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Abstract; In order to improve the positioning accuracy of double satellites optical observation system, a new
type of optical positioning system is constructed. Based on the modeling of the satellite and the optical observa-
tion platform, the observation vector model between the platform and the target is constructed. According to
the geometric location algorithm, the target location model and the location error model are derived, and the
location error distribution is obtained by the Monte Carlo method. On this basis, wavelet theory is brought to
optimize and reconstruct error for improving the positioning accuracy of double satellites optical observation
system. Using the measured data for simulation, the results show that the wavelet theory introduced to recon-
struct the position error can make the positioning accuracy increase by 30% . It provides a new way to reduce
the location error in engineering.
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Fig. 1 Schematic of double satellites positioning
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Fig.2 Schematic of single satellite observation

K3 REOLH54H

Fig.3  Schematic of space borne optical platform
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Fig.5 Imaging process of single satellite observation
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Fig. 6 Schematic of target location
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Tab.2 Optical observation system parameters of double satellites
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Fig. 10 Noise reduction and reconstruction of the error signal
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Tab.5 Reconstruction signal statistics

S Y u/km )5 % 8/km

d, 1.619 x107° 0.192

d, -5.085x107° 0.196 2

d, 1.637 x107° 0.140 9

d; 3.575%x10°° 0.095 43

HR5 54 FATX I, W LUE R bR R 22
E 2P 1,016 x 1077 km, ¥ )7 2%
0.279 5 km, T3 Ad /)N 43 B Wi W 44 22 Ji5 7+ 3]

MRTRZE (G S E A 1. 619 x 107 km, ¥7J5 22 K
0. 192 km,x i J5 0] (2 (712 2% Ax AL 0.279 5 km
PR F) 7 0. 192 km @ ARG EEER T T 31.3%
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Tab.6 Comparison of the original error and

the reconstruction error

ZFR Bl wknm  ¥772% 8/km
y MRS ENIRZE Ay, 3.276 x10 7 0.208
y MR E AR 2E Ayd, -1.192 x107° 0.145
y AR fb 3.395x107* 0.063
2 HRIRE IR 2 Az, —-3.615x107* 0.595
DT ERIRE Aed,  5.491 x 107 0.410 1
2 fil AR fb -4.164 x10 0.184 9
5 % i

(1) A SCLAS oy R TG IR E RS o 5t
B3k

Pyt T —Flopr B SUR DA AR R . B G R
P B R AR S ey TR T LR DR B
F14 B S R AR, ) LA o7 B L, 4 1
TRURIEAIIARZR B AR AT, AR 38 I 1 4K
P, R T BAREMITAR T AR

(2) T ENER P I a1 B bsE (iR 22
B, T 7 E B e BT B XU D WL A 3
(1 F R E DS BEFE 11K 2, Ik 1T AU B
PEEA — WA ATV [T 0 TR AL R
78 BUBRZE ESIRZE DL S IRERZE NSk
HEZREL FiR 25 | i B 8 1R 22 2 32 TR U2 D't~ WL
RZ HAREALR EE PR, 8T — 2R
MR R AR 2200 B BESE T KA

(3)FIA T/NEHIE RS HARE (R 22 AT T
WM AL, (1 FL T R A AT /N oA, T LA
T FARA E LA B 42 5 30% LA Eo %5k T
P BT A sl H AR 7 1% 22 BRI T A A8
.38

(1] A, RoL, B &7, 3. KA AR S T AR G ui - 59 BL T ] Mok 5 b & 5 5 8t J& 2015, 11:115-123.
YANG Q,SONG R,MA Y X, et al.. Design and implement of space-based target imaging simulation system[J]. Laser &

Optoelectronics Progress,2015,11:115-123. (in Chinese)

[2] BLACKMAN S,POPOLI R. Design and Analysis of Modern Tracking Systems[ M]. Norwood,M A :Artech House, 1999 .

700-735.

[3] Space Based Space Surveillance (SBSS) [ EB/OL]. [2010-09-26 ]. http://www. globalsecurity. org/space/systems/shss.

htm.

[4] TANG Y,ZHONG W N,LI SH. An improved double r-iteration IOD method for GEO UCTs based on SBSS system|[ ] ].

Chinese J. Space Science,2014,34(6) .867-871.

[5] STAIR A T,MILL J D. The Midcourse Space Experiment( MSX) [ C]. Proceedings of the 1997 IEEE Aerospace Confer-

ence, Snowmass , CO ; IEEE,1997 ,233-245.

[6] VANDENBERG AFB C. STSS Demo Satellites Track Two-Stage Interceptor in Missile Defense Test[ EB/OL]. [ 2010-07-

08 ]. http ://www. asdnews. com/news.

(7] &K¥, B A=, X0, F. SR BERGRRNLM R RZEFEITFELT ]+ B 2 A 53K ,2004,6:51-56.
ZHANG P,YI D Y,WU Y et al.. The LOS measurement error modeling of space early warning system[ J ]. Chinese Space

Science and Technology 2004 ,6:51-56. (in Chinese)

[8] i, s &, BEALR, & VBTN IR B IR O VR A8 KRG FE A AT [ ] 45 5 40 22,2008 ,3 :343-348.
XIE K,HAN Y SH,XUE M G,et al.. Analysis of passive location accuracy in LEO infrared early warning constellation

[J]. Signal Processing ,2008,3:343-348. (in Chinese)

(9] BBA %, A—F % KINERERAN EHR 2 5H7 ()], 4 24,2011, 1,129-135.
SHENG W D,XU Y,ZHOU Y Y ,et al.. Analysis of LOS measurement error for space-based optical sensor[ J]. J. Astro-

nautics ,2011,1:129-135. (in Chinese)

[10] ATAR, A=A, BA—F. RIECAELIEARRL BRE CAFRE T [T]. b5 584k ,2011,31(2) :0228001.



i b o
SHENG W D,LONG Y L.,ZHOU Y Y. Analysis of target location accuracy in space-based optical-sensor network[ J].
Acta Optica Sinica,2011,31(2) :0228001. (in Chinese)

(1] E A2, 0%, 25 R KON NI 25 8] B AR € B0 i RO BEZr i (D] o5 4525 £42,2013,21(6) :1394-
1403.

WANG X H,LI ] F,WANG Y R. Orbit determination and precision analysis of space object with space-based camera
[J]. Opt. Precision Eng. 2013,21(6) :1394-1403. (in Chinese)

[12]  ZZ&, I8, RS, F RERTROBURNIXHE SIS ] 209h 5 #0k 142 ,2015,44(12) :3782-3787.
WANG W B,WANG R,JIANG 7ZH H et al.. Research on relative movement model of two satellites in space-based sur-
veillance[ J]. Infrared and Laser Engineering ,2015,44(12) :3782-3787. (in Chinese)

[13] ESA Engineering Standardization Board. Pointing Error Engineering Handbook ESSB-HB-E-003[S]. ESA-ESTEC Re-
quirements & Standards Division,2011.

[14] OTT T,BENOIT A,VAN DEN BRAEMBUSSCHE P,et al.. ESA pointing error engineering handbook[ C]. 8th Interna-
tional ESA Conference on Guidance,Navigation and Control Systems, Karlovy Vary,Czech,2011.

[15] EISENBIES S K,HOCKEN R J. Error budget by constraints[ D]. Charlotte; University of North Carolina at Charlotte,
2001.

[16]  FF4W. IGIT %S 8] QAT & (B M2 A S AT T [ D] WA R : MR /R Tl R 2%, 2013.

LI L. G. Research on the location and of near space aircraft and the guidance of intercepter D]. Harbin;Harbin Institute
of Technology,2013. (in Chinese)

[17] Awes, T xm, k4 K. THEASCHRNE G € ML 5 R 2200 [T ]. FALFE R ,2011,32(6) :1416-1422.

ZHOU X Y,FAN D P,ZHANG ZH Y. Positioning principle and error analysis for lift electro optical detection platform
[J]. J. Astronautics,2011,32(6) :1416-1422. (in Chinese)

(18] ETRxk, 2308, 3020 ST RURRUH BRER J7 :0p0 25 18] H AR EFLEORBESEL T ]. 65 54k ,2015,35(1) :0112006.
WANG W B,WANG T F,GUO J. Research on orbit determination technology for space target based on method of track-
ing with double satellites and double cameras[ J]. Acta Optica Sinica,2015,35(1) :0112006.

[19] 2,282, 3wk, 5 TR BRI RG] FAFEHR,2015,36(2) :142-150.

LIU W,WANG R L,LIU S Q,et al.. Analysis of satellite drag coefficient based on wavelet transformation[ J]. J. Astro-
nautics ,2015,36(2) :142-150. (in Chinese)

EEE N

B AL(1991—) 2, PR AT A1
WHFRAE , EBEMNFMRAT 55 40 07 5 i
FH 5T . E-mail: 1558513572@ qq.

com

skl A (1973—), 5, Wb = AF A 18
o, AR A I, EEFHR R
Gilh H 7 T F 5 . E-mail ; zhangzhan-
yue@ 163. com






