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Abstract:

The proposed design is analyzed of a pentagon shape of microstrip sensor for determination
the soil moisture measurement. The proposed design is useful in agricultural field as well as
measured the moisture with accuracy and it is designed on FR4 substrate with 1.676
thicknesses. Many methods are used for detecting the moisture but oven drying method is very
cheap and easy to install. A new 2.3 GHz soil moisture sensor using microstrip transmission
line is presented with good return loss -28dB and gain 3.2dB. The main advantages of the
proposed sensor will be its high accuracy, quickness of measurement, low cost and ease of
implementation. Since the sensor has low power consumption.

Motivation/Background: The microstrip moisture sensor is helpful for detecting the moisture
content of soil. The proposed patch sensor design is being beneficial in real time agricultural
field for the determination of soil moisture content (MC). The actual moisture content in soil
is determined using conventional, standard an oven drying method at operating frequency
2.3GHz with compact and low cost. The work has done at frequency range between 1GHz to
2GHz for detecting the soil moisture by using the cavity resonator technique and impedance
bridge technique. These techniques are expensive, complex, no more accuracy and time
consuming.

Method: The proposed design has fabricated on FR4 substrate with 1.676mm thickness. The
simulation analysis has carried out with the help of CST software and the experimental values
will be measured by vector network analyzer. The experiment will be performed on the
samples of soil and the results shows that the proposed method will be able to detect the high
moisture content with high sensitivity and accuracy.

Results: The proposed design, it will be very helpful for agricultural field because of got the
good return loss as well as gain -28dB and 3.2dB at 2.3GHz and it can be fabricated and
measured by the vector network analyzer

Conclusions: The proposed design is analyzed for detecting the moisture content with the
suitable parameters with the help of CST software as well as used the direct (oven drying)
method, this is very easy and less time consuming.

Keywords: Microstrip Sensor; Moisture Content; CST; Vector Network Analyzer; Reflection
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1. Introduction

When water is present in soil is called the soil moisture. The relation of soil and plant growth is
important for plants as well as human beings also. In the other hand if we talk about the
agricultural field soil is the important part of the vegetables, fruits, etc. Suppose when the soil is
not good there is moisture present then we are cropping the plants that soil after sometimes
plants will be decomposed it will be harmful. So, this is important how to check the soil this is
good or not so we can detect the moisture with the help of microstrip patch sensor this process is
very easy and less time consuming. Sometimes, some plants are capable for growing in wet soil
but there will be effect on nutrients, proteins etc. They cannot be balance everything in soil water
contained. The determination of soil water content is the important factor of to improve the
efficiency of the plants growth. For irrigation, time is the important factor. It should be less time
consuming as well as take decision suddenly.

Soil water acts as a nutrient itself. Soil water regulates soil temperature, soil forming processes
and weathering depend on water. Microorganisms require water for their metabolic activities.
Soil water helps in chemical and biological activities of soil. It is a principle constituent of the
growing plant. Water is essential for photosynthesis retention of water by soil: The soils hold
water (moisture) due to their colloidal properties and aggregation qualities. The water is held on
the surface of the colloids and other particles and in the pores.

2. Materials and Methods

The design and analysis of a pentagon shape of microstrip sensor is designed for moisture
measurement at design frequency of 2.3 GHz. The sensor is etched using the substrate FR-4 with
the dielectric constant er=4.4, tand = 0.001 and h= 1.676 as well as defected the ground plane
and cut the circle with outer radius 3mm and inner radius 1mm on patch as shown in figure 1
with the help of CST software and discussed all the parameters which is related to pentagon
shape of moisture sensor as well as define the different parameters such as return loss,
magnitude, phase, gain, smith chart. The antenna parameters are given below:

Table 1: Antenna parameters
Parameters Value
Operating frequency | 2.3GHz
Dielectric substrate FR4
Dielectric constant 4.3
Substrate thickness 1.676
Substrate loss tangent | 0.001

When the plants is absorb more water then they will be decomposed and not grow the vegetables
and fruits so this is important factor firstly check completely the soil there will be cropped the
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plants they will give good results or not they will not be decomposed so this proposed sensor will
be beneficial for detecting the moisture.

Figure 1: Structure of proposed moisture sensor

The microstrip patch antenna is designed with the help of some formulas such as effective
dielectric constant “geff’, dielectric constant of substrate “g”, height of dielectric substrate “h”,
width of the patch “W” and the moisture will be determined with the help of oven drying
method. The moisture content is ratio of the mass of water to dry mass of sample in percentage.

The expression for g iS given as:

o = fl+ Do D)+ )

Where, e = Effective dielectric constant
g = Dielectric constant of substrate
h = Height of dielectric substrate
W = Width of the patch
The dimensions of the patch along its length have now been extended on each end by a distance
AL, which is given empirically-

_ 0412h (seqr + 03) {(3)+ 0264}

A= (ererr— 0.258) {(*2) + 0.8}

-1/2

The effective length of the patch Lesnow becomes:
For a given resonance frequency f, , the effective length is given as
C

Legt = ———
eff 2fc (greff)l/2

For a rectangular Microstrip patch antenna, the resonance frequency for any tmmn mode is given

as-
C (erefr) /2 [(%)2 + (%)2]

fc: 2

Where m and n are modes along L and W respectively.
For efficient radiation, the width W is given below-
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C
W= 2f, {u}

2

The proposed design will be beneficial in agricultural field. The moisture can be detected with
the help of oven drying method. Oven drying method is useful for agricultural field and the
farmers because this technique is very easy and less time consuming. The moisture can be
detected in percentage with the help of percentage moisture formula; it is the ratio of total mass
of water to dry mass of sample. The slot in the ground is affected on the result parameters, when
the slot is in the ground it will be affected on the capacitance and inductance; increased then
return loss will be show the good result.

The complex permittivity also the important parameter of moisture content because the complex
permittivity is interact the material. The coaxial feed 50Q is directly connected to the patch and
no more insertion loss.

3. Results And Discussions

The sensor is designed with defected the ground plane as shown in given figure 2 as well as
discussed all the parameters which is related to sensor and useful for detecting the moisture as
shown in figure 3 to 7. The return loss is good for detecting the moisture -28dB as well as gain is
3.2dB.
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Figure 2: Back side of proposed moisture sensor

The coaxial feed technique is used in this design which is useful for the sensor because this is
easy connect to patch, minimize the spurious radiation, and influence the input impedance. The
two techniques can be used for detecting the moisture direct or indirect method. The direct
method is easy, less time consuming.
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Figure 3: Return loss of proposed moisture sensor
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Figure 4: Magnitude of proposed moisture sensor
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Figure 5: Phase of proposed moisture sensor
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Figure 6: Smith Chart of proposed moisture sensor

51,1 ( 50 Ohm)

Numerically, the moisture can be determined with the help of the calibration equation and
regression. When the regression coefficient value will be increased in any frequency it will be
show the high moisture content at operating frequency. The magnitude reflection coefficient

parameters can be measured by the vector network analyzer.
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Figure 7: Gain of proposed moisture sensor

The variation with the reflection coefficient with frequency of the moisture sensor as given
figure 8
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Figure 8: Variation with reflection coefficient with frequency

The comparison of return loss and gain of the microstrip moisture sensor as shown given figure
9.

—&#—Return Loss
—{—Gain

Fiéure 9: Comparison of Return loss and Gain

After getting the satisfied parameters this design can be fabricated and make the beneficial
device in agricultural field. It will be fabricated on FR4 substrate and etching with the help of
ferric chloride solution (FECI3), connected the port with the help of soldering. Finally design will
be fabricated it will be measured by the vector network analyzer.

4. Conclusion

The proposed design is analyzed for detecting the moisture content with the suitable parameters
with the help of CST software as well as used the direct (oven drying) method, this is very easy
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and less time consuming. The moisture is measured up to the root zone of the crop. Thus it can
be used to check the moisture value for any crop. Sensor can be placed vertically in the soil to
check the depth of irrigated water and also it can be placed horizontally at different heights in the
soil according to the crop. The variation of the magnitude reflection coefficient and the
frequency is very important in the terms of moisture sensor.

It is clear that from the proposed design, it will be very helpful for agricultural field because of
got the good return loss as well as gain -28dB and 3.2dB and it can be fabricated and measured
by the vector network analyzer

References

[1] Kamal Sarbandi and Eric S. Li, “Microstrip ring resonator for soil moisture measurements”, IEEE
Transactions on geosciences and remote sensing, vol.35, no.5, pp 1223-1231, Sep 1997.

[2] Muhammad Taha Jilani, Wong Peng Wen, Mohd. Azman Zakaniya, Lee Yen Cheong,
Muhammad Zaka Ur Rehman, “An improved design of microwave biosensor for measurement of
tissue moisture, IEEE, 2014.

[3] K. K. Joshi, Mahesh Abegaonkar, R. N. Karekar and R. C. Aiyer, “Microstrip ring resonator as a
moisture sensor for wheat grains”, IEEE, PP 1679-1682, 1997.

[4] Kaida Bin Khalid and Abdul Halim Shaari, “Analysis of multilayered microstrip and its
application for designing microstrip moisture sensor”, ICSE proceeding, pp 207-216, Nov. 2000.

[5] Pichitpong Soontornpipit, Cynthia M. Furse, Youchung Chung and Bryan M. Lin, “Optimization
of a buried microstrip antenna for simultaneous communication and sensing of soil moisture”,
IEEE Transactions on antennas and propagation, vol.54, no.3, pp 797-800, March 2006.

[6] G. Biffi Gentili, G. Avitabile, C. Riminesi, N. Sottani, V. Tesi, “Microwave system for moisture
mapping by a linear array of slot sensors”, Sensors for industry conference houtan texas, USA, pp
32-34, 19-21 Nov. 2002.

[7] Krauss J.D., “Antenna & propagation”, Mc Graw-Hlill international editions, 2-edition, 1988.

[8] Balanis C.A., “Antenna Theory”, Analysis and design 3™ edition, john wiley & sons, Inc, 2005.

[9] CST, “Computer studio site”, simulation software microwave studio, 2010.

[10] Sarabandi K., Senior member, IEEE, Li E.S., “Microstrip ring resonator for  soil moisture
measurements” IEEE Transaction on geosciences & remote sensing, 35, pp 1223-1231, 1997.

[11] You K.Y., Salleh J., Abbas Z., You L.L., “A rectangular patch antenna technique for the
determination of moisture content soil” PIERS proceedings, Cambridge, USA, pp 850-854, 2015.

[12] Gadani D.H., and Rana V.A., “Effect of Salinity on Dielectric Properties of Water,” Sciences
Direct, 50, pp 405-410, 2012.

[13] Sweety Jain, Pankaj Kumar Mishra, Vandana Vikas Thakare “Analysis of moisture sensor based
on microstrip patch antenna : A review”, International conference on futuristic trends in
engineering science, humanities and technology (FTESHT-16) volume 3, issue 1, pp 64-67,
January 2016.

[14] Sweety Jain, Pankaj Kumar Mishra, Vandana Vikas Thakare “Design and analysis of dual-
frequency microwave moisture sensor based on rectangular microstrip antenna” 4" International
workshop/conference on computational condensed matter physics and materials science
(IWCCMP-2016), 2016.

[15] Sweety Jain, Pankaj Kumar Mishra, Vandana Vikas Thakare “The analysis and design of circular
microstrip moisture sensor for rice grain” 4™ International workshop/conference on computational
condensed matter physics and materials science (IWCCMP-2016), 2016.

*Corresponding author.
E-mail address: 1502sweety@ gmail.com/pmishra@ gwa.amity.edu/vandana@ mitsgwalior.in

Http://www.ijetmr.com®©International Journal of Engineering Technologies and Management Research [239]



