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Abstract— To analyze lung sound by auscultation method requires substantial clinical experience, a fine stethoscope and good 
listening skills. The lung itself cannot generate sound if there is no airflow; pressure differences between structures within the 
thorax. The type of lung sound can be known by listening to the lung sound. The timing, repeatability and shape of crackles are 
important parameter for diagnosis. In this paper, we aim to detect and classify crackle to find deformities in lungs. 

 
Index Terms—Coarse Crackle, Fine Crackle, Wheeze, Lung Sounds, Vesicular breath sound  
 

1. INTRODUCTION  

There are different techniques for lung sound analysis and 
diagnosis of disease.  Lung sound signal is the random 
physiological signal that occurs during the ventilation   
process of the human respiratory system with the external 
environment. Different sounds are present like tracheal breath 
sounds, vesicular breath sounds, inspiratory and expiratory 
stridor and stridor[2]. Research broadens the diagnosis 
purposes to various diseases possibly infects all respiratory 
sub-systems, specifically the lung organ. A strong database is 
required to compare the recorded breath sound for processing 
and separating sounds into lung sound and upper-respiratory 
sound and to  find the disease of the infected patient.   

To detect and extract sound different techniques like 
Auscultation, Bronchoscopy, chest CT or chest scan [1] are 
present. But due to variation in frequencies it is very important 
to develop tool which will work with dynamic frequency. 
Traditionally, Spectrogram (SP) analyses normal and 
abnormal lung sounds but deals with only non-stationary 
signals. To diagnosis lung disease effective acquisition, signal 
processing, and quantitative analysis have particular 
significance. 

2. L ITERATURE REVIEW  

Murphy et al. in 1977,[10] implemented an adventitious sound 
analysis through the time expanded waveform analysis 
(TEWA). In TEWA crackles displayed a short and more 
complex waveform than a sinusoidal sound. Later, Hoevers 
and Loudon described crackles by time-domain parameters 
such as the initial deflection width deflection width (IDW), the 
two cycles duration (2CD) and the largest initial deflection 
(LDW). 

 

 

 

One of researcher proposes the time-frequency representation 
Hilbert-Huang (HHS) spectrum [17] as an appropriate analysis 
tool for fine and coarse crackles. HHS is selected after it has 
been demonstrated in a companion paper that for a signal with 
similar characteristics in time frequency.  

Irina Hossain et al. [19] study the heart-noise reduction 
technique using wavelet transform which decompose 
frequency into different components and it is applied to 
different filters. Results show wavelet transform based 
filtering reduces the lung sound average power greatly over 
the whole frequency range. 

 Tiago H. Falk et al. [20] design a modulation filter to improve 
the separation of heart and lung sounds from breath sound 
recordings. Le Belvedere et al. use adaptive wavelets for lung 
sounds analysis and successfully detect pathological changes 
of the lung.  

Benjin Wang  et al. [2] multi-source estimation in  the lung 
sound based on cepstrum. They   study  the relationship  
between the lung multi-source  vibration and the delay time. 
From the perspective of digital signal processing, the cepstrum 
analyzes. Lung sound signal has a variety of superimposed 
components. Different compositions have their own particular 
time cycles. At the same time, normal and abnormal lung 
sounds show appropriate changes in frequency spectrum, 
time-domain waveform, the signal cycle, and the delay time. 
The number of multiple sound sources and the time delay 
contain rich case information, and reflect the physical 
characteristics of lung diseases. The method of cepstrum 
analysis in the application of typical lung sound source signal 
focuses on the relationship between the number of lung source 
and time delay of multi-source[2]. 
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In the year 1967 Forgacs [18] gives quantitative analysis of 
crackles. Analysis based on intensity and spectral content of 
frequency domain signal. There are different techniques used 
for measurement of lung sound. A stethoscope is used to listen 
lung sounds directly in Auscultation. To check and view the 
airway bronchoscope equipment is used in Bronchoscopy. 
Chest CT scan uses an imaging method that uses x-rays to 
create cross-sectional pictures of chest/upper abdomen. 
Routine sputum culture: a test of secretions from the lungs and 
bronchi tubes that carry air to the lung to look for organisms 
that cause infection. The advantages and disadvantages of 
different methods are tabulated below 

Table I: ADVANTAGES AND DISADVANTAGES OF 
LUNG DIAGNOSIS METHOD[1] 
Sr
no 

Method Advantages Disadvantages 

1 Auscultation Simple yet long-
life and proven 
method   

Requires direct 
contact with 
the patients, 
Depends  on 
the listening 
skill and 
judgments of 
the doctors  

2 Bronchoscopy 
 

Sight observation 
directly to the 
internal patient 
body, therefore 
any infection can 
be seen  

Requires direct 
contact with 
the patients, 
Insertion of 
bronchoscope 
equipment into 
patients 
airways could 
cause 
discomfort 

3 Chest CT scan Accurate 
diagnosis by 
sight observation 
of lung and 
overall 
respiratory 
system 
 
 

Requires high 
cost 
investment. 

4 Chest x ray Accurate 
diagnosis by 
sight observation 
of lungs  
 

Requires high 
cost 
investment, 
and special 
laboratory to 
keep the 
equipment 

5 Routine sputum 
culture 

Quite fast and 
affordable 
diagnosis method 
requires only 2-3 
days diagnosis 
time. 

This diagnosis 
requires 
specific test in 
a laboratory 
and requires 
patient’s 
sputum 
transportation 
to the nearest 
hospital. 

 

There are some drawbacks by utilizing these methods only. 
Auscultation which has been recognized as the most common 
and proven first-hand method, requires direct contact with the 
patients and cannot be applied when patients are remote from 
paramedics/doctors/hospitals. The examination also depends 
heavily on the listening skill and judgments of the doctors 
alone, therefore bias could exist. Bronchoscopy also requires 
direct contact with the patient and insertion of bronchoscope 
equipment into the airways through the nose or mouth could 
cause discomfort, and usually this is for an advanced 
diagnosis. Chest CT scan is equipment which can give 
accurate diagnosis, however this equipment requires high cost 
investment.  Chest X-ray although more common equipment, 
is also high cost in investment, and requires special laboratory.  

Lung sound detection is very important because various 
diseases possibly infect all respiratory sub-systems, 
specifically the lung organ. Many researchers propose 
different techniques to analyse lung sound. 

PROPOSED WORK 
To detect the deformities in human lungs suffering from 
various diseases using crackle sounds and to be able to 
diagnose them. 

3.  PROPOSED METHOD  ON LUNG  SOUND 

ANALYSIS 

The proposed method i.e. short time Fourier transforms for 
lung sound analysis is based on spectrogram analysis of lung 
sound recordings. The analysis is based on Short Time Fourier 
Transform. 

Short Time Fourier Transform: 
Computes the signal energy distribution in the joint time 
frequency domain. 
 

Algorithm: 
• To compute STFT Spectrogram {X}, first computes the 
STFT of X. To compute the STFT of X, a sliding window is 
used to divide the signal into several blocks of data. 
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• Then an N point’s fast Fourier transform is applied to each 
block of data to obtain the frequency contents of each block of 
data, where N is frequency. 
• The STFT aligns the centre of the first sliding window with 
the first sample of the signal X and extends the beginning of 
the signal by adding zeros. 
• The sliding window moves time steps samples to the next 
block of data. If the window moves out of X, this VI pads X 
with zeros. 

4.  PROPOSED BLOCK  DIAGRAM 

Proposed system will contain following blocks. In the 
proposed method, the frequency spectrums of the lung sound 
signal are analyzed by Short Time Fourier Transforms for lung 
sound analysis. A lung sound recording was not divided into 
the frequency bands; instead the frequency peaks were 
detected for analysis. The minimum duration of crackle in the 
proposed method is taken as 250 msec. This criterion makes 
the proposed method more accurate and robust for identifying 
lung sounds. 

 

 

 

Fig.1 Block Diagram 

5. EXPERIMENTAL  RESULTS BY PROPOSED 

METHOD 

The result of the proposed algorithm for lung sound 
analysis is shown in fig. 2-5. It gives idea of the amplitude 
values of crackle lung sound with respect to normal lung 
sound. The crackle sounds are repetitive, high pitch as seen in 
fig.2 & 3 and are mostly associated with obstructive airway 

diseases like pulmonary fibrosis, pulmonary edema and 
intestinal lung diseases like asthma, asbestosis etc. Wheezes 
are mostly associated with acute asthma, chronic 
emphysema, pneumonia etc. 

                                                                                                                                                                           

Fig. 2 Comparison of Normal Lung Sounds with Coarse Crackles 
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Fig. 3 Comparison of Normal Lung Sounds with fine Crackles 

 
Fig. 4. Spectogram of Normal Lung Sounds & Lung sound with Polyphonic Wheeze 
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Fig. 5. Spectogram of Normal Lung Sounds & Lung sound with Polyphonic Wheeze 

6.  CONCLUSION  

There is a large variety of normal and abnormal 
respiratory sounds with their typical characteristics 
for a disease or for a certain pathological change in 
the respiratory system. Such deformities can be 
detected with our proposed method which has the 
ability to analyze and improve the knowledge of 
the physiology and pathophysiology of respiratory 
disorders that can be used in clinical assessment. In 
our work we concentrated on crackles only instead 
of using different sounds. Future work includes 
expanding the type of lung sounds and increasing 
number of samples.  

REFERENCES 

[1] Ria Lestari Moedomo, M. Sukrisno 
Mardiyanto, Munawar Ahmad, Bacheti 
Alisjahbana, Tjahjono Djatmiko, The Breath 
Sound Analysis For Diseases Diagnosis and 
Stress Measurement, ICSET, Bandung, 
Indonesia, Sept 2012. 

[2] Benjin Wang, LeiMiao, Huiying Dong, 
Zeguang Zheng, The Research of Lung Sound 
Signals Based on Cepstrum Analysis, IEEE 
2012; 978-0-7695-1706-0:12. 

[3]  Murphy RLH, Del Bono EA, Davidson F. 
Validation of an automated crackles (rales) 

counter. Am Rev Resp Dis; 140: 1989, 
pp.1017-1020. 

[4]    Fatma Ayari, Mekki Ksouri and Ali Alouani, 
A new scheme for automatic classification of 
pathologic lung sounds, IJCSI,Vol 9,issue 4, 
No 1,July 2012, , pg 448-458. 

 [5]  Abhinav Parkhi, Mahesh Pawar,  Analysis of 
Deformities in Lung Using Short Time 
Fourier Transform Spectograph Analysis on 
Lung Sound, IEEE(ICCICS),2011; 978-0-
7695-4587-5/11. 

[6]   Arati Gurung, Carolyn G Scrafford, James M 
Tielsh, Orin S Levine and William Checkley, 
Computerised Lung Sound Analysisas 
diagnostic aid for the detection of abnormal 
lung sounds:a systematic review and meta-
analysis, Respir Med.2011 sept; 105(9):pp. 
1396-1403.  

[7]   American thoracic Society AdHoc Committee 
on pulmonary nomenclature for membership 
reaction. ATS News Fall 1977;3:5-6. 

[8]    Mitsuru Munakata, Hideaki Ukita, Isamu Doi, 
Yoshinori Ohtsuka, Yoshitaka Masaki, 
Yukihiko Homma, Yoshikazu Kawakami, 
Spectral and Waveform characteristics of fine 
and coarse crackles, Thorax 1991;46:pp. 651-
657. 

[9]  Amjad Hashemi, Hossein Arabalibiek and 
Khosrow Agin, Classification of wheeze 
sounds Using Wavelets and Neural Networks 
2011 International Conference on Biomedical 



International Journal of Research in Advent Technology, Vol.2, No.10, October 2014 
E-ISSN: 2321-9637 

 

12 

 

Engineering and Technology, IPCBEE vol.11 
(2011) © (2011) IACSIT Press, Singapore. 

[10]  Raymond l. H. Murphy, Stephen K. Holford 
and William C. Knowler,Visual lung-sound 
characterization  by time expanded wave-form 
analysis, N Engl J Med 296:968-971, 1977 . 

[11]  Braughman RP, Loudon RG. Quantification 
for wheezing in acute asthma. Chest 
1984;86:718. 

[12] Foad Ghaderi, Saeid Sanei, Localizing Heart 
Sounds in Respiratory SignalsUsing Singular 
Spectrum Analysis; IEEE TRANSACTIONS 
ON BIOMEDICAL ENGINEERING, VOL. 
58, NO. 12, Dec 2011.  

[13]  Nath AR. Capel LH. Inspiratory crackles and 
mechanical events of breathing. Thorax 
1994;29:pp.695-698. 

[14] Al Jarad N, Davies SW, Logan Sinclair R, 
Rudd RM. Lung crackle characteristics in 
patients with asbestosis, asbestos related 
pleural disease and left ventricular failure 
using time expanded waveform analysis - a 
comparative study. Respiratory medicine 
1994; 88:pp. 37-46. 

[15] Nath AR, Capel LH. inspiratory crackles, 
early and late. Thorax 1974; 29:223. 

[16] Murphy RLH, Del Bono EA, Davidson F. 
Validation of an automated crackles (rales) 
counter. Am Rev Resp Dis 1989; 140:pp. 
1017-1020. 

[17] B.A. Rayes, S. Charleston-Villalobos, R. 
Gonzalez-Camarena, T.Aljama-Corrales, 
Analysis of Discontinuous Adventitious Lung 
Sounds by Hilbert-Huang Specturm, IEEE 
EMBS Conference 978-1-4244-1815-2/08; 
Vancouver, British Columbia, Canada August 
20-24, 2008. 

[18] Forgacs P. Crackles and Wheezes, Lancet; 
2:pp. 203-205, 1967. 

[19] Hossain, I. and Z. Moussavi, Relationship 
between airflow and normal lung sounds, 
IEEE CCECE 2002, Canadian Conference, 
2002. 

[20] Falk, T.H. and C.Wai-Yip, Modulation 
Filtering for heart and lung sound separation 
from breath sound recording, EMBS 2008, 
30th Annual International Conference of IEEE 
2008. 

 


