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2 Recurrent Neural Network (RNN)
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7 Key(K)

8 Value(V)
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! Transformer

2 Encoder

3 Decoder

4 Multi-Head Attention

ranis Gl ol 8 53,85 S GadUSn g sy Jo 5 4 520

Yo

et 6,530 5 opile (6,850 o s 3l 5,S e




Journal of —uﬁ» 3

Applied "‘ ( v\

And Og\;p—n

l\i;l\i:‘ ‘ \é(o—_%l
achine

Intelligence Research (ABMIR)

Sledde & 520 a5 el Sloslinal 52 5 slad e
Arer 0l ole o Sde SYVob 5 el gl Sals
L Leesls Jigme ooy g0 0 48 28850 e aaSs S
Jos SOl Soso WS e W jey i 5SS 0 B515
ool 5 b s e A58l 4 e el ) 4SS
5 ool Bilgy Sos o beysans s GULS 3 5d e baesls
53,5 hds Lai, 8 golpl 4 1y Lol deesls 3 (g lle
Gl o3 eslinudsyge ey shed 5 (golene (0) Jsds [V ]

VErE Olsl 5 5le (Jol osled cpgm Jlu . 2dle (osm (63,008 5 6B gla s

CS e g aekd M sl bl G e
Golers 3 s x5 Skes ogs (8) daly gl o

Aad e yiales |y o) shes S
head; = Attention(QW <, KWX,vw")
QmQ(KmK)T] Wy

(dy)
MultiHead(Q,K,V) =
concat(head,, head,, ..., head,)W,

=Softmax[ )

[ ulﬁ:...«l;,y }AJJ.L.JJS 6)\»# L;LM.&Y }‘ @Lu' 2(0) JJ.X?

L jzal,b sl T te
(None, 187, 1)
(None, 187, 64)
AYY (None, 187, 64)
ATY (None, 187, 64)
AYY e (None, 187, 64)
(None, 64)
Yo (None, 5)

dlosless ¥ a5 sl s> ol Y &S &0 (0l
T R L R R P S R
el 53 Jsame laas UM b s yls aalsl sl
slae S plod 3 Olejea sk 4 Dledlbl Lzl (S s
Sl gy ol wY Lo S Tt S e oo SIS
o5 o Sl Sluysssa LS b o)l 5 s slasl aol
L A1 plandl Gledd e R S Sl sl 4
LS oo S cppn 50,8 35 oMbl b o 0 S e
2,8 S Glles g Lo Szie U O
SR Dbl Sl sle oS A s Sl
5 At SR U e e 5 s Oles SO
4 ool s 4 SleMbl wslsl 3 S sl IS 1 5 s

R
input_layer (InputLayer)
add (Add)

transformer_encoder_0
(TransformerEncoder)
transformer_encoder_1
(TransformerEncoder)
transformer_encoder_2
(TransformerEncoder)

global_average_poolingld (Global AveragePooling1D)

dense_0 (Dense)

Sl Sl (ol Ol @ e ool ' (B1S mas aCs
oS pb OIS LB s sl glaesls L
Ll 5 (BE) e S 51 S (shools sbajlisle sl S
wlaass s wile glawe; 53 oS daes (O
IS 531 5 S gm 5185 ot aols i3S olaz]
Ly, o alr (JEKm 5155 55 Als (gles 1S slas S
ls VU Coanl sl Cilies la i o sle Saels
G sS lels 4 536 Syl ol @sledit b s GNN

[PV s 5585 sla S5 gl Al 5 Olgy 5 odmn
S ECG IS lowi 5 425 ahar 3l Jolowo 51 dlosea ¢4
Sasl 5 OIS L Olg e b il b 5 05 4 Jois JG
EF S e 2o Glas 3 oS e A5 e
@l 2y 4Kl Jsb 5o (05,5 el DLl LIS 6l

! Graph Neural Network (GNN)
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5 Combination
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! Graph Convolutional Network (GCN)
2 Graph Attention Network (GAT)
3 Graph Sample and Aggregate (GraphSAGE)
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Abstract

Cardiovascular diseases, such as cardiac arrhythmia, are considered
the most common cause of death worldwide. Early detection of this
type of heart disease increases patient quality of life, prolongs life,
and reduces treatment costs. In this research, the goal is to identify
cardiac arrhythmia from electrocardiogram using artificial
intelligence tools. The proposed method consists of three stages:
preprocessing, database partitioning, and data classification. First, in
the preprocessing stage, operations such as data normalization,
cleaning, and balancing of classes have been performed. Then, the
processed database has been partitioned for training and testing
operations. Finally, the data has been classified using various
machine learning classifiers, deep learning architectures, and a
hybrid model combining CNN, RNN, and Transformer architectures.
The proposed method has been evaluated using the MIT-BIH
database. Evaluation results showed that among machine learning
models and various deep learning architectures, the hybrid model, by
integrating local features obtained from the CNN architecture and
identifying long and complex temporal dependencies by the RNN
and Transformer architectures, is among the top classifiers.
Ultimately, the findings emphasize the importance of integrating
multiple features in ECG signal analysis for more accurate cardiac
arrhythmia diagnosis and can be used in the development of more
efficient automated diagnostic systems.
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