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Abstract 
In the first part of this paper a human respiratory model and their responses are presented 

and in the second part machine learning algorithm is used to predict the respiratory diseases 

from the datasets. This endeavor proposes a simple representation of the mathematical model 

of the human respiratory system comprises of nasal cavity, trachea, bronchi and alveolar 

sacs. Ranging from a very common disease called bronchitis to highly perilous diseases like 

emphysema are considered in this venture and the variation of responses are observed with 

input pressure. In the conventional computation and control the system modeling is very 

much essential for analysis, whereas, machine learning algorithms use computational 

methods to learn information directly from data without relying on a predetermined equation 

as a model. Logistic regression algorithm is applied to find natural patterns in respiratory 

data that generate insight and help to make better decision and prediction of respiratory 

diseases. The Logistic regression model makes a clear decision boundary between the 

respiratory diseases.  

 

Keywords: Bronchitis, Emphysema, Logistic regression, Mathematical model of the human 

respiratory system. 

 

1. Introduction 
 The human respiratory system can be broadly classified into four sections beginning with 

the nasal cavity. In this model the trachea-bronchial tree is divided into 24 generations (Table 

1), where generation ‘0’ is the trachea, the generation from 1 to 19 is counted for bronchi and 

the generation 20 to 23 corresponds to alveolar sacs. Starting from the trachea, considering 

each branch of a given generation divides into two identical daughters; therefore generation 

‘n’ has 2n branches [1-5]. Each section have their characteristics Resistance, Inertance and 

Compliance due to the obstruction offered by the section, obstruction to the change in airflow 

through the section and expansion or contraction of the concerned section respectively [6-8]. 

These characteristics are used to develop the physical model of respiratory system as shown 

in Fig. 1. Validation of the proposed model is done in real time by Spirometer and model is 

verified through MATLAB System Identification Toolbox. 

Accurate modeling of respiratory system is very difficult and thus the response observed 

from such modeling is dubious [9-12]. Machine learning approach uses only data to analyze 

the system performance and therefore it gives accurate information about the system [13]. In 

this paper Logistic Regression algorithm is applied to distinguish different respiratory 

diseases by creating decision boundary.  
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2. Modeling 
  2.1 Respiratory System  

 
Table 1. Geometrical dimensions of the morphological model of the respiratory 

system [5] 
 

 
Generation 

Number 

Number of 

airways per 

generation 

Airways 

diameter 

in cm 

Length 

in cm 

Total 

airways 

Area in 

cm2 

Avg. air 

flow 

velocity 

in cm/s 

Resistance 

in cm of 

H2O/ ltr./s  

Calculated 

using 

formula 

Inertance in 

cm of H2O/ 

ltr./s2 

Calculated 

using 

formula 

Compliance in 

cm of H2O/ 

ltr./s  

Calculated 

using formula 

z n(z) d=2r l s u 𝟖𝝁𝒍 𝝅𝒓𝟒⁄  𝝆𝒍 𝒔⁄  𝒍𝒔 𝝆𝒏(𝒛)𝒖𝟐⁄  

0 1 1.800 12.00 2.540 197.00 0.0860 0.0059 0.06311 

1 2 1.220 4.76 2.330 215.00 0.0080 0.0025 0.0964 

2 4 0.830 1.90 2.130 236.00 0.0075 0.0011 0.0145 

3 8 0.560 0.76 2.000 251.00 0.0072 0.0004 0.0024 

4 16 0.450 1.27 2.480 202.00 0.0145 0.0006 0.0038 

5 32 0.350 1.07 3.110 161.00 0.0167 0.0004 0.0032 

6 64 0.280 0.90 3.960 126.00 0.0172 0.0002 0.0028 

7 128 0.230 0.76 5.100 98.00 0.0159 0.0001 0.0025 

8 256 0.186 0.64 6.950 72.00 0.0157 0.0001 0.0026 

9 512 0.154 0.54 9.560 52.00 0.0141 7.0290e-05 0.0029 

10 1024 0.130 0.46 13.400 37.00 0.0118 4.2718e-05 0.0035 

11 2048 0.109 0.39 19.600 26.00 0.0101 2.4761e-05 0.0044 

12 4096 0.095 0.33 28.800 17.00 0.0074 1.4258e-05 0.0064 

13 8192 0.082 0.27 44.500 11.00 0.0054 7.5502e-06 0.0097 

14 16384 0.074 0.16 69.400 7.20 0.0024 2.8689e-06 0.0105 

15 32768 0.050 0.13 117.00 4.30 0.0048 1.4145e-06 0.0206 

16 65536 0.049 0.11 225.00 2.20 0.0022 6.1943e-07 0.0638 

17 131072 0.040 0.09 300.00 1.70 0.0020 3.8576e-07 0.0591 

18 262144 0.038 0.08 543.00 0.92 0.0011 1.9021e-07 0.1632 

19 524288 0.036 0.07 978.00 0.51 0.0005 8.9067e-08 0.4034 

20 1048576 0.034 0.07 1740.0 0.29 0.0003 5.0062e-08 1.1099 

21 2097152 0.031 0.07 2730.0 0.18 0.0002 3.1907e-08 2.2600 

22 4194304 0.029 0.67 5070.0 0.99 0.0016 1.6444e-07 0.6640 

23 8388608 0.025 0.07 7530.0 0.66 0.0001 1.2394e-08 0.1241 

 

 

 
Table 2. Calculated values of R, L, C, RC and LC for different segments of human 

respiratory system design. 

 

Different section of 

human respiratory 

system  

R 

(H2O/ ltr./s) 

L 

(H2O/ ltr./s2) 

C 

(ltr./cm 

of H2O) 

RC LC 

NASAL CAVITY 16.332700 0.0200000000 0.1320 2.156000 0.0027000000 

TRACHEA 0.086000 0.0059000000 0.0631 0.005400 0.0003700000 

BRONCHI 0.008700 0.0002929000 0.0461 0.000402 0.0000144000 

ALVEOLI 0.000550 0.0000000647 1.0396 0.000571 0.0000000672 
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Figure 1. Electrical equivalent circuit diagram of the human respiratory system based 
on R, L and C model. 

 
The Transfer Function (TF) of each section is determined by considering Fig. 1 which comes out to be 

in this form after executing Laplace transform, with all initial conditions to zero [1/(s2LC+sRC+1)], 

where R, L, and C are the characteristic values of Resistance, Inductance and Capacitance of the 

section concerned [1-5]. The necessary calculations of R, L, and C to reflect it for the different 

generations of the respiratory system are shown in Table 1. Using Table 1 for 'generation 0', 

generation 1 to 19, and generation 20 to 23 correspond to the trachea, bronchi, and alveolar sacs 

respectively [10, 11]. The derived values of R, L, and C are tabulated in Table 2. The transfer 

functions for the different parts of the respiratory system are modelled by putting R, L, and C values 

in the developed electrical equivalent model as depicted in Fig. 1[12].  

 

The individual transfer functions of the nasal cavity (TFN), trachea (TFT), bronchi (TFB), and 

alveoli (TFA) are derived from the circuit diagram of Fig.1 and corresponding components values 

presented in Table 2 as follows: 

 

𝑇𝐹𝑁 =
1

0.0027𝑆2+2.156𝑆+1
                                                                                (1) 

 

𝑇𝐹𝑇 =
1

0.00037𝑆2+0.0054𝑆+1
                                                                                       (2)                                            

 

𝑇𝐹𝐵 =
1

0.0000144𝑆2+0.000402𝑆+1
                                                                                (3) 

 

𝑇𝐹𝐴 =
1

0.0000000672𝑆2+0.000654𝑆+1
                                                                          (4) 

 

The resultant respiratory model TFM is derived from the product of the individual models, 

 

𝑇𝐹𝑀 = 𝑇𝐹𝑁 ∗ 𝑇𝐹𝑇 ∗  𝑇𝐹𝐵 ∗ 𝑇𝐹𝐴     (5) 
 

3.  Validation of the Respiratory Model  
 

The derived model is validated in real time by spirometry test in the laboratory and the model 

transfer function (TFR) is derived using MATLAB System Identification Toolbox [14-16]. 

 

𝑇𝐹𝑅 =
0.0030984

{(1.7s+1)(0.109s+1)(0.001s+1)}
                                                                (6) 
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Comparison of TFR and TFM with breathing (inhalation for 1.5 sec. and exhalation for 2.5 sec.) 

input signal is presented in Fig.2.  

 

 
Figure 2.Model validation 

 
4            Results  

4.1        System Identification 

TFM, transfer function of healthy respiratory model is varied from its original value in diseased 

person. For instance, transfer function of bronchi (TFB) in Bronchitis and transfer function of alveoli 

(TFA) in Emphysema are not remaining same.   

Due to bronchitis, the resistance of bronchial section is increased by around 2000 times and the 

bronchial model is changed to equation 7 from its initial model presented in equation 3. 

 

𝑇𝐹𝐵
′ =

1

(0.0000144s2+0.72s+1)
  (7) 

 

In case of emphysema, the capacitance of the alveoli is increased by more than 2000 times and the 

diseased alveoli model is modified to 

 

𝑇𝐹𝐴
′ =

1

0.0003s2+3s+1
                                   (8) 
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Figure 3. Comparative study of healthy and diseased Respiratory model 

 

4.2            Machine Learning-Logistic Regression 

The basic fundamental of logistic regression is to execute a decision boundary for a binary 

classification application. Logistic regression can also be used for multi-class classification. 

Logistic regression algorithm is applied in the data sets (each of 250 nos. as shown in figure 4.a) to 

predict the disease and to make decision boundary as shown in the figures 4 (b, c, and d). For the 

iteration of 500 nos. training accuracy achieved 86.2% and each of the decision boundary is marked 

by the linear equation as shown in figures 4 (b, c, and d).   

 

 
Figure 4. (a) Original Data plot 
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Figure 4. (b) Decision boundary between healthy and bronchitis 

 
 

 
Figure 4. (c) Decision boundary between healthy and emphysema 
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Figure 4. (d) Decision boundary between bronchitis and emphysema 

Conclusion 

It is practically impossible to attain a model that will exactly match with the real respiratory system 

given the fact that it is not viable to consider the numerous contributing parameters and precise 

quantitative as well as qualitative analysis of the human respiratory system. The model developed is 

validated with a real human respiratory system and it matches up to 95.63% to the model of the real 

respiratory system. Spirometer and MATLAB System Identification Toolbox are utilized to validate 

the theoretical model of the respiratory system. The logistic regression used to predict the diseases, 

gave a distinct separation between the data sets (diseases). It helped to predict the diseases by decision 

boundary and its corresponding mathematical equations. 
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