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Image chromatic aberration evaluation is one of the research hotspots and academic difficulties in the field of color science and
imaging technology. Based on the algorithm theory of image color gamut boundary judgment, this paper constructs its
application model in digital media. The model uses the threshold color difference image as a reference and applies it to the
evaluation experiment of color difference above the threshold based on the quantitative estimation method. During the
simulation process, the improved HAD dual-color image digital boundary judgment algorithm is programmed. For small color
difference data at the threshold level, the calculated color difference of the boundary judgment algorithm framework is smaller
than the visual perception color difference; for the large color difference data above the threshold, the boundary judgment
algorithm framework is given. The research results of the threshold color difference experiment show that the perceptible color
difference threshold and acceptable color difference threshold of image color gamut observers for image color difference are
1.85 AE and 3.63 AE, respectively, which are basically twice the relationship. The visually perceptible chromatic aberration
threshold and acceptable chromatic aberration threshold for lightness parameters are higher than those of chroma and hue,
which shows that the boundary judgment algorithm framework has certain advantages for the evaluation performance of color
digital image threshold chromatic aberration and effectively improves the algorithm robustness.

1. Introduction

With the development of various display media technologies,
the application of color digital images in people’s work and life
is becoming more and more extensive, so the color difference
evaluation of color digital images becomes increasingly impor-
tant [1]. However, since a color digital image is composed of a
large number of pixels of different colors, it is an uneven and
complex color sample, which is difficult to measure directly
with a colorimetric instrument [2], and it is also more compli-
cated than a uniform color sample to calculate, so it has always
been a color science and research difficulties in the field of
imaging technology [3, 4].

Image chromatic aberration evaluation is one of the
research hotspots and academic difficulties in the field of
color science and imaging technology. Objectively and effec-
tively measuring and evaluating the color difference between
different color samples is also a difficult problem and a key
technology to be solved urgently in the industry. These color

difference formulas have been widely used in textile, print-
ing, and other industries [5, 6]. With the development of sci-
ence and technology, display devices such as smart mobile
phones, digital TVs, tablet computers, and desktop monitors
also require an accurate color difference formula to evaluate
the reproduction performance of their color digital images
[7]. This brings huge losses to the self-interest of the original
creator [8]. Therefore, the issue of intellectual property pro-
tection of digital media has attracted more and more atten-
tion, and the issue of digital media certification has become
increasingly prominent [9–11].

This paper studies the application of the image model
boundary judgment algorithm framework in image chro-
matic aberration evaluation. The research first verified CIE-
LAB, CIEDE2000, S-CIELAB, S-CIEDE2000, and CAM02
through the psychophysical experimental method test of
category determination. The performance of the six color
difference formulas and models of UCS and boundary judg-
ment algorithm in the evaluation of image color difference
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and the parameters affecting the evaluation of image color
difference were analyzed through visual data, and the rela-
tionship between lightness, chroma, hue, resolution, and
sharpness was discussed. These three methods are the most
used in current applications, so the algorithms in these three
transform domains are introduced. The research results
show that the boundary judgment algorithm framework
based on the appearance model has the highest prediction
accuracy for image color difference, followed by S-CIELAB,
and CAM02-UCS has the worst performance in image chro-
matic aberration evaluation. The experimental results show
that, compared with the traditional Krawtchouk transform,
the boundary judgment algorithm of fractional Krawtch-
ouk transform domain will have better robustness and
invisibility of digital media after the appropriate fractional
order is selected; compared with other transform domain
(such as DCT and DWT) boundary judgment algorithms,
the robustness of the algorithm in this paper is also higher.

2. Related Work

The researchers used the eigenvalue decomposition method
to construct a one-dimensional fractional Krawtchouk
transform and further extended it to a two-dimensional
space; finally, a class of robust boundary judgment algo-
rithms in the transform domain was designed by applying
the fractional Krawtchouk transform [12]. By adjusting the
fractional order, the robustness and invisibility of digital
media can be enhanced. In addition, in the boundary judg-
ment algorithm, the fractional order can be used as a key
to enhance the security of digital media [13].

Dong et al. [14] modified the coefficients in the trans-
form domain to embed digital media. These transforms
include discrete Fourier transform (DFT), discrete cosine
transform (DCT), and discrete boundary judgment trans-
form (DWT). Bogert et al. [15] believe that it needs to trans-
form the original image, the calculation is more complex,
and the amount of data is large, but the digital boundary
judgment algorithm in the transform domain can resist the
influence of compression coding and low-pass filtering; it
can effectively resist such as JPEG compression; the energy
distribution in the transform domain is concentrated and
easily combined with the human visual system (HVS) to
determine the strength of embedded digital media. Wang
and Cao [16] found that the method of embedding digital
media based on transform domain has many advantages
over the method of embedding digital media based on spa-
tial domain, so it is very suitable for application in digital
digital media technology. Vazquez and Bertalmío [17] pro-
posed a digital boundary judgment algorithm based on the
boundary judgment tree of important coefficients, which
uses the boundary judgment of zero-tree coding and the
masking of the human visual system to judge the boundary
of the blue component (the least sensitive of the human
eye) of the color image. Zuo et al. [18] verified that the algo-
rithm has good invisibility, but various image color gamut
processing has a greater impact on the blue component, dig-
ital media may be lost in various image processing, and the
robustness is poor [19].

Compared with the spatial boundary judgment algo-
rithm, the subsequently developed transform domain digital
boundary judgment algorithm is more popular because it
has many advantages [20]. Transform domain boundary
judgment algorithm is to embed digital media information
by changing transform domain coefficients. At present, there
are commonly used boundary judgment algorithms based
on DFT, boundary judgment algorithms based on DWT,
and boundary judgment algorithms based on DWT. Then,
the LSB algorithm in the spatial domain, the DCT-based
boundary judgment algorithm in the transform domain,
and the DWT-based digital media algorithm are compared
in simulation experiments. The results show that the trans-
form domain boundary judgment algorithm is more robust
than the spatial domain boundary judgment algorithm as a
whole [21], and the robustness of the boundary judgment
algorithm based on DWT in the transform domain is stron-
ger, so this paper selects the boundary judgment transforma-
tion to process the image and strives to obtain good
robustness and invisibility. Scholars proposed a blind detec-
tion algorithm based on boundary judgment domain con-
trast and HVS characteristic adaptation [22]. The scheme
embeds digital media into the detail subgraphs LH and HL
by analyzing the boundary judgment transformation and
performs the embedding intensity factor according to the
boundary judgment contrast and HVS characteristics (i.e.,
brightness sensitivity, texture sensitivity, and contrast sensi-
tivity) [23, 24]. Experimental results show that the scheme
has strong invisibility and robustness without attacks [25]
but is not robust after noise, median filtering, clipping, and
JPEG compression attacks [26, 27].

3. Analysis of Image Color Gamut Boundary
Judgment Algorithm

3.1. Image Gamut Scale. Two stimulus color samples are
considered to have matching colors to a standard image
gamut observer with normal color vision if they have the
same tristimulus value. The image color gamut scale is to
establish a prediction model that conforms to the character-
istics of color visual discrimination, that is, each unique
color should have a unique chromaticity parameter, and a
coordinate system with each dimension perpendicular to
each other can be used to express the chromaticity parame-
ter of the response. And they reflect the main visual charac-
teristics of color, such as lightness, chroma, and hue. The
calculated color difference between two stimulus color sam-
ples should be proportional to the corresponding difference
in visual perception.

∬
f in tð Þ
1/x tð Þ −

f in t + σw tð Þð Þ
k t, t − 1ð Þ dtdw = 0: ð1Þ

Usually, the three RGB channels of a color image pixel
are represented as the three imaginary parts f , j, and k of
the quaternion. That is, the quaternion method can repre-
sent a color image as a pure quaternion matrix. In this
way, the three channels of the color image can be processed
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as a whole. Suppose ðm, nÞ is a color image of size M ×N ,
which can be expressed as a quaternion.

f in t + σw tð Þð Þ = 1
x
−
1
t
,

f in t − σw tð Þð Þ =
ffiffi
t

p
:

8<
: ð2Þ

For the blind boundary judgment algorithm that adopts
the quantization method, the plaintext digital media (mean-
ingful binary image digital media) is usually selected. This
type of method perturbs the selected transform domain coef-
ficients (or coefficient expressions) according to the bit
information (0 or 1) of the digital media after the original
image is subjected to the overall orthogonal transform or
the block orthogonal transform. Then, inverse transform is
performed on the whole transform domain coefficients or
the block transform domain coefficients in Figure 1 after
perturbation to obtain an image added with digital media.

The image color gamut is decomposed into a series of subband
signals with different spatial resolutions (different channels),
different frequency characteristics, and directional characteris-
tics. These subband image color gamuts have good local char-
acteristics such as time domain and frequency domain, which
can be used to represent the local features of the original image
color gamut and then realize the localized analysis of the time
and frequency of the image color gamut.

The LSB watermarking algorithm in the spatial domain,
the DCT-based watermarking algorithm, and the DWT-
based watermarking algorithm in the transform domain
are compared by simulation experiments, respectively. The
experimental results show that the digital watermarking
algorithm based on DWT has stronger robustness than the
LSB algorithm and the algorithm based on DCT, so this
paper chooses to embed the watermark based on wavelet
transform. The quantization formula is divided into an
embedding formula and an extraction formula. For the con-
venience of description, we represent the digital media as a
vector w, and f represents its i-th element with a value of
0 or 1; the selected transformation coefficients are repre-
sented as vectors C and S, representing its i-th element.

3.2. Combination of Boundary Judgment Conditions. In a
mixed color composed of several color components, if one
color changes continuously, the appearance of the mixed
color will also change continuously. From this, the comple-
mentary color law and the intermediate color law of the
boundary judgment conditions are obtained. The law of
complementary colors: if a color is mixed with its comple-
ment in appropriate proportions, it will produce white or
gray; if it is mixed in other proportions, it will produce a
desaturated color that approximates the color with a larger
specific gravity. The law of halftones: the mixing of any
two noncomplementary colors produces a halftone whose
hue depends on the relative amounts of the two colors,
and the saturation in Table 1 depends on how far and near
the two colors are in the hue order.

In order to verify the advantages and disadvantages of
the algorithm and ensure the authenticity of the evaluation
results, each image color gamut observer is required to adapt
to the image for 30 minutes before determining the judg-
ment result. Theoretically, if the transform used is an
orthogonal transform, the coefficients obtained after trans-
forming the protected image with digital media are equal
to the perturbed coefficients (i.e., the values at points P1,
P2, P3, and P4). When the values of quality are 90, 80, 70,
and 60, respectively, the PSNR value of the algorithm
HAD is higher than that before the improvement, but the
NC value is lower than the original algorithm, but the NC
value is also at a high level. This algorithm is attacked by
JPEG compression. The robustness of the future image
gamut is stronger.

3.3. Algorithm Recursion Analysis. In this experiment, we
embed two digital media images into 96 carrier images,
respectively, to obtain 192 algorithm recursion test combina-
tions. In each group of experiments, the fractional order a
= b = 0:4 is selected, and then, the PSNR value of the digital
media image is obtained as the embedding step increases.
The figure shows the change of the average PSNR value of
the 192 test groups with the increase of the embedding step
size. It can be seen from the figure that (1) with the increase
of the embedding step size, the PSNR value of the digital
media image decreases; (2) under the same quantization step
size, the proposed FrKT domain boundary judgment algo-
rithm is better than the Krawtchouk transform domain
and score it.

tinret h xð Þ, xð Þ =
1 − cos j xð Þ sin h xð Þ,
1:5 sin xð Þ cos h − xð Þ:

(
ð3Þ

The boundary judgment algorithm of the order bound-
ary judgment transform (DrFT) has a higher PSNR value,
because after the FrKT transform coefficients are embedded
in the digital media, the information of the digital media is
more evenly distributed to the whole image through the
inverse transformation. X, Y , and Z are the tristimulus
values of the color sample, Xn, Yn, Zn is the tristimulus
value of the CIE standard illuminator irradiated on the com-
plete diffuse reflector and reflected to the eyes of the observer
in the image color gamut, where Yn = 100, when the viewing
angle of the image color gamut of the color sample is less
than 30.

In this experiment, the CV value is used to represent the
observer accuracy of the image gamut in Figure 2. Image
gamut interobserver accuracy refers to the agreement between
the experimental data of each image gamut observer and the
experimental data of other image gamut observers. The CV
values of the image gamut observer accuracy are shown.When
viewing the field of view, the CIEl931 XYZ standard chroma-
ticity system should be used; when the viewing angle of the
image color gamut of the color sample is greater than 40 fields
of view, the CIEl964 XYZ standard chromaticity system
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should be used.

cos 2delta xð Þ + xð Þ = r + t,
sin 2delta xð Þ − xð Þ = r − t:

(
ð4Þ

The subscripts A and B, respectively, represent the two
color difference formulas being compared, by comparing the
F value with the critical value Fa. Fa is the critical value for
determining the F distribution under the confidence interval.
Generally, in order to have better robustness of digital media
images, a larger quantization step size should be selected; how-
ever, a larger quantization step size will lead to a decrease in
the visual quality of the image.

The related literatures are the watermarked image and the
extracted watermarked image after JPEG compression attack
with quality factor = 80 and quality factor = 40, respectively.
Generally speaking, the PSNR value of the image embedded
in the digital media should be at least close to 40dB to ensure
the invisibility of the digital media. In the following experi-
ments, we selected a quantization step size of 25 for the
boundary judgment algorithm of the Krawtchouk transform
domain (the average PSNR was 40.72dB at this time) and
selected a quantization step size of 40 and 25 for the boundary
judgment algorithm of the FrKT domain (this time the aver-

age PSNR was 40.72dB). The time average PSNR is 42.25dB
and 46.43dB, respectively.

4. Model Construction of Image Color Gamut
Boundary Judgment Algorithm in
Digital Media

4.1. Image Color Gamut Normalization Index Analysis. In
the test of image color gamut normalization index stage,
six modulation parameters including brightness, chroma,
hue, contrast, resolution, and sharpness were selected for
the test of image color difference parameters and color dif-
ference formula. Each parameter is modulated by functions,
wherein the modulation of lightness, chroma, and hue is to
modulate L, C, and h, respectively, in CIELAB space. Con-
trast modulation is divided into brightness contrast modula-
tion and chroma contrast modulation, which use the
sigmoid function and the inverse-sigmoid function, respec-
tively, to increase and decrease the contrast. The modulation
of the resolution adopts the method of double-cubic resam-
pling, and the pixels of 2 × 2, 3 × 3, and 4 × 4 are averaged to
the pixels of l × l, respectively.

1 − y xð Þ − z xð Þ − x
y xð Þ − z xð Þ − x

=〠z xð Þ − x〠y xð Þ − x: ð5Þ
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60.7%

12.5%
4.5%

0.5%

15.1%

6.7%

Unit 3
Unit 4

Unit 6

Unit 5

Unit 2

Unit 1

Image color gamut scale a
Unit 2

20.3%

11.3%

21.9%

10.8%

19.4%

16.4%
Unit 3

Unit 5

Unit 6

Unit 4

Unit 1

Figure 1: Coefficient distribution of image color gamut scale transform domain.

Table 1: Attributes of boundary judgment conditions.

Attribute number Evaluation a Evaluation b Evaluation c Evaluation d

10 0.87 1.98 0.46 -1.07

20 0.40 -0.44 0.13 -0.10

30 0.45 1.15 0.19 0.47

40 0.77 -0.43 0.82 -0.45

50 0.43 -1.68 0.49 -1.36

60 0.11 0.19 0.19 -0.05
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They embed “Deer” digital media into each original
image and then calculate the PSNR value of the image after
digital media, and it shows the change curve of the average
PSNR value with the change of fractional order. It can be
seen from the figure that (1) when the fractional order a =
b = l, the PSNR value is the smallest, and FrKT degenerates
into the traditional Krawtchouk transform; (2) when the
PSNR value is the largest, a = b = 0:4 and 0:6. Further, digital
media attack is carried out on each image embedded in dig-
ital media, and the robustness of the boundary judgment
algorithm is analyzed with the change of fractional order.

dy xð Þ
dx

−
dz xð Þ
dx

=

1
2 f in

1 − x
1 − y xð Þ

� �
,

1
2 f in

1 − x
1 − z xð Þ

� �
:

8>>><
>>>:

ð6Þ

The article gives the situation that the average BER of all
image extraction digital media varies with the fractional
order under different attacks. It can be seen from the figure
that the average BER is larger when a = b = 0:1 and 0:7,
which indicates that the robustness of the boundary judg-
ment algorithm is not good at this time. This is because
when a = b = 0:1 or 0:7, the transformation coefficient we
choose is small, even smaller than the quantization step size;
after the image with digital media is attacked, the value of
Figure 3 changes greatly.

The similarity between the detected digital media and
the original digital media is measured by BER, and the

BER is close to 0, and the more similar the detected digital
media is to the original digital media, the higher the
robustness of the digital media. It lists several types of
image processing attacks used in the experiment and the
corresponding attack parameters. For the rotation and
scaling attack, the experiment firstly performs geometric
transformation on the image and then performs geometric
deformation correction on the transformed image to
obtain the attacked image. In order to compare the robust-
ness under different fractional orders, the fractional orders
(0.4, 0.5) were selected for the FrKT transform in the
experiment.

4.2. Boundary Judgment Coefficient Update. After the exper-
iment of boundary judgment coefficient stage I, it is found
that the modulation method of resolution is not very reason-
able, and the modulation of chroma and contrast greatly
changes the image content, and the sigmoid function of con-
trast modulation is inverse. The sigmoid function is more
complex.

0:01 > ziber x, yð Þ
ziber xð Þ + ziber yð Þ − ziber yð Þ > 0:001: ð7Þ

Therefore, after further reviewing the literature, the
modulation parameters and modulation methods selected
in the evaluation experiment on the threshold and supra-
threshold image chromatic aberration in phase II have
been modified to a certain extent. The modulation param-
eters selected in the stage experiment are lightness,
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Figure 2: Accuracy distribution of boundary judgment conditions.
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chroma, hue, contrast, and sharpness, and the specific
modulation functions and parameters are as shown. The
modulation of lightness and chroma is divided into two
types: multiplicative and power. For the modulation of
contrast, another simple sigmoid function is used to mod-
ulate the brightness. The shift modulation of the hue angle
and the modulation of the sharpness are the same as those
of the phase I method. Finally, there are a total of 540 test
images (6 original images × 90modulations) for phase II
experiments.

This kind of color gamut mapping is similar to the
device-to-device color gamut mapping, and it is still the cal-
culation from an input point in Figure 4 to an output point
in the three-dimensional perceptual color space, regardless
of the distance between adjacent pixels in the image color
space relation. It can be seen that after the watermark
embedding is performed according to the algorithm in this
paper, the attacked watermark image has little visual impact,
and the similarity between the extracted watermark image
and the original watermark image is high, indicating that
the algorithm in this paper can attack JPEG compression.

Most of the existing color gamut matching algorithms
perform color conversion on an image pixel by pixel and
only consider the color characteristics of the image and
ignore the color correlation between image pixels. Since
the out-of-gamut colors in the image are usually the border
colors of the image, it is very important to protect the conti-
nuity of the color gamut border of the image. Nonspatially
related mapping algorithms sometimes make different colors
of the image border map to the same color, resulting in
blurred borders or lost borders. Sometimes they are mapped
to different colors but distort the facts and make similar
colors adjacent in space appear dissimilar. This depends on

the spatial properties of neighboring pixels.

delta að Þ^2 − að Þ + delta bð Þ^2 − bð Þ + delta cð Þ^2 − cð Þ + 1
abc

� �
= 1 − abc:

ð8Þ

In contrast, the two boundary judgment algorithms
using the DCT domain and the domain are more robust to
histogram equalization, which is due to embedding digital
media bits into the edge information of the image or using
correlations between blocks to embed them. Digital media
will increase the robustness of boundary judgment algo-
rithms to histogram equalization.

4.3. Image Color Gamut Interpolation Fitting. In the image
gamut interpolation experiments, we combined each binary
image with 15 color original images separately to generate
zero digital media for the image, generating a total of 105
experimental combinations. Common image processing
attacks are then performed on each combined protected
image, and digital media is extracted to analyze the robust-
ness of the algorithm.

1−
Y inret ciber m, nð Þ,m, nð Þ

m + n

−
Y ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

inret ciber m, nð Þ,m, nð Þp
1 −m − n

= 1
m − n

:

ð9Þ

More generally, we randomly generate 0-1 matrices of
size 64 × 64 as digital media to verify the robustness of the
algorithm. Use this matrix to generate the verification infor-
mation of 15 color images, and then perform various image
processing attacks on each image to obtain the average value
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Figure 3: Recursion of boundary judgment coefficient algorithm.

6 Wireless Communications and Mobile Computing



of the extracted digital media. It can be seen from the figure
that the BER value of the proposed algorithm is lower than
that of the existing methods under most attacks, which ver-
ifies the robustness of the algorithm in Figure 5.

In this algorithm, the invisibility of digital media
depends on the distortion step size parameter, the quantiza-
tion step size J , and the object parameter in TDFT. Generally
speaking, the larger the quantization step size, the better the
robustness of the digital media; but the larger quantization
step size will lead to the degradation of the image quality
of the digital media. According to the experiment, first we
choose g = 700 and then analyze the influence of a.

tan gent x, y, zð Þ/heter xð Þheter yð Þheter zð Þ
1 − heter x, y, zð Þ ∈ R: ð10Þ

In this experiment, we combined “Deer” digital media
with the original images, respectively, to obtain 20 test com-
binations. The BER value of the paper considers geometric
attacks on digital media and the combination of common
image gamut processing attacks and ensemble attacks,
including the following: image rotation, image scaling, image
rotation+scaling, image translation, image cropping, image
rotation+scaling+median filter, image rotation+scaling
+mean filter, image rotation+scaling+salt and pepper noise,
image rotation+scaling+Gaussian white noise, and image
rotation+scaling+JPEG compression.

4.4. Quantization of Digital Media. The digital media quan-
tization steps are divided into the following: (1) the original
image is resized to make the generated hash robust against
scaling operations, and the generated hash is not affected
by the image size, and the image is converted to YCrCb

space; (2) the zemike moment feature of the Y component
and the zemike moment feature of extracting the absolute
value of the difference between the Cr and Cb components
use the values of the first 5-order zemike moments as the
global feature, so a total of 22 real eigenvalues except 0-
order 1; (3) we perform salient feature extraction on the
image, take the first 6 largest salient regions and then extract
4 features of each region including 2 position coordinates
and length and width and extract 4 texture features, thus
obtaining a total of 48 real local parts.

By extending the boundary judgment transformation in
Figure 6 to a two-dimensional situation, the approximate
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components and detail components of the original image
in different scales and directions can be obtained. After
the image is transformed by multiscale boundary judg-
ment, the coefficients present a pyramid-like structure.
And the image energy is redistributed; most of the energy
is distributed on the boundary judgment coefficient of the
lowest frequency.

∇da = da ið Þ − da jð Þ
∇db = db ið Þ − db jð Þ
∇dc = dc ið Þ − dc jð Þ

9>>=
>>;
: ð11Þ

The design of the system content and the construction
of the experimental platform are parameterized: the water-
mark image and the extracted watermark image after the
Gaussian noise attack with a mean of 0 and a variance
of 0.005 are added. Since both FrBFM and BFM can con-
struct the rotation and scaling invariance of the image, in
the case of only geometric attack, FrBFM and BFM have
similar robustness, the difference is not very big, and the
BER is close to 0.

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
da ið Þ + da jð Þ − 1

p
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
db ið Þ + db jð Þ − 1

p
dc ið Þ + dc jð Þ − 1,⋯, 1p Þ

2
664

3
775 =〠dxdi: ð12Þ

It refers to the relationship between the visual percep-
tion chromatic aberration of the observer in the image
color gamut and the parameter k after linear modulation
of lightness or chroma with parameter k. It can be seen
that the error bars of the visual perception chromatic
aberration for lightness and chroma vary with the modula-
tion parameter k, that is, the greater the lightness differ-
ence or chroma difference, the greater the influence of
the image content on the visual perception chromatic

aberration of the image gamut observer, it can also be said
that the small color difference data between the images is
less affected by the image content, while the large color
difference data between the images may have a great rela-
tionship with the image content.

5. Model Application and Analysis of Image
Color Gamut Boundary Judgment
Algorithm in Digital Media

5.1. Preprocessing of Image Color Gamut Boundary Data.
Using Komca Mmolm company’s spectroradiometer
CS2000 was measured at a distance of 1.3m from the dis-
play, as shown in the image gamut boundary data. Accord-
ing to the IEC standard, the measurement is carried out in
a dark room. The size of the color block to be measured is
5 cm × 5 cm and displayed in the center of the screen. All
measurements are performed on this color block, and other
areas of the screen are set to black. The tested color blocks
are 17 × 4 = 68 sets of training samples consisting of red,
green, blue, and gray in the range of 0-255 with 16 sampling
intervals, and 100 randomly generated test sample data are
measured at the same time.

f in i − σw ið Þð Þ
f in j − σw jð Þð Þ
f in k − σw kð Þð Þ

2
664

3
775 =

i −w′ ið Þ
j −w′ jð Þ
k −w′ kð Þ

2
664

3
775: ð13Þ

On the whole, the value of the boundary judgment algo-
rithm model for the prediction results of the brightness
parameters of the six images is the smallest, that is to say,
the correlation between the brightness difference calculated
by the boundary judgment algorithm model and the visual
perception color difference is the best; especially for the
“Street” and “Ski” images, the prediction accuracy of the
boundary judgment algorithm was evaluated by F. After
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Figure 6: Digital media quantization boundary judgment transformation extension.

8 Wireless Communications and Mobile Computing



the test, it is significantly better than other color difference
formulas.

There are some influences, but it can be recognized,
indicating that the algorithm has good resistance to Gauss-
ian noise attack, but it is worse than salt and pepper noise
attack. The prediction accuracy of the S-CIELAB model is
second only to the boundary judgment algorithm model;
especially for the images “Fruits” and “Flower,” the predic-
tion accuracy of the S-CIELAB model is very close to the
boundary judgment algorithm model, but the S-CIELAB
model is for others. The prediction accuracy of the 4
images is slightly different from the boundary judgment
algorithm model.

The prediction accuracy of CIELAB and S-CIEDE2000
color difference formula for the image in Figure 7 is very
close, while the prediction accuracy of CIEDE2000 is slightly
worse than that of CIELAB and S-CIEDE2000, CAM02. The
prediction accuracy of UCS on the brightness parameter is
most affected by the image content. Its prediction accuracy
for the image “Street” is the worst, and its prediction accu-
racy for the image “Tree” is better, second only to the
boundary judgment algorithm model.

∂delta case xð Þ − xð Þ
∂delta xð Þ + ∂delta case yð Þ − yð Þ

∂delta yð Þ
+ ∂delta case zð Þ − zð Þ

∂delta zð Þ =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − case x, y, zð Þ

p
:

ð14Þ

This may be because the image “Street” contains a lot of
complex high-frequency information and is not suitable for
CAM02-UCS, a color difference model based on a single
color block calculates color difference, and the image content
of “Tree” is relatively simple, so CAM02 is used.

5.2. Implementation of Digital Media Simulation. In order to
further compare the performance of the ULPM method
and the IULPM method for extracting digital media, we
put these two methods in the test image sets data 1 and
data 2 for simulation tests. Each test image in the test
image set data 1 undergoes a step size of 0.1 from 50 to
100. From this, we can observe the image color gamut that
the proposed IULPM method extracts the average NC
value of digital media close to 0.9, while the average NC
value of the ULPM method is between 0.1 and 0.9. We
also tested the 1800 angles of Figure 8 from 0 to 1800
with a step size of 0.10, and the experimental results show
similar results.

If the original image is a color image converted to YCrCb
space, only the luminance Y component is used, and the
resizing makes the generated hash robust against scaling
operations and the generated hash is not affected by the
image size, for a robust rotation-resistant operation, the
image performs a rotation projection to obtain a second
image. As shown, this operation converts the rotation of
the image into a translation of the second image, and then
combines the rotation, and invariant features are obtained
by translation invariance.

All methods are tested on the dataset data 1 in
Figure 9. For a fair comparison, the PSNR value of all
images embedded in digital media is ensured to be close
to 40dB by adaptively adjusting the respective digital
media embedding strength, and the results are obtained
by all methods use their respective algorithms. The param-
eter IV indicates the number of intervals of the polar axis,
which determines the accuracy of the rotation correction.
When IV is set to 360, as is set by the ULPM method,
their rotation correction accuracy is only 0.5 degrees.
The IULPM method proposed by us increases the IV to
1800 and adds a new “zero-to-one” mapping rule, so that
the rotation correction accuracy of the proposed method
reaches 0.1. For example, if the data samples of the origi-
nal image color gamut are 1000, the data of each channel
after filtering is 1000, and the total is 2000. Therefore,
according to the Nyquist sampling theorem, a downsam-
pling method is proposed, that is, one for every two sam-
ple data in each channel is taken.

5.3. Example Application and Analysis. The image color
gamut boundary data shows that 216 test images and their
original images form 216 test image pairs, and the image
color gamut observers evaluate the 216 test image pairs twice
to avoid the continuous experiment time being too long and
causing the image color gamut. At the beginning of each
experiment, all test image pairs are generated in a random
display order, and the left and right display positions of
the original image and the test image in each test image pair
are also random to avoid the nonuniformity of the display
affecting the experimental results. The background of the
display was set to 20% neutral gray, and the test image pairs
were displayed in the center of the display with 10 viewing
angle intervals.

In addition, due to the particularity of DFT transfor-
mation, the symmetric embedding method should be con-
sidered when embedding watermarks to ensure that the
data obtained during inverse transformation are real num-
bers. The image color gamut observation distance of the
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image color gamut observer is 80 cm, and then, it is calcu-
lated that the horizontal image color gamut observation
angle is 22.50, and the vertical image color gamut observa-
tion angle is 14.250.

In this experiment, the CV value is used to represent the
observer accuracy in Table 2 of the image color gamut.
Image gamut interobserver accuracy refers to the agreement
between the experimental data of each image gamut
observer and the experimental data of other image gamut
observers. The intraobserver accuracy of the image color
gamut refers to the consistency between the two evaluation
data of the image color gamut observer himself for the same

test image pair, that is, the repeatability accuracy of the
image color gamut observer. The CV values of the image
gamut observer accuracy are shown. The larger these two
parameters, the higher the robustness of the system, and
the worse the imperceptibility of digital media. Based on
the experiments in Figure 10, as far as our method is con-
cerned, when the setting range is [0.3, 0.5], and it is set to
24500, the proposed method achieves the best compromise
in terms of robustness and imperceptibility of digital media.

In this experiment, a total of 10 image gamut
observers with normal color vision participated, all of
whom were graduate students, including 6 males and 4
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females, aged between 20 and 33. Five of the image gamut
observers performed two evaluations to analyze the
interobserver accuracy of the image gamut. Therefore, there
are 2700 visual evaluation data obtained in this experiment
(10 image color gamut observers × 216 test image pairs + 5
image color gamut observers × 108 test image pairs). And the
selection of CIECAM02 as the intermediate connection space
has wider significance compared to CIELAB. First of all, the
Euclidean distance of two colors can be used to describe the
color difference in the uniform color space, which is not only
simple to calculate but also can reflect the difference between
two colors more intuitively, which provides convenience for
the application of color industry. Secondly, from the compar-
ison of the design purposes of the twomodels, CIECAM02 can
predict the color perception of the environment according to
the parameters of the environment, while CIELAB can only
predict the color properties under a specific light source, so

choosing CIECAM02 as the intermediate connection space
can meet the current color transfer requirements.

6. Conclusion

This paper studies the problem of color difference evaluation
of color digital images. Through the design and implementa-
tion of related psychophysical experiments, a large amount
of visual evaluation data is obtained to test and compare
the performance of different color difference formulas in
image color difference evaluation and to analyze the influ-
ence of color digital images for chromatic aberration evalua-
tion. Compared with the traditional boundary judgment
algorithm based on quaternion boundary judgment trans-
formation, the algorithm in this paper has higher robustness
and embedding capacity, and there is no energy loss in the
boundary judgment algorithm based on quaternion

Table 2: Algorithm distribution of image gamut boundary.

Algorithm text Image gamut boundary code

Their original images form case xð Þ For i in range(k):

Causing the image color gamut Getlabel = labels[sortdisindex[i]]

The image color ∂delta xð Þ Classcount[getlabel] = classcount.get(getlabel, 0) +1

Time being too long and da ið Þ + da jð Þ Datasize = data.shape[0]

The continuous experiment X = np.tile(inputx, (datasize, 1)) - data

Gamut boundary k − σw kð Þ Xpositive = x ∗∗ 2

The image ziber xð Þ color gamut Xdistances = xpositive.sum(axis=1)

Test image pairs twice to 1 − x Distances = np.sqrt(xdistances)

Observers evaluate the heter xð Þ/heter yð Þ Print(sortclass[0][0])

Test image pairs ∇dc = dc ið Þ − dc jð Þ Knnclassify(inputx, data, labels, k)

Test images and gent x, y, zð Þ Return sortclass[0][0]
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boundary judgment transformation. The perceptible chro-
matic aberration thresholds of the image color gamut
observers were obtained through psychophysical experi-
ments, and the prediction performance of the image color
difference above the threshold of the boundary judgment
algorithm framework was discussed. Experiments show that
embedding a watermark into the blue component can pre-
serve the perceptual quality of the original image better than
embedding digital media into other color components. The
scrambling method of changing the gray value does not
change the position of the pixel point but changes the gray
value of the original image into a new gray value, thereby
generating a chaotic image to achieve the purpose of image
scrambling. The digital media extracted by the digital media
after being attacked has the background information of the
original image, which is more conducive to proving the
copyright of the image. Therefore, the research in this paper
has an important role in promoting the progress of color sci-
ence and the development of color digital image-related
industries.
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