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ABSTRAK

SAYID MAHMUD IBADIRAHMAN SYAH. Pengembangan Sistem
Kromatografi Gas Low-cost Berbasis Sensor SGP30: Optimasi Kolom dan
Klasifikasi Kopi Arabika—Robusta dengan Machine Learning. Di bawah bimbingan
BAMBANG HERU ISWANTO, HARIS SUHENDAR.

Kopi Arabika dan Robusta memiliki karakteristik senyawa volatil yang berbeda
sehingga berpotensi dimanfaatkan sebagai dasar autentikasi. Namun, instrumen
kromatografi gas konvensional masih memiliki biaya pengadaan dan operasional
yang relatif tinggi. Penelitian ini bertujuan mengembangkan sistem kromatografi
gas low-cost berbasis sensor SGP30 melalui optimasi konfigurasi kolom untuk
menghasilkan fingerprint volatil kopi, serta mengevaluasi kinerja algoritma
Support Vector Machine (SVM), Random Forest, dan Extreme Gradient Boosting
(XGBoost) dalam mengklasifikasikan kopi Arabika dan Robusta. Sinyal hasil
pengukuran diproses menggunakan metode Positive ReLU Decay, kemudian
diekstraksi menjadi fitur statistik dan dinamis. Analisis data dilakukan
menggunakan Principal Component Analysis (PCA) dan Mutual Information (M1),
sedangkan optimasi model dilakukan menggunakan Grid Search dan dievaluasi
menggunakan K-Fold Cross Validation. Hasil penelitian menunjukkan bahwa
sistem yang dikembangkan mampu menghasilkan fingerprint volatil yang
representatif untuk membedakan kopi Arabika dan Robusta. Ketiga algoritma
memberikan performa klasifikasi yang sangat baik, dengan SVM menghasilkan
kinerja terbaik. Penelitian ini menunjukkan bahwa sistem kromatografi gas low-
cost berbasis sensor SGP30 berpotensi menjadi alternatif yang ekonomis untuk
skrining awal autentikasi kopi.

Kata kunci: kromatografi gas low-cost, sensor SGP30, kopi Arabika, kopi
Robusta, Support Vector Machine, Random Forest, XGBoost.



ABSTRACT

SAYID MAHMUD IBADIRAHMAN SYAH. Development of an SGP30-Based
Low-cost Gas Chromatography System for Column Optimization and Machine
Learning-Based Classification of Arabica—Robusta Coffee. Supervised by
BAMBANG HERU ISWANTO and HARIS SUHENDAR.

Arabica and Robusta coffee possess distinct volatile compound profiles that can be
utilized for authentication. However, conventional gas chromatography systems
remain expensive for routine applications. This study aims to develop an SGP30-
based low-cost gas chromatography system through column configuration
optimization to generate volatile fingerprints of coffee and to evaluate the
performance of Support Vector Machine (SVM), Random Forest, and Extreme
Gradient Boosting (XGBoost) for classifying Arabica and Robusta coffee. The
acquired signals were processed using the Positive ReLU Decay method and
transformed into statistical and dynamic features. Feature analysis was performed
using Principal Component Analysis (PCA) and Mutual Information (MI), while
model optimization was conducted using Grid Search and evaluated through K-
Fold Cross Validation. The results demonstrate that the proposed system
successfully generated representative volatile fingerprints for distinguishing
Arabica and Robusta coffee. All three algorithms achieved excellent classification
performance, with SVM providing the best overall performance. These findings
indicate that the proposed SGP30-based low-cost gas chromatography system is a
promising and economical alternative for preliminary coffee authentication.

Keywords: low-cost gas chromatography, SGP30 sensor, Arabica coffee, Robusta
coffee, Support Vector Machine, Random Forest, XGBoost.
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