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Abstract. The work is devoted to the study of the impedance of organic and inorganic media containing 
inhomogeneities at different frequencies of the injecting current in order to determine the conditions for 
using the device for multi-angle multi-frequency electrical impedance tomography. The paper provides a 
method of obtaining data and analysis of the obtained measurement results. Based on the analysis, the 
dependences of the integral parameter of the change in the potential difference correlating with the total 
impedance on the frequency of the injected current are determined. To estimate the repeatability of the 
obtained measurement results, an analysis of the measurement data array was carried out by calculating the 
standard (root-mean-square) deviation for each obtained in measurement value. Based on the analysis of 
deviations, the dependences of the standard deviation of the obtained integral parameters on the frequency 
of the injected current are also determined.  

1 Introduction  
Electrical impedance tomography (EIT) is a non-
invasive method for visualizing and evaluating the 
conduction field of internal structures of objects (both 
technical and biological) [1,2]. One of the new directions 
in the development of EIT is multi-angle  multifrequency 
electric impedance tomography (MMEIT). In the course 
of the MMEIT, the frequency of the injected current 
applied to the biological object (BO) plays an important 
role. Due to the fact that the electrical properties of BO 
tissues depend on the frequency of the injecting current, 
the use of MMEIT in clinical practice is an important 
tool for obtaining diagnostic information. [3-17] 

The aim of this work is to study the influence of the 
frequency of the injected current on the result of 
measurements, that is, on the impedance. Since devices 
for carrying out MMEIT operate with a limited range of 
load resistance, which in this case is the impedance of 
the BO, the results of this work can be applied to 
determine the conditions for using this type of device.  

2 Materials and Methods  

2.1 Experimental design 

To estimate the impedance, around the perimeter of the 
container with polyethylene non-conductive walls 
containing  the media under study (phantom [18]), 16 
electrodes from the copper-nickel  alloy were placed 
[18], current injection was performed clockwise. To 
model the inhomogeneity, cylinders of 18 mm in 
diameter from non-conductive (polyethylene polymer) 

and conductive (stainless steel) material were placed in 
the media under investigation. For correct positioning of 
inhomoheneity samples, constant relative to electrodes, 
printed target mounted in a bottom of a phantom. 

During the measurements a model of the hardware-
software complex of electrical impedance tomography 
[19] was used, in which the possibility of connecting a 
current source to any of the 16 electrodes and measuring 
the potential relative to a common point on any of the 16 
electrodes is realized. In present study, the potential 
difference Δφ was measured between all neighboring 
electrodes in pairs at frequencies fI = 50 ... 250 kHz in 50 
kHz increments at the constant amplitude of the injected 
current IM = 5 mA. Since the device uses the current 
source developed in [20], and the impedance Z is 
calculated by the formula [4]: 

,
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where Z is the impedance value; Δφ is the measured 
potential difference; IM is the amplitude of the injected 
current, the potential difference in a predetermined  
frequency range correlates with the impedance of the 
sample under investigation.  

Potential differences Δφ for all selected potential-
measuring points is summed and normalized to obtain 
the integral parameter Θ, which also correlates with the 
global impedance Z of the investigated object. 

The measurements were carried out with two types of 
`media: inorganic (tap water, total salt content of 452 
mg/l, temperature of 16.8°C) and organic (chicken leg 
quarter minced in industrial grinder to avoid metal 
inclusions that may affect on resulting impedance, with 
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temperature of 4.2°C), at an ambient temperature of 
24.8°C, atmospheric pressure of 754 mm Hg; and air 
humidity of 43%. Photos of phantom with the placed 
inhomoheneity samples and electrodes connected to the 
measuring device are shown in Fig. 1 (a is an inorganic 
media with a conducting object, b is an inorganic media 
with a non-conducting object, c is an organic media with 
a conductive object, and d is an organic media with a 
non-conducting object). Eleven  repeated experiments 
were performed for each organic and inorganic media, 
conductive and non-conductive sample and frequency fI 
values with total count of experimental measurements of 
220. As a result of the measurement, the average value 
of integral parameter Θ of repeated experiments was 
taken to measurement inaccuracy minimization.  

To estimate the repeatability of the experimental 
results, the standard (root-mean-square) deviation σ of 
Θ, calculated by formula (2), is applied: 
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where n is the number of measurements, 
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Fig. 1. Phantom with connected electrodes with: 
 a) an inorganic media with a conducting object; b) an 
inorganic media with a non-conducting object; c) an organic 
media with a conducting object; d) an organic media with a 
non-conducting object. 

xi is the value obtained in measurement, 
x    - the arithmetic mean, calculated by the formula: 
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3 Results and discussion  

Figure 2 shows the results of integral parameter Θ, 
obtained from measured on electrodes potential 
differences, that proportional to the change in global  
impedance of investigated  object Z, on the frequency fi 
of the injected current. 
Figure 2 shows the following dependencies: 

- Fig. 2 (a) diagram of the dependence of Θ on fi 
for an inorganic media and a conductive sample; 

- Fig. 2 (b) diagram of the dependence of Θ on fi 
for an inorganic media and a non-conducting sample; 

- Fig. 2 (c) diagram of the dependence of Θ on fi 
for an organic media and a non-conductive sample; 

- in Fig. 2 (d) diagram of the dependence of Θ on fi 
for an organic media and a non-conducting sample; 

In order to estimate the repeatability of the research 
results, the results of the change in the standard (root-
mean-square) deviation σ of the integral parameter Θ 
from the frequency fi of the injected current IM are 
presented in Fig. 3. The following dependencies are 
shown in the figure: 

- Fig. 3 (a) diagram of the dependence of σ on fi for 
an inorganic media and a conductive sample; 

- Fig. 3 (b) diagram of the dependence of σ on fi for 
an inorganic media and a non-conducting sample; 

- Fig. 3 (c) diagram of the dependence of σ on fi for 
an organic media and a conductive sample; 

- in Fig. 3 (d) a diagram of the dependence of σ on 
fi for an organic media and a non-conducting sample; 

Analysis of the data presented in Figures 2 shows 
that for the inorganic media, both with the conducting 
object and with the non-conducting as the 
inhomogeneity, with increasing fi the parameter Θ 
increases, which indicates an increase in global  
impedance Z. 

At the same time, for an organic media, both with a 
conducting and non-conducting object as an 
inhomogeneity, the parameter Θ decreases with 
increasing fi, which indicates a drop in global impedance 
Z. 

The analysis of the data obtained from the 
measurement of the standard deviation σ of the obtained 
integral parameter Θ shown in Figures 3 indicates an 
increase in the deviation of measured parameters with 
increasing frequency in all cases both of organic and 
inorganic media with both conductive and non-
conductive samples, which indicates an increase in the 
spread of the measured parameters with increasing 
frequency, that measurement inaccuracy may be due to 
an insufficiently high sampling frequency of analog to 
digital converter, which is part of the layout of electrical 
impedance tomography. In any case this effect is a 
subject of further studies. 
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Fig. 2. a) the dependence of Θ on fi for an inorganic media 
with a conducting object; b) the dependence of Θ on fi for an 
inorganic media with a non-conducting object; c) the 
dependence of Θ on fi for an organic media with a conducting 
object; d) the dependence of Θ on fi for an organic media with 
a non-conducting object. 
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Fig. 3. a) dependence of σ on fi for an inorganic media with a 
conducting object; b) the dependence of σ on fi for an 
inorganic media with a non-conducting object; c) the 
dependence of σ on fi for an organic media with a conducting 
object; d) the dependence of σ on fi for an organic media with a 
non-conducting object. 
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4 Conclusion 
As a result of the study, the dependences of the integral 
parameter Θ (that correlating with impedance Z) on 
frequency fi was found for variety of conductive and 
non-conductive samples of predetermined size and 
position in organic and inorganic media. Using the 
mock-up of the hardware-software complex of electrical 
impedance tomography on a phantom in the range of 
frequencies fi = 50…250 kHz with a increment of 50 
kHz and constant  amplitude IM = 5 mA of injected 
current, the values of mentioned parameter  Θ  were 
obtained.  

On the basis of the measured data, the dependencies 
of the integral parameter Θ on the frequency fi at 
MMEIT are obtained.  

An analysis of the dependencies obtained allows us 
to state that the impedance Z of an inorganic media with 
conducting and non-conducting inhomogeneities as the 
test sample of predetermined  sizes  increases slightly 
with increasing frequency fi of the injection current IM. 

At the same time, for an organic media with both 
conductive and non-conducting inhomogeneities as the 
test sample of the same sizes, the impedance Z decreases 
with increasing frequency fi of the injection current IM. 

The obtained dependencies show that the 
effectiveness of multi-angle multi-frequency electrical 
impedance tomography as a visualization tool for non-
invasive investigation of internal structures of a 
biological object (which can be considered, of course, as 
a organic media) can be improved by varying the 
frequencies of the injected current.   

At the same time, conducted research shows that 
varying the frequencies of the injected current when 
investigating inorganic media gives no positive effect to 
conductance: impedance Z slightly increases with 
increasing frequency of injection current. On other hand, 
such effect can give possibility to improve contrast of 
boundaries of reconstructed EIT-image [20] when 
inorganic conductive inhomoheneity is located in 
organic media (to clarify position and size of cavity 
containing liquid in a lung, or a bullet inside a body, for 
example). 

 Also conducted analysis showed a increase of 
standard deviation of integral parameter Θ that indicates 
a lower repeatability of the measurement results with 
increasing frequency, which is the subject of further 
research that will be conducted to find factors that affect 
this. 

Work is performed within the grant of President of Russian 
Federation for state support of young Russian scientists MK-
196.2017.8 "Development of theoretical foundations and 
algorithms for multi-view systems are three-dimensional 
electrical impedance tomography for non-invasive medical 
imaging". 
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