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A Non-cooperative Space Target Tracking Method Based on
Relative Distance Estimation

JIA Senhao, QU Weizhi, LI Libin, FANG Hui, MAO Xiaonan, SUN Shaoyong
(Shanghai Institute of Spaceflight Control Technology, Shanghai 201109, China)

Abstract: In order to solve the problem that the tracking accuracy is reduced or even the target is lost due to
the deviation of angles-only measurement information during the tracking process, a method is proposed for
space non-cooperative target tracking based on relative distance estimation in geostationary orbit. First, the
main spacecraft coordinate system is taken as a reference, and the relative motion model of space non-
cooperative target is established. Second, the tracking equation is established based on Clohessy-Wiltshire (C-
W) equation. Third, the relative distance is normalized as the unit quantity, and the difficult-to-observe
relative distance 1s converted into the ratio of speed to distance. And the coordinates of the space target are
used to estimate the radial component. Thereby, the relative motion trajectory of the space non-cooperative
target can be obtained. Finally, the algorithm is simulated and verified, and the deviation angle between the
actual motion trajectory and the predicted motion trajectory of the space target is used as the result. The
simulation results show that, compared with the traditional algorithm, the tracking algorithm can obtain a
higher-precision motion trajectory and has better robustness. The algorithm can be easily implemented in
engineering.
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Hi Bk B 1k L 3 (Geostationary earth orbit, b A DX AT I PR, bR R IR e R S
GEO) A AR e Hiu 3R 7] 25 ) 5 450, AR 00 1l sk AR R N O R S I d o P = B B 11 F=IN oF /1

EEWE : HEARR¥H4(62305206) 5 1T 2022 4F B “Bl#i A7 sh %178 B R T H 3% & (22YF1417000) .

s HH1:2022-06-29;1&1T H #5: 2023-02-19

BISEE AV F B WUF% i, E-mail : sunshaoyong@aliyun.com

Sl AR VIR, iR, =k, & T EEE AT A RS B ARIREE k[T M A A L R R2F% W,
2023,55(6) :997-1003. JIA Senhao, QU Weizhi, LI Libin, et al. A non-cooperative space target tracking method based on
relative distance estimation[ J]. Journal of Nanjing University of Aeronautics & Astronautics, 2023, 55(6):997-1003.



998 [ =S S NI S 55 55 &

s AL EDEREZEZENREE™ ., HIF
B Bl 25 AN SR 2h B A 2, GEO #Li b K i
W Rk TR RS 7 A m i R AR s A 1
H b5 20 LSS B <, ™ 5 gl & IRAZ i T
4 421

XL 2SR G B AR 09 1 & 35 IR ER , O X I
25 () B0 HE AT TN, AT X6 P T 0% Rl AR XU A AT
N TR R SR A A RO B B . (A H T A
A E BT B A TOAR R R LA RRAE
VAR T AR R R A A B . PR, X s
(B A A H bR S8 B e 1 H AR BRI, 2 S 4
R S N S - g T NS R 32 R
i BRI 2R 5 R R R R R W R 4, Hovp R
PR W 3R AN 37 M AT B AR A BRI, TT
LS4 R Akt 25 ) B A 0 W0 R BR B, 7E 25 6] B
i P R M PR I O A T T AT AR B e . &S ]
B A B bR AT SR A B R A 2 A AR RO
Tk JEEE AL HOR B IR SN X S A5 1T AR
1) 5041 2 A0 455 AR X R B A L 7 o A AR R LU
T EAE S AR R LI AE L % AR 2K AT R ) R
4y A IR ORI IR Iy s A o A Ry 5C
AT LLARAS AR 00 5 8 A R S B (EER B 2 A2
Ty FE AR A PR A 5 K, T vk 52 93 R B R it T
U577 ) 32 FEHEE 25 (8] H AR B B 09 88 R v (BOR
BH B2 PR ) 523, GO0 5002 A R 25 D 46
1%, T RLRAS H A5 59 05 07 F FUREAD A 2545 B & i
BN R B E RIS . R, AR S ROR AT
PR A A5 149 7 X% 4 8] H AR AT R

— P AE A I A SR R R AR L &R SR 34 A T 0
A (RS X A TE T TC VR BRI R KA 5
6] B B AR R B B R X ) A R AR g
HR — OB 0 5t 7 3 B A R A B R
#851 A s Legrand %5 LAt Ry 3 Ak, 78— Clohessy-
Wiltshire (C-W) J5 #2955 & 45 i 1 18 [w] AH X} 3z 3
Bl 35 7 BERY AR 0T 58 B 02 %7 ki (R
IS0 K 2 %8 B AR SE 4700 AR G T RS A
Ji ;s Wolfinden %5 ) F %0 38 ML 8 15 Bk X B
BT T 3 IR FE SE PR TR R R AT TR AT H R
Fo 43 R A A7 AR 5 055 BT B RE A R, AT
T E AR TR T 3043 R AT A bR A5 B0 1) 5 2%
JUNTTE Bl 1, 51 A AT L B ) M A, X B iE
HLBN 3R g AT 79T (H R ok T JC ik SE B IR
e R B B XU 5 Geller 25194 17 3 F AH AL Ji
B EE B AT O i O vk R ALY D A e
EPSNAIEIN Ay PO = R I (R RS S
IS B E o B H ET A Ak 7R A A R R L AR
Xof FE X BE B HE AT AR T LS B AR e R AT AR R — A

IR

AR SCRERIALR i BB AR A A H AR AT 55 o AR X
PR AG TR A R RE ¥ SE 2k TR &8 62 T GEO BLiE
IBATHR R BN ALK AR AR AT BRER H AR 932 3
D5 R, LA R B A Sy B 7 5 R AT U9 — AR AR B R
R LU0 F AR S B P A S R S B R 2 L, R
23 (8] [ A 5 32 AU K A 0] A0 R X 3 15 0 gk O A2 1) 5
JRERNDT) 1) o R, 1) i) JRE ek S AR G B R 2 LT A
AU F 25 1F T A5 20, F R B0E 2 800 A 1) o3 B AT
flit, A SRR IR R . b AR SCRT 4R T 1k Bk
AN AN K B0 AR g ORI R SR IR
[vi) IR s 78 73 7% B I o AL s 5 JEL B0 0 P A IR 75 A
SR o e, LS TE] H AR A SE BRIz Sl 3 R
B ) i 22 £ B R PERE AR b, 6 T LA R E T %
FI b R R T 9 B S8 A R P 9 ]

1 HEXEzhER

W 1R s I BN GEO #U1E B br iR R
R G ALEE E LKA O Fas 8] H AR T, W5 & B 0
AR 07, BV AL 1T, 25 (6] H A ] 58 1 2K A8 5]
Bl iz 3, 423 18] bR BUFE AR 2 5 033 1
PR R 38 2 = T K A R A% AR e ) e R B X 45 ]
H bR 2E 500 5, DA o R A7 R

P13 e UTE bR R R B
Fig.1 Photo of near-circle high orbit target tracking
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Fig.3 Flow chart of radial component estimation
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