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Abstract- This paper addresses the problem of EEG source localization using a new method based on particle
filter. The proposed method is named sequential particle filter (SPF). SPF estimates each source's state vector
parameters separately by considering the effect of other active sources. This method applies some modifications
to particle resampling and weighting steps on conventional particle filter algorithms. These modifications, which
are kind of applying spatial filtering on particles, lead to less susceptibility to noise for SPF comparing to the
conventional particle filters. The SPF method has evaluated using two kinds of simulation scenarios (single-tone
and Pseudo-real EEG data) and real EEG data. The SPF results have been compared to conventional particle
filter, LCMV beamformer, and sLORETA (schematically comparison). The results have shown that SPF
improves localization accuracy in low SNRs compared to the conventional particle filter algorithm and LCMV
beamformer methods. In addition, simulation results illustrate that the SPF method is more effective in localizing
simultaneous active sources than the others. Also, since the SPF method divides the state vector into several sub-
vectors (related to the number of sources), it has higher computational speed than the conventional particle filter.

Keywords- Brain signals source localization, Electroencephalography, Particle Filter (PF), Sequential Particle
Filter (SPF).
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1) Compute and save the leadfield matrix (H) with

{R X (6 X number of grids)};

Assume the number of sources M and a row sources’ state
vector approximation are available i,
[ 40 Ba o ---» Tz ] i k=0 and suppose that &, = 1 just
for this step( k=0);

Note: you can estimate the first vector by applying the first
step of conventional particle filter in k=0.

2)

i) MmN

3)  Generate [{ii{2o} (. n,+1] = Ty for all sources as
®

new particles from posterior pdf; subscripts in &, ,
indicate “m”"th source, “k”th time steps, suppose that
number of sources’ samples are the same (Ny,for each
source) with the same weights Ni and set gf,fo 2

= Upo-
4)  Sequential Multiple Particle Filter (SPF)
4-1) For k=1, ..., T (T: Number of time points)
410U = Oy + 1y
4-2) For m=1..., M (M: Number of sources)
4-3) Fori=1,..., Ny,
u(i) A~

—=mk—1 = Em,k—l;

4-3-1) doing evolution step for each particle using (12), u'y, =

gf,?_k_l + ny , e~V (0.021) and replacing uf;!)k instead of w,, ; in
uis .

iy = [y s oo W s Tage] )

4-3-2) Calculating likelihood using (19);

4-3-3) Updating weights using (18) and save

4-3) End for “i”

4-2-1) normalizing weights using (21)

4-2-2) Estimating ‘m’th dipole’s state vector (i, ;) using (20) and
replace it instead of i, ;. ;

4-2-3) if Noyy < Npnresn (Nops = 1/2Nm (
i=

4-2-3-1) Set u* and calculate z,, ,

4-2-3-2) Estimating Posterior pdf (22)

4-2-3-3) Resampling and Creating N,,, new particles (ﬁf,?_
to (4-2-3) with the same weights and save;

4-2-2) else: stop resampling
4-2) End for “m”

4-1-2) set @y = [, Lo

o) )z)

mk

) according

B i]

4-1) End for “k”
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! Functional Magnetic Resonance Imaging
2 Magnetic Resonance Imaging

3 Electroencephalography (EEG)

4 Magnetoencephalography (MEG)

5 Focal

6 Sparsity

7 Dominated Sources

8 linearly constrained minimum variance
9 Kalman Filter

10 Extended Kalman Filter

1 Unscented Kalman Filter

12 signal to Noise Ratio
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