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Morphological Classification of the Waist-Hip Shape of
Young Woman Based on Three-Dimensional Data

FANG Fang, XU Yuexuan
(Fashion and Design Institute , Donghua University, Shanghai 200051 , China)

Abstract ; This paper carried out three-dimensional human scanning of 176 young women aged 18 ~25 years, and collected
27 size data related to the waist-hip shape of the three-dimensional model by Polyworks software. The data were analyzed by
SPSS mathematical statistics software, and 8 characteristic parameters affecting the waist-hip shape were extracted. Two
indicators " the waist-to-hip ratio" and " the hip-to-hip ratio" were chosen, by analyzing the morphological characteristics of
the waist and hip in the three-dimensional model and the related references, to conduct K-means clustering analysis. Nine

three-dimensional models were gotten finally. This study could provide some references on certain advanced technology such

as three-dimensional virtual fitting.
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Tab.2 Basic statistics of the measuring project

W H £ 8% W/AME WRME B i
B/ cm 149 188 162.11  6.06
1B/ cm 90 117 100.54  4.66
1 75/ em 80 108  90.37  4.45
RS/ em 66 99  81.11  4.33
[/ em 60 88  69.44  4.87
JEJE/ cm 15 25 18.70  1.75
[ 55/ cm 17 30 24.37  1.86
i ]/ em 72 101 83.63  5.36
J )5/ cm 18 29 21.50 1.94
i 55/ cm 19 36 30.37  2.14
B/ em 8 108  92.78  4.58
S/ cm 20 93 23.56  5.59
S/ em 23 40 33.65  2.03
IR AR ]/ em 47 68  55.76  3.60
LK/ em 60 89  74.25  5.03
HRE/em 25 35 30.67  1.93
K/ cm 12 32 19.43  2.71
MR B L 1 1 0.76  0.07
JE R B L 1 2 0.71  0.08
B RBRR L 1 3 0.70  0.18
T 5 EE B v 1 1 0.62  0.01
B8 = B v 0 1 0.50  0.02
825/ cm 0 9 4.50 2.12
W55/ em 3 20 9.25  2.08
TR/ (°) 13 44 23.55  5.46
JER& IR/ (°) 9 44 2562 6.16
W f/(°) 0 39 17.96  8.65
B L 0.41 1.04 0.63  0.08

3R 2 ATLUA Y, BAR BT 5 55 162 cm,
R 69. 4 em, FE &5 100. 5 cm, K EFR 98 em K
2.5 cm; B 92. 8 em, lLEFR 90 ecm K 2.8 em; I
BRI R B AR b B8 O AR L 43 5 0. 76,
0.71,0.70, 53 JIFR3K T A AT AN N8 B FE
3 AT Y T
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Tab.3 Explained variance

v FIHRFFAEAE i S RIE VN
& it J7 TR/ % FERT TR/ % & it T TR %o RBUT TR %
1 7.450 27.592 27.592 7.450 27.592 27.592
2 3.879 14. 365 41.957 3.879 14. 365 41.957
3 2.753 10. 196 52.152 2.753 10. 196 52.152
4 2.180 8.073 60.225 2.180 8.073 60. 225
5 1.808 6. 697 66.922 1.808 6.697 66.922
6 1.599 5.921 72.843 1.599 5.921 72.843
7 1.533 5.676 78.519 1.533 5.676 78.519
8 1.152 4.267 82.786 1.152 4.267 82.786
9 0.907 3.358 86. 144
10 0.726 2.689 88.834
11 0.620 2.295 91.128
12 0.553 2.047 93.175
13 0.474 1.754 94.930
14 0.333 1.232 96.162
15 0.314 1.164 97.325
16 0.252 0.932 98.257
17 0.191 0.708 98. 965
18 0.111 0.411 99.377
19 0. 066 0.245 99. 621
20 0.046 0.171 99.793
21 0.023 0.083 99.876
22 0.018 0.067 99. 944
23 0.011 0.040 99.984
24 0.004 0.014 99.993
25 0.002 0.007 99.998
26 0.001 0.002 100. 000
27 0. 000 0. 000 100. 000
28 -7.081 x107" -2.623x107"  100.000
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Tab.4 Coefficient matrix of the component score
B G

o H 1 2 3 4 5 6 7 8
e 0.070 0.191 0. 006 0.052 -0.020 -0.009 0.045 -0.171
s 0.080 0.200 -0.012 0.016 -0.028 -0.021 0.049 -0.066
IR 0.070 0.186 0.046 0.038 -0.042 -0.019 0.088 -0.113
s 0.059 0.189 0.161 0.038 -0.088 0.073 0.028 0.069
i 0.106 -0.107 0.042 -0.067 -0.108 0.049  -0.029 -0.087
i 0.102 -0.096 -0.055 -0.084 -0.114 0.054  -0.202 0.129
1 % 0.084 -0.092 0.148 0.008 -0.069 -0.017  -0.085 -0.338
15 Al 0.112 -0.088 0. 060 0.000 -0.037 0.008  -0.110 0.100
5= 0.094 -0.111 0.021 -0.043 -0.072 0.261 0.199 0.036
15 0.096 -0.050 0.087 0. 060 -0.014 -0.153  -0.258 0.168
s | 0.116 -0.066 -0.024 0.056 0.059 -0.051 -0.053 -0.026
5 0.037 -0.037 0.142 -0.160 0.127 -0.287 0.224 -0.026
B 0.094 -0.027 -0.049 0.170 0.021 -0.036  -0.106 -0.093
F AR R 0.099 -0.074 -0.043 0.045 0.114 -0.067  -0.072 0.026
SRR 0.081 0.088 -0.160 -0.099 0.076 0.029 0.017 -0.008
HRK 0.085 0.055 —0.094 -0.046 0.096 0.035 0.077 0.018
JEEK 0.043 0. 042 -0.078 -0.033 0.092 -0.152 0. 040 -0.224
N AR UL 0.034 -0.014 -0.103 -0.115 -0.092 0.071 0.144 0.469
8 R AR L 0.010 -0.061 -0.037 -0.084 -0.094 0.414 0.148 -0.193
BRI E 0.010 -0.030 0.154 -0.201 0.111 -0.266 0.245 0.003
T 0.059 0.118 -0.045 -0.068 -0.027 -0.035 0.032 0.185
e 0.016 0.093 0.270 0.003 -0.124 0.136  -0.004 0.328
IGEN 0.014 -0.061 0.024 0.290 -0.057 -0.136 0.031 -0.011
N 0.028 0.009 0.071 0.028 0.430 0.207 0.043 -0.016
TR £ 0.012 -0.011 -0.039 0.153 0.244 -0.061 0.074 0.421
JE Al 0.009 -0.009 0.107 0.077 0.386 0.218 0.023 -0.039
115 2 ffy 0.013 -0.057 0.029 0.302 -0.084 -0.163 0.152 0.017
B -0.031 0.213 -0.071 0.106 0.052 0.010 -0.017 0. 004

RT AR 28 A EE I SR K I T BGEES S EIN T U or 2R (LR S) .

x5 BEFESMAESERE

Tab.5 Covariance matrix of the factor score

w4 1 2 3 4 5 6 7 8
1 1.000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
2 0. 000 1.000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
3 0.000 0. 000 1.000 0. 000 0. 000 0. 000 0. 000 0. 000
4 0.000 0. 000 0. 000 1.000 0. 000 0.000 0. 000 0. 000
5 0.000 0. 000 0. 000 0. 000 1.000 0. 000 0. 000 0.000
6 0.000 0. 000 0. 000 0. 000 0. 000 1.000 0. 000 0. 000
7 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 1.000 0. 000
8 0. 000 0. 000 0. 000 0. 000 0. 000 0.000 0. 000 1.000
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Tab.6 Three-level index system

” 7 E =17 =R ARbR

5 L E & &

Tebr A F AR (A) ANt SR (B) (W)
135 e 0.206 2 0.068 7
Ji el 0.2179 0.073 2
FIEEF 0.3333 W B 0.2257 0.075 2
KEBAEFE 0.192 6 0.064 2
LS4 0.1576 0.052 5
B 0.240 9 0.041 8
N it = 0.2522 0.043 8
FIRIAE 0173 5 BEE 0.2383 0.0413
BELL 0.268 6 0.046 6
% . R 0.1953 0.024 1
W i 1232 BRI 0.211 8 0.026 1

FWEEE R F o

i KRR 0.3713 0.045 7
ES JE B 15 ¢ 0.489 8 0.047 8
o RERT 0-0973 g/ 0.510 1 0.049 7
BB 0.080 9 ")iéﬁé 0.5269 0.042 6
SEPEHF Ja5Ef 0.4730 0.038 3
& 0.071 5 MEHEZ L 0.6133 0.043 9
FWERE T [ = 0.386 6 0.027 6
i 0.3232 0.0222
JEEENT 0.068 6 Jig JE 0.318 4 0.0222
B 0.358 4 0.024 6
iS58 0.051 5 WEARERS . 0.5269 0.027 1
F- 5 TRMIf  0.4730 0.024 4

6 =AM W, v LA, B LB
VB RS L R L R RS
58 RS AR PP AR R oA X T H A S
WOl AR (R AT DL B 5 X 8
TR AR TR bR . 456 P A SCHR , e &1 K
A EEE . ( Waist-to-Hip Ratio, WHR) F1 & &
Ji 1) B RS 5 A TS 02K
2.2 K-means BEHS

WHR 2 [F2 [ A8 [ ) LA, 38 5 K-means S
D5 R AS I 2850 2 X0 o oA «

1)fmZe7. 0 < WHR <0.67;

2) IEH AR 0.67< WHR<0.72;

3)fm O %, WHR >0.72,

I IR XS 7 Y A AR IR O 285 147 i 2
AR i O B 3 R IE A A2, HAK L SR
7o K13 =FhEEIEAS = 4ewm &

%7 WHR kBS54
Tab.7 WHR shape analysis

L ESIN FEAEL B/ %
i E il 67 38.1
IEF A 78 44.3
i O %4 29 16.5
& it 176 100.0
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TR AT R B B AR R LN R R
AR RS U AR 5 T R LR, R A
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Fig.1 WHR classification of three kinds of waist and hip three-dimensional shape section
®8 BBOBILHSEER JRERE L R ey o A R Rk T REEIE S AN
Tab.8 Classification results based on the hip convex ratio B SRR R LY N B R ) ) P
FEAAY B RO E FEAKL PRl LA s M LB A, R g B, DU A
ik 0.57 76 TR T . DAEE L o AR
[N 1.00 4 8 176 DAEARHARIEEIE 30 9 28, 73 254G
B {4 0. 67 96 RILF 9 F1 10,
*9 EBLE.BOSLSZE
Tab.9 Classification of the waist-to-hip ratio and hip convex ratio
® %
I
o 1 2 3 4 5 6 7 8 9
L 0.44 1.03 0.75 0.96 0. 66 0.52 0.60 0.59 0. 66
B 0.73 0.74 0.57 1.01 0.59 0.79 0.80 0.63 0.77

F10 SAEFIRHEERE
Tab.10 Sample number in each category
% FEARL

2
2
11
2
39
14
20
48
38 N _
e BRI R B T ST, 15 2 45 (@B (bR ()OI R
IR 11, 9 FELAERE LU R ™ iy L 43 288 1Y) I
PRHY = e AR th 2 an &1 2 s .
®1 UEBLEMELSESEER

Tab.11 Classification results based on waist-to-hip ratio

O 0 N AN R W N~

and hip convex ratio

Nt
0.4~0.6 0.6~0.74 0.75~1.03

B

0.42 ~0.62 ZULMERI(2) FEAL(39) O L MEHL(11) g
0.62 ~0.78 FUL HHEI(48) iR (38) 0 HI(2)

0.78 ~1.04 ZUP IR (14) FEA(20) O JBAERI(2)

E () A AR AR

(FIEHERY (e)id Y (HrhoRy
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Fig.2 Three dimensional shape of the nine waist-hip
body types
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