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Abstract : The proposed sensor was designed and analysis the determination of moisture content of wheat. The microstrip
moisture sensor based on microstrip patch antenna. It ws used to design FR-4 substrate with relative permitivitty (s;), loss tangent
(tand) and thickness (h) were 4.4, 0.001 and 1.676. The moisture sensor compact size was 11mm x11mm. The microstrip
moisture sensor (MMS) was designed at operating frequency 3.1GHz with achieved the better reflection coefficient -30dB, as
well as maintained the VSWR (VSWR<2) 1.06 at the operating frequency. The microstrip patch antenna as a sensor was
discussed all the parameters of antenna such as E-Field, current density, power loss density, far field, magnitude and phase as well
as reflection coefficient method. It was concluded that, the proposed sensor will be fabricated on FR-4 then sensor will be worked
proper with accuracy by using the standard oven drying technique. The oven drying technique is easy to operate, high accuracy
and sensitivity for detecting the moisture content.

IndexTerms - Moisture Content (MC), Microstrip Patch Antenna, Reflection Coefficient, Wheat.

. INTRODUCTION

Microstrip patch antenna as a sensor is more useful in agricultural field [1]. The moisture content (MC) is an important factor in
grains, when the moisture content is present in the grains then it can be destroy suddenly [2]. Wheat is more harvested between
20% and 14%. The most accurate detect the moisture content many techniques have been done such as free space technique,
resonance technique and many techniques [3]-[4]. Many sensors have been designed but due to time consuming and expensive.
After the oven drying technique has been introduced but few designs introduced in agricultural field The proposed design to
determine the moisture content by the unknown materials as well as discussed the insertion loss and the complex permittivity [5],
presented the optimal design based on three layers for detecting the moisture content of grains as well as analysis the computing
and experimentally results for finding the effects of geometrical and electrical parameters [6]-[9], proposed the rice moisture
sensor based on resistance type and developed the predictive model [10]-[13], designed the microstrip sensor for detecting the
moisture content of oil palm fruit ripeness as well as determined the insertion loss of proposed design [14]-[17]. Recently,
Microstrip antenna has widely used in communication system, industrial area, etc. But in the last few decades microstrip antenna
as moisture sensor is also using in the agricultural field, industrial field, medical, and communication etc [18]-[22]. The proposed
design will be determined the moisture from the rice grains. It will be worked on dual frequency at a same time Dielectric
materials play an important role in our daily life especially every electronic circuit, which needs a dielectric medium to build the
circuit. Typically high frequency electronics circuits are built on dielectric materials and the operation of all high frequency
circuits depends on the dielectric properties of the material. In order to design high frequency circuits it is essential to have vital
understanding of the properties of the dielectric materials especially the dielectric constant (real part of complex permittivity) and
loss tangent at the operating conditions. [23]-[26]. The Co-axial feed technique is used to supply the signal source in the
microstrip moisture sensor [27]. This feed is easy and direct contact to the patch as well as minimize the spurious radiation. The
coaxial feed is important because this is influence the input impedance [28]. In microstrip patch sensor, there are many factors
which is affect the performances of sensor such as size of the sensor, shape, room temperature, feed techniques, fabrication, etc.
The calibration equation and regression is also the important role for detecting the moisture content. Numerically it can be
detected the moisture. When the highest regression value will be present then the moisture is more available. The sensor is very
useful in agricultural field and it can be measured by the vector network analyzer as well as dielectric properties is important
parameter of sensor such as dielectric constant (gr) and loss tangent (tand) [29].

I1. SENSOR DESIGN

The proposed design is simulated with the help of CST microwave studio suit 10.0. The FR4 substrate with 1.676 mm thick,
permittivity of material is 4.4, and loss tangent of 0.001 has been considered in design. The overall size of microstrip moisture
sensor is 1111 mm?. The top view of the patch sensor with outer radius and inner radius 5mm and 2mm as shown in figure 1
(@). The back view of the patch sensor with outer radius and inner radius are 3mm and 2mm, which is defected in the ground
(DGS) as shown in figure 1 (b). It is defected the ground in the back view of proposed design for achieved the better reflection
coefficient and compactness.
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Table 1 Microstrip moisture sensor optimized dimensions

Parameter Value

Length of the ground (L) 11mm

Width of the ground (W) 11mm

Length of the substrate 11mm

Width of the substrate 11mm
Relative Permittivity (&) 4.4

Loss Tangent (tand) 0.001

Top view outer radius of circle (Ro) 5mm

Top view inner radius of circle (R;) 2mm

Back view outer radius of circle (Ro) 3mm

Back view inner radius of circle (R;) 2mm

(b)

Figure 1. Microstrip patch sensor

I11. RESULTS AND DISCUSSIONS
The reflection coefficient achieved the 10dB with -30dB, as well as maintained the VSWR is 1.06 as shown in figure 2 and 3.
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Figure 2. Reflection Coefficient of proposed sensor

The reflection coefficient () is used to measure the impedance match between the transmission line of Z, and the
terminal load impedance Zi. The measured (I') from terminal impedance Z;is defined as:
T\ = (Zi— Zo)! (Zi— Zo) 1)
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For a non-magnetic medium, the antenna modelling theorem can be expressed mathematically as,
Zi(w,) /M =Zi(nw,e) /Mo )

Where,
o = 2IIf is the angular frequency in radians
N = (uo/€7)¥? is the complex intrinsic impedance of the dielectric medium
Mo = (Hol€o )2 is the intrinsic impedance of the free space
€0 = free space of permittivity
Lo = free space of permeability
n = (g*/0)"? is the complex refractive index of the dielectric medium relative to that of air.

The E-Field and H-Field of the proposed sensor are 14676 VV/m and 52.4A/m as shown in figure 4 and 5. E-Field is used
to determined the as a force per unit magnetic charge, but H-Field is the orthogonal direction of propagation in a plane wave. It is
determined the direction of maximum radiation. The current density is 118A/m? and the axial ratio is 40dB as shown in figure 6
and 7. The proposed design parameters satisfied the all condition, it is used to determine the losses of the antennas as well as it
will be worked proper, maximum radiation is transmitting and reflecting. The maximum current distribution is 73.4A/m, it shows
the maximum current in an antenna as shown in figure 8. The proposed microstrip patch antenna (MPA) as a sensor after
satisfying all the parameters, it can be determined the mean relative error (MRE) between the predicted moisture content (PMC)
and actual moisture content (AMC).

The predicted moisture content (PMC) can be determined at selected frequencies with the help of vector network
analyzer (VNA).

The different techniques have been used to determine the moisture content but due to time consuming and low accuracy,
then introduced the standard oven drying technique this technique is useful to determine the moisture content as well as no time
consuming and accuracy.

The standard oven drying technique will be used to determined the actual moisture content-

Moisture Content (%) = % x 100 (3)

wet

Where, myet and mary are the initial and final mass before and after drying.
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Figure 3. VSWR of proposed sensor
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Figure 4. E-Field of proposed sensor
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Figure 5. H-Field of proposed sensor
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Figure 6. Current Density of proposed sensor
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Figure 7. Axial Ratio of proposed sensor
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Figure 8. Surface Current Distribution of proposed sensor

IV. CONCLUSION

The proposed microstrip moisture sensor was designed and analyzed with the help of CST software and satisfied all the
parameters such as VSWR, E-Field, H-Field, current density, axial ratio, and surface current distribution at 3.1GHz. It can be
fabricated for detecting the moisture content of grains. The proposed design wass compact size 11x11mm?. It will be fabricated
on FR-4 PCB substrate. The actual moisture content and predicted moisture content can be determined by the calibration equation
and standard oven drying technique. The microstrip patch antenna can be used to determine the moisture content in wheat as well
as useful in agricultural applications.
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