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Collision-Free Path Planning for Articulated Robots
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Abstract

The purpose of this poper is to develop a method of Collision-Free Path
Planning (CFPP) for an articulated robot. First, the configuration of the robot
is built 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 workeell are also transformed into the
Cobstacles using slice projection method. Acfually the Cobstacles means the
configurations of the robot causing collision with obstacles. Secondly, o
connected graph, o kind of roadmap, is constructed by the free configurations
in the Cspace, where the free configurations are randomly sampled from a
free Cspace immune from the collision. Thirdly, robot paths are optimally
determinant in the connected graph. A path searching algorithm based on
A* is employed in determining the paths. Finally, the whole procedures for
the CFPP method are shown for a proper orticulated robot as an illustrative
example.
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Table 1. Comparison of CFPP glgorithm

Cspace . Slice Projsction [4]l=2-4]
Representation | Inverse Kinematics [5]
Network Search  [6][E91]
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Figure 1. Siice projection method
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PROCEDURE Generate_Cobstacles
(#1i], obstacles[i), link[i]:
Var Cobstacles)
BEGIN
FOR 6:=8[ilmin TO &[il.max STEP
#[ilinterval DO
IF (Collision_detection {link[i], obstacles[i]:
Var obstacles[i+1] )=="YES’)
RETURN
ELSE
Generate_Cobstacles( & [i+1], obstacles[i+
i], link[i+1]: Var Cobstacles);
ENDIF
END
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Figure 2. Data structure for Cobstacles

structure joint_nodef{
char collision ; /*collision detection index*/
structure joint_node *sub_joint_node[number_
of_section];

}
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Figure 3. Example of Cobstacles
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Figure 4. Example of random sampling in free

space
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PROCEDURE Generate_graph(Cobstacies ;
Var network)
BEGIN
REPEAT

temporary_node:=Random_sampling( );
IF {Detect_collision
{temporary_node, Cobstacles)=‘NO"}
nodes|i]:=temporary_node;
i=i+1;
UNTIL(i=number_of_node)
FOR i:=1 TO number_of_node DO
FOR j:=1 TO number_of_node DO
IF (i{}j) distancefj}:=Caiculate_distance
(nodes[i], nodes[j]):
Select_neighbor_nodes
{distance, Var neighbors);
Connect_edge
(nodesfi], neighbors ; Var network);
END
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Figure 5. Example of graph in free space
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PROCEDURE Search_optimal_path(network

; Var path)
BEGIN
current_node:=start_node;
REPEAT

FOR i:=1 TO number_of_neighbor DO
f(i);=Evaluate_cost {current_node,i);
min_neighbor:=Find_min_neighbor (f);
current_rode:=min_neighbor;
UNTIL current_node=goal_node
END
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Figure 6. Example of collision_free path
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PROCEDURE CFPP_for_articulated_robot
{obstacles, robot kinematics
structure ; Var cartesian_path)

BEGIN

Generate_Cobstacles

( @, obstacles, link ; Var Cobstacles)
Generate_graph(Cobstacles ; Var network);
Search_optimal_path

{network ; Var joint_path};
Direct_kinematics

(joint_path ; Var cartesian_path);

END
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Figure 9. Simufation of free configuration
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Figure 10. Simulation of collisionfree path in

joint space
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Figure 11. Simulation of collision-free path in

Cartesian space
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