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Description:  

Emerging non-thermal and sub-thermal tumor ablation modalities, such as Irreversible 
Electroporation (IRE), High-Intensity Focused Ultrasound (HIFU), and pulsed Focused 
Ultrasound (pFUS), are attracting growing interest as alternatives to conventional thermal 
ablation techniques. These modalities rely on distinct physical and biological mechanisms, 
including electric field–induced membrane permeabilization or mechanically induced tissue 
effects, and may offer advantages in terms of tissue selectivity and preservation of surrounding 
structures [1]. However, their development is currently hindered by the lack of fast and reliable 
simulation tools capable of predicting lesion formation and tissue response. 

Unlike thermal ablation, where tissue damage is primarily driven by temperature changes and 
can be modeled using established bioheat diffusion frameworks such as the Pennes model [2], 
non-thermal and sub-thermal approaches involve more complex multi-physics processes. In 
these modalities, heating is not the primary cause of tissue damage, which instead emerges from 
interactions between energy delivery, heterogeneous tissue properties, and cellular-scale 
responses [1]. Accurately simulating these phenomena typically requires finite-element Partial 
Differential Equation (PDE) models [3], which are computationally expensive and therefore 
unsuitable for interactive use in planning or exploratory settings.  

Recent advances in learning-based scientific computing, including physics-informed neural 
networks [4] and Neural Cellular Automata (NCA) [5], suggest promising alternatives for 
accelerating physically grounded simulations. These approaches aim to approximate the 
dynamics of complex systems while preserving essential physical structure, and have 
demonstrated strong potential in data-driven physical modeling [8,9]. 

This PhD project aims to develop computational simulation frameworks for non-thermal and 
sub-thermal tumor ablation with a particular focus on reducing computational complexity while 
preserving physical consistency. The proposed approach combines finite-element PDE solvers 
with learning-based Neural Cellular Automata. Finite-element simulations will be used to 
generate high-fidelity reference data and to serve as a physical baseline, while NCA models will 
be trained to approximate lesion formation dynamics at significantly higher computational 
speed. The objective is not to replace physics-based models entirely, but to investigate hybrid 
strategies in which learning-based models provide fast predictions, with PDE solvers retained 
for validation, calibration, and rare out-of-distribution scenarios.  

The scientific challenges of this PhD project will encompass the following steps: 
1. Finite-element Modeling of Non-thermal Ablation Modalities: Implement and study 

finite-element PDE models for representative non-thermal and sub-thermal ablation 
techniques, including IRE, HIFU, and pFUS. These models will capture the coupling 

https://icube.unistra.fr/
http://dpt-info.u-strasbg.fr/~essert
mailto:juan.verde@ihu-strasbourg.eu


between energy propagation, tissue properties, and cellular response mechanisms, and 
will be designed to generate physically consistent reference datasets. 

2. Learning-based Approximation Using Neural Cellular Automata: Design and train 
Neural Cellular Automata to approximate the spatiotemporal evolution of tissue damage 
as simulated by PDE models. This step will explore how local update rules can encode 
complex physical behavior, drawing inspiration from recent developments in physics-
informed learning and neural simulation frameworks. 

3. Hybrid Simulation and Performance Evaluation: Develop a hybrid simulation 
framework combining PDE-based and NCA-based models. The performance of the 
learning-based simulations will be quantitatively evaluated against finite-element 
reference results, with particular attention to computational speed, robustness, and 
generalization across different simulation scenarios. 

Throughout the project, systematic validation will be carried out using numerical experiments 
and simulation benchmarks.  

The doctoral work will be carried out within the host research team, IMAGeS / ICube, 
building on existing expertise in computational modeling and simulation. Collaborations with 
academic and clinical partners (IHU, University Hospital Strasbourg) will provide application 
context and validation scenarios, while the core research will remain focused on methodological 
and computational aspects. 
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Qualifications: Master's degree in computer science. A very good level of programming in 
C++ or Python is required. Good communication skills and a good level of English are expected. 
Additional knowledge in computer graphics, numerical methods, medical imaging and artificial 
intelligence would be a plus. 

 
To apply: Send a CV, cover letter, master internship report, master transcripts with ranking, 

and the names and contact information of at least 2 people who can recommend you to: 
essert@unistra.fr and juan.verde@ihu-strasbourg.eu. 

 
NB: Incomplete applications without information about the student's ranking in their 

master's program will not be considered. 
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