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Abstract: A standardized source of light is essential for visual color assessments, which is why
lighting booths were developed. For the best results in visual assessment, it is important to consider
the right choice of light source, the right viewing conditions, and the variability of the viewer. To date,
many light booth technologies have been introduced to meet user demands. Since most of the light
sources on the market are characterized by the designer or manufacturer, the resulting variations from
booth-to-booth remain. In this study, we compared the performance of two standard light booths to
assess the color difference of eleven metameric pairs. In this study, we checked an earlier technology-
based light booth that is still used in the textile industry and contains illuminant A (Tungsten lamp)
with CCT 2700 K, TL84 (tri-band fluorescent tube) with CCT 4000 K, and simulator D65 (CCT
6500 K) with a different light booth whose original light sources have been replaced by currently
available LED retro kits from equivalent CCTs. As an inexperienced customer or industrial user, our
question was, how important is this replacement? The results revealed that two different standard
lighting technologies with similar CCTs cannot reproduce the same estimates because the light
sources produced different SPDs. It is illustrating that caution is necessary when comparing results
obtained from two different light booths containing light sources with similar CCTs but different
SPDs. This comparative study suggested that the variability of the light sources” SPDs or the observer
or the sample should be modeled considering light booth’s technology to estimate its contribution to
the overall variability. The close relationship between perceived and CAMO02-UCS suggests that if
both booths are used after the light sources have been calibrated, a formula based on color appearance
models must be used to predict color appearance. To obtain better agreement between perceived and
calculated color difference, one must need to avoid light booths with nominally white light sources.

Keywords: light booth; metameric pairs; visual assessment; gray scale; standard deviation; CAMO02-
UCS; color difference formula

1. Introduction

The visual appearance of color is a sensory attribute and is the result of a complex
interaction of the object, the incident light, and human perception [1-4]. Judgment of visual
appearance of color is often influenced by environmental elements, surface conditions, and
optical illusions. Therefore, the visual assessment of colors is particularly complex and
depends on many factors, such as observer sensitivity, age and color memory, viewing
angle, light source, surface condition, object’s background, area of the colored surface, and
so on. To overcome these complexities in color evaluation, the implementation of color
control technologies such as spectrophotometers, software, and other tools such as light
booths are being developed [5]. ASTM D1729 [6] specifies the viewing geometry, quantity,
and spectral properties of the lighting as well as environmental conditions for critical visual
color measurements. Both the viewing environment and the lighting are critical factors for
a consistent color appearance and effective color communication.

To optimally meet the application and operational requirements, there are many
lighting booths on the market that are equipped with many standard light sources (the
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illuminant) as defined by the Commission Internationale de 1’Eclairage (CIE) [7,8]. The use
of high-performance light booths enables reliable color assessment and helps identify color
inconsistencies, metameric effects, and the influence of brighteners. However, the perfor-
mance of different light and lighting booths with the same specification can vary greatly [9].
CIE guidelines describe several parameters including lighting and sample presentation
methods [10] for visual color assessment. Different sample presentation methods may
introduce variations in the measurement [1], but if the same sample presentation methods
are used, variations may be attributed to the light booth conditions such as the actual
color temperature of the light, light intensity, lamp operation time, etc. A studied revealed
that the luminance level in several light booths varied from 100 to >1000 cd/ m? [11].
There are studies that show how correlated color temperature and illuminance affect color
perception [12-15] and users’ feeling [16-19].

In practice, calibrated light booths are recommended for assessing objects’ color dif-
ferences [20]. Lighting booths that use older filtered technology are more expensive to
maintain. Light booths that use newer fluorescent technology require much less mainte-
nance and are more affordable; nevertheless, at present, fluorescent lamps are gradually
being replaced by LED technology, so it is important to compare both technologies. To en-
sure correct color quality and compliance with user specifications, they only need to be
recalibrated and replaced with new light. The regular and appropriate use of a light booth
improves the workflow, shortens the cycle time, and shows a positive return on investment.
The LED retro kits available today allow the replacement of previously used fluorescent
tubes, but the important question arises as to how these fit together with the earlier usability
of such a light booth.

In this study, we used two standard light booths to compare their performance in
assessing the color differences of twelve metameric samples under different light sources
equipped with them. We have also studied the variability within and among observer
responses under two booths. Several predictive models have been developed to correlate
visual assessment with measured values. The perceived values set the benchmark for
the instrumental measurement comparisons [21-23]. Some models for calculating color
difference are CIELAB, CIEDE2000 [24], OSA-UCS [25], ULAB [26], CAMO02-UCS [27],
and CAM16-UCS [28].

The purposes of the present study were (i) to assess and compare the visual color dif-
ference of the eleven metameric samples for two light booths, (ii) to analyze the correlation
between the visual and calculated color difference under tested light sources, and (iii) to
evaluate the performance of color difference formulas for experimental conditions. With
this study, advantage may be taken of the special merits of a particular light booth such as
affordability and easy maintenance while still enabling the comparison of results obtained
for a more comprehensive but expensive light booth.

2. Materials and Methods
2.1. Samples

The visual experiment used eleven metameric pairs of samples to examine different
metamerism indices under different light sources. Figure 1 depicts the distribution of
eleven metameric pairs in the a*b* and L*a* plane of the CIELAB color space under
Muminant D65/2°.

As we can see from both figures, sample pairs 1 to 7 have almost a constant lightness
value (64.5 approximately). Sample pairs 8, 9, and 11 have similar chroma and hue, whereas
sample pairs 3 and 10 have high chroma value with nearly similar lightness. The mean
color difference of the 11 metamers calculated under standard D65/2° was 3.8 AE*ab units.
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Figure 1. Distribution of 11 sample pairs on the a*b* plane (left) and L*a* (right) plane under
standard D65/2°.

2.2. Light Sources

The visual experiment used eleven metameric pairs of samples to examine different
metamerism indices under different light sources. Two standard lighting booths were used
for this experiment. Light booth I is based on an old ICS-Texicon Multilight lighting cabinet,
where the original light sources were replaced by corresponding LED retro kits with similar
correlated color temperature (CCT). Light booth II was Gretag Macbeth (now X-Rite)
Judge-1I. For the visual assessment, we selected BLED65, BLED40, and BLED27, which
represent the light sources with nominal CCT 6500 K, 4000 K, and 2700 K, respectively,
for light booth I; and Daylight (Simulator D65), TL84 (Tri-band fluorescent tube), and A
(Tungsten lamp), which represent the light sources with a nominal CCT of 6500 K, 4000 K,
and 2700 K respectively for light booth II. Throughout this article, the name of the light
sources indicates their respected nominal CCT. The spectral power distribution and the
colorimetric values of the different configurations was measured with a Photo Research
PR-740 spectroradiometer over a plaque containing pressed Barium Sulfate white standard
produced by Merck placed in the center of the bottom surface of each lighting booth.
The spectral power distribution and position of the light sources in the xy chromaticity
diagram are shown in Figures 2 and 3, respectively.

10 —ATA
—ATTL84

spectral irradiance (mW.cm2.nm)
spectral irradiance (mW.cm2.nm-)

400 450 500 550 600 650 700 400 4s0 500 550 600 650 700
Wavelength (nm) Wavelength (nm)

Figure 2. SPDs of test light sources in the two test booths. Left: light booth I and right: light booth II.
In the figure: BLED65, BLED40, and BLED27 representing the light sources with nominal CCT 6500 K,
4000 K, and 2700 K respectively for light booth I; and Daylight (Simulator D65), TL84 (Tri-band
fluorescent tube), and A (Tungsten lamp) representing the light sources with nominal CCT values of
6500 K, 4000 K, and 2700 K respectively for light booth II.
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Figure 3. Different positions of the test light sources in the xy chromaticity diagram. In the figure,
BLED65, BLED40, and BLED27 represent the light sources with nominal CCT 6500 K, 4000 K, and
2700 K respectively for light booth I; and Daylight (Simulator D65), TL84 (Tri-band fluorescent tube),
and A (Tungsten lamp) represent the light sources with nominal CCT 6500 K, 4000 K, and 2700 K
respectively for light booth II.

Table 1 summarizes measurements of chromaticity, correlated color temperature (CCT),
and luminance level. From Table 1 and Figure 3, the light sources of viewing booth II are
located on or close to the Planckian locus, whereas for booth I, BLED40 and BLED27 are
situated even outside the daylight series. From Table 1 and Figure 3, the light sources of
viewing booth II are on or near Planckian locus, while BLED40 and BLED27 of booth I
are even outside the daylight series. Figure 2 is showing that both viewing booths have
a relatively different spectral quality of the light sources.

Table 1. The parameters of the light sources. In the table, BLED65, BLED40, and BLED27 represent
the light sources with nominal CCT 6500 K, 4000 K, and 2700 K, respectively for light booth I; and
Daylight (Simulator D65), TL84 (Tri-band fluorescent tube) and A (Tungsten lamp) represent the light
sources with nominal CCT 6500 K, 4000 K, and 2700 K respectively for light booth II.

Light Booth I Light Booth II
Light Source Light Source
Measured Values
BLED65 BLED40 BLED27 Daylight TL84 A

X 0.311 0.378 0.451 0.307 0.395 0.458
y 0.318 0.388 0.432 0.314 0.380 0.410
CCT (K) 6477 3826 2733 6866 3492 2667
Luminance (cd/m?) 257.5 167.4 243.4 111.8 75.5 160.0

2.3. Observers

A psychophysical experiment was conducted under two standard lighting booths to
obtain visual data from 10 observers for eleven metameric sample pairs. All observers had
normal color vision tested by the Ishihara color vision test. A total of 11 people (6 men and
5 women) took part in the pretest, including one man with color vision deficiency. The
ages of the participants ranged from 20 to 57 with the average of 31 years old and SD 13.01.
Data from the observers with defective color vision were discarded. All eleven metameric
pairs were presented to all observers in five consecutive sessions under testing lighting
conditions. The observers were asked to adapt to the mid-gray interior of the booth for
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2 min after each new lighting condition. After adaptation, they were provided with the
gray scale and sample pairs.

Due to the determination method used in the experiment; the participants were
required to evaluate and compare the sample pair with gray scale. Each participant was
asked to determine a closest gray-scale value according to his/her own perception. The
distance between observers and sample was 50 cm. The illumination: viewing geometry
was always approximately 0°:45°. The visual experiment was conducted in a completely
darkened room. Figure 4 is demonstrating the position of a sample pair along with gray
scale during visual assessment.
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Figure 4. Viewing condition for color difference experiment under two lighting booths.

2.4. Data Analysis
2.4.1. Standard Deviation (SD) and Standard Error of the Mean (SEM)

Standard deviation (SD) measures the deviation of the individual estimate from the
mean value, while standard error of the mean (SEM) gives the accuracy of a sample’s mean
by measuring the sample-to-sample variability of the sample means. The SEM describes
how precise the mean of the sample is as an estimate of the true mean of the population.
Standard deviation (SD) and standard error of the mean (SEM) are calculated by using
Equations (1) and (2):

T (x — %)

Standard Deviation (SD) = —

)

D
Standard Error of Mean (SEM) = sb 2)

o

where X = the sample’s mean and n= the sample size.

2.4.2. Visual Color Difference with Gray Scale

The gray scale is used to visually assess and compare the change in color difference
appearance, as described in ISO 105-A02 [29]. It consists of a 9-grade point from 1 to 5
within a half-step rating of 5, 4-5, 4, 34, 3, 2-3, 2, 1-2, and 1, with 1 indicating extreme
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color differences and 5 meaning that there is no color difference in a pair. After visual
assessments, the gray scale number (GS) for each pair was transformed to the corresponding
visual color difference (AV) in CIELAB unit by Equation (3):

AV = 26.36e55/16% _ 9532 3)

This exponential Equation (3) is used to predict the CIELAB color difference from the
gray-scale rating, as shown in Figure 5.
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Figure 5. Visual color difference in CIELAB unit as a function of gray-scale rating.

2.4.3. STRESS and Performance Factor (PF/3)

The repeatability and reproducibility of measurements in a psychophysical experiment
depends on the ability of a single observer’s or a group of observers’ ability to produce the
same measurements consistently under the same experimental setup. A higher variability
of the measurement indicates a lower reliability of the estimate. In order to determine
inter-variability (the deviation between the estimate of each individual from the mean) and
intra-variability (the deviation between the results of an individual on repeated attempts in
an experiment), a metric index, which is called the “standardized residual sum of squares”
(STRESS), is used by many researchers in the color science field [30-33]. The percentage
STRESS values are always between 0 and 100. STRESS values close to zero indicate a better
match between two data sets. In color difference studies, a STRESS value above 35 is
typically an indicator of poor performance of the color difference formula [34]. In addition
to the STRESS index, the performance factor (PF) modified by Guan and Luo [35] is also
used to compare the best fitted model with different experimental data sets.

The STRESS value and performance factor can be calculated by using Equation (4):

¥ (AE; — FiAV;
(F12AV,?)

Y AE?
Y AE;AV;

)2
)and F; =

STRESS = 100 \/ @)

where AE; and AV; are the computed and the perceived color difference for the i =1,
n sample pair respectively and Fy is an adjusting factor between AE; and AV;.
Meanwhile, the performance factor is as follows:

PF/3 = (100/3) * (Gamma — 1 + V,, + CV/100) ()
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PF/3 is obtained as an average of three terms including the Gamma factor and two
coefficients of variation V,, and CV.

3. Results and Discussion
3.1. Visual Assessment Variability within Samples under Two Lighting Booths
The effects of the light booth’s design in term of light source on the L*a*b* values and

inter-observer variability are shown in Figures 6 and 7, respectively. Table 2 shows that the
light booth technology has a clear impact on the resulting L*a*b* values.
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Figure 6. CIE L*a*b* values for different light sources of the two booths. In the figure, BLED65,
BLED40, and BLED27 represent the light sources with nominal CCT 6500 K, 4000 K, and 2700 K
respectively for light booth I; and Daylight (Simulator D65), TL84 (Tri-band fluorescent tube), and
A (Tungsten lamp) represent the light sources with nominal CCT 6500 K, 4000 K, and 2700 K,
respectively for light booth II.

There were significant differences between the two booths for all mean CIELAB values
for the test metameric pairs, as shown in Table 2. All observed correlations, which are
shown in Figure 6, agree with the hypothesis that both light booths gave the same values
up to a linear transformation.

The results from Figure 7a show that the inter-variability among observers for samples
9 and 11 is large, while it is low for samples 3,4,5,6, and 7 under all experimental conditions.
Almost the same average variability was found for samples 8 and 10 under CCT 4000 K and
CCT 2700 K, but the highest was found for CCT 6500 K for both booths. Samples 1 and 2
showed the highest variability with changes of light sources for two booths. Among all
light sources, all samples under CCT 2700 K showed a high degree of variability.

Figure 7a,b show the visual color difference among samples with standard deviation
bars and standard error of the mean (SEM) bars of two light booths. In the figure, the
vertical lines denote standard deviation and standard error of the mean (SEM). It also
shows that the visual evaluation of the tested sample pairs was consistent.

Figure 7a shows that light booth I had a comparatively smaller influence on the visual
assessment than light booth 1II, as expected, and the results from the standard error of the
mean (SEM) of Figure 7b justified the results from Figure 7a. Analysis of the results shows
that the observer and sample’s variability should be modeled considering light booth’s
technology to estimate its contribution to the overall variability.



Textiles 2021, 1

565

mLight booth|
# Uight booth I

u Light booth|
 Light booth I

Daylight

s 6 7

Sample number

4

Daylight

Sample number

8 9 10 1

>
2

© = N w & W o N ®

av
© = N w & w & N ®

uLight booth It
™ Lightbooth |

1 2 3 4 S 6 7 8 9

Light source- TL84

Sample number

 Light booth |
= Light booth I

1 2 3 4 5 6 7

(a)

Light source-TL84

Sample number

(b)

8 9 10 1

8
7
6
5
24
3
2
1
0

10 1

8
7
6
s
24
3
2
1
0

uLight booth1
u Light booth I

1 2 3 4 5 6 7

Light booth |
® Light booth Il

1 2 3 4 5 6 7

Light source - A

8
Sample number

Ught source-A

Sample number

9 10 1

8 9 10 1

Figure 7. Average inter-observer variability of all metameric pairs under each light source with (a)
standard deviation (SD) bars; (b) standard error of the mean (SEM). In the figure, BLED65, BLED40,
and BLED27 represent the light sources with nominal CCT 6500 K, 4000 K, and 2700 K, respectively
for light booth I; and Daylight (Simulator D65), TL84 (Tri-band fluorescent tube), and A (Tungsten
lamp) represent the light sources with nominal CCT 6500 K, 4000 K, and 2700 K respectively, for light

booth II.

Table 2. Mean CIE L*a*b* values for different light sources of the two booths. In the table, BLED65,
BLED40, and BLED27 represents the light sources with nominal CCT 6500 K, 4000 K, and 2700
K respectively for light booth I; and Daylight (Simulator D65), TL84 (Tri-band fluorescent tube),
and A (Tungsten lamp) represent the light sources with nominal CCT 6500 K, 4000 K, and 2700 K,
respectively for light booth II.

Light Booth I
BLED65 BLED40 BLED27
Sample  L* a* b* L* a* b* L~ a* b*
1 62.34 2030 —13.49  62.06 1638  —13.92  61.97 11.81  —13.68
2 63.14 13.89  —954 6290 1116 —-991  62.78 8.09 -9.91
3 8243  —84.05 79.23 8297  —57.60 79.24 8266  —33.08 75.62
4 6333 027 —024 6321 0.06 —042  63.03 0.65 —0.95
5 64.02  —541 3.76 6400 356 3.69 6394  —1.60 3.34
6 63.55 -9.83 6.22 6347 =723 6.03 6327  —433 5.32
7 6432 —14.68  8.87 6424 —11.94  8.64 6386  —8.77 8.02
8 43.54 18.17 —6.60  44.02 1871  —-573  44.89 18.67  —3.83
9 81.55 1147  —-130  82.28 13.19 0.03 83.50 14.34 1.96
10 8245  —84.44  79.48 8299 5796 7947 8266 3341 7584
11 81.50 1136  —121 8222 13.13 0.13 83.45 14.32 2.05
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Table 2. Cont.

Light Booth II
Daylight Light Source TL84 Light Source A
Sample L* a* b* L* a* b* L* a* b*
1 63.23 18.15  —11.26  63.20 1577  —11.66  63.26 1343  —10.26
2 63.84 12.23 -781 6377 10.60 —-8.18  63.81 9.44 —7.25
3 80.84 —77.04 7230 8179  —=55.69  75.10 8146  —33.38 65.76
4 63.64 —0.70 0.48 63.84 —0.29 0.82 63.55 1.49 0.19
5 64.22 —5.57 3.70 63.92 —3.12 3.22 64.24 —1.28 3.15
6 6372  —10.00 595 63.44 -7.13 5.55 63.50 —4.91 4.71
7 6410 1378  8.28 6440 1277  8.63 63.77  —8.92 7.36
8 44.28 19.56 —4.80 4524 21.13 —344  46.29 24.29 —0.53
9 81.59 12.34 —-0.63 8221 15.80 0.37 83.58 17.47 3.22
10 80.85  —7745 7255 8178  —56.07  75.31 8144 3380 65.98
11 81.54 12.23 —-054 8216 15.73 0.47 83.53 17.46 3.28

3.2. Comparison of Visual and Measured Color Difference of Two Light Booths

The effects of light sources on the visual and measured color differences for two differ-
ent standard lighting booths are shown in Figures 8 and 9. Figure 8 shows the correlation
of the visual color difference between two booths under experimental lighting conditions.
As shown in Figure 8, the strongest correlation was found for CCT 4000 K and a relatively
poor correlation was found for CCT 2700 K. The reason could be the relatively distant
position of light BLED27 of light booth I from the daylight series. As expected, observers
had performed better under daylight. The measurements showed significant differences
related to light booth conditions, while Figure 9 shows how visual performance correlates
with the measured color differences between pairs of samples.

s

Daylight (BLED6S) Light source-TL84 (BLED40) Light source-A (BLED27)

s
s
s

©

R?=0.982
R?=0.769

R*=0.829

AV-Light booth II
o
AV-Light booth Il
o
Av-Light booth 11
S

a

AV-Light booth | AV-Light booth | AV-Light booth |

Figure 8. Visual color difference under different light sources between two booths. In the figure,
BLED65, BLED40, and BLED27 represent the light sources with nominal CCT 6500 K, 4000 K,
and 2700 K respectively for light booth I; and Daylight (Simulator D65), TL84 (Tri-band fluores-
cent tube), and A (Tungsten lamp) represent the light sources with nominal CCT 6500 K, 4000 K,
and 2700 K respectively for light booth II.
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Figure 9. Correlation between visual and formula-based color difference of different light sources.
In the figure, BLED65, BLED40, and BLED27 represent the light sources with nominal CCT 6500 K,
4000 K, and 2700 K, respectively for light booth I; and Daylight (Simulator D65), TL84 (Tri-band
fluorescent tube), and A (Tungsten lamp) represent the light sources with nominal CCT 6500 K,
4000 K, and 2700 K respectively for light booth II. (a) Light booth I, (b) Light booth II.

The spectra and the CCT values (from Figures 2 and 3; and Table 1) show differences
between the two booths. For all lighting settings, the formula based on CAM02-UCS
showed better agreement than CIELAB. Both CIELAB and CAMO02-UCS performed better
under light booth I than light booth II as expected. Considering our results, it can be said
that the variability between the visual and measured color difference is influenced by
booth conditions.

3.3. Performance of Color Difference Formula

The reliability of the color difference assessment was evaluated by inter-observer
variability in terms of STRESS value, performance factor (PF/3), and correlation coefficient
(COQ), as shown in Figure 10 and Table 3. According to our results, all three metrics such
as STRESS, PF/3, and COQ showed better results for the CAMO02-UCS model than the
CIELAB among all light sources. The reason for this could be that the appearance-based
models predict well the role of illuminations in perceived color differences [20].
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Figure 10. Performance of color difference formula in term of STRESS. Left: light booth I, right: light
booth II. In the figure, BLED65, BLED40, and BLED27 represent the light sources with nominal
CCT 6500 K, 4000 K, and 2700 K respectively for light booth I; and Daylight (Simulator D65), TL84
(Tri-band fluorescent tube), and A (Tungsten lamp) represent the light sources with nominal CCT
6500 K, 4000 K, and 2700 K respectively for light booth II.

Table 3. Performance of color difference formulas in term of STRESS, COQ, and PF/3. In the
table, BLED65, BLED40, and BLED27 represent the light sources with nominal CCT 6500 K, 4000 K,
and 2700 K respectively for light booth I; and Daylight (Simulator D65), TL84 (Tri-band fluores-
cent tube), and A (Tungsten lamp) represent the light sources with nominal CCT 6500 K, 4000 K,
and 2700 K respectively for light booth II.

Light Booth I
AE*ab AE'CAMO02-UCS
Light source STRESS CcOQ PF/3 STRESS CcOQ PF/3
BLED27 31.2 0.88 52.22 23.3 0.95 35.76
BLED40 33.0 0.86 60.68 221 0.93 37.01
BLEDG65 38.0 0.83 78.67 174 0.96 3441
Light Booth II
AE*ab AE'CAMO02-UCS
STRESS CcOQ PE/3 STRESS CcOQ PE/3
A 342 0.81 47.09 249 091 30.73
TL84 43.6 0.71 73.27 22.6 0.93 38.74
Daylight 419 0.78 69.64 19.02 0.958 38.28

As can be seen from Table 1, and Figures 2 and 3 in Section 2.2, the fluctuations
between the SPDs and luminances of all three light sources between two booths were
significant compared to CCTs. This may be the reason why the observers under light booth
II had more difficulties with the visual assessment than under light booth I. Moreover,
it can be seen from Table 3 that both formulas gave a comparatively better correlation
coefficient but failed to show acceptable performance of fit to the current data set.

The average STRESS values for light booth I were lower than in light booth II, as can
be seen from Figure 10. Our results imply that two different standard lighting technologies
with the same light sources cannot reproduce the same estimates. The close relationship
between perceived and CAMO02-UCS suggests that if both booths are used after the light
sources have been calibrated, a formula based on color appearance models must be used to
predict color appearance. To obtain better agreement between perceived and calculated
color difference, one must need to avoid light booths with nominally white light sources.
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4. Conclusions

Visual assessments under two light booths differed because of the variation among the
light sources’ spectral and colorimetric characteristics. We compared an earlier technology-
based light booth, which is still used in the textile industry, and which contains illuminant
A (Tungsten lamp) with CCT 2700 K, TL84 (tri-band fluorescent tube) with CCT 4000 K,
and simulator D65 (CCT 6500 K), with a different light booth, whose original light sources
have been replaced by currently available LED retro kits from equivalent CCTs. As an
inexperienced customer or industrial user, our question was, how important is this re-
placement? The results indicated that two different standard lighting technologies with
the similar CCTs cannot reproduce the same estimates because the light sources produced
different SPDs. It is illustrating that caution is necessary when comparing results ob-
tained from two different light booths. The variability of the light sources” SPDs or the
observer or the sample should be modeled considering the light booth’s technology to
estimate its contribution to the overall variability. The close relationship between perceived
and CAMO02-UCS suggests that if both booths are used after the light sources have been
calibrated, a formula based on color appearance models must be used to predict color
appearance. To obtain better agreement between perceived and calculated color difference,
one must need to avoid light booths with nominally white light sources.
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