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M OTIONPLANNING

MOTIONPLANNINGALGORITHMS



OV E R V I E W

ÅRoadmap methods
ÅVisibility graphs

ÅVoronoidiagrams

ÅDecomposition methods
ÅApproximate

ÅExact

ÅPotential fields

ÅSampling-based Planning
ÅPRM

ÅRRT

ÅApplications to Computer Animation

ÅDynamic environments

ÅCrowd Simulation

ÅDeterministic, heuristic or probabilistic

ÅPlanning algorithmsevaluationcriteria: 
ÅCompleteness

ÅOptimality

ÅSpeed

ÅGenerality



V I S I B I L I T YG R A P H S

IN THEABSENCEOFOBSTACLES, THEBEST

PATHISTHESTRAIGHTLINEBETWEEN

QSTARTANDQEND



V I S I B I L I T YG R A P H S

ASSUMINGPOLYGONALOBSTACLES: 
ITLOOKSLIKETHESHORTESTPATHISA

SEQUENCEOFSTRAIGHTLINESJOINING

THEVERTICESOFTHEOBSTACLES



V I S I B I L I T YG R A P H S

VISIBILITYGRAPHG 
= SETOFUNBLOCKEDLINESBETWEEN

THEVERTICESOFTHEOBSTACLES

+ QSTARTANDQGOAL

A NODEP ISLINKEDTOA NODEtΩ IF tΩ 
VISIBLEFROMP

SOLUTION= SHORTESTPATHIN THE

VISIBILITYGRAPH



V I S I B I L I T YG R A P H S

CONSTRUCTION: SWEEPALGORITHM

SWEEPA LINEORIGINATINGATEACHVERTEX

RECORDTHOSELINESTHATENDATVISIBLE
VERTICES

COMPLEXITY

ÅN = total number of vertices of the obstacle 
polygons
ÅNaïve: O(N3)
ÅSweep: O(N2 log N)



V I S I B I L I T YG R A P H S

SHORTESTPATHBUT:

ÅTries to stay as close as possible to obstacles

ÅAny execution error will lead to a collision

ÅComplicated in >> 2 dimensions

WEMAYNOTCAREABOUTSTRICTOPTIMALITY

SOLONGASWEFINDA SAFEPATH. STAYING

AWAYFROMOBSTACLESISMOREIMPORTANT

THANFINDINGTHESHORTESTPATH

NEEDTODEFINEOTHERTYPESOFάROADMAPSέ

Lozano-Pérez, Tomás; Wesley, Michael A. (1979), "An algorithm for planning collision-free paths among polyhedral 
obstacles", Communications of the ACM, 22 (10): 560ς570, doi:10.1145/359156.359164

https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1145/359156.359164


VO R O N O I D I A G R A M

GIVENA SETOFDATAPOINTSIN THE

PLANE:

ÅColor the entire plane such that the color of 
any point in the plane is the same as the 
color of its nearest



VO R O N O I D I A G R A M



VO R O N O I D I A G R A M

VORONOIDIAGRAM:
THESETOFLINESEGMENTSSEPARATING

THEREGIONSCORRESPONDINGTO

DIFFERENTCOLORS

LINESEGMENT= POINTSEQUIDISTANT

FROM2 DATAPOINTS

VERTICES= POINTSEQUIDISTANTFROM> 
2 DATAPOINTS



VO R O N O I D I A G R A M

COMPLEXITY(IN THEPLANE):

ÅO(N log N) time

ÅO(N) space

BEYONDPOINTS:

ÅEdges are combinations of straight line 
segments and segments of quadratic curves 

ÅStraight edges: Points equidistant from 2 
lines

ÅCurved edges: Points equidistant from one 
corner and one line



VO R O N O I D I A G R A M

KEYPROPERTY: 
THEPOINTSONTHEEDGESOFTHE

VORONOIDIAGRAMARETHEFURTHEST

FROMTHEOBSTACLES

IDEA: 
CONSTRUCTA PATHBETWEENQSTARTAND

QGOALBYFOLLOWINGEDGESONTHE

VORONOIDIAGRAM(USETHEVORONOI

DIAGRAMASA ROADMAPGRAPHINSTEAD

OFTHEVISIBILITYGRAPH)



VO R O N O I D I A G R A M

DIFFICULTTOCOMPUTEIN HIGHERDIMENSIONS

ORNONPOLYGONALWORLDS

ÅApproximate algorithms exist

ÅUse of Voronoiis not necessarily the best

HEURISTICόάSTAYAWAYFROMOBSTACLESέύ 
CANLEADTOPATHSTHATAREMUCHTOO

CONSERVATIVE

CANBEUNSTABLE: SMALLCHANGESIN

OBSTACLECONFIGURATIONCANLEADTOLARGE

CHANGESIN THEDIAGRAM



OV E R V I E W
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A P P R O X I M AT EC E L LD E C O M P O S I T I O N

DEFINEA DISCRETEGRIDIN CSPACE

Å Mark any cell of the grid that intersects Cobsas blocked

FINDPATHTHROUGHREMAININGCELLSBYUSING(FOR
EXAMPLE) A* (E.G., USEEUCLIDEANDISTANCEAS

HEURISTIC)

CANNOTBECOMPLETEASDESCRIBEDSOFAR. WHY?

NOTE: 

Å deterministicapproacheswith exact decompositionare 
complete

Å deterministicapproacheswith approximatedecompositionare 
representation-complete



A P P R O X I M AT EC E L LD E C O M P O S I T I O N

CANNOTFINDA PATHIN THISCASEEVENTHOUGH

ONEEXISTS

SOLUTION: DISTINGUISHBETWEEN

ÅCells that are entirely contained in Cobs (FULL) and

ÅCells that partially intersect Cobs (MIXED)

TRYTOFINDA PATHUSINGTHECURRENTSETOF

CELLS

IFNOPATHFOUND:

ÅSubdivide the MIXED cells and try again with the new 
set of cells



QU A D T R E ED E C O M P O S I T I O N



OC T R E ED E C O M P O S I T I O N



A P P R O X I M AT EC E L LD E C O M P O S I T I O N

GOOD:

ÅLimited assumptions on obstacle 

configuration

ÅApproach used in practice

ÅFind obvious solutions quickly

BAD:

Åbƻ ŎƭŜŀǊ ƴƻǘƛƻƴ ƻŦ ƻǇǘƛƳŀƭƛǘȅ όάōŜǎǘέ ǇŀǘƘύ

ÅTrade-off completeness/computation

ÅStill difficult to use in high dimensions



EX A C T C E L LD E C O M P O S I T I O N


