
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/352478776

Evaluation of 3D Thoracic Equivalent Circuit Models using Co-simulation with

EIT Hardware

Conference Paper · June 2021

DOI: 10.5281/zenodo.4635480

CITATION

1
READS

59

4 authors:

Christos Dimas

National Technical University of Athens

43 PUBLICATIONS   298 CITATIONS   

SEE PROFILE

Vassilis Alimisis

National Technical University of Athens

60 PUBLICATIONS   272 CITATIONS   

SEE PROFILE

Nikolaos Uzunoglu

National Technical University of Athens

443 PUBLICATIONS   5,255 CITATIONS   

SEE PROFILE

Paul P. Sotiriadis

National Technical University of Athens

196 PUBLICATIONS   1,133 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Christos Dimas on 17 June 2021.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/352478776_Evaluation_of_3D_Thoracic_Equivalent_Circuit_Models_using_Co-simulation_with_EIT_Hardware?enrichId=rgreq-2dbf0ef134f2e9bb42f8a13517840466-XXX&enrichSource=Y292ZXJQYWdlOzM1MjQ3ODc3NjtBUzoxMDM1NjE2OTAwODc0MjQ1QDE2MjM5MjE3MTgzMTY%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/352478776_Evaluation_of_3D_Thoracic_Equivalent_Circuit_Models_using_Co-simulation_with_EIT_Hardware?enrichId=rgreq-2dbf0ef134f2e9bb42f8a13517840466-XXX&enrichSource=Y292ZXJQYWdlOzM1MjQ3ODc3NjtBUzoxMDM1NjE2OTAwODc0MjQ1QDE2MjM5MjE3MTgzMTY%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-2dbf0ef134f2e9bb42f8a13517840466-XXX&enrichSource=Y292ZXJQYWdlOzM1MjQ3ODc3NjtBUzoxMDM1NjE2OTAwODc0MjQ1QDE2MjM5MjE3MTgzMTY%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Christos-Dimas?enrichId=rgreq-2dbf0ef134f2e9bb42f8a13517840466-XXX&enrichSource=Y292ZXJQYWdlOzM1MjQ3ODc3NjtBUzoxMDM1NjE2OTAwODc0MjQ1QDE2MjM5MjE3MTgzMTY%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Christos-Dimas?enrichId=rgreq-2dbf0ef134f2e9bb42f8a13517840466-XXX&enrichSource=Y292ZXJQYWdlOzM1MjQ3ODc3NjtBUzoxMDM1NjE2OTAwODc0MjQ1QDE2MjM5MjE3MTgzMTY%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/National_Technical_University_of_Athens?enrichId=rgreq-2dbf0ef134f2e9bb42f8a13517840466-XXX&enrichSource=Y292ZXJQYWdlOzM1MjQ3ODc3NjtBUzoxMDM1NjE2OTAwODc0MjQ1QDE2MjM5MjE3MTgzMTY%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Christos-Dimas?enrichId=rgreq-2dbf0ef134f2e9bb42f8a13517840466-XXX&enrichSource=Y292ZXJQYWdlOzM1MjQ3ODc3NjtBUzoxMDM1NjE2OTAwODc0MjQ1QDE2MjM5MjE3MTgzMTY%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Vassilis-Alimisis?enrichId=rgreq-2dbf0ef134f2e9bb42f8a13517840466-XXX&enrichSource=Y292ZXJQYWdlOzM1MjQ3ODc3NjtBUzoxMDM1NjE2OTAwODc0MjQ1QDE2MjM5MjE3MTgzMTY%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Vassilis-Alimisis?enrichId=rgreq-2dbf0ef134f2e9bb42f8a13517840466-XXX&enrichSource=Y292ZXJQYWdlOzM1MjQ3ODc3NjtBUzoxMDM1NjE2OTAwODc0MjQ1QDE2MjM5MjE3MTgzMTY%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/National_Technical_University_of_Athens?enrichId=rgreq-2dbf0ef134f2e9bb42f8a13517840466-XXX&enrichSource=Y292ZXJQYWdlOzM1MjQ3ODc3NjtBUzoxMDM1NjE2OTAwODc0MjQ1QDE2MjM5MjE3MTgzMTY%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Vassilis-Alimisis?enrichId=rgreq-2dbf0ef134f2e9bb42f8a13517840466-XXX&enrichSource=Y292ZXJQYWdlOzM1MjQ3ODc3NjtBUzoxMDM1NjE2OTAwODc0MjQ1QDE2MjM5MjE3MTgzMTY%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nikolaos-Uzunoglu-2?enrichId=rgreq-2dbf0ef134f2e9bb42f8a13517840466-XXX&enrichSource=Y292ZXJQYWdlOzM1MjQ3ODc3NjtBUzoxMDM1NjE2OTAwODc0MjQ1QDE2MjM5MjE3MTgzMTY%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nikolaos-Uzunoglu-2?enrichId=rgreq-2dbf0ef134f2e9bb42f8a13517840466-XXX&enrichSource=Y292ZXJQYWdlOzM1MjQ3ODc3NjtBUzoxMDM1NjE2OTAwODc0MjQ1QDE2MjM5MjE3MTgzMTY%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/National_Technical_University_of_Athens?enrichId=rgreq-2dbf0ef134f2e9bb42f8a13517840466-XXX&enrichSource=Y292ZXJQYWdlOzM1MjQ3ODc3NjtBUzoxMDM1NjE2OTAwODc0MjQ1QDE2MjM5MjE3MTgzMTY%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nikolaos-Uzunoglu-2?enrichId=rgreq-2dbf0ef134f2e9bb42f8a13517840466-XXX&enrichSource=Y292ZXJQYWdlOzM1MjQ3ODc3NjtBUzoxMDM1NjE2OTAwODc0MjQ1QDE2MjM5MjE3MTgzMTY%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Paul-Sotiriadis-2?enrichId=rgreq-2dbf0ef134f2e9bb42f8a13517840466-XXX&enrichSource=Y292ZXJQYWdlOzM1MjQ3ODc3NjtBUzoxMDM1NjE2OTAwODc0MjQ1QDE2MjM5MjE3MTgzMTY%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Paul-Sotiriadis-2?enrichId=rgreq-2dbf0ef134f2e9bb42f8a13517840466-XXX&enrichSource=Y292ZXJQYWdlOzM1MjQ3ODc3NjtBUzoxMDM1NjE2OTAwODc0MjQ1QDE2MjM5MjE3MTgzMTY%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/National_Technical_University_of_Athens?enrichId=rgreq-2dbf0ef134f2e9bb42f8a13517840466-XXX&enrichSource=Y292ZXJQYWdlOzM1MjQ3ODc3NjtBUzoxMDM1NjE2OTAwODc0MjQ1QDE2MjM5MjE3MTgzMTY%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Paul-Sotiriadis-2?enrichId=rgreq-2dbf0ef134f2e9bb42f8a13517840466-XXX&enrichSource=Y292ZXJQYWdlOzM1MjQ3ODc3NjtBUzoxMDM1NjE2OTAwODc0MjQ1QDE2MjM5MjE3MTgzMTY%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Christos-Dimas?enrichId=rgreq-2dbf0ef134f2e9bb42f8a13517840466-XXX&enrichSource=Y292ZXJQYWdlOzM1MjQ3ODc3NjtBUzoxMDM1NjE2OTAwODc0MjQ1QDE2MjM5MjE3MTgzMTY%3D&el=1_x_10&_esc=publicationCoverPdf


21st International Conference on Biomedical Applications of Electrical Impedance Tomography (EIT 2021), Galway, Ireland

Evaluation of 3D Thoracic Equivalent Circuit Models using
Co-simulation with EIT Hardware

Christos Dimas1, Vassilis Alimisis2, Nikolaos Uzunoglu3, Paul P. Sotiriadis4

1-4Dept. of Electrical and Computer Engineering, National Technical University of Athens, Greece
1chdim@central.ntua.gr

4pps@ieee.org

Abstract: An extensive EIT hardware simulation approach,
merging parametric EIT circuit setups and 3D thoracic tis-
sue models is described. It can used as an effective tool for
EIT-thoracic imaging applications prior to implementation.

1 Introduction
Evaluation of EIT hardware circuitry is usually performed
over saline-content phantom tanks or resistor meshes. Fur-
thermore, EIT hardware design and implementation process
for specific medical applications, is commonly based on
specifications defined by previous literature observations or
electric field-nature simulations that do not include hard-
ware. However, it is hard to simulate both EIT hardware
and the Subject Under Test (SUT). We propose a fastidu-
ous simulation approach combining EIT hardware configu-
ration and thoracic SUT, in an effort to predict certain hard-
ware configuration’s performance in relative applications.

2 Methods
The proposed approach makes use of a database which in-
cludes the dielectric properties of numerous body tissues
over a wide frequency span [1], as well as a recent update in
EIDORS [2] which allows the transform of a F.E.M. struc-
ture to a N -electrode port RLC circuit.

A fine-meshed 3D thoracic F.E.M. structure is firstly
created with the NETGEN tool, which can be based on CT
images. Then a specific measuring frequency is selected
and a Python script exctracts the present tissue’s dielectric
properties for this frequency, transfering them in MATLAB.
The corresponding conductivity σ and permittivity ε val-
ues are then assigned to the F.E.M. structure, which is then
transformed to a N-port RLC. This is merged with the EIT
ciruitry in SPICE, where transient simulations take place.
The outputs are written on a PWL file and sent to MAT-
LAB for digital processing. The ADC, DAC and demodu-
lation functionality is also simulated. Finally the EIDORS
tool takes the demodulated data to produce the EIT images.
The whole process is presented in Fig. 1.

It is important to note that following this approach, any
hardware noise or error’s effect in both the signal and the
image can be directly observed by introducing it in the sim-
ulated hardware (e.g. white noise, electrode disconnec-
tions, VCCS missmatches, channel imbalances combined
with low instrumentation CMRR, e.t.c.). Furthermore, the
impact of alternative topologies or digital signal processing
approaches on the image can also be simulated.

3 Results
Results for 2 selected configurations, for I = 1.2mAp−p

when total white noise is 6mVp−p are presented in Fig. 1.
Direct G-N approach with NOSER prior has been used.
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Figure 1: Brief schematic of the proposed simulation approach.
Code and models are available online in Github

4 Conclusions
An extensive simulation approach which combines EIT
hardware, the SUT, the digital signal processing and the
reconstruction has been presented. An application in EIT
lung imaging is demonstrated.
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