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Abstract−− This paper presents an analysis and 

design of a handheld moisture content sensor. A di-
electric property determination technique was used 
to measure the magnitudes of the reflection and the 
coupling coefficients of coupled-dipole antennas. 
These coefficients were plotted and their intersection 
determined to obtain the values of r'ε  and r"ε  ( r'ε  
and r"ε , respectively, are the real and imaginary 
parts of the relative complex permittivity of the di-
electric of interest). Moisture content measurements 
for paddy at various moisture content levels are 
shown. Comparison of measurements made by this 
technique with those made by conventional trans-
mission measurement technique yielded a compensa-
tion scheme for error reduction. This sensor is useful 
for controlling the quality of paddy dried in a con-
tinuous microwave drying system process. 
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I. INTRODUCTION 
Granular materials can be considered the fourth state 
of matter because of their abundance both in nature 
and in several industries (Jaeger and Nagel, 1996). 
Dielectric characterization of a given material reveals 
its unique electric signature (Venkatesh and Ragha-
van, 2004; Seker and Abatary, 2005). At high fre-
quencies, measurement of the dielectric properties of 
materials provides a basis for developing method of 
indirect determination of their physical properties, 
particularly for materials containing water. For dec-
ades, moisture content determination of granular and 
other materials from measurements of their dielectric 
properties at microwave frequencies have been the 
focus of several studies (Meyer and Schilz, 1981; 
Menke and Knochel, 1996). The intrinsic nature of 
the dielectric properties and their high correlation 
with water content at these frequencies make them 
useful for developing indirect sensing methods for 
nondestructive determination of the water content as 
well as other physical properties of materials (Hasted, 
1973; Nyfors and Vainikainen, 1989; Kraszewski, 
1996). 

The dielectric properties must be accurately meas-
ured, and explicit relationships between the dielectric 
properties and any given internal property must be iden-
tified. These can be done theoretically or empirically. 
However, although water governs the dielectric re-
sponse of substances containing it, two major limita-
tions in defining a unique relationship between the di-
electric properties and the moisture content have influ-
enced the use of these techniques. The first relates to the 
bulk density changes for granular material. It produces a 
similar effect to that of the moisture content on the rela-
tive complex permittivity (Hippel, 1954). The second 
relates to the need for an individual moisture calibration 
equation for each material. Both of these limitations 
complicate the design, cost, and maintenance of a mi-
crowave moisture sensor based on the principle of per-
mittivity measurement. 

In recent years, a permittivity-based method for 
moisture determination in granular materials which is 
independent of bulk density changes and of the kind of 
material was proposed and developed (Trabelsi et al., 
1998, 1999, 2001, 2006). This method allows moisture 
determination of grains of different structures and com-
positions from a single calibration equation, hence alle-
viating the two mentioned limitations (Nelson, 1991, 
2006). 

As Kandala et al. (2007) demonstrated earlier, the 
method of measuring the capacitance and phase angle of 
a parallel-plate system provides accurate moisture con-
tent measurements because of its closed boundary. 
However, the need to fill the sample up to the whole vo-
lume limits the capability of on-line monitoring. One of 
the measurement techniques that determines both real 
( r'ε ) and imaginary ( r"ε ) parts of the relative complex 
permittivity of the dielectric of interest is the free space 
technique that measures reflected and transmitted waves 
(Ma and Okamura, 1999). The advantage of this tech-
nique is that the properties of the object under test along 
the propagation path can be readily obtained. It is used 
in dynamic measurement such as cement-based varia-
tion during the days (Kharkovsky et al., 2002). The di-
electric property may be determined by obtaining the 
values of r'ε  and r"ε  from an intersection of the plot of 
measured transmission and reflection coefficients. Al-
though free space technique has the advantage of non-


