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Abstract. In this paper, a developed hardware-software complex for studying volume parameters of breathing is 
considered. To estimate the volumetric parameters of breathing, a method for registering the movement of the chest and 
abdominal walls by changing the overall dimensions of the chest and abdomen with ranking according to the anatomical 
features of a person is proposed. A technique for researching the volumetric parameters of breathing based on the method 
of video recording of the movements of the chest and abdominal wall of a person was developed. The proposed method was 
used to estimate volume parameters of breathing among men aged 20–22 years. BMI (body mass index) ranged from 18.2 to 
30.1 kg/m². The research of volumetric parameters of respiration was carried out using the hardware-software complex and 
the proposed technique for registering the biomechanics of breathing. Conclusions about the relation between volumetric 
parameters of breathing and the values of changes in the overall dimensions of the chest and abdomen during respiration were 
drawn. A correlation-regression analysis of the volumes of inhaled/exhaled air and the values of deviations of the overall 
dimensions of the chest and abdomen was carried out. The results obtained indicate a strong relation between volumetric 
parameters of breathing and the values of deviations in the overall dimensions of the chest and abdomen.
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АППАРАТНО-ПРОГРАММНЫЙ КОМПЛЕКС  
ДЛЯ ИССЛЕДОВАНИЯ ОБЪЕМНЫХ ПАРАМЕТРОВ ДЫХАНИЯ 

Аннотация. Приводится описание разработанного аппаратно-программного комплекса для исследования объ-
емных параметров дыхания. Для определения указанных параметров дыхания (жизненной емкости легких и дыха-
тельного объема) предлагается способ регистрации движения грудной и брюшной стенок по изменению габаритных 
размеров грудной клетки и живота с ранжированием по анатомическим особенностям человека. Разработана мето-
дика исследования объемных параметров дыхания, основанная на методе видеосъемки движения грудной клетки 
и брюшной стенки человека. Предложенная методика была использована при оценке объемных параметров дыхания 
среди мужчин в возрасте 20–22 лет. Индекс массы тела (ИМТ) варьировался от 18,2 до 30,1 кг/м2. С помощью аппа-
ратно-программного комплекса проведены исследования объемных параметров дыхания совместно с предложен-
ным способом регистрации биомеханики дыхания, сделаны выводы о взаимосвязи объемных параметров дыхания 
и значений отклонений габаритных размеров грудной клетки и живота во время дыхания. Проведен корреляцион-
но-регрессионный анализ объемов вдыхаемого/выдыхаемого воздуха и значений отклонений габаритных размеров 
грудной клетки и живота. Полученные результаты свидетельствуют о сильной взаимосвязи объемных параметров 
дыхания и значений отклонений габаритных размеров грудной клетки и живота. 
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Introduction. Breathing movements of the chest and abdomen are carried out by the respiratory 
muscles and closely correlate with the increase and decrease in the volume of the chest, which in turn 
describes changes in the volume of inhaled and exhaled air [1]. Since external respiration is carried out 
by changes in chest volume and concomitant changes in lung volume, it is worth mentioning how the 
biomechanics of breathing occurs.

Inhalation occurs due to an increase in the volume of the chest cavity in three directions – vertical, 
sagittal and frontal [2, 3]. This is due to the rise of the ribs and the lowering of the diaphragm. The 
volume of the chest and the lungs in it increase on inspiration; at the same time, the pressure in them 
decreases, and air enters the pulmonary alveoli through the airways. During inhalation, the respiratory 
muscles of a person overcome a number of forces: 1) the severity of the ribs raised upward; 2) elastic 
resistance of costal cartilages; 3) the resistance of the walls of the abdomen and abdominal viscera, 
pressed downwards by the descending dome of the diaphragm.

Exhalation is carried out passively: the respiratory muscles relax, under the influence of these forc-
es, the ribs fall, and the diaphragm rises. As a result, the volume of the chest decreases. The abdominal 
muscles contract and push the abdominal organs and the dome of the diaphragm upward. On exhalation, 
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the volume of the chest, and, consequently, of the lungs, decreases, the pressure in the alveoli increases 
and the air comes out of the lungs.

Classical research methods for respiratory function (spirometry, pneumotachometry, etc.) make it 
possible to identify possible pathologies of respiratory function, respiratory diseases such as COPD, 
asthma, bronchitis, etc. Spirometry is designed to measure the volume of inhaled and exhaled air and is 
considered the “gold standard” for diagnosing chronic obstructive pulmonary disease [4].

Preparation for spirometry requires the use of disposable consumables (mouthpiece, antibacterial 
filter, replaceable mesh, etc.) [4], regular sanitization of the measuring tube from sputum after each pa-
tient, which is especially important in the context of the COVID-19 pandemic. In addition, after regular 
sanitization (in the case of disassembly and assembly of the measuring tube), calibration of the device 
is required, which increases the time it takes to prepare the equipment for use. During measurements, 
the use of a nose clip is mandatory for reliable results, which causes discomfort to the subject and may 
affect the normal breathing pattern of the subject. The psychological factor of influence on the results of 
the research should be taken into account. In addition, spirometry does not allow for long-term studies 
of breathing parameters [4, 5]. 

Currently, it is becoming more and more important to use both contact and non-contact methods 
for researching the function of external respiration. Recent scientific research in this area substantiates  
the possibility of using methods based on the analysis of the movement of the chest and abdomen [6]. 
There are three approaches to breath analysis: based on the recording of chest deformation caused by 
respiratory activity (strain sensors); based on changes in transthoracic impedance (impedance sensors); 
based on the recording of chest movements (for example, chest tilt, acceleration and speed) using an ac-
celerometer, gyroscope, magnetometer. 

These methods make it possible to indirectly estimate the volumetric parameters of breathing from  
the values obtained from the sensors (change in the impedance of the chest during breathing, change  
in the capacitance of the sensor, resistance, etc.) due to the movement of the chest and abdominal cavity. 
Thus, it is relevant and promising to develop methods for researching the function of external respiration by  
the movement of the chest and abdomen. Such methods will solve the previously described disadvantages.

In this paper, it is proposed to use the method of recording the movement of the chest and abdominal 
walls by changing the overall dimensions of the chest and abdomen with ranking according to the ana-
tomical features of a person to determine the volumetric breathing parameters.

Material and methods. For studying the volumetric parameters of breathing a hardware-software 
complex (HSC) was developed. The structure of the HSC (Figure 1) includes a spirometer, a video cam-
era and a personal computer (PC).

An automated multifunctional spirometer MAС-1 was used to measure of volume capacity (VC) 
and tidal volume (Vt) The main technical characteristics of the spirometer: air volume measurement 
limit 1–8 dm3, measured flow up to – 18 l/s, accuracy class – 5 %, automatic quality control tests in 
accordance with ATS-1994 and ATS/ERS-2005 [7]. Spirometry was used as a reference method for 
measuring the volume of inhaled and exhaled air and to estimate the validity of the proposed method of 
measurement based on the analysis of the movement of the chest and abdomen.

A video camera was used to record the movements of the chest and abdominal walls of the sub-
ject during breathing. According to the obtained video fragments, the values of deviations of the chest 
and abdomen were calculated. Main technical characteristics of the video camera: screen resolution

Figure 1. Structural diagram of the hardware-software complex for the study of the volumetric parameters of breathing
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1080 × 1920, number of matrix dots – 12 MP, maximum frames per second – 240 frames/s (1280 × 720),  
optical stabilization. The video camera was mounted on a tripod at a distance of 50–60 cm to the right 
of the subject. The height of the video camera was adjusted depending on the height of the subject. On 
the left of the subject, a calibration board was placed with a division value of 0.5 and 1.0 cm along the 
X axis, and 2 cm along the Y axis.

Using a PC with specialized software, video files were divided into video fragments, video frag-
ments were processed, data was extracted from the spirometer, and the statistical analysis of the ob-
tained experimental data was carried out.

Method for assessing volumetric parameters of breathing. A technique for registering volumetric 
parameters of breathing using the hardware-software complex was developed and includes six steps:

1. Collection of anamnesis (age, height, weight, presence of diseases, including chronic ones).
2. Placement of markers on the human body (Figure 2, a–d) – in the sagittal plane, in the direction 

of the video camera. The first mark was attached at the midpoint relative to the line of the armpits and 
nipples, the second mark is at the level of the solar plexus, the third – at the level of the abdomen (waist). 
The marks help to determine correctly the places, at the level of which the deviations of the overall di-
mensions of the chest and abdomen were calculated.

3. The subject must be properly seated. 
4. Installation of a video camera and a calibration board. The height of the video camera and the 

board can be adjusted depending on the height of the subject. The video camera must be placed parallel 
to the measurement plane.

5. Setting up the spirometer. Entering patient data.
6. Starting the video camera and performing spirometry tests.
Spirometry tests were carried out in accordance with the guidelines of the Ministry of Health of 

the Republic of Belarus [8]. During the research, the current lung volumes were assessed and, at the 
same time, the images obtained by the video camera were recorded during calm breathing on inspira-
tion (see Figure 2, a), on exhalation (see Figure 2, b), then, on command, the subject took a deep breath 
(see Figure 2, c) and calm full exhalation (see Figure 2, d), respectively.

The determination of the correlation of volumetric breathing parameters (volume capacity) and the 
values of deviations of the overall dimensions of the chest and abdomen is computed by six levels as 
shown in Figure 2, a-d. Chest movements are determined by points A, B, C, abdominal movements – by 
points D, E, F. The value Δxi was determined as a deviation from the minimum difference in the coordi-
nates of the extreme points of the back and chest (or abdomen), index i denotes the number of measure-
ments.

а b c d

Figure 2. Fragments of video recording during the spirometry test: a – inspiration, b – expiration, c – deep breath, d – quiet 
full exhalation; estimation of deviations of the chest and abdomen is computed by six levels: A – at the level of the armpit; 

B – as the midpoint between A and C; C – 2 cm below the nipple; D – at the level of the solar plexus (diaphragm);  
E – the midpoint between D and F; F – at the level of the maximum deflection of the abdomen during breathing
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To assess the nonlinear relationship between the volumes of inhaled and exhaled air and the devia-
tion values, the correlation ratio [9, 10] is calculated by the formula
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where σres is the residual dispersion, σ is the variance of the actual values of the resulting feature, ŷ are 
the theoretical values obtained from the regression equation ȳ is the arithmetic mean deviation of value 
and yi are the empirical values.

The root expression of the correlation relationship is the coefficient of determination and is calculat-
ed by the formula
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The coefficient of determination shows how closely the observed values adjoin the regression line.
To check the adequacy of the regression model [10], Student’s t-test is used and is calculated by the 

formula and was signed as tη
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where (N – 2) is the number of degrees of freedom at a given significance level and sample size N; mη is the 
standard error of correlation ratio η. The standard error for the correlation coefficient can be written as η ± mη.

Result and discussion. Research on the biomechanics of breathing was carried out on the ba-
sis of the Department of Electronic Technique and Technology of the Belarusian State University of 
Informatics and Radioelectronics. According to the method described above using the hardware-soft-
ware complex, 26 people (men) aged from 20 to 22 years were researched, while the subjects were divid-
ed into two groups according to the value of the body mass index (BMI): 18.2–25.0 kg/m² (normal) and 
25.0–30.1 kg/m² (overweight).

For each subject, the correlation coefficients were calculated by six levels A–F (see Figure 2, a–d). 
When assessing the parameters from the group with normal BMI, a subgroup with the highest was iden-
tified (6 people, age 20–22 years, height 169–182 cm, weight 55–70 kg, BMI 19.3–21.5 kg/m²). 

Figure 3, a–f shows the dependency of volume capacities on the values of deviations of the chest and 
abdominal walls for this subgroup for levels A–F. Оn the x-axis the deviations of the chest / abdomen 
Δх1, Δх2, Δх3 in centimeters (cm) are shown, on the y-axis – volume capacity in liters (L).

The approximation curve describes a non-linear functional relationship between the experimental 
data in the form of a polynomial curve. The non-linear relationship is explained by the fact that in the 
process of breathing, the lung volumes changes together with the movements of the walls of the chest 
and abdomen in the horizontal, sagittal and frontal planes. The measurements were carried out in the 
sagittal plane, since during normal breathing the body walls move with the largest amplitude. 

Table summarizes the calculated correlation coefficients ηi (taking into account the standard error of 
the correlation coefficients mη) and determination coefficients R2.

The values of the correlation relation and the coefficient of determination for points A–D

Parameter / Point A (Δx1) B (Δx2) C (Δx3) D (Δx4) E (Δx5) F (Δx6)

Correlation relation η ± mη 0.92 ± 0.08 0.92 ± 0.08 0.98 ± 0.05 0.84 ± 0.11 0.66 ± 0.16 0.47 ± 0.19
Determination coefficient R2 0.84 0.84 0.95 0.70 0.44 0.22

The experimental data are closest to the approximating curve at level C (Figure 3, c), сorrelation 
relation η = 0.98 ± 0.05, for levels A and B η = 0.92± 0.08 (Figure 3, a, b). Dispersion value for point 
D is significant (Figure 3, d), but there is still a strong relation. The largest dispersion of values and the 
lowest values of the correlation ratio for points E (η = 0.66 ) and F (η = 0.47) can be explained by the fact 
that the subjects were dominated by the thoracic type of breathing, and the movement of the chest and 
abdomen occurs inconsistently. 
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a b

c d

e f

Figure 3. Scatterplots between volume capacity measurements and deviations of the chest and abdomen:  
a – at level A, b – at level B, c – at level C, d – at level D, e – at level E, f – at level F

Conclusion. The hardware-software complex was developed to estimate the volumetric parameters 
of breathing. It includes a spirometer, a video camera and a personal computer with specialized soft-
ware. The research of volumetric parameters of respiration was carried out using the hardware-software 
complex and the proposed technique for registering the biomechanics of breathing.

The obtained results confirm the possibility of using the developed hardware-software complex 
in the study of lung volumes. Applying the correlation-regression analysis of the experimental re-
sults, it was found that the polynomial regression model most accurately describes the tightness of the 
relationship between the volume capacity and the deviations in the overall dimensions of the chest. 
The proposed hardware-software complex will allow in the future to estimate the volume capacity 
in real-time under conditions of long-term monitoring, where the use of standard research methods 
is difficult.
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