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Abstract. Against the backdrop of the digital wave sweeping across various industries, there is an
urgent need for new momentum in the inheritance and innovative design of clothing culture. This
article focuses on artificial intelligence (Al) technology, exploring its empowering value, challenges,
and response strategies in the field of clothing culture. Research has found that Al significantly
improves the quality and effectiveness of cultural heritage and brand competitiveness through
intelligent mining of cultural data, personalized design, and precise marketing. However, there are
also problems such as data collection and processing bottlenecks, security copyright risks, and a
shortage of versatile talents. Therefore, strategies such as deepening technology integration
research and development, strengthening data security protection, and cultivating a professional
talent team are proposed. Research has shown that the rational use of Al technology can promote
innovation in the inheritance and development of clothing culture.
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1. Introduction

With the rapid development of digital technology, the inheritance and innovation of traditional
culture are facing new opportunities and challenges. As an important carrier of national culture,
clothing culture carries historical memory and aesthetic wisdom. However, traditional inheritance
models are limited by time and space, have low dissemination efficiency, and innovative designs
often fall into the dilemma of homogenization. Artificial intelligence (Al) technology, with its
powerful data processing and intelligent analysis capabilities, is reshaping the development patterns
of multiple industries and bringing potential changes to the clothing culture field. In this context,
exploring how Al empowers the inheritance and innovative design of clothing culture, breaks through
development bottlenecks, and has important theoretical and practical significance for promoting the
sustainable development of clothing culture and enhancing brand cultural competitiveness.

2. Empowering Value

2.1. Enhance the quality and efficiency of cultural inheritance

The deep intervention of artificial intelligence technology enables the inheritance of clothing
culture to break through traditional temporal and spatial limitations, achieving efficient and precise
cultural continuity. With the collaboration of natural language processing and image recognition
technology, Al can perform semantic analysis on the cultural descriptions of clothing scattered in
ancient books and folk stories. Combined with the images of clothing objects, it can construct a three-
dimensional knowledge graph containing information such as pattern meanings, craftsmanship
techniques, and wearing scenes[1]. Regarding the research on Miao Bai Niao clothing, Al can
accurately restore its production process of "using needles instead of pens" by analyzing the changing
patterns of embroidery stitches, and permanently preserve the endangered technique in digital form.
At the level of cultural dissemination, Al driven virtual fitting and intelligent navigation systems have
broken the physical boundaries of cultural experiences. By wearing VR devices, the audience can
"immerse themselves" in ancient clothing workshops and learn button weaving and blue dyeing
techniques from virtual craftsmen; AR technology can superimpose traditional clothing elements in
real-time onto modern scenes, such as scanning city landmarks to instantly present a matching
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interpretation of dynasty clothing culture. Based on reinforcement learning, Al systems can
automatically generate personalized inheritance plans according to the cultural cognitive levels of
different audiences. From fun science popularization like children's picture books to academic level
process deconstruction, it comprehensively expands the audience coverage of clothing culture
inheritance and promotes the revitalization of traditional culture in the digital age.

2.2. Enhance brand cultural competitiveness

Artificial intelligence technology injects unique cultural genes into clothing brands, making them
stand out in market competition. With the powerful data analysis capabilities of Al, brands can
conduct sentiment analysis and semantic mining on massive user comments and outfit sharing on
social media, fashion forums, and other platforms, accurately capturing consumers' potential
preferences for cultural elements such as national and ethnic styles. By analyzing the frequent
discussions among young people about Dunhuang's flying elements, the brand used generative Al to
design a dress that combines ribbon styling and modern tailoring, which became a bestseller as soon
as it was launched. In the marketing process, Al driven personalized recommendation systems can
not only push products based on consumers' historical purchase data, but also recommend brand
stories and cultural interpretations that match their cultural preferences. For users who love Hanfu
culture, the system pushes exclusive content including documentaries on traditional clothing
production techniques and designer inspiration interviews to strengthen cultural resonance. Al
monitors global fashion trends and competitor dynamics in real-time, compares and analyzes the use
of cultural elements in similar products through image recognition technology, and helps brands
quickly adjust their design and marketing strategies. A certain fast fashion brand used Al to discover
the rising trend of niche ethnic patterns, quickly launched a series of co branded products, and took
the lead in occupying the segmented market, enhancing global market share and brand influence with
differentiated cultural competitiveness.

3. Facing Challenges

3.1. Data collection and processing bottleneck

From the perspective of traditional clothing objects, their materials are aging, their structures are
complex, and they are prone to wrinkles and texture distortion during 3D scanning. Moreover, the
data formats collected by different scanning devices vary greatly, making it difficult to integrate; The
clothing records in ancient literature require a lot of manual research due to vague wording and simple
drawings, resulting in extremely low efficiency. In the data processing stage, the massive fragmented
information lacks a standardized classification system, making it difficult for Al to accurately identify
the deep meanings of cultural symbols[2]. The totem patterns in ethnic minority costumes have
similar but vastly different meanings among different tribes. If Al only classifies based on visual
features, it is easy to cause cultural misunderstandings. Data annotation relies on human experience,
with strong subjectivity and poor consistency, making it difficult for Al training models to accurately
extract cultural essence, and the generated design solutions are prone to losing traditional charm.

3.2. Data security and copyright risks

During the data collection phase, when obtaining core data on clothing production techniques from
folk artisans and inheritors of intangible cultural heritage, the lack of standardized authorization
agreements can easily lead to ownership disputes; In terms of storage, if cloud servers are attacked
by hackers, a large amount of cultural data may be stolen or tampered with, posing a risk of loss for
traditional clothing culture. In terms of copyright, new designs generated by Al based on multi-source
data are difficult to define the original ownership of cultural elements. The patterns generated by Al
integrating multiple ethnic clothing elements may infringe on cultural rights of multiple parties if
used without authorization. The current law does not have a clear definition of the copyright
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ownership of Al generated content, making it difficult for cultural resource owners to protect their
rights and seriously hindering the secure sharing and innovative application of clothing cultural data.

3.3. Shortage of composite talents

In the higher education system, fashion design majors focus on aesthetics and craftsmanship, while
artificial intelligence courses only provide general knowledge, and technical majors rarely involve
fashion culture, resulting in a single knowledge structure for graduates. In the industry, designers lack
algorithm optimization and data modeling capabilities, making it difficult to judge whether the
application of cultural elements is accurate when faced with Al generated design solutions;
Technicians have a limited understanding of the evolution and stylistic features of clothing culture,
and the developed Al tools are unable to accurately adapt to cultural inheritance needs[3]. The limited
internal training resources of the enterprise make it difficult to meet the cross disciplinary knowledge
updating needs of employees. Even if some talents improve through self-study, the lack of practical
platforms makes it difficult to deeply integrate Al technology with clothing culture, which seriously
restricts the innovation and development process of the industry.

4. Development Strategy

4.1. Deepen technology integration and research and development

Clothing companies, universities, and research institutions should establish a multi-level and
multi-dimensional collaborative innovation system, and increase investment in the integration of
artificial intelligence and clothing culture through the establishment of special research and
development funds, joint laboratory construction, and other means. Enterprises can collaborate with
universities to establish an "Intelligent Research Center for Clothing Culture", focusing on the two
core directions of digital protection and innovative design of traditional clothing culture. In terms of
digital protection, high-precision 3D scanning technology is used to model traditional clothing in a
three-dimensional manner. Combined with deep learning algorithms in computer vision, sub-pixel
level recognition is performed on embroidery and printing patterns on the surface of clothing to
accurately extract detailed features such as color, pattern, and stitching, which are then converted into
quantifiable digital parameters and entered into a feature database [4]. Using natural language
processing technology, semantic analysis is conducted on ancient literature such as "Tian Gong Kai
Wu" and "Yu Fu Zhi", as well as oral data of intangible cultural heritage inheritors. Through
techniques such as named entity recognition and knowledge graph construction, textual descriptions
are transformed into a structured cultural knowledge base, achieving a complete mapping of
traditional clothing culture from physical to digital.

In the innovative design phase, generative artificial intelligence technologies such as Diffusion
Models and Variational Autoencoders (VAEs) are introduced to stimulate creativity based on massive
cultural data. Designers can quickly generate hundreds of design sketches by adjusting algorithm
parameters to control the extraction ratio of traditional cultural elements and the integration of modern
fashion elements. When designing improved Miao costumes, designers can set the degree of
preservation of silver patterns and modern blending schemes for wax printing colors. The system
automatically generates design schemes that balance traditional charm and contemporary aesthetics.
Subsequently, with the help of virtual VR and AR technologies, the 2D design drafts were
transformed into 3D virtual clothing. By dynamically simulating human movements such as walking
and turning, the clothing's drape, breathability, and motion adaptability were displayed in real time,
greatly shortening the design verification cycle. Actively exploring the collaborative application of
the Internet of Things and blockchain technology, embedding micro sensors in traditional clothing or
cultural and creative products to collect real-time motion data and environmental parameters of the
wearer, and combining blockchain technology to achieve full lifecycle traceability of the product.
Consumers can scan the clothing QR code to view information such as fabric source, production
process, cultural allusions, and even participate in design voting, truly realizing the two-way
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empowerment of technology and culture, and enhancing the innovation vitality and market
competitiveness of the clothing cultural industry.

4.2. Strengthen data security protection

Given that clothing culture data involves sensitive information such as intellectual property and
cultural heritage, clothing companies need to establish a "prevention monitoring emergency"
integrated data security protection system. In the data collection stage, in addition to differential
privacy technology, federated learning frameworks can also be introduced to enable collaborative
modeling of multi-party data without leaving the local environment. Clothing companies can form
data alliances with universities, museums, and other institutions to jointly train clothing pattern
recognition models through federated learning. This not only avoids the risk of centralized storage
and transmission of raw data, but also integrates dispersed cultural resources[5]. Using blockchain
technology to build a data traceability platform, a unique digital fingerprint is generated for each
collected data, and information such as the collection time, collector, and authorization scope is
recorded to ensure that the data source is traceable and the usage process is auditable. When using
speech recognition and natural language processing technology for real-time transcription of oral
cultural data, timestamps and encrypted watermarks are synchronously added to prevent data
tampering or illegal dissemination.

In addition to homomorphic encryption and distributed storage, secure enclave technology can be
introduced in the storage process to provide an independent encryption environment for sensitive data
at the hardware level. Store the core data of intangible cultural heritage clothing production
technology on a dedicated server equipped with a Trusted Execution Environment to ensure that the
data is analyzed and processed by Al in an encrypted state. Even if the server is hacked, hackers
cannot obtain plaintext data. Establish a data lifecycle management mechanism, automatically
migrate low-frequency accessed data to cold storage based on the frequency and importance of data
usage, and regularly perform integrity checks on stored data. Use hash algorithms to compare data
fingerprints and promptly detect potential data damage or tampering.

During data transmission, quantum key distribution technology can be combined with Software
Defined Networking to dynamically optimize data transmission paths. By monitoring the network
environment in real-time, when high-risk transmission nodes are detected, the backup link is
automatically switched and the quantum key is renegotiated to ensure the continuity and security of
data transmission. In terms of anomaly detection systems, in addition to behavioral feature analysis,
Graph Neural Network technology can be introduced to construct a data access relationship graph.
By analyzing the correlation between different users, devices, and data, identifying hidden attack
patterns, and detecting multiple accounts frequently accessing the same sensitive dataset in a short
period of time, a deep security audit is triggered. Enterprises need to establish a comprehensive data
security emergency response mechanism and develop graded disposal plans. In the event of a minor
data breach, quickly isolate the risk data and repair it; In the event of a serious security incident,
immediately shut down the affected services and collaborate with professional forces to trace the
source. Integrate data security training into daily life, and enhance employees' risk prevention
awareness by simulating scenarios such as phishing and social engineering attacks. Regularly
introducing third-party organizations for penetration testing and risk assessment, dynamically
optimizing security strategies based on assessment results, ensuring the efficient operation of the
"prevention monitoring emergency" system, and safeguarding the security of clothing culture data.

4.3. Cultivate a team of professional talents

The clothing industry should build an integrated talent cultivation ecosystem of "industry
university research application", through deep cooperation between schools and enterprises, precise
talent introduction, and systematic internal training, to create a composite talent team that combines
clothing cultural heritage and artificial intelligence technology capabilities. Enterprises can
collaborate with universities to establish the "Intelligent Design of Clothing Culture" specialty,
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integrating core technology courses such as computer vision, machine learning, and digital twins into
the curriculum system. At the same time, humanities courses such as traditional clothing culture
history and intangible cultural heritage craft analysis can be added. In the practical teaching stage,
students use deep learning algorithms to extract patterns from Tang Dynasty costumes in Dunhuang
murals, and combine 3D modeling technology to complete virtual restoration design, achieving the
cross practice of technology and culture. Enterprises can also establish special scholarships and
internship bases to select outstanding students to participate in practical project research and
development, and accelerate talent growth through the "project-based" training model.

In terms of talent introduction, enterprises need to develop differentiated talent attraction strategies.
For high-end talents with a background in artificial intelligence technology, generous benefits
including research start-up funds and access to cultural resource databases can be provided,
encouraging them to conduct cutting-edge research such as intelligent analysis of clothing culture and
optimization of generative design algorithms; For talents familiar with fashion design, the
"Technology Empowerment Program" provides specialized training in Al tool usage, data processing,
and other areas to help them quickly master technical skills. Establish a flexible talent introduction
mechanism, carry out talent sharing and cooperation with top domestic and foreign research
institutions, invite experts to serve as technical advisors or guest researchers, regularly hold academic
seminars and technical workshops, and enhance the overall technical level of the team.

Internal talent cultivation within enterprises requires the establishment of a hierarchical and
classified training system. For grassroots designers, basic courses such as "Introduction to Al Design
Tools" and "Basic Cultural Data Processing" should be offered to enable them to proficiently use Al
drawing software and annotate basic data; For middle-level backbone, organize advanced training
such as "Generative Al Advanced Application" and "Cultural Algorithm Design", guide them to
transform traditional cultural elements into algorithm parameters, and achieve intelligent upgrading
of creative design. By training designers to use models such as Stable Diffusion and inputting
keywords such as "Song Dynasty Gezi+Cyberpunk Material", quickly generate design schemes that
integrate ancient and modern styles. Establish a "master apprentice system" and a "project rotation
system" to promote in-depth communication between technical and design talents, and build an
internal knowledge sharing platform to encourage employees to upload Al design cases, cultural data
processing experience, and other content, forming a knowledge accumulation and iteration
mechanism. Regularly organize industry competitions and achievement display activities, reward
outstanding project teams, stimulate employees' innovation enthusiasm, and provide continuous talent
motivation for the inheritance and innovative design of clothing culture.

5. Conclusion

The deep integration of artificial intelligence technology has brought new opportunities and
development propositions for the inheritance and innovative design of clothing culture. Through
systematic measures such as deepening technology integration research and development,
strengthening data security protection, and cultivating professional talent teams, the industry can fully
unleash the empowering potential of artificial intelligence, promote the inheritance, innovation, and
industrial upgrading of clothing culture in the digital age. With the continuous iteration of technology
and the continuous enrichment of application scenarios, the application of artificial intelligence in the
field of clothing culture will inevitably break through traditional boundaries, open up a development
path with more cultural depth and innovative vitality, and inject unique cultural charm and lasting
vitality into the global fashion industry.
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