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Three-Dimensional Shape Measurement of a Specular Object
by LED Amay Reflection
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An optical method to measure the three-dimensional (3D) shape of a surface with specular reflection is proposed. The proposed
method is based on the analysis of the geometric path of the light from a point source, and the relative displacements of points
in the reflection image. The 3D shape of a concave mirror is shown to be determined approximately via experiments, where the
vision system consists of LED array illumination, a half-mirror, and an imaging sensor.
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FIG. 1. Optical path of light reflected from specular surface.
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FIG. 2. Depiction of experimental system.

FIG. 3. Picture of experimental system.
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FIG. 4. Capture
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FIG. 6. Movement of point lights. (3)
TABLE 1. Displacement & orientation of movements (unit : pixel & deg.)
# 1 2 3 4 5 6 10 11
1 344 | 126 1279 | 111 |26.1| 94 [26.7| 77 |28.0| 55 |32.6| 43
2 | 824 | 144 |71.8 | 141 |61.6| 138|509 | 133 |41.4| 127 |31.8 | 118 |25.0| 106 |22.0| 87 |202| 57 |22.0| 39 [282| 23
3 |76.0| 147 | 65.5| 144 | 54.0 | 141 | 42.5| 137 |32.6 | 130 |23.7| 118 | 173 | 100 | 143 | 65 | 164 | 38 |[23.1| I8 |292| 6
4 1694|152 |58.0| 148 |46.0 | 146 | 35.5| 140 | 24.8 | 133 | 157 | 117 | 9.1 | 84 |10.0| 37 |163 | 11 |26.0| -2 [362]| -6
5 | 645|156 (519 | 155|394 | 153 (269|049 |17.0| 140 | 73 | 113 | 64 | 39 |13.0| -4 |20.6| -14 |30.1 | -15 | 402 | -19
6 | 573|164 |459 | 164 |33.5| 163 [20.2| 160 | 112 153 | 00 | O | 95 | -I18 |175| -24 |27.7| -26 |36.7| -26 |47.0 | -27
7 |54.6| 172 (402 | 174 |29.1 | 176 | 18.0 | -180| 8.9 |-153| 85 | -69 | 17.0 | -40 | 26.6 | -34 |34.7 | -33 |449 | -32 | 552 | -32
8 |[53.1|-177|392 |-174(26.9 |-165|17.5|-149|13.9 |-111 | 17.1 | -69 | 242 | -52 | 33.2| -44 | 44.0| -39 | 542 | -38 | 63.8 | -35
9 |532|-164|412|-157|30.0 |-143|23.0|-124|22.1 | -95 |27.5| -71 |33.8| -56 | 432 | 48 |51.6 | -44 | 63.0 | -42 | 73.2 | -39
10 | 59.1 |-152 472 |-144|37.6 | -130 | 33.8 | -109 | 33.0 | -88 | 37.6 | -73 |45.7 | -61 | 542 | -52 | 64.4 | -48 |73.5| -45 | 83.5| -43
11 [ 65.6 |-142|552 |-134|46.1 |-120 | 422 | -104|42.0 | -89 |43.7| -74 | 474 | -62 | 54.8 | -52
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TABLE 2. Estimated heights of concave mirror (unit : mm)

# 1 2 3 4 5 6 7 8 9 10 11

1 0.154 0.149 0.116 0.108 0.130 0.248
2 0.344 0.250 0.201 0.139 0.104 0.103 0.084 0.082 0.077 0.102 0.207
3 0.281 0.205 0.160 0.102 0.065 0.057 0.041 0.041 0.074 0.099 0.172
4 0.223 0.148 0.100 0.069 0.031 0.024 0.032 0.030 0.043 0.084 0.153
5 0.182 0.108 0.060 0.032 0.013 0.006 0.012 0.032 0.041 0.082 0.165
6 0.155 0.102 0.057 0.025 0.005 0.000 0.005 0.025 0.055 0.105 0.157
7 0.157 0.112 0.060 0.033 0.012 0.006 0.013 0.032 0.062 0.127 0.187
8 0.172 0.123 0.078 0.050 0.031 0.026 0.030 0.050 0.100 0.151 0.225
9 0.220 0.149 0.114 0.081 0.060 0.054 0.065 0.096 0.150 0.202 0.265
10 0.259 0.192 0.158 0.126 0.108 0.095 0.108 0.152 0.190 0.263 0.313
11 0.297 0.269 0.224 0.189 0.171 0.163 0.166 0.212
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FIG. 8. Estimated 3-D shape by proposed method.
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TABLE 3. Measured heights of concave mirror (unit : mm)

A — 1AAE 45

# 1 2 3 4 5 6 7 8 9 10 11

1 0.142 0.133 0.107 0.100 0.133 0.248
2 0.332 0.241 0.182 0.134 0.095 0.097 0.073 0.062 0.061 0.089 0.201
3 0.263 0.192 0.143 0.085 0.054 0.054 0.040 0.023 0.052 0.080 0.138
4 0.204 0.143 0.085 0.062 0.016 0.011 0.017 0.010 0.033 0.053 0.128
5 0.163 0.093 0.058 0.016 0.007 0.004 0.013 0.028 0.040 0.068 0.141
6 0.134 0.088 0.047 0.020 0.001 0.000 0.001 0.024 0.050 0.075 0.117
7 0.157 0.095 0.054 0.010 0.013 0.005 0.002 0.009 0.050 0.126 0.170
8 0.161 0.106 0.069 0.043 0.024 0.023 0.031 0.035 0.095 0.132 0.195
9 0.193 0.147 0.106 0.081 0.047 0.055 0.050 0.078 0.153 0.178 0.215
10 0.224 0.175 0.132 0.098 0.092 0.080 0.091 0.126 0.166 0.223 0.270
11 0.303 0.240 0.221 0.186 0.155 0.155 0.166 0.186
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FIG. 9. Comparison of measurements and estimated shapes.
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