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Calculation of image motion velocity for agile satellite dynamic imaging to changed continuously
attitude point

HUANG Qun-dong, YANG Fang, ZHAO Jiang
DFH Satellite Co., Ltd, Beijing 100094, China

Abstract: According to the principle of push-broom imaging of a linear array Time Delay Integration(TDI) CCD, the
image motion in dynamic imaging of a agile satellite is analyzed in three-axis attitude maneuvering. As the changed
continuously attitude points to the earth can change the spatial orientation and result in a changed image motion
velocity, the image quality and image resolution will be deteriorated. To decrease the influence of attitude change on
image quality, this article uses the coordinate transformation to acquire the mathematical expression of the image
motion velocity in dynamic imaging, and obtains the variety of the image motion velocity in simulation analysis to
quantify the magnitude of the integration time. Numerical simulation shows that the current level of space camera can
achieve the max angular velocity limit dynamic push-broom imaging of 0.5(° )/s on an orbit height of 700 km. When the
attitude maneuvering angular velocity is greater than 0.5(° )/s,it needs to design a high level camera because the
exposure time is shorter and shorter. Based on the above conclusion, it suggests that the magnitude of integration
time for TDI CCD TDI) should be quantified for dynamic imaging at different angle speeds, and only in this way can the
push-broom dynamic imaging be implemented in three-axis attitude maneuvering.

Keywords: agile imaging Time Delay Integration(TDI)-CCD camera image motion integration time image motion
velocity dynamic imaging
Wk F3Y 2012-08-27 &[0 [ 4] 2012-09-28 M 45 Wi A A H 3]

HEIH :

WURATT 4L DA R A R B RS B H (No.025YF-Z-01)

TBIRAE R SRR

e T 3BEAR (1986-), T3 AR HIA, BY L LT, 20084F T 5 52 WUR K243 25% 12 247, 20 L 245 F- v [ 2 [A) B AR 7 e SR A1 L 2%
A7, F LN FROR A SR vt DR SRS, E-mail:bingdong168@163.com.cn

£ # Email: bingdong168@163.com

2% 3k«

[1] HUANG Q L, LI X M. Application of TDICCD on real-time earth reconnaissance satellite //Proc. Of SPIE, Automated
Optical Inspection for Industry: Theory, Technology and Applications I/ (3558) Washington, 1998:93-104. [2] ¥4, #77,
B B PR SR IRE N P A T B S AME . 20 LR SEREMTR AR I AR R J 2 R 218, 3011,2011: 136-144. HUANG Q D, YANG F,
ZHAO J. Calculation and attitude compensation for the drift angle caused by the agile imaging and the velocity
mismatch. 2011, The Development Of Advanced Space Control Technologies Conference,Huangshan,2011:136-144.(in
Chinese) [3] EXUM, 11, BUEHH, 55, BRIG I8 B GRS K- EBUHBALI]. 624544k, 2004,24(12):1585-1589. WANG J Q,
YU P, YAN C X, et al.. Space optical remote sensor image motion velocity vector computational modeling[J]. Acta Optica
Sinica, 2004,24(12):1585-1589.(in Chinese) [4] HE M, TR, FUAHNEBAME T H R A bR AR H 7 19:[J]. D624 K% TR, 2006,14
(3):203-207. YAN C X, WANG J Q. Method of coordinate transformation for IM&IMC calculation in aerospace camera
system[J]. Opt. Precision Eng., 2006,14(3):203-207.(in Chinese) [5] Fig, HlE M. 2T 2 0VEM = MAMNUS R KR I]. Ot
RS TR, 2011,19(5):1054-1060. WANG Y, YAN C X. Computation of image motion velocity vector for space camera
based on difference method[J].Opt. Precision Eng., 2011,19(5):1054-1060.(in Chinese) [6] E#4s, fhil, 25, Wi
FEFNHTJGHE B A B ZE A BT [3]. DGR3 TR, 2009,17(9):2224-2229. YAN D J, HAN C S, LI W H. Optimization design of
scroll and pitch and their control errors on aerocraft [J]. Opt. Precision Eng., 2009,17(9):2224-2229.(in Chinese) [7] H3
A, BRATE, Hl. AT RE R MAIHUVE B AME R[], DGR % TR, 2008,16(11):2199-2203. YAND J, XU SY, HAN C S.
Effect of aerocraft attitude on image motion compensation of space camera [J]. Opt. Precision Eng., 2008,16(11):2199-



2203.(in Chinese) [8] JEAN J, ERIC J, G RARD L, et al.. Attitude guidance technics developed in CNES for earth

observation and scientific missions. The 28th Annual AAS Guidance and Control Conference, Breckenridge,2005:11-16. [9]
PERRET L, BOUSSARIE E, LACHIVER J M, et al.- The Pléiades system high resolution optical satellite and its

performances. The 53rd International Astronautical Congress The World Space Congress, Houston,2002. [10] x|—u{, #%.
T TR PO LA 7 I TE - A 8 = 2 ) S A2 B A AR AR A 25 R S0, T, 2008:1-6. LIU Y W, ZHANG J. Agile
satellite fast attitude maneuver control method research. The Thirteenth National Conference On Space And Motion
Control Technology Conference, Yichang, 2008:1-6.(in Chinese) [11] ##5, 4354, 54011 1 o) TDICCDARMLIK i 40 b7 [
I T 2%%4), 2007,28(7):817-821. FAN C, LI Y C, YI H W. Influence of Velocity-Height ratio of satellite on the TDICCD
cameral[J]. Acta Armamentarii, 2007,28(7):817-821.(in Chinese) [12] MILLER B M, RUBINOVICH E Y. Image motion
compensation at charge-coupled device photographing in delay Integration mode [J]. Automation and Remote Control,
2007, 68(3):564-571. [13] OLSON G. Image motion compensation with frame transfer CCD's [J]. spIE, 2002,4567:153-
160. [14] SMITH S L, TANTALO J M. Understanding image quality losses due to smear in high-resolution remote sensing
imaging system [J].Opt Eng,1999,38(5):821-826. [15] # ks, X8, 5% % & CHLLE M BIRHI S UG BT D] st
K@ T, 2006, 14(3):490-494. ZHAI L P, LIU M, XIU J H. Calculation of image motion velocity considering airplane
gesture angle in oblique aerial camera [J]. Opt. Precision Eng., 2006, 14(3):490-494.(in Chinese) [16] DAMILANO P.
Pleiades high resolution satellite: a solution for military and civilian needs in metric-class optical observation. The 15th
Annual/USU Conference on Small Satellites, 2001. [17] gk, RHe3E, ey [ 3 FMTR i i) @B R A5y CCD AR R 40 [R5 15 2 o0 M
[J1. MRk, 2006, 27(2):167-170. ZHANG L, WU X Q, TANG G M. Analysis of synchronization error for time delayed
integration (TDI) CCD imaging system based on MTF[J]. Journal of Applied Optics, 2006, 27(2):167-170.(in Chinese)

A T o i AR S T

1. 2l EEA, RITE WA -SRI R E D] Jba R T, 2012,20(5): 1126-1133

2. ZAegiE A, - R R R A R AT LG 1 (5 R M LARS B AT 0] Seks TR, 2012,20(11): 2439-2443

3. A KO ML IR R BR 535 72 43 M 0] Stk s TR, 2012,20(11): 2492-2499

4. pRELAL UG- B HbIRABR ) = LR BT A U 2 AL IR B 2 D). Sk 10, 2011,19(8): 1794-1800

5. Fig, PSRBT AR ARG G R O % D). Sk TR, 2011,19(5): 1054-1060

6. B, BOCH R B BTSSP R AME I P A P ID]. Jeekses TR, 2011,19(4): 812-819

7.3k, phaki, 46 A TDICCD s g At 0 L R Ze i1 L] Stk T2, 2011,19(3): 641-650

8. Ry YK & 4z kR TDICCOALIM TSR ] S 4% T, 2010,18(9): 2028-2035

9. EHAR AT BOIE AN SE X R U HIHLBAR B s 0] e 1R, 2009,17(9): 2224-2229

10, FLEAE-SE-FDSPRy s MU B T L] Sk % 1A%, 2009,17(8): 1935-1941

L1, G T8 s 25 R — A A LA A ) B s i i 07k L b3kt 1R, 2009,17(8): 1908-1914

12 R IE R W B W ML — R 45— B3 i 1) SR 42 e A A T BCRSENE 1 1 v D). Sl R T, 2009,17(5): 980-984
13, Ak A AL AR R R S S 5D SRy TR, 2009,17(4): 895-900

14, 2%k, EARE A RARNLR NI R - SRk ek TR, 2009,17(3): 615-620

15 [ g6 E o, SR IR B A AR DL A g 5 B VRN D] ekt TR, 2008,16(2): 190-196

Copyright by 2z gk T 7



