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Introduction: Accurate diagnosis of Alzheimer’s disease in the early stages plays an
important role in patient care, and preventive measures should be taken before irreversible
brain damage occurs. With increasing age, there are changes in memory, which is normal,
but the symptoms of Alzheimer’s disease are more than temporary forgetfulness. Early and
intelligent diagnosis of Alzheimer’s disease in different situations can greatly help patients
and physicians.

Method: In the proposed method, a convolutional neural network will be used to improve
the recognition of people with Alzheimer’s disease from healthy people in emotional states.
First, the required pre-processing is done on the electroencephalography signal, and then, it
will be applied as an input to the network. Next, the genetic algorithm is used to optimize the
weights of the convolutional neural network.

Results: The research shows that the frontal lobe of the brain is related to emotions and the
use of F3 and F4 channels reflects more information compared to other channels, so with this
information, the process of recognizing Alzheimer’s patients in emotional states is better.
Conclusion: The proposed method was evaluated with other categories in valence and
arousal states. It was observed that this method has a better efficiency compared to other
methods with an accuracy of 92.3% in valence and 94.3% in arousal in recognizing people
with Alzheimer’s disease.

Keywords: Alzheimer, Electroencephalography, Convolutional Neural Network, Genetic
Algorithm

* Citation: Askari E, Motamed S, Ashori Ghale Koli S. Recognition of Alzheimer’s Patients in Emotional States Based on the
Optimal Convolutional Neural Network and Electroencephalography. Journal of Health and Biomedical Informatics 2023;
10(2): 175-84. [In Persian] doi:10.34172/jhbmi.2023.23

1. Ph.D. in Computer Engineering, Assistant Professor, Department of Computer Engineering, Fouman and Shaft Branch,
Islamic Azad University, Fouman, Iran

2. Ph.D. Student in Computer Engineering, Department of Computer Engineering, Fouman and Shaft Branch, Islamic Azad
University, Fouman, Iran

*Corresponding Author: Elham Askari

Address: Fouman and Shaft Branch, Islamic Azad University, Fouman, Guilan

o Tel: 013-34739052 o Email: askary.elnam@gmail.com

yvo Journal of Health and Biomedical Informatics 2023; 10(2): 175-184


http://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2023.23&domain=pdf&date_stamp=2023-09-21
https://dx.doi.org/10.34172/jhbmi.2023.23
http://dx.doi.org/10.34.172/jhbmi.2022.04
http://dx.doi.org/10.34172/jhbmi.2023.23
http://jhbmi.ir/article-1-779-fa.html

[ Downloaded from jhbmi.ir on 2024-04-09 ]

[ DOI: 10.34172/jhbmi.2023.23 |

S s 5 Eadlew Kl 5] Al

KLy Sl Sl 50 [ 25

’z'r;’VA*’Af‘)‘?.fJ: :Jlo..:,,u 099
10.34172/jhbmi.2023.23

gl P was Al ) (o Sld YL 40 ot PT 4 Hino 1 B il 3
S5 5 I it g JiSI JUSw g dings

TS 4 Sgdle )gho  dwine ke M (§ Kus plalf

VPN il iy e VEY/Y/YE e S o e

SLolidl Camb o g 3 Hloow I cBlie 13 1) e i ® adgl nlpe 1y ealil (o)lan 58 Lask i tdedde
b 45 295 o0 o) Aladle 1>l e Rl L ol Pl j ey e Sy J By 8 ol L LB, Sty
oo Y 5> pealil (6 lors Sadbgn g plSimdg) il Al oo (B (slaisdesl 3l G yealill (gilor sl Lol sl
A g g hles 4 SLL S8 Wil

oaliusl (2BgglS s a5 5l Sl Y 53 Wil o131 51 el 3T s Moo 3131 wlidjl Sade (glyr o0l Bsy 53 S w9
Jlosl &8s 4 (03959 plyisds (w9 29800 Ll jl3)90 oyl ey «(B1S PJlisly pSI i (59, 2 Tl dmlos
Dy oo odlatnl (Si§ winysNl 5l byl plS uas 4 sla g (silwains s aobdl jd b dales

awslio ) Fa 5 F3 gla JUIS 5l ool g aib o b3l )3 Glulua! b jre Sl gl & dmd o ol s plod] Oiladios 1gu U

plovl i Slma @Vl > (el 331 e Joe SleMbl pl b ol plo S o puaio |y (6 yidin cleMbl b JUI Lo b
g oo

opl &S A8 saalie g 8,8 L5 L)l 55 (SuSily g sanliss Vb s laabdied ple b (odlaiin hgy 56 S Aol
5 yeal T Mise 3131 wlissb o (SoseSilp )3 o yd AF/Y 5 (cailigs 10 do > AV/Y cdd b )00 (gla iy, b dwslie ;5 5o,
ol J10)95 2 ke 2

S5 o )3 b IS s 4 o318 lansily 2SIl oyl L0 51g0lS

I 5 gy IS e S ma Gl SV 3 T & S s 3 b3l Uy pie IS a5l il det cpldl 5 Ses 8L Sle
0d0i:10.34172/jhbmi.2023.23 AVA-AF (Vs 0F+Y (S a5 5 oot S Loy 5 s . 31 S Il 5 ST

Ol p e oo s e oodhnl 33T ol&tils (i 5 o s oty 5 5malS 098 skl 5 gl i (5575 )
Q\j_\c&n}é nda)\.wl.s\)'Tali:.;b;w' "’;‘_',a‘,éu\a-bcj}:.»\fa}fgjﬁlfwwL;J:f.sé,x...,. s Y
. Lk
6 Sws plgdl 1 ghuno Ok 53
b g e gh oy oSl 15T o8l a3 (NS 1 g 38T
« Email: askary.elham@gmail.com OFPEVELY 1 kel o ladse

Journal of Health and Biomedical Informatics 2023; 10(2): 175-184 w1


https://dx.doi.org/10.34172/jhbmi.2023.23
http://dx.doi.org/10.34172/jhbmi.2023.23
http://jhbmi.ir/article-1-779-fa.html

[ Downloaded from jhbmi.ir on 2024-04-09 ]

[ DOI: 10.34172/jhbmi.2023.23 |

Oy Ked g (5 Suus

S Ol 3 posl T as Yoo 31,81 ol 3L

DEAP o3 oKL jl ous BIEEG (sla JUKiws jl oslizl
Database for Emotion Analysis using)
&30 5 Uvgy oxl y -y i1yl (Physiological signals
S T (sl S sy s Shs a8l
arlad (358035 K 258 2 (itee g 9 05 o3lit]
ol 04 i1y 09,3 40 (gandd b &

@78 o w35 sl (39, (V] o)) Sea 5 YOgeSh
L Ololua! b yia piss S o5 s 8l dgup0 JolS
ool 50 L0ged &l S sl JiSw Slasuie  salawl
s lgean 1 g 48 g o5 (S i sy
OalS 150,631 5l peioren Ll 00l o3l A Clgyg
K- s ) cules 5 0,8 ool 35 (Sing (cld dny
cax bl olese ©y90 4 Nearest Neighbors
99y 5 ol oud odlatwl b She dcgeze WS e
sl gzl |l wlolus] ganail gly [A] S0
#6555 4 by EEG (b Ui cilie uilS 5
oldtwl g3 £o Chdn 00y b )3 e 2gaeall a5 ey
Cono uilS 8= gloj ojg Sl Shy p (e Calkd 3 0
Oltdy owdle )1 9 (mea 53 )oSN b gunadls
JA] 45 03] Cawd

Gk il Clulusl jasuis & pldl oouxe o Kingh
e Sldl (50l b S1S Jlinily xSl gla JUS
2 yed a5 Wb LS uomed g Xdges Gl g 3 lalil
S oamd Ui Wlgi e 38 lausly g SleMbl gy
VeV T a3 ja 8 (3, Shes Lo 5o iy ot
09y Sibyy ey 4 Sea 5 Al-Qazzaz
My owsle 5 (Multi-Layer Perceptron) «Yas
JiKew 5l o2kl b wlalust (plulid sly (odg) bty
53 olwlis cas pd bl L 313 31,5 glausly :S)
ookl b Baos (£,30L sl e p die (o) «lwlus]
Recurrent ) iSib e &S slaglsre
5 Maeng [Va] wsses «l,) (Neural Network
Sl pololy lulus] paseis 4 35 V] o) Sen
—osoolssS il Guas (553 Jho it (Sejlsed
0,05 4 (Long Short Term-Memory) el
5 Costanzo ..ssls,, (Genetic Algorithm) <s;
oSy x5k Jao ke ladls p» WV] e
SeSed g plady Jhp owile ((Bolai ciy e

dodde
0059, i M5! & (Alzheimer’s Disease) o3l
(533l bl g (as s dadls 0 4 oS Cowl (g
y alis) slocadled ploxil 5 bL3)I (55,85 sluad SVl
dgubise dbml dladls )3 (Slpes (o GRlBIL NS o i
3o e el ol slaaslis Lol forl aub 4
51 yeull a8 (o580l o o3l g 890 (sl bgel B
5 x5k Candg (bl gyl 85 )5 1y (Ui L39-5 oo
G a4 OMie ol S oo )55 Yl g SE b jgel
5 sl glcdld (s caxsg oS cowl nid
338 wals ol ey ol o g Silels  Su;
L5 5 el uilos (g5l 9y e (il
Ao JS—a5 1) Jdie Jlgj 3)lg—e JS'jl 4> VO
S5 gl el 5l G555 [V]
CT(Computerized Tomography).— st
s MRI(Magnetic Resonance  Imaging)
«!—— PET(Positron Emission Tomography)
ot Lol a8 o onlit ] (6) oy sl et
ol ol g aa iy Yy e Loai,
09— 9 4R} S gy )5 o0 Laa
plodl B lays iSa_on pa S o ol
U3 NP S Ny I SV PR W [
NEAR wilg yiSI e e o5

[¥]+sb . EEG(Electroencephalogram)
lp Clolual cals jglaed ol Oldlas eST
sly Slados 5l (gl el 0ad plosl e (sl Ui
b oles! 2B ol osliwl b clobusl aseis

by ol b )5 g0 [F] S 5 [Y] g0 Cunsg
SNy sl ol o (055190 528 clled ) (ols (65U S L
bl olitl wlolial 5l gppas 5 Spe ol
sl podku g paiedan (olusl pasudd Caa (Soigle b
2 lyguin ikl Gl ) (Kidend el
buog 8Ly Spsll GlaJiSew D908 s (02l

[0] 84 00 030 inles g s EEG (glaolKiws
Blodgy dlsye g3 Jali ok L)) tiadgn (slosby
N pgs dloye 3 9 (Shy gl Jol Joye > S5y
Gl 045 o3lil (lidil Cr alio wnadl w2650l S,
Slobuo] gandib cax oy, 5] o)Sen 5 Islam [o]

wy Journal of Health and Biomedical Informatics 2023; 10(2): 175-184


http://dx.doi.org/10.34172/jhbmi.2023.23
http://jhbmi.ir/article-1-779-fa.html

[ Downloaded from jhbmi.ir on 2024-04-09 ]

[ DOI: 10.34172/jhbmi.2023.23 |

9 D)Lows ap&b 0)53 NEY ub.wub“

(S, Comad 3 g CeoVwr S Lo g1 oo

A2 e |y yeal il 4 Mo 51,81 53 bl

o9,

15 yild g obing EEG JuSw bl (ooleuin o9y 5
Jlel CNIN a8t & o (551 i JUSKw oylod ypasns
A A S5 o oRl bawgs by aSid bj90l 5l s g
S o gl el Sl 11y b g d5s 5 03l JiSw 51
Oliwe CP)BT Cowd & 9 b yig (g5l dingo b u:’)'ﬁwT 3l om
oasuid Gyad Yl @ ‘)iod'«vw“-foi Colan g s
cdny gy e plSLs V JSE 355 0 SeS aS
A e Hlis |y

‘ a1 oSy ‘

W P, W

o 319 53 Lt

oail Caa STl ol osls (g9 |y (Sl (onas
cloaSius oS wl ) g W3ges gwyp ool 4 Mise 313
5 oolitel byl 4 Sie 33 paskis sl was
owimet a5y VL cds L EEG gla i
2 by Wlgiy &S Nadon By join 45 6,8 sledl b

DA ol 085 &) 330550 i Jos 5 2V s
S8 & Slalus] join o plxl & oo inggy 45 5
e 9 05 0313 et (VL CBd L diedgn slagdy)
2 yaal il a Mise 5 pllus D81 e 4 o] 50 &5 (o3, 4
ol i dlgiddiy dgs aBby calise Jbwa oYl
Syl 990 cnl b abal > dise (2B9) GB9R ol ) Crlnl
Slyice g ol JLbg gl ae (gladSid e & 02

gl gils

Loy oibe dup ‘
e § pond 3 91 |

& lowing Jo 0,505 1) IS

Jio 39390 o9 3939 > 4 0 lgem pls EEG (slaosls
S bS] 5 e (Sl atn S 0S5y
O)geo 4 odlatul BB ooy 5 (9,5 ©Mas dagiia oS )
NN <9 ‘Jb).’y u;‘ XS LS‘)" L)"‘)JL‘" Consd W 9 Pl‘>
adlas oyl )5 398 0 ploxl iy iw Jes EEG pls
CadeS Gl polate 4 (ol by Jlesl 5 U 5
Bls =V b gl pj gxd 4 pbbbroie (JiSee
LS oke ik Jloel =V bgye lapg 5 Oleguan
o390 oyl )3 EEG JUSw 1p; 5, ¥O U F gad il 3
o5 JUS 3 Jiew il 45 ¥ Gl —F il oline
Sl =0 Ll 3bj pg liee olwl gladdl :Yyol
ar Jlae) el o3l 51 (KPP ) sl & ela Jlipus askss
&S S laodls 1 clal)l cunb o 1pj ¢ omas aSs

3995 ol |y ool 255 093

a3l 2L

S L DEAP ooy oKL claosls I adllas ol o
https://www.eecs.qmul.ac.uk/mmv/datasets/d)
03> dsgazme S Jols 0l oL oyl b oolazwl (€D
bl oo sl (ible OV Jlod g 4525l (argtix
T S el 5 Sy
Sojge il sladdy S anbad Fe cliled plSn 3 0uiS S 1
gk i 3] vy po SIS 15 ol 033 5 lagayg
@il 5 blas dig ity byl (Sl
Sl s 3 OV ilS )8 L laedly londs sauas,
(ol JUS Y Lol a8 315 3539 0 Laps JUIS ¥A slas
Cundy JUI Y 5 oais elatel JUI Y ls JUIS Y
a5 oozl Lol JUIS ¥Y 5l jimess ol o bl e
o3 O

Journal of Health and Biomedical Informatics 2023; 10(2): 175-184 YA


https://www.eecs.qmul.ac.uk/mmv/datasets/deap/
https://www.eecs.qmul.ac.uk/mmv/datasets/deap/
http://dx.doi.org/10.34172/jhbmi.2023.23
http://jhbmi.ir/article-1-779-fa.html

[ Downloaded from jhbmi.ir on 2024-04-09 ]

[ DOI: 10.34172/jhbmi.2023.23 |

olKed o (5 Sws

o O 45 posl T as Yoie 31,81 ewlidd 54

¥ olopmy bl 0 il o g9 4Y slagyg)s
Ly onjd (iddls 4N (298 (59) 2V Pl Jobo L VX
2 9290 e (sl (350 (reo8 @b S 5 eolit]
Seb o silen [Ve] 2930 b (295 3 0y
bt @l o nb Y e clagg)g ) 2 5> (s
2 adgdeils Y il dm 0 adllas Cpl 40 e Jlesl
Jls! Relu (Rectified linear unit) s e gl
oals g adgdeils WY pais S cpl gylexe jd 10005
S b Shg S A F Baes L B3yl 3959 03l
(Jhaio plod Y 2 b &G bawg colps jd g gl sl
ojlul el g bgdgls Y sl &Sy JbgeilS auac
2 o s |y cuwl oad WSS

conv (20,2,4) , pool(20,2,2)

ORPPE (mas dSd
Y old Jold addgls b S el slaiso
(Pooling layer) ojlul sxms ials aY 5 isgdels
3ol sl a8 4l oo i il S il jild il o
Dl oIS Y 3 A3k o 5SS (5399 (ol o3
2 ol ey B> s g onsd (03909 g9y p s
i xS b S e bl ) (ehte (2955 (62909
Slo 295 «(839y9 dal S lp e il il
CBd dgupe 4 o yild sl a8l ol canda ) Solate
G155 1y (lonlono Sl 38 59 Ll 25550 oxie 46
SxS sl g bayielyb olaw ials (gl aslllas ol )0 a0 0
odd byme il zalS &Y (Over-fitting) o3y i
3 okl Candty Sledbl pjiege 2bjL ol Gan oS

conv (20,2,4) , pool(20,2,2)

1 Fully Connected

?f:_ output
-4_{“,,4

conv(100,2,4), pool(100,2,2)

b 83! (puiglgilS omas a8l 1Y S

ol olagls dsdpe oalitul o> Uajeel gl
rasdSud b5 650 (sl Kby i ysN 5l ealil
Gl VS @0 a0

A (5B (59 S350 (5 S ok yoNI 51 25 Uku!

smas
Genetic ) S5 w5l odleidn by 5
ras Sub slapiy sileae cae (Algorithm

wa Journal of Health and Biomedical Informatics 2023; 10(2): 175-184


http://dx.doi.org/10.34172/jhbmi.2023.23
http://jhbmi.ir/article-1-779-fa.html

[ Downloaded from jhbmi.ir on 2024-04-09 ]

[ DOI: 10.34172/jhbmi.2023.23 |

9 D)Lows ap&b 0)53 NEY ub.wub“

(S 3, Gt 3 9 CeoVwr S Lo 951 oo

S 5 ot 951

| 3

o { ool olfala

o)

|

\\-.

emas dSuwi B39 (5580l (gl 0 ST o ysI 1 el ol o oY JSUS

s glad dhs Ol ye :5be dlayly 5l 5 300 o0 Al

s Y Jodo Bille KBy oi)63d) slayiel)l 9 0

slagiiy g9 bl e B3 w95l slapgiges S b cnl 53
4 calio (gla s Slo & ygods poig0,S il ] aSiis
03,8 (g ilwdd 1y a8l Ly D9 oo Jlos! s 4y g 2l
a8 1y as )lude g o0 03D 48 Lawgs oid D] olis 4

S5 i 39N (b el )y 1Y Joua

Y..
A
o I¥
Al

gy g2 b bl

Cuzos Sl
oy dlass
i Jlos!
sldatigy Gl Jlois
bl g4

Sk 2 asgerman K ol jlsigd oo 13l as garme s K
gy )8 4 igel gl S0 sb K- g ots lizel (ol
sl ey Tads baodls ded 5 3980 1,5 50 K Jlgy o
Coles > gy 54 (sl Gy G g gl
O3S Sy plyis @ eriliel b Kl a5, S0Le
Go @b e i) Gle s snSn 2l
(Precision) cows (ACCUraCy) cés jlxe jl (odlaiin
Lalg, .05 odlizwl F (F-measure) L= 4 (Recall) b5

bl g5 o 4 5> s ng]

True Positive

Precision = — —
True Positive + False Positive

=W

Sldes sl 93 (gAbawd (59 p @S LR pl )
&S sysb 4 A3 plosl (@rousal) (SsuSily 4 (Valence)
Jols 5 plol aons (o yig 4 ol 1 o7 2 la oo
bl g EEG JuSw 51 JU (2 aslio 0129l s 4
P9y il dnmd il b Shy jl calie (glasgece
s pbol R2022D aeus e J3l py b coolonin
K=Ve o) 5l ooty gy Ubjgel g (ooimliiel
& odld i )liel g9 oyl 5> b o (K-FOId) ig0i 35

()

Journal of Health and Biomedical Informatics 2023; 10(2): 175-184 YA«


http://dx.doi.org/10.34172/jhbmi.2023.23
http://jhbmi.ir/article-1-779-fa.html

[ Downloaded from jhbmi.ir on 2024-04-09 ]

[ DOI: 10.34172/jhbmi.2023.23 |

olKed o (5 Sws

o O 45 posl T as Yoie 31,81 ewlidd 54

True Positive + True Negative

A =
ceuracy All test sample

True Positive

Recall =
eca True Positive + False Negative

2 X (Precision X Recall)
1 =

Precision + Recall

sl NS, 4y Blato el 3,190 (e
e 4l 1yl 4 Mo o131 sl g s (s
AS odlal (arousal) (KsXly, 4 (Valence) cus b
Josa e bl slayle Jlade (1SSlee I Jols s
05 03 5] Sij o sl 5 (s 45 oS jl ool L ¥

e s 5l cawyd slayasuis FN(False Negative)
TP(True Positive) wW & 4 sltoyps
oW S s b &S (e0)lae Gl 5 Canyd o jaskis
sl jaswis FP(False Positive) sas oy jasuis
03> el WS S s b aS (60)lge e 5l Cawydl

5l Cewy sl yaseis TN(True Negative) g 5540

Arousal g valence gaudiwd 5 Lo jlade (155Le ¥ Joa

S Cubsb

e8> ay/¥ av/y
Couo A¥ - /A
bk vy NV
F s av/A A/

Lo EEG JUSw (JUK Y 5l ogrge cleMbl ol
s 5 Al o 3Linyge leMbl Lol b JUK o Lol 0
ool (gaindiwd (il ol ol gl JUIS 5l golass
S 09,5 90 (ganaiwd » P b JUK Lisles (gl
Oglao gla JUIS oS 5 5l ool b dield 40 (gandiws >
Jgia 53 0 il (sla g 150 anglio b (oaleiidiy (29, )3

.A.A:\.:’ D.))si Y‘

L (ooloiuday 09y 290 odalin ¥ Joo )3 &5 5k len
valence ¥l ;5 31,3 Jlansly xSl sla UKo ;1 o3kl
5 bk oo (B> oyl wluly 69,5 g @roUsal ,
co oS ond on 5 <85 IE b)) 50 Fjlas
g g0 0305 s g (o3l gy oS 4 @rousal
Cawd Jod Bzl 4 55 Valence clls s a8 xs j»

Ogliso sl JUI CS! gaidiwd Cdd s Y Jous

R £ il (Suid £ 5 Silee Juts oh9)
(S Cubsb
SYIVY OA/FY FP1, AF3, F7, P7, P3, [VA]
Pz, PO3, 01, CP2, C4,
T8, FC6
Y£/AY va/vs FP1, FP2, F3, F4 4]
Yo/vyY YAIYY Jbs vy ¥V g [¥-]
av/vs a¥/ov F3, F4 @iy sy
AN Journal of Health and Biomedical Informatics 2023; 10(2): 175-184


http://dx.doi.org/10.34172/jhbmi.2023.23
http://jhbmi.ir/article-1-779-fa.html

[ Downloaded from jhbmi.ir on 2024-04-09 ]

[ DOI: 10.34172/jhbmi.2023.23 |

9 D)Lows ap&b 0)53 NEY ub.wub“

(S 3, Gt 3 9 CeoVwr S Lo 951 oo

e (oSl cls > a2 AV g cudyls el g
Dy gy 500 4 Comd cgdivdiund )0 1) 5,Sles

b3 )3 Sy ARl il

~aunlie Cuond (pl )3 (plpls 9o 3390 (g, 3 Sles
S pg oxls e (sla g, 3l odlaiwl ).ul.) Oliwe O &
Sladlye oo sla (g, 0 plosl (ooleidiy gy <83 5
5 PCA(Principal Component Analysis)  Jauw
Linear Discriminant) s oSS oo
Ol g Sy Jad sla b, aws j LDA(ANalysis
(Sequential Feature Selector) gls & 4, iy Sio

Loy ool coawd 4 gl [VV] il e bL5) 3 Slulus]
IS 5 ool cslogtl 1 oslizal by oo)yen 5 S
o JUIS" plo b awslie ;3 Fa g F3 (cla JUIS a8 amd o L
5 45 o eSinto 3,5 Slalun! b bl 55 (g5t le M|
L o0g)S 50 el )0 Llg o JU g3 cpl 5l eolawl leis
Ll oloj a JUIS slaws i S b [V ] sl 317 YL eds
g G215 (S oty oS s lonlons i 3
S5 oo get S )3 o adlllae (ol 53 ol 215 o
Sl )b bld jl e 5 e85 bld jl d ate pasels
gy 45 g e o) Culg 50 b edlael JUK g !
Loy AF/AY s L Fa g F3 JUIS g5 5l enlanl b (oolgiia

Ao (Sig SR S g, Jlas! b (3ldudey gy b5yl iE g

(asb) 1o ol XISy JRNCH I 9 OB 8,
155l
VY vy /. PCA
Y4 Y- /vy LDA
Ya/0 FANFY SFS
AV av/¥ S ol e

cel (Shy ol 5 cul Ay pasuls Coa p JiSw
Sla Sy sl & Joiz 3 290 00 €83 ljre (A a8
Uy suaied €8 ol 3 o b JUSw J) cglise

)8 )18 duslie 3)90 (53l

D99y &5 a3 e L F Jgdn 3l oel Cawd & ol duwlie
Cunl J3)95 0 VL €83 5l (Shy pials e ol

PCA L (Shy il clal oloj s8> &5 2iz o
Sl S iy 4l ) oslitul a5 ¢85 aom Glie sl i

Sdiwd (gl Bliseo G S g awslio 10 Jou>

i3 £ i SAd £ S
SSisSil byl
IN7AYd Ab/oY b gk
FNM JE255 gmesS)
\ZAIN YO/IVA 955
YAL-Y Yis S
Journal of Health and Biomedical Informatics 2023; 10(2): 175-184 VAY


http://dx.doi.org/10.34172/jhbmi.2023.23
http://jhbmi.ir/article-1-779-fa.html

[ Downloaded from jhbmi.ir on 2024-04-09 ]

[ DOI: 10.34172/jhbmi.2023.23 |

olKed o (5 Sws

o O 45 posl T as Yoie 31,81 ewlidd 54

Wpej 30 &S )b dgrg (ouxie sabaied (glapy)sSl
Vs ) oolizal b yeglil & Mive 3131 aslijly et
canaw Jle! jl Job cdy b wb &l b
03,51 & Jglo 53 (S5l 5 bl (ganaton ;> ilise

RV

Sy &5 CdS am g e odel Cundty ol awglio |
o 1y Al o 03> Shg 00kl o5 4 Lo jolisS
A yo )3 gyl 5l 99) Y 09,5 93 (gludied €8> o oud
Do o dpiuiiy She cpl 5l edlatwl osly b3y yia
€8 s pgd oSl )3 o 93 y2 )3 ol o s Sy

A 09,5 93 (pwlidil

Lagdiwd plw U ool (wgy €8> duylio 1 Joua

NN Decision tree SVM CNN-GA Lwld
AF/VO A/A a. /vy ay/y Valence
INVAT AY/YY /DY QF/Y Arousal

2l b odleidy () Caled 3 Cunl 0dd asils oo
MR bl 290 cad)b g (Sl @Vl ) st
2R3 slagby) b dwalio )3 (g cpl &5 4 osaline g c3)5
S (o Joo i

2 &S Gl dLild 3939 Ao lacodgize Limgh cpl )
iy dg3g 4 udgiome ol g e o )lil ] 4 byl
Cxegd g 0 e EEG UK (sladiges IS dlass 39008
155 S 013 25 (5l JUS 31305 &y Ly yo cypione
b JUSw st S JUI 2l 5l pn 15 el oo
el Jos ol al cd) aales Yl gidiod B> kb 3043
b dnles 55 leMbl (o3l poes Ad by

Mo 21,8 wlidsl 4 Cliass doldl jo aS g o dlgiuiy
a3l MR pglas 5l oslatwl b Sl Vs 5> yenliil 4
olidil <8 (VL 4 polar cpl 5l ool 15 g
Cuod 4 sl Shy <S5 b Glyie oromen S o S8
Solow oyl A (i caa ,d wilisee (glaodly I ol
Aol

&8l o)l
D)0 059 B dn g e (2Ble DA doS zun

References

1. Sun H, Wang A, Wang W, Liu C. An Improved Deep
Residual Network Prediction Model for the Early
Diagnosis of Alzheimer’s Disease. Sensors (Basel).
2021; 21(12): 4182. doi: 10.3390/s21124182

2. Suzuki K, Lachakangvalvit T, Matsubara R, Sugaya
M. Constructing an Emotion Estimation Model Based

2 o AV cdd b oolpiidny gy oS db olis s
D A Caws SSily sy AP 4 cuslb
g 3o plsl yig |y parsedd Joe (gaiatnd lagh oS
< Haiil ped 4y 13 SVM jl esliisl a5 canl Jls j5 1l
2By jlas, ol aY s as 465 5 Libe

25 (0 )18 0955 93 (ol

S 35 4ot 9 oy
4 Mo 3l 8l el Cap A by S pRRgR rl 2
o3kl b ol &l g, b &3] Calises slacdls j> peul3l
it K55 iy b 4Bl gy IS e 45
aod &5 oyl dsay s slpius ALK YY EEG JUKw 5
b JU (solaw j gt 345 3L yge cleMbl Jolis b JUIS
Oliass b eolawl (gandiws (b Lol sl gly
bl Slulual b jre lin Gol a5 odly L ous plol
JUS polo b awslie > Fa g F3 sla JUIS 51 Ly il oo
Do oo uSwio 3,8 Olwlua! b dayly o (g yuin cleMb
U slaws ads a8 b as obal b JUKT ool oplplo
SrSdz ooy padll i (Sl )b g 2] (o)
O RS S b Gl bpiles]l s )8 Ty lals
2 Jod B > el oaleiidin (g, I o3kl 9 Lo S

on EEG/HRV Indexes Using Feature Extraction and
Feature Selection Algorithms. Sensors (Basel)
2021;21(9):2910. doi: 10.3390/s21092910.

3. Saeed S.M.U, Anwar S.M, Khalid H, Majid M, Bagci
A.U. EEG Based Classification of Long-Term Stress
Using Psychological Labeling. Sensors (Basel)
2020;20(7):1886. doi: 10.3390/s20071886.

AY Journal of Health and Biomedical Informatics 2023; 10(2): 175-184


https://doi.org/10.3390%2Fs21124182
http://dx.doi.org/10.34172/jhbmi.2023.23
http://jhbmi.ir/article-1-779-fa.html

[ Downloaded from jhbmi.ir on 2024-04-09 ]

[ DOI: 10.34172/jhbmi.2023.23 |

9 b)w 4;9&.5 0)53 NEY QMU

(S 3, Gt 3 9 CeoVwr S Lo 951 oo

4. Seo J, Laine TH, Sohn KA. An Exploration of
Machine Learning Methods for Robust Boredom
Classification Using EEG and GSR Data. Sensors
(Basel) 2019;19(20):4561. doi: 10.3390/s19204561.

5. Arevalillo-Herraez M, Cobos M, Roger S, Garcia-
Pineda M. Combining Inter-Subject Modeling with a
Subject-Based Data Transformation to Improve Affect
Recognition from EEG Signals. Sensors (Basel) 2019;
19(13): 2999. doi: 10.3390/s19132999

6. Islam MR, Ahmad M. Wavelet analysis based
classification of emotion from EEG signal. In2019
international conference on electrical, computer and
communication engineering (ECCE) 2019 Feb 7-9;
Cox'sBazar, Bangladesh: IEEE; 2019. p. 1-6.
doi: 10.1109/ECACE.2019.8679156

7. Yogesh C, Hariharan M, Ngadiran R, Adom A.H,
Yaacob S, Berkai C, Polat K. A new hybrid PSO assisted
biogeography based optimization for emotion and stress
recognition from speech signal. Expert Systems with
Applications 2017, 69: 149-58.
https://doi.org/10.1016/j.eswa.2016.10.035

8. Li Y, Zheng W, Wang L, Zong Y, Cui Z. From
Regional to Global Brain: A Novel Hierarchical Spatial-
Temporal Neural Network Model for EEG Emotion
Recognition. IEEE  Transactions on  Affective
Computing 2019; 13(2): 568-78.
doi: 10.1109/TAFFC.2019.2922912
9.LiP,LiuH,SiY,LiC,LiF, Zhu X, et al. EEG based
emotion  recognition by combining functional
connectivity network and local activations. IEEE
Transactions on Biomedical Engineering 2019;
66(10):2869-81. doi: 10.1109/TBME.2019.2897651
10. Avots E, Sapi “nski, T, Bachmann M, Kami "nska,
D. Audiovisual emotion recognition in wild. Machine
Vision and Applications 2019; 30(5): 975-85.
https://doi.org/10.1007/s00138-018-0960-9

11. Marin-Morales J, Llinares C, Guixeres J, Alcafiiz,
M. Emotion Recognition in Immersive Virtual Reality:
From Statistics to Affective Computing. Sensors (Basel)
2020;20(18):5163. doi: 10.3390/s20185163.

12. Torres EP, Torres EA, Hernandez-Alvarez M, Yoo
S.G. EEG-Based BCI Emotion Recognition: A Survey.
Sensors (Basel) 2020;20(18):5083. doi:
10.3390/s20185083.

13. Ngo QT, Yoon S. Facial Expression Recognition
Based on Weighted-Cluster Loss and Deep Transfer

Learning Using a Highly Imbalanced Dataset. Sensors
(Basel) 2020;20(9):2639. doi: 10.3390/s20092639.

14. Thiam P, Kestler H.A, Schwenker F. Two-Stream
Attention Network for Pain Recognition from Video
Sequences. Sensors (Basel) 2020;20(3):839. doi:
10.3390/520030839.

15. Al-Qazzaz N, K. Sabir M, Mohd Ali S, Ahmad S,
Grammer K. Electroencephalogram Profiles for
Emotion Identification over the Brain Regions Using
Spectral, Entropy and Temporal Biomarkers. Sensors
(Basel) 2019;20(1):59. doi: 10.3390/s20010059.

16. Maeng J, Kang D, Kim D. Deep Learning Method
for Selecting Effective Models and Feature Groups in
Emotion Recognition Using an Asian Multimodal
Database.  Electronics ~ 2020;  9(12):  1988.
https://doi.org/10.3390/electronics9121988

17. Costanzo MC, Arcidiacono C, Rodolico A,
Panebianco M, Aguglia E, Signorelli MS. Diagnostic
and interventional implications of telemedicine in
Alzheimer’s disease and mild cognitive impairment: A
literature  review. Int J Geriatr  Psychiatry
2020;35(1):12-28. doi: 10.1002/gps.5219.

18. Alvarez F, Popa M, Solachidis V, Hernandez-
Penaloza G, Belmonte-Hernandez A, Asteriadis S,
Vretos N, Quintana M, Theodoridis T, Dotti D, et al.
Behavior Analysis through Multimodal Sensing for
Care of Parkinson’s and Alzheimer’s Patients. IEEE
MultiMedia. 2018; 25(1):14-25.
doi: 10.1109/MMUL.2018.011921232

19. Gillani N, Arslan T. Intelligent Sensing
Technologies for the Diagnosis, Monitoring and
Therapy of Alzheimer’s Disease: A Systematic Review.
Sensors (Basel) 2021; 21(12):
4249. doi: 10.3390/s21124249

20. Schaefer KL, Baumann J, Rich BA, Luckenbaugh
DA, Zarate CA Jr. Perception of facial emotion in adults
with bipolar or unipolar depression and controlsJ
Psychiatr Res 2010;44(16):1229-35. doi:
10.1016/j.jpsychires.2010.04.024.

21. Lazarou |, Stavropoulos T.G, Meditskos G,
Andreadis S, Kompatsiaris I, Tsolaki M. Long-Term
Impact of Intelligent Monitoring Technology on People
with Cognitive Impairment: An Observational Study. J
Alzheimers Dis 2019;70(3):757-92. doi: 10.3233/JAD-
190423.

Journal of Health and Biomedical Informatics 2023; 10(2): 175-184 VAL


https://doi.org/10.3390%2Fs19132999
https://doi.org/10.1109/ECACE.2019.8679156
https://doi.org/10.1016/j.eswa.2016.10.035
https://doi.org/10.1109/TAFFC.2019.2922912
https://doi.org/10.1109/TBME.2019.2897651
https://doi.org/10.1007/s00138-018-0960-9
https://doi.org/10.1109/MMUL.2018.011921232
https://doi.org/10.3390%2Fs21124249
http://dx.doi.org/10.34172/jhbmi.2023.23
http://jhbmi.ir/article-1-779-fa.html
http://www.tcpdf.org

