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A COMPARATIVE ANALYSIS OF THE MALE PATTERN PROTOTYPES
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Hccnedosanue nanpaeneno na évisagienue onmumMaibHo20 RPOMOMUNA cpeou
0a306b1X KOHCMPYKUUIL MYHCCKOUL 00€x#c0bl, ucnonv3yemvix ¢ Kumae, c npumene-
nuem 3D-mexnonozuu. Ha 6aze knaccuueckux poccuiicKux memooog paspado-
mansl TUHElHble U Y2/108ble NOKA3amenu U bl0pansl KpUmepuaibHsle 3HaA4eHUs
0n1a oyenku nocaoku 3D-cmana ooesxcowt. Ilposeden cpasnumenvhwlii ananius uep-
mejxceil U GUPMYANbHOU 00€X)cObl 011 OnpedeneHus npPomomuna, KOmopbwlii
HAUAYYWUM 00pA30M COOmMEEemcmeyem Mopphonocuueckum o0coOeHHOCmAM Ku-
maickux myxcckux guzyp ¢ ouanazoune pazmepos 88...104 ¢ nozuyuii kauecmea
nocaoku ooexcowvt. Ilocpeocmeom cpasHumenbHO20 aHANU3A GUPMYATIbHOU U pe-
QAIbHOU 00€XHCObl NOOMEEPIHCOEHBbL BATUOHOCIb U NPAKMUUECKAA NPUMEHUMOCHLb
Kpumepues. Ycmanoeieno, Ymo Haubonee yHueepCaibHblM RPOMOMUNOM A6~
emca 6azoean KoHcmpykyus, papaoomannas Yuueepcumemom /lonxya (Lllan-
xait), c nokazameinem yooeiemeopennocmu 78%. Pezynomamaul ucnonv3o6anst 011
CO30aHUsL HOBBIX U006 00€IHCObL NYHLEM MOOEAUPOCAHUA 6bIOPAHHOI HA30801 KOH-
CMPYKUUU.

The aim of the research is to identify the optimal prototype among the basic Chi-
nese patterns of men’s apparel using 3D technology. The use of Style 3D software,
the virtual avatars of Y, A, B, and C body types, adopted in China, have been created.
By integrating the classical Russian methods for evaluating garment fit, the indica-
tors and their criteria values have been developed to assess the fit of a 3D virtual
apparel. A comparative analysis of patterns and virtual apparel was carried out to
determine the prototype that best corresponds to the morphological features of bod-
ies in the size range 88-104 in terms of apparel fit. Additionally, through a compar-
ative analysis of virtual and real garment fittings validity and feasibility of the cri-
teria were verified. It was found that the most versatile prototype was designed in
Donghua University (Shanghai) with a 78% satisfaction rate. The results will be
used to model the prototype and to design new types of clothing.

* PaboTa BbINOJIHEHA PU PUHAHCOBOH moaaepikke Poccuiickoro Hay4uHoro oHma, rpant Ne 24 -29-00268 «Pa3paboTka
TEXHOJOTHH TCHEPUPOBAHUS M HCTIBITA HUI IU(PPOBBIX TBONHUKOB HCTOPHYCSCKIX KOCTIOMOB: HOBBIA (popMaT IJIS HC-
clie0BaHUS HEeMa TePHaIbHOTO Ky IbTYPHOTO Hacitenus Poccumy
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1. Introduction

The prototype is a fundamental component
in garment pattern design, providing the essen-
tial framework for pattern-making, aimed at
creating clothing patterns that accurately re-
flect the typical or individual body characteris-
tics [1]. The pattern quality is primarily evalu-
ated through the garment fit [2]. Achieving op-
timal fit is a core objective in apparel design,
driving extensive research into objective meth-
ods for evaluating fit [3-5].

The construction of the pattern evaluation
system has always revolved around two major
principles: ergonomic adaptability and struc-
tural balance [6]. Early theoretical foundations
in this domain were laid by the Russian school
of apparel engineering. For example, Koblya-
kova E.B.'s static-dynamic adaptability assess-
ment method emphasizes evaluating garment
fit in the both states [7]. Martynova A.l etc. an-
gular parameter system assesses fit through
precise angle measurements [8]. Additionally,
Romanov V.E.'s gravity balance principle fur-
ther refines the quantitative framework for gar-
ment-body interaction, emphasizing the need
to incorporate biomechanical dynamics (such
as joint mobility and fabric deformation) and
gravity balance (such as weight distribution
and center of gravity alignment) into pattem
design [9]. These concepts remain the corner-
stone of modern garment engineering, provid-
ing an essential theoretical support for subse-
quent research.

Despite the availability of these established
evaluation frameworks, many modern basic
pattern designs have not fully incorporated
such detailed morphological considerations.
For instance, existing Chinese garment proto-
types are often developed based on uniform
standards and simplified sizing data [10], lack-
ing adaptive adjustments for different body
types such as shoulder sloping, chest circum-
ference variations, or posture differences
[11,12]. Furthermore, Chinese pattern blocks
are typically drafted using consistent rules and

grading principles, ignoring significant mor-
phological differences between individuals,
failing to accommodate the diversity of indi-
vidual body shapes [13-15]. This limitation r-
esults in garments that struggle to meet the de-
mands of diverse body types in practical appli-
cations, affecting consumer satisfaction and
wearing experience.

The emergence of 3D virtual fitting technol-
ogies (Style3D, Clo3D) enables advanced sim-
ulations of garment-body interaction using
digital avatars and parametric modeling. These
simulations include static fitting (pressure dis-
tribution, symmetry), dynamic fitting (fabric
stretch, movement constraints), and gravity
balance of which align with classical ergo-
nomic theories [16, 17]. However, in China,
the application of such technologies remains
superficial, focusing on aesthetic validation ra-
ther than quantitative assessment.

To address these issues, this study proposes
an innovative method that combines 3D virtual
technology with classical Russian evaluation
frameworks. By leveraging digital tools, the
qualitative principles of traditional garment fit
assessment were transformed into quantifiable
indicators, expanding their application scope
and achieving more precise and comprehen-
sive analyses. Specifically, four quantitative
parameters were introduced:

(1) Static fit parameter. Inspired by static-
dynamic evaluation approach [7], this parame-
ter utilizes 3D virtual try-on to assess fitacross
various body types. The folds (parameter c)
serve as an indicator for fabric deformation,
thus updating this classical method with mod-
ern technology.

(2) Angular and balance parameters. Draw-
ing from gravitational balance criteria [9], fit
was assessed through precise angular measure-
ments. Parameters a and b representing the an-
gles between the front/back center line and the
hemline, are directly informed by the angular
parameters methodology.
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(3) Vertical displacement parameter: The
parameter d, which measures the vertical devi-
ation of the front hemline from a horizontal
reference, serves as a practical application of
gravitational balance principles.

Applying these criteria, this study conducts
a comparative analysis of three major Chinese
male pattern prototypes (Donghua University,
Beijing Institute of Fashion Technology, and
the Xiong method). Based on the national siz-
ing standard [18], virtual avatars were gener-
ated by Style 3D software, representing Y,AB
and C body types and virtual fit evaluations
were perform using our proposed criteria- an-
gular deviation(a,b), fold count (c), and hem
displacement (d), to identify the prototype that
most suitable for Chinese male body types.

The goal of this study is to provide valuable in-
sights for future pattern designand optimization
through comparative analysis, thereby enhancing
the precision and applicability of Chi-nese pat-
tern-making. By combining classical theories
with modern digital technologies, the limitations
of current pattern design are addressed. Mean-
while, the more scientific and efficient methods
are provided for the apparel industry.

2. Objects of research

Three basic prototypes, which are popular
now in China, were chosen for complex analy-
sis: prototype 1 (P1) of Donghua University
[1]; prototype 2 (P2) of Beijing Institute of
Fashion Technology [19], and prototype 3 (P3)
of X. Xiong[20].

Fig.1 shows the schemes of prototypes chosen.

0.158"+4.5 0.158'+5.6

B0

h=170 B'=92cm

The selected methods are classified as ra-
tio-based computational approaches due to the
limited number of dimensional measurements
they require. The popularity of this approach in
pattern construction in China can be attributed
to several factors.

First, cultural and moral norms restrict the
measurement of certain subordinate body di-
mensions. For instance, full-body scanners are
not used for passenger screening in Chinese
airports for this reason.

Second, this approach to calculating struc-
tural parameters is rooted in traditionand time-
tested practices. In China, only 52 typical male
bodies are defined across four fullness groups.
In contrast, Russian standards (e.g., GOST R
52774-2007 Classification of Typical Male
Figures by Height, Size, and Fullness) define
356 typical body types across five fullness
groups. Thus, the number of typical male fig-
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ures in China is nearly seven times fewer than
in Russia.

Third, Russian standards utilize 48 body
measurements to describe male figures, includ-
ing 20 torso-related measurements. In compar-
ison, the Chinese national standard GB
100000-2023 Dimensional Characteristics of
Men includes 52 measurements in total, but
only five are related to the torso. This means
the number of torso dimensions used in Chi-
nese construction practices is four times fewer
than in Russia.

As a result, ratio-based computational
methods continue to be used, improved, and
published in practical manuals. However, no
systematic comparative analysis of these meth-
ods has been conducted to date, which high-
lights the significance and relevance of this
study.

Table 1 shows the parameters of each prototype.
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Tablel

No Parameter Parameters of prototype
prototypel | prototype2 | prototype3
1 Chest girth CG, cm 88-104
2 The easeto chest girth, cm 16 20 16
— —— -
3 Distribution of the ease to chest girth, %, be 9:70:21 18:55:27 93-50:27
tween front - armhole - back
4 Shoulder sloping, angle (front + back),degree 40 54 42
5 Location of back seam (front: back), % 50:50
Upper balance (difference between back and
6 front lengths from waist to shoulder- neck 24..2.8 2.6..3.0 24..2.8
point),cm
3. Methods of research
Figure 2 shows the flowchart of the research.
{ Compare the Chinese male prototypes l—
I
____________ Voo, I S
H % I Chinese different typical bodies l

Prototype 2:
ijing Institute of Fashion Technology

1
{ Prototype 3:

: I “World classic clothing designs and patterns™

Virtual try-on

| I
1 !
| !
| |
!
: ]
1
i 3.Clothes shape
¢ Clothes shape Clothes shape Clothes shape | |
| of Prototype 1 of Prototype 2 of Prototype 3 :
t i
| !
I |
1 !
1
: | Compare the clothes shapes of different prototypes I 1
EITITTIT e _‘_________________________J
[ Establish the new criterias to evaluate the clothes shape 4.New criterias

{ Conelusion: Prototype 1 is better than prototype 2,3 II

The primary steps are as follows.

1. Selection of menswear prototypes.

2. Drawing the pattern employing 2D
Richpeace 7.0 CAD [21].

3. Creation of human body avatars based on
real Chinese typical bodies utilizing Style 3D
[22].

4. The establishment of a criterion to define
the contour of garments.

5. The validation of the evaluation criteria.

Finally, a comparative analysis of the three
prototypes is conducted through the data com-
parison analysis method.

3.1. Methodology for the establishment of
fit assessment criteria

The research method combines two-dimen-
sional computer-aided design (2D CAD) for
prototype pattern drawing and 3D human body
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modeling in Style3D according to different hu-
man body shapes. This is followed by the vir-
tual trying on of different prototypes on the av-
atars with chest girth 88-104 cm and types Y,
A, B, and C. The spatial location relationship
between the body and clothes is then analyzed.
A new evaluation criteria is established
through the shape parameters, and validated by
real and virtual shape analysis, then shape
quantitative analysis is carried out. Finally, fit
parameters are used to objectively compare
and analyze the data obtained.

Fig. 3 shows the scheme for determining in-
dexes for fit evaluation.

The specific steps are as follows.

1. The initial step is to generate the sample
in Style3D.
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2. The side view was chosen as the basic
contour of the sample for analyzing the front
centerline, the back centerline, the hemline,
and the folds. It is necessary to mark the posi-
tions of the hem, front centerline, back center-
line, and side seam. Three parameters were
measured: the angles between the frontand the
back centerlines and the hemline (a,b); the
front vertical distance from the hemline to the
horizontal line (d). Fourth parameter - the
number of folds (c) that appear on the garment
surface - was calculated.

P

Fig. 3

3. The critical values of recognizable fuzzy
intervals for angles and lines by the naked eye
were determined by the professional evalua-
tion method, which were 2° and 0.8 cm, re-
spectively.

The criteria for good fit are a,b =88...92° ,
c =0, d<0.8 cm.

Fig. 3,a shows the samples corresponding to
the criteria. Fig. 3,b shows the opposite situa-
tion when the indexes of samples are bigger
than the established criteria, which correspond
toa bad fit.

3.2 Validation of the evaluation criteria

To verify the generalize ability, validity,
and feasibility of the proposed evaluation cri-
teria, a comparative experiment was designed.
Samples fitting was conducted in both virtual
and real environments, and the established pa-
rameters (a,b,c,d) were measured and ana-
lyzed. The procedure was implemented as fol-
lows:

(1) Virtual fitting. In the virtual environ-
ment using Style 3D, each prototype was tested
with three different digital fabrics (F1, F2, F3),
representing typical light weight, medium-
weight, and heavy weight materials, respec-
tively. The corresponding virtual shape param-
eters were measured. Table 2 shows three rep-
resentative fabrics (100% cotton; 100% poly-
ester; 100% wool) were utilized for the exper-
iment, with fabric weights selected according
to the Chinese National Standard GB/T 3801-
1997 (“Textiles—Woven fabrics—Determina-
tion of mass per unit length and mass per unit
area”) [24], corresponding to lightweight, me-
dium-weight, and heavyweight garment cate-
gories.

Table2
Fabrics Fiber content Weight, g/m2 Thickness, mm
F1 Cotton 168 0.31
F2 Polyester 259 0.74
F3 Wool 544 1.15

(2) Real fitting. Using three real fabrics
corresponding to the virtual fabrics, real fitting
was constructed on a mannequin with chest
girth 100 cm, waist girth 84 cm, and hip
girth100 cm. This mannequin corresponds to
Chinese typical body with the same measure-
ments. The real parameters were recorded.

(3) Comparative analysis. Parameter differ-
ences were compared across two perspectives
to validate the scientific rationale and practi-
cality of the evaluation criteria: 1) The differ-
ences in average parameter values among the
three prototypes; 2) The differences between
virtual and real parameters underthe same fab-
ric conditions for each prototype.

3.3 Prototype shape analysis based on the
parameters established

For prototypes analyzing next bodies with
dimensions were chosen: the height is 182 cm,
the chest girth are 88, 92, 96, 100, 104 cm, the
waist girths are (66,72,78,84); (70,76,82,88);
(74,80,86,92); (78,84,90,96); (82,88,94,100)
cm, the difference between chest and waist are
22,16, 10, 4 cm in according with Chinese
standard. 20 different virtual avatars were gen-
erated in Style3D. All 20 silhouette lines were
overlapped along the side seam line, serving as
the basis for the superposition of the silhou-
ettesin lllustrator 2019[23].

The total number of patterns was 54.

Ne 2 (416) TEXHOJIOT Ml TEKCTWJIBHOWM TTPOMBIIIJIEHHOCTH 2025 209



Following the mentioned procedure, 20
samples designed by prototypes P1, P2, P3
were conducted a virtual try-on of.

4. Results and discussion

Table 3 shows the parameter measurements
(a, b, c, and d) of real and virtual sample s for
three prototypes.

Table 3
P1 P2 P3
F1 F2 F3 F1 F2 F3 F1 F2 F3

V |R V | R V |R V|R |V R V | R Vv R Vv R \Y R
a 90. [ 90. [ 90. [ 91. | 95. | 90. | 98 | 96. | 10 | 101. | 99. | 94. | 104. | 104. | 103. | 102. | 106. | 105.

8 2 7 5 1 5 6 1 6 1 2 5 8 9 1 2 7
b 90 | 88.190. | 90 [ 91 [ 91. [92. | 95. | 90. | 93.7 | 95. | 91. | 99.6 | 100. | 99.4 | 92.5 | 98.7 | 100

1 6 8 5 6 5 4 8 1
c 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 1 0 0
(dF+dB

)2 0607 (06 (060707 ]|15]|21|17 19 [ 25|23 2.3 2.4 2.8 2.8 3 2.7

Table 4 presents the average parameter val-
ues for the three prototypes. Based on the pa-
rameter values in Table 2, calculate the aver-
age value of parameters (a, b, ¢, and d) forthree

prototypes, including both real and virtual en-
vironments. All values for P1 fall within the
defined evaluation thresholds and are signifi-
cantly lower than those of P2 and P3.

Table4d
Prototypes Average value of indexes, cm
a b c (dF+dB)/2
P1 91.3 89.8 0 0.7
P2 97.9 92.9 0.33 1.8
P3 104.5 98.2 0.33 2.7
\ \ The overlapping seam lines served as the ref-
| | ; erence for this quantification process. Follow-
i § ing the fit evaluation criterion, the exemplary
! } shapes are distinguished by color, facilitating
e || 1 { E their identification and differentiation from
a) b) c) one another.

Fig.4

Fig.4 shows the images of the samples after
virtual try-on of three prototypes using the
same approach for overlapping.

The samples were subsequently imported
into Illustrator to quantify their outline lines
while maintaining their original proportions.

By superimposing the outline lines of each
prototype onto different body models and
measuring them based on the novel evaluation
criteria, we obtained the shape parameters.

Table 5 presents the statistical analysis of
parameters, which reveals that the number of
good shapes in prototypes P1,P 2, and P3is 10,
3, and 6, respectively.

Table5
Comparative analysisof parametera
Prototype
CG, cm P1 [ P2 P3
Body type
Y A B C Y A B C Y A B C
88 -2.5 -2 2.8 2.6 0 2 2 2 0.3 -0.3 4.4 3
92 -1.3 1.6 0.8 1 31 2.1 -3.2 3.1 04 2.6 -14 -1.7
96 1.2 -0.3 0 -12 | 3.6 3.1 25 2.7 15 2.2 3.2 25
100 2.1 29 | -35 2.6 3.2 4 2.7 0.5 29 2.8 -2.2 2.1
104 1.9 1.0 2.1 2.6 35 4.7 0.5 0.9 3.1 2.3 -15 16
Av 1.8 2.0 2.1
Equation for 0.2H+10 BL BL
]E%Irc#llgrt]g}% (H is height) (BL is back length)
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Table 6 presents the statistical data forpa- totypes P1,P2,P3 is 16, 12, 9 respectively.
rameter b. The number of good shapes in pro-

Table 6
Comparative analysis of the parameterb
Prototype
CG, cm P1 [ P2 [ P3
Body type
Y [A] B C Y A B C Y A B C
88 o o] o 2 -1.4 2.7 14 2 0.3 -0.3 4.4 2
92 0L 0[04] 23 2.7 2.8 -1.4 2.4 0.4 2.6 -18 | 24
96 0 [0]o02 0 0.7 3.2 1.0 2.8 15 2.2 32 25
100 04 0] 0 0 0.7 05 3.1 0.4 2.9 2.8 12 | 11
104 0 [0]23 2 0.4 05 1.6 1.2 3.1 2.3 -15 | 16
Av 05 1.6 2
Equation for 0.2H+10+B/36 BL+B/36+0.2 BL+B/36
calculating
back length
Table 7 presents the statistical data forpa- prototype is 10, 4, 9 respectively.
rameter c. The number of optimal shapes in the
Table7
Comparative analysis of the parameter c
Prototype
CG,cm P1 | P2 | P3
Body type
Y |[A] B C Y A B C Y A B C
88 2 1] 2 1 2 2 2 2 0 0 2 1
92 0 0] 0 1 0 0 1 1 2 2 2 1
96 0 0] 0 0 1 1 0 1 2 2 2 3
100 0 [2] 2 2 2 2 2 2 3 0 2 2
104 0 [0] 1 2 0 1 2 2 2 3 2 2
Av 0.2 0.9 1.3
Table 8 presents the statistical data forpa- shapes in the prototypes P1, P2, P3is 11, 7, 10
rameters (dr+ds)/2. The number of optimal respectively.
Table 8
Comparative analysis of parameterthe index (dr+dg)2
Prototype
CG,cm P1 | P2 | P3
Body type
Y| A|[B]|C Y A B C Y A B C
88 0208 [ 1 1 0.3 0.4 05 05 0.8 0.8 0.6 0.7
92 07 ] 1 [11]12] 06 0.7 0.9 0.9 0.8 0.8 1 1.1
96 0802|0204 1 1.3 1.3 1.1 1.2 0.8 1.8 1
100 0708 [12|13] 08 1.1 1.4 18 0.6 0.7 0.9 1.3
104 05]06 [11] 2 1.8 1.8 1.9 16 0.6 0.9 1.1 0.9
Av 0.8 1.1 0.9
Table 9 shows a summary plot of the num- ber of good shapes of the three prototypes.
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Table 9

Index Amount of sampleswith good fit of different prototypes

P1 P2 P3

a 10 3 6

b 16 12 9

c 10 4 3

(dF +dB)/2 11 7 10

Totalamount 47 (78 %) 26 (43 %) 26 (43 %)
Figure 5 shows the histogram with the re- o plb

sults of shape with good parameters for three AL - .
prototypes to facilitate a more intuitive com- . %g
14

parison and analysis.

According to the analysis of histogram data,
based on the newly established shape parame-
ters, prototype 1 demonstrated superior shape
modeling parameters in virtual fitting across
20 distinct body shapes. Consequently, consid-
ering the aforementioned analysis, three Chi-
nese male prototypes can be derived; with pro-
totype P1 exhibiting a higher level of excel-
lence compared to prototypes P2 and P3.

((F+B) /2)

=
=

The amount of good clothes shape
T

il

Prototype2 Prototype3

Prototypel

Three samples of Chinese male prototype

Fig. 5

F1

OkoHuaHue TaodI.

>

F2

F3

The specific comparative analyses are as
follows.

1) To design the prototypes, each algorithm
uses a different number of equations: prototype
P1 based on 10 equations, prototype P2 - 5,

212

Fig. 6

and prototype P3 - 6. So, the algorithm of pro-
totype P1 drawing is based on augmented cal-
culations, which are more accurate.

2) To determine the increment, the dimen-
sional characteristic "chest width" from the
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current national standard GB 100000-2023
Human Dimensions of Chinese Men was used.
As the Chinese standard does not include the
measurement of "back width," this parameter
was obtained by measuring a representative
avatar in the Style3D. The increment was cal-
culated as the difference between the corre-
sponding garment width on the pattern and the
body width of the virtual model.

The distribution of the chest ease between
front, armhole, and back is 9:70:21 (prototype
P1), 18:55:27 (prototype P2), and 23:50:27
(prototype P3). The main focus is given to the
armholes. Inthe case of prototype P1, the ease
value is the biggest, which allows the sample
to be adopted more easily in terms of the mor-
phological features of male bodies.

3) The shoulder slope, which is stable from
size 88 to size 104 also different for proto-
types: 40° for prototype P1, 54° for prototype
P2, and 42° for prototype P3. Values 40-42°
are more suitable for different male bodies.

4) Additionally, prototype P1 has front and
back darts, which are changing fromsize 88 to
size 104 and allowing to get a better fit. The
front dart extends from the lower point of the
armhole line parallel to the chest line and is
designated as B/40. The width of the shoulder
dart is equal to B/40 - 0.3. So, the 78% level of
satisfaction belongs to prototype P1.Parame-
ters a, b, ¢, d were measured based on the red
reference lines in virtual and real environment.
Table 10 presents the analysis of the parameter
difference between virtual and real environ-
ments.

Tablel0
. Average valuesof parameters forthree prototypes
Prototypes Environment a b c (drtda)2
P1 \ 92.2 90.3 0 0.6
R 92.4 89.7 0 0.7
P2 \ 95.4 92.3 0 1.9
R 100.5 93.5 0.7 2.1
P3 \Y 104.8 97 0 2.6
R 104.2 99.3 0.7 2.7

For each prototype, the absolute differ-
ences in parameters between virtual (V) and
real (R) environments were calculated and av-
eraged. All resulting differences were less than
0.2 cm, indicating a high level of consistency
between virtual and real shape.

The results confirm that the proposed evalu-
ation criteria are applicable across different
types of fabrics. Moreover, the strong con-
sistency between virtual and real shapes vali-
dates the use of virtual fitting as a reliable sub-
stitute for real fitting. Therefore, subsequent
comparative analyses of prototypes will be
conducted based on the virtual shape.

Conclusion

This study validates the integration of clas-
sical Russian garment fit evaluation principles
with modern 3D virtual fitting technology for
the assessment and comparison of garment
prototypes. By introducing quantitative param-
eters derived from classical methods. A scien-
tifically rigorous and practically applicable fit
evaluation criterion was established. Experi-

mental validation confirmed the reliability of
these criteria, with results from virtual and real
environments showing a high degree of con-
sistency. Among the tested prototypes, the
Donghua prototype demonstrated superior fit,
making it suitable for Chinese male body
types.

The findings hold significant implications
for the apparel industry, particularly in enhanc-
ing the precision and efficiency of pattern de-
sign. By leveraging 3D virtual technology, de-
signers can simulate and optimize garment fit
more accurately and rapidly, thereby reducing
reliance on physical prototypes and minimiz-
ing material waste. Additionally, the incorpo-
ration of classical evaluation principles en-
sures that the design process is grounded in sci-
entific methods, further improving the reliabil-
ity and validity of the outcomes.

Nevertheless, the study has certain limita-
tions. Experiments were conducted under con-
trolled conditions, which may not fully capture
the complexity of real-life wearing scenarios,
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such as posture variation, dynamic movement,
or environmental influences. Future research
should expand to include a widerrange of body
types, fabric behaviors, and dynamic fitting
conditions. Furthermore, integrating advanced
simulation technologies, such as biomechani-
cal modeling or Al-based optimization, may
enhance the predictive accuracy of virtual fit-
ting systems.

Overall, this research represents an im-
portant step forward in garment pattern design.
By experimentally validating the proposed
evaluation criteria, the study lays a solid foun-
dation for future advancements in apparel de-
velopment, ultimately contributing to greater
consumer satisfaction and sustainable industry
practices.
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