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RINGKASAN 
 

WIDYANINGRUM. Analisis Mutu Vanili (Vanilla planifolia) Secara Cepat dan 
Portabel Berbasis Near Infrared Spectroscopy dan Machine Learning. Dibimbing 
oleh Y. ARIS PURWANTO, SLAMET WIDODO, SUPIJATNO, EVI SAVITRI 
IRIANI. 
 

Penentuan mutu vanili secara cepat, akurat, dan non-destruktif menjadi 
tantangan utama dalam industri vanili. Pengujian mutu secara konvensional melalui 
analisis laboratorium memerlukan waktu yang lama dan biaya tinggi. Spektroskopi 
Near-Infrared (NIR) menawarkan solusi yang efisien dan ramah lingkungan. 
Namun, keterbatasan instrumen NIR konvensional seperti ukuran yang besar dan 
harga instrumen yang mahal masih menjadi kendala. Kombinasi teknologi NIR 
portabel dengan algoritma machine learning diusulkan sebagai pendekatan inovatif 
untuk meningkatkan efisiensi dan akurasi analisis mutu vanili. Penelitian ini juga 
mengkaji rentang panjang gelombang short wave NIR (SW-NIR) 740–1070 nm dan 
long wave NIR (LW-NIR) 1350–2550 nm untuk meningkatkan performa prediksi.  

Penelitian ini bertujuan untuk mengembangkan model non-destruktif berbasis 
NIR portabel dan machine learning untuk memprediksi kadar air dan vanilin pada 
vanili, mengembangkan model klasifikasi untuk menentukan grade vanili, 
mengkaji efektivitas dua rentang panjang gelombang NIR (SW-NIR dan LW-NIR) 
dalam meningkatkan akurasi prediksi mutu, serta mengevaluasi sensitivitas model 
melalui analisis nilai Limit of Detection (LOD) dan Limit of Quantification (LOQ). 
Model prediksi dibangun menggunakan algoritma Random Forest (RF), Support 
Vector Regression (SVR), dan Partial Least Square (PLS), sedangkan model 
klasifikasi menggunakan RF, Decision Tree (DT), k-Nearest Neighbors (k-NN), dan 
Naïve Bayes (NB). Data spektra diproses dengan metode preprocessing, seperti 
Min-Max normalization, Standard Normal Variate (SNV), Multiplicative Scatter 
Correction (MSC), First Derivative, serta kombinasi First Derivative-SNV dan 
First Derivative-MSC. Teknik oversampling SMOTE digunakan untuk mengatasi 
ketidakseimbangan data. Evaluasi model prediksi dilakukan menggunakan 
parameter R², RPD, RMSE, RER serta LOD dan LOQ. Evaluasi model klasifikasi 
menggunakan parameter evaluasi seperti macro average prediction, macro average 
recall, macro average F1-score  dan multiclass-Area Under ROC Curve.  

Hasil penelitian menunjukkan bahwa algoritma RF secara konsisten 
menghasilkan performa terbaik untuk ketiga tujuan: klasifikasi mutu, prediksi kadar 
air, dan prediksi kadar vanilin. Model klasifikasi terbaik diperoleh dari kombinasi 
RF dan preprocessing first derivative–SNV pada spektra SW-NIR, dengan nilai F1-
score 0,85 dan multiclass AUC 0,91. Kinerja klasifikasi pada LW-NIR cenderung 
lebih rendah, dengan F1-score 0,69 dan AUC 0,81. Penggunaan SMOTE tidak 
memberikan dampak yang signifikan dalam klasifikasi pada dataset berdimensi 
tinggi seperti data spektra NIR. Untuk prediksi kadar air, performa terbaik dicapai 
pada spektra LW-NIR menggunakan kombinasi RF dan first derivative, dengan 
nilai R² sebesar 0,97, RPD 7,75, RMSE 1,41, RER 34,21, LOD 4,59, dan LOQ 
15,29. Pada SW-NIR, hasil terbaik diperoleh dari RF dengan first derivative–SNV, 
menghasilkan R² 0,94, RPD 5,42, RMSE 2,04, RER 23,65, LOD 7,27, LOQ 24,23. 
. Sementara itu, prediksi kadar vanilin terbaik diperoleh pada SW-NIR dengan 
MinMax Normalization (R² 0,94; RPD 4,58; RMSE 0,11; RER 17,21; LOD 0,45; 



  

LOQ 1,51) serta pada LW-NIR dengan preprocessing first derivative–SNV (R² 
0,98; RPD 3,62; RMSE 0,14; RER 13,64; LOD 0,63; LOQ 2,09). Penelitian ini 
membuktikan bahwa kombinasi portabel NIR dengan machine learning khususnya 
RF mampu meningkatkan akurasi prediksi mutu vanili secara signifikan. Temuan 
ini berkontribusi terhadap pengembangan metode analisis yang cepat, hemat biaya, 
dan dapat diterapkan secara praktis di industri, serta mendukung upaya peningkatan 
daya saing vanili Indonesia di pasar global. 

 
Kata kunci : klasifikasi mutu, machine learning, vanili, kadar vanillin, 

spektroskopi NIR portabel  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



  

SUMMARY 
 

WIDYANINGRUM. Rapid and Portable Analysis of Vanilla (Vanilla planifolia) 
Quality Based on Near-Infrared Spectroscopy and Machine Learning. Supervised 
by Y. ARIS PURWANTO, SLAMET WIDODO, SUPIJATNO, EVI SAVITRI 
IRIANI. 
 

Rapid, accurate, and non-destructive assessment of vanilla quality remains a 
major challenge in the vanilla industry. Conventional quality testing through 
laboratory analysis is time-consuming and costly. Near-Infrared (NIR) 
spectroscopy offers an efficient and environmentally friendly alternative. However, 
conventional NIR instruments are often limited by their bulky size and high cost. 
To address this, the integration of portable NIR technology with machine learning 
algorithms is proposed as an innovative approach to enhance the efficiency and 
accuracy of vanilla quality analysis. This study also investigates the effect of two 
different wavelength ranges—short-wave NIR (SW-NIR, 740–1070 nm) and long-
wave NIR (LW-NIR, 1350–2550 nm)—on improving prediction performance. 

The objectives of this study were to develop a non-destructive prediction model 
using portable NIR and machine learning to estimate moisture and vanillin content 
in vanilla, to establish a classification model for determining vanilla grade, to 
evaluate the effectiveness of SW-NIR and LW-NIR ranges in improving prediction 
accuracy, and to assess model sensitivity through analysis of the Limit of Detection 
(LOD) and Limit of Quantification (LOQ). Predictive models were built using 
Random Forest (RF), Support Vector Regression (SVR), and Partial Least Squares 
(PLS), while classification models were developed using RF, Decision Tree (DT), 
k-Nearest Neighbors (k-NN), and Naïve Bayes (NB). Spectral data were 
preprocessed using various techniques, including Min-Max normalization, 
Standard Normal Variate (SNV), Multiplicative Scatter Correction (MSC), first 
derivative, and combinations such as first derivative–SNV and first derivative–
MSC. SMOTE oversampling was applied to address class imbalance. Predictive 
model performance was evaluated using R², RPD, RMSE, RER, as well as LOD 
and LOQ. Classification models were evaluated based on macro average precision, 
recall, F1-score, and multiclass Area Under the ROC Curve (AUC). 

The results demonstrated that the Random Forest algorithm consistently yielded 
the best performance across all tasks: vanilla grading, moisture prediction, and 
vanillin prediction. The best classification model was obtained from the 
combination of RF and first derivative–SNV preprocessing on SW-NIR spectra, 
achieving a macro F1-score of 0.85 and a multiclass AUC of 0.91. Classification 
performance on LW-NIR spectra was relatively lower, with an F1-score of 0.69 and 
an AUC of 0.81. SMOTE did not significantly improve classification performance 
on high-dimensional datasets such as NIR spectra. 

For moisture prediction, the best performance was achieved using the Random 
Forest algorithm combined with first derivative preprocessing on LW-NIR spectra, 
yielding an R² of 0.97, an RPD of 7.75, an RMSE of 1.41, an RER of 34.21, an 
LOD of 4.59, and an LOQ of 15.29. On the SW-NIR range, the optimal result was 
obtained using Random Forest with first derivative–SNV preprocessing, resulting 
in an R² of 0.94, an RPD of 5.42, an RMSE of 2.04, an RER of 23.65, an LOD of 
7.27, and an LOQ of 24.23. 



  

For vanillin prediction, the highest performance was observed on SW-NIR 
spectra with MinMax Normalization, with an R² of 0.94, an RPD of 4.58, an RMSE 
of 0.11, an RER of 17,21, an LOD of 0.45, and an LOQ of 1.51. On the LW-NIR 
range, the best result was achieved using Random Forest with first derivative–SNV 
preprocessing, producing an R² of 0.98, an RPD of 3.62, an RMSE of 0.14, an RER 
of 13.64, an LOD of 0.63, and an LOQ of 2.09. 

This study highlights that the use of portable NIR spectroscopy combined with 
machine learning, with Random Forest yielding the best performance, can 
significantly improve the accuracy of vanilla quality predictions. Incorporating the 
analysis of LOD and LOQ offers deeper understanding of the sensitivity of the 
method and its effectiveness in detecting and quantifying target compounds. The 
findings contribute to the advancement of a fast, cost-efficient, and non-destructive 
approach for quality evaluation, and strengthen the potential of Indonesian vanilla 
to compete in the global market. 

 
Keywords : machine learning, portable NIR spectroscopy, vanilla, vanillin 

content, quality classification 
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