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Extraction of Dynamic Variations in Electroencephalogram Signal
Pattern of Autistic Children using Poincare Section

Ghasem Sadeghi Bajestani, Ali Sheikhani, Mohammadreza Hashemi
Golpayegani, Farah Ashrafzadeh, Parya Hebrani

Abstract: In most psycho-biological processes, great deal of nonlinear and dynamically
complex behaviors are recorded which arise from interactions among numerous subsystems and
processes —mostly with unknown behaviors-. Poincare section is one of the tools used not only for
analysis of these systems, but also to control nonlinear systems; chaotic and uncertain. Albeit it has
been long ago before introduction of Poincare section, but yet its stages are carried out artistically
and heuristically.

Yet, it is not possible to “machine learn” based on Poincare section due to unstructured
implementation method and problems like uncertain structures and modeling parameters. In this
paper, first, modeling -using Poincare section- is explained, then based on the occurred events and
the concepts “information” and “relativism”, variations in brain pattern of Autistic children will be
diagnosed using Poincare section and informative approach.

Autism spectrum disorder is a revolutionary stage of brain diagnosed by deficiency in
communications and social interactions as well as repetitive patterns in behavior, favorites and
activities, called Autism in short. Autism in our point of view has an informative essence, in other
words the main problem in Autism spectrum disorder origins from communication networks in
brain that can lead to secondary problems over time. Is this paper, a new representations called
“developed complementary representation” is introduced.

The most important characteristic of this representation is its special attention to signal phase as
latent information in signal and effortlessness of energy. All the newly introduced concepts are
implemented on electroencephalograph signal of Autistic children which has always been
cumbersome to be recorded. This paper has focused on 45 case including 30 Autistic children and
15 healthy ranging from 3-10 years in three different stages; asleep, opened eyes and a state-of-art
recording procedure based on brain dynamics and the proposed protocol presented by authors which
is destitute of well-known problems of other recording procedures. Results show the presence of a
common dynamic pattern in Autistic cased which is entirely different from healthy cases. This
pattern variation is introduced in 16 different characteristics which are not related to
electroencephalograph’s energy but to arrangement of section point on Poincare section (called
“event”).

Keywords: Information, Cybernetic, Poincare Section, Electroencephalogram, Autism
Spectrum Disorder, Phase Space Reconstruction, Extended Complementary Plot

Journal of Control, Vol. 9, No. 3, Fall 2015

WAF L o oylad @l J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.1.8
http://joc-isice.ir/article-1-199-fa.html

[ Downloaded from joc-isice.ir on 2025-07-15 ]

[ DOR: 20.1001.1.20088345.1394.9.3.1.8 ]

1) oSG, a1 03zl b (ol D178 53 21,8 il 5 2SI U (5 S Saly > Ol s 1 s
Sl b 033 O3 b (SRS ela Loy deome o St o o Sl Lo ol

Sl Ol s alehte i (ol e 351 53 i Sy
Lol oy o szt 53 655 1 (e ledte S ool 4sl (351
e Srn Sl 5 55 B LBl w4 eSS cline
OF e 03 5 W Gl oS onl 3 e plandl sl le I
S5 Ll e s ol et g Ol 4 - Ws ST
il 551 5 05k &5 5 DMl e S3lIte Gk ) 3 Soslize
B3 C}&w\j‘;ﬂ)ﬁ BRI v.gs\f OT sy @ aalsl ys oS
3 S e 3,055 (sl s s N5 S, 53 s &
ol e e s ST 5K R 5 G S A
ol b 55 S e 2K e 300 ) 033 5 80
s aalsl 5 a8 Sl oaT Calibes O 520 53 S s (gl siliies
RGN E V"z'h‘}’ (P

5 (P Sl pole OV dele e ola i) 4 S
Slp Bl 5 Sl U8 o goe 45 S0y 5 3515 G oins oass
[YF YY) 3y LK 5 dmalr ¢l a1 S (ol oo 2

}‘b)"e‘%‘déu&wﬂégi}‘gﬁw‘@bégzﬁm—
VB sz 3550 Oliasus 5 gl Ol MBI Jlize Jsls o€ s
I35 o8 ss 51 s ot ol Sl (s K03 (g Sl 5 a3
[Y0] 3315 e 0L Caliibes oslie Ols SleMb| folize

5 (G3ldin 5 o 2) Jos g 5 JST b a4 S
(el G ¢ Gliacldl ) (6 oyl Sl 5 058 (o el i
[Y7] . Col okel 3 g3 5 a0 DleDbl 4 L5 o 51875 5 J 28

bple 3,58 2 &0 sl 5l Sl Ssle (S 5 5b 4 K e
(o OSUE E11 53 IS okl ol 3 a5 5 (g2 e
[YA ,YV] .Ls

5 6B (sFa) G (53 e eslinl (Gldie 2, @l 5o
o5 4 oY el ST I G ol )3 ek ety ke
@JJ;OJ{‘J{:&.‘)‘&;"-u)}lﬁui.;‘)ﬁ.&;%ﬁ;ﬂgdﬁjﬁ&;ﬁ‘
Ll ol osls il st OT 4 Cond 1) b Sledbl gl 8
0sb Ll (i Oler o S e OT Sl L & Sled
3y Jitn Coale &G Ol 45 SIL slos oKl (K
@5 3 ol b Jala 53 Sl & iy $1.05 8 515 adllae
5 Sledbl Jalas 3 Y w5 a4zt Oledbl 5 osle Jalas[Y4] .l
()13 1ma 5 Jin 2oale 53513557 o0 3m 30 15 S g sde (6350
539 Al ol en (655 g oske yo Lui b by SleMbl s Lk 1
S gh g asls OleMbl (65 51 g esle Dl oy 3 b ) L
SNl (6551 4 ol o3le & DML 1 S o g S shiles
bl g DML " 1 E e Ky 5 el Sl
ol (5 s DM " 2SI L "l 513 G55 5 e 1S
S Sl 5 a8 1 e Jn SOLI[F ] s 58 e o 4y e oS

2p s 0T osms 4 0l T 5 31 (s 255500 0

dodo — )

JlSs 51 Jal,s (ASD) (a3 Sbiles g5 y3 b Y
sery 9 ! DMl 5 Ol js [ed L S Cwl e
oS s e atls e 5 3Ok ) s @SS sl S
B> > el Sl als ol s sdel sl sl
SV § g ) S5 gy Dlalllas 058 (o a5
o 25T S5 S M s B ) 1y e (Sl s ab
ool ol Slisle e 03,28 Slidew sy L [V]AS
& OLdee e wlaliienae 5 (63 Shae Calals Ciu ) Slaia
)3‘5)%)\:)‘}::5.Mwb‘j‘[Y]})‘)}ﬂj&if.ﬁb}?}é
55 sletdls 5\?&1 el ol b sasial o3 4> b ASD
Lo [F] el S ¥ 5 m 0T Laseits oMb e JBesl ol s
Oloys i il ool e o3 sletdn & Pl Sl 1 U5
e 15 ol St s gl (SIS slebn) 51 ST 355 51T
on 355 Jasi 5 Aes st by o ol 53 535S 2L
5 S In5s, LSS [FFlaile Pl ol e
3o Olbe (Scan &S 53 5kt 4 3dete e (53130 5
3,8 o1 oolinl 350 3 (S les 55 4 O Sese 5l 5 e
3550 (QEEG) oS 31,8 Jiwily Sl Ll Jl s T Ol s
ol o3 ol Slide (Al il o8 e g g Sl oy a5
[VY-V] ol ol s 53 5 0k plol a0

Sl il clgdyy oS Sl 0T sdias Olas OV )
leiss ool 43,5 13 eslinal 3,50 EEG y sts sl ity
23 O pde VY] "o, pe by als "ol b J&s 0
(15l Sen ) o saiey il & s> Cals slas VF] 05 Cab
E5 5005 Gk J&s V8] ols Cab J&s 53 Cals sladV0]
DATAQ" L 0T bliyl 5 ol Jhas 05 b & [1V] Ve
Sljer s V4] STFT-BW" , STFT' 5 oy b &
dr (N 58T utm Az o [Ye ] uilS 5 slantil > (556
@ T ar g ol S5 Glgds, den S 2he axy . [YY] JUS 5
leslde 53 o3 Djle 4 Sl S s p e S5 5 655
b5 5 05 cOlaj os g 3 OT Sl ek b 5 aials p3lie oJ gone
e s plols g (W55 — Ol ) Olajar Hsky oj 55 o
OT i 5 aals a5 ST 3 5358 00 485 5 & Lpatew 055

! Autism Spectrum Disorder

2 Morphological

® Quantitative Electro Encephalography

* Power Spectral Density (PSD)

® Coherence

 Asymmetry

" Brain rate

& Autism Spectrum Quotient

® Short Time Fourier Transform

10 Short Time Fourier Transform Band width

Journal of Control, Vol. 9, No. 3, Fall 2015

WAF L o oyttt J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.1.8
http://joc-isice.ir/article-1-199-fa.html

[ Downloaded from joc-isice.ir on 2025-07-15 ]

[ DOR: 20.1001.1.20088345.1394.9.3.1.8 ]

oS dad 31 o3zl b (ol 173557 53 21,8 il U1 U (5581 Calty > s ] s A
;;"f"lijl“"‘)d}‘:“cj’ Ld&igfwhu)M@gGB?&g&ngébbﬁﬁ

4 ool sk 4 e Sl GLlE 5 oty 03 Jde 6 gle

el sl o (5o 203l 3l nlin a5
ol 5 aslizal b JleSbl (g5ldte Jole Ol w sl e ol 5
5 wgm s 4 lalis  aSS L oEOT (il e oS,
S5 5 0T, ol Sl eslizad U (S S 5 DML sge
WSy el el I 53 $Salys i aiets 4 SO
2ol OT Sl ooly @ dl o g2 (B yme e (3Lt ol )
ol e 5 0L 3 5 Sl el el O3 S EEG IS
(QEEG) oS & 5 iS55 Jliilsy S O gimy s 55 Loy

o e
5 LOss 3l ol sl 5 Shes SOl 5 SIS YL
sloul e 3 1y (olad e 5 oo S gl ail ila i
ol 53 5l e S5 s @ S oy S ol 030
LS 5 15 2508 4 55T (sl S el L L o 4 o)
Sledd b Sl sl owemen s IMRIG (EEG Clgad s o
el Il aiets BB Gss8 Slimer b s O30 Sl
o S Sl re SNl 5 Sl S s S oK L oS s
ot 5 S35 5 OB St S 4 Olej s 4 S
;)T[v]ql:suaucz,.:,“.\.:u;)\fu,:sm@uw,»;
4 Calses 5131 5 5re 5o (SOl 5 Syl [She oyl &S Sl
S Fa e 38 e Ol il Lan 5 il LIS
3 el By Fp 35038 0 Sa S e s puS
2> Pt o go (S 53 5338 (0038 s > St 4 s
o s omb QU3 a5 s Yo YL IQUL 13 s ¢35 ol
S 5 SSJS S il 93 il s 5 O el " L
Ml s Jyusl&_ét, 2> el S ol gaps SN ol
53 DAL 0L o s It S5 ot 5 Sl e il (sl
WS o Jor O 2l @ e o oS Se Bl e
53 e Sles 5,8 s J15 el 0 S b el s S sKs
o oS el 5 oS5 bl 5o s en 45 348 0 3 Shes
Sl OLdlne cpl eiyls S Lael o Jalas 5 O Lo L Julws
&s)nl,,gdwtuﬁ.ﬂ‘%ur& 23 Il 5 s JD
syl 1B Ly S e L G ek wled IS clls
R et g egdle @il B Al (S 5 SN (il
It ol pn 355 st 4 o &35 (sl ot T 55 $Salys
4 8l il Sl 1S ey (SISTHL 5 S &) 5a)
ol gzl 53 ol Sl 358 oS8 il wily
s Jleel IS 55b w5l )Ty, i oo nl > SIS

® Qualitative EEG (QUEEG)

@ aslsl s oSl a;lﬁTxéhéﬁ@;a&bJ;ﬁ\ @'L;)’\H Jde
BB LB g M (gl 55 osls ; onl 5 0 STy, ol s 5
Olge 468 = st M1 oin 1L 65557515 51 Po Jisze
3 ph g 0deal o) KTy alad — ol 0t 43 8 i )5 0 IST e
Ghls 5 ¢Salys 5l S 5 gt M-1 il 1o, KT, e
b 4 STV el s gy (K55 Do s
[FV-YF] g o alis 35 550 3 5 0T o 00T
o3l (3slar e 53) " e 048 &5 A 5 1, $Salus 0l S
LL&'&,);Iol;@l)a)&T,ichiaé,)jch&M,aali'Tu;
ssb ol 2285l caK S F ol b 6,85 4L L
S eslisat et ldlo pafFY] asei W P =F (P, ) 42l b
Aoy e Sptees 213 5 Gildde o o s gl
Osmer 2l sl (Olidss jl goldas s awlazils L;):fr).?
S 3513 ) slite 4 LU sl 5 S35 ey ¢ Stas v
s 4 Glaa e Oty Wl [FO-FY].Clots oslinal s 5
s AR Glgdte 5 cil o 35 a5 [FA-FF ]l 22550
AR Jus o wlne Glgsls &) Jgd 534S 5505 5y oyl
e oaT 22K

ClGg AR Joo g bz Sl (S Y J9u

S e sl AR sl

L pioe Ly 5 (5 il Jshee 5 e s (gl o 1y Jslme e

Je) e gl gl ey 0, TlAe Jesl i s S¥les Js )
(ol Lo Jeo & StV 3K | (65K Jom o S o) o s

phe b lp Doy e 2 o] Sl Os g ol 5

el Caabad | ol s ggdie el )l eadel Slgdigy o

Lo Syl S psbl e

i S s 15 e
ol )y e CdS g5l

);)Mﬁsb;‘gﬂﬁXZJ)(l dﬁéajm‘tbjjpxzjxl
(033 dlo 5 Isl o Comar oSz s T

Gl 025 (:\,,4\ Sl o AJ.::(l:.v" Sl

e &S Jde Ol gie @ ‘_;"..:f)b s 5,8 s adl

i 5 Sl Dbl K8 s 5 pb il (e
)53615.1:.17)3?A‘»)&w’,}éim.f:)l:bﬁjcﬁi& sl )l
3 ok 55 s e 4550 3L T ade 6l ol S ol
9 ol e GBS, o SIS BL a4 el sL ladss
éd-»\.n )L‘l&‘..wﬁ 3‘5}{5 wu\..é.n a‘.?u\ib )‘[b' ,fq]\:,.w\ ol LR ) JJ.A

o é" 23 Ll Sl 55 5 lofss Cpeal Sl en b el e

! Poincare Map
2 poincare Plot

% Lorenz Plot

4 Deterministic
® Recurrent Map

Journal of Control, Vol. 9, No. 3, Fall 2015

WAF L o oylad @l J 25 alone



https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.1.8
http://joc-isice.ir/article-1-199-fa.html

[ Downloaded from joc-isice.ir on 2025-07-15 ]

[ DOR: 20.1001.1.20088345.1394.9.3.1.8 ]

0 oSG, a1 03zl b (ol D178 53 21,8 il 5 2SI U (5 S Saly > Ol s 1 s
Sl b 033 O3 b (SRS ela Loy deome o St o o Sl Lo ol

@l > ofy .38 o)l s PPGECG EEG wilo i LK
IS 31 e3litl b s (5dbe ok by Lol ) slate & giliine
cdbans 5 56 glad 5lesl Bl dle WT sl sl s
S e S 5 Y ion &K IS el 5B Gambo il

sy el BT 51K o 5 4

G SV 5SS gl b dBldregd 3B Glad (gLl V-1
05 Jemil s SYslas oKans s 3 S 4 by Sl
Ap 335 e da b (Flo 6l OT Sl eslizal b Ol 5 oo cldly Las!
ol [0Y]s 5 5lusl LSS gal olsy ol Sl gl
obl[OF] b 55T 5 Gl Cab oy Juls aly el
ol ol g 6 $Saliys (gandllan 5 56 (sl (5Ll s ol
T o s (5 saige 5, 3 Sloj S 53 b Supe S
Sl S S L il sllan S Gl (6 e
ol s iy 5 bdds Sl eslmal &7 Jl s [OF]US o Cons
Bl (G5l 55 (o) SR 03 S s 4 sl
3V omme 25 ik 5B slab (5Ll 5o ST (sand S eslizal
Sl skie & [OF]. il (S Slaptin Fopuils Al i
I el (gy5,0 b liie 5 ool slias el 6 (slas
s Gl &S Sl OT ale>Se LG $4SS L sdes ) Oees Ll
Jes Ol 4y e3)13 3 m 5 oy &S5 1 G (3Ll dad s sl e
i Jlize DMl a5 (Srcans s b 3l e ) b ltde
DA (e G Ul ot eed 1 35 [00]
b (Somer 355 4 ol Jol B 653 0 1 oladl ol
Lk S ol LIS Gojp e iz Sledb
A3 i & $Salys GLIS e (55, 3l iy 5o 6T 508 s
JB BB T oty e J a3 65 L S 5lie (s, 5 e
- e 3B slab 3Ll & el Jl 55 IOV 08]
Slad opl s egde Cawlodis DU G 0T Coms &5 Sl la
S 3l el (3Ll A 5 B Ol 4 0ds (5L 5B
s BB Ol Calies (la 2y 4y o 03] (paded ,s5lae oS
Y3l 5 i ol 03 pead das OBl iy lomes Azus Sl 5
OA] Sebpesls il du VLY JLi:.« s J;:)b 4 5 Sl
3 pb on Wy olinl Dsut ok 035 a3l day S o09
Godgdoms ol (ilujl glas 55 &S ol Kos ol L6 a5 ]
Glsl shle 4 eslinul 5y5s ate (Godgdme Oloa layiie plas
Calbes (g3Leb gl b Ly dm 93 3 EEG 1 bl [$Y] o

Olddss i Ag-;l okss auil J;_‘Y: 4 Cwlodd esls il

2 Deterministic
% Time Invariant

o po g2y 93 ((pte J 25745 5) S 5l Ca Lo SST
e sl ilin (515 53 L3l ) Al o7 Sl sl
S 33 gl 50 ST g (slab 4 JUas! gl Jlasl nlio
a8 53 waaad 85 & iy 2B e g5 Mo 4
o o 2 s 5 534S Wl Jorlpp pl 51 (i b (SG A8 ki
Serg a,&Tﬁdajdw Gl IS s e s il o)Ll T &
Sl w50 (Sl 6ols paisai=Y ) AT Hle Wby, opl &S s yls
B S Gl 5sls p dsai gk gy 5 ol 3l g) b b e
S gasdllas 55 iy [OV] 0358 0 0l B (155929 sl SooliTy
e S calie @3,y KL K s gt Slaptens
g g wtlis o) KT 5 gol Laia Olgie & b 55 o 5K g9 2l
8 > bS5 a5 5 5 )T g s D gaba o
L 6ol iged = £33 Sy el (G)l0 i ged OLS 4 (g S
Sh30s 3315 0 LS (L, BUT & i - ol sl b
= S el I e 0l 93 o Sl sl 0T gl
S ol 38 ol Sl (S8 gy G~ in ohad
S Sl ki 0T B s G opl 3 e eslinl By,
ewa e)&JTﬁdag‘SlA PR RIS 2l OT Ly p s aalsl s
4 JUS e o D) nlie 5L 3 Gijl T3l 43 ke
.u’f}_jc\fr.;»\jwkiﬂﬁéw

Sy 4y ol 3 03,8 D ks slb & s Jil &Y 5
ek dwdin lel g5l 5 33 K b awdis 4 b
phie s pe awdin 5 Jol @Y @ g L L pss oY 3 0238
5 oSl glas 4 bus e Y s s 33 Koo Sl o KT
33 Bon ool (S35 o el

wlio SLad 53 (aleijl Jof oY 1-Y

Clie (oU35 55 L3l LTe led 4 55 Y p ege S Y
o) bls avdin p Wlas Jo 65120l 0¥ ol 55 ol ols odiel
23) (s &G Ll (San el I Juolo Ll 155 e 03l (L&
WL b G A (Ldd ¢S chomins K (ol Lot J pere I
4) 358 o0 Lab sutn e Sials 4 e il 0 )IST s Jles!
5 ol da O L ocdn 2l ol S Ol GBS b
23 LSSl l oY ol (g el Ll b, 5SSl

Lt il phade I 2t b e LS
A Olge 4 I 3 OISl Lo IS (55lde Jils 3
(e Al g 5 Jie gla e 5 SMalad 056 1 5 3505 5 5 e
e o Jiloa3l 03,8 cpl 53 pu sl DI s Jpn 3 4D gl
S G i 5 4 015 e Jlie Ol st 4y 05 o0 S5 Gl (5 e

! R-R interval (Beat to beat interval)

Journal of Control, Vol. 9, No. 3, Fall 2015

WAF L o oyttt J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.1.8
http://joc-isice.ir/article-1-199-fa.html

[ Downloaded from joc-isice.ir on 2025-07-15 ]

[ DOR: 20.1001.1.20088345.1394.9.3.1.8 ]

oS dad 31 o3zl b (ol 173557 53 21,8 il U1 U (5581 Calty > s ] s A8
Sl b 0303 O3l 7 ( GGUE (esla Loy e o (Gl o ¢ Gl ol ol

wals 30T 55 o8 cl I 3L Sl sl6 S Sl i,

g byl B8 I g s 5B Ly ol eds O
I sz 3 S35 o b Sl 5 (6550 cosle Shte
);J&du)u,ﬁmu@l.;}ﬂguwt&r,ﬂ@yw)ﬂ
b ol 81 5 el ity 86 oIS gy ol Jlasl ) glate ) o Lad3ly
e o S5 e L3l ol 3,8 or B ealined 3550 G5 a5
Soipm 3 ol S S skt ol 4 s Sl IS I el
o) ol sl o KT 048 o (x5 Lalises sliel 4 k> slasl
S i 31 S or ealizal G155 Slaties (sla e 3l sl

-’){M‘P-*’Ut\";"*{dibi"
X (1) =XX,X;...X,
X, €x(t)—>Z, =cos(x, )+i*sin(x,)

k :1,...,n—>\2k\<1 0)

G902 S S ) aises L blie bl sue 098 90 Cod
dals I3 (Bl e S5y 2 1 O (i 3w 5 G350 Hsome
G,15 OLSSs (g lie aials Bl 1 ¢ ool Laliies slitel ann il
Calie I ol Soslize g lao 3l gl & ol Bl 6 oyl
,'\G‘Lﬁ)L;,n);u})mouﬁju‘;l,lufgbw‘g;ti;o;ﬁ
1 s G 2 G bts ol I ki a5 LSS (gl
T lial JoSe slsgas 1y Lol gad wws ol Al o pdyiE

Wl VS Gllae S 31 i 5 0SS il 5 el e

& K" .
Sin{ X}
LI il [
PO I ooooeee 3 :’ ] |"'.‘ 11
s " p— e
. L J CosiX,)
1% #
Sample R
Standard Complementary Flot

831kl oo glod b ) K

NEIP ol 3 Pl pass sylaleal JoSa g ¥ JS0 )
I 53 Sl domze (sl il 3 4 ) YIile 4 (sl S 5 o
S hailen ) (35 o odaliie #5355 4 el SN Jls 8
S 6 3 It a5l b yd ol Sl o 8 [PV s

e S Sl

® Standard Complementary Plot

- or Ol o o, 55 sl Ol o 1 50 sl 3Ll

ST (69 w05t ol 3 e 53 S

Wl e &G NS ol p 56 (gambo ioled Y)Y
Slizie 5wl e o 156 Glas 5 spd e o3 Sl ol o
3B i S o5 s ol 4 el oS o S8 0T Jise
Y5 e b o baldd il e Sl (s ko STl
Sl o2l 33 55 s b s G bl OB 3,8 55
P b eds O3 e Glos s Gy b 1 b it I8 b o
oy e Sl e e md 53 (Gl (6 T (e 20) e
49 Bl e G ek Si Gl g palae glaill ol s
OLa (§3508 Hsmmn (535 21y Jge 50 55 2 SV Ble b
c ol aly abl s s Ok 51 S, ol él) U
S e gadlas gy cpl 3l eslizal Jsldze glawises 51 G 3 8
seallan 55 O S 5 (COP) sty o 4y b ™ s Lt
[PY] bl or (e = (ae s

G oo Y1 -Y

b ey Syl 53 Ll ol pen e & o 2L B
ol (S aisas el ) dpe 8 Olg e o1 pai s WS 2
55 Bl BB 5SS 55 el JB sl 3Ll o Tl
Sodas i 93 opl 3 b el o chled ot 4 DBl i
s b sTp 4 5l pde s Ol e 1) 6L (5Ll b B o
e Sl il (s e 4 Ok 3 0508 ol Sloal pde 53 5 e
L 5o losed glaslased pm 4wl 2l 5o il T slaiil s
Mosai b gy onl oobel Sl Ll ey 8 e o )SST g s sl
2 )SST 5y a8 51 G bl 4 ok Lad3 s s0d o7 sl (1 0 ST 5,
[£0 ,FY YPlowlodels St

S VCORP IS S

3 1 Bl gamio 6 55 Glej 6 gledil OB sy o)
G JoSKasls 903 .35 5 o L3l 03l 1 (gl do samme Juls 5 S o
5 Sl S S8 Hin a5 gt 5 g 55 L o (6
—dasl ol gl = BB o 55 0S5 XY domis 53 0T w5
3y enop Bolssas cal slas )8 51 (S [PY] T e s
e Bl 53l S dliote (sl a3 VIl and sla S
$Salys iy Sl s JoKe Slaslsged 53 rsieeS 5 o
&l osle s‘f“JJJilé Sole 4 .Col oS JolS Lol slate juaie 93
A oS ol ol slite e Sl e bl Gl (5 S o
5 Slew Olasl oS oSS bl slame glgdlab auiS”
o B 3 )8 [PY] el 35 5505 5 i) p oSG 53 Sl

! Mandala Like Patterns
2 Terms of Coexisting Opposites

Journal of Control, Vol. 9, No. 3, Fall 2015

WAF L o oylad @l J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.1.8
http://joc-isice.ir/article-1-199-fa.html

[ Downloaded from joc-isice.ir on 2025-07-15 ]

[ DOR: 20.1001.1.20088345.1394.9.3.1.8 ]

Yo oSG, a1 03zl b (ol D178 53 21,8 il 5 2SI U (5 S Saly > Ol s 1 s
Sl b 033 O3 b (SRS ela Loy deome o St o o Sl Lo ol

Complementary Plot of cy baseline

sin(xn)

\p-l

sin(Xn)

Cos(X )

Y

Complementary Plot of C, withvoice

sin(xn)

Cos(X,)

‘o
Complementary Plot of c, withvoice

sin(xn)

Complementary Plot of Cq with voice - Normal

sin(xn)

Complementary Plot of Cy with voice - Normal

40 T T T T T T T T T
30
20
o 10
e}
2
E 0
£
< 10
-20
20k
40 : : : : : : : : :
0 0.2 0.4 0.6 0.8 1 1.2 14 16 18
Time (Sec)
L]
Complementary Plot of Cy with voice - Autism
1 T = T
0.8
S
0.6 A7
AN
0.4} ",'z"“"
) =1
~ S e BT aVi
£ V’A’:é&.,éﬁw,
[N, ~Tang,
02 ‘\\}?f:%%"
2N
0.4 ﬁ\\““.ﬁs
0.6 \\ﬁ},"q,
&
0.8} N
71—1 O.rs —O.rG —OTA -0.2 0 0.2 0.r4 O.rﬁ O.rB
Cos(Xn)
o
Complementary Plot of Cq with voice - Autism
80
60~
40 I
o 204 ‘
s ’l
2
s o
£
<
-40-
s

&
S

S O Ill oo 313905 b9y 4 EEG JUiaw ledib ¥ K&
O By 3 (F0F il B b 436 A) b Job b @l

. L
0 0.2 0.4 0.6 0.8 1 12 14 16 18 2
Time (Sec)

Yo

ASD . il
ASD (&) il ()

Journal of Control, Vol. 9, No. 3, Fall 2015

AYAF L o oylet @ e =S dlona



https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.1.8
http://joc-isice.ir/article-1-199-fa.html

[ Downloaded from joc-isice.ir on 2025-07-15 ]

[ DOR: 20.1001.1.20088345.1394.9.3.1.8 ]

a)&élﬁdajjle:u:.wllfm

0738 53 ¢l it 2SI IS (6 S &bty > O i ol el \{2

Sl b 0303 O3l 7 ( GGUE (esla Loy e o (Gl o ¢ Gl ol ol

Complementary Plot of Cy baseline

sin(xn)

“a 0.8 -06 04 02 0 0.2 0.4 0.6 0.8 1

Cos(Xn) »

P}
Complementary Plot of c, baseline

sin(xn)

-—1 08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1
Cos(Xn)

Yy
Complementary Plot of C, withvoice

sin(Xn)

-1 -0.8 -0.6 -04 0.2 0 0.2 0.4 0.6 0.8 1
Cos(X )

1o

Complementary Plot of Cy withvoice

0.8

0.6

0.4

0.2 4

sin(Xn)

-1 -0.8 -06 04 -02 0 0.2 0.4 0.6 0.8 1

Cos(Xn) »

Yo

Complementary Plot of Cy withoutvoice

<
£
(2]
‘o
Complementary Plot of ¢ 4 withoutvoice
<
£
2]

Yo

T

JoSe 313905 595 & Rl 395 EEG U Lol ¥ U5
9 (T0F Ll 3 b 45 A) all Jsb b Jii (ST g 8 yltibi!
3 3 45 e 0 Ko oukizled) C3 JUIS 93 (595 wikiso Ly
Y o ko LgliCh 50 457wl 0 5Koud oy lad) C4 g (Wisls ) o leds

o U9 Caurdg i o b Curd g . Ao ) S g AT (3510

S F IS8 s 5 ol oS58 EEG U olil Y S 5o
SEA) ol Jgb b I (g1 3,10kl JoSo 13 ga5 25, 4 ASD
Oads ks o (655 $S558) awa) Jal s 5 (YOF LGS 5 L
Lol Jb 5 5 wndd Juie 695 555 o b (el ide
Ol slales Jl= 53 S555) Idw O3 5 (Sl Aol el
Wl 5 a0, 93 G55 5 (Sl 1o O3 5 8 al o pdas]
Wl ol osls 2ules

e 0L G 5 OLSS Glemnsy 5o IS8 53 opl alis
Sl 5 dade 0L 1, ASD 5 Il Sl s (558 o 3 gt sliS
Lol Sl 5 550 L) 5 OVl aen 53 ASD 3 4.8 Yisle sla S
s Sl eslinad b &8 55 Kos sdalin S oyl (e 0TS s
A3 F g WS e T,

Journal of Control, Vol. 9, No. 3, Fall 2015

AYAF L o oylet @l =S dlona


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.1.8
http://joc-isice.ir/article-1-199-fa.html

[ Downloaded from joc-isice.ir on 2025-07-15 ]

[ DOR: 20.1001.1.20088345.1394.9.3.1.8 ]

v oSG, a1 03zl b (ol D178 53 21,8 il 5 2SI U (5 S Saly > Ol s 1 s
Sl b 033 O3 b (SRS ela Loy deome o St o o Sl Lo ol

sles Lsk e gLl OLSS (B Olsie 4 5550 5 aels Gllas
Sl anny oS slab )3 35 e adalin O o s oS
Ll LgL‘é.é):JMQJI)’&id;)SyLEJJA)IJJ 34y als

'U‘M‘}"wbr”f

Sinfep)

1
-
1".2
L]
A Coslip)

Exteisded Coinpleinendary Py

Wl drwg oo s13ged Jloel 4y o O <

5 S3ldde e 4y sl 3550 Sl gy el i ey 0 i 4
G sl s e by 65 5 Gllan ldie Slol L, I 315
—65A gy Lo Wl S el Gl (5 sels ol (22550
Shestizal b oo B 5 2l gladie 5o a5h JLis Jie (s &
S L)ls Gl S a4 Jda sla bl pe 53 e a2 S
3550 S saals 4 2y 4 o LT (s 5 =655 Ol b — el
las Hldie x5 Splis pl LU led o il ¢SKnp andllas
355045 el o 4 G5 adsl b 55 sl & JUKm (555D il
5 (0T S5 Jl,i:..a gl cpl Oy Cab o s Lol b
Sl e ml Al dipd or aglis @l ST ol bt sla 8
“o A 3,8 e 551 polie 5 4SS L 5 bOke 5 5LT
olls Hltie 4 o Soer day Wl b ol 1 (3 5dan 3l das)
53 0T Cla.& S Glopls 0955 B 5 Hled Ll Gl 4 55 (55,
ol ((Sier oy Stmbn 3 Col Ty e (G035
4 B 551 e 4l ol 5 5,8 5 O 655 Gllae i
b el o ls 0555 6T (88 515 Dbae Sl isles o8
Ol sr ols al 5 0 )T o go)lys dlie ) )3 7 Gl 5
3 olle Sy po a5 4 A g Gildis (S0 gt ) 53 S 5 S Lol

gl S e 0 Sl 53— o
osb 4 e G G5 4 (Bl Sosd G 3 e
Bl Gl Sl jlae G551 (B &Sl ol 53— b Gl
L e OB Olan b (g 4w laptucm pow 4 1) Sl
ale p s s Olgie 4 Sl S o 53 45 ol T 51l
Gl (kg T b Jales 5 B3l 53 adl 5 osbe 5 (65,50 51 Lo
OT b amy SVl & wsl gildde 51 g6 8 b Sledlbl
oty ol 53 Tl 005 Sl Ogeian (pl & )T g Wlab 5 o
E5A) B o San o B Ll ae g3ladie ol e olad 3 il 5o

s st skl 4 odd Oly e oy G s s u,iALf I

Complementary Plot of Cy withoutvoice

sin(Xn)

= -08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1

Cos(Xn)

e
Complementary Plot of ¢ 4 withoutvoice

sin(Xn)

Yo
13905 595 4 ASD &5 395" EEG St lodl .F <2
S B L 4B A) Sl Jab b JUSwr (51 0 5fkal oo
0 Coud oy lod) C3 U™ 90 (59 aliseo tayl 4 g (YOF
Sl © 5ol oz lod) C4 g (5510 ) oled gl jo &5
(W18 Y o ylows lghCh o a5”

o B9 Cuxog P 1o b Cardg O ) Carog A

"l dnnn g oS 13 a5 0-1-Y
ol 035k sl S oS slajls sad 4 olis sl s sy S
3505 318 (o (33l Slains S (oS il ok b jmn G
G 5 (Sl 56w oy g 0T Lol Ous 8 Col oS
OS5 o L ey el IS Sllas (650 anls ST
G5 G50 el G50 b el 53 (I8 e Il S
o B8 S sl st 5 o genS e 380 033 ol
'@MQLA&&T.L:AQ|)bu$j‘r|u\§ﬁ4§#jé|)ﬁa
e I o oSk 03 5l s e B 8 5 S
Llis se & esp s 5 (R Sl Ceand Olsis 4 (93508 5 S
o 3 s BlE ol ales 5 (0 JS) b e 43 8 i s
ol 03 sls el IS8 JeSa Slsses &K 5 ST Sl
o S5 Sobe 4 b —dils 13 b oS op, 2 S BB s

i 4 a5 Ogds el b (glan LT 3 (JS 5 (Jnb (5505

2 Scaling Region

! Extended Complementary Plot

Journal of Control, Vol. 9, No. 3, Fall 2015

WAF L o oyttt J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.1.8
http://joc-isice.ir/article-1-199-fa.html

[ Downloaded from joc-isice.ir on 2025-07-15 ]

[ DOR: 20.1001.1.20088345.1394.9.3.1.8 ]

oS dad 31 o3zl b (ol 173557 53 21,8 il U1 U (5581 Calty > s ] s YA
;;"J‘"liﬂ“"‘)d}‘:"cfa Ld&igfw:hu)M@gGh:&g&ngébbwﬁ

EEG i S5 cuerl 8 dimes uslye .. sEOG 5 ECG wibe
S5 s Sl 5 e 5SS g5 3l ) g esdle as e O |,
1 b g S OSG Cooal ol ol 5 3,13 Corotl ol a5 3550 216
L EEG o )3 6 108 55 5801 08 (sl o lasylilinl s oo 0L
P 3 o fen 4 Ll ks iy 5 35 S e

D3 i ol Jb s dEL e YooY syl s e ge s plsleal
o8 Ty S g 5 355 (on planil 1kl L Lis sl
Vgons 5 6l Sisn g5 55 Lphgr aistle Ikl ol Glata
55 Gt gl 93 a8 B g5 5 a8 ST 1 A5 le 4T 5 pdes ealizul
‘.\J\a.x.&;;;J}fgﬁ&a)yA{)sjl.Utﬁ‘J_ll{&muub
1l 25 ol ol s SU (6108
(Lobe) w g Kby o wab e O &G syl 355U ol

el 5 sl e OT B 513
(e )P (5 " C s " T (Ui, 'FooQ)
(U35 6 ) FP (IS DO

T3 el 4 55 e s slojlas bag S 8 el (Y
i |y o S g 33 slel g Sy Caw O )
LS
G g 93 Il Jowo b jio b Sbls ' Z il (F
b e Sl 5
o U 5l ekiS jae L) de b jlalob 4 s (F
b g o3ls olaitl 55 e Asl gty (e
I o s ol lalsis 1SS 5 s S sk
Sl &5 3 T )en pe ASD 0S5 31 ity S
3 e e S5 Do 4 el el Dl )3 oS (5 sk
GRer b G pl 53 el dd S OIS ol 5L et
ol 55 e s b ol Ol 5 e Sl 55 el 570 605
Lo JSS 0 6K s odal 3B Lgsleds ol p 0T isls
ol ol 0> 8wl OS5 87 (g he &Sl s 53 guly JSGH  gne
2 ol &S5 SN0 5 el I 4y Vet S5 S () G
R P N I wf,f(.\,,;\ Jl s B Y o
53 eks & OBy Jol wws 16,8 e 1w dw 5 Gisw
e b Cole ¥ Sde & Ol o o g Sl ol Ol Loy
El g el S e 3 s S8 OB sl 93 s (el I Yoo
Cope 4 TV (R by ol 53 45 O)T Glsy il dinil s 5

sy Sl ol S iES O Side 4 8w ok 5 L o

! Frontal

2 Temporal
% Central

4 Parietal

® Occipital
® Prefrontal
7 Zero

G35 Nl 1y 56 e spiac o laisl 23 S Sl oS (sl e

! e:;

il @laio Ol pgs 4 VY
4 JUsl 5 st omlin o sl nli (5L 53 a3l 5l ey
Sl o oploa s g plat 51 g 55 (S35 gl el 5 0T 5, sliad
Sl sk 4 (oadae Glajlas 5 el Hla e Sl E Sl
2T plad Jlasl 51 ot 4 4l 487 3 505 s 015 o0 ol oo
N G W e JRE NER I S P
S Clods Sl gy 4 0y Ty, dlade By -l 68 0 psT
N ) 53 @l 53 [PFLAS olad 1) (6,555 slaad plos
ok 5 S5 3 Syl 6 ool b (sala a filue
m ) tmn ol il (s b ol sl S sy dals
2l e Oler Ll5 oo i LI sl b ol 3ty S
S 5s3 p 03 o583 b (el o) asl dade (s,
..}Y’LYMaxﬁda}b&'ﬁl}\lf.:;ulkjﬁﬁgm
g ol e S5 ) Gosls0 e ol S dal S
Los psadsl g5 3l pleijl glas 8 cul Bolo Sl ST,
s 5L 5Lk A B O gy Bl il ane 5 5B gl gLk
S s i Y Ll da b Sl e SO Sl 6l L
S 5,8 sl Sl ¥ 51 i (gilsl day By (i 4w sL2S
Ll 5o 1) fogt o555 & o habke U150 Do ol 2
Cere s Ol) pl g egdle e 57 alad gl o I S5 ST abid
J@ujb—,.\ﬁ&,p);}.\;)u@ujgt;&Lé;:clzsjpu;,w\
Joui&i@\ﬁjéw&l{uu.f@d)bhgl}hdésdajj}:ﬁ&ﬁ
L S Sl RRI dhols o5 pl g5 BB (646 g0 s OLSS
dau;)p,a,“;..mL;lﬂegﬁ)wﬁ@u;éwus&_uﬁ,
ol el 5 56 (L Sl oslinal b 3y5T e s L HRV 50387 s
kol (50)by05 dd s BlE Sloj 5 5 Oy e 5 0T,

[YF] .5 500 ks Hlebl Ol 5 ood BLE o Sl

S 39 T Pl 90Ty (slad @ St v-Y
E_A.:; L;LA QY E) ol ! Gw.l.‘.h &5}3’\}1.»\ 4 4,}.' L, .‘i‘j u_:‘ 33

Ailn S 55 03 AS wos a5 N5 s ) el S 5

ol ala-y
25 e DOl D3 s e 4 EEG U o S5
Sl Sl oYL el ol olslazel o5 Jb e
bl OO ¢ S cleSaT Wl Gl

Sl S e S B6 SIS ek G ps e85, S

Journal of Control, Vol. 9, No. 3, Fall 2015

WAF L o oylad @l J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.1.8
http://joc-isice.ir/article-1-199-fa.html

[ Downloaded from joc-isice.ir on 2025-07-15 ]

[ DOR: 20.1001.1.20088345.1394.9.3.1.8 ]

¥4 oSG, a1 03zl b (ol D178 53 21,8 il 5 2SI U (5 S Saly > Ol s 1 s
Sl b 033 O3 b (SRS ela Loy deome o St o o Sl Lo ol

[
O3S Cud (9 dw (B yro £ S
T (o S Sliga AN
g8l BT S 3 58 JUSw ' oo Sl glod
gl Sl ol Oliwslow 38 Vg (p> o Sl (2@
00T (iouily ol 35 30 38 cud 38 o 50 (T p S digei .

= -¥
)wQ@UotGl;;:wtﬁgu,tjtJgafjwj,,)>6)ﬁu
daﬁdwl&f)}bq}@|yl§ﬂ-ﬁd¢5&:§;£a|);dt§?m
Ao o oty 53 (gatn J 57 4 5) WS (5lde ot 0, 10T
eSB! imlin (sLab 5 o laijl 1 A5 ke 4l 05 plon
.‘_;kjclfr.u‘)e)lﬁTﬁ&Lé}gdl&.}lcdét,lwlcwb
JaSa 3 305 5 6 S g iy 33 51 ik 33 Do)y 4 Liab o Lad3
IS 5 ey LS dji'srﬂi@u)"ejucs‘f,dﬂbﬁ-u(\?d‘
J&)b}w’ il oy ¢y s Cwl o A;QJfJEJJAY a5
o b sl ptl SN LB el 0ks 3 8 a5 )5 0yl alaie
b oo s ol 485 5 0 Dosline (LD 53 55 5 ki ik
35 olin b 4 oy 51 45K T Glgatins Salys 4 4y
&\q-claéa;«@,l:;uluflf)l}«?}::,you}@;igw
@gugg,ﬂ@u,ﬁ;gmm,égamwﬁxﬁsqﬁwl
el sl
Vo yd @b 9 5 S o (2W33b P95 ) -F

R I -V TP RS [ C IS
T Calttee (slas )8 53 ol o oslizal Y = @ X + B dslas
355 blE olin o ptey T Sl Y =X Lo b b Sl g e
Slls & (B in alsd o 9> b b (sl Ll [FV-50] 4 o el )
Gyod yldie & dimen b5 LS 55 15 Cond ol L3l Lo
M Lo & s 25 LIS @y ) 5 bl ok OLSS (st 5 S
2 L& 3y oo (6,803 Jlne ol abl g el o555 )
s L s 5 D Slas oK S eslizal 0T 5 b 8 8 ks

b e UKJT‘%

: 2 2

DIVZ\/(Xk+2_Xk+1) + (X =Xy
el a5 ) Calibes glgabad 55 Loy 5lie 035 aslie LB ol
35 8 oo 3ol 5 s 4 DIV s (Gl s b1

Divergence = Div
n

Sopar) (il bl o 5 alad LS sl i slee 5 ol b

ey o sllas abd 4 015 o Ols S
338 Sl oa G181y 5 S lis sl oS sl gl 4l
g Y =X b Jle ws w03 el 8 51 &S shiles
S s 0 DL Loy o i lone Lol Sl al ) S LU sl

& dgie Calas g el S50 Shlo GUI 3 ods o3 05l pgm
Vi Cond s am 53 Cy 5 Cg SIS (g5, Lo 5 US55 & 50
S (ards Ol ok 5 Olas (a2ds D)o b 5,8 (a2
CB b oo slass s O ¢Sau ST 61 o GBI .Sl o
oslitul 65 S (iludiail 5 (gl 4T Sl s gl g o 33 J S
YOF Cunbg aw a4 o&rs G155 & ged wlfjaw:y@
53 IS 1l b Y oty gl 3 Sl a5 6 &S5 Sl
plowl L2555 sl ¥ Jol s b S IS (555 5 ot 3 5
o e3ls ioles olab I 4t 90 bis ST Gl 55 o5 Col ol

o

Front

<
T

0015 il 59 S5 FoeT 3

Journal of Control, Vol. 9, No. 3, Fall 2015

WAF L o oyttt J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.1.8
http://joc-isice.ir/article-1-199-fa.html

[ Downloaded from joc-isice.ir on 2025-07-15 ]

[ DOR: 20.1001.1.20088345.1394.9.3.1.8 ]

oS dad 31 o3zl b (ol 173557 53 21,8 il U1 U (5581 Calty > s ] s v
Sl b 0303 O3l 7 ( GGUE (esla Loy e o (Gl o ¢ Gl ol ol

-

Ker =%y Ky =Ky
Performance Index (Count) baseline-Case #2 Performance Index (comergence) baseline-Case 42

XD
Perfomance Index (Count) withwoice-Case #2

Xr=aX, B

Performance Index (convergence) withoutoice-Case #2

Gl (SLad) il 38 (Gum T dug oIS Tgy domio s A S

e Cawly Coow D95 g alu\é@j@)wﬁw(ﬁwge&

axp

Performance Index (Cou) baseline-Case #3

p

a7
Pariomance e (comergence) wihoica Case 43

%
Performance index (Coun) withoice-Case #3

5
4
3
2
1
0
2
3
4

) withoutwoice-Case #3 Pertormance Index (comergence) withouteice-Case #3

S35k SLd) il 33 (G ) digy 031G T gy dmbio w4 JKE

Sbre Cawly Cooww 03995 3 SIS (g9 gt slixo o S (T g (SOND

Sl g el s b & 58 el Wige I I 5 e
>~4—3lff€éﬂ54204:—“))=°~‘5¢<*5~‘5‘)5@,5 )J—il{(lzl

.))‘J}é}wr..:}'f}r‘b).:vlhﬂa‘}

E
a=1and [I=0
Humber of Poincare Sachion Poins For sith voice - Nomal is 75

40
an-
e
1o}
£ 0
B
-i0-
=20 -
=30k,
40—
-4i1 o L | 1% 20 = 40
=¥ +f
=l and =0
Murnisat o Prindire Secken Foints For it voe - Momil b 78
: Fl {
] L |
|
it | i
L
m .. I | e | ‘.
|".¢I|? IS 1
" 1
E '-"ul"'l 'Jllr I‘ t .‘l 1‘:"'
-
w i . /|
me | ] |
. s 1 #| :
- | i 1 | l
| |||
a0+
401
@ 00 1000 1500 2000
Time(ms)
Yy
X, maX of
a=1and =0
Number of Paincare Section Points For with voice - Autism is 20
80 ]
80 4
40
0
g 0
>
20
a0 {
-60
-80 s
80 £0 40 20 0 20 a0 0 5
X
n
V<
K=l
a=iand [I=0
Hurmiber ol Poincane Baction Points For with woice - Sutism s 20
B0 . - - -

a N
@ ok Wt T

Gof |

ot | * F] || ] | |

| il
a:-ll'|lnl| T |'- Il'rI

I‘|..F -

ol | T I\ || ||I | |I

|
& | |
40t | | | | i
I
-60f ||
- w00 R 1500 i
Timeims)
e

oo (83Lw3l (Slad 30 Y=X s LEEG JUaw o5 Tgy alad ¥ <o

ASD .2 s AN Sl 0395 9 55 oo

Journal of Control, Vol. 9, No. 3, Fall 2015

AYAF L o oylet @l =S dlona


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.1.8
http://joc-isice.ir/article-1-199-fa.html

[ Downloaded from joc-isice.ir on 2025-07-15 ]

[ DOR: 20.1001.1.20088345.1394.9.3.1.8 ]

¥ 0 Sl gy ol 1 03zl b (ol 07357 53 p1,8 il S U (6 S Saliy > s e
Sl b 033 O3 b (SRS ela Loy deome o St o o Sl Lo ol

xr-|-ux:.c
=5 0u-0% ane i =-8
Number of Poincané Section Foints For without vokce of ASD I5 15

BOr T pr——r
‘
'
40+ p:
| 1
\ ‘
20} \
\
- o}
3
-20
-0+
-E0}+
-60 -40 -20 0 20 40 &0
X
n
Vo
o _.:\:-31.1
ne n
o E0e-01 and [} -8
Humbsr ol Poincars Sacion Bonls For without voce - Acfiem s 15
40

E

ok atl
m_]h}ﬂ M' " |¥ Mr\uh

EEG
o

wal
50
—E
(] B0 10600 1500 e ]
Timeai(ms)
Ye

S 53 Y = 05X % —8 b LEEG Juew o5iTgy o 1+ U<

ASD . ol T lo) 0395 § 5 o 00rd (S 33l

Slopls @lad g Joo sloged (bl gy ¥-F

w;uw\.(;&&;_;tﬁu&u;gdkujls{iJ,&)u,g
o S Nl A w2 i 0T Slasguast 3540 53 o ilen
8 5 Cany al 53 @il cpl s Bl b 4 a5 sty U
g B s el eslisel YZ2HXZ=RZdaly b gl oyl
I 551 psehe sl o pls s 57 S (sla g laifl OV oSl
d»lj.? Ll Bl (gl oyl a5 a6 a4 (ol aﬁl:daéb,.;’l S,la 1,
e JoSe 3503 03 (gobms alal 5 s a o Jools o 6555515
Sy0d a5 Ll T o Sy (S5 5he 0 1o L 0T Wbl
QI,':««,\)—&Uas‘)élbgw_l{uéal)udajﬁ,b}hssjhj

ol o3 eslaad AJ}aJ&LgLA)l:rJ 5SS o by 5o — &kl

328 Lzad 4Bl anw g JoSe 13 505 e bkl JoSa s gai G
QJTJLJ‘H{u\:l):).\.bu\ac,é}:QT:)J..:);MA._»J,EJiéq
s oal o (T Sl a5 EEG S

Vi 50 abad 9 (5 5 i (W3l 9y ¥-F

;,@,J}Ju@_u;g,;Jwtujlj_wcst,,“,&udas

JENE PREPRUNIN PP PR FYE NEP RIS VIS
3,5 dal ST 1) oSGl 1 (6 i (sbs ok ol fraly 3L
)uJMQ)MJ%@O%)dMO)KJT‘%%&E):
0 S oS o 255 L gdme b Ve B s 5 Ll LB
5 81 o3l gy 457 ol YU 6Calys S (g1 03l g 5
w\:jdh&wk_w.loujv_au@_e‘bu)lr_a} Cals dal g
)béq&%,,&txw@,ﬁAp,uuﬁi?
S i lae o e (S5 o (S0 (553l (512d) (S
A S IS fay e e Sl o 03,55

Y=X%

’)—‘""‘”"u""“‘*‘cl" ‘_g\:_wl)):dﬁ_wlt}_.p’y

Xn+1:Xn d‘l—‘”‘@l—?t—“b[)—l‘ﬁ“"—:‘dék—’)’

G gt Ll g b a8lte nggin ol 5 a3 L T X

4_‘:l:u\_zn~1 ':.&,l ;é'u"ug de 14355__-_)

Y =aX?® + B
Y =aX?*+p

o2 OT IS Loy Dl 31 b s bl&i L s 8 53 05y das e

.rgful:jﬂ)lbl)cf\;a;&ffdbﬁ
xr__Jo;:.u
 >5.00-01 and & »-3
Number of Poincaré Section Points For without voice of Normal s 38

1 Ol ol o 4 o8 ol OT

o

a

10
T 0
xl_

-10

-2

-3

-3 X 10 0 10 20 20
xﬂ
(]|
By el
o =5 0801 and b =—2

Mumbisr ol Poincan: Bection Poinls For withoul soior - Mormal is 38
A0 : ; : .
sof | I
= I|| I I| I'

T | [ (iaf |
ok IOUE I b RBE
a D[ﬁﬂl (LAY Ly |l ';' w1y il irl-
o .I“[.||.|";I*| £ bl |I* (L
|| | | ||I'| il | ||.| |

B 2

=

SO 101 1500 2000
Time({ms)

Y

Journal of Control, Vol. 9, No. 3, Fall 2015

WAF L o oyttt J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.1.8
http://joc-isice.ir/article-1-199-fa.html

[ Downloaded from joc-isice.ir on 2025-07-15 ]

[ DOR: 20.1001.1.20088345.1394.9.3.1.8 ]

0S5y ol 31 elitl b (ol 07357 53 1,8 ity 28U IS (5 S ESCaliys i *
S b 03 G b (SRS ela Loy deome o ¢ St e ¢ Sl 3l ol

40 i el (S 0 JUas (S951 yaid ! il F-F

05T g b 3f oolisel b Wl

4 e el (50 I (5 S o el s 5
ﬂ:ﬁu}gljlé‘C__wh.\_ir‘qd\a)&ﬁ_%éa;)'\uum\\{v}b
SN S sl Calibes sla o3l o ,)&;Txcubw sl
3550 BLE 3w 3 plublel JaSo ol g 53 sl pls phils plad ks
Sl i (65501 3 e otaliie 47 shailan ol 0 0313 13 )
3 e Slaadly 5 Sl S line LS (1 JSC8) el 5 Il )
PRRUCIN By DO POWHP e,&sTﬁda;,gji_;qwgﬁ;,uu,'
Gl VF s ol st 5o 2501 Gl ax 5 b6 (5 bme
3 dade 0L el oSCaltys lalis 5315 38 5 oS
JeoSe s sai b g o 15 plad o6 53 o) T 5 oad Lls sl 0T
Sl s 5 Dl il iy 358 0 olalie 4 gailes ol Bl 5 2S
s b aade ¢ 5 F ) G gl 53 D) sl Sl S
(¥ Jpr) s 8 oslizal el ISl 55 &l s ki it (51

B ol 53 0dlikl 3390 (S 03IG Ty alad £1g1 Y g

e 95 Wik g9

Y =aX + 4 (J9 £9) ) 4350 abaio

S o (S
Y =aX >+ 4 (P3d £9) ¥ 438 akain

Moged 2ldlb
8 ylbiw! oo
(Po E9)

Y 2+X 2=R26'oﬁ|ééh5n
o0 2ldlb

By s Juso
(pslez &9)

adeT ¥ g 53 Salus i et 5 eslizul 3,40 ‘5‘.@,;}1}
Ll 3 ey 5 oks S mn plaie g5 F sl S 55 ol el
3 oSl el U3y 5 B ol byl 5 oSKike 0,55
é‘) BL) JEH RPN u’:’l‘ﬁ ‘&523‘ B Lv Sy p Ll 4;_‘5‘) J“‘.L."J‘)

8 S st 35 DS kS S 55l oy
d%&&e:l:w):u@m@b}%‘sw):
o 5 0 ) @l 2 a8 oS slased bl & b e
g oedkd rbu\ bt WES RSy CS 5 o Ll o5 sl o pls
sl 53 & sl o35 NCPSP, (S 325 oo 98 V8 e 55
CRENVE N ) U8 05 8 55 5 (NAVEYE) sl b
5 ol (P<O.01) ol ponlin 5l (s)lslinn ebams 5lsls 5 ol

- Z. L. .

FB LS55 BV opgp Mgy ¢ Mppsy <NCPSPy e s
S g &S i s Lzes (P<O.03) (g lstxe Cla‘ﬂ [
L5 (Olg 55 msder gl pmul) 5 S e I3l 51 eslizal L ASD
ANF (P=0.04) mls oz 3 ol plwil ol O Ll
NCPSP, wwlie sl gl Sho o s 5 4 [PA]Cul o3 S

Complomony Fiol Painoass Sacsen Vaatad
A =4 8001
Murzhew of Poincant Saction Proisty For with voios of Kool i 35

sin(X )

Cormplarmtary P (Poircars Secion: ¥t ait
Rt Be.0t
Nariser of Priscas Section Powis For wih volos of ASD Is 231

o

sin(X

o
Cos(X )
n
e
2 2_p2
Sl 55 Y HXTZRT 4 418 EEG Jtkaw olGiTgy b 1) Ui
ASD .3 s (il 8 51l oo 315905 0ad (533l

Extinde Compuonotany Pl (Pordano Sechon Vol
RoT.50.0

Number of Porcane Sechen Palrts For witn voe of Nomal 15 87

sing )

Cderce Corphrsetay Pt Poncre Secton Y X o0
Ra7 0

Nortew of Poiscwe Sacton Points For wmn woeos of Ausm w158

Cosfo,)

<
b yo YZHXP=R? (s YEEG JuSiw o5l0Tgy ol 17 U
ASD s il 1 4Bl ™ oo 5139 0k (63t

Journal of Control, Vol. 9, No. 3, Fall 2015

WAF L o oylad @l J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.1.8
http://joc-isice.ir/article-1-199-fa.html

[ Downloaded from joc-isice.ir on 2025-07-15 ]

[ DOR: 20.1001.1.20088345.1394.9.3.1.8 ]

s oSG, a1 03zl b (ol D178 53 21,8 il 5 2SI U (5 S Saly > Ol s 1 s
Sl b 033 O3 b (SRS ela Loy deome o St o o Sl Lo ol

Case #2 c3 baseline,

N (Number of Poincare Points)

02 03 04 05 06 07 08 [
R (Poincare Section Redius)

A

Case #1 c3 baseline,

N (Number of Poincare Points)

o o1 02 03 04 05 [ 07 08 09
R (Poincare Section Redius)

4
0lGTgy @l bl Sluws p o Elad i J11F S
431 S 35 EEG i 31 45695 (48 b i JoKo loi3b)
ASD.o pllo .l

S § S Ao -0
23 O pde oLl @l bt Gyl S G ol o
.s)lQTx&ﬁﬂﬁab%lj%sw@L@Tduﬁ\}L@@
o Sy & Sl 5Ky G ol el kS e
s Gy OT 5,8 6 5 Sl lgl o SST 5y WS e
) il 31 s e G P S S S
Sl ealy @Il & S (Sl o 5> SN Solos S5 Lo slizel
Sl Ooesl b ol ISt oSy el It l os §
s 5 S5 il 3 5 0T e V]l G gl 55 0565
Gl sy 0S5 St G 3 Ll Jgens Sledisy 53 6
mo 5t OSG pls 0 Cantl ol S s DMl e (5,15,
ol ol 53 =i b il b 4 e &G G551 4 Sl
e R R S NS I TR
28 gl 5wl ki Sl Olas b s 4w sla
503l 5 G550 3l e (bl pgw am s Ol gt & SN K5 o
S sle S al Sl ldde (ulgT b fals 5 blajl 5o a2
ol 4o, KT s 5 ol OT LB ary DDl &7 i (g 5Ldute
Geios nl 03y Sleosas I Sy el K35 sl Oyenie
Gilode Doda L 65Ty, s Jasl Jpol (Bae 1l dSke
6 e (I 3 Sl ST Ll K e ¢ SN
S Sl e SIS ity S IS 2 b S5,
1 Jsens sledins lenl 520 5 s sdos & ol 05 8L s
A3l 1y 0T pealie 0Ly s EEG I o, KT ol Jlesl 1

Wl 0> 5wl Gl 53 0L
Fly S DMl e iy il esly Sl el mb
IS (S Salys s o Sl Sl cpl 0 b 5 A3 o 385
& gl S oSl i ol e s Sl 4 85 m:TEEG
25 o el (o (S o )3) o) ST ol LG 55 Iyl Il

oSS GV EEG Sy 5o 56 4 JolS a5 5 glaijl i) O3p &S

N (Number of Poincare Points)

N (Number of Poincare Points)

Case #2 c3 balseline2

~
3
8

3
g
8

a
8
8

a
8
8

@
8
8

N
8
8

g
8

o

=
8
8

3
8

8
8

g
8

8
8

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
R (Poincare Section Redius)
o]

Case #1 c3 baseline1

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
R (Poincare Section Redius)

<

el (5,5 031 (gl (g5l oS 3 ot 5 o b

Joko (lei3b) 0357 gy @l bl S claie Elad el F1 1T S
ASD .2 Wl . 48l Il 33 EEG JUuw 31 45690 (8 51u3buf

by d i (2 Lolid 53 oud ool Sl 39 Ty LB T Jaue

Sba= 2 . oyleds
Srogs 5
NCPSP, I3l 55 gy gl b3y 5 Bl sl \
NCPSP, £ 5 e i b2y 5 bl sl Y
NCPSP, pom 5 g B b2y 5 bl s Y
NCPSP, poler ¢85 o gl b o) 5 bl sl ¥
M DPSP, sl g5l s BlE Aol bl s oSl 540
V oese, Shatbs cle
M ppsp, Lopss g5 ol s, b alol ulyls s o Ay
v DPSP, Slatbue sl
M oesp, €5 g 3o B s sblss s 5 oSl Vo
v PPSP, Bl byl
M PPSP, g5 b sy Bl sy blss bl 5 oSl VY
v PPSP, SBloselies ’
M pese, 5 8 2 BB s bls) lols 5 oS VE T
VPPSP3 Blogalpsm ’
M PRSP, g8 g s BB Lls bl Sl s oS IV
VPPSP4 Bl bpsler ’

Journal of Control, Vol. 9, No. 3, Fall 2015

WAF L o oyttt J 25 alone



https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.1.8
http://joc-isice.ir/article-1-199-fa.html

[ Downloaded from joc-isice.ir on 2025-07-15 ]

[ DOR: 20.1001.1.20088345.1394.9.3.1.8 ]

oS dad 31 o3zl b (ol 173557 53 21,8 il U1 U (5581 Calty > s ] s vf
;;"f"lijl“"‘)d}‘:“cj’ Ld&igfwhu)M@gGB?&g&ngébbﬁﬁ

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

&lp-Y

L. Billeci, F. Sicca, K. Maharatna, F. Apicella, A.
Narzisi, G. Campatelli, et al., "On the application of
quantitative EEG for characterizing autistic brain: a
systematic  review,"  Frontiers in  human
neuroscience, vol. 7, 2013.

S. E. Schipul, T. A. Keller, and M. A. Just, "Inter-
regional brain communication and its disturbance in
autism," Syst. Neurosci, pp. 5-10, 2011.

J. M. Kleinman, D. L. Robins, P. E. Ventola, J.
Pandey, H. C. Boorstein, E. L. Esser, et al., "The
modified checklist for autism in toddlers: a follow-
up study investigating the early detection of autism
spectrum disorders," Journal of autism and
developmental disorders, vol. 38, pp. 827-839,
2008.

J. A. Osterling, G. Dawson, and J. A. Munson,
"Early recognition of 1-year-old infants with autism
spectrum disorder versus mental retardation,”
Development and psychopathology, vol. 14, pp.
239-251, 2002.

G. Dawson, "Early behavioral intervention, brain
plasticity, and the prevention of autism spectrum
disorder," Development and psychopathology, vol.
20, pp. 775-803, 2008.

S. Mitchell, J. Brian, L. Zwaigenbaum, W. Roberts,
P. Szatmari, 1. Smith, et al., "Early language and
communication development of infants later
diagnosed with autism spectrum disorder," Journal
of Developmental & Behavioral Pediatrics, vol. 27,
pp. S69-S78, 2006.

L. Billeci, F. Sicca, K. Maharatna, F. Apicella, A.
Narzisi, G. Campatelli, et al., "On the application of
quantitative EEG for characterizing autistic brain: a
systematic  review,"”  Frontiers in  Human
Neuroscience, vol. 7, pp. 1-15, August 2013.

C. Machado, M. Estévez, G. Leisman, R. Melillo, R.
Rodriguez, P. DeFina, et al., "QEEG Spectral and
Coherence Assessment of Autistic Children in Three
Different Experimental Conditions,” Journal of
autism and developmental disorders, pp. 1-19, 2013.
M. Linden and J. Gunkelman, "QEEG-guided
neurofeedback for autism: Clinical observations and
outcomes,”" in Imaging the brain in autism, ed:
Springer, 2013, pp. 45-60.

A. Sheikhani, H. Behnam, M. R. Mohammadi, M.
Noroozian, and M. Mohammadi, "Detection of
abnormalities for diagnosing of children with autism
disorders using of quantitative
electroencephalography  analysis,” Journal of
medical systems, vol. 36, pp. 957-963, 2012.

E. Hurt, L. E. Arnold, and N. Lofthouse,
"Quantitative EEG Neurofeedback for the
Treatment of Pediatric Attention-
Deficit/Hyperactivity Disorder, Autism Spectrum
Disorders, Learning Disorders, and Epilepsy," Child
and adolescent psychiatric clinics of North America,
vol. 23, pp. 465-486, 2014.

J. Strzelecka, "Electroencephalographic studies in
children with autism spectrum disorders,” Research
in Autism Spectrum Disorders, vol. 8, pp. 317-323,
2014.

3 B Ok 5 Bl sl e & S el ISl
EEG IS 55 Sl ol 5 5,03 6,8 ot 35 chie b s, 5
4 edd S5 Glealeill 5 okt Sime adl Cale ) Lpls
MPPSP4 S5y clis Call1d JSays .ol dalis L6 o3
S hs ) S S8yl 0d o 5 €4, C3 JUE" 55 s
e 2553 3l eslinal b oSS w5 Sl 0leTys iuled 4
0313 Olts 10 K8 53 o gk Cums 03 C3 UK (55, 6,8
35 @A wws gl MPPSPA T35 ColiS™ 51 S 5 ool 0kl

.Cﬂﬂl B};
Feature Space

O Autism

450
© Normal
400

Mean C, Withoutvoice
»
b

50 -
50 100 150 400 450 500

200 250 300 350
Mean C3 Withoutvoice
o]

Mean C3-withoutvoice < 219.42 ZiuMean C3-withoutvoice == 219.42

4
ASD I b <O (81 99 (6 05 o S8 9 (T 19 Slad N0 IS
A2 oui § Wl (519 C49 C3 BT 95 MPPSP4 559 (sliab . il
G5 e S50 OIS (S diwsd

It 53 487 5 503 0 L3 S5 pl 0 sl 35 Il 4 Gy )3
5}3-}J':BQT45U«S—>;J§:A I s e 53 el oL > VM"JT
ol 3 s et opl Ol el Cade e 5 -l (G 5Re O ps
3053 (O) esbe s Sledbl L > i oyl 3503 85 Sl Cundl g
ol & glite Calibes

S 9 g -7
el 583 6115 gl 07558 31,8 Jlinsl s S 0 sls
Sl S dlens K b G ol 5 Sl (Gl
e paaiie  dgin Glaw (9l (S0 319) (paads Ol low
fomsil 350 agohl g 5578 SBT Dz 5 0 ol e
I g S e cpl pme S pde 5 pliils) 5 Aghe Sl gl
Anilgl 9 (Silgl @elr 0 5 (R m e NS Wl
oo BT Dl S0 ol e Copie 5 00T Sl

.ﬁ)\;b,ﬁ.u,ﬂ.wonw;t@laﬁﬁ@,ﬁ”wb

Journal of Control, Vol. 9, No. 3, Fall 2015

WAF L o oylad @l J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.1.8
http://joc-isice.ir/article-1-199-fa.html

[ Downloaded from joc-isice.ir on 2025-07-15 ]

[ DOR: 20.1001.1.20088345.1394.9.3.1.8 ]

Yo

oSG, a1 03zl b (ol D178 53 21,8 il 5 2SI U (5 S Saly > Ol s 1 s
Sl b 033 O3 b (SRS ela Loy deome o St o o Sl Lo ol

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

(39]

[40]

(41]

[42]

(43]

[44]

[45]

M. R. H. Golpaygani, System Cybernetic. Mashhad:
Sokhan Gostar, 1386.

F. Hyligen, "Cybernetics and Second-Order," in
Encyclopedia of Physical Science & Technology
(3rd ed.), ed New York: Mayers, 2001, pp. 155-170.
P. Berg, Y. Pomeau, and C. Vida, L'ordre dans le
chaos. Paris: Hermann; Nouv. ed. corr edition,
1988.

W. J. Heinz Georg Schuster, Deterministic chaos:
Wiley, March 2006.

J. Ruelle and P. E. a. D., "Ergodic theory of chaos
and strange attractors,” REVIEWS OF MODERN
PHYSICS, vol. 57, p. 617, 1985.

J. Piskorski and P. Guzik, "Geometry of the
Poincar’e plot of RR intervals and its asymmetry in
healthy adults," PHYSIOLOGICAL
MEASUREMENT, vol. 28, pp. 287-300, 2007.

M. BRENNAN, M. PALANISWAMI, and P.
KAMEN, "Poincare” plot interpretation using a
physiological,” Am J Physiol Heart Circ Physiol,
vol. 283, pp. 1873-1886, 2002.

X. Jin-yi, Q. Yan-yan, C. Qiong, W. Qing-yi, and
W. Yao-han, "Analysis of RR-Lorenz Plot in
Patients of Sinus Rhythm With Lon g RR Interval,"
Chinese Circulation Journal, vol. 29, pp. 529-531,
2014.

H. GUURUULER, M. SAHIN, and A.
FERIKOUGLU, "Feature selection on single-lead
ECG for obstructive sleep apnea diagnosis,” Turkish
Journal of Electrical Engineering & Computer
Sciences, vol. 22, pp. 465 - 478, 2014.

A. Voss, C. Fischer, R. Schroeder, H. R. Figulla,
and M. Goernig, "Segmented Poincaré Plot
Analysis," Methods Inf Med, vol. 5, pp. 511-515,
2010.

M. Toichi, T. Sugiura, T. Murai, and A. Sengoku,
"A new method of assessing cardiac autonomic
function and its comparison with spectral analysis
and coefficient of variation of R-R interval," J
Auton Nerv Syst., vol. 62, pp. 79-84, 1997.

U. R. Acharya, K. P. Joseph, N. K. C. M. Lim, and
J. S. Suri, "Heart rate variability: a review," Med Bio
Eng Comput, vol. 44, pp. 1031-1051, 2006.

N. J. Dabanloo, S. Moharreri, S. Parvaneh, and A.
Nasrabadi, "Application of Novel Mapping for
Heart Rate Phase Space and Its Role in Cardiac
Arrhythmia Diagnosis," Computing in Cardiology,
vol. 37, p. 209-212, 2010.

A. B. a. A. Destexhe, "Is the Normal Heart a
Periodic Oscillator?," Biol. Cybern., vol. 58, pp.
203-211, 1988.

E. Conte, A. Federici, and J. P. Zbilut, "A new
method based on fractal variance function for
analysis and quantification of sympathetic and vagal
activity in variability of R-R time series in ECG
signals," Chaos, Solitons and Fractals, vol. 41, pp.
1416-1426, 2009.

T. D. Pham, T. C. Thang, M. Oyama-Higa, and M.
Sugiyam, "Mental-disorder detection using chaos
and nonlinear dynamical analysis of
photoplethysmographic signals,” Chaos, Solitons &
Fractals, vol. 51, pp. 64-74, 2013.

E. D. UBEYL and I. GULER, "Statistics over
Lyapunov Exponents for Feature Extraction:
Electroencephalographic Changes Detection Case,"
TRANSACTIONS ON ENGINEERING,

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

[28]

D. S. Cantor, R. W. Thatcher, M. Hrybyk, and H.
Kaye, "Computerized EEG analyses of autistic
children," Autism Dev. Disord, vol. 16, pp. 169-187,
1986.

E. V. Orekhovaa, T. A. Stroganovac, G. Nygrenb,
M. M. Tsetlinc, I. N. Posikerac, C. Gillbergb, et al.,
"Excess of High Frequency Electroencephalogram
Oscillations in Boys with Autism," Biological
Psychiatry, vol. 62, pp. 1022-1029, 1 November
2007.

A. S. Chan, Y. M. Y. Han, S. L. Sze, M. Che- ung,
W. W. Leung, and R. C. K. Chan, "Disordered
connectivity associated with memory deficits in
children with autism spectrum disorders," Autism
Spectr. Disord, 2011.

R. Cobena, A. R. Clarkeb, W. Hudspethc, and R. J.
Barryb, "EEG power and coherence in autistic
spectrum disorder," Clinical Neurophysiology, vol.
119, pp. 1002-1009, May 2008.

N. Pop-Jordanova, T. Zorcec, A. Demerdzieva, and
Z. Gucev, "QEEG characteristics and spectrum
weighted frequency for children diagnosed as
autistic spectrum disorder,” Nonlinear Biomedical
Physics, vol. 4, 2010.

K. J. Mathewsona, M. K. Jethaa, I. E. Drmicd, S. E.
Brysonc, J. O. Goldbergb, and L. A. Schmidt,
"Regional EEG alpha power, coherence, and
behavioral symptomatology in autism spectrum
disorder,” Clinical Neurophysiology, vol. 123, pp.
1798-1809, September 2012.

A. Sheikhani, H. Behnam, M. R. Mohammadi, M.
Noroozian, and M. Mohammadi, "Detection of
abnormalities for diagnosing of children with autism
disorders using of quantitative
electroencephalography  analysis,” Journal of
medical systems, vol. 36, pp. 957-963, 2012.

R. W. Thatchera, D. Northa, and C. Bivera, "EEG
and intelligence: Relations between EEG coherence,
EEG phase delay and power,” Clinical
Neurophysiology, vol. 116, pp. 2129-2141,
September 2005.

W. Bosl, A. Tierney, H. Tager-Flusberg, and C.
Nelson, "EEG complexity as a biomarker for autism
spectrum disorder risk,” BMC Medicine, vol. 9,
2011.

M. Ahmadlou, H. Adeli, and A. Adeli, "Fractality
and a Wavelet-Chaos-Neural Network Methodology
for EEG-Based Diagnosis of Autistic Spectrum
Disorder," Journal of Clinical Neurophysiology, vol.
27 pp. 328-333, October 2010.

N. Wiener, Cybernetics or Control and
Communication in the Animal and the Machine vol.
25: MIT press, 1961.

B. Korzeniewski, "Cybernetic Formulation of the
Definition of Life," Journal of Theoretical Biology,
vol. 209, pp. 275-286, 4/7/ 2001.

F. Heylighen and C. Joslyn, "Cybernetics and
second order cybernetics," Encyclopedia of physical
science & technology, vol. 4, pp. 155-170, 2001.

H. W. Franke, "A Cybernetic Approach to
Aesthetics," Leonardo, vol. 10, pp. 203-206, 1977.
H. Von Foerster, "Cybernetics of cybernetics,”
Understanding understanding, pp. 283-6, 2003.

B. Korzeniewski, "Confrontation of the Cybernetic
Definition of a Living Individual with the Real
World," Acta Biotheoretica, vol. 53, pp. 1-28,
2005/04/01 2005.

Journal of Control, Vol. 9, No. 3, Fall 2015

WAF L o oyttt J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.1.8
http://joc-isice.ir/article-1-199-fa.html

[ Downloaded from joc-isice.ir on 2025-07-15 ]

[ DOR: 20.1001.1.20088345.1394.9.3.1.8 ]

oS dad 31 o3zl b (ol 173557 53 21,8 il U1 U (5581 Calty > s ] s 2
;;"f"lijl“"‘)d}‘:“cj’ Ldliigfwhujmyg&@&g&mébbruﬁ

[59] 1. Dvoiak, "Takens versus multichannel
reconstruction in  EEG correlation exponent
estimates," Physics Letters A, vol. 151, pp. 225-233,
10 December 1990.

[60] R. Sharma and R. B. Pachori, "Classification of
epileptic seizures in EEG signals based on phase
space representation of intrinsic mode functions,"
Expert Systems with Applications, vol. 42, pp. 1106—
1117, 15 February 2015.

[61] J. Gao, J. Hu, and W.-w. Tung, "Complexity
measures of brain wave dynamics,"” vol. 5, 2011.

[62] O. Sasakia, P.-M. Gageyb, A. M. Ouakninec, J.
Martineried, M. L. V. Quyend, M. Toupete, et al.,
"Nonlinear analysis of orthostatic posture in patients
with vertigo or balance disorders,” Neuroscience
Research, vol. 41, pp. 185-192, October 2001.

[63] H.  SABELLI, "COMPLEMENT PLOTS:
ANALYZING OPPOSITES REVEALS
MANDALA-LIKE PATTERNS IN HUMAN
HEART BEATS," International Journal of General
Systems, vol. 29, pp. 799-830, 2000.

[64] R. Hilborn, Chaos and Nonlinear Dynamics: An
Introduction for Scientists and Engineers. USA:
Oxford University Press, January 11, 2001.

[65] J. Piskorski and P. Guzik, "Geometry of the
Poincaré plot of RR intervals and its asymmetry in
healthy adults,”" Physiological measurement, vol. 28,
p. 287, 2007.

[66] A. M. Climent, M. de la Salud Guillem, D. Husser,
F. Castells, J. Millet, and A. Bollmann, "Poincare
surface profiles of RR intervals: a novel noninvasive
method for the evaluation of preferential AV nodal
conduction during atrial fibrillation," Biomedical
Engineering, IEEE Transactions on, vol. 56, pp.
433-442, 2009.

[67] J. Piskorski and P. Guzik, "Filtering poincare plots,"
Computational methods in science and technology,
vol. 11, pp. 39-48, 2005.

[68] A. Catarino, A. Andrade, O. Churches, A. P.
Wagner, S. Baron-Cohen, and H. Ring, "Task-
related functional connectivity in autism spectrum
conditions: an EEG study using wavelet transform
coherence,” Molecular Autism, vol. 4, pp. 1-14,
2013// 2013.

! Complement p|OtS are created by calculating the sine
and cosine of each term of a time series, plotting them in the XY plane. and
drawing a chord between successive points to represent transitions

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

COMPUTING AND TECHNOLOGY V2, vol. 2
DECEMBER, pp. 169-172, 2004.

B. Ibarz, J. M. Casado, and M. A. F. Sanjuan, "Map-
based models in neuronal dynamics,” Physics
Reports, vol. 501, pp. 1-74, 2011.

M. Amiri, E. Davoodi-Bojd, F. Bahrami, and M.
Raza, "Bifurcation analysis of the Poincaré map
function of intracranial EEG signals in temporal
lobe epilepsy patients," Mathematics and Computers
in Simulation, vol. 81, pp. 2471-2491, 2011.

P. Channell, G. Cymbalyuk, and A. Shilnikov,
"Applications of the poincare mapping technique to
analysis of neuronal dynamics,” Neurocomputing,
vol. 70, pp. 2107-2111, 2007.

B. Ibarz, J. M. Casado, and M. A. Sanjuan, "Map-
based models in neuronal dynamics,"” Physics
Reports, vol. 501, pp. 1-74, 2011.

N. Rulkov, I. Timofeev, and M. Bazhenov,
"Oscillations in large-scale cortical networks: map-
based model,” Journal of computational

neuroscience, vol. 17, pp. 203-223, 2004.

T. A. Denton and G. A. Diamond, "Can the analytic
techniques of nonlinear dynamics distinguish
periodic, random and chaotic signals?," Computers
in Biology and Medicine, vol. 21, pp. 243-263,
1991.

C. J. Stam, "Nonlinear dynamical analysis of EEG
and MEG:Review of an emerging field," Clinical
Neurophysiology 116, pp. 2266-2301, 2005.

F. Takens, "Detecting strange attractors in
turbulence," Lecture Notes in Mathematics vol. 898,
pp. 366-381, 1981.

"Review Article Chaotic Time Series Analysis," vol.
2010, 2010.

A. M. F. a. H. L. Swinney, "Independent
coordinates for strange attractors from mutual
information,” Phys. Rev. A 33, 1134, vol. 33, pp.
1134-1140, 1 February 1986.

P. Grassberger, "GENERALIZED DIMENSIONS
OF STRANGE ATFRACTORS," Physics Letters A,
vol. 97, pp. 227-230, 5 September 1983.

M. B. Kennel, R. Brown, and H. D. I. Abarbanel,
"Determining embedding dimension for phase-space
reconstruction using a geometrical construction,”
Phys. Rev. A, 3403 — Published, vol. 45, pp. 3403-
3411, 1 March 1992.

I. Dvorak and J. Siska, "On some problems
encountered in the estimation of the correlation
dimension of the EEG," Physics Letters A, vol. 118,
pp. 63-66, September 1986.

Journal of Control, Vol. 9, No. 3, Fall 2015

WAF L o oylad @l J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.1.8
http://joc-isice.ir/article-1-199-fa.html
http://www.tcpdf.org

