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Abstract. This article investigates the concept and definition of moisture and its function in regulation and control, where 
the role of moisture at all stages of the technical process is an important part. Approximation of the actual physical entity 
by its electrical model in the form of replacement schemes is evaluated by the primary transducers of moisture translated 
into electrical value, the basis of which is a capacitive sensor-capacitor in the electrical field of which is a certain volume 
of the studied content. Indirect methods based on the calculation of the dielectric permeability of moisture content of the 
studied substance are evaluated in order to choose the process, evaluate the dielectric method, consider the design and 
installation of bulk material moisture management devices based on this method, and draw conclusions on the advantages 
and disadvantages of the dielectric method.  

 
 

INTRODUCTION 
 

Moisture is one of the most important indicators of any material or product, e.g., grain is regulated by GOST [1]. 
Food moisture content (FMC) measurements are susceptible to human variables during agricultural production, 
although the government has stringent requirements for grain processing, storage, and purchasing. As a result, it is 
critical to precisely measure FMC. 
Water in food has a strong influence on its quality. When the food is wet, germs develop more quickly and the 
number of mites, insects and other changes occur, which lead to the deterioration of the food. The moisture content 
of any product must be within the established norm, which is why in all cases products and materials have an 
optimum moisture content that guarantees the best flavor, appearance and retention period [2]. 
The direct drying method, neutron method, nuclear magnetic resonance method, and microwave method are now 
accurate FMC measurement methods. Despite their great measurement precision, these technologies have a number 
of drawbacks, including inefficient measurement, a complicated procedure, a high price, and a big instrument size. 
The capacitive approach, on the other hand, may measure FMC indirectly through a change in dielectric constant 
and has several advantages such as high-speed measurement, high reliability, economy and portability, online 
detection, and maintainability [3-6]. 
Generally, FMC is measured by opening the drying oven and picking a food sample at random to test the moisture 
content with a portable moisture meter [7, 8]. Thereby, heat energy and electric power are lost. Because of 
technological limitations of the device used to inspect the factor and the status of many essential factors in the oven 
management process, this is also one of the primary reasons for an increase in baking time, which in turn reduces the 
amount of baking [9]. As a result, developing a device to detect the moisture content of food during the drying 
process will boost growth potential and competitiveness [5, 10, 11, 12]. The device should provide benefits in terms 

2nd International Conference on Energetics, Civil and Agricultural Engineering 2021 (ICECAE 2021)
AIP Conf. Proc. 2686, 020016-1–020016-7; https://doi.org/10.1063/5.0114591

Published by AIP Publishing. 978-0-7354-4278-8/$30.00

020016-1



of energy savings, increased capacity for energy utilization in the drying process, and reduced labor costs associated 
with data recording. Furthermore, such a gadget can help decrease the number of defective food pounded during the 
traditional moisture-content-measuring meter's procedure of moisture-content measurement. 
For the regulation and control of various automated systems, moisture knowledge is important. In this respect, 
information on humidity, where humidity is an important component at all stages of the production process, must be 
known: during preparation, distribution - acceptance and transport of raw materials and finished goods.  
 

MATERIALS AND METHODS 
 

Let us consider what the concept of moisture is made up of. 
It is known from [13] that the moisture content of any material is commonly operated by two concepts: moisture on 
a dry basis and moisture on a wet basis.  

                                                             (1) 

                                                                                                                     (2) 
Where (1) dry, (2) wet, w - density of water distributed in the material, d -density of dry material. 
The density of a wet material is defined as 

                                                                                                            
The moisture of any material can be unevenly distributed over the entire volume or surface. Basically, the moisture 
content can be changed either by adding moisture or by drying. Two variants for determination of moisture content 
of substances by thermogravimetric method are possible: thermal drying and absorption of moisture by 
dehumidifiers [14]. 
Thermal drying is defined as 

                         .100)( 21

P
PPW                                                  (3) 

Where Р1- is the weight of the bunk before drying, Р2 - is the weight of the bunk after drying, Р - is the weight of the 
actual charge. 
We use the concepts of dry material weight, wet material weight and evaporated water weight when calculating 
moisture using the thermogravimetric process. Under laboratory conditions, both direct and indirect methods may 
assess moisture. Direct methods include the thermogravimetric approach alluded to above (3) and indirect methods 
include physical (dielcometric) methods [15]. 
There are currently a large number of methods of moisture determination, but there is no consensus on the 
superiority of one method over the others. In this regard, almost all internationally renowned moisture meter 
manufacturers try to cover several measurement methods in their production during development. This is due to an 
extremely large number of heterogeneous materials whose moisture content needs to be controlled in different 
measurement ranges, with the required accuracy, speed and design.  
This approach includes the most accurate moisture meter method, which is regarded to be the most accurate and is 
used as a reference method for the calibration of moisture monitoring instruments (moisture meters), new measuring 
instrument condition tests, expert feedback, etc. [16]. 
Moisture has a strong influence on viscosity, density, hardness and many other parameters. Uniformly distributed 
moisture in the material is of great importance for many technological processes. The rate of change of humidity 
under the action of external forces is an important controllable parameter. In this connection let us consider the tasks 
of indirect method of moisture measurement by electrical methods.  
In indirect techniques, a material's moisture content is determined from the alteration in its different properties. The 
foundation of the electrical (conductometric and dielcometric) moisture measuring methods is that the parameters 
that describe the action of moist materials in electric fields are dependent on moisture. The main task of the theory 
of these methods is to create sufficiently accurate mathematical models of a moist material, describing the 
dependences of the electrical properties of the material on its moisture content and other parameters, i.e. 
dependences of the form e=f(W,ξ) of the primary transmitter of the moisture meter [17]. 

 
RESULTS AND DISCUSSIONS 

 

First of all, when developing and choosing a measuring process, the shape of its coupling to the material, which 
depends on several factors determined by the form and structure of the materials under analysis, often needs to be 
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taken into account. Such a dynamic multicomponent and heterogeneous arrangement of several materials belongs to 
the class of heterogeneous structures, and the characteristics of heterogeneous mixtures have to be taken into 
consideration when defining their electrical properties along with current dielectric physics methods [18]. 
On example of dielcometric method let's consider cases, where optimum choice of number of measured parameters 
of object of research providing maximal accuracy of defined value has the basic value.  In this case, the main 
criterion of optimality can be considered minimization of number of parameters, the most sensitive to measured 
value 

С=f(W,m,t,x,k,n……).                                                               (4) 
Where W – is mass ratio of material moisture, m – is mass, t – is temperature, х – is moisture distribution, k – is 
electrolyte concentration, n – is electrochemical criterion of the electrode-material interface. 
For this circuit, let us consider a generalized structural diagram (Figure 1) reflecting a measuring device based on 
any electrophysical, including dielcometric method of moisture measurement, consisting of three links connected in 
series [19]. 

 
FIGURE 1. Generalized moisture hygrometer schematic diagram 

 
It is known from [20] that link 1 refers to the conversion of the measured quantity, humidity (W), to physical (in our 
case electrical) quantity ε, i.e., it defines the dependency on the humidity content of the electrical properties of the 
material used in this process.  Link 1 is affected by temperature, density, chemical composition and other quantities 
affecting the dielectric characteristics of the material under investigation. Link 2 is the primary transducer of the 
measuring device (sensor), which converts the value ε into the output signal X (capacitance, complex resistance or 
one of its components), convenient for further processing. Link 2 is affected by the shape, weight of the material, 
frequency of the electric current, etc., affecting the characteristics of the measuring device. Link 3 describes a 
measuring transducer (measuring device), the output of which produces an analogue or digital Y signal. 
High-frequency (HF) methods are widespread in a number of industries [21]. This is due to the fact that the 
dielectric permittivity of a material, the moisture contained in it has a greater influence than the whole family of 
characteristics. However, no product can be regarded as a perfect dielectric and therefore the electrical energy 
applied to a capacitor transducer filled with material is spent not only on recharging the capacitor but also on 
dissipation in the form of heat losses in the dielectric. The measurement practically measures not the true but the 
fictitious apparent capacitance of the capacitor, which depends considerably on the losses. 
The basic electro-physical characteristics of any substance are the specific conductivity (γ) and the relative 
permittivity (ε). In capillary-porous bodies, to which the vast majority of structural building materials belong, γ and 
ε depend in general on many physical and chemical properties. Modern dielectric physics relates these dependencies 
to the basic processes that occur in any real dielectric under the influence of an electric field, the polarization of 
molecules and molecular groups, and dielectric losses [22]. However, due to the different physical nature of γ and ε, 
the relationship between the influence of individual material properties on each of these electrophysical 
characteristics is also different. 
The specific conductivity γ and the dielectric constant ε enter by proportionality coefficients into the known field 
theory equations [23]: 

I E D E                                                                 (5) 

Where: ,E  and D , I  - are the vectors of electric field strength, electric induction and electric current density, ε is 
the dielectric constant respectively. 
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E                                                                            (6) 
Here: δ - is the current density; γ - is the specific conductivity. 
Then for (1.8), and (1.9)  

E grad , 
2 1( )

s

Q QdS g
                                                       (7)                              

where Q - is the amount of electricity; S - is the equipotential surface. 

                   

2 1( )
s

I dS g
                                                                (8) 

where g - is the conductivity. 
Using (7) and (8) we obtain 

С                          (9) 
It follows from (9) that the numerical values of conductivity and capacitance should be connected by the 
relationship  with the same transducer shapes and sizes. An orderly flow of charges (conduction current) as 
well as a space-limited displacement of charges (displacement currents) exist concurrently under the action of an 
external alternating electric mole in the material [24]. 
In the moisture meter system, the electrical moisture transducer is a capacitive capacitor of one or another type in 
which a certain amount of the test material is placed in the electrical sector. To analyses the relations between input 
and output quantities of such a transducer, we pass from the notions of field theory to the notions of circuit theory 
[25], which is based on approximation of the real physical object by its electrical model - the substitution scheme of 
this object by idealized elements of an electrical circuit (resistors, capacitors, etc.).  
The substitution scheme for a capacitive sensor with moisture-containing material, which has been most widely used 
to date, is the parallel connection of capacitance Сx with resistance Rx [26] (Figure 2). 

 
FIGURE 2. Substitution diagrams for the primary moisture transducer: a) for solid, granular disperse materials b) for liquid 

materials 
 
When an alternating voltage source with a frequency is connected to such a circuit, the total current in the circuit is 
expressed as 

1
x

x

I U j C
R                                                             (10) 
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The expression in brackets describes the total (complex) conductivity of a capacitive sensor with material at 
frequency ω. The identity of the expressions for the total current through a real capacitor and its electrical model 
gives a formal basis for a similar approximation. The transition from the specific electrophysical material properties 
γ and ε to the measured characteristics of the capacitive sensor Rx and Сx is made with the help of the constant k: 

1

xkR    and    

1
xC

k                                                          (11) 
The value of k characterizes only the geometric dimensions and shape of the capacitor and is, for a particular 
transducer (sensor), a constant of unit length dimensionality. 
The task of calculating humidity content using the dielcometric approach is technically to calculate the transducer 
power (sensor). It should be emphasized that the Rx value does not influence the calculation of the Cx power, i.e., the 
measurement system must ensure that the "true" capacity value is obtained in order to be able to appreciate the 
advantages of the dielcometric method. Ignoring this circumstance, along with the arbitrary choice of field 
frequency ω, leads to an almost complete loss of the advantages of the dielcometric method of moisture 
measurement over the conductometric method, as well as to misconceptions about the metrological characteristics of 
the dielcometric method [27].  
A generator with a useful power of ±100 V, with a frequency of 40 MHz, produces a high-frequency electric field. It 
should be remembered that the feature of the calibration is, in effect, a statistical representation of the object of 
measurement obtained from the results of specially arranged experiments, and questions of metrological precision 
are questions of model adequacy to the results of the experiments with the confidence-based accuracy of their 
description [28-31]. 
It is also important to ensure that the precision of the calculation of moisture is similar to or at least equal to that of 
the thermogravimetric process. Capacitive sensors with shielded electrodes are used, since foodstuffs are usually 
media with a high specific conductivity. Figure 3 illustrates an analogous illustration of such a sensor. 

 
FIGURE 3. Block diagram of capacitive moisture hygrometer sensor: С0 - isolation pad capacitance; Сх and Rх - capacitance and 

power attributable to the presence of the material to be analyzed 
 

CONCLUSIONS 
 

When evaluating the process, it can be inferred that dielectric methods are dependent on their dielectric parameters, 
which depend on the moisture content of the materials under examination, to calculate the moisture content of the 
materials. Their privileges include [29, 30]: 
a) High sensitivity to moisture content in the material. 
b) Wide range of moisture content measurement of materials (0÷100%). 
c) Dielectric moisture meters have relatively simple construction of moisture transducer and measuring device.    
The disadvantages of dielectric moisture measurement methods include: 
a) They are only applicable if the material only contains water in the liquid phase. 
b) The results of moisture measurement by these methods depend on the density and thickness of the material 

under investigation. 
c) There is no explicit mathematical model linking the change in dielectric constant of the controlled material to 

its moisture content. 
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d) Relatively low interference immunity from random dielectric characteristics of the controlled material and the 
intermediate medium. 
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