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Orbit Determination of High-Orbit Space Targets Based on
Space-Based Optical Angle Measurement

Liu Lei", Cao Jianfeng
Science and Technology on Aerospace Flight Dynamics Laboratory, Beijing Aerospace Control Center,

Beijing 100094, China

Abstract Affected by factors such as distance and observation conditions, ground-based facilities have limited
ability to observe high-orbit space targets, but space-based observation facilities can effectively break through the
observation limitations of ground-based facilities, thereby improving the efficiency and accuracy of observation of
high-orbit space targets. Based on this, combined with the current status of space-based measurement technology,
the method for determining the orbit of high-orbit space targets based on space-based optical angle measurement,
including the initial orbit determination method and the orbit improvement method, is studied. In view of the
influence of the observation type on the orbit determination result, the orbit improvement method that directly uses
the space-based observation angle and the orbit improvement method based on the space-based observation direction
vector are deduced. The two improved methods are compared with simulated data and measured data. The research
results show that the orbit accuracy obtained from the space-based observation direction vector calculation is
relatively high, which can provide a useful reference for the construction of space situation awareness system.

Key words measurement; space target; orbit determination; space-based optics; space surveillance; space situation
awareness
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A= SO0 S 1), SR FH R 3 3 o 6 AR AR A Ok
RIS 0, (i =1.2,3) .20 51K
[p,.:—cq,,.i CL—(RI—rD, (i=1.2)

3 R, « (r; Xry) » (3
{‘03 :7L3 e (r; Xry)
AXH.C, =L, *R,.

Hi r, B B M Z 22 [0 B S R 30T
M= MER, R [ fo MR, BEEERE p .
T p Alr, DU f W R 4R 7 B O % e
HEMAF R o . P S RA R E S A
25 My, FI M, WA 22 ¢, e, BB IE o,
T o, M 3% 5 LI s 221 9 155 0 — 350, 0 T At 45 2]
H AR 9] 4R %U3E

3 BuEYHE

e OB UL I R4 ok 188 TE 00 46 BiaE L T LA B
23 (8] F AR B 038 A o e R S i ekt R T R
N0 e 0 Al ) LT S 7 1 M R AR BT R A TR . A
T B A A5 it A J A0 B AL B, R R AR
[l AR SCR TR S

Bezs i) HAR RS & X & 08 r M r,

B
X=[r r]l". €©5)

1912002-2



£ 41 % £ 19 #1/2021 £ 10 B/eFE4R

¥ X LT EM It e, WA RE X, JRIF, A
A5 2 AR T R 1
x=D(,t,)x,, (5
Hex o, 7305000 X X, B —Brig s @ (c.e)h
M2 c, 28 0 BRI B AE I, 0k 2
. 7). ¢
J@(t,to) :ﬁ@(t,to)’ 6)
[@(to,z‘o) =1
AT AR, B R AL RS 8 Dt
85 A RSB X P8 i 2 BOT VR A e 55
",
AR SCHE fAE S8 AN [ 08 UL B X B A Y 5
M) BV SR ORI A 5 RSO 3000 7 o Ok A SRy SO0
i, ] LUK i AN R 2009 I i 5 FE A O R R AT L
T CHE TR
3.1 HMNAENBE
B ORI FA B o A0S AE N LI & Y, i
(2) XA 1%

T

. L, '
Y =[a 5]1—]:arctan<L“> arcsinL:} , ()

XL, L, RL. S5 B R o L) =S J ik
g4 (D5 (DA UL 4 v 05 A2, B
y=AY=H Xx+V, (8
K. AY W& Y B IR 25 09— B 6 IRAS i
x IR 25 B — B &V oI & Y B9 0Ll R 2, i
HEBEAM S, A E[VOVI () ]1=Q(1)d(t —
o) o WL BF ], E C o ) B R, Q iy Wi %
2T 2 H UL Y PR S8 X e S5 50

1
1 01><3
H = s (€D)]
HZ 01><3
—d,
da 1
e A (10)
0
—d.d.
J
=0 L a4 |Lap
ar dzm dZ +d2
d=r—R, (12)

A (5) AN (8) AT DL A 45 2 A7 e 105 B
1 x, S/ 224k AE , B
x,=H'Q'H+P,) " (H'Q'y+P,'x,),
(13)
K H N H IR P, hy x, E T 25,

H P, 5l Emh

P() :(H’[‘Qle _'_P;l ) —1
~ (14)
H =H X ®(¢,t,)

T eSS =, B 3 X4
BIeT A5 2 E o0 ¢, ADRE R X, B2 x, KH
P 256 1 P, DTS2 B8 B0 etk
3.2 FRAXENERE

TR 5 00 0 £ ) O & L AR SR WL Y, R

Y =L =[cos acos & sinacosd sind] ",
(15)
455 (DO A5) A4 2 v &7 72, /I
y =AY =Gx +W, (16)

AW LI YRR 225 G S LI &YX
REE X 89w 5 8 H)

1 -
G=—U,—LXL"), a7n
14

I, A= o s BE . FHEE RN, BT W
W L 2T o F 6 MR TR « F16 1iRE
REYIE AR ST W ORI M gy
PE S BT LA B AN R A LA S 005 B Y x, B E/N T
ZEAb(H .
A (5) 2R (16) AOR ff A5 2 x, 1 IR/ — T Al
{E, AP
x,=(G G) Gy ’ 18)

G =GP (t,t,)

A G N G WA . R AOR M (18) AT LIS
FIEPIIIC ¢, AARTSEE X, IR 2E X, .

T 0 A5 B 000 5 LA 5 25 45 1k L DL AT L
FIH « 1o MR 2ZHRIE, SE 8 Q ' AE W BUERE, 5K
W x o B IA SR /N e Al i B 7 224605 P 1D

P,=(G"Q'G)", am

25 v LI O A R UL A B AR R T
JEL T 1 5 ik AT DURR g — b Ol S 4, 5 B
TR W% Gk AT DUAE — € 5 b o3 i it i)
PERE AR B 1 BIUIE B E 45

it 2 U T A 2 s BRACI 3 B AR A T DA B
F14 B T PAY 0 HB 22 A B 2 ) SO 300 50 9 DRD Bk 0] Ll
T LA PR A = A L0 s 22 f) R O e B
5 B ek A SRR AN RS R A BRI
FO AT Bl T IR 5 BAL SR BR E J5 1k
KB A R J 9 E o 2 R — M7 7 AR B 0L O AR
BUTE B DL AR BORS B

1912002-3



£ 41 % £ 19 #1/2021 £ 10 B/eFE4R

4 BUa D H

FIRAREL R B 6 X5 GEO H b i K 50 M i
FE I F & AR IR BUE R S8k 1 R 1
QAT IR 0 IR A
#1 CFAMBERPGPER S

Initial trajectory parameters of platform and target

Table 1

a /km e i /OOQ/)w/OIM/C)

Orbit element

Platform  7978.137 0 55.000 O 0 0

Target  42246.894 0.0007 0.933 86.2 68.5 205.5
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Fig. 2 Position deviation corresponding to GEO orbital

force model and its local magnification
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Table 2 Calculation results of initial orbit of GEO target

Parameter x /km y /km z /km v, /(me*s ) v,/(m=s ) v./(mes )
10D 41707. 6 3891.9 —620.5 —624.3 3033.2 62.7
Error —379.5 —2.7 58.8 —340.5 —23.5 54,8
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Fig. 4 Observation residuals of GEO target orbit determination simulation. (a) Residual of right ascension;

(b) residual of declination

# 3 GEO H brBUIE 8 & (5 E i WL 4 5% 22 5t 1
Table 3 Residual statistics of GEO target orbit

determination simulation

Parameter Aa, Aa, AVCH AB,
Mean /(") 0.940 —0.353 —1.058 —10. 845
Standard

102.808 102.353 88.238 91.220
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Fig. 5 Result deviation of GEO target orbit determination

simulation
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Table 4 Calculation results of high orbit target orbit

Parameter x /km y /km z /km v,/(mes ") v, /(mes ') v./(mes )
oo — 1834 21483 15983 —2513 —1927 2186
€, 17 141 57 40 105 37
0, — 1849 21505 15994 — 2505 —1960 2161
€ 15. 164 114.974 45. 975 30. 252 80. 337 28.020
o, — 1843 21485 15993 — 2509 —1944 2179
€, 0.214 1.771 0.717 0.476 1. 264 0.441
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Fig. 7 Observational residuals of high-altitude target orbit determination. (a) Residual of right ascension;

(b) residual of declination
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