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Abstract

The purpose of path planning is to move a robot
from start position to destination with no collision with
any obstacles. In this project, we consider the path
planning of 3D objects based on a generaized
potential model which assumes that the boundary of
every 3D object is uniformly charged. According to
the proposed approach, the repulsive force and torque
between the moving object and the obstacles due to
the above model are used to modify the position and
orientation of the object, respectively, so as to keep
the moving object away from the obstacle. For a path
planning problem, the places where the moving object
are most likely to collide with obstacles are
bottlenecks in the free space. The goal of the proposed
approach is to help the 3D object to avoid the
obstacles near the bottleneck regions using potential
field. According to the simulation results, a 3D object
can indeed move through the bottleneck region safely
and smoothly. Finally, the proposed potential field is
analytically tractable which makes the path planning
efficient and practical.

Keywords: path planning, generalized potential model,
collision avoidance

1 89

7

31

(cell decomposition)

programming)

(6D

(

(2D

¢ [z
(3]

(skeleton)
(mathematical

(subgoa graph)

C 14D

(2 [9]

[71-{11D)

¢ [BD



(reachability)
(scdar)
1, Xz
gradient F(xy2 —}tan W 2
(
[12] (cubic) [13] [14]
(artificial potential) @
(b)
[15] Y ukawa (
[16]) superquadric
¢ [171[18]) ;
(
[171{19D) .
4.
2
(
)
5.
¢ [19D r r
Upr-rf® s r S
D
N €]
R
m?3 2 D L v
R r S r ) AB.C
° gr;dient © (@



(b)

(a)

[4=}}

{al

=1}

(=]

=
o

(

,D,C

A

(©

AEC

720

probabilistic

roadmap




[11

[2]

[31

[4]

[5]

[6]

[71

[8]

J. H. Chuang and N. Ahuja, “An anaytically
tractable potential field model of free space and
its application in obstacle avoidance,” [EEE
Transactions on System, Man and Cybernetics,
Part B, vol. 28, no. 5, pp. 729-736, Oct. 1998.

Y. K. Hwang and N. Ahuja, “Gross motion
planning — a survey,” ACM Computing Sirvey,
vol. 24, no. 3, pp. 219-292, Sep. 1992.

P. C. Chen and Y. K. Hwang, “SANDROS: a
dynamic search algorithm for motion planning,”
|EEE Transactions on Robotics and Automation,
vol. 14, no. 3, pp. 390-403, Jun. 1998.

E. S. H. Hou and D. Zheng, “Mobile robot path
planning based on hierarchical hexagonal
decomposition and artificial potential field,”
Journal of Robotic Systems, vol. 11, no. 7, pp.
605-614, 1994.

J.-C. Latombe, Robot Motion Planning, Kluwer
Academic Publishers, 1991.

T. C. Hu, A. B. Kahng, and G. Robins, “Optimal
robust path planning in general environments,”
|EEE Transactions on Robotics and Automation,
vol. 9, no. 6, pp. 775-784, Dec. 1993.

S. R. Maddila, “Decomposition algorithm for
moving aladder among rectangular obstacles,” in
Proc. |EEE International Conference on
Robotics and Automation, San Francisco,
California, Apr. 1986.

R. A. Brooks and T. Lozano-Perez, “A
subdivision algorithm in configuration space for
findpath with rotation,” [International Joint
Conference on Artificial Intelligence Karsruhe,
Germany, 1983.

[°1

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

J. C. Zamiska, D. T. Kuan, and R. A. Brooks,
“Natural decomposition of free space for path
planning,” in Proc. [|EEE International
Conference on Robotics and Automation, St.
Louis, Missouri, Mar. 1985.

J. S. B. Mitchell and C. H. Papadimitriou, “The
weighted region problem: finding shortest paths
through a weighted planar subdivision,” Journal
of Association for Computing Machinery, vol. 38,
no. 1, pp. 18-73, Jan. 1991.

M. Barbehenn and S. Hutchinson, “Efficient
search and hierarchica motion planning by
dynamically maintaining single-source shortest
paths trees,” /EEE Transactions on Robotics and
Automation, vol. 11, no. 2, pp. 198-214, Apr.
1995.

C. E. Thorpe, “Path planning for amobile robot,”
in Proc. AAAI, Austin, Texas, 1984,

O. Khatib, “Real-time obstacle avoidance for
manipulators and mobile robots,” in Proc. IEEE
International Conference on Robotics and
Automation, St. Louis, Missouri , Mar. 1985.

J. Guldner and V. I. Utkin, “Sliding mode control
for gradient tracking and robot navigation using
artificial potentia fields,” /EEE Transactions on
Robotics and Automation, vol. 11, no. 2, Apr.
1995.

P. Khosla and R. Volpe, “Superquadric artificial
potentials for obstacle avoidance and approach,”
in Proc. |IEEE International Conference on
Robotics and  Automation,  Philadelphia,
Pennsylvania, Apr. 1988.

B. Cohen-Tannoudji, C. Diu, and F. Laloe,
Quantum Mechanics vol. 2, John Wiley and
Sons, New Y ork, 1977.

Y. K. Hwang and N. Ahuja, “A potentia field
approach to path planning,” /EEE Transactions
on Robotics and Automation, vol. 8, no. 1, pp.
23-32, Feb. 1992.

J.-H. Chuang and N. Ahuja, “ Path planning using
Newtonian  potential,” in Proc. IEEE
International Conference on Robotics and
Automation, Sacramento, CA, Apr. 1991.

J-H. Chuang, “Potential-based modeling of
three-dimensional workspace for obstacle
avoidance,” |EEE Transactions on Robotics and
Automation, vol. 14, no. 5, pp. 778-785, Oct.
1998.



	page1
	page2
	page3
	page4
	page5

