
PERPUSTAKAAN UMP 

I	 1111111111111 
0000116477 

INTELLIGENT CLASSIFICATION OF AMMONIA CONCENTRATION 

BASED ON ODOR PROtILE 

MUHAMAD FARUQI BIN ZAHAPJ 

Thesis submitted in fulfillment of the requirements 

for the award of the degree of 


Master of Engineering in Instrumentation 

Faculty of Electrical and Electronics Engineering

UNIVERS ITT MALAYSIA PAHANG 

SEPTEMBER 2016



TABLE OF CONTENT

Page 

DECLARATION 

TITLE PAGE	 i 

ACKNOWLEDGEMENTS	 iii 

ABSTRACT	 iv 

ABSTRAK	 v 

TABLE OF CONTENT	 vi 

LIST OF TABLES	 xi 

LIST OF FIGURES	 xii 

CHAPTER 1	 INTRODUCTION	 1 

1.1	 Introduction	 1 

1.2	 Research Background	 1 

1.3	 Problem Statement	 2 

1.4	 Research Objectives	 2 

1.5	 Research Scope	 2 

1.6	 Thesis Layout	 3 

CHAPTER 2	 LITERATURE REVIEWS	 5 

2.1	 Introduction	 5 

2.2	 Environmental of water pollution 	 5 

2.2.1 Water Pollution	 6



2.2.2	 Ammonia gas in wastewater 8 

2.2.3	 Ammonia Basic Reaction 10 

2.2.4	 Standard Method for Ammonia Detection 10 

2.3 Signal Processing and Analysis 11 

2.3.1	 Electronic Nose (e-nose) 11 

2.3.2	 Normalization 13 

2.3.3	 Boxplot 13 

2.3.4	 Regression 14 

• 2.3.5	 Statistical Features 15 

2.3.6	 Calibration Curve Technique 15 

2.3.7	 Proximity Matrix 16 

2.4 Intelligent Classification 16 

2.4.1	 Ratio of Data Splitting 17 

2.4.2	 Artificial Neural Network (ANN) 17 

2.4.3	 Case Based Reasoning (CBR) 19 

2.4.4	 Confusion Matrix 20 

2.4.5	 Performance Measure of ANN and CBR 20 

2.5 Summary 20 

CHAPTER 3	 METHODOLOGY 21 

3.1 Introduction 21 

3.2 Sample Preparations 22 

3.2.1	 Ammonia Solution Sample Preparation 23 

3.2.2	 Experimental Setup 25. 

3.2.3	 Calibration Curve 26 

3.2.4	 Total Nitrogen Test (TNT) Method 27 

3.2.5	 Commercialized Gas Monitoring using Mini-RAE 3000 28 

3.2.6	 E-nose Measurement 29 

3.2.7	 Data Collection 29 

3.3 Feature Extraction 30



3.3.1	 Raw Data Method 30 

3.3.2	 Normalization Method 31 

3.3.3	 Boxplot Technique 32 

3.3.4	 Proximity Matrix Method 34 

3.3.5	 Mean 35 

3.4 Artificial Neural Network (ANN) 36 

3.4.1 ANN Data Preparation 41 

3.4.2 ANN Model for Ammonia Classification 42 

3.4.3 Parameter Optimization 42 

3.4.4 Ammonia solution classification using ANN Model 43 

3.4.5 Confusion Matrix of ANN 43 

3.5 Case- Based Reasoning (CBR) 44 

3.5.1 Data Preparation 48 

35.2 Input Assignment 48 

3.5.3 CBR Setting 48 

3.5.4 Voting 50 

3.5.5 CBR calculation 51 

3.5.6 Confusion Matrix of CBR 52 

3.6 Performance Measure 52 

3.7 Summary 55 

CHAPTER 4 RESULTS AND DISCUSSION 56 

4.1 Introduction 56 

4.2 Ammonia Preparations 56 

4.3 Result of Data Collection 57 

4.4 Signal Processing and Analyzing 59 

4.4.1	 Raw Data 59 

4.4.2	 Normalization Result 61 

4.4.3	 Pattern Visualization 63 

4.4.4	 Boxplot Result 66



4.4.5	 Proximity Matrix Result 68 

4.4.6	 Total Nitrogen Test (TNT) Calibration Curve 74 

4.4.7	 Mini-RAE 3000 Calibration Curve 76 

4.4.8	 Electronic Nose (E-nose) Calibration Curve 78 

4.4.9	 Residuals of Total Nitrogen Test (TNT) 79 

4.4.10 Residuals of Mini-RAE 3000 80 

4.4.11	 Residuals of Electronic Nose (B-nose) 81 

4.5 Artificial Neural Network (ANN) 81 

4.5.1	 Parameter Optimization Result 82 

4.5.2	 Ammonia classification using ANN model 94 

4.5.3	 Result Confusion Matrix of ANN 95 

4.6 Case Based Reasoning 97 

4.6.1	 Data Preparation of CBR 98 

4.6.2	 Input Assignment of CBR 99 

4.6.3	 CBR Setting Result 99 

4.6.4	 Voting Result 100 

4.6.5	 CBR Calculation Result 101 

4.6.6	 Result Confusion Matrix of CBR 102 

4.7 Performance Measure Results 104 

4.7.1	 ANN Performance Measure 104 

4.7.2	 CBR Performance Measure 105 

4.8 Summary. 108

CHAPTER 5	 CONCLUSIONS AND RECOMMENDATIONS
	

109 

5.1	 Conclusion
	 109 

5.2
	

Recommendations
	 110 

REFERENCES
	

111 

APPENDIX A
	

126 



LIST OF TABLES 

Table No.	 Title 

Page 

3.1 Data Collection of E-nose Instrument 30 
3.2 Sample of data measurement 31 
31 Normalization Method 32 
3.4 Boxplot Plotted Data 34 
3.5 Proximity cases 35 
3.6 Mean features 36 
3.7 Data counting for each concentration 41 
3.8 Parameter of ANN Model 43 
3.9 Confusion Matrix 44 
3.10 Case Identification 49 
3.11 Similarity calculation between current case and stored case 50 
3.12 Voting table 51 
3.13 CBR Accuracy Calculation 51 
3.14 ANN Performance Measure 53 
3.15 CBR classifier performance measure 54 
3.16 A summary of classification accuracy 55 
4.1 Ammonia from water dilution summary 57 
4.2 A Sample of data measurement low concentration 57 
4.3 A Sample of data measurement high concentration 58 
4.4 A sample of normalized data for Low concentration sample measurement 62 
4.5 Normalized data for high concentration sample measurement 62 
4.6 A summary of ANN performance 94 
4.7. . Summary of confusion matrix for ANN testing 95 
4.8 Data Preparation 98 
4.9 Example of Similarity Calculation	 .	 . 99 
4.10 Voting rule of three highest similarity percentage 100 
4.11 Accuracy. calculation	 . 101 
4.12 A Statistical Summary of ANN model Classification 104 
4.13 Statistical summary of CBR classifier for 70:30 data splitting 105



LIST OF FIGURES 

Figure No.	 Title 

Page 

2.1 Seven categories of pollution 7 
2.2 Schedule of Discharge Industrial Effluents 9 
3.1 Flow of the project 21 
3.2 Sample Preparation Flowchart 22 
3.3 Experimental Setup 25 
3.4 ANN model defined by n input, in hidden layers and 1 output 37 
3.5 ANN classification flowchart 40 
3.6 CBR cycled 45 
3.7 CBR flowchart	 .47 
4.1 Low Concentration Measurement 59 

4.2 High Concentration Measurement 60 
4.3 Mean of low and high concentration measurement 61 
4.4 Low Concentration Measurement 63 
4.5 High Concentration Measurement 64 
4.6 Normalized response of low concentration of ammonia pattern 65 
4.7 Normalized response of high concentration of ammonia pattern 65 
4.8 Boxplot of low concentration of ammonia from water 66 
4.9 Boxplot of high concentration of ammonia 67 
4.10 Proximity matrix across concentration group 69 
4.11 Proximity matrix within low concentration group 70 
4.12 Proximity matrix within high concentration group 71 
4.13 Proximity matrix across the group. 	 . 72 
4.14 Calibration curve of Total Nitrogen Test 74 
4.15 Goodness of calibration curve of Total Nitrogen Test 74 
4.16 Calibration curve of Mini-RAE 3000 76 
4.17 Goodness of Calibration curve of Mini-RAE 3000 76 
4.18 Calibration curve of E-nose 78 
4.19 Goodness of Calibration curve of E-nose 	 . 78 
4.20 Residuals of calibration curve for Total Nitrogen Test 79 
4.21 Residuals of calibration curve of Mini-RAE 3000 80 
4.22 Residuals of calibration curve for Enose 	 . . 81 
4.23 Training sum squared error (SSE) of number of hidden layer. neurons 
70:30 . 82 
4.24 Training sum-square error (SSE) of number of hidden layer with epochs 83 
4.25 Training sum squared error of learning rate 70:30 84 
4.26 Training sum-square error (SSE) of learning rate with epochs 85 
4.27 Training of sum-square error (SSE) with momentum rate 70:30 86 
4.28 Training of sum-square error (SSE) of momentum rate with epochs 87 
4.29 Training sum squared error of number of hidden layer neurons 80:20 88 
4.30 Training sum-square error (SSE) of hidden layer neurons with epochs 89



4.31 Training sum squared error of learning rate 80:20 90 
4.32 Training sum-square error (SSE) of learning rate with epochs 91 
4.33 Training of sum-square error (SSE) with momentum rate 80:20 92 
4.34 Training of sum-square error (SSE) of momentum rate with epochs 93 
4.35 Confusion Matrix of 70:30 data splitting 96 
4.36 Confusion Matrix of 80:20 data splitting 97 
4.37 Confusion Matrix of CBR classifier 103



PERPUSTAKAAN UMP 

I	 1111111111111 
0000116477 

INTELLIGENT CLASSIFICATION OF AMMONIA CONCENTRATION 

BASED ON ODOR PROtILE 

MUHAMAD FARUQI BIN ZAHAPJ 

Thesis submitted in fulfillment of the requirements 

for the award of the degree of 


Master of Engineering in Instrumentation 

Faculty of Electrical and Electronics Engineering

UNIVERS ITT MALAYSIA PAHANG 

SEPTEMBER 2016



ABSTRACT 

This thesis presents the 'intelligent classification of ammonia concentration based 

on the standard of oil and gas industries wastewater discharge. The intelligent classification 

using signal processing is a well-known technique in many applications and as well in the 

oil and gas industry. The intelligent classification technique for ammonia concentration 

classification is a demanding technique especially in the environmental sector. Ammonia 

solution properties and ammonia solution preparations were studied in this thesis which 

commonly used in industry. The objectives of this thesis are to develop an intelligence 

classification of ammonia concentration based on the oil and gas industry wastewater 

discharge schedule and to analyze performance of the intelligent classification of ammonia 

concentration based on the oil and gas industry wastewater discharge schedule. In this 

thesis the ammonia odor profile has been pre- identified by chemist using four sensor array. 

The ammonia concentration was validated using a commercialized gas sensor and 

spectrophotometer to cross-validated e-nose instrument. The odor profile from two 

different samples; high (20 ppm and 25 ppm) and low (5 ppm, 10 ppm and 1 5ppm) 

concentration that have been normalized and visualized in a 2D plot to extract the unique 

patterns. The variance of the low and high concentration of ammonia odor profile has been 

identified as different group samples. This group samples have been analyzed statistically 

using Boxplot, calibration curve and proximity matrix, The thesis describes the statistical 

techniques to visualize the pattern and using mean features to classify between the low and 

high concentration. Two intelligent classification techniques have been used which are 

Artificial Neural Network (ANN) using the back-propagation approaches and then, the 

result of ANN model was cross-validated.using CBR. Both ANN model and CBR classifier 

have been measured using several performance measures. From the results, it is observed 

that ANN model and CBR classifier are capable of classifying 100% of ammonia 

concentration odor profile from the water. The results can also significantly reduce the cost 

and time, and improve product reliability and customer confidence.



ABSTRAK 

Tesis mi membentangkan kiasifikasi pintar ammonia dari sisa air buangan 

berdasarkan standard industri minyak dan gas. Pengelasan pintar menggunakan 

pemprosesan isyarat adalah satu teknik yang terkenal dalam pelbagai aplikasi dan juga 

dalam industri minyak dan gas. Teknik pengelasan pintar untuk pengelasan ammonia 

adaláh teknik yang ditunggu-tunggu terutama dalam sektor alam sekitar. Ciri-ciri 

Ammonia solution dan persediaan ammonia solution telah dikaji dalam tesis mi adalah 

yang biasa digunakan dalam industri. Objektif projek mi adalah untuk membangunkan 

kiasifikasi pintar ammonia daripada sisa air buangan berdasarkan pada industri minyak dan 

gas mengikut pelepasan sisa air buangan yang telah ditetapkan oleh Jabatan Alam Sekitar 

(JAS) dan untuk menganalisis prestasi kiasifikasi pintar ammonia daripada sisa air btiangan 

berasaskan minyak dan gas industni. Dalam tesis mi profil bau ammonia telah pra 

dikenalpasti oleh ahli kimia menggunakan empat sensor pelbagai. Kepekatan ammonia 

telah disahkan menggunakan sensor gas yang telah dikomersialkan untuk silang 

pengesahan menggunakan E-nose. .Profil bau dari dua sampel berbeza; Kepekatan yang 

tinggi dan rendah telah dibiasakan dan digambarkan dalam plot 2D untuk mendapatkan 

corak yang unik. Kepelbagaian kepekatan rendah dan tinggi bagi profil bau ammonia telah 

dikenal pasti sebagai kumpulan sampel yang berbeza. Ii kumpulan sampel telah dianalisis 

menggunakan Boxplot, Calibration Curve dan Proximity matrix sebagai teknik statistik. 

Tesis menerangkan teknik statistik untuk menggambarkan corak dan menggunakan ciri-

ciri min untuk mengklasifikasikan antara kepekatan rendah dan tinggi. Dua teknik 

kiasifikasi pintar te!ah digunakan iaitu Rangkaian Neural Buatan (ANN) menggunakan 

pendekatan back-propagation. Kemudian, hasil daripada model ANN adalah untuk silang 

pengesahan menggunakan 'Case-Based Reasoning' (CBR). Kedua-dua pengelasan pintar 

bagi model ANN dan pengelas CBR telah diukur menggunakan beberapa prestasi. 

Daripada keputusan, didapati bahawa model ANN dan CBR pengelas mampu untuk 

mengklasifikasikan 100% daripada profil bau kepekatan ammonia. Keputusan 

menunjukkan bahawa E-nose mampu inengurangkan kos dan masa ke pasaran, dan 

meningkatkan kebolehpercayaan produk dan keyakinan pelanggan.
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