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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 [1]

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

Forward model : 𝑀 = 𝐺𝐽 + ε ( ε = additive noise )

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

Deep Learning for Electrophy-

siologic Source Imaging  
Inverse Problem in EEG

Network parameters (e.g MSE loss):
• 𝑝 ≫ 𝑁: 𝐺 non-invertible
• Volume mixing/conduction

1d-CNN for ESI

Input and output as multivariate time series

Head Model Spatial Pattern Temporal Pattern

3 layers
61 electrodes
2 source spaces:
- 132 sources
- 1284 sources

1 active source

Random parameters:
source position, latency, 
width, amplitude

SEREEGA’s ERP like 
activation
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• Accuracy drops when 
source space dimension 
increases

• Number of parameters 
increases with source 
space dimension

Challenges:

• Software acceleration of the
forward solver using a
parallelized implementation
of the adaptive integral
method

• Complexify simulations (source extension, multiple 
sources, other waveforms, noise)

• Work on IP’s data representation
and architecture choice

• Integrate BCI feedbacked strategy
• Experimental Validation


