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2 Recurrent Neural Network (RNN)

Uy
convld (ConvlD)
max_poolingld (MaxPooling1D)
convld_1 (ConvlD)
max_poolingld_1 (MaxPooling1D)
convld_2 (ConvlD)
max_poolingld_2 (MaxPooling1D)
flatten (Flatten)
dense_0 (Dense)
dense_1 (Dense)

dense_2 (Dense)
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I Cross validation
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Y44 yYY (None, 32) dense_0 (Dense)
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5 Self-Attention
% Query(Q)

7 Key(K)

8 Value(V)
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it = o(WyiX; + Wyihey +by)

ft = O'(foXt + thht—l + bf)

0y = 6(WyoX¢ + Wiohe; +b,) )
Ct, tanh(VchXt + thht—l + bc)

Ci =f.Ciq +ip. C{

h, = o..tanh(C,)

! Transformer

2 Encoder

3 Decoder

4 Multi-Head Attention
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input_layer (InputLayer)
add (Add)
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transformer_encoder_1
(TransformerEncoder)
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global_average_poolingld (Global AveragePooling1D)

dense_0 (Dense)
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! Graph Neural Network (GNN)
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4 Aggregation
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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