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Iterati veClosestPoint

ICP is astraightforwardmethod[Besl1992]to align two
free-formshapes(modelX , objectP):

Initial transformation
Iterativeprocedureto convergeto localminima
1. 8p 2 P �nd closestpoint x 2 X
2. TransformPk+1  Q(Pk) to minimizedistances

betweeneachp andx
3. Terminatewhenchangein theerrorfallsbelow a

presetthreshold
Choosethebestamongfoundsolutionsfor different
initial positions
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Speci�cs of Original ICP

Convergesto localminima
Basedonminimizingsquared-error
Suggests̀AcceleratedICP'
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ICP Re�nements

Differentmethods/strategies
to speed-upclosestpoint selection

K-d trees,dynamiccaching
samplingof modelandobjectpoints

to avoid localminima
removal of outliers
stochasticICP, simulatedannealing,weighting
useothermetrics(point-to-surfacevs -point)
useadditionalinformationbesidesgeometry
(color, curvature)
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ICP Re�nements

Differentmethods/strategies
to speed-upclosestpoint selection

K-d trees,dynamiccaching
samplingof modelandobjectpoints

to avoid localminima
removal of outliers
stochasticICP, simulatedannealing,weighting
useothermetrics(point-to-surfacevs -point)
useadditionalinformationbesidesgeometry
(color, curvature)

All closed-formsolutionsarefor squared-erroron
distances
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Found on the Web

Tonsof papers/reviews/articles
No publicly availableMatlabcode
RegistrationMagicToolkit
(http://asad.ods.org/RegMagicTKDoc) - full
featuredregistrationtoolkit with modi�ed ICP
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Implemented in This Work

Original ICPMethod[Besl1992]
Choicefor cachingof computeddistances
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AbsoluteDistancesor L 1 norm

Why bother?

Morestableto presenceof outliers
Betterstatisticalestimatorin caseof non-gaussian
noise(sparse,high-kurtosis)
mighthelpto avoid localminima's
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AbsoluteDistancesor L 1 norm

Why bother?

Morestableto presenceof outliers
Betterstatisticalestimatorin caseof non-gaussian
noise(sparse,high-kurtosis)
mighthelpto avoid localminima's

How?
usesomeparametricapproximationfor y = jxj and
donon-linearoptimization
presentthisasaconvex linearprogrammingproblem
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LP: Formulation

AbsoluteValues y = jxj

x � y and� x � y while minimizingy

EuclideanDistancek~vk =
q

v2
x + v2

y
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~v

jr x~vj � k~vk; jr y~vj � k~vk
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LP: Rigid Transformation

Arguments:rotationmatrixR andtranslationvector~t
Rigid Transformation:

~_p = R~p + ~t
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LP: Rigid Transformation

Arguments:rotationmatrixR andtranslationvector~t
Rigid Transformation:

~_p = R~p + ~t

Problem:How to ensurethatR is rotationmatrix?
“Solution”: Takeasetof “support” vectorsin object
spaceandspecifytheir lengthexplicitly.

k~_pj � ~_pkk � k~pj � ~pkk = 0 ~pi ; ~pj 2 P
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LP

~_p = R~p + ~t

k~_pi � ~xi k � di = 0 8i , s.t. ~pi 2 P; ~xi 2 X

k~_pj � ~_pkk � k~pj � ~pkk = 0 ~pi ; ~pj 2 P

Objective: minimizeC =
P

i di
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LP: Problems

Contraction(shrinking):

k~_pj � ~_pkk � k~pj � ~pkk = 0

is actually

k~_pj � ~_pkk � k~pj � ~pkk � 0

R matrixneedsto be“normalized”to thenearest
orthonormalmatrixdueto ourkxk LP
approximationevenif nocontractionoccurred.
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LP: Results
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LP: Results
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LP: Conclusions

Presentedproblemis suitableto minimizeL 1 error
insteadof L2 errorcommonlyused.
UsingL1 normimprovedsolutionin thepresenceof
strongoutliers.
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