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ABSTRAK 

 

Permintaan spektrum frekuensi radio di Indonesia yang terus meningkat menghadirkan 

tantangan bagi otoritas regulasi dalam mendeteksi ketidakteraturan dan penyalahgunaan 

izin. Metode manual terbukti kurang efektif menghadapi skala dan kompleksitas data 

perizinan, sehingga diperlukan pendekatan otomatis berbasis kecerdasan buatan. Penelitian 

ini mengusulkan kerangka deteksi anomali menggunakan dua algoritma pembelajaran 

mesin tanpa pengawasan, yaitu Isolation Forest dan Local Outlier Factor (LOF). Dataset 

berlabel yang terdiri atas 162.494 catatan izin frekuensi dari tahun 2022–2024, diperoleh 

dari Balai Monitor Spektrum Frekuensi Radio Kelas I Palembang, digunakan dalam 

pelatihan dan evaluasi model. Data diproses melalui prapemrosesan, pemilihan fitur, serta 

reduksi dimensi yang mencakup indikator teknis, regulasi, spasial, dan finansial. Hasil 

evaluasi menunjukkan bahwa Isolation Forest memberikan kinerja terbaik, dengan akurasi 

80,13%, skor AUC 86,70%, serta recall 68,02%. Visualisasi dengan UMAP dan kurva 

ROC memperkuat temuan tersebut. Sebuah prototipe API juga dikembangkan untuk 

demonstrasi prediksi real-time dan potensi integrasi ke dalam sistem pemantauan regulasi. 

Penelitian ini mendukung transformasi digital dalam tata kelola spektrum frekuensi dengan 

menyediakan solusi AI yang efektif dan skalabel untuk mendeteksi anomali, menekan 

kecurangan, serta meningkatkan pengawasan regulasi. 

 

Kata kunci: Deteksi Anomali; Isolation Forest; Pembelajaran Mesin; Perizinan Frekuensi; 

Pemantauan Spektrum. 
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ABSTRACT 

 

The increasing demand for radio frequency spectrum in Indonesia poses challenges for 

regulatory authorities in detecting irregularities and license abuse. Manual methods have 

proven to be ineffective in dealing with the scale and complexity of licensing data, 

necessitating an automated approach based on artificial intelligence. This study proposes 

an anomaly detection framework using two unsupervised machine learning algorithms, 

namely Isolation Forest and Local Outlier Factor (LOF). A labeled dataset consisting of 

162,494 frequency license records from 2022–2024, obtained from the Palembang Class I 

Radio Frequency Spectrum Monitoring Center, was used in model training and evaluation. 

The data was processed through preprocessing, feature selection, and dimensionality 

reduction covering technical, regulatory, spatial, and financial indicators. The evaluation 

results showed that Isolation Forest provided the best performance, with an accuracy of 

80.13%, an AUC score of 86.70%, and a recall of 68.02%. Visualization with UMAP and 

ROC curves reinforced these findings. An API prototype was also developed to 

demonstrate real-time predictions and potential integration into regulatory monitoring 

systems. This research supports digital transformation in frequency spectrum governance 

by providing effective and scalable AI solutions to detect anomalies, reduce fraud, and 

improve regulatory oversight. 

 

Keywords: Anomaly Detection; Isolation Forest; Machine Learning; Frequency 

Licensing; Spectrum Monitoring. 
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