IR RE moR E T Ok R Rk Vol. 51 No.7
2019477 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Jul. 2019

DOI:10.11918/].issn.0367-6234.201806121
M NI EGENTRIWMERES X
& W ERA AR, A, R E R
(LA UK B TR & A shif#Be, dbat 100191)

W OB HNEAALSGENA T ERATANME B B AL RERT AL BRI G 4 L2k B oy 5 A4, 42
—HEFAATIHGE. BIRAANREZ G FEE RALBRREE LA EARTHELN. AH FRAEHAZEL LRI A
YR BYREA ST ERTEAAELERAREN NS, EH G ERERT RIMEZ . EXF 2 AR E
EfAEAXA B R L ENS AL ERBANE. AL ERANREET AR LR, SR LW . E%
HARERTHL, ENRHRNETI RN EL T HIRAN, RA TR B HEERTEXTAERAEZN08°, K
S PR ERERTIEKEELH A 0.010m f12.40 © B /NFHEEER  BEABRFA AN THEE /N THEEEE. Bt
ST 5| AR 2 B R AR D S 5T Rk R R B AR B PR AR RN & R R S R LR, 3 U AR LR B B B B 9T RRL
FEH—EWNEFEE XL

KGR TARNME ; ATH % B3N ;81 ;15 sh X A4 A

FE4ES: TP242.6 XHERFRER . A XERS: 0367-6234(2019)07-0184-08

Obstacle avoidance algorithm for redundant manipulator of
improved artificial potential field method

CAO Bo, BI Shusheng, ZHENG Jingxiang, YANG Dongsheng, HUANG Guowei

(School of Machanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: An improved artificial potential field method ( APFM) is proposed for the problem that only the end of
manipulator can be guided but the angle of each joint cannot be constrained, and it is difficult to escape from local
minimum when traditional APFM is used to avoid obstacles for redundant manipulator. A kinematic model of the
manipulator is established and the line segment sphere enveloping box model is established for collision detection.
Attract potential field of the end and obstacle repulsive potential field are established in Cartesian, and attract
potential field of the target angle is established in joint space, and they work together to guide the manipulator. A
virtual target angle is solved in joint space and the virtual potential field is established using Gaussian function to
deal with the local minimum problem. The simulations and experiments on the 7 DOF redundant manipulator show
that the algorithm can constraint joint pose and guide the manipulator escape from local minimum when trapped,
and finally complete obstacle avoidance. At the end of the obstacle avoidance, the maximum error of each joint
angle is 0.8°, and the average position error and attitude error are 0.010 m and 2.40°, which are smaller than the
traditional algorithm respectively. The motion amplitude of each joint in the obstacle avoidance process is smaller
than the traditional algorithm. The improved algorithm can guide the manipulator escape from the local minimum
and complete the obstacle avoidance, as well as improve the positioning accuracy of each joint and the end at the
end of the obstacle avoidance. The study has certain guiding significance for research and application of obstacle
avoidance for redundant manipulators.

Keywords: redundant manipulators; artificial potential field; local minimum; obstacle avoidance; motion

planning; collision detection
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Tab.1 The D—H parameter of the manipulator
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Fig.3 Schematic diagram for solving a virtual target angle
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Fig.4 Trajectory of the manipulator
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Fig.6  Obstacle avoidance process by improved artificial potential field method
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