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Development and application of a hierarchical estimation method
for anthropometric variables

SRR

ABSTRACT

Most regression models of anthropometric variables use stature and/or weight as regressors;
however, these 'flat’ regression models result in large errors for anthropometric variables having
low correlations with the regressors. To develop more accurate regression models for
anthropometric variables, this study proposed a method to estimate anthropometric variables in a
hierarchical manner based on the relationships among the variables and a process to develop and
improve corresponding regression models. By applying the proposed approach, a hierarchical
estimation structure was constructed for 59 anthropometric variables selected for the occupant
package design of a passenger car and corresponding regression models were developed with the
1988 US Army anthropometric survey data. The hierarchical regression models were compared with
the corresponding flat regression models in terms of accuracy. As results, the standard errors of
the hierarchical regression models decreased by 28% (4.3mm) on average compared with those of
the flat models.

Keyword: anthropometric variables, regression model, hierarchical estimation, estimation accuracy
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12048, 4%k, 2003. 11,30 QAT AFH F4714H A #

E A MYE oldHol thE HAMT o{Mo| s 2E(dol/z0l ¥ SA/HBl/FH 7Y M H

AANFG | A | AAHSs | dE ARy SE adj—R?
W [ 144.664 + 0.930x" 2]ntE -t ¥ =74 o] 14.3 0.839
Rk o] 27
o] 149.167 + 0.915x™ gnF -t ¥ 7] o] 13.7 0.846
Y 196.350 + 0.987x0]7)i=0) 14.0 0.950
25 0]
S 80.217 + 0.996x°] 7] 0] 13.6 0.946
o]
ok F | —67.253 + 0.940x9E2-7) 7.2 0.956
o] o] —54.228 + 0.931x¢2-7] 7.1 0.955
W 480.736 + 0.021xA17 + 0.063xH % 13.2 0.263
W&
o] |445.926 + 0.039xA1% + 0.059x#| = 13.1 0.203
Y | 43.650 + 0.190x™ =1 4.5 0.293
/5 EEEEE
o] ]52.920 + 0.168x" 2 ¢ 4.3 0.247
) W | -16.592 + 0.376xH @ &2 40| 0.672
=d/% | W T
o —9.869 + 0.361xH P = 3.6 0.679
Fe At W 131.957 + 0.216x9 2 H] 3.5 0.098
AtolyH] o] |34.707 + 0.191xW 2 Yn] 3.5 0.068
W | 336.648 — 0.041xA1% + 0.147xAF 12.8 0.578
2=
o] |262.746 — 0.020x21% + 0.138x3 % 10.7 0.507
@ | —101.311 + 0.863x21% + 0.036xAZ 16.0 0.933
SKES
o —86.125 + 0.859xA1% + 0.031xA% 14.3 0.939
W | —25.430 + 0.752x0] 7 0] 20.5 0.838
o] SRS
o —54.981 + 0.778x°] 7 30] 18.9 0.851
7 = 3o) W | —11.573 + 0.924x0] 7] %=0) 9.1 0.975
=0 o —3.649 + 0.928x°] 7] =0] 8.1 0.978
@ 395.859 — 0.039xA1% + 0.209xH| %= 13.8 0.716
5% FEu|
o] |331.865 — 0.026xA1% + 0.230x#| = 13.2 0.662
—43.067 + 0.639xEE4H] +
" 12.0 0.554
) 0.108xA17% — 0.081xA1%
Ed/Z | olAYn]
—63.540 + 0.682xEE4H] +
o 11.5 0.562
0.121x2% — 0.107=x3%
W 1928.002 — 0.242xA1%F + 0.622x3 & 30.9 0.697
5=
o] 1916.480 — 0.282xA1% + 0.727xH| % 34.4 0.586
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A1 AL
AAFE-9] | A5HE | QAES | A 35y SE adj—R*
B 9| -32.321 + 0.278x71EE 9.6 | 0.799
] —-31.824 + 0.299x7}&E ¢ 9.2 0.811
. W | —8.670 + 0.333x7}5EH) 11.1 | 0.810
e o 43.059 + 0.261x7}5 5 10.7 | 0.706
o 3| 863.094 — 0.347x21%F + 0.775xA % 41.3 | 0.771
e o 907.143 — 0.424x27% + 0.928xA % 48.2 0.661
I o 34.495 + 0.319x3] 2l & 8.0 0.921
e o 31.405 + 0.326x3] ] = 84| 0911
. coz | e g | -12.232 + 0.276x3 T =1 9.1 0.873
o —-15.397 + 0.277x3| 2 &2 9.7 0.848
Yol w 789.688 — 0.145xA1 + 0.571xA& 20.5 0.892
=4 o] 771.697 — 0.149xA%4 + 0.707xA % 25.3 0.823
Aol | 52.602 + 0.294x9Y ol =) 8.0 0.814
L] S 13.448 + 0.341x9 "ol &4 9.1 0.836
ol W o| —39.289 + 0.293xYHol =1 9.1 0.770
A ] —42.219 + 0.279xYHol =4 12.6 0.637
gegddol | & | -23.392 + 1.141xY ol dH| 10.0 | 0.843
L] o 10.175 + 1.092x9 ol H] 12.0 | 0.807
5 &7 W | —0.922 + 0.878x3] g 0] 16.7 | 0.877
=o] S 25.703 + 0.851x3] 2] 3] 17.9 | 0.843
FEEY W o| 2.516 + 0.541xtN 5 E7] 0] 9.7 0.877
0] ] —4.673 + 0.538xt) ¥ =7 0] 9.4 | 0.869
oreddlE] | | 161.880 + 0.991xth & =7]30] 19.1 0.860
FExde] | o 142.355 + 1.009xt ¥ & 7] ¥0] 18.2 | 0.863
e 2ol Sl S| —15.427 + 0.919xH B 57| =0 14.8 | 0.898
o —31.654 + 0.932xT ¥ & 7] 0] 13.1| 00912
Ygory W o| —36.549 + 0.917xtHE7] 50 13.0 | 0.919
ol o —-35.782 + 0.905xt ¥ 5 7] 0] 13.1 | 0.907
gregddol | ¥ | 37.195 + 0.535xH2H 3 2l o) 12.1| 0.836
5ol o 32.181 + 0.550x-H & 2w X o) 12.1| 0.833
ol | & | —30.499 + 0.861xYPY o] FE o] 6.8 0.936
2Fdo] o —26.964 + 0.864xFY o] FS 0] 7.3 0.923
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AAFY | A6y [ AR | gE 5 A g SE ,
R?
ks —27.038 + 0.921xF- 2% 0] 5.0 | 0.962
Folz]do]
o —31.139 + 0.936xF-E2F%3x0] 5.0 | 0.959
k) 60.714 + 1.078x&4 0] 7.8 | 0.643
w7 o]
o 56.421 + 1.042x5=70] 6.9 0.682
g2ES o 66.394 + 0.975xF-=F} 50| 7.5 0.928
o]
o] o] 71.102 + 0.969xF-EF 4 =0] 7.4 | 0.922
X0 F kS 10.338 + 0.839xF2%9 0] 9.2 | 0.864
=] o 7.815 + 0.831xFEE5%3=0] 9.6 | 0.836
5 R - w —1.653 + 0.733x%7Z o] 4.2 | 0.840
Lig==al)] o] —2.436 + 0.744x%7Z 0] 3.0 | 0.901
o 602.377 — 0.212xA% + 0.467xAZ= 18.6 | 0.871
A=
o 564.472 — 0.203xA17 + 0.558x4|5 18.1 | 0.828
ok /2
3 W 37.119 + 0.220x3 HA =& 6.4 | 0.742
& W X T
o 32.274 + 0.218x3| ¥ A & 7.0 | 0.661
w 165.667 + 0.370x3] ¥ A Z 9| 12.6 | 0.678
|
o 121.301 + 0.420x3) ¥ =) =2 13.6 | 0.659
B ka1 31.999 + 0.896xF-E% ¢ 15.9 | 0.720
=d/% | Fotd =
o 67.377 + 0.780xF-Z=4 14.3 | 0.610
o 66.379 + 0.411xEole| E9 7.8 | 0.640
Pt
S 62.176 + 0.406xZEot2] =1 7.5 | 0.600
w 18.889+ 0.152xIHE# + 0.530x=1H] 3.8 | 0.490
e
o] 14.482 + 0.099xUHEH + 0.692xE=1H] 3.7 | 0.452
o —1.251 + 0.130x&Zo] + 0.361xZ1H] 4.2 0.373
P e
S —3.368 + 0.126x2Zo] + 0.397xLH] 3.7 | 0.410
ks 100.697 + 0.660xth ¥ & 7] 0] 18.6 | 0.741
Z/E7o)
o 56.476 + 0.694xt] ¥ 5 7] 0] 18.5 | 0.743
S k=2 62.096 + 0.430xZ/&=7 0] 8.2 0.771
A2 o] o 60.087 + 0.421xZ/&Z 0] 8.6 | 0.778
Z/E 7o)
A~ k1 63.601 + 0.590xZ/&4 0] 4.5 0.910
£E7o) o 51.139 + 0.598xF/%=70] 4.6 | 0916
2] — ke —14.864 + 0.630xct#Z A o] 4.6 | 0.910
E&Zo] o] —17.681 + 0.633xc}#ZZ o] 45| 0.916
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20.586 + 0.254x=70] 4.2 0.259

23.032 + 0.240x=7 0] 4.3 0.222

378.468— 0.137xA1% + 0.251xA% 12.4 | 0.791

349.269 — 0.148xA % + 0.297x4| & 11.9 | 0.763

-1.683 + 1.101xZE X =2 8.2| 0.808

10.354 + 1.021x2 52 =7 45| 0.820

s 125.908 + 0.451x Q2= 9.2| 0.639
o 112.768 + 0.430x 125 8.3 | 0.617
56.742 + 0.424xZE 2S¢ 5.2/ 0.611

58.009 + 0.391xZ %2 = 6.3 | 0.579

55.438 + 0.909xEE2 51 6.1 | 0.608

47.126 + 0.919xE=E2 51 5.6 | 0.560

1.916 + 0.414xEEd 1.3 0.904

—0.112 + 0.427x& 54 1.0 | 0.925




