Volumetric Data
Registration
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An Example: SPGR+T2
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—Another Example: MRI+SPECT
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What Is It All About?

« Different modalities provide us with
complementary information.

bilities for interpretation.

n ever-increasing need for

isNOT fusion!!!

3D-Reconstructions

mal Statement of the Problem -

Develop a method which
= J ne N Sam one
set to the point samples of another =
reirsuch a way that they ' together
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Subproblems

VOIVEU

* Matching Transformation
— Correlation
Alignment
——=(Dis)similarity Function

isregistration

What?

* Inter- vs. Intra-modality

VS, a-Sto

——Image-to-atlas
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rview of Registration Methods -

« Classification according to different criteria:
— What is to be registered?

n is it to be registered?

risiit to be registered?

How?

* Rigid — affine — non-linear

Paints — lines — surfaces — voxels

Interactive — semi-automatic — automati

ge-guided surgery

evaluation




Popular Methods ==

 Stereotactic frame

fncipal axes

— bemodelbresp—obiect.
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——such that a cost function

specified by a parameter vector

—takes its optimum in

atching Transformations Rigid-body Transformations

* Rigid-body transformations * Translation:
— Translations
— Rotations
Scalings

ransformations
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ombined Transformation

The transformation - mediated by

—transforms an object point to a model point =

Non-linear Transformations

* Polynomial form:

Cost Functions

————=FEmploy spatial information

value-based

histogram information

Affine Transformations

ransformations Summary

* Geometrical point transformations are the
tool of registration

sly suited to different registration

Properties o
Functions

» Continuous on the feasable region




——Strface-based Cost Functions

» Features are surface points
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Transform Applie

——Multiplicative Cross-correlation

» Defined as
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Digital Distance Transforms

 Binary image filter

———sSeveral types:

———Grayvalue-based

Functions

» Cross-correlation
— Multiplicative
Subtractive

——Seatter-plot based
Fam moments

——Subtractive Cross-correlation

» Absolute differences instead of products:




eature-space Histog
or Scatter-plot

* Maps the set of ordered grayvalue pairs into
a set of counts:

catter-plot: Two Objects
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—Scatter-plot Histogram Moments

*Third-order moments:

——+Normalized version:

Scatter-plot: One Object
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Scatter-plot Histogram

«Joint probabilities:

——=1D Seatterplot histogram:

——Secatter-plot Histogram Entropy

« Information entropy is the amount of
uncertainty in a probability distribution

——=information entropy cost function:




Mutual Information

» Generalized mutual dependence:

rkinformation in terms of entropies:

Optimization Task

» The problem is
— Multivariate

——— —Non-linear

——— Constrained

ECIRRL

Exhaustive search

model

——=—Possible (discrete) angle triples:

space for rigid-body

——Similarity Functions Summary

» The quality of registration is measured by
similarity functions

——funAction parameter space for an optimal
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——Thereisagreat diversity of them

——= Theyaresabjeet of active researeh

Optimization Methods

Exhaustive search

imulated annealing

——=Geneticalgorithms

——Gradient-based Optimization

« Hill-climbing techniques

O any 6

——=—Susceptible to local minima

———Alteraative: genetic algorithms




Simulated Annealing

 Probabilistic hill-climbing technique

mann’s distribution:

ited for situations with many local—
one global optimum
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Optimization Summary

* The registration process is generally formulated
as an optimization task

can’t be solved in general by simple methods
———due o its complexity
al iterative approximation algorithms ar

aling and genetic algorithmsare——
romising ones -
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Conclusions

» There is no ideal registration method for medical
volumetric data
——=Feature-based methods can hardly be automated
-plot methods do not take into account
ormation

h
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