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Abstract. Electrical Impedance Tomography (EIT) is an imaging technique 

that reconstructs the conductivity of biological tissues based on their 

electrical properties. The objective is to develop and validate, by PSpice 

simulations and image reconstructions by EIDORS, the mimicking electrical 

response of a biological material using 2,224 electrical components. It is 

built two different electrical phantoms by representing 32 electrodes. An 

injecting current of 35 mA across a pair of resistors at the edge of the 

phantom was used. A resistive phantom used resistors of 180 Ω for the mesh, 

and 128 resistors of 18 Ω to model low resistances areas, whereas 1.8 kΩ for 

high ones.  The second phantom used 128 RC circuit elements of 1.8 kΩ (R) 

in parallel to 85 nF (C) to simulate an AC excitation from 1 to 100 kHz. The 

electrical phantoms represent both the mesh’s sensitivity to local 

conductivity variations and the edemas frequency-dependent behavior. The 

simulations were carried out using PSpice simulations, with image 

reconstruction performed in MATLAB and EIDORS.  By visual inspections, 

the results indicated that the mesh responded adequately to the resistance 

change imposed to a particular area of the phantom in the frequency range 

from 1 to 100 kHz.  It can be concluded that an electrical phantom model in 

SPICE simulator can mimic the tissue property variations, leading to an 

image of conductivity generated by software EIDORS. 

1 Introduction 

Electrical Impedance Tomography (EIT) is an imaging technique that reconstructs the 

conductivity of the human body based on the impedance characteristics of biological tissue 

[1]. This technique involves injecting current through pairs of electrodes placed on a body 

surface. Simultaneously, voltage data is collected from the remaining electrodes surrounding 

this surface. This process is repeated with a frequency sweep, aiming to improve accuracy 

based on the capacitive response of different biological tissues [2, 3]. 

Currently, EIT has been primarily applied in clinical contexts, such as lung monitoring, 

mechanical ventilation control, and the detection of respiratory complications [4]. 
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Additionally, research has been directed toward its application in neurology and tumor 

detection [5, 6, 7, 14]. In parallel, the technique has also been explored in industrial 

applications, such as fault detection in pipelines and quality control in processes involving 

conductive fluids [8]. In this context, the objective is the development of a segmented and 

flexible resistive mesh that allows for the controlled parametrization and adjustment of its 

components, along with a current source system to power the electrodes. Following the 

validation of the resistive mesh, capacitive edemas will be integrated to observe conductivity 

variation as a function of frequency. 

One of the factors that justify the use of digital simulations is the difficulty in creating 

biological phantoms that can accurately replicate the physical properties of tissues. In 

addition, there are limitations regarding the flexibility to alter parameters, and the materials 

used are subject to wear and degradation over time, affecting the consistency of experiments 

[9, 10]. Lastly, data collection in these physical models can be compromised, as they are also 

susceptible to external variables such as temperature and humidity, which tend to cause 

distortions in measurements, undermining the reliability and reproducibility of biological 

phantoms. 

In contrast, the digital environment, due to its controlled and parameterized nature, allows 

experiments to be repeated under different conditions without the limitations imposed by 

biological phantoms. With the validation of the images generated through simulation, it 

becomes possible to build a consistent and more reliable database [11]. This data can be used 

to test new methods for solving the inverse problem, which is currently addressed through 

numerical methods [12, 13].  

The main objective of this article is to develop and validate, through PSpice simulations, 

electrical phantoms capable of simulating the behavior of edema modeled as an RC circuit, 

aiming to  understand the response across different frequencies and generating data for image 

reconstruction using EIDORS. 

 

2 Methodology 

The methodology was divided into the construction of two electrical phantoms and an 

automated power supply system. Initially, a homogeneous and purely resistive phantom was 

developed to validate the basic behavior of the mesh under ideal conditions. In parallel, a 

power supply system was designed based on a current source capable of automatically 

applying a constant-frequency current to all electrodes in the mesh. In the second stage, a 

second phantom was built, incorporating capacitive elements to simulate edemas, enabling a 

multifrequency analysis. 

The software tools used to perform the phantom simulations were: i) OrCAD Capture for 

designing the resistive meshes and the power supply circuit; ii) PSpice A/D for obtaining the 

simulated data; Stimulus Editor, for generating the digital signals applied to the power supply 

system; iii) MATLAB for organizing and converting the data into a format compatible with 

EIDORS; iv) EIDORS itself for data processing and generating the conductivity image of the 

mesh. 

2.1 Resistive Phantom  

This involved the modeling of a homogeneous resistive phantom of 32 electrodes. The main 

objective was to validate the mesh’s behavior under ideal conditions. However, limitations 

within the PSpice simulation environment made it unfeasible to directly construct a single 

complete mesh. As an alternative, a subgroup containing a reduced mesh was developed and 

replicated 16 times to contain the final structure. 
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Each subgroup was structured with an arrangement of resistors along the edges of a square. 

This configuration allows for a uniform distribution of resistivity. The compatibility of this 

format with the reconstruction techniques used by EIDORS was also a decisive factor in 

designing the phantom as it is. Figure 1 shows how each subgroup was developed and how 

they were connected to the final mesh. 

Fig. 1. Mesh of resistors arranged within each subgroup (left). Representation of the connections 

between each subgroup and the placement of the current injection electrodes (right). 

     The positioning of the electrodes is also an important factor in order to assure the 

linearity and reliability of the mesh. Therefore, it was necessary to adjust the angular 

spacing between the electrodes in order to make it uniform. As a result, the subgroups 

located in the rightmost column and the last row were modified by adding an extra row of 

resistor squares to achieve the appropriate angular spacing. 

2.2 Automated Power Supply System 

The need for a power supply system capable of automatically switching the current source 

between different pairs of electrodes during the simulation was an important issue to be 

investigated and addressed in the simulations. Therefore, two pairs of associated multiplexers 

(1x16) were implemented, one pair was responsible for the positive terminal of the current 

source and the other for the negative terminal. This configuration enables the sequential 

selection of current injection pairs, streamlining the simulated data acquisition process. 

Figure 2 shows the final configuration of the power supply system. 
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Fig. 2. The final configuration of the power supply system developed in the simulating experiments, 

where ADG406 is the multiplexer used in the simulations. 

 

     The control switches of the multiplexers (A0, A1, A2, A3, and EN) were configured as 

digital signals derived from successive frequency divisions of the applied current. Each 

switch followed a division ratio of 1/2, 1/4, 1/8, 1/16 and 1/32, respectively, ensuring that the 

channel selection occurred sequentially throughout the simulation cycle. This arrangement 

enabled the automatic scanning of electrode pairs without the need for manual intervention, 

ensuring greater efficiency during the data collection. 

2.3 Multifrequency Phantom 

The resistive mesh described above was modified through the insertion of capacitors in order 

to simulate edemas by varying the impedance as a function of the applied frequency. This 

adaptation allowed for a more realistic representation of the biological tissues, which exhibit 

both resistive and capacitive components. Therefore, capacitors were added in parallel with 

the resistors in the specific cells of the mesh. This configuration enabled the simulation of 

impedance as a function of frequency, which is essential for multifrequency analysis. 

Capacitors were strategically placed near the electrodes to increase measurement sensitivity 

and facilitate the observation of the effects caused by edemas during frequency variation. 

Figure 3 shows the structure of the mesh with the insertion of capacitors used to simulate 

capacitive edema. Simulations were conducted for each model. The voltage data obtained 

were exported to the EIDORS software, which is responsible for reconstructing the 

conductivity image of the mesh and enabling a visual analysis of the simulated phantom. 
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Fig. 3. Schematic diagram of the subgroup with capacitors placed in parallel with resistors in the regions 

near the electrodes. 

3 Results 

The simulations were carried out to verify whether the developed phantoms could provide 

consistent data with the parameters defined during the modelling process. Based on these 

data, the EIDORS software was used to reconstruct the conductivity images, allowing for an 

evaluation of whether the generated image matched the expected outcome for each phantom 

configuration. 

3.1 Resistive Phantom  

The simulation with the resistive phantom aimed to verify whether the constructed mesh 

could detect local variations in resistance. To achieve this, a region was parameterized with 

a resistance 10 times lower than the rest of the mesh, representing an area of low resistance. 

In a second simulation, the same region was parameterized with a resistance 10 times higher, 

simulating an area of high resistance. The simulation parameters used were a 180 Ω resistance 

for the entire homogeneous mesh, to simulate a low-resistance region, a value of 18 Ω was 

used, while a value of 1.8 kΩ was used to simulate a high-resistance region with a current of 

35 mA at 100 kHz was injected for both simulations. Figure 4 shows the images reconstructed 

by EIDORS based on the simulation data. The closer the color of the pixel is to red, the higher 

its conductivity. In contrast, the closer the color of the pixel is to blue, the higher its resistivity.  
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Fig. 4. Image generated of the phantom for a region with resistance ten times lower (right) and higher 

(left). 

 

It can be observed that the resistive changes were correctly identified, with contrast levels 

consistent with the applied variations. This result demonstrates that the mesh exhibits good 

sensitivity to resistance changes, with 6.25% of the electrical phantom corresponding to 

approximately 16% of the pixels shown. 

3.2 Multifrequency Phantom  

The objective of the phantom was to investigate the behavior of the conductivity spectra into 

respect to the addition of capacitive components. It was expected that, as the frequency 

increased, the region representing the edema would show higher conductivity due to the 

reduction in capacitive impedance. 

   The simulation parameters used were a 180 Ω resistance for the entire homogeneous mesh, 

and 1.8 kΩ for the edema region, simulating a low-resistance area. An 85 nF capacitor was 

included to model the capacitive properties of the tissue. The current applied during the 

simulation was 35 mA. Figure 5 shows the variation in conductivity with increasing 

frequency. 

 
Fig. 5. Conductivity images of the capacitive mesh at 1 kHz and 100 kHz, respectively, from left to 

right. 
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It can be observed in Figure 5 that the images generated align with the expected behavior 

into comparison to the results shown in Figure 4. At low frequencies, the capacitor behaves 

like an open circuit and then, imposes a little influence on the generated image. As the 

frequency increases, the capacitive impedance decreases, leading the parallel RC load short-

circuiting the resistor R and then, creating an area of high conductivity. 

4 Conclusion 

The further developments of this technology may lead to greater accuracy and reliability in 

EIT systems, enabling practical applications in hospital environments. Among the main 

advantages of this technique compared to other imaging methods are the possibilities of real-

time monitoring, non-invasive operation, radiation-free imaging and useful for patients 

admitted to intensive care units. Additionally, its production cost is significantly lower than 

a Computed Tomography, for example, but also has the benefit of portability to be used at 

the patient's bedside. 

Simulation showed that the mesh responded as expected to both resistive and capacitive 

components from DC to 100 kHz. The images generated from the data were consistent with 

theoretical behavior, indicating that the mesh is also capable of accurately reflecting the 

changes imposed during simulation parameterization. It can be concluded that an electrical 

phantom model in SPICE simulator can mimic the tissue property variations, leading to an 

image of conductivity generated by software EIDORS. The proposed model can also allow 

adjustments in the electrical circuit for mimicking different types of biological materials. The 

simulation environment proved to be effective in generating a robust dataset for testing and 

improving image reconstruction algorithms for EIT systems.  
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