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ABSTRACT

The purpose of this paper is to develop a method of Collision-Free Path Planning (CFPP) for
an articulated robot. First, the configuration of the robot is formed by a set of robot joint
angles derived from robot inverse kinematics. The joint space, that is made of the joint angle
set, forms a Configuration space (Cspace). Obstacles in the robot workcell are also
transformed and mapped into the Cspace, which makes Cobstacles in the Cspace. (The Cobstacles
represented in the Cspace is actually the configurations of the robot causing collision.)
Secondly, a connected graph, a kind of roadmap, is constructed from the free configurations in
the 3 dimensional Cspace, where the configurations are randomly sampled from the free Cspace.
Thirdly, robot paths are optimally in order to minimize of the sum of joint angle movements. A
path searching algorithm based on A' is employed in determining the paths. Finally, the whole
procedures for the CFPP method are illustrated with a 3 axis articulated robot.

The main characteristics of the method are: 1) it deals with CFPP for an articulated robot
in a 3-dimensional workcell, 2) it guarantees finding a collision free path, if such a path
exists, 3) it provides distance optimization in terms of joint angle movements. The whole
procedures are implemented by C on an IBM compatible 486 PC. GL (Graphic Library) on an IRIS

CAD workstation is utilized to produce fine graphic outputs.

. M8
o] 83t] 2 HiolHE g AAse ex-g
ZHRE9 ¢ dolge AL YA A ¢l =2 3% (Off-Line Programming : OLP)o]
Aol Ae W 3y W(teach and play 3] 7= gk OLPo 2% dHolg 9 A
method)o] 2 o151 o, 2 HAFHE AL Aol FFE nXA @3 Aol dlolE

— 629 —



v H3E 4 don BIF ALHE 3
HEpstal ZRE Z|Fel BAIRl] dlolE o] YA
o] 7b&3taL 71E2] CAD/CAM Al=ztel 944
o] b3ttt Aol AUtk 1 OLPE <&
g AFEG dolEH 9 AES AMe 2 /1A &
Zsjord dAlEol e 2 F9 Jurt Fol
3o FE e % A ARE A=
FAl(Collision-Free Path Planning : CFPP)o|t}.
53] djdalA ®ol o5y e oA 2R
E(articulated robot)E #% CFPP7I t& 87
do. & d7lA <= Figlst o] fa#d 2RE
9] FT(toohE MAGF 01~ 05N 1 &
2l CFPPE t-7 112t 3ot

U]
AN

e)

N
O

)e,

A e

Fig.1 Joint angles of articulated robot
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Fig.3 Contact types between robot &
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Fig.4 3D obstacles in joint space

EEo] RHHNCH Fof
ES ALY AR oA g agTg 3
A, AHF FE o83 WEHLS Cell
Decomposition, Visibility Graph, Road Map,
Potential Field 59 3ol At olgh g
HES UEUE Z 23l den, B AT
= &3t 7o I E Road Map W48 53l
AT wWE AR YL A3
@®© &AM 7Hs diolE(node)E9] B4
@ HelEHES d4¢ Hnetwork) ] FA
WA Figsst o] @ gAoA ¢Jol2 ¥
“}(configuration)& F&3A =i, 7z} 4 3
&3] HRE FIAAN FE e AFE HM
go. dHelg Jee A} FE2 Y 23S
SAALe] 2Re FAlY 12ty AP

r
nl.x.
of
o
2
X
oX

0

Fig.5 Sampling of data in 3-D C-space
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Fig.8 A final robot path in joint space
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Fig.9 Robot motion simulation with 4 via points
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