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ABSTRACT

Garment fit is a key factor influencing consumer comfort, confidence, and purchasing decisions,
particularly in the context of e-commerce, where the inability to try on products physically results
in poor fit being a leading cause of costly product returns, material waste, and customer dissatis-
faction. These challenges negatively impact not only consumer experience but also operational ef-
ficiency and environmental sustainability. However, traditional methods for evaluating garment fit
are subjective, time-consuming, and inconsistent, highlighting the urgent need for more accurate,
objective, data-driven, and scalable assessment solutions. This study presents a systematic litera-
ture review of research on garment fit assessments published between 2017 and 2025. The review
emphasizes integrated approaches that combine fabric mechanical analysis, three-dimensional
(3D) virtual simulation, and machine learning technigues to enhance the precision and efficiency
of fit evaluation processes. A range of methodologies is examined and categorized into four major
research areas: (1) 3D simulation and virtual try-on technologies; (2) data-driven machine learning
and analytics; (3) material fabric—body interaction analysis; and (4) hybrid multi-technology integra-
tion frameworks. Results indicate that advanced tools such as 3D body scanning, simulation-based
pattern adjustment, and predictive machine learning models have emerged as dominant tech-
nologies in recent studies. The review also identifies research gaps, such as a lack of standardized
data formats, limited realism in fabric and body modeling, and poor interpretability of Al-driven
systems. To address these limitations, the study proposes future research directions, including the
development of open-access datasets, improvements in simulation fidelity, and enhancements in
model explainability. Ultimately, these insights aim to inform the development of next-generation
garment fit assessment frameworks that are accurate, transparent, personalized, and adaptable for
practical use in the evolving digital fashion landscape.
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industry

INTRODUCTION

In the dynamic e-commerce environment, the inabil-
ity to physically try on apparel has made sizing in-
consistencies a leading cause of returns, significantly
increasing operational costs and harming the repu-
tations of fashion brands. Research’? indicate that
these sizing issues result in return rates of 30% to 40%
in the online fashion industry, causing billions of dol-
lars in annual losses and exacerbating environmental
impacts due to increased transportation-related car-
bon emissions. The fit of a garment, encompassing
the correlation between body dimensions and gar-
ment size, as well as shape, comfort, and aesthetics,
is crucial for the apparel supply chain, benefiting nu-
merous stakeholders, including consumers, design-
ers, and producers, throughout the product develop-

ment process 36,

Traditional garment fit assessment methods are sig-
nificantly reliant on subjective determinations made
by designers and manufacturers, resulting in inconsis-
tencies and biases”. This method requires the manu-
facture of several expensive physical samples, hinder-
ing design replication and evaluation, particularly in
e-commerce. The issue escalates because of the vari-
ety of consumer body forms and the intricate quali-
ties of textiles®. Researchers and manufacturers are
exploring innovative technical solutions to overcome
these limitations. The integration of 3D body scan-
ning delivers accurate body measurements through
simulation technology®’. The examination of fabric
mechanical properties improves precision by simulat-

1011 More-

ing authentic garment-body interactions
over, machine learning methods facilitate the analy-
sis of huge datasets, predictive modeling, and auto-

mated design modifications '>!. The integration of
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these technologies substantially reduces expenses, ac-
celerates product development, and enhances the pre-
cision of fit evaluation.

Although the potential of modern technologies such
as 3D simulation, fabric mechanical analysis, and ma-
chine learning has been recognized, their effective in-
tegration into the garment fit assessment process re-
mains a significant challenge for academia and indus-
try. This paper analyzes representative works (2017-
2025) to synthesize approaches, identify methodolo-
gies, evaluate pros/cons, pinpoint research gaps, and
propose future directions. It provides a comprehen-
sive overview to help experts build effective solutions
for the fashion industry’s digital transformation. The
paper is structured as follows: Section 2 presents the
research methodology, Section 3 summarizes and an-
alyzes typical works, Section 4 discusses the findings,
trends, problems, and future study areas, while Sec-
tion 5 summarizes the insights and implications for
both academic research and industrial applications.

RESEARCH METHODOLOGY

This study employed a systematic literature review to
collect and synthesize research on integrating fabric
mechanical parameters, 3D simulation, and machine
learning in garment fit assessment. The process con-
sisted of four steps: keyword identification, database
selection (e.g., Google Scholar, ScienceDirect, IEEE
Xplore), data extraction using a review matrix, and re-
sult analysis. The methodology is represented in Fig-
ure 1.

Step 1: Identifying of keywords

Develop primary and related keywords in English to
broaden the search scope across international databases.

l

Step 2: Selecting the search database

e a

Search reputable databases such as Google Scholar, IEEE

Xplore, ScienceDirect, SpringerlLink, and Web of Science
(2017-2025).

l ™

Step 3: Extracting data and synthesizing information

. J

Synthesize relevant data from selected articles into an
overview matrix for subsequent analysis,

l J
Step 4: Analysis and presentation of results
Analyze the data to identify trends, methodologies,
research gaps, and propose future research.
. J

Figure 1: The systematic literature review method-
ology. (Source(s): Authors’ analysis.)
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Figure 2 shows that over the past five years, Google
Trends data reveal significantly greater global inter-
est in “3D fashion design” than in “machine learning
for fashion”. This highlights the adoption and benefits
of 3D design, including cost efficiency, rapid proto-
typing, enhanced creativity, and user experience. Al-
though less prominent, “machine learning for fash-
ion” is showing growth due to its potential in trend
prediction, production optimization, and personal-
ization. Google Scholar data (Table 1) indicate that
both fields share a similar academic interest, suggest-

ing a growing convergence in fashion research.

@ 3D fashion design ® Machine learning for fashion

+ Add comparison

LT bk a4

Figure 2: Comparison of search interest on Google
Trends between the keywords “3D fashion design”
and “machine learning for fashion” (Source(s):
Google Trends (Jan 2025).)

Moreover, publication trends on ScienceDirect (Ta-
ble 2) confirm a comparable and sustained research
focus on both “3D fashion design” and “machine
learning for fashion” Specifically, general search
queries return approximately 77,815 results for “3D
fashion design” and 62,151 results for “machine learn-
ing for fashion” These results not only illustrate grow-
ing academic interest but also reflect a shift from man-
ual fit evaluation toward data-driven and digitalized
approaches. The dominance of machine learning and
body scanning studies suggests a prioritization of au-
tomation and personalization, aligning with the ap-
parel industry’s shift toward virtual prototyping and
intelligent design.

These findings reinforce the convergence of digital de-
sign technologies and AI-driven approaches as critical
pillars in contemporary garment-fit research and in-

novation.
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Table 1: Statistics of search results for the keywords ”3D fashion design” and “machine learning for fashion” on
Google Scholar.

Time Range

General

10 years

5 years

3D fashion design

Approximately 1,440,000 results

(0.05 seconds)

Approximately 307,000 results

(0.07 seconds)

Approximately 97,500 results

(0.07 seconds)

Machine learning for fashion

Approximately 1,390,000 results
(0.09 seconds)

Approximately 253,000 results
(0.08 seconds)

Approximately 112,500 results
(0.05 seconds)

Source(s): Google Scholar (Jan 2025).

Table 3: Summary of primary research based on four categories for evaluating garment fit.

No Methodology Garment fit’s Specific Key Limitations

viewpoints Methods References

1 3D Simulation, Customers, CLO3D, Optitex,  *!4-3! Limited accuracy in fabric
Body Scanning,  Designers, Lectra Modaris, simulations and soft tissue de-
and Virtual Re-  Manufacturers VR, 3D/4D scan- formation; minimal automa-
ality ning,  Pressure tion in landmark identifica-

maps, Dynamic tion and fit optimization; re-

anthropometry stricted generalizability across
various garments and user
groups.

2 Material Prop-  Customers, Kawabata Eval-  327% Challenges in  modeling
erties and  Manufacturers uation  System, nonlinear, anisotropic fabric
Fabric-Body FAST  systems, properties persist; subjective
Interaction PicoPress  sen- evaluations  prevail, and

sors, Dynamic methods vary across studies,
anthropome- making it difficult to accu-
try, Pressure rately simulate the dynamics
measurement of fabric-body interactions.

3 Machine Learn-  Customers, ANN, Decision % Limited diversity in datasets,
ing and Data  Designers, Trees,  Regres- inadequate integration of
Analytics Manufacturers sion, CNN, fabric mechanics, low inter-

Random Forest, pretability of complex models,
SVM, PCA, and subjective evaluations of
GAN, Naive comfort and aesthetics are
Bayes, K-means often neglected.

4 Integrated Customers, ANN, GAN, 584858 Data incompatibility, com-
Multi- Designers, BP-ANNs, PCA, plex integration and syn-
Technology Manufacturers AHP, CLO3D chronization challenges,
Approaches simulation, inadequate quantitative mea-

Sensor systems

sures for subjective comfort
and aesthetics, high technical
requirements, and obstacles
to practical deployment.

Source(s): Authors’ analysis.
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Table 2: Statistics of search results for the keywords
“3D fashion design” and “Machine learning for
fashion” on ScienceDirect.

Time Range 3D fashion Machine
design learning for

fashion
General 77,815 results 62,151 results
10 years 49,360 results 40,596 results
5 years 31,099 results 29,225 results

Source(s): ScienceDirect (Jan 2025).

SYNTHESIS AND ANALYSIS OF
PRIMARY APPROACHES TO
GARMENT FIT ASSESSMENT

Table 3 summarizes the literature review on garment
fit assessment and classifies current approaches into
four main groups: (1) 3D simulation, body scanning,
and virtual reality; (2) machine learning and data an-
alytics; (3) material properties and fabric-body in-
teraction; and (4) multi-technology integration. The
objectives are to identify the research status, analyze
mainstream methodologies, clarify previous strengths
and weaknesses, and identify research gaps to guide
future development.

Perspectives on Garment Fit Assessment

Garment fit can be interpreted from multiple perspec-
tives, reflecting the distinct objectives of consumers,

3-5

designers, and manufacturers From the con-
sumer’s viewpoint, fit is primarily perceived through
qualitative and subjective factors such as comfort,
ease of movement, and visual appearance, which
strongly influence purchase satisfaction and return

rates *1°1

. These perceptions are shaped by psycho-
logical and contextual factors, making them difficult
to standardize. In contrast, designers and manufac-
turers emphasize quantitative and objective assess-
ments that associate garment performance with body
measurements and the mechanical properties of fab-
ric [01H16:31:44-47 © Thig perspective enables pattern
adjustment, sizing-system calibration, and material
optimization based on measurable parameters '®>!.

Establishing a conceptual link between subjective
and objective perspectives is crucial for advanc-
ing garment-fit research. This understanding lays
the groundwork for developing data-driven and
simulation-based approaches that translate concep-

tual insights into practical fit evaluation meth-
ods813:48-50,58

2883

Classification of Garment Fit Assessment
based on Application Techniques

Building upon the conceptual perspectives discussed
above, a garment-fit assessment method has been de-
veloped through several major technical approaches
that integrate body, fabric, and design data in differ-
ent ways (Table 3).

3D ssimulation, body scanning, andvirtual re-
ality

3D simulation technology has become a key tool in
visual garment fit evaluation, utilizing platforms such
as CLO3D, Optitex, and Lectra Modaris. Studies '*~!”
have shown that pressure, deformation, and drape
maps from simulations help designers adjust patterns
and identify areas of discomfort. Other works '%-20
highlight the effect of body movement on fabric de-
formation, particularly in sportswear and protective
gear. Research using 3D/4D body scanning?!~%° has
enabled greater personalization and real-time motion
simulation. Among these, CLO3D offers realistic vi-
sualization and flexible fabric data integration for re-
search, while Optitex is better suited for industrial
pattern workflows. Their complementary strengths
highlight the balance between simulation accuracy
and production efficiency. Despite these advance-
ments, challenges persist in simulating nonlinear fab-
ric mechanics, bridging the gaps between virtual and

4,26-29

experimental results , and modeling the defor-

mation of soft tissue %!

. Future efforts should fo-
cus on standardizing simulation methods, enhancing
the quality of scan data, and developing more realistic

body models.

Material Properties and Fabric-Body Interac-
tion

The mechanical characteristics of the fabric and the
interaction between the fabric and the body are es-
sential for precise fit modeling. Research*~>° has
utilized tools such as the Kawabata Evaluation Sys-
tem (KES) and the Fabric Assurance by Simple Test-
ing (FAST) system to simulate parameters like stretch,
drape, and friction. Recent studies 35 have also ex-
amined fabric pressure to enhance comfort and shap-
ing. Dynamic elements, such as posture and mobil-
ity, significantly influence garment behavior *. Inte-
grating these empirical measurements with calibrated
digital simulations enhances consistency between vir-
tual and physical results, reduces the need for repeated
sampling, and improves predictive reliability. How-
ever, the nonlinear and anisotropic properties of fab-
rics continue to challenge the reproducibility of sim-
ulation outcomes.
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Machine Learning and Data Analysis

Machine learning is increasingly applied to evaluate
garment fit because of its ability to process complex
datasets from scanning, simulation, and user feed-
back. While some studies *°~*° have employed mod-
els such as neural networks and decision trees to
predict fit, others“’~*3 have incorporated anthropo-
metric and psychographic data for personalized siz-

44-47" combine 3D simula-

ing. In addition, studies
tion with deep learning to automate drape visualiza-
tion and size selection. Decision Tree-based algo-
rithms (e.g., J48, Random Forest) provide transpar-
ent rule extraction, which helps interpret influential
parameters, whereas Neural Network-based models
(e.g., ANN, CNN, GAN) achieve higher predictive ac-
curacy but have limited explainability. Hybrid ap-
proaches can balance these aspects for practical appli-

. . . . . Q
cation. However, limited and similar datasets>”*%%0,

insufficient modeling of fabric mechanics **?, and
the lack of quantification of subjective comfort re-
main persistent issues. Additionally, the complexity
of high-dimensional models can hinder their adop-

tion in industry.

Integrated multi-technology approaches

Recent research is increasingly integrating 3D simu-
lation, experimental fabric data, sensor inputs, and
machine learning to achieve more accurate fit assess-

ments >

. For instance, pressure and humidity sen-
sors validate virtual try-on results*>*! and ANN or
GAN frameworks enable real-time pattern optimiza-
tion *$35758  However, interoperability among data
sources and computational complexity remain major
barriers. Effective frameworks should therefore pri-
oritize data standardization and modular integration

to enhance reproducibility and scalability.

DISCUSSION

The Current Status And Emerging Trends In
Fit Assessment Research

An overview of major research from 2017 to 2025 re-
veals that the assessment of garment fit has shifted
progressively from traditional empirical evaluations
to integrated, data-driven digital solutions. Three key
technological pillars—fabric mechanical analysis, 3D
virtual simulation, and machine-learning-based data
analytics—jointly enable the transition from manual
evaluation to predictive and automated fit assessment.
As illustrated in Figure 3, machine learning, body
scanning, and virtual try-on emerge as the most dom-
inant methods, reflecting the field’s growing emphasis
on automation, personalization, and sustainable dig-
ital product development.

Frequency of

clothing fit -2025)

Number of Publications

Resesrch Method Categores

Figure 3: Frequency of research methods in litera-
ture reviews on clothing fitassessment (2017-2025).
(Source(s): Authors’ analysis.)

Current Research Limitations and Future
Directions

Although extensive research has been conducted on
garment-fit assessment, particularly integrating fab-
ric mechanics, 3D simulation, and machine learning,
several critical challenges remain to enhance accuracy
and industrial applicability.

A key challenge is the lack of standardization in in-
put data. Each research direction exhibits particu-
lar strengths but also inconsistencies in data struc-
ture and acquisition. For instance, 3D body-scanning
approaches generate highly realistic human models,
yet they produce personalized and costly datasets
that are difficult to generalize. In contrast, fabric-
based approaches provide measurable mechanical pa-
rameters but often lack unified datasets that de-
scribe material characteristics. These inconsistencies
limit the model’s reproducibility and interoperabil-
ity. Therefore, developing standardized datasets that
integrate both body geometry and fabric mechan-
ical information—supported by machine-learning
techniques—could accelerate prediction, improve ac-
curacy, and enhance interpretability, thereby bridging
virtual simulations with manufacturing practice.
Another persistent limitation concerns the realism
of simulations and evaluation standards. Integrat-
ing physical fabric parameters, body-scan geometry,
and user perception remains incomplete. Limited and
inconsistently formatted datasets complicate analysis,
while most simulations are static and fail to reflect de-
formation during motion. Moreover, the absence of
quantitative and universally accepted indicators for
virtual-fit evaluation leads to a reliance on expert or
sensory judgment, which restricts comparability and
industrial adoption.

Furthermore, machine-learning models face con-
straints related to interpretability and data quality.
Deep neural networks often achieve high predictive
performance but act as “black boxes” that require
large volumes of reliable data, which is seldom avail-
able to small or medium-sized enterprises. Hence,
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future studies should emphasize explainable, data-
efficient, and user-friendly models that can be seam-
lessly integrated into digital design workflows.

Proposing potential future research direc-
tions

The challenges identified in the field of integrated fit
assessment underscore the need for more comprehen-
sive and targeted research efforts. To address current
limitations and improve applicability in the fashion
industry, several key directions are proposed:

- First, developing reliable machine learning and sim-
ulation systems requires standardized, open datasets.
These should include fabric properties, 3D body
scans, simulation outputs, and user feedback. Open-
access and standardized data can improve prediction
reliability and reduce e-commerce return rates by en-
suring more consistent virtual try-on results.

- Next, enhancing material modeling and 3D avatars
is essential. Models must better reflect nonlinear, dy-
namic fabric behavior, while efficient reconstruction
of the wearer’s body data will improve accuracy in vir-
tual fitting. Accurate digital prototypes can reduce the
number of physical samples and minimize production
waste.

- Finally, improving the interpretability of machine
learning models is crucial. Integrating explainable AI
frameworks will support transparent and data-driven
design adjustments, while establishing quantitative
metrics for both technical and comfort factors will
enable consistent evaluation across research and pro-
duction environments.

CONCLUSION

In the current sustainable fashion industry, garment
fit is a key factor that affects comfort during wear and
influences customers’ purchasing decisions. Devel-
oping a process to evaluate garment fit before mass
production helps reduce time spent on physical sam-
ple editing and limits fabric usage in the prototyp-
ing phase. However, this research direction still faces
challenges, particularly in data standardization, ac-
curate fabric and body modeling, a lack of objective
evaluation criteria from 3D simulation, and limited
interpretability of machine learning models. These
issues highlight the urgency to invest further in re-
search and development to achieve comprehensive,
practical, and scalable solutions.

The analysis of current limitations clarifies techni-
cal issues and reveals weaknesses in data collection,
technology integration, and standardization in assess-
ment. This provides an essential basis for propos-

2885

ing relevant research directions and building a re-
liable fit assessment system that is easy to imple-
ment and compatible with production conditions.
At the same time, these solutions must align with
sustainability goals, including resource optimization,
waste reduction, and support for on-demand fash-
ion models. By explicitly linking these directions
to industrial challenges—such as reducing return
rates, minimizing sampling waste, and improving
transparency in digital workflows—the proposed ap-
proaches strengthen both the practical and sustain-
able relevance of garment-fit assessment. Integrating
virtual fitting, machine learning, and simulation tech-
nologies into the supply chain helps reduce costs and
supports both green growth and personalization in
the fashion industry.

LIST OF ABBREVIATIONS

3D - Three-dimensional

4D - Four-dimensional (including time or motion)
AHP - Analytic Hierarchy Process

Al - Artificial Intelligence

ANN - Artificial Neural Network

CAD - Computer-Aided Design

CNN - Convolutional Neural Network

CLO3D - CLO3D garment simulation and virtual
try-on software

FAST - Fabric Assurance by Simple Testing

GAN - Generative Adversarial Network

IEEE - Institute of Electrical and Electronics Engi-
neers

KES - Kawabata Evaluation System

ML - Machine Learning

PCA - Principal Component Analysis

SVM - Support Vector Machine

VR - Virtual Reality
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TOM TAT

D6 vira van trang phuc la yéu t6 then chét dnh hudng dén su thodi mai, su tu tin va quyét dinh
mua sam clia ngudi tiéu dung, dac biét trong thuong mai dién t, noi viec khong thé thir do truc
tiép khién tinh trang khéng vira van trd thanh nguyén nhan phé bién dan dén hoan tra san pham,
lang phi vat liéu va gidm muc d6 hai long. Nhing van dé nay khéng chi lam gidm trai nghiém
khach hang ma con anh hudng dén hiéu qua van hanh va tinh bén virng méi trudng. Tuy nhién,
cac phuong phap danh gia do vira van truyén théng thudng mang tinh chd quan, thiéu nhat quéan
va tén thai gian, cho thdy nhu cau cép thiét vé cac giai phap danh gid chinh xac, khach quan, dua
trén di liéu va co khd ndng mad rong. Nghién clu nay thuc hién tdng quan tai liéu c6 hé théng
vé cac nghién ctu danh gia do vira van trang phuc dugc cong bé trong giai doan 2017-2025, tap
trung vao cac cach tiép can tich hop két hgp phan tich co hoc vai, mé phong o ba chiéu (3D) va
ky thuat hoc méay nham nang cao dé chinh xac va hiéu qua danh gia. Cac phuong phap dugc phan
loai thanh béon hudng nghién ctu chinh gém: (1) md phdng 3D va cong nghé tha do do; (2) hoc
may va phan tich dua trén dir liéu; (3) phan tich tuong tac gitta vai va ca thé; va (4) khung tich hop
da cong nghé. Két qua cho thay quét co thé 3D, diéu chinh rap dua trén moé phéng va caéc mé hinh
hoc méy du doan dang gilr vai trd chi dao. Béng thdi, téng quan cling chi ra cac han ché nhu
thi€u chuan di liéu, muc d6 chan thuc con han ché trong mé hinh hoa vai va co thé, cing nhu
kha nang dién giai thap clia cac hé théng Al, tir d6 dé xuat cac huéng nghién clu tuong lai nham
phét trién khung danh gia dé vira van thé hé mdi chinh xac, minh bach, ca nhan hoa va phu hop
véi boi canh thai trang so.

Tuwkhoa: D6 vira van trang phuc, tinh chat co hoc vat liéu, mé phong 3D, hoc méy, nganh thai trang

Trich dan bai bao nay: Ngoc P H N, Huong B M, Quynh L S T. Danh gia dé vira van ctia trang phuc: Téng
quan nghién ctiu tich hop co hoc vai, mé phéong 3D va hoc may. VNUHCM J. Eng. Technol.
2026; 9(2):2980-2888.
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