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I. Introduction 

With the commercialization of 3D human body scan-

ners, there has been a corresponding development of 

expression techniques for 3D human virtual models, 

3D anthropometry, 3D virtual draping algorithms, 3D 

patterns, etc. The application of 3D digital technology 

to the clothing industry has become more visible as 

it has been applied via web-based application tech-

nologies or information and communication technol-

ogies (Kim et al., 2014). A 3D virtual garment program 

can freely convert a virtual model based on needs and 

size specifications of a consumer target (Jeong, 2016). 

In addition, virtual fitting through a 3D simulation can 

be used to confirm the fit and wearing conditions of 

garments, e.g., by adjusting the garment pressure and 

transparency (Seong & Ha, 2017). Correspondingly, a 

3D virtual garment program accelerates the pro-

duction of clothing products, and provides the possi-

bility of producing clothing an individual's particular 
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taste and body type.

The virtual model of a 3D virtual garment program 

can overcome the temporal and spatial limitations of a 

human body model. Particularly, it can be used as a 

useful fitting model for situations where it is otherwise 

difficult to obtain a fitting model, such as with brands 

for children, plus size adults, and the elderly. The vir-

tual model of a virtual garment program can be divid-

ed into male, female, and child types, and is commonly 

divided into several body types in the program as well 

(Kang, 2014). Clothing companies require a virtual 

model similar to the customer's actual body type; how-

ever, the virtual models of most 3D garment programs 

are based on an ideal body type, rather than on a real 

body type (Han, 2014). Consequently, to use such pro-

grams in the clothing industry, additional research on 

a virtual model similar to an actual body shape is re-

quired.

In previous studies on 3D virtual models, Han and 

Jeon (2016) analyzed sizing menus, terms, and current 

statuses to determine the problems of an avatar editor 

in a 3D virtual garment program, and presented infor-

mation for the standardization of a sizing menu. Kang 

(2014) classified consumer groups according to the 

KS standard for adult women aged 15 to 59, and ana-

lyzed the differences in sizes between the human body 

and virtual model body according to each group. Lee 

and Sohn (2012) compared and analyzed the differ-

ences between 3D virtual model measurements and 

anthropometric measurements for three body types, 

and between 3D virtual model data and 3D body scan 

data for adult males in their 20s and 30s. Lee and Jang 

(2020) compared and analyzed the human body types 

of women in their 20s to 50s, and suggested problems 

and improvement methods for reflecting the standard 

body type when sizing virtual models. Research on 3D 

virtual models has been conducted in various ways, 

but comparative studies on virtual models of the va-

rious 3D virtual garment programs remain lacking. 

Therefore, to utilize the virtual model of a 3D virtual 

garment program, it is necessary to study the problem 

of virtual model sizing for each program, and to verify 

whether the formed virtual model accurately reflects 

the human body characteristics.

In this study, among the 3D virtual garment pro-

grams, programs with high utilization in the current 

clothing industry are selected, and the differences in 

functions according to the formation of the 3D virtual 

models are analyzed. In addition, we analyze the pro-

blems in forming virtual models for the production of 

athletes' cycling pants when using such 3D virtual gar-

ment programs, and propose improvements obtained 

from comparing human body scan data and 3D virtual 

models. Furthermore, this study is intended to provide 

basic data for made-to-measure production for adoles-

cents in their growing stages, through the formation of 

a 3D virtual model for reflecting the actual body type.

 

II. Methods

1. Investigation of Virtual Model Menu of 3D 

Virtual Garment Program

In this study, three programs with the highest use by 

current clothing companies were selected, and they 

were denoted as Program A (CLO), Program B (Opti-

tex), and Program C (VStitcher). In the 3D virtual gar-

ment programs, the types of virtual models, basic pos-

tures, and size items and features of the avatar editor 

were analyzed.

 

2. Investigation of Posture Deformation and 

Joint Motion Range of 3D Virtual Model

We investigated the posture variations of the 3D vir-

tual models for each program to develop cycling wear 

for athletes, and selected a cycling posture or a motion 

posture similar to the cycling posture. For each pro-

gram, the static posture angle was set to 0°, and the de-

formation angles of the joints in the virtual models 

similar to the cycling motions in a total of eight areas 

were measured using the Design-X program. The joint 

measurement positions for the eight areas are shown 

in <Fig. 1>, i.e., the ① cervical vertebrae, ② shoulder 

joint, ③ thoracic vertebrae, ④ lumbar vertebrae, ⑤ 

hip joint, ⑥ knee joint, ⑦ elbow joint, and ⑧ wrist 
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joint. The joint deformation angles from flexion, ex-

tension, adduction, and abduction were measured for 

the eight joint measurement areas. The flexion was 

measured by measuring the movement when bending 

the body part at each joint, and the extension was mea-

sured by straightening the body part or increasing the 

angle of the body. The adduction was measured in the 

direction of attachment to the center of the body, and 

the abduction was measured in the direction away 

from the center of the body.

 

3. Comparative Analysis of Human Body Scan 

Data and 3D Virtual Model

We used the data of one subject corresponding to 

the representative size of high-school male cyclists 

from a previous study (Park, 2018) to compare the lo-

wer body scan data and the 3D virtual models (Fig. 2

①). The subject corresponded to the average size of 

the anthropometric measurements of 111 male high- 

school cyclists from the previous study. The virtual 

model of the 3D virtual garment program was formed 

based on the size of the subject's lower body. The low-

er body sizes of the Size Korea (Korean Agency for 

Technology and Standards [KATS], 2010) standard 

measurements for forming the virtual models were as 

follows: height (170.0 cm), cervical height (142.5 cm), 

crotch height (76.5 cm), hip height (85.0 cm), waist 

height (104.5 cm), knee height (49.5 cm), waist cir-

cumference (71.0 cm), hip circumference (94.5 cm), 

thigh circumference (56.0 cm), knee circumference 

(37.5 cm), calf circumference (37.0 cm), and minimum 

leg circumference (24.0 cm). In each program, the vir-

tual models were formed in the order of the avatar edi-

tors. The sizes corresponding to the Size Korea (KATS, 

2010) standard were inputted, but not those automati-

cally adjusted by the program.

We compared and analyzed the data of the virtual 

models by saving them  as obj files in each program 

and importing them from the Design-X program (Fig. 

2②). The silhouettes were compared by forming front 

silhouettes and side silhouettes of the virtual models 

using a mesh sketch based on the lower body scan data. 

In addition, to compare the sizes of the actual lower 

body scan data and the virtual models, a total of 22 

sizes were measured for the circumference, height, 

and length items in the Design-X program (Fig. 2③). 

The cross-sections of the waist, hip, thigh, knee, calf, 

and the minimum leg circumference of each body area 

were acquired and saved as dxf files, and the cross- 

sections were analyzed using the YUKA CAD prog-

ram. 

➀ Comparison of body scan data ➁ Silhouette cross-section ➂ Size measurement and cross-section

Fig. 2. Comparative analysis of human body scan data and 3D virtual models.

Fig. 1. Measurement positions of joints.
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III. Results and Discussion

In this study, we investigated the menus related to 

the virtual models to form virtual models in the 3D vir-

tual garment programs based on actual human body 

sizes, and compared the human body scan data with 

the formed 3D virtual models.

 

1. Investigation and Analysis of Virtual Mo-

del Menu of 3D Virtual Garment Program

1) 3D Virtual Model Type and Basic Posture

The 3D virtual models provided by the 3D virtual 

garment programs were divided into men, women, and 

children. <Table 1> presents the basic posture based 

on the virtual male model.

Program A allowed for selection of the gender of 

Female_V1, Female_V2, Kid_V1, Male_V1, and Ma-

le_V2, and then allowed for change in the virtual mo-

del style by clicking on the hair, motion, pose, shoes, 

and size. For Female_V1 and Female_V2, user were 

able to select Asian and Western, and select skinny or 

obese body types including maternity types in the ava-

tar editor; there were a total of eight poses. Kid_V1 

had a total of four virtual models, including infants and 

children, and provided a total of six poses. Male_V1 

and Male_V2 had Asian and Western populations, and 

could be transformed into a skinny or obese body; the-

se also allowed for a total of eight poses to be selected. 

In this way, providing the basic body type allowed 

users to create a desired size shape, even those without 

expertise in body types (Han & Jeon, 2016).

Program B edited the virtual model in a separate 

avatar editor, and then imported the virtual model from 

the Optitex PDS for use. In the avatar editor, users 

could select Eva (female) and Adam (male) in white, 

and James (male), Kim (female), Dana (adolescent 

woman), and Tim (adolescent man) in black. The se-

lected virtual model was automatically loaded. There 

were a total of eight poses provided by Optitex, as 

shown in <Table 1>.

Program C used the models listed in the avatar edi-

tor. The adult males included a muscular Adam mainly 

used for sportswear, low-muscle David, and teenage 

male Alex. The adult women included Tina, Bella, De-

bora, Olivia (Westerners), Kim (Asian), Rachel (plus- 

sized model), Sara (senior model), and young female 

Maya. The program also included baby model and 

hanger style. In the case of the virtual male model, a to-

tal of 22 postures from basic postures to various move-

ments of sports exercises were provided, and were in-

vestigated as applicable programs for sportswear (Ta-

ble 1).

 
2) 3D Virtual Model Size Items and Features

The size items for the avatar editor of each 3D vir-

tual garment program are shown in <Table 2>, and the 

features of the editing for forming the 3D virtual mod-

el of each program are as follows.

Program A completed the basic shape by inputting 

the stature and chest circumference in the avatar edi-

tor. A total of 20 items were inputted in the order of the 

neck, shoulder, CF (CB) neck to, chest, waist, hip, leg, 

and arm, along with extra measurements from the neck 

to the leg and arm. The circumference, height, and len-

gth items were inputted for each area, and although the 

virtual model wore sneakers, it was confirmed that all 

height items represented the sizes without the height of 

the shoes. In the case of the length or height items, the 

proportions were completed when the height and chest 

circumference were initially input; as such, detailed 

adjustments could potentially distort the body shape. 

However, the proportions were characterized by the 

formation of an overall harmonious avatar, based on 

the body shapes of Asians. The chest circumference 

corresponded to the bust circumference passing throu-

gh the nipple of Size Korea (KATS, 2010). The across- 

shoulder corresponds to the biacromion length, the CF 

(CB) neck-to-waist corresponded to the waist front 

(back) length, and the inseam height corresponded to 

the crotch height. The measurement positions were 

found to be the same, but the size terms were different. 

In addition, in the Size Korea (KATS, 2010), the waist 

circumference is measured based on the omphalion 

point or natural indentation, and thigh circumference 
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Program Total Basic posture

Program A

(Model-

Male_V1)

8 

types

Sitting Pose 1 Pose 2 Pose 3
Atte-
ntion

Running
Front 
arm
raise

Arm
up

Program B

(Model-

Adam)

8

types

Static 1 Static 2 Step Cat walk
Arms
bent

Squat Cross Drive

Program C

(Model-

Adam)

22

types

Walk Natural Casual
Arms
down
bent

Arms
down

Super
hero

Arm Jump

Straddle Leg bent Squat Football Dunk
Basket

ball
Bicycle 1 Bicycle 2

Fold over Sitting Ski Speed skating Driving 1 Driving 2

Table 1. Basic postures of 3D virtual models by programs
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Program A Program B Program C

Total 
body

Height Total height Hair Hair volume

Height

Height

Width
Chest

circumference Shoulder Shoulder pose Cervical height

Details

Neck
Neck base

circumference

Lengths

Shoulder slope

Body
silhouette

Muscles
Cross shoulder

Balanced
Shoulder Across shoulder

Under chest height
Body sizeOutseam

Inseam

Torso 

Neck

CF neck to CF neck to waist Hip height Shoulders
High hip height Shoulder slope

Knee height

CB neck to CB neck to waist
Chest

Armscye depth
High waist

Waist to hips
Waist

Arms length

Waist

Waist 
circumference

Belly

Circum-
ferences

Underchest
HipWaist

To high hip RiseHips

Chest

Legs

Out-seam

To low hip High hips In-seam
Thigh Thigh
KneeHigh hip

circumference
Hip

Knee
Low thigh

Calf
Calf

Low hip
circumference

Ankle
Ankle

Foot lengthFoot instep
Foot widthBiceps

Inseam height

Leg 

Upper biceps

Hands

Armpit
Elbow

Thigh
circumference

Over arm
Wrist

BicepNeck

Base neckKnee
circumference

Arm

Basics

Size (under chest)
Wrist

HeightCalf
circumference PalmCervical height

Body depth

Body 
shaping

Armpit opening

Arm

CB neck to wrist Body width Posture
Weight balance Top posture

Posture

Bicep
circumference

Bottom posture
Muscles Bottom position

Arm mass
Shoulder blades

Trapezius
Full proportions

Seat prominence
Elbow

circumference
Buttocks volume

Upper body prominence
Buttocks shapeBelly (depth)
Buttocks tonusButtocks bump

Wrist
circumference

CrotchButtocks height
Navel heightButtocks type

GenitaliaCrotch width

Extra
measurements

Total rise

Crotch size

Face

Head size
Front (back) thigh curve

Front (back) waist 
length from CF (CB)

Head length

CF: Center Front, CB: Center Back

Table 2. Size items of 3D virtual models by programs
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is measured based on the gluteal point; in contrast, Pro-

gram A measures at an arbitrary measurement point. 

There were size items that were not available in Size 

Korea (KATS, 2010), such as to high hip, to low hip, 

high hip circumference, and CB neck to the wrist for 

the arm.

In Program B, a user could check the measurement 

location by clicking the avatar measurement menu. 

However, it was not possible to do as accurately, as the 

location was designated as a range, i.e., without meas-

urement lines on the body. The size items of the avatar 

editor were largely divided into lengths, circumfer-

ences, and basics, and most of the length items in-

cluded the height, length, and depth, so the distinctions 

were ambiguous. There was no standard for measur-

ing the points of the waist and chest lines, and the size 

items that were not in the measurement items of Size 

Korea (KATS, 2010), such as armscye depth, body dep-

th, and body width, could be inputted in dimensions. 

In addition, in the basic category, the buttocks bump, 

buttocks height, and buttocks type could be modified 

in detail by specifying a range of 0-1, as opposed to in-

putting the sizes directly. This program had the largest 

number of size items of the three programs at 50, and 

was based on westerners' body shapes.

Program C differed in the standard size according to 

the virtual model, and the age range could be changed. 

In the body resolution, high, maximum, and normal 

settings were possible, and insofar as body texture, the 

user was able to change the color of the body so that 

various races could be expressed. The friction with the 

avatar could be set to plastic, people, and clothes, and 

could be determined according to the clothing to be 

worn; in addition, the skin tone and hairstyle could be 

modified (e.g., via styling). The size input of the vir-

tual model needed to set in the order shown in the pro-

gram, and the basic shape was completed by inputting 

the height and cervical height as the height items. The 

height and length items in the vertical direction were 

measured based on the ankle point, and there was a dif-

ference from the sole standard of Size Korea (KATS, 

2010). The waist circumference was measured above 

and below the omphalion point, and the chest circum-

ference was measured based on the nipple point. In the 

torso, legs, and hands, numerical values were inputted, 

and the shape was completed by designating a range of 

(‒)0.5-(+)0.5 for body shaping; this was formed bas-

ed on the operator's subjective judgment, as in Prog-

ram B. In this program, the height items are height and 

cervical height were measured, and it was possible to 

determine the leg length and upper body ratio by set-

ting the navel height. However, the measurement point 

was designated at the ankle point, and was entered in 

the range of (‒)0.5-(+)0.5, i.e., not a numerical input. 

Therefore, it was found that there was a difference in 

the measurement items from those based on Size Ko-

rea (KATS, 2010).

 

2. Analysis of Posture Deformation and Joint 

Motion Range of 3D Virtual Model

1) Posture Deformation of 3D Virtual Model

The 3D virtual model was able to change the pos-

ture through the joint deformation of each area, and the 

joint deformation method was different for each pro-

gram (Fig. 3). In general, Program A could adjust the 

posture by the user clicking a joint point. However, it 

had a disadvantage in that it was difficult to transform 

the same pose again, because the posture was different 

depending on the operation. Program B did not have a 

joint deformation function, but a slight posture change 

was possible in the range of 0-1 in the size of the avatar 

editor. Program C could be modified by clicking on the 

joint area of a basic or motion posture, and then input-

ting the values of X, Y, and Z.

 

2) Analysis of Joint Motion Range of 3D Vir-

tual Model

In this study, the joint motion range was measured 

by selecting a cycling posture or a basic motion pos-

ture similar to the cycling posture for each program 

(Fig. 4). Program A used a sitting posture, and the cer-

vical vertebrae, thoracic vertebrae, lumbar vertebrae, 

elbow joints, and wrist joints were all measured at 0°. 

The abduction of the shoulder joints was measured at 

15°, the flexion of the hip joints was measured at 75°, 
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and the flexion of the knee joints was measured at 75°. 

Program B used a squat posture, and the cervical ver-

tebrae, thoracic vertebrae, lumbar vertebrae, and el-

bow joints were all measured at 0°. The flexion of the 

shoulder joints was measured at 90°, the flexion of the 

hip joints was measured at 68°, the abduction of the hip 

joints was measured at 21°, the flexion of the knee 

joint was measured at 85°, and the flexion of the elbow 

joints was measured at 30°. Program C used a cycling 

posture, and the thoracic and lumbar vertebrae were 

measured at 0°. The extension of the cervical vertebrae 

was measured at 5°, the flexion of the shoulder joints 

was measured at 75°, the flexion of the hip joints (ri-

ght) was measured at 100°, the flexion of the knee joint 

(right) was measured at 100°, the flexion of the elbow 

joint was measured at 15°, and the adduction of the el-

bow joint was measured at 17°.

Therefore, Program A was able to deform the pos-

ture with a gizmo on the joint from the sitting posture, 

and Program B was not able to deform the posture, oth-

er than from the basic posture provided. Program C 

provided two cycling postures, and had the advantage 

of allowing deformation by inputting the angle nume-

rically at more joint areas than in Program A.

Program A Program B Program C

Fig. 3. Deformations of 3D virtual models.

Program A Program B Program C

Fig. 4. Cycling motion posture from static posture by program.
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3. Comparative Analysis of Shape and Size 

of Human Body Scan Data and 3D Virtual 

Model

In this study, 3D virtual models were formed by in-

putting the representative size of a high-school male 

cyclist in the 3D virtual garment programs, and the 

Design-X program was used to compare and analyze 

the results in the context of the cyclist's lower body 

scan data.

The virtual models were formed based on the repre-

sentative body sizes of high-school male cyclists, and 

the sizes corresponding to the Size Korea (KATS, 

2010) standard were inputted, but not those automa-

tically adjusted by the program. The formed virtual 

models were aligned based on the sole of the foot using 

the Design-X program, and were aligned side-by-side 

by aligning the X, Y, and Z axes. In addition, we per-

formed 3D measurements of the body scan data and 

virtual models <Table 3>, and based on these measure-

ments, we compared and analyzed the front and rear 

shapes of the scan data and virtual models (Fig. 5). The 

front and side silhouettes of the virtual models for each 

program were arranged based on the body scan data 

(Fig. 6). We compared whether there were any differ-

ences in the body scan data. The cross-sections of the 

body scan data and the virtual models were compared 

after overlapping them (Fig. 7).

As a result of the analysis, the waist circumference 

of the body scan data was measured at 71.68 cm, but 

Programs B and C found slightly larger values, at 

72.18 cm and 72.16 cm, respectively. The waist bread-

Items Body scan Program A Program B Program C

Waist circumference 71.68 71.69 (+0.01) 72.18 (+0.50) 72.16 (+0.48)

Waist breadth 26.03 27.33 (+1.30) 24.80 (‒1.23) 27.54 (+0.21)

Waist depth 18.22 15.54 (‒2.68) 18.15 (‒0.07) 16.80 (+1.26)

Hip circumference 94.08 94.65 (+0.57) 96.55 (+2.47) 96.63 (+2.55)

Hip width 33.94 34.65 (+0.71) 33.29 (‒0.65) 34.75 (+0.81)

Hip depth 24.10 21.53 (‒2.57) 24.30 (+0.20) 24.81 (+0.71)

Thigh circumference (left) 57.12 56.77 (‒0.35) 57.74 (+0.62) 59.59 (+2.47)

Thigh circumference (right) 55.82 56.90 (+1.08) 57.10 (+1.28) 59.03 (+3.21)

Midthigh circumference (left) 52.54 51.89 (–0.65) 54.35 (+1.81) 53.04 (+0.50)

Midthigh circumference (right) 52.10 51.85 (–0.25) 53.96 (+1.86) 53.29 (+1.19)

Midthigh depth 17.08 16.85 (–0.23) 18.76 (+1.68) 18.30 (+1.22)

Knee circumference (left) 38.08 37.71 (–0.37) 37.80 (–0.28) 37.20 (–0.88)

Knee circumference (right) 38.29 37.72 (–0.57) 37.80 (–0.49) 37.10 (–1.19)

Calf circumference (left) 36.93 36.60 (–0.33) 36.64 (–0.29) 36.75 (–0.18)

Calf circumference (right) 36.80 36.61 (–0.19) 36.64 (–0.16) 36.94 (+0.14)

Minimum leg circumference (left) 22.16 20.27 (–1.89) 21.82 (–0.34) 23.66 (+1.50)

Minimum leg circumference (right) 21.76 20.26 (–1.50) 21.82 (+0.06) 23.69 (+1.93)

Waist height 100.15 100.15 (   -   ) 102.50 (+2.35) 107.00 (+6.85)

Hip height 82.15 83.50 (+1.35) 84.00 (+1.85) 88.50 (+6.35)

Crotch height 73.15 77.00 (–3.85) 72.00 (–1.15) 78.50 (+5.35)

Knee height 45.00 46.00 (+1.00) 46.00 (+1.00) 47.00 (+2.00)

Hip length 18.00 18.00 (   -   ) 18.50 (+0.50) 18.50 (+0.50)

(   ): Numerical difference from body scan data

Table 3. 3D measurements of the body scan data and 3D virtual models                      Unit: cm
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th of the body scan data was 26.03 cm, but the waist 

breadth of Program B was 24.80 cm, i.e., smaller. It 

was confirmed that the front shape of <Fig. 5> and the 

silhouette of <Fig. 6> were thinner than those of the 

other shapes. As for the waist depth, the value from the 

body scan data was 18.22 cm, and the values from the 

programs, from largest to smallest, were Program B 

(18.1 cm) > Program C (16.8 cm) > Program A (15.54 

cm). It can be confirmed from the side silhouette in 

<Fig. 6> and the depth of Program A was the flattest in 

the cross-section of the waist circumference in <Fig. 

7>. 

The hip circumference from the body scan data was 

94.08 cm, but Programs B and C resulted in values of 

96.55 cm and 96.63 cm, respectively, i.e., larger than 

the body scan data. The body scan data of hip width 

was measured as 33.94 cm, but Programs A and C re-

sulted in larger values, and Program B was smaller. As 

for the hip thickness, Program A was found to be rela-

tively small at 21.53 cm, which can be confirmed in the 

cross-section of the hip circumference in <Fig. 7>. As 

shown in the side silhouette of <Fig. 6>, Program A 

was thinner than the human body scan data for the ab-

domen, and Program B showed a thicker rear part. In 

addition, the gluteal furrow of Program C differed the 

most from the shape of the human body scan data.

There was a significant difference between the left 

and right thigh circumference in the body scan data; 

this could be predicted from the increased develop-

ment of one muscle owing to long cycling exercise. 

Body scan 

data

Program

A

Program 

B

Program

C

      Program 

       C

Program

B

Program

A

Body scan 

data

Fig. 5. Front and rear comparison of body scan data and 3D virtual models.

Silhouette of Program A Silhouette of Program B Silhouette of Program C

Fig. 6. Comparison of front and side silhouettes of 3D virtual models based on body scan data.
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The thigh circumference in Program C was 59.59 cm 

on the left and 59.03 cm on the right, i.e., larger than 

the values from the body scan data, and Program A had 

smaller values for the midthigh circumference and 

midthigh depth. The side silhouettes in <Fig. 6> show 

that Program A resulted in smaller values than the 

body scan data, and that Programs B and C resulted in 

thicker values on the rear. The cross-section of the 

knee circumference in <Fig. 7> shows that Program 

C's knee circumference was oval rather than the shape 

of the knee bone, and that the sizes of the calf circum-

ference for the virtual models were mostly similar to 

those from body scan data. The minimum leg circum-

ference was 23.66 cm and 23.69 cm, i.e., larger than 

the values from the body scan data.

In the height items, the waist height from Program 

C was found to be the largest at 107.00 cm, and the hip 

height was also the largest. This can be seen in the rear 

silhouette in <Fig. 5> and the side silhouette in <Fig. 

6>. In the case of this program, there was no height 

item, and the navel height was set as a range for de-

termining the leg length and upper body ratio. The mea-

surement was based on an ankle reference point, show-

ing a difference from the Size Korea (KATS, 2010) 

measurement standard. Program A's crotch height was 

77.00 cm, and the waist height was 100.15 cm, the 

waist height was the same as the body scan data, but 

the length from the waist to crotch was short. This can 

also be confirmed from <Fig. 6>; meanwhile, Prog-

ram B has the longest waist-to-crotch length.

 

IV. Conclusions

In this study, the differences between 3D virtual gar-

ment modeling programs were analyzed according to 

the virtual model formation, and the shape of the hu-

man body scan data and 3D virtual model were com-

pared and analyzed to determine the actual body sha-

pe. The results of this study are as follows.

First, the size items for forming the virtual model as 

provided by the 3D virtual garment program are differ-

ent for each program. Program A completes the basic 

shape by inputting the height and chest circumference 

with a total of 20 items, along with circumference and 

length items according to the body area from the neck 

to the waist, hips, legs, and arms. Program B uses a to-

tal of 50 items, including the length, circumference, 

and basic items, but the detailed items regarding leng-

th further include height, length, and depth items. In 

addition, the detailed items comprising the body shape 

Waist circumference Hip circumference Thigh circumference

Knee circumference Calf circumference Minimum leg circumference

Scan data

Program A

Program B

Program C

Fig. 7. Comparison of cross-section according to body area.
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in the basic items are input as a range, rather than as a 

size. Program C uses a total of 43 items, including hei-

ght items for the height and cervical height, in addition 

body silhouette, torso, legs, hands, body shaping, and 

face items. There are relatively few height items, and 

the division of the upper and lower body is set as the 

navel height from the ankle point to the omphalion; in 

addition, the value is designated as a range, rather than 

as a numerical input.

Second, to evaluate the virtual fitting in the 3D vir-

tual garment program, it is necessary to analyze the fit 

and pressure not only in a static posture, but also in a 

dynamic posture. In particular, to evaluate the virtual 

fitting under sports movement in sportswear, it is nec-

essary to freely deform the movement of the virtual 

model. In the case of Program A, the motion provided 

by the program is the smallest of the three programs 

other than the static posture, and the motion posture is 

changed by creating a gizmo on the joint. Program B 

does not have a joint deformation function, but a slight 

posture change is possible in the range of 0-1 in the 

size element of the avatar editor. Program C provides 

the most movement in the postures; for example, the 

posture can be transformed by inputting an angle on 

the joint, and this program can be applied to various 

sportswear. In addition, in regards to the posture of the 

back, all three programs are only able to express an up-

right posture, and not a bent posture.

Third, as a result of analyzing the human body scan 

data and the virtual models formed by the 3D virtual 

garment programs, the biggest difference is found in 

the shapes of the waist and hips. The cross-sectional 

analysis confirms that the flatness of the waist and hips 

is different for each program. Referring to the differ-

ence from the human body scan data, Program A shows 

the most similar appearance to the human body scan 

data in the front silhouette, but the front thickness is 

smaller when viewed from the side. In other words, the 

waist and hips are flat with a small thickness, and the 

crotch length is short. Program B results in a thin waist 

and large hip, and a gluteal furrow. The length from the 

waist to the crotch is long, and the rear shape is thick. 

Program C has a high lower body height and a greater 

hip flatness than in the waist. The gluteal furrow dif-

fers the most from the shape of the human body scan 

data, and the circumference items are larger overall.

As a result of this study, it can be seen that the virtu-

al garment programs are different from the measure-

ment points suggested by the Size Korea (KATS, 2010) 

standard; thus, the sizes can be different, even for the 

same size item. In particular, in the height item, the 

size setting is measured from the bottom of the body, 

and the identities of the reference points for the cir-

cumference items for each body area are required. In 

the case of the lower body, it is necessary to provide a 

data input-based program able to change the exact 

measurement positions of the waist circumference and 

hip shape, as these determine the fit of the clothing. In 

addition, as the virtual model of the 3D virtual garment 

program provides a basic shape based on the body sha-

pe according to the country providing the program, in 

the clothing industry, it should be selected according 

to the brand image, target, and type of clothing. For 

these 3D virtual garment modeling programs to be wi-

dely used in the sportswear industry in the future, it is 

necessary to provide a function to express the free mo-

vement of the human body, e.g., by inputting the joint 

angle in the virtual model formation menu.
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