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Fig.2 Loading platform and tracker
Fig.1 Schematic diagram of the double satellite

positioning
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Fig.4 Target positioning
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Table 1 Distribution rules and charactoristics of 16 error sources

Number Error source Distribution rule Distribution
characteristic

1 Satellite position error (x axis) Normal 0(Arsiz) = 100 m
2 Satellite position error (y axis) Normal o(Argiy) =100 m
3 Satellite position error (z axis) Normal o(Argz) =100 m
4 Orbit inclination error Normal o(Ai;) = 20 prad
5 RAAN’s error Normal U(AQZ') = 20 prad
6 Argument of latitude error Normal o(Au;) = 20 prad
7 Roll angular error Normal o(Ap;) = 25 prad
8 Pitch angular error Normal o(A6;) = 25 prad
9 Yaw angular error Normal o(Av;) = 25 prad
10 Loading platform vibration error Uniform o (A max) = 30 prad

(rolling direction)
11 Loading platform vibration error (pitch)  Uniform 0(ALB;max) = 30 prad
12 Loading platform vibration error Uniform 0(A%imax) = 30 prad

(vaw direction)

13 Outer frame rotation error Normal o(A)Xg;) = 10 prad

14 Internal frame rotation error Normal o(AXe;) = 10 prad

15 Image point extraction quantization error Uniform 0(Ax; max) = 0.5 pixel
(z axis)

16 Image point extraction quantization error Uniform 0 (AyYimax) = 0.5 pixel
(y axis)
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Table 2 Initial observation parameters

Orbit parameter (i;, Qs,n;, €;, w;, M;)

i1/° Q1/° n1/(circle - d1) e1 wi/° M, /°
98.2232 181.0062 14.62946270 0.0020721 165.8672 196.3278
i2/° Qa/° no/(circle - d 1) e2 wa/° My /°
98.7490 199.8624 14.26108006 0.0001420 131.8604 228.2697
Attitude parameter Inner and outer frame angle Target motion parameter
(¢4, 0:,15) (Neiy Aai) (ais Wyis kaiy kyi)
¢1/° 0./° P1/° Ae1/° Xa1/° el Wyl kz1 ky1
0.58 0.63 0.52 138.52 106.67 0.6 0.6 —0.8 —1.2
¢p2/° 02/° P2/ Ae2/® Aa2/° W2 Wy2 kzo kyo
0.67 78.53 0.82 65.37 132.58 0.6 0.6 1.3 1.6

Photoelectric platform parameter (k;, mi, n;, i, Bi,v:) and camera installation distance (s;)

k;/m m;/m n;/m a;/° Bi/° vi/° $i/m
1 1 1 20 20 20 1
Initial image point position (Zmoi, Ymos) Sensor parameter (dg:, dyi, Fi, fei)
Tmoi Ymoi dei/pm dyi /pm F; fei/m
532 532 7.4 7.4 10 1
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Fig.5 Binary star and target trajectory
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Table 3 Means of the error sensitivities

Mean error sensitivity

Error source Symbol - - -
xr axis yaxis z axis
Satellite position error (z axis) Arse 0.8795 0.0274 0.2890
Satellite position error (y axis) Argy 0.0720  0.9900 0.2080
Satellite position error (z axis) Arg, 0.2892 0.1451 0.9273
Mean error sensitivity
J(m - prad )
r axis gy axis  z axis
Orbit inclination error Aj 0.4610 0.6411 1.9432
RAAN’s error AQ 0.5917 0.2230 0.5321
Argument of latitude error Au 0.5378 0.1224  0.4992
Roll angular error A¢ 0.4231 0.3726 1.7912
Pitch angular error A6 0.5335 0.1191 0.4896
Yaw angular error A 0.4509 0.5914 1.8756
Loading platform vibration error (rolling direction) Aa« 0.3984 0.3054 1.6591
Loading platform vibration error (pitch) AB 0.6384 0.2223 1.1026
Loading platform vibration error (yaw direction) Axy 0.5797 0.5516  0.6465
Outer frame rotation error Ay 0.3990 0.3064 1.6603
Internal frame rotation error Ale 0.7342 0.3229 0.6680
Mean error sensitivity
/(m - pixel ™)
T axis gy axis  z axis
Image point extraction quantization error (z axis) Az, 7.7507 3.3896 7.1388
Image point extraction quantization error (y axis) Aym 6.2982 6.3358 14.3221

X & 3 B AR 55 14000 ¢ 2 Y B 5 | RS AL 2R 98 1) 5 67 K BE s e JEAT 0 A el T )
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E0.119120.641 12 1], Horbrdge RO BB U R 22, S N AR A 158 2 fE28l 07 1) |,
IX IR ZE 5 H 380 R B R BAE0.4896 311.9432. (8], FLrfdge A N PUIE M iR 22, B/
FAEAD AR 22, v LAE AR O IAT 45 Hh, IR LI R 22 Y5 0T H AR 250 77 1 18 5 467 5% 1)
BR T ol Ry .
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Fig.6 Curves of the theoretical positioning error with time in three axes
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Analysis of Target Positioning Accuracy Based on
Method of Double Satellite Optical Tracking

DING Wen-zhe! =~ ZHANG Zhan-yue?  YANG Hong!

(1 Department of Graduate Management, Equipment Academy, Beijing 101416)
(2 Department of Space Command, Equipment Academy, Beijing 101416)

AsstracT Aiming at the feasibility analysis of the target positioning of the double
satellite optical tracking system, the influence of various errors on the final positioning
accuracies of the space target is researched by the method of multi-parameter analysis.
Based on the single satellite imaging process, the observation vector model of the satel-
lite platform is established, and the target positioning model is constructed on account
of the double satellite space position. Set the observation vector of the satellite platform
as an intermediate variable, the relation between the error sources and the positioning
error is derived, and the positioning accuracy model is established by the least square
method. According to the observation mission, the average error sensitivities of 16 error
sources in the three axes are obtained. It provides a reference for error distribution of
the double satellite optical observation system.

Key words space vehicles, celestial mechanics: orbital determination and calculation
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