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APPLICATION FOR DATA PROCESSING AND ANALYSIS  

OF MEASUREMENT DATA OF THE CONCENTRATION-DEPENDENT 

DIELECTRIC PERMITTIVITY OF TWO-COMPONENT COMPOSITES 

 

Abstract. The article presents the results of using computer technologies for data processing 

and analysis in dielectric measurements, structural control, and properties of polymer com-

posite materials and heterogeneous dielectrics. The algorithm used allows the identification 

of the structure of non-homogeneous dielectrics with conductive inclusions by analyzing the 

experimental concentration dependence of static dielectric permittivity. It helps to determine 

whether their structure corresponds to known models of matrix systems or statistical mix-

tures. The developed application can be seen as part of the software for creating an automat-

ed system for scientific research in the field of electronics of heterogeneous structures and 

materials, and it can also be used autonomously.  

Keywords: automation of dielectric research, data processing, heterogeneous dielectrics, ap-

plication, Mathcad program, interface design. 

 

Problem statement. The processing of experimental data to obtain information about 

the physical and physicochemical properties of various materials is one of the key tasks in 

their research and technical application. This procedure is usually associated with the need to 

use appropriate mathematical models and perform non-trivial mathematical operations. 

The use of computer technologies for these purposes, in particular, intelligent infor-

mation-measuring systems [1–5], significantly reduces the labor intensity of the process and 

improves the accuracy of the results obtained. 

One of the areas where such an approach is particularly relevant is the processing and 

analysis of experimental data in dielectric research and the control of properties of ceramic 

varistor and polymer composite materials and heterogeneous dielectrics in general [6–11]. 

An important aspect in the development of such semiconductor heterogeneous materials 

is the study of the influence of their structure, the properties of the polymer matrix, and the 

filler, as well as the physicochemical interaction between them, on the electrophysical proper-

ties of the composites in general [12–14]. 

Dielectric spectroscopy for this type of two-component systems is one of the most ef-

fective methods for studying the structural features and mechanisms of electrical conductivity 

formation. 

A particular interest lies in studying the dependence of electrical conductivity and die-

lectric permittivity on the concentration (volume fraction) of the filler, as this allows the anal-
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ysis of percolation phenomena and effects related to the formation of transition phases with 

different physical properties from the original components of the composites [15–17]. 

Research objective. The aim of the research is to create an application for automating 

the processing and analysis of experimental concentration dependence of static dielectric 

permittivity of heterogeneous dielectrics with conductive inclusions in order to determine 

whether their structure corresponds to matrix systems or statistical mixtures. 

The algorithm implemented in the application is based on the use of the most well-

known models for describing the dielectric properties of two-component dielectrics: the 

Bruggemann-Hanai model for matrix systems and the Boettcher-Hsu model for statistical 

mixtures [15, 18]. 

Presentation of the main material of the research. To develop an effective algorithm 

for processing and analysis, it is necessary to analyze the physical foundations of the process. 

Within the framework of the matrix system model (Bruggemann-Hanai) [4,12,14], the 

concentration dependence of the static dielectric permittivity of a two-component system 

with conductive inclusions in an insulating environment (matrix) is described using the 

following expression: 

                                                      (1) 

where  ,  and A are the relative dielectric permittivity of the matrix, volume fraction, and 

depolarization factor of the conductive particles, respectively. It is generally assumed that the 

particles have an ellipsoidal shape, and A can vary from 0 to 1 [19–21]. In the case of unor-

dered inhomogeneous (isotropic) systems, the particles are considered spherical, and і A = 

1/3. 

For a statistical mixture, the dependence of static dielectric permittivity on the vol-

ume fraction is described by the Boettcher-Hsu model [18], and it can be written as [20,22]: 

                                                      (2) 

where — is the threshold (percolation) value of the volume fraction of the conducting 

component [14]. 

As can be seen from (2), as , the low-frequency dielectric permittivity of the 

statistical mixture  increases infinitely.  

For a two-component statistical mixture with spherical particles in the Boettcher-Hsu 

model, the theoretical value of [20,22]. 

It should be noted that in a number of known theoretical models of electrical conduc-

tivity in two-component media, the percolation threshold is determined by an expression of 

the form , where z — is the number of bonds between homogeneous particles lo-

cated at the nodes of a particular lattice (the bond model) [23]. Depending on the degree of 

order and physical properties, it has been shown that the percolation threshold value  can 

vary from 0,05 to 0,6 [23-26]. 
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The unknown parameters in (1) and (2) are A and . The condition for applying either 

of the models in a specific real situation is the possibility of approximating the experimental 

dependence in the coordinates [ ] or 

[ ]  with a straight line [25,27]. 

The description of the main operations of the developed algorithm can be outlined as 

follows: 

1. For applying the least squares method [28], the experimental data for the concentra-

tion dependence of the low-frequency dielectric permittivity are presented in relative coordi-

nates such as  and 

 Here,  and  - the experimental values 

(i = 0, 1, … n-1; n — is the number of experimental points). 

2. The theoretical approximating expressions (1) and (2) are rewritten as: 

                                           (3) 

 

                                        (4) 

3. To determine the unknown parameters A та pth the following target functions must 

be minimized: 

                                           (5) 

where k = 1–2;  та . 

The quality of the approximation can be measured by the root mean square error of the 

approximation divided by the empirical mean value (variation coefficient), which is deter-

mined for each section of the relaxation dependence by the formula: 

                                                           (6) 

4. To choose the optimal model, the condition of minimizing the corresponding root 

mean square error is applied, for example, the rule for the k-th kinetic dependence is as fol-

lows: 

IF , THEN the k-th model is selected. 

To implement this algorithm, the well-known and widely used mathematical software 

package Mathcad [29] was chosen as the main tool. The program’s user interface was devel-

oped using Visual Studio tools. Specifically, the monitor for the package was created using 

C# within a Windows Forms Application project type. As previously mentioned, the compu-

tational algorithm’s application module consists primarily of Mathcad documents, specifically 

version 15, which are utilized for performing the necessary calculations and operations. 

In addition, the application supports a range of universal tools that allow users to work 

with various file formats, including .xlsx (Excel spreadsheets) and .dat (text data files). The 

results of computations are stored in text files, and the content of these files is then displayed 
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on the screen in the appropriate form field. The results are added to the ListBox element for 

better organization and easier access by the user [30,31]. 

For easy navigation between different sections of the application, buttons (Button) are 

used, allowing the user to move seamlessly from one part of the program to another. The user 

interface is designed with the understanding that the application integrates different software 

products, which work together to provide a comprehensive solution. It includes various ser-

vice functions to assist users with data processing and analysis. These functions and the over-

all system layout are clearly depicted in Figure 1. 

 

Figure 1 – Main user interface window and application operation diagram 

 

The algorithm to interact with the user interface can be described by the following steps:  

1. Data input. The operator uploads the corresponding table of experimental measure-

ment data on the concentration dependence of static dielectric permeability into an Excel 

spreadsheet (transition to the data file window by clicking the "Enter date" button). 

2. Calculation in the Mathcad software package of the model parameters for the speci-

fied dependence for a given factor value and transferring them to the result analysis text file 

(transition to the Mathcad software module window by clicking the "Analyze" button). Addi-

tionally, the conversion and transfer of output data to a separate text file is performed auto-

matically. 

3. Displaying the results in the ListBox field (clicking the "Result visualization" but-

ton). 

Furthermore, the main window contains the buttons "Bruggeman model" and "Bottcher 

model," which allow, if necessary, to check the correctness of the entered data and review the 

obtained values of the model parameters and relative modeling errors, respectively. 
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Conclusions. A variant of the implementation of computer analysis of measurement da-

ta of the concentration dependence of dielectric permeability in two-component composites is 

presented, aimed at obtaining information about their structural features.  

As a result of this processing, it is possible to obtain information about the structure 

model that best describes the electrical properties of the studied heterogeneous material, as 

well as determine the optimal parameters of the selected model (depolarization factor for par-

ticles of the component with higher electrical conductivity for the matrix system or percola-

tion threshold for the statistical mixture).  

The developed application can be considered as part of the software for an automated 

system for scientific research in the field of electronics of heterogeneous structures and mate-

rials and can also be used locally. 
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Додаток для обробки та аналізу даних вимірювань концентраційної  

залежності діелектричної проникності двокомпонентних композитів 

У статті розглядається розробка та впровадження обчислювального застосун-

ку, призначеного для обробки та аналізу даних, отриманих з діелектричних дослі-

джень. Ці дослідження зосереджені на загальному аналізі типу структури двокомпо-

нентних композитних матеріалів та гетерогенних діелектриків. Запропонований алго-

ритм використовує експериментальні концентраційні залежності статичної діелект-

ричної проникності для класифікації структури композитів як матричних систем або 

статистичних сумішей на основі встановлених теоретичних моделей. 

Використовуються модель Бругемана-Ханаї для матричних систем та модель 

Ботчера-Хсу для статистичних сумішей для оцінки діелектричної поведінки гетеро-

генних систем, що містять провідникові включення. Шляхом апроксимації експериме-

нтальних даних за допомогою цих моделей інструмент визначає ключові параметри, 

такі як фактори деполяризації або порогові значення перколяції, які є критичними для 

розуміння властивостей таких матеріалів. 

Розроблено з використанням Mathcad для алгоритмічної реалізації та Visual 

Studio – для проєктування інтерфейсу, програмне забезпечення обробляє експеримен-

тальні дані з вхідних файлів (формати Excel або текстові файли) та генерує резуль-

тати у зручному для користувача форматі. Основні функціональні можливості вклю-

чають перевірку введених даних, обчислення параметрів моделі та візуалізацію ре-

зультатів. Цей підхід значно підвищує ефективність і точність діелектричного аналі-

зу порівняно з ручними обчисленнями. 

https://metanit.com/sharp/windowsforms
https://learn.microsoft.com/en-us/troubleshoot/%20developer/visualstudio/csharp/language-compilers/file-io-operation
https://learn.microsoft.com/en-us/troubleshoot/%20developer/visualstudio/csharp/language-compilers/file-io-operation
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Розроблений застосунок має автономні можливості та потенціал для інтеграції 

в автоматизовані науково-дослідницькі системи для електроніки та науки про мате-

ріали. Це дозволяє дослідникам спрощувати складні математичні обчислення, одноча-

сно забезпечуючи надійний вибір моделей на основі мінімальних помилок апроксимації. 

Ключові слова: автоматизація діелектричних досліджень, обробка даних, гете-

рогенні діелектрики, додаток, Mathcad програма, дизайн інтерфейсу. 
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