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Abstract---A computational model is planned and designed using 

python as the programming language and atom text editor to analyze 

the medical issue of pulmonary patient in view of the information 
gathered from his/her breathing pattern. The span of breath and the 

breath rate are contributing as input parameter to the model and the 

computational model diagnoses the kind of issue that the patient is 

experiencing. This exploration work essentially focuses on two 

disorders, Chronic Obstructive Pulmonary Disease (COPD) and Upper 

Respiratory Tract Infection (URTI) and distinguishes the two cases 
from that of a healthy person. Based on the diagnosis carried out, it 

guides the particle size to be used in the nebulizer to treat the 

objective region of the lung. It additionally ascertains the level of 

wheeze and crackle in the breath of the patient. 

 
Keywords---COPD, URTI, intelligence model, computational model, 

FFNN. 

 

 

Introduction  

 
Due to the present trend of increase in air pollution there is a rise in number of 

pulmonary patients. These patients suffer from different types of disorders [5]. 

https://doi.org/10.53730/ijhs.v6nS3.8252
mailto:babitharoshan91@gmail.com
mailto:veenakn@reva.edu.in
mailto:dir.sporc@reva.edu.in


         9522 

Out of these different pulmonary disorders, this paper classifies patients of 2 

types of pulmonary disorder i.e, Chronic Obstructive Pulmonary Disease (COPD) 

[2] and Upper Respiratory Tract Infection (URTI) and differentiates these cases 

from a healthy individual using a computational model that works on feedforward 
and backpropagation. Further, if the patient is suffering from pulmonary disorder 

(COPD - Chronic Obstructive Pulmonary Disease and URTI - Upper Respiratory 

Tract Infection), then the model analyses the disorder of the patient, calculates 

the percentage of wheeze and the percentage of crackle in the patient’s breath 

data and further guides about the particle size that the nebulizer must generate 

from the aerosol mist to target the area of the lung i.e, upper, middle or lower part 
of the lung. This research work currently targets only 2 of the pulmonary 

disorders- COPD and URTI. 

 

Description and Method 

 
The information about the breath pattern is gathered from the patient through 

audio recording using various sensors attached to the body of the patient [3],[5]  

and this readily available pre-recorded data is used in the project. The project 

aims to design a program to detect the health condition of the patient based on 

the breathing pattern i.e, respiration rates and breath duration. The input 

parameters to this AI model are: 
 

• Breath duration 

• Respiration rates 

• Wheeze and crackle  

 

The output parameters of the model are: 

 

• Diagnosis of the type of disorder: 

• COPD 

• URTI 

• Healthy individual 

• Particle size of the medicine and the target area. 

 

The dataset of text files used has the required data available for around 125 
patients, with more than 7 text files recorded for each patient. Based on the type 

of sensors used for recording the data, each data file is different from the other. 

The data files found will not have all the data as per the requirements [5]. In some 

cases, the information will be repetitive and some other times because of 

functional limitation the information may be corrupted. In both the situations the 

data must be corrected to suit the requirements of the research and any 
repetition found should be eliminated. This expands the accuracy of the proposed 

model [4],[6]. Corruption of data occurs when either the breath sample recorded is 

such that more than one cycle of breath is considered as one cycle or the recorder 

records only partial duration of breath due to improper switching on and off of the 

recorder by the operator operating the instrument.  
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Fig 1. Block diagram of software program development 

 

In both the types of errors, the following program eliminates the error by filtering 

off those values of breath duration which fall outside the normal breathing range 
of the patient. This process is carried out for every data file used in the project. 

The pseudocode is as below: 

 

x = ‘file_name_to _check _for_corruption’ 

cnt=0 
for every line in data_file: 

    cnt = cnt+1 

    d = Value(col 1) – Value(col 0) 

    add the value to the list “diff” 

Calculate the average value of the list 

Calculate (60/ Average value) 
 

Each text file name is entered into the program, assigned to the variable ‘x’, and 

the list of difference between every successive inhalation and exhalation is 

prepared for each text file. If the values in this list are such that the initial and 

last value lie out of normal range, it is deleted, and the file is saved. Also, if any 
long duration of breaths (2 or more breaths combined) is found, they are deleted. 

This step prepares the file for the next level of analysis. After the preprocessing of 

the data is done, it is ready for further processing. The block diagram depicting 

the steps in the diagnoses of the pulmonary disorder followed in the software 

program development is as in fig-1. After this, the average of the data in the list 

prepared is calculated which gives the average breath duration of the patient. 
From this data, respiration rate of the patient is obtained by the formula as “60 / 

Average breath”. After each file is cleaned using the above technique, and the 

average breath duration and the respiration rate is calculated. This data is fed as 

input to the Computational model and the model using the program written in 

python, classifies the fed data into one of the categories i.e healthy or COPD or 
URTI. It also guides the particle size to be used in the treatment of the patient and 

the target area of the lung. 

 

Based on the value of breath duration and respiration rate a suitable matrix is 

generated dynamically and this is fed as input to the Computational model. The 

computational model runs several epochs (1000) of the feedforward network and 
the back propagation network and finally classifies the given matrix into one of 

the 3 categories i.e, Healthy or COPD or URTI. The model uses one hidden layer 

with 10 nodes in it. The program uses tanh function and its derivative, sigmoid 

function and its derivative as activation functions and log loss function and its 

derivative in the calculations. The pseudocode for the software program written in 
python to implement the proposed idea is as below: 

 

 

Average Breath 

Duration 

Calculation 

 

Average 

Breath Rate 

Calculation 

  

Create 
Trained 

Matrix array 

Feed Test 

Array 

Diagnose 

disorder 
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import numpy as np 

import warnings 

import matplotlib.pyplot as plt 

warnings.filterwarnings('ignore') 
open the file containing the test file names  

For each file: 

    1)Prepare list of Crackles, wheezes, and average      

              breath value.  

    2)Calculate the percentage of wheeze, crackle    

    3)Calculate the respiration rate as (60/ average      
              breath value) 

Define functions of tanh and its derivative 

Define functions of sigmoid and its derivative 

Define functions of logloss and its derivative 

class Layer: 
    activation_functions = { 

        'tanh': (tanh, d_tanh), 

        'sigmoid': (sigmoid, d_sigmoid), 

    } 

    Learning_rate = 0.1 

Define functions of feedforward and          
                     backpropagation 

x_train = np.array([[0,0,1],[1,0,0],[0,1,0]]) 

y_train = np.array([0,0.5,1]) 

epochs =1000 

layers = [Layer(3,10,'tanh'), Layer(10,1,'sigmoid')] 
for each epochs: 

    1)Call the feedforward function and             

                backpropagating function 

    2) Train the weights and calculate the loss value 

while True: 

    Enter the test data 
    if C == '': 

        print('Have a great day. Bye!!!') 

        break 

    C = int(C) 

    A = np.array([x4[C]]).T 
    for each layer: 

        1)Call feedforward function 

    if A is around 0.0:    

        print('Diagnosed as COPD') 

        print('The preferred particle size is between    

                   1µm to 5µm targeting lower lung') 
    elif A is around 0.5:     

        print('Diagnosed as URTI') 

        print('The preferred particle size is 6µm to  

                  8µm, less than 10µm targeting upper  

                  lung'') 
    elif A is around 1:                     

        print('The patient is Healthy') 
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    print(‘Wheeze and crackle percentage’)  

 

Results 
 

The dataset is divided in the ratio of 80:20, with 80% of data used for training the 

model and 20% of data is used as test data. The plot of loss curve is as in figure – 

2. 

 

 
Fig 2.  Plot of loss curve (Cost versus epochs) 

 

The deviation of the obtained value from that of the required value is as in table -
1. 

 

Table 1 

Comparison of expected and obtained values 

 

Diagnosis Expected 
value 

 Obtained 
value 

COPD 0.0 0.0028882 

URTI 0.5 0.49918053 

Healthy 1.0 0.99822561 

 

From the above values it is observed that the accuracy of the model is greater 

than 99%. 

 

Conclusion 

 
The program can successfully diagnose the patient suffering from either COPD or 

URTI. Also, if the person is healthy, the model identifies him as a healthy 

individual. Based on the input parameters fed to the model, it also calculates the 

percentage of wheeze and the percentage of crackle in the patient’s breath. The 

model does the calculation without any error for the dataset considered. It further 
guides the target area to be medicated. The work can be further extended to other 

types of pulmonary disorder diagnoses. 
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