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Abstract:- The Empirical Mode Decomposition (EMD) was proposed as the fundamental part of the Hilbert–

Huang transform (HHT). The key feature of EMD is to decompose a signal into so-called intrinsic mode 

function (IMF). EMD is a method of breaking down a signal without leaving the time domain. The major 

advantage of the EMD is that the basis functions are derived from the signal itself. The process is useful for 

analyzing natural signals, which are most often non-linear and non-stationary. Huang and Wu proposed a new 

Noise-Assigned Data Analysis (NADA) method, known as Ensemble EMD. Ensemble Empirical Mode 

Decomposition (EEMD) has been used to recover a signal from observed noisy data. Ensemble EMD (EEMD), 

which defines the true IMF components as the mean of an ensemble of trials, each consisting of the signal plus a 

white noise of finite amplitude. In this thesis  reduced the broadband signal noise by using various techniques 

(EMD and EEMD) and compare these techniques at different SNR values. Experimental results show that the 

EEMD is an efficient techniques for reduce the broadband signal noise at different SNR values. 

 

Key Parameters:-  Broadband Signal , Empericial Mode Decomposition, Ensemble Empericial Mode 

Decomposition Intrinsic Mode Function. 

 

I. INTRODUCTION 
Estimating a signal of interest degraded by additive random noise is a classical problem in signal processing. In 

many applications, signal denoising is used to produce estimates of the original signal from noisy observations. 

The recovered signal should be as close as possible to the original one while retaining most of its important 

properties. Many algorithms for noise reduction have been reported so far in the literature including traditional 

linear filter, such as Butterworth low pass filter, Wiener filter, and wavelet based thresholding filter [1]. Most of 

them have been proved to be effective in removing the unwanted components. For example, Hsu et al. 

succeeded in removing the aliasing on the original step-edge response curve (SRC) caused by the binning of 

Moire patterns [8]. However, the linear filtering methods are not very effective when the signals contain sharp 

edges and impulses of short duration [21]. As for wavelet based denoising methods, it’s difficult to select the 

wavelet base, scale, threshold function, and optimal threshold value.  To overcome these drawback huang 

invented Empericial mode decomposition (EMD) and Huang and Wu proposed a new Noise-Assigned Data 

Analysis (NADA) method, known as Ensemble EMD. The locally adaptive nature of both the EMD and EEMD 

algorithms means they are suitable for application to non-linear and or non-stationary time series. 

 

II. PROPOSED WORK 
The proposed work presents two techniques. The purpose of these techniques is to eliminate the noise from 

broadband signal at different SNR (Signal to noise ratio) . 

 

1.EMPERICIAL MODE DECOMPOSITION  

The Empirical Mode Decomposition (EMD) was proposed as the fundamental part of the Hilbert–Huang 

transform (HHT). The HHT allows to obtain the instantaneous frequency spectrum of nonlinear and 

nonstationary sequences. These sequences can consequently also be dealt with using the empirical mode 

decomposition.the main advantage of EMD is that it depends entirely on the data itself. The key feature of EMD 

is to decompose a signal into so-called intrinsic mode function (IMF). the EMD method is superior to the 

wavelet analysis approach, where the basic functions are fixed and, thus, do not necessarily match all real 

signals.[21] 

An IMF is defined as a function that satisfies the following requirements: 

1. In the whole data set, the number of extrema and the number of zero-crossings must either be equal or 

differ at most by one. 

2. At any point, the mean value of the envelope defined by the local maxima and the envelope defined by 

the local minima is zero. 

The procedure of extracting an IMF is called sifting. 

http://www.mql5.com/go?http://ru.wikipedia.org/wiki/Empirical_Mode_Decomposition
http://www.mql5.com/go?http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B5%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%93%D0%B8%D0%BB%D1%8C%D0%B1%D0%B5%D1%80%D1%82%D0%B0_%E2%80%94_%D0%A5%D1%83%D0%B0%D0%BD%D0%B3%D0%B0
http://www.mql5.com/go?http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B5%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%93%D0%B8%D0%BB%D1%8C%D0%B1%D0%B5%D1%80%D1%82%D0%B0_%E2%80%94_%D0%A5%D1%83%D0%B0%D0%BD%D0%B3%D0%B0
http://www.mql5.com/go?http://ru.wikipedia.org/wiki/Empirical_Mode_Decomposition
http://www.mql5.com/go?http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B5%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%93%D0%B8%D0%BB%D1%8C%D0%B1%D0%B5%D1%80%D1%82%D0%B0_%E2%80%94_%D0%A5%D1%83%D0%B0%D0%BD%D0%B3%D0%B0
http://www.mql5.com/go?http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B5%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%93%D0%B8%D0%BB%D1%8C%D0%B1%D0%B5%D1%80%D1%82%D0%B0_%E2%80%94_%D0%A5%D1%83%D0%B0%D0%BD%D0%B3%D0%B0
http://en.wikipedia.org/wiki/Maxima_and_minima
http://en.wikipedia.org/wiki/Maxima_and_minima
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The sifting process is as follows: 

1. Identify all the local extrema in the test data. 

2. Connect all the local maxima by a cubic spline line as the upper envelope. 

3. Repeat the procedure for the local minima to produce the lower envelope. 

The EMD algorithm can be described as follows . [1] 

 (1) Extract all the local maxima and minima of x(k).  

(2) Form the upper and lower envelop by cubic spline interpolation of the extrema point    developed in step (1).  

(3) Calculate the mean function of the upper and lower envelop, m1(k). 

(4)Let h1(k) = x(k) − m1(k). If h1(k) is a zero-mean process, then the iteration stop sandh1(k) is an IMF1, 

named c1(k), else go to step (1).  

(5) Define r(k)=x(k)−c1(k). 

 (6) If r(k) still has least 2 extrema then go to step (1) else decomposition process is finished.  

At the end of the procedure, we have a residue r(k) and a collection of n IMF, named from c1(k) to cn(k). The 

original signal can be represented as 

X(k)=  𝑐𝑖 k + r(k)𝑛
𝑖=1            (1)

 

2. Ensemble empirical mode decomposition (EEMD)  

Ensemble empirical mode decomposition (EEMD)  has been used to recover a signal from observed 

noisy data. EEMD is used to decompose a signal into several intrinsic mode functions (IMFs). Ensemble EMD 

(EEMD), which defines the true IMF components as the mean of an ensemble of trials, each consisting of the 

signal plus a white noise of finite amplitude. With this ensemble approach, separate the scale naturally without 

any a priori subjective criterion selection.  

The EEMD algorithm can be described as follows . [19] 

(1) Initialize the number of ensemble J, the amplitude of the added white noise, and j =1.  

(2) Add a white noise series to the targeted signal, xj(k)=x(k)+nj(k).  

(3) Apply EMD to the noise-added signal xj(k) to derive a set of IMFs ci,j(k) ( i = 1,2,...,n) and residues rj(k), 

where ci,j(k) denotes the ith IMF of the jth trial, and n is the number of IMFs. 

(4) Repeat steps (1) and (2) until j>J . 

 (5) Average over the ensemble to obtain the final IMF of decompositions as the desired output:  

 
Just as the EMD method, the given signal, x(k) can be reconstructed according to the following equation: 

 
III. RESULTS 

  For both the techniques Empericial Mode Decomposition and Ensemble Empericial Mode Decomposition, the 

original signal is same. But the final outputs are different. 

 

 In fig 1 IMF’s are calculated IMF’S has been calculated . firstly set the initial value equal to the original signal 

and find the exterma of the input signal . secondly connect the maxima with spline functions to form upper 

envelope and connect the minima with spline functions to form lower envelope . then calculated the mean of the 

envelope . after that the final step subtract this mean from the input signal . these step has calculated imf1 and 

these steps repeated until stopping crieteria has been fulfilled. At the IMF5 stopping crieteria has been fulfilled 

and this is the residual signal. 

http://en.wikipedia.org/wiki/Maxima_and_minima
http://en.wikipedia.org/wiki/Spline
http://en.wikipedia.org/wiki/Maxima_and_minima
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FIG1. DECOMPOSITION RESULT WITH EMD 

                            

  In the FIG2. Residual signal has been calculated . residual signal is a signal left over at the end of a process.  
 

 
FIG2.  RESIDUAL SIGNAL 

  

 

 

This FIG3. Shown the original signal , residual signal and the reconstructed signal .  

 

 
FIG3. EMD WITH SNR 10 

 

In this when the noise presented in the signal aand signal to noise ratio 10 is applied then noise has not 

been completely removed by the Empericial Mode Decomposition. 

 



Broadband Signal Noise Reduction By Various Techniques  

52 

In  FIG4 original signal and reconstructed signal when EEMD algorithm is applied  has been shown. In 

this original signal and reconstructed signal is same. This means that no noise presented . 

 
FIG 4. EEMD SIGNAL 

 

In FIG 5  orignal signal and reconstructed signal has been shown . in this when signal to noise ratio 10 

is applied then no noise presented in signal .  In  EEMD at different -2 snr value no noise has been presented in 

the signal . it removes most of the noise . 

 
Fig5. EEMD at  10 SNR 

 

IV. COCLUSION 
In this paper  the main focus is on the removal of broadband signal noise by using different techniques  

at different SNR values. When compare the EMD and EEMD at different SNR values in broadband signal 

EEMD is  more effective. When different SNR  values apply EMD will not properly reduce the noise  in 

broadband signal .It is found that the EEMD algorithm reduced better noise in broadband signal at different 

SNR values. 
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