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The concept of the technological process control using a 
distributed industrial tomography system 

 
 

Abstract. The article presents the idea of a system enabling effective control of production processes. A high level of automation and control of 
production processes plays a key role in maintaining a high level of competitiveness of each enterprise. The proposed system concept consists of a 
network of distributed sensors that enable the measurement of many process parameters, manufacturing resources and the state of the machine 
park. The described control system uses both wired and wireless communication. The implemented communication systems will enable obtaining 
data from various sensors and other subsystems installed in enterprises, as well as obtaining data from new systems and sensors used to measure 
all types of processes, from production set-up to the final product. The described solution includes the use of process tomography sensors based on 
electrical tomography. The conducted research shows that the use of tomographic methods enables effective management of the intelligent 
structure of companies in the scope of manufacturing processes control.   
 
Streszczenie. W artykule przedstawiono ideę systemu umożliwiającego efektywną kontrolę procesów produkcyjnych. Wysoki poziom automatyzacji 
i kontroli procesów produkcyjnych odgrywa kluczową rolę w utrzymaniu wysokiego poziomu konkurencyjności każdego przedsiębiorstwa. 
Proponowana koncepcja systemu składa się z sieci rozproszonych czujników, które umożliwiają pomiar wielu parametrów procesu, zasobów 
produkcyjnych i stanu parku maszynowego. Opisany system sterowania wykorzystuje zarówno komunikację przewodową, jak i bezprzewodową. 
Zaimplementowane systemy komunikacyjne umożliwią pozyskiwanie danych z różnych czujników i z innych podsystemów zainstalowanych w 
przedsiębiorstwach, a także uzyskiwanie danych z nowoopracowanych systemów i czujników używanych do pomiaru wszystkich typów procesów, 
począwszy od przygotowania produkcji aż do produktu końcowego. Opisane rozwiązanie obejmuje wykorzystanie czujników tomografii procesowej 
w oparciu o tomografię elektryczną. Przeprowadzone badania dowodzą, że zastosowanie metod tomograficznych umożliwia efektywne zarządzanie 
inteligentną strukturą firmy w zakresie sterowania procesami produkcyjnymi. (Koncepcja sterowanie procesem technologicznym z 
wykorzystaniem rozproszonego systemu tomografii przemysłowej). 
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Introduction 
Industrial tomography enables non-invasive, dynamic 

observation of physical and chemical phenomena without 
the need of mechanical interference into the interior of the 
investigated object [1-14,16,19-22]. Thanks to the features 
mentioned above, this type of tomography is ideal for 
automatic optimization of design and production processes. 
Process tomography systems can operate autonomously in 
the field of monitoring, measurement and control of the 
correct functioning of industrial processes. A network of 
sensors connected to the system provides a constant data 
flow enabling tracking of technological processes even in 
closed technical facilities, such as fermenters. Process 
tomography is also used to acquire data on the flow of fluids 
and loose components in pipelines that act as transport 
media [24-29, 31-37]. The data obtained from the sensors 
are delivered to the data warehouse, where they are further 
processed. As a consequence, data warehouses enable 
building a knowledge base on operating systems and 
processes. Data analysis results can be displayed in a 
suitable form on the monitor screen. In semi-automatic 
systems they can be used by the operator as elements of 
supporting decision-making processes, and in automatic 
systems, decisions are made by IT systems, and the 
information about the history of these decisions is a log file. 
The production process control tasks carried out in this way 
allow increasing the efficiency and quality of products, as 
well as increasing the company's competitiveness level. 
Methods of analysis and control of processes include issues 
related to the processing of data obtained from various 
sensors located in remote nodes. Monitoring is based on 
acquired and processed data due to appropriately 
elaborated algorithms for parameter automation 
[15,17,18,23,30,38]. 

This paper concerns the issues of processes control in a 
cyber-physical system based on the concept of a production 
process management system equipped with tomographic 

sensors. Due to the reduction of the risk of failure, the 
launch of applications for processing data obtained from 
various sensors located in the installation of key nodes will 
increase the level of production protection in the sphere of 
health and safety as well as in terms of maintaining 
production continuity. The effectiveness of supervision and 
control over manufacturing processes depends on the 
scope of obtained and processed data and on the 
parameters of devices performing automation. Thanks to 
the conducted research, it will be possible to define a new 
mathematical basis with formalisms for defining, analyzing, 
verifying and checking systems that monitor and control 
physical objects. The model of the new system includes 
new measurement techniques and projects of innovative, 
intelligent measuring devices. The software structure 
includes a communication interface, original optimization 
algorithms and data analysis algorithms for reconstruction 
of tomographic images and monitoring of industrial 
processes. 

 

 
Fig. 1. Idea of distributed industrial tomography system. 
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Model of the system 
This chapter presents the idea of an integrated IT 

industrial system whose task is to intelligently deliver 
flexible and reliable monitoring methods based on 
tomography. In Fig. 1, we can see a scheme of the 
industrial system mentioned. The proposed system model 
can be divided into the following subsystems: measuring 
devices, sensors, tested objects, applications for cloud 
computing and data analysis applications. 

Model and experiment 
Fig. 2 presents a measurement system based on 

electrical tomography installed on a real object. Around the 
bucket, in the middle of the height, a series of measuring 
electrodes were installed, to which the wires connecting 
them with the tomograph were connected. Inside the bucket 
there are objects immersed in water. Thanks to the 
specially designed frame (upper part of the bucket), the 
objects can be moved relative to each other and to the 
bucket, and their number can be changed. This allows 
measurements to be made for a variety of cases. 

 
 

  
 

 

 
Fig. 2. Model of the measurement system. 

Image reconstruction 
Computer tomography basses on the analysis of the 

reverse problem, which is difficult to investigate. This type 
of problem usually has no unambiguous solution and is 
poorly conditioned. The reasons for this are, for example, 
too little or too much information, which in addition may be 
contradictory or linearly dependent. The above problem can 
be analyzed by numerical methods, including also using the 
finite element method or the boundary element method. In a 
situation where data is too little we talk about fixed 
problems, whereas when the data is too much, the 
problems are over-determined. Knowledge of the a priori 
process usually makes reconstruction of the image more 
resistant to incomplete or noisy data. Automatic data 
analysis is an important part of diagnostics of industrial 
processes. Figs. 3 and 4 present tomographic 
reconstructions of images using stochastic and 
deterministic methods using 32 measurement electrodes. 

 

a) 

 
b) 

 
 
 
 



 

168                                                                             PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 94 NR 12/2018 

c) 

 
d) 

 
Fig. 3. Image reconstruction (32 electrodes): a) model, b) Gauss-
Newton method with Laplace regularization, c) GN Tikhonov , d) 
Lars. 

a) 

 
b) 

 
 

c) 

 
d) 

 
Fig. 4. Image reconstruction (32 electrodes): a) model, b) Gauss-
Newton method with Laplace regularization, c) GN Tikhonov , d) 
Lars. 

Conclusion 
The article presents the real model of the measurement 

system in relation to a circular object, to which two methods 
of image reconstruction were applied: Gauss-Newton and 
Lars. The visual results of simulation experiments confirm 
the high quality of the reconstructed tomographic 
reconstructions. Computed tomography and electrical 
tomography can be successfully used for tasks related to the 
control of dynamic production processes. A high degree of 
automation increases the level of control of manufacturing 
and logistics processes, which in turn play a key role in 
maintaining high competitiveness of the company. An 
important element of the presented solution is a network of 
sensors for measuring process parameters. The surveillance 
system uses wired and wireless communication, which 
allows the delivery of data from installed sensors located in 
different places in the production system. Due to the 
specificity of the model used, the conducted research refers 
directly to manufacturing and logistics of a process nature, 
such as control of liquid flow in pipelines, chemical reactions 
in reactors, biogas manufacturing, etc. 

 
Authors: Tomasz Rymarczyk, Ph.D. Eng., University of Economics 
and Innovation, Projektowa 4, Lublin, Poland / Research & 
Development Centre Netrix S.A. E-mail: tomasz@rymarczyk.com; 
Konrad Niderla, Research & Development Centre Netrix S.A., E-
mail: konrad.niderla@netrix.com.pl; Edward Kozłowski, Ph.D., 
Lublin University of Technology, Nadbystrzycka 38A, Lublin, 
Poland, E-mail: e.kozlovski@pollub.pl; Grzegorz Kłosowski, Ph.D. 
Eng., Lublin University of Technology, Nadbystrzycka 38A, Lublin, 
Poland, E-mail: g.klosowski@pollub.pl; Paweł Tchórzewski, 
Research & Development Centre Netrix S.A., E-mail: 
pawel.tchorzewski@netrix.com.pl 
 



 

PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 94 NR 12/2018                                                                                    169 

REFERENCES 
[1] Rymarczyk T., Konrad Niderla, Kozłowski E., Kłosowski G. and 

Tchórzewski P., Application of a distributed industrial 
tomography system for the analysis of technological processes, 
PTZE — 2018 Applications of Electromagnetic in Modern 
Techniques and Medicine, 09-12 September 2018, Racławice, 
Poland. 

[2] A l l a i re  G . ,  De  Gournay  F . ,  Jouve  F . ,  Toader  A .  M., 
Structural optimization using topological and shape sensitivity 
via a level set method, Control and Cybernetics, 34 (2005), 59–
80 

[3] Babou t  L . ,  Grudz ień  K . ,  W iącek  J . ,  
N iedos ta tk iewicz  M. ,  Karp ińsk i  B . ,  Szkodo  M., 
Selection of material for X-ray tomography analysis and DEM 
simulations: comparison between granular materials of 
biological and non-biological origins, Granular Matter, 20/3 
(2018), 20:38 

[4] Banas iak  R. ,  Wa jman  R. ,  Jaworsk i  T . ,  F ide rek  P . ,  
F idos  H . ,  Nowakowsk i  J., Study on two-phase flow 
regime visualization and identification using 3D electrical 
capacitance tomography and fuzzy-logic classification, 
International Journal of Multiphase Flow, 58, (2014), 1-14 

[5] Bar tušek  K . ,  F ia la  P . ,  M iku lka  J., Numerical Modeling 
of Magnetic Field Deformation as Related to Susceptibility 
Measured with an MR System, Radioengineering, 17/4 (2008), 
113-118 

[6] Borcea  L ., Electrical impedance tomography, Inverse 
Problems, 18 (2002), 99–136 

[7] Borso i  R.  A . ,  Aya  J .  C .  C . ,  Cos ta  G .  H. ,  
Bermudez  J .  C .  M., Super-resolution reconstruction of 
electrical impedance tomography images, Comput. Electr. 
Eng., 69 (2018), 1–13 

[8] Ca lde rón  A .  P., On an inverse boundary value problem, 
Computational & Applied Mathematics, 25 (2006), 133 – 138 

[9] Chan ieck i  K . ,  Romanowsk i  Z .  A . ,  Nowakowsk i  J . ,  
N iedos ta tk iewicz  M., Application of twin-plane ECT sensor 
for identification of the internal imperfections inside concrete 
beams Grudzien, IEEE Instrumentation and Measurement 
Technology Conference, (2016), 7520512 

[10] Chen  C . ,  Woźn iak  P . ,  Romanowsk i   A. et al., Using 
Crowdsourcing for Scientific Analysis of Industrial Tomographic 
Images, ACM Transactions on Intelligent Systems and 
Technology, 7/4 (2016), 52:1-52:25 

[11] F ia la  P . ,  Drex le r  P . ,  Nešpor  D. ,  Szabó  Z . ,  
M iku l ka  J . ,  Po l ívka  J., The Evaluation of Noise 
Spectroscopy Tests, Entropy, 18/12 (2016), 1-16 

[12] F i l i powicz  S .F . ,  Rymarczyk  T., Measurement Methods 
and Image Reconstruction in Electrical Impedance 
Tomography, Przeglad Elektrotechniczny, 88/6 (2012), 247-250 

[13] F i l i powicz  S .F . ,  Rymarczyk  T., The Shape 
Reconstruction of Unknown Objects for Inverse Problems, 
Przegląd Elektrotechniczny, 88/3A (2012), 55-57 

[14] Garbaa  H . ,  Jackowska-St rumi ł ło  L . ,  Grudz ień  K., 
Romanowsk i  A., Application of electrical capacitance 
tomography and artificial neural networks to rapid estimation of 
cylindrical shape parameters of industrial flow structure, 
Archives of Electrical Engineering, 65/4 (2016), 657-669 

[15] Go la  A . ,  N ieoczym A., Application of OEE Coefficient for 
Manufacturing Lines Reliability Improvement, Proceedings of 
the 2017 International Conference on Management Science 
and Management Innovation (MSMI 2017), 2017. 

[16] Grudz ien  K . ,  Romanowsk i  A . ,  Chan ieck i  Z . ,  
N iedos ta tk iewicz  M. ,  Sankowsk i  D., Description of the 
silo flow and bulk solid pulsation detection using ECT, Flow 
Measurement and Instrumentation, 21/3 (2010), 198-206 

[17] K łosowsk i  G. ,  Koz łowsk i  E . ,  Go la  A., Integer linear 
programming in optimization of waste after cutting in the 
furniture manufacturing, Advances in Intelligent Systems and 
Computing 2018; 637 (2018), 260-270 

[18] Kos icka  E . ,  Koz łowsk i  E . ,  Mazurk iewicz  D ., 
Intelligent Systems of Forecasting the Failure of Machinery 
Park and Supporting Fulfilment of Orders of Spare Parts, 
International Conference on Intelligent Systems in Production 
Engineering and Maintenance, (2017), 54-63 

[19] K ryszyn  J . ,  Wan ta  D . ,  Smo l i k  W., Gain Adjustment for 
Signal-to-Noise Ratio Improvement in Electrical Capacitance 
Tomography System EVT4, IEEE Sensors Journal, 17 (2017),  
8107-8116 

[20] Korzeniewska E., Gałązka-Czarnecka I., Czarnecki A., 
Piekarska A., Krawczyk A., Influence of PEF on antocyjans in 
wine, Przeglad Elektrotechniczny, 94 (2018), No.1, 57-60. 

[21] Goclawski J., Sekulska-Nalewajko J., Korzeniewska E., 
Piekarska A., The use of optical coherence tomography for the 
evaluation of textural changes of grapes exposed to pulsed 
electric field, Computers and Electronics in Agriculture, 142 
(2017), 29-40. 

[22] Lech le i te r  A . ,  R ieder  A ., Newton regularizations for 
impedance tomography: convergence by local injectivity, 
Inverse Problems, 24/6 (2008). 

[23] Lopa to  P . ,  Chady T . ,  S iko ra  R . ,  Gra tkowsk i  S . ,  
Z io l kowsk i  M., Full wave numerical modelling of terahertz 
systems for nondestructive evaluation of dielectric structures, 
32/3 (2013),  736 – 749 

[24] Ma jch rowicz  M. ,  Kapus ta  P . ,  Jackowska-S t rumi ł ło  
L . ,  Sankowsk i  D ., Optimization of Distributed Multi-node, 
Multi-GPU, Heterogeneous System for 3D Image 
Reconstruction in Electrical Capacitance Tomography, Image 
processing & communications, 21/3 (2016), 81-90 

[25] M iku l ka  J ., GPU- Accelerated Reconstruction of T2 Maps in 
Magnetic Resonance Imaging,  Measurement Science Review, 
4 (2015), 210-218 

[26] Mosorov  V . ,  Grudz ień  K . ,  Sankowsk i  D ., Flow 
velocity measurement methods using electrical capacitance 
tomography, Informatyka, Automatyka, Pomiary w Gospodarce 
i Ochronie Środowiska (IAPGOŚ), 7/1 (2017), 30-36  

[27] Nowakowsk i  J . ,  Os ta lczyk  P . ,  Sankowsk i  D., 
Application of fractional calculus for modelling of two-phase 
gas/liquid flow system, Informatyka, Automatyka, Pomiary w 
Gospodarce i Ochronie Środowiska, 7/1 (2017), 42-45  

[28] Po lakowsk i  K . ,  F i l i powicz  S .F . ,  S i ko ra  J . ,  
Rymarczyk  T., Quality of imaging in multipath tomography, 
Przeglad Elektrotechniczny, 85/12 (2009),  134-136 

[29] Po lakowsk i  K . ,  F i l i powicz  S .F . ,  S i ko ra  J . ,  
Rymarczyk  T., Tomography technology application, Przeglad 
Elektrotechniczny, 84/12 (2008), 227-229 

[30] Psu j  G., Multi-Sensor Data Integration Using Deep Learning 
for Characterization of Defects in Steel Elements, Sensors, 
18/1 (2018), 292 

[31] Romanowsk i  A ., Big Data-Driven Contextual Processing 
Methods for Electrical Capacitance Tomography, IEEE 
Transactions on Industrial Informatics, (2018),  1551-3203  

[32] Rymarczyk  T . ,  Tchórzewsk i  P . ,  Adamk iewicz  P . ,  
Duda  K . ,  Szumowsk i  J . ,  S i ko ra  J., Practical 
Implementation of Electrical Tomography in a Distributed 
System to Examine the Condition of Objects, IEEE Sensors 
Journal, 17/24 (2017), 8166-8186 

[33] Rymarczyk  T . ,  S iko ra  J ., Applying industrial tomography 
to control and optimization flow systems, Open Physics,16 
(2018), 332–345 

[34] Rymarczyk  T . ,  K łosowsk i  G., Application of neural 
reconstruction of tomographic images in the problem of 
reliability of flood protection facilities, Eksploatacja i 
Niezawodnosc – Maintenance and Reliability, 20/3 (2018), 
425–434 

[35] Rymarczyk  T . ,  K łosowsk i  G . ,  Koz łowsk i  E., Non-
Destructive System Based on Electrical Tomography and 
Machine Learning to Analyze Moisture of Buildings, Sensors, 
18/7 (2018), 2285 

[36] So le iman i  M. ,  M i tche l l  C .N . ,  Banas iak  R . ,  
Wa jman  R. ,  Ad le r  A ., Four-dimensional electrical 
capacitance tomography imaging using experimental data, 
Progress In Electromagnetics Research, 90 (2009), 171-186 

[37] Wang  M., Industrial Tomography: Systems and Applications, 
Elsevier, 2015. 

[38] Z io l kowsk i  M . ,  Gra tkowsk i  S . ,  Zyw ica  A .  R . , 
Analytical and numerical models of the magnetoacoustic 
tomography with magnetic induction, COMPEL - Int. J. Comput. 
Math. Electr. Electron. Eng., 37/2 (2018), 538–548 


