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Table 1 Parameters of target and Obs(Ops)

Length(m) Width(m) Height(m)
Target main body 2 2 2
Target solar arrays 0.03 8 0.6
Obs(Ops) 0.4 0.4 0.4
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Table 2 Initial attitude parameters “ :gg:ﬁ ::Zj:z:zg
— v ’ —opt e
Obs1 initial attitude angle() [10,10,10]" 10 % Torge
Obsl initial attitude angular velocity(rad/s) [1,1,1]" x 107 E o
Obs?2 initial attitude angle() [20,20,20 ] " 10
Obs2 initial attitude angular velocity(rad/s) [2.1.2]" x 107 20
Obs3 initial attitude angle() [30,30,30 | 30 4
Obs3 initial attitude angular velocity(rad/s) [3.1.3]"x 107 40 20 30
Ops!1 initial attitude angle() [30,4520]" 0 20 0 Sy 10 0 o 2
Opsl initial attitude angular velocity(rad/s) [ - L1]" x 107 yim x/m
Ops?2 initial attitude angle() [30,45,20]" ElS  L A i A SR T T
Ops2 initial attitude angular velocity(rad/s) [2,-12]"x 107 Fig.5 The overall trajectory of Obs and Ops
Target initial attitude angle() [30.45207"
Target initial attitude angular velocity(rad/s) ~ [2,— 221" x 107
— Opsl trajectory
20 —— Ops2 trajectory
#3 MBHESY i
Table 3 Initial orbit parameters 104
Parameter Value \E 0 &
Obs! initial position(m) [20.6, - 4.2,6.5]" 1o . \
Obs! initial velocity(m/s) [0,00]
Obs2 initial position(m) [11.6, - 2.4,18.5]" 220 A
Obs2 initial velocity(m/s) [0.00]" " 0 0 o 20
Obs3 initial position(m) [-14.33.5,164] d0 20 10
Obs3 initial velocity(m/s) [0,00]" yim X/m
Ops] initial position(m) [12,7, - 14 0 LB
Opsl initial velocity(m/s) [0,00]" Fig6 The trajectory of Ops
Ops2 initial position(m) [-12, - 7,14
Ops2 initial velocity(m/s) [0,00]"
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Fig.25 Acceleration variation curve of Ops1
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ATTITUDE-ORBIT COUPLING METHOD FOR MULTI-
SATELLITE COLLABORATIVE PROXIMITY CONTROL OF
ROTATING TARGET *

Xu Ying Zhang Jin'
(College of Aerospace Science and Engineering , National University of Defense Technology , Changsha 410073, China )

Abstract The proximity operation mission of multi-satellite flying around and approaching to adsorb a rotating target is
established. Considering the sizes and shapes of the rotating target, the flying-around observation, and approaching sat-
ellites, also based on the relative orbit and relative attitude dynamics model of satellites, the expected trajectories and
attitudes of each observation satellite and approaching satellite are analyzed and designed , which are suitable for fast fly-
ing-around and approaching adsorption in any direction of space. The expected attitude of an obseravtion satellite is de-
signed so that its observation device always points to the target, and the expected attitude of the approaching satellite is
designed to be the same with the state of the absorbing point. Considering collision avoidance, a proportional-differential
control law is proposed based on error quaternion and error angular velocity feedback, and a proximity safety guidance
control method based on artificial potential field method is also derived. The relative attitude and relative orbit are con-
trolled by combination of the above two control methods. The proposed method is tested by the proximity operation problem
of 3-satellite observation and 2-satellite approaching. The simulation results show that all the three observation satellites
can successfully avoid the collision with other satellites and operate along the desired orbit, and the two approaching satel-
lites can safely approach and adsorb to the pre-set position of the target surface at the same time. The actual attitude of ob-
servation satellite and approaching satellite can converge quickly to the expected value and keep the observation equipment

pointing to the rotating target all the time, which confirms the effectiveness of the proposed control method.

Key words multi-satellite collaboration,  proximity operation, quickly fly around, approaching, collision avoid-

ance, attitude-orbit coupling control
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