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New High-Resolution and Full 

Wave Forward Models

Electric Flux Volume Integral Equation for 
Modeling Anisotropic and Inhomogeneous 
objects

Regularization of HC and LF Breakdowns with 
Generalized Volume Quasi-Helmholtz 
Projectors [9]

Range of operation of the formulation

Validity of the EEG forward modeling

General Description 

Discretization

New
Projectors

Left
Preconditioner

DBS: Deep brain stimulation, TMS: Transcranial Magnetic 
stimulation, KES: Kilohertz electrical stimulation

Ill conditioned Gram matrix
→ Low-Frequency (LF) breakdown
→ High-Contrast (HC) breakdown

Ill-posed inverse problem: add prior on D to solve.

Deep Learning for ESI

• 𝑝 ≫ 𝑁: 𝐺 non-invertible
• Volume mixing/conduction

Published Results
• Acceleration of the forward model 

using via fast direct solver
• Other brain activity models
• BCI feedbacked strategy
• Experimental Validation

Network parameters:
• 1D-CNN: 7 102 464 params
• LSTM: 513 400 params

• Ground truth source activity 
(D) with SEREEGA

Forward model : 𝐌 = 𝐆𝐃 + ε (ε = additive noise)​​

Inverse Problem in EEG​

Ongoing Work and Next Steps

Single extended source

Multiple extended sources

• AUC : Area under the 
ROC curve (extension)

• LE : localisation error
• nMSE : normalized 

MSE 

Training details:
• 10000 samples / dataset (80% 

training, 20% evaluation)
• ADAM, 100 epochs, gradient 

clipping for LSTM
Baseline:
MNE[4], sLORETA: non learning 
based methods

1d-CNN for ESI
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