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Abstract 

 
The respiratory adventitious waves are analyzed effectively by time frequency analysis. In this paper, we present a new approach for 

rectifying the abnormality in adventitious wave. Basically, there are    two types of respiratory sound waves and these are classified as 

wheezes and crackles. The proposed method utilizes the time frequency analysis using spectrum analysis method. The modified 

Empirical Mode Decomposition (EMD) called Ensemble Empirical Mode Decomposition (EEMD) to plot energy spectrum of 

adventitious wave is used in this work. The proposed method decomposes the respiratory adventitious wave into a different Intrinsic 

Mode Function (IMF). The long and short duration adventitious waves are present in a wheezing subject and this leads to production of 

non stationary and nonlinear sound waves. The empirical mode decomposition (EMD) decomposes such characteristic waves. The 

available spectrogram analyzes techniques related to additive expansions and explore amplitude wise time-frequency distribution. The 

methodology discussed in this context responding greatly even for correlative noise and explores energy spectra in addition to amplitude 

spectra.  The various IMFs such produced are exhibits the fine details of adventitious wave and thus pattern can be predicted for final 

residual. The energy spectrum can be viewed as a diagnostic tool for accurate analysis of wheezing pattern. The decomposed frequency 

patterns indicate the physiological aspects. The instantaneous frequency and Hilbert energy spectrum based on above mentioned a 

method are employed by IMF to analyze and present the result in time-frequency distribution to explore the characteristics of inherent 

properties adventitious signals. The Hilbert marginal spectrum has been used to indicate overall energy distribution from each frequency 

component. Finally, the resultant EMD analysis along with EEMD energy spectrum is better for asthmatic subject and solves mode 

mixing problems. 
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1. Introduction 

The Hilbert-Huang transform (HHT) is a technique which is a 

super composition of the empirical mode decomposition (EMD) 

and the Hilbert spectral analysis (HSA), to provide a powerful 

technique for analysing nonlinear and non-stationary wave data. 

From Taplidou’s era [12] time –frequency-based analysis of lung 

sounds have been designed. The robustness of various 

adventitious waves well analysed and presented [13]. The primary 

goal of HHT to decompose the wheezing wave and also normal 

respiratory wave with the combination of EMD and Hilbert 

spectral analysis. Wheezing can be heard usually at all over the 

chest of patients with normal respiratory function. The abnormal 

irregular, musical sound signals produced by human lungs and 

airways called adventitious respiratory signals. There are fine and 

coarse crackles, wheezes and stirdor. The discontinuous 

adventitious sounds (DAS) are short, popping sound signals. 

Crackles or rales are the examples for DAS. The rales are 

generated at the level of alveoli, ‘Rales in the tails’. The 

continuous adventitious sounds (CAS) are low or high-pitched 

sound signals produced during expiration stage of respiration. The 

wheezing or rhonchi are the types of CAS. The Rhonchi are 

generated at the level of bronchi, ‘Rhonchi in the bronchi’.  The 

Hilbert – Huang Transformation is the very effective frequency  

 

 

domain analysis technique for adventitious sounds which are non-

periodic and nonstationary signals. The inbuilt components of 

adventitious sound waves must be split and analysed accurately 

with time-frequency analysis. The non-stationary signal analysis 

like wavelet and spectrogram, HHT algorithm is used for 

satisfactory accurate results. The Hilbert energy spectrum also 

plotted for better analysis. The overview of adventitious sound in 

terms of spectral changes in power over time is achieved by 

wavelet transform which gives a perfect balance between temporal 

and frequency precision. The wavelet transform is not a suitable 

technique for extracting the oscillatory-like features from the 

adventitious data, in such situation empirical mode decomposition 

(EMD) of Hilbert-Huang Transform (HHT) which is iterative 

procedure finds the most promising technique. It provides the 

specific level of frequencies range that cannot be predicted in 

advance by us. These frequencies data have a lot of power and are 

nearly half of the previous frequency that was extracted. The 

specialized technique which takes care of fine information 

embedded inside an adventitious sound must be analysed in terms 

Intrinsic Mode Function (IMF) which is a basic building block of 

EMD. The EMD and Ensemble EMD (EEMD) based Hilbert 

spectrum is a helpful technique to establish CAS more accurately 

than another conventional time-frequency analysis [3]. The EMD 

and EEMD stand at the tip of the edge of time-frequency analysis 

technique compare to STFT, wavelets and any form of Fourier 
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Transformation technique. Sinusoids decomposition of Fourier 

domain gives unsatisfactory information and sidelobesartifacts. 

The proposed system finds the envelopes between minima and 

maxima along with residuals and IMFs components. It finds a 

suitable position among other adventitious sound analysis 

technique and at the same time as it is a specialized technique 

consumes more time duration to compute the entire 10-second 

duration wave. However, the sound wave of a certain pitch 

duration is considered to avoid delay. The enhanced EMD and 

EEMD ensembles with zero noise level are achieved. 

2. Materials and method 

The adventitious lung sounds are available online at 

http://www.easyauscultation.com/adventitious-lung-sounds have 

been utilized for the study. The brief description about the 

different crackles and wheezes also provided in this dataset. The 

sound waves are for different stages of continuous and 

discontinuous adventitious sound and are usually quasi-periodic. 

The waves so collected are having total wave duration of 20 

seconds and of 160000 samples with the sampling rate of 8000 

Hz. The amplitude range lies in between -110 dB and +110 dB 

and is obtained by a single channel. These are sufficient for the 

proposed study and are enlarged using MATLAB for discussion.   

2.1 Empirical Mode Decomposition 

EMD is a sub-technique in HHT to exhibit time-frequency 

components of nonlinear and nonstationary wave signals. This 

technique decomposes a various set of functions in terms of the 

specialized set of functions called intrinsic mode functions 

(IMFs). The technique uses an iterative sifter. The various steps 

involved in decomposition process is as follow. 

i)     Identifying maxima and minima of wheezing wave. 

ii)    Interpolate the maxima and minima of this wheezing wave. 

iii)   Indicate the upper envelope by connecting all maxima peaks. 

iv)   Indicate the lower envelope by connecting all minima peaks. 

v)    Illustrate the local mean. 

vi)   Iterate the final residual. 

Thus, the IMF function for wave signal analytically represented 

by: 

 
The amplitude spectrum and energy spectrum based on the above 

equation is plotted for all instantaneous wheezing wave.Hilbert 

energy and amplitude spectrum of the set of various IMFs are 

plotted for EMD with Gaussian noise [8]. Thus, this spectral 

analysis gives the higher time and frequency resolution. 

B. Hilbert spectrum and marginal spectrum. 

Hilbert spectrum H( ,t) is specified by. 

 

 

 
 

Where Re[] symbolizes the real part of equation within brackets. 

The marginal spectrum, h( ), can be determined as: 

 

 
Here T indicates the wheezing wave length. The Hilbert spectral 

analysis provides the variation of magnitude for every time-

frequency component and the marginal spectral analysis provides 

the variation of the complete amplitude for each and every 

frequency component. Consequently, local marginal spectral 

analysis provides the variation of the total amplitude for frequency 

of each IMF component, which is given as 

 

3. Results 

The different values result in the various number of IMFs and 

number of iterations are required to the computation of entire 

process. Threshold numbers after optimization are still under 

investigation to explore the distribution of several IMFs with the 

sifter process [7].  Every IMF distribution is estimated with a 

mathematical equation with the same number of upper and lower 

envelopes and at the most may vary by maximum one envelope 

either in the up or below-called minima. The EMD results in 

exploring the various number of IMFs and at the end one residue 

wave. The initial IMFs exhibit the lower order IMFs which are 

due to rapid oscillations while the end IMFs exhibit higher order 

IMFs which are due to low oscillations. The general trend of the 

time series is revealed by the final IMF wave called residue. 

 

 
 

Fig.1: The EMD IMFs of the correlativeDASRSW 

 

 
 

Fig. 2: Wheezing sound showing EEMD 
 

The same adventitious waveform of continuous and discontinuous 

type wave is analyzed using both the techniques Empirical Mode 

Decomposition and Ensemble Empirical Mode Decomposition, 

the original adventitious waveform is same, but the final outputs 

are different. Total, 14 IMF’s along with residual are calculated 

IMF’S has been calculated and shown in fig.1. The first step is to 

set the initial value equal to the original adventitious sound and 

now extrema of the adventitious sound can be found. Interconnect 

all the minima with spline functions to form the lower envelope. 
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Now mean and standard deviation can be calculated for both the 

envelope. Finally, subtract this mean from the input wave. 

Residual sound wave is calculated and displayed at the end. Fig.2 

shows the EEMD of wheezing sound waves in terms of various 

IMFs exhibiting true IMF set [7]. The Hilbert energy spectrum 

plotted below shows the wheezing wave energy distribution in a 

continuous limited wave signal. The continuous high frequency 

components at regular interval can be viewed by the tool shown in 

fig.3. The discontinuous high frequency components can be 

viewed in the fig.4 which clearly shows the crackle wave at 

different interval of time.  

  

 
 

Fig. 3: The Hilbert energy spectrum with EEMD for CASRSW 

 

 
 

Fig. 4: The Hilbert energy spectrum with EEMD for DASRSW 

 

The below-mentioned notation is used to identify the complex 

equation of basic harmonic wave [6]. 

 

exp(jβt) = cos(βt) + jsin(βt) 

 

The Equation gives bases for analytic wheezing waveform. The 

marginal time-frequency distribution is the important plot in order 

to analyse the strength of the wheezing wave after plotting energy 

spectrum for wheezing and crackle wave shown in fig.3 and fig.4 

respectively.  

 

 
 

Fig. 5: The marginal frequency distribution of crackle wave at the 

different stages 

 

The marginal frequency distribution of short adventitious wave is 

plotted in the fig. 5. The statistical calculation of short crackle 

wave is calculated and tabulated below. 

 

 

4. Discussion and conclusions 

The ultimate goal of EMD and EEMD spectrum analysis is to 

decompose the adventitious waves in absence of mode mixing.  

EEMD utilizes the statistical value of the noise mixed with the 

adventitious wave, but the main issue here is how to treat the 

multimedia distribution of the IMFs.  The difference between 

nonlinear multiplicative interactions and iterations using both 

EMD and EEMD spectral analysis were discussed. The Fourier 

analysis for additive noise or Wavelets for correlative noise 

exhibited ambiguity which has to be recalculated to find additive 

or multiplicative [7].  The procedure is totally independent 

whether the adventitious wave is continuous or discontinuous as 

this method is nonlinear and non-stationary and which is adaptive 

in nature. The reconstruction of CASRSW and DASRSW are 

extremely easy. However, EEMD is a bit time consuming 

compared to EMD is noted.  Interpretation of the fine information 

in an adventitious wave of each IMF is a really exciting task. 

The present study has strongly suggested that comparative and 

conclusive aspects of continuous and discontinuous adventitious 

waves are comparatively many similar but the variations in 

different pitch of waves with energy and amplitude gives better 

pictorial representation. The addition of Gaussian noise sets a 

global reference for EMD and EEMD procedure. Finally, the 

advancement in an adventitious sound analysis, spectral EEMD 

became a standard procedure over EMD. 
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