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Abstract. To de-noise ultrasonic tested signal and detect defection effectively, a 
modified Wavelet based algorithm is presented through signal correlation procession 
for the Wavelet decomposed sub-waves. The traditional NWS (Nonlinear Wavelet 
Shrinkage) method is improved by employing the presented algorithm. By using the 
improved NWS method, both simulated and weldment tested ultrasonic signals are 
de-noising processed. The experimental results show that the improved method has 
the advantages of multi-resolution of Wavelet and defect wave correlation between 
the adjacent signals. The new method superiors to the traditional one in noise 
suppression and defect wave identification. The presented method is applied for 
quantitative detection of defects in ultrasonic TOFD (Time of Flight Diffraction) 
collected signals.  

Introduction  

Ultrasound echo contains the relevant information about defect properties, shape, size and 
location. Due to the existence of material noise, coupling noise and instrument noise, it often  
difficult to recognition the defect signal. Therefore, noise suppression, especially for the 
noise that characteristics unknown,  is of great concern to the field of nondestructive testing. 
Among the software based signal processing method, Wavelet analysis has been widely used 
in noise suppressing. At present, Wavelet analysis has been used as a tool to analysis a 
variety of  ultrasonic signal obtained by nondestructive testing method. In conventional 
ultrasonic pulse-echo testing method, in order to obtain the defect location and size 
information, Wavelet based techniques are commonly used in recognizing noise polluted 
defect signal[1]. In order to obtain the qualitative information about the defect and so as to 
intelligently classify the defect, Wavelet is commonly used in noise suppression as 
prepossessing procedure[2].  
          The newly developed air coupled ultrasound detection technology can not meet the 
conventional ultrasound system sensitivity, signal-to-noise ratio and resolution, because of  
the transducer materials and air are seriously mismatch in the acoustic impedance[3]. Wavelet 
technique is used to improve the signal-to-noise ratio and the ability in defect identification[4]. 
Due to the long distance ultrasound wave propagates, defects with small size was easily 
missed when using ultrasonic guided wave technique. Wavelet analysis can improve signal 
resolution and reduce the missing small defects[5,6]. Through Wavelet based signal 
processing, the resolution of weak signal collected by ultrasonic TOFD can be greatly 
improved[7].  
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Each kind of signal processing methods have their own advantages. Wavelet has the 
advantage of super resolution called as "mathematical microscope". In order to suppress 
noise and recognize defect more effectively, Wavelet technology was often used combining 
with other signal processing methods[1,7,8]. At the same time, the Wavelet technology itself is 
in the course of constant development. Some improved Wavelet based new methods have 
been proposed[9,10]. 

In order to effectively suppress the noise component in ultrasonic signal, Wavelet 
based new method is studied in this paper. From the data collection procedure in ultrasonic 
TOFD, defect signals in the adjacent A-scan lines have good correlativity. According to this, 
an improved NWS (Nonlinear Wavelet Shrinkage) noise suppression method is proposed. 
The signal processing results, which  using improved and traditional methods separately are 
compared. 

Improved NWS De-noising Method  

1.1 Traditional NWS de-nosing method  

Donoho put forward the concept of NWS de-noising in early 1990s[11]. Compared with the 
standard Fourier transform, Wavelet function used in Wavelet analysis with non-uniqueness.  
Wavelet functions are usually different in supporting length, symmetry, regularity and 
vanishing moments. Aims at the same problem, using different mother Wavelets may obtain 
results very different. So, in engineering application, it is a very important problem in mother 
Wavelet selection. When choosing a mother Wavelet to be used, decision procedure and its 
effectiveness is often more complex and time-consuming. Therefore, it is necessary to find a 
method which is not very sensitive to the mother Wavelet, and processing result is more 
robust.  

1.2 Signal correlation based de-noising method 

By study of the similarity between two signals, it can realize  signal detection, identification 
and extraction etc.  

For the two noise contaminated signal ( )x t and ( )y t : 

1( ) ( ) ( )x t s t n t                                                       ′1″ 

2( ) ( ) ( )y t s t v t                                                       ′2″ 

Where 1( )s t  and 2( )s t  are defect signals,( )n t  and ( )v t  are noise component added into 

1( )s t  and 2( )s t . ( )n t  is non-correction with ( )v t . So, the cross correlation function for ( )x t  

and ( )y t can be calculated by 

1 2 1 2
( ) ( ) ( ) ( ) ( )xy s s s v ns nvR R R R R                                         ′3″ 

Where 
1 2

( )s sR  is the cross correlation function for 1( )s t  and 2( )s t , 
1

( )s vR  is the cross 

correlation function for 1( )s t  and ( )v t , 
2
( )nsR   is  the cross correlation function for ( )n t and 

2( )s t , ( )nvR   is the cross correlation function for ( )n t and ( )v t . 
Then, 

1 2
( ) ( ) ( ) 0s v ns nvR R R                                                ′4″ 

And  

1 2
( ) ( )xy s sR R                                                    ′5″ 
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So, the correlation characteristics between 1( )s t  and  2( )s t  can be extracted from the noise. 
If the frequency of the contaminated defect wave is known before, by using a reference wave 
with the same frequency as the defect wave,  the useful signal can be extracted through signal 
cross correlation processing[12]. 

1.3 NWS based improved de-noising method 

In the processing of ultrasonic TOFD D-scan, when the distance between the two testing 
points is short enough (such as 0.2mm), the defect waves in the two A-scan lines have strong 
correlativity. In theory, the defect components in the sub-waves, which decomposed by the 
two A-scan lines separately, will also have good correlativity. According to this, a new 
method is proposed. The principle of the method is shown in Fig.1. Firstly, decomposing the 
A-scan lines to be de-noised and its neighboring A-scan line, and obtain sub-waves. 
Secondly, carry cross correlation processing on the detail sub-waves. So the Wavelet detail 
coefficients are modified, and a new series of detail sub-waves obtained. Finally, the Wavelet 
reconstruction of the detail coefficients is carried on, and noise suppressed data obtained. The 
proposed method using the multi-resolution characteristics of Wavelet analysis. At the same 
time, the method takes into account the correlativity of defect waves in the neighboring 
signals. The new method is expected to improve the noise suppression and defect 
recognition. 
 

 
Fig. 1. Flow chart of improved de-noising algorithm  

Processing Result for the Simulated Signal 

2.1 Effect of mother Wavelets on signal processing 

By employing Multi-Gaussian Beams and Kirchhoff approximation theory, under Matlab6.5 
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programming environment, defect (a gas pore buried in aluminum alloy plate) tested TOFD 
A-scan line is simulated. The testing parameters are as following: wafer size ø6mm, 
refraction angle 60 degrees in aluminum plate, the distance between two probes 40mm, 
sampling frequency 100MHz, system gain 65dB. The gas pore is ø2mm, and the burial depth 
is 10mm. As shown in Fig.2, (a) and (b) are gas pore tested TOFD A-scan lines respectively 
for two adjacent measuring position between which the distance is 0.2mm. (c) and (d) are 
simulated signals with Gauss white noise added to -20dBW. Signal shows in (b) is the one to 
be processing. The signal will be de-noise processed using traditional and improved Wavelet 
based methods, and the results will be compared to evaluate noise suppression and defect 
wave recovery. 

 

 
Fig. 2. Gas pore A-scan lines and noise signals  

(a)A-scan line 1 of the gas pore  (b) noise contaminated signal l  
(c)A-scan line 2 of the gas pore  (d) noise contaminated signal 2 

 
Using traditional method of NWS, in the way of soft threshold value and the fixed threshold 
estimation, by employing sym8, db4, coif3 and bior2.4 mother Wavelets, signal shows in 
Fig.2 (b) is de-noising processed respectively. The results are shown in Fig.3. It can be seen, 
the traditional NWS method is effective in noise suppressing, but there still remaining part of 
the noise component. Signal shown as Fig.2 (a) shows negative phase characteristics. 
Compared with the simulated non-noise contained signal, phase characteristics in the 
processed signals shown in Fig.3 are not obvious. The phase information distortion will bring 
defect signal arrival time deviation, thus affecting the qualitative identification of defects and 
reduce the defect measuring accuracy. At the same time, there are great difference between 
the processed signals using different mother Wavelets. Under the same conditions, sym8 
Wavelet is better than the other three mother Wavelet in noise suppression and defect signal 
recovery. In coif3 mother Wavelet processed signal, there remained more residual noise 
components. In bior2.4 mother Wavelet processed signal, phase distortion is so serious than 
the other three that the defect wave shows a positive phase characteristic. When using the 
traditional method, the effectiveness of the mother Wavelet should be determined before 
de-nosing procession is carried out. At present, to evaluate the performance of the mother 
Wavelet, it mainly through the analysis of the deviation between the actual signal processed 
results and the theoretical results. This is a rather complicated process. The shortcomings of 
traditional NWS methods is sensitive to the mother Wavelet. And it can be improved greatly 
in noise suppression and defect wave recovery. Therefore, it is necessary to found a new way, 
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by which the NWS based method can be improved in de-noising and mother Wavelet 
selection.  
 

 
Fig. 3. Effect of mother Wavelet on noise suppression using traditional method 

(a) sym8 (b) db4 (c) coif3 (d) bior2.4 
 

Under the same conditions, the signal is processed using improved NWS method, and the 
results are shown in Fig.4. It can be seen, there is little noise left, and the defect waves show 
an obvious negative phase characteristics. High signal-to-noise ratio signal can be obtained 
using sym8, db4 and coif3 mother Wavelets. The deviation of the defect wave arrival time is 
less than 0.02s. In bior2.4 mother Wavelet processed signal, there is a little noise left, and the 
bias of the defect wave arrival time is 0.1s. The improved method is not very sensitive to the 
different mother Wavelets, and this is helpful to simplify the mother Wavelet decision 
process. 
 

 
Fig. 4. Effect of mother Wavelet on noise suppression using improved method 

(a) sym8 (b) db4 (c) coif3 (d) bior2.4 
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2.2 Effect of  Wavelet threshold estimation on signal processing 

At present, the widely used threshold estimation methods are sqtwolog, minimaxi, rigrsure 
and heursure. Using traditional NWS method, choosing db4 mother Wavelet and hard 
threshold, the four threshold estimation methods are employed to process the signal shown in 
Fig.2 (a), respectively. The results are shown in Fig.5. In the processed signal obtained using 
minimaxi and rigrsure, there is great noise left. The recovered defect wave show an obvious 
negative phase feature, but the details still disturbed by noise.  
 

 
Fig. 5. Effect of Wavelet threshold estimation on noise suppression using traditional method 

(a) sqtwolog (b) minimaxi (c) rigrsure (d) heursure  
 

Using the improved method, the signal is processed by employing the four threshold 
estimation methods, and the results are shown in Fig.6. The processed signals are with high 
signal-to-noise ratio, and the deviation of defect wave arrival time are less than 0.02s.  

 

Fig. 6. Effect of Wavelet threshold estimation on noise suppression using improved method 

(a) sqtwolog (b) rigrsure (c) heursure (d) minimaxi 
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Processing Result for TOFD Collected Signal 

Defects contained weldments are tested using TOFD. The obtained A-scan line is processed 
using traditional and improved NWS based methods. Destructive experiments carried out to 
validate the non-destructive testing results. A typical raw A-scan line obtained is shown in 
Fig.7 (a). In order to identify defect wave that overlapping with the lateral wave, firstly 
lateral wave is suppressed using adaptive filtering technique. The lateral wave component 
removed signal is shown as Fig.7 (b). Using hard threshold, heursure threshold estimation 
method and db4 mother Wavelet, signal shown in Fig.7 (b) is processed using both 
traditional and improved methods, and the results are shown in (c) and (d), separately. The 
traditional method is effective in suppressing high frequency noise , but retains a large 
number of low frequency components. This brings about the defect signal still difficult to 
identify. The improved NWS method has good adaptability to complex noise components, 
and can effectively extract the defect signal. 

 

Fig.7. Denoising for the A-scan signal of a weld 

(a) raw signal (b) lateral wave suppressed 

(c) denoised by traditional NWS method  (d) denoised by improved NWS method 

Conclusions  

an improved NWS method is proposed by combining two techniques including Wavelet and 
signal correlation. The improved method has merits of the multi-resolution characteristics of 
Wavelet analysis. In addition to this, the new method taking into account the defect wave 
correlation between the adjacent signals. Compared with traditional NWS method, the 
improved technique is robust for different mother Wavelets and threshold estimation 
methods, and it is much better in suppressing noise that with complex components. 
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