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Target Pose Measurement
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Abstract In order to solve the distortion problem of camera imaging process in pose measurement, a novel camera
calibration method is proposed. The method does not need high precision calibration reference, and only utilizes the
mutual constraint relationship among the calibration targets to establish the constraint equation between camera
intrinsic parameters and target characteristics, subsequently camera intrinsic parameters are solved linearly.
Optimization of camera intrinsic parameters is made by nonlinear optimization method, thus, the camera calibration
is accomplished. Simulation and experimental results show that the proposed algorithm is not sensitive to image
noise. The measurement accuracy and reliability are effectively improved, and the precision can reach 0.03 pixel,
which indicates that the algorithm has advantages of easy implementation, high measurement precision and reliable
in the attitude measurement of the cooperative object.
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Fig. 1 Pinhole imaging model
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Fig. 2 Geometric model of orthogonal parallel line projection
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Fig. 3 Simulation experimental templates of different positions
1 ORI KT A BRAR LR e 25

Table 1 Calibration results of camera at different noise levels

Variance fa I s C., cy ki /1071 ky /1076
0.2 1300.105 1000.183 1.001 402.078 340.037 1.074 2.213
0.6 1300.306 1000.152 1.003 402.059 340.038 1.077 2.216
1.0 1303.214 1000.371 1.007 402.082 340.048 1.075 2.217
1.4 1305.313 1001.990 1.027 402.104 340,051 1.082 2.209
1.8 1298.756 1004.720 1.063 402.115 340.053 1.094 2.219
2.2 1307.604 1005.233 1.108 402.126 340.065 1.098 2.326
2.6 1307.998 1005.161 1.149 402.134 340.068 1.103 2.373
3.0 1311.821 1007.248 1.225 402.143 340.069 1.107 2.339
3.4 1316.183 1014.528 1.402 402.164 340.074 1.104 2.406
3.8 1314.967 1018.384 1.430 402.188 340.077 1.126 2.475
4.2 1317.243 1019.723 1.514 402.194 340.081 1.120 2.482
4.6 1318.198 1023.676 1.638 402.211 340.087 1.130 2.568
5.0 1319.967 1024.647 1.747 402.218 340.091 1.132 2.755
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Fig. 4 Calibration results of camera intrinsic parameters at different noise levels. (a) Equivalent focal length f,, f,;
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(b) principle point of camera ¢, , ¢, ; (c) distortion coefficients k1, k,; (d) scale factor s
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Table 2 Intrinsic and external parameters of actual calibration

Intrinsic parameter Extrinsic parameter
f.=1300.1194, f,=1000.3707 0.9574 0.0612  0.1450
¢, =402.1207, ¢, =340.0550 R=| —0.1206 0.8061  0.6270
Proposed method )
k1 =0.9729X10*, £, =2.9887X10 ° —0.1325 —0.5311 0.7924
s=1.0039 T=[—525.4223 —97.4724 586.5086]

B 6 SBRia Ry A 1 B AR IE R

Fig. 6 Images of actual cooperative target

3 AT AN AR EENELER

Table 3 Attitude measurement results based on cooperative object

True value Tsai method Proposed method
a B Y a B V4 a B V4
Position 1 12 0 ) 12.071 —0.010 4.962 12.033 0.009 4.971
Position 2 —7 —1 9 —7.013 —1.009 —8.946 —7.004 —1.009 —8.966
Position 3 4 —38 1 3.994 —7.925 0.995 3.998 —8.035 1.003
Position 4 0 10 0 —0.009 10.024 0.007 0.006 10.008 —0.005
Position 5 14 -5 0 13.914 —4.878 —0.005 13.962 —4.954 —0.005
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