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Abstract- In ultrasonic nondestructive testing (NDT), ultrasonic pulse echo-sign of reflection pulse is often disturbed via 
Electronic noise, structure noise and so forth. with the intention to enhance signal detection and evaluation the ultrasonic 
defect echo signal should be denoised. In this paper, a new noise cancellation of empirical mode decomposition is proposed 
for enhancing signal-to-noise of the ultrasonic echo-signal. The ultrasonic echo-signal was gathered through experimental 
machine system of ultrasonic data acquisition. The sign-to-noise ratio became more enhanced approximately up to 6 decibel 
(dB) adopting this method and thus it is easy to identify the ultrasonic defected signal. 
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I. INTRODUCTION 
 
Ultrasonic defect location, as an essential 
nondestructive  testing technique, has been broadly 
utilized as a part of numerous industry fields. The 
ultrasonic waves reflected or diffracted from flaws or  
boundaries can give valuable data on itsintegrity. 
EMD is a strategy for separating a signal without 
leaving the time space. It can be contrasted with 
different analysis strategies like Fourier Transforms 
and wavelet disintegration. The procedure is valuable 
for investigating natural signal, which are  nonlinear 
and nonstationary. 
But in actual case ultrasonic signs carrying wanted 
data,noises/clamors are frequently carried by 
ultrasonic signals. In view of these clamors it is 
extremely hard to identify the ultrasonic defect signal. 
There are two fundamental noise in the ultrasonic 
signs, one is the electronic noise [1], the other is 
structural noise[2]. Among the electronic noise, the 
most are thermal noise , which is produced in 
amplifiers and other electronic components. The 
ultrasonic structure noise signal is called grain noise, 
as well. It is the consequence of the impedance of 
numerous echoes created by the small reflectors 
(grains) that  constitute the structure of the material 
taken under test. The structural noise components 
presents a frequency band which is  very similar to 
that of the echoes produced from the defects to be  
detected, because of that the development of  noise 
reduction techniques  is very difficult. 
Presently there are differnt techniques for the 
reduction of the noises signals in the ultrasonic 
signals, such as split spectrum [3], time frequency 
analysis [4], Method  of wavelet transform denoising 
[2,5] Recently a signal processing method suitable for 
nonlinear and nonstationary signals ,the empirical 
mode decomposition (EMD) was proposed by N.E. 
Huang etal in 1998 [6].This method has got lot of 
importance and has been connected to numerous  

 
fields, for example, the organic, physiological 
signals[7], voiced signals[8], the flaw diagnosis 
signals[9]. It performs a Time adaptive decay of an 
complex/intricate signals into elementary signals 
almost orthogonal segments or components that don't 
overlap in the Frequency. EMD can be as a nonlinear 
filter in the time domain. EMD filter can evacuate 
undesirable noise of short duration's and leave  
essentials signals unaltered. The numerical 
experiment based on fractional Gaussian noise turns 
out EMD acts essentially as a dyadic filter bank 
resembling those involved in wavelet 
decompositions[10] 
 
II. DENOISING THE ULTRASONIC ECHO-
SIGNAL 
  
The fundamental idea of the denoising the ultrasonic 
echo pulse  is outlined in Fig 1. By adopting  EMD 
the complicated information are decayed into a finite 
number of parts, called intrinsic mode functions 
(IMF) and a Residue in the time scale domain. Next 
the energies of the IMFs and a residues are computed. 
At final step, the signal with a little noise component 
is recreated judging the spectrum and the energies. 
The primary thought of the implimentation of  EMD 
technique is to disintegrate the original signals into an 
sets of IMFs.  
 

 
Fig.1. General scheme of the EMD denoising. 

 
The IMF must fulfill two conditions:  
(1) In the entire data set, the quantity of extrema and 
the quantity of zero intersections should either 
equivalent or contrast at most by one. 
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(2) Also at any time the mean value of the envelope 
characterized by the local maxima and the envelope 
characterized by the local minima is zero.  
 
2.1 Decomposition technique is as per the 
following.  
1) Given a sign x(t) , for  finding the nearby maxima 
of the signal, all the point of  maxima are joined by a 
cubic spline  to make the upper envelope; then  for 
finding the nearby minima of the signal, all the point 
of  minima are joined by a cubic spline  as the lower 
envelope, the mean of the upper envelope and the 
lower envelope is denoted as m1 (t) , 
     h1 (t) = x(t) – m1 (t) ………….….eq(1)  
If h1 (t) fulfills every  of the necessities of the IMF, h1 
(t) is the primary IMF.  
2) If h1(t) doesn't fulfill the states of the IMF, h1(t) is 
dealt with as the data, and the step (1) is performed 
again, m11 (t) is the mean of the upper and the lower 
envelopes of h1 (t) , then  
     h11 (t) = h1(t) –m11(t)……………….eq (2) 
If h11(t) satisfies all the requirements of the IMF, 
h11(t) is the first IMF. If h11 (t) doesn’t satisfy all the 
requirements of the IMF, the step (1) is repeated 
continually up to k times until  h1k (t) is a IMF, that 
is 
   h1k(t)=h1(k-1)(t)-m1(k-1)(t) ……………...eq(3)  
It is designated as the first IMF component  c 1(t)  
from the x(t) , that is c1(t) ��h1k (t) . 
Then c1(t)  is removed from the  x(t)  to obtain the 
residue r1(t) , that is 
   r1 (t) ��x(t) -�c (t)………………………...eq (4) 
The residue r1 (t) is treated as the new data , then step 
1) and step2) are repeated to obtain the second IMF 
r2(t)  . This procedure is repeated to obtain all the 
IMFs, the result is 
r2(t)=r1(t)-c2(t)…….rn(t)  = r n-1(t)-cn(t)……eq(5) 
The decomposition stop can be stopped by any of the 
following predetermined  stopping criteria: (a) Either 
component cn (t) or  the residue  component  rn(t ) 
becomes so small that it is less than the 
predetermined value of substantial consequence or (b) 
the residue   rn( t)  becomes a monotonic function 
from which no more IMF can be extracted. 
 Thus, the original data is the summation of the IMF 
components and the residue: 

														x(t) = c +

r ………………….….eq(6) 
To guarantee that  IMF components have  enough 
physical sense of  amplitude and frequency 
modulations, A criterion for the EMD process to stop 
is determined by stander deviation( SD ), A typical 
value for SD can be set between 0.2 and 0.3[6]. 

   휎 = SD = ∑ ( )( ) ( )

( )( )
… … … … … . eq(7) 

Each IMF component reflects a different oscillation 
mode signals and with different frequency and 
amplitude content. The first IMF component has the 
highest-frequency content, frequency content 

decreases with increasing IMF component. It is easy 
to reconstruct the signal, so as to selectively remove 
slow or fast oscillations. It is important for 
reconstructing signal to select the IMFs. Before 
selecting  IMFs to proceed  for  reconstruct the signal, 
the energy  associated with  every IMF must be 
calculated. The energy formula is 
							E[k]

= IMF [t] … … … … … … … … … … . . eq(8) 

 
Where k is each of the IMFs, T is the sampling 
points. Because the energy of the ultrasonic wave  
signal is centralized after computing the Empirical 
mode decomposition  of the ultrasonic echo signal 
with noises, the IMF energies are compared to find 
the max energy as a threshold. Final results can be 
obtained by integration(s) of the IMF components. 
 

												y(t) = c (t) … … … … … … … … … eq(9)					 

 
where m is the max energy of the IMF index, D is the 
last index of the IMF, y(t) is the reconstruction signal, 
ck(t)is the IMF component. 
 
III. EXPERIMENTAL RESULTS 
 

 
Fig. 2. Experimental system 

 
Figure 2 shows the experiment system of ultrasonic 
data acquisition. Experimental pulse-echo signals 
were obtained using a circle ultrasonic probe  
longitudinal wave  5 MHz of center frequency and 10 
mm in diameter. Sampling frequency is 100MHz. 
Now let us consider  examples of signals obtained in 
testing real samples using an ultrasonic sensor. We 
select some examples of signals with different SNR 
to prove the denoising method useful. 
Noisy signal collected is shown in Fig. 3. 

 
Figure 3. Noisy Signal 

 
The IMFs obtained by using EMD given by,
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Figure 3.a   IMF 1-10 

 

 
Figure 3.b   IMF 11-20 

 
Fig4. Energy of each IMF 

 

 
Figure 5. Denoised Signal 

 
fig 4 shows the energy index for IMF signals  and 
From comparison of  figures  3 & 5 of noised and 
denoised signal it is clear  that empirical mode 
decomposition is suitable technique  for enhancing 
signal-to-noise ration . 
 
CONCLUSION 
 
In this work, another noise cancellation strategy of 
experimental mode decomposition(EMD) is proposed  
for improving  sign to noise ration . The experimental  
results demonstrated the usefulness of(EMD) 
empirical mode decomposition as a signal handling 
procedure for the examination of ultrasonic 
waveforms. This strategy is versatile.and easily 
performed on PC and laptops using matlab sofware 
and EMD code. This output signal after EMD can be 
utilized further for image reconstruction of defects in  
ultrasonic NDT.  
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