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TYPOLOGICAL ANALYSIS AND CLASSIFICATION OF ETHNIC PATTERNS
IN DIGITAL FASHION DESIGN CONTEXTS

In the context of digital transformation in fashion design, the interpretation and application of ethnic patterns face
increasing demands for systematic classification and semantic adaptability. This study aims to construct a typological
system for ethnic patterns that bridges traditional cultural meaning with digital design practices. This study proposes
a new typological classification system for ethnic patterns in digital fashion contexts. The system integrates three
dimensions: visual structure, symbolic meaning, and media adaptability. It addresses limitations in existing classification
models that focus only on region or form, and builds a model applicable to digital generation and cross — cultural
communication. A combination of visual analysis, pattern deconstruction, symbolic interpretation, and digital adaptability
assessment was employed to build a four — category, eight — subcategory classification model. The categories include
geometric — constructive, natural — representational, abstract — transformative, and symbolic — referential types, each
refined according to structural characteristics and cultural connotations. Sample analysis demonstrated that different
types of motifs have different uses: Geometric patterns are ideal for Al training and repeatable design, while Natural
and Abstract motifs are better for fashion storytelling and dynamic visuals. Symbolic motifs are effective in building
cultural identity and branding. Based on more than 60 ethnic pattern samples, the study validates the typology through
comparative case analysis and demonstrates its operability in Al — based pattern generation, modular design workflows,
and cultural storytelling. Compared to existing classification systems, the proposed framework incorporates a media —
adaptive and symbolically rich approach, enhancing its relevance in digital fashion design and visual communication.
The research provides a foundational method for pattern recognition, database construction, and cross — cultural
dissemination of ethnic motifs in digital environments. In addition, the model bridges gaps in media communication and
platform adaptability. It can support cultural heritage visualization, Al — generated pattern databases, and intelligent
design applications. Future research may explore algorithmic implementation of the system and its role in AR, virtual
fashion, and digital heritage platforms.

Key words: fashion design, digital fashion, pattern semantics, cultural encoding, symbolic structure, digital motif
generation, media adaptability, ethnic visual heritage.
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TUIOJIOTTYHUM AHAJII3 TA KJIACU®IKAIISA ETHIYHUX OPHAMEHTIB
Y KOHTEKCTAX IIU®POBOI'O JIN3AVHY KOCTIOMA

YV koumexcmi yugposoi mpancgopmayii 6 ouzaiini 0osey, inmepnpemayis ma 3acmocy8anHs emHiYHUX 8I3ePYHKI8
CIUKAIOMbCSL 31 3POCMAIOYUMU BUMO2AMU 00 cucmemamuynoi Kiacugixayii ma cemanmuynoi adanmuenocmi. Lle docni-
0drcen s Mae Ha Memi noOYOYeamu Munoa02iuHy cucmemy Ol emHiuHUX 8i3ePYHKIS, AKA NOECOHYE MPAOUYiliHe KYIbInypHe
3HAYenHs 3 npaKmukamu yug@dposozo ousatiny. Cucmema inmezpye mpu UMIpU: i3yanvHy CIpyKmypy, CUMeoniune 3Ha-
YeHHs: ma adanmusHicms media. Bona epaxosye oomedicenns ichyouux mooenetl Kiacudikayii, axi 30cepeodiceni auuie
Ha pe2ioHi uu opmi, ma cmeoproe mMooeib, 3aCmoco8Hy 00 Yupposoi eenepayii ma MiscKyibmypHoi kKomyHikayii. [ns
nobyoosu moodeni Kiacugixayii 3 Homupma Kame2opiamu ma icbMoma niokame2opiamu 6yn0 UKOPUCTIAHO KOMOIHA-
Yi10 8i3yAIbHO2O AHALI3Y, OCKOHCMPYKYIL GI3EPYHKIB, CUMBONIUHOI IHmepnpemayii ma oyiHku yu@poeoi adanmusHoCmi.
Kamezopii exniouaioms eeomempuiHo-KOHCMPYKMUSHi, npupooHo-penpe3eHmamusni, abcmpakmuo-mpanc@opmamusni
ma cumeoniuHo-peepenyiiini munu, KoJdceH 3 AKUX YMOUHIOEMbCs 8I0N06IOHO 00 CIMPYKMYPHUX XAPAKMePUCMUK ma
KVIbMYPHUX KoHomayiu. Ananiz eubipku noxkasas, wjo pizHi munu MOMueie Maome pisHe UKOPUCIAHHA: 2e0MempUYHi
8I3epYHKU 10edIbHO NiOX00siMb OJi HAGUAHHS WIMYYHO20 IHMeLeKmy md No8MoprEaH020 OU3AliHy, mooi K npupooHi ma
abcmpaxmmui Momusy Kpauje nioxoosams 0Jisk po3nosioi MOOHUX iCOopitl ma OUHAMIYHUX 8i3yanbHux eremenmis. Cumeo-
AUHI momueu egpexmusHi 01 noby0osu KyibmypHoi idenmuurnocmi ma openouney. Ha ocrnosi nonao 60 3paskie emmiy-
HUX 8I3€PYHKI@ Q0CIIONCEHHS NEPeipsc MUNOJIo2iio 3a 00NOMO2010 NOPIGHAILHO20 AHANIZY SUNAOKIE MA 0eMOHCMPYE il
npaye3oamuicms y eenepayii 6i3epyHKié HA OCHOBI WMYYHO20 THMENeKmY, MOOYIbHUX pOOOUUX npoyecax Ou3auny ma
Kynomyprnomy cmopimenniney. IlopieHano 3 icnyiouumu cucmemamu Kiacugixayii, 3anponoHosana Cmpykmypa 6Kuo4ae
MediaadanmuHutl ma CUMB0AIYHO HACUYeHUll NiOXIO, wjo nioguwye ii akmyanbHicms y yugposomy ousaiini oosey ma
8i3yanvHill KomyHikayii. Jlocnioscenns nponouwye yHOameHmanvHull Memoo 01 pO3Ni3HABAHHA 8i3epYHKIE, N0OYO08U
0a3z 0aHux ma MidcKyIbmMypHO2O ROWUPEHHS eMHIYHUX MOUSI8 Y yudposomy cepedosuwji. Kpim moeo, mooens ycysae
npozaiunu 6 meodiakomynikayii ma aoanmuenocmi niamgopmu. Bona moorce niompumysamu 8izyanizayilo KyivhypHoi
cnadwunu, 6asu OaHux 6i3epyHKi6, 3eeHepOaHi WNYYHUM THMENIeKMoM, Ma npoepami iHMeneKmyaibHo20 OU3atity.
Maiioymni docniodicenHs MOAHCYymMb OOCAIOUMU AN2OPUMMIYHY pednizayiio cucmemu ma ii poib y O0NO0GHEHIl PeaibHOCMI
(AR), sipmyanvhiii MoOi ma niamgopmax yugposoi cnaoujutu.

Knrouoei cnosa: ousaiin 0052y, yughposa mooa, cemManmuKa 8i3epyHKis, KyiibmypHe KOOY8aHHs, CUMBONIYHA CIMPYKMYPd,
2eHepayist yudposux Momusie, a0anmueHicms meoida, emHiuHa 8i3YaANbHA CRAOWUHA.

Introduction. In recent years, there has been
growing global awareness of the need to protect intan-
gible cultural heritage. Ethnic patterns have become a
key visual symbol of cultural identity and historical
memory. These patterns have attracted attention from
many fields such as design, computing, and semiotics.
In the past five years, many studies have focused on
the structure, meaning, and communication of ethnic
patterns. For example, Shomirzayev (Shomirzayev,
2020) and Rudenko & Ivanova (Rudenko & Ivanova,
2023) studied folk art and found that these patterns
reflect local culture and offer ways to recognize its
uniqueness; described ethnic patterns as important

tools for expressing group identity, especially in
minority language cultures.

With the fast development of digital design and
artificial intelligence, more researchers are working
on data collection, modeling, and automatic recogni-
tion of ethnic patterns. Liu et al. (Liu, 2023), Huang
(Huang, 2024), and Chen (Chen, 2022) introduced
methods for style feature extraction, semantic tag-
ging, and pattern generation using GANs. These
works offer technical solutions for re — creating ethnic
patterns in digital form. However, most of these stud-
ies focus on visual techniques. They do not provide
enough analysis from a typological or classification
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point of view. Also, many current systems still rely
on regional or stylistic groupings. They lack unified
structural standards and clear classification models
(Zhou, 2024; Tang, 2024). First, the study reviews
recent research (within the past five years) on ethnic
pattern structure, visual language, cultural meaning,
and digital transformation. Based on this review, the
study extracts useful classification dimensions and
builds a structural logic for the system. It refers to
work by Das and Sudha (Das & Sudha, 2020), Zhou
(Zhou, 2024), and Wu (Wu, 2023). These scholars
discussed pattern composition and meaning in tra-
ditional art. The study summarizes three key dimen-
sions for analysis: composition structure, symbolic
meaning, and media adaptability.

This paper reviews 17 recent studies and builds
a typology system for ethnic patterns. It is based on
three main dimensions: structure, symbolic meaning,
and media adaptability.

The aim of the article. The aim of research is to
explore how different pattern types work in digital
design and how they can be used in new ways. This
paper tries to fill the gap in structural and semantic
analysis and offers a framework for using cultural pat-
terns in fashion design. The main innovation is the
creation of a full typological system. It builds a bridge
between traditional ethnic designs and Al — based
visual design.

Research analysis. In recent years, the typologi-
cal study of ethnic patterns has moved beyond formal
aesthetics. Researchers are now exploring cultural
meanings and digital transformation. Through field-
work and visual analysis, she showed that patterns are
not only decorative but also act as “visual texts” for
ethnic memory. Shomirzayev (Shomirzayev, 2020)
analyzed traditional embroidery in Central Asia,
including Uzbekistan and Tajikistan. He identified
five basic types of patterns: plant, animal, object,
geometric, and Islamic script. His work revealed both
the shared and different features of pattern aesthetics
and religious culture.

In China, Kong et al. (Kong, 2024) studied the
patterns on traditional clothing across five dialect
groups of the Li ethnic group. They created a model
connecting pattern location, type, and cultural mean-
ing. They stressed the importance of how patterns are
placed and their narrative function. Nesen (Nesen,
2024) looked at how Ukrainian folk art patterns are
classified. She proposed that the classification should
include not only style but also materials, tools, and
regional context. This led to a three — dimensional
model: material-pattern—function. Patel (Patel, 2022)
explored the link between Indian architectural deco-
ration and pattern design. He showed how symbols

ISSN 2308-4855 (Print), ISSN 2308-4863 (Online)

...............................................................................

from buildings are transformed into textile designs.
His study highlights the relationship between symbol
source, cultural continuity, and visual expression.

A recent trend in pattern studies is the focus on
digital translation and visualization systems. Liu et al.
(Liu, 2023) used fuzzy clustering and convolutional
neural networks to analyze style features in traditional
patterns. They showed that geometric structures and
semantic tags can be used in Al training datasets.
This work set the base for pattern generation using
Al. Huang (Huang, 2024) added symbolic tags into a
pattern recognition system. These tags improved the
system’s ability to recognize and sort pattern styles.
Zhang (Zhang, 2024) used a visual symbol network
to model ethnic patterns in three levels: graphic unit,
combination structure, and visual meaning. This helps
build Al design platforms.

In the field of cross — media transmission and sym-
bolic reconstruction, Lee (Lee, 2023) studied Korean
patterns in metaverse fashion. She found that cultural
recognizability and interaction are key to redesigning
patterns in digital spaces. Kim (Kim, 2023) intro-
duced the idea of «pattern behavior». He believes that
patterns are not only static shapes but also flexible and
interactive cultural units in virtual environments.

Results and Discussion. This study uses a multi —
phase and cross — method approach. The goal is to
build a typological classification framework that is
both theoretically sound and practically useful for eth-
nic patterns. The research follows three main paths:

— Case Image Collection and Feature Extrac-
tion. Following the classification strategies used by
Kong et al. (Kong, 2024) for Li ethnic clothing and
the clustering method from Tang (Tang, 2024), this
study collects over 60 typical ethnic pattern sam-
ples. These patterns come from the Miao, Tibetan,
Li, and Naxi groups. The images are processed using
Photoshop and Adobe Illustrator for vectorization.
Then, the study applies a visual structure decompo-
sition method. It identifies basic design units, such as
geometric shapes, symmetry lines, and symbol com-
binations.

— Pattern Modeling and Validation. Inspired
by Liu et al. (Liu, 2023) and Huang (Huang, 2024),
the collected patterns are grouped based on visual
form (geometric, representational, or mixed), sym-
bolic meaning (abstract, totemic, or emblematic), and
media usage (clothing or digital platforms). This leads
to a classification system with four main types and
eight subtypes. To test its validity, four comparison
cases are used. These follow the semantic classifica-
tion standards suggested by Gao (Gao, 2023) etc.

— In summary, this study uses both qualitative and
quantitative methods. It combines symbol decoding



...............................................................................

and image recognition to ensure the system is practical
for digital design and rich in cultural meaning.

— Construction of a Typological System for
Ethnic Patterns. To build a typological system suit-
able for digital fashion design, this study analyzed
over 60 representative ethnic patterns. These patterns
were collected from Chinese ethnic groups including
Tibetan, Miao, Naxi, and Mongolian communities.
The study applied image feature extraction, structural
analysis, and semantic coding. It focused on four main
dimensions: composition logic, visual form, symbolic
meaning, and adaptability in digital design. Based on
this, a classification framework was developed with
four major types and eight subtypes.

Each main category is divided into two subcate-
gories based on composition structure and symbolic
complexity. For example, Category A (Geometric
Constructive) is divided into A1 «Regular Repetition»
and A2 «Combined Overlap». Category C (Abstract
Transformative) includes C1 «Symbolic Assembly»
and C2 «Structural Distortion». In Category D, D1
refers to «Totemic Symbolism», which reflects cul-
tural memory, while D2 refers to «Religious Script
Type», which focuses on sacred text or faith — related
symbols.

This classification system maintains visual and aes-
thetic logic while also considering digital adaptability
and semantic encoding ability. It offers useful tools for
tasks such as tagging training sets, building image data-
bases, and generating digital fashion patterns.

Case Analysis and Typological Validation. To
test the practical value and clarity of the classification
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system, this study selected four representative ethnic
pattern samples. Each sample was analyzed in terms
of structural features, visual meaning, and digital
adaptability. The chosen samples represent different
types — geometric, natural, abstract, and symbolic. All
have strong traditional cultural identity and distinct
visual features.

Sample 1: Geometric Pattern on Bouyei Traditional
Costume. This pattern shows central symmetry and
repeated structure. Its edges are clear and its layout is
highly regular, matching the features of type Al «Regu-
lar Repetition». On Al — assisted design platforms, it per-
forms well with stable layer separation and vector edge
recognition. It is suitable for modular pattern design,
architectural decoration, and ceremonial clothing.

Sample 2: Natural Embroidery Motif from the
Naxi People. The pattern uses seaweed flowers and
snow — capped mountains as its main elements. The
composition is asymmetric and the shapes are real-
istic, expressing a connection between nature and
mythology. It fits type B2 «Representational Real-
ism». This pattern works well in storytelling — based
fashion design or cultural creative products. It has
strong narrative power and cultural impact.

Sample 3: Abstract Flame Motif from Dunhuang
Murals. This pattern shows strong rotation, overlap,
and curved deformation. It has high visual energy and
color gradient effects, falling under type C2 «Struc-
tural Distortion». In digital re — design, it can be used
to create motion graphics, such as dynamic back-
grounds in fashion shows or layered visuals in XR
interactive experiences.

Typalogy of Ethnic Patterns.

"

T
-

==

A Geometric Constructive

D. Symbolic iconographic

~

=

Fig. 1. Typological Tree of Ethnic Pattern Classification

Source: compiled by the authors.
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Sample 4: Totemic Symbol Pattern from Miao
Brocade. This pattern features strong totemic struc-
ture, symmetry, and dense symbolic visuals. It
clearly shows cultural encoding and belongs to type
D1 «Totemic Symbolismy». It is suitable for cultural
badges, tourism — related products, and exhibition
design. It helps reinforce ethnic identity and promote
cultural symbols.

These sample analyses show that patterns can
be accurately categorized using the proposed sys-
tem. The system also highlights their different visual
behaviours and digital applications. This proves the
classification’s scientific value in structural recogni-
tion and semantic expression.

Comparison with Previous Studies. This study’s
classification system for ethnic patterns focuses not
only on form and structure but also on media adapt-
ability and potential for creative re — design in digital
environments. It shows both theoretical innovation
and practical value.

First, traditional studies often categorize pat-
terns based on region or artistic style. For example,
Rudenko & Ivanova (Rudenko & Ivanova, 2023) treat
patterns as fixed within cultural areas, focusing on folk
art traditions. In contrast, this study examines patterns
in the context of digital visualization and Al — based
re — creation. By establishing a «Geometric—Regular

...............................................................................

Repetition» type and linking it to pattern generation
tags, this research solves the limitations of traditional
systems for Al modeling (Chen, 2022; Zhang, 2024).

Previous classification studies mostly focused on
visual forms or regional styles. For example, Wang
(Wang, 2025) classified Dunhuang geometric patterns
into the «ordered symmetry» group. However, her
study did not analyze the adaptability of these patterns
in digital generative systems. In contrast, this paper
defines a subclass «A1-Regular Repetition Type» and
aligns it with Al design workflows, which supports
pattern generation in modular design and architectural
ornamentation.

From a cultural semiotics perspective, Qiu et
al. (Qiu, 2023) emphasized the aesthetic of cultural
fusion and visual narrative of ethnic motifs. However,
their work lacked hierarchical analysis of symbolic
meanings. Our study introduces a major category
«Symbolic Type», subdivided into «Totemic Sym-
bol» and «Character Symbol» groups. This approach
reflects the diverse religious beliefs and cultural iden-
tities of different ethnic groups.

This classification system is also complementary
to Liu et al. (Liu, 2023), who developed a fuzzy rec-
ognition model for ethnic pattern clustering. Their
system supports automated classification using con-
volutional neural networks. In contrast, our study pro-

Table 1
Ethnic Pattern Typology: Subcategories and Characteristics
Subtype Symbolic . . .. Representative
Code Subtype Name Structural Features Meaning Digital Application Pattern
Al Regular Repetition | Standard geometric Cosmic order, Al pattern training, | Miao brocade
Type repetition, grid layout  |sense of rhythm |layer segmentation | check pattern
Modular Modular stitching, Harmony and ArchltecturaI. Mongolian
A2 o . . facades, hybrid
Combination Type |layered composition unity . lacquerware layout
pattern generation
Botanical Theme | Plant and floral motifs, |Ecological Prmted .fabrlcs, . .
B1 interactive wall Dai lotus motif
Type natural growth structure |reverence
surfaces
. . . . . . . . Suitable for
Figurative Animal | Animal images like Life worship, . . . .
B2 . . narrative fashion Naxi embroidery
Type deer, eagle, fish totemic beliefs desi
esign
. Symbolic unit modules . Modular design
Symbolic : Emotional . . .
Cl forming abstract . and graphic Yi symbolic codes
Assembly Type - symbolism Y
semantics recombination
Structural Element d}gtortmn and Soul manifesta- Dynamic VIS ual Dunhuang flame
C2 . . recomposition, strong . transformation, .
Distortion Type . . tion . . ; motif
visual tension immersive design
Totemic Symbol |Iconic structure with . . Logo systems, Miao butterfly
Dl . Ethnic identity |commemorative
Type cultural symbolism mother
badges
Religious Script Includes scriptures, Ancestral Info — totems, . Tibetan Eight
D2 characters, and sacred . cultural storytelling
Type heritage Treasures symbol
symbols systems

Source: compiled by the authors.
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Table 2

Sample 3 Sample 4

Note: Sample 1 — Bouyei Traditional Costume, Sample 2 — Natural Embroidery Motif from the Naxi People, Sample 3 — Abstract
Flame Motif from Dunhuang Murals, Sample 4 — Totemic Symbol Pattern from Miao Brocade

Source: Sample 3 — Digital Dunhuang; Sample 1 and 4 — Museum of Ethnic Costumes, Beijing Institute of Fashion Technology,
https://p3.itc.cn/images01/20230415/79d64f33b52e40fa94188b53eace7681. jpeg

vides a manually interpretable label system with clear
semantic logic. Together, these models can support Al
training set labeling and pattern recognition in visual
cultural databases. Further, Padricelli & Punziano
(Padricelli & Punziano, 2023) called for a multi —
dimensional typological model that integrates com-
position, semantics, and media behavior. This idea
supports our "media — adaptive" framework, which
classifies patterns based on visual form, symbolic
meaning, and their performance across digital plat-
forms. Senkane & Laganovska (Senkane & Lagano-
vska, 2023) proposed a visual semiotic triangle that
describes the dynamic relationship between form,
content, and context in ethnic design. This model
aligns closely with our approach in differentiating
symbolic types and abstract deformations. Shiyang
& Kolosnichenko (Shiyang & Kolosnichenko, 2024)
analyzed Miao embroidery using structural semiot-
ics. Their research revealed how visual symbols map
onto religious memories, which supports our divi-
sion between «Totemic Symbols» and «Character
Symbols». Qian et al. (Qian, 2019) studied Kyrgyz
Yormac textile patterns and built a library of visual
elements such as horn, eagle, and geometric motifs.
Their analysis of symmetry and frequency helped
refine our classification logic, especially in identify-
ing repeatable and culturally meaningful structures.
Moniruzzaman et al. (Moniruzzaman, 2021) empha-
sized pattern migration and visual modeling in inter-
cultural contexts. Our typological model responds
to this by establishing a triadic structure of «Type —
Meaning — Application», which supports cross — cul-
tural adaptation. Liu & Lu (Liu & Lu, 2024) proposed
a deep learning — based evaluation model of visual
similarity in brocade patterns. Their work validates

AxryaabHl mMTaHHS TymMaHiTapHUX Hayk. Bum 91, Tom 2, 2025

the computational potential of typological categories,
and improves the compatibility of our system in intel-
ligent retrieval platforms.

Conclusions. This study proposes a new typolog-
ical classification system for ethnic patterns in digital
fashion contexts. The system integrates three dimen-
sions: visual structure, symbolic meaning, and media
adaptability. It addresses limitations in existing classi-
fication models that focus only on region or form, and
builds a model applicable to digital generation and
cross — cultural communication.

We identified four major types — Geometric Con-
struction, Natural Realism, Abstract Deformation,
and Symbolic Patterns — and refined them into eight
subtypes. This structure corresponds to the cultural
logic, the narrative depth discussed by Das & Sudha
(2020), and the computational techniques from Liu et
al. (2023) and Huang (2024).

Sample analysis demonstrated that different types of
motifs have different uses: Geometric patterns are ideal
for Al training and repeatable design, while Natural
and Abstract motifs are better for fashion storytelling
and dynamic visuals. Symbolic motifs are effective in
building cultural identity and branding. Liu & Lu (Liu
& Lu, 2024) argued that visual computability is key to
smart design. Our model offers a visually interpretable
and semantically clear structure that meets this need.

In addition, the model bridges gaps in media com-
munication and platform adaptability. It can support
cultural heritage visualization, Al — generated pattern
databases, and intelligent design applications.

Chen et al. (Chen, 2024) highlighted the role of
ethnic motifs as carriers of collective memory, not
just decoration. Our model reflects this by focusing on
symbol layers and contextual meaning. Chen (Chen,
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2025) noted that entering digital platforms requires
both structural logic and cultural storytelling. Our
model responds with a structured typology that sup-
ports digital regeneration and global sharing.

Future research may explore algorithmic imple-
mentation of the system and its role in AR, virtual
fashion, and digital heritage platforms.
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