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In order to improve the color research effect of Qiuci murals, this paper combines digital technology, applies intelligent digital
image processing technology to the color research of Qiuci murals, and builds an intelligent system. Moreover, this paper
analyzes the color mural pixel digitization of murals from the perspective of digitization and conducts research from a
microscopic perspective. In addition, in this paper, the expansion operation is performed for particularly small cracks, and the
extraction area of the crack is correspondingly increased, which reduces the bad influence on the subsequent repair due to
incomplete crack extraction. Finally, this paper constructs an intelligent mural analysis system based on the improved
algorithm. The experimental research results show that the color research system of Qiuci murals based on intelligent digital
image processing technology proposed in this paper has good effects and can play an important role in the digital protection
and digital restoration of art.

1. Introduction

The Qiuci Grottoes are an important part of ancient Chinese
Buddhist grottoes. Guguizi Kingdom is located in the center
of the northern Silk Road south of Tianshan, including
today’s Kuqa, Shaya, Xinhe, Baicheng, and Luntai. Ancient
Qiuci is an important area for the growth, dissemination,
and development of Buddhist art in Xinjiang, where Bud-
dhism was once extremely popular. Documents record that
“Qiuci has a city outline, its city is triple, and there are thou-
sands of Buddhist pagodas and temples.” Therefore, this
area is widely distributed with grotto groups. The famous
Qiuci Grottoes preserved so far include Kizil Grottoes
and Wenbashi Grottoes in Baicheng County; Kumtula
Grottoes, Senmusem Grottoes, Kizilgaha Grottoes, Bostan
Togra Grottoes, and Aai Grottoes in Kuqa County; and
Tuohulak Aiken Grottoes in Xinhe County. There is no
exact information on the founding time of the Qiuci
Grottoes, but they were generally excavated and con-
structed from the Eastern Han dynasty to the Tang and
Song dynasties. There are still 166 caves with murals pre-

served in the Qiuci Grottoes, among which the murals in
the Kizil Grottoes are the most well-preserved, about
10,000 square meters. The unique artistic value of the
murals in the Qiuci Grottoes lies in that they not only
have the distinctive cultural characteristics of the Western
Regions but also integrate the elements of the Han culture
in the Central Plains and include elements of the Indian
and Persian cultures. Moreover, the murals are diverse in
content and skilled in drawing and have outstanding and
unique artistic effects. The murals of the Qiuci Grottoes
are an important part of the art and culture of Chinese
Buddhist grottoes and also an indispensable content for
the study of the history of ancient Chinese art and decora-
tive art.

The colors of Qiuci murals are elegant and rich, with
strong contrast and dazzling brilliance. The color of the
mural does not come from the real color in reality, but from
the abstract cognitive concept, and is limited by the existing
pigment varieties at the time. There are often only a few
colors in the mural works, and the configuration is relatively
fixed, but the ancients created the infinite in the limited,

Hindawi
Wireless Communications and Mobile Computing
Volume 2022, Article ID 5853561, 11 pages
https://doi.org/10.1155/2022/5853561

https://orcid.org/0000-0001-5038-9614
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/5853561


using the color combination of cool, warm, and fresh gray
and the distribution of large and small areas to organize a
rich color relationship. The color of Qiuci murals makes full
use of the function of color symbolism to express the artistic
conception of Buddhism. The formation of a nation’s color
concept is affected by the regional environment, history, folk
customs, and traditional cultural concepts. These factors
influence their observation and understanding of color, thus
affecting the aesthetics and application of color. The main
colors of Qiuci murals are blue, green, red, black, and white,
and various changes have evolved on these five keynotes.
The Qiuci area has a hot climate and a large temperature dif-
ference between day and night; it is rich in geological fea-
tures, including deserts, Gobi, mountains, plains, and
oases; it is located at the transportation hub between China
and the west on the Silk Road and is one of the four major
cities of ancient India, Greece-Roman, Persia, and Han and
Tang dynasties. The intersection of civilizations is impacted
and influenced by multiple cultures. These factors contribute
to the exotic high purity and strong contrast of the colors of
the Qiuci frescoes. In Buddhist culture, blue symbolizes the
light that drives away all darkness. The lapis lazuli, which
was introduced from Afghanistan through the Silk Road,
has a strong and pure color, is gorgeous and noble, and
can be divided into dark blue, purple blue, sky blue, green
blue, etc., which well interprets the theme of Buddhist com-
passion and peace and becomes a natural blue pigment. The
main raw material of Qiuci is much favored by Qiuci artists.
Green represents the vegetation and water that the Qiuci
people advocated. Islamic art came from the Silk Road,
and a large number of turquoise materials were also intro-
duced. Red symbolizes good luck and blessing, and the
Grand Canyon in Aksu region provides a lot of rich red pig-
ments for murals. White represents purity and holiness.
Black is a symbol of holiness, luck, and power. The blue-
green contrast, red-blue contrast, red-green contrast, and
other color contrast relationships in the murals make the
picture clear, gorgeous, and unified, and use the color lan-
guage to directly convey the spiritual connotation.

This paper combines digital technology to apply intelli-
gent digital image processing technology to the color
research of Qiuci murals, constructs an intelligent system,
and provides a theoretical reference for the color research
of Qiuci murals and its extended application.

2. Related Work

Murals are the combination of “wall” and “painting.” As the
name suggests, it is a paintingmade on the wall through paint-
ing and craftsmanship. In general, murals originally refer to
flat static paintings, which have the functions of narrative,
publicity, education, and decoration. However, with the devel-
opment of the times, people’s dependence on modern new
media art has gradually increased, and the expression form
of traditional mural art is obviously not enough to attract the
sensory needs of modern people [1]. Therefore, traditional
mural art is facing a situation that needs to be “updated and
upgraded.” Openness is the main feature of digital mural art,
which means that in the creation of murals, its own creative

process, cultural concepts, aesthetic activities, and values are
open [2]. The second is diversity, which is mainly reflected
in the diversity of production methods, media methods, and
artistic styles [3]. Among them, the medium of murals is no
longer just a two-dimensional plane that can be painted on
the wall but can be presented on a certain surface through
three-dimensional and projection technology. In terms of
artistic style, different historical periods, regional cultures,
materials and craftsmanship, and diverse space requirements
make modern mural art present diverse styles [4]. Compared
with traditional murals, the concept of murals today may be
gradually transformed from static two-dimensional plane
paintings to three-dimensional, dynamic, and interactive
forms of expression [5]. After being combined with modern
digital technology, it can not only break through people’s
visual senses but also strengthen the promotion of traditional
culture and make it easier for us to update and maintain it
[6]. With the development of society and people’s higher
demand for spiritual life, more rich and interesting mural art
forms will be born [7].

The mural art under the digital background is a relation-
ship of inheritance and development to the traditional form
of murals, and the two are inseparable [8]. The mural art
under the digital background also involves many aspects of
traditional aesthetic thought [9]. In traditional art, murals
pay special attention to the expression of art forms, and
the beauty of nature is not simply a sensory experience for
the author, but more importantly, the existence of order
[10]. On the basis of absorbing the essence of traditional aes-
thetics, modern mural art brings people a brand-new visual
beauty with its unique visual form [11]. With the rapid
advancement of science and technology, new media art is
quietly changing people’s thinking and way of life. Artists
integrate the spirituality and beauty of art into modern
murals to create modern murals with the characteristics of
the times, which promotes the harmonious and unified
development of technology and art [12]. In the creation
and implementation of modern mural art, the relationship
between time and space can be handled very freely. This
form of artistic expression is created, communicated, and
appreciated through imagination, with hazy images and spe-
cific external objects and scenery. Second, there is the differ-
ence in performance methods [13]. In literature [14],
“Science can make people fall in love with what suits their
temperament according to their own preferences, especially
to study what is most consistent with his spirit.” Humans
have changed from simply imitating traditional media to
using computers and in computers create or automatically
generate to achieve the desired artistic effect. The popularity
of computers and their simple operability makes the use of
computers no longer unfamiliar to artists and gradually
turns computers into the most basic tools and media in artis-
tic creation. Art is creation, a community of imagination and
emotion. Although it is necessary for authors and viewers to
be active, creation requires the support of media to be real-
ized. Without this logic, artistic creation and appreciation
cannot be guaranteed [15]. In the process of art creation, it
is not difficult to find that new technologies have contributed
to the change of media, and the relationship between media

2 Wireless Communications and Mobile Computing



and artistic expression has become the most common prob-
lem in art research [16]. Although digital new media art and
traditional art are strongly related, it is obvious that they are
based on their own creative interface and existing space. If
traditional mural art is the embodiment of nature, it is an
artistic creation that combines traditional culture and is
based on manual skills and presented in the form of physical
objects, and then, modern murals use advanced digital tech-
nology and software graphics processing tools and other
advanced tools. The technique of fresco creation is essen-
tially different from the traditional fresco technique only in
the difference of the medium and tools of expression [17].

Today, the rapid development of digital media has
brought new prospects and development directions to tradi-
tional mural art. Among the ancient Chinese religious sites
that have been preserved so far, the temple murals in Shanxi
are second to none. However, nowadays, the prospect of tra-
ditional temple murals in Shanxi is very worrying. Due to
the different economic conditions, technical strength, and
importance of cultural relics in different places, the local cul-
tural relic protection departments are overwhelmed and
neglected in management and development [18]. The top
priority is not only to protect most of the ancient murals
but also to better carry forward and inherit. Nowadays,
murals are no longer a simple cultural carrier and will grad-
ually become a new type of communication medium with
the changes of the times [19].

3. Intelligent Digital Image
Processing Technology

From the perspective of digitization of the color mural pixels
of the murals, the research is carried out from a microscopic
perspective. In fresco color, we consider a three-energy Λ
-type fresco pixel with two simplicial ground states jg+i1
and jg−i1 and excited state jei1, and a three-energy V-type
fresco pixel with two simplicial excited states je+i2 and
je−i2 and ground state jgi2. Both of these mural pixels are
captured in a dual-mode cavity, as shown in Figure 1.

Under the dipole approximation and the rotating wave
approximation, the Hamiltonian of the system is ðℏ = 1Þ.

H2 =H0 +H1,

H0 =〠
j=±

ω1σ
z
1,j + ω2σ

z
2,j + ωja

†
j aj

� �
: ð1Þ

H1 =〠
j=±

g1ajσ
+
1,j + g2ajσ

+
2,j

� �
+H:c: ð2Þ

where H:c: represents the Hermitian conjugate, H0 rep-
resents the free energy of the cavity mode and the mural
pixel, and H1 describes the interaction between the mural
pixel and the cavity mode. a†j and aj are the production
and annihilation operators for photons of frequency ωj,
respectively. Polarization “+” and “-” represent left-handed
and right-handed polarizations, respectively. Among them,
the fresco pixel operators are defined as σz1,j = ðjei11jej −

jgji11hgjjÞ/2, σz2,j = ðjeji22hejj − jgi22hgjÞ/2, σ+1,j = jei11hgjj
and σ+2,j = jeji22hgj, where ω1 and ω2 are the resonant fre-
quencies of transitions jei1 ⟶ jgji1 and jeji2 ⟶ jgi2,
respectively, and g1 and g2 are variable coupling constants.
Here, we assume that the left-handed and right-handed
polarized cavity modes have the same frequency ω, and the
mural pixel and the cavity mode are resonantly interacting,
that is, ω± = ω1 = ω2 = ω.

In the interaction picture, the Hamiltonian of the system
is [20]

H3 =〠
j=±

g1ajσ
+
1,j + g2ajσ

+
2,j

� �
+H:c: ð3Þ

First, we describe the generation process of the
entangled state 1/

ffiffiffi
2

p ðjg+i1je+i2 + jg−i1je−i2Þ between two
mural pixels in the above system. Initially, the cavity field
is in a vacuum state, the mural pixel 1 is in the excited
state jei1, and the mural pixel 2 is in the ground state
jgi2. Since the spontaneous emission mural pixel point 1
radiates a photon, this photon may be a left-handed polar-
ized photon “+n” or a right-handed polarized photon “-”.
Moreover, after the photons are radiated, the state of the
mural pixel becomes jg+i1 or jg−i1 correspondingly. The
radiated photons may be absorbed by the mural pixel 2.
After absorbing this photon, the state of the mural pixel
2 may be je+i2 or je−i2. It is through this process that
the corrected state 1/

ffiffiffi
2

p ðjg+i1je+i2 + jg−i1je−i2Þ of the
two mural pixels is generated.

The state of the whole system is related to a subspace
with only one excitation number, and the basis vector of this
subspace is

1j i = ej i1 gj i2 0j i, 2j i = g+j i1 gj i2 1+j i, 3j i = g−j i1 gj i2 1−j i,
4j i = g+j i1 e+j i2 0j i, 5j i = g−j i1 e−j i2 0j i,

ð4Þ

where j0i represents the vacuum state of the cavity field
and j1+i and j1−i represent the states of photons with a left-
handed polarization in the cavity and a right-handed polar-
ization in the cavity, respectively. The state vector of the

+ –
–+

|e⟩1 |e+⟩2 |e–⟩2

|g⟩2|g+⟩1 |g–⟩1

Figure 1: Schematic illustration of a three-level Λ-type mural pixel
and a three-level V-type mural pixel trapped in a dual-mode cavity.
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system can be expanded by the basis vector above as

Ψ tð Þj i = 〠
5

k=1
Ck tð Þ kj i, ð5Þ

where CkðtÞðk = 1 − 5Þ is the probability amplitude of
state jki. Using the basis vectors in equation (4), the Hamil-
tonian of the system can be written in the form of a matrix.
The state corresponding to the zero eigenvalue of the Ham-
iltonian of the system can be obtained by calculation. Gener-
ally, we call such a state a dark state, and its specific form is

D1 tð Þj i = 1ffiffiffi
2

p sin θ g+j i1 e+j i2 + g−j i1 e−j i2ð Þ 0j i − cos θ ej i1 gj i2 0j i:

ð6Þ

Among them, there are

sin θ =
ffiffiffi
2

p
g1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2g2
1 + g2

2
p ,

cos θ = g2ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2g21 + g22

p :

ð7Þ

At the initial moment, we choose g2 ≫ g1; then, there is
cos θ = 1. Then, the state of the whole system is jD1ð0Þi =
jei1jgi2j0i at this time.

lim
t⟶−∞

g1 tð Þ
g2 tð Þ = 0,

lim
t⟶+∞

g2 tð Þ
g1 tð Þ = 0:

ð8Þ

If we define the pulse sequence above, we can adiabati-
cally transfer the entire system from the initial state jD1ð0Þ
i to the following state:

D1 T1ð Þj i = 1ffiffiffi
2

p g+j i1 e+j i2 + g−j i1 e−j i2ð Þ 0j i, ð9Þ

where T1 is the time required to complete this adiabatic
evolution, and we will show how to estimate this time T1
later. After the above operations, the two mural pixels 1
and 2 are prepared in a maximum entangled state of the
two mural pixels, and the cavity field remains in its vacuum
state j0i. In order to preserve the entangled state we
obtained, we can transfer the mural pixel point to its meta-
stable state in time. To accomplish this operation, we apply
a π-polarized light to transitions je±i2 and hg±2

to transfer
the entangled state of the two mural pixels obtained above
to a more stable entangled state: ψ12 = 1/

ffiffiffi
2

p ðjg+i1jg+i2 +
jg−i1jg−i2Þ. After the interaction is over, we can do a joint
Bell state measurement to demonstrate the entanglement
between mural pixels 1 and 2.

Next, we introduce how to get the pulse sequence we
need by choosing the number of properly. As shown in

Figure 2, the cavity field is initially in a vacuum state, the
Λ-shaped mural pixel point 1 enters the cavity from the y
= 0 plane along the z = 0 line at a speed v, and the V
-shaped mural pixel 2 enters the cavity field along the z =
z0 line from the y = 0 plane at a speed v in the opposite
direction of the motion of the mural pixel 1. The time-
dependent Rabi frequency is

g1 tð Þ = g10 exp − vtð Þ2/W2
c

� �
,

g2 tð Þ = g20 exp −v2 t + τð Þ2/W2
c

� �
cos 2πz0

λ

� �
:

ð10Þ

Here, we define the moment when the mural pixel 1
moves to the center of the cavity x = 0 as the origin of time
t = 0. The initial x-coordinates of the two mural pixels are
x1 and x2, respectively. g10 and g20 are the maximum values
of g1ðtÞ and g2ðtÞ, respectively, and the parameter Wc is the
waist of the cavity.

Figure 3(a) scii frequency of the cavity mode with time,
and Figure 3(b) shows the variation curve of the population
with time. The pulse parameters are chosen as z0 = 0, g10 =
g20 = 25Γ, τ = 1:25Γ−1, andWc = 10Γ−1, wavelength is λ =
852:36 nm and v = 20m/s, and the spontaneous emission
decay rate of mural pixels is Γ/2π = 5MHz. It can be clearly
seen from the figure that all the populations are transferred
from the initial state j1i = jei1jgi2j0i to the entangled state
jD1ðT1Þi = 1/

ffiffiffi
2

p ðjg+i1je+i2 + jg−i1je−i2Þj0i of the mural
pixels. After applying the transfer pulse from the mural
pixels to the metastable state, all the populations will be
transferred to the stable maximum correction state of the
two mural pixels 1/

ffiffiffi
2

p ðjg+i1jg+i2 + jg−i1jg−i2Þ. This shows

z

x
Atom 2

Atom 1

+ A n

+ A n

Z0

x1

x2

Figure 2: Schematic diagram of the motion trajectory of the pixel
points in the intracavity mural.
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that we obtain the maximum rectification state of the two
mural pixels from the initial state of the mural pixels by
the adiabatic evolution method.

Next, we introduce how to generate the W state of N
mural pixels. We assume that there are N + 1 mural pixels,
one of which is a three-level Λ-type mural pixel, and the
remaining N are three-level V-type mural pixels. The
mural pixel system we describe here is the same as the
previous mural pixel energy level in the two-mural pixel
maximum entangled state scheme. We mark the Λ
-shaped mural pixel as the N + 1-th mural pixel. Among
them, the two degenerate ground states are jg+iN+1 and

jg−iN+1, and their excited states are jeiN+1, while the two
degenerate excited states of the NV-shaped mural pixels
are je+ij and je−ij, their ground states are jgij, and ðj =
1, 2⋯,NÞ. The N + 1 mural pixels are also captured in a
dual-mode cavity. We assume that the ðN + 1Þ mural
pixels experience the same field and that two adjacent
mural pixels are far enough apart that the dipole-dipole
interaction between them is negligible.

In the above figure, the selection of pulse parameters is
z0 = 0, g10 = g20 = 25Γ, τ = 1:25Γ−1, andWc = 10Γ−1, wave-
length is λ = 852:36 nm and v = 20m/s, and the spontaneous
emission decay rate of mural pixels is Γ/2π = 5MHz.
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Figure 3: (a) Rabi frequency of cavity mode versus time. (b) Population evolution over time.
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Figure 4: (a) The Rabi frequency of the cavity mode varies with time, where the selection of the pulse parameters is the same as that in
Figure 3(a). (b) The evolution of the population with time when N = 4.
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We assume that the frequencies of the two cavity modes
are the same and that they both interact with the atomic res-
onance. In the interaction picture, under the dipole approx-
imation and the rotational wave approximation, the
Hamiltonian of the system of the mural pixel point and
the cavity field is

H4 =〠
j=±

Ω1ajσ
+
N+1,j +Ω2aj 〠

N

k=1
σ+
k,j

 !
+H:c: ð11Þ

Here, we assume that all NV-shaped mural pixels have

the same coupling constant Ω2, and the coupling constant
of the ðN + 1Þ-th mural pixel is Ω1. In order to understand
this scheme more clearly, let us first introduce the formation
process of entanglement. We assume that the initial state of
the system is jeiN+1jgi1jgi2 ⋯ jgiN j0i0, and the ðN + 1Þ-th
mural pixel that is initially in the excited state will radiate
a photon with a polarization mode of “+” or “-”, and the
state of the mural pixel after radiation change to jg+iN+1
or jg−iN+1. The radiated photon may be absorbed by the
remaining NV-shaped mural pixels. Since the N mural
pixels are exactly the same, their probability of absorbing
the radiated photons is also exactly the same. This is also
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Figure 5: (a) Schematic diagram of the interaction between the Λ-shaped mural pixels and cavity modes in 133Cs and (b) schematic diagram
of the interaction between V-shaped mural pixels and cavity modes in 133Cs.
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the essential reason why the W state of N mural pixels can
be generated in this system. Once the jðj = 1, 2⋯NÞ-th
mural pixel absorbs the radiated photon, it will be excited
to the je+ij or je−ij•N mural pixel W state. This is how it
is generated.

The state of the whole system belongs to a subspace with
only one excitation number, and the basis vector of this sub-
space is

1j i = ej iN+1 gj i1 gj i2 ⋯ gj iN 0j i,
2j i = g+j iN+1 gj i1 gj i2 ⋯ gj iN 1+j i,
3j i = g−j iN+1 gj i1 gj i2 ⋯ gj iN 1−j i,

4j i = g+j iN+1 W+j iN 0j i,
5j i = g−j iN+1 W−j iN 0j i:

ð12Þ

Among them, there are

W±j iN = 1ffiffiffiffi
N

p e±j i1 gj i2 ⋯ gj iN + gj i1 e±j i2 ⋯ gj iN+⋯+ gj i1 gj i2 ⋯ e±j iNð Þ,

ð13Þ

where jW±iN is the entangled state of N mural pixels,
that is, the W state of N mural pixels, which means that
one of the N mural pixels is in je±ij, and the rest of the mural
pixels are in the ground state. Using this basis vector, the
state vector at any time t can be expanded as

Φ tð Þj i = 〠
5

k=1
Ck′ tð Þ kj i, ð14Þ

where Ck′ðtÞðk = 1 − 5Þ is the expansion coefficient of the
state jki. Using the above basis vectors, the Hamiltonian of
the system can be written in the form of a matrix, and the
calculation finds that the system has a state with zero eigen-
values, that is, a dark state. The dark state has the form

D2 tð Þj i = 1ffiffiffi
2

p sin ϕ g+j iN+1 W+j iN + g−j iN+1 W−j iNð Þ 0j i

− cos ϕ ej iN+1 gj i1 gj i2 ⋯ gj iN 0j i:
ð15Þ

Among them, there are

sin ϕ =
ffiffiffi
2

p
Ω1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2Ω2
1 +NΩ2

2

q ,

cos ϕ =
ffiffiffiffi
N

p
Ω2ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2Ω2
1 +NΩ2

2

q :

ð16Þ

At the initial moment, we choose Ω2 ≫Ω1 and then
cos ϕ = 1. At this time, the system is in the dark state jD2ð0
Þi = jeiN+1jgi1jgi2 ⋯ jgiN j0i. The following pulse train is

selected.

lim
t⟶−∞

Ω1 tð Þ
Ω2 tð Þ = 0,

lim
t⟶+∞

Ω2 tð Þ
Ω1 tð Þ = 0:

ð17Þ

The initial state jD2ð0Þi of the system evolves adiabati-
cally to the following states:

D2 T2ð Þj i = 1ffiffiffi
2

p g+j iN+1 W+j iN + g−j iN+1 W−j iNð Þ 0j i, ð18Þ

where T2 is the time required to complete this adiabatic
evolution, and we will give its calculation in the following
sections. Then, we probe the state of the mural pixel N + 1.
If it is detected to be in state jg+iN+1, then the state of the
remaining N mural pixels is reduced to the following state:

W+j iN = 1ffiffiffiffi
N

p e+j i1 gj i2 ⋯ gj iN + gj i1 e+j i2 ⋯ gj iN+⋯+ gj i1 gj i2 ⋯ e+j iNð Þ:

ð19Þ

If the N + 1-th mural pixel is detected to be in state
jg−iN+1, the states of the remaining NV-shaped mural pixels
collapse to the following state:

W−j iN = 1ffiffiffiffi
N

p e−j i1 gj i2 ⋯ gj iN + gj i1 e−j i2 ⋯ gj iN+⋯+ gj i1 gj i2 ⋯ e−j iNð Þ:

ð20Þ

Start

End

Enter the image to be fixed

Anisotropic diffusion-anoising filtering is used

Image edge information is obtained using the
morphological expansion

Similarity samples are selected as training samples
until all edge pixels are processed

The image is fixed according to the repair
function

Figure 7: The color restoration process of Qiuci murals based on
intelligent digital image processing technology.
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It can be seen from this that we can obtain theW state of
N mural pixels through the above operation. The probability
of obtaining the state jW+iN or jW−iN is 1/2; that is, no
matter the detection result of the N + 1-th mural pixel point
we get is jg+iN+1 or jg−iN+1, we can obtain an N mural pixel
point W state. It is just that the specific form of the obtained
W state depends on the detection result of the ðN + 1Þ-th
mural pixel. The choices of Ω1ðtÞ and Ω2ðtÞ are similar to
those in the previous maximum entangled states of the two
mural pixels.

Ω1 tð Þ = g10 exp − vtð Þ2/W2
c

� �
,

Ω2 tð Þ = g20 exp −v2 t + τð Þ2/W2
c

� �
cos 2πz0

λ

� �
:

ð21Þ

Figure 4(a) shows the variation curve of the coupling
constant of the cavity mode with time, where the pulse
parameters are the same as those in Figure 3(a).

Figure 4(b) shows the variation curve of population with
time when N = 4. It can be clearly seen from the figure that
all the populations are completely transferred from the ini-
tial state to jD2ðT2Þi = 1/

ffiffiffi
2

p ðjg+iN+1jW+iN + jg−iN+1
jW−iNÞj0i. After state detection for atom N + 1, we will get
the W state of N fresco pixels.

Finally, we analyze the experimental feasibility of this
scheme. The cavity field is always in the vacuum state no
matter in the two-wall mural pixel entanglement state or in
the N-atomW state generation scheme. Therefore, the effect
of decoherence caused by the attenuation of the cavity field
can be ignored. We only need to consider the effect of spon-
taneous emission of mural pixels. Optical cavities in the
wavelength range of 630-850 nm have been experimentally
realized, and the coupling constant of mural pixel cavity in
this optical cavity can reach the maximum 2π × 750MHz.
The interaction time between the mural pixels and the cavity
field is about t = T1 = T2 ≈Wc/v = 15ns. It can be seen from
this that the generation time of the W state of the N atom
has nothing to do with the number of mural pixels N we

(a) Original image (b) Image with noise removed

(c) Image after restoration

Figure 8: Color restoration example image.
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choose; that is, the time to complete the scheme will not
increase when we increase the number of mural pixels N ,
which can be used to achieve scalable N fresco pixel W
states.

We choose cesium atom 133Cs, whether it is a Λ-shaped
mural pixel or a V-shaped mural pixel; it can be obtained by
selecting the initial state of the mural pixel, as shown in
Figure 5. We assume that the cavity-soil coupling levels are
62S1/2, F = 4 and 62P3/2, F = 5. If the mural pixel is initially
prepared at the fine energy level 62P3/2, F = 5,m = 0, the
effect of the mural pixel and the cavity mode is the interac-
tion of a Λ-type mural pixel and the cavity mode, as shown
in Figure 5(a). If the mural pixel is initially prepared in state
62S1/2, F = 4,m = 0, the effect of the mural pixel and the cav-
ity field is a V-shaped interaction between the mural pixel
and the cavity mode, as shown in Figure 5(b).

The typical fresco pixel radiation time of the excited state
of our chosen fresco pixel is tr = 30 ns. Therefore, the time
required for our entangled state generation scheme is less
than the decay time of spontaneous emission of mural
pixels. In the interaction process, the cavity field is tuned
to the resonance wavelength of the mural pixel at
852.36 nm, so the cavity decrement time is tc = 0:6 × 10−6s
≫ t. Comparing these two characteristic times, we can get
the time range for completing our entangled state generation
scheme: t < tr . When the adiabatic condition is satisfied, the
interaction time can be within an allowable range without
precise control. Therefore, our scheme is experimentally
feasible.

In addition, we analyze the completion efficiency of our
entangled state generation scheme. We mainly take the gen-
eration process of the entangled state of two mural pixels as
an example to illustrate. No matter in the two-mural pixel

Table 1: Effect evaluation of the color research system of Qiuci
murals based on intelligent digital image processing technology.

Num System assessment

1 70.99

2 72.67

3 67.31

4 67.46

5 68.18

6 67.86

7 76.55

8 72.72

9 76.04

10 66.00

11 76.26

12 80.79

13 73.44

14 76.71

15 69.00

16 69.95

17 68.16

18 71.69

19 79.41

20 68.92

21 74.04

22 67.49

23 65.74

24 68.10

25 69.46

26 77.59

27 67.92

28 74.66

29 72.90

30 76.12

31 65.90

32 68.50

33 78.17

34 71.67

35 80.59

36 75.22

37 71.22

38 77.24

39 65.41

40 79.09

41 79.43

42 78.35

43 76.18

44 74.95

45 74.34

46 71.26

47 64.23

48 68.81

Table 1: Continued.

Num System assessment

49 66.22

50 66.58

51 75.22

52 64.43

53 71.10

54 69.81

55 75.79

56 78.16

57 74.86

58 75.86

59 69.42

60 78.43

61 77.70

62 66.32

63 78.27

64 75.70

65 68.61

66 66.04
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point entanglement scheme or in the N mural pixel pointW
state generation scheme, a photon initially radiated from the
Λmural pixel point in the excited state plays a crucial role in
the formation of the entanglement. It has been pointed out
in the literature that an unpolarized photon source can be
replaced by the radiation of two fresco pixels prepared by a
laser pulse in their corresponding excited states. Moreover,
the radiation process of cesium mural pixels trapped in opti-
cal cavities has been used as a single-photon source to gener-
ate the polarized photons we need. Since the spontaneous
emission of mural pixels is random and cannot be directly
controlled, we can use a method similar to that in the litera-
ture to improve our chances of obtaining radiated photons
in the cavity by repeating the radiation process.

The specific method is as follows: the first mural pixel
is irradiated with a beam of π-polarized laser pulse, and
the laser is coupled to the initial state 62S1/2, F = 4,m = 0
of the mural pixel, and the mural pixel is set to its excited
state 62P3/2, F = 5,m = 0. The mural pixels in the excited
state will emit photons, and we assume that only the pho-
tons along the axis are collected, and the π-polarized radi-
ation photons are not collected. In this way, only photons
decaying to the point state 62S1/2, F = 4,m = ±1 of the
mural pixel are observed. Since these spontaneous emis-
sion processes are the same in all other degrees of freedom
except the polarization direction, we can assume that the
coupling constants of the cavity mold soil and the transi-
tion of the same mural pixel point are equal. Since the
observed probability of a photon with a certain polariza-
tion is less than 1, the entire radiation process needs to
be repeated to increase the probability of obtaining a pho-
ton with a certain polarization.

Once a photon of a certain polarization is observed, our
entire entangled state generation process may be completed.

4. Research and Application of Color of Qiuci
Murals Based on Intelligent Digital Image
Processing Technology

After the algorithm processing in the third part, the larger
cracks in the murals of Qiuci can be accurately extracted.
However, some finer cracks are not effective in the early
detection, and the cracks cannot be completely extracted.
In this way, the unextracted crack area will affect the effect
of the subsequent rock art restoration, resulting in a certain
restoration error. Therefore, in this paper, the expansion
operation is performed for particularly small cracks, and
the extraction area of the crack is correspondingly increased,
which reduces the bad influence on the subsequent repair
due to incomplete crack extraction. After the above intro-
duction, the implementation process of this algorithm is
shown in Figure 6.

The color restoration process of Qiuci murals based on
intelligent digital image processing technology proposed in
this paper is shown in Figure 7.

On the basis of the above research, the effect of the color
restoration method of Qiuci murals based on intelligent dig-
ital image processing technology proposed in this paper is

verified. In this paper, two groups of experiments are used
to verify the color restoration method of Qiuci murals based
on intelligent digital image processing technology. First, the
color restoration effect of the method proposed in this paper
is verified, as shown in Figure 8.

On the basis of the above research, the effect evaluation
of the Qiuci mural color research system based on intelligent
digital image processing technology is carried out, and the
statistical evaluation results are shown in Table 1.

From the above research, it can be seen that the color
research system of Qiuci murals based on intelligent digital
image processing technology proposed in this paper has
good effects and can play an important role in the digital
protection and digital restoration of art.

5. Conclusion

The purpose of image restoration is to restore the original
image, use the damaged image as information, repair and
supplement the damaged image according to a certain rule,
and remove the redundant objects in the image. The virtual
repair method is used for the image to be repaired to achieve
the purpose of restoration or modification, which can be
used for the removal of characters, characters or obstacles,
the filling or completion of image information, and the
masking of some part of the image information. After years
of in-depth research by researchers, the development of this
technology has gradually matured. This paper combines dig-
ital technology to apply intelligent digital image processing
technology to the color research of Qiuci murals and builds
an intelligent system. The research results show that the
color research system of Qiuci murals based on intelligent
digital image processing technology proposed in this paper
has good effects and can play an important role in digital
art protection and digital restoration.
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