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ABSTRACT 

 

Over the past quarter century, there has been an exponential increase of 

industries, transportation, and agriculture activities. They have caused complex and 

serious problems to environmental pollution. So to provide better indoor environment 

to the occupants it becomes necessary that built environment should be continuously 

monitored. Hence, there is a growing demand for indoor environment monitoring and 

control systems. 

An indoor environment monitoring system (IEMS) for monitoring the 

concentrations of indoor air pollutant gases and indoor environmental parameters has 

been developed in compliance with the IEEE1451.2 standard. The sensor array is 

implemented using electrochemical sensors.  The smart transducer interface module 

(STIM) is implemented using the PIC18F4550 microcontroller. Network capable 

application processor (NCAP), implemented in LabVIEW 9.0, and is based on the 

IEEE 1451.1 standard. NCAP is connected to the STIM via a USB 2.0 transducer 

independent interface. The level of indoor environment parameters and information 

regarding STIM can be seen on the graphical user interface (GUI) of the NCAP. 

Sensors are recalibrated using the potentiometer adjustment technique of signal 

conditioning circuits.  The IEMS is low cost, energy efficient, and portable. 

Another important area is the real time processing applications. These are 

highly dependent on data acquisition which quite often suffers from the problem of 

missing input variables. Two techniques have been proposed as a solution to the 

problem of missing input variables for short durations. These are the radial basis 
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function (RBF) based artificial neural network (ANN) and the linear regression 

analysis (LRA).  

Thermal comfort is one of the most important applications based on data 

collected by the developed IEM system. In this work, we tried to define the thermal 

comfort index using ASHRAE55-2004 and ISO7730 standard calculation procedure. 

In conclusion, important contributions of the work are summarized. Scope of 

further work in this area is finally outlined. 

 



 vii 

TABLE OF CONTENTS 
 
 
Certificate i 

Acknowledgements iii 

Abstract v 

List of Figures xi 

List of Tables xv 

List of Abbreviations and Symbols xvii 

 
 
CHAPTER 1  INTRODUCTION 1-23 

1.1   Preface 1 

1.2 Sensors and Gas Sensors 3 

1.3 Electrochemical Gas Sensor 4 

 1.3.1  Theory of Operation 5 

1.4 Signal Conditioning of Electrochemical Gas Sensor 8 

 1.4.1  Control Circuit 8 

 1.4.2  Current Measuring Circuit 9 

 1.4.3  Function of JFET 10 

1.5 Smart Sensor System 11 

1.6 IEEE 1451 Standard and Family Structure 13 

1.7 Comparison between Analytical Instruments and Gas Sensors  13 

1.8 Indoor Air Pollution and Indoor Air Quality Standard 15 

1.9 Thermal Comfort Index 17 

1.10 Introduction to LabVIEW 19 

1.11 Objectives of the Thesis 21 

1.12 Chapter-wise Overview 22 

   
CHAPTER 2  LITERATURE REVIEW 25-53 

2.1 Introduction 25 



 viii 

2.2  Environment Monitoring System 26 

2.3 Adaptive Estimation of Missing Environmental Parameters 36 

2.4 Applications of IEM System 42 

2.5 Conclusions 50 

   
CHAPTER 3  DEVELOPMENT OF LOW COST AND ENERGY       

EFFICIENT REAL TIME IEM SYSTEM 

55-116 

3.1 Introduction 55 

3.2 Development of IEM System 56 

3.3 Development of Smart Transducer Interface Module (STIM) 57 

3.4 Design and Development of Sensor Module 59 

 3.4.1  Sensor Array 59 

 3.4.2  Sensor Signal Conditioning 59 

 3.4.3  CO-CF Sensor Module 61 

 3.4.4  SO2-D4 Sensor Module 63 

 3.4.5  CO2 Sensor Module 65 

 3.4.6  O2 Sensor module 66 

 3.4.7   NO2 Sensor Module 68 

 3.4.8  Temperature Sensor Module 70 

 3.4.9  Humidity Sensor Module 72 

 3.4.10 SO2-BF Sensor Module 73 

 3.4.11 Noise Reduction of the Developed Module 75 

3.5 Development of MMC Interface Module 75 

 3.5.1  Operation of the MMC in SPI Mode 76 

 3.5.2  Structure of Transducer Electronic Data Sheet  78 

3.6 Implementation of the Transducer Independent Interface (TII) 82 

3.7 General Protocols 87 

3.8 The STIM Kernel-Main Control Program 88 

3.9 The NCAP Program 93 



 ix 

3.10 Calibration of the Sensors 108 

3.11 Results and Discussions 109 

3.12 Conclusions 115 

   
CHAPTER 4  ADAPTIVE ESTIMATION OF MISSING   

ENVIRONMENTAL PARAMETERS 

117-140 

4.1 Introduction 117 

4.2 Methodology 118 

 4.2.1  The Nature of Missing Data 118 

4.3 Artificial Neural Network Technique 120 

 4.3.1 Basics of Artificial Neural Networks (ANN) and Radial     

Basis function (RBF) 

120 

 4.3.2  Radial Basis Function (RBF) Based ANN 120 

 4.3.3  MATLAB based Neural Network Toolbox Graphical User 

Interface 

121 

 4.3.4  RBF based ANN Architecture for Missing One Parameter 122 

 4.3.5  RBF based ANN Architecture for Missing Two Parameters 124 

4.4 Regression Analysis 127 

 4.4.1  One Missing Parameter 129 

 4.4.2  Two Missing Parameters 135 

4.5 Results and Discussions 138 

4.6 Conclusions 139 

   
CHAPTER 5  An Application of IEM System 141-160 

5.1 Introduction 141 

5.2 Methodology of the Study 142 

 5.2.1  Subjective Approach 144 

 5.2.2  Objective Approach 146 

5.3  Development of an Adaptive Prediction Formula for PMV 

Estimation 

147 



 x 

5.4 Measurement Error 150 

 5.4.1  Physical Variable 150 

 5.4.2  Clothing Insulation 151 

 5.4.3  Activity Level 152 

5.5 Results and Discussions 152 

5.6 Conclusions 159 

   
CHAPTER 6  CONCLUSIONS AND SCOPE OF FUTURE WORK 161-166 

6.1 Conclusions 161 

6.2 Scope of Future Research  165 

   
References 167 

Appendix I 191 

Appendix II 193 

Appendix III 197 

Appendix IV 199 

Appendix V 201 

Bio-data 203 

List of Publication 204 
 
 
 
 
 
 
 
 
 
 
 


	TH-4098 1
	TH-4098 2
	TH-4098 3
	TH-4098 4
	TH-4098 5
	TH-4098 6
	TH-4098 7
	TH-4098 8
	TH-4098 9
	TH-4098 10

