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Classification of Young Man Lower Limb Types Based on
Three-Dimensional Human Body Data

WANG Dongsheng, YUAN Huifen*, WANG Hong, SUN Kun, DU Zengfeng
(College of Textiles and Clothing, Anhui Polytechnic University, Wuhu 241000, China)

Abstract : In this study, 210 young men aged 18 ~25 were chosen to collect 36 items of lower limb related size data, by u-
sing the three-dimensional scanner. SPSS software was used for factor analysis of the obtained data and extract the
representative factors. On this basis, K-means cluster analysis was used to select the crotch to height ratio and hip waist
convexity difference as the body type classification standard. The results show that eight common factors can best reflect the
shape of the lower limb; girth factor, crotch shape factor, crotch length factor, hip shape factor, lower body side factor,
shank shape factor, lower limb shape factor and waist factor. The young lower limb samples can be divided into five types:
deep crotch flat hip, deep crotch round hip, middle crotch flat hip, middle crotch round hip and shallow crotch standard.
The results provide a reference for clothing enterprises to design and make comfortable trousers for young men.

Key words : three-dimensional measurement, young man,body classification , factor analysis,scree plot
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Tab.2 Test results of kaiser-meyer-olkin

Bartlett BRIZHE 16
KMO & ‘ ‘ artlett BRIZ K56 _
R AmE BEHE
0.743 15 883.364 630 0.000

33 0 8 AP FER B R R 2% S5 i B Y
B2, HR3ITLLAEN A 8 M FRYFREME K
T 1, [, By 22 BEUAE] 87. 616% , /L AT L
U, SR 8 AN PR Sfe 1 R B A A 78 2 S B ] 3k 3]
Ji A B AT E R 87.616%

®3 BMEHEFE

Tab.3 Total variance of interpretation

W P HRFFAEAE FEHCFIT R A

o it Ji %/ % 2BV % it Ji %/ % 2BV %
1 9.095 25.264 25.264 9.095 25.264 25.264
2 7.143 19. 842 45.106 7.143 19. 842 45.106
3 5.464 15.177 60. 283 5.464 15.177 60. 283
4 3.261 9.060 69.342 3.261 9. 060 69.342
5 2.189 6.081 75.423 2.189 6.081 75.423
6 1.934 5.373 80.796 1.934 5.373 80.796
7 1.321 3.671 84. 466 1.321 3.671 84.466
8 1.134 3.150 87.616 1.134 3.150 87.616
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Tab.4 Rotational component matrix
L M4y

EREH 1 2 3 4 5 6 7 8
g 0.950 0.053 0.104 0.163  -0.063 -0.031 =-0.035 -0.062
B4 0.944 0.038 0.038 0.079  -0.079 -0.066 -0.071 0.035
ENpiR 0.918 0.079 0.127 0.072  -0.129 -0.070 0.058 —0.002
N 0.897 0.072  -0.053 0.022  -0.024 0.053 0.035 0.041
TS () 0.867 0.129 -0.010 0.047  -0.025 0.114 0.168 -0.030
Ji& ] 0.853 -0.070 -0.105 -0.020 -0.385 -0.169 0.139 0.047
i ] 0.852 -0.157 -0.035 0.014  -0.326 -0.140 0.124 0.098
S TR 0.759  -0.077 -0.467 0.147  -0.081 -0.018 -0.331 -0.065
SR 0.135 0.968 —0.027 0.065  -0.049 0.012 0.016 0.002
W I 0.196 0.883  —0.048 0.212  -0.096 -0.033 0.052 -0.021
BT -0.079 0.871 0.179 0.077 0.018 0.075 -0.384 0.088
VT IHE 0.028 0.859 -0.028 -0.085 0.178 0.083 0.005 -0.176
MRS5S mELT -0.179 0.717 0.308 -0.036 0.049  -0.085 0.107 0.304
S T Pl £k -0.136  -0.109 0.948 0.014 0.100 0.048 —0.148 0.091
R £k -0.100 -0.128 0.917 -0.047 0.105 0.113  -0.199 0.094
B 0.337 0.186 0. 801 0. 086 0.044 0.053 0.090 -0.198
L 0.107 0.589 0.751 0.034  -0.011 -0.039 0.143  -0.061
A 0.111 0.617 0.748 0.057 0.035 0.026 0.151 0.028
PR -0.244 0.569 0.620  -0.049 0.340 0.127 0.067 -0.134
Y -0.122 0.029 -0.003 -0.931 0.107 -0.178 -0.011 0.019
B 0.105 0.081 0.030 0.921 -0.127 0.205 -0.010 0.220
I 24 0.085 0.092 0.049 0.918  -0.124 0.095 -0.059 -0.198
KIBEAR f5 -0.102  -0.029 0.180 0.769 -0.116 0.359  -0.293 0.271
Lo 0.162 0.142  -0.130 0.646  -0.266 —0.078 0.020 0.258
KIBEAR AT -0.171 0.002 0.099 -0.296 0.796 -0.070 0.047 0.168
B -0.028 -0.010 0.068 —0.491 0.746  -0.007 =-0.031 -0.111
JEERITY -0.375 0.038 0.029 -0.091 0.716  -0.474 0.119 0.013
JINBR Ry -0.390 0.017 0.042 -0.082 0.686 —0.489 0.047 0.074
g 2 -0.209 0.051 0.081 —0.401 0.593 0.082 0.057 -0.331
B 1 -0.132 0.202 0.339 0.271 0.593 0.256  -0.297 -0.175
AN -0.105 0.046 0.093 0.273  -0.045 0.901 -0.108 0.082
JE I 111 -0.158 0.056 0.107 0.245  -0.103 0.886 —0.136 0.111
ThS gk -0.138 0.068 0.287 -0.155 0.094 -0.151 0.748 0.298
B L -0.269 0.308 0.420 0.101 0.083 0.093  -0.685 0.150
IR 22 0.395 0.205 -0.309 0.103 0.007 -0.353 0.569 -0.150
fEE ) 0.076 0.013  —-0.021 0.349  -0.050 0.256 0.074 0.778

25 b 2 T AR B RRAE (4 PR T LA 44 A KA RIE N YA AN R /N R T

ERF e SR T KT VBRI SHE T
BN E=rS RN 3 27 v B N N 159 N S )
TR T Horp e 7 AR 5 M T R AR Y 2 AR
EPAERER T L, ORISR T

2.2.2 HHIEfEARGGARIC it REIR T AR
REAE B R AR SR FH AN A3 AT 1 B S 2 TR - 1Y
FRIEFE PR o ARGS9 O 25 BTk il ad 1155
HF BTk %5 8 AN K1 BT STk R A0 LU (e, 5 245
HF AR o AR R 7155 R ECE PR R 5L A

AR AL, BARS RIS

H1e S ATLAE BRI
M2 RBEARFTMT NS R RS BB A
EMIAERS H A 7 P e, BRI 8 A8 B AR X T
Fofb A B 0 B 4 A N MO B T 1 A
PRPEREOR , AT R 4R B T R A R I S ]
3, M B vy B R 3 A R N, SRR
VAR RAR P T B S BT 2 AR R AR, HAR
W6,



- 402 - B R

o8 5%

®5 HEFNEE

Tab.5 Factor weight values

NHEFHE ERE AR 44 K DEEY
T 1] 0.139

R 0.143

ENGiNy 0.127

wany om0
Ji5 FEl 0.093

L 0.103

BHESTHEKE  0.117

J T Pl £k 0.226

iR 0.215

PIRITF 0.173 %ﬁfﬂfg’m g: iz
PR Y 0.084

K 0.137

IR AR iy M1 0.213

BRI 0.184

FRMEHET  0.069 mﬁ;ﬁ%& glg
i 2= 0.122

R NEAE 0.168

TS EgKE  0.376

TR 0.042 BE 0.367
R T Yy 22 0.257

S 0.232

WA 0.206

ST 0.226 LTy 0.203
R 0.202

WK S55mE  0.155

Y 0.247

B 0.210

BIEARETF  0.103 Ry 22 0.262
FRAR S5 U] 0.142

T 0.138

S AN i3 SR 0.511
NI 0. 061 i 111 0.489
JEER N £ 0.036 iz 1.000

R6 HREESHANX

Tab.6 Parameter formulas of trouser pattern

2 1K T A T HoAbFE i A+
L=0.6h+a, =g RSy 3= f =
W=W" +a, FIER K RIS, RS
H=H" +a, Ve Tl B E NVEE

Ly =0.1(Ly +H) +a, B [LAERIS
Ly =0.2H +as Ve Tl BT, TR, IR

/IR PRl

C=0.155H +a, R BRI 22

FE LRI b o B, WO IE R, W S L H O
[l H ™ 8 L Ly 9 SEAY, Ly YRR, L T, € D8

%%i,(l] ~ g j"jlﬁ‘ﬁ‘ﬁ}%o

3 K-means BESH

K-means 523 [ FEA J5 BEOZ 5 BE B4 Ry >4 ]
KR EHPEE AR, Il i 45 2 o RECRIT R K
i, BRSO fFfE RIEHE k515X
k ZEBRT 625 o0 s @R AR AR R A5
2 ke b 1 RR ECHE 25, AR R HE 25 5 J5 ) 23 YR A
A JE IR —RIEACHY kA2 OMRPE R ALk 5
PEHEATIEAR BRI R e o

SRS SRR B B4, F8 I I T £ 28 7 VA 1 %
LR R O ZR WM AT O 1k 5 A R Y B
o SEARYE B bR BT AR AR K L, B A
K, U RS o5 4 B v ) R, R 22 4R
I RN R I M A IS 6 2%, S IR S R
AHOC o FEFMEE I 25 9 B0 (8, 100 WA o SR vy,
FSAFLXT T T A o 5 BB /N, 100 BT BRI
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] (S 5 B v b I Y 224 R o AR B,
R TR AL SRS

2T RS B b BE ™ 22 408 K-means
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Fig.2 Scree plot
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Tab.7 K-means final clustering center of crotch to height ratio and hip waist convexity difference

RARE DL

x oA 1 2 3 4 5 6 7 8 9 10
) A H R 0.16 0.17
B 2 3.21 4.89
3 ARG E R 0.16 0.16 0.17
B 2 3.98 2.77 5.33
A A H R 0.17 0.16 0.15 0.17
R 22 3.56 2.60 5.63 4.51
5 MR H L 0.17 0.17 0.16 0.16 0.15
S 3.53 5.11 2.65 6.10 4.29
¢ TS B L 0.16 0.17 0.16 0.17 0.17 0.17
ST 4 3.5 1.72 2.76 6.10 4.29 5.11
; TS B 0.17 0.17 0.16 0.16 0.17 0.16 0.17
R 2 3.41 1.40 2.63 5.37 6.20 4.06 4.71
. TS B 0.17 0.17 0.17 0.16 0.17 0.16 0.17 0.17
BN 2% 5.33 1.10 1.92 2.72 3.45 4.08 4.75 6.20
0 A HH R 0.17 0.17 0.17 0.16 0.17 0.17 0.16 0.17 0.17
B, 22 5.37 1.10 2.02 2.77 6.11 6.77 4.21 4.80 3.55
0 hEiii-t=94 0.17 0.17 0.17 0.16 0.17 0.17 0.17 0.17 0.17 0.16
SR 2% 6.77 1.10 1.92 2.60 6.18 4.94 5.48 4.29 3.11 3.64
=8 DEER
Tab.8 Classification results
9 H R %K
RSP A TRA 8 LSRR SN LR REREN TR
A S HE 0.17 0.17 0.16 0.16 0.15
BN 2 3.53 5.11 2.65 6.10 4.29
E Sk 55 47 34 14 51
i /% 27.40 23.40 16.90 6.90 25.40
4 % i B TH
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