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Abstract - This paper focusses on detecting the moisture content (%) of tree leaves (Eucalyptus, Tea) with the help of 
Microwave technology. Traditional method involves calculating the weight of the sample before and after drying, and then 
detecting the moisture percentage. In this process, microwaves are passed through leaf samples and the reflected signal is 
analyzed. Generally, this technology uses frequency shift, phase shift and attenuation as the main parameters in moisture 
content detection. In our project, we analyze the frequency shift of the reflected signal and use it as a main parameter to 
detect the moisture content. 
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I. INTRODUCTION 
 
Moisture measurement has been an important 
parameter in various industries. Traditional method 
initially involves the collection of sample with 
moisture in it. The sample is weighed and the weight 
reading is noted. The sample is then allowed to dry or 
it’s dried in ovens and heaters. Then the dry weight of 
the sample is taken. 
Moisture content percentage is then found out for that 
particular sample with the below formula. 
Moisture Content (M ) (%)  
M = ((W −W )/W ) x 100       
 
Where, 
      W  = Wet weight of the sample 
       W = Dry weight of the sample 
 
Now, the above method is very time consuming and 
the moisture values aren’t accurate. Also this is a 
destructive method of detecting moisture. There are 
chances that the sample (leaves, paper) might lose its 
quality, when being dried in an oven or heater. Thus 
there is a need for a non-destructive method and that 
is where the microwave technology comes into play. 
 
II. MICROWAVES 
 
Microwaves are a part of the Electromagnetic 
Spectrum with their frequency ranging from 
300 MHz (100 cm) and 300 GHz (0.1 cm). They have 
a very wide range of application in communication 
and ranging equipment.  
 
In this paper, we will be using microwaves to detect 
moisture content (%) of tree leaves (Tea, Eucalyptus). 
 
III. PRINCIPLE OF OPERATION  
 
Microwaves has the ability to pass through non-
conductive materials. This make them very useful in 
Non-Destructive Sensing. In the case of moisture 
detection, these microwaves are passed through the 

wet sample. These microwaves create oscillations 
when travelling through the sample and as a result, 
they lose energy. Higher the moisture content, higher 
the energy loss. Again water has a property to both 
absorb and reflect these microwaves. By calculating 
the absorption or reflection, we can find out the 
moisture content of the sample. 
In our paper, we have worked on the reflection 
method to find out the moisture content. A horn 
antenna is designed to emit microwaves and the 
sample is placed in front of the emitting region. The 
reflection parameter S11 is monitored. The whole 
process is simulated in CST Microwave Studio, 
which is an ideal tool to study antenna and its 
properties. 
 
IV. HORN ANTENNA DESIGN 
 
The horn antenna is a structure that consist of a 
waveguide which is flared outside like a horn. In this 
paper, we have used a pyramidal horn antenna for 
moisture detection. 
 
 
 
 
 
 
 
 

Fig 1: Structure of a horn antenna 
 

 
 
 
 
 
 
 
 

 
 
 

Fig 2: Design Specification of the horn antenna 
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Fig 3: Farfield view of Horn Antenna 

 

 
Fig 4 : Radiation pattern of the horn antenna 

 

 
Fig 5: Shows the S11 resonant frequency plot of the designed 

horn antenna. It is seen that the resonant frequency of the 
designed horn antenna is 10.616 GHz 

 
V. NEAR FIELD, FAR FIELD CALCULATIONS 
 

NEAR FIELD  R = 0.62 = 8cm 

FAR FIELD    R ≥  = 25 cm 
Diameter of the Horn (D) = 5.08 x 10  m 
Wavelength (λ) = 0.02 m 
Resonant Frequency (f ) =  10.616 GHz 
 

 
Fig 6 : Test block(ε =1.8) placed in near field 

 

 
Fig 7: Near Field Intensity Pattern 

 

 
Fig 8 : Radiation Pattern 

 
Fig 9 : S11 Plot for ε =1.8 

 
VI. TABULATION 
 
Primary simulation is done by changing the di-
electric value of the sample (ε) and analyzing the shift 
in frequency (GHz) of the reflected signal. Table 1 
shows the data of the above mentioned simulation. 
 

Epsilon (ε) Frequency Shift  (GHz) 
  

1.4 9.483 
1.6 9.44 
1.8 9.411 
2 9.357 

2.2 9.267 
2.4 9.15 
2.6 9.015 
2.8 8.664 
3 8.565 

3.2 8.439 
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3.4 8.322 
3.6 8.232 
3.8 8.16 
4 8.097 

4.2 8.052 
4.4 8.007 
4.6 7.97 
4.8 7.935 
5 7.917 

Table 1 : Epsilon Vs. Frequency Shift 
 
Fig 10 shows the Cartesian graph for the above 
tabulated values. The graphs are drawn with help of 
LabVIEW 
 

 
Fig 10: Plot between Di-electric Constant (ε) and Frequency 

(GHz) 
 

Curve fitting for Table 1 is done using LabVIEW. On 
observing the tabulated data, a polynomial fit seemed 
to accurately fit the recorded data. Thus a polynomial 
curve of order 10 is fitted, whose equation is given by  
EQN A:  

y = a0 + a1x + +a2x + a3x + a4x  + a5x
+ a6x + a7x + a8x + a9x
+ b0x  

Where, 
x= Di-electric constant (ε) 
a0 – a9, b0 – Polynomial Coefficients 
 

 
Fig 11: Polynomial Fitted Graph between Di-electric 

Constant(ε) and Frequency (Ghz) 
 

 
Fig 12: Polynomial Fitted Graph between Di-electric Constant 

(ε) and Frequency (GHz) 
 
We extracted data from conventional methods[1] that 
use hot air ovens to calculate the percentage of 
moisture in the sample. The tabulation is given below 
 

Di-electric Constant() Moisture Content (%) 
  

1.4 4.33 
1.6 11.44 
1.8 19.44 
2 27.8 

2.2 36.11 
2.4 43.3 
2.6 47.4 
2.8 50.1 
3 52.5 

3.2 55.8 
3.4 58.5 
3.6 60.5 
3.8 61.6 
4 62.5 

4.2 63.4 
4.4 64.1 
4.6 64.7 
4.8 65.8 
5 66 

Table 2 : Dielectic Constant Vs Moisture Content (%) 
 
 
Fig 13 shows the Cartesian graph for table 2. The 
graph between Di-electric Constant (ε) and Moisture 
Content (%) is drawn with LabVIEW. 

 
Fig 13: Plot between Di-electric Constant and Moisture 

Content (%) 
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For Table 2, polynomial fit of order 10 was done with 
LabVIEW. The graphs and the respective co-
efficients are shown below. 
 

 
Fig 14: Polynomial fitted plot for Table 2 

 
Curve fitting for Table 2 is done using LabVIEW. A 
polynomial fit is done for the recorded data. 
 A polynomial curve of order 10 is fitted, whose 
equation is given by, 
EQN B:  

y = a0 + a1x + a2x + a3x + a4x  + a5x
+ a6x + a7x + a8x + a9x
+ b0x  

 
Where, 
x= Di-electric constant (ε) 
a0 – a9, b0 – Polynomial Coefficients 
 

 
Fig 15: Polynomial Coefficients for EQN – B 

 
From Table 1 and Table 2, we can correlate and 
estimate the moisture content (%) value of the sample 
with respect to the shift in Frequency (GHz). 
Epsilon Frequency (GHz) Moisture content % 

   1.4 9.483 4.33 

1.6 9.44 11.44 
1.8 9.411 19.44 
2 9.357 27.8 

2.2 9.267 36.11 
2.4 9.15 43.3 
2.6 9.015 47.4 
2.8 8.664 50.1 
3 8.565 52.5 

3.2 8.439 55.8 
3.4 8.322 58.5 
3.6 8.232 60.5 
3.8 8.16 61.6 
4 8.097 62.5 

4.2 8.052 63.4 
4.4 8.007 64.1 
4.6 7.97 64.7 
4.8 7.935 65.8 
5 7.917 66 
Table 3 : Di-electric Constant Vs. Frequency(GHz) Vs. 

Moisture Content (%)  
 

 
Fig 16: Frequency Vs. moisture content (%) 

 
Fig 16 shows the polynomial fitted graph between 
Frequency and Moisture Content (%). 
From this Graph, the moisture content (%) can be 
related to the frequency shift of the corresponding di-
electric values of the sample under test. 

 
Fig 17: Graph of Simulated Results 
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Fig 18: Legends for Fig 17 

 
Fig 17 shows the frequency shift that occurs for 
change in Di-Electric Constant of the sample under 
test. 
 
CONCLUSION AND DISCUSSION 
 
In this paper, the following parameters, Di-electric 
Constant, Frequency Shift, and Moisture Content (%) 
has been studied in correlation with each other. 
From the Simulation, analysis and the results 
obtained, we can conclude that the frequency of the 

reflected signal decreases i.e., shifts towards the left 
as the moisture content of the sample (Di-electric 
Constant) under test increases. These results can be 
used to provide non-destructive testing of samples 
accurately.  
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