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Abstract- Moisture plays an important role in storage and processing of food grains and agricultural products. It is an 
important characteristic of most agricultural products for maintenance of quality. Accurate information about the moisture 
content can be of significant value in maintaining quality and preventing contamination of cereal grains. The present study 
reports the quality assessment of capacitive sensor based Multigrain Moisture Meter (MGMM) for moisture measurement. The 
assessment was carried out in terms of quality factor, dissipation factor and loss factor measurement for frequency range of 100 
kHz to 400 kHz. At frequency 230 kHz, the loss angle was found to be zero and it was found that the developed capacitive 
sensor exhibits near to pure capacitive behavior in this frequency range. Hence it has negligible losses and behaves as an 
accurate dielectric cell.  
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I. INTRODUCTION 
 
Moisture content of cereal grains is one of the most 
important characteristics for determining quality of 
grains while harvesting, drying, storing and processing 
of agricultural products. Moisture determination of 
grains using electrical properties dates back more than 
100 years. Briggs (1908) used the dc electrical 
resistance of grain for rapidly determining its moisture 
content. Later on, studies on ac measurements were 
reported based on the changes in the capacitance of 
sample holding capacitors, when wheat samples were 
introduced between the capacitor plates. This was 
correlated with grain moisture content and used for 
grain moisture measurement (Burton et al. 1929). It 
was established by researchers (Nelson 1981; 1991) 
that dielectric properties of cereal grains are highly 
correlated with moisture content. Therefore, the 
development of electrical grain moisture meter based 
on electrical properties has been reviewed by a number 
of authors (Hart et al. 1963; Nelson 1973; 1977; Ban et 
al. 1977). An interesting method of estimation of grain 
MC is based on capacitive properties of grains. It is a 
simple, rapid and low cost method and because of 
these advantages, researchers have utilized the 
capacitive sensors and dielectric properties of 
agro-products for different purposes such as fruits and 
vegetables volume estimation, quality assessment, etc. 
Performance evaluation of digital grain moisture 
meter for Indian wheat using capacitance variation has 
also been reported recently (Babankumar and Ritula 
2011). Campbell et al., designed and developed 
capacitive sensor based system for monitoring bees 
passing through a tunnel. The system was able to 
distinguish between entering and exiting bees and 
provided information on the size and velocity of each 
bee. Jarimopas et al. (2005) designed and developed 
an electronic device with a cylindrical capacitive 
sensor to measure the volume of selected fruits and  

 
vegetables. Ragni et al. (2006) used a sine wave radio 
frequency oscillator with parallel plate capacitor 
sample probe to predict the quality of egg during 
storage period. Thakur et al. (2011) carried out studies 
on electrical properties of wheat as a function of MC 
[14.3% to 29.38%, wet basis (wb)] for frequency 
range of 100 kHz–10 MHz. An evaluation of 
calibration performance of laboratory developed 
moisture meter for Indian wheat with two different 
techniques has also been reported (Babankumar et al. 
2012).  
Although a lot of work has been carried out in MC 
determination of grains using electrical properties, 
there is still a growing demand for developing rapid, 
reliable and cost-effective techniques for hassle-free 
sensing and measurement of MC in grains. 
This paper deals with quality analysis of an improved 
multi-grain instrument based on capacitance principle 
used for moisture determination in grains.  
 
II. THEORETICAL BACKGROUND 
 
The moisture measurement is based on the use of 
parallel plate capacitor with plane surface electrodes, 
because this configuration provides a uniform electric 
field between the plates of empty capacitor. If the 
space is completely filled with a homogenous 
dielectric, the capacitance is given by: 
C= (0A)/d 
where  is the relative complex permittivity of the 
dielectric, 0 is the permittivity of free space, A is the 
area of each of the plates, and d is the separation 
between the parallel plates. In general, =-j, is a 
complex quantity. The real part, is the dielectric 
constant and the imaginary part,  is the dielectric 
loss factor. Also = exponential (-jδ), where δ is the 
loss angle of the dielectric. The permittivity of water is 
very high, about 80 at low frequencies, compared to 
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about 3 for grain dry matter. For sensing moisture in 
grains, it is important to understand the dependence of 
dielectric properties of grain on moisture content and 
other factors. The dielectric constant always increases 
with increasing moisture content, and generally, the 
dielectric loss factor also shows such changes. 
Dielectric properties also vary with the temperature 
and the bulk density of grains. Both the dielectric 
constant and the loss factor of grains generally 
increase with increasing temperature. At the same time 
as the bulk density of a grain sample increases (close 
packing) additional mass is present to react with the 
electric fields. Consequently, the permittivity 
(dielectric constant and loss factor) will increase. 
Thus, all of these factors must be taken into 
consideration when designing and calibrating 
instrument for measuring grain moisture meter. 
 
III. RESULTS AND DISCUSSIONS 
 
A. Quality Analysis of Developed Capacitive 
Sensor 
In present study, the measurement and analysis of 
various parameters of the developed capacitor sensor 
has been carried out using the impedance analyzer of 
Agilent 4396B make model and wankerr make 
analysers. The graphical relationships between the 
various parameters are shown in Fig. 1. 
 

 
Fig 1 (a) Graphical Relationship between Dissipation Factor 

(DF), Frequency(F) and Capacitance (C) 
 

 
Fig 1 (b) Graphical Relationship between Quality Factor (Q), 

Frequency (F) and Capacitance (C) 

 
Fig 1 (c) Graphical Relationship between  , Frequency (F) and 

Capacitance (C) 
 

 
Fig 1 (d) Graphical Relationship between ESR, Frequency (F) 

and Capacitance (C) 
 
From the above graphs, it can be interpreted that in the 
frequency range of 100kHz to 400kHz, the value of 
capacitance is almost constant. At frequency 230Khz, 

=90° and tanδ=0. Tangent(delata)/loss 
angle/dissiapation factor is zero means that in this 
range of frequency, the developed capacitive cylinder 
is giving accurate value and the value of empty 
concentric  capacitive cylinder comes out to be 13.628 
pF. It acts as a pure capacitive cylinder. 
 
It is clear that in the higher frequency spectrum i.e. 
about 200 kHz the trend in dissipation factor shows 
decline and increased quality factor. It is also seen 
from the graph that the dielectric loss factor i.e. tan δ is 
approximately 90 in the frequency range of 100 
kHz-400 kHz. Thus the developed capacitive sensor 
exhibits near to pure capacitive behavior. Hence the 
developed capacitive sensor has negligible losses and 
behaves as an accurate dielectric cell.     
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