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ABSTRACT In the process of product color scheme evaluation, subjective evaluation is liable to mislead
evaluation and decision-making. To conduct a more objective quantitative evaluation for color schemes,
a compensatory evaluationmethod for color scheme based on eyemovement tracking technology is proposed
in this paper. In this method, four types of eyemovement experimental data–fixation time, number of fixation
points, number of fixation times, and first fixation time–are collected in the area of interest (AOI) from the
experimental sample by eye movement tracking technology. SPSS software is employed to test the reliability
of the experimental data, and the value assignment method is used to perform compensation processing on
the experimental data, so that the final evaluation result can be obtained with the assignment calculation.
Taking the evaluation of the disguise color scheme of a camouflage uniform as an example, the operation
process of the method is demonstrated, and the effectiveness of the method is verified with the questionnaire.
The results show that the color scheme compensatory evaluation method based on eye movement tracking
technology can achieve an effective evaluation of color schemes. This method realizes the quantification
of and data compensation for color scheme evaluation, making the evaluation results more scientific and
accurate and providing a reference basis for color scheme designers in evaluation and decision-making.

INDEX TERMS Eye movement tracking technology, entropy weighting method, compensatory evaluation,
color matching evaluation method.

I. INTRODUCTION
The perception of the overall image of a product is usually
caused by its form and color; the color has a greater impact
than the shape [1]. In the process of product color matching
design, it is inevitable to evaluate andmake decisions on color
schemes. In traditional color scheme evaluation, designers
usually evaluate based on subjective experience and many
trials and errors, usually lacking data support in the evaluation
process. To improve the overall image of the product and
reduce the errors in the evaluation of and decision-making
for color schemes in product development, and increasing
number of design companies and designers have paid atten-
tion to the quantitative evaluation of color schemes. The
emergence of eye movement tracking technology makes it
possible to conduct an objective evaluation of color matching
design schemes based on data quantification [2],[3]. With the
use and development of eye movement tracking technology,
researchers have gradually realized eye tracking and data
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recording for the evaluation process. Eye movement tracking
technology has become an important tool in the evaluation
process due to its unique advantages [4].

At present, researchers use various evaluation methods
to evaluate color matching design. The design evaluation
research includes two different research paradigms: the
research paradigm based on the evaluation results and
the research paradigm based on the evaluation process [5].
The former focuses on program input and data output in
the evaluation and obtains evaluation data through subjective
color scheme evaluation through task simulation [6], user
interviews [7] and questionnaires [8], which are very mature
in research. The latter investigates the relationship between
the program input and data output, collects and records data
in the evaluation process through physiological recording
instruments, and conducts a more objective color scheme
evaluation, which is an important research direction in current
color matching evaluation research. Hsu et al. [9] used eye
movement tracking technology to evaluate web design and
obtain the best web design plan. Hou et al. [10] evaluated the
color design of cigarette packages by using data recorded by
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eye movement tracking technology to obtain color schemes
that teenagers hate. Liu et al. [11] used eye tracking technol-
ogy to evaluate the appearance design of street lamp products
to obtain the most beautiful design scheme. Although the
above research introduced advanced eye movement tracking
technology in the data collection process, it did not introduce
a more complete mathematical model in the subsequent data
processing process, which may cause errors.

With the development of evaluation theory, compensatory
evaluation was introduced into the evaluation of design
schemes. Researchers have quantified and compensated color
schemes with various mathematical algorithms to obtain the
best color schemes [12]-[14]. Evaluation theories and models
can be divided into two categories: compensatory evaluation
and noncompensatory evaluation. Compensatory evaluation
refers to processing all relevant information in the evaluation
process and weighing the weights of all options and their
indicators [15]. Hsiao, Tsai, Yeh et al. used mathematical
methods such as gray theory [16], fuzzy algorithm [17],
neural network [18], genetic algorithm [19], and particle
swarm algorithm [20] to process the subjectively acquired
data to complete a more scientific compensatory color match-
ing evaluation and improve the quality of color matching
design. In the field of compensatory evaluation based on the
paradigm of the evaluation process, many researchers have
also described various results. Li et al. [21] obtained product
appearance evaluation data through eye movement tracking
technology and used fuzzy algorithms for compensatory eval-
uation to scientifically evaluate the uniqueness of product
appearance and provide an objective reference for improving
product appearance. Diego-Mas and Garzon-Leal [22] used
eye movement tracking technology to obtain user interface
layout evaluation data and used genetic algorithms for com-
pensatory evaluation to obtain the best layout of the user
interface, which effectively improved user efficiency and
satisfaction.

The above research solves the problem of quantitative
evaluation for subjective feelings and has achieved fruitful
research results. In the compensatory evaluation research
based on the evaluation process, the evaluation method using
physiological recording instruments and compensatory math-
ematical algorithms is widely used in the evaluation of
advertising programs [23], animation programs [24], product
design [25], digital interfaces [26] and many other fields.
The compensatory evaluation obtains the expected value of
each option through the in-depth calculation and process-
ing of data to obtain more objectively optimal schemes that
the decision maker employs to make the decision-making
more scientific [12]. However, there are relatively few stud-
ies on eye movement tracking technology in the evalua-
tion of color schemes, especially on the evaluation methods
based on the combination of eye movement tracking tech-
nology and compensatory mathematical algorithms. In the
pursuit of a more objective quantitative evaluation of color
schemes, more challenges and possibilities are presented to
designers.

Therefore, a color scheme compensation evaluation
method based on eye movement tracking technology is intro-
duced to solve the objective quantitative evaluation problem
of color matching design in color evaluation. This method
provides designers with new measures and means to solve
the problem of color matching design scheme evaluation and
has become an important extension and innovation of the
existing color scheme evaluation theory and application. This
method combines eye movement tracking technology and
entropy weighting method to perform compensatory evalua-
tion of color schemes to obtain the best color scheme. In this
study, four eye movement experimental data– the fixation
time, number of fixation points, number of fixation times,
and first fixation time–were collected in the area of inter-
est (AOI) using eye movement tracking technology. SPSS
software was used to test the reliability of the experimental
data, the entropy weighting method was used to perform
compensatory processing on the data to obtain the scoring
weights of different indicators, and the final evaluation result
was obtained through assignment and calculation. The exper-
iment took the evaluation of the disguise color scheme of the
Chinese 07-style military jungle camouflage clothing as an
example to demonstrate the operation process of this method,
combined with a questionnaire to verify its effectiveness. The
results show that the color scheme compensation evaluation
method based on eye movement tracking technology can
achieve effective evaluation of color schemes. This method
realizes the quantification and compensation of the color
scheme evaluation, improves the scientific basis and accuracy
of the color scheme evaluation, and provides a reference
for the evaluation and decision-making of the color scheme
designer. The method is beneficial to reduce R& D errors
caused by product color matching evaluation during product
development, which can enhance the overall image of the
product.

The structure of this article is as follows: The introduc-
tion describes the latest technology in the field of color
scheme evaluation. In the second section, the concepts and
methods of eye movement tracking technology and entropy
weighting method are introduced. The third section focuses
on the results of the color design scheme evaluation exper-
iments, as well as the experiments and analysis. Section 4
describes the subjective verification process of this method.
The last section comprises the conclusions of this research
and thoughts on the future.

II. METHODS AND PROCESSES
A. EYE MOVEMENT TRACKING TECHNOLOGY
Eye movement tracking technology is based on infrared
equipment and image acquisition equipment, which can track
subtle changes in eye features in real time by actively pro-
jecting infrared beams to the iris. Eye movement tracking
technology has less interference in the collection and eval-
uation process of participants, and it can record a variety of
data during eye movements. To ensure the accuracy of the
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evaluation, the eye movement tracking device can achieve a
more objective description of the design scheme [27].

1) EYE MOVEMENT TRACKING DATA VISUALIZATION
METHOD
There are four common methods for visualizing eye move-
ment tracking data: the scanning path method, the heat zone
map method, the three-dimensional space method and the
AOI method. The scanning path method can intuitively rep-
resent the participants’ dynamic distribution of fixation and
search process, but it is difficult to understand when there
are more scanning paths. The hot zone map method is more
intuitive to show the spatial distribution of fixation points,
but it cannot express the order of fixation points. The three-
dimensional space method can also intuitively show eye
movements in three-dimensional space, but its visualization
accuracy is low. Compared with the above three methods,
the AOI method can extract accurate data for various indica-
tors in the experimental process and conduct a comprehensive
analysis of the visual search and information processing pro-
cess [28]. Therefore, the AOI method is the most commonly
used data visualization extraction method in eye movement
tracking experiments.

2) EYE MOVEMENT TRACKING INDICATORS AND THEIR
MEANINGS
Many eye movement indicators are collected using the AOI
method, such as the fixation time, number of fixation points,
and number of fixation times. Different eye movement
indexes represent different meanings. Common eye move-
ment tracking indicators and their meanings are as follows.

1) Fixation time: statistics of the duration of each visit
interest area.

2) Number of fixation points: the number of fixation
points for participants in the area of interest.

3) Number of fixation times: visits from one area of inter-
est to the next, recording the number of visits in an area
of interest.

4) First fixation time: the duration of the first fixation
point in the interest area.

5) First entry time: how long did it take for the participant
to look at this area of interest for the first time.

6) Total fixation time: the calculated sum of all visit times
in the area of interest.

7) Sum of fixation points time: the calculated sum of the
duration of all fixation points in the area of interest.

8) Visit time percentage: the calculated total fixation time
as a percentage of the total time.

3) EYE MOVEMENT TRACKING INDEXES AND DESIGN
EVALUATION
The eye movement tracking indicators need to be
reasonably selected based on the actual design evaluation
content [29]. The eye movement tracking evaluation exper-
iments are divided into two types: autonomous decision-
making tasks and rule-forced selection tasks. Autonomous

decision-making tasks focus on an information search for
attributes, while eye movement tracking data focuses on the
number of saccades between options. Participants in the rule-
forced selection task focus on regular information search, and
the eye movement tracking data for target searches usually
focuses on the fixation duration and number of fixation
times [30].

A large number of studies have shown that there is an
objective close connection between eye movement data and
design evaluation schemes [31].Wang et al. [32] used five eye
movement indicators including the fixation time, number of
fixation points, number of fixation times, total saccade length,
and average pupil diameter to quantitatively evaluate the
interface usability, comfort and aesthetics. Wang et al. [33]
used four eye movement indicators: fixation time, number of
fixation points, first fixation time, and average pupil diameter
to quantitatively evaluate the degree of concealment of bicy-
cle battery boxes. Michalski [26] used three eye movement
indicators: total fixation time, number of fixation points,
and number of fixation times to quantitatively evaluate the
aesthetic quality in product design.

4) SELECTION OF EYE MOVEMENT TRACKING INDEXES
Based on previous research results and experimental tasks,
this study selects four highly correlated indicators for analysis
and calculation– fixation time, number of fixation points,
number of fixation times, and first fixation time. These four
indexes can generally reflect users’ visual preferences.

1) The indicator of fixation time collects the time the
participant’s fixation stays in a certain area in seconds.
The longer the attention is, the greater the user’s interest
in the color matching of the area.

2) The indicator of number of points collects the number
of fixation points of the participants in a certain area.
The more fixation points indicate the higher the satis-
faction of color matching.

3) The indicator of number of fixation times collects the
number of times the participant has relooked in a cer-
tain area. The more relooks indicate the more attractive
the color matching of the area.

4) The indicator of first fixation time collects the duration
of the participant’s first fixation in a certain area in sec-
onds. The longer the first fixation time is, the more
important the color collocation of the area.

B. ENTROPY WEIGHTING METHOD
The entropy weighting method can obtain the optimal plan
for the decision makers more objectively and improve the
scientific for evaluation of the color design scheme [34]. The
entropy weighting method is usually used to solve the mul-
tiattribute decision-making problem. The weighting of the
four eye movement indicators is essentially a multiattribute
decision-making problem whereas the four eye movement
tracking indicators extracted in this study have different cred-
ibility and are given different weights. Therefore, it is neces-
sary to perform weighting calculations on the eye movement
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tracking data to ensure the professional and scientific basis
of the color scheme evaluation [35]. Fuzzy comprehensive
evaluation, analytic hierarchy process, gray relational analy-
sis and other commonly used methods to determine weights
are difficult to establish mathematical models or obtain eval-
uation results with greater randomness. Minor changes in
the eye movement index data in this study may lead to very
different results of the design evaluation [36]. In contrast,
the entropy weighting method obtains the objective index
weight expected by each eye movement index through the
deep calculation and processing of the eye movement track-
ing data, which has high reproducibility and reliability. There-
fore, the entropy value is used to allow for the color scheme
evaluation based on eye movement tracking technology to be
more scientific, realistic, and effective.

The entropy weighting method is widely used in the
field of evaluation. Yang and Wang [37] used the entropy
weighting method for compensatory evaluation to provide a
theoretical basis for the selection of clinical prescriptions.
Zuo and Li [38] used the entropy weighting method to con-
duct a compensatory evaluation, and objectively evaluated
the advantages and disadvantages of community opening
to traffic. Wang et al. [34] used the entropy weighting
method for compensatory evaluation, which provided a richer
reference for the evaluation of the optimal design of the
human-machine interface of special vehicles.

1) BASIC PROPERTIES OF THE ENTROPY WEIGHTING
METHOD
The entropy weighting method is a commonly used method
to determine the index weight. Its main basis is the amount of
information that each indicator transmits to decision makers.
It is generally believed that the greater the dispersion of
the scores of each group of programs under a certain index,
the greater the amount of information that the data can pro-
vide. In contrast, if the scores of all programs under a certain
index are the same, then the index is meaningless for program
evaluation. Entropy is an important indicator inmeasuring the
stability of evaluation data. The physical meaning of entropy
is the degree of chaos in the system. In information theory,
the entropy value is inversely proportional to the degree of
information dispersion, that is, it is inversely proportional to
the weight value of the evaluation index [39].

The entropy weighting method has the following basic
properties: (1) When the value of the evaluated object on a
certain index is exactly the same, the entropy value reaches
the maximum and the entropy weight is zero, indicating
that the index does not provide any useful information to
the evaluator and can be considered for omission. In con-
trast, when the value of the evaluated object on a certain
index differs greatly, the entropy value is relatively small and
the entropy weight is relatively large, which indicates that
the index provides useful information to the evaluator and
should be focused on. (2) The larger the entropy value of
the evaluated index, the smaller the entropy weight and the
less important the index is. The sum of the entropy weights

is 1. (3) The entropy weight does not indicate the actual
importance coefficient of a certain index in the evaluation
problem but is the relative intensity of the actual competition
among the indexes [40].

2) SPECIFIC STEPS OF THE ENTROPY WEIGHTING METHOD
The entropy weighting method is a mature objective weight-
ing method. According to the characteristics of the entropy
weighting, the entropy value can be calculated to determine
the degree of dispersion of an indicator in the evaluation of
color schemes [41]. This study uses the entropy method for
weighting because it only relies on the discreteness of the data
itself. The specific steps of the entropy weighting method are
as follows:

(1) Data standardization processing: When the calcula-
tion dimensions of each index are different, the data must
be dedimensionalized. Data processing is generally divided
into positive index processing and negative index processing.
Positive indexes are processed by Eq. (1) and negative indexes
by Eq. (2).

X ‘ij =
Xij −min{Xj}

max{Xj} −min{Xj}
(1)

X ‘ij =
max{Xj} − Xij

max{Xj} −min{Xj}
(2)

In the equation, Xij is the value of the i-th scheme for the
j-th evaluation index, max{Xj} is the maximum value under
the j-th evaluation index, and min{Xj} is the minimum value
under the j-th evaluation index.

(2) Calculate the proportion of each evaluation index:

Yij =
X ‘ij
m∑
i=1

X ‘ij

(3)

In the equation, m is the number of schemes to be evalu-
ated.

(3) Calculate the information entropy of each evaluation
index:

ej = −k
m∑
i=1

(Yij × lnYij) (4)

In the equation, k = 1
lnm , m is the number of schemes to

be evaluated.
(4) Calculate the information entropy redundancy:

dj = 1− ej (5)

(5) Calculate the weight of each evaluation index:

Wi = dj/
n∑
j=1

dj (6)

In the equation, n is the number of evaluation indicators.
(6) Calculate the evaluation score of each evaluation index

taking into account the weight:

Sij = Wi × X ‘ij (7)
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(7) Calculate the final total score for each scheme:

Gi =
n∑
j=1

Sij (8)

In the equation, n is the number of evaluation indicators.

C. THE OVERALL OPERATION PROCESSES
The operation processes of the compensation evaluation
method of color matching schemes based on eye movement
tracking technology is divided into three steps: (1) the eye
movement tracking experimental design; (2) data credibility
analysis; and (3) entropy weighting method calculation. The
method primarily uses eye movement tracking technology
to track the four eye movement data of the fixation time,
number of fixation points, number of fixation times and the
first fixation time in the color scheme evaluation process.
SPSS software is used to test the reliability of the experi-
mental data, the entropy weighting method is used to perform
compensatory processing on the experimental data, and the
final evaluation result is obtained from the value calculation.
The overall framework of the research is shown in Fig. 1.

FIGURE 1. Schematic diagram of the operation flow of the compensation
evaluation method for a color scheme based on eye movement tracking
technology.

III. IMPLEMENTATION AND RESULTS
The implementation of this study used the evaluation of
different color schemes of Chinese 07-style military jungle
camouflage as a research case to demonstrate the operation

process of the method. The purpose of the experiment is to
obtain the most disguised color scheme in the sample. Jungle
camouflage occupies an important position in camouflage
equipment, which has higher requirements for the scientific
basis of color camouflage. The higher the degree of fusion
between the jungle camouflage and background, the better
the effect of disguise [42]. Although the reflected light wave
of the 07-stylemilitary jungle camouflage is roughly the same
as that of the surrounding scenery, it can be seen from many
public exercise photos that the disguise effect in the jungle
terrain is not very good [43]. Disguise can conceal combat
intentions and reduce damage to personnel, fortifications, and
weapons, thereby improving the survivability of the troops
and aiding the initiative on the battlefield [44]. Therefore,
the evaluation of the 07-style jungle camouflage color scheme
as a research case is worthy of discussion.

Camouflage disguise is a common method against military
reconnaissance and weapon attack systems [45]. Traditional
camouflage evaluation methods often use field observations.
This method is subjectively affected by the observers, its
evaluation results are unscientific, and it requires much man-
power, material resources and time [46]. How to objectively
determine the optimal disguise scheme has become a difficult
problem in the evaluation of camouflage disguise effects [47].

A. EYE MOVEMENT EXPERIMENTAL DESIGN
1) DETERMINATION OF THE PARTICIPANTS
Twenty graduate students from our school participated in this
experiment, including 12 men and 8 women. All participants
had normal naked vision, no color blindness or color weak-
ness, and wearing glasses did not affect the eye movement
tracking data collection. The order in which all participants
conducted the experiment was randomly assigned. After the
experiment was completed, participants could receive certain
material rewards.

2) DETERMINATION OF EXPERIMENTAL INSTRUMENTS
The experiment used the Tobii Pro X2 desktop eye movement
tracker produced by Tobii in Sweden to collect the experi-
mental data. This tracker has a sampling frequency of 60 Hz
and a gaze positioning accuracy of 0.5◦. The tracker was
installed directly at the bottom of the computer screen to
obtain eye movement tracking data. The experiment was car-
ried out in the science laboratory of the Innovation Building
of Shandong University. The experiment was carried out in
an environment where the light was moderate and no other
factors interfered.

3) DETERMINATION OF THE EXPERIMENTAL SAMPLES
The experimental sample was a picture of 20 people wear-
ing jungle camouflage uniforms with different colors. The
shape of the plane texture was taken from the actual clothing
shape of China 07-style military jungle camouflage, whose
main colors are yellow, green, brown and black. Twenty
colors from each color system were randomly extracted
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FIGURE 2. Jungle camouflage plane map color scheme (schemes are numbered from left to right, top to
bottom, 1, 2, 3. . . 20 in sequence).

FIGURE 3. Characters in jungle camouflage.

to form a jungle camouflage plane texture color scheme,
as shown in Fig. 2. The colors used in each scheme are shown
in Table 1. Each color scheme was mapped and rendered, and
the effects are shown in Fig. 3. The rendered character render-
ings were made the same size and placed in the same position
in the background. Last (Fig. 4), 20 jungle camouflage char-
acter pictures with a background were evenly distributed in
the final experimental sample, as shown in Fig. 5.

4) EXPERIMENTAL DATA COLLECTION
The experiment was conducted with the participants one by
one. When the participants entered the laboratory, they sat
in front of the eye movement tracking instrument, keeping a
fixed distance from the monitor. The observation position of
the participant’s eyes was calibrated. After the calibrationwas

FIGURE 4. Background image of experimental sample.

completed, the experiment started and data were collected.
If the eye movement tracking device could not accurately
locate the participant’s eyes, the participant could not par-
ticipate in this experiment [48]. The specific experimental
verification processes were as follows.

1) The samples and rules needed for the experiment were
input and the display parameters were set. The experi-
ment asked participants to look for 5 obvious schemes.

2) The eye movement tracking position was calibrated
such that the participant was correlated with the device
and accurately located it.

3) Participants watched and understood the experimental
instructions and were informed of the test procedures,
time and rules.
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TABLE 1. Summary of colors used in the color schemes of the jungle camouflage plane map.

4) At the beginning of the formal test, the participants
were asked to watch the test sample for 100 seconds,
select the 3 color schemes that they considered themost
beautiful within the specified time, and complete the
final questionnaire.

5) At the end of the test, the eyemovement tracker stopped
recording.

6) Participants participated in the questionnaire survey
and subjectively ranked each scheme. The higher the
rank, the higher the satisfaction.

B. DATA ANALYSIS
1) PARTITION EXPORT OF THE EXPERIMENTAL DATA WITH
THE AOI METHOD
ErgoLAB man-machine environment synchronization and
platform system software equipped in the Tobii Pro X2 desk-
top eye movement tracker was used to calculate AOI data
statistics. First, the AOI method was used to partition the
experimental samples. Each color represents a partition, and
each partition has the same size and area, as shown in Fig. 6.
The visualization data was partitioned by AOI and selected
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FIGURE 5. Schematic diagram of the final eye movement experiment samples of the color schemes
based on eye movement tracking technology (schemes are numbered from left to right, top to
bottom, 1, 2, 3. . . 20 in sequence).

to be exported, and the eye movement tracking data needed
in each partition was extracted. The data credibility analysis
results are shown in Table 2.

2) DATA RELIABILITY TEST
The multifactor variance analysis model in SPSS software
was used to test the credibility of the 4 kinds eye movement
data. The multifactor variance analysis model finds the T
value and P value. The T value represents the test value of
a single variable and the P value represents the data signifi-
cance. Generally, a T value greater than 3 or a P value less
than 0.05 represents a high significant reliability of the data.
In contrast, if the T value is less than 3 or the P value is
greater than 0.05, it represents low data significance and low
reliability [49].

The test results showed that the T values of the 4 kinds
eye movement data in the 20 schemes were all higher than 3,
and their P values were all lower than 0.05. This shows that
these 4 kinds eye movement data are related to the saliency
score of the camouflage color scheme and can be used
for mathematical modeling and calculation. With 20 groups
of 4 kinds eye movement data, the summary table is shown
in Table 3.

C. CALCULATION OF THE ENTROPY WEIGHTING METHOD
1) STANDARDIZED PROCESSING OF EYE MOVEMENT
EXPERIMENT DATA
The four evaluation indicators with different dimensions in
the article are all positive indicators. Therefore, the data
in Table 3 was normalized according to Eq. (1), and the
standardized indicator values obtained are shown in Table 4.

2) CALCULATION OF EVALUATION INDEX WEIGHTS
According to Eqs. (3) and (4), the information entropy of the
four evaluation indicators is:

ej = [0.9009 0.9131 0.9154 0.8931] (9)

In the equation, j =1, 2, 3, 4 are the number of the evalua-
tion index.

In the calculation results, the entropy value of index 4 is
the smallest, its data dispersion is the largest, and it has the
strongest impact on the evaluation results of the program.

According to Eqs. (5) and (6), the weights of the four
indicators are:

wj = [0.2625 0.2301 0.2240 0.2834] (10)

In the equation, j =1, 2, 3, 4 are index numbers.
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FIGURE 6. Schematic diagram of the visualized data AOI partition based on eye movement tracking technology (schemes are
numbered from left to right, top to bottom, AOI1, AOI2, AOI3. . . AOI20 in sequence).

3) CALCULATION OF THE FINAL SCORE FOR EACH
EVALUATION SCHEME
According to Eqs. (7) and (8), the total score of each scheme
taking the weight into account can be obtained, and the scores
are sorted from high to low, as shown in Table 5. It should be
noted that the higher the score of the scheme in Table 5 is,
the worse the concealment effect.

In Table 5, Scheme 9 and Scheme 12 scored higher, indi-
cating that their jungle camouflage color schemes are more
obvious in the background and their camouflage effect is
poor. Scheme 5 and Scheme 20 scored lower, indicating
that their jungle camouflage color schemes in the back-
ground are easy to be ignored and their camouflage effect is
better.

4) COMPARISON WITH SUBJECTIVE WEIGHTING
In this part, the results obtained by the subjective weighting
method and the entropy weighting method are compared.
The evaluation results obtained by the designer’s subjective
weighting and calculation were compared with the results
obtained by objective weighting, which is usually not consid-
ered in many other color design-related experiments [50-51].
Since subjectivity is a key aspect in the field of color design
evaluation, this paper incorporates the subjective weighting
model of color into comparative research to provide more
insights.

An on-site questionnaire survey was conducted with
20 graduate students familiar with eye movement experi-
ments in our school, 8 males and 12 females. The on-site
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TABLE 2. Summary of the data credibility analysis results.

FIGURE 7. Comparison of weight scores between entropy weighting and
subjective weighting.

questionnaire obtained their subjective scores on the weight
of each eye movement index in the evaluation of the
color scheme. The subjective weighting scoring table is
shown in Table 6. The average calculation of the subjective

FIGURE 8. Summary table of the subjective survey questionnaire.

weighting table obtains the weights of fixation time, number
of fixation points, number of fixation times, and first fix-
ation time of 0.245, 0.200, 0.305, and 0.250, respectively.
The weight results obtained by subjective weighting was
compared with the results obtained by the entropy weighting
method, as shown in Fig. 7. As expected, the subjective
scoring in Table 6 is easily affected by the designer’s own
perception of eye movement indicators. The data of the other
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TABLE 3. Summary of four kinds of eye movement tracking data.

three eye movement indicators fluctuate greatly except for
the number of fixations. The difference in the number of
fixation points in the eye movement index was the largest,
with 6 people giving 0.1 points and 4 people giving 0.3 points.
Fig. 7 shows that the subjective weight of the number of fixa-
tions index is greater than the entropy weighting weight, and
the subjective weights of other eye movement indicators are
less than the entropy weighting weight. Finally, the weights
obtained by the subjective weightingmethod were calculated,
and the ranking of the calculation results was consistent with
the ranking of the schemes in Table 5.

IV. SUBJECTIVE VERIFICATION
The results of the subjective selection were obtained by
means of an online questionnaire survey, and the results are
shown in Fig. 8. For the camouflage of the 07-style military
camouflage color scheme, 40 people were asked to choose the
3 schemes with the strongest concealment among 20 different
camouflage color schemes, and the subjective data

obtained were counted. Table 5 shows that, in the subjec-
tive data, 24 people and 22 people thought that the conceal-
ment of schemes 5 and 20, respectively, were relatively strong
and that other camouflage color schemes were relatively
weak. This indicates the effectiveness of the compensation
method of color schemes based on eye movement tracking
technology.

TABLE 4. Standardized scores.

V. DISCUSSION
This research focuses on the evaluation of compensatory
color schemes based on the evaluation process research
paradigm and proposes a compensatory evaluation method
for color schemes based on eye movement tracking technol-
ogy. This method combines eye movement tracking technol-
ogy with compensatory mathematical algorithms, uses eye
movement tracking technology to collect the eye movement
data of participants in the evaluation process, analyzes the
validity of the data, uses the entropy weighting method to
perform compensatory evaluation of data and calculates the
final evaluation results. The questionnaire survey verified that
the participants’ subjective feelings were basically consistent
with the calculation results, which indicates that it is feasible
to adopt the compensation method of color schemes based on
eye movement tracking technology.

The main work of this research was divided into the fol-
lowing aspects:

1) Design and conduct the eye movement experiment and
select four kinds of eye movement indicators to derive
eye movement tracking data– total fixation time, total
fixation points number, total number of fixation times,
and first fixation time.

2) Analyze data reliability using SPSS software to per-
form reliability analysis on eye movement experimen-
tal data.
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TABLE 5. Total scores with weights.

3) Obtain compensatory calculation results and use the
entropy weighting method to calculate the weights of
the four eye movement tracking indicators and obtain
the evaluation results.

4) Take the camouflage color scheme of Chinese 07-style
military camouflage clothing as an example to demon-
strate the operation process of this method and compare
with previous eye movement data using a subjective
questionnaire to show that this method can realize the
evaluation of color matching design scheme.

The color scheme compensation evaluation method based
on eye movement tracking technology can effectively solve
the problem of color scheme evaluation. The eye move-
ment tracking experiment has realized the analysis of the
design evaluation process and the quantification of design
evaluation indicators, and the compensatory entropy weight-
ing method can obtain the expected value of each indicator
objectively through data processing to determine the optimal
product color matching design scheme. When faced with
many schemes with small differences, the advantages of this
method are more obvious. This method makes the evaluation
results more scientific and accurate, provides a reference
basis for color matching designers, describes new ideas for
avoiding decision-making errors and risks caused by early
design evaluation, enriches color matching design evaluation

TABLE 6. Subjective weighting scoring table.

theory and may guide decisions to enhance the overall image
of a product.

Future work will focus on the exploration of more indi-
cators or combine brain oxygen physiological equipment for
more physiological data collection and verification to provide
a more comprehensive design reference for color scheme
evaluation.

REFERENCES
[1] W. Kang, S. Qin, and Q. Zhang, ‘‘Computer-aided color aesthetic evalua-

tion method based on the combination of form and color,’’Math. Problems
Eng., vol. 2015, Jan. 2015, Art. no. 153103.

[2] K. Sato andM. Oda, ‘‘The effect of color and shape on aesthetic evaluation
of colored shape,’’ in Proc. IEEE RO-MAN, Gyeongju, South Korea,
Aug. 2013, pp. 478–483.

[3] M.-L. Perez-Delgado and J. A. Roman Gallego, ‘‘A hybrid color quantiza-
tion algorithm that combines the greedy orthogonal bi-partitioning method
with artificial ants,’’ IEEE Access, vol. 7, pp. 128714–128734, Sep. 2019.

[4] M. Schulte-Mecklenbeck, A. Kühberger, and R. and Ranyard, ‘‘The role of
process data in the development and testing of process models of judgment
and decisionmaking,’’ Judgment Decis. Making, vol. 6, no. 8, pp. 733–739,
Dec. 2011.

[5] E. U. Weber and E. J. Johnson, ‘‘Mindful judgment and decision making,’’
Annu. Rev. Psychol., vol. 60, no. 1, pp. 53–58, Feb. 2009.

[6] X. Qin, N. Zhang, W. Zhang, and M. Meitner, ‘‘How does tunnel interior
color environment influence driving behavior? Quantitative analysis and
assessment experiment,’’ Tunnelling Underground Space Technol., vol. 98,
Apr. 2020, Art. no. 103320.

[7] N. Camgöz, C. Yener, and D. Güvenç, ‘‘Effects of hue, saturation, and
brightness: Part 2: Attention,’’ Color Res. Appl., vol. 29, no. 1, pp. 20–28,
Feb. 2004.

VOLUME 8, 2020 214251



Y. Wang et al.: Color Scheme Compensatory Evaluation Method Based on Eye Movement Tracking Technology

[8] M. Baniani and S. Yamamoto, ‘‘A comparative study on correlation
between personal background and interior color preference,’’ Color Res.
Appl., vol. 40, no. 4, pp. 416–424, Aug. 2015.

[9] T. C. Hsu, S. C. Chang, and N. Liu, ‘‘Peer assessment of webpage design:
Behavioral sequential analysis based on eye tracking evidence,’’ J. Educ.
Technol. Soc., vol. 21, no. 2, pp. 305–321, Apr. 2018.

[10] Y. Hou, S. Zhang, X. Liu, J. Chen, and H. Li, ‘‘Color design of cigarette
packaging for reducing smoking rate in youth,’’ Color Res. Appl., vol. 45,
no. 4, pp. 699–709, Aug. 2020.

[11] P. Liu, K. Wang, K. Yang, H. Chen, A. Zhao, Y. Xue, and L. Zhou,
‘‘An aesthetic measurement approach for evaluating product appearance
design,’’Math. Problems Eng., vol. 2020, Mar. 2020, Art. no. 1791450.

[12] Y. Y. Zhang, L. L. Rao, and Z. Y. Liang, ‘‘Process test of risky deci-
sion making: New understanding, new evidence pitting non-compensatory
against compensatory models,’’ Adv. Psychol. Sci., vol. 22, no. 2,
pp. 205–219, Jan. 2014.

[13] Z. Han, W. Jin, L. Li, X. Wang, X. Bai, and H. Wang, ‘‘Nonlinear regres-
sion color correction method for RGBN cameras,’’ IEEE Access, vol. 8,
pp. 25914–25926, 2020.

[14] H. Jia, X. Peng,W. Song, C. Lang, Z. Xing, andK. Sun, ‘‘Hybridmultiverse
optimization algorithmwith gravitational search algorithm formultithresh-
old color image segmentation,’’ IEEE Access, vol. 7, pp. 44903–44927,
2019.

[15] Z. H. Wei and X. S. Li, ‘‘Decision process tracing: Evidence from eye-
movement data,’’ Adv. Psychol. Sci., vol. 23, no. 12, pp. 2029–2041,
Sep. 2015.

[16] S. W. Hsiao and H. C. Tsai, ‘‘Use of gray system theory in product-color
planning,’’ Color Res. Appl., vol. 29, no. 3, pp. 222–231, Jun. 2004.

[17] Y. P. Yang and X. Tian, ‘‘Combining users’ cognition noise with
interactive genetic algorithms and trapezoidal fuzzy numbers for prod-
uct color design,’’ Comput. Intell. Neurosci., vol. 2019, Aug. 2019,
Art. no. 1019749.

[18] S.-W. Hsiao, M.-F. Wang, D.-J. Lee, and C.-W. Chen, ‘‘A study on the
application of an artificial neural algorithm in the color matching of
taiwanese cultural and creative commodities,’’ Color Res. Appl., vol. 40,
no. 4, pp. 341–351, Aug. 2015.

[19] Y.-E. Yeh, ‘‘Prediction of optimized color design for sports shoes using an
artificial neural network and genetic algorithm,’’ Appl. Sci., vol. 10, no. 5,
p. 1560, Feb. 2020.

[20] C. J. Lin and Y. T. Prasetyo, ‘‘A metaheuristic-based approach to optimiz-
ing color design for military camouflage using particle swarm optimiza-
tion,’’ Color Res. Appl., vol. 44, no. 5, pp. 740–748, Jun. 2019.

[21] B.-R. Li, Y. Wang, and K.-S. Wang, ‘‘A novel method for the evaluation of
fashion product design based on data mining,’’ Adv. Manuf., vol. 5, no. 4,
pp. 370–376, Dec. 2017.

[22] J. A. Diego-Mas, D. Garzon-Leal, R. Poveda-Bautista, and J. Alcaide-
Marzal, ‘‘User-interfaces layout optimization using eye-tracking,
mouse movements and genetic algorithms,’’ Appl. Ergonom., vol. 78,
pp. 197–209, Jul. 2019.

[23] C. Kurahashi, T. Misawa, and K. Yamashita, ‘‘Evaluation of online adver-
tisement design using near-infrared spectroscopy,’’ Sensors Mater., vol. 30,
no. 7, pp. 1487–1497, Apr. 2018.

[24] E. Alemdag and K. Cagiltay, ‘‘A systematic review of eye tracking research
on multimedia learning,’’ Comput. Edu., vol. 125, pp. 413–428, Oct. 2018.

[25] S. Khalighy, G. Green, C. Scheepers, and C. Whittet, ‘‘Quantifying the
qualities of aesthetics in product design using eye-tracking technology,’’
Int. J. Ind. Ergonom., vol. 49, pp. 31–43, Sep. 2015.

[26] R. Michalski, ‘‘Information presentation compatibility in a simple digi-
tal control panel design: Eye-tracking study,’’ Int. J. Occupational Saf.
Ergonom., vol. 24, no. 3, pp. 395–405, May 2017.

[27] S. X. Tian, J. J. Shen, and Y. Z. Guo, ‘‘Research on color emotion based
on eye tracking technology,’’ Mod. Commun. (J. Commun. Univ. China).,
vol. 37, no. 6, pp. 70–76, Feb. 2015.

[28] S. W. Cheng and L. Y. Sun, ‘‘A Survey on Visualization for Eye Tracking
Data,’’ J. Comput.-AidedDes. Comput. Graph., vol. 26, no. 5, pp. 698–707,
May 2014.

[29] Z. H. Chen, Y. Y. Luo, and Z. Xie, ‘‘Color collocation of cycling jersey
based on eye-tracking experiment,’’ J. Guangdong Univ. Technol., vol. 36,
no. 6, pp. 24–31, Nov. 2019.

[30] X. Z. Zhou, C. Q. Xue, and L. Zhou, ‘‘An evaluation method of visualiza-
tion using visual momentum based on eye-tracking data,’’ Int. J. Pattern
Recognit. Artif. Intell., vol. 32, no. 5, Nov. 2017, Art. no. 1850016.

[31] A. Godfroid and B. Hui, ‘‘Five common pitfalls in eye-tracking research,’’
2nd Lang. Res., vol. 36, no. 3, pp. 277–305, May 2020.

[32] J. Wang, J. Ma, and S. X. Lv, ‘‘Evaluation of WinCC interface based on
eye tracking technology,’’Exp. Technol. Manage., vol. 36, no. 6, pp. 53–57,
Jun. 2019.

[33] L. Wang, Y. Qiu, and X. W. Zhu, ‘‘Design evaluation of concealment of
electric bicycle battery case based on eye tracking experiment,’’ Packag.
Eng., vol. 41, no. 6, pp. 247–251, Mar. 2020.

[34] M. Wang, S. H. Yu, and J. J. Chu, ‘‘Eye tracking evaluation of human-
machine interface design of logging vehicle control cabin,’’ J. Mach. Des.,
vol. 35, no. 5, pp. 121–125, May 2018.

[35] T. X. Zhou, D. Liu, and B. X. Wang, ‘‘Application of improved fuzzy
analytic hierarchy process in evaluation of workshop layout,’’ Modular
Mach. Tool Autom. Manuf. Technique, vol. 6, pp. 145–148, Jun. 2019.

[36] H. J. Peng and Q. G. Sun, ‘‘Mechanical products quality multiple deci-
sionbased on information entropy,’’ Machinery Des. Manuf., vol. 4,
pp. 139–140, Apr. 2007.

[37] G. Yang and S. Wang, ‘‘The improved grey relational analysis method
and its application,’’ J. Shenyang Normal Univ. (Natural Sci. Ed.), vol. 35,
no. 2, pp. 166–169, Apr. 2017.

[38] X. W. Zuo and H. J. Li, ‘‘Influence of Housing Estate Opening on Traffic
Based onDiversification EntropyWeight Algorithm,’’ J. Hebei North Univ.
(Natural Sci. Ed.), vol. 33, no. 11, pp. 34–41, Nov. 2017.

[39] L. Q. Lin and F. M. Sun, ‘‘Internal control evaluation system of the M &A
based on entropy weight assignment method,’’ Sci. Technol. Ind., vol. 13,
no. 12, pp. 119–136, Dec. 2013.

[40] H. Song, ‘‘The entropy weighting method proves the rationality of the
arithmetic average method in the bid evaluation calculation,’’Math. Learn.
Res., vol. 6, no. 5, pp. 94–95, Sep. 2016.

[41] W. Zhou and X. Q. Li, ‘‘Comprehensive evaluation method based on
information entropy theory,’’ Sci. Technol. Eng. Sci. Technol. Eng., vol. 10,
no. 23, pp. 5839–5843, Aug. 2010.

[42] H. Zhang, ‘‘Analysis of the basic color of 07 style military uniform,’’
Reform Openning, vol. 8, pp. 91–93, Aug. 2010.

[43] B. X. Shi, J. M. Zhu, and L. M. Zhou, ‘‘Camouflage effect evaluation
method based on fuzzy comprehensive evaluation,’’ Sci. Technol. Ind.,
vol. 15, no. 8, pp. 94–97, Aug. 2015.

[44] M. X. Liu, Z. Z. Hu, and Z. Q. Tian, ‘‘Research and application of cam-
ouflage pattern painting process,’’ China Coat., vol. 34, no. 8, pp. 60–64,
Aug. 2019.

[45] H. F. Yang and J. P. Yin, ‘‘Application of color similarity measurement in
digital active camouflage design,’’ Laser Infr., vol. 45, no. 8, pp. 999–1003,
Aug. 2015.

[46] Z.Wang, Y.H.Yan, andX.Y. Jiao, ‘‘Multi-index comprehensive evaluation
of camouflage based on gray theory,’’ ACTA Armamentarii, vol. 34, no. 10,
pp. 1250–1257, Oct. 2013.

[47] Z. H. Li, J. Yu, and Z. Y. Hu, ‘‘A weight allocation algorithm of camou-
flage evaluation index,’’ Fire Control Command Control, vol. 44, no. 10,
pp. 49–54, Oct. 2019.

[48] K.-C. Huang, ‘‘Effects of computer icons and figure/background area ratios
and color combinations on visual search performance on an LCDmonitor,’’
Displays, vol. 29, no. 3, pp. 237–242, Jul. 2008.

[49] S. E. Kuai, ‘‘Exploratory analysis based on SPSS students’ natural con-
ditions,’’ China Manage. Informationization, vol. 16, no. 24, pp. 76–78,
Dec. 2013.

[50] J. Chamorro-Martinez, J. M. Soto-Hidalgo, P. M. Martinez-Jimenez, and
D. Sanchez, ‘‘Fuzzy color spaces: A conceptual approach to color vision,’’
IEEE Trans. Fuzzy Syst., vol. 25, no. 5, pp. 1264–1280, Oct. 2017.

[51] J. M. Soto-Hidalgo, D. Sánchez, J. Chamorro-Martínez, and
P. M. Martínez-Jiménez, ‘‘Color comparison in fuzzy color spaces,’’
Fuzzy Sets Syst., vol. 390, pp. 160–182, Jul. 2020.

YONG WANG (Member, IEEE) received theMas-
ter of Engineering degree in vehicle engineering
from the Department of Mechanical Engineering,
North China Electric Power University, Baoding,
Hebei, China, in 2017. He is currently pursuing the
Ph.D. degree with the School of Mechanical Engi-
neering, Shandong University, Jinan, Shandong,
China.

His research interests include industrial design
and color matching design. His awards and honors

include the National Scholarship (Ministry of Education, China) and a Rising
Star Award in the Shandong Provincial Governor Cup Industrial Design
Competition.

214252 VOLUME 8, 2020



Y. Wang et al.: Color Scheme Compensatory Evaluation Method Based on Eye Movement Tracking Technology

FANGHAO SONG received the Doctor of Arts
degree in aesthetic cultures from the Aesthetics
of Literature and Art Research Center, Shandong
University, Jinan, Shandong, in 2017.

Since 1998, he has been an Associate Pro-
fessor and a Ph.D. Supervisor with the School
of Mechanical Engineering, Shandong University,
and the Director of the Institute of Modern Indus-
trial Design. His research interests include design,
interaction design, and industrial design. He was

a Senior Member of the Industrial Design Society of China Mechanical
Engineering Society, in 2014, and a member of the Interaction Design
Committee of China Industrial Design Association, in 2013.

YAN LIU received theDoctor of Arts degree in folk
art from the School of Arts, Shandong University,
Jinan, Shandong, China, in 2016.

Since 1998, she has been a Professor and a
Ph.D. Supervisor with the School of Mechanical
Engineering, Shandong University, and the Direc-
tor of the Department of Industrial Design, School
of Mechanical Engineering. Her research interests
include design, color design, and design aesthetics.
She was a Senior Member of the Industrial Design

Society of China Mechanical Engineering Society, in 2014, and a Director
of the Shandong Folk Artists Association, in 2017.

YAYING LI received the bachelor’s degree in
art and design from the Taiyuan University of
Technology, Taiyuan, Shanxi, China, in 2015.
She is currently pursuing the Ph.D. degree with
the School of Mechanical Engineering, Shandong
University, Jinan, Shandong, China.

Her research interests include industrial design,
human–computer interaction, and product design
research. Her awards and honors include a Post-
graduate Scholarship from the Shandong Univer-

sity and the Outstanding Postgraduate Recognition.

ZIHAN ZHANG received the bachelor’s degree
in art of visual communication design from the
School of Art, Shandong University, Jinan, Shan-
dong, China, in 2019, and the Ph.D. degree from
the School of Mechanical Engineering, Shandong
University. She received the qualification of post-
graduate recommendation after graduation.

Her awards and honors include first prize in
the Industrial Design Category of the Shandong
Provincial College Students Mechanical and Elec-

trical Product Innovation Design Competition, and the Excellence Award at
the 9th Qilu International Animation game Competition.

VOLUME 8, 2020 214253


