Iranian Journal of Biomedical Engineering
number (year) XXx-xxx, www.ijome.org
DOI:

Analysis of Brain Connectivity for Epileptic Seizure Prediction using EEG

Signals
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Abstract

Different perceptual, cognitive, and emotional situations results in a kind of information flow in the
brain by means of coordinated neuronal oscillations. Analysing these oscillations, especially
synchronizations of different brain regions, can illustrate the brains response in the aforementioned
situations. In the literature, connectivity between brain regions is divided into the three groups of
structural, effective, and functional, s.t. the first one refers to the connectivity between nearby regions,
while the second and third ones focus on the synchronization of oscillations of arbitrary located
regions. Although EEG is not the best choice for analyzing functional and effective connectivity
between brain regions due to its relatively poor spatial resolution, extracting its statistical features
may be helpful in the analysis of synchronization of brain oscillations. In this paper, a novel
framework for the prediction of seizure occurrence using EEG signals is proposed which utilizes the
Granger causality approach in frequency domain to measure synchronization of EEG signals in the
Inter-ictal and Pre-ictal time periods. Afterwards, a Logistic Regression classifier with Lasso
regularization is used to discriminate the samples extracted from these two periods. At last, if a
predefined number of consecutive samples are labled as Pre-ictals, a seizure occurrence alarm is
issued. Experimental simulations on the CHB-MIT dataset resulted in 95.03% sensitivity and 0.14/owr
false prediction rate, for 10™" prediction horizon, which demonstrates effectiveness of our proposed
method compared to the state-of-the-arts.

Key words: Computational Neuroscience, Seizure Prediction, Functional and Effective Connectivity, Machine

Learning

"Corresponding author

Address: Room 610, EE East Building, Department of Electrical Engineering, Sharif University of Technology, Azadi Ave., Tehran, Iran, P.O.Box:
11155-4363

Tel: +98-21-66165927

E-mail: hoda@sharif.edu


http://www.ijbme.org/




XXX-XXX el Jlo g Jhad X o Lo X 0,9

6wpoCA ¢v atweaenAv wz CAEBOwWEBEE

Cav¥unAdweLEyvy %Hoei dv ¢

FYowewé ParovCysu@hco e Tl A

0v %e vanissBl CawdByzy 1C Acopi ARy v CAwp Evwi ¢A-Eyv!

Ov %& vasiEsEl Cobpl  awoadEyivE yowd 3ama £AC b A

i¢cAdzpmpiA awoEyv?: | {wWYEBWVECiV?: %~ § jVv¥%hzw, U

wcallie il

acci—

ol oo 50 sl g b 5] S L2 iy sl 5 U (] i slapasy 3 55,515
Sosi oy orie BT e e e sla iy ol S3ales 5 L) i sl 1 5 Sl Cal (oo
(S lle gaiws aw 4 e Gl >lg o Olbl | (ggbge Dlool jo aes Cawsy Galize lacaxsg plyje e (ST
9 p9> Gatws &S (> j0 3jlo oo jsbre (s Slagysyh o BLS)| 4 Jol (gatws a5 Wgd oo Gk oS 59,5, 5 e
i 5 85 s & EEG sla i 51 it 35 a5 sl Legs) 4 (s iy Sl (il (slon s o
Lo JUSims 0l )bl gy bl e 530 cilidis slain i e 5 52,555 Slbly] Glomis 6l Jlors (nelio s

ot Slr o @szolr Wlie Gl o wled s BB SeS e it (g Sllag e Slojes acid ;o Wl o
Sloipd Ol G503l sl (S soj9> 5o 125 Cole Jlne jlaS 99,5 oo &SI EEG (sly JUSs 51 ooliil b gt 53
Logistic asasds G (6,510 L caslol )0 .0ules oo oslazul Pre-ictal 4 Inter-ictal sl )boyos 0 EEG slo JUSw Sllugs
Al 50 05d 0 ;0SS 3 Sley o3l 90 (pl 5l sadzl sl sladiges SIS 4y pladl ol 4> )0 caiS wulais o Le L Regression
E995 el wigh aislis Pre-ictal 4 bgsye o5l casuin slaxd 4 a5 590 10 (Jlge Sboj slo oL 18,5 Jlas o b 3]
Comlus F5 a4 daado Vo oo 38 Gl 4 CHB-MIT (soolsacgorms (59, oadipll slagludns 00,85 o guid
Loaslie o golpainn By, Jad LB o,Slee gonmolis oS cool ool e Cels 5 o VY ol cmim #5459 90,0V

il e cYlie s 45 0nB 3155 @l e

UCEwWU %8G Wwiadwifv |2 pEE CpCz WHRNCHICE w{

6Au /U "ac° p AEEA)
VIVOB-FYEY ey oS ol el wsoliT bl by o stnio olRtils o3y sosiigee oaStils 3,5 slazsle - 3615 Cy WE Y
FAAYVHFSASOAYY Bl 286 £
hoda@sharifedu 5C7T Cy y %a i 6 v






)LM‘ Jl‘AJ 9 J@-" X O)L.ow: X 0,93 5‘5..“;) ‘5{‘4).: (SN0 4.12.@

. . R KRld B Soae
&933@-'-’@“:’ .w‘ ol fal.?u‘ w&?}”"g}’“um“‘"
S (S galslae el 09l palp Jdo 4 mias
dy50 >l (gddd Jiz ;o JJo aed 4 g Sl Sl Pl
SO ol (S Sl Ll a8 518 0o S )
4, Viglione a5 oo)fsa 5L e olian gans 4y giis
Ot ) IS Sl S 092y 5l FBogs g e salli
Ero & M ol 3l o miis Comdg g e gole Comdg
OlXemgn 3555 B cnl 5l e Sl Gl 4 e
Oletd oopp b &35 £689 om0k
€995 5l L Sloy 53k ol 5o jre Sllwgs (o sadosalice
shlos szl S a5 el QTﬁLgllem @lio opl yo
el ay ol8 a5 00 5 il gine YAl poghe slw p
L oasin job 4 bl e @lize glbcarsy ool
30 ke gl SO o a4 00l B yme oyl 5 eolan]
Ere & Mo Sl 0 mild g9y (St &S 0je>
S a8l ragh cnl el ojsbiws mjlon o ailise
i U a5 ol 2 S cde jlae sl 68 (Ldod s,
Samslino 5 Conl oauid colainl mild Sty ol
P9y bS5l Gl 58 et Slateg b el bl

Syl golgrin

%8 A @4 yawi + Al £ v

Jos Gln e Gbpnsa S I eolin
Re5y sae) Sl e SYLal 5 ould mes Ay
& JU 4 &5 abl oo (oot Slach pyle (s0j9> y0 El
oWl 53 el e Mo S Jyel 5 ilone 4 032
o Glie (lp SSE s )lop ank aslS
3 Sl 009y 35 pein Lyl solais! o Slos (gogoe wlul
iz slas Slos LLoBe JLis 4 a5 9,505, ool Jlie
3,509y W9 oo ol H&";)ls SIS g wblioe e 50
o aS Cewl 48,518 azrgi 5550 el Sl jo (5,500
3979 2 o ool 5 33,5 o als U 68 58 plesl g

T8 sl oo 5l im0 >l oy (6330 VL]
63,518 OYlail pgpae 90 leo Dglas 4y el oY iyl jo
3l g0 (60,5,5 Jlail gl o,lil Sae YLl

18 Seizure Onset Zone Localization
¥ Functional Architecture

'8 Brain Mapping

¥ Functional Segregation

2 Fynctional Integration

AUogu

. P R )

Loysys 5l @lased Oygo |y (83 (g Slasl pgle 5o
) Jie o155 L 3 o o e 3 o 25,5 o i 0
b ol 5o 60,5505 Ll 51 Lol eamo oo oSt |, 5308,
G STl a4 Jb 0 jeis job 4 5 w42
s B S o IS jeb asaiil ce [0S0 L Sleds!
VL] =) 1,5 el s s 4 |, g 5he YLl g3
Sse oVlail ¥ Seosls eVl -y S g ksl
eor b oogre slagg,s Sapd SVl ol gaws
&l adbs b ?M p9S A mlei 0
peionayee b ool (e SIS0 g5l K01 5
S5 8l 5 e Koo >y ollog pasl o ollug
Gl Wlgs oo 30 G959 Foe 9 0,51 DDelss &S s
Sep a8 jre s sla it Jol Dol gl glazi
Cowdy dil oo @ledMbl Esls s by doe Sjgo @
Gouxio o lre (5i%0 SYlas! Lg;fo}‘..\.i‘ 6‘)-.‘ UG-
OBl sasy e w Ll 5l Sope oS Wl eus &
e gl i Sl oo e b o,b] (glo Sy
Syl opl oiten e il >y o Sles ol
Al (6,00 pgal e sl g, ool Cewds glaosls
a . . ..

3 eSS mblie wafi pupa
ales oo oalitul | 31T gllansly 2SIl

i L3l 5o g DYl (qw) 2 4 il S R95
il o M 585 el T ale Gilisee slags low 4
JRSERUIPUES IUIRANE OF T 00N RN P VO oW R

¥ - .
L Mere 4 s ol 5y 2 5 (Sllllae Ll (pen

FHIREES

9 ¢ S E98y (i e Sl pw)p Sas

! Neuroscience

2 Brain Connectivity

® Structural Connectivity

* Functional Connectivity

% Effective Connectivity

® Correlation

" Causal Influence

8 Synchronized Activity

® Functional Magnetic Resonance Imaging (fMRI)
0 Electroencephalography (EEG)

1 Schizophrenia

2 Multiple Sclerosis (MS)

* Amyotrophic Lateral Sclerosis (ALS)
 Epilepsy

15 Seizure Prediction
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2 Generative Model
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* Deep Learning
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! Mean Phase Coherence (MPC)

2 Univariate

® Correlation Dimension (CD)

* Above Chance Level

® Bivariate Empirical Mode Decomposition (BEMD)
® Nonlinear Interdependence

" Dynamic Entrainment
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¥ Scalp EEG (SEEG)

1 European Data Format (EDF)
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! Hidden Markov Model (HMM)

2 False Prediction Rate (FPR)

® Spatio-Temporal

* Patient-Specific

® Space-Delay

® Accuracy

" High-Density EEG

® Electric Source Imaging (ESI)

® Source Space

10 Multivariate Empirical Mode Decomposition (MEMD)
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13 Intervention Time

1 Seizure Occurrence Period (SOP)
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