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An Obstacle-Avoidance Algorithm for a Redundant Robot Arm
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ABSTRACT

In this paper, a motion control algorithm is developed using a fuzzy control and the optimization of performance

function, which makes a robot arm avoid an unexpected obstacle when the end-effector of the robot arm is moving to the

goal position. During the motion, if there exists no obstacle, the end-effector of the robot arm moves along the pre-

defined path. But if there exists an obstacle and close to the robot arm, the fuzzy motion controller is activated to adjust

the path of the end-effector of the robot arm. Then, the robot arm takes the optimal posture for collision avoidance with

the obstacle. To show the feasibility of the developed algorithm, numerical simulations are carried out with changing

both the positions and sizes of obstacles. It was concluded that the proposed algorithm gives a good performance for

obstacle avoidance.
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Fig. 2 Parametric Relations between a Robot Arm and an

Obstacle
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Length
ZE PS M PB
NB PVB PVB PVB PB
NS PVB PVB P8 PB
Gap ZE PVvB PB PB PM
PS 8 P8 PM PS
PB PB PM PS ZE

190

23 {XIRT 2REe XMzt ]

=
AFAFEE zte 2R Fo| £
49 B3 F7Hjoint space)oll A Fe Aol FY

Z7Htask space)o® A (12)9 7o) X
(mapping)e] ¥}
X =J(0)6 (12)

047]}“], XI[XI,XZ,...,)CM]T"‘:_ Z]F(g}']'-g H‘QEiol—T—’-:
0=[6,6,...0,] © HHAZ HEolH, J= mxn
Azuek Agoltt, 2 (12)] Wi H7]¢3 4
2 (13)3% o] 8Pt

o
.

O=J"X+(1-J" K (13)
A (13l JTE Azl PP S 9w
(pseudo-inverse) o]™otz o] Az} o] AHeolxl

J=a Y (14)

LI
L

aga, A (13)elM k= dee HEolth 4
3elA (-yuk &2 2R 2 YyREE
(internal motion)S AW F& FZo|rt & 2R
o) 4ol nAE Yt sHdE AFAFE
g 2y 2R B 743 B2 ANE HAA H
=, vE o dNE Adds FE Aolth 4
(13)8] WEEF Follrd & Fo| dte A5H
4 (performance criterion)E& Hw3} A|A FxE
B o] e ZAAs ol s AT PO) T
i e W, pO)E A3ty Az ¥y K 9
#AE A (159 2ol T P

opP

K=<k
20

(15)

2(15) A ap/ o0 =(aP/86,,6P/86,,...,0P186,1
a3 kw499 %9 Arelth wEkA, 4
(159 #A FA A e HWH S (internal
motion)< + P(®) & F7H71e HFoE &
AttE g ongot

B E=RAAME 2R Fo

olF ol A"



olHE - FAN . UIAE - A - AT FITHAYITEYA A 19H M4
S e Aol FEaA @i kasA $alst A A x,,p, = A2 AR FA x %
of EAxd] L@at: ol FaF sbolmz,  y HEelth ¢ & U9 el Urix A%
Yool Exeta 23 wo) gHel A7k A8 Cp. Gy, Oy Cpyp. Cpo o e 2289
g 490 22 ool A7e @Akt Figs o) 0% ol 2Ru FehRel FRAAE Aol
M i ssh el BAIgEFE bve wal 4 shel b A o9 oz, 2npel o

oA gl AAE
o,

,r] 3].&3_ }\—l

s g

E dAs

X

Fig. 4 Configuration of a Robot Arm and an Obstacle for
Performance Criterion
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Fig. 5 Flowchart of the Motion Control Algorithm
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Fig. 6 Simulation when the obstacle is far from the robot
arm: Start Position: (110,0,30), Goal Position:
(0,110), Obstacle: (100,100,5)

Fig. 7 Simulation when the obstacle is in the middle of
workspace: Start Position: (110,0,30), Goal
Position: (0,110), Obstacle: (60,50,5)

Fig. 8 Simulation when the obstacle is close to start
position:  Start Position: (110,0,30), Goal
Position: (0,110), Obstacle: (80,0,5)

Fig. 9 Simulation when the obstacle is close to the goal
position: Start Position: (110,0,30), Goal Position:
(0,110), Obstacle: (0,90,5)
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Fig. 10 Simulation when the goal and start positions are
reversed: Start Position: (0,110, 90), Goal
Position: (110,0), Obstacle: (60,50,5)

Fig. 11 Simulation when the obstacle is bigger twice than
before: Start Position: (110,20, 45), Goal
Position: (20,120), Obstacle: (70,20,10)

Fig. 12 Simulation when the obstacle is moving : Start
Position: (110,0, 30), Goal Position: (0,110),
Initial Obstacle: (70,40,5)

Fig. 13 Simulation when the obstacle is moving : Start
Position: (110,20, 45), Goal Position: (40,110),
Initial Obstacle: (60,60,5)
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