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Multisensor platform using industrial tomography for monitoring 
and control of technological processes 

 
 

Abstract. The article covers the process of developing intelligent mechanisms for monitoring and controlling industrial processes using modern 
measurement techniques and process tomography. The solution proposed in this work focuses on analysing, monitoring and controlling 
technological processes using industrial tomography. 
 
Streszczenie. Artykuł obejmuje proces opracowywania, inteligentnych mechanizmów monitorowania i sterowania procesami przemysłowymi z 
wykorzystaniem nowoczesnych technik pomiarowych, tomografii procesowej. Rozwiązanie zaproponowane w niniejszej pracy skupia się na analizie, 
monitorowaniu i kontroli procesów technologicznych za pomocą tomografii przemysłowej (Platforma wielosensorowa wykorzystująca tomografię 
przemysłową do monitorowania i sterowania procesami technologicznymi). 
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Introduction 

This article presents a multisensor industrial tomography 
platform used for diagnostics and control of technological 
processes. The concept of the whole platform has been 
developed as a system of Industry 4.0. The main intention 
is to prepare the whole in such a way that it is possible to 
add individual sensors cooperating with the system of an 
intelligent cyber-physical platform of open architecture 
[1,2,3].  

An important element is a free configuration and 
cooperation with external systems. Experimental work has 
developed a platform that allows individual subsystems to 
work together. The cyber-physical system consists of 
integrated computing, communication, control and physical 
elements. The system's general assumptions can indicate 
the ability to manage data stored on the server. It is 
possible to read current data as well as historical data [ 
4,5,6]. The data coming from the measuring sensors are 
sent to the database, and it is possible to check and read 
them at any time. As part of the system's construction, 
individual sensors that communicate through an established 
standard can be combined at will. In our case, it was the 
Kafka system. 

The system is built based on smart sensors that 
measure basic physical quantities but also more complex 
tomographic sensors such as electrical impedance 
tomography. The industrial tomography sensor itself makes 
measurements related to either current flow or potential 
distribution on the component under test. However, in order 
to make measurements capable of displaying information 
about the object under study, appropriate algorithms are 
needed to control the measurement process, and on the 
other hand, appropriate algorithms must be applied to 
analyze and diagnose technological processes [7-18]. 

 
EIT measurement 

Various sensors have been used to build the 
multisensor platform, but in this article, we focus on the 
impedance tomography sensor. The use of this type of 
sensor allows you to look inside the object without 
destroying it, and with up-to-date knowledge of the process 
taking place, you can control it, and control the processes 
[19]. 

All sensors allow direct or indirect data collection from 
various sources related to the production process. We use 
a tomographic device for different objects (e.g., a field of 

view in the form of a circle with different diameters). Using 
ML techniques, we should first create a learning set. 
Analyzing the correlation coefficient value map, we see that 
the predictors are highly correlated. In order to reduce the 
dimensions, we usually use techniques such as Tikhonov 
regularization, LASSO, Elasticnet [20], Principal Component 
Analysis [21], wavelet decomposition (signal projection for 
the i-th level, we choose scaling factors), etc. 

The approach used is similar to SVM, except that, using 
SVM, we select support vectors that constitute the learning 
set, while here, we first define support vectors and select 
kernel values (e.g., the square of the norm of the difference 
between the measurement and the base vector) as pre-
kernel values. In this way, we construct a learning set in 
which the number of predictors is equal to the number of 
base vectors. 

 
Used technique 

The viewing area consists of k finite elements, while the 
vector of measurements obtained from the electrodes 
contains m values. For a learning set containing n cases, 
we define 𝑌 ∈ ℝൈ and  𝑋 ∈ ℝൈ of the form 
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we define a matrix of baseline measurements 
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This matrix consists of a baseline measurement and 
measurements corresponding to the position of inclusions 
at specific locations. Of course, the number of base 
measurements d<m<<n. 

In order to reduce the dimension, we apply a 
transformation 𝐹:ℝ → ℝௗ  of the form 𝐹ሺ𝑥ሺሻሻ ൌ
൫𝑓ሺభሻሺ𝑥
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for any 1≤j≤d, 1≤i≤n In view of the above, the matrix of 
predictors W=FB(X) of the form 
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After applying the FB transformation of the ML technique, 
we apply to a learning set containing n cases: a matrix of 
finite element values 𝑌 ∈ ℝൈ and a matrix of predictors 
𝑊 ∈ ℝൈௗ, d<m. 

 
Model 

The two-dimensional model represents a circle of 
radius 1. All electrodes are placed on the edge of the circle. 

Parameters of the model: 
- 1338 number of calls; 
- 2502 number of finite elements; 
- 16 number of electrodes; 
-point electrodes 

The number of measurements obtained from the electrodes 
is 96.  
Below are examples of field inclusions and measurements 
from the electrodes, which are the basis vectors in the B 
matrix (Fig.1-8). 
 

 
Fig.1. The two-dimensional model, and base position for basis 
vector 1 

 
Fig.2. Reference measurement from electrodes for vector 1. 

 
 

Fig.3. Reference as basis vector 2. 

 
Fig.4. Reference measurement from electrodes for vector 2 

 
Fig.5. Reference as basis vector 3  

 
Fig.6. Reference measurement from electrodes for vector 3  
 
Then the measurements at each electrode. 

 
Fig.7. Reference as basis vector 19. 

 

 
Fig.8. Reference measurement from electrodes for vector 19 
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Examples of reconstructions 
Models were identified for each finite element: 

 linear regression with Elasticnet; 
 logistic regression with Elasticnet. 

Estimation of the structural parameters of the models for 
each finite element was performed in the programming 
language R. The glmnet function from the glmnet package 
was used to determine the coefficients. 
Example reconstruction results are given below (Fig.9-18). 

 
Fig.9. Example 1 Pattern 

 
 
Fig.10. Example 1 Reconstruction 

 
Fig.11. Example 2 Pattern 
 
 

 
 
Fig.12. Example 2 Reconstruction 

 
Fig.13. Example 3 Pattern 

 
Fig.14. Example 3 Reconstruction 

 
Fig.15. Example 4 Pattern 

 
Fig.16. Example 4 Reconstruction 
 

 
Fig.17. Example 5 Pattern 
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Fig.18. Example 5 Reconstruction 
 
Conclusions: 

The presented technique allowed to reduce the 
dimensions of the predictors (from 96 to 24). The presented 
technique allows to detect the location of the inclusion in the 
viewing area, while the boundaries of the inclusion are not 
clear, the use of additional filters is required. The method's 
main purpose is to use a tomographic device to view areas 
in the form of a circle of different diameters. By recording 
the baseline measurements, we determine the basis 
vectors necessary for the transformation of the predictors. 
Disadvantage: regression also requires regularization 
techniques because the resulting predictors—further 
research: using other transformations to obtain predictors 
that are less correlated with each other. 
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