Vesnu Publications

Oluol S5 39 031D Ao
\WA% olo (yoig 09 (SakaR/EDA (S0 plosis/ iz 9 (0 JUw

10.22122/jims.v35i458.8759

WAS/510 1l ;s g ,U

MRV ARV AR IR I ¢

P15 I lauilg S JUskw o5 499 3 e Tasl po (5 3l (51 2 B0 65 (g5

"5 L jaans S (Sile o N alia syl dangs

ol

g )49Ml§ 9 QL,..J‘ o JAL-: » ).>| dlﬁJl.w 5 ‘J)b LBL'JL..JI o EMolss 2D (PR D as ‘}:\ » 09)4; 9 sl Q,bb )‘l wm‘j” _\..:l)s <5 ‘u.:l.upl 1dodo
ol sl (o8 il clpl s 355 Lulus] 385 5 (o8 o 4 3B A8l ¢ pizman Cunl £aie 5 whne (ule Gl (ol sl 4857 118 4255390
Gy Blbay gal) Gaa b dallae oyl (ol ouds w3 )F s 0 SieSl - ciligs (sim 93 Jdo o lus] iz SVl by gl sl 5l 381 ol

U9y 1 e o (EEG L Electroencephalogram) el 5 gllawsly xSl 5l s gl seil (63,Sdee byl (sla Shg 3l oltul b Golus] il diwgy o (o8 wlidil
08 plool 656 5.4l o FUZZY C-Means cauases

ol oSl Gl g oloj 3 elesl S gl @38 GBS b oher old slile oloj 3 il Aty s JiSes g,
Jols e sla S (03,80 @lbls)l (Shy 4w .05 cdl > (DEAP) Database for emotion analysis using physiological signals
4 dog b oles 3 005 gauades FUZZY C-Means sundades buwg b Shg Sload gl sl b UK ol 5l awoded o 56 a8 jldo o Stusor
ol Csd 438 ol (Sl g cunli g ol dtg g (o8 olho (S o sl sanad s @l g s ()5 mo0sed

uL")Pb b»u.]l—!ﬁ LY ]95;)0 W) ul?r.ul d.))ﬂo.c dl.ba]ol.u)l IV [RESW L MI dlﬁ NS £ o[-AY 9 d,\.u‘.w? d‘)-i AN £ o[V Cmo :Lﬁmb‘
Al o 28 > elasl Sy g s (ol (Pl

oSS e (yimads sl gty glabas Mo B ol & clodly plosl 1) ulus] sl sl i & ypo 4 S 43S Slalllas & Connd gl Como 3§ S Al
FomalS g bl o SMolsd dgupy 3D dalllas cpl pulis .l 03,8 Gl ) (6 yins (gdomcl 0ld (cwyp SlB SHg D A Cund (wgded Hlade bl y pelus]

) 5,8 (Bl Sl (sae) 5> omizmen

ho 3 Slae (S Sl gasis FUZZY 10GIC ol S gllannsly iUl 2 golS” 515515

015 3l S JUr K0S &y 3,8 ol Ly (55l 08 (Gl 45095 iy Lo ptamo (65> il (Slo changd il 1Els ]
WEY-AVYY L(FOA) YO Y5 ool (S oSl dloxe

a1y el a8 sas 55 Jue S Russell 5 Posner 5, .S« Aoio

E) (Arousal) L5_<I.>'r.:.<| BIES=IH J)_b 55 oy OIS s g Sy o0 sl QL djgj L;LQJ«'{') E) L;"}J Cans g (o QLS (olules!

U ol cib (sdls s s S slgi (Valence) sauls =
e ) 355 2 | Sl b 2T ) S S 5 00
(Sas gl Jald oS ol ol gl e an ol il
() A3l Ol (ghvaras 5 la S5y el
ot Sladlas s e S5 ‘;,\)),MJ{L;.—”;E@&,:L{

Jkg‘aj.é;; SNV ‘_f“)ﬁjﬁ?&&l’adi)),}\):‘jél Ji;S\deLwlf.

a5 s L0l Bl (e pmi 53 oo sl L2 bl ()
SLBL S (et i mmed (1) L0 Ol lle (slae o
el 5L 5 i QU5 4 S elS 5 DLl et sa
s g S Doy 33 s el bl (7)) Cd LaS e
Ekman i o b et @S Gl 3 oS Aib o L0l

Slor Colmas 5 a5l 5 a2l o8 Sdlsie A5 s

Ol ) cOlows Oliows oKisls (9 L_;l.m_;»n;.é o (s wlisoly)) sl f,l.c 55; )l bl )8 (samials -
L‘)I,ﬂ (Obows «O)liows olKisls ;)5,.:.:.4[{ 9 é,g VRS k_;n..\i.i.il.\ .té.;)! (Wl ap)f L)L__SLL.J -y
L')I).ﬂ ‘L')|).Qj WCaxiwo 9 r‘,l.c oKl (B 2 swIge GoIisls ;G{‘u/.a RETENYY 59; lusls -v

Email: amaleki@semnan.ac.ir

Sl e 1 Jggmmo (gouums 39

VAT ags p33 (in /FOA (o led/ YO Jlu— Olginol (S 3 00SC2ils Ao Yy

WWW.mui.ac.ir


http://dx.doi.org/10.22122/jims.v35i458.8759

Olylsad g (obeu )l dasgs

GBS SV 5 ru_()_a‘.x_]la.)._,.i CSOVY (Gols g ges S

V8 gde L3S adalie oS lagkd SIS a bl

W e/ e (sl 2 (Sl (5l 3 s )50
Shacadlas ool 55 0 leals s (Familiarity) losl 5 lalos
A eslizal KKl gl gt Ol el

o Jol 25,580 53 o Bl 035 53 S s )]
deelas s e LI 4 SO 0 sre 8 g4l
[ Slsen Jold 0,8 oo )13 andllas 3550 slasr 4 &S (pl 4 4
Pl sl S50s 00) Sl D330 Jlab e /S 5 Slaen
(Correlation) Seees Jols sy 300 Sdled Kby oS ol
(Phase locked value) ;L & ;laie 5 (Coherence) . stes
Ly IS 5 AL s

Sosg 53 IS 33 o o saal, Sl Soen
(V) sadal, 5=b 5 (V) cul (Zero-lag) jiw b L 5 0l
L5 S aloes

1 Q)

N
Rey = 37 X(0y(K)
k=1
oo i IS 3 et (St LS e
ol 3 s S acilos (V) gataly b 5 ol S5 5
Sux(D) 5 J&w 55 i 015 ik J&s KL Sy (F) calayl
s b an S 0 0155 il IS KL Sy ()

ON) asl .

Sxy(D 9
, SXX (f) Syy(f)

IS 53 035 0 Olie 45 ol (goline B a5 1k

ny(f) =

Al (1) adaly Gk 5 S o e s L y(0) 5x(0)
] e Py (1) (1) (sl s o(F) sadaly bl s (10)
PLVyy = | < e¥v® > | ™)
(pxy(t) = |(px(t) - (py(t)l (t)

Hilbert J,o 5 3l glatosd 55 (gar oo (gl s

skl b Hilbert a5 .(V+) A oslea (Hilbert transfort)
b e s'(t) »h(t) = i O 4o as 23S a e (0)
(&) gaaly sbt oles s gladasd 56 .ol s(t) JLK Hilbert
Solis s 54 Rs'() 5 TF (1) OF 53 48 i alon

AL o S () i s pgmse Slacand

p1oS el g st JUSais S @y ubesal (6 b oaS

4ol (Eye gaze) 0l o Slaj ol (in Sas e
Ol =S 518 5 b (Gesture) ous LS > sy Sy Sl
oS il S 0 poman (S5 508 Ll 5 (Posture)
0) &l sdsl s 4 (EEG | Electroencephalogram)

5 BEG L& (305 3 =0k sba il S5l (S5 ] A
Odicd 4 STy 5 48 coul 4, LS a cile Slalas s
52V V=A) il ol 2) 50 ot Ll L (P) s 5
23 Lagsyasl as by 1L EEG sladUls o bl cadlas
53 () dSsS L 8 8 ales] Cilses lacl-
bl Comdge SO o sl 3l oS el eals OLES candllas o
e s g 518 LU sy iU g S e L3
G DB 53 ol S SonSl 5 guli s ol
(Functional connectivity) s, Slas bl sla S5y 4S8
o @bl Sls «5 (Effective connectivity) ;5e bis,l s
il g pd e Bla 1 So 5 gladaly Olejen ke
0 Ll S 13 eslial 3540 (g3daze Slalllas 3l

L oS sl o3ls 0L o5 4 canddS Slalas I fuol> zk
23 G533 S 4 Olp ond (el 05 5 sy Cale x5
et Ol 503 (s 3138 Ol 1) O S (gazs iy
A S 5 35 o plndl oS 5k w3l L
Gds U caalllas opl Al oo olo] Eomiw (6l (8 Scmlin ol
eslinl L pubel Sl ata sy 5 (oS b5l 6l (Bla,y sl
e s EEG Sledi pl sl (65 Shas bLi gla S35 )

s S plmil (556 Gual 5 Fuzzy C-means (sawad s> 5,

995

goslsol Lol Sobs sl o s
Database for emotion analysis using physiological signals
e (63, Shas SlbLS 5l sla S5 s dasl s esliz! (DEAP)
ot S el L La S5 s Ol 3 S )l
A (8355 Olsie an eds bl sla Sy Al el Fisher
3 ol G sae pislie il esls FUZZY c-means gaad >
53 LS i 1 e 035 B 63l ot 0t 4 Suad
by sp el (KoKl 5 ol ot Jde Sl aslinad b auly

ol s 4 gy 5 oS g 4 (536 Gl
s Koelstra a5 o313 oL o1 DEAP (gosls oL KL
(V) el ods i Olusl ol o 5 4525 (5l O Sen
Sl OBsIs A S EEG JUS ¥Y 51V =Y 51kl Gilles Lassls

l_gnglsx_Z.:B;&_irl:é\“ ui&;;rlf;ﬁjaﬁhjq,;d:)é\‘\’ 3l

VY WAF ag p3> (stin /FOA (5ola/ YO Jlw— Olgaol (S 53 0S5 Ao

WWW.mui.ac.ir



Olylsad g (obeu )l dasgs

0N Bhs S 5 dae e ol alie Gl S 4 S oo
A esls ol /0

Gl 5l Jeole e ke (ol s il il
i e SRSl sdola s sle0ss s FUZZY C-means
Sl 54038 b (Gl odd Jol ot (s L5 4S)
A el (S0 gl g Sl a5 oS

S gl s 5 3 48 Sl (olins (s by oS s lne
o 93 5 sl ol 5l sl Gladlas .28 8 513 eslinad 5 50
Doy Ghmmlie S ol sy (V0) iles S esla il 0-4 510
Goa g Ll esliad jlae ool 3l anddS Sldlas b oolguing
@l IS 5 e i sl e 3550 ol 03 gy

.:)JJJZ.U@MM‘M\{\‘/O 3 S gablals (glyls

basl
s Fisher s LS b g el bl (60 Shas Sl

.W\aMab‘bdw}iﬁQwﬁ}@LS))ﬁ\ Jg.&

ot S8 b g ead bl 65 S labls ) Al N IS
o SSled 5l 53, 2 Fisher

Fisher Lo 5k oS basy xS iy Db pizan

el ool \ Jgder 3 cdites s/ (55lEs (1l

p1oS el g st JUSais S @y ubesal (6 b oaS

S'(t) = f s(Oh(t = Ddr ©
Js'(b) *)
Rs'(b)
Slre s g o s Fisher Ls KKG o S35 ol

@y (t) = arctan

Sl edd ealial s S5 5 sl sl Fisher s S
dn o glp oS o, S godeS SIS 3l (Shis dn el
3 Uil s sl il (V) gl s 0 el (S
Gl 0l 04 507 5 cidires garas 53 5o fi slie (S5ke Uj2

el Cilisee (gazws 93 s fj s jlleal

|U;1 —U;2| v
i) = ———— )
oi1 + 0f;

WS plate |y Sslie slaad oS s Sy bl cgr

Ao as $ L s Ji(f;) Fisher (Corresponding discriminant)

QR D YA 7 v CN K U

Oyl Fuzzy c-means gaual s o Sl il sdoad o5
din (NOISE) 5 55 ghils &8 ol plaasls (gl S (gas =
(laad g g opl (V) 3l 3 Lol 5l sl Slaseio b
bl ks S e pa ol ool e Gl e ol L
FS o edlsas pa S e IS wesls kS e salol
OF) cl zi oo O a4 3 Ol 3l 5 Cn s ad

e AL S5 Sl a4 SRS sl ol
hagte (SSi =08 il o8 (S-S syl bl
(oS Sl g syl ol S-S sdla
SRSl o st (5L o gt (KoK = Lo e (5L
S ol gl oS KKl suld ol
ol s 4 3L Sl -l gl = 5 Jaw sz

God am Lol (i o adsF 4 Oy olat]

(o8l u.pLAZ>\ ‘}_:)j [ o b;l?l.&ﬁj A fl?u‘ Shsoled

yls =0/ o FiSher 5l laie o5 olass s Cd o bLi,1 Y Jd

bis,l 5 Shes
T7 =l
Oz =l
AF4 K 5 L et
FzO1CzT G5 R Sl el (il ool &
8,Cpb6 e Sluleo|
AF4 RS
F7-F8 @l 258 - bl & o5
Fp2-F4 el 525
FZgZC’EgS&F o L S

Brodmann 4>t 35 7S f“

adyl o-17R 0z

sl gl -421 T7

bl sl -18L o1

Sl oty S 28 L iy il e -4TL e
8 Gl 2 -10R Fp2

Sl 4710 E7

= a5k Cz

\ra7 S A a2 [FOA (go Lol / YO Ju— Olgasl é—:'j_:. oSzl e \VE

WWW.mui.ac.ir



Olylsad g (obeu )l dasgs

p1oS el g st JUSais S @y ubesal (6 b oaS

b S5 lp come oS Jhas gl Hlae Bl il 5 Kl H1aie Y g

VAR I==RVAA'L IMAE /88

/N SE-RVEVA o /NS E=RVAVN ¢

Y/STEVAYN

ol (S oIl T hg

‘_;.\.LU«PC.M

=z, =

/N E==RVEVN o SRS Coeo

S Sl gl s VPN E A s ol L]
(0) Sl 0350 VYO £+ /YA

@odate Olalas bl Wlld sl o5 3 &Sl 4 S
53 Y 00 A8) ol s bl DEAP (gosls oSGl Sl eslinal L
S Ol U el ol eslinad 0313 oL ol 31 0 dlis o
e i ;S0 Slallas b a3 1) ol s
(V) DEAP (gosls oLl 55 el (35158 ol jad 0353 ai gy s
s b edeal s 4 G g Bl s 3,1 0L
sl o ﬁ‘f ol

Sla bt QLS (S e Sl e Sl 31 e il @ a5 L
b gl g Sas bl gla Sy S oS3 Sogline
Gty 4ol Sl b Sy o S gl Sl Jaes &5
b sline cdlises 3l 31 gl Ll g e 50 Fisher il jasls
ooy 03 1y @3, el 03 50 Bl Gl s ol (YY)
Ll 03 g0d ol 3 (ool

Fisher Lo SCS& bov g sl Ol 63 Shas Sl
Il s gyl a8 Slas das e 0L () Jodr ) JS2)
(bt Sl s s b 4 b e ol o slabes
sl ol 5 (02) sl ol samb g o wSl Olojon
Al B SKaSG L ohd gl 0l 5 0s g (TT)
Olajps (Ll S 5 ) jasis Cgz) OL gamb (5 o
(Gl ol abiasl 5 SO o cgr) AFA e U L
2 s 4K

el BLS| 53 CZ 5 FZ O goman g3dnie =15 L amb ol
iy DB J 1S 5 i Kol Dy s S S S
@2 Ses LSS slils 55 FT 5 FP2 55,80 255 50 L5 00
3 b sl S e L el sl il e
G 53 4 S FP2 (Bl 5 A0S e Glea el Sa 2
Sl gl s S8 w ad e s s ol 18 sae Sl
ASJQ‘)V.L:‘_ZQJ.A-L-ATWQ@gwwwl}}}ﬁwﬁhé
S das e 0L il ) ol daly s ol (Ye) uS
O 3l edsl cws 4 Fisher s S8 5 S ils
ol Sozan bl e aS 1) ke g3 eld el 5 glan b

03 sleig Gy amedd bl lesl slis Coms

Al 0 sdiin a3 5031 Jaw 5 0 518 ol b aslis
;)L_;:Juj;i,)\rl,\sﬁgﬁb@%g‘z”wm Jgd>-
S Glallas s b oslendy s b 33 ¥ Jadr L3 das e
DEAP (gosls oLL (655 S Sojsm 0 1y pulo! bl

G a.\ﬁan wUu Llosls (:L>u\

6\.&_{,’2&}2 cba \a 6:% ui'»;) cba [~ 64—*1\5.& Al JJ-\’
DEAP (gosls oKl b ulur! ulid 3l (gae) 53 4238
4 (Database for emotion analysis using physiological signals)

Ll Sredws Q)LESL.\‘;&J.\}: 545.*”5/0)_,49

S Sislogs Wik
ViARD /OVE () 0, Ken 5 Koelstra
NYDE VA NPV E /A PA (1+) 0,&es 5Chen
Vicad Wided (\¥) Yoon 5 Chung
ViZak /5FY (\¥) Saha 5 Naser

JEFOE NV OAOE /AAY (10) b8l 5 )l

s Torres-Valencia
/O /0 F0  OVAE /YA

(%) 0, Ken
JIVAECAFY VAR ONE (W) o, Kes s Zhuang
/S SVYN VLN E SYA Y ©olgh B,

o)

il slas )8 gl - Fuzzy c-means siua i s 31 esli
L slatas 51 pdde ol 3 s 0T Oy 53 Conlad &8 b
(Support vector machine) oluiy s — feile dile &L
Sh—uad it oDl s (ol oy S5 50 (V) ol
oalde 05 5mad i 5 8l = (S5 G—ils 31 FUZZY c-means
TS PN U Y 5 PO EEUCOUNN S WL V2S00 R I
2l i Cod VL G b KKl 5 il saasitie
sChen asS g 3 b 4o ulol s sl (1 Jsir) Sl
DEAP (sesls oLL 5115 65,80hs Dlbli)l sla S5y OlKes
oeile sy an b S5 5 Fisher SS& 5l g 5 L3 S gl

Gandllas Coms o SYL Wledld (guuazas audS wr Olziy Sls

WS WAF ag p3> (stin /FOA (5ola/ YO Jlw— Olgaol (S 53 0S5 Ao

WWW.mui.ac.ir



e e e

SleMbl el 3L L;{‘i‘):!;ﬂ)) W 5 obws Oleys s (e
Q—f,‘ T N sl B J\J.él WL‘}‘ Y- Bl 6‘4:”:%
alises 6LAAJG?>)> QL,.JJ‘)J}:.:A[S O SMalas L}:.@.MJ)A guirj)

Bl (6 ise B

S0 9 i3
el 55 DEAP osls (a5 sazs o8 aSag 3l dlie OBt s

.,\Aihudc ui\b).,\; E) J.i.;.; u:*‘“}}i dALiA:G"LGJI LSUMJ‘J

References

1. Konar A, Chakraborty A. Emotion recognition: A
pattern analysis approach. Hoboken, NJ: John Wiley
and Sons; 2015.

2. Koelstra S, Muhl C, Soleymani M, Lee JS, Yazdani
A, Ebrahimi T, et al. DEAP: A database for emotion
analysis; using physiological signals. IEEE Trans
Affect Comput 2012; 3(1): 18-31.

3. Guo Y, Gao H. Emotion recognition system in
images based on fuzzy neural network and HMM.
Proceedings of the 5 IEEE International Conference
on Cognitive Informatics; 2006 Jul 17-19; Beijing,
China. p. 73-8.

4. Posner J, Russell JA, Peterson BS. The circumplex
model of affect: An integrative approach to affective
neuroscience, cognitive development, and
psychopathology. Dev Psychopathol 2005; 17(3):
715-34.

5. Soleymani M, Pantic M, Pun T. Multimodal emotion
recognition in response to videos. IEEE Trans Affect
Comput 2012; 3(2): 211-23.

6. Naji M, Firoozabadi M, Azadfallah P. Emotion
classification during music listening from forehead
biosignals. Signal Image Video Process 2015; 9(6):
1365-75.

7. Soleymani M, Lichtenauer J, Pun T, Pantic M. A
multimodal database for affect recognition and
implicit tagging. IEEE Trans Affect Comput 2012;
3(1): 42-55.

8. Koelstra S, Patras I. Fusion of facial expressions and
EEG for implicit affective tagging. Image Vis
Comput 2013; 31(2): 164-74.

9. Lithari C, Klados MA, Bamidis PD. Graph analysis
on functional connectivity networks during an
emotional paradigm. Proceedings of the 7"
Mediterranean Conference on Medical and Biological
Engineering and Computing; 2010 May 27-30;
Chalkidiki, Greece. Berlin, Germany: Springer; 2010.
p. 115-8.

10. Chen M, Han J, Guo L, Wang J, Patras I. Identifying
valence and arousal levels via connectivity between
EEG channels. Proceedings of the 2015 International
Conference on Affective Computing and Intelligent
Interaction; 2015 Sep 21-24; Xi'an, China. p. 63-9.

11. Niso G, Bruna R, Pereda E, Gutierrez R, Bajo R,
Maestu F, et al. HERMES: Towards an integrated

S oo S s o OLE (Y ) sl syl
=3 ladlas b il yos sl ol S Sl s 3 5V
53l Sl e Siy Lo pzman (A1) il
2y L S ple 4 o

035 ot 1 Ol haus 5 a5 glacr 3l ol o5 02
5l laaasiin s ol s S el o e
Al 38 S 5l Jirs i sl el S S

Olsme a ol Ao tlis Sk ldlas s (Rt ol

toolbox to characterize functional and effective brain
connectivity. Neuroinformatics 2013; 11(4): 405-34.

12. Pourmohammadi S, Maleki A. An automatic
approach to continuous stress assessment during
driving based on fuzzy c-means clustering. The
Modares Journal of Electrical Engineering 2013;
13(1): 9-17.

13. Chung SY, Yoon HJ. Affective classification using
Bayesian  classifier and supervised learning.
Proceedings of the 12" International Conference on
Control, Automation and Systems; 2012 Oct 17-21;
JeJu Island, South Korea. p. 1768-71.

14. Naser DS, Saha G. Recognition of emotions induced
by music videos using DT-CWPT. Proceedings of the
2013 Indian Conference on Medical Informatics and
Telemedicine; 2013 Mar 28-30; Kharagpur, India:
p. 53-7.

15. Bahari F, Janghorbani A. EEG-based emotion
recognition using Recurrence Plot analysis and K
nearest neighbor classifier. Proceedings of the 20™
Iranian Conference on Biomedical Engineering; 2013
Dec 18-20; Tehran, Iran. p. 228-33.

16. Torres-Valencia CA, Garcia-Arias HF, Lopez MAA,
Orozco-Gutierrez  AA. Comparative analysis of
physiological signals and electroencephalogram
(EEG) for multimodal emotion recognition using
generative models. Proceedings of the 19"
Symposium on Image, Signal Processing and
Artificial Vision 2014 Sep 17-19; Armenia,
Colombia. p. 1-5.

17. Zhuang X, Rozgi¢ V, Crystal M. Compact
unsupervised EEG response representation for emotion
recognition.  Proceedings of the IEEE-EMBS
International Conference on Biomedical and Health
Informatics; 2014 June 1-4; Valencia, Spain. p. 736-9.

18. Singh BK, Verma K, Thoke AS. Fuzzy cluster based
neural network classifier for classifying breast tumors
in ultrasound images. Expert Systems with
Applications 2016; 66(Supplement C): 114-23.

19. Bastos-Filho TF, Ferreira A, Atencio AC, Arjunan S,
Kumar D. Evaluation of feature extraction techniques
in emotional state recognition. 2012 p. 1-6.

20. Nolte J. The human brain: An introduction to its
functional anatomy. 6" ed. Philadelphia, PA:
Mosby; 2009.

VAT ags p33 (in /FOA (o led/ YO Jlu— Olginol (S 3 00SC2ils Ao o,

WWW.mui.ac.ir



10.22122/jims.v35i458.8759 Vesnu Publications

Journal of Isfahan Medical School Received: 06.09.2017

Vol. 35, No. 458, 2" Week, February 2018 Accepted: 31.12.2017

An Automated Approach for Quantifying Emotional Conditions
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Original Article
Abstract

Background: Emotion is a psychological process of the mind. It not only has an important role in human
interactions, but also has been the subject of attention in human-computer interactions in recent years. Because
of diversity and uncertainty nature of the emotion, as well as the individuals’ inability to accurately and
quantitatively express their emotions, a quantitative measure for emotion is needed. To describe different
emotional states, we used arousal-valence two-dimensional model of emotion.

Methods: To propose an approach for emotion recognition based on fuzzy clustering, individuals’
electroencephalogram signals during watching videos along with self-reports about their emotions were achieved
from database for emotion analysis using physiological signals (DEAP). Three features of functional
connectivity of the brain including correlation, phase locked value, and coherence were investigated and
clustered using fuzzy c-means clustering approach. Finally, according to online rating and clustering results for
each feature, quantitative and continuous values for valence and arousal were obtained.

Findings: We achieved 0.901 + 0.079 of valence accuracy and 0.860 + 0.083 of arousal accuracy. Selected
functional connections were related to simultaneous activation of visual, auditory, and sensory perception areas
of brain cortex.

Conclusion: The accuracy of the results was more than previous studies which were done on emotion
recognition based on binary method. In addition, the results indicated that emotion estimation based on
coherence had better accuracy than the other investigated features. This results for valence were more than
previous studies. The results of this study are applicable in improving human-computer interactions as well as in
the area of cognitive rehabilitation.

Keywords: Electroencephalography, Fuzzy logic, Brain electrical activity mapping
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