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Ancient Chinese murals have a splendid history in ancient times, experiencing thousands of years and
countless dynasties. There have been artistic classics such as Dunhuang murals that are still
applauded, and the murals of Goguryeo in Ji'an are also impressive. Through systematically combing
and analyzing the lotus pattern in the Goguryeo murals in Ji'an, this paper reveals the artistic
expression, style changes, and cultural factors behind the lotus pattern in different historical periods.
It is found that the lotus pattern in the Goguryeo period not only showed an evolution trend from
simplicity to complexity and from realism to abstraction in form but also reflected the profound
transformation from nature worship to Buddhist belief to royal power symbolism in meaning.
However, due to the age of the murals and the interference of natural climate and artificial damage,
most of the murals have been damaged, falling off, cracks, and other pathological problems, which
need to be protected urgently. Therefore, the combination of mural restoration and computer
technology, the use of digital technology, vision and pattern recognition technology, the restoration of
mural images for automated pattern recognition and analysis of mural paintings to assist in virtual
restoration, not only for artificial restoration to provide an important and practical significance of the
value of the reference, but also after the restoration of the mural paintings for the digitization of long-
term preservation.
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INTRODUCTION

In ancient times, Goguryeo, an essential country in Northeast China, has always been a hot spot in academic
research for its unique cultural and artistic heritage (Guo et al., 2024). Among them, as one of the political,
economic, and cultural centres of Goguryeo, the Ji'an area has preserved a large number of precious tomb murals,
which not only vividly record the daily life, religious beliefs, and aesthetic tastes of the Goguryeo people (Lee &
Chung, 2023), but also are essential material materials for the study of Goguryeo and ancient cultural exchanges
in East Asia. Among the many mural themes, the lotus pattern has attracted the attention of many scholars with
its unique artistic charm and far-reaching cultural connotation (Fang et al., 2024 & X. Sun, 2023).

The lotus flower has a crucial symbolic meaning in Goguryeo culture; it symbolises cleanlin (Gu et al., 2022).
In the Goguryeo murals in Ji'an, lotus patterns appear in various forms, from simple pattern decorations to
complex scene depictions, showing Goguryeo artists' in-depth exploration and artistic expression of the lotus
theme (Gomoiu et al., 2022). With time, these lotus patterns have undergone significant changes in form and
connotation, reflecting the evolution of Goguryeo society and culture, foreign culture's influence, and local
culture's innovation. Although there have been extensive studies on Goguryeo murals, systematic research still
needs to be done on the artistic expression and evolution of lotus patterns in the Ji'an area. At the same time,
many murals have been damaged because of age, and the relevant personnel used modern science and technology
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to combine traditional techniques to reproduce the complete murals (Furtado & Payne, 2023).

Therefore, this paper attempts to explore the artistic expression, style evolution and cultural significance
behind the lotus pattern in the Goguryeo murals in Ji'an through a detailed analysis and to deeply study the
research status of image restoration at home and abroad. It aims to reveal the artistic characteristics and changes
of the times of the Goguryeo lotus pattern and then profoundly understand the exchange and development of
Goguryeo and even the ancient culture of East Asia.

LITERATURE REVIEW

Artistic Expression of the Lotus Pattern in the Murals of Goguryeo in Ji'an

Form and Style

As an essential birthplace of Goguryeo culture, the mural art of the Ji'an region not only shows the daily life,
religious beliefs, and social systems of the Goguryeo people but also integrates rich natural and symbolic elements,
among which the lotus pattern is one of its prominent representatives. Among the 20 Goguryeo mural tombs in
Ji'anji, 16 have painted lotus patterns. In some tombs, the main body of the mural is decorated with a painted
lotus pattern. These lotus patterns reflect the worship of Buddhism by the Goguryeo people and play a solid
decorative role in the real life of the Goguryeo people (Chen et al., 2021). The painters of Goguryeo captured the
lotus form in real life through concise brushstrokes, outlined into an image pattern, skilful, simple, and vivid, with
the unique artistic style of the Goguryeo nation, it is a precious material for studying the history of the ancient
Goguryeo nation in China (Li, 2022).

The lotus pattern in the Goguryeo murals in Ji'an has a variety of forms, ranging from simple lines to complex
and detailed depictions (Macchia et al., 2021). Most of these patterns are open or semi-open, and the lotus petals
are layered, either lightly rolled or elegantly unfolded, reflecting the Goguryeo artists' profound observation of
natural beauty and superb artistic expression. The stems of the lotus flowers are usually erect or slightly curved
(Himmi & Elalamy, 2023). In contrast, the lotus leaves are presented in their characteristic floating form,
sometimes in the same frame as the lotus flowers and sometimes in an independent scene, adding to the dynamic
beauty and layering of the picture (Jie & Chaetnalao, 2023).

In terms of composition, the lotus pattern often does not exist in isolation. Still, together with other elements
such as water birds, clouds, fish, and insects, it forms a harmonious and vibrant scene (Fang et al., 2023). This
composition not only shows the beauty of the lotus flower itself but also conveys the Goguryeo people's philosophy
of harmonious coexistence and nature worship through the interaction of the lotus flower with other elements.
This artistic expression of the lotus pattern is undoubtedly deeply rooted in the cultural soil of Goguryeo,
reflecting its unique aesthetic orientation and cultural connotation.

From the perspective of artistic style, the Goguryeo murals in Ji'an show a characteristic that is both classical
and vivid. Its lines are smooth and elastic, and the colours are primarily natural and pastel, which not only retains
the natural texture of the lotus but also gives it a richer emotional and symbolic meaning. In addition, with time,
the lotus pattern also showed an inevitable trend of evolution in form and composition, which reflected the
development of technology and aesthetic concepts and the artistic integration and innovation under the influence
of foreign culture, as shown in Figure 1.
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Figure 1. The Main Composition of the Goguryeo Murals in Ji'An

Colors and Techniques

The lotus pattern in the Goguryeo murals in Ji'an is diverse and expressive. The artists carefully selected
colours to achieve a harmonious, vivid visual effect. The primary colours include soft natural tones such as light
green, light blue, pink, and white, which faithfully reflect the natural colour of the lotus and give the picture a
fresh and refined beauty. It is worth noting that the use of colour often considers the effect of light and shadow.
The three-dimensional sense and dynamic beauty of the lotus pattern are enhanced through contrast and gradient
techniques (Liang et al., 2022).

In terms of technique, the Goguryeo murals in Ji'an show the superb skills of Goguryeo artists. They use line
outlining, colour filling, chiaroscuro, and other techniques to express the details and texture of the lotus flower
delicately (Lin et al., 2022 ; Moretti et al., 2024). Among them, line sketching is the basis for the lotus pattern,
and the artists use smooth and powerful lines to show the outline and structure of the lotus according to the
different growth states of the lotus (Riegl, 2020; Zou & Yeo, 2024). The colour filling further enriches the layers
and emotions of the picture, and the artists make the lotus pattern both natural and artistic through the clever
combination of colour shades, cold and warm. In addition, the use of chiaroscuro, especially in expressing the
layers of lotus petals and the texture of lotus leaves, shows the delicate grasp of light and shadow effects in
Goguryeo murals (Mezzadri, 2021; Himmi & Elalamy, 2023).

With time, the colour and technique of the lotus pattern in the Goguryeo murals in Ji'an also showed an
inevitable evolution trend. From the early simple lines and single colours, it gradually developed into complex
compositions and rich colours in the later period. This change not only reflects the development of Goguryeo's
social culture and the influence of foreign culture but also reflects the innovation and progress of artists in
technology and aesthetic concepts (X. Sun, 2023).

Cultural Symbolism and Connotation

The lotus flower symbolizes purity, beauty, rejuvenation, and eternity in many cultures (Vettraino et al.,
2023). The widespread use of lotus patterns in the Goguryeo murals in Ji'an reflects the Goguryeo society's
admiration for these values. The lotus flower can grow in the mud without staining, symbolizing noble character
and the spirit of defying difficulties. At the same time, the life cycle of the lotus flower, from seed to bloom to fruit,
symbolizes the cycle and rebirth of life, reflecting the Goguryeo people's deep understanding of life and the laws of
nature (Lee & Han, 2023)..

The appearance of the lotus pattern in the murals of the Goguryeo in Ji'an is also closely related to the
religious beliefs of the time. After Buddhism was introduced to Goguryeo around the 4th century AD, it
profoundly impacted Goguryeo's culture and art (Xu et al., 2024). As an important Buddhist symbol, the lotus
flower represents purity, holiness, and enlightenment. In murals, lotus flowers are often used to decorate Buddha
statues, symbolizing the purity of the Dharma and the light of wisdom. This religiously coloured lotus pattern not
only shows the belief and respect of the Goguryeo people for Buddhism but also reflects the integration of
Buddhist culture and local culture.
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The artistic expression of the lotus pattern in the Goguryeo murals in Ji'an is also related to the philosophical
ideas and social values of the Goguryeo people. Growing the lotus flower, struggling out of the soil and finally
blooming is seen as a symbol of perseverance and self-purification. This aligns with the Taoist philosophy of
conforming to nature and being quiet in the heart. At the same time, this characteristic of the lotus flower was also
used by Goguryeo society to symbolize the virtue of a gentleman, that is, to maintain personal purity and nobility
in a complex social environment (Rivaroli et al., 2021).

Evolution Process and Influencing Factors of Goguryeo Murals

Evolution of Time Series

By observing and comparing lotus patterns in murals in different periods, we can understand more deeply the
cultural changes in Goguryeo society and the influence of foreign cultures. In the early stage of Goguryeo murals,
the lotus pattern was simple, mainly outlined by lines, and the colour was straightforward. The lotus patterns of
this period were primarily used to represent religious scenes or as decorative elements, and their expressions were
relatively direct, reflecting the intuitive feelings and expressions of natural beauty by Goguryeo artists. Although
simple, the lotus motifs in these early works already reflect the importance of the lotus flower in Goguryeo culture
(Tang et al., 2020). With time, especially in the gradual penetration of Buddhist culture into Goguryeo society, the
representation of lotus patterns in Goguryeo murals in Ji'an became more complex and rich. The lotus patterns of
this period were not only more diverse in form, such as the appearance of more open or semi-open lotus forms,
but also more refined in colour and technique. Artists began experimenting with different colour combinations
and shading to enhance the three-dimensionality and vividness of the lotus pattern. These changes reflected the
maturity of Goguryeo's mural art and the acceptance of Buddhist art aesthetics in Goguryeo society. In the late
Goguryeo period, with the increasing exchanges with China and other surrounding cultures, the lotus patterns in
the Goguryeo murals in the Ji'an area showed more apparent characteristics of artistic integration. The lotus
patterns of this period not only continued to maintain the characteristics of diverse forms and rich colours but
became more complex and delicate in composition and expression. Artists pay more attention to the harmonious
symbiosis between the lotus flower and the surrounding environment, and the lotus pattern is often combined
with water birds, clouds, and other elements to form a poetic artistic conception. In addition, the influence of
foreign cultures has also made the symbolic meaning of the lotus pattern more diverse, reflecting the
inclusiveness and innovation of Goguryeo culture in openness.

Influence of Foreign Cultures

With the development of history, especially cultural exchanges with China, India and Central Asia, the lotus
patterns in Goguryeo murals show obvious external cultural influences, reflected in the shape, colour, imagery
and expression of the lotus patterns.

In the early days, Goguryeo's contact with Han culture, especially the introduction of Buddhism from China
to Goguryeo, profoundly impacted the artistic expression of lotus patterns. In Chinese culture, the lotus flower
symbolizes purity and elegance, and Buddhism regards the lotus flower as a symbol of holiness. After these
cultural elements were introduced to Goguryeo through Buddhism, the lotus pattern began to carry richer
religious and philosophical meanings. In the Goguryeo murals in Ji'an, it can be observed that the lotus pattern
began to adopt more delicate lines and rich colours, as well as pay more attention to the combination of lotus
flowers and Buddhist figures or scenes, reflecting the influence of Chinese culture, especially Buddhist culture, on
Goguryeo mural art. Since Buddhism initially originated in India, the impact of Indian culture on the lotus motifs
in Goguryeo murals cannot be ignored. The lotus flower in Indian culture symbolizes divinity, life's creativity, and
the universe's order. These symbolic meanings spread to Goguryeo through Buddhism, and the lotus pattern
began to carry deeper cosmic and religious-philosophical connotations. In some murals, the lotus flower is a
decorative element and an important symbol to express the order of the universe and Buddhist philosophical
ideas.

With the prosperity of the Silk Road, cultural exchanges between Goguryeo and Central Asia and further
afield became increasingly frequent. This cross-cultural exchange allowed the lotus motifs in Goguryeo murals to
absorb elements of the artistic styles of Central Asia and other regions. For example, the lotus motifs in some
murals tend to be more abstract and decorative, which may have been influenced by regional art styles such as
Persia. In addition, the introduction of foreign techniques and materials may also have contributed to the
diversification of the lotus pattern.

Innovation in Local Culture

As an essential tribe in the ancient Northeast region, Goguryeo initially believed in primitive totem worship.
In the Goguryeo murals of Ji'an, the lotus pattern may have been initially influenced by the local primitive totemic
beliefs, incorporating the worship and expression of the vital forces of nature. As a plant that grows in water, the
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lotus flower may be seen as a symbol of the continuation and prosperity of life, and this concept has influenced the
way the lotus pattern is expressed and given meaning in the murals. Goguryeo is located in Northeast Asia, and its
unique geographical environment and climatic conditions have also influenced the evolution of lotus patterns. In
the Goguryeo murals of Ji'an, the lotus pattern may have undergone morphological changes to adapt to the local
climate and natural environment characteristics. The lotus pattern may pay more attention to the growth state of
the lotus flower in a humid environment or reflect the influence of local seasonal changes on the lotus, and these
characteristics have become the local cultural factors in the evolution of the lotus pattern.

With the development and transformation of Goguryeo's social culture, the meaning of the lotus pattern
gradually evolved. In the early days, the lotus flower may have been seen more as a totemic symbol or a natural
element. Still, with the introduction of Buddhism and changes in the structure of society, the lotus flower began to
carry more religious and philosophical significance. In the Goguryeo murals of Ji'an, the evolution of the lotus
pattern reflects the transformation of Goguryeo's social and cultural concepts, and the lotus flower is not only a
decorative element but also an important symbol to express the order of the universe and spiritual pursuit.

METHODOLOGY

THE RESTORATION PROCESS OF LOTUS PATTERN IN GOGURYEO MURAL IN JI'AN BASED ON
COMPUTER ALGORITHM

Digital Scanning and Image Reconstruction

The mural images are converted into digitized high-resolution image data to scan the Goguryeo murals in
Ji'an digitally. Then, the image processing algorithm was used to reconstruct and repair the scanned image, fill in
the missing lotus pattern part and restore the damaged structure. This step involves reconstruction algorithms in
image processing and texture-filling techniques, which allow the missing lotus pattern to be restored through
analysis and processing of the image.

In the scanning and reconstruction of images, it is necessary to scan and analyze the abstract features of the
image to recover the detailed information of the picture and obtain the diversified feature information of different
scales by constructing a multi-scale decoder to effectively enhance the ability of mural image perception and
reconstruction, as shown in Figure 2.

Figure 2. Schematic Diagram of a Multiscale Decoder

After the structure-guided encoding subnetwork completes the encoding, the encoded feature map is input
into the decoding subnetwork. Design a texture-guided decoding sub-network consisting of a decoder, texture
guide, and directional attention module. To consider the directionality of the texture information, the OAM
direction attention module is designed to enhance the directional feature information of the texture feature map,
and finally, under the prior information and guidance of the texture direction feature, the texture direction feature
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and the decoded feature are fused layer by layer, so that the texture feature is transmitted between the layers. The
correlation between the mural and texture features under different levels is used. To improve the ability of the
decoder to generate texture detail information, the schematic diagram of texture-guided decoding is shown in
Figure 3.

The subjective evaluation index of the image is used to intuitively evaluate the quality of the image according
to the ability of the human eye to perceive it. Usually, a group of evaluators are selected to score the restored
mural images, and the average of the scores of all evaluators is used as the subjective score of the restoration
result, expressed as the MOS score. To ensure that all participants in the scoring followed a uniform scoring scale,
the image inpainting effect was discretized into five grades, each corresponding to a different score, as shown in
Table 1.

Table 1. Classification of Image Inpainting Effects
MOS Score Repair Effect Quality Grade

5 No traces of repair can be found, and the overall effect is natural Excellent
4 Traces of a smile are present, but do not affect the overall effect Good
3 There are obvious traces, which affect the overall effect So so
2 There are visible traces that affect the overall effect Difference
1 There are serious marks, which greatly affect the overall effect Very Poor

Figure 3. Schematic Diagram of Texture-Guided Decoding

To verify the effect of the algorithm on reconstructing ancient murals, several low-resolution murals were
randomly selected from the reconstructed high-resolution murals with four times magnification, and the
corresponding low-resolution murals for comparative observation, and the low-resolution images were observed.
In addition, from the reconstruction of low-resolution images with fewer details, the image restoration is
relatively complete, and the details are not inferior to other reconstructed murals. The PSNR (Peak Signal-to-
Noise Ratio, a widely used image quality evaluation metric, is calculated based on the pixel values of an image)
and SSIM (Structural Similarity, which is more in line with human visual characteristics compared to the PSNR.)
The SSIM is designed to measure the degree of structural similarity of the two images, and has a value between -1
and 1, with a larger value indicating a greater similarity between the two images. The calculation of SSIM involves
the comparison of three aspects: luminance, contrast and structure.) are shown in Table 2, and it can be seen from
the table that the reconstructed murals also have good PSNR and SSIM values. From the above aspects, it is
proved that the proposed algorithm has good stability.
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Table 2. SSIM and PSNR After the Reconstruction of the Frescoes
Image a b c d
PSNR 28.71 32.03 30.04 32.11
SSIM 0.876 0.782 0.851 0.768

Figure 4. Subjective Rating of the Mural After Reconstruction

The subjective ratings of 50 evaluators on the reconstruction of the ancient murals in different styles in
Figure 4 are shown in Figure 4. After evaluation and discussion by the evaluators, it is unanimously concluded
that the overall sensory performance of the proposed algorithm is more in line with human visual perception than
other algorithms, and it also has better effects on brightness and image smoothness. In terms of local texture
details, after comparing the generated murals with the existing murals, the evaluators believe that the
reconstruction effect of the algorithm is ideal, and more accurate information is restored in the low-resolution
images, which have a specific research value. By comparison, the overall perception and local detail texture scores
are also better than those of other algorithms, so the proposed algorithm also has good convincing in subjective
scoring.

Table 3. Comparison of IS With BN Layer and SN Layer
Period a b c d e

Contains BN layer 7.31 6.47 7.06 5.36 5.45
Contains SN layer 9.54 8.25 7.03 6.49 7.24

It can be seen from Table 3 that the IS score of the discriminant network with BN layer is generally lower
than that of the discriminant network with SN layer after training, indicating that the discriminant network with
SN layer can help the whole network training to be stable, and make the murals generated by the generated
network more precise and more realistic.

Automatic Pattern Recognition and Analysis

Computer vision and pattern recognition technology automatically identify and analyze the restored mural
images. By training a deep learning model, the computer can automatically identify the lotus pattern in the mural
and extract and examine its features. This step can help determine the lotus pattern's position, morphology and
stylistic characteristics and provide an essential reference for subsequent restoration work.

The mural materials used for testing in this paper are the murals that research scholars focus on, including
the Sui and Tang dynasties, the Ming and Qing dynasties, and other dynasties, endowed with multiple forms of
themes, after consulting relevant research experts, the murals are roughly divided into eight categories: secular
people, plants, bodhisattvas, animals, architecture, auspicious clouds, Buddha disciples and Buddhas for
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classification experiments. In this experiment, each type of mural dataset was divided into two groups; one data
group was used for training, and the other was used for testing. Due to the lack of datasets, the data augmentation
method was used to augment the dataset, including scaling, luminance transformation, noise, flipping, etc., and
11630 datasets were used in the final experiment. The distribution of mural datasets is shown in Table 4.

Table 4. Experimental Dataset Allocation
Category Training Test Total
Buddha 1360 340 1700

Bodhisattva 1200 300 1500
Buddha disciple 1280 320 1600

Secular 1344 336 1680
Auspicious clouds 1000 250 1250
Lotus pattern 1104 276 1380

Plant 1072 268 1340
Building 994 186 1180
Total 9354 2276 11630

You must set the appropriate learning rate and number of categories to ensure the training model has good
generalisation ability. Set the parameter batch batch_size to 16 to speed up the network training. In addition, the
probability of retaining the hidden element keep_pro is set to 0.5 to improve the model's generalisation ability by
discarding some of the background features of the mural when extracting data information during the training
process. As shown in Table 5.

Table 5. Parameter Settings
The Name of the Parameter Options Size Settings

Category Labels_num 8
Batch Batch_size 16
Learning rate Base_lr 0.01
The number of iterations Max_step 20000
Save Interval - Snapshot Snapshot 2000
Preserve hidden cell probabilities Keep_pro 0.5
The interval between the training logs
is displayed Train_log_step 100

Verify the log display interval Val_log_step 100

In the image preprocessing module, the Gaussian kernel function is used to process the input image to
generate an image pyramid: (1, 1/2, 1/4) scale image, and the colour reproduction subnet adopts the network
structure based on Encoder-Decoder. The colour reproduction subnet in the first stage directly uses the image
features generated by the image preprocessing module to restore the current image features and generate the
restored image features through the colour reproduction network based on style attention. The colour
reproduction network of the second and third stages uses the fusion features of the cross-scale feature fusion
module of the stage as input, respectively, and the colour reproduction subnet is shown in Figure 5.
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Figure 5. Color Reproduction Subnets

Table 6. Accuracy Comparison Table Under Different Algorithms
GoogleNet VGG MCSN

fo 74.15% 76.63% 82.16%
pusa 81.98% 77.31% 85.45%
people 72.35% 79.64% 81.88%

It can be seen from Table 6 that when the histogram coincidence degree and dash value are the same, the
classification accuracy of Buddhist disciples in Ref is the highest because of its strong ability to extract the colour
features of murals. Compared with other algorithms, the proposed algorithm also maintains good classification
ability when the difference between the inner classes is slight, proving that the network model's performance is
better than that of the classical classification algorithm.

Pattern Repair and Reconstruction

Based on the information on the recognized lotus pattern, the image processing and restoration algorithm
were used to repair and reconstruct the lotus pattern in the mural further. This includes filling in the missing
parts of the lotus pattern, repairing the damaged structure, and adjusting colour and contrast. At the same time,
with the help of computer algorithms, the original lotus pattern can be restored more accurately so that the
restored murals present a more realistic and complete artistic effect. In the process of mural image restoration, it
is necessary not only to learn the features of the mural but also to strengthen the ability to transmit and reuse
features between various layers to improve the restoration quality. Damaged Dunhuang murals are generally
accompanied by the loss of a large amount of information, and the existing deep learning algorithms often have
problems such as weak feature perception ability and loss of reconstruction details when repairing damaged
mural images, which affect the restoration effect. This paper establishes the model with dual encoders, and the
overall network model framework is shown in Figure 6.
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Figure 6. Holistic Network Model Framework

CONCLUSION

This paper analyzes the artistic expression and evolution of the lotus pattern in the Goguryeo murals in Ji'an,
and reveals the important position and far-reaching influence of the lotus pattern in Goguryeo culture and art.
The following conclusions can be drawn from this:

(1) In terms of artistic expression, lotus patterns in Goguryeo murals show an evolutionary trend from
simplicity to complexity and from abstraction to realism. This change not only reflects the improvement of
Goguryeo artists' skills, but also the change and development of Goguryeo society's pursuit of aesthetics. Through
advanced digital image analysis techniques, we are able to accurately track this evolution, capturing the gradual
evolution of styles and expressive techniques in minute artistic details. These technical means allow us to more
clearly identify the changes in artistic styles in the murals, and thus to understand the vein of Goguryeo artistic
development in greater depth. Second, in terms of cultural significance, the lotus pattern was gradually integrated
into Buddhist symbols from the initial nature worship to become a symbol of kingship, a process that
demonstrates the cultural diversity and inclusiveness of Goguryeo society. Digital image analysis helps us to
reveal how the visual representation of these cultural symbols in the murals evolved over time, revealing how the
exchange and integration of foreign and local cultures were manifested through art forms.

(2) In our study of the digital analysis of the artistic expression and evolution of the lotus motifs in the murals
of Goguryeo in Ji'an, we used advanced digital image processing algorithms to identify and reconstruct the lotus
motifs in the murals in detail. The digital means enabled us to analyze the artistic information of these motifs
more accurately, revealing their expressions and stylistic changes in different historical periods. The results of
these analyses not only help us to explore the artistic expression and evolution of the lotus motifs more deeply,
but also provide new perspectives and methods for the study of Goguryeo murals.
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