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ABSTRAK 

 

Nama Mahasiswa / NPM  : Bintang Tiara Pramesti /  21081010333 

Judul Skripsi                     : Penerapan Smote-Enn Dan Xgboost Dengan 

Optimasi Bayesian Untuk Mengatasi Imbalance 

Class Dalam Deteksi Penyakit Gagal Jantung 

Dosen Pembimbing          : 1. Fetty Tri Anggraeny, S.Kom., M.Kom. 

 2. Wahyu Syaifullah J.S., S.Kom., M.Kom. 

Ketidakseimbangan kelas (class imbalance) merupakan permasalahan umum 

dalam penerapan machine learning pada data medis, khususnya dalam mendeteksi 

penyakit gagal jantung. Kondisi ini menyebabkan model lebih cenderung 

mengenali kelas mayoritas (sehat) dibandingkan kelas minoritas (gagal jantung). 

Penelitian ini bertujuan mengatasi masalah tersebut dengan menerapkan SMOTE-

ENN serta membandingkan performa XGBoost pada tiga skenario: tanpa 

balancing, dengan SMOTE-ENN Default, dan dengan SMOTE-ENN yang 

dioptimasi menggunakan Bayesian Optimization (BO). Data diproses melalui tahap 

preprocessing, penanganan outlier, pembagian dataset (70:15:15), serta evaluasi 

menggunakan metrik Accuracy, Precision, Recall, F1-score, dan Stratified K-Fold 

Cross-Validation. 

Hasil penelitian menunjukkan bahwa XGBoost tanpa SMOTE menghasilkan 

akurasi tinggi (90,82%) tetapi sangat bias dengan nilai Recall hanya 09,17%. 

Penerapan SMOTE-ENN Default meningkatkan performa dengan Recall 94,08% 

dan F1-score 92,91%, sedangkan SMOTE-ENN Fine-Tuned BO memberikan 

Recall tertinggi (94,24%) dengan F1-score 94,71%. Meskipun akurasi sedikit 

menurun dibandingkan SMOTE-ENN Default, model fine-tuned terbukti lebih 

optimal dalam mendeteksi kelas minoritas. Dengan demikian, kombinasi SMOTE-

ENN dan optimasi Bayesian dapat meningkatkan sensitivitas model XGBoost serta 

menjadi strategi efektif untuk mengatasi ketidakseimbangan data medis. 

 

Kata kunci :  Gagal Jantung, Imbalance Class, SMOTE-ENN, XGBoost, 

Bayesian Optimization, Hyperparameter Tuning 
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ABSTRACT 

 

Student Name / NPM       : Bintang Tiara Pramesti /  21081010333 

Thesis Title                       : Implementation of SMOTE-ENN and XGBoost 

with Bayesian Optimization to Address Class 

Imbalance in Heart Failure Detection 

Advisor                             : 1. Fetty Tri Anggraeny, S.Kom., M.Kom. 

 2. Wahyu Syaifullah J.S., S.Kom., M.Kom 

 

Class imbalance is a common issue in applying machine learning to medical data, 

especially in detecting heart failure. This condition makes models biased toward 

the majority class (healthy) while ignoring the minority (heart failure). This study 

addresses the problem by applying SMOTE-ENN and comparing the performance 

of XGBoost under three scenarios: without balancing, with Default SMOTE-ENN, 

and with Fine-Tuned SMOTE-ENN using Bayesian Optimization (BO). The 

dataset was preprocessed, outliers handled, split into 70:15:15, and evaluated using 

Accuracy, Precision, Recall, F1-score, and Stratified K-Fold Cross-Validation. 

 

The results show that XGBoost without SMOTE achieved high Accuracy (94.27%) 

but had poor Recall (09.17%). Applying Default SMOTE-ENN significantly 

improved performance with Recall of 94.08% and F1-score of 92.91%, while Fine-

Tuned SMOTE-ENN BO achieved the highest Recall (94.24%) with an F1-score 

of 94.71%. Although Accuracy was slightly lower than the default, the fine-tuned 

model proved more effective in detecting minority cases. In conclusion, combining 

SMOTE-ENN with Bayesian Optimization enhances the sensitivity of XGBoost 

and provides an effective strategy to address class imbalance in medical datasets. 

Keywords: Heart Failure, Imbalance Class, SMOTE-ENN, XGBoost, Bayesian 

Optimization, Hyperparameter Tuning. 
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