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ANALISIS KOMPARATIF ARSITEKTUR CNN 1D UNTUK
KLASIFIKASI ARITMIA ECG INTER-PATIENT: STUDI SYSTEMATIC
TENTANG DEPTH, KERNEL SIZE

WILLIAM YOHANES HUTUBESSY

ABSTRAK

Penyakit kardiovaskular merupakan penyebab kematian tertinggi secara global, dan
aritmia menjadi salah satu manifestasinya yang dapat mengancam nyawa.
Elektrokardiogram (ECG) menjadi standar deteksi dini aritmia, namun interpretasi
manualnya memerlukan keahlian kardiologis. Convolutional Neural Network
(CNN) 1D banyak digunakan untuk mengotomatisasi klasifikasi aritmia, tetapi
sebagian besar penelitian masih memakai evaluasi intra-patient yang menghasilkan
metrik tidak realistis karena model menghafal pola spesifik pasien. Penelitian ini
melakukan analisis komparatif sistematik terhadap delapan varian arsitektur CNN
ID murni pada paradigma inter-patient menggunakan MIT-BIH Arrhythmia
Database dengan protokol DS1/DS2, mencakup variasi depth (3, 5, 7, 9 layer),
kernel size (3, 5,7, 9), dan arsitektur multi-scale. Varian VeryDeep (9 layer, kernel
5) mencapai performa terbaik dengan accuracy 87,97%, F1-weighted 88,54%, F1-
macro 49,18%, dan FlI-score kelas Fusion 20,56%, mendekati baseline inter-
patient pada kelas tersulit tersebut namun dengan arsitektur yang jauh lebih
sederhana. Penambahan depth terbukti paling menentukan, terutama bagi kelas
minoritas Fusion, sedangkan kernel size optimal berada pada rentang K=5 hingga
K=7 dan arsitektur multi-scale tidak mengungguli single-scale terbaik. Uji
McNemar dengan koreksi Bonferroni mengonfirmasi keunggulan arsitektur 9 layer
signifikan secara statistik. Kontribusi utama penelitian ini adalah menyediakan
panduan berbasis bukti mengenai pengaruh depth dan kernel size pada klasifikasi
aritmia inter-patient, sekaligus menunjukkan bahwa pemilihan kedalaman
arsitektur yang tepat mampu mengatasi tantangan kelas minoritas tanpa menambah

kompleksitas arsitektural.

Kata kunci: Klasifikasi Aritmia, CNN 1D, Inter-patient, ECG, Deep learning.
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COMPARATIVE ANALYSIS OF 1D CNN ARCHITECTURES FOR INTER-
PATIENT ECG ARRHYTHMIA CLASSIFICATION: A SYSTEMATIC
STUDY ON DEPTH AND KERNEL SIZE

WILLIAM YOHANES HUTUBESSY

ABSTRACT

Cardiovascular disease is the leading cause of death globally, and arrhythmia is
one of its potentially life-threatening manifestations. The electrocardiogram (ECG)
is the standard tool for early arrhythmia detection, yet its manual interpretation
requires cardiological expertise. One-dimensional Convolutional Neural Networks
(1D CNNs) are widely used to automate arrhythmia classification, but most studies
still adopt intra-patient evaluation, which yields unrealistic metrics because the
model memorizes patient-specific patterns. This study conducts a systematic
comparative analysis of eight pure 1D CNN architecture variants under the inter-
patient paradigm using the MIT-BIH Arrhythmia Database with the DS1/DS2
protocol, covering variations in depth (3, 5, 7, and 9 layers), kernel size (3, 5, 7,
and 9), and a multi-scale architecture. The VeryDeep variant (9 layers, kernel 5)
achieved the best performance, with an accuracy of 87.97%, FIl-weighted of
88.54%, Fl-macro of 49.18%, and an Fl-score of 20.56% for the Fusion class,
approaching the inter-patient baseline on this most difficult class while using a
substantially simpler architecture. Increasing depth proved to be the most decisive
factor, particularly for the minority Fusion class, whereas the optimal kernel size
lies between K=5 and K=7, and the multi-scale architecture did not outperform the
best single-scale model. McNemar's test with Bonferroni correction confirmed that
the superiority of the 9-layer architecture is statistically significant. The main
contribution of this study is to provide evidence-based guidance on the influence of
depth and kernel size on inter-patient arrhythmia classification, while
demonstrating that an appropriate choice of architectural depth can address the

minority-class challenge without adding architectural complexity.

Keywords: Arrhythmia Classification, 1D CNN, Inter-patient, ECG, Deep learning.
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