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Abstract— Originated in December 2019 in the city of Wuhan, 

COVID-19 has become the biggest public health problem in the past 

hundred years. Although its mortality is not proportionally as high 

when compared to other infectious diseases, COVID-19 is a highly 
infectious disease, having already infected more than 200 million 

people worldwide, with more than three million deaths. Intensive 

care units and resources from public health systems are being 

exhausted. In its severe form, COVID-19 can cause thrombosis, 
cytopenias and other problems caused by early clotting, in addition 

to great damage to the respiratory tract. Monitoring of pulmonary 

function in moderate and severe patients is of fundamental 

importance for assessing the severity of the disease and the 
evolution of treatment. Multifrequency electrical impedance 

tomography can be used as a low-cost method for monitoring 

pulmonary function by imaging. In this work we propose a system 

for monitoring the image of the lungs in patients positive for 
COVID-19 or with severe acute respiratory syndrome using 

electrical impedance tomography and the 2d D-Bar image 

reconstruction method. The results are presented as a proof of 

concept using numerical phantoms that represent the lungs, the 
heart and other adjacent structures using radial sections. The 

experimental results show that a low-cost electrical impedance 

tomography system with 16 electrodes can be used to generate 

functional images of the respiratory system useful for monitoring 

respiratory function in a non-invasive way. 

Keywords — D-Bar Method, Electrical Impedance 

Tomography, COVID-19, Imaging, Simulations. 

 

I. INTRODUCTION 

 

Multifrequency electrical impedance tomography (MfEIT) 

uses electrical characteristics intrinsic to human organs to 

describe respiratory [1], cardiological [2], cerebral [3], 

hemodynamic behavior [4], emptying of the stomach [5], 

pulmonary process in cases of COVID-19 pneumonia [6], 

applications in plethysmography [7] and also the evolution of 

cancerous pathologies [8] by images. It can also be used for 

planning therapies in which external electrical currents are 

injected into the human body, such as defibrillation [9] and 

cardiac stimulation [10], among many other applications. This 

tool uses current and limit voltage to provide information 

about the spatial distribution of impedance, resistivity, 

permissiveness or electrical conductivity. One of the biggest 

problems of Electrical Impedance Tomography (EIT) was the 

inaccessibility of the internal voltage or current data to find 

the real values of the internal impedance in the visualized 

tissues. 

During the 40 years of study of this technique, many 

numerical methods have been proposed to solve the direct 

problem and the inverse problem. In direct problems, we 

discretize the region under analysis into small sub-regions, 

usually using the finite element method. 

In the case of inverse problems, either there is no single 

solution or the solution is not continuously dependent on the 

data. This leads us to methods of regularization and 

optimization, such as singular value decomposition - SVD, 

average least squares - LMS, Tikhonov regularization method, 

Monte Carlo optimization method, etc. 

The solution of the impedance distribution in MfEIT is an 

inverse, non-linear, underdetermined, poorly placed and 

poorly conditioned problem, which requires the use of a 

regularization method. The generalized methods of Tikhonov 

regularization have been popular in solving many inverse 

problems. The regularization matrices generally used with the 

Tikhonov regularization method are intended for this purpose, 

and the a priori premises are implicit, therefore, in many cases, 

they are inadequate, as they generate images that do not 

correspond to the real image, of the object under analysis. 

The insensitivity inherent to the circumference 

measurements of the deep tissue impedance and the non-

linearity of the current flows have been the main problems for 

obtaining useful images. 

The algorithms to solve the inverse problem in EIT 

presented in the literature are: 

• Tikhonov realization method [11], [12], [13]. 

• Sparse regularization method [14], [15], [16]. 

• Multiplicative regularization method [17]. 

• Regularized reconstructor of spectral modeling [18]. 

• Gauss-Newton method [19], [20]. 

• Modified Newton-Raphson method and Geselowitz 

sensitivity theorem [21]. 

• D-Bar Method [22], [23], [24], [25], [26]. 

The computational complexity of the EIT has severe 

practical limitations. The reverse problem is typically poorly 

conditioned and requires simplified assumptions or the 

algorithm must be based on regularization with prior 

knowledge. Due to the poor conditioning of the inverse 

problem, the limits of the internal organs of the Organs are 

usually blurred or out of focus in the reconstructed image. For 



this reason, the image reconstruction algorithms continue to 

be improved and new methods suggested and tested, in order 

to avoid this discomfort in the images, as they can lead to 

errors in medical diagnosis. 

However, among the researched methods, the one that 

showed the best performance preserving the contour of the 

domain and generating higher quality images was the D-Bar 

method. 

The D-Bar method for EIT was developed in the years 1999 

and 2000, in Finland and in the United States, and has been 

improved since then [26], [27]. It is based on Fourier nonlinear 

transforms, customized for each case, involving current and 

voltage measurement data. Low-pass filtering in the nonlinear 

Fourier domain is used to stabilize the reconstruction process. 

The D-Bar method for two-dimensional images has shown to 

be very promising in providing robust reconstructions of 

absolute conductivity and time difference, in real time, but 

have not yet been used in practical electrode data for three-

dimensional images until 2020 [25], [27]. 

Dood and Mueller (2014) evaluated the feasibility of using 

a rapid implementation of the two-dimensional D-Bar method 

for EIT, with reconstructions of the conductivity changes in 

the chest, in real time. The images of the transverse differences 

of a healthy human chest are presented and are the first D-Bar 

images of human data collected from an EIT system, with 

current injection applied to pairs of electrodes [28]. 

According to Adler and Boyle (2017) the reconstruction 

approach by iterative methods, with some regularization, is 

the most common technique in the literature [20]. However, 

the D-Bar method showed more interesting results and, for 

this reason, it was listed to be used in this work. The poor 

conditioning is due to the discretization of Fredholm's Integral 

Equation, which makes the problem poorly placed, since the 

existence and uniqueness of the solution to the problem are 

not always guaranteed. 

In 2020, the world was surprised by the rapid spread of the 

SARS-CoV-2 virus, which causes 2019 Coronavirus Disease, 

COVID-19. The motivation for this proposal is the use of an 

electrical impedance tomography system for online 

visualization of Positive Expiratory End Pressure (PEEP) in 

patients with severe symptoms of the disease. Another 

justification for the development of this tomography system is 

found in the high number of patients and the high cost of the 

CT examination. With that, we propose that the EIT can be 

used to obtain useful results similar to those of an MRI or 

computed tomography. The equipment needed to perform the 

EIT is already well known for being much cheaper and easier 

to transport than an MRI or computed tomography device. In 

EIT, when the tissue is excited by an alternating current in a 

frequency range, an electrical potential is generated in the 

conductive volume under study. 

This current injection occurs between two neighboring 

electrodes and the voltage measurement is performed by two 

other electrodes, adjacent or not. The EIT does not use 

ionizing radiation, which offers safety to the patient, as it can 

be used in the treatment of neoplasms and mechanical 

ventilation, by means of a disposable silicone electrode strap 

that must be placed on the patient's chest. 

The objective of the present work is to test the two-

dimensional D-Bar algorithm, developed by Siltanen (2017) 

to use it in a low cost multifrequency EIT system for the future 

monitoring of COVID-19 in ICU beds. 

II. MATERIALS AND METHODS 

 

The objective of the two-dimensional D-Bar method is to 

obtain internal images of cross sections of patients whose 

body is surrounded by a 16 electrode band. A certain voltage 

potential was maintained at each electrode and measurements 

of the resulting electric current through the electrodes were 

collected. This measurement is repeated for several voltage 

patterns. Numerical phantoms of radial sections were used 

with the presence of the lungs and the heart. 

Assuming that there are 16 electrodes in total, we can use a 

maximum of 14 linearly independent voltage patterns, since 

one of the electrodes is considered the potential of the earth 

and the other potentials are compared to that of the earth. In 

the tested algorithm, trigonometric voltage patterns 

approximated by continuous sinusoidal curves in the contour 

were used. The conductivities of the heart and lungs were 

simulated in the first two files that are rotated and then the 

maps of Dirichlet-Neumann and Neumann-Dirichlet are 

generated. According to Siltanen (2017) the solution to the 

conductivity equation is given as a linear combination of basic 

functions that are linear by parts in a triangular mesh. The 

mesh is constructed by the mesh_comp.m routine containing 

the Nrefine parameter. Here we use Nrefine = 5. 

In this work, we use the two-dimensional D-Bar method 

scripts developed by Siltanen et al. (2017) to generate some 

test images [27].  

We will show how to simulate the voltage data for current 

distribution and how to recover the internal conductivity of the 

contours, using two-dimensional D-bar method. The 

algorithms were obtained from the following website: 

https://blog.fips.fi/author/samu/. The codes were compiled in 

the following sequence: 

(1) heartNlungs.m; 

(2) DbarEIT01_heartNlungs_plot.m; 

(3) DbarEIT02_mesh_comp.m; 

(4) FEMconductivity.m; 

(5) DbarEIT03_ND_comp.m; 

(6) DbarEIT04_Kvec_comp.m; 

(7) DbarEIT05_psi_BIE_comp.m; 

(8) solveBIE.m; 

(9) DbarEIT06_tBIE_comp.m; 

(10) DbarEIT07_tBIErecon_comp.m. 

The objective of the two-dimensional D-Bar method is to 

obtain internal images of cross sections of patients whose 

body is surrounded by a 16 electrode band. A certain voltage 

potential was maintained at each electrode and measurements 

of the resulting electric current through the electrodes were 

collected. This measurement is repeated for several voltage 

Later, we intend to apply these images in a low-cost EIT 

system, for monitoring respiratory diseases and COVID-19, as 

well as their variants, at the edge of ICU beds. The computer 

used was a Centrium with an Intel Xeon processor, CPU E3-

1231 v3, 3.4 GHz and 16 GB of RAM. 

 

III. RESULTS AND DISCUSSION 

 

The images were reconstructed from original images 

simulated in Matlab 2013b. Several sets of conductivity have 



been defined for the lungs and the heart, in order to simulate 

the most unusual images of respiratory and cancerous 

pathologies. 

The normal conductivities of the lungs are around 0.5 S/m 

and corallation 2.0 S/m. Remembering that the conductivity 

of the background (white) of the image is 1 S/m. 

Fig. 1 shows the lungs with electrical conductivity of 0.1 

S/m and the heart with 3.5 S/m. The image on the right is the 

original (simulated) and the image on the left is the 

reconstructed image. Under these conditions, the 

reconstructed image has good spatial resolution and well-

defined contours. 

 

 

 
Fig. 1. Lungs with electrical conductivity of 0.1 S/m and the heart with 3.5 

S/m. 

 

 

Fig. 2 shows the lungs with electrical conductivity of 0.4 

S/m and the heart with 6.0 S/m. We see that the image shows 

no discontinuities. It can be noted that the magnitude of the 

organs, especially the lungs, is smaller in the reconstructed 

image. 

 

 
Fig. 2. Lungs with electrical conductivity of 0.4 S/m and the heart with 

6.0 S/m. 

 

 

Fig. 3 shows the lungs with electrical conductivity of 5 

S/m and the heart with 20 S/m. Here, we see that the 

reconstructed image presents discontinuities in three regions. 

 

 

 
 

Fig. 3. Lungs with electrical conductivity of 5 S/m and the heart with 20 

S/m. 

 

Fig. 4 shows the lungs with electrical conductivity of 1.2 

S/m and the heart with 2.0 S/m. 

 

 

 

 
Fig. 4. Lungs with electrical conductivity of 1.2 S/m and the heart with 

2.0 S/m. 

 

 

Fig. 5 shows two extreme cases where the lungs have an 

electrical conductivity of 0.01 S/m and the heart has 

conductivity of 28.0 S/m. 

 

 

 
Fig. 5. Lungs with electrical conductivity of 0.01 S/m and the heart has 

conductivity of 28.0 S/m. 

 

Fig. 6 shows the lungs at 10 S/m and the heart at 4.0 S/m. 

Note that in this configuration the reconstructed image also 

has a small region of discontinuity. 

 



 
Fig. 6. Lungs with electrical conductivity of 10 S/m and the heart with 

4.0 S/m. 

 

 

Fig. 7 shows the lungs at 15 S/m and the heart at 8.0 S/m. It 

was concluded that for this configuration, the reconstructed 

image presents several regions with conductivity 1.0 S/m, 

which does not correspond to the original image. However, 

we can still visualize the heart and lungs very well. 

 

 

 

 

 
Fig. 7. Lungs with electrical conductivity of 15 S/m and the heart with 

8.0 S/m. 

 

 

IV. CONCLUSION 

The two-dimensional D-Bar method has shown promising 

results in 2D reconstruction of electrical impedance 

tomography images. The colors of the simulated and 

reconstructed original images represent the numerical values 

of conductivity in the organs and, therefore, are directly 

comparable. Note that reconstruction underestimates the 

magnitude of electrical conductivity in the heart. This is a 

characteristic of the truncated Fourier nonlinear transform, 

calculated in the D-Bar method, already predicted by Siltanen 

(2017) [27]. He approached the 3D situation from the D-Bar 

method to a 2D computational model. In practice, this model 

generates relevant and quick results. The experimental results 

show that the method can be used to monitor PEEP and other 

pulmonary activities in patients positive for COVID-19 as a 

support device. Seven completely different scenarios were 

simulated in Matlab to prove the effectiveness and robustness 

of the algorithm. Each image took about 11 minutes to be 

reconstructed. As a future work, it is intended to accelerate 

the two-dimensional algorithm used in the D-Bar method 

made by Siltanen (2017) using a deep neural network, 

training the network using a set of synthetic images modeled 

as numerical phantoms of the lungs and heart in radial section 

[27]. 
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