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Attitude measurement of space objects based on multi-linear CCD and multi-point cooperation target
L1 Jing,YUAN Feng,HU Ying-hui
College of Electrical Engineering and Automation, Harbin Institute of Technology

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 measuring 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 traditional 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 object. 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
calibrate 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 angles of measured objects.
Experimental results indicate that the measurement accuracy of spatial point 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.

Keywords: Attitude measurement Linear CCD Attitude calculation Camera calibration
Wk H I 2012-11-12 &[5 H I 2013-01-25 W % ik k& 4i H 1 2013-06-20
FEETH :

RILSI AR 76 — YEia gy e AU 5

WHAEE : 4

EH T A 28(1982-), &, HARMILA, HEBFFLE, 20054 T I /R TR RAG2: 12247, 2007 4F T /R LAk K2 #3fg i 42
£, EENFE MY RSNLEASN BT

£ # Email: lijing_8207@163.com

22 ik

[L]Mi. ZE TS0 23 18] H bR AL B 2SR T [D]. Kib: WP K%,2006:2-4, 79-80. SHANG Y. Researches on vision-
based pose measurements for space targets[D]. Changsha: National University of Defense Technology, 2006:2-4,79-
80. (in Chinese) [2]WaHk, B, T8 RIS @A IRERBOR M = 4E i P 7 7E ], 6% K% TR, 2009,17(1):45-51. HAN J
D,LV N G,WANG F. 3D data registration method based on optical location tracking technology[J]. Opt. Precision Eng.,
2009, 17(1):45-51. (in Chinese) [3]HEIDARIAN M, MEMON A Y. Attitude control of VTOL-UAVS[C]. Internation Conference
on Control,2012:363-368. [4]1F t#, XUk, 5. AHUbRE B 22 #4007 [J]. 15 BUE{%, 2012(1):28-30. YIN H T,LIU CH,LI Y B.
Analysis of factors on the error of the camera calibration[J]. Information & Communications, 2012 (1): 28-30. (in
Chinese) [S]JRAMAKRISHNAN, PRABADARAN,EKAMBARAVANAN, et al.. Function approximation using feedforward networks
with sigmoidal signals [J]. Information Journal of Soft Computing,2006,1(1):76-82. [6]MA:2%. PY-H4E4 (A48 200 4 R0 Jé
[J]. Wik 4s 1#2,2007,16(4):70-77. LIN L X. Development of space rendezvous and docking technology in past 40 years
[J]. Space Craft Engineering, 2007,16(4):70-77. [7JWAHAB M N A, SIVADEV N, SUNDARAJ K. Target distance estimation
using momocular vision system for mobile robot [C]. IEEE Conference on Open Systems, 2011:11-15. [8]7kI#%, kT4,
RAFN. FEFORBhTE X H AR R G DRI AT R AR 6T - #06,2010,21(11):1693-1697. ZHANG X L, ZHANG B F, LIN
Y CH. Study on dynamic object attitude based on a binocular stereo vision system with orthogonal optical axes[J].
Journal of Optoelectronics « Laser,2010, 21(11):1693-1697.(in Chinese) [9]2%4 1L, #& 5. LB ECCDIMR A, KITHRATT LN
WFFE[I]. FER TR B4R, 2002,14(3):23-25. JIANG SH SH, LEI ZH Y. On the measure of the flying shell with line scan CCD
[J]. Journal of Xi’ an Institute of Technology. 2002, 14(3):23-25.(in Chinese) [10]Z:4x31, B [ 25, T4k FECCD (13 [F]25 50
PeEEIE RS []. ot S5 404h,2009,39(3):300-303. LI J K,CHEN L Y. A slit photography system based on linear CCD[J]. Laser
& Infrared, 2009,39(3):300-303. [11] 3 FiFi. JFLPFECCDI 7] H bR AN 5 ARBEF[D]. Ma/RIE: WA RIE TR,
2009,41-50. Al L L. Study of the key technologies of the exterior attitude measurement for spatial object based on



linear CCD [D]. Harbin: Harbin Institute of Technology, 2009:41-50. (in Chinese) [12]ABDEL-AZIZ Y |, KARARA H M.
Direct linear transformation into object space coordinates in close-range photogrammetry [C]. Proc Symp Close-Range
Photogrammetry, 1971:1-18. [13]%%, 234, TR, LT BPZ M INLE A E RS BEHIFFEJ]. Y6 T « #06,2007,18
(7):832-834. Camera Calibration of Attitude measurement system based on BP neura network[J]. Journal of
optoelectronics laser, 2007,18(7):832-834.(in Chinese) [14]KOLMOGOROV A N. On the representation of continuous
functions of many variables by superposition of continuous functions of one variable and addition [J]. Dokl. Akad.
Nauk.,1957(114): 953-956. [15]RAMAKRISHNAN, PRABADARAN, EKAMB-ARAVANAN, et al.. Function approximation using
feedforward networks with sigmoidal signals [J]. Information Journal of Soft Computing, 2006,1(1):76-82. [16]ZHANG
W J. Function approximation and documentation of sampling data using artificial neural networks [J] Environmental
Moniroring and Assessment,2006(122): 185-201. [17]Z54, g, THRE. FTBPHA ML IIMNLEEN R RALECCDIRE]. 1X
iR, 2010, 31(5): 1138-1141. L1 J, YUAN F, DING ZH L. Linear CCD camera calibration of exterior attitude
measurement system based on BP neural network [J]. Chinese Journal of Scientific Instrument, 2010, 31(5):1138-
1141.(in Chinese) [18]1FiT4E, WiHL, TWIH. B&ZFMRodriguesSHINAR[I]. T2, 2004, 25(5):514-519. ZHOU J H,
MIAO Y H, WANG M H. Attitude representation using Rodrigues parameter [J]. Journal of Astronautics, 2004, 25(5):514-
519. (in Chinese) [19]SHUSTER M D. A survey of attitude representations [J]. Journal of the Astronautical Sciences,
1993,41(4):439-517. [20]1Z=, HiE, TIRE. ETRodriguesZ 3£ & CCDAMNERI B R A ML FMA[I]O6E ki TR, 2012,
20(4):858-863. LI J, YUAN F, DING ZH L. Attitude calculation of multi-linear CCD exterior attitude measurement system
based on Rodrigues parameter[J]. Opt. Precision Eng., 2012, 20(4): 858-863. (in Chinese)

AT A G SR ARL S

1. XURGE /N 2 sRHALI. ] i im B EE SO B B AR [I]. DK% LR, 2013,21(3): 608-615

2. BASEZRE, RER, UKW, MRS, FMR IS TR S pA B S LS I SRS B[], etk ®E TR, 2012,20(6): 1325-1333
3. A, WIE, THRR ST RodriguesZ it £ i CCDAMER NI R M LAMA[I]. Je K% TH%, 2012,20(4): 858-863
4. JUE, EENTE, HKTE, sk T B IE N EE R AL R A MR SMED]. JeR % TR, 2012,20(12): 2796-2803

5. XK, TP, XSS5, mEA, BT AR YRR RICCDAINL = (a5 B (1 574 [J]. 624 k5% T, 2012,20(10): 2260-2267

6. LWEHH, Rz, Rarde, TFEl H R e A AL RGN HAx =4S [0]. YLk T, 2011,19(8): 1779-1786
7. WtERE, R, W, SRR O EATI BRI & R i Chin-Shifrin S s SE[I]. ek TRE, 2011,19(2): 323-331

8. ZERE AR RS, R R AR R XK R O e 22 S TV (¥ A M [0 62 % 172, 2010,18(2): 0-

9. T3 K AT L LT PECCDI ARG RS BRI BT[], Je K% T/, 2009,17(8): 2011-2016

10. 2048, M R, W) R, A Wy AR A H bR I R rh (R [3]. D6 R A%, 2009,17(11): 2835-2841

11, B4, FEE. 2 M AR AHINOES: R A B [I]. YR % 172, 2009,17(11): 2692-2698

12. FREE, E85, 8 AK, FJREE H Tl it I CCDBEOBA B AR AR IWF ST [I]. D24k % TR, 2008,16(4): 611-618

13, SRZRMEIET DU CHOE AR B E SR LS MBI [I]. 62K % TR, 2008,16(10): 1963-1970

14. KL PR S R AMEISEILI]. Ja% K% T/, 2008,16(10): 1956-1962

15. CFHIFT, R0, TR BT MECCD I AT 7] H AR MRS RG], Sb4R% L/, 2008,16(1): 161-165

Copyright by S5 % T1%#



