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1. Color and Measurement/Instrumentation
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Evaluation of color alterations due to Ag-functionalized nanocrystalline cellulose

on Whatman and Amalfi paper
Laura Bellia!, Francesca Fragliasso', Claudia Graiff?, Mariagioia Petratretti’, Antonino
Pollio®, Marianna Potenza?
'Department of Industrial Engineering, University of Naples Federico II, Piazzale Tecchio 80,
80125, Napoli
2Department of Chemistry, Life Sciences and Environmental Sustainability, University of Parma,
Parco Area delle Scienze 17/A, 43124 Parma
3Department of Biology, University of Naples Federico II, via Cintia 26, 80126, Napoli

Contatto: Laura Bellia, e-mail bellia@unina.it

Abstract

Great part of the History of mankind is registered in form of work of art on paper support. Paper can
be deteriorated due to physical, chemical, and biological agents. Among these latter, fungi represent
the major paper biodeteriogens. Several methods have been used to control or stop fungal
deterioration on paper-based materials, but their use can in turn induce color variations on paper. In
this work a treatment for preservation and consolidation, based on nanocrystalline cellulose and
silver nanoparticles (CNC/Ag) is analyzed. Two different types of paper (Whatman #1 and Amalfi)
are treated by means of the suspension. Then spectral reflectance measurements are performed to
infer CIELAB color coordinates of treated and not treated paper, in order to study the differences. It
has been found that the use of CNC/Ag induces a pink coloration in the paper (reducing its hue),
determines a darkening effect (reducing its lightness) and increases the saturation. Moreover, these
alterations get more significant on time varying.

Keywords: color analysis, color alterations of paper, CIELAB color space, paper damages,
antifungal methods.

Introduction

Deterioration of paper-based materials is an issue of utmost importance since archival and library
resources represent a valuable work of art, in which great part of mankind history are registered.
Papers, watermarks, inks, glues, leathers, and binding seams are elements that make paper heritage
as precious as fragile. Paper like all other materials inevitably degrades over time due to
endogenous factors like acidity, metal ions, lignin or paper degradation products, and exogenous
factors like heat, humidity, radiation (light, UV), oxygen, pollutants or biodeteriogens (Kolar,
2005:6). Indeed, the organic composition of paper represents an ideal development substrate for
microorganisms, especially fungi. Fungi can have deleterious effects on paper, due to combined
factors. They act on main cell wall constituents, and can degrade cellulose, hemicellulose, and
lignin, but they also can attack other organic materials as parchment, inks, and many types of glues
and fillers (Sterflinger et al., 2012). Finally, many fungal species produce pigments that are released
in the surrounding environment, contributing to foxing processes.

Treatments are necessary to preserve the integrity of paper, increasing its durability (Girardi et al.,
2017; Isca et al., 2016) and ensure this legacy to future generation. In recent times, the use of a
stable suspension of crystalline nanocellulose (CNC) was tested as starting material for paper
preservation and consolidation due to its excellent properties such as high elastic modulus, optical
transparency, low thermal expansion coefficient, biocompatibility, biodegradability and low
toxicity. Moreover, the same CNC suspensions were also tested with the adding of silver
nanoparticles (CNC/Ag), as it is well known that silver has broad-spectrum antimicrobial activity
and high toxicity to different type of microorganisms (Bergamonti et al., 2020; Kamel, 2012;
Nassar & Youssef, 2012).

Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVII A ISBN 978-88-99513-18-4
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However, the use of CNC and CNC/Ag suspensions could determine itself alterations of treated
paper, among which, for example, color variations. The changes in the surface appearance of the
paper samples have already been determined according to UNI EN 15886:2010 in a previous work
of Bergamonti et al.,2020. Nevertheless, previous research has only covered one type of paper,
namely Whatman #1, analyzing 7 regions of a few mm? in paper sample. Thus, the goal of the paper
is to enlarge the analysis at two types of paper, namely Whatman #1 and Amalfi, analyzing 9
regions of 3x3 cm in each paper sample. They were subjected to artificial ageing process and then
treated by means of CNC and CNC/Ag. Spectral reflectance measurements were performed, and
then total reflectance values and L*a*b* color coordinates under D65 illuminant were obtained. All
the results were compared to better understand the effects due to the use of CNC and CNC/Ag.

Method

As previously mentioned, the experiment was conducted on two different types of paper, Whatman
#1 and Amalfi (hereinafter called WP and AP respectively). In this way it was possible to
understand if the suspensions addition determines the same effects irrespective of the treated
support, or not. WP is the most widely used filter paper for laboratory routine applications, it is
made of 100% pure cotton linter and is characterized by high fiber elongation. AP is a fine paper
produced since the Middle Ages in the city of Amalfi (Campania-Italy), it is made of cotton linter
and hemp rags and is characterized by lower fiber elongation and by the presence of impurities
(brown spots).

The experiment was divided in three different phases: 1) the preparation of the paper samples to
analyze, 2) the spectral reflectance measurements, 3) the post-process of the measured data.

1. Preparation of the paper samples to analyze. For both WP and AP, 3 squared samples (side 3 cm)
were cut and then subjected to accelerated ageing, to obtain targets whose conditions were
representative of ancient papers. The artificial ageing was performed according to the ISO 5630-
3 1996 standard. Specifically, they were put in a temperature and relative humidity chamber
(DESPATCH LEA 1-69) at 80°C and 65% of relative humidity for 30 days. Then 1 of the 3 so-
obtained samples was used as reference, whereas the other two were furtherly treated, the former
by use of CNC and the latter by means of CNC/Ag. The treatments based on nanocrystalline
cellulose and Ag nanoparticles, were synthesized according to Bergamonti et al. (2020). Cotton
linters were hydrolysed by sulfuric acid (64 %) at 60°C for 40 minutes. The obtained product
(CNC) was repeatedly washed, resuspended by centrifugation and purified in dialysis tube for
one week up to neutral pH. 100 ml of suspension of silver nanoparticles (1000 ppm) were
obtained by chemical reduction in water of a solution of AgNO3 with NaBH4 (Ag/NaBH4 ratio
5/1) in presence of PVA 1% (ratio Ag/PVA 100/1 v/v) as stabilizing agent. CNC suspension (1%
w/V) was mixed with the colloidal suspension of silver NPs (1000 ppm), with volume ratio 9/1
to obtain final suspensions 100 ppm (Ag).

In summary, six different samples were obtained: 2 artificial aged samples in WP and AP
(hereinafter referred to as WP_AA and AP_AA), 2 artificial aged samples in WP and AP treated
with nanocrystalline cellulose (hereinafter referred to as WP_CNC and AP_CNC) and 2 artificial
aged samples in WP and AP treated with Ag-functionalized nanocrystalline cellulose (hereinafter
referred to as WP_CNC/Ag and AP CNC/Ag).

2. Spectral reflectance measurements. Spectral reflectance measurements were performed by means
of a Konica Minolta CM-2600d spectrophotometer on each sample by pointing the instrument
towards 9 different points located on the squared cardboards according to the grid represented in
Fig.1a. As it can be seen in the image, the first point P1 (represented in red) coincides with the
center of the sample, the other 8 were placed in a median region (0,53 cm from the center) in
shape of a cross (P2, P3, P4 and P5 represented in orange), and in a distal region (1.06 cm from

Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVII A ISBN 978-88-99513-18-4
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the center) in shape of a “X” (P6, P7, P8 and P9 represented in green). The suspensions were
inoculated at the center of the targets corresponding to P1, so the analysis of the other points
allowed to verify if the effects of the substance addition were homogeneous in the entire sample.

To align the instrument to the points of the measurements grid, masks (like stencils) of the same
dimensions of the targets were prepared. They are schematized in Fig. 1b. They were obtained
by cutting a black cardboard and ad hoc piercing it to get holes of the same diameter of the
viewfinder of the instrument and located according to the described analysis grid. To perform the
measurements each mask was overlapped in turn to each sample and the instrument was
positioned such that its aperture hole corresponded to the holes of the cardboards. The
spectrophotometer measures the reflectance of an area corresponding to its circular aperture hole
(1 cm diameter). Consequently, given the dimensions of the samples and the distribution of the
points, the 9 measurement areas (i.e., the holes in the masks) partly overlapped one each other.
However, as it will be shown in the Results Section, the used method turned out to be effective
in highlighting the differences among the 9 measured areas.

In previous trial experiments it was found that the selected papers were slightly transparent and
transmitted part of the incident radiation. For this reason, during measurements samples were
located on an opaque black almost not-reflective base. To guarantee the repeatability of the
experiment, the NCS S9000N color sample was used as base. Moreover, it was observed that the
color alterations due to the use of CNC/Ag were not stable on time varying. For this reason, the
measurements were performed one month and half after the preparation of the samples and, in
the case of the WP CNC/Ag and AP CNC/Ag, the measurements were repeated also
immediately after the preparation of the samples, to give an idea about the color variations on
time varying. During the month and half ranging from preparation to measurements, the samples
were incubated in darkness at 25 + 2°C with 40/50% of relative humidity.

a) Measurement grid a) Masks used for measuremenst a) Measurement scheme

Mask used to point the
spectrophotometer

1
P5>~<P3 Sample to measure

py P4 g

NCS S9000N target
used as base

3cem

Fig. 1 — Scheme of the measurement grids and of the masks used to perform measurements

3. Post-process of the measured data. The following data were obtained from measurements:
spectral reflectance curves for the 6 samples; total reflectance values under D65 illuminant
(ppes); CIE L*a*b* coordinates under D65 illuminant. All these data were compared to
understand the effects of the use of CNC and CNC/Ag. Moreover, as regards the WP_CNC/Ag
and AP _CNC/Ag the AE*a, AL*, Ah*, and AC* values were obtained for each point of the
measurement grids comparing the results of the first measurements and those of the second ones,
in order to quantify the color variations on time varying.
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Results

Fig. 2 reports spectral reflectance curves of the 9 measured points for all the six analyzed samples.
The total reflectance values under D65 are reported in Table 1.
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Fig. 2 — Spectral reflectance of measured points referred to each sample
The following observations can be inferred from the analysis of the spectral reflectance curves.

First of all, the two types of paper turn out to be very different. The comparison between the
artificial aged and not treated samples (WP_AA and AP AA represented in Figg. 2a and 2d
respectively) shows that the WP_AA is characterized by spectral reflectance values almost constant
from 420 nm on and equal to around 75.0%. Only in the range 360 nm - 420 nm the values are
smaller and the minimum one is registered at 360 nm (around 70.0%). As it can be read in Table 1,
this trend determines an average value of total reflectance equal to 74.9%. The standard deviation
(SD) is low (0.5%), meaning that the average value is representative of the 9 points and
consequently the paper is homogeneous and does not present high gradients of reflectance between
a point and another. On the contrary, in the AP_AA the trend of the spectral reflectance curves is
increasing and assumes values around 35.0% at 360 nm and around 70.0% corresponding to 740
nm. Consequently, the total reflectance values are lower than in the case of WP and equal to 58.3%

on the average. Th SD is slightly higher (1.0%) than in the WP, meaning that the paper is less
homogeneous.

As regards the effects due to the treatments, two main observations arise looking at Fig. 2: First, the
use of CNC/Ag has more evident consequences than the use of CNC; second, the two types of paper
do not react in the same way to the treatments.

In more detail, as regards the use of CNC, by comparing Figg. 1a and 1b it can be seen that the
CNC addition determines for the WP a very little downwards shift of all the spectral reflectance
curves. This shift is constant for all the wavelengths, so that the average total reflectance gets equal
to 74.2%. On the contrary, on the AP the effect is almost the opposite, i.e., for the small
wavelengths the spectral reflectance values increase (for example at 340 nm they are around
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35.0%). Consequently, the average total reflectance value is slightly higher than for the AP AA and
equal to 59.6%.

The addition of the Ag determines alterations of the spectral curves more evident, especially in the
case of WP (see Fig. Ic). For this paper, the point P1, represented with red line on the graphs and
corresponding to the central point of the measurements grid (where the substance was inoculated) is
the most affected one. The spectral reflectance is significantly reduced (on the average 20.0%) in
the range 340 nm- 520 nm and then start to increase again. The median points (represented in
orange) are interested by a similar behavior, but the shifts of the curves are less significant.
Therefore, reductions of the total reflectance values can be observed. They are diversified according
to the considered points and the minimum value corresponds to P1 for which the total reflectance is
equal to 59.0%. The average value referred to the 9 points is 69.9%, with SD equal to 5.1%,
testifying that the ppes values are not homogenous on the sample. On the contrary, as regards the
AP, the shape of the reflectance spectra does not change a lot. They shift downwards and the
reductions of the reflectance values are not equal for all the points. It is worth noticing that in this
case the points for which the reductions are more significant are the distal ones and specifically P8
and P9 (with ppes values equal to 52.7% and 52.1% respectively). So, the spread of the suspensions
in the two papers has happened in a different way.

Table 1 — Total reflectance under D65 of measured points referred to each sample [%]

Point Whatman #1 paper Amalfi Paper
WP_AA WP_CNC WP _CNC/Ag | AP_AA AP_CNC AP _CNC/Ag

P1 75.6 73.8 59.0 59.0 59.7 54.2
P2 74.9 73.3 68.7 59.5 59.4 53.7
P3 74.4 74.3 66.2 57.1 59.6 56.3
P4 75.4 74.5 68.3 57.6 60.4 52.0
P5 75.8 73.9 70.8 57.7 60.0 55.5
P6 74.5 74.1 72.7 59.8 59.6 58.1
P7 74.4 74.5 75.1 58.9 59.6 58.2
P8 74.6 74.9 74.5 57.5 59.4 52.7
P9 74.9 74.8 73.8 57.4 58.8 52.1
Average value 74.9 74.2 69.9 58.3 59.6 54.8
Standard deviation | 0.5 0.5 5.1 1.0 0.4 2.4

In Fig.3 the measured points are represented in the CIELAB color space for WP (Fig. 3a) and AP
(Fig. 3b). The corresponding L*h*C* values are reported in Table 2 (for WP) and Table 3 (for AP).

Fig. 3a shows that points referred to WP/CNC are concentrated in the central part of the graph and
mostly overlap those referred to the WP_AA sample. The mostly affected color coordinate is the
hue that is generally reduced, indeed for the WP_AA it ranges from 109.4° to 151.3°, whereas for
the WP_CNC from 101.3° to 123.7°. Even the L* is subjected to reductions. It ranges from 89.1 to
89.8 for WP_AA and from 88.6 to 89.3 for WP_CNC. On the contrary, the C* varies in the interval
0.2 to 0.6 for both samples. The results referred to the use of CNC/Ag are completely different. The
distal points almost overlap those of the other two samples (WP_AA and WP/CNC), whereas the
median ones and especially the central one are far from the others. For example, P1 is characterized
by L*, h* and C* values equal to 81.3, 44.0° and 6.3 respectively. The median points are interested
by reductions of L* and of h* and increments of C* as well compared to the WP_AA.

In the case of AP, the use of CNC determines a slight increment of lightness and hue compared to
the AP_AA. Indeed, the L* values range from 80.2 to 81.7 for the AP_AA and from 81.2 to 82.1
for the AP_CNC, and the h* ones from 83.0° to 84.6° for the AP_AA and from 84.0° to 85.3° for
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the AP_CNC. The chroma is instead reduced, indeed it ranges from 9.6 to 10.7 for the AP_AA and
from 7.9 to 8.8 for the AP_CNC. The addition of Ag determines a reduction of the lightness (lowest
L* value equal to 77.3 observed for both P4 and P9) as already observed for the WP. Moreover,
also in this case the hue is reduced and the chroma increased but the variations are not so evident
like in the WP case. Specifically, the h* ranges from 77.2° to §2.9° and the C* ranges from 9.8 to

11.9.
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Fig. 3 — Representation of the measured points for each sample in the CIELAB color space

Table 2 — CIE L*h*C* values under D65 of measured points referred to each sample of Whatman #1 paper

WP AA WP_CNC WP _CNC/Ag
Point L* h* [°] C* L* h* [°] C* L* h* [°] C*
Pl 89.7 136.7 0.2 88.8 102.8 0.5 81.3 44.0 6.3
P2 89.4 115.3 0.4 88.6 101.3 0.6 86.3 62.1 2.1
P3 89.1 151.2 0.2 89.1 105.9 0.4 85.1 63.2 3.8
P4 89.6 124.8 0.3 89.2 114.8 0.3 86.1 68.4 3.2
P5 89.8 138.4 0.2 88.9 104.0 0.5 87.4 65.5 2.1
P6 89.1 114.0 0.4 89.0 102.4 0.5 88.3 91.9 1.2
P7 89.1 109.4 0.6 89.2 123.0 0.2 89.4 103.0 0.5
P8 89.2 120.1 0.4 89.3 123.7 0.2 89.1 94.9 0.9
P9 89.4 119.1 0.4 89.3 125.0 0.2 88.8 98.1 0.8

Table 3 — CIE L*h*C* values under D65 of measured points referred to each sample of Amalfi paper

AP AA AP _CNC AP _CNC/Ag
Point L* h* [°] C* L* h* [°] C* L* h* [°] C*
Pl 81.3 83.7 9.9 81.7 84.4 7.9 78.6 77.9 11.0
P2 81.6 84.5 9.6 81.5 84.0 8.5 78.3 78.4 11.0
P3 80.2 83.3 10.4 81.6 84.4 8.4 79.8 80.8 10.2
P4 80.5 83.7 10.0 82.1 84.5 8.1 77.3 77.2 11.8
P5 80.6 83.0 10.7 81.8 84.1 8.8 79.4 78.7 10.9
P6 81.7 84.6 9.6 81.6 84.1 8.7 80.8 82.9 10.0
P7 81.2 84.3 9.7 81.6 84.4 8.8 80.8 82.9 9.8
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P8 80.5 83.2 10.4 81.5 85.3 8.3 77.7 79.5 11.9
P9 80.4 83.1 10.7 81.2 85.2 8.4 77.3 79.9 11.7

Finally, in Table 4 color variations due to the effect of time on samples treated with CNC/Ag are
described. First, it can be noticed that the two papers show a different behavior once again. The AP
turns out to maintain almost constant the color characteristics on time varying. Indeed, the AE*,;
values range from 0.3 to 0.8. On the contrary, for the WP, the differences are higher, and again they
are particularly evident for P1. In this case the AE*,, is equal to 6.3. This color variation is due to a
reduction of L* (AL*=-3.3) and h* (Ah*=-52.3°) and to an increase of C* (AC*=4.6), meaning that
the substance determines that the paper gets darker, more pinkish, and more saturated on time
varying. A similar behavior (with less significant variations) can be observed for median points,
whereas regarding the distal ones (P6, P7, P8 and P9) the AE*,, values are at most equal to 0.8.

Table 4 — Color variations due to the effect of time on samples treated with CNC/Ag

Whatman #1 paper Amalfi paper
Point AL* Ah* AC* AE*y AL* Ah* AC* AE*y
Pl -3.3 -52.3 4.6 6.3 -0.7 2.4 0.2 0.8
P2 -0.1 -33.8 1.1 1.4 -0.5 -2.8 0.2 0.8
P3 -2.7 -31.6 2.9 4.1 0.4 -0.5 -0.1 0.4
P4 -2.0 -22.4 1.7 2.8 -0.4 -2.1 0.2 0.6
P5 -1.0 -30.9 1.0 1.7 -0.3 -2.3 0.3 0.6
P6 0.2 -6.6 0.4 0.4 0.3 0.3 -0.2 0.3
P7 0.6 1.3 -0.1 0.6 0.5 -0.1 -0.4 0.6
P8 0.7 -1.7 -0.4 0.8 0.8 -0.1 -0.3 0.8
P9 -0.1 -0.5 -0.2 0.2 0.6 0.2 -0.1 0.6

Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVII A

Discussion and conclusions

The paper presented the results of spectral reflectance measurements aiming at investigating the
color alterations induced by the use of nanocrystalline cellulose (CNC) and Ag-functionalized
nanocrystalline cellulose (CNC/Ag) on two types of paper, Whatman #1 and Amalfi (WP and AP).

The following main results have been found:
-The two types of paper react in a different way to the same treatments.

-The use of CNC does not alter particularly the trend of the spectral reflectance curves in both
papers. Specifically, in the case of WP there is a slight downwards shift of the curves, whereas for
the AP an increase of the spectral reflectance values has been observed for small wavelengths. As a
consequence, the average reflectance values vary from 74.9% (in the WP_AA) to 74.2% (in the
WP_CNC) for the WP and from 58.3% (in the AP_AA) to 59.6% (in the AP_CNC) for the AP. As
regards the color appearance, for the WP the use of CNC determines slight reductions of h* (for the
WP_AA it ranges from 109.4° to 151.3°, whereas for the WP_CNC from 101.3° to 123.7°) and L*
(it ranges from 89.1 to 89.8 for WP_AA and from 88.6 to 89.3 for WP_CNC) and does not affect
the C* (values comprised between 0.2 and 0.6 for both samples). On the contrary, for the AP slight
increments of lightness (L* values ranging from 80.2 to 81.7 for the AP_AA and from 81.2 to 82.1
for the AP_CNC) and hue (h* values ranging from 83.0° to 84.6° for the AP_AA and from 84.0° to
85.3° for the AP_CNC) were observed. The chroma is instead reduced (it ranges from 9.6 to 10.7
for the AP_AA and from 7.9 to 8.8 for the AP_CNC).

-The use of CNC/Ag significantly change the spectral reflectance curve especially for the WP and
for P1. For this point, the spectral reflectance values decreased in the range 340 nm - 520 nm and
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then start to increase again. Consequently, the total reflectance assumes a value equal to 59.0%. As
for the color appearance, the P1 gets darker, more pinkish, and more saturated. Similar behavior
has been observed for median points as well. In the case of AP, the effect of the Ag addition is less
evident. The spectral reflectance curves simply shift downwards but the trend is not particularly
modified. Therefore, the average value of the reflectance (54.8%) is lower than the aged sample
(58.3%). Also for this paper, the addition of Ag determines a reduction of the lightness and of the
hue, whereas the effects on C* are negligible.

-The spread of the substances on the paper samples is not homogenous so determine different
alterations for the different observed points.

-The color variations are not stable on time varying.

Despite the obtained results, further studies are needed to deepen the topic. For example,
considering that it has been demonstrated that the two papers react in a different way, the
experiments could be repeated on other types of paper, to extend the outcomes to a wider group of
materials. Moreover, the effect of time on color variations should be furtherly studied. For example,
the measurements could be repeated after a longer time, or after a further artificial ageing process.
Another important issue is that, as demonstrated by the results, the spread of the suspensions on the
paper is not homogeneous, so the color alterations are not equal in all the measured points. Other
methods to inoculate the substances could be experimented and verified. Moreover, here only very
small samples were analyzed, the treatments could be applied on entire pages to understand which
is the final effect in a more realistic application.
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Abstract

The paper investigates the visual color change that occurs on a sample screen-printed with printing
paste of identical composition containing pigment CHT Colormatch 740 Schwarz in the mass of 30
g of pigment per 100 g of total printing paste mass. After applying the same printing paste on textile
substrate coloured in black and magenta hues, a visual difference in color appearance occurred
between the samples. While on a magenta background the print looks completely black, on a black
background the visual appearance of the color is much lighter. Screen-printing was carried out for
the purpose of patterning the materials for the designer collection of backpacks, and a similar effect
was achieved when applying printing pastes in magenta hue. In addition to visual analysis, color
objectification was performed on the samples based on spectrophotometric measurement and
presentation of results according to the CIELAB evaluation system and through the values of color
depth K/S. Microscopic imaging of the surface was performed to assess surface coverage and layer
uniformity, and in the process of visual analysis, not only the impact of the substrate was assessed,
but also of the surrounding colors (contours).

Keywords: simultaneous contrast, colour objectification, CIELAB, K/S.

Introduction

The perceived color of a surface depends not only on the spectral content of the light that reaches
the eye but also on its context, background or surrounding colours; i.e. color appearance depends on
spatial context (Ratnasingam and Anderson, 2017; Kanematsu and Koida, 2020). One of the oldest
and most extensively studied forms of context dependence is a simultaneous contrast phenomenon.
Simultaneous contrast is a psychophysical visual effect that is caused by a change in the
background color; the effect that shows that the representation of one part of light depends not only
on the light but also on the context in which the light is presented (Hajdek, M. et. al. 2018).
According to (Soranzo, A., 2016), simultaneous color contrast is the condition whereby two
surfaces with the same spectral composition are perceived to have a different colour when they are
placed against different chromatic backgrounds (Fig. 1). According to (Hirschler et. al., 2022),
simultaneous contrast may be defined generically as a change in perceived colour due to its adjacent
colour. Generally, simultaneous contrast is the induced enhancement of differences between a given
color and surrounding colors; it is the effect of the surround on the color one perceives (Brewer,
1992). The term “simultaneous” was introduced by M. E. Chevreul to “distinguish this phenomenon
to the ‘successive’ contrast, where two colours appear in succession upon the same retinal area”.
The contrast has a great impact on color perception — it describes the influence of one color on the
perception of colors in adjacent areas — the perceived color of the surfaces is “contrasted” by the
color of the surround (Brewer, 1992). Contrast is the difference of luminance between the surfaces
of different areas and/or elements on the surface ((Hajdek, M. et. al. 2018).); Shepherd, 1999;
Ichihara, Kitagawa and Akutsu, 2007). When placing a brighter color as the background, the color
appears darker; while when placing a darker color as the background, the color appears brighter
(Hajdek, M. et. al. 2018). As the term “contrast” is also used in the literature to indicate the relative
intensity of the stimulation, some authors prefer the term “induction” over contrast.

Apart from the psychophysical visual effect of achromatic simultaneous contrast which is also
called achromatic induction, there is also chromatic induction which is based on the difference
between the chromatic pairs of colors (Hajdek, M. et. al. 2018). When the squares and the
backgrounds are achromatic, this phenomenon is named Simultaneous Brightness (or Lightness)
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Contrast effect (Fig. 2). The definitions also suggest simultaneous contrast should be used only for
chromatic effects (Brewer, 1992). Simultaneous color contrast is most studied phenomena in visual
perception and that has interested scientists and philosophers since Aristotle’s time (Soranzo, A.,
2016; Hajdek, M. et. al. 2018). In the nineteenth century different explanations for simultaneous
contrast have been given by Hering and Helmholtz. Hering (1920) supported an explanation based
on retinal neuron interaction processes. To explain the contrast phenomenon the retinal-based
interpretation focuses on the notion that the receptors that are stimulated by the background then
send inhibition to the receptors that are stimulated by the surrounded area (Soranzo, A., 2016).
According to this view, the simultaneous color contrast shown in Fig. 1 occurs because the
receptors stimulated by the red background inhibit the red sensitive receptors stimulated by the
orange square, leading to a yellowish appearance. Conversely, the receptors stimulated by the
yellow background inhibit the yellow sensitive receptors stimulated by the orange square, leading to
a reddish appearance. A similar explanation is provided for the contrast phenomenon seen in Fig. 2.
The receptors stimulated by the light background send inhibition to the receptors stimulated by the
patch that the background surrounds, causing perceptual darkening. On the other hand, the receptors
stimulated by the dark background send little inhibition to nearby receptors, and therefore, there is
no darkening effect. Two squares, one on a dark background and the other on a light one, appear to
have different brightness despite being physically equi-luminant (Sinha et al., 2020).

Another, classically identified with Helmholtz, offers a cognitive account in terms of the most likely
interpretation of the scene — he was in favor of an explanation based on higher-level processes,
involving assumptions about the configuration as a whole (Bosten and Mollon, 2010; Soranzo, A.,
2016). Figure 1 shows the central components of the squares that are physically identical in the
centres of red and yellow surrounds. The appearance of the color is different, however. The two
squares appear to aquire the opposite spectral component of their surrounds. The two inner squares
in the left and right displays are physically identical, but appear different because the two surround
colors influence the appearance of the squares. For this particular combination of target and
surrounds, the difference in perceived color of the square is quite strong.

Fig. 1 — Simultaneous color contrast (Soranzo, A., 2016). Fig. 2 — Simultaneous color contrast (Soranzo, A., 2016).

A similar explanation is provided for the contrast phenomenon seen in Fig. 2. The receptors
stimulated by the light background send inhibition to the receptors stimulated by the patch that the
background surrounds, causing perceptual darkening. On the other hand, the receptors stimulated by
the dark background send little inhibition to nearby receptors, and therefore, there is no darkening
effect (Soranzo, A., 2016).

1.1. M. E. Chevreul and J. itten - Simultaneous contrast

As mentioned before, Michel-Eugeéne Chevreul is the 'father' of simultaneous contrast research and
made numerous controlled observations of the effect. He was a French chemist and professor of
physical science. Fascinated by visual color phenomena, he spent years investigating the subject of
optical colour mixing and is considered to be the first to explain the concept of simultaneous
contrast for a wide audience. As director of dye laboratory of the Gobelin Workshop, he initially
focused on finding the cause in dyeing process but because of lack of results, Chevreul turned his
investigation to optic phenomena and properties of the eye (Luke, J., Chevreul, M. and Birren, F.,
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1988). His devotion led to the finding that a combination of threads in a woven fabric results in a
new color being produced in the retina of the eye. It meant that it is possible to reduce the number
of dyes and still be able to produce a rich range of colors. In 1839, Chevreul published the Law of
Simultaneous Contrast stating that “two adjacent colours, when seen by the eye, will appear as
dissimilar as possible.” His work work was not as fundamental as that of Hermann von Helmholtz,
who lived during the same period in Germany. Helmholtz focused on physiological optics, the
issues that later formed the basis for color science, while Chevreul looked at color from the
viewpoint of the user. His explanation was not at the level of what visual mechanisms lie behind the
perception, but rather a systematic description of what the human perception of the colors is.
Chevreul did not differentiate between what are now called 'additive' and 'subtractive' color
mixtures, i.e. the different colors resulting from the mixture of beams of coloured lights versus the
mixture of paints or inks. His theories on colour harmony are still those taught in art and design
courses. In addition to giving general rules for achieving harmony, he reports on the attractiveness
of specific groups of colours seen together (Luke, J., Chevreul, M. and Birren, F., 1988). Chevreul
devoted his entire work to simultaneous contrast; however, systematic and practical exploration of
colour contrasts (with exercises) was essential of J. Itten's course of instruction. According to Itten,
there are seven kinds of colour contrasts, namely: contrast of hue, light-dark contrast, cold-warm
contrast, complementary contrast, simultaneous contrast, contrast of saturation and contras of
extension. He states that ,.the simultaneous contrast results from the fact that for any given colour
the eye simultaneously requires complementary colour and generates it spontaneously if fit is not
already present (Itten, J., 1970).

This effect is shown on Fig. 4; ,JEach of six pure colour squares contains a small neutral gray
square, matching the background colour in brilliance. 31-36 Each gray square seems to be tinged
with the complementary of the background. The simultaneous effect becomes more intensem the
longer the principal colour of a square is viewed. 37 Three small gray squares (Itten, J., 1970).*

Fig. 4 — Simultaneous contrast by Johannes Itten (Itten, J., 1970)

Materials and Methods

In the methodological part of the work, the design of motifs and the patterning of textile material
intended for the creation of author's backpacks were approached. A waterproof fabric with a raw
material composition of 100% PES (polyester) was chosen, with a pronounced weaving structure on
the face and impregnation on the reverse side. Figure 4 shows a microscopic picture of the structure
of the undyed sample. The weaving structure is visible from the face, while the impregnation layer
of 100% polyurethane is visible between the weave points.
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Fig. 4 — The microscopic image of the undyed textile material

The microscopic imaging was performed by DinoLite AM7013, with the following parameters:
magnification: 50%/1.3 MP; unit: mm; horizontal FOV [accuracy]: 9.564 mm [+/— 0.192 mm]; one
pixel increment (one keyboard arrow press): ~7.4 um).

In addition to the substrate shown in the picture, other substrates with the same raw material
composition were chosen in magenta and black.

Manual screen printing was chosen as the realization technology. The printing was carried out with
printing pastes intended for pigment printing, prepared with an industrially produced, ready-made
base having a defined composition of thickener, binder, crosslinker and fixing agent ratio. Two
types of such bases for pigment printing were used: a base for covering pigment printing with the
addition of Titanium dioxide (TiOz) - a white pigment that has the property of completely covering
the color of the substrate; and a base for effective relief (so-called expansion) printing, which in its
composition contains components based on vinylidene chloride (C>H2Cl2), which in the fixing
phase, under the influence of high temperature, produces gases causing swelling of the print,
resulting in a special, swollen, relief effect. The trade names of the printing base are Printperfekt
Blanc 450 containing Titanium dioxide for covering printing and Tubiscreen EX-TS for effective,
relief printing. The pigments used were CHT Bezena Schwarz 740, Gold Gelb 110, Rosa 240, Rosa
241, Fucsia 250. Printing bases and pigments are both provided by the Swiss producer CHT
Bezema.

Pigments were used to achieve the target coloration, and for each coloration a printing paste was
prepared with both mentioned bases.

After the printing the coloristic analyses was performed, subjective and objective ones based on
instrumental spectrophotometric measurement performed by remission spectrophotometer
DataColor®850, with constant instrument aperture, standard light D65 and d/8° geometry. The
results are shown in terms of color coordinates (a*/b*), main colour parameters (L*, C, h°) and
color depth (K/S), calculated according to CIELAB system.

Results and Discussion

At the beginning of the discussion, it should be emphasized that all prints grouped under the names
"Prints with black-gray printing paste" (Fig. 5) and "Prints with magenta printing paste" (Fig. 6),
were printed with printing pastes of identical composition and concentration of the same pigment.
CHT Bezena Schwarz 740 pigment was used for the samples grouped under the name "Prints with
black-grey printing paste", and a mixture of CHT Bezema Rosa 240, Rosa 241 and Fucsia 250
pigments was used for the samples grouped under the name " Prints with magenta printing paste".
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Sample 1B Sampl 2 ‘. Sample 3B Sample 4B Sampl 5B

Fig. 5 — Photographs of samples grouped as “Prints with black-gray printing paste”, and microscopic images of printed layers

Sample 1M Sample 2M Sample 3M

Sample 4M Sample SM Sample 6M

Fig. 6 — Photographs of samples grouped as “Prints with magenta printing paste”, and microscopic images of printed layers

A visual comparison of the printed samples reveals a strong influence of the substrate as well as the
color and structure of the contour of the motif, which lead to visible differences in the appearance of
the color. With prints in black and gray color, there is a change in the perception of lightness, while
with prints in magenta color, there is a change in the experience of all three visual color parameters
— lightness, chroma and hue.
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But, regardless the strong changes in the color appearance in the visual experience of the entire
motif, microscopic images of the layer of pigment paste, applied by the printing process, confirm
that all the samples were printed with the printing paste of an identical shade.

In order to confirm the objective equality of the color of the printing pastes used in both groups of
samples, a spectrophotometric measurement of the color and a numerical evaluation of the
coordinate and colouristic values of the prints were carried out. Figure 7 shows the placement of
color in the a*/b* coordinate space. For the black color, it is confirmed that it is an identical
coloring. In the case of the magenta color hue, slight shifts in the coordinate position of the color
can be seen, indicating small differences in chroma, but it is still confirmed that it is a uniform

coloring.
9 0 *
-a* - +3* +a
-50 -30 -10 @ 10 30 50 C 10 20 30 40 50
-10 -10
o0 P ®
20 20
30 -30
-40 -40
-50 -b* -50
-b*
a) b)

Fig. 7 — Color placement in a*/b* color space; a) for the motif printed in black-gray; b) for motif printed in magenta color

Tables 1 and 2 show the objective values of the color parameters of the printed colors (lightness L*,
Chroma C* and hue h°). For black, these values also confirm the uniformity of all three parameters,
while in the case of magenta printing, slight differences in Chroma and lightness appear, while the
hue value is practically identical. Such results, for both groups of samples, confirms the objective
uniformity of the color, regardless of the visual appearance.

Tab. 1 — L, C, h, values for black prints Tab. 2 - L, C, h, values for magenta prints
L* C* h° L* Cc* h°

Sample 1B | 33.25 2.07 | 256.06 Sample IM | 56.53 | 37.27 | 332.11
Sample 2B | 31.89 243 | 258.21 Sample 2M | 55.91 36.12 | 33148
Sample 3B | 34.82 2.38 | 288.15 Sample 3M | 53.96 | 46.83 | 337.44
Sample 4B | 33.05 249 | 27731 Sample 4M | 57.19 | 42.11 | 334.38
Sample 5B | 32.20 2.31 | 257.52 Sample SM | 58.20 | 42.22 | 334.54

Sample 6M | 53.31 | 47.16 | 337.34

The remission characteristics of the black and magenta prints (Fig. 8) also confirm the spectral
uniformity of the coloring.
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a) b)
Fig. 8 — Remission characteristic (curves) of; a) the motif printed in black-gray; b) the motif printed in magenta color

Slight differences that appear in the objective color values of magenta prints can also result from
irregularities in the polymer layer. Microscopic images (Figs. 5 and 6) show the appearance of
cracks in the layer of printing paste, as well as the unevenness of the surface coverage in some
samples. This certainly contributes to the appearance of slight differences, because such
irregularities influence the change in the ratio of reflected and scattered light in the context of
quantity.

In the further analysis, the color differences were calculated based on the objective values of the
color parameters. The differences are calculated according to the CMC (l:c) equation, which is
accepted by the ISO 105 standard for evaluating the color differences on textiles. The results are
expressed as the value of the total colour difference (dEcmc) and as the differences in individual
color parameters (dLcmc, dCemc, dhemc). As a standard, in the group with a black-gray motif,
Sample 1B was chosen, and in the group with a magenta motif, the standard is Sample 4M. The
results are presented in Tables 3 and 4.

Tab. 3 — colour differences for samples with black-grey motif

CMC DL*/SL CMC DC*/SC | CMC DH*/SH CMC DE
Sample 2B -0.79 0.47 0.11 0.93
Sample 3B 0.92 0.40 1.66 1.94
Sample 4B -0.12 0.55 1.13 1.26
Sample 5B -0.61 0.32 0.08 0.69

Tab. 4 — colour differences for samples with magenta motif

CMCDL#*/SL | CMC DC*/SC | CMC DH*/SH CMC DE
Sample IM -0.28 -2.04 -0.92 2.26
Sample 2M -0.55 -2.53 -1.16 2.84
Sample 3M -1.39 1.99 1.39 2.80
Sample SM 0.44 0.05 0.07 0.44
Sample 6M -1.66 2.13 1.35 3.02

The color differences also confirm what was stated in the previous analysis. For samples with a
black-gray motif, the differences in the color hue (dhcwmc) are slightly outside the allowed tolerance
limit, however, the values of the total color difference (dEcmc) meet the allowed range.
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For the magenta motif, due to the differences in chroma, the values of the total color difference
(dEcmc) are slightly outside the tolerance limits. The results obtained in this way certainly indicate
the importance of the influence of the pigment layer, its structure, uniformity and coverage. They
can in no way be attributed to the actual difference in the coloring of the printing paste.

Conclusion

The optical phenomenon of simultaneous contrast is the subject of scientific research and artistic
interest of generations of scientists and artists, and a significant number of scientific papers and
books have been written about its causes and phenomena. The analysis carried out in this paper, and
similar analyses, are a contribution to the understanding of how important it is to be aware of the
level to which color can influence each other when they are combined in the relationships of
background, framing and surface coloring. The results obtained by objective analysis confirm the
strong appearance of simultaneous contrast in printed motifs, which occurs due to the strong
interaction of the color of the substrate and the color of the contour around the motif itself.
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Abstract

The aim of this study was to assess the extreme effects of tinted lenses on colour vision by
examining changes in chromatic sensitivity when viewing visual displays through a slightly tinted
(‘blue-blocking’) filter and through a heavily tinted, ‘orange’ coloured filter. The CAD test was
used to measure both red / green (RG) and yellow / blue (YB) chromatic sensitivity in ten subjects
when viewing visual displays through each of the two filters. The measured RG and YB colour
thresholds were then compared with similar measurements made without coloured filters in front of
the eye. The blue-blocking filter absorbs only a small amount of short-wavelength light whilst the
‘orange’ filter attenuates preferentially more short wavelength and some middle-wavelength light.
The results show that the blue-blocking filter does not affect significantly either RG or YB colour
vision. The orange filter, on the other hand, causes large changes in colour discrimination. The
results were analysed statistically by comparing results obtained with the coloured filters with those
measured without any filters in front of the eye. More experimental work is now needed to establish
how much short wavelength light can be removed without affecting significantly the subject’s
colour discrimination performance.

Keywords: anomalies of colour vision, filtering lenses.

Introduction

Colour vision is important since colour signals can be used to code information that improves our
visual performance. The ability to discriminate different colours has many advantages in daily and
professional life. Furthermore, it is mandatory to confirm compliance with safety standards in
visually-demanding working environments where good colour perception is required (aviation,
maritime transport, fire and rescue services, etc) (Barbur and Rodriguez-Carmona 2017).

People use lenses during their daily activities, because they need a correction for their refractive
conditions or because they want to reduce the amount of light reaching the retina and also to
minimise glare. Since the use of various types of ophthalmic lenses that are often spectrally
selective is widespread, it is of interest to understand how the use of such lenses can affect colour
vision. In particular, we would like to predict accurately how the subject’s colour discrimination
abilities are affected by the use of coloured lenses and to understand the possible repercussions the
use of coloured lenses may have in normal daily life and in working environments. The immediate
objective of this work is to evaluate how colour discrimination on visual displays varies when using
coloured lenses in front of the eye. We report preliminary results which measure red/green (RG)
and yellow/blue (YB) colour thresholds when viewing visual displays through coloured filters.

Tinted lens characteristics

Tinted lenses nowadays could be realised using two different methods. The traditional method uses
the absorption properties of pigments, but in recent years it is common to use bespoke interference
filters with selective absorption bands. Filters based on thin, multi-layer coatings can be designed to
control accurately the amount of short-wavelength light absorbed by the lens. These two methods of

Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVII A ISBN 978-88-99513-18-4



XVII Color Conference, Florence 2022 28

producing coloured filters affect both the amount and the spectral composition of the transmitted
light. Recently blue blocking lenses based on thin-layer coatings have been produced and made
available commercially by lens manufacturers, claiming good protection from blue light
(Comparetto and Farini, 2019). In our experiment we use two different lenses, one that relies on
light absorption by spectrally-selective pigments, the other one a blue blocker lens produced
multilayer thin film interference (Fig.1). Transmittance measurements were made using a Perkin
Elmer 1050 spectrophotometer.
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Fig. 1 — Spectral transmittance of the two lenses used in the experiment. The blue line is the blue blocker lens (Essilor Crizal Stylis, n=1.67), the
orange line is an orange lens.

Subjects

Ten subjects (six men and four women), who ranged in age from 19 to 26 (mean age=22.1+2.4),
participating in the study. We prefer to limit the age interval for our subjects because we want to
study only the effect of tinted lenses, avoiding well-known effects on colour vision related to age
(Barbur and Rodriguez-Carmona 2016). The subjects had binocular visual acuity better than one
minute of arc (i.e. equivalent to 20/20 on the Snellen chart) and needed no refractive corrections to
see clearly the test stimuli on the visual display.

Colour test

We use the Colour Assessment and Diagnosis (CAD) test in our experiment. The CAD test isolates
the use of coloured signals and measures colour detection thresholds. Studies on camouflage
showed that the use of dynamic luminance contrast noise masks the detection of luminance contrast
signals without affecting significantly either RG or YB chromatic sensitivity (Barbur 2004). The
test involves the use of a calibrated monitor, keyboard and a computer on which CAD software is
installed. The test generates coloured stimuli on a visual display within a background of dynamic
luminance contrast noise. The stimuli move along each diagonal direction, and the colours are
selected to ensure automatic classification of the class of deficiency involved, as well as adequate
estimates of both RG and YB colour thresholds (Fig.2A).

The subject’s task is to indicate the direction of movement of the colour-defined stimulus using one
of the four, raised, corner buttons on the numeric keypad. The test requires the subject’s age which
is an important parameter since the results are compared against the expected normal age limits.
When the full test is carried out the results show the subject’s RG and YB thresholds in CAD units.
A graph is also displayed to indicate the measured RG and YB thresholds superimposed on the
normal, age-matched chromatic threshold ellipse. The latter is plotted in the CIE (x,»)-1931
chromaticity diagram, together with the expected upper and lower threshold limits for the subject’s
age (Fig.2B).
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Fig. 2 — A) RG and YB stimuli employed in the CAD test. B) The statistical limits for the standard normal (SN) CAD observer are plotted in the CIE
(x,y) 1931 chromaticity chart.

Results

The thresholds for the RG (Fig.3) and the YB (Fig.4) channels show that the orange lens causes a
large loss of colour vision, while the blue blocker lens does not affect significantly either RG or YB
colour thresholds.
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Fig. 3 — mean RG thresholds measured in the ten study participants for each of the three viewing conditions: direct viewing without any lens in front
of the eye (blue bars), with the blue-blocker lens (red bars) and with the orange lens (orange bars). The vertical lines indicate the computed inter-

subject variability (+G)

=
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Fig. 4 — mean YB thresholds measured in the ten study participants for each of the three viewing conditions: direct viewing without any lens in front
of the eye (blue bars), with the blue-blocker lens (red bars) and with the orange lens (orange bars). The vertical lines indicate the computed inter-
subject variability (+C)
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In addition, we carried out a one-way ANOVA to compare the effect of type of lens on RG and YB
threshold. This test revealed that there was a statistically significant difference in YB threshold
between at least two groups (F(2,27)=[65.24], p<10~°). Tukey’s HSD test for multiple comparisons
revealed significant differences in YB thresholds when comparing the no lens and orange lens
conditions (p<107, 95% C.L.=[-2.6967,-2.0265]) and the blue-blocker lens and the orange lens
(p<107, 95% C.1.=[-2.6503,-1.9802]). The box plot for YB threshold is shown in Fig.5. There was
no statistically significant difference between no lens and blue-blocker lens conditions (p=0.98).
Regarding RG threshold, the one-way ANOVA revealed no statistically significant differences
between the three conditions.
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Fig. 5 —Box plot for YB threshold. The red line represents the median, the whiskers are the maximum and minimum value, the boxes are the 25 and
75 percentiles: the plot shows the large difference between the orange lens and the other two conditions.

Comparison of results plotted in fig.6 and fig.7 confirms that the orange lens strongly affects colour
discrimination, whilst the effect of the blue-blocker lens is negligible.
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Fig. 6 —Relationship between YB threshold with orange lens (x axis) and with blue blocker lens (y axis). The error bars are the standard deviations.
The blue line is the regression line (y=0.18 x+0.83), the red line is the y=x line. Pearson’s r = 0.72.
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Fig. 7 —Relationship between YB threshold with no lens (x axis) and with blue blocker lens (y axis). The error bars are the standard deviations. The
blue line is the regression line (y=1.10x-0.11), the red line is the y=x line. Pearson’s 7=0.92.

Conclusions

The findings reported here show that although commercial blue-blocking lenses have a negligible
effect on colour discrimination on visual displays, coloured lenses that absorb a greater amount of
short wavelength light can cause large loss of chromatic sensitivity with the YB channel being most
affected. This preliminary study demonstrates that the CAD test could be used to assess objectively
the maximum amount of short-wavelength light one can absorb with blue-blocking spectacle lenses
without affecting significantly either RG or YB chromatic sensitivity.
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2. Color and Digital

Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVII A ISBN 978-88-99513-18-4



XVII Color Conference, Florence 2022 33

Color consistency in BIM systems and in the visualization of the project in Real
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Abstract
In today's panorama of tools available to the professional in architectural design field, the BIM
methodology has recently spread more and more widely than in the past. This is also due to an
increasingly stringent regulatory imposition in public procurement, especially concerning the
estimated amount of the works.

Furthermore, in the 2000s the visualization of the project was mainly linked to photorealistic static
renderings or popular films obtained from sequences of static images. Nowadays, the computing
power of the available hardware and the evolution of the raytrace rendering engines have led to an
increasingly frequent use of virtual reality and augmented reality, which therefore become renewed
tools available to the designer to visualize and make the project better understood by the client and
other professional actors involved in the design.

In both cases, once the color of a finish has been acquired through correctly calibrated devices and
standardized procedures, the problem of its correct representation arises here. The theme appears
complex and needs to be explored carefully. This text is therefore intended to be an overview of the
currently available solutions, thus analyzing how the currently available applications address the
issue of color consistency in the context of BIM and virtual reality.

Keywords: colormanagement, virtualreality, BIM.

Introduction

The BIM software on the market, which in recent times has been adopted more and more frequently
by designers, has tools that facilitate the collection and sharing of project information and allow to
build a virtual prototype of the building or the space to design. This model must be accompanied by
detailed information relating to all construction elements. However, it cannot have a too high level
of detail in terms of number of triangles and polygons used, since this would negatively affect the
weight of the file in terms of bytes. Furthermore, the BIM methodology does not require the search
for great graphic detail, as its focus is on other areas. Nevertheless, all BIM software are equipped
with a module for visualizing the project. The images produced by this module can never be of a
professional type, since the functions present are intuitive but minimal and simplified, and in
addition, the model, for the reasons explained above, cannot have a solid graphic detail, especially
on the furnishing elements. The BIM model's detail is appropiate only for general external
architectural visualization.

At the same time, Virtual Reality and Augmented Reality applications are now having a great
diffusion in indoor architectural visualization. Through these, photorealism in Real-Time has made
significant progress, thanks to the evolution of rendering engines, AR / MR techniques (Alhakamy
and Tuceryan, 2020) and the hardware capacity of modern video cards (Thoman et al., 2022). In
addition, some studies have shown that, especially in daylight simulations, the perception of space
by the end user was particularly accurate (Chamilothori, Wienold and Andersen, 2019). Also in
artificial lighting scenarios, the theme of visualization of the BIM model in VR visualization
techniques has been studied, and good results have been obtained (Natephra ef al., 2017). For these
reasons, the presentation of the project to the customer is experiencing a natural integration and
evolution of static rendering towards these new visualization techniques.
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Therefore, the need to find a way to present the BIM model through these new ways arises,
improving the quality of the model without affecting the weight in bytes of the native file. As this is
a continuous and rapid evolution field, the possible solutions are numerous and often different in the
approach. Some already proposed in the past involve using multiple software applications (Wong et
al., 2019). Let us see here which tools can be used and if in these the theme of color fidelity is taken
into account or not.

Preliminary Procedures

Regardless of the Real-Time solution that the designer chooses to use, the constancy of the color
that he will want to verify cannot ignore two factors: a correct acquisition of the finish of the
material sample and a faithful reproduction of the designed lighting scenario.

Most of the time, textures to use in CAD systems must have a standard sSRGB color profile. As far
as possible, the designer should avoid using textures downloaded from the internet, as it is rarely
known: a) how they were acquired; b) if a standard procedure was followed; c) if the conversion of
the relative color profile of the device to the absolute SRGB profile has been done and correctly.
The designer should therefore opt for a live acquisition.

The possible procedures are two, one photographic and one via scanner. In both cases, the devices
must be calibrated and have a relative color profile, periodically updated in the case of the scanner
(Guarini, 2020) and obtained at the time of shooting in the case of the camera (Guarini and Rossi,
2021). The procedure, as well as the environmental conditions, must be standard and reproducible.
Taking this last point into account, scanner acquisition is perhaps preferable in the case of thin
material samples. The final image of the acquired texture must then be converted, using a dedicated
program equipped with a CSM Manager, into the absolute SRGB color space. If the texture has to
be repeated several times on a surface, it will then be refined in a photo editing program to be used
as seamless.

The lighting conditions to carry out design simulations where it is possible to evaluate the color
rendering of materials are basically two: natural light and artificial light.

The first is easier to manage, as each real-time simulation software has simplified commands that
reproduce daytime or nighttime lighting. The parameters to set up are not numerous and essentially
concern the simulation's date and time, the project's position and orientation, and the atmospheric
conditions of the simulation. The designer must always take care not to modify the preset physical
parameters, such as the sun's intensity and the solar disk's size, to avoid incorrect simulations in
terms of the quantity of light and the visualization of shadows.

The artificial light condition requires more attention, as the designer should use the accurate
photometric data of the luminaires he wants to use in the environment. The manufacturers of the
appliances can supply these. The survey and acquisition techniques are constantly evolving.
However, at present, the most widespread methodology consists in entering the data relating to the
light intensity through photometric files (Siniscalco and Guarini, 2018) downloaded from the
manufacturers' websites and the data relating to the color temperature of the sources by entering
them manually from the technical data sheets of the device. Almost all real-time viewing software
supports the insertion and the use of these files and these color temperatures. It is also necessary to
verify that the software has available options or tools that allow using the real intensity distribution
given by the file, without this being occluded or modified by the 3D geometry of the device itself.
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PBR Materials

Almost all the proposed solutions we will list later and which deal with the Real-Time visualization
of the projects use PBR materials (McDermott, 2018). Revit has recently introduced this type of
material, even if they are still hidden and not easily accessible by the user. When assigning
materials in Revit, it is preferable to use these directly to facilitate compatibility and reduce the
work in Real-time Rendering applications. If on the sample present in the library there is an
exclamation point on a yellow triangle, the Revit material is not a PBR material (Fig. 1). If you
want to create a PBR material from scratch, the “Asset Browser> Appearance Library> Base

Materials” library must be installed, where you can find five base PBR materials to start from (Fig.
2).

U

Fig. 1 - non PBR and PBR Materials in Revit
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Fig. 2 - Base PBR Materials in Revit

These PBR materials are based on physical parameters, which can be set through values and
preferably through specific texture images. These parameters in which to insert the maps are always
the same, regardless of the software used. Once the designer has obtained the maps in question, he
must connect them to the respective map channels of the application he wants to use. Among the
most important, we mention the “Albedo” relating to the diffuse reflection of light, the “Roughness”
relating to the surface imperfections of the surface and the “Height Map” relating to the bump.

Here the problem arises regarding how to obtain the textures related to these properties. Several
sites offer pre-prepared textures for the various channels. However, as already explained, these
should be avoided for a whole series of problems regarding the fidelity of the acquisition of the base
color, which is why it would be advisable to use a texture acquired with known and standard
procedures. Once obtained this, free software allows obtaining all the others textures from the first
image. An example of this software is Materialize (Bounding Box Software - Materialize, no date).
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However, we outline that the procedure for obtaining images with SRGB profile to be used in the
Albedo property tries to return the color as faithfully as possible. Instead, this free software that
renders the other maps helps to give a more realistic appearance to the final finish by acting on the
gloss of the material and its roughness, but they work empirically and reproducing the type of finish
is due to the designer's ability.

Available solutions

After following the preliminary procedures and using PBR materials where possible, a dedicated
application or plugin is still required to easily view the project in real-time. The BIM software has a
module for viewing the rendering of the project, which, however, has a limited set of tools and does
not solve the problems related to the interaction of the photometric solid within the lighting fixture.
Furthermore, they do not have a module for real-time viewing. Some integrated and cloud-based
solutions were implemented but were subsequently discontinued, such as "Revit Live"(Revit Live |
Autodesk, 2020).

However, several solutions are currently available, given the ever-increasing diffusion of Realtime
Visualization and Augmented Reality. Among these, even professional rendering engines with
years of experience in the visualization sector have developed additional real-time applications to
import the scenes rendered through their plugin, such as VRay for Revit (V-Ray for Revit, 2021) and
Chaos Vantage (Chaos Vantage — Pure ray tracing in real-time | Chaos, 2022).

There are also plugin solutions dedicated to the world of architecture, allowing, through live synch,
to view the model easily. Some examples are Enscape and Lumion (Lumion 3D Rendering Software
| Architectural Visualization, 2022).

Another possible solution is to import the BIM model using a standard file format into leading
software in the sector, such as Unity (Unity, 2022a) and Unreal (Unreal Engine 5, 2004). Software
houses are increasingly developing plugins to allow BIM users to take advantage of the Real-Time
raytraced project visualization through simplified versions of their vertical software in the sector,
simplifying the work of the designers. Unity Reflect (Unity, 2022b) is an example of this approach.

Revit VRay and Chaos Vantage

VRay for Revit is a plugin that expands the possibilities of Revit in terms of project visualization. It
solves the interaction problems of the photometric solid within the luminaire and can perform
lighting analysis on photometric quantities. It has photometrically correct materials, the VRay
Materials, which allow importing textures acquired specifically with sRGB profile, thus
guaranteeing color consistency in the representations. The software house that developed it has also
implemented an application dedicated to real-time visualization, Chaos Vantage. From VRay for
Revit, it is possible to export the entire model in a *.VRayscene format, which can then be imported
into Chaos Vantage.

In this case, the materials and natural light are managed entirely within VRay for Revit, while the
lighting fixtures and photometric files are set up in Revit. Once the file has been imported into
Vantage, it is possible to explore the model in Realtime and with the same rendering quality as
VRay. It is also possible to apply other materials to the scene, including those previously created
and assigned within VRay for Revit. The lighting fixtures can also be switched off and dimmed.

Revit and Enscape

Enscape (Enscape™, 2022) is a Real-time Rendering Plugin that can be used in various software,
including BIM software and Revit. Once the plugin is installed, it is possible to transport the BIM
model to an Enscape instance, establishing a dynamic link between the model and its visualization.
Therefore, the Enscape window acts as a Real-Time viewer of everything modified in Revit.

The materials and the lights are then set directly in the BIM software. For this reason, to obtain the
consistency between the purchased color and the one represented, the procedure and the precautions
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are the same to follow to import a color and a texture into the native materials of Revit (Guarini and
Rossi, 2019) , taking care to use PBR materials as much as possible. On the influence of the correct
simulation of artificial light on color, it is sufficient to follow the recommendations indicated at the
beginning of the article. This is generally a valid prerequisite for a solid inserting of lights into the
BIM software. On the other hand, the simulations of natural lighting are set directly and
dynamically in Enscape.

To have a good representation of the project, the models should be in high detail, i.e. with a high
number of polygons, to better represent the curved surfaces and the shades of color on the various
finishes. This would, unfortunately, weigh up the BIM file. The Plugin solves this problem by
replacing in the representation phase low-detailed Revit families with 3D models developed within
an Enscape proprietary Editor. With this expedient, the BIM file is not thought of in terms of Bytes,
while the Real-Time representation is shown in high quality.

The Plugin has a custom library containing ready-to-insert templates. If the designer wants to insert
models that are not present, he can use the Enscape Editor to import different 3D file formats. This
solution allows bypassing the mapping coordinate problems that are present in Revit. The BIM
software has a limited set of tools for these purposes but importing a 3D model into the Enscape
Editor also imports the mesh mapping coordinates of the imported surfaces, thus solving any
problems.

Regarding the color rendering in Enscape, the Plugin can use the Revit materials. However, it also
has tools to create dedicated materials, which replace the native materials in the Real-Time window
or directly in Revit, if the designer decides to apply them permanently. These materials are
configurable within the project and in the Enscape Editor for importing into objects. The basis of
the materials that can be created in Enscape is the PBR Materials. Considering this, for the correct
color rendering, the texture with the SRGB color profile to be used is the one that must be inserted
in the slot generally called “Albedo”, which refers to the light reflected in a diffused way. In
addition, if the designer opts to use Revit materials to view the project with Enscape without
making any replacements, it is advisable to directly use the PBR materials, already present in Revit
since 2019 and as explained at the beginning of this text.

Revit and exporting in dedicated di Real-Time Visualization Software

Another possible way to view the BIM model in interactive mode is the use of vertical applications
in this sector, explicitly developed for Real-Time visualization, among which we can mention the
best-known "Unity" and "Unreal".

These software also use PBR materials, which are, in fact, the standard for a physically correct
representation of materials and their finishes. Taking up and completing what written at the
beginning of this text, the parameters present in this type of material are different, but among the
leading properties, we can mention: color (or Albedo), roughness and metalness, that is, if the
material is a dielectric or metal. These three properties are present in every solution we are
presenting here. Each of these affects the final color rendering by the observer, but the one that
most significantly affects the perception is the first: the Albedo, which should always be entered
with the SRGB color space in case it is assigned as a texture.

Each software may present these parameters differently. For example, in Unreal, the Albedo is
named "Basic Color". The interface of the Unreal Material Editor shows an Editor of nodes, which
are connected with a tree structure. The various parameters are the nodes, connected to the primary
node that represents the material on which the designer is working. In the node relating to the
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texture to insert "Texture Sample" and connect to the "Basic color" it is possible to choose the
texture to use. In the texture properties, it is possible to specify whether the inserted texture should
be in the sSRGB color space (Fig. 3), and as explained at the beginning of this text, here this option
must always be activated.

. Gr yAlbedo Import i o
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Texture Type (Default -
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Fig. 3 — sRGB Option in the Texture Properties of Unreal Engine and of Unity

It is possible to develop the procedure for importing the BIM model into Unreal in several ways.
The most straightforward and immediate one is using the *.tbx format. However, this is a geometric
format, and its use can lead to the loss of many information in the project's BIM database. This
problem can be solved using a third-party plugin, such as "Datamisth" (Datasmith Exporter
Plugins, 2004), which allows to associate information not present after exporting the *.fbx file. This
Plugin should be installed on Revit and enabled on Unreal. Using this Plugin, it is possible to keep
track of the material replacements made during the import of the *.fbx file, and it is possible to
reapply them automatically if it is needed to re-import the model following some modification or
variant of the project. This procedure is longer and more complex compared to the Enscape Plugin
alone, as it requires several steps and attention from the designer.

The visual render of the BIM model is not so sophisticated because the furniture's level of detail and
development cannot have surface models composed of an excessive number of polygons. So even
in Unreal, as with Enscape, it is possible to replace the Revit families with more complex
geometries to enhance the visual result.

Another Vertical program dedicated to Real-Time Rendering, as Unreal, is Unity. Also in this
application, the materials used are PBR, and here too, there is the possibility to specify whether the
texture should be used with the SRGB color profile (Fig. 3). If the texture is assigned to the Albedo
color, the SRGB profile must always be specified.

Revit and Unity Reflect

As shown in the previous paragraph, the use of vertical software in Real-Time representation
guarantees, on the one hand, high-level performance and a great variety of tools for the designer.
On the other hand, the export process can be non-intuitive for the designer and increase the number
of skills he must acquire to obtain the desired result, discouraging their use. Considering this, some
software houses have decided to develop specific versions of their applications dedicated to the
BIM world, so that they interface directly with Revit and facilitate the use of these tools by BIM
specialists. An example of these dedicated applications is "Unity Reflect", derived from the Unity
application. The application installs a new tab in the Revit ribbon, from which it is possible to easily
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export the BIM model to the Unity Reflect viewer. Any changes made in the Revit model, both in
the geometry and the material, are automatically updated in the Unity Reflect model. The model
imported into the viewer is completed with all BIM data, without the need of third-party export
programs. The color properties of the materials, to be consistent, must therefore be correctly set
directly in Revit with the advisable use of the PBR material, since Unity Reflect does not have the
tools of the central Unity program,; it is simply a 3D viewer of the BIM model.

Conclusions

This text illustrates some solutions available today to visualize a BIM model through Real-Time
rendering, trying to maintain consistency between the actual colors chosen for the finishes and those
represented in the design visualization. It has been explained that to achieve this result it is
necessary to respect some preliminary procedures: a) acquire the textures of the materials with
standard procedures and periodically calibrated tools, taking care to convert the relative color
profile of the devices into the absolute SRGB color space; b) correctly simulate the possible lighting
conditions; c) preferably use the recent PBR materials, if possible, already within the BIM software.

The BIM software does not have a module dedicated to Real-Time. A first solution could be using
the VRay for Revit plugin, which in addition to creating traditional professional renderings, can
export the scene to the Chaos Vantage Real-Time application of the same software house. Another
solution is using other rendering engines such as Enscape or Lumion, which allow a live connection
with the BIM software through a special plugin for Revit. It is also possible to export the BIM
model to programs specifically dedicated to the Game Engine and Real-Time Visualization, such as
Unreal and Unity. Finally, we can mention the possibility of using specific BIM versions of
previously listed vertical Real-Time software, such as Unity Reflect.

These are just some of the possible solutions in the designer's toolset, which vary in terms of
typology and applications available. Indeed, with the evolution of current technologies in a dynamic
and rapidly expanding field, we hope that there will be a convergence towards a reduced number of
solutions for professionals in the future.
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3. Color and Lighting
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Abstract

In the examination of forensic documents, it may be necessary to examine the document by various
methods. It is one of the important methods to reveal the features that exist in the document but are
not visible enough or not at all in visible light with various optical methods. Conventionally, the
light falling on the document from a light source or the filtering of the available light are used
singly or in combination. Another conventional method for the perception of colors is pigments.
They create a color perception according to the light that is absorbed and reflected according to the
incident light. Plasmonic colors are associated with surface plasmon resonance. Surface plasmon
resonance is the resonance oscillation that occurs at the interface between the negative and positive
permeability material, which is caused by the excitation of transmission light electrons in metals or
photonic crystals with incident light. Thus, colors can be created without pigment and without the
need for an additional light source. In recent decades, it has been used industrially with the
development of nanotechnology and software technology. The possible use of this method in
Forensic Document review is examined. The formation of plasmonic colors with liquid crystals can
cause rapid color changes in the skin of some animals in nature. Thanks to nanotechnology and
software technology, similar liquid crystals can be created artificially. Since only ambient light is
used in the formation of liquid crystals and plasmonic color, additional light sources are not
required for pigments or light color vision. These features can become a significant advantage
during forensic document review. A nanotechnological liquid crystal layer to be applied on the
document or a liquid crystal layer that will only be leaned against the document can create different
and various colors depending on the characteristics of the document surface and substrates.
Optional adjustable changing of perimeter beams can also be used as a separate parameter in
forensic document examination. The fact that no pigment is required in plasmonic color rendering
ensures that the originality of the document is not damaged. Using only ambient light also reduces
possible radial damage to the forensic document. With the plasmonic color technology, document
structure information that could not be obtained until now can be accessed with the least damage to
the document.

Keywords: Forensic document, light source, liquid crystal, nanotechnology, plasmonic colors

Introduction

Conventional color production is made by light or pigments. Colors in light is additive and in
pigments substractive. Plasmonic color is a subset of structural color, which is color resulting when
the micro- or nanostructure of a material causes light scattering and interference. Plasmonic colors
have some different features than the conventional colors. They are no dyes, but they build colors
with unconventional characteristics, which may look like dyes. Its unique features can be used in
forensic document examinations.

Forensic document examination

In forensic document examination one can use many lighting techniques and light characteristics, to
make details to be “seen” which cannot be seen to “naked” human eye. Light features like direction,
polarization, colour etc. are mostly used in combination to have conventional techniques and
machines. Even techniques like of circularly polarized luminescence for advanced security inks are
still conventional colour and light features (MacKenzie 2021). The characteristics of plasmonic
colours may be a game changer in forensic document examination methods.
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Plasmonic colours

Stained glass is known for more than 5 centuries. The underlying technology on molecular level is
understood in the last decades. The color is produced through the ambient light in glass with metals
and their salts.

In the plasmonic color technology today mostly metals like gold, silver and aluminum as atoms are
used. The distance between the atoms, their heights and their arrangement determine the
wavelength of resulting light, so the color. So in a set where these parameters can be changed,
different colors can be produced with the same set.

Photonic colors are found in the nature, also. Teyssier (2015) showed in his study that the color
change of chameleons are achieved through changes in photonic crystals. Plasmonic and photonic
color effects are found also in the wings butterflies like flip-flopping (Lee, 2018 ; Barrera-Patifio
2020).

Colored electronic paper is produced mimicking the natural photonic crystals and plasmonic colors
adding display technology to it. Displays are an indispensable medium to visually convey
information in our daily life. Although conventional dye-based color displays have been rigorously
advanced by world leading companies, color fading and wavelength-limited resolution restrict
further developments. Plasmonic colors emerging from resonant interactions between light and
metallic nanostructures can overcome these restrictions. With dynamic characteristics enabled by
functional materials, dynamic plasmonic coloration may find a variety of applications in display
technologies. Dynamic controls endowed by functional materials, including magnesium, liquid
crystals, electrochromic polymers, and phase change materials are advantageous (Neubrech et al
2020).

Color can be produced through all these technologies. Plasmonic colors may be even “printed” with
metals (Wilson, 2019). Because they are in atomic level, they can be printed in nano- or micrometer
scales.

By adapting the geometry and composition of the nanorods (Au and Au@Ag) light modulation in a
significant portion of the visible and infrared spectrum (600-2400 nm) can be achieved. This is very
fast (~30 ps) and reversible nanorod alignment can change the color very fast. So significant color
changes characterized by observed chromaticity and luminance shifts. With the use of polarisation
in plasmonic systems two different colors can be produced at the same time (Greybush 2019).

With the use of artificial intelligence and deep learning through artificial neural networks laser
parameters vs. colors and geometric parameters vs. colors can be determined. With reverse
geometry geometric parameters and the laser parameters are predicted from color (Baxter 2021).

Hong (2019) found that in the near and mid infrared ranges capable of simultaneous multi-spectral
sensing can be achieved with a hybrid metal-graphene plasmonic sensor. That may enable
complicated measurements which are difficult with conventional color technology.

All these technologies can enhance the examination of forensic documents which are produced with

conventional methods. On the other hand the use of plasmonic colors in documents may change all
forensic evaluation.
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Conclusions

Plasmonic colours use generally the available light around it. So color (as light) can be created
without additional lighting.. Less light (lighting) pollution occurs around it, so that its detection
would be better. It can be also produced as a laser . Plasmonic colors can be combined with
different features like polarisation and other light characteristics. Two or more colors can be created
simultaneously. All these features may be very useful in evaluating forensic documents.
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Abstract

Twilight is a term that immediately evokes images and atmospheres of those lighting situations that
occur naturally in the morning and evening during dusk or down, or they are artificially created
through art projects. Sometimes these dramatic situations of devided light threshold experiences are
connected to light and darkness, waking and sleeping or even life and death. There is no clear line
of demarcation to be drawn, one way or the other, as the twilight is neither immediate nor abrupt in
its ending. Bernhard Waldenfels speaks of a “dividing zone” with a certain extent, which one can
hesitantly enter and linger waiting before entering another space or condition. It is a certain waiting
status that spreads between a no longer and a not yet (Waldenfels, 2013).

The LightLab at the Institute for Spatial Design at Graz University of Technology deals to sensitize
students in the field of light and space in architectural education. During winter semester 2019/20
the LightLab established a cooperation with the association mehr licht. Within this context of
collaboration, we established a four-day workshop dealing with the subject of twilight for TU Graz
students attending the course Spatial Experiments. During the short but intensive work phase, the
students created drafts for spatial installations and their concrete implementation inside the castle-
hill Schlossberg Graz. The castle hill Schlossberg is a hill in the middle of the historic center of
Graz and the citys landmark. We concentrated with our students of the interior path through the
Schlossberg and its caves inside, which is a former air raid shelter from the times of the second
world war. The students developed interventions in the tunnels using sources from the institute, set
pieces such as color filters, various materials, fabrics, strips of paper, etc.

Keywords: color, light, material, spatial perception, space

Introduction

.. There is something mystical about wandering through the forest. A path that is characterized by
its density and openness, by a play of light and shadow.

... Play of light nothing stays the same, a back and forth of perception and mood. Everything seems
the same but still it is different...

From the notes of two different groups of students.

The twilight is ambiguous in its terminology. As a rule, it is equated with twilight and is including
some optical phenomena that can show up in intensive color perceptions in the respective
geographical and temporal day-night boundary.

In addition to the natural phenomenon of twilight, it also describes the urban atmosphere, which is
often brief, when, for example, the color temperature of the artificial street lighting can be
consciously perceived in contrast to the bluish and dark sky. It is the contrast phenomenon itself, for
which there is no clear description, that characterizes the twilight, independent of a light source or
light reflection. Figuratively, the term twilight involves doubtfulness and ambiguity about a
situation or person. Therefore, twilight denotes both the ambiguity of the lighting conditions and,
symbolically, the morally dubious appearance of a person and, moreover, an eerie mood.
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Twilight is an everyday phenomenon that we take for granted in the daily alternation of day and
night. It appears as a light phenomenon in many forms during dawn or dusk. From a scientific point
of view, the description of the rotation of the planet around its own axis in the presence of the sun
and a light-scattering atmosphere is sufficient for a simple classification. By definition, we are
looking at a period of about two hours - the exact duration depends on the latitude and the height of
the sun. These phases are described in terms of a so-called depth angle, which indicates the
deviation from the horizontal of the horizon. The optical phenomena that occur, which we
encounter as light phenomena such as "counter-dawn", "alpine glow" or "blue hour", are individual
phenomena in the reservoir of twilight and thematically fuel modern photography and art in

particular.

No other painter in the 19th century was able to capture this atmosphere of uncertainty, vagueness,
nature and culture as aptly as William Turner. Although rooted in his time, his form already paved
the way for modernism. His themes are still committed to nature and representationalism, while in
his later phase the style of painting concentrates on the effect of the colors and the motifs dissolve
into almost complete abstraction. The picture "Sunrise with Sea Monsters", created in Margate in
1845, shows the picture surface in a beige-brown-gold color mood shortly before sunrise. The
materiality of air and water seems to be in motion and dissolving. "Through the coloring, the whole
picture gives the impression of flowing” (Schmidt, 2001). The existence of the aforementioned sea
monsters in the middle of the picture could be just as real as the expression of a deep-seated,
unconscious fear that seeks a manifestation in the twilight.

The abandonment of the connection between perception and truth, which since the 17th century,
beginning with Descartes' rationalism, the scientification of the world view and the establishment of
a modern, enlightened subject, has been taking place successively and at the end of the 19th century
explosively, also forms for the beginning of modern art completely new conditions and freedoms.
The composition of the picture and the colourfulness abruptly eluded the rules of established salon
painting. The most radical painter of the upheaval is perhaps Claude Monet, the master of lighting
moods and atmospheres. His 1872 Impression, Sunrise, a twilight scene in the port of Le Havre,
gives the new art style its name. Unexpected are not only the picture detail, technique and
colourfulness, but also the seriality that appears from 1890 onwards. In total there are 33 depictions
of the west fagade of Rouen Cathedral, slightly shifted from the point of view of the painter and at
all times of the day and lighting moods. In addition to the seemingly arbitrary picture section, the
lack of distance between the painter and the object as well as the color slowly separating from the
object, it is above all the gesture of the series that completely negates the uniqueness of the work of
art and the illustration. The pictures, some very three-dimensional due to deep shadows, others
blurred in the twilight, seem to report more on the painter's emotional world than on a specific
object. Monet himself describes it with the words: "I want to convey what I feel in front of the
motif." (Sagner, 2005).

In this context, the so-called “Roden Crater” by James Turrell, a representative of American land art
and light art, has a monumental design, inside which Turrell visualizes and spatially examines the
various cycles of the sun, moon and stars. In another work by the artist, twilight comes into focus as
the primary artificial medium: “Skyspace The Other Horizon”. The installation in the park of the
Geymiillerschlossel, realized especially for the MAK 2004, consists of a constructed room, which
opens upwards to a roof and thus reveals a partial section of the sky. The MAK description of the
installation says: "The most impressive effects are achieved at dusk.” (Turrell, 2001) And indeed:
Turrell defines a precisely defined time window in which the installation can be viewed - as further
described in the description means: "90 minutes before sunset until nightfall.” (Turrell, 2001)
Another "Skyspace" from this series of works by the artist of the same name can be found in Lech
am Arlberg - the description of the work states: “As twilight falls, the walls and the ceiling of the
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Skyspace-Lech are bathed in color-changing light. The sky may then be perceived as part of the
room through the opening.” (Verein Horizon Field, 2022) Here, the twilight is explicitly explored
in terms of its material qualities — it is no longer just a component of the work, but working with its
ephemerality as a conceptual and aesthetic basis.

The twilight is actually a constitutive part of architecture, like the walls and the roof. There is
always twilight inside rooms. The artificial light mixes with the natural light that comes through the
windows. Before the invention of the gas lamp and later the light bulb, the options for influencing
the lighting atmosphere in buildings were limited and dependent on daylight and the technical
possibilities for glass production. In the Middle Ages, the lack of artificial light gave rise to a
competition between the cathedrals, fed by belief in God, striving for power and technical
developments aimed at dematerialization. The deep and high church rooms - here again as a
metaphor for the world as a whole - remain in a peculiarly floating and mystical atmosphere of
semi-darkness, despite the ever larger wall openings, broken only by rays of light that an invisible
sun projects into the interior through the colored glass windows.

Interestingly, many modern architects in church building resort to the gesture of a mystical twilight,
but not to the dematerialized walls of the High Middle Ages. In Le Corbusier's iconic work
Chapelle Notre-Dame-du Haut de Ronchamp, the lighting effect is primarily determined by the
double-curved, white-plastered concrete wall of the south facade and the narrow slit of light from
the floating concrete roof. The wall thickness of the south wall is up to 2.7 meters and is broken
through by 27 rectangular window openings of different sizes, some with colored glass. In fact, the
atmosphere of the interior cannot be described, it can only be experienced. The atmosphere of direct
rays of light, indirectly radiating reveals and colors can actually only be enjoyed in silence.

Both brightness and darkness can arise from the twilight. There is a perception of beauty and horror
and in the metaphorical sense - where man relates the twilight to himself and his existence - also
something contingent or destiny.

Transfoming Space

The workshop spatial experiments is held annually at different locations and with changing tasks.
For the majority of the students, this course represents the first contact with the topic "Light and
Color in Architecture". The aim of the workshop is to imagine spatial constellations and
atmospheres in an experimental way and to work with the immaterial factors space, light and color.
The students experience an initial sensitization to the topic and are guided to implement designs
with simple technical means.

These spatial experiments took place in a four-day workshop in the LightLab of the Institute of
Spatial Design at Graz University of Technology and in the Schlossbergstollen in Graz. The
attraction of the place lies in its total darkness and the suppression of any external influences. This
promotes also concentration on the task.

In the workshop, different approaches to the design will be tried out. An important tool in
architectural production is to check the design by using models. Sometimes parts of spaces have to
be prefabricated in a scale of 1:1. Working in situ is another efficient way of exploring different
spatial situations moods and atmospheres, testing under “real” conditions,

The subject of this spatial experiments was dealing with the topic of twilight. It was divided into
two sections. In the first step, the students were given a guided tour of the Schlossbergstollen to get
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an overview of the site. In the LightLab, the basics of “light, color and perception in theory and
practice” were taught as well as practical handling with luminaires.

PRAS ji\\f

Fig. 1,2,3,4 — LightLab: Experimenting with Light, Color and terial'

The goal of the first two days was to develop a basic concept for the implementation of the project
in the Schlossbergstollen. While the main part of the workshop was to advance the experiment in
the Schlossbergstollen. The students were challenged to appropriate the specific spatial conditions
and try to implement their project ideas with the chosen means.

The Site

The castle hill Schlossberg is situated in the middle of the historic center of Graz and the citys
landmark. The Schlossbergstollen, an interior path through the Schlossberg is an undefined,
historical enclave in the city center. It is a connecting path between Schlossbergplatz and
Karmelitenplatz — and a twilight zone with an obscure and undefined destination. In the twilight an
ocean of thoughts and associations can open for an attentive observer. Inspired by the specific,
dense atmosphere and history of the Stollen, the association mehr licht arosed the idea to use it as an
exhibition space to create an artistic discourse and to make art tangible for all. An impeccable
public space to spin contemporary art. An artistic think-tank without boundary, where the
possibilities to engage audiences with art are unending. And finally, an archetypal environment for
working with light in public space.

To work with the students we concentrated of the interior path through the Schlossberg and its
caves: A former air raid shelter in the times of second world war.

DOUBLE YOU

SCHATTENSEITE

BEI ZWIELICHT LESEN!

DOM IM BERG

DIE SCHWELLE

LIGHTING FOREST

Fig. 5- Schlossbergstollen Graz, the interior path through the Schlossberg and its caves
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Projects

b B o &

Fig. 6 left - Lighting Forest, Fig. 7 - middle: The Threshold, Fig. 8 - right: Reading in Twilight

Five projects were created at different locations (Fig. 5) in the Schlossbergstollen, two are briefly
presented in this paper.

LIGHTING FOREST

The project (Fig. 6) dealt with the theme of the strip through the forest, the gentle blowing of the
wind through the branches and the thicket, the play of light colors and shadows and the associated
changes in perception and mood. The first cave on the right side of Schlossbergplatz was chosen as
location for the installation. It fascinated the students because of its elusive, uncertain depth. The
cave is approximately 3.5 meters wide, between 2.5 and 3.6 meters high and 8.5 meters deep. There
is a metal net on the ceiling which is intended to prevent loose material from falling off.

For the project, 250 strips of three different lengths were cut out of white cardboard and attached to
the metal grid on the cave's ceiling. Experiments followed with different lights, playing with
distances of the strips, light and color. Various atmospheres were created and tested inside the cave.

' l

Fig. 9,10,11: LightiForest
Equipment: 2 profile spotlights - ETC Source Four Junior (575 Watt), 2 dimmers Zero 88
Alphapack, 1 fan

The light-space installation was backlit by two spotlights with warm and cold light, and a fan made
the stripes move.

THE THRESHOLD

“Whoever stands in front of a threshold already anticipates the coming transformation, the opening
of the new. Anyone who stands on the threshold can go back, but at the same time is in a state of
open determinability both forwards and backwards. Anyone who has crossed a threshold remains
the same, but has also become someone else.” (Saul, 1999)
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The association with the threshold arosed for this project (Fig. 7) through the intensive examination
of the subject of twilight. This spatial light experiment describes a liminal experience as a zone of
change and transforms those who are exposed to it and live through it. Through the light as an
irritation, the viewer approaches the threshold experience.

At the beginning of the experiment in the cave, different light colors and positions of the lights were
experimented and the depth of the cave was explored. As the final project, two light situations were
presented that flowed into one another. This was preceded by numerous experiments with lighting
control.

Fig. 12,13,14: The Threshold

Equipment: 1 profile spotlight - ETC Source Four Junior (575 Watt), 2 dimmers Zero 88
Alphapack, 4 LED RGBW bars ADJ UB 9H, Enzzec ODE MK2, WLAN router

In the cave, the profile spotlight produced a large-area, even light distribution with a reddish to
warm white light color. The four LED bars were set up at an angle of approx. 30 degrees with an
even spacing, creating a cold white, flat light. All lights were controlled via a Wifi DMX mobile

app.

Results and Discussion

The main topic of almost all projects was the transformation of the spatial condition inside the
different caves. Another important issue was the change the found situation into artificial light
conditions with its changes from dask till dawn. Through intensive work and analysing of the
spatial qualities of the chosen caves the students were made aware of spatial perception when light
and colour conditions changed. With understanding the scale the students began to develop their
own way of working with the topic of light and colour. Starting with their own experiences during
the laboratory conditions the students started step by step including light in their projects. The
results were interpretations of twilight situations and the transformation of space was thought
together with light.

Conclusions

The focus was to abstract experienced spatial conditions and transform them inside the
Schlossbergstollen. The main actor in this play was the appearance of light and color inside a cave.
Through discussions about their gained experiences, perceived thoughts and feelings they could
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explore different spatial conditions with the help of light and colour. The selected colours were
mostly

used for changing the natural light conditions. The experience enabled the students to get a deeper
understanding of architectural design processes and led them to a more critical reflection about light
and space.
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Abstract

In the last 20 years, research has been developed in the field of chronobiology and physiology to
demonstrate the relationship between the health of the human organism and the light radiation that
enters our eyes. These are known as the Non-Image Forming (NIF) effects of light. Nowadays, it
has been scientifically shown that light radiation's parameters that affect our physiology are the
quantity, the spectrum, and the time of exposure. These fundamental parameters impact our living
in interiors, illuminated by artificial light, with scarce or no natural lighting. Until a few years ago,
in the design field, there was a lot of skepticism about these aspects that the 2017 Nobel Prizes in
Medicine genetically demonstrated. Today there is a growing interest developed in the lighting
design sector, which, however, sees the need to deal with a holistic interior design vision. In this
article, a review of current knowledge is proposed to favor the relationship between lighting and
color design.

Keywords: interior design, lighting, color, circadian.

Introduction

In the last 200 years, human life has transformed with mass migration from the countryside to urban
centers and the industrial revolution. In a few generations, we moved from a working life conducted
outdoors, in the country, to one mainly indoors, with a limited supply of natural light and exposed
instead to artificial light. We should remember that in Europe, in 1800, only 2% of the population
lived in cities. In the early 1900s, this had risen to 15%. In the 21st century, most of the European
population lives in cities (UNICEF, 2008) and works in closed spaces; most of those living outside
urban centers do not work outdoors. It is estimated that in today's industrialized societies, we spend
between 80% and 90% of our time indoors (Evans, 2003; Boubekri, 2008). Indeed, our body is
made to function and synchronize itself according to the rhythm of the continuous variations of
natural light. Our physiology would require exposure to natural light during the day and complete
darkness at night to promote sleep, with its regenerative cycles fundamental for health, happiness,
and wellness (CIE, 2001).

In the interiors, the light and colors of the perceived image are entirely different from the open-air
ones, in which we have evolved for millions of years. The change in the environments in which we
live and our exposure to artificial lighting are both factors that have been introduced very recently
(Stevens, 1987). With the 2017 Nobel Prize in Medicine (Young, 2017) awarded to Hall, Rosbash,
and Young, the issue of circadian effects on people's well-being in interiors has been brought to the
attention of industry manufacturers and innovation-minded designers (Figueiro, Nagare and Price,
2018).

The circadian system

The word "circadian", composed of the Latin words circa and diem, describes a periodic biological
cycle that lasts roughly one day (Halberg et al., 2003). In the human organism, there is a timed
system that lasts about 24 hours, managed by the suprachiasmatic nucleus in the innermost and
primitive part of the brain, through which all the physiological processes, such as sleep and cell
regeneration, hormone production, blood pressure, body temperature, nutrition and digestion,
alertness, coordination, and muscle strength, are managed (Klein, Moore and Reppert, 1991). The
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human body is made to function and synchronize according to the rhythm of the continuous
variations of natural light (Czeisler et al., 1981). Our physiology requires us to be exposed to
natural light during the day and complete darkness at night, promote sleep, a fundamental function
for health, and ensure the proper phasing of our circadian rhythm (Wright et al., 2013). Some
lighting designers try to mimic the behavior of natural lighting with indoor artificial lighting.

Many situations can disrupt our circadian rhythm. A known factor is, for example, flights between
multiple time zones. Jet lag occurs due to the phase shift between the sleep cycle, internal organs,
and the new circadian rhythm induced on the body by the different timing of the received lighting
(Boulos et al., 1995). The social context, such as night shift work (Eastman et al., 1995), can also
lead people to excessive evening light exposure, consciously or otherwise, contributing to a delayed
phase shift in the circadian rhythm, defined as social jet lag (Joo et al., 2017).

Sleep disorders could be caused by circadian rhythm disruption and are often underestimated by
general medicine (Institute of Medicine (US) Committee on Sleep Medicine and Research, 2006).
Disruption of the circadian rhythm can occur in delay, DSPD (delayed sleep phase disorder), or in
advance, ASPD (advanced sleep phase disorder) (Phillips, 2009). These phase shifts could become
pathological. Research has shown that circadian cycle disruption can cause migraines (van
Oosterhout et al., 2018), headaches (Pringsheim, 2002), irritability (Evans and Davidson, 2013),
night (Bach et al., 2019) and daytime (Jokubauskas et al., 2019) bruxism, seasonal depression
(Rosenthal, 2006), immune system deficiencies (Christoffersson et al., 2014), chronic fatigue
(Bonsall and Harrington, 2013), obesity (Reiter et al., 2012) and diabetes mellitus (Cedernaes,
Schioth and Benedict, 2015). There is also discussion of an increased likelihood of developing
certain types of tumors due to the weakening of the immune system (Stevens et al., 1992;
Schernhammer et al., 2003, 2013).

Artificial Circadian Lighting

Why not use artificial lighting indoors to phase our circadian rhythm correctly? While the idea may
seem valid and healthy, the design approach is often weak (Figueiro, Gonzales and Pedler, 2016).
Being this an ongoing field of research. Some methods of light evaluation have been included in
specific national standards without design guidelines (IES, 2018; DIN, 2021). Although there are no
reference standards in this field, some basic design guidelines can be drawn to improve our life
indoors. We can define some features that the lighting system should have to be considered
circadian:

e Indoor artificial lighting in interiors should be dynamic, with quantity and CCT varying
throughout the day, similar to natural light variations.

e In the phases of relaxation and evening, it is advisable to use a warm CCT with low lighting
levels to avoid disrupting our circadian cycle.

e To promote the proper phasing of the circadian rhythm, lighting in the first half of the morning
and the first half of the afternoon should be higher and have a cooler CCT.

e Today, in the absence of specific standards, to determine if the light reaching the eyes has
circadian effects, the reference model proposed by (Rea, Nagare and Figueiro, 2021) can be
used and calculated using software tools available online (LRC, 2018; OSRAM SYLVANIA,
2018).

e Light sources with high color rendering should always be preferred. The actual color rendering
should be evaluated using the TM-30-20 standard.

Anyway, a lighting product or lighting design is not enough to stimulate the circadian system
properly. It is the design of the environment as a whole that must be circadian because we always
instinctively avoid looking directly at light sources because of glare. Instead, we are constantly
observing the surfaces of the environment around us with their colors.
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The "surface color" factor

We must remember that, from the design point of view, the light that reaches the users' eyes must
be evaluated because it is the only aspect that affects the circadian system. So, the spaces, expected
human positions, and activities must be analyzed in detail. The light that our eyes receive, and
which contributes to the visual system as well as the circadian system, is almost always diffused
light from the surfaces of the environment, which in turn have physical characteristics that reflect to
our eyes light generally modified by the light spectrum coming out of the luminaires. The main
studies (Brainard et al., 2001; Thapan, Arendt and Skene, 2001) on the response curves of the
circadian system were done in a laboratory, with dilated pupils and a fixed gaze inside a Ganzfeld
sphere, with nearly monochromatic lights projected. These experiments lack any contribution from
spectral reflectance of our everyday life and how they really reflect light to our eyes.

Within this context, the NIF effects on people's mood and pleasantness (Veitch and Newsham,
1998; Borisuit ef al., 2015) attributed to CCT will also come into play. Anyway (Boyce and Cuttle,
1990) more correctly observed that the evaluation of the interior space does not depend only on the
CCT of the light but also on the other natural and colored elements that may be present. The aspect
lacking in evaluating circadian effects is the color in the surfaces of interiors and furniture, that is,
what human eyes watch in that 80-90% of the time they spend indoors.

For the design application, a correct evaluation of circadian effects implies considering the colors of
the interiors and the way they modify the perceived light (Bellia, Pedace and Fragliasso, 2017).
Some studies have been done using color samples or computer images which are difficult to transfer
to the design field (Anter and Billger, 2010), while other studies have been done in the field
(Kwallek et al., 1996; Kiiller et al., 2006; Harleman, Werner and Billger, 2007; AL-Ayash et al.,
2015; Lopez-Tarruella et al., 2019) with variations that may also be of cultural origin (Hogg ef al.,
1979; Ou et al., 2018)

Conclusions

From the point of view of interior architectural design, there is a total absence of tools that allow us
to design light and color together. Tools would be needed to calculate and quantify the interaction
between lighting and surface colors to evaluate the light's characteristics that reach users' eyes from
a quantitative and spectral point of view. These new tools should hopefully be developed within the
Building Information Modeling methodology to enable the integrated design of light and color.
However, today only the photometric data of the light sources are starting to be available in BIM;
the spectral data (Rossi, 2022) and those concerning the spectral reflectance of the authentic
materials used in Interior Design are still missing (Guarini and Rossi, 2021)

This paper presents a short review for bridging the gap between lighting and color design, trying to
enter partly into the field of a new interior circadian design to simulate natural lighting and the
environment best. There is, therefore, a need to carry out more research in the field to be able to
assess human beings in real-life settings, also considering the time factor (Figueiro, 2013), with the
dynamic and chromatic variability that LEDs can have today (Wang et al., 2014).
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Abstract

Transparent surfaces in buildings ensure natural light into indoor spaces and allow energy saving,
reducing consumptions for artificial light, and the occupants’ psychophysical well-being. For this
reason, color rendering lit by the natural light entering the windows is a major concern. However
glazing surfaces represent a weak point for the building envelope, due to poor thermal and acoustic
performance. Monolithic aerogel constitutes a promising transparent solution, able to guarantee
excellent thermal and acoustic properties, together with remarkable optical performance. In the
perspective, this paper focuses on the analysis of the optical properties and the color rendering
performance of a small-scale prototype consisting of float glass-monolithic aerogel-low-e glass. The
aerogel inner pane, 3-mm-thick, was prepared using a rapid supercritical extraction method
developed at the Union College Aerogel Lab. Optical measurements carried out using a
conventional spectrophotometer with a small integrating sphere in the 250-2500 nm wavelength
range, indicate high transmittance in the visible part of the spectrum. As concerns color rendering,
an original measurement methodology based on material transmission spectra was developed
through the use of chromatic distortions verified on an experimental basis. Although the traditional
calculation procedure for transparent components considers the color rendering of the object
illuminated by the light transmitted through the element, the explained one involves the evaluation
of the color observed through the transparent material. The effect of the glazing system with aerogel
on color rendering was assessed by means of a dome-shape illuminator, a chromameter, and a
color-checker as a reference for the colors. The RGB and CIE Lab coordinates of the test color
samples of the color-checker with and without the aerogel were used to calculate the color shift.
The results showed that the glazing system tends to make the colors brighter and to move them
towards blue hues. Then a new color rendering index, identified as R, (proposed Color Rendering
Index), was calculated. Finally for the innovative glazing system also the Color Rendering Index
R, in accordance to EN ISO 410 was evaluated, to compare the results of the two procedures.

Keywords: monolithic silica aerogel, glazing systems, optical properties, color rendering, color
shift

Introduction

During last century, glass achieved an increasing important role in the construction sector. It
connotes entire facades of residential and public buildings, thanks to the relevance attributed to its
ability to allow the natural light entering into the indoor environments, to optimize the visual
comfort of the occupants and the perception of connection between interior and exterior, and to
reduce energy consumptions for artificial lighting. Anyway glazing surfaces are in charge of 37% of
the total cooling energy consumption related to summer solar radiation, and of 40% of the total
building thermal losses during the winter. Furthermore solar radiation could cause direct glare and
reflection, whereas transparency could be associated to a not optimal color rendering. In order to
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solve these problems, over the years glazing systems have undergone continuous technological
developments to improve performance. Solutions directly related to transparent surfaces, such as
low-emissivity glass, solar-controlled and selective glass, have been replaced by scientific interest
in the production of innovative materials applicable both in new buildings and in the retrofit
interventions of existing ones (Jelle et al., 2012). Aerogel represents an attractive material for high
performance windows, making it possible to achieve adequate comfort conditions, both from the
thermal and acoustic point of view, but especially from the optical/visual and chromatic point of
view, while reducing the building’s energy consumption (Buratti ez al., 2021). It could be produced
in translucent granules and transparent monoliths, depending on the chosen drying method (Buratti
(Ed.), 2019; Aegerter et al., 2022) . These last two forms have promising optical properties,
especially visible transmittance in the 0.58—0.75 range (Moretti et al., 2019), ensuring a good
transmission of diffused light within the indoor environment, absorption of infrared radiation and
avoiding annoying glare, when inserted as insulating material between two glasses for the
realization of high efficiency windows. Such properties allow for significant energy saving by
reducing the consumption for heating while maintaining good natural lighting conditions, making
aerogels glazing systems particularly appealing for use in cold climates (Baetens et al., 2011;
Moretti et al., 2019; Tao et al., 2016; Belloni et al. 2021; Buratti et al. 2020).

Unlike the granules (Buratti and Moretti, 2012; Thara et al, 2015; Carroll et al. 2022), the
monolithic form it is not currently available on the market, due to the difficulty of making large
homogeneous slabs at reasonable cost, but it ensures better optical performance than granules,
especially when the transparency is mandatory.

Despite the superior insulating ability, monolithic silica aerogel does not have the optical clarity of
glass employed for windows, due to light scattering, already noticed by Duer and Svendsen (1998)
and the surface imperfections which often make the material poorly finished/rough. Some proposals
to improve transparency include variation of quantities and proportions of chemical precursors,
thickness reduction, and heat treatment (Carroll ez al., 2022).

As for the domain of colorimetry, the debate on the approach to color rendering that has
characterized the last decade, also concerns the transparent components. For color rendering
evaluation, the Commission Internationale de 1’Eclairage (CIE) introduced in CIE 13.3-1995 (CIE,
1995) the CRI (R,) general color rendering index parameter, which is also the only metric widely
adopted in many standards and specifications, including the EN 410 (CEN, 2011). It allows to
express synthetically a quantitative evaluation of the differences between 8 standard sample
colours, lighted first directly by the reference light source, the illuminant Dgs, then by the same
illuminant, transmitted through the glazing. However, this metric suffers from some well-known
deficiencies, such as fewer test color samples (TCSs), an outdated chromatic adaptation transform
(CAT), a no-uniform color space, and confusing negative scores (Zhang, 2020). This leads R, to be
inaccurate in its intended role as a color fidelity index, as well as not being representative of
perception-related color quality effects. As a result, a variety of efforts were devoted to improving
or even replacing the CIE CRI (Davis and Ohno, 2010; Hashimoto et al., 2007, Smet et al.,
2013).The Illuminating Engineering Society of Nord America (IES) published in TM-30-15 (IES,
2015) a two-measure method, including color fidelity index (Rf) and color gamut index (Ry). The
former (Ry) quantifies color quality: the accuracy with which the color appearances of illuminated
objects matches their appearances under the reference illuminant. Instead of using eight Test Color
Samples (TCS), the IES-TM 30-15 method incorporates 99 Color Evaluation Samples (CES),
which provide a more uniform distribution in the three dimensions of a uniform color space.
Perception/preference effects are taken into account by R,. CIE 224:2017 (CIE, 2017) introduced
general color fidelity index (Ry), largely keeping with the Fidelity Index (Rf) calculation of TM-30-
15 (IES, 2015); the metrics were harmonized with the update of IES TM-30-18. In the case of
transparent components, the illuminant under consideration is the same reference illuminant,
transmitted through a glazing. In several researches the effect of fenestration component on the
spectral composition of the transmitted light and on the related color rendition of interiors was
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investigated (Vossen et al., 2016), but almost all of them use method and index outdated, which
returns in partial results. Recently Aste et al. (2016) proposed the assessment of the color rendering
performance of advanced dynamic windows by applying both the traditional CIE CRI and the
recent two-metrics IES TM 30-15 methodologies. The work highlighted the role of two
chromaticity difference parameters introduced by CIE 1995 in evaluating the accuracy of color
rendition results: DC and Duv. Kuhn et al. (2016) proposed the definition of a new criterion
Ry out-in to evaluate the color rendering of objects in a room viewed by an observer who is
outdoors. They applied the EN 410 calculation methodology for R, with the difference that the
transmittance of the glazing t was substituted by 12 in all equations, since the double crossing of the
incident light through the glazing. A discussion about an extension of the range of test colors by
addition of strongly saturated test colors is also included in the paper. The test colors 9-14 CIE 13.3
(CIE, 1995) and the corresponding specific indexes Rq to Ry, were excluded from the general color
rendering index R, in EN 410, underweighting the rendering of saturated colors. This leads to
unreliable results, especially when considering illuminants like LEDs, which typically reach R, >
80, but often Rq << 50.

In the present paper the color rendition evaluation methodology developed in previous works
(Buratti, et al., 2020) was applied to double glazing systems “float - gap - low-e” without and with
aerogel in the gap, to determine the effects of the insertion of a thin monolithic layer (0.29 cm) of
this material with high thermal performance in traditional glazing systems. Optical and colorimetric
analysis was preliminary carried out on monolithic aerogel samples and on each of the glass panes
used to assemble the window prototypes, in order to estimate their color rendering properties. To
assess the reliability of the new method, the results obtained, in terms of of chromatic divergence
(AE) and Color Rendering Index (R,) were compared to those obtained following the standard EN
410.

Materials and methods

Thin aerogel monoliths’ background: expectation and preparation procedure

The approach deepened in the present work is to improve the optical clarity through the reduction of
the material thickness. The aerogel is made with a sol-gel process, starting from a silica precursor,
usually an alkoxide asr tetramethyl orthosilicate (TMOS) or tetraethylorthosilicate (TEOS). It is
mixed with a water/solvent mixture and then an acid or basic catalyst is added. The mixture first
experiences hydrolysis, generating a sol, followed by condensation reactions from which a wet
silica gel is obtained, then the process ends with a careful drying, in order to avoid or to limit the
shrinkage.

In this work tetramethyl orthosilicate (TMOS) was used as the silica precursor, methanol and
deionized water (DI) as solvents, and 1.5 M aqueous ammonia, prepared via dilution of methanol
with DI water, as catalyst (Table 1 — Recipe Al per 1.27 cm thick aerogel, Recipe B2 per 0.29/0.5
mm thick aerogel). To yield monolithic silica aerogel for window applications Union College
developed and patented a rapid supercritical extraction (RSCE) method (Bhuiya ef al., 2016), using
a hydraulic hot press, the 30-ton Tetrahedron MTP-14 press, with an innovative mold which allows
to vary the thicknesses. The specimens made for this work have dimensions 13 x 12.5 x 0.29 cm.

Table 1 - Precursor recipes for samples fabrication

Sample TMOS MeOH DI Water NH4sOH
[g] [g] [g] [uL]
Recipe A-1 26.4 66.1 10.9 816
Recipe B-2 26.4 57.1 10.9 2250

Assembly of glazing system prototypes
In order to assess the improvement of a high-performance commercial double glazing (DGU) as a
consequence of the insertion of monolithic aerogel into the cavity, optical and color rendering tests
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were performed on the samples described in Table 2. The insulating glass samples were assembled

using a 9 mm thick aluminum channel fixed with double-sided adhesive tape (Fig. 1).
Table 2 - Analysed samples

Sample Description Thickness [mm]
Aer monolithic aerogel (2.9 mm) 2.9
low-e low-e glass layer (4 mm) 4
float float glass layer (4 mm) 4
float glass layer (4 mm)
DGU low-e air layer (9 mm) 17

low-e glass layer (4 mm)
float glass layer (4 mm)
air layer (6 mm)
monolithic aerogel (2.9 mm)
low-¢ glass layer (4 mm)

DGU Aer low-e 17

Figure 1 - Double glazing units prototypes: DGU low-e (left), DGU Aer low-e (right)

Optical analysis

The optical performance, in particular in terms of transmission and spectral reflection, of the
monolithic aerogel was measured using the Spectrophotometer Solidspec-3700 (Fig. 1) in the 250 -
2500 nm wavelength range, available at the Laboratory of Environmental Control, Engineering
Department at University of Perugia. The results obtained were post-processed according to the
reference technical standard (EN 410 (CEN, 2011))and the most significant parameters were
estimated: the light transmittance factor (ty), the direct solar transmittance factor (tc), the light
reflectance factor (pv), and the direct solar reflectance factor (pe).

Color rendering evaluation
The color rendering of glazing systems was evaluated following a new methodology, which
introduces the evaluation of an optimized Colour Rendering Index (R,,) applying the standard

CIE procedure (CEN, 2011) to the experimental data related to the CIE Lab chromatic coordinates,
instead of resort to material’s transmission spectra as for the general index currently in use (R,).
Another difference compared to the traditional calculation procedure of R, index for transparent
components, is that the color rendering is not evaluated for an object lit by the light transmitted
through the element, but refers to an object observed through the transparent material. At the
geometric level, the difference lies in the reciprocal position of the source, the observer and the
observed object, considering the transparent element as a separating surface, with respect to which
it is possible to identify two sides.
Colorimetric analyses were carried out by means of an Illuminator (Fig. 2) and a Minolta Chroma
Meter CR-200 available at the Industrial Engineering Design and Methods group of the Perugia
Department of Engineering. The illuminator consists of a fiberglass hemisphere that reflects the
white LED light on the inspection area beneath it (illumination level approximately 460 lux), thus
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simulating the reference illuminant Des. A digital camera is anchored by a rotating support to a hole
on the top of the illuminator and it is configured for return uncompressed 24-bit RGB images.
Camera management, images capture and transfer to a PC in JPEG format are handled by uEye
Cockpit tool. The Chroma Meter is a portable tristimulus colorimeter, composed of a viewfinder
with a reflex lens, which allows precise targeting on the image to be investigated for measuring and
recording the Yxy coordinates, namely quantitative analysis. As a reference for color detection, the
ColorChecker-24 and ColorChecker-140 were used, mosaics of 24 and 140 color patches
respectively. The former enables to investigate a wide range of tones and how the presence of
transparent material or glass system affects the perception of color, the latter to evaluate the color
rendering index. For each patch of the ColorChecker-24 with and without the samples was taken a
picture by means of the Illuminator acquisition system; then the RGB coordinates and the
corresponding histograms were derived by Photoshop and compared. xyY coordinates of each patch
without the sample were measured by means of Chroma Meter, setting Illuminant D¢s, and
converted to CIE Lab coordinates with a double transformation. In the presence of the sample is not
possible to do likewise for determining CIE Lab coordinates, because the pointer of the Chroma
Meter must be in direct contact with the colour surface; an alternative procedure was therefore
adopted. By implementing via Matlab a function based on RGB CIE Lab coordinates of the 24
patches without the aerogel, 12 unknown coefficients were determined, from which a linear model
was implemented, to convert for patches with aerogel RGB coordinates, device-dependent, to CIE
Lab coordinates, device independent. The Lab coordinates were then used to evaluate the
differences between the individual coordinates of the reference color observed directly and through
the monolithic aerogel sample or the glazing system prototype, and to assess the values of the
chromatic divergence AE in the different cases:

AE = \/(LAER — L)2 + (asgr — a)? + (bagr — b)? (1)

At last, the ColorChecker-140 was used to calculate the optimized Colour Rendering Index (R )
according to EN 410 (CEN, 2011). Among the 140 patches, eight test colors were selected, which
correspond to neutral pastel light colours with low saturation. Following the methodology exposed
above, for each test color the distortion was quantified through Eq. 1 as the Euclidean distance
between the two positions in the CIE Lab CIE Lab chromaticity space, AE;, with i = 1, ...,8.

On the basis of these values of the chromatic differences AE;, it was possible to compute the special
Colour Rendering Indices R;,;, for each colour sample through the equation:

R;, = 100 — 4,6 AE; (2)
The general Color Rendering Index R, was obtained as the average of the special Color Rendering
Indices R; of the 8 patches. The R, values obtained for each sample by means of the new

proposed methodology were finally compared with the R, calculated by the procedure of the
Standard which exploits the transmission spectra (CEN, 2011).

Figure 2 - Sample positioning inside the Solidspec-3700 for transmission measurements (left); Colorimetric characterization (right)

Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVII A ISBN 978-88-99513-18-4



XVII Color Conference, Florence 2022 64

Results and discussion

Optical analysis

The single low-emissive glass (low-e) and the low-emissive DGU (DGU low-e) were analyzed in
transmission from the inside to the outside, that is, by placing as the first layer crossed by the
radiation the glass with low-emissive treatment. The reflection measurements were conducted in the
opposite direction, namely low-e glass as the last layer. The glass panes have high values in the
visible range (0.90 for float, which is reduced to 0.88 for Low-e sample) (Fig. 3). The float glass
has an almost constant trend, followed by a reduction of transmission in the near infrared up to
about 1600 nm, whereas the low-e glass (looking from the inside outwards) shows a significant
reduction as soon as left the visible field.

DGU Low-e (looking from the inside outwards) has the same trend as the simple low-e, with further
reduction due to the float layer.

By inserting the aerogel in the cavity, out from the visible field the trend is exactly overlapping that
of a float plus low-e double glazing. The only worsening element of the performance is given by
the further lowering of the transmission peak in the visible range, the maximum transmission
coefficient decreases from 0.78 at A = 570 nm per DGU Low-e to 0.75 at A =575 nm per Aer Low-e.
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Figure 3 — Spectral transmittance, overall samples comparison

In the visible field the shape of the reflective pattern of the float panel, low-e panel and low-e DGU
system samples have comparable trends (Fig. 4). The high reflectance in the first visible
wavelengths of the DGU Aer low-e peak at A= 355 nm, where rmax = 0.22, is due to the behavior of
the aerogel. In the near infrared the two curves overlap, in contrast with the difference noted by
Moretti et al. (2019) introducing granular aerogel in the cavity of DGU float.

The float pane also in the case of reflectance, as for the transmittance, shows a trend almost
constant around 0.09. For A higher than 700 nm, the low-e glass reflects as expected, and this leads
to an increase in the reflectance of the DGU with a low emissive glass.

Aerogel reduces the reflective benefit of low-e by glass absorbing some of the radiation (visible
absorption peaks).
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Figure 4 — Spectral reflectance, overall samples comparison

Table 4 - Optical parameters calculated for the samples

Sample Tv Te Pv Pe Oy Oe
rifl_low-e 0.87 0.64 0.06 0.22 0.07 0.14
rif2_float 0.91 0.86 0.09 0.08 0 0.06
rif3_DGU low-e 0.79 0.56 0.14 0.13 0.07 0.31
DGU Aer low-e 0.73 0.52 0.13 0.17 0.14 0.31

The direct solar and light transmission and reflection factors calculated on the basis of the measured
spectral data according to EN 410 are reported in Table 4.

Float glass has higher visible transmission, comparable reflections coefficients and absorption
slightly higher in solar.

The low-e has greater transmission in the visible field (much reduced in the solar for its operation
principle), greater reflection and absorption in the solar field.

DGU low-e system has both visible and solar transmission coefficients lower than those of the
analyzed simple glass types, with te 0.56, significantly lower than t., equal to 0.79, due to the effect
of the low-e layer. For this system light and solar reflection are comparable (about 0.14).

The values in Table 4 show that the insertion of the aerogel layer in a DGU having a float layer and
the other low-e, reduces t, by 8% from 0.79 to 0.73, whilst the solar transmittance factor undergo a
lower reduction, of 7%. For the proposed glass system, p, results reduced compared to DGU low-e
with air in the cavity. DGU Aer Low-e pe results in an increase in the reflection coefficient in the
solar field by 30% compared to common low-e.

Color rendering evaluation

The effects of reducing the thickness of the monolithic aerogel by 86% are reported in terms of AE
in Figure 5. The maximum AE for monolithic aerogel 1.27 cm thick occurs for the colors C3
(59.12), B6 (54.90) and B1 (54.63), on yellow-red tones with low B coordinate in the RGB system.
Significant variations were also found in general for dark colors; AE for black is 39.97. The
minimum were obtained for D2 (10.16), C6 (13.53) and A6 (12.70), very light and with G and B
coordinates prevailing. For the mentioned tiles, the RGB are respectively 197, 255, 233; 55, 150,
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218; 111, 229, 194. The reduction in thickness results in a decreasing of the average color shift from
33.99 to 12.65. AE appears considerably lowered for the colors B1, B6 and C4, which were
previously the most penalized. For the 0.29 cm thick aerogel, the colors which suffer the greatest
distortions are D1, D2, D3, whitish or neutrals, for which AE increases compared to that of the 1.27
cm sample. On these, the blue shade of the material is responsible of an excellent adherence to the
bluish colors as A6, A3 and C6, for which the AE are respectively 2.7, 6.7 and 7.2. In this case a
variation in the thickness of the aerogel does not correspond to significant differences in AE.
Despite being in blue tones, remarkable AE were shown by patches "blue", C1, and "purplish blue",
B2, because of the low coordinates R and G, which determine their dark appearance. For the A2
“light skin” patch, the presence of the aerogel is almost irrelevant (E=3.35). The shift of black is
finally reduced by 25.7.
Aerogel 3mm W Aerogel 21.7 mm (HY 0 100)
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Figure 5 - Comparison of color shift between aerogel samples of different thickness

Colorimetric analyses were carried out on double glazing systems (Table 3) both with air gap and
after the insertion of a layer of 0.29 cm of aerogel in the interspace in adherence to the low emissive
layer, evaluating the vision from both sides (Figure 6). In the absence of aerogel the colors which
seen through DGU undergo the greatest variations are dark, C3, and with blue coordinate prevailing
on the others, C5, C1, in addition to those having simultaneously high R and G coordinates (yellow
tones) such as B6 and B1. Colors subjected to minor variations are A6, D4, C6, light and with
simultaneously high G and B coordinates. In general the greatest distortion of colors is encountered
looking from the low-e side; the exceptions are B5, B6, A2, characterized by a high percentage of
the R coordinate, and C2, moved away from the original tone by the float glass. Also whites (D1
and D2) appear more faithful to the original color when viewed from the low-e side.Average AE of
the standard DGU is 21.7, lower than that of the 1.27 cm aerogel monolith, but higher than that of
the thin sample. By inserting the aerogel into the cavity such deviation further increases by 3.5.
Exceptions are represented by “White” (D1), whose vision is overall improved after the insertion of
aerogel, and “Neutral 6.5” (D3) for which it improves the vision from low-e side. In both cases the
black is quite distorted, with average color shift values equal to 24.9 and 28.7 respectively for DGU
low-e and DGU aer low-e. Introduction of the aerogel layer worsens C4 "yellow", B1 "orange" and
B5 "yellow green", while it is responsible for minor deviations for A6, as seen in the analysis of the
plain aerogel. When seen from the float side, colors are always more reliable than seen from the
opposite side, with the exception of the colors around the white (D1, D2, D3), for which the
deviation caused by the aerogel in favor of blue shades is contrasted by the reflection of the low
emissive layer.
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The proposed general Colour Rendering Index (R,,) was calculated according to the procedure
presented in “Methodology” Section, on the basis of the distortion 4E; of 8 or 14 reference colors
selected from the 140 patches of the ColorChecker-140. In Tab. 5 the estimated R, of the samples
is reported, along with the general color rendering index R, calculated by applying the standard
CIE procedure, in compliance with EN 410 (CEN, 2011). R, ,, of DGU low-e samples is lower than
the one of DGU Aer low-e, showing an increasing of the color performance when introducing a thin
layer of aerogel in the gap (from 84 to 87-88). Average AE is in fact lower in the case with aerogel
(the only colors that worsens are B3, B8 and 12). Considering 14 patches, R, ,, for both samples are
lower than those obtained with 8 colours; this is due to an increase in average AE, in particular for
DGU low-¢, and as a result the difference between R, with and without aerogel increases. Indeed
for only one of the four added patches AE is worse in the presence of aerogel (B8). This is
meaningful of the weight of the colors’choice on the final values of the color rendering index.
When compared to data obtained from the methodology of the EN 410, lower values are obtained
for R, ,; anyway the EN 410 does not seem to be able to detect the influence of the insertion of the
thin aerogel layer (Ra is equal to 98 for both the DGU samples, with and without aerogel).

Table 5 - General Color Rendering Index: comparison between the standard and the new methodology

Ra
Sample New methodology New methodology EN 410
(8 patches) (14 patches)
rif3_ DGU low-e 85 84 98
DGU Aer low-e 88 87 98

Conclusions

Transparent surfaces of buildings significantly impact perceived color and brightness of a lit object,
having a great effect on indoor visual comfort. At once they are in charge of considerable energy
consumptions. Aerogel in monolithic form has excellent thermal, acoustic and optical properties, so
its use as a stratum of multi-layer glazing systems is promising to solve gaps that make glass

Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVII A ISBN 978-88-99513-18-4



XVII Color Conference, Florence 2022 68

surfaces a weak element of the building envelope.Although RSCE production method is scalable,
due to the extreme brittleness of thin aerogel it is not easy to fabricate monoliths of the size required
for typical glazing units, reason that hinders the market spread of these fenestrations. With the aim
of improve optical properties and color rendering of high-performance glazing systems with a
monolithic silica aerogel layer, the present work focused on how the thickness reduction of the
aerogel pane enhahces its color rendering, and therefore on how the insertion of this thin monolith
into the cavity affects a low-e double glazing unit (DGU) in terms of optical properties and color
rendering. The same context was exploited to sensitivity assessment of a new qualitative
methodology for color rendering calculation, about the performance of transparent layers and
systems. Reducing the thickness of the monoliths by 86% means that average AE decreases from
33.99 to 12.65. AE appears considerably lowered for colors on yellow-red tones with low B
coordinate, most penalized by thick aerogel; instead it increases for whitish or neutrals, affected by
blue shade of the material. 0.29 cm-thick aerogel shows the lowest AE for bluish colors (in 2.7-7.2
range), for which thickness variation does not correspond to significant differences in AE.
Remarkable AE were shown by thin aerogel for dark patches, due to low coordinates R and G,
despite in blue tones; shift for black is reduced by 25.7. Small prototypes of DGU were tested.
Incorporate a thin silica aerogel layer in part of the interspace between glass layers entails a
lowering of the transmission peak in the visible range by 3 percentage points and average AE of the
standard DGU increases by 3.5 from 21.7. Without aerogel major variations occur for dark colors
and with blue coordinate prevailing on the others or with simultaneously high R and G coordinates
(yellow tones). The introduction of aerogel improves vision for “White”, and “Neutral 6.5”. In both
cases black is quite distorted.Applying the new procedure for R, determination, a good quality of
the vision through the glazing aerogel (R,, =88) was obtained. Reduction of R, , as the number of
considered patches increases, together with comparison of the average AE obtained with color
checkers 24 and 140, are representative of conditioning of the choice of test color samples on color
rendering indexes.
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Abstract
In this paper, we present a novel experiment on a modified Ishihara-like series of plates for color
deficiency screening. This is a further experiment in the direction of exploring the spatial
modifications of this classic test so to explore the role of visual spatial arrangement in the
assessment of normal and color deficient observers. In this work, we present the test setup with
some preliminary results on normal color vision observers.

Keywords: color deficiency, color blindness, Ishihara plates.

Introduction

The Ishihara test plates are designed to offer a rapid and usable instrument to diagnose color
deficiency. The original test, as well as other PIP (Pseudo-Isochromatic Plates), consist of a set of
plates, composed by a circle filled with colored dots of different colors and sizes. Modern Ishihara
color plates are combined with a manual for the interpretation of the results (GIMA, 2021), which
makes this test very simple.

The Ishihara test is widely accepted to assess congenital red—green deficiencies (protanopia,
deuteranopia, protanomaly and deuteranomaly), but cannot be used screen tritanopia, which is a
very rare condition (Rodriguez-Carmona, ef al., 2021). Main advantage of this test is that it is not
only highly usable but also presents a high reliability in detecting color vision deficiencies, even if
this method is not clinically appropriate to classify the type of defect (Barbur, et al., 2021).

Ishihara plates and PIP are designed starting from the transformation of different type of color
deficiency in chromatic coordinates in CIExy space, considering that each one of the color
deficiency types is linked to an anomaly in the photopsins in L, M or S cones cells. Considering the
CIE chromaticity diagram, color deficiency types can be graphically represented by their relative
confusion lines (see Fig. 1). Here, the colors in PIP are aligned on the confusion lines, in order to be
visible just to trichromats observers and to be “confused” (i.e., indistinguishable) by color deficient
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Fig. 1 - CIE chromaticity diagram, with confusion lines of protanopia (solid lines),
deuteranopia (dashed lines)
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observers. Following this idea, many different test images can be generated and today, these tests
can be performed on printed papers, but also on digital versions (Seshadri, et al., 2005), (Sorkin, et
al., 2016). The clinical Ishihara version, as well as other Ishihara-based test (on paper and in digital)
presents a white background and some millimeters/pixels of space among colored points. This
standard arrangement is designed to assess color deficiency at retinal level, thus employing
confusion lines derived from transformations of specific characteristics of L, M and S cones.
However, several studies in biology, neuroscience and ophthalmology confirm that color vision is
way more complex, and it is not limited to retinal transduction. Final color sensation depends also
by the brain signal processing which is mainly spatial (McCann, 2017). This effect has been
demonstrated by different experiments, some of these also applied to color deficiencies, showing
the increment in the correcting rate by color deficient observers in Ishihara-based charts with larger
dots (i.e., reducing or totally eliminating the space among dots) (Rizzi, et al., 2014) (Eschbach &
Nussbaum, 2021).

These observations underline the importance of defining new approaches in describing color
deficiencies and in developing related aids and tests, because of the strong scene dependency of
color vision also for deficient observers.

This work starts from the experiment presented in (Eschbach & Nussbaum, 2022), where authors
found a surprising improvement in distinguish colors on confusion lines for color deficient
observers by changing the background color of PIP tests to neutral gray levels. From these finding
we developed the same experiment applied on color normal observers, to assess if a different gray
background level will also change recognition rate/time for color normal observers, further
evidencing a spatial behavior in color vision system.

Related works

For the visual test, we used pseudo-isochromatic charts as described in (Eschbach & Nussbaum,
2022), obtained combining colors located on CIExy confusion lines. In Fig. 2 a cropped window of
the used charts is shown.

In this experiment we used charts which have been tested in a larger experiment for color-normal
and color-deficient people (Eschbach & Nussbaum, 2021). The PIP charts are composed by ten
numerals (from 0 to 9) and colors from 10 confusion lines. From this overall set, 34 charts have
been used to form the base set. This base set had a roughly 97% recognition rate for color-normal
observers, keeping in mind that observers sometimes hit the wrong key on the keyboard by
accident, while color deficient observers had a recognition rate of roughly 43%. For that reason, we
consider the charts we created and used to be a good implementation of pseudo-isochromatic charts.
In a previous version of this experiment (Eschbach & Nussbaum, 2022) we changed the white
background of the charts to different gray levels in order to examine the response of color deficient

Flg 2-— Example of PIP chart
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observers. For this, we changed the white RGB background (255) to 4 additional values 0, 64, 128
and 192. It is important to note that the RGB values of the colored dots have not been changed.
Their chromaticity values remained constant, their sizes and positions remained constant, and their
spatial relationship remained constant. Considering Fig. 2, only the white areas have been replaced
by grays and blacks. This leads to charts, where the gray-level contrast between background and
colored dots changes, with the two end values [0, 255] having maximum contrast. In this
preliminary experiment we recruited a small number of color deficient people (N= 6) and to
perform the test. The experimental data, however, showed that the gray background actually
improved the recognition rate (see Table 1).

Background 0 64 128 192 255

RGB value

Recognition 54% 67% 54% 32% 17%
Rate (rounded)

Tab.1 — Recognition rate of color deficient observers from (Eschbach & Nussbaum, 2021).

Experiment

The results presented in the previous section poses an immediate question color normal observer,
which can be phrased as:

If there is a clear mechanism or channel for a color deficient observer, does this mechanism also
exist for a color normal observer, although at a lower level?

In other words: a person with good color discrimination will rely on his/her capability without the
need to incorporate a different mechanism. In that manner, the additional channel would be
“masked” by the stronger signal from the color discrimination channel. A color deficient observer
would not have that masking and thus a different mechanism might be exposed. A secondary
examination of color normal then might be used to verify if that mechanism is available, but
“hidden” as a very low signal superimposed on a strong signal.

For this reason, we re-ran the experiment of (Eschbach & Nussbaum, 2022) on a set of color normal
observers. The only modification to the analysis was the incorporation of response time. For color
deficient the response time was heavily influenced by a few charts were the observers had the
feeling they “might” see something. For normal color observers, we did not expect a variation in
recognition rate and expected to see a variation in response time with lower response time
indicating an easier visibility.

We performed the experiment on 11 color normal observers with a total of 881 charts, with the
standard pseudo-isochromatic chart having a background level of 225. The results are reported in

Tab. 2.
Background 0 64 128 192 255
level
#charts 127 151 132 141 165

Tab.2 — Number of charts displayed for every background gray-level (e.g., the chart with background at 128 has been displayed 132 times).

The reason that we had different usage numbers for the different background levels is the random
number generator used in PsychoPy (PsychoPy, 2022). The only chart that had a deterministic
number was the standard white background chart (255) since we wanted to make sure that all
observers would be qualified as color normal. This can also be seen in the accumulated data in Tab. 3.

Background 0 64 128 192 255
Recognition 96.99% 97.52% 99.30% 99.24% 96.97%
Rate

Tab.3 — Recognition rate of color normal observers.

Comparing Tab. 1 from (Eschbach & Nussbaum, 2022) and Tab. 3, we can observe that the “trend”
for color normal observers mirrors the one of color deficient observers at a much smaller scale. For
a color deficient, the change was from 17% to 67%, for a color normal it was from 96.97% to
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Fig. 3 — Recognition rate of color normal and color deficient observers using different gray-level
backeround values.

99.30%. For both the observers groups the end points of the background level were performing
worse than the center levels (roughly). When looking at the data embedded as a Fig.3, the trend
becomes more obvious.

Considering Fig. 3 values is understandable that such a small effect can easily be asked by the
experimental surroundings.

Additionally to the recognition rate, we also examined the color normal observers response time.

Background 0 64 128 192 255
Response Time 1.710 1.657 1.587 1.859 2.449
(in seconds)

Tab.4 — Color normal observers response time.

Fig. 4 shows a clear decrease in response time for the mid-gray values. Again the extreme
background levels have a higher response time than the middle terms, mirroring the recognition
rate, under the assumption that recognition rate and response time are inversely correlated, meaning
a “harder to recognize” (thus more errors) leads to a higher response time (harder to recognize).

Conclusions
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Fig. 4 — Response time of color normal observers.
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Color vision and color vision deficiency is commonly simplified considering vision just at retinal
level, without considering the higher-level signal elaboration, which is mainly spatial. This
approximation includes also color vision screening tests, like pseudo-isochromatic plates.

In this work we explore the introduction of spatial modifications on classis PIP tests, to determine if
changes in the plates background can influence color vision in normal and color deficient observers.
A previous experiment published in the literature revealed that changes in PIP tables background
could effectively influence the recognition rate in color deficient observers, from 17% (with white
background) to 67% with RGB 64 gray and 54% with RGB 128 gray. In this study we have tested
some color normal observers revealing the same trend (96.97% of recognition rate with white
background vs 97.52% with RGB 64 gray and 99.30% with RGB 128 gray).

These results shows that color discrimination mechanisms rely on spatial behaviors not only for
color deficient people, but also in color normal viewers, increasing not only the recognition rate, but
also lowering the recognition time.

In future works this phenomenon should be furtherly investigated, and those findings should be
considered also in methods to develop innovative color vision aids and tests.
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Abstract

The technologic knowledge is, that about 30-50 % of the certain blue light wavelengths passing
glasses are reduced with blue blocking glasses. If the clinical effect is to expected to reduce the
amount of blue light, the effect is not enough to reduce the potential hazardeous effect of blue light
wavelenths , because in daylight the light amount is about 100.000 lux. Indoors it is mostly only
100-500 lux when iluminated enough. As second ophthalmological knowledge there is no
scientifically proven hazardeous effect of the blue light wavelengths. In daylight conditions the
effect of all wavelengths including blue light is so high, that a reduction of 30 % is not effective
enough. Additionally there should be scientifically significant evidence for every wavelength. There
is no scientifically significant evidence for prescribing blue blocking eye glasses.

Keywords: blue light blocking, eye glasses, prescription, clinical effectivity

Introduction

In the last decades there have been many publications about blue hazard to the retina, which are
combined with suggestion of the use of optical blue-blocking filters as eyeglasses or intraocular
lenses. In the last years there new acknowledgements about the effect of the blue light on retina.
This study reviews the state-of-art in blue light effect on the retina.

To understand the amount of light coming to the eye, the comparison should be made between the
illumination levels outdoors and indoors at the screens, where blue light blocking glasses are

suggested.

INlumination from screens and outdoor

Desktop computers: 0.5 -37.8 lux.
Laptop computers: 1.7 - 14.5 lux.
Tablets: 0.7- 5.9 lux.
Smartphones: 0.6 - 2.1 lux.

List 1. Illumination levels at screens which are viewed by humans

Sunny sky: 10.000-100.000 lux.
Shadow at the sunny sky: 2.000 lux.
Cloudy sky 1.500-2.000 lux.

List 2. [llumination levels outdoor at day viewed by humans

[llumination indoors 100-500 lux.
List 2. [llumination levels outdoor at day viewed by humans

If the effect of light on the retina is cumulative, there is 1.000-10.000 times more exposure
difference between smartphones and daylight. (1 minute daylight equals about 16-160 hours
exposure to smartphone screens). Exposure difference between laptop / desktop screens and
daylight is 70 to 25 times. (1 minute daylight equals about 1-10 hours exposure to laptop screens
and 2-20 hours of desktop screens).

The blue blocking effect of eyeglass filters with 20-60 % may be neglected in daylight.
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Scientific data about blue light effects on the retina

Shang et al (2014) showed in rats that exposure to blue light wavelenghts can damage the rat retina.
There have been other studies with similar findings at that years. All this research has been made on
rodents.

Tao et al (2019) found the changes (fragmentation) of cell mitochondria in rodents as a possible
cause for blue light damage to the retina.

In the study of Theruveethi et al (2022) the influence of blue light exposure using light-emitting
diodes on retinal histology and visual cortex neurons in rodents were shown. They predicted that
their study showed that prolonged exposure to high levels of blue light pose a significant hazard to
the visual system resulting in damage to the retina with the associated remodeling of visual cortex
neurons. Blue blocking lenses may offer moderate protection against exposure to high levels of blue
light. This study had been made on rodents also.

In the literature review study of Ouyang et al (2020) it has been stated that blue light, with relatively
high energy, can cause irreversible photochemical damage to eye tissue. Excessive exposure of the
eye to blue light tends to cause a series of alterations, such as oxidative stress, mitochondrial
apoptosis, inflammatory apoptosis, mitochondrial apoptosis and DNA damage, resulting in the
development of dry eye disease, glaucoma, and keratitis. Accordingly, physical protection, chemical
and pharmaceutical protective measures, gene therapy, and other methods are widely used in the
clinical treatment of blue light hazard.

Blue-light filtering spectacle lenses were found optically effective in reducing the blur light in the
study of Leung et al (2016).

In the study of O'Hagan et al (2016) is had been stated that continuous viewing of the blue sky may
have similar effects as lamps, computer screens, mobile devices and smartphones. Under even
extreme long-term viewing conditions, none of the assessed sources suggested cause for concern for
public health.

In the study of Dain (2020) fluorescent lamps were shown essentially to have the same proportions
of blue light and LEDs do not represent a special case, given the same correlated colour
temperature. Blue-blocking lenses are no more needed with LED sources than with other screen
illumination methods or with fluorescent lighting. There is no evidence base on which to
recommend blue-blocking lenses for indoor applications.

Jaadane et al (2020) showed that GaN-onGaN diodes (which are used in the studies) are more toxic
than conventional LED for the rat neural retina and the rat retinal pigment epithelium indicating that
the BLH (blue light hazard) weighting is not adapted to this type of diodes. One of the reasons of
this increased toxicity is the effects of shorter wavelengths on mitochondria polarization. They
showed that the threshold of phototoxic retinal dose in the rat (fxed at 11J/cm2, BLH weighted) is
overestimated, suggesting that the values used for regulations, calculated in primates using the same
methods than in rats, should be revised.

In the study of Mainster et al (2022) the purpose have been that the blue light hazard is the
experimental finding that blue light is highly toxic to the retina (photic retinopathy), in brief
abnormally intense exposures, including sungazing or vitreoretinal endoillumination. They stated
that this term has been misused commercially to suggest, falsely, that ambient environmental light
exposure causes phototoxicity to the retina, leading to age-related macular degeneration (AMD).
They analyzied clinical, epidemiologic, and biophysical data regarding blue-filtering optical
chromophores. Their results showed that large epidemiologic studies show that blue-blocking
intraocular lenses (IOLs) do not decrease AMD risk or progression. They stated also that the blue-
filtering lenses cannot reduce disability glare because image and glare illumination are decreased in
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the same proportion. Blue light essential for optimal rod and retinal ganglion photoreception is
decreased by progressive age-related crystalline lens yellowing, pupillary miosis, and rod and
retinal ganglion photoreceptor degeneration. They showed also that healthful daily environmental
blue light exposure decreases in older adults, especially women. Blue light is important in dim
environments where inadequate illumination increases risk of falls and associated morbidities. They
concluded that the blue light hazard is misused as a marketing stratagem to alarm people into using
spectacles and IOLs that restrict blue light. Blue light loss is permanent for pseudophakes with blue-
blocking IOLs. Blue light hazard misrepresentation flourishes despite absence of proof that
environmental light exposure or cataract surgery causes AMD or that IOL chromophores provide
clinical protection. Blue-filtering chromophores suppress blue light critical for good mental and
physical health and for optimal scotopic and mesopic vision.

Conclusions

Scientific medical state of art of the blue light effect on the retina is, that blue light exposure causes
no significant damage on the retina. So medically blue blocking filters aren’t recommended
medically.
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Abstract

Trying to investigate the role of edges in the color perception of color vision deficient people
requires complex unstandardized setups, possibly leading to longer and more challenging tests.
Besides the fact that only less than a tenth of the western population shows some form of color
blindness, adding inherent complexity to test setups may likely worsen the scenario and further
reduce the availability of test subjects. A possible solution might come from the development of
web-based tests, which on the one hand makes it easier for a subject to be enrolled in a study, on the
other introduces variability in the form of different devices, environmental and viewing conditions.
Not being able to directly monitor a subject also makes it impossible to evaluate its attention and
motivation, which likely have a role in the accuracy of the responses given.

In this study, we are investigating the usage of a specifically designed web-based game as a source
for larger amounts of data related to color perception; the idea is to exploit the potential of games to
become viral and collect large amounts of data with little effort while at the same time addressing
variability by means of averaging the outcomes over a large set of test subjects. Developing simple
and engaging games might also solve the issue of low motivation and attention, giving to the test
subject a reward in the form of entertainment and progress in the game.

Keywords: color deficiency, color blindness, color perception.

Introduction

Color vision deficiency is described as an impairment of the ability to distinguish some colors
according to the type of vision defect. This issue has a higher incidence in males (about 8.8%) than
in females (about 0. 4%) (Birch, 2012; Hunt and Carvalho, 2016). Screenings and diagnosis of the
type and severity of a color vision deficiency can be of great help for the individual, especially in
scholarly or young age, when very often the inability to distinguish color could cause discomfort
and frustration. Furthermore, a reliable assessment of color vision deficiency can help people in
planning their future career or finding creative solutions to overcome their limits.

Color vision deficiency is a genetic or more rarely acquired condition caused by the absence or
alteration of one or more cone types in the retina. In general, the total lack of ability to distinguish
colors is called monochromacy or color blindness, while the term color deficiency is referred to
dichromacy, caused by the absence of one type of cone, and to anomalous trichromacy, caused by
the alteration of one cone type. In general, the type of color deficiency depends on the type of cone
which is absent or altered: protanopia and protanomaly refer to cones L (red), deuteranopia and
deuteranomaly refers to cones M (green) and tritanopia and tritanomaly refer to cones S (blue).

The most common type of test are the Pseudo Isochromatic Plates (PIP), like the Ishihara test. In
these tests the observer should identify a colored symbol embedded in a colored background and
colors are chosen to be easily distinguished by trichromats since they lay on color deficiency
confusion lines (Judd, 1945). The great success of paper and digital versions of these tests relies on
their easy applicability, since using a few tables it is possible to assess the presence of color
deficiency and have a preliminary screening of the type of defect. Tests like Ishihara plates are
widely used in clinics and occupational environments and present a high sensitivity in screening
congenital red and green deficiencies, while this test is not suitable to screen tritanopia/tritanomaly
(Cole, 2007) (Rodriguez-Carmona et al., 2021).

Another important and diffused family of color vision screening tests are the arrangement tests. In
arrangement tests, the observer is required to arrange color samples by similarity in a sequential
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color series. Tests from this family, like the FM 100-hue test of the Farnsworth Panel D-15, are very
intuitive and easy to administer, but require the observer's patience and concentration, hence they
are less suitable for young children. Those tests can be useful to diagnose the type of dichromacy
but perform less well to diagnose the anomalous trichromats (Rodriguez-Carmona et al., 2021).
Among other less diffused families of color deficiency diagnosis tests like lantern tests, CAD test or
computer-based test, it is mandatory to name the anomaloscope. The anomaloscope is the standard
instrument to diagnose color vision defects and classify the defect type. It is an optical instrument,
where the observer manipulates stimulus control knobs to match two colored fields in color and
brightness. Thanks to this test, it is possible to characterize not only color deficiencies but also
anomalous trichromats. Despite its high precision and reliability, the anomaloscope is very difficult
to use since it requires an extensive training of the examiners, constant supervision and calibration
(National Research Council, 1981). Considering all the specific characteristics of the most used
color vision assessment tests, today it could be very hard to obtain a consistent set of data to
develop the research on color deficiency or just to raise the awareness of common people to color
vision issues. Specific tests can require concentration, cause stress and frustration on the patients
because of their clinical nature and be unsuitable for young children or people with behavioral
problems.

The development of web-based tests could be a preliminary solution to gamify classical clinical
tests and collect large amounts of data to make research and improve the current tests and diagnosis
methodologies. Certainly, this solution will never substitute a clinical diagnosis, but it could
become an alternative to test in large-scale color vision issues and to make screening in gaming
conditions.

Following this idea in this paper we define some tips and tricks to develop an online color vision
test based on our experience and we present a first practical example which helped us to test a large
number of observers on the role of edges in color vision assessment.

Tips and tricks to develop online tests for color deficiency data collection

The development of online games to test color vision defects has several pros and cons which must
be considered before starting to design the game. An online game is surely suitable to reach and
enroll a large number of subjects in the study and collect a large amount of data. Anyway, this
advantage also presents several challenges because in developing the online game it is important to
define and set up a robust data collection system in a manageable format. Furthermore, reaching
several different people with an online game entails device variability and different environmental
and viewing conditions. This situation can be listed both in pros and cons of this application since
the test results could demonstrate the consistency of a theory in different conditions of observation,
especially when the same observer played several times and on different devices. On the other hand,
this could lead to errors and approximation linked to the different devices' gamuts of used color
spaces. In this context, it is clear that in designing the game some precaution can increase the data
consistency and reliability and a further solution could be addressing variability by means of
averaging the outcomes over a large set of test subjects. The same observations on the device's
variability can be applied also to the observer's attention and concentration. Clearly using online
games, it is impossible to constantly monitor the subjects’ level of involvement, but the test
gamification could also create a positive sense of competitiveness and desire to improve, which will
surely increase the number of games played and the concentration without stress of the participants.

Another great advantage of designing online games, differently from apps or other traditional
computer tests, is that online tests can be customized and modified at any time and the changes
appear immediately in the game. This means that it is always possible to fix errors or introduce
improvement during the testing or define different test versions to present to the players at different
times.

Considering the observation on the general pros and cons of developing online games to assess and
test color deficiency it is clear that it remains difficult to diagnose and classify the type of color
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vision defect, as well as the severity. Anyway, if the color vision test is designed to test some
specific color vision features (e.g., the role of edges in color vision, the importance of shape over
the color) designing color vision games could help in collecting data and have preliminary answers
and research direction. Furthermore, the entertaining value of the test could be useful to test
children or young people and could be of help in involving color deficient people without
“torturing” them with long frustrating tests.

Issue Tips and trick

Devices’ variability Use standard sRGB color spaces
Decrease color saturation
Outcomes averaged over a large set of subjects

Large amount of data to manage Set real time data classification system

Focus on the most important data

Set up an online data visualization environment
Define your privacy policy

Test gamification Design some levels for fun and some levels for test
Create players rankings
Set up prizes or advantages for the best player

Tab. 1 - Summary of main issues in designing online tests for color deficiency data collection and possible solutions.

In Tab. 1 are reported some possible issues in designing online games to test color vision deficiency
and some tips and tricks derived from our experience.

Variability among devices is probably the most difficult issue to address, especially since the simple
browser-based games here discussed are intended to be played mainly on smartphones. On one
hand it is true that the industry of mobile devices is becoming more attentive to color management,
for example Android OS starting from version 8.0 released in 2017 enabled support for wide gamut
displays covering DCI-P3 color space along with a simple calibration procedure, Apple is also
using wide gamut displays covering almost up to DCI-P3 since the iPhone 7 release in 2016. On the
other hand, profiling and calibration procedures are still too simple, like the ones used in Android
devices which offer few parameters and are extremely subjective; or completely lacking, like in 10S
devices.

Another factor that must be considered is the browser's color management. While Safari for 10S
implements gamut mapping using the actual color profile of the device as target color space, in
Chrome for Android gamut mapping is implemented using exclusively sRGB as target (or DCI-P3
in devices supporting it), regardless of the actual display profile (EIZO, 2022).

Having to deal with this situation it is mandatory to carefully design the game and the choice of
colors, following are some guidelines we came up with:

- Use sRGB color profile since most devices don't support other profiles.

- sRGB is default thus does not need to be explicitly defined while using CSS directives or
HTMLS Canvas elements but should be embedded in all images used in the game (W3C,
2022).

- Avoid the use of highly saturated colors since it's more likely for a color near the edge of the
sRGB gamut to be rendered unalike between two devices with different non-profiled non-
calibrated displays.

- Include in the game at least some levels that are identical or very similar among all the
players, so that gathered data can be averaged to address variability and outliers identified
and excluded from data analysis.

Large amounts of data gathered from different people and devices are mandatory to offer some
reliability and confidence during analysis, but at the same time pose some challenges that should
not be overlooked.
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The game we developed, which we will discuss further below, is designed to exchange very small
sub-kilobyte messages with the hosting server once every few seconds, despite this we experienced
a bandwidth usage of over 500mbps just hours after the release, hence care must be given to
choosing the right metrics and data to collect, avoiding redundant or superfluous information.

Real time online data visualization and analysis comes in handy when dealing with a dataset in the
region of the hundreds of thousands of entries, so that analysis can be performed without
downloading and separately processing gathered data.

Given the fact that a user will hopefully play several times, a good practice might be to keep track
of its device using cookies and the browser's local storage, thus allowing to keep a record of the
player's behavior throughout time, which helps in identifying outliers as sudden changes in playing
performance that might be due to environmental factors or learning. But using cookies and local
storage requires the end user to explicitly accept a privacy policy, which might keep some people
from effectively interacting with the game.

Regarding gamification, a balance needs to be found between the need for meaningful data
collection and the player's leisure and satisfaction. Having a game that's too difficult might
influence collected information, since errors might be due to the game's difficulty rather than actual
phenomenon arising solely from visual perception limits (which we want to test), on the other hand
having a game that's too simple might result in a poorly engaging experience. What we did was not
to try and gamify a test, but rather design a simple game that could also be used to harvest
information; hence we carefully designed some levels which are effectively used for testing and
research and others whose main purpose is challenging the player and keeping them engaged.

A practical example

In order to better study the usage of games for data collection we are currently developing a simple
game called Qolour. In Fig. 1-a is shown the main interface, as can be seen the player is presented
with seven differently colored shapes arranged in a circular fashion, in the center there's a slightly
bigger shape surrounded by an animated timer; at the top a global ranking informs the user of its
actual position in the global ranking among the other players while at the bottom are displayed its
current level, gained points and lives left. The purpose of the game is to press, before the timer
expires, on the outer shape with the same color as the central one.

qolour ®

Game Over
your rank 1290n677

e: 1373ms
record: 34

Errors distribution @
4% protan

23% deutan
3% tritan

DEUTAN

lives: oo o

points: 50

level: 5
Fig. 1-a — The main interface of the game Qolour Fig. 1-b — The modal window showing the overall
as seen on qolour.it. score and the assessment for the game Qolour.
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The timer duration ranges from a minimum of 4 up to a maximum of § seconds and serves two
main purposes: it increases the difficulty making the experience more challenging and renders more
difficult for the end user to use strategies and tools to tamper with the game (e.g., using the
browser's debugger to find the exact hex values of the shapes' color). Having noticed that some
users had difficulty with tight timings, we decided to implement an adaptive timer, which increases
in steps of half a second every time the player makes a mistake, up to 200% the initial time.

The central color, which we will call the farget color, is generated randomly inside the HSL space,
and subsequently converted to RGB, with the Hue being completely random, Saturation bounded
between 0.6 and 0.8 and Lightness fixed to 0.5; since this setup is intended to gather data regarding
the influence of spatial arrangement on color perception of Color Deficient Observers (CDOs) we
decided to keep Lightness fixed in order to remove any variability that might be due to the variation
of intensity between different rounds. One of the outer colors is the same as the target color, while
the remaining six are chosen as to lie on confusion lines corresponding to the three types of
dichromats, with the distance (measured in linear-RGB space) from the target color inversely
decreasing with levels, so that as the user advances in the game the overall difficulty is increased.

* Protan copunctual point
e ey 4  Target color
o == S ¢ Confusion colors
e . * Intersection with rgb cube

0.8 -

06 | ‘ =

02—

]
[5.1,N]

Fig. 2 - Representation of how the confusion colors are computed in linear-RGB space for a given type of dichromacy. The example in figure shows
the line originating from the protan copunctual point with the same brightness as the target color, computed in linear-RGB coordinates. Along the
segment connecting the two intersections between the ray and the cube, confusion colors can be sampled and gamma-corrected afterwards.

The linear-RGB space is not a perceptually uniform color space, but for practical reasons a choice
has been made to compute distance in this space rather than in the perceptually uniform CIELAB
space. Confusion lines are lines in the XYZ and linear-RGB spaces (being the transformation
between the two linear), so, as shown in Fig. 2, it is easy to compute the coordinates of the two
intersections with the linear-RGB cube's faces and a line originating from the copunctual point and
intercepting the target color, thus allowing to compute any confusion color simply sampling along
the segment connecting the points of the two intersections and later applying a proper gamma
correction to transform the color into the SRGB space. In the example depicted in Fig. 3, it can be
seen that straight confusion lines turn into nonparametric curves when working in the CIELAB
space (but the same applies to other perceptually uniform spaces), thus rendering it difficult to
reliably compute confusion colors without sampling the whole space. Since in our setup the target
color is, as said, randomly chosen and the outer colors are computed client-side in real time, we
faced the need for a fast and reliable computation, at the cost of perceptual uniformity, which is a
problem that can easily be addressed later when performing data analysis.

In Qolour, the background color changes with each level and it can randomly be achromatic (having
the same Lightness of the target color) or colored (a pseudorandom color computed such that it has
the opposite Hue of the target color plus or minus 10 degrees but the same Lightness and
Saturation). Data obtained with a gray background are used to roughly estimate a deficiency
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200 —200

Fig. 3 - Left: protan confusion lines in XYZ space originating from the copunctual point towards the spectral locus (blue dots); the blue portion of the
lines is the one falling inside the visible region of the XYZ space. Right: corresponding confusion curves plotted in CIELAB. In this example the
copunctual point in XYZ is computed from the xy coordinates as to have Y=y and X+Y+Z=1.

coefficient that helps in segmenting the users between supposed CDOs and supposed Color-Normal
Observers (CNOs), while the differences between the outcomes with colored and gray backgrounds
are used to highlight possible contributions of the spatial context in the perception of colors.

Along with changing backgrounds and colors, the shapes can be displayed normally, with a blurred
border (box blur via a kernel of approximately 10% the width of the shape) or a solid white border
(having a width of approximately 5% the width of the shape). The shapes are always displayed
without a blurred or a white border for the first 10 levels, as the role of the first 10 levels is to show
the user how to play but are displayed randomly in one of the three configurations with a
probability of 1/3 for the next levels. Every time the player picks the right color it gains 10 points
and advances a level, every time it fails it loses points proportionally to the current level, if the
timer expires it loses a life. The game ends whenever the user reaches 0 points, or 0 lives left; the
global ranking is based on the maximum level the user has managed to reach. At the end of the
game, as can be seen in Fig. 1-b, a modal window is displayed showing some statistics related to the
progress, two buttons to play again or share the current score and a simple error distribution along
the three possible directions towards the copuncutal points. As a bonus, a hint suggesting whether
the user might be colorblind is shown, with a detailed explanation regarding color blindness and
how data can be interpreted. This little assessment serves no diagnostic purposes and is intended
solely to better engage the users’ attention and give them some information regarding color
blindness.

The estimated deficiency is determined based on two scores computed for both deutan and protan
directions. The score Score(d,u) for each player u (user) and deficiency type d (protan, deutan or
tritan) Eq. (1) takes into consideration the error rate £%(d,u) Eq. (4), which is simply the percentage
of errors committed along the confusion lines of deficiency d for the player u, and the median of all
the AEg(r,u) for the player u in all the rounds R4, for which the picked color lied on the confusion
lines of deficiency d Eq. (2). 4Er(r,u) Eq. (3) is computed as the 4E between the target color ¢, of
round 7 and the color p;., picked by the player u in the round 7, relative to the maximum AE between
the target ¢, and each of the outer colors ¢ shown to the player u in the current round 7. Since most
of the errors are made with relatively small 4E, a logarithm is used in Eq. (1) to emphasize low
values and its argument is chosen to obtain a positive value bounded between (0 and /. The score
ranges from 0 to 100, the higher the value the more frequent and/or severe the errors committed
along a certain set of confusion lines.

Eq. (1) Score(d,u) = E%(d,u) - log,o[1+9 - AEx(d,u)]
Eq. (2) AER(d,u) = median[AEg(r,u)] | T € Ry,
Eq. (3) AER(r,u) = AE(pyy tr)/ max (AE (C, tr,u)) | c € OuterColors,,,
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Eq. (4) E%(d,u) = 100 - Errors(d,u)/Rounds

A set of 16 control subjects, composed of 8 CDOs and 8 CNOs, have been given a special link to
play the game so that we could compare the actual impairment of each one with the estimate
resulting from the game. In distinguishing between CDOs and CNOs the metric used in our game
resulted in a 100% success rate among this control group.

In a subsequent release a small optional survey has been added to the game interface, asking the
users whether they know or think they might have any form of color deficiency. 12 out of 12
players who responded saying they have a Color Vision Deficiency (CVD) were flagged as CDOs
by our game, while 32 out of 35 users who responded saying they never experienced CVDs were
flagged as CNOs.

Nickname Deficiency E%((protan) E%(deutan) Score(protan) Score(deutan)
ehi.pluto Protanopia 23% 11% 15.91 9.86
minicartar Protanomaly 10% 3% 4.64 3.53

areific Deuteranopia 12% 37% 8.73 30.04

imwaffe Deuteranopia 9% 21% 4.88 14.92

gustav Normal 4% 3% 0.35 0.48

troots Normal 4% 3% 0.70 0.74
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Tab. 2 - Table showing the error rates and scores for 6 out of the 16 subjects in the control group, for which the deficiency was established using both
Ishihara Plates and Anomaloscope.

In Tab. 2 are shown the error percentages and the scores obtained along the two sets of possible
confusion lines for the subjects in the control group; only 6 out of the 16 subjects are shown for
means of readability. Errors and scores along the tritan lines are not shown since for the time being
it has not been feasible to include tritan subjects in the control group, making it impossible to
evaluate the effectiveness and accuracy of our data analysis. Error rates are calculated as the ratio
between the number of errors committed by selecting a color belonging to the specific set of
confusion lines over the total rounds the user played as shown in Eq. (2), while scores are computed
as shown in Eq. (1). It can be seen that subjects manifesting a form of dyschromatopsia presents a
higher error rate and score with respect to the normal trichromate subjects along both directions,
while both dischromatoptics and anomalous trichromats shows only higher scores in both direction
with respect to normal subjects, but similar error rates. Looking both at the error rates and the
scores it can be seen that the maximum value coincides with the actual deficiency observed in the
user. A player is marked as normal if at least one of the scores is less than 1 and deficient otherwise,
with the specific direction determined by the maximum value among the two scores.

At the time of writing, data collection is still undergoing, and metrics might face changes and
improvement in the near future, but the aim of this preliminary analysis is to ascertain whether
variability in devices, viewing conditions and attention levels are by any means tolerable for
objective data gathering, which seems the case given the high success rate of this preliminary
assessment. This game is part of a research project started in 2014 (Eschbach, et al., 2014; Rizzi, et
al., 2014) and enhanced in (Eschbach and Nussbaum, 2021) which aims at determining the role of
the scene spatial arrangement in color vision, for CDOs and CNOs. The research project is still in
course and the results of this color vision online game will be soon published.

Conclusion

Today, to screen and assess color blindness and color vision deficiency there are several clinical
tests, which require qualified medical personnel, high concentration by the observer and often a
preliminary observer education on the use of the instruments. These requirements are necessary to
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have a diagnosis with high rate of reliability but could be unsuitable for young children or people
with behavioral problems. In this context, the development of web-based tests could be a solution to
gamify classical clinical tests and collect large amounts of data, to make research, improve the
current diagnosis methodologies and raise the awareness of common people to color vision issues.
Clearly, an online test could never substitute a clinical test, but could be useful to sensitize the
general public on color vision issues and to help researchers in collecting data and developing
innovative color vision tests.

In this paper, we investigated the usage of a web-based game as a source for larger amounts of data
related to color perception, providing some tips and tricks to design online color games and
providing possible solutions. In addition, we also present a practical example: the game Qolour.
This game has been specifically developed to study the role of borders and edges in color vision,
but its implementation could be an example for any kind of research in color vision.

The main advantage of online games is the large amount of data which could be collected in a short
time, and which could provide an overall averaging of the outcomes and a consequent increase of
reliability and confidence during analysis. Furthermore, the user engagement in progressing the
game provides data reliability, together with the possibility to involve in the study also children or
young people.
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Introduction

The primary purpose of this study was to investigate whether clinically normal subjects, but at risk
of developing diabetes, show significant loss of colour vision or / and rapid flicker sensitivity with
either rod- or cone-enhanced stimuli. Previous studies carried out in diabetic patients with no
retinopathy revealed significant loss of chromatic sensitivity ranging from just below normal limits
to complete absence of both Yellow/Blue (YB) and Red/Green (RG) chromatic sensitivity (1-4).
This study examined whether subjects who are simply at risk of developing diabetes exhibit any
significant losses of either colour vision or rapid flicker sensitivity when compared to age-matched
controls.

Methods

Three subject groups were recruited from a healthcare centre offering diagnostic and screening
services: G1 (the ‘normal’ subject group, n = 40, had no identifiable risk factors for diabetes and no
history of eye disease); G2 (the ‘high-risk’ subject group, n = 150); and G3 (the subjects diagnosed
with diabetes, n = 23). To be included in G2, a person had to present with three or more recognised
risk factors for diabetes (see Table 1). RG and YB colour vision and flicker thresholds for rod- and

cone-mediated vision were measured in each subject using a number of advanced vision and
optometric tests (AVOT)(5).

The study was conducted in Kuwait in a Multi Specialized Medical Centre which offers visual
diagnostic and screening services, including vision assessment for patients with diabetes.
Participants were of Middle Eastern ethnicity. Three subjects were identified to have congenital
colour vision deficiency and were therefore excluded from the study, 3 from G2 and 1 from G3.
There was no difference in the gender distribution of participants across the three groups. The mean
age of the groups was 37.2 + 1.54 years, 38.12 £ 0.87 years and 58.1 = 1.93 years, for the ‘normal’,
‘high-risk’ and ‘diabetic’ groups, respectively. The age difference between the first two was not
significant (p>0.05). However, the mean age for G3 was slightly higher than for the other two
groups (p<0.05).

Table 1: Risk factors for type 2 diabetes

Age 2> 45 years

History of smoking

Overweight (BMI > 25kg/m?)

Family history of diabetes (i.e. parents or siblings with diabetes)

Habitual physical inactivity

Hypertension (= 140/90 mmHg in adults)

History of vascular disease

Previously identifed Impaired Glucose Tolerance (IGT) or Impaired Fasting Glucose (IFG)
Adapted from (6)
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Results

The results show that all G1 subjects had a visual acuity better than 6/9, as well as functional
contrast sensitivity values within the normal range. They had rod- and cone-mediated flicker
thresholds and RG and YB colour thresholds below the upper limits for the corresponding age. G2
subjects had significantly higher RG and YB thresholds when compared to the normal participants
(Figure 1). G2 had rod- and cone-mediated thresholds that were also significantly higher (Figure 2).
These subjects also exhibit a loss of function contrast sensitivity under photopic conditions, but the
worsening of spatial vision and the inter-subject variability were much greater in G3 subjects when
compared to the normal group. The G3 subjects also had the highest colour vision thresholds
(Figure 1) and demonstrated the highest loss in rod- and cone-mediated flicker sensitivity (Figure
2).

0 | 1O®
10F 1

18 .
+
16 .
8-
k=) T14f .
(=] [=]
5 G
o o112} .
| N =
Q o1} + .
S 5 +
Q m .
© o 3 2
n +

+

4t 4
I

|

1

|

|

I L .
| 0 %
di =1 9 =

_J'_ o o l:;| | i

3 e =
== -
Normals High Risk Diabetes Normals High Risk Diabetes
Category Category

Figure 2: The distribution of (left) red-green (RG) and (right) yellow-blue (YB) CAD thresholds for the group of normals (G1), high-risk (G2) and
diabetics (G3). Kruskal-Wallis test revealed significant differences between the three groups: H statistic is 54.949 for RG and 69.5633 for YB (2, N=
209), p-value is <.00001. The result is significant at p <.05 for both RG and YB. The results are shown using box plots where the median CAD
threshold (red line) and the interquartile range are shown for each plot, as well as any outliers (red crosses).

Conclusion

The findings from this pilot study confirm and extend previously reported results in patients with
diabetes (7, 8). Subjects in the high-risk subject group (G2), who did not meet the clinical criteria
for diabetes, showed significant loss of both colour vision and rod- and cone-mediated sensitivity.
These findings suggest that both RG and YB colour vision thresholds and rod- and cone-mediated
rapid flicker sensitivity tests capture best the loss of functional vision in G2 and may therefore be
considered as important risk factors in pre-diabetic screening.

Colour and Colorimetry. Multidisciplinary Contributions. Vol. XVII A ISBN 978-88-99513-18-4



XVII Color Conference, Florence 2022

89

30 30
@ @) e
25 '--@--- I st e
@ @ :
I
T .
20 2 20
o 2 +
= £
g g
o 15 1 Z15
5 " g
o ik 8
10 + . 10F +
+ —
L |
I I -
I I 1
5 + I 1 5F I 1
1
£3 ey ===
|
e e
0 i . i 0 L — —
Normals High Risk Diabetes Normals High Risk Diabetes
30 T T T 30 T
e )
| |
25 @ 7 25
O] O
T
20 : 20 =
I P
s * ! <
) =
5 =3
815 - 1 &15
3 : 5
o I B —
| o }
I
10F ¢ | - 10F I 4
N e
L J 1
* I I E
5 p—r I . 5 + .
| 2 b
@ _:_ | =
. 1 — 2

+

Normals High Risk Diabetes
Category

Normals High Risk Diabetes
Category

Figure 3: The distribution of flicker modulation thresholds for (top) cone and (bottom) rod mediated vision for both the centre and the periphery at an
eccentricity of 5° away from fixation, for the three groups of interest. Again, the Kruskal-Wallis test revealed significant differences between the three
groups for all four areas of measurement: The H statistic was as follows, cone centre is 77.6366, cone periphery 68.8356, rod centre 50.6031 and rod
periphery 64.4944, all with p-values <.00001.
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Background

Diabetes Mellitus (DM) affects approximately 415 million people worldwide (Ogurtsova et al.,
2017), and it has been postulated that this will increase to 700 million people by the year 2045
(Amoaku ef al., 2020). Almost all patients with Type I (T1) and at least 60% of patients with Type
IT (T2) DM will develop diabetic retinopathy (DR) after 20 years (Fong et al., 2004).

Once the features associated with DR (i.e., microaneurysms, haemorrhages, cotton wool spots,
exudates, oedema or venous abnormalities (Ghanchi, 2013)) are detected clinically, irreversible
damage has often already occurred (Bhatwadekar et al., 2021). Highly sensitive measures of both
structure and function are therefore needed to detect DR in its earliest stages.

Here we use two highly sensitive measurement tools to determine whether early loss of colour
sensitivity in DM is also accompanied by decreased cone density: 1) Adaptive optics scanning light
ophthalmoscopy (AOSLO), which enables high resolution imaging of the retinal photoreceptors in
vivo; and 2) the Colour Assessment and Diagnosis (CAD) test, which enables accurate diagnosis of
both the type and severity of colour vision loss.

Methods

A total of 16 participants: 8 with DM and 8 healthy controls were enrolled in the study. This study
adhered to the tenets of the Declaration of Helsinki and was approved by the local NHS review
board (IRAS: 289911). Written informed consent was obtained from all patients after the nature and
possible consequences of the study were explained and before any study procedures began.

Red-green (RG) and yellow-blue (YB) colour detection thresholds were measured using the CAD
test (Barbur, Rodriguez-Carmona and Harlow, 2006). Confocal AOSLO images of the central
photoreceptor mosaic were obtained and cone density was measured at 0.5° and 1° eccentricity
along the temporal meridian, using 55 x 55 um regions of interests (ROI).

Results

Seven patients with DM had higher colour thresholds than expected for their age. Median
thresholds were significantly higher in patients with DM than healthy controls (Table 1).
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Controls Patients with DM value
n | Median | IQR n | Median IQR P
RG 8 1.26 0.30 7 323 3.31 0.006
CAD threshold - ™3 5™ ¢ 53047 [ 8| 294 3.26 0.021
Cone density 05T 7 70,687 | 17,586 | 8 61,772 22,847 0.463
(cells/mm?) 1T 8 54,201 6,424 | 8 50,643 25,780 0.888
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Table 1. Cone density and colour vision thresholds for healthy controls and patients with DM.

There was no statistically significant difference between median confocal cone density, at either of
the locations measured (0.5° and 1° temporally {0.5 T and 1T}), in patients with DM compared to
healthy controls (Table 1). Despite this, the AOSLO images revealed abnormalities in the
reflectivity of the photoreceptors in patients with DM that were not clinically detectable in their
colour fundus images.

Discussion

In agreement with previous literature (Barbur, Ansari and Canning, 2012; Rodriguez-Carmona,
Bastaki and Barbur, 2019), we found higher colour thresholds in patients with DM than healthy
controls. Although there was generally lower cone density in patients with DM than in controls, the
difference was not significant, again most likely owing to the high variability in cone density (Song
et al., 2011). However, we did observe subclinical photoreceptor changes with AOSLO in the DM
group that were absent in the normal group. Such changes are difficult to capture using current
methods, as their locations vary and may not fall within the ROIs that were pre-defined as part of
our protocol. Alternative analysis techniques, such as spacing metrics, Voronoi analysis, or artificial
intelligence — particularly those that assess the mosaic across the entire montage — could potentially
provide a valuable screening tool for early detection of DR. Larger sample sizes with greater
representation across DR disease stage is needed for more definitive conclusions, but these results
are showing promise in their ability to detect DR changes before they present in the clinic.
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