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ABSTRACT 

 

Classification of VOC Vapors Using  

Machine Learning Algorithms
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ÖZET 

 

 Uçucu Organik Bileşen Buharlarının Makine 

Öğrenmesi Algoritmaları ile Sınıflandırılması
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1 
INTRODUCTION 

 

1.1  Literature Review 





  

 

1.2 Objective of the Thesis 



1.3 Hypothesis 



2 
THEORETICAL BACKGROUND 

 

Figure 2.1

2.1 The Aim of Using Machine Learning 



2.2 Machine Learning Steps 

2.2.1 Collecting Data  



2.2.2 Preparing the Data  

2.2.3 Training a Model 

2.2.4 Evaluating the Model  

2.2.5 Improving the Performance  



Figure 2.2

2.3 Types of Machine Learning 

Figure 2.3      

2.3.1 Supervised Learning 



𝑥(𝑖) 𝑖 =  1, 2, . . . , 𝑙, 𝑙 −

𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑎𝑙 𝑓𝑒𝑎𝑡𝑢𝑟𝑒 𝑣𝑒𝑐𝑡𝑜𝑟ଵ 𝑥 =  [𝑥(1), 𝑥(2), . . . , 𝑥(𝑙)]் ∈ 𝑅௟

2.3.2 Unsupervised Learning 

 

Figure 2.4



2.3.3 Reinforcement Learning 

2.4 Evaluating Model Performance  

2.4.1 Overfitting and Underfitting 



Figure 2.5  

2.4.2 Cross Validation  



𝐸௜ 

𝐸

Figure 2.6

2.4.3 Performance Evaluation Metrics  



Table 2.1

                                                                     Predicted Value 

Actual Value 

 

 
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 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃 + 𝑇𝑁

𝑇𝑃 + 𝑇𝑁 + 𝐹𝑃 + 𝐹𝑁

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =  
𝑇𝑃

𝑇𝑃 +  𝐹𝑃



𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁

𝐹1 =
2

1
𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛

+
1

𝑟𝑒𝑐𝑎𝑙𝑙

𝐹1 =
2 ∗  (𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 ∗  𝑟𝑒𝑐𝑎𝑙𝑙)

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 + 𝑟𝑒𝑐𝑎𝑙𝑙

2.5 Classification Algorithms   

2.5.1 K-Nearest Neighbor (KNN)  



Table 2.2

Distance Metric Definition 
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Figure 2.7

2.5.2 Support Vector Machine (SVM) 



Figure 2.8

               

Figure 2.9  

 

 

 

 

2.5.3 Decision Tree 



 

Figure 2.10  

2.5.4 Ensemble Methods  



Figure 2.11



3 
EXPERIMENTAL PROCEDURE 

 

3.1 Experiment Setup 

 

 

 

 

 

 

3.2 VOC Sensing Measurement 
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Figure 3.2

3.3 Sensing Results 
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Figure 3.3



4 
MATERIALS AND METHODS 

 

Figure 4.1

4.1 Dataset 



Figure 4.2

Figure 4.3
 



4.2 Data Preprocessing 

𝑅(𝑡)

𝑅(0)

𝑌ௌ =  𝑅(𝑡)  −  𝑅(0)

4.3 Feature Extraction 



Table 4.1

Number 

of Dataset 

Feature Description 
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Figure 4.4





Figure 4.5



5 
RESULTS AND DISCUSSION 

5.1 Performance of the Classifiers on Each Feature Set 



Table 5.1

5.1.1 Classification Results of Decision Tree  



Table 5.2

Table 5.3 

       Model 

Feature 

Fine Tree Medium Tree Coarse Tree 

 

5.1.2 Classification Results of KNN 



Table 5.4

KNN Model Hyperparameters 

 Number of neighbors:  

Distance metric:  

Distance weight:

Standardize data:  

Number of neighbors:

Distance metric:  

Distance weight:

Standardize data: 

Number of neighbors:  

Distance metric:  

Distance weight: 

Standardize data:  

Number of neighbors:  

Distance metric:  

Distance weight:

Standardize data: 

Number of neighbors:  

Distance metric:  

Distance weight:

Standardize data: 

Number of neighbors:  

Distance metric:  

Distance weight:

Standardize data: 



Table 5.5

    Model 

 

Feature 

Fine 

Knn 

Medium 

Knn 

Coarse 

Knn 

Cosine 

Knn 

Cubic 

Knn 

Weight

ed Knn 

Figure 5.1



Figure 5.2

Figure 5.3

5.1.3 Classification Results of SVM 



Table 5.6

SVM Model Hyperparameters 

 Kernel Function:  

Kernel Scale:  

Box Constraint Level:  

Multiclass Method:

Standardize data:  

 Kernel Function:  

Kernel Scale:  

Box Constraint Level:  

Multiclass Method:

Standardize data:  

 Kernel Function:  

Kernel Scale:  

Box Constraint Level:  

Multiclass Method:

Standardize data:  

 Kernel Function:  

Kernel Scale:  

Box Constraint Level:  

Multiclass Method:

Standardize data:  

 Kernel Function:  

Kernel Scale:

Box Constraint Level:  

Multiclass Method:

Standardize data:  



Table 5.6 

 Kernel Function:  

Kernel Scale:  

Box Constraint Level:  

Multiclass Method:

Standardize data:  

Table 5.7

    Model 

 

Feature 

Linear 

SVM 

Quadratic 

SVM 

Cubic 

SVM 

Fine 

Gaussian 

SVM 

Medium 

Gaussian 

SVM 

Coarse 

Gasussian 

SVM 

 

5.1.4 Classification Results of Ensemble Learning 

Table 5.8

Ensemble Model Hyperparameters 

 Ensemble Method:  

Learner Type:  



Table 5.8

 Maximum number of splits:  

Number of learners:

Learning Rate:  

 Ensemble Method:  

Learner Type:  

Maximum number of splits:

Number of learners:  

 Ensemble Method:  

Learner Type:  

Maximum number of splits:  

Number of learners:

Learning Rate:  

 Ensemble Method:  

Learner Type:  

Number of learners:

Subspace Dimension:  

 Ensemble Method:  

Learner Type:  

Number of learners:

Subspace Dimension:  

Table 5.9

    Model 

 

Feature  

Boosted 

Trees 

Bagged 

Trees 

RUSBoosted 

Trees 

Subspace 

Discriminant 

Subspace 

KNN 

 



Table 5.9

5.2    Conclusion 
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