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ABSTRACT 

This paper provides a comparative analysis of soil moisture measurement using 

capacitive soil moisture sensors of various dimensions. Some methods use soil 

moisture sensing probes of various dimensions to study their response to different 

levels of moisture content. A gravimetric and volumetric technique is used to 

calibrate a capacitive soil moisture sensor in this study. A NodeMCU 8266 system is 

used to compare sensor characteristics such as response, sensitivity, and stability 

over different ranges of soil moisture content in order to select the best probe for soil 

moisture measurement applications involving a range of soil moisture level values 

that can be calibrated to the volumetric soil moisture content using gravimetric 

methods using dry and wet soil volume and weight. The project also have to build a 

smart irrigation system using the IoT concept which is also cost-effective. This smart 

irrigation system has an analogue multiplexer that adds on an analogue output pin 

for soil moisture sensors so that allowing the water pumps to function appropriately 

watering the plant in different places respectively. To promote the use of green 

energy, the system's power supply will be designed to utilise solar power.  Finally, 

using an automatic irrigation system makes it easier for homeowners and farmers to 

irrigate their land more conveniently. 
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ABSTRAK 

Kertas kerja ini menyediakan analisis perbandingan pengukuran kelembapan 

tanah menggunakan penderia lembapan tanah kapasitif pelbagai dimensi. 

Sesetengah kaedah menggunakan probe pengesan kelembapan tanah pelbagai 

dimensi untuk mengkaji tindak balasnya terhadap tahap kandungan lembapan yang 

berbeza. Teknik gravimetrik dan isipadu digunakan untuk menentukur penderia 

lembapan tanah kapasitif dalam kajian ini. Sistem NodeMCU 8266 digunakan untuk 

membandingkan ciri penderia seperti tindak balas, kepekaan dan kestabilan ke atas 

julat kandungan lembapan tanah yang berbeza untuk memilih probe terbaik untuk 

aplikasi pengukuran kelembapan tanah yang melibatkan julat nilai tahap 

kelembapan tanah yang boleh ditentukur kepada kandungan lembapan tanah isipadu 

menggunakan kaedah gravimetrik. Projek itu juga perlu membina sistem pengairan 

pintar menggunakan konsep IoT yang juga menjimatkan kos. Sistem pengairan 

pintar ini mempunyai pemultipleks analog yang menambah pin keluaran analog 

untuk penderia kelembapan tanah supaya membolehkan pam air berfungsi dengan 

sewajarnya menyiram tumbuhan di tempat yang berbeza masing-masing. Untuk 

menggalakkan penggunaan tenaga hijau, bekalan kuasa sistem akan direka bentuk 

untuk menggunakan tenaga solar. Akhirnya, menggunakan sistem pengairan 
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automatik memudahkan pemilik rumah dan petani untuk mengairi tanah mereka 

dengan lebih mudah. 



iv 

 

ACKNOWLEDGEMENTS 

In the name of God, the most humble, the most gracious, with the greatest praise 

to God for successfully completing this final year project for without difficulty.  

I would also take my opportunity to express my gratitude to my supervisor, Dr. 

Norizan Bin Mohamad for his patient guidance, constructive recommendations, and 

useful critiques in the designing, developing, testing, and documentation of 

throughout this entire flow of this Project. I am so grateful for him to be my 

supervisor. Besides, we would like to offer special thanks to our friends that always 

give a helping hand whenever necessary either directly or indirectly. Last but not 

least, we wish to thank our parents for their support and encouragement throughout 

our study. Furthermore, we do believe that there is a lack and unintended mistake. 

Thus, with these opportunities we would like to seek apology for any insolence 

during development of this project. Lastly, we would like to thank our beloved 

faculty for giving us this golden chance to make our project as a part of the program 

at this prestige Universiti Teknikal Malaysia Melaka (UTeM). We also hope that this 

project will be helpful towards present and future generation to have an idea to 

innovate more useful technology in our society and for the good of the 

modernization world. 



v 

 

TABLE OF CONTENTS 

Declaration i 

Approval i 

Dedication i 

Abstract i 

Abstrak ii 

Acknowledgements iv 

Table of Contents v 

List of Figures ix 

List of Tables xiv 

List of Symbols and Abbreviations xvii 

List of Appendices xxi 

CHAPTER 1: INTRODUCTION 1 

1.1 Background Study 1 

1.2 Problem Statement 3 



vi 

 

1.3 Objective 4 

1.4 Scope of Work 5 

1.5 Limitation of Project 6 

CHAPTER 2 BACKGROUND STUDY 7 

2.1 Document Review 8 

2.1.1 Document Review for Analysis of the Capacitive Soil Moisture 

Performance. 8 

2.1.2 Document Review for Analysis of the Smart Irrigation System. 10 

2.2 Primary Research 12 

2.2.1 Soil Moisture Sensor (SMS) 12 

2.2.2 Resistive Soil Moisture Sensor: 12 

2.2.3 Capacitive Soil Moisture Sensor: 14 

2.2.3.1 Theory of Capacitive Operation 15 

2.2.3.2 Capacitor and Dielectric Theory 17 

2.2.4 Types of the soils 20 

2.2.4.1 Silty Soil 22 

2.2.4.2 Peaty Soil 22 

2.2.5 Soil Water Content Measurements 23 

2.2.6 NodeMCU ESP 8266 25 

2.2.7 12v Dc Water Pump Motor 27 

2.2.8 16 Channel Analog Multiplexer (Cd74hc4067) 28 



vii 

 

2.2.9 4-Channel 5v Relay Module 30 

2.2.10 18v/10w Solar Panel 31 

2.2.11 12v Rechargeable Battery4-Channel 5v Relay Module 33 

2.2.12 Solar Controller Charger 35 

2.2.13 Software Implementation 36 

2.2.13.1 Arduino Ide 36 

2.2.13.2 Blynk Application 37 

CHAPTER 3 39 

3.1 Flow Chart of the Project 40 

3.2 Concept of the Operation for Analysis Part 43 

3.3 Soil Water Content (SWC) 43 

3.3.1 Gravemetric and Volumetric 44 

3.3.2 Gravemetric and Volumetric Equation 44 

3.3.3 Step to handle Gravimeric and Volumetric Experiment Calibration 

Procedure 46 

3.4 Problem in the Sensor Design 48 

3.5 Integration and Test Sensors 53 

3.6 Design Overview of the smart irrigation system 59 

3.7 Block Diagram of Operation Project 61 

CHAPTER 4 RESULT AND DISCUSSION 64 

4.1 Stability and Position the Depth of The Soil Moisture Sensor 65 



viii 

 

4.2 Sensitivity of the Soil Moisture Sensor 72 

4.2.1 Step to Conduct the Sensitivity of the Soil Moisture Sensor for 

Experiment 2 73 

4.3 Gravimetric and Volumetric Approach 79 

4.4 Evaluating the Amount of Moisture Based on the Passing of Time for 

Experiment 4 88 

4.5 Assessing the Performance of the Smart Watering System Based on Sensor 

Output for Experiment  5 91 

4.6 Smart Watering System Coding 94 

4.6.1 Coding for Each Component 94 

4.6.2 Full Coding of the smart irregation system 96 

CHAPTER 5 CONCLUSION AND FUTURE WORKS 99 

5.1 CONCLUSION 99 

5.2 FUTURE WORKS 103 

REFERENCES 105 

APPENDICES 111 

  



ix 

 

LIST OF FIGURES 

No     List of Figures                    Page  

 

1.  Figure 2.2.1: Soil moisture sensor                                               14 

 

2. Figure 2.2.2 Capacitive Soil Moisture Sensor                              15 

 

3. Figure 2.2.3: A capacitive soil moisture sensor v2.0                    18 

 

4. Figure 2.2.4. (a) Older and (b) more contemporary                      18 

 soil moisture sensors v.1.2.   

 

5. Figure 2.2.5: Parallel-Plate Capacitor                                           19 

 

6. Figure 2.2.6: Planar Capacitance from                                          20 

Moisture in Soil                                  

 

7. Figure: 2.2.7: Name of the soils                                                     22 

      

8. Figure: 2.2.8:  Peaty and Silty Soil used                                        22 

for Experiment   

 

9. Figure 2.2.9: Detail inside Soil Content                                         25 

Measurements  

 

10. Figure 2.2.10: NodeMCU ESP 8266                                             26 

 

11. Figure 2.2.11: Chip Function Block Diagram                                27 



x 

 

 Nodemcu ESP 8266 

 

12. Figure 2.2.12: Gpio Layout                                                            27 

 

13. Figure 2.2.13: 12v Water Pump Motor                                          28 

 

14. Figure 2.2.14: Multiplexer (Cd74hc4067)                                     29       

 

15. Figure 2.2.15: Relay Module                                                          31 

 

16. Figure 2.2.16: Relay Module Schematic                                        32 

 

17. Figure 2.2.17: Solar Panel                                                              32 

 

18. Figure 2.2.18: Pv Panel                                                                  34 

 

19. Figure 2.2.19: Rechargeable Battery                                              34 

   

20.  Figure 2.2.20: Solar Controller Charger                                       36 

 

21. Figure 2.2.21: Arduino Programmer                                              38 

 

22. Figure 2.2.22: Blynk                                                                       38 

 

23. Figure 2.2.23: Blynk Working Ways                                              39 

 

24. Figure 3.3.1: Drying air in Air                                                        47 

 

25. Figure 3.3.2: Measuring water Cylinder                                         47 

 

26. Figure 3.3.3: Soil Dry and Wet soil                                                48 

 

27. Figure 3.3.4: Weighing machine                                                     48 

 

28. Figure 3.3.5:  Oven for drying the soil                                            49 

    

29. Figure 3.4.1: Resistive soil moisture with comparator                    50 

 

30. Figure 3.4.2: Soil moisture sensor module                                      50 

 

31. Figure 3.4.3: Capacitive Soil Sensor                                                51 

 

32. Figure 3.4.4: Schematic diagram of Capacitive soil sensor             52 

 



xi 

 

33. Figure 3.4.5: The waveform produced by the TL555I                     53 

which is 3.3 volts  

 

34. FIGURE 3.5.2: Testing Voltage Supply of Solar Panel                    56 

 

35. Figure 3.5.3: Testing Relay                                                                57 

 

36. Figure 3.5.4: CMS Connection                                                          58 

 

37. Figure 3.5.5: RSM Connection                                                          58 

   

38. Figure 3.5.7: Raw count data output                                                  59 

 

39. Figure 3.5.7:  Using Multimeter Measure the Voltage                     60 

 

40. Figure 3.6.1:  Design Overview                                                         61 

 

41. Figure 3.6.2: Schematic of Multiplexer Connection                          61 

Design                

 

42. Figure 3.6.3: Prototype                                                                       62 

 

43. Figure 3.6.4: Complete Prototype of Smart Irrigation System           62 

  

44. Figure 3.6.7: Project Operation Block Diagram                                 63 

 

45. Figure 3.6.8: IOT System Overview                                                  64 

 

46. Figure 3.6.9: Blynk Application                                                         65 

 

47. Figure 4.1.1:  Output graph of stability sensor                                   69 

readings of CSM and RSM sensor   

 

48. Figure 4.1.1:  Output graph of stability sensor                                   69 

readings of CSM and RSM sensor on Air   

 

49. Figure 4.1.2: The testing image of CSM(a) and                                 69 

 RSM(b) sensor on Air   

 

50. Figure 4.1.3: Output graph of stability sensor in                                70 

water readings of CSM and RSM sensor in (a)25% deep,                       

(b) 50% deep and (c)75% deep and (d) 100% deep.    



xii 

 

 

 

51. Figure 4.1.4: The dry and statured level of the Peaty and                  71 

Silty soil.   

 

52. Figure 4.1.5: Output graph of stability sensor in                                72 

dry Peaty soil   

   

53. Figure 4.1.6: Output graph of stability sensor in dry                         72 

Silty soil          

 

54. Figure 4.1.7: Output graph of stability of sensors in                          73 

dry Peaty soil       

 

55. Figure 4.1.8: Output graph of stability of sensors in                          74 

 dry Silty soil      

 

56. Figure 4.2.1: Using Multimeter take voltage value reading               76 

 

57. Figure 4.2.2:  Soil Samples for Experiment 2                                    77 

 

58. Figure 4.2.3:  Output graph for Raw count value for                         78 

 two CSM and two RSM sensor in Peaty soil        

 

59. Figure 4.2.4: Output graph Multimeter Voltage value                       79 

 in peaty soil     

 

60. Figure 4.2.5:  Output graph for Raw count value for                         80 

two CSM and two RSM sensor in silty soil     

       

61. Figure 4.2.6:  Output graph for Raw count value and                        81 

Multimeter Voltage in silty soil      

 

62. Figure 4.3.1:  Graph GWC against VWC of Experiment 3                86 

 

63. Figure 4.3.2:  Graph GWC against VWC of experiment 3                86 

in Silty Soil      

 

64. Figure 4.3.3:  Graph for the raw count value in Peaty soil                 87 

of GWC% level     

 

65. Figure 4.3.4:  Graph for the raw count value in Silty soil                  88 



xiii 

 

of GWC% level      

 

66. Figure 4.3.5:  Graph for the raw count value in Peaty soil                 90 

of VWC level   

     

 

67. Figure 4.3.6:  Graph for the raw count value in Silty soil                  91 

 of VWC level      

 

68. Figure 4.4.1:  Data collection for the response of                              92 

 capacitive and resistive sensor      

 

69. Figure 4.4.2:  Graph output of Time against GWC%                         93 

 

70. Figure 4.4.3:  Graph for the output of Raw count data                       93 

in GWC% of the soil.     

 

71. Figure 4.5.1:  Prototype Smart Home Irrigation System                    95 

 

72. Figure 4.5.2:  Graph of the day time against the moisture                 96      

  level of the GWC      

73. Figure 4.5.3:  Graph for the raw count value in Silty soil                  97 

of VWC moisture level       

 

74. Figure 4.6.1: Capacitive Soil Moisture Sensor                                   98  

 

75. Figure 4.6.2: 16 Channel Analog Multiplexer (Cd74hc4067)           98 

 

76. Figure 4.6.3: Water Pump Motor                                                       99 

 

77. Figure 4.6.4: Blynk                                                                             99 

 

 

  



xiv 

 

LIST OF TABLES 

No     List of Tables                        Page  

 

1. Table 2.1: Document Review for analysis of the                             8 

capacitive soil moisture performance   

 

2. Table 2.2: Document Review for analysis of the                           10 

 automatic irrigation system    

 

3. Table 2.3: Specification Soil moisture sensor                               15 

 

4. Table 2.4: Specification Capacitive moisture sensor                     17 

                      

5. Table 2.5: Specification NodeMCU ESP 8266                             27                           

 

6. Table 2.6: Binary Value for Each Channel                                    30 

 

7. Table 2.7: Specifications of Multiplexer (CD74HC4067)             31  

 

8. Table 2.8: Solar Panel Selection                                                    33 

 

9. Table 2.9: Specification 10-Watt 18v Polycrystalline                   33 

 

10. Table 2.10: Battery Specification                                                  35 

 

11. Table 3.1: Research Procedure                                                      44 

 



xv 

 

12. Table 3.2: Gravimetric and Volumetric Explanation                     45 

 

13. Table 3.3: Detail Specification of CSM and RSM sensor             53 

 

14. Table 3.4: Wire Connection Capacitive Soil                                 55 

Moisture Sensor    

       

15. Table 3.5: Function of Project Operation                                      63 

 

16. Table 3.6: Blynk App Guide                                                          65 

 

17. Table 4.1: Raw count value of CSM and RSM                             68 

sensor depth of soil 

 

18. Figure 4.1.1:  Output graph of stability sensor readings                69 

of CSM and RSM sensor. 

 

19. Table 4.2: Raw count value of CSM and RSM sensor.                 70 

 

20. Table 4.3: Raw count value of CSM and RSM sensor                  71 

for Peaty Soil   

 

21. Table 4.4: Raw count value of CSM and RSM sensor                  72 

for Silty Soil.     

 

22. Table 4.5: Raw count value of CSM and                                       73 

RSM sensor for wet Peaty Soil.      

 

23. Table 4.6: Raw count value of CSM and RSM sensor                  73 

for wet Silty Soil.        

 

24. Table 4.7: Raw count value of two CSM and two RSM              78 

sensor in different moisture level Peaty soil.    

 

25. Table 4.8: Output Voltage of Raw count value and                     79 

Multimeter in silty soil    

 

26. Table 4.9: Raw count value of two CSM and two RSM               80 

 sensor in different moisture level silty soil    

 

27. Table 4.10: Output Voltage of Raw count value and                    81 

Multimeter in silty soil      

 

28. Table 4.11: Experiment 3 in Peaty Soil                                        85 



xvi 

 

 

29. Table 4.12: Experiment 3 in Silty Soil                                          86 

 

30. Table 4.13: Raw count value in Peaty soil of                                87 

GWC% level                     

 

31. Table 4.14: Raw count value in Silty soil of                                 88 

 GWC% level                        

 

32. Table 4.15: Raw count value in Peaty soil                                    89 

of VWC level                

           

33. Table 4.16:  Raw count value in Silty soil                                    90 

of VWC level                           

 

34. Table 4.17:  Experiment 4 of output data                                      92 

 

35. Table4.18: Experiment 5 output data in Peaty Soil                       95               

 

36. Table 4.19: Output of Raw count value in Peaty                           96 

soil of different VWC moisture level    



xvii 

 

LIST OF SYMBOLS AND ABBREVIATIONS 

A  -  Ampere  

A  - Area of plate 

A0 -           Analog Output  

ADC -  Analog-to-digital converter 

A/D -  Analog-to-digital  

AC -  Alternating current 

C  -  Capacitor  

COM -  Common 

CSM -  Capacitive Soil Moisture Sensor  

CMOS - Complementary metal-oxide-semiconductor  

°C      -        Degree Celsius 

d  -  Distance  

D  -  Duty cycle  

DC    - Direct current 

(DIP) - Dual in-line package  

ESP -  Electronic stability program 



xviii 

 

E      -       Electric field 

F  -  Farad  

f  -  Frequency  

GWC - Gravimetric Water content 

GPIO -  General Purpose Input/Output 

G       -      Geometric 

GND -  Ground 

g       -        Gram 

Hz     -        Hertz 

IoT    -         Internet of things 

IC     -          Integrated circuit 

L  -  Inductor  

LED  -         Light-emitting diode 

M  -  Mega (x106)  

ml     -        Milliliter 

μ  -  Micro (x10-6)  

mwet -  The measured mass of the soil (wet or dry) 

ms –  The measured mass of the dry soil 

MCU - Microcontroller unit 

mA    -         Milliampere 

Mm   -        Millimeter 

Mw –- Mass of water 

Ms-  Mass of soil 

 


