Title : Numerical solutions for optimal control of reaction-diffusion in
electrophysiology

Contact: Nagaiah Chamakuri

Open problems: It is a significantly challenge to obtain the efficient
numerical results for optimal control of bidomain equations with a moderate
CPU time for long time horizons problems. Also, extending the numerical
implementation is difficult for cost functional involving gradient of
transmembrane voltage to obtain the extracellular control dampening the
complete wave propagation of the transmembrane potential for this class of
complex problems. Derive the existence and uniqueness results for the
optimal control of bidomain equations. Improve the efficiency of the codes
for the primal and dual equations by utilizing spatial and temporal
adaptivity. Do longer time horizons with complete simulations of several
heart beats.



1 Open Problems from Subproject MRI: Image Reconstruction
Contact: florian.knoll@Qtugraz.at.

1. CUDA programming: We would like to implement advanced image reconstruction
methods with TV constraints in CUDA. Currently, as a joint project with the
Institute of Computer Graphics and Vision (Prof. Horst Bischof), we are working
on a GPU implementation of the ”‘Regridding”’ step, which is needed to interpolate
measurement date from non-Cartesian sampling patterns on a Cartesian Grid prior
to IFFT image reconstruction. This involves efficient implementation of sparse
Matrix vector mulitiplication. Another issue is the implementation of optimization
problems with a k-Space data fidelity term.

2. Development of optimized sampling patterns, and the design of appropriate penalty
functions for regularization (either for parallel imaging, or to exploit specific types
of aliasing structure).

3. Quantitative evaluation of image quality: This would be important for the objec-
tive comparison of different reconstruction methods, and could lead to strategies
to choose regularization parameters.

Details can be found in the pdf file of the presentation for the SFB Statusseminar.



Open Problems according to
DCE-MRI Registration

Subproject: MRI (Prof. Stollberger)
Michael Hofer

Adapting the optical flow functional to be invariant against intensity changes
within two images
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Total Variation Optical Flow constraint

1,.1,... image pair
i ... two-dimensional displacement field, # = (1, (x), 1, (x)) y
Q2 ... image domain

A ... weights between the regularization force and the data fidelity

2. Including of contrast media information into the registration procedure over the
whole time sequence. This means, not only information about the two images
(intensities) which are registered should be included, also information over the
time series.
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Quantification of DCE data without an AIF

Open Problems

Bernhard Neumayer

e The models’ necessary complexity must be determined.
— Is it necessary to include transendothelial exchange?
— Which model fits best to in vivo data?

— In vivo data with sufficient temporal resolution will be needed.
e Is the neglect of the CA’s second pass valid?

e Should a model change between FXL and FXR during bolus passage be accounted
for or is it sufficient to use one model only?

e Further investigation on unknown values: intra- and extracellular relaxation rates
in absence of contrast agent, fraction of water f,.

e Further investigation on dependency of the CA’s relaxivity on macromolecular
content.



