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ABSTRACT

The use of fringing electric field electrode as a moisture sensor in low frequency has
some limitations such as the measured capacitance value was small and it is hard to
differentiate the capacitance value for several moisture level because the capacitance
value are so close. Therefore, understanding the effect of the fringing electric field
physical design and it working frequency on measured capacitance is needed in order
to design a good moisture sensor for automation of water irrigation system. This work
focused on identifying the right numbers of fringing electric field electrode finger and
operating frequency for optimization. The samples were prepared with five different
electrodes which have 5 to 9 electrode fingers and tested with five different moisture
level. The supplied signal was within 100 kHz to 2 MHz operating frequency and
tested in the room temperature. From the experiment, 6 FEF fingers showed the better
result among the other at 900 kHz. The capacitance level has better separation with
insulator compared to without it. The work identified that there are two stages where
capacitance value are measured and choose the slope where it representing the
dielectric of water content as reference. But it requires calibration to set the slope
based on the soil type.
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CHAPTER 1

INTRODUCTION

1.1  BACKGROUND

In agricultural, plant need to be protected from unfavorable climate condition such as
wind, cold, extreme temperature, excessive radiation, precipitation, insect and diseases
(Alexandra & Jose , 2005). Recently, there are a lot of farmer use green house to
create such controlled environment. To record the climate condition, several sensors
are used to collect the data such as temperature sensor, ambient sensor, chemical
sensor and moisture sensor. A modern farmer should analyze the collected data to
make decision whether to add fertilizer, water and others. There is a need to have an
accurate sensor to avoid a wrong data that finally will damage the plant from growing
properly. This work will study the moisture sensor design using capacitive effect of

fringing electric filed (FEF) type electrode for non-destructive test (NDT) application.

1.2 PROBLEM STATEMENT AND ITS SIGNIFICANCE

The output from FEF electrode sensor is very small (in micro farad with 1A and 1V
LCR meter setup). The value is so small and makes it hard to differentiate several
moisture level data in capacitance value. Furthermore, the electrode are printed on
printed circuit board (PCB) that can absorb some amount of moisture that can affect
the reading of the capacitance value that reflex to the moisture level in soil. The
challenge of this study is to design the sensor with enough capacitance value to clearly
differentiate the moisture level and to find a method that able to prevent moisture

entering the PCB material. The material should have a strong structure to make it



strong enough to be inserted into soil, less water absorption rate, low cost and very
low wrapping ratio. For this purpose, a better design of PCB stack-up planning,
copper distribution and fabrication process should be investigated. And the soil
preparation method should be defined to ensure the target moisture level of soil can be

prepared before tested to have an accurate measurement.

1.3 RESEARCH OBJECTIVES
The main objective of this research is to design a prototype of FEF sensor and
preparing the test soil to:
1) Investigate the effect of the numbers of FEF fingers on the measured
capacitance value in soil.
2) Investigate the effect of operation frequency on the measured capacitance
value in soil.
3) Examine the effect of covered FEF element on the measured capacitance

value in soil.

14 RESEARCH METHODOLOGY

The first step deals with the physical design of FEF element. Based on the given
outline, the electrode width, separation and length is selected to have an optimum
capacitance value. From the literature study, the capacitance value will be higher
when the electrode width and length are increase and the separations need to be
reduced. The second step involves the consideration of PCB fabrication which
involves the selection of material, stack-up design and copper distribution. Next step

involves the preparation of soil with the target moisture level (in volumetric water
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Figure 1.1: Research methodology flow chart.



content, VWC). Finally is the method of experiment that was designed to meet the

objective. The flow chart of research methodology is shown in Figure 1.1.

15 SCOPE OF RESEARCH

This research is focusing on the investigation of the effect of FEF fingers and its
operating frequency with the capacitance value of soil in room temperature. The
electrode design of sensor is fabricated on the PCB platform using the Proto-Mat
machine where the process does not involve chemical process to make the prototype
board. It uses the milling process where the copper being cut off to make the
electrode pattern on PCB. The study introduce the method of preparing soil with the
target moisture level (0%, 20%, 30%, 40% and 100% VWC) and introduce the
method of experiment to analyse the relation of frequency, moisture level and
measured capacitance value compared to FEF finger design. The study also
introduces some method to optimize the capacitance reading on the good prototype
element sensor. Finally, the study introduces the function that generated from the
experiment result that can be used to measure the water level of the particular soil type

with the good prototype FEF element.

1.6 DISSERTATION OUTLINE

The dissertation is divided into five chapters. Chapter one is an introduction of
moisture sensor that are used in the greenhouse to create a controlled environment and
discussed on the problem of FEF type moisture sensor that lead to understanding the
effect of some parameter on the measured capacitance value that representing the

moisture level in soil. Chapter two elaborates the recent literature studies related to



this research. Chapter three describes the methodology and procedures of this
research. Chapter four discusses on the findings and analyzes the results obtained
from the experiment. The detailed discussion is provided in this chapter. Chapter five
concludes the findings and summarizes general conclusion and recommendation for

future work based on the present findings.



CHAPTER 2

LITERATURE REVIEW

2.1  INTRODUCTION

Soil is an element that consists of solid (mineral and organic matter), liquid and gas
that exist on the ground. The characteristic was distinguished from the inertial
material due to the result of additions, losses, transfer and transformation of energy
that has ability to support plan in nature (US Department of Agricultural [USDA],
1999). The soil has a different texture and structure base on the size of mixed
particles. This factors effects the soil ability for water retention, absorption and
radiation of energy, soil temperature, colour and textual properties. In order to
measure soil moisture, the dielectric property of complex soil will be used. When the
dielectric property is located in between two electrodes, a conventional parallel plate
capacitor (PPC) is formed and the capacitance value can be measured. With this
concept, the PPC is open up to provide one sided access to the material (soil) and
becoming FEF type electrode as shown in Figure 2.1. This pattern will then fabricate
on PCB that will be uses as a moisture sensor. In this chapter, will be discuss the

literature study of the FEF type soil moisture sensor.
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Figure 2.1: Transition from PPC to FEF Capacitor

2.2 PROPERTY OF SOIL

Soil structure is the mixture of several types of soil particles which determines the
ability to retain the nutrient, gas and water which is important to sustain the plant life.
Soil particle are classified into the soil class name based on the particle sizes and

surface as mention in Table 2.1 (Flaschke & Trankler, 1999).

Table 2.1: Particle size classification

Soil Class Name | Particle Size Specific Surface
Sand 200020 um | 20-200 cm?/g
Silt 20— 2 um 2000 cm?/g
Clay <2um 20000 cm?/g

The combination of those three particles with the weight percentage will create a

different soil textural which determined the different type of soil. United State



Department of Agriculture (USDA) classified the soil texture based on the weight
percentages as illustrated in triangle diagram shown in Figure 2.2 (USDA, 1987).
Each of the corners is representing 100 percentage of sand, silt or clay. Each side of
the triangle is divided into 10 percentage portions of sand, silt and clay. The bold
lines show the divisions of 12 basic soil textural classes which represented by the
small letter alphabets. The textural class of soil are determined by the percentage of

each combination which made the total percentage of 100.
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Figure 2.2: USDA Textural Classes

The complex mixture of soil as per discussion above can be quantified by bulk
density (BD). BD is a volume of soil particle and the volume of pores among particle

which is calculated by dry weight of soil divided by its volume. It is being express as



gram per cubic centimetre (g/cm™). Bulk density is important because it reflects the
soil ability for the structural support, nutrient and water retention, solute movement
and soil aeration (Behari, 2005). Soil with loose and porous will have low bulk
density while the soil that is compact will have high value of bulk density. The bulk
density calculation will be used when preparing the target moisture level or the VWC
of soil for experiment.

The knowledge of soil electrical properties such as conduction and
displacement current is very important in this study. Conduction current in soil is
controlled by the electrical conductivity (affected by soil salinity) and the strength of
electric field. While the displacement current is controlled by the dielectric
permittivity and the time rate change of the electric field (Curtis, 2001). This can be
replaced by a complex relative dielectric permittivity

e=¢+j¢" (2.1)
Soil moisture sensor based on the dielectric properties is not stable because of the
influence of soil texture and structure. It has a great influence on the soil dielectric
properties in low and medium frequency but almost no effect in the high frequency.
To improve the accuracy of the sensor, the selection of the optimal frequency is
important according to the soil texture (Xing, Zheng, Shen, Yang, & Sun, 2010).

Liquid water has a large dielectric constant about 81 and it is due to the
molecule’s ability to align its dipole when applied field. Anything that resists the
molecular rotation and tight binding between soil particles will reduce the constant
value. For example, the dielectric constant of soil mineral is in between ranges from 4
to 14 (Flaschke & Trankler, 1999). The dry soil has molecule that tightly bound.
When water is added at a first stage, the molecules still tightly bounded but introduce

a small increase in dielectric constant. As more water added, the molecules are farther



away from particle surfaces and this increase the dielectric constant of soil. This
shows the effect of soil texture influenced by water behaviour when added to the dry

soil (Schmugge, 1983).

2.3 BASIC OF FRINGING ELECTRIC FIELD

From several studies conducted in the past (Li, Larson, Zyuzin, & Mamishev, 2004),
(Li, Kato, Zyuzin, & Mamishev, 2004), it is understood that dielectric permittivity can
represent the moisture level of soil. When the soil is dry, the dielectric constant
values are smaller than the dielectric constant of the soil that is wet to its saturation.
When the dielectric constant material are positioned between two plating panel, it will
have the structure similar to that of a capacitor. Thus, we can measure the moisture
level or volumetric water content of soil by measuring its capacitance values.

The operating principle of a FEF sensor can be understood in terms of the
more conventional PPC, which is commonly used to measure dielectric properties of
materials. Figure 2.1 shows a gradual transition from the PPC to a fringing field
capacitor. The electrodes of the fringing field capacitor are open up to provide one
sided access to material under test (MUT). The sensor can be fabricated on PCB and
access to soil are one sided. Soil moisture would change the relative permittivity of
the capacitor. Therefore, changes in VWC of the soil would change the capacitance of

the sensor.

2.3.1 Fringing Electric Field Theory
FEF element design is based on one sided access capacitance design. The MUT are

located on the sense side and based on its dielectric constant, the moisture level of the

10



