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Abstract 

Background: A traditional intangible cultural heritage, paper-cutting art is also endangered by 

the diminishing numbers of practitioners as well as the transition toward digital art. With their 

recent ability to digitize and innovate this art form, artificial intelligence (AI) specifically the 

convolutional neural network (CNNs) have risen up as such a transformative tool. Through this 

systematic review, we examine the use of AI to optimize and control styles for creating complex 

paper cutting patterns, which simultaneously protect for cultural authenticity while cultivating 

modern creativity. 

Objectives: In this paper, we review the optimization and style control mechanisms used in 

CNNs to increase the efficiency, accuracy, and cultural relevance of AI generated paper cutting 

patterns. Moreover, it also focuses on larger uses of AI in the field of cultural preservation, as 

well as the main challenges, and presents recommendations for future research. 

Methods: Multiple databases, including Scopus, IEEE Xplore and SpringerLink, were searched 

for studies published between 2010 and 2024. Inclusion and exclusion criteria were established 

to select studies that used AI or similar methodologies to work on paper cutting, or other cultural 

art forms. The PRISMA guidelines were followed in data extraction and quality assessment. A 

detailed analysis was provided based on findings from 12 studies. 

Results: Pattern generation fidelity and efficiency were significantly enhanced by optimization 

techniques including: perceptual loss functions, adaptive algorithms, and wavelet analysis. With 

style control mechanisms, the design principles of traditional symmetry and abstraction were 

preserved, while simultaneously allowing for innovation. Virtual reality (VR) among these 
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immersive technologies made education and engagement interactive for wider audiences. But 

even though the datasets are limited, the computation demand is high, and there are ethical 

concerns around cultural representation, these challenges require collaboration. 

Conclusion: Preserving and modernizing traditional paper cutting art, instigating global cultural 

exchange and innovation can all be achieved through the use of AI technologies. By bringing 

interdisciplinary collaboration and expanded datasets to bear on addressing challenges, we can 

do so in culturally sensitive and accessible ways. This review offers the role of AI in keeping the 

tradition and modernity of intangible cultural heritage. 

Keywords: Paper-Cutting Art, Artificial Intelligence, Convolutional Neural Networks, Style 

Control, Optimization Techniques, Cultural Heritage Preservation, Generative Adversarial 

Networks, Virtual Reality, Pattern Generation, Intangible Cultural Heritage 

 

Introduction 

A cherished, but intangible, form of cultural heritage, traditional paper cutting art has long lapsed 

its way across China and Eastern Europe (Needham and Tsuen-Hsuin, 1985), where it works as a 

traditional artistic medium as well as a means of cultural tale telling (Ryan and Avella, 2011). 

This art form, its intricate patterns and symbolic motifs, helps characterize the cultural, historical 

and spiritual values of the societies that created it (Guss, 1989). Nevertheless, as lifestyles and 

technology move further and further ahead, however, traditional crafts like paper cutting find 

themselves becoming more and more challenging to maintain and sustain (McCullough, 1998). 

These practices tend to seem outdated to younger generations and the number of skilled artisans 

who can produce and teach these ways is dwindling fast (Rinehart and Ippolito, 2022, Form, 

1987). As a result, there has been an urgent need for alternative means of saving paper cutting 

from becoming extinct in the present age (Adams, 2013, Weintraub, 2012). 

The advent of artificial intelligence (AI) presents us with perhaps once in a lifetime opportunity 

to revitalize traditional art forms (Anantrasirichai and Bull, 2022, Eger, 2022). In the last decade, 

technologies like convolutional neural networks (CNNs) and generative adversarial networks 

(GANs), as well as virtual reality (VR) have become powerful means to digitize, analyze, and 

improve paper cutting art (Maerten and Soydaner, 2023, Chakraborty et al., 2024). Traditional 

methods don’t have capabilities that AI does, including the automation of pattern generation, 
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optimization of intricate designs, and the simulation of a variety of stylistic variations (Gill et al., 

2022, Riedl and Bulitko, 2013). It is these technological advancements that allow these 

traditional art forms to go past geographic and temporal restrictions, reaching the world and 

promoting cross cultural recognition (Wilson, 2003). Furthermore, AI facilitates the coming 

together of traditional aesthetics with a new continent of applications including product design, 

digital exhibitions, and immersive learning environments (Pena et al., 2021, Hughes et al., 2021). 

The optimization and style control of CNNs models are at the heart of AI's application in paper-

cutting art (Liu et al., 2022). These models are built to respect the heritage of traditional patterns 

as well as to expand upon the ubiquitous and innovate them (Fu et al., 2021, Xu et al., 2020). 

Pattern generation is enhanced in efficiency and accuracy with the use of optimization techniques 

(Kiranyaz et al., 2014), including perceptual loss functions and adaptive algorithms (Abiodun et 

al., 2019), as well as style control mechanisms that ensure generated designs follow traditional 

principles of symmetry, abstraction, and connectivity (He, 2024). This advancement allows not 

only to preserve historic motifs but also to establish fresh designs that will resonate with present 

times as well as nationhood and innovation (Abuarkub et al., 2024, Du, 2024). 

Virtual reality has further expanded the possibility for engaging with paper cutting art by using 

Immersive technologies (Rubio-Tamayo et al., 2017). VR platforms offer users the chance to 

explore the art form in ways they’ve never been able to before, by creating interactive and 

customizable digital experiences (Bozzelli et al., 2019). In one example, virtual workshops can 

recreate the experience of producing designs cut from paper, letting users learn without needing 

tangible material or physical space (Nebeling and Madier, 2019). These technologies have the 

potential to democratize the access to cultural heritage, making it available to a wider range of 

people – educators, designers, cultural enthusiasts – that could previously have had no access to 

it. Furthermore, these platforms provide forums for collaborative exploration whereby members 

from diverse cultural backgrounds can reinterpret traditional motifs (through shared and 

combined use) to engender global dialogue and understanding (Nambisan and Luo, 2021). 

While these are promising signs that show potential to integrate AI into traditional art forms, 

there are challenges with resorting AI into traditional art (Anantrasirichai and Bull, 2022). One of 

the major obstacles to the generalization and cultural fidelity of AI generated patterns is the lack 

of high quality, diverse datasets. Context specific, deeply based in cultural symbolism, many 
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traditional motifs need careful curation and annotation to preserve their representation accurately 

in digital formats. Additionally, advanced AI models demand lots of computing power, and 

specialized hardware, making technologies like this prohibitively costly for everyday adoption 

(Gill et al., 2024). Also, there are ethical concerns equally much concerning the culturama 

appropriation of motifs without acknowledgment of, or proper compensation to, the original 

creators. The challenge of meeting these requires a coordinated effort, in which technical 

innovation is accommodated alongside the cultural sensitivity and inclusivity necessary to hear 

those challenges and respond appropriately (Sun, 2012). 

In this review, the field of traditional paper cutting art was integrated with AI, and systematically 

investigate how to optimize and style control CNNs for the generation of complex patterns. 

Combining the results from 12 studies, it offers a thorough review of what is known in the field, 

with particular emphasis on key methodological issues, challenges, and opportunities. The 

review also looks at the implications of these advances more widely for cultural preservation, 

education, and innovation. This detailed examination attempts to contribute to ongoing debates 

about the role of technology to safeguard and/or revitalise intangible cultural heritage by 

providing insights for researchers, practitioners and policymakers. 

The review stays in line with the ways in which AI can assist the paper cutting art by examining 

its intersection with tradition and technology, allowing this to shed some light on when 

innovation is good and when it is not, and when it is both. And as AI advances, there is a great 

frontier of cultural heritage and technological development around which the application of AI is 

largely preserving and reimagining traditional art forms. This review yields some useful insights 

that serve as a roadmap for future research and practice that will make these timeless art forms 

remain alive and relevant in an ever more digital world. 

 

Aims and Objectives 

Aims  

The aim of this systematic review is the intersection of artificial intelligence (AI) and traditional 

paper cutting art is explored, with a particular emphasis on optimization and style control of 

convolutional neural networks (CNNs) for producing complex patterns. This review synthesizes 

existing studies to offer a complete picture of the methods, innovations and challenges of 
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incorporating AI to this traditional art form. The review attempts to narrow this gap by 

considering how AI can be utilized to modernize and conserve intangible cultural heritage. 

Objectives 

The objectives of this review are as follows:  

1. To analyze how optimization methods like perceptual loss functions, wavelet analysis, 

and adaptive algorithms improve the performance of AI models on producing paper-

cutting patterns. 

2. To explore how traditional artistic principles are maintained while introducing stylistic 

diversity in the designs that are created from the use of AI.  

3. To find ways to digitize, preserve, and innovate the application of AI, including 

immersive technologies such as virtual reality (VR).  

4. To focus on key challenges in applying AI to cultural heritage, data scarcity, 

computational resource demands, and the use of AI on cultural heritage.  

5. To explore the broader significance of AI integration in traditional art to other forms of 

intangible cultural heritage (ICH).  

6. To propose recommendations for how to advance the integration of AI in cultural 

preservation that require interdisciplinary approaches, culturally sensitive AI tools, and 

expanded datasets. 

 

Methodology 

This systematic review explored the optimization and style control methodologies used in the 

generation of complex patterns in traditional paper cutting art with the use of convolutional 

neural networks (CNNs). This review sought to identify and synthesize key approaches that use 

AI to preserve cultural heritage, and to develop an understanding of the state of the art and 

challenges in this interdisciplinary area. The methodology was developed to rigorously assess 

and unbiasedly seek relevant literature in accordance with the academic inquiry standards. 

Search Strategy 

An extensive search strategy was used to find studies that are related to the optimization and 

style control of CNNs in the context of paper cutting art. To include diverse research disciplines, 

multiple academic databases were searched such as Scopus, IEEE Xplore, SpringerLink, 
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PubMed and Web of Science. Keywords and Boolean operators were used in the search that were 

very closely selected, including "paper cutting art", "convolutional neural networks", "style 

control", "pattern generation", and "AI generated content". A further filtering was used to include 

only studies published in English peer-reviewed journals and conferences from 2010 to 2024. We 

performed citation chaining and manual searches of the reference lists to gather any studies that 

were not found during the initial search. 

Inclusion and Exclusion Criteria 

Inclusion criteria for this review included studies that made use of AI techniques like CNNs, 

GANs or VR to the context of pattern generation or cultural heritage preservation. By prioritizing 

studies on optimization strategies, style control mechanisms and innovative applications of AI to 

traditional paper cutting or similar cultural art forms, results from this thesis can be extended to 

other applications of similar nature. We considered only articles published in English, appearing 

in peer reviewed journals or conferences. On the contrary, studies that only focused on non-

digital, traditional paper cutting methods or do not provide specific optimization or style control 

techniques were excluded. Duplicates, and studies that were not sufficiently methodologically 

transparent, were also excluded. These criteria also made sure that the review focused on the 

right and the high-quality research consistent with the aims of the study. 

Study Selection Process 

Using Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines, methodological rigor and transparency, each stage of the study selection process 

adhered to the guidelines. Titles and abstracts were screened to exclude irrelevant studies after 

duplicates had been removed. For all potentially eligible articles, full text reviews were 

completed, and each study was assessed as relevant and of good quality independently by two 

reviewers. Disagreements were resolved by discussion or by consulting a third reviewer. The 

selection process was documented using the PRISMA flow diagram and a clear account of 

included and excluded studies was given at each stage. 
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Figure 1: PRISMA flow diagram showing the study selection process, including records 

identified, screened, assessed for eligibility, and included in the systematic review. 

In figure 1, the systematic methodology used in this review to make sure a rigorous and unbiased 

selection of studies is presented here through this flow diagram. A total of 250 records were 

identified from database searches. The titles and abstracts of 200 unique records were then 

screened after 50 duplicate records were removed. In this stage, 150 records were removed since 

they did not contribute to the aims of this study or did not fulfill the inclusion criteria. Then the 

eligibility of these fifty full-text articles was assessed with detailed criteria, and based on these 

criteria, an evaluation of their methodological quality and relevance to optimization and style 

control in convolutional neural networks or paper-cutting art was conducted. Thirty-eight of 

these were excluded due to insufficient data, insufficient focus on AI driven methods, or not 

relating to the scope of the review. Twelve high quality studies that met all inclusion criteria were 

then selected for in-depth analysis and synthesis. 

 

Data Extraction 

Systematically data extraction was carried out using a standardized extraction form to extract the 

core elements of each study. Publication details (authors, title, and year), research objectives, 

methodologies, optimization techniques, style control strategies, evaluation metrics, key 
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findings, challenges were all collected as information. It focused on extracting details of the 

integration of CNNs and other AI models for pattern generation and cultural preservation. The 

extracted data were validated by a secondary reviewer to make sure its accuracy and consistency. 

 

Table 2: Study Design and Methodology 

Stud

y ID 

Author(s

) 

Methodology Participant

s 

Tools Used Data 

Collection 

Methods 

Analysis 

Techniques 

1 (Lin and 

Laoakka, 

2024) 

Qualitative 

research: 

document 

study, 

surveys, 

interviews, 

observations, 

group 

discussions, 

workshops 

40 students 3D animation 

software, 

virtual tour 

technology, 

digital media 

arts 

instructional 

tools 

Surveys, 

interviews, 

observations 

Descriptive 

and 

analytical 

approach 

2 (Dai et 

al., 2024) 

Developed 

LoRA models 

using Stable 

Diffusion and 

Analytic 

Hierarchy 

Process 

(AHP) for 

cultural value 

evaluation. 

321 

professional

s 

FLUX.1-dev 

and Stable 

Diffusion 1.5 

models, 

LoRA 

training 

framework 

Expert 

surveys, 

manual and 

automated 

image 

labeling 

Importance-

Performance 

Analysis 

(IPA), 

qualitative 

evaluation 

3 (Bei, 

2023) 

Developed 

AI-assisted 

Not 

specified 

AI models, 

edge 

Pattern 

analysis, 

Genetic 

algorithms 
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system 

integrating 

deep learning, 

computer 

vision, and 

genetic 

algorithms for 

automated 

paper-cutting 

design. 

extraction 

tools, genetic 

algorithm 

frameworks 

geometric 

feature 

extraction 

for iterative 

design 

optimization 

4 (Chen et 

al., 2024) 

Used machine 

vision to 

classify and 

recognize 

paper-cutting 

patterns and 

extract 

features with 

improved 

SIFT 

algorithms. 

Not 

specified 

SIFT 

algorithm, 

BP neural 

network, 

LIBSVM 

toolbox 

Noise 

filtering, 

feature 

vector 

extraction 

BP neural 

network, 

pattern 

recognition 

algorithms 

5 (Zhao, 

2022) 

Designed 

patterns using 

fractal graphs 

and deep 

learning 

frameworks, 

combined 

with 

perceptual 

Not 

specified 

TensorFlow, 

neural 

networks, big 

data analytics 

tools 

Pattern 

generation, 

database 

construction 

Semantic 

segmentatio

n, loss 

function 

analysis 
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loss functions 

for digital 

preservation. 

6 (Zhaoa 

and 

Zangb) 

Developed an 

intelligent 

design system 

for 

digitization, 

incorporating 

deep learning 

to optimize 

paper-cut 

design. 

Not 

specified 

Image 

processing 

tools, deep 

learning 

frameworks, 

AR systems 

Analysis of 

websites and 

industry 

challenges 

System 

optimization

, Internet 

ecosystem 

modeling 

7 (Liu et 

al., 2020) 

Developed 

"Int-Papercut" 

system using 

YOLO_V3 

for 

recognition, 

CNN for 

pattern 

generation. 

Evaluated 

usability and 

satisfaction. 

10 

participants 

(2 experts, 8 

novices) 

YOLO_V3, 

Python 3, 

OpenCV, 

Cuda, 

Darknet 

User tasks, 

interviews, 

qualitative 

content 

analysis 

Task 

evaluation, 

qualitative 

and 

quantitative 

methods 

8 (Zhao 

and Kim, 

2024) 

Developed a 

VR-based 

interactive 

simulation 

system for 

260 

participants 

(50 experts, 

200 general 

public, 10 

VR headsets, 

Unity, 

Blender, 

PhysX 

physics 

Surveys, 

interviews, 

performance 

testing, user 

feedback 

Comparative 

analysis, 

statistical 

evaluation, 

and 



CINEFORUM  

ISSN: 0009-7039 

Vol. 64. No. 4, 2024 

 

172 

   © CINEFORUM   

paper-cutting 

art 

preservation. 

Conducted 

comparative 

studies with 

traditional 

methods. 

scholars) engine, 

statistical 

analysis tools 

qualitative 

feedback 

synthesis 

9 (Liao et 

al., 2024) 

Designed a 

dual-branch 

GAN model 

(CutGAN) for 

generating 

paper-cut 

images. Used 

pre-training 

and fine-

tuning phases. 

Conducted 

ablation 

studies for 

model 

evaluation. 

891 image 

pairs 

GAN 

(Pix2pix, 

CycleGAN, 

U-GAT-IT), 

CutGAN, 

Python, 

PyTorch, 

NVIDIA 

RTX 3050 

GPU 

Pretrained on 

CelebA 

dataset, 

tested with 

handcrafted 

paper-cut 

image pairs 

FID, KID, 

SSIM, 

PSNR, 

LPIPS 

metrics for 

quantitative 

evaluation. 

10 (Gao, 

2022) 

Used wavelet 

analysis and 

multiresolutio

n techniques 

to extract 

features 

invariant to 

Not 

specified 

Wavelet 

moment 

(WM) 

analysis, 

Radon 

Transform 

(R-T), 

Image 

preprocessin

g, feature 

vector 

extraction 

Comparative 

analysis, 

WM-based 

feature 

extraction 
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translation, 

rotation, and 

scaling. 

singular 

value 

decompositio

n (SVD) 

11 (Wang et 

al., 2023) 

Developed a 

pattern 

recognition 

model using 

ResNet34 and 

a design 

generation 

model with 

DCGAN. 

Integrated 

human-

computer 

collaboration 

for enhanced 

creativity. 

292 

participants 

ResNet34, 

DCGAN, 

Python, 

PyTorch, AI 

design tools 

Questionnair

e surveys, 

aesthetic 

evaluations, 

and dataset 

creation 

Semantic 

analysis, 

accuracy 

evaluation, 

loss-function 

optimization 

12 (Wu, 

2022) 

Applied 

nuclear 

adaptive 

algorithm 

with Softplus 

function to 

improve 

cosmetic 

packaging 

designs 

incorporating 

180 paper-

cutting 

professional

s, 120 

designers, 

25 

marketing 

experts 

CNC 

machine, AI 

tools, 

Softplus 

function-

based 

algorithms 

Surveys, 

iterative 

experiments, 

data analysis 

Statistical 

analysis, 

expert 

evaluations 
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paper-cut art. 

Conducted 

iterative 

experimental 

cycles. 

 

Quality Assessment 

The Critical Appraisal Skills Programme (CASP) checklist was used to assess the 

methodological quality of included studies. This evaluation examined whether the objectives are 

clear, whether the methodology is rigorous, if the results are reproducible and whether they are 

relevant to the review topic. Quality scores were assigned to these studies based on these criteria, 

and only those studies meeting the threshold of methodological soundness were included in the 

final synthesis. This took the review back to robust and credible research to ensure that it was 

grounded. 

Data Analysis 

The extracted data was analyzed with a mixed methods approach. Tabular summaries were made 

to summarize the quantitative data including model performance metrics (e.g. accuracy, FID 

scores, SSIM) across studies to find patterns and trends. Thematic synthesis of the qualitative 

data was conducted focusing on recurring themes of optimizing strategies, cultural insertion in 

AI models, and managing tradition vs innovation. This approach, a dual one, allowed for the 

analysis of technical and contextual dimensions of the reviewed studies. 

Synthesis of Findings 

Synthesis of the findings was used to gain a holistic understanding of the applicability and 

limitations of AI techniques in paper-cutting art. A key result of the synthesis was the discovery 

of the transformative ability of advanced optimization techniques such as perceptual loss 

functions, GAN based frameworks, and adaptive algorithms to produce high fidelity pattern 

generation. The studies showed that these techniques could effectively combine traditional 

design principles, symmetry and abstraction, with stylistic variety and newness.  

The synthesis also presented the possibility of immersive technologies such as VR to augment 

the availability of paper-cutting art for users to interact with cultural heritage in new ways. 



CINEFORUM  

ISSN: 0009-7039 

Vol. 64. No. 4, 2024 

 

175 

   © CINEFORUM   

Despite that, recurring themes became lack of diverse datasets and high computational demands 

of advanced AI models. The findings highlight the need for cross disciplinary collaboration in 

addressing these challenges, furthering the reach of the benefits of AI driven cultural 

preservation. 

Ethical Considerations 

This review was based on ethical considerations. Only studies met ethical research standards 

(proper attribution of cultural motifs and use of informed datasets) were included. The review did 

not use human or animal subjects, it only referred to published literature in order to comply with 

ethical standards. 

 

Results 

Study Characteristics and Objectives 

The reviewed studies show that artificial intelligence technologies are used to create a 

groundbreaking fusion of the traditional paper-cutting art. The intent of this integration is to 

facilitate creative innovation, while also preserving cultural heritage, and optimizing design 

processes. The objectives were extremely varied, ranging from automated pattern generation, 

style control, and immersive educational experiences. To achieve these goals, we relied heavily 

on technologies including convolutional neural networks (CNNs), generative adversarial 

networks (GANs), and virtual reality (VR). For example, AI was applied to automate complex 

designs that were culturally accurate and scalable and accessible. This is about the harnessing of 

AI for cultural preservation, and how these technologies can overcome the limitations of 

scalability, labour intensive work and the diminishing of traditional knowledge. They represent a 

colossal leap ahead in united efforts combining modern technology with traditional artistry so 

that it remains relevant and authentic in the contemporary world. 

Table 2: Study Characteristics and Objectives 

Study 

ID 

Author(s) Year Title Journal/Conference Objectives 

1 (Lin and 

Laoakka, 

2024) 

2024 Yiwulv Mountain 

Manchu Paper-

Cutting: Designing 

International Journal 

of Education & 

Literacy Studies 

(i) Study the history 

and development of 

Yiwulv Mountain 
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and Developing 

Digital Media for 

Learning About 

Cultural Heritage 

Manchu paper-

cutting art. (ii) 

Design and develop 

digital media for 

cultural heritage 

learning. 

2 (Dai et al., 

2024) 

2024 Enhancing the 

Digital Inheritance 

and Development 

of Chinese 

Intangible Cultural 

Heritage Paper-

Cutting Through 

Stable Diffusion 

LoRA Models 

Applied Sciences (i) Address 

limitations in digital 

dissemination of 

paper-cutting art. (ii) 

Utilize AI to enhance 

digital inheritance 

and public 

engagement. 

3 (Bei, 

2023) 

2023 Research and 

Implementation of 

Innovative Design 

of Paper Cuttings 

Pattern Based on 

Artificial 

Intelligence 

Technology 

Journal of Artificial 

Intelligence Practice 

(i) Explore AI-

assisted 

methodologies for 

innovative paper-

cutting design. (ii) 

Develop tools for 

merging cultural 

tradition with 

modern aesthetics. 

4 (Chen et 

al., 2024) 

2024 Paper Cuttings 

Pattern Feature 

Extraction Based 

on Machine Vision 

Intelligent Computing 

Technology and 

Automation 

(i) Improve feature 

extraction and 

pattern recognition 

of paper-cutting 

designs. (ii) Develop 

efficient algorithms 
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using machine vision 

and neural networks. 

5 (Zhao, 

2022) 

2022 Research on the 

Design of Paper 

Cutting Patterns 

and Digital 

Preservation 

Strategy of Non-

heritage Based on 

Deep Learning 

Frontiers in Art 

Research 

(i) Apply deep 

learning for paper-

cutting design and 

preservation. (ii) 

Develop a strategy 

for digital 

preservation and 

virtual 

reconstruction. 

6 (Zhaoa 

and 

Zangb) 

2021 Research on the 

Problems and 

Solutions of 

Digitization of 

Chinese Paper-cut 

International 

Conference on 

Society Science 

(i) Analyze 

challenges in paper-

cut digitization. (ii) 

Propose solutions for 

using deep learning 

to enhance design 

and accessibility. 

7 (Liu et al., 

2020) 

2020 Int-Papercut: An 

Intelligent Pattern 

Generation with 

Papercut Style 

Based on 

Convolutional 

Neural Network 

15th IEEE 

Conference on 

Industrial Electronics 

and Applications 

(i) Develop an 

intelligent system for 

papercut generation. 

(ii) Enhance 

accessibility and 

usability for both 

experts and novices. 

8 (Zhao and 

Kim, 

2024) 

2024 The Impact of 

Traditional Chinese 

Paper-Cutting in 

Digital Protection 

for Intangible 

Heliyon (i) Leverage VR 

technology for 

preserving and 

disseminating 

Chinese paper-
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Cultural Heritage 

Under Virtual 

Reality Technology 

cutting art. (ii) 

Evaluate the 

effectiveness of VR 

in creating 

interactive, 

immersive cultural 

experiences. 

9 (Liao et 

al., 2024) 

2024 CutGAN: Dual-

Branch Generative 

Adversarial 

Network for Paper-

Cut Image 

Generation 

Multimedia Tools and 

Applications 

(i) Develop a GAN-

based model to 

generate paper-cut 

style images from 

facial images. (ii) 

Address challenges 

in preserving the 

cultural essence of 

paper-cut art while 

enhancing 

automation. 

10 (Gao, 

2022) 

2022 Feature Extraction 

Technology-

Guided Visual 

Communication 

Design for Folk 

Paper-Cutting 

Scientific 

Programming 

(i) Explore feature 

extraction techniques 

for folk paper-

cutting patterns. (ii) 

Enhance recognition 

accuracy for 

deformed and artistic 

patterns in visual 

communication. 

11 (Wang et 

al., 2023) 

2023 Creativity and 

Sustainable Design 

of Wickerwork 

Sustainability (i) Innovate 

wickerwork patterns 

using deep learning 
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Handicraft Patterns 

Based on Artificial 

Intelligence 

and AI. (ii) Promote 

sustainable 

development of 

traditional crafts 

through AI-enhanced 

design processes. 

12 (Wu, 

2022) 

2022 Traditional Paper-

Cut Art and 

Cosmetic 

Packaging Design 

Research Based on 

Wireless 

Communication 

and Artificial 

Intelligence 

Technology 

Wireless 

Communications and 

Mobile Computing 

(i) Combine wireless 

communication and 

AI technologies for 

traditional paper-cut 

art and cosmetic 

packaging design. 

(ii) Support the 

revitalization of 

traditional art 

through 

technological 

transformation. 

 

Methodological Approaches 

Different methodological approaches were used to achieve these objectives of the studies. 

Prominent frameworks in the form of techniques including convolutional neural networks 

(CNNs), generative adversarial networks (GANs), and wavelet-based feature extraction were 

apparent. For instance, (Liao et al., 2024) demonstrated that for preserving the aesthetic and 

cultural intricacies of paper-cut designs, a dual branch GAN architecture can be introduced. For 

example, (Dai et al., 2024) used LoRA models to efficiently configure computational patterns for 

cultural patterns, albeit at the cost of design quality. In the work of (Chen et al., 2024), the work 

demonstrated leveraging of machine vision techniques such as SIFT algorithm to improve 

feature extraction and accuracy of classification. Additionally, VR technologies that have been 

used in studies by (Zhao and Kim, 2024) have potentially proven the advantages of experiential 
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learning and the cultural preservation through digital simulations. Iterative design and data 

driven optimization techniques were critically important across these methodologies to achieve 

both technical precision and cultural authenticity. 

 

Figure 2: Comparative performance of CNN, GAN, VR-Integrated, and Hybrid Models across 

key evaluation metrics including Accuracy, FID Score (1/10), SSIM, and Efficiency (1/10). 

In figure 2, the radar chart provides a visual comparison of the performance of CNN, GAN, VR-

Integrated, and Hybrid Models across four key metrics: Accuracy, FID Score, SSIM and 

Efficiency. The Hybrid Models perform best across all dimensions, being balanced. In terms of 

accuracy, CNNs perform well while the efficiency performance is moderate, and GANs show 

competitive SSIM and FID scores, indicating their superiority in creating high quality patterns. 

Though VR integrated models are slightly weaker overall, they have unique advantages in terms 

of creative interactivity and immersive applications. The role of different model types in paper 

cutting art generation is highlighted in this visualization, which shows how complementary their 

strengths are in different aspects of paper cutting art generation. 

 

Optimization Techniques and Achievements 

AI driven techniques helped optimize traditional paper cutting processes significantly. Pattern 

generation was enabled by robustness, scalability and efficiency through methods including 

perceptual loss functions, multiresolution wavelet moments, and nuclear adaptive algorithms. 

For instance, (Gao, 2022) demonstrated that wavelet-based methods were able to increase 

recognition accuracy for deformed and artistic patterns by capturing multiscale features. (Wu, 

2022) also applied Softplus functions in cosmetic packaging design with paper-cut motifs, 
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achieving adaptability in modern design contexts. As used by (Wang et al., 2023), models such as 

ResNet34 and DCGAN worked very well in recognizing and generating creative wickerwork 

patterns, suggesting that these AI driven methods are generally applicable to other art forms that 

share a similar structure.  

Innovative approaches were used to deal with such challenges as limited dataset and noise 

interference. (Liao et al., 2024) have conducted studies on pretraining different datasets to 

improve model generalization while other studies have conducted ablation studies and fine-tuned 

the architectural parameters to optimize the performance under noisy conditions. These 

advancements demonstrate the dual potential of optimization techniques to both enhance 

technical precision while maintaining cultural authenticity of generated designs. 

 

Figure 3: Performance of optimization techniques across six evaluation metrics, showcasing 

trade-offs and strengths among Perceptual Loss, Wavelet Moments, Adaptive Algorithms, and 

GAN Enhancements. 

In figure 3, the performance of optimization techniques is compared. Perceptual Loss, Wavelet 

Moments, Adaptive Algorithms, and GAN Enhancements, using six metrics in parallel 

coordinates plot. GAN Enhancements are the most scalable and efficient and are therefore 

recommended for major deployments. Wavelet Moments proved to be particularly good at 

maintaining cultural fidelity and symmetry, a strength in replicating traditional design. Adaptive 
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Algorithms and Perceptual Loss perform consistently but between noise reduction and 

scalability. 

 

Table 3: Optimization Techniques 

Study 

ID 

Author(s) Techniques Applied Challenges 

Addressed 

Model 

Improvements or 

Efficiencies Achieved 

1 (Lin and 

Laoakka, 

2024) 

Integrated 3D 

animation technology 

for interactive cultural 

learning. 

Limited accessibility 

to traditional 

knowledge. 

Enhanced learning 

tools with engaging 

digital experiences. 

2 (Dai et al., 

2024) 

LoRA models for fine-

tuning large models 

with reduced 

computational 

dependency. 

Balancing quality 

with resource 

constraints. 

Faster generation of 

intricate patterns with 

cultural accuracy. 

3 (Bei, 2023) Genetic algorithms for 

iterative and diverse 

pattern generation. 

Balancing creativity 

with tradition. 

Increased diversity 

and richness in 

generated patterns. 

4 (Chen et al., 

2024) 

Enhanced SIFT 

algorithm for efficient 

feature matching and 

classification. 

Addressed noise and 

feature 

dimensionality. 

Improved recognition 

accuracy for 

traditional patterns. 

5 (Zhao, 

2022) 

Fractal patterns with 

perceptual loss 

functions for sharp 

designs. 

Maintaining design 

detail in digital 

outputs. 

Improved pattern 

sharpness and 

creativity. 

6 (Zhaoa and 

Zangb) 

Optimized designs 

using intelligent 

systems to reduce costs 

Overcoming design 

inefficiencies in 

traditional 

Reduced design time 

and production costs. 
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and enhance scalability. processes. 

7 (Liu et al., 

2020) 

YOLO_V3 and CNN 

models for efficient 

pattern generation and 

recognition. 

Ensuring usability 

for non-experts. 

Improved 

accessibility and 

precision in design 

processes. 

8 (Zhao and 

Kim, 2024) 

VR modules with 

gesture recognition and 

simulation for realistic 

user interactions. 

Balancing realism 

with system 

performance. 

Achieved interactivity 

with seamless 

response times below 

15ms. 

9 (Liao et al., 

2024) 

Dual-branch GAN with 

fixed and flexible 

encoders for cultural 

patterns. 

Handling feature 

imbalance and 

limited datasets. 

Improved 

generalization and 

symmetry in 

generated images. 

10 (Gao, 2022) Combined wavelet 

moments and Radon 

Transform for robust 

artistic feature 

extraction. 

Recognizing highly 

deformed patterns. 

Enhanced 

classification 

accuracy and reduced 

noise effects. 

11 (Wang et 

al., 2023) 

ResNet34 for pattern 

recognition and 

DCGAN for creative 

generation. 

Overcoming low-

quality datasets. 

Achieved high 

accuracy and creative 

pattern generation 

efficiency. 

12 (Wu, 2022) Softplus-based nuclear 

adaptive algorithm for 

robust design creation. 

Addressed aesthetic 

and functional 

challenges. 

Improved adaptability 

for diverse 

applications in 

cosmetic packaging. 

 

Style Control Strategies 

A central theme of the studies was how to maintain cultural fidelity while providing for creative 

flexibility. The style control mechanisms included AHP for evaluating cultural elements, and 
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average face loss functions in GAN based models. By matching these two, these strategies 

ensured AI systems would maintain respect for traditional design principles such as symmetry, 

and yet allow for creative variations in the style. One example in particular, (Liao et al., 2024), 

were able to balance realistic cultural representation with the artistic exaggeration that is desired 

for the creation of culturally resonant designs within a framework of dual branch GANs. 

 In addition, (Zhao and Kim, 2024) developed further user engagement with the modular VR 

environments by conducting customizable cultural experiences. Users were able to engage with 

traditional motifs in new ways, and in so doing had a deeper appreciation for cultural art forms 

but also in an introduction of modern interactivity. This is why such approaches stress that AI is 

supportive of the reconciliation of tradition and innovation through offering cultural art forms 

more access and relevance in contemporary audiences. 

 

Table 4: Style Control 

Study 

ID 

Author(s) Approach to Style 

Control 

Frameworks/Models 

Used 

Cultural Elements 

Incorporated 

1 (Lin and 

Laoakka, 

2024) 

Used semiotic theory to 

ensure cultural and 

symbolic integrity. 

Semiotics frameworks Integrated Manchu 

cultural symbols 

and aesthetic 

principles. 

2 (Dai et al., 

2024) 

Applied AHP for 

evaluating cultural 

elements in generated 

designs. 

AHP, LoRA models Included traditional 

themes such as 

festivals and nature 

motifs. 

3 (Bei, 2023) Maintained composition 

rules with genetic 

algorithm constraints. 

Genetic algorithms Incorporated 

geometric and 

decorative folk art 

elements. 

4 (Chen et 

al., 2024) 

Enhanced style 

retention using 

invariant moments for 

SIFT and BP networks Focused on 

crescents, 

serrations, and 
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robust pattern 

classification. 

petal-shaped 

patterns. 

5 (Zhao, 

2022) 

Retained design details 

with perceptual loss 

functions in fractal 

patterns. 

Perceptual loss 

models 

Integrated elements 

from Yuxian paper-

cutting techniques. 

6 (Zhaoa and 

Zangb) 

Adapted traditional 

zodiac and landscape 

motifs with modern 

personalization 

techniques. 

Deep learning Maintained cultural 

relevance while 

offering flexible 

designs. 

7 (Liu et al., 

2020) 

Combined YOLO_V3 

features with style-

specific CNN patterns 

for rich visual diversity. 

CNN, YOLO_V3 Focused on 

enhancing 

traditional 

symmetry and 

connectivity. 

8 (Zhao and 

Kim, 2024) 

Developed modular VR 

systems allowing 

customizable user 

experiences. 

VR frameworks Incorporated 

regional paper-cut 

styles in interactive 

modules. 

9 (Liao et al., 

2024) 

Used average face loss 

to enhance style variety 

while retaining 

traditional abstract 

features. 

CutGAN, ResNet Emphasized 

symmetry and 

abstraction typical 

of paper-cutting art. 

10 (Gao, 2022) Captured artistic 

variations with 

multiscale WM and R-T 

techniques. 

WM, R-T, SVD Integrated artistic 

exaggeration and 

aesthetic variability. 

11 (Wang et Aligned designs with ResNet34, DCGAN Highlighted 
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al., 2023) user emotions and 

artistic interventions. 

textures and 

traditional Funan 

wickerwork 

patterns. 

12 (Wu, 2022) Balanced traditional 

and modern elements 

for aesthetic and 

functional harmony. 

Softplus algorithms Revitalized 

traditional motifs in 

packaging design 

innovations. 

 

Evaluation Metrics and Outcomes 

Quantitative and qualitative metrics were used to evaluate the methods and tools developed. 

Generative models were evaluated based on these metrics like Fréchet Inception Distance (FID), 

structural similarity index (SSIM) and perceptual realism scores as the quantitative metrics of 

their fidelity and effectiveness. For instance, CutGAN, as shown by (Liao et al., 2024) produces 

a far less FID of 13.8, which is far greater pattern fidelity than baseline models. In other studies 

like those done by (Chen et al., 2024), the structural similarity indices and perceptual realism 

scores were used to assess how well models could reproduce the visual precise and natural of 

traditional art.  

Qualitative evaluations, such as user engagement and satisfaction surveys, offered a more in-

depth look at the cultural and educational impact of these tools, as well as the technical. For 

example, (Zhao and Kim, 2024) reported the VR based tools which scored an immersion score of 

94%, indicating that interactive platforms are effective in both encouraging user engagement and 

cultural appreciation. High levels of satisfaction among the users were found through surveys, 

especially for tools that enabled customization and interactivity.  

One consistent theme in studies was that not only did AI-driven tools improve technical 

efficiency, but also add to the cultural and educational value of paper cutting art. These findings 

emphasize the dual potential of AI technologies: It enhances the precision of traditional art 

generation while encouraging greater cultural engagement of more diverse audiences. 
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Figure 4: Heatmap of model performance metrics, comparing CNN, GAN, VR-Integrated, and 

Hybrid Models across Accuracy, FID Score (1/10), SSIM, and Efficiency (1/10). 

In figure 4, the heatmap provides a detailed visual comparison of model performance across four 

critical metrics: FID Score, Accuracy, SSIM, Efficiency. Overall, Hybrid Models have the most 

overall performance, are capable of trading off across all dimensions evaluated. In particular, 

while each metric (SSIM and Accuracy) is good for GANs and CNNs, respectively, we show that 

this is due to their strengths in precision and pattern quality, respectively. Although overall 

performance of VR-Integrated models is moderate, they do have unique advantages in immersive 

interactivity, which make them valuable for user-centric and creative applications. 

 

Table 5: Evaluation Metrics and Results 

Study 

ID 

Author(s) Evaluation Metrics Quantitative 

Results 

Qualitative Results 

1 (Lin and 

Laoakka, 

2024) 

User engagement, 

cultural understanding, 

learning retention. 

85% improvement in 

learning engagement 

scores. 

Positive feedback 

on interactive 

learning tools. 

2 (Dai et al., 

2024) 

FID, perceptual 

similarity, and cultural 

relevance scores. 

FID: 15.6; cultural 

relevance rating: 

92%. 

Patterns praised for 

authenticity and 

complexity. 

3 (Bei, 2023) Diversity score, Diversity: 89%; Users appreciated 
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geometric accuracy, 

user satisfaction. 

accuracy: 91%. aesthetic flexibility. 

4 (Chen et al., 

2024) 

Pattern recognition 

accuracy, feature 

retention rate. 

Accuracy: 94%; 

feature retention: 

89%. 

Effective 

automation of 

traditional motifs. 

5 (Zhao, 2022) Sharpness metric, 

perceptual loss, pattern 

fidelity score. 

Sharpness: 95%; 

fidelity: 93%. 

Enhanced creativity 

while retaining 

cultural essence. 

6 (Zhaoa and 

Zangb) 

Design time reduction, 

user customization 

satisfaction. 

Time reduction: 

90%; satisfaction: 

88%. 

Recognized for 

accessibility and 

flexibility. 

7 (Liu et al., 

2020) 

Recognition rate, 

design efficiency, 

usability ratings. 

Recognition: 

98.18%; efficiency 

improvement: 45%. 

Highly accessible 

for non-expert 

users. 

8 (Zhao and 

Kim, 2024) 

Immersion score, 

engagement metrics, 

learning outcomes. 

Immersion: 94%; 

learning 

improvement: 87%. 

High engagement 

and positive cultural 

exchange. 

9 (Liao et al., 

2024) 

FID, SSIM, LPIPS, 

perceptual realism. 

FID: 13.8; SSIM: 

0.89. 

Generated images 

closely resembled 

handcrafted art. 

10 (Gao, 2022) Classification 

accuracy, noise 

reduction efficiency. 

Accuracy: 92%; 

noise reduction: 

85%. 

Improved feature 

extraction for 

artistic designs. 

11 (Wang et al., 

2023) 

Recognition accuracy, 

user satisfaction, 

creative diversity. 

Accuracy: 94.36%; 

diversity: 91%. 

Enhanced creative 

outputs praised by 

users. 

12 (Wu, 2022) Aesthetic satisfaction, 

convergence speed, 

adaptability. 

Convergence: 86%; 

adaptability: 92%. 

Balanced aesthetic 

appeal and modern 

functionality. 
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Challenges and Limitations 

Although many improvements have been made, a few problems remained to integrate AI 

technologies into the conventional paper cutting art. Both model generalization and training 

efficiency suffered from the lack of high quality and diverse datasets, which we found to be a 

recurring issue. Several studies emphasized the requirement for culturally rich datasets to 

guarantee that generated patterns remained authentic while being adjusted to present stylistic 

variations (Chen et al., 2024, Liao et al., 2024). For models with intricate motifs, this challenge 

was amplified by the fact that they were always limited by dataset scarcity; they could not 

generalize to different cultural contexts to any degree. For example, (Dai et al., 2024) found 

tradeoffs between computational efficiency and pattern detail preservation of LoRA based 

models. Finally, tradeoffs such as these are why the need for optimization strategies that avoid 

the need for everything to consume excessive resources is so important. In fact, as pointed out by 

(Zhao and Kim, 2024), high infrastructure cost in VR platforms made their scalability and 

accessibility difficult. The barrier impeded the broader adoption of VR based tools in resource 

constrained settings where affordability is key for democratizing access.  

Future work includes expanding datasets to include more cultural motifs, both diverse and 

authentic in training data, and reviewing their accuracy. By integrating more advanced perceptual 

metrics, such as multiscale or context aware evaluations, the studies by (Gao, 2022) suggest 

more nuanced assessments of generated designs. Furthermore, the scalability and accessibility of 

interactive technologies could be improved by developing cost effective interactive technologies 

such as lightweight VR systems and modular design frameworks. To develop AI driven tools for 

cultural preservation, these challenges must be addressed, and such tools must be developed 

sustainably, which will require collaborative efforts between technologists, cultural historians, 

and artisans. 

 

Applications and Implications 

The findings draw attention to the potential of AI to reinvigorate old ways of artistic creation and 

media, as well as supporting cultural sustainability. Paper-cutting art has been successfully 

disseminated and appreciated by the use of AI-based systems, such as educational tools, virtual 

exhibitions, and creative design platforms. For example, the work of (Liu et al., 2020) 
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demonstrated the utility of CNN based systems in democratizing access to complex design 

processes and in making the art form more accessible to a larger audience. Like (Zhao and Kim, 

2024), VR based approaches that they developed for engaging with cultural heritage also offered 

immersive experiences that bridge generational and cultural gaps.  

These methods have large implications for other cultural art forms besides paper cutting. Such 

techniques as pattern recognition, generative design and style control can be adapted to domains 

like textile design, ceramics, woodworking, and provide a scalable framework for the integration 

of tradition and technology. To illustrate, (Wang et al., 2023) used similar AI driven 

methodologies to wickerwork patterns, showing these tools can be used for preserving and 

innovating many crafts. These finds show us the way to achieve this — ensuring that traditional 

forms of arts are not only saved but reimagined in a way that benefits accessibility, innovation 

and cultural sustainability. As we use AI technologies with carefully implemented cultural 

sensitivity and inclusiveness principles, this is how we build a future where tradition can live as 

well as innovation does. 

 

Figure 5: Stacked area chart illustrating the contribution of CNN, GAN, VR-Integrated, and 

Hybrid Models to paper-cutting art research from 2018 to 2023. 

The development of AI contributions to paper-cutting art research from 2018 to 2023 is shown in 

figure 5. CNNs lay a foundation for pattern recognition and features extraction and are the early 

developments that drive it. Although by 2020 GANs and VR were elevated, they helped to 

approach high quality generative designs and immersive user experience. In recent years, Hybrid 
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Models emerged as the most widely used approach, as integrative frameworks utilizing multiple 

methodologies have become more popular in cultural art preservation and innovation. 

 

Discussion 

Advancing the Intersection of Artificial Intelligence and Cultural Art 

This systematic review finds the transformative potential of artificial intelligence (AI) preserving 

and modernizing traditional paper-cutting art. While AI can help automate tasks, its real power 

comes from its ability to enrich cultural importance, democratize access and bring the world’s 

intangible heritage to everyone. As opposed to traditional methods, AI techniques including 

convolutional neural networks (CNNs), generative adversarial networks (GANs) and virtual 

reality (VR) offer very strong methods for achieving cultural authenticity while balancing 

efficiency. These technologies have been shown to create complex patterns while still 

maintaining cultural fidelity, and allowing for stylistic innovation (Liao et al., 2024, Zhao and 

Kim, 2024). These have been the groundwork for an era where traditional art forms can coexist 

with the modern technological innovations, which provide the opportunity of the wider 

engagement and revitalization of these art forms in the digital era (Liao et al., 2024). 

Methodological Synergies in AI and Traditional Art 

Review of the studies reveals the ways in which AI methodologies have been strategically 

merged with conventional art forms, like GANs, wavelet analysis, and VR environments, which 

do not only complement, but also boost the inherent complexity of paper cutting art. For 

example, (Liao et al., 2024) also show how dual-branch GANs can produce culturally 

meaningful designs in accordance with the principle of symmetry and abstraction. As discussed 

by (Gao, 2022), wavelet moment analysis was a robust approach to extracting intricate features 

to accurately recognize the patterns. In the same vein, immersive capabilities of VR platforms 

presented in (Zhao, 2022) work made traditional art forms more interactive and accessible 

allowing users to interact with cultural motifs in unexpected ways. The synergies show how AI 

can connect technical efficiency to cultural resonance to expand the possibilities of the artistic 

process beyond the relatively narrow range of audiences it typically serves. 
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Integration of Optimization Techniques and Cultural Preservation 

The effective digitization of paper-cutting art has been enabled by the emergence of optimization 

techniques such as perceptual loss functions, adaptive algorithms and wavelet analysis. They 

achieve technical performance improvement without sacrificing cultural integrity. The studies by 

(Bei, 2023), (Liao et al., 2024), and others that apply GAN based models have shown those 

models can generate patterns that respect traditional design principles and introduce stylistic 

variety. Additionally, VR platforms, as described by (Zhao and Kim, 2024) expanded the range 

of interaction with paper cutting art to the immersive environments where users can use the 

experience and make a contribution to the preservation of this tradition. This marks the duel 

potential of AI’s ability to protect cultural heritage and promote innovation by helping younger 

generations connect with and find more access and engagement with traditional art. 

Challenges in Balancing Tradition and Innovation 

These successes do not sufficiently reconcile the aesthetics of tradition with technology. A major 

barrier to date has been the scarcity of high quality and diverse datasets that restricts 

generalization capabilities of AI models and negatively impacts cultural fidelity of generated 

patterns (Liao et al., 2024, Chen et al., 2024). Barriers include computational demands, 

particularly for real time applications, as discussed in studies of (Wang et al., 2023) and (Zhao 

and Kim, 2024). Studies using LoRA models demonstrated trade-offs between resource 

limitations and high-quality output and showed the complexity of balancing these two 

parameters (Dai et al., 2024). In addition, although VR platforms provide unparalleled 

immersion, their high infrastructure cost presents barriers to widespread adoption, especially in 

resource constrained environments (Zhao and Kim, 2024). The challenges to address these 

problems will be a collaborative project to expand the dataset, optimize the algorithm, and find 

cost effective solutions. 

The Role of Human Expertise in AI-Driven Processes 

To reduce paper waste, surpass the bottleneck of human sentiments, and innovate for purchase 

and production, AI can help automate and optimize aspects of paper-cutting design. Several 

studies on human computer collaboration show (Wang et al., 2023, Wu, 2022) that designers are 

crucial to steering AI systems to create culturally resonant outputs. As an example, average face 

loss functions in GANs require designer input to fine tune parameters and to assess the cultural 
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relevance of generated patterns (Liao et al., 2024). The human creativity and machine efficiency 

symbiotic relationship is a call for a human centric approach to AI driven cultural preservation so 

that the symbolic and cultural meanings of traditional art are preserved. 

Expanding Accessibility through Technological Innovation 

Accessibility to traditional art forms has grown thanks to technological innovations primarily in 

the form of VR and interactive platforms. These tools provide immersive and customizable 

experiences for a wide variety of audiences from cultural enthusiasts to professional designers 

(Liu et al., 2020, Zhao and Kim, 2024). The study of (Zhao and Kim, 2024) shows that VR 

enabled platforms are able to increase user engagement and deepen user appreciation of cultural 

heritage, especially among the younger generations. Nevertheless, the high cost of VR 

infrastructure limits its utility, and it is necessary to develop affordable solutions to democratize 

access to and global appreciation of paper-cutting art. 

Implications for Broader Applications and Sustainability 

The use of AI in the paper cutting art has much broader implications for the preservation and 

innovation of other intangible cultural heritage (ICH). These techniques have been successfully 

applied to domains including wicker work and visual communication design (Gao, 2022, Wang 

et al., 2023). Moreover, the study of wickerwork patterns shows how AI can help integrated 

sustainable design principles in traditional crafts, carrying out studies such as (Wang et al., 

2023). Putting these technologies in alignment to the global goals for cultural and environmental 

sustainability provides a holistic framework to conserve and reinvent cultural heritage. 

Recommendations for Future Research 

This research should fill in the gaps and advance the frontiers of AI driven cultural preservation. 

Model generalization and adaptability across different traditions will be improved by expanding 

datasets to a wider range of cultural motifs suggested by (Chen et al., 2024) and (Liao et al., 

2024). The development of lightweight algorithms and hardware optimization is also needed in 

order to achieve computational efficiency to facilitate real time applications (Liao et al., 2024, 

Wang et al., 2023). The use of AI tools is only viable by the collaboration of artists and 

technologists alongside cultural historians, so that both technical muscle and cultural sensitivity 

is secured. Finally, user centered approaches focused on accessibility and affordability will be 
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key to the democratization of the benefits of AI to creators and audiences worldwide (Liu et al., 

2020, Zhao and Kim, 2024). 

 

Conclusion 

This advancement in the preservation and modernization of a cultural heritage, is the integration 

of artificial intelligence (AI) to traditional paper-cutting art. From optimization techniques and 

style control mechanisms, convolutional neural networks (CNNs) as well as other AI steps have 

allowed cultural fidelity replication and creative innovation. Virtual reality (VR) is but one 

example of immersive technology, which also includes augmented reality (AR), that extends the 

experience of this art form to additional audiences in interactive and accessible ways. However, 

despite these challenges of having limited datasets, computationally expensive algorithms, and 

ethical issues, work requires interdisciplinary collaboration to produce culturally sensitive and 

sustainable applications. Insights from this systematic review show how by reinterpreting these 

traditional motifs through the lens of AI, AI can not only preserve, but also reposition such 

motifs in contemporary contexts to offer opportunities for wider cultural exchange, innovation 

and global appreciation. AI provides a powerful framework for revitalizing intangible cultural 

heritage, by addressing current limitations and inaugurating a dialogue between technology and 

tradition in a rapidly changing digital landscape. 
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