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algorithm 1 GB-RRT for FFSR

tree. V.init(gq, )
fori=1 to K do
if rand () <p,

is_reach =extend_toward_goal ()

break

else

extend_randomly ()

1
2
3
4
5 if is_reach=true
6
7
8
9

return tree
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algorithm 2 extend_randomly

1 Gumpe = random_config( )

2 Qoo =nearest_node( tree,q .. )

3 Qpresen = Texiend

4 last_ checked_g=gq ...,

5  shall_end=false

6  while all( shall_end=false)

7 J, =Jacobian( @ present )

8 J.=[J,,eye(n,n) ]

9 AG=Gumple Gpresen

10 Jy=inv(J,) * Aq

11 B,=J,*J,

2 Qo= [By3J, ] time_siep
If max( q lllllll ~last_checked_q) >=

B collision_check_thresh

14 is_collision = collision_check ( ¢,,.c )

15 last_checked_q=¢ ..o

17 shall_end =check _termination ()

19 return
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algorithm3 extend_toward_goal

1 egena =nearest_node(tree, X, )

2 Gpresent = Gextend

3 last_checked_g=gq ...

4 shall_end=false

5 while all( shall_end =false)

6 J g =Jacobian(q,,..... )

7 J; = general _Jacobian ( @ present)

8 Ay =X a1 i)

9 Agy= 98,00 9B s

10 Jy_for_EE=pinv(J,) * AX

11 if Ag,>B_adjust_thresh

12 Jy_for_B,=pinv(J, *null(J,)) * Aq,
13 else

14 J, _for_B,=0

15 Jy=J,_for_ EE+null(J,) * J,_for_B,
16 B,=J,*J,

17 Gpresent = present T [By;J,] * time_step

18 if max (g, ~last_checked_q)>=C_check_tresh
19 is_collision = collision_check ( ¢, )
20 last_checked_g=¢,,..cu
21 shall_end =check_termination( )
22 return
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Non-inverse kinematics of free-floating space robot based on
motion planning of sampling

1,2 - 1,2 . . 1.2
ZHANG Hongwen *~, ZHU Zhanxia *~, YUAN Jianping
1.School of Astronautics, Northwestern Polytechnical University, Xi’an 710072, China;
2.National Key Laboratory of Aerospace Flight Dynamics, Xi’an 710072, China

Abstract; Motion planning is one of the fundamental technologies for robots to achieve autonomy. Free-floating
space robots composed manipulators and base satellite that do not actively control its position and attitude has non-
holonomic characteristics, and there is a first-order differential relationship between its joint angle and the base atti-
tude. In addition, the planning framework which first converts the goal end-effector pose to its corresponding target
configuration, and then plan the trajectory from the initial configuration to the goal configuration still has the follow-
ing problems: the goal configuration and the initial configuration may not be in the same connected domain. Based
on the RRT framework, the motion planning of a free-floating space robot from the initial configuration to the goal
end-effector pose is studied. In the algorithm design, in order to deal with the differential constraints of the free-
floating space robot, and the requirement that the attitude disturbance of its base cannot exceed its limit, a control-
based local planner for random configuration guiding growth of the tree and a control-based local planner for goal
end-effector pose guiding growth of the tree that can adjust the attitude of the base when necessary are proposed.
The former can ensure the effective exploration of the configuration space, and the latter can avoid the occurrence of
singularity while ensuring that the algorithm converges quickly and the base attitude disturbance meets the con-
straints. The present algorithm does not need to solve the inverse kinematics, can successfully complete the
planning task, and ensure that the base attitude disturbance meets the requirements. The simulation verifies the ef-

fectiveness of the algorithm.

Keywords: free-floating space robot; motion planning; motion planning of sampling; nonholonomic robot
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ZHANG Hongwen, ZHU Zhanxia, YUAN Jianping. Non-inverse kinematics of free-floating space robot based on motion
planning of sampling[ J]. Journal of Northwestern Polytechnical University, 2021, 39(5) : 1005-1011 (in Chinese)
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