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The Digital Model Generation for the
Human Body Measurement
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ABSTRACT

The size and shape of the human body has been an important factor not only in anthropology but in in-
tegration of designs aimed for daily use. Although the three-dimensional measurements have been proposed and
obtained introducing new methods, there still remains many problems concerning how to analyze and evaluate
the results. In this study, we have got the internal and external orientation factors, image coordinates from the ac-
quired photographs, have calaulated the object coordinates through Bundle Adjustment, have matched multi-im-
ages, have drawn the object in the computer, and smoothly handled the surface of the body model using the Au-
to-CAD system or graphic processing utility then we could generate the digital model of human body. The
results show that once digital modeling of the body is generated, the information which a designer needs can be
acquired and the adequate calculations for many application fields can be done easily and many geometrical pro-
perties could be extracted. Therefore we propose the possibility of indirect human body measurement through di-
gital model generation.
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18| 1. Photo orientation sequence.
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STEP 11 Model Calculation
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STEP 2 : Single-Photo  Orientation
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STEP 3: Absolate Orientation
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18| 2. 3-STEP data processing in Multi-image ori-

entation.
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38 3. The coordinate system of close-range photo-
grammetry and the Collinearity condition.
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2! 5. The flow diagram of multi-image joining

system.
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12| 7. Sample model generated using multi-image
joining method.
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E 1. The size comparison of sample model with

generated sample model (Unit : mm)
Sample model sar(x}\;?:r?xt\z%el A
AC 404.4 404.1 0.3
AG 399.6 400.0 0.4
BD 153.6 153.9 03
EF 401.7 402.1 0.6
CF 73.2 73.3 0.1
Mean 0.34
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H 2. Calibraion data of the camera(40 mm)

C:}:]li?::d Remark
No 40 Camera number
Ck -40.780  Principle distance
). -0.0512 X coordinate of principle point
Y. -0.168 Y coordinate of principle point

A, -1.0600E-004 First distortion correction coefficient
A:  1.2300E-007 Secondary distortion correction coefficient

R, 20.00 The radius having RD of zero
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18| 9. The positions of exposure to object.

I 3. The data of control points surveying for body
model

Base Length=4.785(m)

Left(IH=1.36 m) Right(IH=1.31 m)
Point no Horizontal Vertical  Horizontal ~ Vertical
1 301927 247 92°17 517 50734 21" 91725 09
3 30032 35" 95°39°11"7 485327 9418 00
4 303°13 007 9533 18" 50°38 49 94°27 36
8 301°50/ 06" 9940/ SO°  49°47 427 98°04 03"

HE 4. The coordinates by control point surveying

for body (Unit : m)
Point no X Y Z
1 2.041423 3.336929 1.2030580
3 1.930341 3.271408 0.9840128
4 2.124494 3.244480 0.9828248
8 2.026447 3.263838 0.7046692
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H 5. The absolute coordinates of contrel points

Body model(unit : m)

Point no X Y Z
3 1.9303 32714 1.0100
4 - 32714 1.0100
8 - - 0.7550
From to Distance
Scale
3 4 0.1815
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E 6. The element of interior orientation
(Unit : mm)

Lens G X Y a; 2, Ro

43 -41.458 -0.0200 0.150 -3.427E-005 2.136E-008 20.00
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F 7. The elements of exterior orientation for body model

Body model(Unit : m)

Pho-to no Cam era no Xc Y Zc Direction(gon) Tilt(gon) Swing(gon)
2 43 2.743 1.498 0.975 354.862 -10.668 4.885
3 43 1.88 1.880 0.969 386.668 -11.438 1.263
7 43 2.783 2.783 0.751 137.721 6.891 -12.860
8 43 2.402 2.402 0.663 170.798 13.226 -6.976
9 43 1.986 1.986 0.715 206.786 8.088 -1.201
10 43 1.428 1.428 0.742 250.631 5.882 6.610
11 43 0.937 0.937 0.900 293.486 0.000 0.000
16 43 2.468 2.468 1.487 47.718 -41.316 -10.382
17 43 2.667 2.667 1.405 81.487 -40.584 -14.670
18 43 2.778 2.778 1.345 114.912 -35.880 -16.973
19 43 2.751 2.751 1.306 141.567 -25.826 -14.946
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H# 8. Adjusted coordinates and standard deviations
of body model

Bagy model(Unit : m)

Pt x Y 7z 6 6 o Ry

1 2022 3383 1.196 0.001 0002 0.001 4
2 2116 3371 1118 0.000 0.001 0001 4
3 1930 3.271 1.010 0.000 0.000 0.000 3
4 2112 3271 1010 0000 0.000 0.000 4
5 2022 3267 0963 0.000 0.001 0000 3
6 1.958 3.274 0.841 0.001 0.002 0000 2
7 2084 3273 0.841 0.000 0.002 0.000 4
8 2021 3228 0755 0.001 0.003 0000 3
9 1932 3222 0.667 0001 0004 0001 3
10 2113 3224 0.665 0.001 0.004 0000 4
11 2204 3432 1.140 0.001 0.002 0002 5
12 2161 3321 1.000 0.001 0.000 0.001 4
13 2171 3.398 0985 0.001 0001 0001 6
14 2158 3459 0972 0001 0001 0002 6
15 2115 3307 0.834 0001 0002 0001 4
16 2174 3342 0.745 0.001 0.003 0001 6
17 2182 3336 0.699 0001 0.003 0001 6
18 2172 3273 0.657 0.001 0.004 0001 4
19 2183 3328 0.645 0.001 0.004 0001 6
20 2166 3396 0.631 0.000 0.004 0.002 5
21 2120 3442 1163 0.001 0002 0002 3
22 2124 3506 1.035 0.001 0.001 0002 2
23 2025 3496 0966 0.001 0001 0002 5
24 2122 3442 0.894 0.001 0001 0002 5
25 2024 3444 0761 0.001 0002 0002 6
26 2027 3455 0.620 0.001 0004 0003 2
27 1935 3491 0967 0.001 0001 0003 5
28 1955 3431 0.811 0.001 0.002 0002 3
29 1.940 3.448 0.621 0.0(jl 0.004 0.003 2
30 2123 3424 0.723 0.001 0003 0002 4
32 1882 3315 1002 0.000 0001 0001 3
33 1905 3362 0923 0.001 0002 0001 2
35  1.848 3328 0.643 0.001 0.004 0.002 2

Mean 0.00077 0.00203 0.00123
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18| 10. The generated digital model.
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I 9. Each girth value of the body on the

Computed  Measured Residual Computed
girth(m) girth(m) error(m) area(m’)
1 0.8617 0.8628 0.0011 0.0393
2 0.8772 0.8785 0.0013 0.0508
3 0.8988 0.9003 0.0015 0.0590
4 0.9192 0.9209 0.0017 0.0628
5 0.8323 0.8339 0.0016 0.0513
6 0.7159 0.7171 0.0012 0.0400
7 0.6475 0.6482 0.0007 0.0328
8 0.7633 0.7640 0.0007 0.0443
9 0.8842 0.8850 0.0008 0.0593
10 0.9463 0.9469 0.0006 0.0683
11 0.9405 0.9412 0.0007 0.0678
12 0.9364 0.9373 0.0009 0.0670
13 0.9310 0.9317 0.0007 0.0663
Mean 0.00104
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