CONTENT

APPROVAL PAGE

ORIGINALITY STATEMENT

ABSTRACT

PREFACE

ACKNOWLEDGE

CONTENT

LIST OF FIGURE

LIST OF TABLE

I INTRODUCTION

II

1.1
1.2
1.3
1.4
L.5
1.6

Background . . . . .. ..
Problem Formulation . . . ... ... ... .............
Objective . . . . . . . . e
Scopeof Work . . . ... ...
Methodology . . . . . . . . ...

Thesis Structure . . . . . . . . . ...

BASIC CONCEPT

2.1
2.2

2.3

24

Soil Water Content . . . . . . . . .. ... .. ... .. ... ...
Measurement Method of Soil Water Content . . . . . . .. ... ..
2.2.1 Direct Measurement . . . . . .. ... .. .........
2.2.2 Indirect Measurement . . . . .. ... .. ... ... ...
Microstrip Antenna . . . . . . . . .. ..o
2.3.1 Antenna Dimensions . . . .. ... ... ..........
2.3.2 Antenna Parameter . . . . .. ... .. ... ... .....
Dielectric Permittivity - Resonant Frequency relationship . . . . . .
2.4.1 ResonantFrequency . .. ... ... ............
2.4.2 Dielectric Permittivity . . . . ... .. .. ... ... ...

il

ii

iii

il

vi



2.5 Soil Water Content Estimated . . . . . . . . . ... ... ......

IIT RESEARCH METHODOLOGY

3.1 ProposedMethod . . .. ... ... ... .. ............
32 AntennaDesign . . . . . ... ... o
3.2.1 Antenna Specification as Microwave Sensor . . . . . . . ..
3.2.1.1 Antenna Material Selection . . . ... ... ...

3.2.1.2  Calculation of Antenna Dimension . . . . . . ..

3.2.2 Antenna Simulation . . . .. ... ... ... ...
3.2.2.1 Initial Antenna Design Proccess . . . . . . .. ..

3.2.2.2 The Optimization of The Antenna . . . . . . . ..

3.23 Antenna Sensitivity . . . . . . ...

3.2.4 Antenna Realization . .. ... .. ... .. ........

3.3 Extracting Mathematical Formulation Method . . . . . . . ... ..

3.4 Experimental Setup and Experiment Data Collection . . . .. . ..

IV RESULTS AND ANALYSIS

4.1 Mathematical Formulation Approach . . . . . . .. ... ... ...
4.1.1 Variable : Theoretical Approaches . . . . . . ... .. ...
4.1.2 Variable : SimulationData . . . . . ... ... ... ....
4.1.3 Variable : Factor Correction . . . . .. ... ... .....

4.2 Microstrip Antenna Performance . . . . . . .. ... ... .. ...
4.2.1 Fabricated Microstrip Antenna Analysis . . . . . ... ...

4.2.2  Soil Sample Microstrip Antenna Sensing Analysis . . . . .
4.2.2.1 First Scenario Analysis . . . . . ... ... ...

4.22.2 Second Scenario Analysis . . . . ... ... ...

4.3  Analysis experimental result by using gravimetric method . . . . . .

4.4 Investigating Percentage of Soil Water Content . . . . . . ... ..

V CONCLUSION
5.1 Conclusion . . . . . . . . e

5.2 Suggestion. . . ... e
REFERENCE
APPENDIX
A Optimization of Microstrip Antenna Dimension

B Antenna Sensitivity Simulation Result

v

20

21
21
22
24
25
25
26
26
27
33
37
38
39

47
48
48
50
52
58
59
60
61
69

76

80
80
83

84



C Experimental in Laboratory
D Experimental Result for First Scenario

E Experimental Result for Second Scenario



	ACKNOWLEDGE
	CONTENT
	LIST OF FIGURE
	LIST OF TABLE

