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ABSTRACT.  In this paper, the pulse echo technique is used to characterize materials using ultrasound. 
The response received is treated by four different methods, namely, Hilbert transform, cross-correlation 
function, wavelet transform and split spectrum processing. The performances are tested on synthetic 
signals in order to generalize the application of these methods for the detection of interfaces and therefore 
defects if they exist. The simulation results show that these methods allows the detection of interfaces and 
hence the location of defects and if necessary materials characterization.  
 

 
1. INTRODUCTION 
 
     The Non Destructive Testing, NDT, play a very important role in the economy. They 
have become the essential tool for evaluating the mechanical properties of materials in 
order to detect defects. NDT techniques use ultrasonic transmission of the sound wave of 
high frequency for determining the characteristics of materials and detecting defects or to 
locate changes in the properties of these materials. In our work, we considered the pulse-
echo method in which a piezoelectric transducer transmits ultrasonic energy. The signals 
reflected from the opposite side of the field, or discontinuity, empty or elements included in 
the material are received by the same transducer where energy converted into an electrical 
signal is processed by a computer and displayed on a screen. The display can show the 
relative thickness (depth), or localized defects. Also, speed of propagation determines the 
nature of the material if the latter is unknown and the position of different interfaces, so the 
size of the sample [1-3].  

 
 

2. PROBLEM FORMULATION 
 

     The practical difficulty of extracting the information needed to characterize materials led 
to use different methods of signal processing. In this paper, we used four methods. The 
material reflects the signal interfaces conductivity encountered. The objective is to 
determine the positions of these interfaces which would calculate the speed of propagation 
and parameters characterizing the material in question. The performances of these methods 
are, first, analyzed on synthetic signals; then on real data, collected from a sample of 
aluminium. 
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3. SYNTHETIC SIGNALS 
 

     A signal representing interfaces conductivity is a convolution with a salve representing 
the sine burst emitted by the ultrasonic transducer. The final resulting signal is the signal 
synthesis to test different methods. 
 
3.1. Sinusoidal salves  
 
     The sinusoidal salves were selected with a window envelope of Blackman. This window 
has a variable wide to control the length of the ultrasonic salve, and simulate the settings of 
the generator. The two rounds of synthesis used include 4 and 16 periods of sinusoids 
respectively. Each period is sampled in 20 points. The bursts have been a total length of 80 
and 160 samples, corresponding to 8 and 16 respectively. The total length of the signal is 
1000 samples, corresponding to 100. 
 
3.2. Interfaces signals   
 
     The interfaces are represented by peaks pulse composed of three successive samples 
(Figure 1). 
 
 
FIGURE 1. Interfaces signals 
 
3.3. Synthetic signals: short and long salve 
 
     The short salve is shorter than the distance separating the interfaces. The responses of 
different interfaces do not overlap. The long salve is longer than the distance separating the 
interfaces. The responses of the first two interfaces overlap (Figure 2). This type of signal is 
intended to test the ability of methods to locate interfaces to have a general study. 
 

 
(a) 

 
(b) 

 
         FIGURE 2. Synthetic signal:  (a) short salve;   (b) long salve 
 
4. SIGNAL PROCESSING METHODS 

 
4.1. Hilbert Transform 
 
     This method is borrowed from the ultrasound technique that allows viewing of bodies by 
acoustic tracking interfaces. The signal, called “radio frequency” (RF) issued by an 
ultrasound consists of a series of echoes, corresponding to various interfaces encountered. 



The identification of interfaces is obtained by demodulation and low-pass filtering of the 
signal. That is to take the envelope signal, regardless of the direction of change (loss of the 
sign) of acoustic reflections arising in the various interfaces. It is a very simple way to 
obtain the position of these interfaces [3]. 
 
Results and interpretation  
 
     The Hilbert Transform of received signals is shown in Figure 3.  For the short salve, the 
three interfaces are located. When the period is longer than the distance between two 
interfaces, they are not well solved, producing an artefact that suggests the presence of a 
third interface, non-existent in reality. The longitudinal resolution of this method is limited 
by the length of the salve used. The maximum envelope indicates the positions of various 
interfaces. The use of the envelope signal is a low spatial resolution, the order of the length 
of the salve used. One way to improve the resolution is to reduce this length. This method 
does not reflect the sense of change signal, and hence ignore the sign of gradients 
encountered. 
     In order to test the robustness and efficiency of the method, we add a noise of amplitude 
(30%) to the synthetic signal. The results are illustrated by Figure 4. We notice that the 
maxima determining the location of interfaces are masqued by the noise even in the case of 
a short salve. We conclude that this method is not efficient in the presence of noise. 
 

 
(a) 

 
(b) 

 FIGURE 3. Hilbert transform applied to signal with:  (a) short salve;   (b) long salve 
 

 
(a) 

 
(b) 

 FIGURE 4. Hilbert transform applied to signal plus noise with:  (a) short salve;  (b) long salve 
 
 
4.2. Cross-Correlation Function   
 
     The ultrasonic velocity measurements are useful to determine multiple parameters of the 
material, such as module Young and the Poisson coefficient. To do this, we use the 
correlation processing to calculate the time delay and have an accurate measurement of 
velocity. The signal interaction consists of a series of salves offset against each other, with 
variations of amplitude and sign due to interfaces encountered. The location of maximum 



cross-correlation function is therefore likely to allow the location sequences for which these 
two signals show the most similarities, and therefore the direct measurement of distances 
between interfaces [3]. 
 
Results and interpretation 
 
     Figure 5 shows the result of calculating the function of cross-correlation for synthetic 
signals. For the short salve signal, the first two maxima are positive and one negative, 
which corresponds well with theoretical sense interfaces. For the long salve signal, the first 
two interfaces are not resolved because of recovery of salves. The cross correlation function 
has a spatial resolution of about the length of the salve used. This method returns the 
direction of variation gradients conductivity. 
     We add the same noise and applied the cross correlation function to the synthetic 
signals. From Figure 6, we can localize the interfaces. So the presence of noise has an effect 
not stronger than in the Hilbert transform. 
 
 

 
(a) 

 
(b) 

   FIGURE 5.  Cross-correlation Function of the synthetic signals:  (a) short salve;  (b) long salve 
 

                                              (a) 
                                               

 
(b) 

   FIGURE 6. Cross-correlation Function of the synthetic signals plus noise:  (a) short salve;  (b) long salve 
 

 
4.3. Wavelet Transform 
 
     The Continue Wavelet Transform (CWT) carry a projection of the signal on a set of 
functions traditionally called "wavelets." It defines two-dimensional space: the time-scale, 
in which the information signal will be represented. It can be defined by the coefficient of 
similarity between the signal and the wavelet used. The discrete wavelet transform (DWT) 
is obtained by sampling coefficients of scale and time. Obtaining bases discrete wavelet 



based on the theory of analysis multiresolution (AMR). AMR consists of a signal in its 
decomposition at different scales, approximations and detail. The basic idea of AMR based 
on the algorithm proposed by S. Mallat [4-6]. The wavelets are used to locate the exact 
location of echoes (interfaces) and the elimination of noise if present. In our case, it was 
considered the wavelet basis Daubechies1 (db1) to Level 5 with a variation of scale of 1 to 
32.  
Results and interpretation 
 
     Figure 7 shows the effectiveness of wavelets where the echoes of interfaces are localized 
even for a signal with long salve. 
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     FIGURE 7.  Discrete Wavelet Transform and AMR signal synthesis :  (a)Short slave;  (b)Long salve 
 
4.4. Split Spectrum Processing 
 
     Research conducted today in the field of non-destructive ultrasonic designed to reduce 
noise signal. This noise causes by electronic purchasing system, or reflections of the wave 
by the joints of grains of the material (sound structure). While the electronic noise can be 
reduced by averaging several signals acquired at successive intervals of time, the sound of 
structure, for against, is not a random phenomenon and temporal averaging is not effective. 
A Split Spectrum Processing (SSP) is sometimes used. The principle of SSP is illustrated in 
Figure 8. The signal is filtered through a series of band pass filters considered as Gaussian 
[3,7].  
     To highlight the performance of this technique, we simulate an ultrasonic signal by 
adding a Gaussian noise to the synthetic short salve signal. The spectrum is filtered through 
N Gaussian filters with bandwidth b MHz, and central frequencies respectively 1MHz, 
2MHz, 3MHz, ... etc, with a certain percentage in overlapping. The signals are filtered and 
treated using three recombination algorithms: minimization, maximization and mean. To 
discuss the performance of the SSP, we vary the following parameters: amplitude noise, 
number of filter used, bandwidth of filters and studying their effect on the efficiency of 
using both methods of recombination. 
 
Results and interpretation 
Effect of noise 



     We add a noise to the synthetic signal and vary its amplitude. Its spectrum is filtered by 
four Gaussian filters of the same bandwidth b = 2MHz, and respective central frequency 
2MHz, 4MHz, 8MHz and 6MHz. According to the curves of Figure 9, we see that the SSP 
can filter a signal embedded in a noise even if it has a high power 
 
Influence of the number’s filters  
     The numerical evaluation is based on the change in number of filters with same 
bandwidth b = 1MHz, and different central frequencies. It was noticed that the number of 
filters affects the robustness of the method SSP. Indeed, on a small number of filters, 
frequency components are lost and therefore unable to reconstruct the original signal. The 
use of a sufficient number of filters provides a good signal reconstruction. It is obvious that 
if the number of filters is high, the recombination is better. However, it can not increase 
indefinitely because it would lead to the loss of the benefits of SSP. In this study, we 
stopped at six filters that gave a good filtering.  
 
Influence of the bandwidth of the filter  
     We add a noise with an average power to the synthetic signal and vary the bandwidth’s 
filters. The spectrum is filtered through four Gaussian filters as well bandwidth b MHz, and 
frequencies respective central 2MHz, 4MHz, 8MHz and 6MHz. The use of filters to a width 
short (0.1MHz) bandwidth, completely deterior the performances of the SSP method. When 
using filters bandwidth wide enough to achieve an overlap between filters, we get 
significant results and can determine the localization of interfaces by the position of the 
peak amplitude. In our case, the best choice is: b = 2.5MHZ. 
 

         
 
   FIGURE 8.  Block diagram of the art Split Spectrum Processing 

 
                       (a) 

                     
                          (b) 
 

 
                      (c)  
 

   FIGURE 9.  Results of the SSP with high power noise: (a) Minimization    (b) Maximisation      (c) Mean   
5. ANALYSIS OF EXPERIEMENTAL RESULTS  

 
     In this section, we test the methods considered in the paper on a real signal, collected 
from a sample of aluminium in the NDT laboratory of the University of Jijel. It has set a 
target detecting defects in a material. We were limited to a sample of aluminium without 
defect. Noticing that determining the position of a defect is in the same manner as that of 



one side of the cube. For reason of space, we present results of three of methods considered 
above.  
 
5.1. Description of experience and process 

 
     This experience is based on the pulse echo technique (Figure 10), and application of 
reflection and refraction of waves between two environments liquid / solid interface 
separated by size (6x6) cm. It uses a sample of aluminum (2017A) cube. This experiment 
requires only a single transducer to emit the ultrasonic signal and receive the echo 
interfaces. The device includes: 
- A transmitter / receiver ultrasonic (Panametrics 5077PR);  
- A transducer 1Mhz immersion;  
- A digital oscilloscope (Tektronix TDS 1002);  
- A computer with a data acquisition software (WaveStar).  
During the experiment, the incident wave ultrasonic immersion transducer is normally 
intended to infringe on both sides of the cube. Indeed, the transducer emits ultrasonic wave 
in a way that it falls vertically on the face of the sample to eliminate the effect of 
conversion of modes, so the echoes are received longitudinal waves. 4cm distance between 
the transducer and the sample. 
 
5.2. Characterization of the material  
 
     In Figure 11, the first peak represents the signal emitted by the transducer. As it’s 
known, the speed of propagation of a longitudinal wave in water is equal to 1480 m/s. The 
second pick delayed to the first by: t1 = 54.1 µs, so we get an interface: x1 = 0.040034 m, so 
the first peak represents the first front of the sample. It is clear that the echoes following are 
peaks inside the material the longitudinal wave propagates in aluminium with a speed of 
6700 m/s, and it was the third peak shifted compared to the second by a time t2 = 17.9 µs, 
so we get an interface: x2 = 0.059965 m, is the second face of the sample. As, we set it at 
the beginning, the material contains no default. 
     It’s possible to determine the propagation velocity in the material if it is unknown. It has 
checked on this case and found the propagation velocity in both water and aluminium.  
 
 
 
FIGURE 10. Overview of the measuring device 

             
             FIGURE 11.  Real data from the aluminium sample 

5.3. Application of signal processing methods  
 
     In what follows, we present the results of signal processing methods considered above. 
Hilbert and cross correlation are represented in Figures 12 and 13 respectively. For the SSP, 
the spectrum is filtered through four filters Gaussian same bandwidth b = 150MHz and 
200MHz different central frequencies, 400MHz, 600MHz, 800MHz, The signals are 



filtered and recombined using recombinant algorithms (minimization, maximization and 
mean) as shown in Figure 14. By comparing the curves for different algorithms 
recombination, we note that the maximization algorithm is better.  
 

 
 
     FIGURE 12. Hilbert Transform 

 

 
 
      FIGURE 13. Cross-Correlation Transform 

                      (a) 
                                    

                        (b) 
 

 
                      (c) 

     FIGURE 14. The results of SSP technique :     (a) minimization     (b) maximization     (c) mean   
 

 
7. CONCLUSION 
 
     In this paper, we made a study of four methods of signal processing: Hilbert transform, 
the cross correlation function, wavelet transform and method SSP. In the first part, we 
applied these methods on synthetic signals selected in order to generalize the study. So that 
results can be applied on any material. The simulation results showed that Hilbert transform 
and cross correlation function are sensitive to cross the length of the ultrasonic signal and 
the power of noise. Indeed, the location of interfaces is better when the length of the signal 
is relatively short (less than the distance between two successive interfaces). The 
application of wavelet remedied this problem by allowing a location interfaces. It offers a 
basic change and levels for the analysis of the accuracy of interfaces. Also the presence of a 
high power noise degrades the quality of detecting and locating interfaces. To overcome 
these drawbacks, the implementation of the SSP is adequate to have a good resolution of 
interfaces. However, its capacity remains limited by the number of filters used and the 
bandwidth of these filters.  
     In the second part, we measured the longitudinal velocities of waves based on the 
calculation of flight time in the sample by the pulse echo technique for characterizing 
materials. The sample considered is a cube of aluminium. On the other hand their impact is 
treated by three methods (Hilbert transform, cross correlation function and SSP). It has 
verified the findings of the synthesis signals regarding the performance of the proposed 
methods. 
     We note that the detection of defects, if they exist, is in the same manner as the location 
of an interface. 
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