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ICP Is a straightforvard method[Besl 1992]to align two
free-formshapegmodelX , objectP):

Initial transformation
lteratve procedurdo convergeto local minima
1. 8p2 P nd closespointx 2 X

2. TransformPy.1 Q(Px) to minimizedistances
betweereachp andx

3. Terminatewhenchangan theerrorfalls below a
presethreshold

Chooséhebestamongfoundsolutionsfor different
Initial positions
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Speci cs of Original ICP

= Cornvergesto localminima
= Basedon minimizing squared-error
= SuggestsAcceleratedCP!
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Differentmethods/stratges

to speed-ulosestpoint selection
K-d trees,dynamiccaching
samplingof modelandobjectpoints

to avoid local minima
removal of outliers
stochastidCP, simulatedannealingweighting
useothermetrics(point-to-surcevs -point)

useadditionalinformationbesidegjeometry
(color, curvature)
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Found on the Web

= Tonsof papers/reiews/articles
= No publicly availableMatlabcode

= ReagistrationMagic Toolkit
(http://asad.ods.gfiRegMagicTKDoqg - full
featuredregistrationtoolkit with modi ed ICP
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Implementedin This Work

= Original ICP Method[Besl 1992]
= Choicefor cachingof computedlistances
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Absolute Distancesor L, norm

Why bother?

= More stableto presenc®f outliers

= Betterstatisticalestimatonn caseof non-gaussian
noise(sparsehigh-kurtosis)

= might helpto avoid local minima's
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Why bother?

More stableto presenc®f outliers

Betterstatisticalestimatonn caseof non-gaussian
noise(sparsehigh-kurtosis)

might helpto avoid local minima's

How?

usesomeparametri@pproximatiorfor y = jxj and
do non-linearoptimization

presenthis asacorvex linearprogrammingoroblem
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LP: Formulation

Absolute Values

X Yyand x Yy while minimizingy
Euclidean Distance
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LP: Rigid Transformation

Argumentsrotationmatrix R andtranslatiorvectort
Rigid Transformation:
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LP: Rigid Transformation

Argumentsrotationmatrix R andtranslatiorvectort
Rigid Transformation:

Problem:How to ensurghatR is rotationmatrix?
“Solution”: Take a setof “support”vectorsin object
spaceandspecifytheirlengthexplicitly.
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P=Rp+T
kpp *k di=0 8I,s.t.p2P;% 2 X

KB, Bk kg pk=0 Bl 2P
»
Objectve: minimizeC = . d
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Contraction(shrinking):

IS actually

R matrix needso be“normalized”to the nearest
orthonormamatrix dueto our kxk LP
approximatiorevenif no contractionoccurred.
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Presentegroblemis suitableto minimizel ; error
Insteadof L, errorcommonlyused.

UsingL ; normimprovedsolutionin the presencef
strongoutliers.
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