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Size Specifications of Females Aged between 7 and 18 for 3D Body
Model Development

Young Lim Choi'
Dept. of Fashion Design/Art & Design Institute, Daegu University;, Daegu, Korea

Abstract : This study develops size sections and specifications for females 7-18 years old. The specifications will con-

tribute to the development of
A total of 33 items from the 5

Prease virtual models that represent basic data for the size alteration of 3D virtual models.
Size Korea data set were adopted and analyzed. Two representative factors (Obesity and

Height Factors) were identified through a factor analysis of the 33 items. Waist circumference and stature were selected
as representative variables for Obesity and Height Factors, respectively, and conducted cross tabulations between waist
circumference and height for the age groups of 7-12 and 13-18 year-olds. Size sections were developed for the devel-
opment of 3D models based on the results. A regression analysis then developed size specifications for each section with
independent variables of waist circumference and height as well as dependent variables of reference body size. Sub-
sequently, Obesity Factors were better explained by waist circumference and Height Factors were better explained by
stature. Finally, size specifications for each section were developed.
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Table 1. Body measurement

Height Circumference Length

Posterior
shoulder length

[

Stature 1 Neck circumference

2 Cervical height 2 Chest circumference 2 Interscye, front
3 Axilla height 3 Bust circumference 3 Interscye, back
4 Bust height 4 Underbust circumference 4 Upperarm length
5 Underbust height 5 Waist circumference 5 Arm length

6 Waist height 6 Hip circumference

7 Hip height 7 Thigh circumference

8 Crotch height 8 Midthigh circumference

9 Gluteal fold height 9 Knee circumference

10 Thigh height 10Calf circumference

Minimum leg

11 Knee height 1.
circumference

12 Calf height 12Foot circumference
13Upper arm circumference
14Elbow circumference
15Forearm circumference

16 Wrist circumference

WHFE, ) FuA5E FEA5E Fskch

2R SPSS 19.00] AREEAT).

3.4 I}

3.1, FoHA MX
AFS Jee F2 94 SAHIES MAsl] @
NS TH(Table 2). oF%, F2de] ¥ A4S UeR)
oT:_T EH’Q'QE —Ele,
EEEUL w2 5
kil

o

&

L
oo rr 1

Atk 8R1EA A3 F f acle]

T VH eRle] AfAE BT 1oPde] e T duge

87.17%c1tt. 821 10= olEE, HLEY, FE54, |
g, FHAEY, 7EEY T B 95 o], 9
Ao], AxgebdAtolde], AgwyAtoldo]|7l E3tE o] <
Aol #Fa 7heg JEhd F e 810 F SN E L) wet
A Qel1e HiTkgelo g7 WYt £3] Q9114 o]
oF 1Zdort 2IEAE 43 AA o AIREH, &
TR e B9 JAASHF ] vk i} A EHF
AA7F dExl7] WEORE BATh QQldlE AkEo], B7)%
FgEol, 7] 5 =°] ¥ 0177117}5&*}0171017} 23] A
o2 AT mEhA
0_2% E=o|2 WYt 2 lzoﬂ~ PPl =S
]L oqxq,] AYo)Egl= vy Rl F)of o8t ke
S UERSItE. Aol &7t Hlntacle] opd o)
2 1L Fetalr] flate] 7, BrisEd, slEE
, FEolE S FHEAS AASHATE Table 33 o] ¥
olEd|9t 71& AT 09052 F2 AJHE BYoH s




R} 7-184] 3D EHE IS} QLA Afo[R 22 AfHEF 249

Table 2. Rotated component matrix

Factor —ltelm Load1112gs Eigen-value Varia?g;;’;}:;ained Cronbach's o
Forearm circumference .946 164
Elbow circumference .943 194
Knee circumference 928 288
Thigh circumference 927 259
Calf circumference 923 294
Chest circumference 918 299
Midthigh circumference 916 263
Underbust circumference 914 222
Minimum leg circumference .908 208
Obesity Waist circumference .906 181 21.840 66.18 969
Bust circumference .906 307
Neck circumference .900 135
Upper arm circumference .886 164
Foot circumference .822 246
Wrist circumference 793 .041
Arm length 729 453
Upperarm length .681 471
Interscye, front 582 .560
Interscye, back 544 535
Crotch height 185 970
Hip height 207 968
Underbust height 206 968
Thigh height 209 .966
Gluteal fold height 201 965
Bust height 233 965
Waist height 234 964
Height 6.930 21.00 982
Axilla height 251 961
Knee height 185 961
Cervical height .260 959
Stature 246 959
Calf height .196 .391
Hip circumference 476 .803
Posterior shoulder length 544 564
Table 3. Correlation analysis of major circumferences and stature YAE Hrhes Fol3dEd) o &2 o] dS5S ¢ F Utk
E::acr(s)(r)ﬁ3 lsat(i:;)thclent Bust circ.  Waist circ.  Hip circ. ~ Stature 3.2, oIy olMH| BT
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Waist circ. Dagxx 1 T HIEARE AFESt 7-124), 13-188 159 %}E—E— t-test
Hip circ. 700%** 621%** 1 = AA5HATE Table 49} 7o) B izo], Angizo] A7
Stature S12%E 394 905 1 olgizo], &lgjo], HlE4Fs T o], Alzo| Er|yaizo|,
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Table 4. T-test between age groups

Table 5. Correlation analysis of major circumferences and obesity Index

Age 7-12 Age 13-18
Items t-value

Mean S.D. Mean S.D.
Cervical height/Stature 0.832 0.010 0.841 0.007 -15.160%***
Axilla height/Stature 0.738 0.011 0.747 0.008 -12.269%***
Bust height/Stature 0.724 0.011 0.725 0.010 -1.363
Underbust height/Stature  0.695 0.011 0.690 0.012 5.527***
Waist height/Stature 0.623 0.013 0.628 0.011 -5.416***
gﬁhﬁfg&t&m’a 0.587 0.012 0590 0011 -3.177%*
Hip height/Stature 0.494 0.013 0.493 0.012 1.634
Crotch height/Stature 0.459 0.013 0.455 0.012 4.039%**
Gluteal fold height/Stature 0.441 0.012 0.437 0.012 3.978%**
Knee height/Stature 0.265 0.008 0.261 0.008 5.815%**
Calf height/Stature 0.183 0.011 0.182 0.010 1.794

wEp < 01, ***p< 001
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Table 6. Result of cross tabulation for aged 7-12

Pearson's

coefficient of ~ Chest circ.
correlation
Obesity
Index

#ip < 0]

Bust circ. Waist circ. Hip circ.

499%* S18%* .628%* AT9**
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(unit; number)

Stature Waist(cm)
Total %2
(cm) 46 49 52 55 58 61 64 67 70 73 76 79 8 8 88
110 1 1 2
115 1 1
120 1 5 1 6 1 1 15
125 4 6 7 9 2 1 1 1 31
130 2 7 7 9 5 5 1 2 1 39 2=
185.663%**
135 1 1 3 8 7 4 7 1 1 1 2 36 df=154
140 3 9 7 7 8 5 3 1 43
145 6 5 g 10 2 3 4 1 1 1 1 1 42
150 2 1 8 8 2 2 4 1 1 30 29>
155 1 2 7 5 2 3 1 2 23
160 1 2 3 1 2 2 1 1 13
165 1 1 2
Total 1 8 31 42 50 47 41 16 18 10 4 3 4 0 1 1 277

*rkp < 001



Table 7. Result of cross tabulation for aged 13-18
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(unit; number)

Stature Waist(cm)

(em) 52 55 58 61 64 67 70 73 76 79 8 8 8 91 94 Total 12
140 1 1
145 1 1 2 2 1 9
150 7 3 10 8 2 1 39 x2=
155 1 5 19 16 27 20 11 5 2 2 114 318797
160 4 14 25 3 25 15 10 9 5 3 2 148 df=112
165 2 4 9 16 18 8 7 4 2 3 73
170 1 1 2 3 3 1 1 1 16
175 1 1 1 3 2%>
180 1 1
Total 1 1 20 43 63 8 75 39 30 20 12 5 6 1 0 1 404
% < 001
ool et A2 s e /\]-0]57]-‘\:]“3‘1_‘,:? TR VR Table 8. Size designation for 7-18 aged men (unit ; %)
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Table 9. Regression equations of obesity factors

Dependent Independent Age 7-12 Age 13-18 Dependent Independent Age 7-12 Age 13-18
variable variable b B b B variable variable b B b B
Waist circ. 0274  0.660 0237 0.621 Waist circ. 0.119 0409 0.074 0278
Stature 0.007  0.029 0.030 0.077 . Stature 0.036 0222 0.073  0.263
Neck circ. ) Foot circ. )
R 0.448 0.428 R 0.270 0.202
F 71.092%** 137.540%*** F 32.364%*** 46.619%**
Waist circ. 0.904 0775 0.879  0.800 Waist circ. 0425 0.719 0401  0.696
) Stature 0.174 0267 0.188  0.166 Upper arm Stature 0.024 0.072 0.010 0.018
Chest circ. ) . )
R 0.793 0.767 cire. R 0.553 0.493
F 334.662%** 609.536%** F 108.219%*** 179.191%***
Waist circ. 0921 0777 0916 0819 Waist circ. 0227 0.693 0.188  0.571
Bust Stature 0.181 0273 0.163  0.141 ) Stature 0.018  0.100 0.056  0.166
. ) Elbow circ. )
cire. R 0.803 0.779 R 0.532 0.426
F 356.383%** 648.700%** F 99.412%** 136.603***
Waist circ. 0.739 0850 0.722  0.839 Waist circ. 0233  0.699 0.197  0.590
Underbust Stature 0.070  0.145 0.110  0.124 Forearm Stature 0.012  0.065 0.040 0.116
cire. R’ 0.816 0.799 cire. R? 0.520 0413
F 388.034*** 729.284%** F 94.781%** 129.643***
Waist circ. 0.681 0.777 0.646  0.698 Waist circ. 0.138 0426  0.099 0316
Thigh Stature 0.024  0.049 0175 0.183 o Stature 0.001  0.008 0.010 0.030
. 5 Wrist circ. )
cire. R 0.629 0.618 R 0.184 0.108
F 148.281%%* 297.710%** F 19.712%%x* 22.259%%*
Waist circ. 0.621 0.780  0.619  0.729 Waist circ. 0.183 0260 0.016  0.035
Midthigh Stature 0.061 0.136  0.138  0.158 Stature 0228  0.579 0347  0.745
. ) Arm length )
cire. R 0.686 0.644 R 0.492 0.575
F 194.167*** 333.332%** F 84.656%** 249.329%**
Waist circ. 0361 0.710 0261  0.575 Waist circ. 0.102  0.240  0.001  0.003
Knee Stature 0.071 0250 0.143 0305 Upperarm Stature 0.138  0.581 0219  0.681
circ. R’ 0.671 0.557 length R? 0.471 0.465
F 178.310%** 231.187*** F 79.851%** 160.013***
Waist circ. 0359  0.721 0309  0.595 Waist circ. 0.129 0266 0.186  0.500
. Stature 0.058 0210 0.158 0294 Interscye Stature 0.174  0.644 0.116 0303
Calf circ. ) ’ )
R 0.653 0.754 front R 0.586 0.457
F 164.402%%* 248.215%** F 124.022%%* 154,844
Waist circ. 0204 0619 0.128 0413 Waist circ. 0.104 0219  0.151 0339
Minimum Stature 0.016 0.08  0.082 0257 Interscye, Stature 0.157 0.592 0118 0256
leg circ. R’ 0.422 0317 back R? 0.475 0.247
F 63.913%** 85.410%** F 79.135%** 60.302%**
***p <.001
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Table 10. Regression equations of height factors

oz} 7-184] 3D R2HL 95} Ol AJoj= 25 sy}

7 Ao=m B

% gie,

3.5 SAY AO|= AH 7

Table 82] Alo]= Z 33} Table 9, Table 102] 3|FE4 2
o) oJsle] Alolz 2= EElEom Table 11 33E
Afo]= 23o] gilo|t}, Alo]= 3L 719} slEEUE Ve
o8 F 4yl 3] MEEen &, TIEE, AUEE
g, ArkzoleEel, dHelEd, doelEd, doelsEd,
FEEY, FHAEY], TollFAEY, UE, deEE, |
dEREY, olEE, S5EY|, SR Ee], AsdEo], 37t

Fxol, Arkoleol,
drfelsol, A

Shl /KAl o], A= ersalol o
300 A A4 AR Al 54w

slg]e], Yol
o], #&¥ol, FuA=ol
]

U

Pt 7t Aolz B AT BB B

253

Dependent Independent Age 7-12 Age 13-18 Dependent Independent Age 7-12 Age 13-18
variable variable b B b B variable variable b B b B
Waist circ. -0.011 -0.006 0.017 0.019 Waist circ. -0.045 -0.039 -0012 -0.018
) ) Stature 0934 0995 0897 0.967 Thigh Stature 0.605 0955 0522 0.785
Cervical height N . )
R 0.987 0.950 height R 0.891 0.605
F 6515.826%+* 3515.826%** F 715.282%%% 282.325%*
Waist circ. -0.065 -0.043 -0.005 -0.006 Waist circ. -0.048 -0.046 -0.063 -0.108
) ) Stature 0.854 0998 0.821  0.958 Crotch Stature 0554 0955 0482  0.802
Axilla height N . )
R 0.972 0.914 height R 0.888 0.589
F 3055.957%%* 1946.109%** F 695.7847%%% 263.995%%*
Waist circ. -0.016 -0.011 -0.054 -0.068 Waist circ. 0.009 0019 0029 0.078
) Stature 0.814 0988 0776  0.942 Knee Stature 0.186 0710 0.168  0.441
Bust height N . )
R 0.969 0.844 height R 0.512 0.227
F 2727.738%%* 995,054+ F 91.934#% 53.971%%*
Waist circ. -0.046 -0.033 -0.114 -0.147 Waist circ. -0.007 -0.012 -0.012 -0.034
Underbust Stature 0.754 0980 0749  0.939 ) Stature 0312 0916 0268 0.716
. N Calf height )
height R 0.943 0.798 R 0.833 0.495
F 1447 816%** 728.254% %% F 436.957%%% 180.276%**
Waist circ. 0.008  0.006 -0.032 -0.044 Waist circ. 0373 0287 0750  0.633
o Stature 0.739 0969 0.688  0.906 o Stature 0497 0684 0464 0379
Waist height ) Hip circ. N
R 0.942 0.792 R 0.662 0.727
F 1426.949%*%* 700.312%%% F 174.353%%% 489.185%*
Waist circ. 0.000  0.000 -0.020 -0.032 Waist circ. 0.082 0.165 0.102 0230
o Stature 0572 0945 0506  0.797 Posterior Stature 0.187 0669 0.166  0.362
Hip height N )
R 0.893 0.617 shoulder length R 0.540 0.247
F 727.870%%* 296.223%%% F 102.647%%% 60.509%*
Waist circ. 0.005  0.005 -0.025 -0.045
Gluteal fold Stature 0.493 0934 0452 0.778
height R? 0.876 0.580
F 618277+ 254 609%%*

ok < 001
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Table 11. Size specification for sizing (unit ; mm)
M Chest circ. Bust circ. Hip circ. Back length Arm length i:;;}tl shoilczjs;rer;:;gth Int:rrosrclztye, Ints;sctll(ye,

120-58 636 652 649 279 395 536 308 254 282

125-52 640 606 651 279 396 567 312 255 284

125-55 667 634 662 283 401 565 315 259 287

125-58 694 661 674 286 407 564 317 262 290

130-52 649 615 676 286 407 594 321 263 291

130-55 676 643 687 290 413 593 324 267 294

130-58 703 670 698 293 418 592 326 271 298

135-55 635 652 712 297 424 621 333 276 302

135-58 712 679 723 300 430 619 336 280 305

135-64 766 735 746 308 441 616 341 288 312

i“lg; 140-55 693 661 737 304 435 648 342 285 310

140-58 720 688 748 307 441 647 345 289 313

140-61 747 716 759 311 446 645 347 292 316

140-64 775 744 770 315 452 644 350 296 320

145-52 675 642 750 307 441 678 349 290 315

145-55 702 670 762 311 447 676 352 293 318

145-58 729 697 773 314 452 675 354 297 321

145-61 756 725 784 318 458 673 357 301 324

145-64 783 753 795 322 463 672 359 305 327

150-61 781 753 818 337 483 686 367 307 336

150-64 808 730 841 339 484 684 370 312 341

155-61 791 761 842 348 501 710 376 313 342

155-64 817 788 364 351 501 708 379 318 347

155-67 844 816 887 353 502 707 382 324 351

155-70 870 843 909 355 502 705 385 329 356

155-73 896 871 932 358 503 703 388 335 360

160-61 800 769 865 360 518 734 384 318 348

160-64 827 796 887 362 518 733 387 324 353

Sigleg 160-67 853 824 910 364 519 731 390 330 357

160-70 879 851 932 366 519 729 393 335 362

160-73 906 879 955 369 520 727 396 341 366

160-76 932 906 977 371 520 725 399 346 371

160-79 959 934 1000 373 521 723 402 352 375

165-64 836 805 911 373 536 757 395 330 358

165-67 862 832 933 375 536 755 398 335 363

165-70 889 860 955 378 537 753 401 341 368
HlEtR o BE oA folgt Aol7h yehtA] oo 2 FE, S 1635, Hol 535, F 35S A FAE
Aol ekttt 4g AAsgeh 391 AASFYRe) he 2ARNE Tt
of AP thESFE ) 80T MWALH FolE FHe
4.4 = Sk Aol 7708 A A 7124, 13184 el
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Al A QA ASE Asle] G AR ARl Be e AolAn FAIS teldolt ojAe F freld Aol

339 59 Al 71ZARR AR 2L BHoR B9 Jehlo] 4 Aol 2sto] DRPE % 4 AT
g 91510l 5% APol=TOKKATS, 2004) A F, %ol 12 vWwaglel HEIEL HEd, Eold BEFEL 7=



AAsle] SEEd= 3cem, 715 Scm 7HFE0 R Alo|= F7RS
AABIAT. 7-124], 13-184|2 JHNHE FEsle] selEa et
71e] Alel= FZRE wWaREA Sl T kS %%6‘}9121#
olg nigoz 3D Bd JdS {3 Alol= kS AN
th R 2 S ARA S FEle] Alo|R FHE A A5 &
g et SARNE slElEdet 718 SHE
A FIXFE FEHHATE FYIAnt. A4H o= viRkaq]
o dFste AAATFES dlEEale] dugoe] A, Fold
AFsle JAAFES 719 dygo] Z Zo2 Yeigon
7} Apo] = FZHH o]z 2#lg ket
B AFoA At Afo] 2 Aol SRR WrefA]
= AwﬂlvM Ate|zel= 2pol7t Atk o] FAIE AelFe 5
7], 7kEd, dPolEY, stelie = 7], seEd, 3
téol%eﬂ% AF AFE AR 2 AFelAs QA Xﬁﬂ%
R s Alol=E Jdsly] flste] tlEXS 79}
SlEEERS ARSI ThdE XSRS o] &3] Afol=
T2 ERITH B A8 AR B8 Aok sl
Aoz 298 s F
Ao Hlwr} Yo} 372le] Adrge] Yol sigAo] =t
2 AFeME 71841 o4Ade] Alolz RS Ao
3| EA ol oJ3le] Z} Alo]= 7] M X 4E Al

olefa M A4 39 A1 mE) Alol= WHL 98 7]
2 ARE Fg5i0] urk FAE 73 5 e 71e1g 2

ofm] olell g F&AT7} S HoloRet Zoltt.
LMol 2

o] =g 20128hd= v

Q)
.

SRl ofgt =

o

References

Apeagyei, P. R. (2010). Application of 3D body scanning technology
to human measurement for clothing fit. International Journal of
Digital Content Technology and its Applications, 4(7), 58-68.

Kasap, M., & Magnenat-Thalmann, N. (2007). Parameterized human
body model for realtime applications. Proceedings of the 2007
international conference on cyberworlds (pp. 160-167). Washington,
DC, USA:IEEE Computer Society.

AR} 7-184] 3D RS $Jg QR Afo[= AF jHF 255

Kim, S. M., & Park, C. K. (2004). Parametric body model generation
for garment drape simulation. Fibers and Polymers, 5(1), 12-18.

Korean Agency for Technology and Standards. (2004). 5th Size Korea
Technical Report. Seoul: Government Printing Office.

Korean Agency for Technology and Standards. (2009a). KS K 9401-
Sizing systems for young femaleis garments. Seoul: Korean
Standard Information Center.

Korean Agency for Technology and Standards. (2009b). KS K 9403-
Sizing systems for girlis garments. Seoul: Korean Standard
Information Center.

Korean Agency for Technology and Standards. (2010). 63} /=
o) QIFA] 7= 3R} G ESE FAMIY HzA[6th Size Korea 3D
Scan & Measurement Technical Report]. Seoul: Government
Printing Office.

Korea Centers for Disease Control and Prevention. (2007). =203/
24 FFF = #Standard growth diagram of adolescent].
Seoul: Korea Centers for Disease Control and Prevention.

Li, J., & Wang, Y. (2007). Automatically constructing skeletons and
parametric structures for polygonal human bodies. Proceedings of
the 25th Computer Graphics International Conference, Beijing,
China.

Ministry of Health and Welfare. (2006). The Third Korea National
Health and Nutrition Examination Survey (KNHANES I11). Seoul:
Ministry of Health and Welfare.

Otieno, R., Harrow, C., & Lea-Greenwood, G. (2005). The unhappy
shopper, a retail experience: exploring fashion, fit and affordability.
International Journal of Retail and Distribution Management, 33(4),
298-309.

Park, S. M., Nam, Y. J., & Choi, K. M. (2007). A study of 3D virtual
fitting model of men's lower bodies in forties by morphing
technique. Journal of the Korean Society of Clothing and Textiles,
31(3), 463-474.

Shin, J. Y., Choi, Y. L., & Nam, Y. J. (2011). Development of a
representative model for different body shapes of 18-24 aged
women-An application of a 3D morphing technique-. Journal of
the Korean Society for Clothing Industry, 13(4), 590-599.

Shin, S. J. (2005). 4 study of representative type and dress form of
men's lower body in forties by using 3-dimensional scan data.
Unpublished master's thesis, Seoul National University, Seoul.

Zhaoqi, W., Tianlu, M., & Shihong, X. (2006). A fast and handy
method for skeleton-driven body deformation. ACM Computers in
Entertainment, 4(4), 1-11.

(Received 8 October 2012; 1st Revised 31 October 2012;
2nd Revised 5 November 2012; Accepted 15 March 2013)

Copyright © The Society of Fashion and Textile Industry. 2013. This is an open access article distributed under the terms and condi-

tions of the Creative Commons Attribution Non-Commercial license (http://creativecommons.org/licenses/by-nc/3.0/), which permits

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




