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ABSTRAK

Sel darah putih atau leukosit memainkan peran penting dalam sistem kekebalan
tubuh. Struktur yang tidak beraturan dan beragam pada setiap jenis sel darah putih
membuat identifikasi manual sulit dan rentan terhadap kesalahan karena
subjektivitas dan kelelahan. Oleh karena itu, diperlukan metode klasifikasi yang
cepat dan akurat. Penelitian ini mengusulkan penggunaan SMOTE dan
SVMSMOTE untuk mengatasi ketidakseimbangan data, serta ekstraksi fitur
gabungan antara shape (size, convexity, circularity, dan solidity) dan convolutional
autoencoder, bersama dengan Gaussian Mixture Model untuk segmentasi nucleus.
Hasil penelitian menunjukkan bahwa tanpa data balancing, metode ekstraksi fitur
yang diusulkan sudah cukup baik, kecuali untuk sel eosinophils. Hasil terbaik
diperoleh dengan SVM menggunakan kernel polynomial, dengan akurasi 92.4%,
presisi 91.9%, recall 92.3%, F1-Score 92%, MCC 0.862, dan CEN 0.1376. Hasil
terburuk dengan menggunakan kernel sigmoid. Pengujian yang hanya
menggunakan ekstraksi fitur shape saja mendapatkan akurasi terbaik 86.8%,
sedangkan untuk convolutional autoencoder mendapatkan akurasi 87.8%, sehingga
dengan menggunakan shape dan convolutional autoencoder dapat meningkatkan
hasil akurasi. Selain itu penggunaan SMOTE atau SVMSMOTE  dapat
meningkatkan recall pada sel eosinophils.

Kata Kunci : Convolutional AutoEncoder, Gaussian Mixture Model, SMOTE,
SVMSMOTE, Support Vector Machine, Sel Darah Putih
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ABSTRACT

White blood cells, or leukocytes, have a crucial role in the immune system. The
irregular structure of white blood cells, along with each type having its unique
structure, makes manual identification challenging. Manual identification
processes can lead to errors due to the subjectivity of medical personnel and the
fatigue caused by the time and effort required. Therefore, there is a need to develop
a fast and accurate method for classifying different types of white blood cells.
However, issues such as the quality and the number of samples available for every
kind of cell remain problematic. This study proposes to use SMOTE and
SVMSMOTE to address the issue of data imbalance and use a combination of shape
(size, circularity, convexity, solidity) and convolutional autoencoder (CAE) as
feature extraction, along with a Gaussian mixture model for nucleus segmentation.
The study finds that, without using SMOTE or SVMSMOTE for data balancing, the
proposed features are already sufficient to represent each cell type except
eosinophils, achieving an accuracy of 92:4%, precision of 91.9%, recall of 92.3%,
F1-Score of 92%, MCC of 0.862, and CEN of 0.1376 using polynomial kernel and
the worst results were obtained with the sigmoid kernel. Moreover, combined
feature extraction between shape and CAE worked better compared to using shape
and CAE separately. At best, accuracy achieved was 86.8% using shape alone,
while the results produced using CAE alone achieved as high as 87.8%.
Furthermore, recall for eosinophil cells can be improved using SMOTE and
SVMSMOTE.

Keywords : Convolutional AutoEncoder, Gaussian Mixture Model, SMOTE,
SVMSMOTE, Support Vector Machine, White Blood Cell
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