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Motion analysis of precession space target based on optical

Cross section
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Abstract: In order to solve the problem of low accuracy in the calculation of space objective optical
cross section (OCS), the improved Phong model based on the BRDF data of the space object was used,
and the surface of the satellite model was folded. In the STK, the motion scene of the satellites in
different precession states was designed. The OCS timing data of these satellites were calculated
respectively. The influence of the precession angle on the optical scattering characteristics of the satellite
was found by comparing the data periodically. Further research shows that when the precession angle of
the satellite is small, the rotation speed of the satellite can be retrieved from the optical scattering
characteristic data of the satellite. When the precession angle of the satellite is larger than the critical
value (for the scenario designed in this paper, the value is 30°), it becomes impossible to invert the
periodicity of the satellite from the optical scattering characteristic data of the satellite.
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Tab.1 Partial measured materials improved Phong

model parameter fitting results and errors

Material

name Pu Dy a a b Error
Silver
film 0.2873 291.8351 4053.5 1.3118 0.7435 0.024 2
LP6

white  0.2512 2.8358 897.9647 2.7264 2.4693 0.0314
paint
Gold

film 0.3717 283.882 3865.7 0.9665 1.3965 0.0572

GaAs 0.0428 23.0067 2122.5 2.1124 4.8569 0.0713
TPT  0.0491 27.5907 2980.6 2.2743 7.0535 0.0843
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Fig.1 Satellite model diagram

25 R TR 4 3 R AL PSR IR %
W8 22 OR8] A A i i, B n] X4z sh 25 8] H bp
A E OCS Bl AT

2 #EEh=E BiREEh o

2.1 #HF=E BIREHRES T

TR A A — A AR i —  7E STK %
B B T TR AR AR R | i S T
AR RO IS AR &R H (0 12000 AR R AE)

& 2 L J2000 A AR Z 8, %t sh TR iz )
REHAT 0T FEX BTN , TR SEHAK AL bR
F(o—xy2) T y WA EE o, A BE; RN,y fliZE [ %
16 TR HLO By B A bR 2N 095 X DLE o, iéh
(Frh y h%s X Jhik s, X Feom e sy, 4 X Sy
Z B Je f R R i3kl f y (Precession Angle, 0°<y<
90°), KPFHIEAS 7 1 (El 2 H#E4k) 5 3k sh il i) e £
Jor, KRGS J7 a5 TR e 6 v I fa ok g1,
SE S BREESSA

I 2 8 A

Fig.2 Schematic of precession
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Fig.3 Model of precession satellite angle
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Tab.2 Parameter setting of the precession satellite

a B Y/(°) w/(°)sT @l(°)-s!
y Y 5 0 3
y Y 15 0 3
y Y 30 0 3
y Y 40 0 3
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Fig.4 OCS sequence of precession satellite under different

precession angles
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Tab.3 Parameter setting of the precession-and-

rotation satellite

a B V) wl®)sT wl)sT
y Y 5 6 3

y Y 15 6 3

y Y 30 6 3

y Y 40 6 3
SRR LR A E SRS T, D AR OCS B
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