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Position and Attitude Precision Measurement of Spatial Objects
Based on Orthogonal Cylindrical Imaging
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Abstract According to the large scale spatial objects real-time attitude measurement demand in the process of large
equipment assembly and docking in the field of aviation and aerospace, a new method for attitude measurement is put
forward based on orthogonal cylindrical imaging, disassembling and reconstructing the function of two-dimensional
angle measurement which is provided by the existing array image sensor using in photogrammetric measurement
system. The method makes full use of the advantages such as high one-dimensional angular resolution, fast
acquisition speed and simple treatment of linear array CCD, and simplifies the camera structure with cylindrical
orthogonal imaging optical path. A non-parametric calibration method is used to correct the aberration of the imaging
cylindrical. In order to solve the coordinate synchronization problem during space object attitude measurement, the
real-time recognition tracking method is researched based on extended Kalman prediction to realize parallel
measurement of multiple targets, and then realizes the real-time attitude determination through attitude calculation
model based on Rodrigues parameters. Experimental results show that space three-dimensional coordinate
measurement accuracy is better than 0.5 mm, and the maximum measurement errors of space object pose solution in
yaw, roll and pitch directions are 0.20°, 0.12° and 0. 23" respectively. The proposed method has high accuracy of
attitude measurement.

Key words measurement; pose measurement; orthogonal cylindrical imaging; extended Kalman prediction; linear
array CCD; multi-target recognition
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Fig. 1 Projection mapping diagram of the Fig. 2 Schematic of the three-dimensional

orthogonal cylindrical imaging camera coordinate measurement
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Fig. 3 Schematic diagram of target vector relationship
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Table 1 3D coordinates positioning accuracy of orthogonal cylindrical imaging camera mm
No. X Y Z x y z Ax Ay Az Axyy
1 1149.62 3713.20 —226.45 1149.57 3713.11 —226.39 —0.05 —0.09 0.06 0.12
2 1456.99 3699.62 —5.40 1457.05 3699.51 —5.34 0.06 —0.11 0.06 0.14
3 1376.87 3599.28 —87.13 1376.78 3599.50 —87.20 —0.09 0.22 —0.07 0.25
4 1166.75 3780.24 48.98 1166.63 3780.51 48.90 —0.12 0.27 —0.08 0.31
5 1372.40 3602.85 —139.77 1372.48 3602.68 —139.88 0.08 —0.17 —0.11 0.22
6 1114.07 3731.43 —39.39 1114.20 3731.22 —39.46 0.13 —0.21 —0.07 0.26
7 1172.29 3673.84 —1.97 1172.12 3673.50 —1.81 —0.17 —0.34 0.16 0.41
8 1173.55 3707.41 28.15 1173.41 3707.71 28.28 —0.14 0.30 0.13 0.36
\EE:AXYZ: (X_I)2+(Y_y)z+(z_2)z

DAMOR IR ER G AS 193X 8 21 B s il (9 55 B — 2k A b ik B30 10 0 22 285 ARV S 45 D0 400 1K 2325 1 S B A L 8%
A S PR ESEAT X e N ER 2 P, 3R 2 hEUE T DU L 38 I S A T BUS AR ALY 25 (R
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25 R TP AT 1) 19 A A 2 A 15 22 o DA A 45 08 32 2 TR B 7 1) AR 0 P8 T 5555 19 Ak R T 152 2 /1N T Ml A
£ FRAD 0 DU 5% 22

% 2 Rodrigues S50k i 5 19 225 A

Table 2 Attitude angle obtained by Rodrigues method *
N True value Measure value error Total error
° a 8 y o B 7' Aa AB Ay A
1 —2.6460 87.6570  —45.1910 —2.4713 87.7806  —45.2560 0.1747 0.1236 —0.0650 0.2237
2 87.4626 77.8150 —87.2480 87.5401 77.7717  —87.4447 0.0775 —0.0433 —0.1967 0.2158
3 —22.0581 59.1990 6.0103 —21.8957 59.1441 5.8223 0.1624 —0.0549 —0.1880 0.2544
4 —25.2650 61.2085 7.3825 —25.4022 61.1810 7.6147 —0.1372  —0.0275 0.2322 0.2711
5 4.7596 87.9791 —37.5984 4.6469 87.9074  —37.4628 —0.1127 —0.0717 0.1356 0.1903
6 —34.3116  73.4285 2.0567 —34.5128  73.4489 2.1471 —0.2012 0.0204 0.0904 0.2215
7 19.3189 88.6700 —22.1653 19.5136 88.7173  —22.2768 0.1947 0.0473 —0.1115 0.2293
8 —10.5321 76.2800 7.4063 —10.4161 76.3401 7.1830 0.1160 0.0601 —0.2233 0.2587

H:A = V/Ad? + AR + AY?
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