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ABSTRAK 

Deteksi dini tumor otak melalui citra Magnetic Resonance Imaging (MRI) memiliki 

peran yang sangat penting dalam pelayanan kesehatan modern. Tujuan studi ini 

adalah mengimplementasikan model deep learning hibrida berbasis Convolutional 

Neural Network (CNN), Long Short-Term Memory (LSTM), dan ensemble 

learning untuk meningkatkan akurasi klasifikasi tumor dan non-tumor pada citra 

MRI. Data yang digunakan terdiri dari dua kelas, dan semua gambar diproses 

terlebih dahulu untuk menyesuaikan kecerahan dan variasi, sehingga model dapat 

belajar dengan lebih efektif. Teknologi CNN digunakan untuk mengenali pola dan 

bentuk dalam gambar, sementara LSTM membantu memahami hubungan temporal 

dan urutan pola-pola tersebut. Selanjutnya, pendekatan pembelajaran ensemble 

berbasis voting digunakan untuk menggabungkan prediksi dari beberapa model. 

Hasil eksperimen menunjukkan bahwa model CNN mencapai akurasi 85% dan 

Area Under the Curve (AUC) 0,581, sementara model CNN+LSTM mencapai 

akurasi 86% dan AUC 0,684. Namun, model hibrida dan ensemble mencapai 

akurasi dan AUC 1,000, menunjukkan kinerja tertinggi. Menurut laporan hasil, 

model ensemble mencapai akurasi, recall, dan skor F1 sebesar 1,000, menunjukkan 

kinerja deteksi yang sangat tinggi pada gambar tumor otak. Oleh karena itu, 

kombinasi CNN+LSTM dan pembelajaran ensembel telah terbukti handal dan 

efektif dalam meningkatkan sistem deteksi tumor berbasis citra menggunakan MRI. 

Kata Kunci ;Deep learning; CNN; LSTM; ensemble learning; MRI; tumor otak.  
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ABSTRACT 

Abstract−Early detection of brain tumors using Magnetic Resonance Imaging 

(MRI) is crucial in modern healthcare settings. This study aims to improve the 

accuracy of MRI image classification between tumor and non-tumor categories by 

applying a hybrid deep learning model based on Convolutional Neural Networks 

(CNN), Long Short-Term Memory (LSTM), and ensemble learning. The data used 

consisted of two classes. To improve the learning ability of the model, 

preprocessing was applied to all images, including brightness adjustment and 

variation application. CNN technology was used to recognize spatial patterns and 

shapes in images, while LSTM recognized temporal dependencies or sequences 

between these patterns. Furthermore, a voting-based ensemble learning method was 

used to combine predictions from several models. The experimental results show 

that the CNN model achieved an accuracy of 85% and an area under the curve 

(AUC) of 0.581, the CNN+LSTM model achieved an accuracy of 86% and an AUC 

of 0.684, while the hybrid and ensemble models achieved the highest performance 

with an accuracy of 100% and an AUC of 1.000 (1.000). The classification report 

shows that the ensemble model has an accuracy, recall, and F1 score of 1.000, 

indicating a very high ability to detect brain tumor images. As a result, the 

combination of CNN-LSTM and ensemble learning has proven to be very reliable 

and effective in improving tumor detection systems based on MRI images. 

Keywords: Deep learning; CNN; LSTM; ensemble learning; MRI; brain tumor. 
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