o] 7749 8131 4]
A7HE #28, 2015
<AFEE>

3xha JhdHic| HEs

PISSN 1229-2060

eISSN 2287-5743

Fashion & Text. Res. J.

Vol. 17, No. 2, pp.265-277(2015)
http://dx.doi.org/10.5805/SFT1.2015.17.2.265

S8t Med+

-40cH 0{ME CHY2Z -

1 2
MFP

2
- 42X} )

I e i
gL o) st gaetaTa

A Study on Body Shape for 3D Virtual Body Shape Transformation

— Focusing on the Women with age of forties -
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Abstract : The aim of this study was to successfully reflect human body changes on the transformation of the virtual body
within 3D virtual fitting spaces. For this purpose, existing problems of shape transformation of the virtual body were ana-
lyzed and regression equations which provides useful basic data for transformation of the virtual body that can be applied
usefully to the 3D virtual fitting system was developed. Necessary data for the analyses were body measurement and 3D
scan data of women with average physical form between the ages of 40 through 49. The reason that we used human body
changes of the female subjects in their forties was based on the recognition that fundamental female body changes start
to occur from age of forty. Body shapes were largely divided into 3 groups according to obesity which was found to be
the biggest factor of shape change. Seven factors were extracted based on factor analysis of 47 body measurement cat-
egories and regression equations were created to extract specific measurements for each BMI group based on these
seven factors. The major contribution of this paper can be summarized as follows. First, the regression equations to
extract specific measurements based on the 7 representative variables remediated existing problem of virtual bodies as
it increased the number of body shape transformation areas. Second, the regression equations helped to overcome the
problem of current failing to reflecting changes in body cross-section shape based on simple girth measurements based

on analysis of cross-section distances.
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Table 1. Descriptive statistic analysis 47 body measurements
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(unit : cm)

Body measurements Min Max Average Standard deviation

1 Neck Circumference 27.7 374 31.5 22

2 Neck Base Circumference 32.1 58.0 36.6 2.7

3 Armscye Circumference 284 40.1 343 23

4 Chest Circumference 66.4 108.1 90.9 5.9

5 Waist Circumference 62.5 102.6 77.8 7.3

6 Abdominal Circumference 72.8 1123 89.1 7.0

7 Hip Circumference 79.2 110.9 932 52

8 Thigh Circumference 44.5 66.7 53.6 4.1

9 Midthigh Circumference 40.7 60.2 489 37

Circumference 10 Knee Circumference 28.6 415 332 24

11 Lower Knee Circumference 26.0 39.0 312 24

12 Calf Circumference 22.1 39.0 325 2.7

13 Minimum Leg Circumference 15.1 23.7 18.6 1.8

14 Foot Circumference 18.4 26.2 21.3 1.4

15 Ankle Circumference 17.6 274 22.1 1.8

16 Upper Arm Circumference 255 422 333 3.6

17 Elbow Circumference 17.7 27.8 21.6 1.9

18 Forearm Circumference 17.8 27.6 21.6 1.9

19 Wrist Circumference 11.1 18.3 13.7 1.5

20 Acromion Height 116.2 138.0 126.1 4.7

21 Anterior Neck Point Height 115.8 139.7 127.2 4.7

22 Axilla Height 106.8 128.5 116.5 4.5

23 Bust Height 100.1 124.5 110.7 4.6

24 Waist Height 85.8 108.4 95.2 43

25 Abdominal Height 73.9 102.0 85.0 4.4

. 26 Hip Height 66.7 83.3 74.4 35
Heigh .

27 Gluteal Fold Height 584 74.9 66.0 32

28 Thigh Height 69.5 93.0 80.0 4.5

29 Crotch Height 61.2 783 69.4 34

30 Calf Height 24.6 32.6 28.0 1.6

31 Knee Height 355 451 40.0 1.8

32 Lateral Malleolus Height 4.1 6.6 53 0.5

33 Dactylion 11l 52.0 66.1 58.7 2.9

34 Neck Base Breadth 9.3 14.1 114 0.9

35 Chest Breadth 23.6 374 325 2.0

Breadth 36 Waist ]?readth 21.6 347 28.2 2.3

37 Abdominal Breadth 27.6 39.4 325 22

38 Hip Width 30.2 389 33.7 1.7

39 Biacromial Breadth 309 389 344 1.5

40 Armscye Depth 6.7 152 11.0 1.4

41 Chest Depth(standing) 16.7 26.6 21.3 1.7

42 Bust Depth 18.9 31.8 24.0 2.3

Depth 43 Underbust Depth 17.2 282 21.2 22

44 Waist Depth(Natural identation) 15.0 28.5 20.7 2.4

45 Waist Depth(Omphalion) 14.8 30.6 20.7 24

46 Abdominal Depth 17.1 32.0 233 24

47 Hip Depth 18.3 30.0 22.6 1.9
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Fig. 1. Reference line for cross-section distances(N=1).
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Table 3. Factor analysis of 47 body measurements
Factor(7) Variable(47) Representative Variables(7)

Factorl (Eigen value: 20.48) Hip Depth

Waist Circumference, Waist Depth(Natural indentation), Waist Depth (Omphalion),

Waist Circumference

Factor2 (Eigen value: 9.77) Crotch Height

Anterior Neck Point Height, Axilla Height, Bust Height, Waist Height, Hip Height,

Waist Height

Knee Circumference, Lower Knee Circumference, Calf Circumference, Minimum Leg
Circumference, Ankle Circumference, Elbow Circumference

Factor3 (Eigen value: 3.09)

Knee Circumference

Neck Circumference, Abdominal Circumference, Hip Circumference, Thigh

Factor4 (Eigen value: 1.99)
Underbust Depth, Hip Width

Circumference, Midthigh Circumference, Forearm Circumference, Waist Breadth,
Thigh Height, Knee Height, Abdominal Breadth, Chest Depth(standing), Bust Depth,

Hip Circumference

Factor5 (Eigen value: 1.35)

Wrist Circumference, Biacromial Breadth

Biacromial Breadth

Factor6 (Eigen value: 1.17) Neck Base Circumference, Neck Base Breadth

Neck Base Circumference

Armscye Circumference, Chest Circumference, Upper Arm Circumference, Gluteal

Factor7 (Eigen value: 1.02)

Fold Height, Acromion Height, Calf Height, Lateral Malleolus Height, Dactylion 1ll, Chest Circumference

Chest Breadth, Armscye Depth, Abdominal Depth

2 factors of Eigen value
under 1

Abdominal Height, Foot Circumference




Table 4. Regression equations of BMI group using the factors

(N=152)
BMI
Measurement Regression
group
groupl =112.39+chest circumferencex0.24
Armscye Depth group2 =(-21.25)+chest circumferencex0.09

group3 =(-81.90)+chest circumferencex0.21

groupl =56.66+hip circumferencex0.15

Chest Depth group2 =65.48+hip circumferencex0.15

(standing)
group3 =143.74+hip circumferencex0.08
groupl =71.37+hip circumferencex0.16
Bust Depth group2 =166.23+hip circumferencex0.07

group3 =60.57+hip circumferencex0.20

groupl =72.82+hip circumferencex0.13
Underbust Depth group2 =153.42+hip circumferencex0.05
group3 =73.30+hip circumferencex1.62

groupl =(-55.69)+waist circumferencex0.33
Waist Depth

(Natural indentation) group2 =4.30+waist circumferencex0.25

group3  =(-49.08)+waist circumferencex0.32

groupl =(-39.78)+waist circumferencex0.31
Waist Depth

(Omphalion) group2 =47.63+waist circumferencex0.20

group3 =(-37.75)+waist circumferencex0.31

groupl =(-6.46)+chest circumferencex0.25
Abdominal Depth group2 =153.66+chest circumferencex0.07

group3 =24.22+chest circumferencex(0.23

groupl =128.15+waist circumferencex0.11
Hip Depth group2 =123.57+waist circumferencex0.12

group3 =76.25+waist circumferencex0.19
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Table 5. Number of subjects according to BMI group for analysis of cross-section

Number of subjects

Number of subjects

Number of subjects

(Total=72) (Total=75) (Total=75)
groupl(N=18) groupl(N=18) groupl(N=19)
Chest group2(N=29) Waist group2(N=28) Hip group2(N=28)
group3(N=25) group3(N=29) group3(N=28)
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Table 6. A correlation coefficient table between BMI and cross-section 3 BMIA|F<} Q1A ]Z—X 3R Zo|A HEHITE XAHE 7S
distances at each angle 59, selsd, YRolEd 5O YHEL wEAES WA
A correlation coefficient Chest Waist Hip o] 218 1A 0]_031;]. WS ARgo|g T3] AR A oA e dojLt
cross-section distances (N=72)  (N=T75)  (N=T75) 2] @A W) o)) o)Akl wiol] Wgrrke] AFEARgo] o
0° cross-section distance 0.5701 0.8047  0.5729 g & 9le A YeR)H, 218 A Aldle wazkgo] 9]
30° cross-section distance 0.6180 0.8004 0.3931 L Aol g ALE TR Aok stk ZhedE oA
60° cross-section distance 0.6165 0.8152 0.6680 Az et BMIR| 470 3A41S sl A% , wERes 7t
90° cross-section distance 06583 07517  0.6844 orel 2o AlFzke] Kl WialA =&Hc) ueir] B d¢
270° cross-section distance 0.5535 0.4567 0.3864 dME ZEALe Zolsle] 3PS TASIETE 24 BMI
300° cross-section distance 0.5855 0.5165 0.3426 AvhE B AE AMRse] TAEE 374 = 22 4
330° cross-section distance 0.5653 0.7302 0.5516 o] AC BMIX49t EdatEuto 2= FelolxE nkdl 2
Aol of2lgo] glo] Wl Bslo] sjgele HYEL Fts
of 22 st mﬂ%&— WilE AR e AAZ 3
QAL LR 09, 30° 60°9) A glol QlAlS] SEe ) W Qldeld] ke wsEel] wsh 4 s golsk
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Fig. 6. Order of size of coefficient between circumference and BMI.
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Table 7. Equations for computing circumference gap at each angle
cross-section . ,
Angle Equation x1~x3 b B t-value F R
CcC 0.140 0.789 9.784%*
0° =1.4453+0.1395xCC+16.818xCFR 47.861%* 0.581
CFR 16.818 0.197 2.440**
30° =14.887+0.1529xCC CcC 0.153 0.686 7.879%* 62.074** 0.470
CC 0.109 0.343 2.196
60° =109.31+0.00469(CCxBMI)-1.7711(BMI*CC) CFR -38.645 -0.252 -2.686%* 32.419%* 0.484
BMI 1.535 0.248 1.546
Chest CFR 35142 -0.240 2,613
(N=72) 90° =86.982+0.00459(CCxBMI)-1.6298x(BMIxCC) 32.419%* 0.484
BMI 3.410 0.577 6.273%*
CFR -31.240 -0.223 -2.159*
270°  =71.64+0.0037(CCxBMI)-1.4278(BMIxCC) 30.918** 0.350
BMI 2.707 0.478 4.630%*
CC 0.164 0.536 5.608%*
300°  =85.23+0.0041(CCxBMI)-1.5472(BMIxCC) 38.894** 0412
CFR -35.666 -0.241 -2.528*
330° =-12.876+0.181xCC CcC 0.181 0.680 7.768** 60.342%* 0.463
WwC 0.959 0.840 14.605**
0° =94.463-67.565xWFR+0.1285(WCxWFR) 122.103**  0.775
WFR -20.289 -0.143 -2.480*
30° =(-2.9687)+0.1629xWC WC 1.119 0.830 12.629** 159.481**  0.689
wC 0.938 0.642 9.179%**
60° =(-23.822)+0.2256xWC-0.0294(WCxWFR) 71.063** 0.667
WFR -71.032 -0.391 -5.586**
Waist WC 0.335 0.344 3.423%%
90° =38.929+0.1777xWC-40.504xWFR 16.170** 0.313
(N=75) WEFR -45.701 -0.377 -3.753%%
wC 0.461 0.368 4.084**
270°  =68.665+0.0642xWC-33.719xWFR 33.354%** 0.447
WFR -76.096 -0.488 -5.412%*
WC 0.873 0.758 12.666**
300°  =33.465+0.1955xWC-0.0838(WC*xWFR) 110.261**  0.756
WFR -43.087 -0.300 -5.021%*
330° =3.4742+0.192xWC-0.8794(BMIxWFR) BMI 3.309 0.471 4.531** 20.527** 0.222
0° =4.1168+0.1527xHC+0.0137(HCxHFR) HC 0.162 0.785 10.832%** 117.330**  0.616
= + - HC 0.226 0.654 6.366%*
30° 96.016+0.2299xHC 05295 0363
0.0028(HCxBMI)+3.0418(BMIxHFR) HER 56.903 0.332 3.228
60° =38.349+0.0037(HCxBMI) BMI 4907 0.668 7.669%* 58.820%** 0.446
Hip 90° =65.595+0.0047(HCxBMI)-1.4672(BMIxHFR) BMI 4914 0.634 8.020** 64.318%* 0.468
(N=75)  270° =211.57+111.65xHFR+0.0366(HC*xHFR) HFR -88.011 -0.549 -5.615%* 31.532%* 0.302
- g - HC 0.080 0.256 2.366%*
300° 294.33-2.1675xBMI 15,146+ 0296
176.6xHFR+0.1039(HC<HFR) HFR -60.765 -0.389 -3.599%*
= + - - HC 0.144 0.601 6.839%**
330° 32.031+0.221xHC-39.775xHFR: 41.160%* 0533
0.0014(HCxBMI) HFR -28.430 -0.238 2.710%*

£p<.05, **p< .01

*Chest Circumference(CC), Chest Flatness Rate(CFR), Waist Circumference(WC), Waist Flatness Rate(WFR), Hip Circumference(HC), Hip Flatness

Rate(HFR), Body Mass Index(BMI)
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cross-section of actual body

cross-section by regression

Multiple cross-section

Y

270°

(S (B B

Fig. 7. Configuration of cross-section of actual body and by regression.
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