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Abstract

Th e purpose of this paper is to present an evidence of automated wheeze detection system by a survey that can be very benefi cial for asthmatic 

patients. Generally, for detecting asthma in a patient, stethoscope is used for ascertaining wheezes present. Th is causes a major problem nowa-

days because a number of patients tend to delay the interpretation time, which can lead to misinterpretations and in some worst cases to death. 

Th erefore, the development of automated system would ease the burden of medical personnel. A further discussion on automated wheezes 

detection system will be presented later in the paper. As for the methodology, a systematic search of articles published as early as  to  

was conducted. Important details including the hardware used, placement of hardware, and signal processing methods have been presented 

clearly thus hope to help and encourage future researchers to develop commercial system that will improve the diagnosing and monitoring of 

asthmatic patients. ©  Association of Basic Medical Sciences of FBIH. All rights reserved
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INTRODUCTION

Nowadays, asthma is becoming a common disease that may 

occur at any age and have become a public health challenge 

to the world today []. It is a chronic infl ammatory diseases 

of the respiratory airway and can be hyper- responsiveness 

to a variety of stimuli []. Th e asthmatic patient suff ers at-

tacks such as coughing, dyspnea, and the main manifesta-

tion is wheezing []. Sounds generated during breathing can 

be a good source of information on lung’s health []. Any 

characteristic changes of the normal lung sounds can imply 

a diseased condition that probably is invading the lung. Each 

type of disease is diff erent from each other and the variation 

can be ascertained from sound characteristic, pitch, ampli-

tude, frequency, duration, etc. []. With regard to asthma, 

symptoms originating from the wall oscillations of narrowed 

airways at critical flow rates causes wheeze to occur [].

Wheeze is one of the adventitious sounds present in lung 

that is clinically defi ned as abnormal. Th e presence of wheeze, 

its location, duration and its relation to the respiratory cycle 

can be very useful to assist the physician as it has become 

a crucial practice in diagnosing and managing a number of 

pulmonary pathologies such as chronic obstructive pulmo-

nary disease (COPD), bronchiolitis and commonly asthma 

[]. Wheezes are continuous adventitious sounds that are 

superimposed on the normal breath sounds. According to 

the American Thoracic Society (ATS), the word “continu-

ous” can be defined as the duration of the wheeze that is 

longer than  ms. Th e ATS also defi nes wheezes as high-

pitched continuous sounds with a dominant frequency 

of  Hz or more. Wheezes can be detected and classi-

fi ed based on the frequency characteristics of its sinusoidal 

waves that justifi es the musical character of the wheeze [].

Conventionally, stethoscope is used to diagnose and moni-

tor wheezes in asthmatic patients. Although it is well known 

that auscultation with stethoscope is reliable, fast and non-

invasive, continuous monitoring of the respiration condition 

is impossible [, ]. Due to increasing number of asthmatic 

patients at present, there is a growing demand for automatic 

monitoring of the wheeze to assist the physicians in diagnos-

ing and monitoring the patient. For asthmatic patients, con-

tinuous and automatic monitoring is essential as the daily 

symptoms can provide crucial information to the medical 

diagnosis []. Th erefore, the electronic stethoscope, which 

is capable of recording and storing lung sounds, is available 

for many years now. Th is stethoscope can not only store the 

data obtained, but such data can be retrieved in future to aid 

in the interpretation of disease by medical personnel [].

However, the problem seems to amplify as diff erent physi-

cians interpret the lung sounds differently. To overcome 
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these problems, computerized approach has been developed 

over the past three decades for automated wheeze detection 

[]. It is a bit time-consuming, but low in cost and reliable. 

Many researchers were involved in developing and improv-

ing these automated systems and many have succeeded in 

their research. A survey of literature shows that the main 

methodologies can roughly be classifi ed into two categories: 

Fourier peaks detection and spectrogram image analysis.

This review paper is organized as follows. In methodol-

ogy section, we present how articles have been searched 

and selected for the review in this paper. In the results sec-

tion, information from all the chosen papers is summa-

rized in a tabular form and an explanation on the content 

of these papers is given. In the following section, further 

discussion on the automated wheeze system based on the 

table developed is presented. And fi nally, in conclusion, we 

show how the system can be very benefi cial for asthmatic 

patients. Some avenues for future work are also suggested.

MATERIALS AND METHODS

Samples and Methodology

A systematic search of articles published as early as  to 

 was conducted in Universiti Malaysia Perlis (UniMAP). 

Keywords that were used throughout the search are lung aus-

cultation, lung sound, wheezes, crackle, adventitious sounds 

and others that are synonymous to the search criteria. Only 

papers with important information for automated wheeze de-

tection and papers published in English only were reviewed. 

Some papers may have presented other adventitious sound 

together with wheezes but only wheeze detection method 

will be taken into consideration. 

Moreover, abstracts that have been 

published as workshop, conference 

or symposium proceedings were 

not be considered due to insuffi-

cient information presented in them.

RESULTS

A total of  articles were found 

initially. After, elimination of dupli-

cates and obviously irrelevant titles 

(n = ), only  articles chosen for 

this systematic review (see Figure 

). From the total of  papers ob-

tained, most of the discarded papers 

were not related to the discussed 

automated wheeze detection sys-

tem. They included several other 

respiration sounds that are not re-

lated to asthma or their study design did not even include 

any wheezes present even though other lung sounds were 

discussed. None of the papers included in this systemic re-

view were books or other reports not subject to peer review.

From  papers chosen, only  articles which satisfied 

the selection criteria are discussed briefly in Table . As 

source of the data obtained is important in developing 

an automated system, we have listed all the hardware in-

volved in data collection method. It is assured that data 

collected are from patients suffering from airway ob-

struction, which led to wheeze formation and the most 

are from asthmatic patients. No hardware is presented 

in case researchers used database as their data source. 

Listed hardware can be very useful for new researchers 

in developing new automated system for their research.

In collecting the data, the placement of the auscultation 

hardware has been presented as well. Th is is due to that each 

point of data collection can result in diff erent quality of the 

obtained signal. Wheezes have some characteristics that may 

produce a better signal for certain auscultation placement. 

Th erefore, the placement of auscultation hardware presented 

may be very useful for collecting the best data for wheezes.

Th e processing method together with the extracted feature 

used has been listed in Table . Th is seems to be the most 

crucial part in the successful of an automated system. A poor 

selection of the processing method and a feature to be ex-

tracted from data may cause a system to fail. Th erefore, from 

the table, researchers will be able to choose the best process-

ing method and a best feature to be extracted for a better au-

tomated system development. Result from every article may 

also act as a good reference for the system to be developed.

FIGURE 1.  Illustration of studies identifi ed and their management
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TABLE 1.  An overview of developed wheeze automated systems
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DISCUSSION

The authors strongly believe that this article is first of its 

kind since no previous work on summarizing the previous 

research on automatic wheeze detection systems benefi-

cial seems to be available. In this section, the data collection 

procedures and the data processing methods by previous 

researchers are discussed. Few recommendations based on 

the analysis from the previous work are also suggested.

Data Collection

Nowadays, there are several methods used clinically in detect-

ing wheeze. Methods such as spirometer and other pulmo-

nary function tests are widely used. For an example, Jane et al. 

[] in their studies have proved that respiratory sound analy-

sis complementary to the classical spirometry has showed 

that the automated system can also be reliable as a pulmo-

nary test for detecting wheeze. Th ese methods are time-con-

suming and also extra eff ort is needed on part of the patient 

for such tests. Th e simplest method to detect wheeze is us-

ing microphone mounted on a stethoscope. Th is method is 

non-invasive and not time-consuming. Th is has drawn much 

attention from researchers to develop automated wheeze 

detection system. Since automated auscultation technique 

is not yet implemented in current medical application, the 

use of current pulmonary function test along with acoustic 

analysis can improve the reliability of such automated system.

While, Hossain [] have introduced the lung sound-flow 

rate model that can be used for the detection of airway nar-

rowing occurring in asthmatic patients, Cortes and team [] 

in their work proved the unnecessary of using the additional 

details together with lung sounds. Th ey have successfully de-

veloped a system to assist the patient on whom spirometric 

test cannot be carried out by solely using lung sound signal.

From Table , it can be observed that most of the previ-

ous researchers have collected data by placing the micro-

phone over the trachea region [, , , , , , , ]. Ri-

ella et al. [] stressed the reliability of the trachea to be a 

better location for analyzing wheezes than the lung while 

Oud et al. [] claimed that trachea is reliable because all 

air-propagated lung sound from the two lungs integrates 

in trachea. Moreover, more frequency information is pre-

served at the trachea, as the chest wall filters out higher 

frequencies []. This shows that the trachea is the most 

favorable and reliable position for wheeze data collection.

Data Processing

There are several methods being used by the previous re-

searchers to process the lung sounds for detecting wheeze. 

The lung sounds are either processed in time domain or 

frequency domain. Th e lung sounds are non-stationary and 

nonlinear. Th erefore, analyzing the lung sounds in the time–

frequency domain will be more helpful for getting valuable 

information from the non-stationary signals []. Regard-

less the usefulness of time-frequency domain for analyzing 

lung sounds, very few researchers have used the methods 

according to Table . Th e work of Taplidou et al. [] is the 

only work being carried out using time-frequency domain.

For recognizing the wheeze, the previous researchers have 

opted to use statistical analysis or machine learning methods. 

Method such as Fisher Discriminant Analysis (FDA), kur-

tosis and linear regression analysis are the most commonly 

used for statistical analysis while neural network (NN), ra-

dial basis function (RBP), learning vector quantization (LVQ), 

Gaussian mixture models (GMM), fast Fourier transform 

are the most commonly used for machine learning methods. 

Methods such as genetic algorithm, support vector ma-

chine, and practical swarm optimization are yet to be ex-

plored in developing the wheeze detection system. Th e re-

searchers also have not yet touched upon the area of hybrid 

machine learning algorithm in the detection of wheezes. 

Hybrid algorithms such as neuro-fuzzy, genetic fuzzy sys-

tems, evolutionary neural networks etc, have proved to be 

effective with other applications []. It is recommended 

to use such algorithms for wheeze detection in the future.

As far as the extracted feature are concerned, various type of 

features have been used by the previous researches such as 

time-frequency spectrum, entropy, Mel frequency ceptral 

coeffi  cients (MFCC), power spectral density (PSD), Mean, 

standard deviation (SD), Peak Frequency (FP), kurtosis, 

mean crossing, welch spectra, and subband based cepstral 

(SBC) [, , , , , , , ]. It is impossible to choose 

which features is the best to be extracted, this is because by 

using the same feature, a system performance can be diff er 

with each other due to diff erent signal processing and clas-

sifi cation technique applied. For an example, Corbera et al. 

[] successfully obtained  specificity while Hsueh et 

al. [] only managed to obtained  specifi city for their 

system eventhough both of the system uses PSD [, ]. 

Moreover, the higher specifi city obtained by Corbera et al. 

also due to the use of PSD together with SD features result-

ing a better result for their system. From Table , can ob-

served that the most feature used is PSD [, , , , , ]. 

CONCLUSION

This review provides an insight on automatic wheeze de-

tection systems developed by previous researchers and its 

potential in both clinical and research setting. Th e literature 

review was carried out on the  articles that satisfi ed the se-

lection criteria. A brief summary on the  out of  articles 

was tabulated. Th e table clearly discussed the hardware used, 
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sensor placement, data processing methods, feature extrac-

tion methods and important outcome of the  articles. A 

brief discussion was done based on the previous works on 

automated wheeze detection system. Few recommendations 

on the placement of the sensor and methods that can be ap-

plied in future research were also discussed. Th e research on 

the developed system has been carried out for the past three 

decades. Even though wheeze detection systems have been 

successfully implemented, they are only at research level 

and still commercially available real-time wheeze detection 

system is yet to be developed. Th erefore, the future research-

ers are encouraged to develop commercial system that will 

improve the diagnosis of wheeze in clinical environment.
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