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Adopted methodologies
• The anisotropic and inhomogeneous conductivity is explicitly modeled in terms of

equivalent currents, leading to anatomically matching volume contributions in the skull

and fiber contributions in the white matter.

Addressed research questions/problems
• The formulation of the EEG forward problem is given by the anisotropic Poisson’s

equation in the quasi-static regime, relating a known primary activity 𝑱𝑝 to the unknown

electrical potential ϕ

• The boundary conditions ensure the continuity of the potential and current density

• The forward problem can be solved in terms of surface integral equations only on the

condition that the head can be approximated as a piecewise-uniform medium. However,

the skull and white matter in particular are strongly inhomogeneous and anisotropic.

• Until now, expensive full volumetric methods such as the Finite Element Method (FEM) are

required to incorporate anisotropic and inhomogeneous conductivities. Furthermore,

the diffusion tensor imaging-based anisotropy modeling of the white matter with classical

volume elements remains challenging to validate.

Research context and motivation
• The forward problem of electroencephalography (EEG) is the cornerstone for brain

analysis in a wide range of medical and research applications, including epilepsy

treatment, transcranial brain stimulation, electric impedance tomography, and brain

computer interfaces.

• Electromagnetic solvers are used in practice to obtain the solution of the EEG forward

problem. Although popular in the biomedical community, the integral equation-based

Boundary Element Method (BEM) relies on a piecewise-uniform conductivity

assumption, oversimplifiying the electrical properties of several head tissues and resulting

in important modeling errors.

• We wish to develop a new method that can fully exploit advanced multimodal MRI and

tractography technologies to obtain an efficient and realistic forward problem solution.
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Future work

• Integration of a fast method to accelerate both matrix building and inversion and reach

high computational efficiency

Novel contributions
• The new fiber and volume contributions are coupled with the surface contributions of the

classical BEM to obtain an efficiently discretized hybrid system of integral equations

• Numerical results demonstrate both its accuracy and applicability in real-case scenario
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