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Introduction: The data used in this study consists of the simultaneous recording of functional
magnetic resonance imaging (fMRI) images and Electroencephalography (EEG) signals during the
cognitive task of moving random dots to measure the confidence levelin perceptual decision-mak-
ing. This research reconstructs fMRI images using electroencephalogram signals.

Methods: EEG data assumed the model input and fMRI image data as model output, and the model
learns how to generate output format data from input format data. Before entering the data into the
model, the input data are pre-processed to increase the model accuracy by removing the artifacts
with the fast algorithm for Independent Component Analysis (fastiCA) method and transforming
them into the Gramian matrix.

Results: Compared to other methods, the model has shown appropriate superiority, including in
the execution time and the model accuracy.

Conclusion: The proposed deep convolutional learning model succeeded in simulating fMRI im-

ages from EEG signals with reasonable accuracy.

Citation: Arjmand M, Setayeshi S, Kelarestaghi M, Hatami J. Reconstruction of functional magnetic resonance imaging
images using electroencephalogram signals with the method of Autoencoder densely connected convolutional networks.
Advances in Cognitive Sciences. 2022;24(3):105-115.

Extended Abstract
Introduction

Deep Neural Network (DNN) models are one of the most
dominant unsupervised feature extraction methods that
have been widely studied recently. Convolutional Neu-

ral Networks (CNN) combine learned features with input
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data and use 2D convolutional layers, and this architec-
ture is usually well suited for processing 2D data such as
images. Convolutional neural networks work by extract-

ing features directly from images and do not require fea-
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ture extraction by an observer. The corresponding prop-
erties are not predefined. Convolutional neural networks
learn to recognize different features of an image using
tens or hundreds of hidden layers. Each hidden layer in-
creases the complexity of the learned image features. The
initially hidden layers can learn how to detect edges, and
the later layers discover how to identify more complex
shapes, particularly the shape of the object we are trying
to detect.

Generally, CNNs in each layer recognize more detailed
features from an image that conclude, analyze, and then

decide.

Methods

The basis of this research is based on DenseNet deep
learning architecture. DenseNet architecture consists of
several dense transmission blocks placed between two
adjacent dense blocks. Each layer uses all the previous
feature maps as input. This new model provides elevate-
daccuracy with a reasonable number of network parame-
ters for object detection tasks.

With changes in settings, these algorithms achieved high
accurate results in several datasets used for this purpose.
Sets of features are collected in a flat layer and recon-
structed layer by layer as a latent space of an Autoencod-
er network with UpSampling layers.

In a joint project with the support of the American Sci-
ence Foundation, Stanford University, and several other
scientific research centers, a website for the free sharing
of brain and cognitive science data under the openfMRI
was launched in 2011 and then renamed openNeuro.

Accordingly, these data were related to confidence in per-
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ceptual decisions, which were simultaneously recorded
in EEG and fMRI.

The task used during data recording was the Random
Moving Dots (RDM) test, in which healthy volunteers
were asked to judge the direction in which dots were
moving across the screen.

This study used the independent component analysis
(ICA) methodto clean the existing EEG signals in the Py-
thon programming language using the fastiICA algorithm.
The self-sufficient analysiscomponents are called the
separation of independent sources mixed by an unknown
combination system. Besides, the the separation should
be done only based on the observation of the combined
signals, i.e. , both the combination system and the prima-
ry signals are unknown.

The Gramian Angular Sum/Difference Fields method
and Markov Transfer Fields were used to reduce the size
of the input without losing the basic data and to convert

the EEG signal into images.

Results

The test data in this deep neural network are tensorial,
consisting of MTF images with a size of 64x64x3 and an
fMRI image matrix with a size of 70x70x32. The total
available data are 16962, and the number of test data is
11873, which for this network, the ratio of test data to test
data is 70-30. GPUs from Google's Collaboratory service
were used to process these number calculations.

The total number of parameters is 1593175, of which
1541275 parameters, are trained in the network. The av-
erage accuracy of the model was 85.86% during 1000 it-

erations (Figure 1).
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Figure 1. Model implementation steps

Conclusion

The above method using fastiCA, MTF, and DenseNet
deep learning algorithm and combining it with an auto-
encoder network is new for reconstructing brain images.
According to the obtained results, it can be concluded that
the deep learning algorithm performs better than other
superficial methods in many applications. As mentioned
earlier, the deep learning algorithm is a new method yet
has much potential for improvement and development.
The method used in this research is a novel method in im-
age reconstruction and there is a need to improve it. De-
veloping methods can help improve the algorithm perfor-
mance in future work to increase the accuracy model and
a more appropriate weighting of the used neural network.
Additionally, with newer deep structures that increase in
number daily, their efficiency in image reconstruction us-

ing EEG signals can be evaluated and checked.

Ethical Considerations
Compliance with ethical guidelines

There were no ethical considerations involved in the re-

107

search related to this article.

Authors’ contributions

The design of the research implementation stages and
the writing of the article were done by Mahdi Arjmand.
All authors performed the research literature and back-
ground. Saeed Stayeshi, Manuchehr Kelarestaghi, and
Javad Hatami completed the design and actively partici-
pated in advising and supervising the implementation of

the research and writing stages.

Funding
This research is not under the financial support of any

institution or organization.

Acknowledgments
The authors are grateful to all the dignitaries who helped

us in conducting and consensus on the current research.

Conflict of interest

The authors declare no conflicts of interest.

aThis work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.


https://creativecommons.org/licenses/by-nc/4.0/

S Ll e Il A=

1-4-118 Slaiso g’ dlie

SIS 31 00l b (59 35 )1 (qumublio waunid (5,10 2 3 9 3Ll (53w 3
K305 395 pF1 yio Winod (i o 5 SIBAS g 5 b 1 5 olans T g 5SI!
Teoile Slgz (Bl MW ppzgio e T claliow dora o ezl g
Ol ot (sl psle o gl dngn ( LS 5l Je 09,5 1 2SS (S3lo Jae 67253 sgmmtils )

2l e 5 pal (ixis ol (gl asigs 5 Kb SIS ((gliand ashigs 03,5 ,Leils ¥

Oyl el (nyylem olKisls o pwiige 9 (S o.:\i.::.jb P gualS g 5y owdige 09,5 jLoliwl ¥
Olnl s (imlis pole Jle (ijsel dnnge g o5l 5 oRiils ( cwlilsylg, leisls ¥

QTR 72 S TP

VPN o5 1Y sl Tl

Sl JUSs 5 rbliie 04t 5510l uslad agad a3 5ol Jke 2l o o oolicid slaools 24odio NRIRZALENT T
S 53 climabl cfyso i sy Sy polas bl (T S5 ol e 9 Sl oS ol
Jitus job a5 o] o al Sellanils xSl lo LK gloosls 5| g5 co Joo (5750b b sl oo JuSiis STyl G 550k
Sl JUSw jl eslaswl b (60,55 cmnblie 9uais (g)loymgal malas (gileil (iagh ol Baa 5,5 colaiul B85S Lo Jlal ylage
ol 3805 S0 lajen 00 Cod slaodls (55 5 45 Cel )lS gy ol ol ol Sllinsly 2SI DR
fastiCA

gie 0 cnsbline Qais (gl pgai pglat claosls § Jow (63959 gie 4 pl,Sellanly,sSIl slacsls 2y gy

K0, 0g5 cloasis
B iz alpesls (o39y B b glaosls 3 ol 45 5,5 o ol e 5 0nd 41T L5 45 ke ozgyS A i e

Oy b eSas,l Bis b Jae cds 518, YU sl (3959 sloodls Jae as leosls 5g)5 5 Jud .auled ades 2,5 Jg:mn o.\w.gy
Dy on G318 e ool Guayile a0 s s ¢ FastICA e 0,5 Ll pdalis aaew
Gt oo g ol ools litd Joe B g higel oy 5o |y oxmlin slosyiy by, pmles 4 G Joe :leZélg 555 (a5 S 5d 0aSily (glarnn

R PRS- SO BRE FEWR %
Setayesh@aut.ac.ir : Juos|

9y 3 bliie 085 (Glopngal polal Gludand 4 Bge (aighlae 85 L (o3lpiday (B 5L
023,55 sl i
s 5 il 6l o b)) 4 foiae ooliiiry cidiglglS o0l Gaas o § oolitad L 3505 A2Raid [] e [m]

=
gai gilosly (i 5o addllas Cuz 1y ol 5 90 (o he G, 'JE
]

doi.org/10.30514/icss.24.3.105

Aodio
Lol 03905 S (T Culidge e S0 5 LS ST gl b il (et 5 S pludl 2o L8, (Simulation) (jloacs
S5k sl ) o 5 oad Sl slas ]l 51 SESS ¢ a5 (slooly (8L Jolis Lol JSlie el (55950l Dlssloms 5o
olpabds Glagloxe 3 (v Wiz GlaShy 9 Lonle gy ool &5 Cl plaosls I peclie wm anlxe 5 S Gl
S sl g ganaid sl (Hierarchical architectures) O aiyls 5Ls ad (5,58 51 eolail b ba g jluans

) AJSGA oolal Gl SaST (3 p o 3 bS; Q‘?“’c @ pols >y (Gaes IR

gl Glaghs, (ried ol Gee ras el sladae el g ania aiile (05 sleasl 5l (6 ke 50 rile 550k
1N

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.


https://creativecommons.org/licenses/by-nc/4.0/
https://bit.ly/2zmyNU8
https://b2n.ir/d07282
http://orcid.org/0000-0002-7357-529X
http://orcid.org/0000-0002-1415-222X

SEEG sy, ol G yo a8 (F) dges oolaswl 0,2 4 (Near
Loy Sl Jlsye5 5 osls (VL Sloy oy il goge bl
a2 oo STy oy po cdled Ol ks 4w e LS EEG (56X
Sosd Oyl o BB (oo ld (5 So g, (nl eizen ()
4.1..0.? )‘ G».ll&& 6‘)‘») w5) w‘ Ll C,u.u‘)‘é ‘) oolawl o "Jﬁ'e’“ 9
oolaiwl b o gux b oSS (o310 10 i jo asdlaS cosl 545 092
(F) 2Bl oo 38 Syl BB g 6 sla 2l |

aoz 5145 Wl EEG 5l oglate oblse S TMRI g cuizon
3903 0l ()1 oolas you il 5 Vb Sl 505 4 s i
(V)

5 BEG) (i3 laJiSoms o (L) LT a5 (s il 4 g
Log aoo oo Fruly Goos dglgls cnac oSl Gl oolaul b
S TMRI jglas g5loacs 1o 2w EEG (slasols jl ool
Sledde imgh 0 4B, 5 a4 sl s, 5,50 4o laml aslsl o

plobawlio g ol ool S bl g (g5lwooly (Ll jo 500,5

Dgb oo oy |y g,

FLeIY)
DenseNet soe 5,50L g)lone wlal 5 iwgh ol sl
ol o o o)) S5 jsle Jlamsl @ aslsl o a5 wib e

Sloo yinS Slllas ,3! sla o jo a5 sws Ol o0y (S
SIS s SaSh sl ond abndy Spse kil )
asg0l sla 5459 (Convolutional Neural Network (CNN))
G293 (PAgllS SladsY 5l g WS oo gax (63959 slaosls L) o
g sloesls 5310y sl Ypors (sybone cnl 5 45 e oolin
b il me aSed ol alis Sl sl aiilo
Sl 5 w80 I polad 5l et D90 a4 ba Sy gl A
Shabsye Gl Sh Wl LU o alews 4 (Shs gl
aS 85,8 o ol piglgilS omas ladaSiil aiiians ol s hon
peal S @kt sl Sy a5 Y oo | bes jl eolaiwl b
gl pgal Gl Ty Shezm ol Y o i el |
Lateis o9 wiilyl oo olal Gles sl Y aes o L8l eul
@ Fodezm JBA (asas ogon am sloay 5 Sj0els 1) baad
28 5oy mls ol panseds o orw & (sl b S8 ol 5k
2y Sl S s SRy aY 53 LENN S )b o,
9 9S00 Jelo g 2 o6 S et Culed 5o 5 wed e LariS

(1) 9,5 (o0 el o
Cudled pln jo ol 81 e o Slae (6,5 05l0l gl ol b
EEG)) a5 llansly 25Ul sile ol s, 5| olioe Sl L
69,5 )15 cmmbline 0505 (55l s 95 (Electroencephalogram
s (Resonance Imaging Functional Magnetic (fMRI))

Infrared Spectroscopy (NIRS)) oy ¢ pwg,d cwbidal

A) STy S5k aw L DenseNet oo 630 G ) S

ous ools 18 joloe oS T Sy 90 (a5 098 o Sty Jlal
oads ool ol VS o oS T Sokh SO sogpie Hlogad Lol
o959 Olee a ) L3 (Fhy sleasss ples 4Y 2 (M) ol
slass ploy Y w|—| ARSI ES AL T SRV gD~

08,5 Z8l,0 (689,9 olgre a1y X X,

a8 o) Kee g HUaNg Lk Y)Y Jlo ,o DenseNet s ,loxe

WS (oo ooliinl Jate (B (crae loaSid o1 slaa
S0 ol gl plad b Y o la g S (8L anng
Saze oolitul sly porde cnl (M) Wlfaie wo 4 oSl S
Oybse 4o glayell pKedn alS leb oS b Sy
Ssb g o1 Sob cpaum 5l DenseNet ¢ laxs .ol aallS

M

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.


https://creativecommons.org/licenses/by-nc/4.0/

5 (1) ReLU < () +) 4 (1) (Batch normalization) glacws
S I ReLU 2l (A) ¥XY igdgls Slee G Jlesl 5 (V)

SENPEE NN

y = max(x.0)

> g4 5 & eo TIMRI GEEG jo aosls ol lojen j5b 4
ool 00 plogl Yo Yo [+ 0 g6 o sl Jlo 40 o Slo i
21y olaebl b jxe bLs )| S545> Philiastides  Gherman
S @ b po L3 85 ul 5l s S Ayl e
ot ool ST (V) 00,5 s el gt oS ol
Random Dot) olas S e blis g3l deosls el oo 40
) (6 a4 0 diwlgs Wl ldbgls 51as™ Y S 04 (MotioN
LS gl caid S > o 0 Lialed doxio el 5 blis a5
45 Wb 355 el y0 Gliabl (e (b))l 4 jgzme e L]
Ailige 38 e BaS S L8 2Ll Sesiy cal 5o

O o 1y 093 jxe s TMRI  EEG g, g0 51 eolanal b
ooliiuwl o Cawgy slosg xS 5 EEG g, 00,5 <l ygej]
e S S SN ol i g 4z ns ol b 55
ol & ams e ol e oSl e MR & b o (S
o8 IS 50 by 98 (nl wedee &5 1S 50 She Sl Dl s
Iy plaS o a4 Conns e codled 5l (gyiinn S0 g go colaiul
19 Sliabl L ie calizee _olgs o codled s o @) Lle 4
Wlos,S S i i g Sialosl (ol 4o o ls bLS IS calisee Jope
55kt o & i 4 o s g T T 51 o S5 e oS
i (558 35 o 5 s Sy353 3 Skt e 4 55 5y 5 ol
Lalys s 4 GhalesT 5l 50 s (Sose3 50 Ll 2 opdle i
OF) i 43liS LS aalllas 5l EEG olfits o olyl o ioloj]

I-1..... 0 sy gly cad 5l Lgl.méf}i? [X0 ..... Xl-l] aS

Sgbice 4idF Hai 13 axly jeuis SO lye 4 g H(0) sl o
o dley Oldes S w0 plol | alies Jlgie Sldos 4w a5

M

sledley b AXY agdels Slee «(Transition) Jlas! Seb o
(A) 358 0 ploxl XY lagio Sy a4 < ol JLss & g slaiws
ol 1y sl ol Sllas oo glats o Jlogs 025l
Sodre dlawd L) oYL jlews 8o was Jaw cpl (V) S
A wos o &l Lil aseis a5 gl aSil sla sl )l
o3 L DenseNet slag, o5 (s Vb (Liglgls (crae sloass
(6 S LI L 5 Shas o 55 5l slailas AsSamn g0y o el slass
ool eolenday Ol b aisd oo Dldos 85 50 poloe Sguge el
Glools asgazme (im0 389 Jlews @S S 4 3850 by 55!
O3 e gt ol 50 (M) ol Wlesgy jelaie cpl b Col8,) (gl aS
ol s sl sud glodl g ol slacSsl gy bs S5 a5
a5 9950 69105 (Flatten) ghas a¥eSy jo (Shy assons
sy b | Kis, 045 aSlis S (Latent Space) Lo slad leie

55,5 o &5ksb Y 4 &Y (UpSampling) (s ,ls paiges YU

o9 sleesld
59 ypiil olSails o IS, ol pole ol Colox b S 2o (glojgyy 5o
S, STl g ol Ko gl sele 5 0 0z
;3 0penfMRI loie coi o3Lipsle 5 50 4 bgsye slaosls
as sls pb .55 OpenNeuro & sy 5 00,5 glaslel, YN L
AY) yo QT g e yigh g 99290 (VT) u&)oi 30 00ls dcgozme ol
oS Cewl ( SThol Slowoad 1o ladol 4 bgy o aools 1l .l oosl

(10) 3olas F e Ll oS5 ¥ S

Sialesl cpl o sass oolanwl EEG olKiws (1Y) awilas sas
Brain ,l;éls i lawgs a5 Brain Products slol o5, Jgaxe
&5 L (AQ/AQCD alls #F LISl 511, leesls Vision Recorder

).5.3 YY u,uLw‘ » o 45‘)‘ oalo 4.95.4.7!.@ )D IR 45‘)‘ C;L._: ‘aLN
Cowd s:',\.w‘) \)|).‘3‘ Aed .o (Jl—ﬁk’ Y.-YY ‘5»..» 005..\.790) o._\_’Lo_._‘aL,

OWae l sladle SeSgen 9 Wog oad el b Jlop ol

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.


https://creativecommons.org/licenses/by-nc/4.0/

o0 5l Jiiee mlie gilelos a4 Jiiae glbadse 50T .ol sl
Sy b aSliil oS 5 e Sy aliwg 4 a5 090 o0 aaS
sl S sanliv b p» L Wb gilelos g diloas ausl
LS ©2 5 <o 5 gl @ (S 005 Djgo (oSS
Slsies | TASICA ooy ,o8I1 Losis 7,8 (1F) Wlaslasl 4l
(V7)) dg05 oolie o

e i )sNl 4 (699)9 Slsie 4 ) BEG oo slaosls a5 5550 5
Sk ane IS 5 53 als e s Sl o
s 83959 e (31 285 sl Galple b RS res
polas W EEG JUXiw Lo yuizmas g (ol (slaosls oyols s
5 (GASFIGADF) lal,S (shusl; Jolis/ gz cslaclone s, 5|
) sl 0 ool (MTF) G35 Lo JUal sl slae

baidly

2 &S G5l IMRI olas lgicas 59750 sloools ol
).u s_§.5 ® as LQLS")}A)] )M )I J.alf )49.»4.5 YV 5(\\”) Sl OM—‘
Sl 00 d...e‘) d...l&) 6)‘;)) Jﬁ-b L ML'GA w)) Y J.ALM:
Ry oS Gy 398 nslal s EEG slaosls s5luglejes sl
oS Wloads i JUIS $F 51 EEG (gla S il o Jl> o
398 Sl i 5l askad L] oads o8 gl jl oS o plgs o
B> 5l w EEG sloosls ol (jloj (o ol ay a5l eoges yulis
5 oolial § o3 slo e o3l o TASICA 12y oSl | bS]
0 s MTF o 5le 45 o JUSams al s 00l 7, a5 i,
Sy 093 1 o 1 e JalS (Sl pyglas jlal> e yo izeen
aalol yo Cou yo Cggw gl a5 W S 030 Ko i ple SO 0
$99,9 39 oo axi5 TMRI slassls g EEG (slasols [V ksl
sl & bow o EEG sl i olalsd e aSd oo
U’“”f Y )l ‘5‘499.0.790 LJ'“")"LA U—l C>.‘>3)> 9 \.L.Jl.vu’_a 03 MTF
uL.Lo.C U”‘ r:l.?u‘ J.‘>‘).a Y Jiw | ‘:Ln) O)L‘ UT BN ).I.A )JBL.aJ
A oo ol |

Al ol 50 OA) e oS 4 axglbmish ez 2 5l Jled &b
bl oo ¥ oalal, Slae Q] alayls a5 Cawl odls 00 IS @y

VooV e b log oSl g wsals &l 55,0 B v e (4l pdigad
g i85 3 Seles (59 1 5 09 2SI S0 g Wing 0l (5 IS 6l
el Matlab |f581e 5 51 eolawl LEEG sla Ui 5510 s st
MR Sl 5 31 4o oa cod EEG clo JuSiws Cowl 00y
locSis,l 4 EEG (slaog iUl (55 5 gmbline Wl Jdo &
(Ballistocardiogram) el 5 4,0,5 gcdl slocSas,l 5 oLol,5
SsSIl (hol 5 b Lo cSas,l monal (gl s se 024l
Slse o Slas oz Ae slaacgare I (658 5eSilo b <SS,
EEG JLXw 5l 5 cewl ool a3l olgsds o> 10 Cujemme b
0ol dcgamma ;o (60,8les x> o glp anld pl sl sl oS
alihee WV (nShee 2 SO 5 ecnl 2 ogdle el oad 1SS
e ons osliiul saile Bl bl eSas,] Wt e B gl
—Fe 05 b il G g oo prseas olailiwl EEG slacsas )|
Yo GuilS 3 550 9 DC aial lapl > Bi> lp 1) 55,2 +10
Sl pdigai py 35 Voo F5 L bosls plad .l 00,5 Jlasl
i OlS > eSas )l Bds gl ailas (DownSampling)
|y i &8 gl S S5 ol Galojl 51 3 L oges]
O 50 a5 (sl 034y gl MRI Sl as” > o) wilosls sl
spe So a8 J e ain Sb b cpaiz ad ooy jgtes bl @
adlye Jlod 5 4520 5ol g 0dls aled pgal )3 (655 50 <ol
slis sl (PCA) Principal Component Analysis)) Lol
odliinl gy ooy Sy g bbSoiizr b Lo b laadlse
way e 45 s B> EEG (glaosls 5l Lile a5 col ous
L BCG ol S50 )5 cdls (Jlto plsis a) b8 &y Lgypo eS|
29 kol adlie Ll bg, 9 (5,0 F 50) ;38 by 1ld sl eslatul
S5 5l G Al Ve o3l )3 (Sl JESew Bdo il

OY) wiloass proral
Sl Fge oobj ax b oSl Bio gy Vb sl g, iz ym
GeSas )] ooled Conl (Sas a5 cpl cde 4y Simghy ol 4o Ll
Jie adle Jolodi (g, 5 aidl oais Bd> (s 4 39290
ol » wsrse EEG gbojilew il oln (CA)

48,5 oy faStICA 0,65l 5l solawl b oygul owogiasly

f(x) = x.tanh(In(1+ e*) ) )

Vede amo Jlgl 0 SIS £5 oite Gl 55 <80 0
0O2) Sl a2 Yo Jlo j0 5 atildnwgs

Gogdd Dyp0 4y Brae gras aSed (nl )0 Galesl sleesls

oas ooliiul aSs L5 &b olsie 4 Binary crossentropy b
oyl SST a4 Al slagysy g 00,8 AleS Sl a5 cul
5oty w50 ol el o digs /e ) (g0l £ L Ftrl

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.


https://creativecommons.org/licenses/by-nc/4.0/

el 00 solazal
Sl b YOFATYA olaws ol 51aS Casl VOAYIVA o il )y IS slas
2,0 AOIAE ol (Jaw s (uSilie s co gl aSd o
2l lore ol o AY olaws g oswel Cawd IS5 Vet P
S olBse 1y 0gl 0y b odd (cumgiaS slabls ool Y VYVA

(F US5) 3903 2l (F+) auie

pobal i ple g (PExFEXY) ojluil L MTE polas 5l ISCice
33e VFAPY 09390 slaosls JS .l (V+xV+xYY) o3lail L TMRI
s slrodls slaws g VIAVY _bjsel (slaosls slasi wcl 054
&G SZ)'}AT lrosls s @Sl () gl a5 cwl sae 0-AQ
o> ol o3y lp aibise we s Ve o4 Vel leosls
J5s5 s, Colaboratory sy sLGPU 5l il

2

d Ll

[0aGEaa00
10000000

00C0D000
o[ssfo]s]s].].

Joe ol a5 s Jloges F S

asdllas (! o (eolping iy, a5 ditus oS0 EEG ¢l Sl
L oasl s ghlone o) aglio o) Jooz ol o0gei g5kl
Yo oS pl @ azg b aS aes o lid 1) S0 sl lease plo

oz Plae Glp Cope S 58 S Ol 4 S 280 3,

1ne

Sl bpiglad 5Ll 5l s Gloosls (55, 2 e (79>

ol 00 03,51 O IS 10 5T 31 Aigas 5y 45 Cen (Vo xV o x¥Y)
oS Sl BEG JUSow o a5 Joe 599,951 4508 S0 ol gy
o0 MTF & Lo 5 fastiCA ool b eSas,l i 51 e

o3k > TMRI slo 5y psla «(25,5 00 ngad YY 5 ol

8This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.


https://creativecommons.org/licenses/by-nc/4.0/

Sy o3k o 3 MTF o0 S jloads (g5lsl by sl & S0

DenseNet121 - AutoEncoder 4 VGG16 - AutoEncoder sla s lons L |50, 595 DenseNet aslis ) Jgos

- Jo CdS il
() isel glay O 55O

W ol )y Sl

Jowo

GG Veer 4342 50 Ogelro &
INARE vasgyY VV/E VGG16 - AutoEncoder
¥e0 AIYE f ResNet50 - AutoEncoder
f74- - AOIAF Wiz DenseNet121 - AutoEncoder

Al oolauwl eghy cpl joaS g, .0 ls dewgi g 090 8l o0l
)5 0529 ol )0 g 4 5l 5 ablbige pslal (s3lusl jo g s,
59501 0 Shoe 3gup s o] (slo )5 50 Wil oo 457 (63,190 51 (O
$®3039 5 e <85 Gop Vbl ala by, Arwgi WS SWS
LSLKDJLD'LM: la ‘U"‘ » os)l.c w‘ o.)Ln.....u‘ 0)9.4 ‘5...49 c\S.....u )JWL.Q
Sh Olgiin 93,5 50 03538 Ll Slaws 59, 58 oS Jdyaz Gree
5 iyl 9590 EEG JuSews 5l oolizl b pglas (g3luily jo 1, L]

313,18 (o) 2

SN OltasHe
g3 90 G Jauo! 3 Sggm
Jo (IS alasMo digS g dllin ol 4 bgy e yiogh plol o

R od}f)'

Nt g < yLine
ozl G lawgs Wlie (315 5 Liegh slzl Sl (Al

Hnr

X
cde @ g lare 2STL auslie o DenseNet s lose 2> 2
Slewle sioli gom glaaY 4 (L3 slaayY ol sl slaslodl
5 S sy gl e Sy ees bl cl i
5 b el slow ol sl idgs ol 5o Joe oYL Cds Caioran
LT 0y sy g S5l 051l s U o5 ) 5o Loy ol
Golore sl s BB ol 4wl o lal 5 s a5 aigS les
VL 285 uSiln 118 e (slo el Shasi 355 b g0l

ol uw.ﬁsj.w ‘_ngooL\, K9y »

(Sa5 A
Gt (5,50l w55l g MTF g fastiCA 5l eolaiul b 398 s,
Gl ey M3, 555 45t Ko U o] w5 5 DenseNet
sdel Cawd @ bl & dxg b el (g 0ged S (gjre pglal
Sy, 4 o Groe (5oL o yeSl a5 0 blatul plgs o0
&S jsbolen S oo Jos i o )5 5l gk o S0 (s
Joiliy 5 Cosl G0 by Gres S0k oyl oal s

( -} This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.


https://creativecommons.org/licenses/by-nc/4.0/

GSM).\B 9 )m
&k b yole gl 6 She 5 L2l jo a5 G5 (eles ]
PR SL OV IR VA YOS

236w o lai
los S5 (515 ) (Kl o)l S s pol> allis (Bainnss

References

1. Makin S. The four biggest challenges in brain simulation.
Nature. 2019;571(7766):S9.

2. Sarker IH. Deep learning: A comprehensive overview on
techniques, taxonomy, applications and research directions. SN
Computer Science. 2021;2:420.

3. LeCun Y, Bengio Y, Hinton G. Deep learning. Nature.
2015;521(7553):436-444.

4. Haartsen R, Jones E, Johnson M. Human brain development
over the early years. Current Opinion in Behavioral Sciences.
2016;10:149-154.

5. Multrus F. Calculation of the electric potential for a neuronal
activity model in the brain [PhD Dissertation]. Dresden, Ger-
many:Dresden University of Technology;2014.

6. Elsayed N, Zaghloul ZS, Bayoumi M. Brain computer inter-
face: EEG signal preprocessing issues and solutions. Interna-
tional Journal of Computer Applications. 2017;169(3):12-16.
7. Poldrack R, Mumford J, Nichols T. Handbook of functional
MRI data analysis. New York:Cambridge University Press;2011.
8. Huang G, Liu Z, Van Der Maaten L, Weinberger KQ. Dense-
ly connected convolutional networks. Proceedings of the IEEE
conference on computer vision and pattern recognition; 2017
July 21-26; Honolulu, HI, USA;IEEE;2017. pp. 2261-2269.

9. Zahangir Alom M, Taha TM, Yakopcic C, Westberg S, Sidike
P, Shamima Nasrin M, et al. The history began from AlexNet:
a comprehensive survey on deep learning approaches. arXiv

e-prints. 2018 Mar:arXiv-1803.

1HE

ol olgz g (BLw DS ez sie (colin dmn aily (6, Sen

IS g gl Sl sl o)l g0 jglive ( ik JeeSS )
. e & ‘o LJL&é d)um

o aibio

S0 8 Slejle g dnte g Jbo Colos Cod gy (pl

10. loffe S, Szegedy C. Batch normalization: Accelerating
deep network training by reducing internal covariate shift. In-
ternational Conference on Machine Learning; 2015 July 6-11;
Lille, France;2015. pp. 448-456.

11. Nair V, Hinton GE. Hinton. Rectified linear units improve
restricted boltzmann machines. The 27th International Confer-
ence on Machine Learning (ICML 2010); 2010 June 21-24;
Haifa, Israel;2010.

12. Zhang J, Lu C, Li X, Kim HJ, Wang J. A full convolu-
tional network based on DenseNet for remote sensing scene
classification. Mathematical Biosciences and Engineering.
2019;16(5):3345-3367.

13. Gherman S, Philiastides MG. Human VMPFC encodes
early signatures of confidence in perceptual decisions. Elife.
2018;7:e38293.

14. Gherman S, Philiastides MG. [Internet]. Openneuro.org.
2022 [cited 21 July 2022]. Available from: https://openneuro.
org/datasets/ds002739/versions/1.0.0. 2020.

15. Mojzisch A, Krug K. Cells, circuits, and choices: Social
influences on perceptual decision making. Cognitive, Affective,
& Behavioral Neuroscience. 2008;8(4):498-508.

16. Geetha G, Geethalakshmi SN. Artifact removal from eeg
using spatially constrained fastica and fuzzy shrink threshold-
ing technique. International Journal of Applied Information
Systems. 2012;4(11):25-29.

17. Wang Z, Oates T. Imaging time-series to improve classi-

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.


https://creativecommons.org/licenses/by-nc/4.0/

fication and imputation. Twenty-Fourth International Joint net]. TensorFlow. Available from: https.://www.tensorflow.org/

Conference on Artificial Intelligence. 2015 July 25-31; Buenos api_docs/python/tf/keras/optimizers/Ftrl. 2022 [cited 21 July

Aires, Argentina;2015. 2022]
18. Mish MD. A self regularized non-monotonic activation 20. Arjmand M. Overview [Internet]. GitHub. Available from:
function. arXiv preprint. 2019. arXiv:1908.08681. https://github.com/mahdiarjmand/python-. 2022 [cited 21 July

19. tf.keras.optimizers.Ftrl | TensorFlow Core v2.9.1 [Inter- 2022]

1o

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.


https://creativecommons.org/licenses/by-nc/4.0/

	Bookmark 1
	Bookmark 2

