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Abstract In order to solve the accuracy problem of pose measurement of space target based on three linear array
CCD, we propose a high precision pose calculation method. This algorithm integrates all linear array CCD camera
coordinate systems. The improved orthogonal iterative algorithm is used to solve the pose parameters by
establishing a new error evaluation function, and the nonlinear optimization is performed subsequently. Simulation
and measurement results show that the proposed algorithm effectively avoids the problem of no-convergence or poor
convergence caused by data deterioration or initial value selection. Compared with the traditional algorithm, both the
measurement accuracy and noise immunity of the proposed algorithm are effectively improved and the computational
efficiency is improved by 4.6 times. The maximum relative error of six degree of freedom is 0.71% in actual
measurement. The proposed system can realize high precision and real-time measurement of spatial target, which
has the advantages of convenient installation and wide applications.
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Table 1 Camera intrinsic parameters calibrated by Tsai’s calibration algorithm

Item

CCD 1

CCD 2 CCD 3

Focal length f
Principle point u,

Distortion coefficient £,

fL=7446.6736
us =3703.5600
k1=12.9330X10""

f5=7446.1092 [ =17449.6327

u§=3711.6054 uy=3714.0992

ki=2.9075X10""* ki=2.8996X10""

linear CCD 1
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P8 e Se

Fig. 8 Measurement experiment
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Table 2 Extrinsic parameters of camera

CCD Rotation matrix Translation vector
0.9921 0.0523 0.1135
CCD 1 R=| 0.0055 —0.0063 —0.9997 t=[1470.5313 —71.256 1834.7828]"
—0.1124  0.7708 0.6270
0.9987 0.0493 —0.0087
CCD 2 R:=1] —0.0092 0.0098 0.9999 t?=[1280.7410 —134.1148 1839.1314]"
0.0492 —0.9887 —0.0102
0.9777  0.2096 —0.0069
CCD 3 R{=10.0020 —0.0096  0.9917 t}=[1030.9604 —146.8128 1843.6531]"
0.0296 —0.1708 —0.9848
#3 RESN
Table 3 Error analysis
Item 0/  /(®) ¢ /() t, /mm ¢z, /mm t./mm
Maximum error 0.4387 0.2039 1.2768 0.7079 0.5018 1.1360
Minimum error 0.0019 0.0028 0.0013 0.0131 0.0106 0.0417
Average error 0.1318 0.0714 0.4988 0.2395 0.1503 0.5028
RMS 0.1019 0.0559 0.3847 0.1944 0.1130 0.3585
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