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Abstract: Randomized sanpling-based motion planning method is surveyed The development of the planning
algorithm based on random ized sampling is revienv ed and several successful methods are introduced Then mportant
issues and problens are discussed Finally, future application of randomized sampling-based motion planning is
proposed

Key words M otion planning; Random; Sampling

) L ozano-Perez 1979
11

[2]

[6]

- [3] [4] - ,
[5] ,
1 2004-06-17; : 2004-08-23
(G2002ch312205); (60174018, 60305008, 60334020,
90205008).
(2977—), , , , ; (1943—),



722 20
Ovemars 1996 ,
PRM ,
2 , PRM
20 80 , “ ” ,
, “ ” [ 16] PRM ,
ek M el
' [17]
8l ( )
[19, 20] [21]
2 1 PRM “ » [22]
1990 ,Barraquand L atombe =l
RPP [9:10] “ ” [24] L azy PRM ,
) ) PRM .
, PRM [25 27]
PRM
[19, 28]
Glavina 1990 (29, PRM :
, 7Z- (1 RRTs
23
,Z2Z- PRM RRTs PRM ,
M azer x=f (x,u),
A riadne’ sClew 1992 1211 ,
L aVv alle RRTs
, RRT GoalB ias
RRT GoalZoom
; RRTCon
(PRM ) (01 RRTs
(RRT9 ™! , RRTExtExt, RRTExtCon,
22 RRTConCon (31
PRM 1 RRTs ,
, L atombe [32] RT ; [33]



) RRTs

41

7 723
RRTs 13 17
[34] ERRT 3)
RRTs “H5”
[35] [36]
[37]
,PRM  RRTs ,
, RRT GoaB ias ,
; [38] i ” ,
RRTs “ "
PRM . RRTs
1 4)
, PRM (271 : ,
3 ZZ- A riadne’s clew RPP RRTs
; PRM ,
1) . PRM
single-query , L azy-PRM
, ' Bruce ERRT
, 1 Kavraki PRM
[26]
1 5)
2)
) KD -tree
, RRTs , o (n) O (log(n)).



724 20

, 43
PRM RRTs
, [21] * ” - S
,ERRT : o "
X x'
, : RRTSs . P (x,x')
. T
RRT GoaBias P (x,x') = m(i)r{[ol(x (t),U(t))d}-
1(x (1), u(t)
\ X' u ().
( ), '
| _ PRM
4 RRTSs : :
44
PRM RRTs ’
5

[38] : ? , [30] , '



725

NP ,

(References)

[1] Lozano-Perez T, Wesley M A. An Algorithm for
Planning Collision-free Paths Among Polyhedral
Obstacles[J]. Canmunication o the ACM , 1979, 22
(10): 560-57Q

[2] Latombe J C. Robot M otion Planning [M ]. Boston:
Kluw er A cademic Publishers, 1991

[3] Erdmann M, Lozano-Perez T. On M ultiple M oving
Obijects[J]. A lgorithmica, 1987, 2(4): 477-521

[4] Donald B, Xavier P, Canny J, et al Kinodynanic
M otion Planning[J] J o the AQMm, 1993, 40 (5):
1048-1066

[5] Fraichard Th Dynamic Trajectory Planning with
Dynanic Constraints A‘ State-Time Space’ A pproach
[A]l Proc o the IEEE-RSJ Int Conf on Intelligent

Robots and Systans[C]. Yokohama, 1993 1394-140Q

[6]Lindemann S R, La/alle S M. Current Issues in
Sampling-based M otion Planning [A ] Proc 11th Int
Symposium o Robotics Research[C]. Siena, 2003

[7] Gilbert E G, Johnon D W, Keerth S S A Fast
Procedure for Computing the Distance Between
Complex Objects in Three-dimensional Space[J] IEEE
J o Robotics & A utanation, 1988, 4(2): 193-203

[8] Paden B, M eesA, Fisher M. Path Planning U sing a
Jaobian-based Freegpace Generation A Igorithm [A ]
IEEE Int Conf on Robotics & A utanation [C ]
Soottsdale, 1989 1732-1737

[9] Barraguand J, L atombeJ C. A M onte-Carlo A Igorithm
for Path Planning w ith M any D egrees of Freedom [A ]
IEEE Int Conf on Robotics & A utanation [C ]
Cincinnati, 1990: 1712-1717

[10] Barragquan J, L atombe J C. Robot M otion Planning:
A Distributed Approach [J] The Int J o Robot
Research, 1991, 10(6): 628-649

[11] GlavinaB. Solving Findpath by Combination of Goal-
directed and Randomized Search[A ] IEEE Int Conf
on Robotics & A utanation[C]. Cincinnati, 1990: 1718-
1723

[12] Bessiere P, A huactzin JM, Talbi E G, et al The
‘ Ariadne's Clew’ A lgorithm: Global Planning with
Local M ethods[A ] Proc o 1993 IEEEIROS Int
Conf on Intelligent Robots and Systens [ C ]
Yokohama, 1993, 2. 1373-138Q

[13]M azer E, A huactzin JM , Bessiere P The A riadne's
Clev Algorithm [J] J A rtif icial Intell Res, 1998, 9
295-316

[14] Kavraki L, Svestka P, Latombe J C, et al
Probabilistic Road M gps for Path Planning in High-
dimensional Configuration Spaces[J]. IEEE Trans on
R obotics and A utanation, 1996, 12(4): 566-58Q

[15] L a/ alle SM. Rapidly-exploring Random Trees A
Nev Tool for Path Planning[R] Computer Science
Dept, lowa StateU niversity, 1998

[16] KavrakiL , KolountzakisM N, L atombeJC. A nalysis
of Probabilistic Roadnaps for Path Planning[A ] Proc
IEEE Int Conf on Robotics and A utanation [C ]
M innegpolis, 1996: 3020-3025

[17] Amato N M, BayazitO B, DaleL K, etal OBPRM :
A nObstacle-based PRM for D W orkgaces[A ] Proc
o the Workshop on Algorithmic Foundations of
Robotics[C] Natick, 1998: 155-168

[18]W iimarth SA, AmatoN M, StillerPF MAPRM: A
Probabilistic Roadngp Planner with Sampling on the



726

20

M edial A xisof the Free Space[A ] 1EEE Int Conf on
R obotics & A utanation[C]. Detroit, 1999: 1024-1031
[19] Ssong G, Amato N M. U sing M otion Planning to
Folding Pathways [J] J o
Canputational B iology, 2002, 9(2): 149-168
[20] Boor V, OvemarsN H, van der Stgoppen A F The

Study Protein

gaussian sampling strategy for probabilistic roadmap
planners [A ] IEEE Int Conf on Robotics &
A utanation[C]. Detroit, 1999: 1018-1023

[21] Branicky M, La/alle S M, Olsn K,
D etem inistic vs Probabilistic Roadmaps [DB/OL ]
http: //dora ov ru edu/m sb/pubs htm| 2002

[22] HsuD, KavrakiL E, L atombeJ C, et al On Finding
N arrow Passagesw ith Probabilistic Roadng Planners
[A ] Robotics The Algorithmic Pergpective [C ].
W ellesley, 1998 141-154

[23] Peter L even, Seth Hutchinoon Toward Real-time

et al

Path Planning in Changing Environments[A ]. Proc of
the W orkshop on the Algorithmic Foundations o
Robotics[C]. Hanover, 2000: 393-406

[24] Bohlin R, KavrakiL. Path PlanningU singL azy PRM
[A] IEEE Int Conf on Robotics & A utanation[C ].
San Franciso, 2000, 1. 521-528

[25] Hsu D, LatombeJD, Motwani R. Path Planning in
Expansive Configuration Spaces[J] Int J Camput
Geametry & Application, 1999, 9(4-5): 495-512

[26] BekrisK E, ChenB Y, Ladd A M, et al M ultiple
Query Probabilistic Roadnap Planning U sing Single
Query Planning Primitives[A ] Proc & the IEEE/
RSJ IntConf on Intelligent Robots & Systens[C] L as
V egas, 2003: 656-661

[27] Vv allejo D,
Framevork for® Single shot’ M otion Planning [A ]
Proc of the IEEE/RSJ Int Conf on Intelligent Robots
and Systens[C] Takamatsu, 2000: 1722-1727

[28] Fox D, BurgardW, KruppaH, et al A Probabilistic
Approach to Collaborative M ulti-robot L ocalization
[J] A utonanousRobots, 2000, 8(3): 325-244

[29] Guang Song, Nancy M Amato. Randomized M otion

Jones C, Amato N. An Adative

Planning for Car-like Robotsw ith C-PRM [A ] Proc
o the IEEE/RSJ Int Conf on Intelligent Robots and
Systans[C]. Hawaii, 2001: 37-42

[30] KuffnerJJ, L & alle SM. RRT-connect: A n Efficient
Approach to Single-query Path Planning [A ] Proc
IEEE Int'| Conf on Robotics and A utanation[C] San
Francisoo, 2000: 995-1001

[31]L a/ alle SM, KuffnerJJ Raidly- exploring Random
Trees Progress and Progects[A ] A Igorithmic and
Canputational Robotics
W ellesley, 2001 293-308

[32] Giussppe Oriolo, M arilena V endittelli, L uigi Freda,
et al The SRT M ethod: Randomized Strategies for
Exploration[A ] Proc IEEE Int'l| Conf on Robotics
and A utanation[C] Nav Orleans, 2004: 4688-4694

[33] Carpin S, Pagello E On Parallel RRTs for M ulti-
robot Systens[A ] Proc o the 8th Conf erence of the

Nev Directions [ C ]

Italian A ssociation for A rtif icial Intelligence [C ].
Siena, 2002: 834-841

[34] JanesBruce, M anuelaV eloso. Real-time Random ized
Path Planning for Robot N avigation[A ] Proc o the
IEEE/RSJ IntConf on Intelligent Robots and Systens
[C] Switzerland, 2002 2383-2388

[35] Janes Kuffner, KoichiN ishiwaki, Satoshi Kagami, et
al M otion Planning for Humanoid Robots[A ] 11th
International Symposium o Robotics Research [C ].
Siena, 2003

[36] Brian C W illiams, Kim B C P, Hofbaur M, et al
M odel-based Reactive Progranming of Cooperative
V ehicles for M ars Exploration [A ] Int Symp on
A rtif icial Intelligence, Robotics and A utanation in
Space[C] Canada, 2001

[37] Yanane K, Kuffner J J, Hodgins J K. Synthesizing
A nimations of Human M anipulation Tasks[A ] ACM
T rans on Graphics (Proc SIGGRA PH 2004) [C]. Los
A ngeles, 2004, 23(3): 532-539

[38] Simeon T, L aumond J-P, Nisoux C. V isibility Based
Probabilistic Roadmaps for M otion Planning [J ]
A dvanced Robotics, 2000, 14(6): 477-493



