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Attitude measurement of space objects based on
multi-linear CCD and multi-point cooperation target

LI Jing, YUAN Feng”, HU Ying-hui

(College of Electrical Engineering and Automation, Harbin Institute of Technology s Harbin 150001, China)
* Corresponding author , E-mail ;hitlijing(@163. com

Abstract: To measure accurately the attitude of a spatial object that was fast-changing in a suspension
state, an attitude measurement method was proposed based on three linear CCD cameras for measur-
ing multiple point cooperation targets. By proposed method, the nonlinear systemic errors and more
calibration parameters caused by more overconstraints for camera positions were overcome in the tradi-
tional linear CCD attitude measurement. Three 1D cameras composed of linear CCDs and cylindrical
lenses were used to measure simultaneously the multiple point cooperation targets on the measured ob-
ject. Aiming at the restriction of measuring principle on the attitude angle, the simulated calculation
method was used to calculate the attitude angle range and the BP neural network was taken to cali-
brate the CCD cameras and give the spatial 3D coordinates of point cooperation targets. Furthermore,
an attitude calculation model based on Rodrigues parameters was established to solve the attitude an-

gles of measured objects. Experimental results indicate that the measurement accuracy of spatial point
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position and the calculating precision of spatial attitude angle in this system are higher than those of

traditional methods, which verifies that this attitude measurement method is feasible and available to

measure the attitude.
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calculation model

F 1 BPFIDLT FEXMNMIX S = ELARRE
Tab.1 3D coordinates reconstruction of testing points with BP and DLT methods (mm)
2 S A DLT BP
X Y Z X Y A X Y A
1 3 943.0 1976.0 —105.0 3903.7 1893.1 —97.1 3 948.5 1 980. 6 —103.9
2 3 817.0 2 008.0 89.0 3 862.2 2 033.5 73.9 3 818.0 2 008.0 87.3
3 3 852.0 2194.0 —33.0 3 844.2 2 208.9 —29.7 3 850.9 2195.5 —33.1
4 3 885.0 1928.0 —34.0 3 907. 2 1 896.7 —36.3 3 888.4 1929.7 —33.7
) 3 837.0 1 863.0 —106.0 3 904. 1 1862.2 —107.2 3 836.2 1 860.5 —105.6

x2 BPHDLT AR EXTESLEMBEARIZE

Tab. 2 Root mean square errors of spatial point coordinate

reconstruction with BP and DLT methods (mm)
X Y z AR E
DLT 41.58 41. 77 7.85 34. 33
BP 2.99 2. 46 0.93 2.30

FEIX L 48 T7 MR AR 22 19 B A9 £5 45 1R 25 L
(19 s 00 2 2R 010 % 2 B Bl L AR 2 v Bl T )
A T BP g W45 14 07 kI A SR R 22

* 3 MTHEF Rodrigues SHEBENESA

Tab. 3 Attitude angles of quaternion and Rodrigues methods

(mm)
SR AH (VRS A7k
a 8 Y a B Y a B Y

1 7.83 8.09 1.63 7.96 7.76 1.98 7.93 8.32 1.87
2 6.82 0.02 0.64 6.51 0.15 0.35 7.15—0.040.61
3 5.84 8.12 0.02 5.14 8.47 0.25 5.95 7.83 0.23
4 7.89 3.84 6.67 7.45 4.38 6.92 7.99 4.15 6.48
5 7.46 8.22 7.66 8.03 8.47 7.29 7.57 8.03 7.42
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Tab. 4 Atttitude angle errors of quaternion
and Rodrigues methods (mm)
% 58 J5 1 AR5
a B Y a B Y
1 0.13 —0.33 0.35 0.10 0.23 0. 24
2 —0.31 0.13—0.29 0.33 —0.06 —0.03
3 —0.43 0.35 0.23 0.11 —0.29 0.21
4 —0.44 0.54 0.25 0.10 0.31 —0.19
5 —0.57 0.25—0.37 0.11 —0.19 —0.24
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