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Abstract :
The objective of this PhD is to develop and validate a new imaging technology based on
Spectral Photon Counting Computed Tomography (SPCCT) and dedicated contrast agents
in order to evaluate accurately the blood velocity. Blood velocity in arteries is a very
important clinical parameter to characterize cardiovascular diseases. Yet, in contrast
enhanced computed tomography imaging this velocity measurement is not a wellestablished method. Few blood velocity estimation methods using CT are known. For
example the time-of-flight TOF technique is based on the difference in arrival time of the
contrast agent at two different locations. This measurement of the intravascular blood
velocity is based on the temporal changes in the sinogram obtained in a sequential
scanning mode. The method is limited to the estimation of the mean of the speed of the
flow component along the flow field propagation axis [1]. Recently a new method to
evaluate the more precisely the blood velocity has been proposed based on spiral CT
scans with a contrast agent. The transport equation is used as a constraint to obtain
stable solutions. An optimal control formulation of the 3D+t tomography inverse problem
has been investigated to reconstruct at the same time the flow velocity and the density of
the contrast agent [2]. The optimality system for the density of the contrast agent and
the flow field are solved iteratively. Promising results have been obtained for very simple
synthetic flow configurations and transport equations but the convergence is low.
Goal and tasks
The goal of this project is to improve the proposed method and to generalize it to more
complex reconstruction problems. Several transport and diffusion equations and various
velocity profiles can be investigated for more realistic arterial blood flow. The PhD
student will study first and second order adjoint methods which have proven very useful
for pde constrained inverse problems [3]. In each case, based on the proposed optimal
control methodology, he will study the corresponding inverse problems, derive the
optimality conditions and implement the iterative reconstruction to validate the
approach. The optimality conditions involve a system of partial differential equations and
several numerical schemes may be studied obtain stable solutions and to have a fast
convergence. The implementation of the iterative reconstruction approaches will be
performed on realistic simulations of the flow with finite elements methods with the
Ansys Fluent and FreeFem softwares. Then, some acquisitions will be done on a SPCCT
system and in vivo in order to test the methods.
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