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Abstract. The work is devoted to method and algorithm for calculating 
lung ventilation and perfusion based on electrical impedance tomography, 
which consists in isolating the ventilation or perfusion component of the 
voltage change on the surface of the chest cavity by filtering, followed by 
calculating a impedance integral parameter and average value of the voltage 
change, the law of change of which has a high correlation with lung 

ventilation. Main approaches to filtering discrete signals, which are 
measurement data in the calculation of ventilation and lung perfusion based 
on EIT during mechanical ventilation, namely polynomial filters, a simple 
Fourier filter and a filter based on discrete wavelet transformation, have been 
identified and investigated. A block diagram of an algorithm for 
implementing a simple Fourier filter has been developed.  

1 Introduction 

To implement the EIT method, it is inevitable to use electrode system, which is applied on  

Respiration is one of the vital functions of the body, aimed at maintaining the optimal 

level of redox processes in cells. This is a complex physiological process that ensures the 

delivery of oxygen to tissues, its use by cells in the process of metabolism, and the removal 

of formed carbon dioxide (CO2) [1]. 

The whole breathing process includes two stages [2]: 
- external breathing 

- tissue respiration. 

External respiration is gas exchange between the body and the surrounding air, i.e. 

atmosphere. The function of external respiration is provided by both the respiratory system 

and the circulatory system. 

Tissue or cellular respiration is a set of biochemical reactions occurring in the cells of 

living organisms, during which carbohydrates, lipids and amino acids are oxidized to carbon 

dioxide and water. 
External respiration includes two important processes: 

- exchange of gases between atmospheric and alveolar air (ventilation); 

- gas exchange between the blood of the pulmonary capillaries and the alveolar air 

(diffusion), 
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An important component of external respiration is the transport of gases within the body 

through the circulatory system, part of which is normal pulmonary blood flow (perfusion). 

In case of impaired respiratory function and the use of artificial lung ventilation (ALV), 

the lungs are ventilated with a respiratory mixture prepared by the ventilator based on the 

settings of the ventilation modes and the results of measuring the CO 2 level using the 

capnometry channel and the SpO 2 level using the pulse oximetry channel. 

The flow of such processes as blood circulation and ventilation in the chest cavity causes 

a change in the electrical parameters of the tissues of the chest cavity, namely their 
conductivity. Monitoring by electrical impedance tomography allows non-invasive real-time 

reconstruction of the field of changes in the conductivity ΔΩ(t) of the chest cavity based on 

the results of voltage measurements ΔФ(t) on the surface of the chest cavity. By analyzing 

the results of EIT, namely the results of measurements ΔФ(t) and the results of reconstruction 

ΔΩ(t), it is possible to evaluate both total LV ventilation or perfusion Q for the left and right 

lungs in total and separately, and regional ventilation RV (tidal volume distribution) and 

regional perfusion RP (blood distribution). 

During the implementation of monitoring by the EIT method for each time ti according to 

a given injection algorithm IA = {iak ∈ N, k =1.. K}, the current source IT is connected to the 

given electrodes En/p (where n is the number of the electrode in the belt, p is the number of 

the belt). The electrodes of one belt are located in the same plane (Figure 4). For ease of 

perception of the proposed approaches to ES positioning, the chest cavity is presented in a 

simplified form (cylinder). 

For each configuration of injecting electrodes according to the given measurement 

algorithm MA = {mam ∈ N, m=1..M} pair of electrodes En/p connected to the measuring device 
to register the potential difference Δφk,m(ti) (Fig. 1). 
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Fig. 1. Registration of voltage values at ia = [1/P,2/P] and ma = [3/P ,4/P] 

 By registering Δφk,m(ti) for all combinations of IA and MA, an array of voltage ΔФ(ti) 
(1) is formed: 
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For the convenience of processing, the array ΔФ is transformed into a vector (2): 
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For the belt of electrodes of 16 electrodes, the length of the vector ΔФ(ti) is L =208 
voltages Δφl. 

Differential EIT implies the reconstruction of the field of change in conductivity ΔΩ(ti), 

for which the data array dФ(ti) is used, calculated by formula (3): 

 

,i i refdФ(t )= DФ(t ) - DФ(t )    (3) 

 

where tref  is the reference point in time against which the change is estimated.  

Due to the fact that when implementing the EIT method, the parameters of the current 

source do not change during the study, the change in voltages ΔФ(ti) at time t i is caused by 
a change in the conductivity ΔΩ(ti) of the chest cavity at time t i , which in its turn caused 

mainly by ventilation LV (t i) of the lungs. Thus, the law of change Δφk,m (ti) correlates with 

the change in ventilation between the electrodes mam. To evaluate the law of changes in the 

general ventilation of the lungs, it is sufficient to average the values of the vector ΔФ(ti) for 

each monitoring moment ti. Thus, to evaluate the law of changes in lung ventilation over time 

LV (t), it was proposed to calculate the integral parameter Ψ(t) using formula (4): 

 
L

l i

l=1
i

Δφ (t )

Ψ(t )=
L


     (4) 

 

By estimating Ψ(t) from the first L/2 elements ΔФ(t) one can estimate the ventilation 

LVL(t) of the left lung (if the first N/2 electrodes cover the left lung), and from the last L/2 

elements ΔФ(t) one can estimate evaluate ventilation LVR (t) of the right lung. 

The described solutions make it possible to obtain data on LV(t) without reconstructing the 

field of changes in the conductivity of the chest cavity ΔΩ(t). Due to the amplification of 

noise ΔФ(t) when solving the inverse problem of EIT, the use of ΔФ(t) instead of ΔΩ(t) 

makes it possible to judge LV(t) with high reliability under conditions of a high noise level 
ΔФ(t). In contrast to the rheographic approach, ventilation of the left and right lungs can be 

assessed separately. It is required to refine the existing groundwork for the tasks of 

calculating ventilation and perfusion of the lungs by perfusion by the EIT method during 

mechanical ventilation. 
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2 Development of methods and algorithms for calculating 
ventilation and perfusion of the lungs by the EIT method 

At present, in existing publications [4-7], the assessment of LV (t) is carried out by 

calculating the integral change in the conductivity of the chest cavity ∑ΔΩ(t) according to 

the formula (5): 
 

1

( ) ( ),
S

i s i

s

t t


        (5) 

 

where Δσs(ti) is the change in the conductivity of the s-th finite element of the chest cavity 

model at time ti. 

In [8], an empirical selection of coefficients for a particular device is given, which makes 

it possible to make the transition from the units of change in conductivity (Cm) to units of 

measurement of air volume (l). However, these coefficients are applicable to a specific 

implementation of the device and require individual adjustment for each individual patient. 

The inverse problem of the EIT is incorrect [9-11], a large change in conductivity deep 
inside the chest cavity causes a slight change in the potentials φ on the surface of the chest 

cavity, and therefore the algorithms for solving the inverse problem of the EIT have the 

property of amplifying the noise of the measured voltages ΔФ[12]. When determining 

∑ΔΩ(t), reconstruction errors are accumulated due to increased noise ΔФ, and therefore the 

parameter ∑ΔΩ(t) loses correlation with LV(t) in case of low quality ΔФ. Thus, the estimation 

of LV(t) by ∑ΔΩ(t) in the case of ΔФ data with a high level of measurement noise has a high 

error. 

Evaluation of LV(t) by Ψ(t) is free from this shortcoming, therefore, to assess ventilation 
of the lungs by the EIT method during mechanical ventilation, the method of estimating LV(t) 

based on the assessment of the integral parameter Ψ(t) according to the measurement data 

ΔФ(t). This approach allows you to evaluate both the general ventilation of the left and right 

lung, and separately the ventilation of the right LVR(t) and left LVL(t) of the lung 

However, Ψ(t), like ∑ΔΩ(t), contains, in addition to the ventilation component, a 

perfusion component. It is possible to isolate the ventilation ΨV(t) and perfusion ΨP(t) 

components Ψ(t) using a filter [13]. The component ΨV(t) has a carrier frequency equal to the 

frequency of respiratory movements fRM, the component ΨP(t) has a carrier frequency equal 
to the heart rate fHR. 

Therefore, to extract ΨP(t) it is necessary to pass Ψ(t) through a low-pass filter. 

However, there is also a noise component in the real signal. Therefore, it is desirable 

to use a bandpass filter (BPF) to suppress noise.  

Ψ(t)

ffRM fHR f

K,dB

fC

0
ИТ+

LPF
ΨВ(t)

fRM f  

Fig. 2. Schematic representation of the definition of ΨB(t) 
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Fig. 3. Schematic representation of the definition of ΨP(t) 

 
Selection of ΨV(t) and ΨP(t) allows obtaining data for graphic display of the law of 

change LVL(t). However, the reconstruction process ΔΩ(t) is based on the data ΔФ(t). 

Therefore, the resulting image ΔΩ(t) also contains components caused by ventilation 

ΔΩV(t) and perfusion ΔΩP(t). Thus, during the operation, for each measuring frame, 
it is required to carry out filtering: 

- Ψ(t) to extract ΨV(t), 

- Ψ(t) to highlight ΨP(t), 
- ΨL (t) to highlight ΨLV(t), 

- ΨL (t) to extract ΨLP(t), 

- ΨR (t) to highlight ΨRV(t), 

- ΨR (t) to extract ΨRP(t), 
- ΔΩ(t) to highlight ΔΩV(t), 

- ΔΩ(t) to highlight ΔΩP(t). 

Such a large amount of computing will significantly increase the requirements for 
the computing power of a personal computer. An original approach is proposed that 

involves filtering the measurement data ΔФ(t) with the selection of the ventilation 

component of the change in potentials on the surface of the chest cavity ΔФV(t) and 
the perfusion component of the change in potentials on the surface of the chest cavity 

ΔФP(t). The obtained data ΔФV(t) are used to calculate ΨV(t), ΨLV(t), ΨRV(t), ΔΩV(t). 

The obtained data ΔFP(t) are used to calculate ΨP(t), ΨLP(t), ΨRP(t), ΔΩP(t). As a 

result, instead of 8 filtering operations, only 2 filtering operations are used. 
The proposed method for calculating ventilation and perfusion of the lungs by the 

EIT method during mechanical ventilation is based on the existing groundwork and 

consists in performing the following actions for each measurement frame: 
- from ΔF(t) by filtration, the ventilation ΔFV(t) and the perfusion component ΔFP(t) 

are isolated, 

- on the basis of ΔФV(t) by averaging determine the integral parameter ΨV(t), which 
has a high correlation with the general ventilation of the lungs LV(t), 

- based on ΔФV(t) by averaging the first 104 components, the integral parameter 

ΨLV(t) is determined, which has a high correlation with the ventilation of the left lung 

LVL(t), 
- based on ΔФV(t) by averaging the last 104 components, the integral parameter 

ΨRВ(t) is determined, which has a high correlation with the ventilation of the right 

lung LVR(t), 
- based on ΔFP(t) by averaging determine the integral parameter ΨP(t), which has a 

high correlation with the total lung perfusion Q(t), 
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- on the basis of ΔФP(t) by averaging the last 104 components, the integral parameter 

ΨLP(t) is determined, which has a high correlation with perfusion of the left lung 

QL(t), 
- based on ΔFP(t) by averaging the first 104 components determine the integral 

parameter ΨRP(t), which has a high correlation with the perfusion of the right lung 

QR(t). 
The block diagram of the algorithm for implementing the proposed method for 

calculating lung ventilation or perfusion using the EIT method during mechanical 

ventilation is shown in Figure 4.  

Lung ventilation/ 

perfusion 

calculation

2

104

P l i

l=1

LP i

Δφ (t )

Ψ (t )= .
208



208

P l i
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Δφ (t )

Ψ (t )= .
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

l    

2

Acquision ΔФ(ti), 

getting ΔФ(t)

Start

Allocation ΔФV(ti) 
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208

V P

V P



 

Fig. 4.  Block diagram of the algorithm for implementing the method for calculating lung ventilation 
or perfusion using the EIT method during mechanical ventilation 

An important component of the proposed approach is the filtering method ΔФ(t). 

3 Development and research of a method for filtering the 
measurement data of the EIT method for calculating ventilation 
and perfusion of the lungs by the EIT method 

The use of sections to divide the text of the paper is optional and left as a decision for the 

author. Measurement information ΔФ(t) is a set of discrete signals describing the change in 

time of stresses on the surface of the chest cavity between different pairs of electrodes. 
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In the course of studying approaches to filtering discrete signals, three main areas were 

identified: 

- polynomial filters, 

- spectral filtering, 

- wavelet filtering. 

An ideal low-pass filter has a constant final gain over the frequency range from zero to f 

C and a gain equal to zero above fC. However, an ideal LPF is physically unrealizable: its 

impulse response extends in time from t =-∞ to t =+∞ [14]. 
In the general case, the transfer characteristic of a filter is described by the ratio of two 

operator polynomials. Approximation of the filter characteristic is reduced to the choice of 

such coefficients of these polynomials, which provide the best approximation in one sense or 

another to the amplitude-frequency characteristic (AFC) or phase-frequency characteristic 

(PFC) of the filter. 

The following types of active filters are most widely used, which differ from each other 

due to different approaches to finding the best approximation [15,16]: 

- Butterworth filters, 
- Chebyshev filters, 

- inverse Chebyshev filter, 

- Cauer filter (elliptical), 

- Bessel filter. 

The disadvantage of using polynomial filters is the phase shift of the signal after passing 

through the filter relative to the original filter, which is critical when calculating the 

ventilation and perfusion of human lungs by the EIT method during mechanical ventilation. 

The Fourier transform is an operation that associates one function of a real variable with 
another function of a real variable. When applying the Fourier transform to a function of time 

a(t), the result is a representation of the initial function in the frequency domain A(f). This 

transformation is reversible. Thus, if we reset the coefficients of the function A corresponding 

to the amplitudes of the suppression band by multiplying by the function of the weight 

coefficients B and apply the inverse transformation to the resulting function Af  = AB, then 

the result of the inverse transformation of the function Af will not contain harmonics with 

frequencies falling into the suppression band[17]. 

Consider, for example, a discrete function y(t) formed by discrete functions a(t), b(t), c(t): 

( ) 2sin(8 ),

( ) 3sin(18 ),

( ) 5,

( ) ( ) ( ) ( ),

[0;0,1;0.2...10].

i i

i i

i

i i i i

i

a t t

b t t

c t

y t a t b t c t

t











  



 

The functions y(t), a(t), b(t), c(t) contain 1001 readings at regular intervals dt =0.01s, the 

function a(t) describes sinusoidal oscillations with a frequency of 4 Hz and an amplitude of 

2V, the function b(t) describes a sinusoidal oscillation with a frequency of 9Hz and an 

amplitude of 3V, the function c(t) describes a constant displacement with an amplitude of 

5V. The function y(t) is the sum of the functions a(t), b(t), c(t). Function graphs are shown in 

Figure 5. 
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Fig. 5. Graphs of discrete functions y(t), a(t), b(t), c(t) 

Let’s find the amplitude spectrum Y(f) of the function y(t) using the fast Fourier transform 
(FFT). Additional processing of the FFT results is required to visually display the signal 

spectrum. Initially, the result of the FFT calculation is a vector of length N samples, and the 

samples 2..N/2 are mirrored to the samples N/2..N. It is necessary to perform a cyclic shift by 

half the length of the array. Now the count with number N/2 corresponds to a harmonic with 

a frequency of 0 Hz, count 1 - a harmonic with a frequency - Fd/2, count N - a harmonic with 

a frequency Fd/2, where Fd is the signal sampling frequency. In view of the symmetry of the 

Fourier transform, readings from N/2 to N are of interest. Therefore, readings 1..N/2-1 do not 

participate in further analysis. It is necessary to normalize the amplitude of the remaining 
readings by multiplying by 2 all values except for the zero reading. The result of the described 

transformations is shown in Figure 6. Parasitic harmonics between 0 and 4 Hz, as well as 

ripples in the band from 4 to 50 Hz, are caused by the fact that not an infinite function is 

considered, but its segment. 
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Fig. 6. Amplitude spectrum Y(f) of discrete functions y(t) 

 Figure 6 clearly shows 3 peaks with amplitudes of 5V, 2V and 3V. Zero out the 

components Y(f), satisfying the condition 2< f < 6 and perform the inverse Fourier transform, 
forming the function Such actions should exclude the function a(t) from the resulting function 

y(t). For clarity, let's impose the function b(t)+c(t) - the expected result of the transformation. 

The result of the transformations is shown in Figure 7. 

As seen in Figure 7, the function y'(t) obtained by filtering the original function 

y(t) = a(t)+ b(t)+ c(t) with the filter settings suppressing the function a(t) is almost identical 

functions b(t) + c(t). The relative reduced conversion error is 1.8%. 

The block diagram of the algorithm for implementing the simple Fourier filtering method 

is shown in Figure 8. 

 
Fig. 7. The result of the formation of discrete functions y '(t) and the expected result of the 

transformation b(t) + c(t) 

 
The classical apparatus of the Fourier transform was developed for stationary random 

processes whose characteristics are constant in time [18]. If the properties of the process 

undergo changes, this can lead to various problems in the interpretation of the results, 

ambiguities, etc. Many processes in nature are non-stationary, and when processing them, 

the existing limitations of classical spectral analysis should be taken into account [19]. In the 

works of L.I. Mandelstam noted that when considering systems with varying parameters, it 

is advisable to use other functions instead of harmonic ones (the corresponding excerpts from 

the works of L.I. Mandelstam are given in the review article [20]). These considerations 
eventually led to the formation of the theory of wavelet analysis [21-28], which became a 

kind of revolution in the problems of digital signal processing. Since the 1980s, wavelet 
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theory has become the most dynamically developing scientific concept, which has found 

numerous applications in all areas of science and technology [29]. 

 

Start

Processing ΔФ(t)

Forming Y by BPF of Δφl(t)

Zeroing of Y

Inverse Fourier Transform Y

l>208

Stop
 

Fig. 8. Block diagram of the algorithm for implementing the simple Fourier filtering method 

When working with discrete signals, the discrete wavelet transform (DWT) is used. The 

DWT of the signal is obtained by applying a set of filters. First, a discrete signal x(i) is passed 

through a low-pass filter with an impulse response g(i) by convolving the input signal with 

the impulse response of the filter (7): 

 

( ) ( )( ) ( ) ( ).
i

y n x g k x i g k i




        (7) 

 

The characteristic of the coupled high-pass filter h(i) is given as follows (8): 

 

( ) ( 1) (2 1),ig i h M i        (8) 

 
where the constant M determines the length of the wavelet specification area. An increase in 

M allows the use of more regular functions (which have M zero moments) [20], which 

provides the possibility of stronger signal compression, as well as smoothing errors during 

its restoration, which are caused by filtering. Along with this, an increase in M is 

accompanied by a significant increase in the filter coefficients, which also has its drawbacks 

(the most obvious is a significant increase in computation time, which may be undesirable, 

for example, in coding and information transmission problems). Oscillating "tails" of wavelet 

functions for large M serve as an additional disadvantage in solving a number of problems 
[21]. Therefore, the choice of the wavelet should be made depending on the priorities in the 

digital processing of signals or images. 

After a single passage of the signal x(i) through quadrature mirror filters with 

characteristics g(i) and h(i), the output signals are decimated, in which even or odd samples 

are selected, which corresponds to the subband coding scheme. This decimation can be 

carried out for the reason that the considered filtering leads to a halving of the frequency 
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range of the signal. The sequences of readings obtained after quadrature mirror filters are 

defined as follows (9): 

 

( ) ( ) (2 ),

( ) ( ) (2 ).

LF

i

HF

i

y k x i g k i

y k x i h k i









 

 





    (9) 

 

The thinned signals are again fed to the input of the filters. Despite the fact that, as a result 

of decimation, each of the time series will be characterized by a frequency range half that of 

the signal before filtering, the presence of two sequences (at the output of each filter) makes 
it possible to uniquely restore the original signal upon inverse transformation [19]. 

Wavelet expansion coefficients djk reflect the amplitude characteristics of the analyzed 

processes at different levels of resolution. To filter noise, wavelet coefficients that are small 

in absolute value on small scales (the most affected by fluctuations) are discarded before the 

inverse transformation (threshold filtering method). In this case, the quality of filtering 

significantly depends on the choice of the variant of specifying the threshold function, by 

which the corresponding coefficients are multiplied before the inverse transformation, and 

on the wavelet basis. A suitable choice contributes to obtaining a higher quality of cleaning 
the signal or image from interference. 

For the tasks of filtering measurement information ΔФ(t) when calculating ventilation 

and perfusion of the lungs, based on the analysis of literary sources, the Paul wavelet (10) 

was chosen: 

 

( 1)2 !
( ) (1 ) .

(2 )!

k k
ki k

h n in
 

  
    (10) 

 

Visualization of this wavelet is shown in Figure 9. 

 

Fig. 9. The shape of the Paul wavelet for various values of k (k =3 for a dotted line with dots, k =6 for 

a normal line, k =12 for a dashed line) 

4 Results and discussion 

To investigate the applicability of the considered methods of filtering discrete signals for the 

problem of calculating the ventilation and perfusion of the lungs by the EIT method during 

mechanical ventilation the study used a 20-second data segment obtained during monitoring 

of ventilation and perfusion of the lungs of a 19-year-old male patient without pathological 

changes in the structure of the lungs and without disturbances in the functioning of the 

respiratory and cardiovascular systems. During monitoring, the patient was in a sitting 
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position and breathed calmly. The data for analysis are represented by an array ΔФ(t) of size 

208x481, in which the l-th line describes the change in voltages at the l-th configuration of 

the measuring and injecting electrodes. To study the applicability of the considered methods 

of filtering discrete signals for the problem of calculating ventilation and perfusion of the 

lungs by the EIT method during mechanical ventilation, line-by-line filtering of the array 

ΔФ(t) was carried out with the following filters: 

- LPF Butterworth 4th order, 

- LPF based on a simple Fourier filter, 
- LPF based on DWT and Paul wavelet. 

Cutoff frequency when filtering fC =0.8 Hz. The use of a low-pass filter with the specified 

cutoff frequency makes it possible to eliminate the perfusion component of the voltage 

change. Based on ΔФ(t) the parameter Ψ(t)(4) is calculated. Based on the results of filtering 

ΔФФ(t), the parameters ΨФ1(t), ΨФ2 (t), ΨФ3(t) (4) were calculated. When forming ΨФ1(t), 

ΨФ2(t), ΨФ3(t), the process of operation of EIT was simulated in accordance with the block 

diagram of the algorithm for calculating ventilation and perfusion of the lungs (Fig. 4). 

The results of estimating Ψ(t) without filtering and using different filters are shown in 
Figures 10-13. 

As can be seen from Figure 11, due to the presence of the DC component of the 

Butterworth low-pass filter in the signal, it takes time to establish the DC offset level. Figure 

12 shows that with a small sample size for filtering, the use of a simple Fourier filter leads to 

artifacts. For clarity, we depict the curves Ψ(t), ΨФ1(t), ΨФ2(t) and ΨФ3(t) on one graph 

(Fig. 14), excluding the initial 3 seconds of establishing the Butterworth LPF. 

 

 

Fig. 10. Estimation Ψ(t) without filtering ΔФ(t) 

 

Fig. 11. Evaluation of ΨФ1(t) with filtering ΔФ(t) Butterworth LPF 
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Fig. 12. Evaluation of ΨФ2(t) with filtering ΔФ(t) LPF based on a simple Fourier filter 

 

Fig. 13. Estimation of ΨФ3(t) with filtering ΔФ(t) LPF based on DWT and Paul wavelet 

 

Fig. 14. Graphs Ψ(t), ΨF1(t), ΨF2(t) and ΨF3(t) with excluded transients 

As can be seen from Figure 14, the use of the Butterworth LPF results in a phase shift of 

the filtering result relative to the input signal. A low-pass filter based on a simple Fourier 

filter generates a signal similar in shape to a Butterworth low-pass filter, but does not require 

time to set a constant offset. LPF based on DWT and Paul wavelet does not introduce phase 

distortions, does not require time to set a constant bias, but the perfusion component is not 

sufficiently suppressed. 

The ventilator module as part of the EIT must support the installation of a plateau and 
self-ventilation. These ventilation methods are non-stationary. Let us investigate the 

applicability of the considered methods of filtering discrete signals for the problem of 

calculating ventilation and perfusion of the lungs by the EIT method during non-stationary 

breathing using the example of holding the breath. We use a similar data array for analysis, 

simulating the delay by duplicating the last column of the array ΔФ(t). The results of 

estimating Ψ(t) based on ΔФ(t) with simulated breath holding are shown in Figure 15. 

The calculation result of Ψ(t), ΨФ1(t), ΨФ2(t) and ΨФ3(t) based on ΔФ(t) with imitation of 

breath holding is shown in Figure 16. 

 
 

 

, 03001 (2024)BIO Web of Conferences

AQUACULTURE 2023
https://doi.org/10.1051/bioconf/20248403001 84

13

RETRACTED



 

Fig. 15. Evaluation of Ψ(t) based on ΔФ(t) with simulated breath holding 

 

Fig. 16. Evaluation of Ψ(t) based on ΔФ(t) with simulated breath holding 

As can be seen from Figure 14, when using a simple Fourier filter, in the case of an 

unsteady breathing process, "phantom" oscillations occur - there is no breathing, but the filter, 
based on the history of the process, resumes oscillations in the ventilation function. The use 

of the Butterworth filter when filtering a discrete signal lead to a phase shift between the 

original signal and the result of filtering. The filter based on DWT is devoid of these 

disadvantages. The results of the study of the considered methods of filtering discrete signals 

for the problem of calculating ventilation and perfusion of the lungs by the EIT method 

during mechanical ventilation are summarized in Table 1. 

Table 1. The results of the study of the applicability of the considered methods of filtering 
discrete signals for the problem of calculating ventilation and perfusion of the lungs by the EIT 

method during mechanical ventilation 

Characteristic Polynomial filters Simple Fourier 

Filter 

Filter based on 

DWT 

Computing costs low medium high 

Sensitivity to DC 

offset 

high low low 

Phase shift Yes No No 

Filtration quality high average low 

 

 Based on Table 1, for the tasks of calculating perfusion and ventilation of the lungs by 

the EIT method during mechanical ventilation, it is advisable, depending on the ventilation 

mode (stationary/non-stationary), to use a simple Fourier filter or a filter based on DWT . 

5 Discussion 

There are several approaches to visualization of perfusion and ventilation of the lungs by EIT 

during mechanical ventilation: 

 
 

 

, 03001 (2024)BIO Web of Conferences

AQUACULTURE 2023
https://doi.org/10.1051/bioconf/20248403001 84

14

RETRACTED



- visualization of the law of changes in respiratory volume and perfusion in the form of a 

graph obtained by analyzing the measurement information ΔФ(t) for EIT, 

- visualization of the law of changes in tidal volume and perfusion in the form of a graph 

obtained by analyzing the results of the reconstruction of the field of changes in the 

conductivity of the chest cavity ΔΩ(t) using the EIT method, 

- visualization of the distribution of tidal volume and perfusion at the current moment of 

time by visualizing the ventilation ΔΩV(t) and perfusion ΔΩP(t) component of the field of 

changes in the conductivity of the chest cavity, 
- visualization of the distribution of tidal volume and perfusion by analyzing the history 

of changes in the ventilation ΔΩV(t) and perfusion ΔΩP(t) component of the field of changes 

in the conductivity of the chest cavity. 

The methods and algorithms developed in this section relate to obtaining data for visualizing 

the law of changes in tidal volume and perfusion in the form of a graph obtained by analyzing 

the measurement information ΔФ(t) for EIT, and are also the basis for methods and 

algorithms for generating data for visualizing the distribution of tidal volume and perfusion 

at the current moment of time by visualizing the ventilation ΔΩV(t) and perfusion ΔΩP(t) 
components of the field of changes in the conductivity of the chest cavity and methods and 

algorithms for generating data for visualizing the distribution of tidal volume and perfusion 

by analyzing the history of changes in ventilation ΔΩV(t) and perfusion ΔΩP(t) component of 

the field of changes in the conductivity of the chest cavity. 

6 Conclusion 

1) A method and algorithm for calculating lung ventilation based on EIT during 

mechanical ventilation has been developed, which consists in isolating the ventilation 
component of the voltage change ΔФВ(t) on the surface of the chest cavity by filtering, 

followed by calculating the integral parameter ΨВ(t) by calculating the average value of the 

voltage change ΔФB(t), the law of change of which has a high correlation with lung 

ventilation LV. 

2) A method and algorithm for calculating lung perfusion based on EIT during mechanical 

ventilation has been developed, which consists in isolating the perfusion component of the 

change in voltage ΔФP(t) on the surface of the chest cavity by filtering, followed by 

calculating the integral parameter ΨP(t) by calculating the average value of the change in 
voltage ΔФP(t), the law of change of which has a high correlation with lung perfusion LV. 

3) The main approaches to filtering discrete signals, which are measurement data in the 

calculation of ventilation and lung perfusion based on EIT during mechanical ventilation, 

namely polynomial filters, a simple Fourier filter and a filter based on fiberboard, have been 

identified and investigated. A block diagram of an algorithm for implementing a simple 

Fourier filter has been developed. 

4) Based on the study of the applicability of the considered methods of filtering discrete 

signals for the problem of calculating ventilation and perfusion of the lungs using the EIT 
method during mechanical ventilation, which consists in applying filters to test data sets, for 

the tasks of calculating perfusion and ventilation of the lungs using the EIT method during 

mechanical ventilation, depending on the ventilation mode (stationary /non-stationary), it 

was decided to use a simple Fourier filter or a DWT-based filter. 

5) The results of the work in terms of developing methods and algorithms for calculating 

ventilation and perfusion of the lungs by the EIT method during mechanical ventilation will 

be used in the development of software for the EIT device. 
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