR4000, Ocean Optics, 2.7 nm spectral resolution) using
two different experimental set-up.

-Measure of induced Fluorescence: a Xenon Arc Lamp was used with a 400 short
pass filter to block radiation with A>400 nm. Then the induced fluorescence was
measured in emission counts mode.

-Measure of Spectral Reflectance Factor: a halogen lamp (HL2000 Ocean Optics)
was used with the aim to measure the visible spectra of the sample avoiding effects
of induced fluorescence. In fact, this halogen lamp has no emission in the UV and a
very low emission in the blue range of the spectrum. The spectrophotometer was
calibrated on white and black reflectance standards (Spectralone 99% and dark trap).

3.4. X-Ray fluorescence spectroscopy

Elemental analyses were performed through X-Ray fluorescence spectrometry;
characteristic X-Ray emissions were measured using a portable spectrometer Assing
LITHOS 3000, with excitation monochromatic energy corresponding to
Molybdenum Ko line. The detector is a Si-PIN Peltier cooled. The area irradiated is
circularly shaped with a radius of approx. 4 mm. Measurements were made at 25
kV, 0.3 mA, 60 sec.

4. Results.

Measurements allowed understanding part of the modus operandi of the artist.
fluorescein has been used only for red colors, in fact, as showed in figure 4, it emits
at wavelengths above 500 nm. Blues were realized using copper pigment with
optical brightener. FORS analysis allowed identifying blue as a phthalocyanine but
for the fluorescent part is not possible an exact identification. It is interesting the
result for the black sample (D2 — fig.3) that under UV light become brighter with a
peak fluorescent emission at 445 nm and 590 nm (fig. 4). In addition, this material
was made using a copper-based pigment. For white samples (C1, C2, fig. 3)
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tetrahydropyrene was recognized from the peak in the emission spectra of
fluorescence (fig. 5) and confirmed by XRF and FORS analyses.

Fig. 2 — Original flasks with colors used by the painter. On the left, the image in visible light, on the right the image in
UV-induced fluorescence. Four grey levels of non-fluorescent material (Spectralone) were inserted as reference.

A,
A3 )
B3

C3

C1 c2
D1 D2 3
Fig. 3 — Paint layers realized with the original workshop colors used by the painter. On the left, the image in visible

light, on the right the image in UV-induced fluorescence. Four grey levels of non-fluorescent material (Spectralone)
were inserted as reference.
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Sample L* b*
A1 42.01 36.03 39.07
A2 53.39 30.96 3143
A3 78.33 13.84 7257
Ad 95.10 -0.59 7.28
B1 65.07 75.25 57.01
B2 56.70 46.70 36.44
B3 75.67 -0.67 69.82
B4 87.61 473 91.26
C1 91.34 242 13.21
C2 94.92 -0.92 432
C3 4281 1.48 44,94
C4 31.70 -0.06 -27.29
D1 25.09 15.87 -4.66
D2 30.16 329 1.46
D3 92.74 -0.96 5.83

Tab. 1 — Colorimetric data of samples in CIEL*a*b* color space.

Sample Description on the container Element Note
A1 Fluorescein powder, with water and egg Ti, Cl Cl from the solvent
tempera
A2 Ca, Zn
A3 Fluorescein powder, with water and non detectable Organic or low-Z
acrylic binder elements components
A4 Fluorescein powder, titanium white with Ti, Cl
water and acrylic binder
B1 Rosso granata non detectable
elements
B2 Bianco Ca B1 with calcium white
B3 Cl
B4 Ca High calcium counts
C1 non detectable Organic or low-Z
elements components
C2 Bianco di titanio Ca, Ti Ti from the
background
C3 Cu
D1 No alcool Cu, Cl Similar to c3
D2 Inchiostro Cu High Cu peak
contribution
D3 Bianco Zn, Ca

Tab. 2 — Results of the XRF analysis.
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Fig. 5 - Intensity of fluorescence (left) and spectral reflectance factor (right) of the realized samples.

5. Conclusions

Thanks to the analyses carried out on the materials found in the artist’s Studio, it has
been possible to evaluate the use of fluorescent substances, like fluorescein and
optical brighteners, to obtain variation in fluorescence emission of non-fluorescent
pigments. The elemental identification is useful to find the right pigment to use in
retouching during a conservative intervention.
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1. Introduction: gold leaf gilding and integration techniques

Since ancient Egyptian times (Tomb of Kha and Merit, 28" dynasty, Museo Egizio,
Turin) to present, gold leaf gilding has been highly appreciated for giving the
artifacts the brightness of the precious metal: gold represents the sun, the life-giving
star therefore closely related to the divine. In the Christian iconography, gold
represents Jesus, the Sol Invictus coming to save the humankind from the Adam’s
original sin. Many authors as Pliny the Elder (AD 23 — August 25, AD 79) and
Theophilus presbyter (12" century) speak about the gilding techniques [1, 2];
Cennino Cennini (1370 — 1427) describes the use of gold backgrounds for enhancing
colours of polychrome panel paintings [3].

Among several methods of gilding, the so-called guazzo technique was the oldest
and the most complex one. After plastering the wooden support, it required to spread
a layer of Armenian bole (reddish clay) and fish glue upon it and then to apply the
gold leaf that could be subsequently burnished (flattened) by means of some in agate
tools: burnishing was the only operation that made the leaf so smooth and bright,
exploiting the bole’s plasticity. Other later gilding techniques required for instance
the application of an oil-layer (missione) underneath the gold leaf, then replaced by
the use of an acrylic-layer, not suitable for the burnishing operation.

According to the modern concept of conservation, integration of the gold leaf’s
lacunae presents practical and conceptual difficulties, as it has to present a very
peculiar artistic technique (a metal foil applied on a bole layer) satisfying in the
meantime three requirements: recognizability, re-tractability and aesthetic.

Many proposals have spontaneously risen during the last years [4-8]. The tratteggio
technique [9] used by the Superior Institute for Conservation and Restoration
(ISCR) in Rome, the chromatic selection proposed by the Opificio delle Pietre Dure
(OPD) in Florence, the puntinato integration [10, 11] make use of watercolours —
applied upon the gold leaf or directly on the plaster layer — in order to guarantee the
recognizability of the intervention (Fig. 1). But the result is not so aesthetic, because
of a sharp brightness difference between integration and original gilding'.

So, the integration with guazzo remains as in antiquity the only technique providing
so brilliant surfaces, the only one entirely answering the aesthetic requirement, and
this is why it is actually required in some cases. Thus the problem of the
recognizability requirement appears.

I Other attempts were made in order to reduce this difference, for instance darkening the plaster layer
underneath the gold leaf or by adding small amounts of metal gold (oro in conchiglia) or of shiny mineral
powders (mica powder).
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Fig. 1 — Conservative interventions carried out at “Centro per la Conservazione e il Restauro La Venaria Reale”: gold
leaf integration with cromatic selection (watercolours applied on plaster) on a wooden furnishing by G.Marocco and
M.Monticelli, Palazzina di caccia di Stupinigi, Turin, 1731-1739 (left, corresponding to a detail of about 4 cm wide);
with puntinato (watercolours directly applied upon the plaster) on "Doppio corpo” by P. Piffetti, Palazzo del Quirinale,
Rome, 18th century (right, corresponding to a detail of about 7 cm wide).

2. Study for a recognizable gold leaf integration: materials and method
The aim of our study was to make the integration with guazzo — which already
satisfies the aesthetic requirement of the intervention — also recognizable (and
localizable), by means of non-invasive and possibly low-cost imaging techniques.
Starting from previous experimentation’ and from other published research on
plaster formulation [12], we decided to modify the guazzo traditional technique by
adding “particular” pigments to the bole layer.

As "drugging" pigments we chose Egyptian blue (n. 10060°, hereafter called EB,
average particle size < 120 p), cadmium red and cadmium yellow (n. 21120, CR,
and n. 21040, CY, respectively, both with average particle size approximately 0.5
1), manganese violet (n. 45350, MV, average particle size 2.3 p) and cobalt blue (n.
45700, CB, average particle size 4.2 p) basing on the possibility of detecting them in
visible-induced luminescence (VIL) [13-15]. EB, in particular, exhibits an
exceptionally intense emission in the near-infrared region (4 max = 910 nm) when
stimulated by visible light [16-18]. We selected also lac dye (n. 36020, LD), Indian
yellow (n. 60602, 1Y), wernerite (n. 12700, WE, particle size 63-100 um) and
diopside (n. 12720, DI, particle size 0-63 pm) basing on the possibility of detecting
them in ultraviolet fluorescence (UVF).

In the first three samples we made (Fig. 2) gold leaf is applied on a traditional
Armenian bole layer (as reference), on a layer of 100% EB and on a layer of bole
and EB (10% in weight). Here, EB was not ground and had a large grain size.

These samples immediately highlighted two important aspects to take into account
in our research. On the one hand, the presence of micro holes due to the beating of
the leaf, will have grown during the burnishing depending on the drugging

2 We had already pursued something similar through an experimentation on a not-gilded wooden
furniture, where we had added small amounts of bismuth oxide into the plaster-based filler in order to
make the intervention detectable through X-rays.

3 All the listed materials with their code and the average particle size, when declared, are pigment
powders produced by Kremer Pigmente GmbH &Co.KG; Indian yellow in powder is a product by
Bresciani SRL.
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pigment’s granulometry, affecting the aesthetic and the colour appearance of the
gilding [19]. On the other hand, the holes will have facilitated the recognizability,
allowing for example the underneath layer’s UV fluorescence to pass through the
leaf and be recorded.

mples, from left to right: gdld leaf on bole (3 cm high
per 1.5 cm wide); gold leaf on Egyptian blue layer (3 cm high per 1.5 cm wide); gold leaf on bole mixed with 10% in
weight of Egyptian blue (3 cm high per 3.5 cm wide).

For the complete set of 50 samples (Fig. 3), we thus considered both to ground some
pigments and to use them in different percentages, in order to find the minimum
detectable amount of drugging pigment and so a solution for satisfying in the
meantime the aesthetic and the recognizability requirements of the integration.
Drugging pigments were spread alone (first column, Fig. 3) and then added to the
bole in percentages of 2%, 5%, 10%, 15%, 20% and 25% in weight (from left to
right); only WE and DI were added to the bole in 33% in weight; traditional fish
glue was used as binding medium. The gold leaf was then applied, following the
guazzo technique, on the lower part of each draft and only the half on the right was
burnished. For this panel, EB underwent a grinding process before by means of a
mortar on glass; WE and DI were added to the dry bolus then spreading the paint for
three times to obtain a substantial draft. Finally, we prepared the references for our
study (Fig. 3, the small panel on the bottom): a sample of reddish Armenian bole,
our bole reference, and a bigger sample simulating the gilding of an artwork, with
the gold leaf applied on the Armenian bole and then burnished (the “upside down T”
area), that was our gilding reference.

For evaluating the aesthetic requirement of the samples simulating the gold leaf
integration, we measured and calculated their colour differences (AE00) compared
to the respective references (bole reference or gilding reference). We used a Konica
Minolta CM700d spectrophotometer, working in the 1976 CIELAB colour space in
SCE condition with standard illuminant D65 and standard observer 10°, and the
CIEDE2000 formula [20]. Results were related and compared to the conservator’s
observations and with some pictures of the samples acquired in video-microscopy.
For evaluating the recognizability requirement of the samples, possibly with a low-
cost tool, we performed multispectral investigations on the panel, by exploiting
those portions of the electromagnetic spectrum that could be relievable by
conventional CCD and CMOS sensors (300 nm — 950 nm). We thus acquired the
traditional ultraviolet fluorescence (UVF), the ultraviolet reflectography (UVR) and
the infrared reflectography (IRR) but also we used the more recent visible induced
luminescence (VIL) technique. We used a Nikon D810 camera for the pictures in
visible light and the UVF, and a Nikon D810 UVIR for the UVF, the IRR and the
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VIL. Filter sets for Nikon cameras included Hoya IRUV cut, Peca 900 (87), Peca
900, X-nite BP1, all lighting equipments (Ianiro 800 W D65, Labino UV flood) set
up in diffuse mode. Colour-correction was based on a GretagMacbeth© Colour
Chart, Konica Minolta ceramic white pad 99%, Kremer Pigmente GmbH &Co.KG
Egyptian blue pad; flat mode subtraction applied to UVF.

BLU
EGIZIO

ROBSO
CADMIO

GIALLO
CADMIO

VIOLA
MANGANESE

CIALLO
INDIANG

WERNERITE

DIOPSIDE

Fig. 3 — Set of samples (3 cm high per 3.5 cm wide). Drugging pigments (EB, CR, CY, MV, CB, LD, IY, WE, DI)
along the first column. Along the lines: bole mixtures prepared with 2%, 5%, 10%, 15%, 20% and 25% in weight of
the drugging pigment on the left, and with 33% in weight of WE and DI, where the lower part is coved by the gold leaf
and only the half on the right is burnished. On the bottom: references for the study (the reddish one is the bole
reference; the gilding reference is the bigger “upside down T” area).

Finally, on those samples that satisfied the aesthetic and/or recognizability

requirements, we studied how they would appear, with respect to the reference,
when illuminated with different LED sources. So, in a first step, we acquired the
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Spectral Power Distribution (SPD)%, in the visible region (360 nm — 780 nm), of
eleven white LED sources and of an halogen lamp, by means of a Minolta CL-500A
spectrophotometer, defining also the Correlated Colour Temperature (CCT) and the
Colour Rendering Index (CRI) values. In a second step, we rendered the samples’
hyperspectral image for the 12 different light sources, using a hyperspectral imager
developed by INRIM [21, 22] calculating also the AEOO (between each sample and
the respective reference) in order to evaluate differences, in colour appearance, there
would be among the integration and the original parts under these different kinds of
illumination.

Concerning the light sources, referring to incandescent light as most commonly used
in museum lighting, we considered only dichromatic white LED technology (Blue
LED with coating of yellow phosphors) since this luminescence method at lower
CCT provides a full spectrum distribution similar to halogen lamps. Nine LED
products mounted the newest “cold phosphor” technology whilst two LEDs mounted
the “phosphor on chip” technology. Focusing on CCT, six “Warm White” LEDs
were chosen (hereafter called from WW-LEDI to WW-LED6) because their
spectrum was designed to mimic a halogen lamp, generally considered as typical
light sources in museums. The other LEDs ranged from “Neutral White” (from NW-
LEDI to NW-LED 3) to “Cool White” (CW-LED1 and CW-LED2). Besides LEDs,
we also employed a low-voltage Multifaceted Reflector halogen lamp, glass-covered
MR16 type (WW-MR) as reference light source.

Concerning the hyperspectral imager we used, it is based on a Fabry-Perot
interferometer where the spectra for each pixel, or for a selected area of pixels, are
calculated by applying a Fourier transform-based algorithm on the recorded
interferograms. The possibility of selecting the entire pixel area of interest is an
advantage with respect to punctual analyses, because you can obtain a spectrum that
represents the average spectral behavior of the surface (including the spectral
reflectance factor of both the intact gold leaf and possibly the bole emerging from
the holes). Each reflectance spectrum was normalized with respect to a Spectralon
white reference. For each sample we calculated the L*, a*, b* values in the 1976
CIELAB colour space through the algorithm described by the CIE [23] for the
different light sources tested.

3. Results and observations

Comparing the bole reference to the drugged bole samples, by the conservator's
point of view, only the bole samples drugged with the minimum pigment
concentration (2% or 33%, second column in Fig. 3) resulted suitable, in terms of
colour, for the intervention. In the conservation field, bole of different colours from
yellowish to reddish is used and it is chosen depending on the colour of the original
gold leaf to reproduce. This is why only a limited chromatic variability, in particular
towards yellow tones, is accepted. For simplifying our study, we used, as mentioned,
the reddish bole as reference (Fig. 3, on the bottom).

Focusing on colour differences between the bole reference and the acceptable
drugged bole samples (Tab. 1), the two highest values (AE0O= 8.9 and AE00O= 8.5)

4 SPD curves are provided with 1 nm spectral resolution.
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were recorded only for the yellow samples (CY 2% and IY 2% respectively) due to
higher Ab* values, while for all the other mixtures the maximum AEOQO was 4.4.
These chromatic variability thresholds, higher for the yellower samples (since they
are suitable for substituting the yellowish bole) and lower for the other hues, can be
useful for planning future mixtures and tests.

Tab. 1 - Colour differences (AE00) between the acceptable drugged bole samples and the bole reference.

Drugged bole samples | L* | a* | b* | AL* | Aa* | Ab* | AE00 compared to the bole reference
bole reference 4981169 9,0

EB 2% 533|156 84| 35|-1,3| -06 3,6

CR 2% 51,0(1206|101| 12| 37| 1,1 2,6

CY 2% 5571154 1170] 59[-15| 80 8,5

MV 2% 4891180 7,71-09| 11| 1.3 1,6

CB 2% 499(120( 49| 01|49 41 42

LD 2% A771171] 89(-21] 02| -01 2,1

1Y 2% 523118,0]221| 25| 11| 131 8,9

WE 33% 5261158 86| 28|-11] -04 2,9

DI 33% 4581180 [119]-40] 11] 29 44

But how these different colours of the drugged bole actually affect the gold leaf
colour appearance?

Compared to the gilding reference, the gilded samples show in general high colour
differences that vary with irregular trends while varying the concentration values of
the drugging pigment in the bole-based mixture (Tab. 2).

Tab. 2 — Colour differences (AE00) between all the gilded samples and the gilding reference.

Gilded samples with drugged bolo | AE00 compared to the gilding reference
2% | 5% | 10% | 15% | 20% | 25% | 33%

EB 2741169235 181|176 170

CR 1711152 22,7 | 304 | 264 | 20,8

cY 199 [ 174 215]12,0) 161 | 14,8

MV 92| 47]268|210| 146|168

cB 259 | 118| 75| 84| 57128

LD 16,0 | 27,5 24,4 | 26,6 | 25,6 | 27,2

IY 23|108| 68| 46| 49| 99

WE 11,2

DI 222

These irregular trends seem to be not exactly due to the colour variation of the bole
underneath, but rather to the holes formation in the gold leaf (Fig. 4), which is
strictly connected to the pigment’s granulometry.

Thus, the drugging pigment's granulometry has an important effect on the gold leaf
success, so much to become a new requirement for the intervention.

During the preparation of the preliminary test samples, the problem of granulometry
was evidenced in particular for the EB: anyway, after a rough grinding, a better
grain size was reached and the burnishing was possible. The grain size of CY, CR
and CB showed to be quite suitable. On the contrary, in particular I'Y and LD, but
also MV (Fig. 4), DI and WE, as we bought them, showed to be unusable in terms of
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granulometry, but we did not test yet the possibility of grinding them further. In
these cases, the bole surface remained very uneven and made the burnishing
operation particularly difficult.

Fig. 4 - Holes formation after the burnishing of the gold leaf. Samples with Bolo drugged with 2%, 5 and 10 (up),
15%, 20% and 25% (down) of MV. Video-microscopy pictures.

Concerning the recognizability tests, the gildings on bole drugged with WE and DI
provided the most significant results, since the presence of those drugging pigments
can be detected in UVF. Actually, WE recognizability is higher with respect to the
DI and in general a simple postproduction in Adobe Photoshop (5 points increase in
exposure value) could be necessary to appreciate them better (Fig. 5).

Overexposed
5 stop

Overexposed
5 stop

Fig.5 — WE and DI samples and respective bole mixtures with 33% in weight of WE and DI: picture in visible light,
UVF in standard colour-correction mode, UVF in overexposed mode.

The use of EB, CR and CY can be detected in VIL, especially underneath a not-
burnished gold leaf, as shown in Fig. 6 where for each gilded sample the left not-
burnished part is different from the right burnished one. After the grinding process,
the EB recognizability decreases and this can be referred once again to the
granulometry: larger grain size produces bigger holes but allows a better
recognizability (Fig. 2). CR and CY signal is less intense than EB, but their
recognizability underneath the gold leaf can be improved in digital overexposure
(Fig. 6). With respect to EB, their granulometry is finer and so more desirable.
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Fig. 6 - VIL, digital overexposure. Lines of samples based on EB, CR and CY as drugging pigments.

The use of EB, CR and LD underneath the gold leaf can be highlighted in UVR:
their presence at higher concentration generate a progressive reflection of the UV
band, thus distinguishable from the gilding reference (Fig. 7).

Fig. 7 - UVR. Lines of samples based on EB, CR and LD as drugging pigments, compared to the gilding reference.

Concerning the illumination study, Figures 8 and 9 compare spectra acquired from
12 white light sources with different colour tonality, claiming the correspondent
measured CCT and CRI values in Table 3. In order to compare SPD curves and to
enhance differences, each curve is normalized at its maximum energy peak,
obtaining the Relative Spectral Power Distribution (RSPD).
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Fig. 8 — Relative Spectral Power Distribution of the selected light sources with Warm White colour tonality.
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Fig. 9 — Relative Spectral Power Distribution of the selected light sources with Neutral White and Cool White colour

tonality.
Tab. 3 — Measured values of CCT and CRI of the selected light sources.
Light | WW- | WW- | WW- | WW- | WW- | WW- | NW- | NW- | NW- | CW- | CW- | WW-
LED5 | LED6 | LED1 | LED2 | LED3 | LED1 | LED2 | MR

source | LED1 | LED2 | LED3 | LED4

3025 | 3130 | 3375 | 3533 | 3758 | 3894 | 4861 | 5806 | 6979 | 3012
81 97 96 68 79 98

CCT[K] | 2580 | 2857
CRI | o7 | 9 | 92 | 97 | 91 | 99

As mentioned before, these emission spectra and the hyperspectral data of samples
were used for calculating L*, a*, b* values of each sample through the algorithm of
CIELAB 1976 colour space described by the CIE [23]. This allowed to calculate the
colour differences among the samples and the gilding reference under the different
light sources (Tab. 4), and also to render the image of the samples (Fig. 10)
providing a sort of visualization® of colour differences due to those lamps.

5 Obviously, other affecting factors as the monitor’s colour-correction or the colour printing process
would have to be considered for a correct visual evaluation.
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Tab. 4 - Colour differences (AE00) among some gilded samples and the gilding reference
calculated for LED sources with different CCT.

SAMPLE

WW-LED1

NW-LED2

CW-LED2

L*

*
a

b*

AC*

AE00

L*

*
a

b*

AC*

AE00

L*

*
a

b*

AC*

AE00

gilding ref.

443

6,2

14,3

443

6,6

14,2

43,3

2,3

12,7

MV 2%

354

7,3

20,6

6,4

8,6

355

78

20,6

6,5

8,6

34,2

2,1

19,3

6,4

88

CB 2%

56,7

104

34,5

20,6

15,8

56,7

11,0

34,9

21,2

15,9

54,9

24

32,5

18,6

15,2

LD 2%

53,3

9,2

32,9

18,9

12,8

53,3

9.8

32,9

19,0

12,9

51,6

14

31,7

18,1

12,7

1Y 2%

48,2

9,8

32,0

18,0

9,6

48,2

10,3

32,1

18,3

9,7

46,5

2,1

31,1

173

9,9

WE 33%

64,2

11,8

28,9

15,7

20,6

64,3

124

29,1

16,1

20,7

62,2

41

27,0

12,9

20,0

DI 33%

74,6

10,6

29,3

15,6

279

74,6

11,2

29,5

16,0

28,0

72,8

2,6

275

13,7

27,8

In general, we observed (fig. 11) that, under the different light sources, the colour
differences among the gilding reference and gilded samples were higher when DI,
WE and CB are used as drugging pigments (2% of concentration), while the colour
differences were lower with MV, IY and LD. As mentioned before, results collected
until now refer to gold leaves not intact, because of drugging pigment granulometry
causing the presence of holes deeply affecting the final colour. Anyway, the actual
illumination in a exhibit has to be previously evaluated especially for gilded
artworks, and when we choose the drugging pigment for the integration intervention.

b d e
Fig. 10 RGB images of gilding and bole references obtained from the calculated hypercube and rendered with
different light sources (a: WW-MR; b: WW-LED1; c: WW-LEDS; d: WW-LEDG; e: CW-LED2).
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Fig. 11 — Colour differences (AE00) among some samples and the gilding reference calculated for all the selected
light sources.
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5. Conclusions

According to the modern concept of conservation, integration of lacunae on the gold
leaf gilding, made according to the ancient guazzo technique, presents practical and
conceptual difficulties, as it has to present a very peculiar artistic technique (a metal
foil applied on a bole layer), being in the meantime recognizable, re-tractable and
aesthetic.

Many proposals about integration techniques have spontaneously risen during the
last years, indicating for instance the use of watercolours, instead of the guazzo
technique, to guarantee the recognizability, but the result does not satisfy completely
the aesthetic requirement.

Our study aimed to modify the ancient recipe of the guazzo, the only technique
allowing so brilliant gildings, by adding drugging pigments in the bole layer,
suitable to be recognized with imaging and possibly low-cost techniques.

Among 50 samples made by varying the drugging pigment concentration (9
pigments were experimented), only the lowest concentration (2% in the cases of
Egyptian blue, cadmium red, cadmium yellow, manganese violet, cobalt blue, lac
dye and Indian yellow; 33% for wernerite and diopside) was considered
chromatically suitable, since the colour of the underneath bole affects the final
colour appearance of the gold leaf.

In terms of recognizability, the presence of wernerite and diopside underneath the
burnished gold leaf can be detected in UVF; Egyptian blue, cadmium red and
cadmium yellow can be detected in VIL sometimes resorting to a digital
overexposure. Finally, the use of Egyptian blue, cadmium red and lac dye can be
highlighted in UVR.

But this study highlighted also an important aspect that has to be taken into account
for evaluating the recognizability: the granulometry of the drugging pigment. Until
now we saw that the cadmium-based pigments are characterized by a finer and so
more desirable granulometry, with respect to the Egyptian blue or the lac dye. We
will focus therefore on the grain size aspect studying the best grinding process for
the best drugging pigments. In the case of lac dye, for instance, we will made some
tests by using only the dyeing agent, excluding the mineral filler. By means of
hyperspectral and colorimetric analyses, once obtained a perfect and intact gold leaf,
it will be possible to evaluate more precisely the colour differences between the
integration and the original gilding, considering also the illumination condition of
the exhibition space.

Basing on the results collected until now, in order to guarantee the aesthetic
requirement further tests will be carried out on samples made with the suitable
drugging pigment in concentrations from 0% to 2%. Finally, we will test the
possibility of guarantee the recognizability of the intervention even in the layers
underneath, such as adding bismuth oxide in the plaster layer, basing on the
outcomes of our previous experimentation on wooden furniture.
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1. Introduction

As philatelists know, the early 19" century stamps show many different shades of
colours. Besides conservative problems as environmental colour changes, one of the
main reasons of that was the difficulty, for the printers, to prepare the same kind of
ink at every subsequent printing.

Since for the very first stamp of the world, the celebrated Queen Victoria’s Id Penny
Black of Great Britain issued on 6 May 1840, the “Stanley Gibbons Catalogue” [1]
shows three shades: intense black, black and grey-black. For the red I franc of the
first French issue (1849) — also called “Cerés” — the “Yvert Tellier Catalogue” [2]
gives nine shades: carmin foncé, carmin clair, carmin cerise, rouge-brun, carmin-
brun, vermillon, vermillon vif, vermillon terne, vermillon pale (Vervelle). Most
famous for its variety of shades is the Kingdom of Sardinia’s fourth issue (1855-
1863): for the 10 cents the “Catalogo Sassone” [3] gives fifty (!) different shades,
whose fancy names, given historically by the philatelists, go from yellowish umber
earth to deep olive greenish grey, up to very-dark chocolate brown.

Actually, it is often very difficult to classify the various stamps’ shades and the
philatelic experts can do it only by comparison with well-known specimens.
Moreover, the commercial value of the various shades of the same stamp can vary
considerably; for instance, the I franc previously mentioned, “Ceres” of the type
vermillon vif is the greatest rarity of the French philately, whilst the carmin foncé is
worth 1/10 of it.

At the scientific laboratories of the “Centro per la Conservazione e il Restauro La
Venaria Reale”, starting from the possibility of using noninvasive diagnostic
techniques [4], we studied some stamps of the second issue of Sardinia (1 October
1853) which is a very peculiar issue since stamps are not printed on white paper, but
embossed on tinted wove paper.

By means of fiber optic reflectance spectroscopy (FORS), Fourier transform infrared
spectroscopy (FT-IR) in reflection mode and X-ray fluorescence (XRF) analyses we
studied the tinted wove paper’s chemical composition of the three values: 5 cents
green, 20 cents blue, 40 cents pink. Moreover, considering that the last one is
classified in the “Catalogo Sassone” in three different shades, light rose (number 6),
rose (number 6a) and bright rose (number 6b), we carried out colorimetric analyses
in the CIELAB system, suitable for evaluating objectively the homogeneity among
samples of the same shade, and for calculating colour differences (AE0O) through
the CIEDE2000 formula. The possible 40 cents’ shade discrimination on the basis of
scientific analyses may arouse interest, as it is estimated that only 25000-35000
pieces were produced in the history; moreover, the commercial values ratio (of
stamps used on letters) is 6: 6a: 6b = 1: 2: 4, the light rose (number 6) being the
most common one and the bright rose (number 6b) the rarest.
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2. Materials and methods

The set of selected samples consists of fifteen stamps (of about 4.8 cm per 3 cm),
here called with letters for simplifying the data discussion. A and B refer to a 5 cents
green stamp and to a 20 cents blue one, respectively (fig. 1). The others samples
(figg. 1-2, samples from C to Q) are 40 cents stamps. In particular, C, D and E were
evaluated as light rose shade (number 6 in “Catalogo Sassone™); F, G and H were
attributed to the rose shade (number 6a); I, L, M, N, O and P were assessed as bright
rose shade (number 6b). Only the Q sample is “unknown” thus its worth has not
been yet evaluated. Samples A, B, C and F are mint (unused) stamps, all the other
samples are used (some on fragment or on cover): unfortunately, we could not have
at our disposal any mint bright rose, which is extremely scarce and almost
impossible to find.

As mentioned, all samples belong to the second issue of Sardinia (1 October 1853),
this very peculiar issue since stamps are not printed on white paper, but embossed
on tinted wove paper. The study about materials, linked to technological aspects of
the historical stamps production, was carried out on samples reported in figure 1 by
means of different noninvasive analysis: fiber optics reflectance spectroscopy
(FORS), X-ray fluorescence (XRF), optical microscopy in visible light and UV
fluorescence (Vis-UV OM) and Fourier transform infrared spectroscopy (FT-IR).

1 R y =l ‘ 2 PR A

Sample A Sample B Sample C Sample F Sample |

Fig. 1 — Stamps of the second issue of Sardinia (1 October 1853): 5 cents green (sample A), 20 cents blue (B) and
40 cents examples of the light rose shade (C), of the rose shade (F) and of the bright rose shade (1).

On all the 40 cents samples (samples from C to Q) we also made colorimetric
analyses (COL) in order to evaluate and possibly to verify by an objective point of
view the belonging of each stamp to its proper, declared shade.

SampIeD e Y. 7 z(l(:zavg (‘J (//('l’ :

Sample E
. .. v ,)'-7 —, bz I
Sample L Sample M Sample O Sample P

Sample N

Fig. 2 — Stamps of the second issue of Sardinia (1 October 1853): other 40 cents examples of the light rose shade
(D, E), of the rose shade (G, H) and of the bright rose shade (L, M, N, O and P) and unknown shade (Q).
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Finally, we tried to define the proper shade of the unknown sample basing on the
outcomes of the different scientific analyses.

Concerning the instrumentations, FORS analyses were performed by means of an
Ocean Optics HR2000+ES spectrophotometer and an Ocean Optics HL2000
halogen lamp, bounded by optical fibres of 400 um in diameter, working in a
2x45°/0° geometry and collecting spectra along a 350 nm to 1000 nm wavelength
range with a 0,5 step resolution.

XRF analyses were carried out by means of a portable Micro-EDXRF Bruker
ARTAX 200 spectrometer equipped with a fine focus X-ray source, a Molybdenum
anode, a 4096 channels ADC and a spot of variable dimensions from 0.65 mm to
1.50 mm. We worked with anodic voltage 30 kV, anodic current 1300 pA, purging
helium in order to improve the detecting threshold (minimum detectable atomic
number: 11, sodium).

Samples were observed through a OLYMPUS BX51 microscope connected to a PC
by means of a digital OLYMPUS DP71 camera using its analySIS Five software,
both illuminating with visible light and UV radiation.

FT-IR analyses were performed in reflection mode by means of a FT-IR Bruker
Vertex 70 spectrophotometer coupled with a Bruker Hyperion 3000 infrared
microscope. Only on a small fragment of a light rose shade stamp (not present in the
list of figg. 1 and 2), the analyses were carried out in transmission mode by means of
FT-IR microscope with a micro-ATR objective.

Colorimetric analyses were carried out through a spectrophotometer Konica Minolta
CM700d that works in a d/8° optical geometry along a 400 nm to 700 nm
wavelength range, with a 10 nm step resolution. The instrument was set to provide
CIELAB 1976 (L* a* b* Cu*) chromatic coordinates, where L* corresponds to
lightness, a* from negative to positive corresponds respectively to the green or red
component and b* from negative to positive corresponds respectively to the blue or
yellow component, for standard illuminant Dg¢s. We acquired three measurements on
each sample (table 2): average L*, a* and b* values and uncertainty were used to
evaluate the colour homogeneity within the single sample and among samples
declared of the same shade. Through the CIEDE2000 formula [5, 6] we also
measured the colour differences (AEy) among samples of the same shade in order to
quantify the colour difference threshold accepted by the philatelic experts. The
colorimetric values of the unknown sample (sample Q) were finally used to compare
it to the different shades in order to possibly attribute it to a specific one.

3. Results

Outcomes of the FT-IR, XRF and FORS analyses revealed the chemical
composition of the coloring materials on the stamps coming from the second issue
of the Kingdom of Sardinia (1 October 1853).

In particular, the wove paper of the 20 cents blue stamp (sample B) proved to be
dyed with Prussian blue, a synthetic dark blue pigment made of ferric ferrocyanide
and whose receipt has been known since the very beginning of the 18™ century [7, 8,
9, 10]. In the FT-IR spectrum (fig. 3), in fact, the band at about 2100 cm™' is due to
the ferric ferrocyanide. The presence of Prussian blue is also suggested by the XRF
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counts of iron (table 1). Also the absorption band at about 680 nm in the FORS
spectrum (fig. 4) has to be referred to the charge transfer transition from Fe(II) of the
ferrocyanide anion to the Fe(IIl) cation [11, 12] in the Prussian blue pigment
molecule.
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Fig. 3 — FT-IR spectrum in reflection mode of sample B, the 20 cents blue stamp of the second issue of Sardinia
(black line), compared to the reference spectrum of the paper in transmission mode (blue line) and to the reference

of Prussian blue in transmission mode (purple line).

Tab. 1 - Results of the XRF analyses.
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Fig. 4 - FORS spectrum of sample B, the 20 cents blue stamp of the second issue of Sardinia (black line), compared
to the reference spectrum of a Prussian blue paint layer (blue line).

In the 5 cents green stamp (sample A) the FT-IR and FORS spectra (figg. 5-6)
revealed the presence of Prussian blue, while the XRF analysis showed, beyond the
iron signal, the presence of lead and chrome (tab. 1) which suggest the use of yellow
lead chromate, possibly added to the Prussian blue in order to get the green colour
[13].
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Fig. 5 — FT-IR spectrum in reflection mode of sample A, the 5 cents green stamp of the second issue of Sardinia
(black line), compared to the reference spectrum of the paper in transmission mode (grey line) and to the reference
of Prussian blue in transmission mode (blue line).
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Fig. 6 — FORS spectrum of sample A, the 5 cents green stamp of the second issue of Sardinia (black line), compared

to the reference spectrum of a Prussian blue paint layer (blue line). The absorption band between 350 nm and 450

nm suggests the presence of a yellow pigment or dye in the mixture.
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Concerning the pink 40 cents stamps (samples from C to Q), FT-IR analyses showed
few differences among the different samples, most likely due to technical difficulties
in acquiring FTIR spectra of opaque samples in reflection modality. Figure 7 shows
the FTIR spectra of the C, F and M samples, one per shade. Peaks at around 1600
and 1320 cm™!, more evident in sample M, have to be referred to the presence of
oxalates and the bands at around 2500 and 2200 cm’!, more intense in samples C and
M, indicate the presence of gypsum probably correlated to the paper production
process. Even if the samples show the presence of small red particles inside the
paper fibers (see figure 8), no FTIR peaks or flexes can be definitively referred to
the dyeing agents neither can be used to discriminate the shades.
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Fig. 7 — FT-IR spectra in reflection mode of the samples C (red line), F (blue line) and M (purple line) compared to
the reference spectrum of the paper (black line) in transmission mode.
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~ Picture details of sample F (rose shade) in visible Iight (left) and UV fluorescence (right) optical microscopy.
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Picture details of sample M (bright rose shade) in visible light (left) and UV fluorescence (right) optical microscopy.
Fig. 8 — Pictures details of some significant samples in optical microscopy.

Finally, XRF and FORS analyses indicate some differences in chemical composition
between the light rose stamp (sample C) and the other two shades (sample F, rose,
and sample M, bright rose). In particular, FORS spectra show the different spectral
behavior of sample C, light rose, with respect to the other two where absorption
bands are more evident (fig. 9) and similar one each other. XRF analyses highlight
also that the light rose shade contains a significant white component probably zinc
white (see zinc XRF counts in table 1), while no signal can be definitively attributed
to a red coloring agent.
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Fig. 9 - FORS spectra of samples C (black line), F (blue line) and M (red line).

In order to characterize the red dye, basing on the literature that indicates the use of
natural compounds as paper dyeing agents [13], it was possible to perform FT-IR
analyses in transmission mode on a small fragment of a light rose shade stamp (not
present in the list of figg. 1 and 2). The spectrum (fig. 10) revealed signals of
organic compounds such as fatty acids or wax, and proteins, ascribable as well to the
adhesive on the back of the stamp and/or to the paper additives, but also signals of
the red cochineal, possibly used as dyeing agent of all the three pink shades.

Absorbance
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3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm-1)
Fig. 10 - FT-IR spectrum in micro-ATR mode of the small fragment of a light rose shade stamp (black line) compared
to the reference spectra of the red cochineal (blue ling), of the paper (pink line) and of the zinc white (green line).
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Colorimetric analyses performed on the 40 cents stamps (sample from C to Q)
allowed to evaluate the homogeneity of the colour within the same sample.
Considering the L*, a* and b* coordinates separately, the uncertainty values
calculated on the average of the three measurements (table 2) go from 0.13 (among
the a* values of sample Q) up to 2.23 (among the b* values of sample H), thus
indicating a non-perfect uniformity. Differently from what we could think, we
observed that the mint (unused) samples are not always more homogeneous.
Considering instead the colorimetric homogeneity within the same shade (see table
2, yellow rows), by measuring the uncertainty on the average of all the
measurements, we saw that the uncertainty values go from 1.25 (among the a*
values of the bright rose shade) to 3.63 (among the b* values of the rose shade),
indicating another time a certain variability. Samples of the same shade show indeed
a perceptible colour difference between each other (table 3), reaching a maximum
AEQO value of 5.8 among the rose samples (F, G, H), the highest one obtained
between the unused stamp and the used ones. Among the bright rose samples (I, L,
M, N, O, P) it goes up to 3.8.

These results made the attempt of attributing the unknown sample to its proper shade
very difficult.

Actually, the differences are well understandable considering the many causes that
can affect the colour of a stamp during time, in different and obviously not
controlled environmental conditions, but also in their process of printing and
production, about which we unluckily have very few information.

For these reasons, we carried out both compositional analyses and colorimetric
measurements on the unknown sample and on the attributed ones, in order to obtain
useful comparisons.

First, the XRF analyses (table 1) confirmed the absence of zinc white in the
unknown sample, allowing to exclude its belonging to the light rose shade.

Secondly, FORS analyses showed the unknown sample’s spectral behavior very
similar to the bright rose shade’s one (fig. 11).

Finally, colorimetric analyses carried out on the unknown sample (table 4) showed a
good correspondence in both L* and a* coordinates with respect to the bright rose
shade values. As we are considering pink samples, it may be that L* (lightness) and
a* (red component) have to be considered more effective for the attribution, whereas
the b* variability could be mainly linked to the common yellowing of the paper. The
graph in figure 12 shows the uncertainty average values calculated from the three
measurements on the unknown sample, compared to average and the uncertainty
values of the rose and bright rose shade (the light rose excluded from the XRF
outcomes).

Moreover, if compared to each one of the selected samples (table 3), the unknown
sample shows the lowest AEOO value (1.42) with respect to the sample L, belonging
to the bright rose shade.
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Tab. 2 — CIELAB 1976 coordinates of the 40 cents samples (three measurements on each one) and average values.

CIELAB 1976 CHROMATIC COORDINATES

SAMPLE NAME AND NUMBER L*(Des) 2*(Des) b (Des)
Sample C, unused Meas1 7447 7,06 12,23

= Meas2 74,9 4,47 12,03
5 Meas3 74,85 4,95 11,9
S Average | 74,74%0,24 | 549%+1,38 | 12,05%0,17
E_ Sample D, used Meas1 78,75 5,39 10,79
8 Meas2 76,24 4 9,22
g Meas3 76,08 4,02 9,59
S Average | 77,0215 447+0,8 9,87 £ 0,82
= Sample E, used, on fragment (Luserna) Meas1 77,05 71 14,68
Meas2 78,37 6,66 14,37

Meas3 76,87 6,71 14,65

Average | 7743+0,82 | 6,82+0,24 | 14,57 £0,17

AVERAGE AND UNCERTAINTY VALUES OF THE SHADE | 764 * 1,52 56% 1,3 | 12,16 * 2,08
Sample F, unused Meas1 74,14 8,02 10,63
Meas2 72,66 10,27 11,3

Meas3 72,69 9,45 10,87

8 Average | 73,16%0,85| 925%*114| 10,93+0,34
5 | Sample G, used, on fragment (Andora) Meas1 75,55 8,08 18,76
£ Meas2 74,04 8,73 18,71
H Meas3 76,23 811 18,18
2 Average | 7527 *112| 8,31+037| 1855%0,32
€ | Sample H, used, on envelope (Bibiana) Meas1 72,26 7,04 19,04
Meas2 72,59 7,23 16,5

Meas3 73,02 6,02 14,59

Average | 72,620,338 | 6,76+0,65| 16,71%2,23

AVERAGE AND UNCERTAINTY VALUES OF THE SHADE | 73,69 £1,41| 811 1,28 | 154 *3,63
Sample |, used Meas1 74,78 8,94 10,03
Meas2 74,2 8,29 9,94

Meas3 74,68 7,36 10,34

Average | 7455+0,31| 820+0,79| 10,10*0,21

Sample L, used, on fragment (san Damiano) Meas1 75,74 9,43 13,05
Meas2 77,05 8,43 13,89

Meas3 75,94 9,22 13,13

Average | 7624+0,71 | 9,03+0,53 | 13,36 +0,46

3 | Sample M, used, on fragment (Livorno Ferraris) | Meas? 74,33 11,35 11,58
5 Meas2 75,27 10,03 14,1
s Meas3 75,14 11,11 11,82
g Average | 7491051 | 1083%0,7| 12,50%1,39
& | Sample N, used, on fragment (with green) Meas1 74,96 10,32 9,62
g Meas2 74,8 10,43 9,83
S Meas3 75,21 9,22 9,82
S Average | 7499021 | 9,99 0,67 9,76 £ 0,12
Sample O, used, on envelope (with 2" em) Meas1 70,83 10,26 12,15
Meas2 72,11 9,07 11,56

Meas3 71,07 10,52 11,94

Average | 71,54 1,02 | 9,950,77 11,88 0,3

Sample P, used, on envelope (with 4t em) Meas1 73,93 11,74 13,65
Meas2 7491 10,8 13,2

Meas3 74,35 11,88 13,28

Average | 7440049 | 11,47£0,59 | 13,38%0,24

AVERAGE AND UNCERTAINTY VALUE OF THE SHADE | 74,44 1,55 | 9,91 +1,25 | 11,83 £1,57
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Tab. 3 — Colour differences CIEDE2000 between any couple of samples (from average values of table 2).

SAMPLE NAME AND | COLOUR DIFFERENCE SAMPLE NAME AND COLOUR DIFFERENCE
NUMBER CIEDE2000 NUMBER CIEDE2000
Light rose (number 6) Compared to the unknown sample
C-D 2,34 Q-C (light rose) 4,62
C-E 2,67 | | Q-D (light rose) 6,05
D-E 35 Q-E (light rose) 3,7
Rose (number 6a) Q-F (rose) 3,08
F-G 5,83 Q-G (rose) 3,52
F-H OIos) Q-H (rose) 4,54
G-H 2,5 Q-| (bright rose) 3,32
Bright rose (number 6b) Q-L (bright rose) 1,42
I-L 2,52 Q-M (bright rose) 2,08
I-M 2,52 | | Q-N (bright rose) 37
I-N 1,91 Q-O (bright rose) 3,49
I-0 2,85 Q-P (bright rose) 2,03
I-P 3,13
l-Q 3,32
L-M 2,28
L-N 3,26
L-0 3,85
L-P 2,68
M-N 1,87
M-O 2,63
M-P 0,76
N-O 3,02
N-P 2,5
0-P 2,55
100~
90-
S "“*v\j'; wu‘mm-wm’m:‘
80

-

Reflectance [%]

560 5§O 560 55‘0 76ﬂ 75;0 l60 lS‘O !60 55‘0 1obo
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Fig. 11 - FORS spectrum of the unknown sample (green line) compared to the spectra of sample M bright rose

shade (red line), samples C light rose shade (black line) and sample F rose shade (blue line).

Tab. 4 — CIELAB 1976 coordinates of the unknown sample.

CIELAB 1976 CHROMATIC COORDINATES

SAMPLE NAME AND NUMBER L*(Des) 2"(Dsg) b*(Des)
5 Sample Q, used, on letter (Paris) | meas1 74,95 10,15 14,36

8 Meas2 75,23 10,37 16,36

= Meas3 75,67 10,13 14,25
s Average 7528 +0,36 | 10,22+0,13 | 14,99+1,19

195



rose mbrightrose  ® unknown mrose Wbrightrose m unknown fos¢ mbrightrose = unknown

68 5

L a b

Fig. 12 — Average values and uncertainty of the unknown sample compared to the rose and the bright rose shades.

4. Conclusions

Scientific analyses allowed to confirm the presence of at least two different stamp
productions belonging to the second issue of the Kingdom of Sardinia (1853).

We noticed that the use of chemical analyses is essential to support the colorimetric
measurement in the stamps’ shade discrimination, since the comprehension of
materials goes beyond the visual appearance that could be affected by the ageing and
the historical pasts of the samples. Uniqueness of the stamps required the exclusive
use of noninvasive techniques thus reducing the achievable information useful for an
in-depth and more effective production materials characterization.

Nevertheless, the combination of FORS, XRF, FT-IR and colorimetric analyses,
couple to the optical microscopy observations, was a first attempt for the shade
classification of this particular kind of stamps, that are not printed on white paper,
but embossed on tinted wove paper, based on scientific, objective data.

References

[1] Commonwealth & British Empire Stamps 1840-1970, 118th edition 2016, STANLEY GIBBONS
LTD, London and Ringwood, 2015.

[2] Classiques du monde 1840-1940, YVERT & TELLIER, Amiens, 2005.

[3] Catalogo dei francobolli degli Antichi Stati Italiani, del Regno di Vittorio Emanuele II e del Regno
d'Italia fino al 1900, 1° volume: I Francobolli, 75° edizione 2016, SASSONE S.R.L., Milano, 2015.

[4] David L. Herendeen et al., “Institute for Analytical Philately”, Inc., 2010.

[5] C. Oleari, “Misurare il colore”, Hoepli, 2008.

[6] R. Johnston-Feller, “Color science in the examination of Museum Objects”, the Getty conservation
institute, 2001.

[7]1 L. Coleby, “A history of Prussian Blue”, Annals of Science, N. 2 pp. 206-211, 1939.

[8] Kirby, “Fading and colour change of Prussian blue: Occurrences and early reports”, National Gallery
Technical Bulletin Vol. 14, N.1, pp. 62-71, 1993.

[9] A. Kraft, “On the discovery and history of Prussian Blue”, Bull. Hist. Chem, Vol. 33, N. 2, pp. 61-
67,2008.

[10] M. Ware, “Prussian blue: Artists’ pigment and Chemists’ Sponge”, J. of Chemical Education, Vol.
85, N. 5, pp. 612-621, 2008.

[11] Melvin B. Robin, “The color and electronic configurations of Prussian blue”, Inorg. Chem., Vol. 1,
n° 2, pp 337-342, 1962.

[12] M. Bacci, “Optical spectroscopy and colorimetry” in “Physics methods in Archeometry”,
Proceedings of the International School of Physics “Enrico Fermi”, IOS Press, 2004.

[13] E. C Tucker et al., “The manufacture of pulp and paper, a textbook of modern pulp and paper Mill
Practice”, First Edition, McGraw-Hill bookcompany, inc. New York and London, chapter 5 p.2 and
pp- 9-11, 1924.

196



6. COLOUR AND BUILT ENVIRONMENT

197



198



Colour, Shape and Pattern on New Shading Facades
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1. Introduction

One of the recent outlines of the architectural design is the wide use of shading
elements as tools to create shapes and patterns on a facade. In some cases the
shading elements create the entire facade with a sort of 2D configuration (i.e.
pixelated facades), but in other cases is the whole envelope of the building that is
designed by the shading elements as in a 3D configuration. In most of these cases
the shading elements are static (in the sense that they do not move), but they are
shaped and repeated as to create specific patterns on the fagade. The pattern design
is always conceived to create a dynamic effect while the facade is obviously static,
in any case not composed by moving elements.

The combination of three factors seems to be the key to understand the philosophy
behind the design of these facades: shape, pattern and colour. The shape of the
elements defines the character and the lines of the building envelope. The repetition
of them, the pattern gives rhythm to the fagade [1]. Colour seems to be the element
that allows the friction between the different components of the fagade, vibrating it.
The three different factors can obviously produce different effects. In the 2D
configuration the fagcade is often composed by a perforated skin (as an overlapped
layer), which surrounds it. It is the rhythm and the size of the perforations that
creates its appearance. Shadows and light are very important. But this is not certain a
rule. There are a lot of examples of these facades and, in this case, the colour is
mostly monochrome: for example Bent Fagade in Amsterdam by Chris Kabel &
Abbink de Haas (2012) with its perforated whitish aluminium skin or The Orange
Cube in Lyon designed by Jakob + MacFarlane Architects (2010), completely
orange as its name. In the 3D configuration the colour of the fagcade can be slightly
neutral (as the silver-grey colour of certain metals) or a combination of hyper
saturated ones or even a tasteful chromatic contrast to create an effect of vibration.
The last one can be seen in the green-yellow cladding of the Public Toilet Unit, in
Uster (CH) designed by Gramazio Kohler Architects (2011). Otherwise, a light steel
cladding that creates sinuous shapes imitating the desert sand is represented by the
envelope of the Zahner Factory Expansion in Kansas City designed by Crawford
Architects (2011).

The aim of this paper is to propose a synthesis of the effects that can be obtained on
shading facades by means of the combination of three elements: colour, shape and
pattern, both in the 2D mode and in the 3D mode. Demonstration of what will be
discussed in the paper will occur through the analysis of some significant case
studies.

2. 2D Shading Fagades

Here, the term 2D Shading Fagade means those architectural envelopes that are
characterized by a shading skin consisting of flat elements overlapped to the facade
itself. These elements can be traditional louvers, bi-dimensional shading panels,
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perforated flat skins. These facades are mainly characterized by a monochrome
colour. A popular alternative solution is the pixelated fagade (always bi-
dimensional). We found examples of pixelated 2D shading fagades, for example, in
the work of Sauerbruch-Hutton architects: GWS Tower in Berlin, Police and Fire
Station in Berlin and so on. In these solutions the pattern is composed by regular
shaped elements (square, rectangle etc.). They can be coloured all with the same
colour (i.e. natural aluminium) or they can be treated as pixels of different colours
(different 2D colour combinations).

Perforated flat skins fagades seem to be very common today. The pattern of the
fagade is constituted by holes and/or cuts of different shape and dimensions. In this
way colour seems to be less important than the game of shadows created by the
holes. The shape of the cuts and their rhythm can create various patterns and
drawings on the skin of the fagade producing tension or fluidity.

Fig. 1 - Bent Fagade by Chris Kabel, Amsterdam. Photo © Hans Peter Féllmi for IC4U
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An example of perforated flat skins fagade is Bent Fagade in Amsterdam (2012).
The fagade was designed by Chris Kabel, professor at the Academy of Design in
Eindhoven and the Cantonal School of Art in Lausanne, for a residential building
designed by the architectural firm Abbink X de Haas in the centre of Amsterdam.
The external cladding is composed of aluminium plates perforated by using a special
punch which fold the cut plate upwards or downwards (Fig. 1). The small bent
hexagonal surface may reflect light or create a shadow. This “pointillist” technique
allows to create drawings on the metal plates avoiding the high costs of the laser
cutting technologies. The plates are then powder coated to maintain a white colour
that recalls the traditional painting of the courtyard houses along the canals in
Amsterdam. The final result is an architectural envelope which looks like a light veil
that covers the entire building, and which acts as a sun shading system for the
translucent parts [2].

Another example of perforated flat skins fagade is the Orange Cube in Lyon, France,
by Jakob + Macfarlane Architects (2010). The building was conceived as a cube in
which is carved a giant hole, created to respond to the need of an aerodynamic
design. The hole creates a void, piercing the building horizontally from the river side
inwards and upwards through the roof terrace. The building was designed on a
rectangular base (29 x 33m) made of concrete pillars and stands on 5 levels. A light
fagade with seemingly random openings is complemented by a perforated metal
over-cladding. The second skin appearance is obtained by a pixilation process
of the dynamics that accompany the movement of the river (Fig. 2).

G =

———

Fig. 2 — The Orange Cube by Jakob + MacFarlane, Lyon. lghoto © Nicolas Borel
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The orange colour refers to industrial paints often used in the areas of the harbour. In
order to create the void, Jakob + MacFarlane worked with a series of volumetric
disturbances related to the subtraction of three conical volumes disposed on three
levels: the ground floor corner, the corner of the facade and the roof. These
perturbations generate spaces and relations between the building, its users, the site
and the natural light. The cladding design is not accidental but dictated by precise
geometric rules. The orange skin, with holes of different sizes, makes it look like a
building surrounded by a large spider web [3]. In 2015, near the Orange Cube along
the banks of the Sadne river in Lyon, the Green Cube building was completed.
Designed by the same architects, the building’s envelope is composed of a light,
primarily glazed facade, doubled with an irregularly perforated aluminium cladding.
The pattern of the perforated elevation was created by French artist Fabrice Hyber
with a cinematic approach that references the movement and flow of the river Sadne.
The bold choice of green is seen as a reference to the colour of the river and it is
typical of Hyber’s work.

3. 3D Shading Fagades

Here, the term 3D Shading Facade means those architectural envelopes that are
characterized by a shading skin consisting of three-dimensional elements. Not a flat
fagade but a combination of protruded components, combined in regular or
(apparently) irregular patterns. In general there seems to be two types of 3D Shading
Fagades pattern schemes: with regular geometric shapes (and different levels of
complexity) or with fluid shapes (i.e. liquid architecture).

An example of 3D Shading Facade with a regular geometric pattern is the envelope
of the public toilet designed by Gramazio Kohler Architects. The toilet has been
developed for the city of Uster (Switzerland) in 2011. It is a prototype for a new
typology of urban infrastructure which had to be installed, in different variations, at
several places on the city territory. The parametric design of its fagade, consisting of
folded, vertically arranged coloured aluminium strips, can adapt to changing
building sizes and shapes due to its modularity. The colour scheme is conceived to
adapt to different surrounding contexts. The depth of the folded structure and the
varying reflection angle of the light on its structure, in combination with the slightly
different colours of the single strips (shades of green), generate a shimmering effect
that changes depending on the sun as well as the observers’ position [4].

The fagade is composed by 295 folded aluminium strips. Each strip is laser-cut and
hand-folded. The strips are clipped and bolted onto 18 laser-cut aluminium sheets
that are mounted to the facade of the prefab module called “City”. Similar to a
prism, the variations of green are transformed by sunlight as well as the angle of
view. The envelope of the building, although formed by static elements, thanks to
the shape and colour of the components, seems to have the ability to change its
colour depending on the point of observation.

Another example of 3D Shading Fagade with a regular geometric pattern, but
created with a very complex scheme is the Fagade of Eskenazi Hospital parking
structure at Indianapolis in Indiana (USA), completed in 2014. The facade design
was entrusted to Urbana, an office directed by Rob Ley that deals with experimental
design (art, design, architecture) using materials formal and innovative approaches
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with the aim of creating environments that respond to human experience [5]. A
project line similar to the one theorized by the famous Dutch architect Kas
Oosterhuis according to which “contemporary architecture should focus on the
ability to react, adapt, quickly change according to the environment or the profiles”
[6]. The peculiarity of Eskenazi Hospital parking structure fagade lies in having a
dynamic appearance despite being made up of static elements. Instead of an active
kinetic approach (kinetic facade) [7], to minimize the possible problems related to
the maintenance and longevity the designers have decided to take advantage of a
static system. The goal of the project was to transform the typical appearance of the
multi-storey car park - generally not appreciated by the community - through the use
of Binary Terrain, a technology that was developed for DEM: a digital elevation
model that allows the representation of the distribution of the altitudes of a territory,
or another surface, in digital format. The digital elevation model is typically
produced in raster format by associating each pixel to an absolute altitude. This
technology was helpful to the design of the fagade. The result is an uneven surface
constituted by 6,500 inclined metal plates designed according to a colour strategy
that is articulated on an east-west axis, creating a perceptually dynamic facade
system that provides the observers with an original visual experience depending on
their point of view and the pace at which they move through the site. In this way,
pedestrians and slow vehicles in the immediate vicinity of the hospital, moving
through the front gardens, experience a varied change of brindle colour (from blue to
yellow and vice versa), while motorists traveling on W. Michigan Street experience
a change of faster and different chromatic gradient according to the direction of
travel.

From the chromatic point of view, the colour scheme is relatively simple since the
west side has a deep blue colour, while the east side has a golden yellow colour. The
different angle of the panels is already sufficient to create the illusion of other
shades (Fig. 3).

’%4- r

Flg 3 Parklng Structure Art Fagade by Urbana Studio, Indlanapolls Photo © Serge Hoeltschl
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To achieve the desired effect the designers had to work on the repeatability of the
pattern or through combinations of the same which allowed creating the right
alternation, necessary to the perception from various angles (Fig. 4).

From the perceptual point of view, the main fagade when viewed from only one side
appears completely yellow or completely blue. As the viewer moves from the
yellow side to the blue side he has the perception of a domino effect: first the metal
plates appear blue, then yellow and then they seem to disappear against the dark
background of the building. The perception varies according to the height of the
observer, the scrolling speed, but also in relation to the distance. From a frontal view
it has a fluid but static appearance: a yellow flow over a dark blue background.
When viewed from one side it appears completely yellow or completely blue. When
viewed from a certain distance the bi-colour scheme changes its shape. If viewed
from another distance it seems not to change etc.

An example of 3D Shading Fagade with a fluid shapes pattern is the envelope of the
Zahner Factory Expansion designed by Crawford Architects (2011). The building is
located in Kansas City, Missouri, USA. The location for the expansion is connected
to the northern facade of a 30-years-old weathering steel clad Zahner’s facility and
lies on a concrete paved yard surrounded by a “trivial” fence. The goal of the design
was to convert the area into a large column-free assembly space, with ample clear
height to move material around on 2 large cranes, and make a seamless connection
to the existing factory floor. Beyond the mere utility, the facility needed a very
bright and luminous space. Zahner is the factory that created many of Frank Gehry’s
Zaha Hadid’s special metal shapes. Following this know-how through an intensive
design research, the form for the facade was derived from metal oxidation patterns
inspired by those found on Zahner’s campus. The final graphite concept sketch drew
inspiration from multiple patterns to create a form that was specific to the
proportions and context of the expansion. Once the sketch was complete, a computer
based algorithm converted the sketch’s tonal values into a 3-dimensional digital
surface model of the fagade. The resulting form grows out of the rigid, solid
geometry of the existing building’s east facade with a single sweeping motion, and
increases in complexity as it moves around the corner to the west [8].

AN

N\

Panel Assemblies

Fig. 4 - Parking Structure Art Fagade by Urbana Studio: fagade design process. Drawing © Rob Ley (Urbana Studio)
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Articulation of the abstractly based model was closely developed with Zahner’s
engineers and utilizes a variation of the ZEPP (Zahner Engineered Proprietary
Panel) system. The system’s key components are vertically oriented fins made from
a half-circle shaped aluminium extrusion riveted to a water jet cut Smm aluminium
plate. These fins are commonly used as a structural backup system behind many of
Zahner’s organic fagades with a skin applied to their surfaces. In this case the skin is
left absent both exposing and expressing the structural skeleton beneath. Placement
of the fins is every 60cm on centre with a dry-set glass panel system in-between
producing a structural curtain wall set on a cast-in-place concrete base [8]. The
result is a dynamic, rippling surface that recalls the sinuous lines of the sand. The
colour of the vertical sinuous fins is the silver-grey of aluminium. The rounded
corners and soft surface make the building appear as a light and evanescent object,
although it is built with strong materials like concrete and aluminium. The spaced
vertical fins constitute a pattern that gives lightness to the entire structure and
provide a decisive contribution to the envelope design.

4. Conclusions

Nowadays in the field of construction “there is no limit in expressing yourself in the
way that best suits to you. This leads to a dichotomous condition in which the good
designer is able to make true works of art and place them appropriately in the
territory, while the designer without quality is allowed to produce vernacular
buildings” [9]. All these examples of buildings undoubtedly move from a conception
of architecture as an artistic expression, contrary to the assertions by some academy
still pursuing the idea that “architecture is not an art, because whatever you need a
purpose should be excluded from the sphere of art” [10]. From this point of view it
is evident that all the facades analysed provide a deep research and development in
the use of pattern, shapes and colours by the designers who very often, as we have
seen, are working side by side with artists. Dealing with static or dynamic fagades
the choice seems to be made between 2D or 3D fagades, simplifying between flat or
volumetric surfaces. In all the cases the pattern design cannot be separated from the
choice of colours. The keyword that seems to link all the buildings that we have
analysed is “fluidity”.
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1. Introduction

Travel guides and posters often advertise the Mediterranean showing picturesque
white villages, with touches of colours restricted to window casing, shutters or fence
panels. Against a background of pine tree forests, dense shrubs, clear sky and deep
blue sea, even brand new buildings - as long as they are white - may easily fit into
the picture. [1] [2]

Fig. 1 — The conventional Mediterranean white-blue colour code, at Expo 2015 (Bio-Mediterranean cluster); in a
travel poster; in the "Sapore Mediterraneo” (Taste of Mediterranean) furniture catalogue.

In such Dionysian settings, light and shadows on white archaeological remains
somehow epitomise Apollonian reason. To many architects, the dazzling light of the
South is a constant reminder of Le Corbusier's definition of architecture: /e jeu,
savant, correct et magnifique des volumes sous la lumiére (the masterly, correct and
magnificent interplay of masses brought together in light). As architects we can start
investigate the much-debated myth of mediterraneita (Mediterraneity) by consulting
travel literature, where ancient classic architecture is often extolled as a set of
unequalled principles, albeit deprived of colours.

Benedetto Gravagnuolo has outlined a genealogy of Mediterranean architecture
tracing the origins of Greek revival in the early eighteenth century [3]. Endless
travel accounts, notes, sketchbooks, and projects, turned classical antiquity into as
common term of reference for intellectuals, artists and architects. Many cahiers de
voyage however, with few exceptions [4] [5], removed colours from the subject
portrayed, laying emphasis instead on the metaphysics of pure volumes, rendered
even more iconic by flat roofs. The absence of colour in the anthropic landscape of
the Mediterranean was so powerful as to blur the binary opposition between
classical and vernacular. White compared the Pentelic marble of the Parthenon, the

*
( )Note: This paper is the initial result of collaboration between the authors on the subject matter. M.P Iarossi treated the
Italian case, covering issues related to representation and the carnet de voyage. larossi’s study of Santa Cesarea Terme -
and its “changing colours” - required extensive fieldwork, made possible by Dr. F. Pisano and other members from the
local Technical Department, to whom both authors express their warmest thanks. C. Pallini mainly dealt with topics
concerning architecture and architectural debate, mainly covering Greek case studies, based on previous research on the
relationship between architectural design, settlement dynamics and urban change.
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lime-washed medinas of Maghreb, the fine villages of Southern Spain, Ibiza, Greece
and Italy, the limestone quarries of Sicily, as well as the small Anacapri houses
portrayed by K.F. Schinkel [6].

Fig. 2 — Mediterranean landscapes in the Cahiers de voyage: a) J. De Villanueva, sketches of places and
monuments in Rome (1762); b) K.F.Schinkel, Anacapri houses (1803-1805); H. Labrouste, Santa Rosalia on Monte
Pellegrino, Palermo (1824-30).

Being unrelated to any specific building material, white lends itself to visualise the
concept of “timeless architecture”. If ever, colours animate the interiors, which
residents may customise in contrast with the monochrome outdoor space. In the
absence of colour, architecture seems free from the constraints of building materials
and techniques, as if we perceived readily measurable solid forms. Besides,
whitewashed villages appear just like architects’ models, often following the
convention of mat white, as a means of emphasising volumes without distraction of
colour, texture or material. The International Style imagery fuelled this “tyranny” of
white even further, as shown in 1930s Tel Aviv, labelled as the White City for its
many Bauhaus buildings by German-Jewish architects [7]. It may be added that
many architects claiming a modern lineage — i.e. the New York Five - adopted white
as a distinguishing feature for their buildings.

2. Restoring colours to the realm of classicism

In the late eighteenth century, many European artists and architects became
acquainted with the canons set by the German archaeologist J.J. Winckelmann
(1717-1768), thus the idea of white classical antiquity became established
knowledge. Yet Winckelmann never set foot in Greece. He drew his code of ideal
beauty from copies of ancient Greek sculptures by Polyclitus, Phidias and Praxiteles,
which he found in Rome while working as Prefect of Antiquities. This code of ideal
beauty also influenced the allegedly archetypal idea of Mediterranean art, as
encompassing local differences, despite the evidence that any traveller could easily
gather locally [8]. Following Winckelmann’s and Goethe’s footsteps, many German
architects travelled to the South [9], some joining Swedish, Danish, English and
Spanish colleagues, as well as groups of French Pensionnaires based at Villa Medici
in Rome [8]. This was a well-travelled generation of intellectuals, who gained a
direct understanding of classical antiquity and used drawing as a tool to capture the
essence of mythical remote places. Their sketches occasionally circulated as fair
copies, often with etching in black and white. While colourless images of the ancient
world were becoming popular, scholars from other disciplines (mainly historians
and philologist) were also turning their attention to the Mediterranean.
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Among them was A.C. Quatremére de Quincy (1775-1849) [10], who distanced
himself from Winckelmann’s ideas arguing that polychromy could be obtained by
toreutics (artistic metalworking), using metal foils hammered of engraved to form
minute detailed reliefs or small engraved patterns (an example is the riza silver foil
still used for Greek-orthodox icons).

As carly as 1830, the German-born French architect J.I. Hittorff (1792-1867)
detected traces of polychrome stucco on the Greek temples of Selinunte, guessing
the real colours of ancient Greek architecture [11]. Together with British architects
C.R. Cockerell (1788-1863) and T.L. Donaldson (1795-1885), Hittorff was part of a
committee to determine whether the Elgin Marbles and other Greek statuary among
the holdings of the British Museum were originally coloured (1836). Based on this
experience, Hittdorf developed his theory on the genealogy of western architecture
[12], shifting the meaning of classical antiquity from ideal perfection to the actual
origin of the art of construction. According to Hittdorf, the guttae - stylized drops
below the triglyphs in the Doric order — were a marble equivalent of earlier pins
used to fasten wooden beams, proving that marble temples derived from earlier
wooden structures, and that colour used to protect wooden elements.

Fig. 3 - Colour in classical antiquity: a) J. |. Hittorff, polychrome details of the temple of Selinunte B (1827-30); b F.
Duban, a fresco from Pompeii (1824); K.L.W. von Zanth, a fresco from Pompeii, from a house located between
temple of Hercules and the Forum (1832).
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When reaching archaeological site became relatively easier, more scholars
contributed to restore colours to the realm of classic art and architecture [8]. In
1824, the French architect and illustrator F. Duban (1797-1870), who travelled
extensively in Italy, produced the first copies of the colourful Pompeian paintings.
The German archaeologist W.J.K. Zanth studied Roman wall painting, while G.
Semper rediscovered architectura picta, the painting simulation of architecture so
popular in Genoa. Despite the increasing number of colourful drawings produced by
archaeologists and architects, colour as a fundamental part of Mediterranean
townscapes did not reach the collective imagery.

3. Commonplaces about Mediterranean white and modern architecture
Independence of Greece in 1830, after four centuries of Ottoman rule, brought
colours back to Athens. In an effort to connect an uncertain future with the glorious
classical past, Athens was equipped with many Neo-classical public buildings,
mostly designed by German architects and painted in bright colours. The
Neoclassical trilogy of Athens - the Academy, the Library and the University — was
a kind of manifesto for similar buildings all over Greece: theatres and churches,
schools and town halls, banks and train stations, as well as many private houses.
Their basements, columns and corniches were always white whereas the remaining
part of the fagade was usually light ochre yellow, recessed walls were dark read,
with many light blue surfaces in the interiors.

Fig. 4 — The revival of polychromy in Athens. Above: Athens University historic building, C. Hansen (1839-1841);
below (left) the Zappeion, T. Hansen (1874-1888) and (right) the Old Parliament House, F.L.F. Boulanger (1858-
1875).

In Thessaloniki and Northern Greece (still under Ottoman rule until 1912) the
German trained architect Xenophon Paionidis built many Greek schools and
community buildings, experimenting extensively with the combination of classical
elements and exposed building materials, such as bricks or local stones.
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Fig. 5 — The use of colours and different building materials by X. Paionidis: School at Polygyros, Chalkidiki (1909),
Papafion Orphanage at Thessaloniki (1894-1904).

While all these experiences merged almost seamlessly into Eclecticism, a somehow
stereotyped idea of Mediterranean architecture re-emerged later as a source of
inspiration for modernist and contemporary architects [13]. In this process, the
charismatic figure of Le Corbusier played a fundamental part [14] [15]. However,
according to J.-L. Bonillo, Le Corbusier’s key references were at least two: the
white Parthenon and colourful ever-changing Istanbul [16]. Adolf Max Vogt also
argued that the Voyage d’Orient, and Ottoman architecture, left a permanent mark
on the master [17] who, according to Yorgos Simeoforidis, was deeply fascinated by
Byzantine architecture in the enchanting landscape of Mount Athos and the Greek
islands [18]. Questioning Mediterranean white, we should go back to the summer of
1933, when CIAM members started from Marseille their sea voyage across the
Mediterranean. In Athens, Le Corbusier pronounced the famous phrase “the
Acropolis made me a rebel” [19]. Later on, CIAM members sailed to the Cyclades
where, almost unexpectedly, they found traditional houses which embodied just the
same architectural ideas they had been working out for a decade or so [20]. Cycladic
villages expressed timeless principles: the iconic combination of pure volumes, flat
roofs and white walls without decoration. Before the diffusion of white paint,
fabricated and mass-produced only after 1905-15, these walls were painted white
using asbestos. Thus, the absence of colour somehow equated the Pentelic marble of
the Parthenon with the simple lime-washed forms of everyday homes. Back in
Athens, CIAM members also visited the new schools by young Greek architects:
dissymmetrical compositions, functional layouts, geometry of pure volumes in
perfect harmony with the Attic landscape. On 4 August 1933, the Greek newspaper
Neos Kosmos published an article entitled “Foreigners’ admiration for our new
school buildings, the sign of an advanced civilization”. The French Pierre Chareau
declared that Greek architects had introduced terraces and balconies to adapt their
building to the local climate, rather than copying western projects.

Despite limited technical and financial means, the scale of intervention and speed of
execution marked an undeniable success for the new Greek schools, which achieved
considerable press coverage attracting much contemporary and later scholarly work
[21] [22]. The reason why the Greek government undertook such a major effort at
the end of the Greco-Turkish war, can be partly explained considering the
compulsory exchange of population between Greece and Turkey ratified by the
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Treaty of Lausanne (1923). Over a million refugees arrived in Greece, nearly % of
the country total population. In an effort to re-establish socio-economic and cultural
life, many cities were radically reshaped, and school buildings — where learning
Greek was to forge new cultural identities — became a dominating theme:
experimenting with the combination of indoor and outdoor facilities, of functional
and collective spaces, often creating a sort of microcosm.

N. Mitsakis (1932); Thessaloniki, Agia Sophia School Complex, N. Mitsakis (1928-1932); Thessaloniki, Experimental
School, D. Pikionis (1933-37)

As early as 1938, Greek architect Patroklos Karantinos published a book showing
some of the 3000 primary and secondary schools built all over Greece [23].
Karantinos carefully selected the closest possible examples to the modernist
aesthetic, printed in black and white, these buildings perfectly matched the “white
walls” canon. Yet, almost none of them was completely white, including as they did
light yellow, dark red and light blue, the three colours of the Greek Neoclassic
tradition. Besides, not every school anticipated the new architecture. Young Greek
architects were actually seeking an original balance between local features and the
forms theorized by the Modern Movement. Some beautiful schools did feature
simplified eclectic forms bearing a tangible reference to the various architectural
traditions across Greece. In Thessaloniki for example, in the Mevlhané and Aghia
Sofia school complexes (1931), Nikos Mitsakis reinterpreted Byzantine stylistic
elements by reducing them to pure coloured volumes. A few blocks away Dimitris
Pikionis built the experimental school (1935-36) reinterpreting the architecture of
Macedonian houses, with pitched roofs, wooden elements, and colours.

Fig. 7 — Thessaloniki, Views of the Civic Axis designed by E. Hebrad as part of the reconstruction plan in 1918 and
completed in the 1950s

In Thessaloniki, the use of colour was part of a wider process of city reconstruction,
undertaken after the fire of August 1917 according to the plan by the French
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architect Ernest Hebrard. Rebuilding Thessaloniki meant grafting a new city centre
onto areas loaded with memories of the past. To do this, Hebrard conceived his
Civic Axis, a series of open spaces, each with its own function, rising from the
seafront to the upper town, characterized by colourful arcades and neo-Byzantine
facades to remark the city’s newly-acquired Hellenic identity [24].

4. Not all towns in Puglia are white

Italy-bound travellers are likely to find increasingly frequent advertisement of the
dazzling whitewashed towns of Puglia: “like the Greek islands and southern Spain

. ancient towns with Roman, Greek or Saracen roots and WLAN access. Though
ancient the white towns in Puglia are still very much alive” [25]. Among these, is
the spa town of Santa Cesarea Terme on the east coast of lower Salento, famous
since the second century AD for the therapeutic properties of its sulphurous springs,
which formed a series of grottos at the feet of a rocky terrace of the city [26].

Stralcio agaiornato ol 1935

gRIATICO col programma decennale:

A

Fig. 8 — Santa Cesarea Terme in a map of 1935; b) panoramic view of the historic centre: to the left, Villa Sticchi; c)
view of the level of Piazzale degli Alberghi; d) view of Via Roma; e) view of the church on Via Roma.

In such a scenic setting, Santa Cesarea is particularly impressing from the sea: a
unitary “urban scenography” whose off-white colour mitigates the different
architectural styles, attuned with the Eclecticism then prevailing. Almost all facades
are painted in a very narrow tones of colours, ranging from white lime-wash to
shades of ivory and pale yellow. Only few monumental buildings break this rule:
watch towers in natural stone, a church in dark yellow tuff, the bright decorations of
Villa Sticchi. The latter belonged to the family who was once in charge of exploiting
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the local springs, which perhaps explains its Moorish style, featuring a red basement
and a fine combination of goldish-beige and light blue.

Fig. 9 — The traditional colours of Santa Cesarea Terme: a comparison between Villa Sticchi (left) and Villa La
Meridiana at Santa Maria di Leuca with its bagnarola pavilion by the sea (right).

As if bending the earth into the sky, these colours were widely used in Salento, as at
Santa Maria di Leuca [27], where each villa had its own colour code, used to
identify ancillary buildings, such as the typical “bagnarole” pavilions by the sea.
Wherever time and salt have corroded the superficial layers, bright colours appeared
from below in many buildings of Santa Cesarea: red and yellow (sometimes
combining in random decorative motifs), and many shades of blue. Bright colours
were used for entire wall surfaces and, even more often, for architectural elements,
as cornices and profiles. Despite being very unusual elsewhere in Italy and Europe
(partly because of the price) blue and light blue were very much the fashion in
Salento

Fig. 10 — Santa Cesarea Terme: bright colours resurfacing from whitish superficial layers on exteriour and interiour
facades.
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of coloured

Fig. 11 — Santa Cesarea Terme, via Piave: a white facade originally characterised by a series
architectural elements (basement, cornices, ashlar work).

Fig.12- Santa Cesarea Terme, view of via Umberto | and details of the corroded superficial layers.

Quite paradoxically, the 1994 Master Plan of Santa Cesarea established that tuff
walls be painted white or coated with white plaster; alternatively, external walls
could to be finished with exposed concrete or cement plaster. Yet, there is no
historical record of any such colour restriction: the 1935 building regulation simply
stated that all factory walls and hallways on public spaces be kept in good condition
and plastered avoiding dark colours. The 1988 building regulation did not include
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any colour restriction. In the absence of detailed photographic records showing how
the buildings of Santa Cesarea looked like before being “bleached”, we can only but
survey the entire housing stock of the city centre, mapping the colours found on
each building. We can also date the building stratigraphy by analysing the chemical
components of each layer of colour. A rare colour photograph of the early 1960s
allows us to anticipate some general comments. This general view of Santa Cesarea
from the north, shows Piazzale degli Alberghi as characterised by colourful
buildings, among which the blue-grey Albergo Palazzo is clearly standing out.
Originally a resort for wealthy families, ever since the 1960s Santa Cesarea has
become a spa town for short-term tourists who rent houses on a fortnightly basis (the
average thermal treatment). Lime-washed facades became more and more popular as
a cheap way to maintain the housing stock. Far from being a distinguishing feature
of Santa Cesarea, the off-white townscape is rather bearing reference to the
practicalities required by its recent revival for a less place-based clientele.

5. Concluding remarks

In questioning Mediterranean white, we certainly come across a great number of
paradoxes. While colours were restored to the realm of classicism, the revival of
classicism reached its highest expressions in many European public buildings
conceived to resemble monuments of antiquity, and therefore white (often using
local stones, whether yellow tuff or Roman travertine, as equivalent to Pentelic
marble). In Athens however, the revival of classicism led by German architects
acquired its own dynamics, bringing back colours in full force, as rediscovered in
classical models. After decades of International Eclecticism, the Mediterranean
townscape was caught once more into the cross-fire of stereotypes: “timeless
architecture”, “classical archetypes”, and the rising imagery of the International
Style.

The Greek architect Patroklos Karantinos, who can be rightfully included among the
pioneers of modern architecture, left a series of beautiful reflections on the
Mediterranean light, and on the architecture of museums in Mediterranean countries.
Recalling a trip to Olympia on a clear winter morning, he argued that the pediments
of the temple of Zeus, the Nike of Paionios, the Hermes of Praxiteles were created in
light. When locked inside a building, they lose every vibration of life, as the frozen
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Titans. Thus, the Mediterranean requires an architecture of its own, different from
London or Berlin.

By splitting the Mediterranean into its fragments, we may restore to its extraordinary
cities the many and varied architectural traditions that were able to nurture and
blend. Studying in depth a number of case studies, the much-debated of
mediterraneita (Mediterraneity) turns to be far less “monolithic”.

Luckily, however, as Mediterranean cities and their architecture are becoming
central theme for scholars from many disciplines, new perspectives are coming to
the fore, most of which are difficult to fit into mainstream ideas. This is particularly
true for lesser-known European architects, engineers and builders, who actually
spent their life and made a career in Mediterranean cities, as well as when dealing
with the actual (historically contextualised) construction/reconstruction of the cities
concerned.
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1. Introduction: colour as a fundamental component in the urban
environment

In the specific literature, Gustave Kahn described Paris in the beginning of the 20th
century as to be uniform and monochrome due to the white colour of stone [1]. In
his book "The Image of the City", Kevin Lynch used the yellowish-grey colour
when talking about the city of Florence [2] while Rem Koolhaas in "SMLXL"
mentioned a tint of metallic-matte aubergine, khaki-tobacco, dusty pumpkin in the
description of the emerging generic cities [3]. These examples illustrate the fact that
colour is an essential component of urban landscapes that inform us about the status
and history of a place, through relations of dominance, integration, uniformity or
heterogeneity that can be observed between its built components.

Colour takes part in the space organization: it can clarify and define a space, a form
or a structure [4]. In some cases it contributes to group a set of buildings through a
unifying role by using a similarity of hue between the object; in other cases colour
can fragment an urban fabric with a more polychromatic palette and single out a
building due to a contrast with the background [5].

Moreover, additionally to functional roles, colour can promote heritage values and
collective identity. Besides marking our eyesight out with signals, colour makes
sense in our visual environment, through a semantic function [5]. With the
globalization, which perpetually demands uniformity in place of diversity [6], colour
can preserve the specific identities of regions. “In some European regions, each
village is associated with its unique colour scheme. This is also true for certain
Asian regions”[7].

Colour embodies a semiotic value in the field of heritage and collective identity,
generates a long time scale process for which the colorist Jean-Philippe Lenclos
mentioned a "slow and long-lasting colour stratifications over time and space" [8].
Besides the unique colour scheme which identifies a city, some authors show that
many cities actually appear to be « chromatically polynuclear » and that each epoch,
each type of urban area is characterized by its own colour palette, which can be
more or less homogeneous [9]. This chromatic burst is explained largely by urban
development over the last decades.
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2. The evolution of the city: the loss of spatial coherence in the field of
urban morphology

The traditional European city appears in most cases as finite, compact, structured,
organized, continuous and consistent; its spatial boundaries are further defined and
urban forms are clearly perceptible [10]. The urban space of the historic city appears
as harmonious and homogeneous [11], morphologically consistent, both from the
point of view of shape and colour.

Fig. 1 - Aerial view of the homogeneous, structured and compact traditional city (center of Siena, Italy.
Source: Bing Maps 2016).

The urbanization of the last fifty years has generated an unstructured, diffuse urban
territory with blurred boundaries, composed of fragments which are very different
from the inherited city; this mutation produced a dislocation of permanent structures
set up in the past which supported the coherence of landscapes [5]. The complexity
of these phenomena makes difficult any attempt to measure the morphology of the
resulting urban fragments because of the huge heterogeneity of forms and colours.
Thus, the city today is characterized by two concomitant phenomena, due to a fast
and uncontrolled economic growth: urban sprawl and urban fragmentation [12].
Urban sprawl generates areas including new configurations such as periurban
housing districts and commercial zones. Urban fragmentation is characterized by an
internal division in which new structures infiltrate and superimpose within the
existing fabric, generating complex visual environments where the old urban
patterns coexist with the new ones, both in terms of shape and colour.

These phenomena are increasingly widespread and are not expected to decelerate
and to be reverted in a short time frame. "So chaos, tension are not the minimum
condition of the urban experience anymore, they have become the norm and the
current fragmentation occurs at all levels and at all scales" [13]. This chaotic process
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generates a loss of spatial coherence and disjoints the links between elements of the
urban fabric [14]. In the same idea, the geographer Rémy Allain mentioned some
distended and disjointed relations between the built elements in the city when
characterizing those discontinuous urban fragments [15]. Oppositely, the
consistency in the urban fabric occurs when some "connectivity" is established
between its components [16].

In conclusion, the urban mutations observed in the second part of the 20th century
generated a significant increase in the entropy of contemporary extensions of cities,
which induced a loss of meaning and coherence by dislocating permanent structures
set up in the past that maintained some integrity of urban landscapes [17]. Despite
these profound changes, few studies have focused on the morphological description
of these emerging configurations [18].

Fig. 2 - Aerial view of the the heterogeneous, fragmented and discontinuous urban fabric (a periurban
zone of Liege, Belgium. Source: Bing Maps 2016).

3. The lack of tools for the chromatic characterization and for the
spatial coherence evaluation

The new urban fabrics are far more complex to characterize and analyze. This is
especially the case of the colour distributions that can be observed in these areas,
and that are radically different from usual palettes of traditional cities [19]. The
difficulty in characterizing the colours in these urban fabrics is partly due to a lack
of tools for an objective analysis of colour palettes in an urban environment.

Given this lack of both affordable and reliable assessment method of colour that has
been observed in the field of urban design, the main goal of the present research is
the implementation of a tool that can be used to characterize chromatic attributes of
an urban area. The challenge is to provide statistical and quantitative answers to
these questions: how is colour organized, how does it develop its own structure in
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the city? How can colour appear as an indicator of homogeneity and spatial
coherence?

4. Methodology for the colour analysis

We developed a protocol for the chromatic characterization of urban areas tested
through an application to eighteen cases, here defined as streets, housing estates or
squares, of the city of Li¢ge (Fig. 3). All those areas have been classified among
four main classes: historic center, periurban housing districts, working-class
neighbourhoods and commercial zones (Fig. 4). The Table 1 below summarizes the
eighteen areas that are analyzed.

We initially photographed 1.952 facades divided into the eighteen urban areas. For
this purpose, a standardized protocol that defines in its early stages shooting settings
(light conditions, the time of the shooting, camera settings, etc.) was applied to the
eighteen areas [20]. At the end of the protocol, which also includes a white balance
algorithm, we get the colour values H, S, and L (Hue, Saturation and Lightness) of
the dominant colour (or “fagade background” component) for each fagade of the
analyzed urban area.

MERXTON
P‘i&)\

po e

Fig. 3 - Location of studied urban fragments. Historic center (in magenta), periurban housing districts (in
yellow), working-class neighbourhoods (in green) and commercial zones (in cyan).
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Fig. 4 - llustrations of the four main classes: (1) the historic center, (2) the periurban housing district, (3)
the working-class neighbourhood, (4) the commercial zone.

Historic center

001-HCH Rue Hors-Chéteau 101
002-ANG Rue des Anglais 37
003-JDM Rue Jean d'Outremeuse 106
004-BRO Place Bronckart 33
005-JAR Rue du Jardin Botanique 44
006-DAR Rue Darchis 57
007-AUG Rue des Augustins 57
Periurban housing districts

008-CLO La Closeraie 170
009-CHAR Clos des Chardonnerets I

010-WAR Lotissement du Waroux 197
011-SAR Lotissement du Sart-Tilman 190
Working-class neighbourhoods

012-0UG [ Rue Pirenne (Ougrée) [ 81

013-TRI | Cité du Tribouillet [ 207
Commercial zones

014-ANS Ans-Rocourt 129
015-BON Boncelles 7

016-HER Herstal 125
017-FRA Boulevard Frankignoul 205
018-FER Rue Féronstrée 7

Tab. 1- The eighteen analyzed urban areas are classified among four main classes: historic center, periurban
housing districts, working-class neighbourhoods and commercial zones.
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Starting with the H, S, L values (which can also be converted to Euclidean
coordinates R, G, B) obtained for the 1.952 facades — or 1.952 individuals divided
into 18 samples in statistical terms — our aim is to generate chromatic categories (or
types) synthesizing the colour attribute of the studied population to understand how
colour structures the city (Fig. 5). Following our aim of developing a parametric
chromatic characterization, statistical tools were used to generate these chromatic
categories.

8(0255)

-
(0255)

¥
R(0255)

W et

TYPE2

W rees

TYPE4

Fig. 5 - Diagram illustrating our goal: establishing a categorization of the 1.952 individuals, divided into a
limited number of categories (or types).

In this way, we use a cluster analysis to gather a set of similar objects in the same
group (or cluster). Because each individual has a spatial-colorimetric coordinate, it
is easy to apply a K-means clustering to generate clusters. K-means is a data
partitioning algorithm through an iterative process. It is a method that divides n
observations into k partitions (clusters) in which each observation belongs to the
partition with the closest mean (centroid), by calculating the Euclidean distance. The
Figure 6 shows the iterative process that generates clusters and centroids.
Furthermore, the K-means clustering technique is performed in the field of
computational modelling of colour categorization [21] and data mining for
systematic classification of urban form characteristics [22].
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Fig. 6 - K-means iterative process generating clusters and centroids.
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A cluster can be assimilated to the collection of individuals based on their
affiliations to a chromatic category. The centroid is, from a certain point of view, the
representative type of a chromatic category. In the application of K-means
algorithm, we deliberately chose a limited number of four clusters. This number
seemed to be significant enough in the process of categorization development. We
applied the method to the population of individuals for which the initial colorimetric
values HSL were converted into CIE Lab coordinates. The CIE Lab colour model
was developed with the purpose of linearizing the representation with respect to
human colour perception [23]. Therefore, the calculated distances between colours
correspond to differences perceived by the human eye, which is not valid in RGB or
HSL. As it is difficult to visualize in the CIE Lab space, the results are converted
again in RGB and HSL spaces. Figure 7 shows the clusters of points (in red, green,
blue and cyan) and the centroids (black dots). Since the centroids have colorimetric
coordinates, their apparent colours can be determinated: we can observe a less
saturated beige (type 1), a medium saturated orange (type 2), a medium saturated red
(type 3) and a light grey (type 4) (Fig.8).

300

Fig. 7 - Application of the K-means clustering for the 1,952 individuals: reprensentations of the four clusters with
centroids (black dots) in cartesian RGB system and in polar HSL system.

Centroid 1
Centroid 2 .
Centroid 3 .
Centroid 4

Fig. 8 - Apparent colours for the four centroids generated with the K-means clustering.
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5. Results: towards a quantitative evaluation of the spatial coherence

Finally for each of the eighteen studied urban areas, we give the percentage
distribution of the four clusters, in the form of a pie chart, which each portion is
painted with the colour of the centroid (Fig. 9 and 10). Thus each urban area is
characterized by a specific colour palette, or a layout of the four chromatic
categories. For each area, homogeneity (or heterogeneity) is identifiable through the
number and the proportion of the constituent clusters. As a result of this reasoning,
the homogeneous and consistent feature of an urban area can be highlighted [20].

Fig. 9 - Distribution of the four chromatic categories in the 18 urban areas in Liége.

Thus in the Figure 10, we can see that the pie charts No. 4 and 12 are composed of
only two types, with a predominance of one: the chart 4 represents a listed square of
the historic centre surrounded by light coloured buildings (Place Bronckart) and the
chart 12 consists of a set of repetitive houses in dark brown of a working-class
neighbourhood (Cité Pirenne). For these two urban districts, a visual inspection of
the facades clearly reveals a chromatic homogeneity that is confirmed by the graphs.
The other areas, more heterogeneous, are composed of three or four types in various
proportions, with the predominance of one chromatic category. We can notice that
the predominant chromatic categories in the streets of the historic centre (charts 1 to
7, except chart 4) are type 2 (medium saturated orange) and type 3 (medium
saturated red), while in commercial areas located in the periurban fragmented zones
described in the introduction (charts 14, 15 and 16), the dominant type is type 4

(light grey).
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Fig. 10 - Application of the K-means clustering for the 1,952 individuals. Graphs showing the proportions of the four

clusters in the eighteen urban areas.
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The chart No. 17, representing a city entrance (Boulevard Frankignoul), can be
assimilated to a new urban configuration and in which old buildings mix with
commercial equipment. It shows the highest level of chromatic heterogeneity: four
types in almost similar proportions. Visually, this specific urban fragment actually
appears chaotic with saturated visual noise, complex and unintelligible [10].

From those results, it is possible to evaluate the spatial coherence of an area. It is
commonly accepted that architecture is a medium for communication, as well as
writing. We can therefore speak an architectural language and compare the city to a
language; this approach gives to built objects a specific status of signs with
meanings and according to Christian Norberg-Schultz, "for transmitting meanings,
architecture should be a language" [24]. In this way, Summerson announced a
"classical language of architecture" [25] and Zevi a "modern language of
architecture” [26]; in both cases, the architectural vocabulary considered as an index
is converted into a coded language.

In the field that concerns us, we can assimilate the four chromatic categories as the
elements of a vocabulary or a chromatic index to describe the urban fabric in the
point of view of the colour attribute. Urban fragments appear as sequences of
elements drawn from a finite and discrete index. In information theory, they are
messages for which it is possible to measure the amount of information [27]. This
measure is based on the fact that the concept of information has a statistical value of
the elements of an index and when the probabilities of occurrence of these elements
are known, the calculation of the information is possible. We also consider that
information H is measured by the binary logarithm of the improbability of the
message:

H=log:1/n=-log:m

Therefore, from an index of N elements each with p(i) probabilities, if a message is
arranged by using elements from the considered index, Shannon has shown that
information H is equivalent to the following formula:

H=-N2p(i) log2p(i)

This value H, called Shannon entropy, is also used as a variable to quantify the
heterogeneity of the biodiversity in an environment [28]. Thus H=0 if the set
contains only one species (that means the same chromatic type in our case) and H=
Hmax if all species contains the same number of individuals (in the case where all
types have a similar distribution on pie charts). Applying this formula to the 18
urban fragments, we get the values for H in the Table 2.

Our previous observations that the fragments No. 4 and No. 12 are the most
homogeneous (the lowest values for H) and the fragment No. 17 the most
heterogeneous (the highest value for H) are confirmed by this measure.
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Area code H

001 1.317
002 1.001
003 1.134
004 0.482
005 0.863
006 1.267
007 1.174
008 1.318
009 0.689
010 1.226
011 1.190
012 0.460
013 1.021
014 0.852
015 1.262
016 1171
017 1.345
018 1.069

Tab. 2 - Shannon entropy values (H) for the 18 urban aeras: evaluation of the spatial coherence.

6. Conclusion

To develop the interpretation of our results through the reference to the information
theory, we mention that the Shannon entropy is basically a measure of the amount of
information. In this way, the information is synonymous with unpredictability: a
totally unpredictable, original message has a maximum of information (a high value
for H) but appears messy, complex and unintelligible. Conversely, a message with
few information (a low value for H) appears as predictable, repetitive, orderly and
intelligible [27]. As part of our research, we can consider the entropy H as an
indicator measuring the spatial coherence. The two categories of messages described
above find a match with the urban fragments with the least consistency (such as the
fragment No. 17 corresponding to the heterogeneous city entrance) and those that
appear as homogeneous and coherent (streets and squares which content only two
different chromatic types).

Finally, we can notice that some urban areas of the historic center have a high value
for H. This is for example the case of the fragment No. 1 which is one of the oldest
streets of Liege (Rue Hors-Chateau). The restoration of the facades of that street
required the use of many different shades of mineral coatings coupled with natural
stone, which multiplies the number of apparent colours. In this specific case, the
perceived spatial coherence is mainly due to the homogeneity of the urban form of
the buildings which have similar shapes. For this reason, it would therefore be
interesting to develop a global approach that would also integrate the spatial
coherence considering the homogeneity/heterogeneity of the urban form.
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Contemporary residential streetscape: how colors and material
differ from the traditional streetscape. A case study in Tokyo

"Lorena Alessio
'Dept. of Architecture and Design, Politecnico di Torino, lorena.alessio@polito. it

1. Nature, sensations and colors

Traditional Japanese colours’ origin and meanings derive from a very unique
aesthetics, which was developed in Japan through centuries. Japanese culture is
embedded by local Shinto, but was also influenced by Chinese and Buddhist
philosophies. In fact, Japanese culture is characterized by periods in which foreign
cultures entered into the island and others, in which the country was closed to the
outer world. Those enclosed periods were fundamental for the creation of the
specificity of Japanese aesthetics, which influenced arts and the view of the world.
Shinto brought a strong sense of the importance of being in harmony with nature. In
Shinto nature is strictly connected to spirit. Each natural element has its own god
kami (14), a “soul”. Flowers and animals, rocks and rivers, bays and islands possess
their own and autonomous spiritual life (Calza, 2004). Thus, relationship between
man and nature is quite different from the Westerners, because Japanese people feel
the need to be immersed into nature. By feeling nature, people get closer to the
spiritual world.

Nature is loved with its cycle and seasons. Buddhist philosophy enhances the
perception of things in nature. For instance, Mono no aware (#DIE i) is the
concept describing the ephemeral beauty of things in nature. Aware means “feeling”
but also “sadness”, and mono means ‘“things”. It is about the attention and
admiration for what is flowing and irreversible, it is about a melancholy feeling and
loneliness, about acceptance of transience. Thus, perception of space in Japan is
connected to time and seasons being the transience of things deeply rooted into the
Japanese culture and tradition. Coming to colors, the Japanese color world is a direct
expression of the Japanese culture. Thus, it is not surprising that most of
dentouiro ({5 HEf4), the traditional colors, have names deriving from nature.
Names are depicting colors from flowers and plants in all different seasons, and also
from birds and rocks. Nowadays, we can count around 500 names for traditional
colors. In Figure 1 the chart represents a Red Series of them. We could say that the
chart refers to traditional colors as in Japan in Edo period, as well referred by Sachio
Yoshioka (2014).

Colors in nature have many different hues, and they can change based on sunlight
and climate conditions. Especially, spring and autumn are seasons in which Japanese
can appreciate the variety of colors, such as the famous and beautiful views of
mountains in fall with red leaves from maple trees, as in Figure 2.

Traditionally, also the moon was highly considered as creating beautiful and special
colors, reflections and atmospheres. Names of colors define those different
atmospheres.
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Red Series 1edn)

Name l Romanized English translation RGB Hex triplet = MName
WTIE | Tokhaio | Ibis wing color 245,143,132 [ 58
EEE ! Chashun-iro Long spring {season) color 185 87,84 BT
EME | Enjpin Cochineal redirouge 157,41,61 T
E=31 | Jinzamami : Thnce-dyed cnmson 247 102 90 A
(7.1} | Umenezumi Plum-blossom mouse . 151,100,90 BEE
it 8 Akabeni Pure cimsan (dye) 1953843 "Fx
WEE Azuki-iro . Red bean color . 103,36, 34 B
WEE | Ebicha | Marson (Shrimp brown} 94,4036 =y
e Akebong-ing Dawn-color . 250,123,98 R
?&.t' :l3 Shojihi : Red-orange (iit. orangutan-colored) . 22&.48,35 =
i | Kakishibu-iro : Persimmon-juice color . 147 67 .55 EIE:
I ! Benitobi . Red kite (bird species) . 145.50,40 EIE ]
!;E Kuratobi Elal:.l.t kite: (bird species) . 5.13.353,23 11 ﬂF.
i B Terigak ] .llilazed per-simrw:m . l 'Z-T;?-é.ﬁd | EF
IF% |Edocha Red-brown (Edo brown) . 161 61,45 Hine
A Hihada-iro . Cypress bark calor | 17,4635 PR
HE | Araishu | Rinsed-out red 25512182 wEE
EXHEE | Tokigaracha Brewed mustard-brown . 230,131,100 R
134 i Sohi Overdyed / refreshed red-brown . 227 92,56 i
H.ﬁ ] Karacha : Spicy ret:i-bmwn (Chinese tea brawn) . 1TE;.'92'..53 H# .
i | Sadenkaracha Faded spicy red-brown 155,83 63 *7
ME® J Kurikswacha Chestnut-leather brown 96,40,30 i
Ea& I Tohi-iro Ibis-color 76,34 27

Fig. 1 - Red Series of traditional Japanese colors chart.
(https:/fen.wikipedia.org/wiki/Traditional_colors_of Japan)
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Na_ﬁu‘t.g,:‘ kyi’f ns:npeq{liu_lum.n: mountain colors in Japan

Fig. 2 — Nature’s kaleidoscope of autumn: mountain colors of Japan.
(Kateigaho, International Edition, Vol. 24, pp. 23-24)

2. Japanese traditional streetscapes

At the end of the XIX century, first Westerners who visited Japan found Japanese
cities and architecture too simple and without ornaments. Edward Morse appreciated
and understood Japanese culture, declaring its differences from the American
architecture and cityscape. And when describing Tokyo’ streetscapes he affirms “...
Japanese house is... unsubstantial in appearance, and there is a meagerness of color.
...Where external walls appear they are of wood unpainted, or painted black; and if
of plaster, white or dark slate colored. In certain classes of buildings the outside
wall, to a height of several feet from the ground, and sometimes even the entire wall,
may be tiled, the interspaces being pointed with white plaster.” (Morse, 1990: 6-7).
Mainly, traditional architecture is built out of wood. Wood is left unpainted.

In the built environment, natural materials kept their original colors and features.
The finishing of materials should emphasize the material peculiarities or
irregularities. Among elements of beauty we can find the irregularity of materials,
and their textures. Thus, wood is appreciated in its veins and torsions; rocks in their
peculiar shapes. A traditional Japanese house was designed for looking at the
landscape and the changing of seasons. Interior spaces were characterized by warm
and consistent atmosphere, based on subtle variations of intensity and gradation of
few colors connected to colors of wood and earth.

When writing about traditional Japanese architecture and aesthetics principles,
Atsushi Ueda (1990), Sachio Yoshioka (1999) and Mira Locher (2015) underline the
consciousness of the use of few colors in architecture.
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Fig. 8 — Above: Utagawa Kuniyoshi. “Kasumiaseki’. Series: Famous Places of the Orientl Capital

(in Ukiyo-e. Il mondo fluttante, p.31 5) NAME ROMANIZED ENGLISH

Right side

Left side:

4
. NAME  ROMANIZED

. 1. #RIEKinsusutake
. 2. %1%  Benimidori
. 3. &% Kitsurubami
. 4.5/  Kokero

Aiiirn

Fig. 9 — Torii Kiyonobu I. “Courtesan in front of a Tea House”
(in Ukiyo-e. I mondo fluttante, p. 341)
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Colors are generally the colors of natural materials which are used in construction.
Zen strongly influenced Japanese aesthetic concepts. Among the most loved ones:
wabi, simplicity and poverty expressed through extreme synthesis of forms, sabi, the
coat showing the passage of time in all things and yugen, the subtle incantation of
things which cannot be expressed through words. The quality of material, the
uniqueness of what it is used for a specific site are crucial qualitative values. Thus,
as said, if a piece of wood is curved and it presents peculiar texture, then it will be
used emphasizing its natural properties.

In traditional Japanese architecture, the built urban landscape in streetscapes
appeared quite homogeneous, providing a strong visual identity to space.

A traditional streetscape presents few colors, mainly ranging among brown, grey
and black tonalities. In existing historical areas of Japanese cities we can still
visualize those characteristics, even if changing according to the locations and styles
(refer to Figures 3 to 7). In traditional art, we can find views of streetscapes, which
resemble the Morse’s description of Edo.

In Figures 8 the Utagawa Kuniyoshi’s Ukiyo-e represents the street view of
Kasumigaseki in Edo (the old Tokyo). And in Figure 9, “Courtesan in front of a Tea
House” by Torii Kiyonobu I, the tea house has a more colored facade, with blue
colored plaster. The colors of the buildings depicted in Figures 8 and 9 have been
associated with the traditional colors palette, as referred at the Japanese traditional
colors chart (https://en.wikipedia.org/wiki/Traditional_colors_of_Japan), with
names and RGB (see page 5).

3. Contemporary residential streetscapes

Nowadays, most of the Japanese residential areas are composed by a vast number of
single house buildings. Housings are located one next to the others, being separated
by very narrow spaces (the minimum space ranges between 50 to 100 cm). Few
areas are left for outdoors, but nevertheless greenery finds its place.

Housing’s forms can be various, but when coming to colors they tend to present
variations among grey and brown colors.

In most of the newly built houses’ environment the actual tendency is even stronger,
in showing very few colors in fagcades: large fagades are white (as visible in Figures
10 and 11). The newest pamphlets advertising new housing settlements denote a
tendency to wide and white facades (as in Figure 12). Colors are present thanks to
plants and flowers located in front of the houses: the pamphlet at Figure 12 denote a
late cherry blossoming in spring days.

Japanese people tend to personalize their settings through the use of plants, small
vases in which continuously they change flowers and arrangements. Those flowers,
area selected at seasons. Colors change accordingly. Those vases, mainly located at
the houses’ entrances, are positioned at various heights, to be easily visible at
ground floor level. Vivid colors are there, in small spots, combined together
according to the inhabitants’ own taste and sensibility (see Figures 17 to 20).
Regarding the built environment, Figures 13 to 16 an analysis on-site show the main
colors in facades. A chart of traditional Japanese color samples was used for
comparison on-site.
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Fig. 10/11 — Kamisaginomiya — Tokyo. Residential Streetscape.
(Photo by the Author)
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Fig. 12 — Pamphlet promoting new single housing in a contemporary residential area in Tokyo.
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Fig. 13/14 — Residential buildings Fagade in Kamisaginomiya - Tokyo.
(Photo by the Author)

l NAME ROMANIZED ENGLISH RGB
in the traditional color chart:

. 1. 4K ER Rikyanezumi  Greyish dark green  101,98,85
2. #RAR Kamenozoki Inside of a bottle 198,194,182
D 3. BB Ajiro Indigo white 235, 246, 247

NAME

W o==

2. B®F & Torinoko-iro

A
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ROMANIZED ENGLISH
in the traditional color chart:

y
RGB

Mousy indigo ~ 92,84,78
Eggshell paper 226,190,159

White motise 185 181 147



Fig. 15/16 — Residential buildings Fagade in Kamisaginomiya - Tokyo.
(Photo by the Author)

NAME ROMANIZED ENGLISH RGB
in the traditional color chart:

. 1.%R/8 Sunezumi  Plain mouse 110,95,87
2. 7X@  Mushikuri-ro Steamed chestnut 211,177,125
3. BOF&Torinoko-ro  Eggshell paper 226,190,159

NAME ROMANIZED ENGLISH
in the traditional color chart:

. 1.%E  Sunezumi Plain mouse

2. 7XEE 8 Mushikuriiro  Steamed chestnut 211,177,125

m 3.8  Shironezumi White mouse
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Fig. 17/18/19/20 — Use of green in fror;t-o% residential buildings |ﬁ Kémlsaginomlyé - 'I;ok.yo..
(Photo by the Author)

4. Materials

Comparing to traditional housing, nowadays typologies and construction techniques
are completely changed. Materials as well. Housing facades present different
cladding according to the construction’s period.

It goes from wooden material to plaster, from tiles to plastic. Nowadays, a major
tendency it could be found in the use of printed plastic materials, resembling natural
materials, such as bricks and stones. Figures 21 to 36 illustrate materials’ images
and colors.

Wooden Materials and natural colors.

i

Fig. 21/22 — Wooden facades’ details in Kamisaginomiya - Tokyo.
(Photo by the Author)
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Plaster finishing and colors.

1 | -

Fig. 23/24/25- Facades’ details. Plaster finishing - Kamisaginomiya - Tokyo.

(Photo by the Author)

Polished concrete and natural color. Bricks walls (especially as fences).
Fig. 26— Facades’ details . Concrete. Fig. 27- Facades’ details in bricks.
Kamisaginomiya — Tokyo. Kamisaginomiya — Tokyo.

(Photo by the Author) (Photo by the Author)

Facades in tiles.

Fig. 28/29/30/31/32/33- Facades’ details. Tiles cladding - Kamisaginomiya - Tokyo.
(Photo bv the Author)

Facades in printed plastic imitating natural materials.

Fig. 34/35/36- Facades’ details. Cladding in plastic- Kamisaginomiya - Tokyo.
(Photo by the Author)
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5. Conclusion

At first glance, residential streetscapes in Japan look monotonous and lacking of a
strong identity. Those settlements define large parts of Japanese cities. Comparing to
traditional streetscapes it is possible to notice a lack of order in facade composition,
and a growing tendency in using artificial materials for cladding. The plastic
materials used for cladding barely reproduces textures of natural ones. The use of
plastic is justified by its low costs and easy maintenance: sabi, the coating on
materials defined by the passage of time is not anymore a value. Regarding colors,
the tendency to avoid vivid colors is still present. Moreover, colors just resemble the
faked materiality of wood, stone or brick. It is not always possible to refer colors to
traditional ones. In further studies the definition of traditional and contemporary
colors should be explored and questioned. The relation with nature is kept through
the plantations on small spots of land facing the houses. Flowers accurately change
according to seasons and from trees’ blossoms. Those trees have been chosen to be
alternately blooming in different moments of the year. With movable objects such as
vases, inhabitants express their personal taste and sensibility choosing flowers and
arranging them. The attention to seasons and colors that traditionally was also
visible in clothing and especially in kimono’s wearing, nowadays is exclusively
visible in the small gardens’ arrangements. The built environment is waiting to be
en-lighted by colors of nature, offered by the small and ever changing green spots.
The present study is still very wide. It focuses on several issues. It regards colors in
urban life. The research would be further conducted on studies about:

- the notions of the traditional Japanese color world,

- the definition of “traditional colors” and “contemporary colors”;

- the notion of color in urban life, with analysis of nomination of colors, the

color of clothing, the urban coloring, and deepening the analysis on the
exterior architecture as well as gardens.
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1. Introduction

This paper aims to share preliminary results of an ongoing research project about the
impact of contemporary creative methods used in the process of color invention in
the paint and coatings industry in Latin America.

According to the French sociologist Michel Liu (1997), the notion of invention
(from the latin inventus, in- (inwards), ventus (venire= to come)) as a "search for
new possibilities"”, becomes the conceptual center of this action-research experience.
This notion of invention will lead us to a way where designing new creative methods
becomes a process of dynamic reconstruction that must be validated not only
through observation but also through experimentation and actions proposed by a
creative actor: the colorist designer.

Thus, the objective of this research does not consist in standardizing the color
invention methods applied in this industry today, but to better understand these
processes to be able to propose new approaches based on the artistic expertise of the
colorist designer. We investigate all of this through the development and the
implementation of colorist designer methodologies such as type color
(contretypage), color sample tests, chromatic cartographies, ethnographic methods,
among others, from the fields of color anthropology and artistic poietics. The
continuous absence of this creative actor today raises the question: Is it possible for
the industry to innovate in the process of color invention without the constant
cooperation of a color specialist from the field of applied arts?

"Invention in poetics, [is defined as] the first phase of the creative process. That
phase of readings, during which materials are combined and arguments are
organized™", represents each connection established within a creative process that
transforms into every phase of the research. Beyond these connections, the
experience in the Latin American territory as an "open process™ refers to a set of
activities in which there are various possibilities of creation and invention.
Therefore, in the chromatic experience, chance and certainty continuously appear as
random and contradictory feelings in the development of this practice. This can
certainly be attributed to the connections explored by the colorist designer in
cooperation with other color experts having different approaches, such as chemical
engineers, business managers and designers, who constitute the center of exchanges
that influence the decisions during each phase of the development of creative
methods.

That being said, during his chromatic experience, the colorist designer as an actor
from the field of applied arts assumes the position of a translator. At this point it is
important to emphasize the value of appreciating his artistic sensitivity in the field of
color creation in Europe. His sensitivity together with the industry codes will be
nourished by social interactions for the development of future approaches for the

1 Lecerf, G., (2013) Le répertoire de couleurs d’Henri Dauthenay: mémoire et imagination a 'oeuvre. Primaires (No
173) p. 47
2 Liu, M., Fondements et pratiques de la Recherche-Action, Paris : L'Harmattan, 1997, p. 119
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creation of new colors for the industry. Such is the case that his specific perspective
puts us in a context where dialogue constitutes an essential tool in our questioning of
industrial processes in Latin America. This process of questioning is partly based on
a fiction initially built at a distance. We have chosen the term fiction, "not because
[fictions] are misleading, but they express a social imaginary’”. Thus, this social
imaginary that is found in the exchange between cultures, the confrontation of
different perspectives, the discussions about the relations between the author’s
research notes and color symbolization processes accompany this study.

Based on a poetic experience, this study is supported by an observational study and
a photographic practice, introducing the chromatic analysis of a journey through the
capitals of Colombia (Bogotd D.C.) and Panama (Panama City).

To sum up, based on data collected during these journeys around both cities and an
ethnographic experience in the color industry, this article is structured into three
different main parts. At each stage the different objectives of the visits to the
territory are identified. In addition, the interest of the engineering and color
marketing areas, towards the understanding of the colorist designer’s everyday
practice in Latin America is exposed. In this regard, the first part focuses on the
poetic and chromatic experience of the colorist designer placed inside the territory.
Subsequently, the results of an ethnographic survey conducted in the paint and
coatings industry are presented, revealing the influence of different professional
categories and also of active members as continuous participants in the selection of
territorial colors. The third part shows how the first conclusions drawn from this
intercultural experience become an important factor in the poietic of the colorist
designer.

The article finishes with a discussion and conclusion about the progress of the
research and the next steps to follow in the process of data analysis.

2. Poetic experience in the field

During the first part of the author’s poetic experience and after several years of not
visiting Colombian and Panamanian territory, everything that memory and
imagination had retained from previous visits, was modified during the chromatic
journey realized in the context of this research.

In this way, mentioning the notion of experience’ as getting close to a subject from a
distance, observing and acquiring knowledge, opening a door to a multitude of
possibilities to the actor’s creativity, one could say that being outside (ex) means
activating our faculty to conceive ideas and turn them into projects. This involves
acquiring the skill (peritus) to reconstruct scenarios, investigating a topic on a
deeper level, learning things about our history that we did not know before. Being
outside is coming back; it is to cross borders in order to witness the evolution of a
chromatic identity, of whose appearance we were not aware before.

3 Amossy, Ruth ; Herschberg Pierrot, Anne. Stéréotypes et clichés : Langue, discours, société. 3eme édition, Paris :
Armand Colin, 2011, p. 29

4 From the latin experientia, derived from experiri, «prove», from the verb expérior « try, check », composed by the
prefix « ex » - « outside». Related with the latin word peritus « expert, trained, skill » De raiz PIE *per - « lead to,
pass over ».
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Fig. 1 Bogota & Panama political maps

Following the introduction given by John Cage about color, this "brings with it
common experiences, [but it requires] an aesthetic intention to give it a true
value’.” So much so that at the beginning observing, recording and photographing
the city allowed the author to strengthen that intimate dialogue composed by the
diverse architectural typologies that define the chromatic identity of the city. Color
as a language is presented here, as a center of complex interactions within the urban
territory. According to Michel Liu, "Social reality is formed by interactions:
behaviors, thoughts, communications, decisions, actions.’” Following this logic, a
series of chromatic circuits appear throughout our journey, creating tensions and
aesthetic connections that were intensifying as we moved forward through the
streets of every city.

Studying Bogota’s chromatic identity in all its immensity constitutes a complex task.
It would involve years of work and it would require a significant budget for our
immersion into the field and subsequent data analysis. Given that time is one of our
limitations in the first phase of this study, we will focus on our short exploration of
the northern zone of the city, between the districts of Suba and Usaquén.
Specifically, between the neighborhoods of Cedritos and Pantanitos located just
3km apart.

Our tour through Bogotad began in the neighborhood of Cedritos (located in the
district of Usaquén - 14 7" St. 9" 4. ). A neighborhood where the urban landscape is
dominated by brick buildings, creating a strong presence of red camaieux,
intensified by the agglomeration of structures close to each other. Moving down
through the 9™ avenue, we found small color traces, spread, hidden, and often in
contrast with the environment. Beginning with whites and creams, these secondary
colors of this area, hidden among the chromatic variety of the bricks are transformed
into more vivid colors as we move forward. Heading towards Pantanitos (located in
the district of Suba), we pass quickly through the Madeira, Icata and Dardanelo
neighborhoods, where small buildings with similar characteristics, between 5 to 10
floors, gradually begin to adopt the color palette of this area. Yellows, blues and
reds slowly appear in the urban landscape, to finally expose a neighborhood with a
variety of traditional houses.

5 Gage, J., Couleur et Culture. Paris : Thames and Hudson, 2008 p. 9
6 Op. cit., Liu, M., p. 124
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And it is there that our first impression of the territory has been modified. In this
sector, mostly commercial, the bricks only appear as part of the facades of
unfinished buildings. This material that defined in a first instance the chromatic
identity of the neighborhood of Cedritos, is now usually covered by bright colors
such as oranges, reds, yellows and blues, giving us the impression as if they had
been chosen with the specific intention of intensifying the natural beauty of the
territory.

This experience in the field leads us to say that the territory echoes its mountainous
landscape. The geographical variety of the city’s surroundings is mirrored by the
variability of heights, types, shapes and an assortment of colors in the visited
neighborhoods.

- JUSAQUEN

PANTAN@I;I’O:S x WAl st O Cedritos » Pantanitos

Fig. 2 Bogota Chromatic tour - from Cedritos to Pantanitos

A similar situation has been encountered in Panama City. This time, the red bricks
are not the ones that impact our vision, but huge white buildings between 30 and 80
floors high. They define the urban landscape since the turn of the century,
symbolizing the building boom in this country. Panama City, the skyscraper city of
Latin America, however hides behind this white immensity a polychrome urban
landscape that we can only discover as we explore the popular and industrial sectors
often hidden inside the city.

The route between Costa del Este (an upscale residential area) and Las Marianitas
(mostly an industrial area) illustrates this experience. During the immersion into
these areas, the contrast of the "modern" city with Las Mariianitas had a strong
sensory impact that led us to question ourselves about the complexity of the
territory. The play of light and shadows generated by those large and white buildings
that define the chromatic identity of the city in Costa del Este, turned into small and
colorful houses surrounded by multiple green areas. In this neighborhood, mainly
inhabited by the employees of industrial enterprises that are located in the area,
white becomes a secondary color that only appears to highlight the balconies and
windows of otherwise radiantly colored houses. Among the lemon yellows, royal
blues, fuchsias or emerald greens of these facades, we question the territory’s
identity. In this way, the dialogue between the white with the bright colors of Las
Mananitas houses, creates a rupture between what our body, the architecture and the
surrounding nature transmitted to us on a first sight.
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Fig. 3 Panama Chromatic tour - from Costa del Este to Las Mafanitas

The concept of coloris poetics has been defined by Guy Lecerf as that “which is
imposed as a final stage. That one which keeps its distance from the material
dimension, from the “atelier” and the construction site. That one that enables
different experiences, like that one of an unfinished coloris’™. During the
explorations and immersions in the territory, this concept, as a “final stage” appears
from the moment the colorist designer recognizes the connections created between a
cultural complexity and his artistic sensitivity (involving nuances, textures and
shapes). This being said, taking distance from the “atelier” as a place of analysis and
action will enhance the possibilities to offer new creative methods to the processes
questioned in this research.

Our experiences in both cities highlight both the diversity and complexity of urban
chromatic landscapes. Moving from a chromatic experience where uniformity
reigns, to another in which the chromatic multiplicity becomes a main exponent,
contributes to the re-evaluation of the image of each city. Both, the observation
analysis and interpretation of this chromatic diversity are the main fields of expertise
of the colorist designer.

We propose as one of the core points of our research to apply results of our
chromatic analysis of urban landscapes to extend existing methods of color
invention in the paint and coatings industry, thereby moving from the realm of
analysis to the realm of creation. This important step puts the colorist designer in the
essential position of a translator between the different actors in the industry, and his
intention to valorize the color expertise in the field.

In this context we decided to extend our understanding of existing creative processes
in the industry, as presented in the following.

3. Ethnographic experience in the industry

Data collected mainly in cooperation with Pintuco Colombia, a leading company in
the development, production on the paint and coatings market of Latin America will
allow us to enrich the creative universe of the color practice as an essential inventive
method within the industry. We evaluate the influence of different professional
categories that regularly participate in choosing what at this point we refer to as
"territorial colors". In other words, those colors that are daily produced by a team of

7 Lecerf, G., Le coloris comme expérience poétique. Paris : L'Harmattan, 2014, p. 27
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specialists who, supported by modern technology, prescribe new colors in order to
respond to and anticipate consumer demand.

Today, in the paint and coatings industry different prescription and color
communication tools are designed in response to the needs of specialists in
renovation, construction and decoration. However, the aim is also to satisfy the
aesthetic needs of a society, while trying render these tools more accessible to
creative actors from other domains, such as industrial designers, painters or
sculptors.

1650
colors for good ideas
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Fig. 4 Actual color prescription & communication tools

I suggest at this point to understand the word industry in its most basic and
comprehensive sense in order to deepen our understanding of the position color has
as an omnipresent language in this whole process of creation and invention. The
notion of industry is defined by the RAE (Real Academia Espariiola) as a "set of
material operations performed for obtaining, processing or transporting one or more
natural products”.

The fascination of this field for exploring and discovering new materials, pigments
and processes involves awareness and responsibility for their use. For this reason the
different factors involved in the development of a color formula, such as the point of
view of the chemical expert and the effectiveness of the marketing expert in his
intention to anticipate needs, leads us to the question: who is really the one who
arbitrates this field?

During our visit in the laboratory and marketing areas, we have encountered a
variety of specialists whose work consists in developing different strategies
(autonomously and in teams) in color development. Observing their teamwork
allowed us to identify what Francois Noudelmann designates ‘“‘family
resemblances”, a philosophy of affinities present in the specialist’s everyday
practice. "These beings who do not always look alike and sometimes lose their
similarities in a given moment’", represent the ephemeral character of the cognitive
links created between the colorist designer and his colleagues.

Moreover, with regards to the colorist designer’s practice, the notion of invention in
poetics encompasses the whole creative process. However, through the interaction
with the other actors, we identified how in the industry this notion is rather defined
as an action associated with technological progress. Passing from creating color

8 Noudelmann, F., Les airs de famille: une philosophie des affinités. Essai, Paris : Gallimard, 2012, p. 14
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formulas in a traditional, mainly a “manual” way, to prescribing colors using
automated processes throughout the whole process, completely influences the vision
of the chemical expert on their actions related to creation.

Currently, it is the responsibility of the marketing area to manage creative processes,
transformation and color anticipation strategies, development of the final product
and bringing it into the market. This equally implies having to coordinate - during
the creation and communication stages - everything that is related to the
development of the tools and approaches used in the process. Regarding this area,
we also observe that their language "borrows", in some way, various terms from
psychology, sociology and business domains, creating strategies that accompany
them during the development of their color campaigns, with the aim of anticipating
and responding to the immediate consumer demand.

That being said, the analysis of color invention processes in the industry, being such
an important subject, will be carried out before implementing new strategies. At that
stage, the relationships arising from these new creative approaches should also be
reflected in the product positioning in retail outlets and in the seller language.
However, it is necessary to raise awareness of the importance of sharing opinions
with the color designer so we could achieve to attribute new creative processes in
which the intervention of this color professional provides new answers to the
methods used today in the territory. In short, this ethnographic experience tells us
that once the product is exposed to the final consumer, who arbitrates the field is not
going to be the marketing director or the head of the color laboratory, but
definitively the result of the collaborative work of a team.

4. Designer colorist’s intercultural experience

Participating in a color invention process involves reflecting about the observer’s
culture, the color appearance of an environment, that coloris that permeates the city
and accompanies us in the search for understanding color as a language.

As mentioned above, putting the colorist designer in the position of a translator,
means that while he transcribes his poetic experiences through creative methods,
some notions involved in his discourse, such as “appearance” or “regulation”, will
concern an aesthetic and standardized reflection always related with the construction
of new creative methods.

The ethnographic approaches currently used helped us to reinforce our intention for
a better understanding of the notion of “appearance” and its relation with the image
of a city. This reflection and the rules that this involves, turned an ethnographic
experience of 2 weeks into an experience in which memory, imagination,
observation and dialogue built a database, the interaction with the environment
representing the main actor. We believe that the insights gained from these
experiences in the field and the following analysis will allow us to propose new
creative methods better adapted to the particularities of the territory and rooted in
the colorist designer’s expertise. What is the purpose of the translation then, if not
wanting to communicate to a standardized industry the possibilities generated from
the colorist designer’s artistic sensibility?
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Fig. 5 Interactions: between creativity and normativity

According to René Passeron (quoting J. Pommier, 1946) poietics "comprises on one
hand the study of the invention and composition, the role of chance, of reflection, of
imitation, of culture and the environment; on the other hand, the examination and
analysis of techniques, procedures, tools, materials, media and action supports’."
We relate this definition to our reflection about color as a language and creative
methods implicit in the development of this research. We could say that this work
within the field of poietics adopts a system in which the chromatic journeys and the
ethnographic surveys as mentioned above, would have as a fundamental purpose to
transfer our poetic experiences into an industrial environment - a place where today
the creative actor unfortunately occupies merely a minor position.

Furthermore, studying the chromatic construction processes means creating
strategies to underline the static and dynamic color aspects for further analysis. In a
further step, a common color language will be identified and evaluated
experimentally in a dynamic group comprising actors from different areas of the
industry are sought.

Kknowledge of product - :
i creation and consulting
properties -
of color marketing tools
contretype
color measure system

softwares (datacolor) FINISHING
TOUCHES information supports
transparency (ink) / development and color
work under opacity (pigment communication
regulations (ISO) paste)

Support for
. suppliers
variation concepts of paint methods of analysis
and varnishes systems.
Support for color
color training prescription

quality control methods, .
manufacturing chemistry, trends analysis
sustainability

Fig. 6 Industrial Colorist & Colorist Designer (practice and connections)

Based on the information in the above figure (fig.6), it is possible to identify current
connections between industrial and creative practices related exclusively by
expertise on color. But even if the functions of the colorist designer in this field are
mainly based on their sensitivity and their creative abilities in order to anticipate

9 Passeron, R., Pour une philosophie de la création. Paris : Klincksieck, 1989, p. 14
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consumer demand, his functions as well as those of the industrial colorist seems to
place them both in a regulatory framework. The act of typing colors, identifying
them, detecting them and (re) producing them, could only be turned into a common
chromatic language in a collaborative process based on insights generated from this
research.

Also, it is worth mentioning that the results of ethnographic surveys realized with
Pintuco Colombia lead us to questioning what it means to develop analysis,
classification and color prescription tools.

Through these tools that the colorist designer uses and invents in their daily activity,
a large part of his role as a translator generates a dialogue with the consumer. Thus,
tools such as color palettes, color samples and trend books are the ones who allow
the consumer as an external actor to project themselves in their space.

5. Discussion and Conclusions

The analysis of our experience in Latin America was essential to identify the
importance of using a common color language in the field of industry. The lack of
fluency in this language in professional terms can limit the understanding of the
other participants in the color invention processes and thus severely lowers the
efficiency of communication processes inside the team.

At the same time, during the analysis of the actors’ interactions, certain variations in
relation to how they structure their internal social language were identified. In his
publication about “role-plays”, Alex Muchelli (1983) discusses different concepts
and techniques used for therapeutic or personal and professional training purposes.
The concept of role therefore appears as the most important concept in social
psychology and it becomes a key notion in the next steps of this research.

The educational value of these games implicit in the variation of methods, in the
adaptations to difficulties and in the structural model of itself, becomes a modifiable
factor according to the aim of the activity. Based on the methodologies used within
these group dynamics, the rules structuring the language, transform the data
collected so that methods like the brainstorming or the study of social, professional
and/or psychological roles, will make the relational experience within the working
area easier. As a consequence, we are currently developing a collaboration proposal
as a team strategy between art and science of engineering, where the concept of
"group dynamics" is involved.

We add to the above that the notion of experience in the context of this investigation
also involved a reflection about the imaginary world and the production capacity of
the industrial sector. It should be noted that during the fiction constructed from our
distance vision, what we would refer to at this point as "chromatic-plays" relates to
what John Dewey described as “extremely intense emotions [created] during the
production process'’”. From the definition of color, towards its transformation into
a pigment or a dye and its production and arrival to the final consumer, these

10 Dewey, J., L’art comme expérience. Traduit de I'anglais par Jean-Pierre Cometti, Paris : Gaillimard, série : Folio
essais, 2010, p. 66
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"chromatic-plays" generate endless questions around the color translation from an
artistic, sociological, psychological, physiological and archaeological point of view.
During the creative process, translating a color must take into account the type of
consumer whom the project targets and those involved in it. The colorist designer as
a translator from his specialty and from his poetics experiences creates new
connections between the actors in the field. He innovates in this way in different
readings of a same color through the act of nomination for example, rebuilding his
own poetic-chromatic language.

Referring to the colorist designer’s language, talking about translation, this leads us
to the stage of what we call contretypage (the fidelity of change, the passage from
one universe to another, the encounter with the family resemblances). In this process
of duplication, the image and the color become a unit in catalogs created for the
customer. That is why we could talk about a chromatic cliché that creates social
connections among consumers during these transfer process to achieve embedding
poetry into everyday life. This reflection about the translation makes us think color
as a unity within the multiplicity of this industrial practice. This is thanks to the
identification of new work tools (smartphone apps, development of new color
classification systems, adaptation to social networks) and the understanding of what
the field demands (such as the desire and the need of "belonging" and adaptation to
consumer demands), after living the experience in the territory and in this way being
aware of the importance of using our poetic and ethnographic experiences in
response to a set of requirements, imposed by normative structures and regulations.
Returning to the notion of invention, it represents at this point the different phases of
a process where the development of a concept up to the product application in a
given space, regroups a set of knowledge and standardized procedures in which the
domain of imagination and the reality of an industry constrained by socio-economic
interests are completely related. A problem that remains critical for the continuation
of this analysis is the search for a definition of how the color conceived according to
various factors becomes an actor of the industry - and how it could represent, from
this role, the rupture between what is currently imposed on it by the industry and the
pure intention of the colorist designer, to build new global color experiences. This
will be achieved by translating economic, aesthetic and poetics needs implied by the
preconceived conventions of any society.

It appears appropriate to also question the historical evolution and color perspective
in the Latin American paint and coatings industry, which in almost 100 years
(foundation of Grupo Orbis in 1921 - foundation of Pintuco Colombia in 1945) has
shown a permanent and strategic evolution with a constant intention of adaptation to
consumer demand.

Putting into perspective the place of color in creative methods related to its
invention since the beginning of this industry, will certainly bring new ways of
identifying the aesthetic intention and artistic sensibility of the different actors
involved in this process. It would help us as well to understand why the immersion
into the territory is essential in developing a knowledge that will bring new
methodologies, able to offer a new insight into the industrial production of color.
Today the colorist designer must be willing to share and to understand from its
position as a creative actor in the field of research, the different languages, the limits
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and the benefits of its practice in order to participate in the creation of colors in the
industry.

As for the question about the poetic experience, it is important to emphasize that our
will to put poetry into our life through the immersion into the territory, will enable
us to develop new methods during the action-research experience. Thus our main
priority remains associated with the creation of new work models from the color
design expertise. This will be a work realized with the intention of preserving not
only the identity of a city, but to accompany the consumer in the process of
identifying their uniqueness, and the chromatic and cultural links with their territory.
In addition, different interpretations of the different modes of interaction and current
creative methods to which we have referred, are not related to certain issues derived
from the industry analysis, but to how appropriate or productive is the analysis of
the process of color invention as a whole.

According to our first results, the paint and coatings industry has a very important
task in the (re) construction of the chromatic identity of a territory. It opens the
doors to the colorist designer who must reflect about it, to avoid lengthy creative
processes that today give rather heuristic answers, precisely because of its continued
absence in the sector. With all of this we wonder what really matters in the
relationship between the industrial and creative sector, the outcome or the process.
From the coloris to the color, the colorist designer connects different points to mark
the before and after in the color invention processes inside the sector. His artistic
sensitivity implies awareness about the changes faced daily by the field of industry
in relation to demand of the territory. A contribution of our research is to have
succeeded in identifying that Latin American paint and coatings companies are
aware of the evolution and the importance of exchanges in view of the development
of new creative methods. Hence there is a need to keep focusing more closely on
colorist designer practice so we can better understand his place in this industry in
order to evaluate new working methods. At the same time we identified the
importance of defining a chromatic language within the group of actors involved in
the color development process, to finally be able to propose new possibilities within
the multiple and varied ways of communicating color.

In this regard it is worth to keep questioning the position of the actors for the
definition of new prescription tools and creative methods within the field of color.
Besides, questioning the invention of color in more detail allows us to offer new
solutions and compare them to approaches commonly used today by the industry, in
order to create new forms of work organization. At last, we emphasize once again
Michael Liu’s position in relation to the Action-Research experience, which finally
"not only aims to identify a problem, but to solve it. This, by implementing a change
and thus use that solution as an experiment in order to obtain scientific
knowledge.”"" The articulation between an artistic experience and a research
practice, allows us in this way to anticipate responses to industrial development so
we can continue inventing new communication color strategies.

# Op. cit,, Liu, M., p. 163
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