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• Inverse scattering scheme for source synthesis

• Uncertainty quantification of the positions of the electrode caps on the head

1. The field scattered by the mobile is deformed by the electrodes placed on the head

during an EEG.

→ How to design a source that could pre-deform the electric field to reconstruct the

field created by a phone in the presence of the EEG electrodes?

2. After being designed, the source used to pre-deform the field will be manufactured. Some

contraints should be added in the design part to simplify the manufacturing part.

→ How to constrain the design method to obtain an antenna with feasible material

and electric parameters?

3. The exact positions of the electrode caps on the scalp are not known exactly in practice.

Different patients’ head lead to different electrode caps coordinates. The uncertainty

induced by the position of the EEG caps should be taken into account when modeling the

source.

→ How to propagate an uncertainty on the positions of the electrode caps to an

uncertainty of the SAR induced in the head?

• The SAR should remain below a certain limit to prevent ionizing radiations from happening

in the brain. This is called dosimetric assessment.

• The Hybrid Volume Surface Electric Field Integral Equation allows to find the total field 

in inhomogeneous dielectric media and PEC.  

• Discretization with SWG basis functions.

• Optimization algorithms for antenna synthesis: distorbed born iterative method, contrast

source inversion, modified gradient method.
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• Radiating devices are present in all wireless communications

devices, which are increasingly being used, e.g. mobile phones.

• The electromagnetic waves radiated from these devices interact

with the biological issues of the human body of the human

bodies. This is quantified with the specific absorbing rate

(SAR).

• The impact of radiative sources on the cerebral activity is

not well-known. The measure of the cerebral activity

requires the use of an electroencephalogram setup

(EEG). This study requires using both an EEG setup while

radiating a localized SAR in a part of the brain

(collaboration with IMT Atlantique and Télecom Paristech).

• All the previous steps require the use of special radiative

sources able to pre-deform the field to obtain a target

field, e.g. metamaterials-based antennas.

With the electrodes, the

fictive sources, and no real

source

With the electrodes (EEG) and 

the real source

Only the real source is

present

The field scattered in the brain
is deformed

The initial field is obtained in 
the brain

Inhomogeneous dielectric

Metallic patches

Real source

Fictive source

Research context and motivation

Addressed research questions/problems

Novel contributions

Adopted methodologies

Future work

List of attended classes

• Improve the design of the source by reducing the number of dipoles needed and

obtaining more realistic material parameters.

• Correct the ill-conditioning of this full wave formulation at low frequency to enable its use

in the quasi-static regime.
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