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1.  Introduction

Moisture content is a measure of the quantity of water in 
a product. Moisture content provides information about 
texture since increasing level of moisture provides water 
mobility1.

The moisture contents in materials like grains, seeds, 
food products. It is also important factor to determining 

the market price because the dry matter of spices has 
more value than the water it contains2.

Sensor system is an important tool aimed at improving 
soil performance and soil quality. Moisture content in 
soil is essential characteristics in agricultural, civil, and 
hydrology3 and the rectangular patch sensor as given 
Figure 1.
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Figure 1.    Rectangular Patch Sensor.

2.   Principle of Moisture Soil 
Measurement 

The various techniques have been used for measurement 
of microwave properties of materials in the time and 
frequency domain. It was good Measurement accuracy, 
simple, easy to design, dimensions are small and the 
measurement frequency range is as wide possible and it 
has swept frequency capability4-6.

The different types of the techniques have been used 
such as Transmission/Reflection techniques, Cavity 
resonator techniques, Slotted line techniques, Free-
space techniques etc. In all the method, the preparation 
of the sample usually take much more time than the 
actual process of measurement but in the free space 
technique will eliminate the primary step of preparing 
the sample before measurements. It results in saving the 
time for measurements besides this increase in speed and 
simplicity the advantages were that there are no errors. It 
was used for measure the dielectric properties of moist 
popular materials at microwave frequencies. It was very 
useful in terms of non-destructive and non-contact 
measurement of the moisture content7-10.

The design has been proposed used by free space 
technique for the measurement of complex permittivity 
of wheat over a very broad frequency range11.

The method for dielectric properties and moisture 
sensor measurement of the seeds were introduced in 
terms of direct method and indirect method. Mostly, the 
proposed designs were introduced by the direct method. 
Water is an important component of many natural and 
man-made material understanding water behavior is 
fundamental in improving and preserving the quality of 
many of materials12-15.

RF/Microwaves technique was the direct method 
which was more suited for rapid determination of 
moisture content for automated industrial process and 
growing need for real time decision making16-20.

The moisture content expressed as -
M (%) = {Mw/Mw+Md}*100
Here,
Mw = Mass of water
Md  = Mass of dry material

3.  Sensor Configuration

The rectangular patch sensor is fabricated using the 
microstrip line feeding method and used FR4 substrate. 
The patch sensor is designed to provide dual resonant 
frequencies at the frequency between 4GHz to 5GHz by 
using the CST software.

The proposed is designed is a minimum sample 
thickness required to assume an infinite medium are 
investigated based on analysis and simulation results. The 
length and width of the ground and patch is 30mm and 
25mm as well as three slotted on the patch for accuracy. 
The proposed is designed as given Figure 2.

Figure 2.    Conventional of Rectangular Patch Sensor.

The proposed is designed with the result by using 
the CST software. The simulation results are got between 
4GHz to 5GHz as well as good return loss for measuring 
the moisture of soil, magnitude and the phase of sensor as 
shown Figure 3, 4, 5.
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The conventional design is modified a rectangular 
patch sensor for getting the more accuracy with the 
minimum time. In this design four slotted on the patch. 
The length and width of the patch is 25mm as shown 
Figure 6.  

The result is simulated between 2GHz to 5GHz as 
well as triple resonant frequencies which will be used for 
detecting the moisture content measurement as well as 
understood by the magnitude and phase of the modified 
rectangular patch sensor as shown in Figure 7, 8, 9.

Figure 3.    Return Loss of Conventional of Rectangular patch sensor.

Figure 4.    Magnitude of Conventional of Rectangular Patch Sensor.

Figure 5.    Phase of Conventional of Rectangular Patch Sensor.
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Figure 6.    Modified of Rectangular Patch Sensor.

4.  Results and Discussions

The conventional rectangular patch is designed that 
result between 4 GHz to 5GHz but return loss is -22. It 
is measured the soil moisture but there will not be more 
accuracy as well as measurement between the 4GHz to 
5GHz but in the other hand modified rectangular patch 
sensor is also used for detecting the soil moisture but 
this is more beneficial such as it will be get accuracy, 
fastest measurement as well as detecting between the 
2GHz to 5GHz as compare to conventional design. The 
conventional design (a) and modified design (b) as shown 
in given Figure 10 (a). and (b).

Figure 7.    Return loss of Modified Rectangular Patch Sensor.

Figure 8.    Phase of Modified of Rectangular Patch Sensor.

Figure 9.    Phase of Modified of Rectangular Patch Sensor.
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(a)

(b)

(c)

Figure 10.    (a) Conventional of Rectangular Patch Sensor 
(b) Modified of Rectangular Patch Sensor (c) Vector 
Network Analyzer.

The modified rectangular patch sensor are designed 
that result between 2 GHz to 5GHz but return loss is 

-25. The reflection coefficient is important parameter of 
moisture sensor. It will be measured by vector network 
analyzer in microwave laboratory. The part of soldering 
and the quality of SMA connectors are also the important 
factor to affect the deviation of simulation. The vector 
network analyzer is used to measure the transmission 
parameter S12 of the sensor with and without at the desired 
frequency as shown in Figure 10 (c)

5.  Conclusion

The modified rectangular patch sensors are designed and 
analyzed by using the CST software for measuring the 
soil moisture. When the resonant frequency is decreased 
then increase the moisture level. It will be designed for 
measuring the soil moisture with a less time and as well as 
used in triple resonant frequencies. The moisture content 
can be minimum and maximum at different frequencies 
and that can be considered for the better implementation 
of the approach by using the vector network analyzer.  
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