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Abstract: In this paper by using two-dimensional Electrical Impedance Tomography we have tried to distinguish the 
element under supervision on the basis of conductivity. A prototype of such system has been constructed with 16 electrode 
circular phantom. Once the set up is ready, we have tested it twice with an oval shaped object of different conductivity. In 
first study, we have considered that the object is made of gold whereas in second case we have studied the object as an 
unwanted one for human body like tumor. Voltage distributions are measured across the interior of the body under 
consideration. Conduction and Non-Conduction   lines can be easily visualized from the bending of the equipotential line 
obtained from the simulation study done in the platform of Finite Element Method based Multiphysics Software. 
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I. INTRODUCTION 
 
      Tomography refers to a extensive practice for the 
construction of cross-sectional images for two-
dimension objects in a 2D plane obtained from the 
electrical measurements done at the surface. 
Electrical Tomography systems permit individuals to 
analyze the inner configuration of objects in a non-
radiating approach. Tomography principles being 
used in many medical devices including ultrasonic 
scanners and magnetic resonance imaging systems  
and also it ranges from microscopy to imaging of 
geophysical objects undersurface, measurements of 
currents and temperature under water, radio 
astronomy and also in medical field to detect cancer 
in skin and breast.  The advantages of tomographic 
image reconstruction is that here we don’t need any 
source or detector to produce the 2D   image of the 
patient ,and also the image intensity doesn’t require 
the harmful rays to be passed through the body. The 
image determines the differences in the conductivity 
and permittivity of tumor, fat, muscle, bone, and 
other tissues and also objects of other materials which 
are non-conductive in nature. Based on the same 
principle, varying the  conductivity and permittivity, 
measurements of physiological parameters are 
obtained by tomographic imaging of the inner objects  
taken into the boundary, it is possible to produce 2D 
images of  activity throughout the body, i.e.  
functioning of the blood vessels, heart and brain 
imaging . Its application to the medical field, is well 
known and Introduced by Barber and Brown in 1982. 
Electric Impedance Tomography (EIT) is stated as a 
definite way to get the values used in the 
reconstruction of the images and characterizing the 
distribution of the voltage impedances in the 
examined object. EIT is a non-vicious, non-persistent 

technique, where we introduce currents from a 
constant current source into a body and the 
differential potential is measured with electrodes 
placed on the periphery of the dimensions. After  that,  
boundary data of  voltage  and current  measurements 
are  utilized ,to rebuild the inside electrical  
impedance of the studied quantity  and envision it  in 
either a 2D or 3D  plane. From the outer 
measurements we can detect the interior conductivity 
or electrical impedance changes .The information of 
this conductivity distribution can then be used to 
ascertain definite properties of the quantity that is to 
be evaluated and without having bodily admission to 
the interior areas of the volume. It is important that 
the explored property is related to the electric 
voltages of the body and that altering the matter 
effected changes of the differential potential. 
 
Since in the human body different impedances are 
available from diverse tissues, it is probable to 
distinguish tissues and to identify physiological 
actions that transform the electric impedance of the 
tissue. The principles of imaging being same in all 
applications of EIT whether it is of medical nature or 
not and currents are inserted into the boundary of 
surface electrodes and differential voltage measured 
by considering two electrodes at a time. Numerous 
measurements are taken from different arrangements 
with varying current injection protocol and voltage 
recording model. The voltage data from these 
measurements is then fed to a reconstruction 
algorithm by using Finite Element Method Based 
Multiphysics Software the impedance distribution in 
the tested volume are computed. In this world there 
evolve a whole lot of issues regarding swallowing of 
many valuable elements inside human body so that 
they can  be easily transferred to other countries 
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without being intervened  by  the security system. 
Also many small childrens accidentally swallowed 
some gold or silver objects or some type of 
stones/wooden items which can take their life also. 
Pickpocketers also do the same thing with snatched 
items.  EIT can be effectively used here to detect 
those swallowing elements just by seeing the image 
of elemental objects. 

 
Fig.1. Explanation of the principle of Electrical impedance 

Tomography (EIT) 
 
In this paper, boundary potential data of a 
reconfigurable phantom with an array 16 electrodes is 
studied with a large inhomogeneity present within the 
phantom area. A constant current is injected to the 
phantom boundary and the differential surface 
potentials are measured using neighboring injection 
protocol of Electrical Impedance Tomography 
(shown in Fig 1(a). Resistivity images are 
reconstructed from the boundary data using Finite 
Element Method (FEM) based Multiphysics software.  
The  conductivity of the surrounding medium of the 
object  are kept fixed , one conductive and another 
non-conductive elements are considered as the 
inhomogeneity and corresponding plots for the 
variation of electric potential across the pair of the 
electrodes are noted and corresponding voltage 
density plots are obtained with the post processing 
tools of the Multiphysics software. 
 
II. DETAILS EXPERIMENTAL  
 
2.1. Mathemetical modeling 

EIT is a non linear inverse problem in which the 
electrical conductivity distribution across a closed 
domain of interest inside a volume conductor is 
reconstructed from the surface potentials measured at 
the domain boundary. A low frequency (in between 
10 kHz to 1 MHz) constant current is injected 
through an array of 16X2' (n= 0, 1, 2, 4...) electrodes’ 
surrounding the domain to be imaged and the 
potential developed on the boundary electrodes is 
measured. The voltage data collected by the data 
acquisition system is processed in PC using an image 
reconstruction algorithm consisting of forward and 
inverse solver. For Electrical Capacitance and 
Resistive Tomography effects the required 
mathematical details are derived from Kjell Joar 
Alme and Saba Mylvaganam . The current injected 
between the excitation electrodes is I0. Due to this, 

the boundary conditions used in the simulations, 
when electrode E1 and E2 are the excitation pair are:  
i) Dirichlet  Boundary Condition :  
 = i       (1) 
Where, i =1…N, are the measured potentials on the 
electrodes.  
ii) Neumann Boundary Condition: 

(2) 
Where, ∂Ω is the boundary and n is the outward unit 
normal vector on electrode surface. 
Finite Element Method (FEM) -The finite element 
formulation for EIT, first discretizes the medium 
under analysis into a finite number of elements 
collectively called a finite element mesh. Within each 
element the field variable is approximated by shape 
functions (interpolation functions) that are defined 
only within the individual element in terms of the 
values of the field variables at specified points on the 
element called nodes. Most EIT work uses linear 
shape functions in which all nodes lie on the element 
boundaries where adjacent elements are connected . 
 
2.2. FEM based model design 

 
Fig. 2. FEM model of  16 electrode in 2D plane of EIT system 

 
One EIT phantom have been developed with 16 
electrodes placed on the inner surface as in Fig:2 and 
the simulations is performed in 2D domain with 
conducting and non-conducting element  and to 
identify the conductive and non-conductive elements 
from the deviation of the equipotential lines from the 
contour of the image .All  16 electrode are made of 
aluminium and the conductivity of the water 
surrounding the inhomogeniety is fixed. 
Inhomogeneity taken into consideration is a regular 
shaped object situated at almost middle of the domain 
boundary. Two different inhomogeneity are taken 
into consideration, one is gold a conducting element 
and another one is tumor a non-conducting element . 
A constant current is injected to the array of 
electrodes and the differential potentials is measured 
using neighborhood injection protocol of EIT. The 
surface electrodes touching the water boundary act as 
a sensor, allowing the current signal into the phantom 
area and collecting the boundary potentials across the 
boundary of the phantom. The images are constructed 
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from the boundary potential data in FEM based 
Multiphysics software. In 2D EIT pre-assuming that 
the current conduction is confined within a particular 
area but in real scenario it is different so the geometry 
of the phantom and the array of electrodes are 
important for the image reconstruction. The details of 
the sensor geometry are provided in Table 1.  
To verify simulations, simple experiments are 
performed using the sensors. A water/air flow 
phantom was created in the experiment and filling up 
the space between the inner sensor wall and the outer 
wall with water, leaving a cylinder of air inside a 
water continuous phase. The water used in the 
experiments is distilled water with relative 
permittivity ε of approximately 80 and air with a 
permittivity  of 1. The conductivity in these 
experiments are only homogenous distributions with 
the conductivity σ = 0.085 S/m   were used.   
 
TABLE I. Details of permittivity and conductivity values used 
during the simulation of the designed Electrical Tomography 

System 

 
 

2.3.  FEM meshing 

 
Fig. 3. FEM traingular meshing of  16 electrode in 2D plane of 

EIT 
 
The 2D geometries of the 16 electrodes sensors are 
illustrated in Fig. 3 and meshing is performed 
considering triangular elements. The material 
distribution and properties used in simulations are set 
equal to material distributions in the experiments, to 
enable verification. 
  
III. RESULTS AND DISCUSSION 

 
The permittivity distributions in the simulations are 
selected to suit the experimental setup, as described 
previously. The phantom used in both cases is as 
illustrated in the 2D case, where a 0.65 mm in 

diameter, circular phantom of air surrounded by 
water, is located with its center at coordinates x = -0.4 
mm and y = -0.2mm (Origin is in center of sensor)as 
in the case of  16 electrode . The homogeneous 
conductivity distribution in the solution domain is 
kept fixed in both the experimental setup. Simulations 
are performed, and the potential distribution when a 
constant current is injected between electrode 1 and 2 
are illustrated in Figure 4. Potential distribution when 
the material in the sensing region is homogeneous 
with conductivity σ = 0.085 S/m. Red color 
represents high electric potential. Blue represent 
ground potential can be seen in figure. 
Potential differences for 16 electrode pairs are plotted 
by considering the both for Gold (G=4.1*10^7S/m) 
and tumor (G=0.4 S/m) conductivity values. From the 
plot shown in Fig.8 it is observed that for Gold which 
is shown by the blue line, it has a lower differential 
value than the potential difference for the Tumor 
shown by the red line. It is shown from the plot that 
conducting element has lower values than the non-
conducting elements.  From FEM Multiphysics 
software, the differential potential of the electrode 
pair is recorded for both Gold and Tumor and 
corresponding voltage density graph  are plotted and 
also the contour plotting showing the equipotential 
lines  are shown here from Fig.6(a)-7(b) . 

 
Fig . 4 . FEM Voltage Density Plot  of  16 electrodes in 2D plane 

of EIT 
 

 
Fig .  5. Plot for the variation of the potential difference across 

the electrode pair for conductivity values of G=4.1*10^7 
S/m(gold), G=0.4S/m (tumor) 

 
The differential potential data from 2D are illustrated 
together with experimental data. The electrostatic 
mode is sufficient to find the voltage density in each 
of this case. 
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Fig. 6.(a) Voltage Density Plot for Gold     (b) Contour  Plotting    

with conductivity (4.1*10^7 S/m) medium         for  Gold 

 
Fig. 7.(a) Voltage Density Plot for   (b) Contour Plotting Tumor  

with conductivity 0.4 S/m)   for  Tumor      medium 
 
Here in the simulation process, 10.03 mA, 100 kHz 
sinusoidal current signal is applied to the phantom 
boundary through16 current electrode pairs using 
neighboring method (Figure-1) of electrode switching 
protocol. The voltage signal collected from the 
voltage electrodes. 
 For each of the sixteen current projections thirteen 
differential voltages are collected from thirteen 
voltage electrode pairs excluding the three voltage 
electrode pairs containing one or two current 
electrodes to avoid the electrode contact impedance 
problem . Sixteen current projections produce 208 (16 
x13) surface potentials data in our 16- electrode EIT 
phantom and the voltage data is stored in a matrix of 
order 13 x16 to analyze the data in forward and 
inverse problem study. Calculated boundary potential 
data obtained from the forward solver by solving the 
EIT governing equation and plotted across the 
different electrode pairs. The differential potential is 
calculated with the phantom data provided by using 
our forward solver. The differential potential is 
reduced maximum at the voltage electrode pair 
opposite to the current electrodes. The voltage 
difference at the voltage electrode pairs nearer to the 
current electrodes becomes more due to the high 
current density.  
The maximum potential point in the boundary 
potential data is the potential of the electrode near the 
inhomogeneity when the positive terminal of the 
current source is connected to the same electrode. 
This is because of the highest voltage drop occurring 
across the current path along the inhomogeneity and 
the electrode, due to the high resistance of  
inhomogeneity and the high electrode contact 
impedance.  
The simulation results for the two dimensional16 
electrodes are obtained in Fig. 6-7. It should however 
be mentioned that the 2D models for 16 electrodes  

with gold is  unsuccessful  in constructing  qualitative 
images of the material distribution shown in the 
voltage density plot in Fig 6(a). Conducting nature of 
gold is easily shown from the contour plot of Fig 6(b) 
where equipotential lines are all over the surface. 
Also, the 2D models for 16 electrodes with tumor is 
successful in constructing qualitative images of the 
material distribution shown in the voltage density plot 
in Fig 7(a). Non-Conducting nature of tumor is easily 
shown from the contour plot of Fig 7(b) where 
equipotential lines are diverted on those particular 
points marking the boundary of the tumor and inside 
the tumor no potential lines are present. Gold being a 
conducting element cannot be detected from the 
images and Tumor being a non-conducting element 
can be detected from the images of Fig(6)-(7). 
  
CONCLUSIONS 

 
The development of 16 electrode phantoms for 
electrical impedance tomography (EIT) and the 
forward problem is studied with a simple analog 
instrumentation. Water columns below and above the 
electrode level gives a better potential data. It is 
observed that the boundary data generated by the 
phantom and instrumentation are suitable for imaging 
of circular phantoms with inhomogeneity at variable 
electrode position. Reconstructed images show that 
the shape of the inhomogeneities for non-conducting 
element are successfully reconstructed from the 
potential data in 2D than the conducting element. The 
contour plotting also confirms the presence of 
equipotential lines all over the surfaces for 
conducting element and presence of equipotential 
lines on some fixed points i.e. diversions are present 
for non-conducting element. From the Contour 
plotting we can easily identify and distinguish 
between conducting and non-conducting elements. 
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