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Abstract

Anxiety is a natural reaction of humans to stress that occurs in the face of
various factors. Anxiety is considered as a mental illness if it is excessive
and uncontrollable in the form of fear and anxiety. Today, clinicians use
certain criteria to diagnose anxiety disorders. This analytical-observational
study was aimed at automatically classifying the two levels of anxious and
normal by analyzing electroencephalogram signals. In this paper, the
DASPS database was wused, which contains a 14-channel
electroencephalogram of 23 people (13 females and 10 males, mean age 30
years) during anxiety. Anxiety was presented in the form of flooding as
actual exposure to the feared stimulus. Based on the results of the Self-
Assessment Manikin, data were divided into two groups: (1) normal and low
anxiety and (2) moderate and high anxiety. Approximate entropy, fractal
dimension, and Lyapunov exponents were extracted from all channels as
nonlinear properties. Maximum relevance and minimum redundancy were
used to select the best feature to apply to the multilayer perceptron network.
To evaluate the performance of the algorithm, different network structures
were examined in terms of the number of features and neurons as well as
different feature dimensions. Maximum accuracy, precision, fl-score, and
sensitivity in 20 repetitions in all cases is equal to 100, and with an
increasing number of neurons, the average accuracy increases. The best
results were obtained for 5 features and 15 neurons, where the mean
accuracy, precision, fl-score, and sensitivity for it were 80%, 92.75%,
84.15%, and 80.58%, respectively. The results of this paper indicated the
capability of the proposed algorithm to distinguish anxious people from
normal ones.

o¢



mailto:ateke.goshvarpour@gmail.com
http://dx.doi.org/1052547/jcp.9.3.54
https://system.khu.ac.ir/jcp/article-1-3437-en.html

&m @um‘s) aollad YS,M & S,,a A\¥Feo ,glg

b pé S T3 3 odlael b Of gasl 8118 § Jloy odaw 93 38 EEG (sus dib
¥ y901giS asGle ¢ pogy wieild 0 L
LOlpl et (@)Lo, plol (ol s olRisls ¢ (S5 s 05,5 wis )| cwlils IS (ggzeiils

Oyl edgte (&) Lo, plel ol o olRils ( Sigy cwdiges 09,5 ¢ Lobiwl (Jgiums baiungs) .Y
ateke.goshvarpour@gmail.com

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

ol

Jolos b aaligy yo a5 cal Glgy jlad plp 5o bpludl gl 28Ty Sllasl
5okt b plaaiie bwg ohlol el wigyel 5b o olnl il
adllas ol 5 Ban 0580 0ols Larkis b ey Ol L s sl clbalis <l o b
i el b Loy g ol mha g0 5055 canaib «sloanlie- Ll VEe /oYY
s> 45 ab oslizul DASPS eols oKl 5 cllin ol o ansl ol Solinily 2SI
e 53 (Lo ¥ pms 5:Sihoo 00 Vo g 05 V) L5 YT 51 alBlS VE ]S gLl I
S e S b ol dgrlge sl 6,8 S50 42 DSl S5 el ol ] ol
(V) 09,5 90 a0 Seol Sbjsloss ygesl gl wlal p Bols wowl oals &l SLw 5
(ot 298] Wad Gty 0L 5 dwgie SLlasl (V) 5 o8 Clylol 5 Loy -
2 U5 ol ) s b sl S ol & Gl sl 5 Jii amy | bRl S
a5 4 Jlos Sz Sy it L5 sl Bl ) e (Sl ol 51wz | P BTt sl

St alite sl L lo o550 8 Shoe b3l 6l o soliinl Y iz g i 9y g 48l « S
LYo

S Ry &b
IAERYEA/AR

Soals (55lg

poaySle Ol cwyp (Shy i slal Guizen 5 G958 9 Sy ol Eu> )
Gl Voo bl &V oles 5o 1S5 L Ve jo ol 4 fl-sCOre (s womo
0 sl sl @S (e whee GRIPI Come (S0l ()98 Sl IR L g
ol Gl Camlus g fl-score weds woro (1Sl a5 aal Cawds (49,95 V0 9 (S
oss olis dlie ol gl g 7 AIDA o L ATING L AYIVO LA S5

a8l e Jlay 31 5| ol S131 arts (sl soleiing s sazedly

[ DOI: 1052547/jcp.9.3.54 ]

oo


http://dx.doi.org/1052547/jcp.9.3.54
https://system.khu.ac.ir/jcp/article-1-3437-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOI: 1052547/jcp.9.3.54 ]

Sl wliilg y dolilad

f' S)W ‘1 8)5¢ 6‘?” }g-?‘ll

ais lp (EEG) pl Sollawily iSUl - Jlos
5 aSLLL ¥ 1 ) ) S o 7 ) sssls ol sl
SV &iaiex Josko o T Jplol s V210 o) Kan
NNl e 5 e Y-V (o Ken 5 Sl
e by, o EEG O (veve ol See ot o
el e Syiedsnzeds S Cllad S sl el
Sl a4 Gl ) EEG (¥-)4 ),50n 4 )
6(3/5— 8Hz) 8(0—3/5 Hz)
(13 — 30Hz) a(8 — 12Hz)
5 ‘

s 5 Sals) o5 e V30 ~70HZ)

4 ossie el peimen e ol slaanl b cioss
P93l 9 bl ) Sl (092 (o twd 13 9 (O 4850

.(Y’Y’ ‘)9:?.;9?
> g0y Shhal (Y1) o )Ken o J dasllas o
Sy ol el b ol 9,8 VY 5w g 5L i
Fols Gloy lo She b ooz Sy sl
el oy alwl iy (oSl o Sl o aels ¢ Bl
Gl ;a8 Wl ¢ lre Bl polie a5 wiols olid
cdl> Gl anl iy xSk (Sl e aals (Bl il
ghe oeges Swl b iz gl VL At iz
Gllae ;08 il lre Szl sla Shg b o8 ol ylas]
‘RT 2 bt A o Sl o als (Sl
S dh i Sl s (Mo b (Jy o)l (e b3
oen g D syl cuie byl FCP ast
(LBes 5 SBLLL) 6,50 adlae jo (V)4
oolawl a8 g b (Sl slo Shg 5l (YN0
Lo oli o)l poe Jols il glo (S oo

=

Sis ¢ e b pasli 5 cwgen T WL ) solil

2 Li

3 Giannakakis

4 Trambaiolli

3 Biazoli Jr

% De Pascalis

7 Liu

8 Xie

? Right temporal

19 Frontal-central-parieta
1 Brain load index

I\Yg

doddo

e g olai) oy, caslag s S ol
b 2ol so o5 col 5318, 5 (o) oo Sl
(Slr s SR W0 gy 055 ok 4 sl 5 waes
a3l 423 Gy s sem gladaly Wlg o (VFAY
slace 5l gl p g (VoY (e 5 (solusy)
s 5 6,0lb) Ay 5 T 4 e o3l S
e a3l i Ollasl des o lid aelel (VYWAP
(VN e 5 oolony) cial piews camal 4
oolil (oiS0y3 sl Ll ee 5 Sye a3l
mso O ee Pl 5 codl el Sloss 5 byae
(S5 pedl ¢ 53555l ailo g, WS ol by g 39
ML)(SA O‘J.Alb (S Lgl‘ef)l'““‘ 9 0‘9.40 J)Aa,o £ g
Sllasl 5l aS ead e ol Sy, slasslen 2 ogdle
(OS5 a ! Jlas! g ol alls v Slews
5 Sop el e a4 e s Spe ol s sl
OYAY o Sln g i) s Gl ) o5 s)lady
5008 oIl g bl SN Cllas! Pl axs jo
T e (Sly) SV G )3 p duse ies
(OWYAP S 5 (g ,0lb) o4

@ 8 edee Fool s AVl 15 el oastie YL o
Ol 8 S o ez 2 5l 5 wigd oo Mo DS 0
Eods ,Sky colhdl (g sains loie Sl el 1550
OR &S Gyshy Wl (oo Gl mhw 3 PEST
Sl Jlo 5o ol il oas suwl Ol sl pac iy
obeys cos 5 ls Gllasl a5 g0l 8l s S L a5
EBge 4 ads (WWAT (Glp g sje) Wl a8 5 18
Sl 2l 5l sRSele o LS cnl leys
RSP ESU RN FRFCUUNS [ R I RV SORNCH JOL { FRPTDS
axlas ) oolital b ohhsl s Jgere ool
4 25 (oo pll GBS 09 Aal G p g partis
5 iy Slaal gl blnl ) 5SS e 5l solas]
Skl JB mls 5w S5 b5 4 Sl
ol GelS Gl LOYAY (LS 5 (sgmge) a5l
oozl b USiie ol S 5o mms aslllas (o oIS

! Baghdadi


http://dx.doi.org/1052547/jcp.9.3.54
https://system.khu.ac.ir/jcp/article-1-3437-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOI: 1052547/jcp.9.3.54 ]

Sl wliilg y dolilad

f' S)W ‘1 8)5¢ 6‘?” }g-?‘ll

Co 1 PVIPY oaiy dishs Como a5 wisls i b
(FeYe oS 5 )

S il 5l S ohhal @l ok
G0 a ol asid Glp a5 cal sl
sledy) 5l x5 oy b 9B cpl el s aatite
bl V> ez 4 byl 5 (b
oz 5l @le LYo a4 0S5g; pl ol o
sl 3929 (putwd ;0 (matie (9 Sguld9neS
092hey xS 5 e oy 5 (Shn 4 ks (Sl
Dl el i b 0 diedgs  cleailils
Olsie & oS ol Sl Ll e (sloes 55
8 azg 9 90 Glakme loe ) 0gilly (sl LA S
2 0% et 0 Wl o ol cle e s
GBS Maasly 2SI aly L 450 5 00050 (o ytwd
Lowdl e Gbppea slo by 4 Cod
OlFsr wsiedse sl o)l ey 650
Sz b oS s 1) Shhdl b s
4 5l seae anl o ploxl e cpl yo &5 Slinios
)l 092y Shldl jadis lp sGS sl
Sl o dads e S &)l ol adllas 5l Gas
ol Jgl 09,5 S gunmaiil 09,5 50y I, o8l as
5 e oS Ollasl ghls b 2, ol asl o axies
Vb g bwgie Ollasl a5 wies (g3l pgs 08
Gl (i 3l sl Gl Bas 4 oliws @ly W)l
Sl ol o] S 0gi oo ooliiwl JiKw Jas .8
Caols sl EEG alas 51 Sy sl JuKw a5
gl 5l asdlas pl jo s g e S1B
los (JUS 3 o Juld (ot s sla (S 5l il
Lo aze )0 .Cowl ool oolatul o ,85 59,51 9 Bl
ot e Sy 5l eolizul b oS gl ail)) S5
Sl el 38kee Wlgy oeas aSS 5 >
ol solgiin wiysSll ams Wl Gllhsl s
el 00l 03ly ules VIS [0 axdllae

oY

&S bl 5 (Stanen olal Jold Jas é lo
@l w35 13 i n Sy9e Oloy 09> (S Ol
5 oy e Soxaz Gyl ((Shy o
gl ey b ool T 55 GusSae syt
@l b plodl locadle a5, eS8y (505l Loy
Lawlie o Ohhsl e jo o)l pac oS ols lis
5 AP Geimed WS (o by Glall Gl
Al e pled a4y HolB aS sl lis swgdes Sl
oS U218 5l o)S o o sl Ol G (ol lo
ROVPUNERUUNUIN S8 FAPRANC OV L {FHES JE
sl Jlasl 5l oslanal b sl § (5o pudl Guds
s Jsile s Il adlhe Slaal jl EEG
G iyl Kiad aslllae (l s gy (Y+Y+)
st s WT il b sl ode 5 (5l b loline
oz Joike 9 Jalels) sl plas (gl
Ohes g llSuld) s (chmgn o (VY
055 35 5 sl ol sl byl (YT
G R (Ser apd el el g ol
90 o Ws g b Wl 53 o oy polie G Jlie
Sl 09,8 jo as ol Hlis bl al dulbrs 09,5
Sl g0 0l sezg Ly Lo s jloline coie  Sion
A oams b We gilebir iell 098 o oS
(Y1) LSen g s (Vo Ye o) San 5 udSsly)
@l 50 1y ($2b, s anuloe (o yo el
Sloy B 5 (Sloj amsls Julowi g i isls I3
b, ohhsl a8 ool sl lis mls ws el
I, 65 698 P300 asls 5 Ly wib wblegs wsyls oV
Wi Jo oz jo 03l a5 b jo wies oo ol
(T LSen g d) il o5 ssd LI Wil culles
ySos 5 o5 Cenl oids plool 3] a5 (glaslllas o
2 Sl g Shhsl pasis lp (Shg, (VY
Sl pogIglS gras 4SS 5 e sl el ol
Sl i’ PLI Ly a5 o8ols o ig, cnl po 0
AL g W ool cwac aSLh 4 (639 ,5 Glaie 4 Aol
el g a5 s isel OSSls cnl Gl

! Hjorth

2 sequential forward selection (SFS)

3 sequential backward selection (SBS)
4 global connectivity

5 Phase Lag Index


http://dx.doi.org/1052547/jcp.9.3.54
https://system.khu.ac.ir/jcp/article-1-3437-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOI: 1052547/jcp.9.3.54 ]

&m @um‘s) &ollad

f E)I.M ‘1 8)59 “f” ;glg

ol

b sl Sk

Oyl JUS 3 an

N
—

S 39 Sl

2SI (g3l oo
Ll

aline (5 )5S0 ) S

OA

S ailb

Yoz gty 4D



http://dx.doi.org/1052547/jcp.9.3.54
https://system.khu.ac.ir/jcp/article-1-3437-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOI: 1052547/jcp.9.3.54 ]

&m wl&ﬁ‘,) aollad

f E)IM ‘1 5,30 6‘?” }g-?“-?:

ad,ladldl medg) (il 43,8 () 5l (228 SSS9n 5o
s Sl as el (S (20 ol 2 sl
abdle Cn gl cage il byt @bl RS Gl
B el b A gy ol ol colaiul (00,5 e
s T aen 5l 5 0s sl QA 8,5 gl aslllas
b oS Ll | asels culis, ialesT 5l ey o
L S 5o Jlael | s oS 25,5 o o
HAM-A) s clan sy 4, lsio 3l ool
a0 )bz U jee plie o ohhdl mhaw ol acule

]

AR

o9y

ol 5o i gloanlie Lo poss 3l bl 5o
ooliiwl DASP osls oLL 40 842> Eols 51 Liales]
Y 5 Le i (V)2 ], LSan g (gobii) ol o
i ¥ i i s, 1oy 50T ol ol 3
A 4388 arsls 3ls oy, sl lewn aigSoua 4
i 00 S S 15 b gl Baw o lesl £9,8 5l LS
358 e Sl g Lonng 5l 6555l (sl b o0l
e plal adgil by e Sy 4o talesl ¢ giogesT JalS
SLeyd a2l ;0 siludd e Ojpo 4 Ol sl Sy
o plosl Sliw i S e SO b adly agzlge < pudiinne
9) P9y Sy s (s (VN () Ken g (solasy)
A plonl Sleys ply) bawgs sl ady> Sjgo g 50
slyls a5 Emotiv EPOC cusa jl JiSws el &Iy
JUIS (6.5 1,5 o950 s o0licisl el oo 5 JUIS 1
29952 VeV e (eIl fps s Bildae j (55, o
Jate o congy 4 AF4 ,F8 F4 FC6 T8 P8 .
sl oo ooy L VIS 0 a8 waus

/6 ‘

(<) (A

o 35 | 8 0 gz (0) « EMOtive Epoct cawan () .Y S
59 og sl

Sl Oy g o abas SO lgie 4 M wSgiale g
&S (o 00,8 o0 Jas K0 6l guins 5Ly b anslie
4 6l el ;o a2z pe SO M2 wsiile jgacis

PN S I V-V B A KRy XV

! Flooding
2 in-vivo exposure therapy


http://dx.doi.org/1052547/jcp.9.3.54
https://system.khu.ac.ir/jcp/article-1-3437-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOI: 1052547/jcp.9.3.54 ]

&m @nm‘g) aollad

f E)I.M ‘1 8)36 6‘?” }gglg

¥l 0 Sopms IS ol pled 0gd (e ooz

' II
-i‘-"’i
1 2 k] 4 L [ 7 8 []

SooT (s 51095 (39031 digas S ¥ IS

Oil) Jolaz 4y 5 iy plodzr b EALS 2550 e
ol Cangn £ oS o 5T 1) aoles] LS g ol >
Bl « (45%) Solgls e « (AFA) cpols e
JLS o cislas walis « (£F9) ), de cdye « (A0F) Jbe
il ngal Sz Jlosl sl A ) 6l 5 (AFD)
Caxdg 3l ke, s, ewl ool oolawl ol Bl 4y 2d
5 S5k 4l V0 S | Candg 5 25 (0 920 ol
VO Goe d (s A5 0 S ] jguad 5o 0gej]
Iy Condg 1 L5 0gd oo 00l (yloj 0aisS &8 b a4y 4l
a st 358 5l el 4l ¥ leg alesl 51 ey 0psks ok 4

C

)

SOt o5er S e conidg SAM
SG \

- > >
Al v Al

¢
-« -« -
aids 0 aili v Al v

Olsy b Slo= 5k Lg syl
Sleyo e

Spmelexds  gam }‘mf.o}'flw”

! S5 15 S5 F S

sleslaiwl b G pow ol jo 1) 095 bl a5 090 0
93] (FUS2) 08 byl Sasl (oo (p905]
ool o3l Iy a4 (sl sl 93 Sedl obj)loe>
72 ol Ul ) (Sl ol 5 e b it |
sl ke 4l gunad) gl 090 & Jold o,
Lagd as Wi S 1) 0 )lse b clbgls o o Jed il
PYE33)) JECCAN USRI EU LA MW WES Iy JUFIR VPP
g ST s Sonds U Giales] Gl (S5l

asloos 5l eslil L ol yla ol gl o islesT bl 5o


http://dx.doi.org/1052547/jcp.9.3.54
https://system.khu.ac.ir/jcp/article-1-3437-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOI: 1052547/jcp.9.3.54 ]

GJ’W @ﬁl&ﬁ‘,) aollad

f PB)W ‘1 5)36 6‘?” }g-?“-?:

S So b zge JK5 50 Jolye slaws T 598 dlslea o
el e JS5 e st &Y L s sl
OVAAY 2515) o oo IS IS Job T

JL-S‘JS KUY Qo)ﬁi Cwd A LS‘)'.‘ ‘5‘>9i.‘.b JL\SJB e
phie o3y G o 1) chialine 5l glasgeze b (255
18 ko

X(1),X(2),X(3), ..., X(N) Y

T

A aS gt bl ab war T S asgeme o
el 25z

) . . N-—m
xk = {x‘[_nl)Jx{,m +k),x(m+ 2k),..,x (m + [! J I\)} )

e ol 1, Gauss cdle [L] 5 M= L2300k,

m . m k

RESWEW- T 9 5& J.m 9 AV- N}
72 a by oo Job aims (o i) alols g 4yl
T

el 7 4.3‘:{7‘ 3l eslatawl b Lm{-k]@u) 3™

b £
Z (X{:mﬂk) -Xm+(i- l)k)] VL

...k
Olbey cad i 4 g

1

Lm U‘) = T

C)U@a‘ul)OAS

VY ) Ken
S5 s gl J S
| x(1),%(2), x(3), ..., x(N)

{}'1;}'2;---;}',\-'} Ll )‘ 6‘4“ . )"J’i, C%JSW
5 0S5 gyl |y adlss wob ol 0wl ouds s

o 2 .
fo S o | Tl e Sle

S Katz
6 Cervantes-De la Torre

4

Ol s g ped 0010 oLl 50 S B0y g
e Ba> glp A3l i S aed 4 aiiies o0l
g o o3kl Shg zlmeil gl ools oL [0 35250
" oolaz Gb)a& 6[9‘;))5 )‘ ‘;)‘5 C‘)?!.M.u‘ 6‘).:
EEG sle JUXw jo axa sl o501 o] Jdo a5 04
el oaolole ool 2l Sl s 8 sla Sy ool
sty 5 $US (5 San JUSTS ol ol JusT3
Sl Lo Sy nl dod (o )8 95751 5 Bsinl) sl
(&0 LS slass x GE'>J“‘° sl (;))5 Slass

b g, lmal ggw 4 (gl o3l dzu jo JUS 3 o 5l eolazul

JESw 5 IUT aler 5 S iSUlgs sl JUSw ojls 50
Sy oml e s oolitwl EEG §7 ol Saus 5,55l

oolawl (Su5elen 1 il ol sl Lasis ol

o g, (VoA 5 LagSLLl o T o Lsblel b) st s
o=l o e aS oo 0gg JUS 13 ay aslone (gl oLt
Z e 5 Olgsly FLS adex 5l 29, ¥ 5l asdllas
el 7 4y a5 oS o ool

JUST3 2y s Lt 51 (o2 1515 JUSS 5

Loagos JSo gy nl 5o - adbiee BB by, (JiSKm

Xy . .
[ }] Slo e zgy sl &5 ws  das sla e

uw‘)_‘ﬂ ‘5..\_>-|5 5 O ygo A X )|A.3.o s KU PR
Lozss (go0e (go ailb gly by, S S e o
) Dygmo dr aS Cal b zge IS0 JUS )8 an ankis

Pogd (oo iy
lag(n) ‘

FD = ti
log(n) + log (f)

! Fractal Dimension(FD)
2 Electrocardiogram

3 Paramanathan

4 Uthayakumar


http://dx.doi.org/1052547/jcp.9.3.54
https://system.khu.ac.ir/jcp/article-1-3437-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOI: 1052547/jcp.9.3.54 ]

é}m G‘"W‘S) aollad

f E)IM ‘1 5,30 6‘?” }g-?‘l;

26 N gl & shie! g u = {u(1),ul2), .., u(N)

o & d[ﬂ'ﬂ’x{j}]wﬂw mujxm x(D) ;
o) = ful@),ui+ 1), ..., uli+ m—1)
() ={u@u(G+ 1, .. uG+m-1) ,

dlx(i), x(j)] = maxg=qs _n(luli+k —1) -
u(j+k—1)])

3

9 (Y‘ 4 ‘AJL_:Z))[A 5\/ JL_;}.)—BOL_QO) 09_.«5 ;a._.)).x.:

o
ol di g o sl Ll s 5 A as L

A 5o LYY () en 5 00l) ) Qigd g0 030l
an JUS ;o sl B (5] )y Sl 85

mi..
=°y$@wwa}ﬁ4ec" )

Ve
C"(r) = (number of j < N —m+ Lsuch that d[x(i), ()] < )/(N-m+ 1)

e oy i ol 20 52
N—-m+tl 1

. 1
M) = Z i T o
) N—-m+1 ogei” (1)
i=1
. r,m,N . e . .
robie sl yally ol polie gl Cules ,0-3
ApEn(m,r,N) = @™(r) — ™ 1(r) \Y

Dgb 0 plasl (T SLswil (s gl il 5l ey
Ol e 31 31 ooliiasl Ly a8 sl b, S g ol
iwlinl la T 9 0,5 Cbl ) sl sld S5
g5 ol JRalS crge )15 plo S i) 5e L Wil
0l (Zlyl sla S 3l (SasS acgerme i oLl
SR s g S Slewloe e YL S0k cds
adlio cpl yo YoV (o Son § " Klg) 095 o Jo yie

7 Delgado-Bonal
8 Marshak
® Wang

Al

_(1,x;=mean(y) . 3
%= {—L x; = mean(y) =1 N

s o1, sslome slasles Sl ewis S olaws V8 o151

J"Il-_:
N, = Z zz’+1_zi| v
[y = L —
2
i=1

Sl oo ools ylis 15 70 4y lewg,lay JUST,8 oy
EARAY SRS S5

EﬂgmN A

D=
N
togio N + 109w (y0am; )

.. LLEy . . . _
&l @l SELL CTT) Byl sled 25 5

9 §9exa) Sl (o Sy p0 gl L) ansis
ol antl Sote Bl sles S1T(YNVE () Sen
5 gz o)) O)ls Slugsl (L3, witaaw 45 Canl Line
SO 6l (YN (LS g (gaamme sV - VA ()] LS

. . _ ., LLE P
139 0 dmlne 2 2 4 JuSw

1 d
L=—In (—r) A
d

n 0
'J‘IHE.L‘°~ . > dans - wudu - Ky
L) Ol o Jlsie o diged oy Ole
. d
KARRT4
48 Sl gt (Gyleme (o g5 £ 98]
5 ylal) 0SS o Gl |y cS g ok g (e i ol
Sz Ol sB 2950 &8l 50 (0¥ (e
WS o et (oS Dygo & ) i b JWKw S
Sl es L 0 Sy

' Ting Shi

2 Largest Lyapunov Exponent
3 Mohammadi

4 Awrejcewicz

5> Approximate entropy

¢ PINCUS


http://dx.doi.org/1052547/jcp.9.3.54
https://system.khu.ac.ir/jcp/article-1-3437-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOI: 1052547/jcp.9.3.54 ]

GJ’W gwlhﬁ‘s) aollad

f PB)W ‘1 5)36 6‘?” ;glg

Ladly
w0ad Gl slagty, 5l esliinl b (S gl 5l omy
MRMR g, 5l eslawl Ly (555 0+ )0 sloss
A A (699)9 0 Ol 4 o SThg cnl il Sl
599 V0 gV a0 sl g au¥ S LMLP e
a5 ol 5 b S5g olas 5 ool Lo winds Jlael
ars S plaS 0 S sy 45 sl ] i gl

g e Jol> 6558
e

69959 Y

ARCETT
Vza

AR

Y 252
ARTITST

AR Vs>

(e &Sl (S (g jlomo O JSCE
)l 2o )'I oolas il l_, s ac dio W dl s
Sl 5 9t aalxe (MSE) Yol o :Slie sl
3ol eolazwl o leS e S el v ,oXl 5l ol o s

Soyamsl slm AV e woais Gl sl g dcgore
GialeyT 6l V0 g o Ll 6l 200 MLP oS

polde =l )b e 0 g0l x>l ,L Ve aSis .ol oolatul
5 (Ve of Lo 5 MaodgS oun) Comulus (2B o
Ao Ao 05 sl Jge,d 5l eolainl b fl-score

KAES CIRRVPESPR ¥
(TP +TN) "

Accuracy = -
CCUracY =TP+FP + FN +TN)

Sonsitivity — — L& 1
ENSILIVITY = {TP n FN}

7 Mean Squared Error
8 Sokolova

9 Chicco

19 Jurman

(MRMR)' LLs )l sSla > Sig3dl Jlas> g, SO 5
S MRMR el oo oolicul S5 Dbl gl
AL as conl ;s o (e (S S b,
9P g ATt i (o G 4 bguye LU 385
5515) 08 s o |y Ut ol oy Ll gla Sius 4o
AEAR ATV

Pl sl (Fius 0ad ol sy b (Fivs LSl
gl oo Jloosl (ANN)V‘SCB_L_AA emal ASLD 4y ol
adb aile ols by gl (egman (ras sl &S0
= hb G RSol T Gk 5l S alolis 5 s
amly acw JANN (YA L) LSen 5 T oygogl) 2igd
0,5 slaws a5 el (609,5 Yol axly 05 oo JuSiS
g (et (6939 S el g ()] 5059 sl
Lsgs o] slro,F slass a5 coul g5 Y sy oy,
eleay pgo azly 0el o astine b 5,5 olows
¥ Laglars 0,8 (oo )8 5T 5 Jslaly (s o5 o
gl i omas slaaSb ;51 )3 0eh e S Gl
Elgl 51 o 09 oo colaiul Waosls usley (gl a8
el (MLPY aYai> gy o—as Lo Al
Fad ey et St oaiS il Sy MLP
Goldld s S Vaoro a¥ ;2 0 culolgyg 8
s Jloel GLESIS (555 2 a5 018 3529 (a8
Sy-ee Jlosl gams ¥ @y (6995 Olsie Y o az
55 dgdis ool Ghalai ;3T Ay o (g5 Calyd o
9l s o3l (6550l (gl Sl g 5l A
smae SBaSs (IS (g ylama (Y10 (S 5" gl,k)
Sed e ool Gl O JSi jo eac

e Lo sl o)l olowd s a5l oolizal (ol
olass ¢ ylgs gleas¥ ol ol ceul & jle a5 wis
03231 5 el GLSols (5,50 ey Y o 50 ()9
(Y18 S 5 (soomxe)

! Minimum Redundancy Maximum Relevance
2 Zhao

3 Artificial Neural Network

4 Abiodun

5> Multi-layer perceptron

¢ Taravat


http://dx.doi.org/1052547/jcp.9.3.54
https://system.khu.ac.ir/jcp/article-1-3437-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOI: 1052547/jcp.9.3.54 ]

é}m wm‘g) aollad

f E)IA& ‘1 8)30 6‘?” ;glg

F¥

TP 18

Precision = m

(Sensitivity X Precision) \$
Flzore =2 % - —
(Sensitivity + Precision)

Connyd &S Aiiwd e slb diged (pummo couite) TP a8
e Lo aiged (oo o) TN il ousy ganail
Cio)FP sl oot (gonaids s 45 aiws
@iy a0l A aiies e sl wiged (3
45 i ite sla diges (O3S ae)FN g wilonds
IRt EARAYd ‘750 P ";Ltg)pl odds (gadtds Caw ol
Sl 515l ((gwgon) (55288 o il (VTR0 Ko
9.855%) Sk b i 9 1LS () g

Sl oo ooly ioled Y Jgaz yo a5 (VWD Sen

0592 s yilo N Jgu

—r Code TP FN
ol aslil
she FP TN

9 lere Blyzl g (1 Sbe oo ail G2t LY. Gl e
2048 ael s oo 00,0 a5 polie gl pesnSle
O sl s Y Joaz joasloas asl| T B Y Jolos
¥ sz 105 SV e @l ¥ gz 0 (S

ol 00 0als ULM.’

! true positives
2 true negatives
3 false positives
4 false negatives
5 Jiao

®Du


http://dx.doi.org/1052547/jcp.9.3.54
https://system.khu.ac.ir/jcp/article-1-3437-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOI: 1052547/jcp.9.3.54 ]

&m wm‘g) aollad

f E)I.M ‘1 8)36 6‘?” }g?‘lg

SRIO Glp @l Y g

Sloss

s F1— score s el
0¥

mean std max mean std max mean std max mean std max

5 YY  YAYA \eo ALY Y50 Yoo va,ay - 24.90 yeo AP YENS Yoo

10 YO Y, Voo AYY  VEYA Yoo AY  14.84 Voo AYAY O YYY Yoo

15 Ao Y0 \eo IS AV R ALY oo qy,ya 13.19 yeo ADA YV BY Voo

Shal sy s Y

S F1— score s el
099

mean std max mean std max mean std max mean std max

5 [ R ¢ Voo AR 2 AW 2% Voo va,yo 32.13 Voo Yo o YEAY Voo

10 v Y. Voo YENL TYNY Yoo YA s 19.38 Yoo YO.5Y  YV,AQ Voo

15 AR AL Voo Ya,aY 1 F,00 Yoo AS YO 2217 Yoo AYY  AEND Voo

S3910 ¢y @b FJgux

Sass F1— score s el
099

mean std  max mean std max mean std  max mean std  max

I £9 \Y,YF Yo YY. Y YEYA oo Y158 Y., oo YAAY Y.V Voo

\. Y& YVNY Yo AY F4 10,-9 oo AD,C A Yo X oo AFAY  VALF Voo

10 YA VAYY \eo AY,AL 1 0,FY \eo AY  VAAY \eo ISAS TN 2 Voo

0


http://dx.doi.org/1052547/jcp.9.3.54
https://system.khu.ac.ir/jcp/article-1-3437-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOI: 1052547/jcp.9.3.54 ]

Sl wliilg y dolilad

f' S)W ‘1 8)39 “f” }g-?‘ll

5 CfsSubsetEval ;| S35 olxsl sy Ll .o,
oolizl CNBTTER) g <o 3l somail iy
oo (YY) o)Ken 5 oS adllas .ais S
odls YY 5l Lo a5 Jyee yo wls plas 1) 7 AY/VO
Sy aib jsel sgice csl oS oS eolin
B by amslie 5l gl asdls B Jsuz )5 058 bl
ol 00l oyl a8 I olosil dslllae b Sladlas )]
solizwl MRMR' 55,5 Clsesl 5l 8o 40 sl o
slo (S il g pS Sa> |yl sla (Fho b oS
slo (Shy o 9 o5 edliinl (29> b b e
MLP emat Al A (69959 Olgre A ] ol Coway
Sl oae VO g AN 1) Shg olows Lo oS Jlesl
oS Slilns Sz @bl e b Sy S
FUY Jolom joaS onnl canny ol b 09 anlgs>
099 VO L (Sho O lp s e il 8515
S 9 odel Cawdy B8 g Coro 4 Az gl bkl Cewny
celin slo (Shg o) eoliinl & (ol e sla
- atten BEG JWSew v 5 4525 sl

G gwesd Codgise Jold adlas opl Cuogase
(Sie LBl 6l Gy Soleslanal iy Sl
Sy 3 ookl g mhaw ¥ o Shhsl gun gl
Ll Sgaze Jas 8 slo

50 Ohlhsl gan il poedle oy o ST slayls o
ghe 25 on akb ghe bz o | ol gl 50
ool oulexl A5 (S5l (e b lylas]
P1o,S 18 o) p 0550 e o cdlo b g (5,108
Sye Ols oo b e DLl g e sle JUS
500 sl w dads 5l lg e ogdle as by )3 awlllas
ooliinl s pd slo Sy 5l 65 gy b 5l
S a1y az aheb ity 50l & s b5 08
Sl (5ge] (6 Felie

(13598 9 S

IEEE ools oL ,0 09590 ol 5l allie cpl o
Sl oad eolawl (YN e g (golus)
5 ol @l 5l oer ubew Slhe abwgin
ook OBl als 3 s o sl plaal ol e

el el ),

5 Naive Bayesian Tree

55

oS o 90390 (59,5 10 9 (S5he O L o,Sles (e
V> oles sl Colas ¢ 3o F1-SCOrE (oo

w‘ céy / Voo

&S Az g Sy
ol Sy olgy S G ils (% ol
Gl oo 5 (Bl wlsie ol Wge 4 parses oS
Sy 5l ooliiad b Lo wllio ol ,0 03 5, Ssle o]
Sy ograe Kb 5 EEG i (b i sl
i 03555 00,8 4l sl i gl piaes
Sl S5 sl ieb e (s 5 ol
2l Ll il 05,5 solizul wlhsl gl oldl ple
D9y & e @l 4 olies @l &5 sies e Glis
(YN e 5 golon cwl 5L adan sl
ol 8 Al (ulS 8 als (ol el sle S5
Ll 55 T 5 1, %0 o8 e s 5 ol
aals slo Sy 3,8 Dbl gy 50 5y e S e
FRE SN NN = SN N
Obeim ol 8 asels sla (S «plys b Jols (5,5
LRMS 5 gy a5 Sils opds b ol
RSN 5YDWT LS Soge o 3l ool
pae 5 Jlasl oS 3 caials Jalt oo sl S
ghe ¥ V50 gan aidb gl o Lol o
Loas wols o)lis gl b eolitwl "SSAE sl
Y Glp L AYIOe 559 SSAE can aib 5l solaiul
solam) Wl o Cawss WIS F ol LY g WS
Loaslio ;o adllae ool jo a5 (V4N oK 4
Gyt S Slass 5l cpuols slowl Lo a5 (gl axllas
Sy Sl g el oad osliinl gun adb ol
olaws b oy add 098 oo el a5 Canl ouis plodl
oMb oz el oS an (hjgel e Sy
Sy QB b &S (Fige )3 09h (o Slewbre
plsl (S5sV0 5 8N L) (hjgel o w0, oslanul
speloals V8 S (YY) oK fwms PERIN

! Hilbert-huang spectrum

2 Discrete wavelet transform

3 Stacked Sparse Autoencoder
4 Klados


http://dx.doi.org/1052547/jcp.9.3.54
https://system.khu.ac.ir/jcp/article-1-3437-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOI: 1052547/jcp.9.3.54 ]

&m @um's) &ollad fs,m & 5)50 A\Feo ,glg

2558 5l B 0 6N Slids o lawg Glash
(5..4)‘0).‘ le.b)ls 1a5d aJlae L}"‘ 9 w‘ ol u...u

S, b asdlhe wsS,0 w36 alie ol B O
Qlf..\.:......lgj Ja...uy Q] Qlf.)‘o a5 Cenl ‘SSLM.J] Qlf..\;:f
il oo 3l 590 (S 3N 08 we ou aloel ol slrosls aSnl 4y Ll il sas 35 Lol allis

S5 dlio b bud yo b Al HI5 b9y dus Lo O S

Abiodun, O. I., Jantan, A., Omolara, A. E.,

&y Soge;l slue S 19 gl il Spobkil Wy aib =
595 asllhs Y b e S MRMR MLP f A=
1 AYIVO=Cds
/Af1 O =F1 score
S A JOA= sl
5 solas) Yy olej aels (Fhg - SSAE LAY =M 45 6l Sis -
AEALURNCONY wals (ulS 3 el LVEIF = oM b slp Sis -
S99 Oloj el 2
5 sl
5 o) VP jlead glseal Sy CfsSubsetEval  NBTree 1 AYVO=Como
Y o Ken i grlann
oo g D) vy Sl sl (S - - Bleul b ol sl maw e bl -
¥ aals ¢ Bl ol 3llas 08 Alse o lone
Ly ey Sl o (Sl e
Nz b Slhsl gl ot bl -
5 SSLLL) YA Sy e (S SFS - o ohhol sl o)l pae als
AEA TR NCON bt e b SBS el T s b ans e
s dnlely)  Wlespve- - - SVR 55,3 L Wl wb jlobies coie bLs)|
Osssr ol Dle 9 FY - ksl
(¥-v- D 4
bl (S il
5 dKubo) el ils 04 - - - - Sl (Snmad Slyasl 09,5 4o -
oY ) Ko Coxdg 4 Lot Sl
491 ol asl LW gillaz iwl)T 09,5 jo -
30, FF -
Uiely)] sy
ohlSen 5 28 plespye - - - CNN 1PNV =gy ails B
VoY Jlemoge -
@&o Ansari, G., Abbasi, A., & Goshvarpour, A.

(2016). Entropy analysis of heart rate signal
during creative thinking. Innovation and

Dada, K. V., Mohamed. N. A.. & Arshad, Creativity in the Humanities, 6 (2), 53-76.

H. (2018). State-of-the-art in artificial [Persian]
neural network applications: A Awrejcewicz, J., Krysko, A. V., Erofeev, N. P,
survey. Heliyon, 4(11), 00938, Dobriyan, V., Barulina, M. A., & Krysko,

V. A. (2018). Quantifying chaos by various

doi:10.1016/j.heliyon.2018.e00938 ) y
computational methods. Part 1. simple

4


http://dx.doi.org/1052547/jcp.9.3.54
https://system.khu.ac.ir/jcp/article-1-3437-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOI: 1052547/jcp.9.3.54 ]

Sl wliilg y dolilad

f' S)W 61 8)30 6‘?” }g-?.l-l

systems. Entropy, 20(3), 175.
doi:10.3390/e20030175

Azizi, M., & Barati, M. (2014). A review of
anxiety disorders and its nursing practices.
Paramedical Sciences and Military Health,
9 (1), 54-58 .[Persian]
https://jps.ajaums.ac.ir/article-1-38-fa.html

Baghdadi, A., Aribi, Y., Fourati, R., Halouani,
N., Siarry, P., & Alimi, A. M. (2019).
DASPS: A Database for Anxious States
based on a Psychological Stimulation.
arXiv preprint arXiv:1901.02942.

Cervantes-De la Torre, F., Gonzalez-Trejo, J.
I., Real-Ramirez, C. A., & Hoyos-Reyes, L.
F. (2013). Fractal dimension algorithms
and their application to time series
associated with  natural phenomena.
InJournal  of  Physics:  Conference
Series (Vol. 475, No. 1, p. 012002). IOP
Publishing. doi:10.1088/1742-
6596/475/1/012002

Chicco, D., & Jurman, G. (2020). The
advantages of the Matthews correlation
coefficient (MCC) over F1 score and
accuracy in binary  classification
evaluation. BMC genomics, 21(1), 1-13.
doi:10.1186/s12864-019-6413-7

Darzi, M., Ulfatbakhsh, A., Gorgin, S., Oveisi,
F., Hashemi, E. A., ... & Alavi, N. A.
(2016). Classification of unbalanced data in
the initial diagnosis of breast diseases by
methods of adabost, probabilistic neural
network and K to the nearest neighbor.
Iranian Journal of Breast Diseases, 9 (2), 7-
18.

Delgado-Bonal, A., & Marshak, A. (2019).
Approximate entropy and sample entropy:
A comprehensive tutorial. Entropy, 21(6),
541. doi:10.3390/e21060541

De Pascalis, V., Vecchio, A., & Cirillo, G.
(2020). Resting anxiety increases EEG
delta—beta correlation: Relationships with
the Reinforcement Sensitivity Theory
Personality  traits.  Personality  and
Individual Differences, 156, 109796.
d0i:10.1016/j.paid.2019.109796

Giannakakis, G., Grigoriadis, D., & Tsiknakis,
M. (2015). Detection of stress/anxiety state

from EEG features during video watching.
In 2015 37" Annual International
Conference of the IEEE Engineering in
Medicine and Biology Society (EMBC) (pp.
6034-6037).IEEE.
doi:10.1109/EMBC.2015.7319767

Hosseinzadeh, M. S., Ismailzadeh Khadem, S.,
& Sadoughi, M. S. (2018). Enhancement of
Hilbert-Huang transform with entropy-
based nonlinear properties for fast
troubleshooting in a rotating equipment
vibration simulator. Modares Mechanical
Engineering, 18 (2). [Persian]

Jiao, Y., & Du, P. (2016). Performance
measures in evaluating machine learning
based  bioinformatics  predictors  for
classifications. Quantitative Biology, 4(4),
320-330. doi :10.1007/s40484-016-0081-2

Katz, M. J. (1988). Fractals and the analysis of
waveforms. Computers in biology and
medicine, 18(3), 145-156. doi:
10.1016/0010-4825(88)90041-8

Klados, M. A., Pandria, N., Athanasiou, A., &
Bamidis, P. D. (2017). An automatic EEG
based system for the recognition of math
anxiety. In 2017 IEEE 30" International
Symposium on Computer-Based Medical
Systems (CBMS) (pp. 409-412). IEEE.
doi:10.1109/CBMS.2017.107

Li, J., Ran, H., & Zhao, J. (2019). Relationship
Between Multiple Temporal Features of
Resting EEG and the Anxiety State of
Normal Subjects. In 2019 12" International
Congress on Image and Signal Processing,
BioMedical Engineering and Informatics
(CISP-BMEI) (pp. 1-6). IEEE.
doi:10.1109/CISP-
BMEI48845.2019.8965982

Liu, J., Li, J., Peng, W., Feng, M., & Luo, Y.
(2019). EEG correlates of math anxiety
during  arithmetic  problem  solving:
Implication ~ for  attention  deficits.
Neuroscience  letters, 703, 191-197.
doi:10.1016/j.neulet.2019.03.047

Mohammadi, M. R., Khaleghi, A., Nasrabadi,
A. M., Rafieivand, S., Begol, M., &
Zarafshan, H. (2016). EEG classification of
ADHD and normal children using non-



https://doi.org/10.1109/EMBC.2015.7319767
https://doi.org/10.1016/0010-4825\(88\)90041-8
https://doi.org/10.1016/0010-4825\(88\)90041-8
http://dx.doi.org/1052547/jcp.9.3.54
https://system.khu.ac.ir/jcp/article-1-3437-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

[ DOI: 1052547/jcp.9.3.54 ]

Sl wliilg y dolilad

f' S)W ‘1 8)30 6‘?” }g-?“-l

linear features and neural
network. Biomedical Engineering
Letters, 6(2), 66-73. doi:10.1007/s13534-
016-0218-2

Mousavi, R., Mousavi, S. S., Mahmoudi
Qaraei, J., & Akbari Zardkhaneh, S. (2008).
Tools for assessing and diagnosing anxiety
disorders in children and adolescents.
Scientific Research Journal of Army
University of Medical Sciences of the
Islamic Republic of Iran. [Persian]

Paramanathan, P., & Uthayakumar, R. (2008).
An algorithm for computing the fractal
dimension of waveforms. Applied
Mathematics and Computation, 195(2),
598-603. doi:10.1016/j.amc.2007.05.011

Pincus, S. M. (1991). Approximate entropy as
a measure of system
complexity. Proceedings of the National
Academy of Sciences, 88(6), 2297-2301.
doi:10.1073/pnas.88.6.2297

Shi, C. T. (2018). Signal pattern recognition
based on fractal features and machine
learning. Applied Sciences, 8(8), 1327.
doi:10.3390/app8081327

Sokolova, M., Japkowicz, N., & Szpakowicz,
S. (2006). Beyond accuracy, F-score and
ROC: a family of discriminant measures for
performance evaluation. In Australasian

joint conference on artificial
intelligence (pp.  1015-1021).  Springer,
Berlin, Heidelberg.

doi:10.1007/11941439 114

So, P., Barreto, E., & Hunt, B. R. (1999). Box-
counting  dimension  without  boxes:
Computing D 0 from average expansion
rates. Physical Review E, 60(1), 378. doi:
10.1103/PhysReVvE.60.378

Taheri, H., Taheri, A., & Amiri, M. (2017).
Evaluation of the effectiveness of group
behavioral activation therapy on social
anxiety, avoidance  and negative
evaluations of people with social anxiety
symptoms. Journal of Mental Health
Principles, 19 (5), 361-365.
:d0i10.22038/JFMH.2017.9057 [Persian]

Taravat, A., Proud, S., Peronaci, S., Del Frate,
F., & Oppelt, N. (2015). Multilayer

£4

perceptron neural networks model for

meteosat second generation SEVIRI
daytime cloud masking. Remote
Sensing, 7(2), 1529-15309.

doi:10.3390/rs70201529

Trambaiolli, L. R., & Biazoli, C. E. (2020).
Resting-state global EEG connectivity
predicts depression and anxiety severity.
INn2020 42  Annual International
Conference of the IEEE Engineering in
Medicine & Biology Society (EMBC) (pp.
3707-3710).1EEE. doi:
10.1109/EMBC44109.2020.9176161

Wang, S., Tang, J., & Liu, H. (2017). Feature
Selection.  d0i:10.1007/978-1-4899-7502-
7 101-1

Xie, Y., Yang, B., Lu, X., Zheng, M., Fan, C.,
Bi, X.,, & Li, Y. (2020). Anxiety and
depression diagnosis method based on
brain networks and convolutional neural
networks. In 2020 42"  Annual
International Conference of the IEEE
Engineering in Medicine & Biology
Society (EMBC) (pp. 1503-1506). IEEE.
doi:10.1109/EMBC44109.2020.9176471

Zhao, Z., Anand, R., & Wang, M. (2019).
Maximum  relevance and minimum
redundancy feature selection methods for a
marketing machine learning platform.
In 2019 IEEE International Conference on
Data Science and Advanced Analytics
(DSAA) (pp. 442-452). IEEE.
doi:10.1109/DSAA.2019.00059



https://doi.org/10.1073/pnas.88.6.2297
http://dx.doi.org/10.1103/PhysRevE.60.378
https://dx.doi.org/10.22038/jfmh.2017.9057
https://dx.doi.org/10.22038/jfmh.2017.9057
https://doi.org/10.1109/EMBC44109.2020.9176471
https://doi.org/10.1109/DSAA.2019.00059
http://dx.doi.org/1052547/jcp.9.3.54
https://system.khu.ac.ir/jcp/article-1-3437-en.html
http://www.tcpdf.org

