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A Photogrammetric Approach to Create 3-Dimensional
Models of Irregular-shaped Curves
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Abstract It is very important to effectively obtain the information related to the human body shape
for user-centered design. The human body shape is a huge combination of various irregular curves
and is typically obtained by a 3-D Scanner. 3-D scanners show high reliability; however, they are
expnsive equipment with limited mobility. 3-D models of irregular-shaped curves were created by a
photogrammetric approach and the errors between the original curve and the models were evaluated.
3-D models were created based on 160, 80, 40, 20, 10, and 5 marking points evenly located on the
original curve. In the case of convex curve, low levels of residuals were observed in the models from
160, 80, 40, and 20 marking points (0.13% max). In the combination of convex and concave curves,
relatively low levels of residuals were observed in the models from 160, 80, and 40 marking points
(0.29%). It is possible to conclude that marking points should be placed at every 5% of overall length
of a convex curve and at every 2.5% of overall length of a curve with convex and concave curve in
order to maintain low levels of errors. A photogrammetric approach can be used as an alternative for
the 3-D scanners with advantages of low cost and mobility.
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Fig. 1. Original irregular curves used as the reference
in 3D modeling
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Table 1. Distance between marking points based on

the number of marking points

Number of Distance
Curve type |Curve IDjpoints used for between | Remarks
curve creation| points (mm)
AO - - Original
A160 160 3.68
A80 80 7.36
Convex A40 40 14.73
A20 20 29.46
A10 10 58.91
A5 5 117.82
BO - - Original
B160 160 413
Convex-Conc| B80 80 8.26
B40 40 16.52
ave B20 20 33.04
B10 10 66.08
B5 5 132.16
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Fig. 2. Schamtic diagram of image acquisition for
marking points’ geometrical information
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Fig. 3. Comparison of shapes between original irregular
convex curve (a) and curve models created by the
variety of the number of points (b~g)
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Fig. 4. Comarison of shapes between original convex
curve and curve models with noticeable deformation
(black dashed curves indicate AO; red continuous
curves indicate A10 and A5)
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Fig. 5. Comparison of shapes between original irregular
convex—concave curve (a) and curve models created
by the variety of the number of points (b~g)
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Table 2. Comparison of geometrical information of
curve models created by photogrammetry compared
to orignal curves (AO and BO respectively)

owve | Ditwence | Dfferace | S
(mm)
mm % mm? %
AO - - - - -
A160 0.46 08 12445 | 56 0.64
A80 051 09 161.21 72 052
A40 -053 -09 64.34 29 0.46
A20 -076 -13 4977 2 0.66
A0 | -1089 | -185 | -7286 | -33 0.36
A5 -26.57 -4.51 9.88 .04 343
BO - - - - -
B160 1.92 29 100.78 48 0.61
B30 136 21 M2 | 53 055
B40 -1.90 -29 69.29 33 0.79
B20 -15.87 24 220.34 1.05 0.75
B10 | -9441 | -1429 | -16279 | -78 275
B5 -150.66 | 2416 | -285478 | -1364 0.49
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Table 3. Maximum distance between original curve (AO
and BO) and each curve models created by
photogrammetry

Curve Distance Curve Distance

D (mm) ID (mm)

A160 1.26 B160 1.15

A80 1.53 B8O 1.01

A40 1.08 B40 2.07

A20 2.75 B20 791

A10 10.47 B10 25.97

A5 29.24 B5 31.83
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