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ABSTRAK

PUTRI AURELIA, Deteksi Pemalsuan Minyak Atsiri Berbasis E-Nose dan Machine
Learning dengan Ekstraksi Fitur Multi-Window. Dibawah bimbingan Dr. Bambang Heru
Iswanto, M.Si. dan Dr. Fajar Hardoyono, M.Sc

Pemalsuan minyak atsiri menjadi salah satu permasalahan yang dapat menurunkan kualitas
dan nilai ekonomi produk, sehingga diperlukan metode deteksi yang cepat, akurat, dan
nondestruktif. Electronic Nose (E-Nose) merupakan salah satu teknologi yang mampu
mendeteksi senyawa volatil melalui pola respons sensor gas. Namun, pendekatan ekstraksi
fitur yang memanfaatkan keseluruhan sinyal belum sepenuhnya mampu merepresentasikan
dinamika respons sensor terhadap senyawa volatil. Penelitian ini bertujuan menganalisis
karakteristik sinyal E-Nose pada minyak atsiri temulawak asli dan hasil pemalsuan,
menerapkan ekstraksi fitur multi-window untuk meningkatkan representasi sinyal, serta
mengevaluasi kinerja beberapa algoritma machine learning dalam mendeteksi pemalsuan
minyak atsiri temulawak. Penelitian menggunakan data yang diperoleh dari E-Nose
berbasis 10 sensor Metal Oxide Semiconductor (MOS). Sinyal sensor diproses melalui
baseline correction dan cropping, kemudian dilakukan ekstraksi fitur menggunakan
pendekatan multi-window. Selanjutnya, dilakukan seleksi fitur menggunakan Mutual
Information sebelum proses klasifikasi menggunakan Support Vector Machine (SVM), K-
Nearest Neighbors (KNN), Random Forest (RF), dan Extreme Gradient Boosting
(XGBoost). Hasil penelitian menunjukkan bahwa pendekatan multi-window menghasilkan
representasi sinyal yang lebih informatif dibandingkan single-window, sehingga mampu
meningkatkan performa Klasifikasi pada beberapa algoritma machine learning. Model
terbaik memperoleh akurasi hingga 95% dalam membedakan minyak atsiri temulawak asli
dan hasil pemalsuan. Hasil penelitian ini menunjukkan bahwa kombinasi Electronic Nose,
ekstraksi fitur multi-window, seleksi fitur Mutual Information, dan machine learning
merupakan pendekatan yang efektif untuk mendukung deteksi pemalsuan minyak atsiri
secara cepat, non-destruktif, dan berpotensi diterapkan sebagai metode autentikasi pada
industri minyak atsiri.

Kata kunci: Electronic Nose, minyak atsiri temulawak, ekstraksi fitur multi-window,
Mutual Information, machine learning, pemalsuan minyak atsiri



ABSTRACT

PUTRI AURELLIA, Detection of Essential Oil Adulteration Using an Electronic Nose and
Machine Learning Based on Multi-Window Feature Extraction. Supervised by Dr.
Bambang Heru Iswanto, M.Si. and Dr. Fajar Hardoyono, M.Sc.

Essential oil adulteration is a major issue that reduces product quality and economic value,
creating the need for rapid, accurate, and non-destructive detection methods. The
Electronic Nose (E-Nose) is a promising technology capable of detecting volatile
compounds through gas sensor response patterns. However, conventional feature
extraction approaches that utilize the entire sensor signal do not fully capture the temporal
dynamics of sensor responses to volatile compounds. This study aims to analyze the
response characteristics of an E-Nose for authentic and adulterated Curcuma xanthorrhiza
essential oil, implement a multi-window feature extraction approach to improve signal
representation, and evaluate the performance of several machine learning algorithms for
adulteration detection. The study utilized sensor response data acquired from an Electronic
Nose equipped with ten Metal Oxide Semiconductor (MOS) sensors. The sensor signals
were preprocessed through baseline correction and signal cropping, followed by feature
extraction using a multi-window approach. Feature selection was then performed using
Mutual Information before classification using Support Vector Machine (SVM), K-Nearest
Neighbor (KNN), Random Forest (RF), and Extreme Gradient Boosting (XGBoost)
algorithms. The results demonstrate that the multi-window approach provides a more
informative representation of sensor signals than the single-window approach, leading to
improved classification performance across several machine learning algorithms. The
best-performing model achieved an accuracy of up to 95% in distinguishing authentic and
adulterated Curcuma xanthorrhiza essential oil. These findings indicate that the
integration of an Electronic Nose, multi-window feature extraction, Mutual Information-
based feature selection, and machine learning provides an effective, rapid, and non-
destructive approach for essential oil adulteration detection, with strong potential for
authentication applications in the essential oil industry.

Keywords: Electronic Nose, Curcuma xanthorrhiza essential oil, multi-window feature
extraction, Mutual Information, machine learning, essential oil adulteration.
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