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ABSTRACT

This study aimed to convert 3D human body scan data in dynamic postures into virtual avatars and to
conduct a comparative analysis of body surface measurements between the two objects. The methodology n-
cluded 3D scanning of the human body in a neutral standing posture, as well as with the knees flexed at
30° and 60°. These scans were then converted ito avatars using a 3D virtual fitting system. To generate dy-
namic avatars, he joints of the neutral posture avatar were adjusted to match the scanned data. Subsequently,
body surface circumferences and lengths were measured and compared between the scanned models and
avatars. Cross-sectional shapes and distances at key body regions were also analyzed. The results indicated
that differences in circumference measurements ranged from -1.4 cm to 0.5 cm in the neutral posture and
from -5.4 cm to 0.3 cm n the flexed postures, depending on the specific body region. Surface length dis-
crepancies ranged from -2.0 cm to 0.1 ecm in the neutral posture and from -7.6 cm to -4.8 ¢cm with knee
flexion. The cross-sectional shape analysis revealed that in the neutral posture, the maximum hip circums-
ference and thigh circumference regions were similar. However, as the knee flexion angle increased, the max-
imum hip circumference region appeared flatter in the avatar, creating a noticeable difference, while the thigh
and calf shapes remained similar. Inconclusion, the avatar transformation and dynamic avatar functions pro-
vided by the current virtual fiting programs do not fully reflect the shape and dimensions of human muscles
and skeletal structures during movement. These findings provide meaningful information for researchers when

utilizing such functions in clothing design and evaluation.
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(¢) HSM-60
{Fig. 1> 3D Body Scan in a Neutral Posture and Knee Flexion.
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{Fig. 2> An Example of the Process of Creating a Virtual Avatar Using Body Scan Data.

/
(c)
ol AEAE olgdte] Al A olurere B
A, HEY Y /12RE $59 F2 27} 0%,
0521 IA 7MY olutelE AAEIT ol

HVAS AHgsto] 54 ohuteg A4sH]o] @A
| CLO x21%°] 3D #(pen)

T
<
>
o
o
e ©
ra
2

(a) Angle measurement of the 3D body scan model(HSM)

(b) Angle measurement of the virtual body avatar(HSV)

{Fig. 3> An Example of Creating an Avatar for Knee Flexion Movement Using a 3D Scan Model.
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Abbreviation Full name

Cireumierenes we Waist Circumference
) HC Hip Crrcumference
1LY Tight Circumference

ke Knee Circumference

o Calf Circumference
AC Ankle Circumference

Length WHL Watst— Hip Length
® HIL Hip- Thigh Length
THL Tight~ Knee Length

KCL Knee- Calf Length

CAlL Call ~Ankle Length

(a; Front b; Side ¢; Back)
{Fig. 4> Example of Partition Lines for Measuring Body Surface Length and Circumference
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(b) Body surface length of the virtual avatar

{Fig. 5> Example of Measuring Body Surface Length according to the Knee Flexion Angle
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{Fig. 6> Cross-sectional Shape between 3D Scan Model and Human Virtual Avatar
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{Table 1> Comparison of Lower Limb Circumference Measurements between the 3D Scan Model in a Neutral Posture
and the Virtual Avatar.

(cm, %)
HSM HVA Difference™
(A) (B) Vlaue Rate(%)
Waist circumference 84.4 83.9 -0.5 -0.6
Hip circumference 97.6 96.3 -1.3 -1.3
Thigh circumference 54.3 52.9 -14 -2.6
Knee circumference 35.5 34.9 -0.6 -1.7
Calf circumference 38.0 37.6 -04 -1.1
Ankle circumference 22.0 22.5 0.5 2.3

*Difference = (%) ((B-A/A))*100
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{Table 2> Comparison of Lower Limb Length between the Body 3D Scan Model and the Virtual Avatar.

(cm, %)
) Difference™
Measuring HSM HVA
Length Vlaue Rate
area (A) (B)
(cm) (%)
1** (WHL1) Front crotch length
Waist cireumference 2 (WHL2~CAL2) 96.1 94.7 -14 -15
~ 3 (WHL3~CAL3) 95.3 95.2 -0.1 -0.1
Ankle circumference 4 (WHL4~CAL4) 99.2 97.2 -2.0 -2.0
5%*% (WHL5) Back crotch length

*Difference = (%) ((B-A/A))*100

**When measuring the length from the hip circumference to the thigh circumference(H.~T.) the area corresponds to
area 1(Front crotch length) and area 5(back crotch length). When scanning the 3D body, the instep area is missing,
so this area is not measured.
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{Table 3> Changes in Body Surface Circumference Measurements according to knee Flexion Angle in the Body 3D Scan Model and Virtual Avatar.

(cm)
Difference
Static posture (A) 30 Degree (B) 60 Degree (C)
30 Degree (B-A) 60 Degree (C-A)
Front Back Front Back Front Back Front Back Front Back
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Waist C. | 212 214 224 194 | 215 221 204 199|208 232 194 20 0.3 0.7 -2.0 0.5 -04 1.8 -3.0 0.6
H Hip C. 245 234 251 246 | 288 186 228 24 | 244 218 288 208 | 43 -4.8 -2.3 -06 | -0.1 -1.6 3.7 -3.8
S Thigh C. | 139 139 131 134 | 169 108 126 148|177 11 138 133 | 3.0 -3.1 -0.5 14 3.8 -2.9 0.7 -0.1
M Knee C. | 103 89 8.0 82 (130 77 79 73 |135 66 85 72 2.7 -1.2 -0.1 -0.9 3.2 -2.3 0.5 -1.0
Calf C. 102 99 94 85 | 114 97 87 87 | 117 84 86 84 12 -0.2 -0.7 0.2 1.5 -1.5 -0.8 -0.1
Ankle C. | 6.7 6.2 4.8 4.3 80 53 34 53| 72 40 60 57 1.3 -0.9 -14 1.0 0.5 -2.2 12 14
Waist C. | 208 212 214 205|209 214 206 203|212 213 206 208| 0.1 0.2 -0.8 -0.2 0.4 0.1 -0.8 0.3
Hip C. 242 231 247 243 | 244 206 222 216|238 212 264 204 | 02 -2.5 -2.5 =27 | -04 -1.9 1.7 -3.9
\I—; Thigh C. | 136 139 128 126 | 132 136 121 127|133 136 126 127| -04 -03 -0.7 0.1 -0.3 -0.3 -0.2 0.1
A Knee C. 8.8 8.8 8.8 8.6 88 81 86 80| 88 75 84 75 0.0 -0.7 -0.2 -0.6 0.0 -1.3 -0.4 -1.1
Calf C. 9.2 9.9 9.2 9.4 92 98 92 94192 99 92 91 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 -0.3
Ankle C. | 53 5.3 5.3 6.6 52 52 53 66| 51 51 53 66 -01  -01 0.0 0.0 -0.2 -0.2 0.0 0.0

C: Circumference
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{Fig. 7> Changes in Body Surface Circumference according to Knee Flexion Angle in the body 3D Scan Model
and Virtual Avatar.
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{Table 4> Changes in Body Surface Length according to Knee Flexion Angle in the Body 3D Scan Model and Virtual Avatar.

(cm)
Static posture (A) 30 Degree (B) 60 Degree (C) Difference
Longth 30 Degree (B-A) 60 Degree (C-A)
Front Side Back Front Side Back Front Side Back Front Side Back Front Side Back
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
W.~H. | 237213 228 {246 251223 :21.2: 227 23 224|189 181 : 221:229:225| -59  -05: -04 & -65:-10.8]-20.3 -15.0i -3.1: -69 ;-10.4
g | H~T. 203 19.8 1209 1821 19.7 | 23.6 169 195 283 -103¢ -05 ¢ 129 -16.7: 15} 354
S | T.~K | 235 247 233 1228 2141248 218 209 214 248218 209 -89 04 | 64 -83 -89 04  -64: -83
M| g ~c 139 133 127 133 152175 136 1 128 118 143 124 10.1 94 1316 71 | -38 -15.17 75 1 -24  -24.1
C.~A.|208:205 22 @227 2141207 21.2 i 22.1 2141207212 221 29 110  -36 . -26 29 1 10  -36. -26
W.~H.|222:212: 215224 221(189:168: 182 :20.1:200| 182 16.1 185 21 203 |-149:-208: -153: -10.3: -95 | -18.0: -24.1: -14.0: -62} -8.1
g | H~T. 199§ 19.1 {191 181: 196 221 175 201 243 -9.0 ¢ 26 @ 157 -121 52§ 272
V | T.~K [ 229 242 218 1215 2081244 204 19.2 226253198193 -92 ¢ 08 § -6.4:-10.7 .13 45 0 -9.2:-102
A | K. ~C. |134 126 121 123 16.1:16.1: 126 : 119 115 134 1 116 108 201 278 41 @ -33 -14.27 63 1 -41  -122
C.~A. 207 197 209 21 204:199¢ 21 203 203198 211 21.3 -14 ¢ 10 ¢ 05 -33 ;190 05 0 10 0 14

W = Waist, H = Hip, T = Thigh, K = Knee, C = Calf, A = Ankle
* When measuring the length from the hip circumference to the thigh circumference(H.~T.) the area corresponds to area 1(Front crotch length) and area 5(back crotch

length). When scanning the 3D body, the instep area is missing, so this area is not measured.
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<Fig. 8> Changes in Body Surface Length according to Knee Flexion Angle in the Body 3D Scan Model
and Virtual Avatar.
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{Fig. 9> Cross-sectional Shape and Distance between the Two Objects according to Knee Angle.

— 100 —



=4 Aol A 3D 1A ~7AE| o]l g} ohulele] AW

2 W3t v

1=}
24

o|eje} ofulete] zpolzh A FEEA o 3 FE2EdE -36em(-101%) A% olulere] =4
A @d s vad Ay JyolEde] & Ap7y FAE A= 37}Q°*‘3} 7P 4
W Fet 7P 2 AolE Hols AL AT & ofulel WS B2 F Zko wel HA AA
AARTH AFET QA FEE Frhel hae] Aol &
g Yetua, 53 JgolHulEd et AHAEY
3. OfHiE} HEt 7|52 HEM Xx[50f CHS 2 FE2EY 9 AS BdAo)7t IA SAFER
SeH F o] Fito tial] fdslor & Zlojt} o] EEIH, 3}
olulel W3 7]k A¥W ¢ B4 AP igl Selel SEAE B ot Ok_og Bl
s \ o Al e =49 4 6% 7t A AL 13 A7
=3stel (Table 50 A8ttt F AA 7k o o] welsol B Sldlch
B8 N2 23 A HEEHE At ot Heow e 2m ma4 A = Ax o] A

|24 kil

=0

ug %

SR

R 29 X5t A A2 g9l
HAh 53] JdolHUEH AN - 54em(-5.7%)
o] 9o FHYAEUE -35cm(-6.4%),
FE2EYE -24em(-6.7%) FFo 2 olulete] 2

o7 B 2 AR HrtHATh ARkAA M
ohulele] MEEH XFe AA 27 Rdo) AX
=4 AFEY *5.4~0.3(:m(*5.7~1.4%) H & ol A
37b 120l whet oputete] Az EHE AW Bd
¥z =79 A4aE Yedd g3
TEL ER 2XUS W FEE
Qe A ofutere] EH7F 27

e AR veiyth 53], 4
-4.7cm(-4.9%),

e

Aoz 3ol

£7017} ¢
oR
.

] -1.8cm(
HAAAEY = -36cm(-65%) 2

-76~-47cm( 76~-47%) H 9] ol A
19T T 0% 23

29 274 2iem(28%) A%
Aokn QA 37, WS <
-1.9%), -15cm(-15%) A

mo¥o

2 B orr B

Aol
o}u}su
£ Agrom

{Table 5> Difference in Body Surface Circumference Measurements between the Two Objects during Knee Flexion

Movement.
(cm, %)
Difference™
30 Degree 60 Degree
30 Degree 60 Degree

Value Rate Value Rate

HSM - HVA | BSM O HVA 1 o) @) | em) )

Waist circumference 83.9 83.2 83.4 82.8 -0.7 -0.8 -0.6 -0.7
Hip circumference 94.2 88.8 95.8 91.1 -54 =57 -4.7 -49
Thigh circumference 55.1 51.6 55.8 52.2 -35 -6.4 -3.6 -6.5
Knee circumference 35.9 33.5 35.8 32.2 -24 -6.7 -3.6 -10.1
Calf circumference 38.5 37.6 37.1 374 -0.9 -2.3 0.3 0.8
Ankle circumference 22.0 22.3 229 22.1 0.3 14 -0.8 -3.5

*Difference value=HAV-HSM, Rate=((HAV-HSM)/HSM)*100
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{Table 6> Difference in Body Surface Length Measurements between the Two Objects during Knee Flexion Movement.

(cm, %)
Difference™
30 Degree 60 Degree
30 Degree 60 Degree
Area
Value Rate Value Rate
FISH R L (cm) (%) (cm) (%)
Waist 1** (WHL1)
circumference point| 2 (WHL2~CAL2) | 991 944 | 959 932 | -47  -47 | -27  -28
~ 3 (WHL3~CAL3) 95.8 91.0 94.6 92.8 -4.8 -5.0 -1.8 -1.9
Ankle circumferene 4 (WHLA~CAL4) | 995 919 | 968 93 | 76 76 | -15  -15
point 5% (WHLS5)

* Difference value=HAV-HSM, Rate=((HAV-HSM)/HSM)*100
** Areas 1 and 5 are the locations of the groin area, so they are excluded from measurements when scanning the 3D
human body.
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