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Operation Sequence Planning for Space Manipulator Based on
Improved Genetic Algorithm

HAN Fang"?, LIU Chuankai"*, SUN Jun'*, JIANG Xiaohan"*, ZHU Rongqi"*
(1. Beijing Aerospace Control Center, Beijing 100094, China; 2. Key Laboratory of Science and
Technology on Aerospace Flight Dynamics, Beijing 100094, China)

Abstract: During the process of the space manipulator performing on-orbit service operation tasks, a large
number of operation points and complex logical constraints exist. They are affected by the redundancy of
degrees of freedom, and the path costs between operation points are not unique. Therefore, it is very difficult
to plan the optimal operation sequence. This paper proposes an operation sequence planning method for
spatially redundant robotic arms based on an improved genetic algorithm. Firstly, a configuration transfer
network model is established for the spatially redundant robotic arm to perform multi-point operation tasks,
and the operation sequence planning is reduced to a complex traveling salesman problem. Secondly, the
genetic algorithm is improved by randomly crossing variable-length segments and randomly changing the
configuration to which the operation points belong. Moreover, the connectivity cost of the operation points is
introduced in the fitness calculation, thereby adapting to the global optimal search of the spatially redundant
robotic arm operation sequence. Finally, a simulation experiment is carried out taking the on-orbit multi-point
inspection task performed by a seven-degree-of-freedom space manipulator as an example. Results show that
the method can effectively optimize the operation sequence and significantly reduce the total path cost.

Compared with the traditional genetic algorithm, it has higher operation efficiency and stronger optimization
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ability, demonstrating the feasibility of this method.

Key words: space manipulator; on-orbit service; operation sequence; traveling salesman problem (TSP) ;

genetic algorithm
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Fig.1 Operation sequence planning of space redundant

manipulator
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Fig.2 Kinematic model of space redundant manipulator
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Table 1 Kinematic parameters of space manipulator
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2 a 90 0 —90
3 0 0 a, 0
4 as;+ as+ a; 0 0 0
5 0 0 ag 90
6 a5 —90 0 —90
7 a 0 0 0
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Fig.3 Arm angle of manipulator
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Table 3 Position and orientation of operating points and selectable configurations for a seven-DOF space manipulator in

multi-point inspection mission

Bt TS KAl K2 K3 KT 4 KIS KT 6 K7
0.000 245.295 13.859 23.536 —37.396 114.705 —3.789
0.000 245.295 37.396 —23.536 13.859 114.705 —3.789
! 0.000 114.705 —37.396 23.536 13.859 —114.705 —1.025
0.000 114.705 —13.859 —23.536 37.396 —114.705 —1.025
0.000 57.615 146.060 40.147 —186.207 32.385 90.000
0.000 57.615 186.207 —40.147 —146.060 32.385 90.000
’ 0.000 57.615 124.027 78.219 —382.245 —32.385 —90.000
0.000 57.615 202.245 —78.219 —304.027 —32.385 —90.000
0.000 8.163 20.640 44.783 24.577 —90.000 98.163
0.000 8.163 65.423 —44.783 69.360 —90.000 98.163
’ 0.000 —141.381 —65.423 44.783 —69.360 90.000 128.619
0.000 —141.381 —20.640 —44.783 —24.577 90.000 128.619
0.000 172.806 38.042 68.967 72.992 172.806 90.000
0.000 172.806 107.008 —68.967 141.958 172.806 90.000
! 0.000 172.806 46.517 75.605 —122.121 —172.806 —90.000
0.000 172.806 122.121 —75.605 —46.517 —172.806 —90.000
90.000 172.806 72.992 68.967 38.015 172.806 90.000
90.000 172.806 141.958 —68.967 107.008 172.806 90.000
° 90.000 172.806 90.792 54.277 145.069 —172.806 —90.000
90.000 172.806 145.609 —54.277 —90.792 —172.806 —90.000
90.000 225.767 81.749 125.865 —387.614 135.767 90.000
90.000 225.767 207.614 —125.865 —261.749 135.767 90.000
° 90.000 225.767 101.007 106.088 —207.095 —135.767 —90.000
90.000 225.767 207.095 —106.088 —101.007 —135.767 —90.000
90.000 —46.599 96.769 67.666 —164.435 136.599 90.000
90.000 —46.599 164.435 —67.666 —96.769 136.599 90.000
! 90.000 —46.599 77.528 85.916 16.557 —136.599 —90.000
90.000 —46.599 163.444 —85.916 102.472 —136.599 —90.000
—90.000 9.566 96.306 69.944 —166.251 80.434 90.000
—90.000 9.566 166.251 —69.944 —96.306 80.434 90.000
’ —90.000 9.566 77.066 88.043 —345.108 —80.434 —90.000
—90.000 9.566 165.108 —88.043 —257.066 —80.434 —90.000
—90.000 —57.926 67.349 —52.504 —104.845 90.000 —147.926
—90.000 —57.926 14.845 52.504 —157.349 90.000 —147.926
’ —90.000 —57.926 —5.392 74.527 20.864 —90.000 32.074
—90.000 —57.926 69.136 —74.527 95.392 —90.000 32.074
—90.000 12.370 30.000 109.985 —229.285 90.000 —77.630
—90.000 12.370 139.285 —109.985 —119.300 90.000 —77.630
0 —90.000 12.370 15.839 132.147 —57.986 —90.000 102.370
—90.000 12.370 147.986 —132.147 74.161 —90.000 102.370
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Fig.8 Tterative convergence curve of improved genetic algo-

rithm
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Fig.9 Trajectories of space manipulator in multi-point in-

spection task
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Fig.10 Computational efficiency of improved genetic algo-

rithm

B3 e S, fe /N B AR AR AN 25 SR Ol 1.803.24° 5
FERT 64.83 s, 1M A B4k 28 79 KB ARG e /N AR AT
Ml st F 1562.20°, 3% AR ML A UK in i ik —£%
AR T 13.1% , i AT FERT Ik 2> 35.1 %0 . X 4L
RS T 1K S 0 45 1 P R R 45 1 o 2 1) A 02 B 2 TR
KR AT BT HEAT 2 R A S50 I 15 B 2l 4
Bo X g R R WY AR 48 35 A% B 1 1 43 28 K i Oy =X
% 1) RUAH L o 2 R A 5 ), EL R B e 2, L
5 BN Jy 8 S MR A A SO Y Bl 3t 4% B3 1k T A
P Tt az B B 1 (] s AR A TR A A AR 25 2R

3000 -
— GBI A

2750 — R A
<2500 l
ﬁ 2250
Nl
22000 | X26

Y 1803
1750 + X79
Y1562
S 50 100 150 200
BAREL

PUTT oot gt A 80 vk A ik AR Bl 2
Fig.11 Tterative convergence curves of improved genetic al-

gorithm
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