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Multi-Target Point Path Planning of Robotic Arm in Complex Transmission
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Abstract: Aiming at the problems of low efficiency and high cost of multi-target point path planning for robotic arms in complex
transmission environments, the improved artificial potential field-informed rapidly-exploring random trees star (IAPF-IRRT¥)
algorithm is proposed to enhance path planning performance. Firstly, a cuboid repulsive field model is introduced to improve the
spherical repulsive field model in traditional artificial potential field, and a repulsive field is established for complex obstacles in the
transmission environment. Then, ellipsoidal regions are adopted with uniformly distributed positions to enhance the ellipsoidal
regions in the IAPF-IRRT* algorithm. Local redundancies are avoided in sampling points in complex transmission environments and
search efficiency is improved. Finally, the redundant nodes in the path are optimized by using a triangular optimization method and
the path is smoothed by using cubic spline interpolation. Validation is conducted on three sets of obstacle maps of different complex-
ity: simple 3D, complex 3D, and complex transmission environments. The results show that the time efficiency of IAPF-IRRT*
algorithms compared with the standard RRT and RRT* algorithms is improved by 44. 8%~83. 8%, 68. 3%~95. 2%, and 26. 5%~
71. 8%, respectively. The cost of the path is reduced by 15.5%~35. 0%, 14. 1%~35.3%, and 31. 5%~43. 5%, respectively. The
number of nodes in the path is reduced by 75. 6%~78. 8%, 75. 0%~78. 0%, and 70. 4%~72. 0%, respectively.
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Fig. 3 Schematic diagram of isopotential surfaces and

isopotential lines of cuboid repulsive force field model
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Tab. 1 Algorithm of repulsion for cuboid repulsion field

Algorithm1 : Cuboid potential field repulsion

1:for j=1:m do

2: fori=1:n,do

3t Frp o n(1Up(X,y » X)) =112

4. end for

5:if min[R(x,y,z) J-r<N(x,y,z)<max[R(x,y,x) +r do
6:F repu‘iF repu_F repu i

7:else

8:F, < F,,+0

9:end if

10:end for
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Fig.4 Schematic diagram of elliptical sampling domain
construction
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Algorithm2 : Ellipsoid sampling
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Fig. 6 Schematic of positionally uniformly distributed ellipsoidal
sampling
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Tab. 3 Triangular optimization algorithm

Algorithm3: Triangle optimization

1:init(path) ;i=2
2:A<path(1)

4:while 1 do

5:B<path(i)

6:if collision(A , B)==1

7: x,<path(i~1) ;x,<path(i)

8: p<Discretization(x,,x,)
9: for j=2:size(p) do
10: if collision(A,p(j))==1

11:  path,«[path, ;p(j-1)]
12:  A<p(j-1);pI[]
13: ifend

14: for end

15:if end

16: while end
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Tab. 4 Comparison of performance of three algorithms for
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Tab. 5 Comparison of performance of three algorithms for

map2
"k MAImrE)s AR em W GRS
RRT 5.67 483. 14 35.94
RRT* 37.12 364. 08 40. 81
IAPF-IRRT* 1. 80 312.67 8.97
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Tab. 6 Comparison of the performance results of the three

algorithms for Case 4
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