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Abstract

In order to obtain a rapid, accurate, repeatable and
reproducible quality control protocol for the visual assessment
of Universal Camouflage Pattern (UCP) substrates, various
methodologies were examined. The role of parametric factors in
repeatability and reproducibility of visual assessments was
determined. Each of the colors within the pattern was measured
spectrophotometrically and samples were then assessed by a
panel of naive subjects under various conditions. An
acceptability tolerance volume for each color was obtained
under simulated daylight illumination at 7500K (equivalent to
illuminant D75) wusing eighteen subjects that repeated
assessments six times on separate dates. Visual assessment
techniques included a set of sixty woven camouflage samples,
some of which contained a repeat pattern that we refer to as
“key” and some that did not. Identical subjects repeated
assessments under various viewing and surround conditions
(e.g. placing samples side by side or juxtaposing samples). A
total of 31,320 visual assessments were thus obtained. The role
of viewing conditions on the level of inter- and intra-subject
variability in pass/fail assessments, as well as color difference
evaluation of individual colors, based on an AATCC Gray Scale
evaluation method, was examined. STRESS was used to compare
the degree of variability among subjects. Analysis of results
indicates that subjects’ agreement in determining pass/fail
responses is improved when a visual reference (such as the print
repeat pattern) is included as reference. In addition masking the
surround improved subject consistency and repeatability in
assessments.

Introduction

Camouflage patterns are developed and used for a variety
of reasons. Universal Camouflage Patterns (UCP) is a
commonly used camouflage pattern in the United States [1]
which was characterized in three general patterns: all over
brush, track and shadow/line [2]. The UCP color scheme is
composed of three colors: gray (officially named Urban Gray
501), tan (Desert Sand 500) and sage green (Foliage Green 502)
printed in a specific pattern [3]. Camouflage is used to conceal
objects/personnel from detection by incorporating features that
blend them with the background. The better the match between
the camouflage and its background the less likely it is to be
distinguished by a detector [4,5].

Various visual assessment methodologies have been used in
the development of diverse color difference models. However, it
is well known that variations in viewing conditions and surround
affect the accuracy and repeatability of the relationship between
the perceived and measured differences of two color patches. In
general visual experiments tend to fall into two broad categories:

1. Threshold and matching experiments which are
designed to measure the visual sensitivity to small
changes in stimuli [6,7], and;

2. Scaling experiments, which are intended to generate a
relationship between the physical and perceptual
magnitude of a stimulus.

It is critical to determine which class of experiment is
appropriate for a desired application. Matching experiments
have been widely applied in the development of models that aim
to establish a relationship between the perceived and measured
differences among stimuli. However, matching comparisons are
rarely used to generate ‘scales’ because the procedure is time-
consuming.

The technique of paired comparisons, which is a type of
scaling method, is attributed to Gustav Fechner [8], in which
stimuli are compared against a standard, or an anchor. A general
evaluation procedure recommended for the visual assessment of
colored objects is described in the AATCC Evaluation
Procedure 9, which is based on a pair-comparison method. In
this procedure a 9 step standard gray scale consisting of 9 pairs
of contrast gray chips is used, where pairs correspond to
progressive differences in contrast between gray samples against
the same standard. Grade 5 is represented on the scale by two
reference chips mounted side by side, neutral gray in color and
having a Y tristimulus value of 12+1. The color difference of the
pair is 0.0 (with a tolerance of +0.2 to account for production
and measurement variations). A rating of 5 indicates no color
difference exists between the stimuli. At the other end of the
scale a rating of 1 indicates a relatively large color difference
between samples (13.6 + 1). The magnitude of the color
difference between pairs increases perceptually geometrically
from pair 5 to pair 1 including intermediate ratings, such as 3-4.
During assessments, the gray scale is often placed along the
edges of the test sample pair, which consists of a standard
sample and its corresponding batch, and the pair is isolated from
the surround using a gray mask. The perceived visual difference
between samples is then compared against that of the gray
sample pairs. Gray scale ratings are typically transformed into
CIELAB color differences, based on the colorimetric values of
the gray standards, to yield visual differences, which are shown
as DV [9,10].

In addition to the role of the visual assessment
methodology on perception of color differences a number of
additional parameters must also be considered in the design of
the experiment. Parametric factors, for instance, have been
shown to have a significant impact on perceptual differences,
particularly when results are aimed at establishing an ideal
acceptability model. Many of the experimental factors, such as
context, surround, adaptive scale, etc. comprise the key
variables that influence the development of an accurate
relationship between average perceived color differences against
the predicted/measured data [11,12]. No reported studies
concerning the effect of parametric factors on visual assessment
of camouflage patterns could be found in the literature.
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In this study, three different visual methodologies were
used to assess the appearance of a set of camouflage materials
against a standard and subjects' performances under each
method was also examined.

The purpose of these different methodologies was to
investigate the role of parametric factors on perceptual color
differences of multicolored substrates. Samples were either
placed side by side with the standard or juxtaposed on top of it.
In addition, assessments were carried out in a region that
contained the repeat print pattern “the key” and in areas that did
not. Variability in perceptual results, under otherwise closely
controlled conditions, and using the same set of sample pairs and
identical subjects, was then determined. Exact details of the
procedure are described in the following sections.

Experimental

Sample Preparation

Sixty universal camouflage printed samples were selected
such that they represented a sufficient number of Pass and Fail
samples as determined by a US Army expert visual assessor. A
Standard Universal Camouflage Pattern sample, obtained from
the US Army, was used as reference in all visual assessments.

The repeat pattern in the production samples contains a
section that resembles the shape of a key, hereafter referred to as
the key (identified in Figure 1). Out of the 60 samples selected
for visual assessments 40 included the key pattern but 20
sampled did not.

The reason for the selection of the key pattern was to
provide the subjects with a visual reference when determining
pass/fail ratings for the individual colors in batch samples as
well as the overall substrate. This also minimized other sources
of potential variability amongst samples, e.g. due to mechanical
or other printing issues. It must be noted that the full width of
fabric may contain several repeat patterns with slight variations
amongst ‘keys’ within the same substrate, however, such
variability was ignored. Figure 2a-c shows the colorimetric
distributions of three solid colors: Urban Gray, Foliage Green
and Desert Sand respectively, for the 60 selected samples. The
solid dots represent samples that contained the key pattern and *
is used to represent samples that did not have the key pattern.

Desert Sand a

Urban Gray b

Foliage Green c

Figure 2a-c. the Distribution of Tan- Desert Sand (a), Light gray-
Urban Gray (b) and Olive- Foliage Green (c) colors in the L*C*h Color
Space.

Visual Assessments

A group of 18 subjects (7M, 11F, Mean age = 22) with
normal color vision, as determined by the Nietz test for color
vision [13], took part in repeated assessments of samples.
Assessments were carried out in six separate trials to avoid
visual fatigue during the evaluations. Most subjects did not have
any prior experience in assessing color quality of multi-colored
samples.

Three types of visual assessment techniques were utilized
in this study. These techniques were based on the AATCC
Evaluation Procedure 9, option B [14], involving a 0/45
illumination/viewing geometry as shown in Figure 3. The
samples were placed in a SpectraLight III (X-Rite) viewing
booth, illuminated with filtered tungsten lamps simulating
daylight with a correlated color temperature of 7500K
approximating illuminant D75. All extraneous lights were
eliminated and the illumination conditions were carefully
controlled in the course of the experiments in order to minimize
variability. Each subject wore a mid-gray laboratory coat and a
pair of mid-gray gloves to minimize color variability of the
surround during the course of the experiment and to prevent
damaging the camouflage samples.
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Figure 3. lllumination/Viewing Geometry Employed for the
Assessment of Camouflage Samples.

In the beginning of the experiment, each subject viewed the
empty illuminated viewing booth for 2 minutes to adapt to the
light source, during which time the experiment was explained.
The standard was placed adjacent to the production batch being
evaluated. Subjects distance from the samples during the
evaluation was approximately 60 centimeters. Subjects were not
allowed to lift the samples during the course of the visual
assessments.

Sample viewing was strived to be limited to 30 minutes
whenever possible to avoid fatigue. However, some subjects
required up to one hour to evaluate 30 samples in each trial.

Visual Assessment Methods Examined

A Standard sample was supplied by the US Army which
was used in all evaluations. The standard was placed on the left
hand side of the batch samples being evaluated. Three different
visual evaluation methods for samples with and without the key
pattern were then carried out:

Method 1:

a. Pass/Fail determination of each color, as well as the overall
pattern, in the region containing the key for 20 batch
samples placed adjacent to the standard (as shown in Figure
4);

Method 2:

b. Pass/Fail determination of each color, as well as the overall
pattern, in a region containing the key pattern for the same
20 batch samples juxtaposed, in part, on top of the standard
(as shown in Figures 5);

c. Pass/Fail determination of each color, as well as the overall
pattern, for the remaining 10 batch samples juxtaposed, in
part, on top of the standard (as shown in Figures 6), in a
region outside of the key pattern;

Method 3:

d.  Gray scale visual color difference evaluation of individual
colors for 20 batch samples juxtaposed on the standard (as
shown in Figures 5) in a region containing the key pattern;

e. Gray scale visual color difference evaluation of individual
colors for 10 batch samples juxtaposed on the standard (as
shown in Figures 6), in a region outside of the key pattern.

In this arrangement each of the colors was assessed for P/F
and visual difference in 6 separate trials, on different days, with
each trial involving 30 samples (20 with key and 10 without).
The overall pattern was also evaluated in terms of P/F when
samples were placed side by side and also juxtaposed,
separately. In all methods the same batch samples were
employed. Each sample was assessed by each subject according
to the three assessment techniques indicated above before
proceeding to the next sample. Each subject in each trial
provided 200 P/F as well as 90 visual difference ratings. Thus a
total of 31,320 assessments were obtained and utilized for
analysis.

In the first method the subject was asked to visually
identify the key pattern on batch samples and compare each
individual color around the key pattern with the corresponding
colors in the key pattern of the standard placed adjacent to the
batch and provide a Pass/Fail rating. Subjects also determined
whether the overall appearance of the batch sample was
acceptable compared to the standard. While no gap was allowed
between the batch and standard samples, the actual distance
between the key patterns on the standard and batch varied,
slightly, due to variations in the cut size of the production
samples received. The potential effect of this variation could not
be examined in this study.

Figure 4. The Key Pattern Identified with Red Ovals on the Batch
(right) and Standard (left) Samples Placed Adjacent to Each Other.

Figure 5. Placement of the Batch Sample Containing the Key Pattern
Juxtaposed on top of the Standard for Visual Assessments.
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Figure 6. Placement of Batch Sample with no Key Pattern (right)
Juxtaposed on the Standard for Visual Assessments

In the case of the samples that did not include the key
pattern subjects were asked to determine Pass/Fail ratings for
each color as well as the overall pattern based on a random
region of their choice. The same procedure was repeated for all
samples in each trial. For the gray scale ratings each of the
individual colors was compared and the difference was
evaluated.

The purpose of the first technique was to determine the
overall effect of the surrounding colors on the visual perception
of each individual color when determining acceptability. The
second technique aimed to minimize the effect of surround on
the perception of color and color differences and compare the
results to those obtained from the first method. The final method
aimed to generate a numerical dataset for comparison against
spectrophotometric measurements and to assess the magnitude
of inter- and intra-subject variability.

Gray Scale Transformations to Visual

Difference

For the assessments that involved gray scale visual
difference determination (Method 3: d and e), a total of 3,240
evaluations were obtained (30 sample pairs x 6 trials x 18
subjects). The contrast pairs in the standard AATCC gray scale
were measured using a Datacolor SF600 spectrophotometer
using illuminant D75, 2° Standard Observer, 9 mm aperture,
SPIN, UVEX settings and with an average of 3 readings. The
color difference between the standard and each of the gray
contrast samples was then calculated using AE*ab equation [9,
14].

The gray scale ratings given by each subject, G;, were then
transformed to visual differences, AV, expressed in terms of
AE",, using a third-degree polynomial function shown in Eq. (1).

AV =-0.205G; + 2.6583G/ - 12.469G; + 21.599 (1)

The AV values can be used to determine the degree of
variability between trials for a given subject (intra-subject
variability) as well as variability in responses obtained from one
subject in comparison to the group response (inter-subject
variability). Results are discussed in detail in the following
sections [15-16].

Subject Variability

The standardized residual sum of squares (STRESS) index,
shown in Eq. (2), can be used as a tool for measurement of the
strength of the relationship between the visual color difference
(AV) and the computed color difference (AE) for a color pair
[15-16].

STRESS = 100 [ Y(AE;- F, AV /S EAV?] " @)

Fy= YAE/YEAV?

For a given set of i = I, ..., N color pairs, the visually
perceived color difference is designated by AV;, and the
computed color difference by AE;. STRESS can also be
employed to determine subject variability in visual assessments.
Two types of variability are often calculated, namely intra-
subject variability, which indicates the repeatability of the same
subject in different trials, and inter-subject variability, which
determines the reproducibility of results given by a subject in
relation to the general response from a group of subjects. A
STRESS value of zero indicates perfect agreement between
results from different trials or amongst different subjects.

The inter-subject variability, also named subject accuracy,
is deviation between mean results from each subject against the
mean results of a panel of subjects, while intra-subject
variability is deviation among results of a given subject in
replicated trials in an experiment. For the assessment of intra-
subject variability AV; and AE; are replaced by the visual
responses of a given subject in two different assessment
sessions. For the assessment of inter-subject variability AV; and
AE; are replaced by the mean responses obtained from a given
subject and grand mean response from all subjects respectively.

The subject repeatability in trials for Method 3:d-e was
calculated using gray scale ratings and the mean value for the
group as well as each subject was obtained. Tables 1-3 show the
STRESS values for intra-subject variability in determination of
color differences between standard and batch samples for each
of the three colors used in the Universal Camouflage Pattern
substrates.

Results shown in Tables 1-3 indicate that the mean intra-
subject variability in assessment of each color in different trials
for all samples ranges from approximately 62 to 70 STRESS
units. A closer examination of results indicates that subjects 3
and 9 may be outliers. Removing these subjects from assessment
results reduces the mean STRESS for intra-subject variability
from approximately 66 to about 63, a reduction of roughly 5%.
Despite the modest reduction in mean STRESS, the high values
shown in Tables 1-3 would be generally considered too large in
the assessment of suprathreshold color differences for solid
color samples. However, a comparison of assessments for the
three colors shows that the level of variability is similar for each
of the three colors examined.

It should also be noted that samples examined in this study
contained low chroma (3¢ C* ¢12), tan, olive and urban gray
colors which are usually considered challenging in terms of
visual assessment of color differences. STRESS results obtained
in this study also indicate that variability among subjects in
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assessing these colors is high. Notwithstanding, while small Table 3. Intra-Subject Variability in the Assessment of Olive (Foliage

differences among already high STRESS values for each of the Green) Color Expressed in Terms of STRESS
colors may not be significant, variability is apparently increased
from Olive to Urban Gray to Tan colors (i.e. from lower to Trials Trials Trials
higher C* samples), with the difference between highest and Subject 1&2 2&3 1&3 Mean
lowest mean of 3.5 STRESS units. It has been established that 1 59.39 55.43 52.77 55.86
tolerances are generally tighter for lower chroma samples, thus 2 65.71 74.45 71.79 70.65
higher variability results for higher chroma samples are in line 3 96.32 99.50 87.27 94.36
with the relatively higher tolerances. 4 71.22 59.66 70.96 67.28
) o 5 65.93 60.67 52.41 59.67
Syt S ST T .
yi 80.95 81.28 76.76 79.66
Trials Trials Trials 8 62.90 62.99 65.72 63.87
Subject 1&2 283 1&3 | Mean 2 o746 | 9205 | 82.59 | 90.69
1 65.04 | 5904 | 6047 | 61.52 10 7218 | 7387 | 62.66 | 69.57
2 7231 | 7339 | 6351 | 69.74 11 6337 | 5763 | 6055 | 6051
3 92 87 9777 97.09 9591 12 63.78 63.33 63.98 63.70
4 5243 | 5887 | 66.13 | 59.15 13 4581 | 4612 | 4409 | 4534
5 7274 | 7862 | 6291 | 7142 14 313 | 3690 | 3117 | 33.73
6 70.12 60.08 5831 62.84 15 60.23 59.64 57.17 59.01
7 89.13 | 8349 | 8127 | 84.63 16 6270 | 6103 | 60.05 | 61.26
8 6456 | 7440 | 7149 | 70.15 17 4851 | 6L17 1 6556 | 584l
9 34.87 9476 94.89 9151 18 36.01 61.48 56.22 51.24
10 67.55 66.66 68.90 67.70 Mean 64.07 65.48 62.08 63.88
11 70.81 53.74 60.86 6181 In addition, the presence of neighboring colors is well
12 77.20 76.93 66.36 73.50 known to affect visual judgments, due to the simultaneous
13 51.79 64.01 62.79 59.53 contrast effect. Thus it was expected that a change in the color of
14 42.82 46.81 45.35 44.99 the surround, or the print pattern, would have an important effect
15 66.59 63.15 64.03 64.59 on the perception of the colors considered. This was considered
16 70.13 68.29 54.90 64.44 in this study. The AATCC Evaluation Procedure 9 involving the
E 68.28 68.34 63.62 66.75 gray scale assessments recommends the use of a viewing
18 35.99 4772 45.08 42.93 cardboard (shown in Figures 5, 6) to mask the surround while
M;m 65.71 68.67 66.00 67.40 viewing a batch against the standard. A pilot study involving a

limited number of assessments that involved the mask, and those
without indicated that while the use of a mask may be beneficial
in reducing the effect of surround, it is considered impractical by

Table 2. Intra-Subject Variability in the Assessment of Light Gra, ) . . .
! Y g Y users. This aspect of work was not further examined in this

(Urban Gray) Color Expressed in Terms of STRESS

study.
Trials Trials Trials A different approach was to examine visual assessment
Subject 1&2 2&3 1&3 Mean results for samples that contained similar patterns against those
62.07 71.97 56.77 63.61 that did not. Table 4 shows two sets of intra-subject variability
76.88 66.99 72.91 72.26 results. The first set involves assessments that included the key
99.15 98.64 99.69 99.16 pattern and the second set those that did not. Unfortunately
5208 69.50 67.28 63.02 sample population in two sample groups was not identical. As
61.91 69.00 57.75 62.89 described earlier samples compriseq 40. that had the key and 20
65.34 61.35 67.08 64.59 that did not: Nevertheless, ar} e)}a‘lmln.atlon of results s.hows that
6530 8532 72.90 7451 the mean intra-subject variability is lower for Light Gray

samples without a reference pattern, while it is slightly higher

69.95 80.60 74.95 75,17 for Tan and unchanged for the Olive colors. Thus, no firm

83.18 90.34 87.79 87.10 conclusions based on the effect of surround on intra-subject
51.53 52.69 45.03 49.75 variability could be drawn. In addition, while results in absence
73.51 65.49 71.74 70.25 of the two outlier subjects are slightly better (shown in the last
75.22 70.92 72.57 72.90 row of the Table 4 with * and in red), the general pattern is not
67.09 69.18 55.44 63.90 affected.

3322 2;2431 2451; ‘7‘(1);2 The inter-subject variability in all trials and for each of the

three colors was also calculated as shown in Tables 5 and 6.
STRESS results compared to the intra-subject variability for the
57.74 71.31 59.73 62.93 assessment of the three colors for all trials are relatively lower.
37.61 5151 46.54 45.22 This implies that subjects’ assessments within the group are
Mean 66.44 69.53 64.85 66.94 reasonably similar. However, again, the mean values are

71.08 66.32 59.42 65.61

5 15 15 15 2[5 5|2 12 e oo for for b oo oo |-
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relatively large, especially in comparison to assessments of
suprathreshold color differences of solid colors, as reported in
the development of recent color difference models [17].

Table 4. Mean Intra-Subject Variability in the Assessment of All
Colors in Samples Containing the Key and Those without a Key Pattern

Table 6. Inter-Subject Variability for Samples Containing the Key and

Those without a Key Pattern Expressed in Terms of STRESS

Expressed in Terms of STRESS

Light Gray Tan Olive
No Key Key No Key Key No Key Key

1| 3534| 37.06| 28.02| 46.07| 23.80| 35.66
2| 4221 46.63| 52.92| 47.87| 35.87| 4532
3*%] 49.06| 69.64| 61.62] 67.93| 63.27| 064.85
4| 2694| 36.57| 21.32| 37.65| 38.22| 3747
5| 2293 27.84| 45.08| 43.10] 48.95| 41.24
6| 37.72| 40.80| 32.05| 34.07| 41.20| 59.10
7] 3031 45.44| 63.22| 50.32| 56.73| 58.62
8] 29.00| 44.53| 42.85| 40.62| 39.01| 4230
9% | 63.94| 5390| 65.25] 51.27| 49.22| 6691
10| 37.16| 38.10| 38.47| 35.33| 33.32| 23.14
11] 21.77| 44.11| 39.46| 52.67| 39.02| 48.39
12| 34.83| 43.20| 53.49| 48.51| 58.33| 4641
13| 2541| 36.95| 30.34| 41.20| 61.62| 44.38
14| 14.82| 2991| 37.65| 39.95| 23.73| 22.00
15| 38.11| 40.25| 45.03| 33.47| 30.03| 44.54
16| 32.75| 27.13| 31.94| 39.23| 34.62| 36.48
17] 4556| 62.29| 26.53| 54.70| 47.60| 67.24
18] 36.12| 35.22| 33.18| 35.32| 34.55| 4791
Mean 34.67| 42.20 | 41.58 | 44.40 | 42.17 | 46.22
Mean* | 31.94| 39.75 | 38.85 | 42.51 | 40.41 | 43.76

Light Gray Tan Olive
No Key Key No Key Key No Key Key

1| 58.59| 54.05| 59.81| 60.96| 5547| 66.51
2| 57.67| 78.46| 64.83| 77.02| 60.47| 76.84
3*] 92.20] 96.86| 98.53| 87.51| 99.29| 98.91
4| 56.26| 70.61| 5540| 60.61| 64.55| 60.49
5| 63.45]| 5539| 73.55| 70.16] 71.85| 56.50
6| 4434 7734| 71.86| 5436| 69.22| 60.63
7] 7529 84.34| 8532| 83.42| 77.33| 83.57
8| 59.70| 65.84| 75.07| 66.01| 77.62| 73.47
9% 86.78| 92.99| 94.34| 87.99| 79.52] 91.66
10| 68.04| 69.19]| 6533| 68.17| 48.14| 49.72
11| 56.43| 5833| 56.61| 62.49| 76.01| 66.26
12| 52.97| 67.17| 6595| 72.02| 75.53| 71.28
13| 37.65| 4943| 60.92| 57.37| 81.10| 58.80
14| 32.63| 34.66| 45.05| 43.70| 38.18| 42.82
15| 57.57| 57.04| 73.46| 59.50| 76.94| 62.19
16| 48.09| 68.62| 73.30| 55.52| 59.18| 64.25
17| 4595| 58.45| 5532| 67.80] 51.68| 69.12
18] 42.10| 55.07| 35.52| 46.86| 39.65| 48.34
Mean | 57.54 | 66.32 | 67.23 | 65.64 | 66.76 | 66.74
Mean* | 53.55 | 62.75 | 63.58 | 62.87 | 63.93 | 63.17

Although a direct comparison of results is not possible, it
should be pointed out that some of the subjects that took part in
this study were participants in previous suprathreshold color
difference assessments of solid color samples with a typical
inter- and intra-subject variability range of approximately 20-35.
Thus, it may be concluded that assessment of suprathreshold
color differences in multi-colored patterns is less repeatable for
subjects than that of solid colors.

Table 5. Inter-Subject Variability in the Assessment of All

Camouflage Substrates Expressed in Terms of STRESS Index

Subject Light Gray Tan Olive
1 37.66 42.21 31.74
2 46.52 52.43 43.17
3 61.27 63.61 63.25
4 34.04 34.13 37.50
5 27.00 50.14 45.50
6 40.83 38.18 52.74
7 41.04 55.51 58.40
8 38.26 42.01 40.53
9 60.03 57.10 62.31
10 39.43 37.48 26.80
11 36.05 52.93 45.98
12 41.97 52.04 53.15
13 32.58 42.81 54.12
14 24.04 44.02 22.63
15 41.82 39.18 39.65
16 29.91 42.27 36.83
17 57.61 48.27 60.97
18 36.85 36.98 43.98

Mean 40.38 46.18 45.51

Mean* 37.85 44.41 43.36

An examination of individual results for subjects also
shows that compared to the group mean, Subject 14 was the
most consistent and repeatable for foliage green and urban gray
colors. Again here Subjects 3 and 9 show relatively high
STRESS values indicating relatively poor reproducibility within
the group. Results in absence of the two outlier subjects are
slightly better (shown in the last row of Tables 4-6 with * and in
red), but the general pattern is not affected. Other statistical
functions in conjunction with STRESS may be used to indicate
subjects’ performance and screen subjects in a pilot study prior
to conducting larger visual assessments.

Analysis of Results from Various Visual
Color Assessment Methodologies

Due to space limitations the analysis shown in this paper
does not cover all aspects of the study and only a selected set of
results is discussed. The data obtained from various assessments
in this study were, however, analyzed separately as well as
combined. A Pass rating was assigned a value of (1) and a Fail
rating was given a value of (-1) in each trial for each subject.
Subjects were also asked to give an overall Pass/Fail rating for
the substrate independent of their separate evaluations for each
color in each sample. The role of employing different
assessment Methods on ratings was also examined. Since each
subject repeated the assessments three times, the statistical
function “mode” was used to obtain the overall P/F response for
each color in each sample. Individual responses from all subjects
were also used to determine the overall group response for each
sample as well as for each color in each sample for each method.
Pass/Fail ratings were also calculated based on the percentage of
Pass or Fail responses from all subjects. Responses based on
Mode were compared to % P/F ratings for each sample, an
example of which is shown in Figure 7.
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——— Pass%_Adjacent
— + — Overall P/F_Adjacent

—=— Pass%_Juxtaposed

Overall P/F_Juxtaposed

i
!

% P/F Response for Samples with Key

\. Overall Pass (1) versus Fail (1) Responses

Sample ID

be seen that the mode of viewing affected the overall P/F ratings
for a number of samples. Figure 9 also shows that the overall
responses from subjects and those from the US Army expert
assessor do not agree in several cases.

Comparison of NCSU Observers Ratings Based on Adjacent or
Overlap Placement of Batch next to the Standard

 Adjacent

u Overlap

Figure 7. Comparison of Subjects’ Overall Mode Ratings for Samples
Containing the Key Against % Pass or Fail Ratings.

It can be seen that with the exception of few samples, a
unanimous P/F rating was not obtained. In fact in many cases an
overall group Pass or Fail rating included a considerable
percentage of opposite responses. This is likely due to several
factors, including high variability associated with the low
chroma colors examined, the complexity of the pattern, the
effect of surround and variations in the visual subtense during
the assessment. Nonetheless, of particular interest are samples
that received an overall Pass rating but included at least one
color (from three) that failed as shown in Figure 8.

80 - m% Failin Overall Pass- Adjacent
70 4 W % Failin Overall Pass- Juxtaposed
% Pass in Overall Fail- Adjacent
60 - m% Pass in Overall Fail- Juxtaposed

16.15

50 -

Percentage of Responses

Desert Sand FoliageGreen Urban Gray
Comparison of "Mode" Response for Assessment of Batch against

Standard: Adjacent or Juxtaposed

Figure 8. Comparison of the Overall % Pass or Fail for the Substrate
Against P/F for Each Color when Samples Were Placed Adjacent to, or on
Top of the Standard.

This indicates that the overall appearance of the substrate
is more influential in subjects’ decision to pass or fail a
multicolored substrate than variations for individual colors
within the pattern.

To examine the role of surround, evaluation results from
subjects for Methods la and 2b (regions with or without the
“key”) were compared. The overall P/F responses for each of the
substrates from the group of subjects were also compared to the
ratings provided by the US Army expert assessor. In the course
of the analysis samples were ordered based on the P/F ratings
given by the US Army expert assessor from P-1 to P-24 (Pass)
and F-1 to F-36 (Fail). This arrangement was used to generate
charts and compare results. Figure 9 compares P/F ratings for
identical samples that were placed once adjacent to, and another
time juxtaposed on top of the standard. This comparison
included only the 40 samples that contained the key pattern to
avoid inclusion of variability due to other potential issues. It can

Sample IDs According to Evaluations by Expert Assessor

Figure 9. Overall % Pass/Fail for samples containing the Key when Placed
Adjacent to or on Top of the Standard Assessed by Subjects Compared to
Assessments by the US Army Expert Assessor.

Comparison of NCSU Observers Ratings Based on Overlap Placement of Batch
on the Standard Against Expert Assessor Ratings

®NCSU Overlap
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Sample IDs Ranked According to Evaluations by Expert Assessor

Figure 10. Comparison of the Overall % Pass/Fail Rating for All Samples
Placed on Top of the Standard by Subjects and the US Army expert
Assessor.

Figure 10 compares the evaluation of samples laid on top of
the standard and assessed by the US Army expert assessor and
the overall P/F response from subjects. This comparison
included all sixty samples. Results show that a significant
number of samples evaluated as Pass (P-O1 to P-16) were
considered to be “Fail” by subjects and vice versa. While this
could be due to varying levels of acceptable production
tolerances, as determined by different subjects, it could lead to
difficulties in determining an agreeable acceptability boundary
for the reproduction of samples.

As can be seen only a very small number of samples exhibit
a high percentage of agreement among subjects as either pass or
fail. In fact in the case of assessments according to Method-1a
only one sample (F-03) showed 100% agreement amongst all
subjects and the US Army expert assessor to be Fail. In the case
of assessments according to method-2 this is increased to 5
samples, which is still a small proportion (8%) of the total
number of samples evaluated. Inter- subject variability seems to
be particularly high for multicolored samples and this indicates
the complexity of reaching consensus to develop acceptability
volumes.

Figure 9 shows subjects' P/F responses for samples, with
key patterns, placed adjacent to or on top of the standard.
Results include assessments from 16 subjects, excluding subject
3 and 9. Several samples were rated as Fail when they were
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placed on top of the standard. Thus it seems subjects are more
critical of variability in samples when the distance between
samples is reduced and the field of view is smaller.

Assessment responses for individual colors, desert sand,
foliage green and urban grey in adjacent and juxtaposed methods
also indicate that variations in individual colors are more likely
to affect subjects overall assessment of Pass/Fail ratings when
batch samples are laid on top of the standard. An example is
shown in Figure 11 for Foliage Green.

—— Pass%_adjacent_Foliage Green
——— P/F_adjacent_Foliage Green

—s— Pass%_luxtaposed_Foliage Green
P/F_luxtaposed_Foliage Green
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Figure 11. Comparison of the % Pass Rating for Foliage Green Color in
Samples Placed Adjacent to or on Top of the Standard by Subjects.

As can be seen variations in the assessment method result in
disagreements in overall Pass or Fail ratings as well as the
percentage of subjects that believe the sample should be rated as
Pass. In some cases in fact, results are contradictory, e.g.
samples 31, 55, 95, etc.

Conclusions

It is clear that visual assessment of multicolored substrates
is challenging, and Pass/Fail responses in comparison to
suprathreshold small color differences for solid color
assessments are less reproducible. It is also clear that developing
standard protocols for the assessment of multicolored objects
will be far from trivial. It was attempted to examine the role of
some of the parametric factors that may influence subject’s
decisions in ratings. This study showed that assessing colors in
identical regions and placing a mask to negate the effect of the
surround on assessments of a given color did not result in
significant improvements in performance for subjects and may
have caused subject fatigue. Visual assessment of individual
colors in multicolored samples when batch samples were
overlaid on top of the standard seemed to yield more
reproducible results compared to assessments involving placing
batch samples next to the standard. It was thought that placing a
mask in the region of interest may minimize the effect of the
surround on the perception of color differences. However, the
method was considered impractical by the majority of subjects
and was not further examined.

In assessments where a batch sample was placed next to the
standard it was not possible to control the distance between
stimuli being compared exactly. This was due to varying size
and the print pattern and production submits which is very
common in practical assessments of production samples. This

could result in varying the size and appearance of the stimuli and
evaluation of each color within the pattern, which in turn can
influence the overall appearance of the object. Conscientious
assessors often strive to employ identical fields of view and
patterns to minimize variability. Yet while results varied among
subjects, this was not found to result in a significant
improvement in repeatability or reproducibility of responses for
majority of subjects tested in this study.

Assessments of color differences according to the ISO (or
AATCC) gray scale for color change method for individual
colors within the pattern were carried out to obtain numerical
color differences for each color. This enabled comparison of
visual differences amongst subjects using the STRESS Index.
Intra-subject variability results based on STRESS values show
that subjects’ repeatability in trials involving multicolored
patterns is low. However, inter-subject variability results
indicate that subject responses within the group were reasonably
consistent though somewhat higher than those for suprathreshold
color difference evaluation of solid (unrelated) colors. The
STRESS function does not exhibit the full complexity of subject
behavior during visual assessments, since majority of subjects
showed relatively large variability from trial to trial. However, a
comparison of subject’s STRESS results may be used to screen
out potential outlier subjects prior to conducting full scale visual
assessments. Further work is required to elucidate the role of
various parameters on perception of color differences in
multicolored objects.
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