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* High resolution Electroencephalography (HR-EEG) is a non-invasive, functional »  Our new formulation gives rise to a Q = dine (0o I gl e
neuroimaging technique: it allows to determine position, strength and direction of the symmetric, positive-definite qc,ll]\}c,l,‘;};,zl](,c’z,‘f’.z.,qC,N_’llNC‘;’f;)
neural sources starting from the measure of the potential distribution at the scalp. HR-EEG interaction matrix. gy = max(oy, i) 7 —070
IS nowadays commonly used for the pre-surgical epileptogenic source localization in  |ts construction is refinement-free: qc i =min(o;, 071) '/’ !
patients affected by focal epilepsy. Given the criticality of the applications, the source no need of dual functions defined 7‘};1“7 .
localization algorithms should provide accurate and reliable results in short time. on the barycentric refinement of Mz, P ZT My=MZ2,PQ (bT CT)

« EEG neuroimaging aims at solving an inverse problem (i.e. the identification of the mesh. /L«e/ (VT pT) =
neural sources from the measured scalp potential). It is commonly tackled by the iterative * The key idea: -- —— — Our new well-conditioned
solution of the forward EEG problem (i.e. finding the scalp potential given a known| | N;; A, N and S;Ap S, | M =diag (G Gl G symmetric formulation
source current inside the brain). Therefore, the accuracy and the resolution time of the| | are second-kind integral Gy 12> Graar o Gz—vl/lzm) P - diag ( AT AT AT

forward problem affect the ones of the inverse problem. This work consists in the| | Operators, of pseudo-dif- N A—l N SiiAr S, B Brs. oo B

stabilization of a well-known integral formulation for the solution of the forward problem. ferential order 0, hence
Neuronsinthe current dipole we PfObI{ | they dare We” Condltloned ﬁiﬁ iﬁi

N Adopted methodologies

Bioelectric sources Forward Problem Potential at electrodes positions 1. Theoretical analysis: the proposed preconditioning is based on pseudo-differential
operator theory. Therefore, the theoretical proof of its good conditioning is based on
the spectral analysis of each block, with the aim of determining its pseudo-differential
order. Then, the analytic evaluation of the eigenvalues of the principal part of the

. Under th stati mation. th blem is modeled by Poissor " formulation, independent of both mesh refinement and high contrast, ensures the
oer > AUASPSIAIE SppEDMMAton, e PrOpIE 15 DTLIET by FOISONS SRadion. asymptotic boundness of the condition number of the entire formulation, away from

characterizing a purely resistive model of the head: V- (o VV) =V - j. singularities

* To recast this differential equation into a boundary integral equation, we model the | order 0 order 0 order -2 order 0
biological tissues of the head, such as the brain, the skull and the scalp, as nested sets a()\NAT N+ B(o)\D*A,.D| y(o)|NATD
and assume homogeneous conductivity inside each. Moreover, we impose the e()\D AN (0)|SA, D
continuity of the potential and of the current across the boundaries of these subdomains. order -2 order 0 order -4 order 0
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Addressed research questions/problems
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We obtain the symmetric formulation: S (r) = fr Gr = r)y(r)ds(r’) 2. Numerical verification: the stability of the formulation has also been shown
Onvo,)r, — Onvo)r, = =D} i1 +2D};pi — D; 1,1 pis1 Dyd(r) = p.v. fr DG~ )9 )dS(r) numerically, on both canonical and realistic head models.
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* |ts discretization by means of the standard Boundary Element Method (BEM) leads to a
system of linear equations affected by two sources of ill-conditioning

Relative error
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1. Dense-discretization breakdown 2. ngh contrast breakdown

s - | . GG CRi = max((" "+1)) * Acceleration of the numerical solution of the preconditioned system by means of fast
ii 2 2 71+ 1) N)su, %R:SO | min(o;, G+ . . ]
fré OQ. R A, solvers, such as the Adaptive Cross Approximation (ACA).
; S;;: order -1 ; >

O(1/h) i i § Sypart Niipart s(ean sl skn g o)y | e Extension of the formulation to include realistic features of the brain models, such as
102h-; e L ‘ ' anisotropy and neuronal fibers self-interactions.
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In the brain

min. singular values of Z, is the key parameter CR € [15,80]

‘cond(Z) = 0(1/’12)‘ for évaluating the stability ,of the problem ‘cond(Z) = O(CR) ‘ LISt Of attended CIasses

ond(Z), given by the ratio between max. and
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