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Abstract

Using methods based on nonlinear dynamics such as Poincare Section, can be useful in detecting
dynamic biological systems. Selecting a suitable Poincare surface is a critical step in data analysis. Often
finding an appropriate position for Poincare section needs to set different parameters. When the
geometry of Poincare surface picks the information related to the stretching and folding, a better
discrimination can be performed for the system states. The objective of this paper is to study the effect
of position and degree of Poincare surface in Epileptic Seizure Detection. The Poincare surface resulting
in the best classification is selected as the optimal section. Accordingly, the phase space of the EEG
Segments Reconstructed in three dimension, firstly. Then, a set of Poincare surfaces with 400 different
conditions of degree selected to cut the trajectory and Geometric Features Extracted from the points of
intersection on each surface. Afterward, extracted features from the Poincare section are applied to
SVM classifier. Pearson correlation analysis was performed to analyze the relationship between the
classification performance and degree of Poincare section. Certain behavior can be observed by
increasing the Surface degree in output classifier. In this way, the increasing and then decreasing pattern
were observed by increasing the Surface degree in two Directions of Surface. The results showed that
the equation of optimal Poincare Section for m=12 and n=6 gives the accuracy of 96.6%.

Key words: Poincare Section, Epileptic Seizure detection, correlation, Electroencephalogram, SVM.

‘Corresponding author

Address: Biomedical Engineering Department, Islamic Azad University of Mashhad, P.O. Box: 91735- 413, Mashhad, Iran
Tel: +98-51-36629467

Fax: +98-51-36629467

E-mail: makhalilzadeh@yahoo.com

© Copyright 2016 ISBME, http://www.ijobme.org


http://www.ijbme.org/
http://dx.doi.org/10.22041/ijbme.2016.17184
www.ijbme.org

od\_"\q n\YQi J\Lé_.r Al QJLQ.;-; A 092
10.22041/ijbme.2016.17184 :Jleo s 4l

EEG; ol b 2 0 O asedd ¢l p gdmaw aJlﬁ|ﬁck.En%64.?J;M

PSS abla L pamas TTasl s oo (5,5 gl
O (Dl 5 o she ol ool 15T oS ( (S 5y puinkign 0dKESl3 (S 805 09 8 (Kb ki (5555 (5ol
At g dmlg (ool 15T olKESls ¢ puwkige oSl ( Kby pwdige 09 8 ,Liils”
U1 S ol e oSS (S puonkige oSl (S il gy 05 5 3wl

WWAEN Y 2 dad 5y OTAEN VA 15 8550 ATAE/0/Y tibels s & 2,6

o AS>

.

Sl J.:AA Jl'.w.)) LsLAMLde &:AL.\J”J LS)L‘“)K“;'T L ce)&‘ﬁ CE.‘} Aole &la}ﬁp 6[._:4ﬁ &.:AL.:} B L;\.:.\A L5L‘°u:“ﬁ) )\ oalau
mM@daémé\ﬁwamozﬁ\Aﬁ;.,.Lé\.g:,...ulucz\zwjaammdéld}fgwbéédmg&u\
sl s il 5 1y sl bas 5 (a8 @ atly SeMbl oKl amio gawdan S|l a3l ke sla pal b
WM\jﬂwﬁxzsﬁ&&@jwd&ﬁjg‘uw)ﬂ@wwdlﬁbwb\.xp@&:@%v;m,w
Lg)'l.w)'b.)'lm.:;;Muj.idpﬁm6@@é&>bﬁ&\bg6%d¢ﬁ;éd:b@@ﬁb:ﬁwwl:ﬁmlo
°J“‘:'C\J>‘:““’\L5LAL5§}’JW"\“:'fk’”‘u;‘%ﬁ)fda';‘da'i‘b):mdbi..é\f‘MMJJEEGLsLAM)bLEL‘M
dd.n G35 Ol Siad oS (loaids [l olulis gl o asls) 53005 S Jlesl SVM (goliS (cioanws 4 0 Sl d"“ 3l
&S Pl das o 59 3 5l pastine Sl asio g4z s il L ediS ghuaias oy S bl SSE Com
MWLL}aﬁl}' @L’L’ (}"L‘N‘f A eMLiﬂ L;;‘&SW}&\J'?\ LS}Q\ céaj,d LSL:.M:“) }JJ)W‘\?&)) QJJJYLb

SVM L!P/jfjllémfl}j;(’/ L‘ﬁw LJU ‘jw Lf/ da."u.dr"b-:f 40)&‘/}; CA-;:LABS‘}-L:LS

gt ook 5

AWYO-ENY 2 g B gk hgin ellanls ¢ oDl 35T o8l ( Sy ptige 63,5 1 L
+FAA(OV YLV als

HAAGVOMYAETY:LIK 95

makhalilzadeh@mshdiau.ac.ir : s 5 I cy

© Copyright 2016 ISBME, http://www.ijobme.org


http://dx.doi.org/10.22041/ijbme.2016.17184
www.ijbme.org

\va¢ )L@. Al a)LA..i: A 6,93 GL;:rvv:) é:’_)i JMJWM

0

3 %péwlwd\pcwmml;)l}sh
Gamio (555 51T sls uly ol 4 0,1y ks
s5ms b sl Sl Glamio sl 53 oISl sl
oo (sl 48 s pa slgiin Yot Lo s 518 [YADs I
0> b samio s iie 5l (S a5 b b esl
Sl 1Y 302 a5 56 glas 51 ool ) e S sl
Slanis ¢ ghoaib gl 05 SeeS CGua b K
DLl ol e S 3 g0 Slily 3 1 oSy, slaie
S e 2 oSSl da_é [V ] sallas 55 [YA 5 YV] s gl
woio O slazel s Ll Sasl, & asobsl 56 glas
Shoazb 4 JULKaa 5 Brignol Yoy Jle s s
o Sly Wb » me ool 5 Sl EEG JiK iS55
Lastls y bLE i 3y 5 elal gl 95 glad s
& ol samio Gl b e 035 Iy ) [YT]
LYAT ol il il (5l ol ool

IS f5 0 5 b L5 o oSSy alaie gantin
2 ey 2l s s Ll ol Sl
S abie Obsl EEG JLSw U glas slags, 5531 5
|y s Sols by (65l Dledbl ¢ 28 bl oM
35 p3ly dede Ll g e AL andls )3

5 ol daj.a RLESgR j.:,L? e cpl s ulal p)
M G2t 3 (s JB Lab s 0T 3,55 5 e
laankss (g3Lasb 5l o 58 o SIE ) 250 B
il s L ablis sl sk sad 6 (sls s EEG
(530 w35 1) 35 m 0003 3555 2 o 0o 55 (b
G35, 5 p blE wmis Gldlar i ol pb e Sl e
ol S5y dlsl 5l aslsl 55 N5l o yasiin o &
Coo 5 phie gar)s gabl) SVYM (oS ghuaib
S A Samio gdble yoeds plull SSw

.53;‘-5&

L&uﬁa") K :‘y -Y
Geiod sLaosls 48 gezes b O 15 Y-

oo b eaSils (gonls oL Sl 4 S 5 G pl glaesls
Jol Laaas 51 plas o [FE] ol 0T o830 ¢ o

© Copyright 2016 ISBME, http://www.ijobme.org

dodis —\
Slp el ol s Sl 58 50 ol glacs iy
Folgen (S5 glabla 5letiisl gt fdos
o s 53 by b pUlE ) el Oliies i aales S
SV eslial L [V-YT 5l ol Sl sladnl B Salus
S sl 3 AT ¢ il ey s
zes s BB V0=V ] (grre ol b ple [V 0]

day 5 [V0=IA] (Soer dm DNAV] G 5LY sl
$lad DMl o 5 (sl s ) aw [YF=YV] JLs 3
slpl itz eddlasl oS3l Skle 5 5L
03 Spaseia 53 QS eds (Gl (mkn Sla S
Lol e b33l (6, #8515 Dl sy ekl

RN e T.Bj.p Sl sy slacussd=s ol
2l 3l 53 Ol 03 ealizul LB 55 5 Salys oy
S pwdin Gl By romen oSl s o0 OLLS |
3G el Sos Lol S eslizad U Olg e 45 54
LY8] syslcms o o b glaable Salus Sitow
ezl 35 g eslizul SSUS sladus; 53 o)y olad
W1 sl IS 25l TV 5 YOl s 2513
0555 [YA1EEG Jt&e S8 il Olsme cpmans 5 [YA
BRSSPy Cla.%jl o3l ¢ 30550 V44 Jlu > e
Sda 5 $5dmal sles S sl sl 6555 s
cAe 68l 5 sl (Sapn sladl SIS
D6 ] Adazstls g g sm LS 5o s Lol (53 g0

o3 T bl 53 bl 18 G sla bl
S8 mmlis Salis @ Oy 8l 2 g 3luliad dn 5 g
slad s bla o5 &S Cleddodalin S ke .l
om bl s e gl 1 el Sl g b 5
IO 5V ]88 o ol il sl 5 5

Slaesls |l 51 Lol @L’ Shoslie w [V] gdlis o
S a5 53 glad 3 (o e e SSW s EEG
gl Gl Sy wallas pl s elad  Satls
SSE 5 1 s il DMl uman glab Sl ol
T L L

A3 gl V.Abﬁ


www.ijbme.org

Y EEGj.aéwﬂ\bfﬁ@%uﬁﬁﬁzx6‘ﬁ6@@¢;&.ﬁd@%éd&;)>wcéﬂ

Stz 2 @l i sl Sl @
S!Sl 5 omn (s il szl
e

Gl Koan Jlize Sl o Sle i, o
S EEG L& sl ool by sl o drsloes 5 s 8
IV] ol §fbin oy ol ot o ale sl
i B el Ol SOLS Jlize Sledbl -, Sl
LA el Sbs (6w 31 aets & (se L5

P;(0)
P(DB (V)
Py (0) 5 pll O 55 Gl (6 5 3 ke G 380 Jla~| Py

M == ) Py®n ™
ij

9 {a" LgA.LpLﬁ BE] sdalis &.ﬁ S el g.sj.:.;» JL@.Z>-‘

g}'f.]i"s C,Ml f\_l QL<.A DL Lv\’.’ QLA) T DL 6)3.0 6OML&A

0,5l plas —Y-¥
|y gate DDl Ll 5 oo 5l (glab 55 olin olad 2y S
Jebows 51 el il SISST s Salus i S
ool ol s wig Sl e il Ol @ Sl
53 Rl el S Cl B e ol WSS S 20l
Codsn 4 Camdye Gl s bl b3Sl 5 L]
o sty S 2T il il sla St S0
A slael s Kl e 0, Sl da_u (o5 b 5 [YVYA]

Lra] ol 56 olas 5l glasiw

el ) A oS el 4B YW Jsb 4 EEG aslad Voo
L oamaale Colled 51 220 (Gl : )b olae) (6l (oo
Va5 peme iddesls i 5 edd Ol (ot IS -
Gelaie L Oletir U ol b gls oy 51 e EEG Lol
e g 31T s samme Sl V0= Ll syl L
LUK 3 S o ey alS st 5l o 0 Cms o
4 ST Jue b U VA odeSEy 3 phms b5
A S FA W (s e 55 5 e VY Jlis

.M:wgu\,uwﬁ«{bﬁf&iﬁaw\ Jﬁ.;

56 slad ' g5lul - Y-Y
Ao S S Pl G i LSS 58 b 2
St S Pl s e 2l D odn bl
D 56 slad (5Ll slasls 1 b &S sddg5lasl ol
N S1[¥0o] (D227 +1) 55 sl LS (S o IS
w3l = 12, gl X(N) Sl e slaesls slaws
35S e S5 (O ety b 36 Sl b gl
X() = [x@). X0 + .G + 20, oxi+ O = DO](y)
i=1.2...N—(D-1r

ol 3laliad D 5 Sl bt as

sskiea b slas 3Ll sl el L=t Ol
S e Saslus 3 2550 DML g 2LSL
Lo DMe nd (Gl odes hgs 95 [T] ol Coenal

IY] 3,05 5 9ms Sloy o=

Jlo5 EEG Jikaw

M T T
=2
E
;g oM

-
3

2 | | | | | | | | |

1] 00 0 600 80 1000 1200 1 1600 1800 0
dignd
30 EEG Sl
100
T T T

2
i

L
1o

-
3

4000 | | | | | | | | |

0 00 40 800 0 1000 120 140 1600 1800 il
dige

e sheminly Sleta bV esls as gazme 55 EEG -()) s

' Reconstruction

© Copyright 2016 ISBME, http://www.ijobme.org


www.ijbme.org

\va¢ )L@. Al a)LA..i: A 6,93 GL;:rvv:) ‘ji.::ﬁ dw.;\.@.ad.law

v

w Ll 3 Olis Slaan ;5 a8 ekl oLosss
(Y US2) anf e s
S a Sl Lol Slaie plad b a3l
e e ol 53 (Y JK3) 355 0 ok o o (salall
8 S Gllas L 4 S 555 e e gaba Ol e 6 gl
amD ($5, 55 b bl s anls 5l Sledbl as sazes 4
SISl TLPSS YPPSS (M TPSS 3 5 4 4 diy—d
Gawdn ol o bl Gl S5 (V) dsdr 5.l 55

..,\;.‘e.,\.iv 4.:‘)\ 6})}5—‘){ .]al.b

x(t +21) ®  Exct Intersection

[NV ]ss S Clase )3 65,55 5 blE consy (V) ISS2

gt b 3,55 1 Bl 31 il sla S5 -(0) b

osladt
) sles SR CJJ‘
3T
\ H S35 blE sl
o b3y Bl ool b le
Y LPSSmean
Riclas.
e Loyt BB ol s
Y LPSSvar
R (olase
amioo b 3y bl sLlss Sole
¢ TPSSmean
e ‘leja&
amio by bl sblgs bl
0 TPSSvar
e ‘leja&
ol amin U 3y 55 bl sl oSk
1 PPSSmean
(0]
amio by b blss alls
v PPSSvar .
® ‘d.wl

3Length Poincare Section Series

© Copyright 2016 ISBME, http://www.ijobme.org

A) Sopen S I s clﬁ“ doles (man slad 5o
1wl
a x™(t) + azx™1(t) + -+ apx(t) +
A1 XM+ T) + Qo x™ 1 +1T) + - + ™)
Apan X+ 1) + Qpynsr = x(t + 27)
B (s S e pxe x(E+27) s x(t+ 1) x(t)
33 53 b ez GeS i M M L e LSS
Slabordir ol 5 i (G350 5 Bl gl
A doles DY ggmes
¢ 55 L S da.é O3l L1348 545 o sdalia
sl 580 1 eS| 05,91 Cows & Jlaz=l oL slas, =
Clzé LlE 05 5es yadein gl amsys [8) 5 E0] das s
o2l L ol s bitl ke s b Laesls 51 418 58 6l
Sl paiee gy 4 s Gt Slbio 5l
S 25 o LB 0 i Casdpe Sla s

Sl el IS ) 5o (F) sadslan oos 5350

m
x(t+21) = Z a;x™ L (t)
i=1

m+n ) ()
t Amintt Z ax™ M (t+ 1)
i=m+1

N Gl Ol p S o8 Slahordin ©)50 (nl 5o

S ,\Jd» Cewd a Gley Gl glas (gesls

E = Z:ﬂ([z;azxm-i“ (k)

m+n .

+ Z ax™ 1 (k + 1) )
i=m+1

+ tpans1] = x(k +27))72

)\ o)b/\.ab.% Claj.a 6‘4.1&.7-.).,;: v.a\j.p Ay ¢JJJ§ 4«:»5
didals fol- () CYsles NECWN J>

JE
Fori=1....m+n+1:—=0 QY]
aai

@achééihl:w\;@.)ﬁ&_ubyjd%cfy
j\ﬁﬁ,ﬁéjk@jaaﬁd-ww&dsbujéds

'Theta Poincare Section Series
2Phase Poincare Section Series


www.ijbme.org

¢ EEG)'luu;;ﬂngJc«f,pQwﬁwd!ﬁéwwa)&lﬁd@%évﬁwgéﬂ

Lo fol 0=V gosl s T Gaag polis A3 S s
VYL VY [las Gl sl 5 0 S0Le)

7!

36 slad ikt
| &b amio 4z 5 Dbl |
ol ahado wiiss OIS0 cpri |

| S35 b 3 T izl Sl |

1

| B 0315 Gy dwd |

DS Jole S Sl —(1) S

e— b

[€ way

fﬂ}NWJJJ)JEEG JL@)U st
)Jr.:wc,:xlaéui%\jé\l{.cm\ sddesls OLiS ¢ S s
o= ekdgslusl glaaises oS15 (e D> Job
LSSy S il 55 8 At Sl i
il laised 53 R (Sl s 5l sk gai Lol b
Caxdy 3 SAsl, I Uy PN 2 R S
Ap=rr Vel ol b Sl @l o0

éﬁ}cwﬁp@)}@tﬁudbi" Ls\j’é"l*"rg)b
)‘ °"\—‘:'C‘J‘>‘:—“"\ LSKA;}JJJ.,L;JJ; JL@&‘ aeals &SI »
e Sl A Al (3,55 Sambo 4 by e L
Lt bl ogesl o S5 5l el a6 p e S 0l
Sl Sy sdelimsy @b Gb ol ols S5 S5
Al o e e S lS

x5 bediS gluadl oy 2 5, luld ) shiea
,wéq-,;ot_ﬁww&\ﬁé@b@e-)a
s bl pl 5 (0 JS3) s s S8 co s
Q\MM‘VU\)\‘anM_wbﬁdovs
d> o a3 SKSE S 53 (MLN) s glinly gax s

© Copyright 2016 ISBME, http://www.ijobme.org

Obady Hls p opedle —Y-£
SlaediS gauarws slas! I ESVM laziy Sls 5 cpile
2" PS el s e LS s DS sl
LY LS o Jor oo 5 (oo Gloai—s &5
S sla @ bol s 3K SYM Lol ¢ i
I asmio ol b5 SIS LB laarws 0T 55 o8 ol
(el Slaesls b s O gl a5l e N3 0

cbj_ﬂj.g b R j@“b—‘; gyiE{-l,l} 9 i=1,....m LS‘J’ ‘{Xi’yi}

RULY
x; WHb=+1 fory,=+1 V)
x;W+b=-1 fory,=-1 W)

sl 3l D g amis ol sl el (godiHls 1y s 5 (W
W3S e e B sl s Lol sl 4 &S bl
Oluiy lasls 5 13 (6 S el 50 511 oo o 28
CBUa.pl): Olatis b 95 e Gehol L Lss e il
b oS s 50 SVM wamtiyn s 0 S il

53,8 wiy aile oS XS e Olsl gl Sa

3 Ses b5, -Y-0

b S O s (o e de 40 sazme 95 Ol S8
b2 SYM L (o o dham I Y gatens 5 5lador
I S S el s Ogasl glaesls sl sl e ol
Gl O3] Coms 5 A a5 S a5 55 aesls SV
Lesls 23S LSS a5 delcwsa 1SS L Voo
Qyﬂ Sl JLJ'JMT Slaosls 5l 5 es g o3lal O g
LS eslaa!

Cow g baidl Y
b sl e de s 56 sl s oS s
Sl - SKls i SIEEG laandas ol gl T Sl

J"‘d‘%‘s&:}ﬁ‘ﬁwmf@b)x}twﬂ“ﬂ

“Support Vector Machine


www.ijbme.org

\va¢ )L@. Al a)LA..i: A 6,93 GL;:rvv:) é:’_)i JMJWM

1o

QL&W‘&MA_,J&\_‘EBJJ.EL&GJJJL.”LQI};
S ol b Ol s 5 o (6l 1) (6 Sl

0l S 523,185 7S JUSms 56 gLz 5 Olo (035> B
Ly il oo el syl Ol ¢ idas 5 (6 5ekas cdlad Ll
9 adly,y aS Hsbolan ..A_'SdarAljétgjzeQ)Ha_g
slzb js blE by i8S sl L [FY ] ail s
.M:ywbgﬁ)iﬁéhj;):&jlb@u 3L
Plod 2 1) SLnSS Glodsl jre Salys jline ol
Slesli Wb a3l by (S o3 sl Las 51
ol plad Lol 6l ) (huad b gl L
S i ile 6,505 glaslas dles! el Ces
slzd bla Oy .w\w)ﬂ&léﬁ'cwdw)sbw
DS L OIS e it e Dbl (sl e (55U
S (JUSr o 43 O lasl 5 i wlais
2 ged ) Pl | age

SR Cand g 4 ondge G 516501 alad bl U
338 At Bl e Sl e Caliis gla i
e iy 18 e e b LS x )by [YVOYA]
e 31 g5bews s .J_}J%}Jﬂ)&\ﬁéﬁjj‘ Sleds|
Lo e Sl (656 D) sty 0SSl s (LS
S8 2R ot Al Sl S
= 3 e SR as s [YVYALY] s S
S i 1y (655 e s, 5l eslin il sdal _wsa
B el n gy dale S (aw Gode ol 53 35l 8
s eslizad 5 eds pluld o

Lsﬁeny}qlﬁugiﬁwbﬁlﬁcﬁégwb):
@‘@uéﬁdlﬁj[iV}YV]mybwbd@
sls sl el l)))mﬁduﬂb):daéﬂ.\;djg}w
uii\)iol@u&_,@j\r\.ﬁﬁé\ﬁYLCEEJlJangU.:E;J)J
6v_3.b‘b Ol G ol 5o Ll s pp e Dliolows qom
OlF e 5o oad G Jlasl b ahate gy Joms plolid b
5 S Slallae L 3 e s sl
Ssodkd Jlasl e sal a4 pasie jlas ulal 5 0, l s
&iﬂé‘ﬂwud@)ﬁm.wuJr@.}@l.ﬁc[f‘“jr\]

sl L}'Sj’d Lﬁ‘ C)blb/\:.sl )l °‘)K-’\j:’.

© Copyright 2016 ISBME, http://www.ijobme.org

6 pS s (V) S8 55 o3 S s L1
Dyd st e S - Yo gl

2O M sl i s s S
S 3 gad lesl Ol o s S ol YY) culin
oo 5 o g4 Ol 2V (Sias § game s
S g s (g3 5es 5 B il 53 50 SSE

Nomat g b eyl pova ) b e
53 Mamn Gl il 5o 55 whade (a5 mnm
S 53 b o Gl Shes Ol (b MErsss
e 3 il 3 6 S M sl L e N el s
AV JS0) 355 on oalin (Soros Olen 51 o2

Sglae ol L Cbkb e e W) I
o Sl 35 e oS &S0k as e 0L
03 dmdo a3 ons Jl s pasiie Hld, ediS (gluat s
Sl Sill LeS O Soalay das e 0Lt bl s
Al e A e 5 il ) S ooyl
Sy 3 a0 & Cond (VL M gl gy L0
Sl Cmnr (i 65 (gl Sy cds ol N (63 50e

el odel ez N=1 5 MEVY ol3l 4 (Ao 3 471,1)

SHuper —E
e 31 o] Sl (gla S35 5l eslinnl L las oyl 3
L 64?.)5;913)[{ Ol sl b slas s o KKl
'uﬁJ‘}wiﬁé)ffHQMu‘ﬂM)"cw
L\Q)h&wﬁ)‘ﬁwJ))AULZ.AUJ_‘)JAS&L_AJJN
J@é(ﬁé@@é@)bﬁ)&;\ﬁc}d}w}j)\
G433 S 0313 a6l ;.,a_mt.ﬁch.;&m s EEG
WW&%‘)&bchJ&\ﬁ&ﬁd\fwu
(Gt pl 3 amio (G4 5 oo O e S
J@M)Je)&‘ﬁda})EEG J&)béw)\nu.u\
el e i sl o i LS sls L
o5 5 56 Glas ) p 4 dIS Slids L s b
45&[?-‘)3 g[iY]MﬁU}-‘Jﬂ Jdt.s 92 2 EEG JLK.;_W °)L§'."J'»’;


www.ijbme.org

1 EEGjlaéukﬂ\bjﬁ@%wsbgéwwwmbid@%édz-):&xzﬁcéjg,ij

(<) (&

g S 8l () e 5 () b Cny 50 3T =4 Gl 4 (S5Re s 5L slad = (8) IS

U gl gladigal Jolgh FNF1p 398

T PR —,
Seisw 53 oo do 5 A LEEG & by o lans T 51 56 glas Sbaisel Jolp Suasl, @jjs—(o)J&}
p=0.002< 0.05 i~

Glgaih Sl L 3l ap lade  Sle =(Y) s

H LPSSmean LPSSvar TPSSmean TPSSyar PPSSmean PPSSyar Sis
1.6 x 10° 0.0356 9x10% 0.012 8.73 x 108 0.0112 3.53x 10° NP

-DO.S -0.6 04 0.2 0 02 04 08 B .6
e Ll e >
(&) (<)

03 amamu(o) colin 5 (L) colm cuns s 95 52 &(&ije)lﬁ\ﬁ_dzbaap u@ﬁm%lﬁ ¢\J§M—('\)J§Jﬂ

S o S 1y (93 508 (Sl a3 N 5 asis il gliu

© Copyright 2016 ISBME, http://www.ijobme.org


www.ijbme.org

\Yva¢ JL@. Al ejLa.j: AQ 0093 () ;f<"':ﬁ b;.u.\’.g.eﬂ’u

v

=i T T T T T T T
- -cglin o -
LH = S s B
&g SN
a7 ! ; ;" R
g ¥
1 3 B L 4
N ' 5k
v -—i-_;‘ s
]- LSS | PR i N
8 : o ; e
af Y ] IS “e . .
H . e L e "
AN e - A i
o3k :' '\ :, P o i
aa L ; i N
‘ |
(A1 ¢ n ‘.I .
P P
| | S { | I | | I |
[+] 4 1] 8 10 12 1 € 18 n
(nlim)axys

MMWa}xn)m;Ll.“.mjibunéb\hww;@wv)bdpﬁw%ﬂ&b)ﬁ&m—(V)J@
el (V) K8 Sl 55 3illas

Sy DMl a5 Ll L s (gl ool (a0
Sl (Sp 50 5 ol Sz e Sl
e ol Sl s sl s b ) 338 o edal i
Bai et 3 e Sl R G (Siat

Sl (Gl O 2 S i 5l Sl G
A ool oSl gy (gamto 53 Llss 5 Jeolsd ms 5 sl
S Sl il oS 4 3B S gl S5y 5,8 e
s e s 4 (LBl o)l g aio ladsad
Shad, B sla Shs sl aS di s ol oy o [£E]
el b LB il S il am | blis Sl sslicd

w

1 3 5 7 9

-

13

o bl slaas VL e s L ld o Ol

DA ke s g S @ Oy 5 S gl 1 il
ol B L S (ghpanas o 2 aS A eals DL s s
LaS O Seplay i das oo 55, st 5l ami o a5
il s S glate Sl 53 53 ambo g4 5 035 VL
(liaid ol el s S ealie 2aS e
03 Ao (G S s ediS ghua s s 2 5l
M=1Y s aep S a5 Gl Sa e OLLSS Ll 93
Dl Ly 8 3 g (a5 At ps Ldedalls N1

MQM))‘MQ_AN‘MUWUT‘)J LAaJ‘JG)): “

90
85

=]
DT (SN A

15 17 19

R L T VS W Y daLE.a Sl a o e 5 b EEG ae gams 55 tuaras GA:J—(/\)JK.}

© Copyright 2016 ISBME, http://www.ijbme.org


www.ijbme.org

A

EEG | eslewal b o0 Qwﬁméiﬁdwwwmlﬁd@%é@ﬁwgﬂ

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

B. Jelles, J. H. Van Birgelen, J. P. J. Slaets, R.
E. M. Hekster, E. J. Jonkman, C. J. Stam,
(1999). Decrease of non-linear structure in the
EEG of Alzheimer patients compared to
healthy controls. Clinical Neurophysiology,
110(7), 1159-1167.

B. Jelles, P. Scheltens, W. M. Van der Flier, E.
J. Jonkman, F. H. da Silva, C. J. Stam, (2008).
Global dynamical analysis of the EEG in
Alzheimer’s  disease:  frequency-specific
changes of functional interactions. Clinical
Neurophysiology, 119(4), 837-841.

G. Hori, K. Aihara, Y. Mizuno, Y. Okuma,
(2001). Blind source separation and chaotic
analysis of EEG for judgment of brain
death. Artificial Life and Robotics, 5(1), 10-14.
C. C. Liu, P. M. Pardalos, W. A.
Chaovalitwongse, D. S. Shiau, G. Ghacibeh,
W. Suharitdamrong, J. C. Sackellares, (2008).
Quantitative complexity analysis in multi-
channel intracranial EEG recordings form
epilepsy brains. Journal of combinatorial
optimization, 15(3), 276-286.

A. Casaleggio, S. Braiotta, A. Corana, (1995,
September). Study of the Lyapunov exponents
of ECG signals from MIT-BIH database.
In Computers in Cardiology 1995 (pp. 697-
700). IEEE.

E. D. Ubeyli, (2009). Modified mixture of
experts employing eigenvector methods and
Lyapunov  exponents for analysis of
electroencephalogram signals. Expert Systems,
26(4), 339-354.

N. Kannathal, U. R. Acharya, C. M. Lim, P. K.
Sadasivan, (2005). Characterization of EEG—
a comparative study. Computer methods and
Programs in Biomedicine, 80(1), 17-23.

D. P. Subha, P. K. Joseph, R. Acharya, C. M.
Lim, (2010). EEG signal analysis: A
survey. Journal of medical systems, 34(2), 195-
212.

R. Cerf, M. El Amri, E. H. El Ouasdad, E.
Hirsch, (1999). Non-linear analysis of epileptic
seizures . Correlation-dimension
measurements for absence epilepsy and near-
periodic signals. Biological cybernetics, 80(4),
247-258.

G. E. Polychronaki, P. Y. Ktonas, S. Gatzonis,
A. Siatouni, P. A. Asvestas, H. Tsekou, K. S.
Nikita, (2010). Comparison of fractal
dimension estimation algorithms for epileptic
seizure onset detection. Journal of neural
engineering, 7(4), 046007.

D. Easwaramoorthy, R. Uthayakumar, (2011).
Improved generalized fractal dimensions in the
discrimination between healthy and epileptic
EEG signals. Journal of Computational
Science, 2(1), 31-38.

© Copyright 2016 ISBME, http://www.ijobme.org

8‘,0—0

il dol il el sl e (s S o
E 2 DM e ET 5 day aw g 93 5B glab 36 STl
Rl Ol pl B g el S el 5 e

AYAY Clgus I YASTE gl e b
st 3" GRS edls e (e O
serle 035 ke o5 = s EEG UK
ady sl el abobl M Sdb e sl el

S el mies o3 (S S s ol S Ky wkiga

RN

(V]

3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

AYAA

S. Yang, I. F. Shen, (2007). Manifold analysis
in reconstructed state space for nonlinear signal
classification. In Advanced Intelligent
Computing Theories and Applications. With
Aspects of Theoretical and Methodological
Issues  (pp. 930-937). Springer Berlin
Heidelberg.

J. Jeong, D. J. Kim, J. H. Chae, S. Y. Kim, H.
J. Ko, I. H. Paik, (1998). Nonlinear analysis of
the EEG of schizophrenics with optimal
embedding dimension. Medical engineering &
physics, 20(9), 669-676.

C. J. Stam, (2005). Nonlinear dynamical
analysis of EEG and MEG: review of an
emerging field. Clinical
Neurophysiology, 116(10), 2266-2301.

G. Huang, D. Zhang, J. Meng, X. Zhu, (2011).
Interactions between two neural populations: A
mechanism of chaos and oscillation in neural
mass model. Neurocomputing, 74(6), 1026-
1034.

N. V. Thakor, S. Tong, (2004). Advances in
quantitative electroencephalogram analysis
methods. Annu. Rev. Biomed. Eng., 6, 453-
495,

S. Raiesdana, S. M. R. Hashemi Golpayegani,
S. M. P.Firoozabadi, J. Mehvari Habibabadi,
(2009). On the discrimination of patho-
physiological states in epilepsy by means of
dynamical measures. Computers in biology
and medicine, 39(12), 1073-1082.

K. Lehnertz, (2008). Epilepsy and nonlinear
dynamics. Journal of biological physics, 34(3-
4), 253-266.

P. A. Coble, D. J. Kupfer, D. G. Spiker, J. F.
Neil, R. J. McPartland, (1979). EEG sleep in
primary depression: a longitudinal placebo
study. Journal of affective disorders, 1(2), 131-
138.

C. Besthorn, H. Sattel, C. Geiger-Kabisch, R.
Zerfass, H. Forstl, (1995). Parameters of EEG
dimensional complexity in  Alzheimer's
disease. Electroencephalography and clinical
neurophysiology, 95(2), 84-89.


www.ijbme.org

ARV Sle A)L&.jl A 0093 ¢St ) ‘ji‘&ﬁ J"’"\*@"d"‘“‘

4

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

R. G. Andrzejak, K. Lehnertz, F. Mormann, C.
Rieke, P. David, C. E. Elger, (2001).
Indications of nonlinear deterministic and
finite-dimensional structures in time series of
brain electrical activity: Dependence on
recording region and brain state. Physical
Review E, 64(6), 061907.

A. Paraschiv-lonescu, K. Aminian, (2009).
Nonlinear analysis of physiological time series.
In Advanced biosignal processing (pp. 307-
333). Springer Berlin Heidelberg.

M. Akay, (2001). Nonlinear Biomedical
Signal Processing, Vol 2: Dynamic Analysis
and Modeling. IEEE press.

A. M. Fraser, H. L. Swinney, (1986).
Independent coordinates for strange attractors
from mutual information. Physical review
A, 33(2), 1134.

R. Hegger, H. Kantz, T. Schreiber, (1999).
Practical implementation of nonlinear time
series methods: The TISEAN package. Chaos:
An Interdisciplinary Journal of Nonlinear
Science, 9(2), 413-435.

A. M. Climent, M. S. Guillem, D. Husser, F. J.
Castells, J. Millet, A. Bollmann, (2007,
September). Poincaré surface profile. Novel
non-invasive method to detect preferential
ventricular response during atrial fibrillation.
InComputers in Cardiology, 2007 (pp. 585-
588). IEEE.

S. C. Fang, H. L. Chan, (2009). Human
identification by quantifying similarity and
dissimilarity in electrocardiogram phase
space. Pattern Recognition, 42(9), 1824-1831.
W. P. Garnett, (1997). Chaos theory
tamed. Chaos theory tamed.

C. J. Burges, (1998). A tutorial on support
vector machines for pattern recognition. Data
mining and knowledge discovery, 2(2), 121-
167.

R. R. Sun, Y. Y. Wang (2009). Predicting
spontaneous termination of atrial fibrillation
based on the RR interval. Proc Inst Mech Eng
H 223 (6): 713-26.

S. Jafari, S. M. R. Hashemi Golpayegani, and
A. H. Jafari. (2012)"A novel noise reduction
method based on geometrical properties of
continuous chaotic signals.” Scientia Iranica.

© Copyright 2016 ISBME, http://www.ijobme.org

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

P. Paramanathan, R. Uthayakumar, (2008).
Application of fractal theory in analysis of
human electroencephalographic
signals.  Computers in  Biology and
medicine, 38(3), 372-378.

R. Hilborn, (2000). Chaos and nonlinear
dynamics: an introduction for scientists and
engineers. Oxford university press.

G. Kubin, (1997, September). Poincaré section
techniques for speech. InSpeech Coding for
Telecommunications Proceeding, 1997, 1997
IEEE Workshop on (pp. 7-8). IEEE.

I. Mann, S. McLaughlin, (1997, December).
Poincare maps and pitch detection in speech.
In Signals Systems and Chaos (Ref. No.
1997/393), IEE Colloquium on (pp. 5-1). IET.
S.  Yang, (2004). Nonlinear signal
classification using geometric statistical
features in  state  space.  Electronics
Letters, 40(12), 780-781.

S.  Yang, (2005). Nonlinear signal
classification in the framework of high-
dimensional shape analysis in reconstructed
state space. Circuits and Systems Il: Express
Briefs, IEEE Transactions on, 52(8), 512-516.
A. Goshvarpour, A. Goshvarpour, S. Rahati,
(2011). Analysis of lagged Poincare plots in
heart rate signals during meditation. Digital
Signal Processing, 21(2), 208-214.

T. A. Denton, G. A. Diamond, R. H. Helfant,
S. Khan, H. Karagueuzian, (1990). Fascinating
rhythm: a primer on chaos theory and its
application to cardiology. American heart
journal, 120(6), 1419-1440.

S. Parvaneh, M. R. Hashemi Golpayegani, M.
Firoozabadi, M. Haghjoo, (2012). Predicting
the spontaneous termination of atrial
fibrillation based on Poincare section in the
electrocardiogram phase space. Proceedings of
the Institution of Mechanical Engineers, Part
H: Journal of Engineering in Medicine, 226(1),
3-20.

H. Kantz, T. Schreiber, (2004). Nonlinear time
series analysis (Vol. 7). Cambridge university
press.

A. Brignol, A. Tarik, "Phase space and power
spectral approaches for EEG-based automatic
sleep—wake classification in humans: A
comparative study using short and standard
epoch lengths." computer methods and
programs in biomedicine (2013).


www.ijbme.org

