
Estimation of realistic deformation fields
in 4D image registration

Erik A. Hanson, Erlend Hodneland

IVLOPDE, Bergen

August 30, 2016



Main objective:
Use 4D image registration methods to identify physical properties of
the imaged object.

Traditional image registration methods are not suited due to:

1 Oversimplified physical models
The models serve as regularizers and the model is unphysical

2 Non-physical image-derived forces
In an energy minimisation framework, the forces driving the
deformation are derived from image intensities/edges.

3 Unknown (regularization) material parameters
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Case I: Poro-elastic regularization and heterogeneous medium
(kidney)
Addressing problem I and III (Unphysical models and parameters)
Kidney tissue is assumed to be both elastic and porous*:

Poroelastic regularizer: Stress tensor is extended to account for
hydraulic pressure changes p due to motion induced flow in the
tissue.

σ = 2µε +λ (tr ε)−αpI.

Mass balance of fluid flow and Darcy law for low velocity flow is
introduced to make the system complete:
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*Hodneland E, Hanson E et al.: Physical Models for Simulation and Reconstruction of Human Tissue Deformation Fields in
Dynamic MRI, Accepted for publication in IEEE Biomedical Engineering.
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Upper left: Dynamic T1w MRI of human abdomen at time t = 0. Upper right: Rough
automatic segmentation used to assign tissue parameters. Lower left: |u|. Lower
right: ∇ ·u (volume changes).
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Case II: De-couple image forces and elastic energy
Addressing problem II (Non physical image-forces)

Image derived forces (i.e. SSD) are typically following image
edges. Introduce a energy parameter p, relaxing the relation
between image and forces.

Given the elastic potential energy
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De-coupled energy minimisation:

min
u,p
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where f (x) is the image, u(x) is the deformation field, p(x) is an
energy field.
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Conclusions
The proposed framework opens the path to

New quantitative applications of traditional image registration
methods.

Discussion around verification and benchmarking in 4D image
registration, where results can be evaluated based on the
deformation fields and not only the success in alignment of
images.
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