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— Point-based methods

— Surface fitting methods

— Automatic methods

Computer integrated surgery




Image Registration

Task:

o find geometrical correspondence between
Images.

Terms.

« Imageregistration

 Image matching

 Image fusion




lmage Transformations




Registration (General)

Task:
Combine (spatial) information contents

coming from the same or different sour ces.
— Images,

— 2-D or 3-D models of objects,

— Spatial positions.
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Surgery planning and execution

 Model - Modality  Modality - Patient

Prostate biopsy project, Johns Hopkins University, Baltimore, MD, USA




Major research areas

Computer vision and pattern recognition
— segmentation, motion tracking, character recognition
Medical image analysis

— tumor detection, disease localization, classification
of microscopic images

Remotely sensed data processing

— geology, agriculture, oceanography, oil and mineral
exploration, forestry




Variations Between Images

e Corrected distortions (easier)

— Distortion which can be modeled (e.g. geometric differences
due to viewpoint changes).

e Uncorrected distortions (medium)

— Distortions which are difficult to model (e.g. lighting and
atmospheric conditions, shadows).

o Variations of interest (harder)

— Differences we would like to detect (e.g. Object movements
or growth).




Main Components

e Search space

— Type of geometric transformation.

» Feature space

— What features to use to find the optimal transformation.
e Similarity measure

— Defines how similar two images are.

e Search strategy

— How to find the global optimum of the similarity measure.




Original
Image

Affine
transformation

2D: 6 parameters
3D: 12 parameters

Rigid-body
transformation

2D: 3 parameters
3D: 6 parameters

Nonlinear
transformation

2D,3D: as many
parameters as
desired.




Feature Space

e Godl:

— Reduce amount of data,

— by extracting relevant
features.

e Features:
— Geometric (e.g. points, edges,
surfaces).
— Image intensities (e.g. the
whole image).




Similarity Measure

o Geometric features
— Distance measures (e.g. minimization of Euclidean distance).

* |mage intensity-based

— Based on intensity differences (e.g. absolute/squared sum of intensity
differences, sign changes of the difference image).
— Correlation-based (cross-correlation, correlation coefficient).

— Based on the co-oceurrence matrix of the image intensities (e.g. joint
entropy, mutual information).




Similarity Measure

o Example: 1D transformation

+—7 >

Direction of
translation.

Similarity A Similarity A Similarity A
measure measure measure

> > >

Translation Translation Translation

Good: global optimum at correct position, Good but hard: many local optima, but the global one BAD: global optima at wrong position!
no other local optima. is at correct position.




Search Strategy

Direct methods

‘Coarseto fine’ search
Multiresolution pyramid
DInamic'programming methods
Relaxation methods

Heuristic search, genetic algorithms

Optimization is a bigger research field than registration itself!




Registration Process

Feature extraction

Determining the optimal
transformation

Applying the transformation

lmage fusion




Medical Image registration

Matching all the data available for a patient
— provides better diagnostic capability,
— better understanding of_data,

— Improvessurgical and therapy planning and
evaluation.




Medical Image registration

Potential medical applications

— Combining information from multiple imaging
modalities (e.g., functienal information to anatomy).

— Monitoring changes in size;-shape, or image intensity
over time intervals (few secondsto years).

— Relating presperative images and surgical plansto the
physical reality of thepatient (image-guided surgery,
treatment suite during radiotherapy).

— Relating an individual's anatomy to a standardized
atlas.




lmaging Modalities

e 2D Imaging e 3D Imaging
— Anatomical — Anatomical

e X-ray MR

e US e CT
— Functional — Functional

« Gamma camera e SPECT
e PET




2D Imaging

Ultrasound

A




3D Anatomical Imaging

Magnetic Resonance Computed Tomography
256x256 512x512




3D Functional Imaging

SPECT PET
(Sngle Photon Emission (Positron Emission
Computed Tomography) Tomography)

64x64 128x128




Type of Features

o Extrinsic(artificial) o Intrinsic
— Stereotactic frames — Anatomic aress (points, surfaces)
— Head and dental fixation devices _ Geometric features

AT Skin markers AL — Image intensities

ccurate, uncomfortable for the

patient, non-retrospective. Accurate, _Comfortabl 2,
retrospective.




Modalities

o Unimodality o . Multimodality

— Time series — Complementary image
— Different protocol contents

settings
— Atlas matching




Modalities

 Model - Modality  Modality - Patient

Prostate biopsy project, Johns Hopkins University, Baltimore, MD, USA




|mage Sources

 |ntrasubject

— Same patient.
 |ntersubject

— Different people.

o Atlas matching
— Different people;to get , average’ information.




Interactivity

e Manual
Decent visualization software is necessary. Labour intensive.
e Semi-automatic (interactive)
Reliable, fast, but trained user might be required.
o User initializes (e.g. point selection, segmentation).
o User decides (accept/rgect).
e Combined together.
e Automatic
— Easy to use.
— Usually accurate, but visual.inspection isnecessary.
— Cantake alot of time (especially. in nonlinear cases).




Registration Algorithms

 Point-based methods,
— Reliable, fast, but trained user might be required.

« Contour/surface fitting methods,

« Automatic volume fitting based on voxel
similarity measures.




Point Pair Selection

e Interactive

— Selection of point pairs
« Might require trained user,

e Canbehard (e.g.in 3D), or even impossible (MR — SPECT
TRODAT),

« Might takelot of time (few minutes— 10-30 minutes).

e Automatic
— Feature extraction (e.g. corner points).
— Number of points can be different.
— Pairing is to be solved!




| nteractive Point Pair Selection
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Automatic Point Selection
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Point-Based M ethods

Rigid-body, ssimilarity transformation
— SVD, unit quaternions, iterative search.

Affine transformation
— Least squares, SVD.

Polinomial transformations
— 2nd, 3rd, n-th order.

Nonlinear transfermations
— Thin-plate spline, B-Spline, multiquadrics, RBF, etc.




Registration Algorithms

 Point-based methods,
» Contour/surface fitting methods,

« Automatic volume fitting based on voxel
similarity measures.




Contour/Surface Fitting

Extraction of same contours/surfaces
Contour/surface distance definition
Optimization (iterative method)
Outliers problem




Distance definition

.
» Point-based [N TSRl PIE ZAAN

i=1

—
o Contour/surface IZAVERNDMEEILVA RS E

=1

— Closest point in the transformed Y point set.

— Closest point in the triangul ated surface mesnh of the
trasformed Y point set.

— Etc.




Contour/Surface M ethods

 Head-hat (Pelizzari, 1989)

e Hierarchical Chamfer Matching
(Borgefors, Jang, 1992)

o |terative Closest Point (Besl, McKay, 1992)
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Registration Algorithms

 Point-based methods,
« Contour/surface fitting methods,
o Automatic volume fitting based on voxel
similarity measures.
— Easy to use.
— Usually accurate, but visual inspection is necessary.

— Can take alot'of time (especially in nonlinear
Cases).




Intensity differences

é [AC) BT (x,)| . SAD é [AC)- BT (%,)

1

NS

o Optimal when the noise is Gaussian.
— For unimodality registration.

— Unimodality problems
* Noiseisnot Gaussian in MR.
» Contrast agents can cause big intesity differences.




Correlation techniques

* Optimal when the relationshipis linear
between intensities of the images.

— For unimodality registration.




Partitioned |mage Uniformity

e Assumed: an intensity value describes a
tissue type well in both images.

 For MR-PET registration (\Woods, 1992)
— Remove parts outside of brain from PET.
— Transform MR intensity scale to 256 values.

— Maximizes the uniformity of the intensities
from PET paired with intensities of MR.




Mutual Information

MI(X,Y) = H(X) + H(Y) - H(X,Y)
NMI(X,Y) = (H(X) + H(Y)) / H(X,Y)

H(X), H(Y): entropy
H(XY): joint entropy

H(A) =- @ pa(a)Xog p,(a)
H(B)=- & p, (a)4og p, (a) (Collignon, Viola 1995)

H(A,BN)=-8 & p. (ab)Xogp, . (ab)
a b




NMI: 1.1506
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NMI: 1.1586




MI: -0.1697

NMI: 1.1147
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