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Post-doctoral position:
Reconstruction of blood flow velocity with 4D MRI and physics enforced deep learning


Objectives of the project
Our goal for this project is to improve blood velocity field reconstruction from undersampled k space 4D MRI data, both in terms of computation time, image quality, and velocity quantification. We intend to use new deep learning approaches with physically based regularization to increase the spatio-temporal resolution and decrease the calculation time. Our aim is to combine the knowledge of physical laws with deep learning techniques order to capture the fluid patterns.  The efficiency of the frameworks will be demonstrated with numerical examples with non-stationary velocity fields calculated with realistic simulations and test the methods on sparse and noisy k-space signals obtained with real data from others.

Keywords Blood flow reconstruction, 4D MRI, deep learning, physics informed machine learning

Medical context
Cardiovascular pathologies represent a major public health issue. Abnormal blood flow is a driving force in the progression of cardio-vascular pathologies.
4D Flow MRI allows direct measurements of blood flow velocities non-invasively  and demonstrated crucial contributions in several cardio-vascular pathologies studies

Reseach context
Over the past decade, physics-guided machine learning frameworks has emerged to support scientific computing and medical imaging. PINNs [1,2,3] embed partial differential constraints directly into the learning objective, enabling solution of forward and inverse problems from sparse data by enforcing physical consistency during optimization. These approaches are very useful for tissue biomechanics modeling.
Physics informed machine learning methods based on PIELM (Physics Informed Extreme Learning Machine) networks are a very promising variant of the PINN networks (Physics Informed Neural Networks)[4].

Skills
Skills in applied mathematics, deep learning, python and matlab programming.

Duration
One year, renewable two times.
Salary
Between 2000 and 2400 euros net  per month depending on the experience of the candidate.
Contact
Send a CV, a motivation letter and the report for the PHD to bruno.sixou@insa-lyon.fr, monica.sigovan@creatis.insa-lyon.fr
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