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Time efficient attitude maneuver path planning and time scaling
method under complex constraints

YUE Chengfei'* , LU Ming' , WU Fan', HUO Tao', CHEN Xuegin'*
(1. Research Center of Satellite Technology, Harbin Institute of Technology, Harbin 150001, China;
2. Institute of Space Science and Applied Technology, Harbin Institute of Technology Shenzhen, Shenzhen 518000, China)

Abstract; For the large-angle attitude maneuver of spacecraft under complex constraints, a efficient maneuver path planning for attitude and
time scaling method on 3-dimensional special orthogonal group was proposed. Aiming at handling the attitude constraints during maneuvering, a
gradient-based obstacle avoidance methodology was designed and the attitude routes and desired angular velocity trajectory was obtained on the
virtual time domain. Considering the maximum output torque of the actuator, an iterative nonlinear time scaling method was proposed to adjust the
angular velocity/ control torque. Simulation results show that the proposed method not only satisfies the attitude constraints and the control torque
constraints during the spacecraft maneuver process, but also significantly shortens the maneuver time comparing with existing methods. Novel results
provide a new insight for efficient constrained attitude planning and controller design.
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Alg.1 Motion planning algorithm

BN BN AR T :w(7) ,7e[0,1]
HEAUB SN P 4 T (1) ;7 e [0,1]

B PR A (1) st e [0,2,]
BRI N FE R AT (1) ;7 e [0,8,]

1. //BrB—

2. (1) =e(7),T(7,) =T(7)//FIGEHIE

3. oo+ ) =(7) Ty (=) =T(r)//BIEG AR {E
4 WAL n, ne//BORIEAUCE, OSSR

5. fori=1:n,,

6 A (26) 135 7,,,,,

7
8
9

B (29) 135 o
fA=(18) (22) K(25) 1338 (7, ) T(7,,))
it max | Toun ( +) |, > max | T,(7,,0) |
10. oo () =ao(r,,,)  Toun (- ) =T(7;,)
11. end if
12. if Toyn (0 ) 3ESE n, IRA AL
13. break
14. end if
15. end for

16. //I B

17 1 Toun (- ) G5 AR(24) 1351 ¢,

18. 1 @ouy ( * ), Toun (=), 1 &5 (23) 15 51
w(t),T(t)

19. return w(¢) ,T(1)
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Tab. 1 Solution of a,
j k=1 k=2 k=3 k=4
1 57.128  1.468 35605  -2.291
2 23.447  0.709 17209 0.258
3 3.973 -27.075  -8.201 -19.176
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Fig.4  Angular velocity curve on the virtual time domain
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Fig.5 Control torque curve on the virtual time domain
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Fig.6  Angular velocity curve on the real time domain
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Fig.7  Control torque curve on the real time domain
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Fig.8 Attitude maneuver time after each

iteration optimization
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Tab.2 Comparison of planning results
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Fig.9 Path of sensitive direction on the unit sphere
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Tab.3 Simulation parameters
, PR 1/
e KA1 s
CZ 1 [0.183 -0.983 -0.036] 20
CZ2 [0 0.707 0.707] 25
CZ3 [ -0.853 0.436 -0.286] 25
CZ 4 [0.122 -0.140 -0.983] 20
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Fig. 10  Path of sensitive direction in random scene
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Tab.4 Comparison of actual maneuver time

FLA 05
GGy SCRRLI8] SCER[19] AL
1 423.238 307.011 288.958
2 267.956 227.173 178.509
3 265.151 426.400 176.295
4 379. 147 278.877 233.932
5 263.598 247.821 177.575
6 255.183 225.721 171.893
7 341.992 300. 341 224.829
8 355.843 284.213 242.392
9 246.843 221.145 165. 906
10 338.537 321.200 226.925

£S5 MRIRIXTLE

Tab.5 Comparison of planning performance

Yo
Yy SCRRLI8] SCER19] AL
1 100 72.5 68.3
2 100 84.8 66.6
3 100 160. 8 66.5
4 100 73.6 61.7
5 100 94.0 67.4
6 100 88.5 67.4
7 100 87.8 65.7
8 100 79.9 68.1
9 100 89.6 67.2
10 100 94.9 67.0
5 it
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