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ABSTRA CT

We introducea novel probabilisticapproab for nonrigidimagereg-
Istration usinggeneralize@lasticnets,a model previouslyusedfor

topographicmaps. The ideaof the algorithmis to adaptan elastic
net (a constrainedsaussiammixture) in the spatial-itensity space

of oneimageto t the secondmage.The resultingnet directly rep-

resets the correspndenceébetweenimagepixelsin a probabilistic
way andrecwersthe underlyingimagedeformation.We regularize
the net with a di erential prior and dewelopan e cient optimiza-

tion algorithmusinglinearconjugategradiens. The nonparametric
formulation allows for complextransformationaving local defor-

mation.

METHOD

The elastic net Is a Gaussiamixture model (GMM) with a gua-
dratic prior on Iits cerroids. The cernroids implicitly represena
nonlineamanifoldthat probabilisticallynodelsanimagen spatial-
Intensity space.

We represeintwo imaged; andl, in the spatial-iensily space.

TheelasticnetY isinitializedwith eat cenroid represeting the
spatial-inensiy valueof onepixelin ;.

Thenetis adaptedoy adjustingthe centroidsto t dataX (image
|, In spatial-itensity spacepy MAP estimation.

the nal cerroid locations(Y ), whenE Is minimized,directly
shav the displacemdnof eat pixelin 1, deformednto I-.

-

lllustration of the alignment metho d (for 1D Im-

ages, for simplicit vy).
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whereS= DID:+ DD, andDy, D, are rst- and second-
order dernhatives. Weights 4, and » cortrol tearing and folding
regularizationkDY k= tr (DY)T(DY) =tr Y'D'DY
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Taking the dernative of E(Y ) and equatingit to zero,we obtain
non-linearsystemof equations:

Solhe: (diag(P1)+ °S)Y = PX
whereP matrix haselemets pp, = e X K=" M g K"K
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We use xed-poirt iterationto sole the system.On ead Iteration
we uselinearconjugategradiemn (CG) methald, whidh hasfolloving
adwanages:(1) we caninitializethe linearCG fromthe previousY
value;(2) we canrun only a fewlinear CG steps.

EXPERIMENT AL RESUL TS

@EN registration with known deformation.
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Deform. GEN: TransformGEN: Intensity ITK: Intensiy
STD RMSE (pixels) RMSE RMSE
1.0 0.3135 0.0044 0.0094
2.0 0.9753 0.0053 0.0117
3.0 1.0962 0.0059 0.0143
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Intersub ject brain registration.
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after GEN req.

(Stabilization of microscopic Iris videos.
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CONCLUSION

We have dewloped a probabilistic nonrigid image registration

methal basedon the generalize@lasticnet. The resultingfornu-

lation Is a penalizedmaximum likelihaod problem. The nonpara-
metric transformationallovs to model complexandlocalizeddefor-
mations exibly without prior knowvledgeabout the type of trans-

formationrequired,andto usesophisticatedegularizerge.g.high-

orderderiativesandlinearconbinationsof them). The structured,
sparsenature of the regularizematrix allovs an e cient optimiza-
tion with linear conjugategradiens, fasterthan thin-plate splines.
The methal accuratelyregistersimageswith nonlinearlocal de-

formations,and hasrobustnes$o imageintensity distortion. The

methal accommadatesarbitrary featureqe.g.gradiem information
andcolorcompnens), spatialdimensionge.g.3D,4D),andimages
of di erent spatialresolutions.
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