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Literature

[Modersitzki, Numerical Methods for Image Registration, Oxford University Press, 2004]



Basic definitions



Basic definitions



Basic definitions



Structure

• Parametric image registration techniques

• Non-parametric image registration techniques

• Non-parametric registration for DTI



Structure

• Parametric image registration techniques

– Landmark-based parametric registration

– Landmark-based smooth registration

– Parametric registration techniques

• Intensity-based registration

• Mutual information-based registration 



Landmark-based parametric registration:

The problem

Reference image

Template image



Landmark-based parametric registration:

The problem



Landmark-based parametric registration:

The solution



Reference image

Template image

Result of landmark 

registration (Fig.4.1, linear)

Landmark-based parametric registration when using 

linear polynomial



Reference image

Template image

Result of landmark 

Registration (Fig.4.1, quadratic)

Landmark-based parametric registration when using 

quadratic polynomial



Diffeomorphism (from Wikipedia)



Landmark-based parametric registration



Structure

• Parametric image registration techniques

– Landmark-based parametric registration

– Landmark-based smooth registration (only of academic interest for 

us)

– Parametric registration techniques

• Intensity-based registration

• Mutual information-based registration 



Landmark-based smooth registration:

Basic definitions



Landmark-based smooth registration:

Basic definitions



Landmark-based smooth registration:

Basic definitions



[Rohr,  Computational Imaging and Vision, 2001]

[Modersitzki, Numerical Methods for Image Registration, Oxford University Press, 2004]

Landmark-based smooth registration:

Basic theory



[Light, Numerical Analysis, 1995]

[Modersitzki, Numerical Methods for Image Registration, Oxford University Press, 2004]

Landmark-based smooth registration:

Basic theory



Landmark-based smooth registration: 

The problem

Thin Plate Spline (TPS) interpolation



Landmark-based smooth registration:

The solution



Reference image

Template image

Result for alpha=105 (Fig.4.4) 

Landmark-based smooth registration:

An example



Reference image

Template image

Result for alpha=0 (Fig.4.4)

Landmark-based smooth registration:

An example



Landmark-based smooth registration



Landmark-based smooth registration



Landmark-based smooth registration



Structure

• Parametric image registration techniques

– Landmark-based parametric registration

– Landmark-based smooth registration

– Parametric registration techniques

• Intensity-based distance measure 

• Mutual information-based distance measure



Intensity-based registration



Restricted transformations



Intensity-based affine registration



Intensity-based affine registration



Intensity-based affine registration:

An example



Structure

• Parametric image registration techniques

– Landmark-based parametric registration

– Landmark-based smooth registration

– Parametric registration techniques

• Intensity-based distance measure 

• Mutual information-based distance measure



Mutual information-based registration



Mutual information-based registration

[Collignon et al., Computational Imaging and Vision 3, 1995]

[Maess et al., IEEE Trans.Med.Imag., 16 (2), 1997]

[Modersitzki, Numerical Methods for Image Registration, Oxford University Press, 2004]

Kullback-Leibler measure



Kullback-Leibler measure is identical to 

MI distance measure 

=



Maximization of MI distance measure: 

An example

Rotation of reference by alpha=0 degree Rotation of reference by alpha=5 degree



T1-MRI: 

Appropriate for segmentation of 

 Scalp surface

 Outer skull surface

 Gray Matter surface

 White Matter surface

 Ventricle  surfaces

Proton-Density-weighted MRI: 

Appropriate for segmentation of 

 Inner skull surface.

MI-based registration for brain research: An 

example

T1-MRI PD-MRI

[Wolters, lecture scriptum, chapter 4.5]



• Optimization: Simplex on Gauss-Pyramid
    [Allgower and Georg, 1990]

• Distance measure: Mutual information 

• Parametric transformation (translation, rotation, scaling) 

[Maess et al., IEEE Trans.Med.Imag., 16 (2), 1997]

[de Munck et al., IEEE Trans.Biomed.Eng., 15 (5), 1996]

[Wolters, lecture scriptum, chapter 4.5]

MI-based registration for brain research: An 

example



Visual validation of MI-based registration 

of PD-MRI on T1-MRI 

[Wolters, lecture scriptum, chapter 4.5]



Influence of MI-based registration of T1/PD-MRI 

on inner skull segmentation

[Wolters, lecture scriptum, chapter 4.5]



Influence of MI-based registration of T1/PD-MRI 

on inner skull segmentation

Result if only T1-MRI is available Result if also well-registered PD-

MRI is available

[Wolters, lecture scriptum, chapter 4.5]



Thank you for your attention
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