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ABSTRACT  

In ultrasonic non-destructive tests, transducer is one of the most part need to determine carefully. The attenuation 
behaviour of transducer will impact overall ultrasonic measurement accuracy base on signal processing analysis. In normal 
applications, ultrasonic inspector relies on transducer calibration result produced by the manufacturer where there are no 
doubts to question the accuracy of measurement results. However, the attenuation behaviour of transducer can be defined 
based on signal-to-noise ratio (SNR) value. In this paper, the attenuation behaviour of ultrasonic transducer was 
investigated based on SNR value through signal filtering approach. Since the detection of flaw in composite laminates 
using ultrasonic non-destructive testing (NDT) approach is highly complex due to noise occurrences, several types of filter 
were applied and compared each other in order to propose the suggested filter base on SNR result. A 2.25 MHz single 
crystal immersion transducer is used to perform ultrasonic scanning for composite laminates material which is thickness up 
to 7.4 mm with scanning rate 7.50 mm/sec under lab condition. As a comparison result, when applying discrete wavelet 
transform (DWT) de-noising approach, SNR was enhanced and caused defect detection was easily identified.  
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INTRODUCTION  

The Ultrasonic non-destructive testing (NDT) are 
highly demanded inspection technique for composite 
laminates material. The ability to detect interlayer defects 
in a thicker panel without complex setup caused this 
technique become more popular than others inspection 
technique such as x-ray, thermography and shearography. 
In general practice, ultrasonic inspector used various types 
of transducer for ultrasonic inspection depending on 
dimension of specimen, material properties and scanning 
condition. In general, the higher the frequency of 
transducer used, the shorter the wavelength and suitable 
for homogenous thin plate material inspection such as 
sheet metal or welding joining quality inspection. In 
common application, ultrasonic inspector relies on the 
calibration result which is produced by manufacturer or 
routine maintenance schedule and also with self-
experience in order to determine the performance of 
transducer being used. This practice however insignificant 
for unexperienced inspector who really depending on 
measurable data.  

In the past few years, several research has been 
performed to improve the detection accuracy of ultrasonic 
pulse-echo inspection. Some researcher focused on 
electronic circuit based included amplification, filtering 
and variable gain parameter [1] while another researcher 
focus on developing a better signal processing approach to 
ease the defect detection process [2] and [3]. However, 
these approaches are complex and more convenient for 
research based task. In order to determine the performance 
of ultrasonic transducer for detection accuracy, Howard et 
al. was measure the sensitivity of signal gathered using 
SNR approach respected with various types of transducer 

parameter [4]. Meanwhile, certain defect of composite 
laminates also applicable to detect significantly by using 
air-coupled non-contact transducer but limit to some 
dimension [5]. Since the SNR approach used as one of 
measurable parameters to determine the inspection quality 
of ultrasonic measurement, several works has been done 
included pipeline inspection [6], aluminium buffer rods in 
molten bath [7] and in composite material inspection [8]. 
However, pre-processing work like signal filtering and 
smoothing are required to enhance the SNR for better flaw 
signal detection. Several studies on pre-processing work 
for SNR enhancement has been done lately using 2 
dimensional analytic wavelet thresholding method [9], 
time frequency neighbourhood frequency [10] and wavelet 
de-noising approach [11] and [12]. 

In this paper, the attenuation behaviour of both 
ultrasonic single crystal contact and ultrasonic immersion 
transducer was investigated using three signal filtering 
approaches which is smoothing, Butterworth filter and 
Discrete Wavelet Transform (DWT). The selection of 
Butterworth filter and DWT are based on previous 
research as done by B. Kirthika et al. [13] and Vaclav 
Matz [14] where wavelet de-noising are claimed 
applicable to reduce high frequency noises. Through this 
approaches, the signal acquisition was performed using 
ultrasonic pulse-echo testing for fibre glass composite 
laminates panel. This experiment was conducted under 
ambient temperature and all procedure were followed 
ASTM E1065 standard [15]. The noise occurrences in 
acquired signal were decreased the propagated ultrasonic 
energy from the transducer. Thus, the comparative study 
of several signal filtering approach was conducted to 
define the better signal filtering through SNR calculation. 
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As a result, the selection of signal filtering is important 
where different SNR results will impact overall study of 
attenuation behaviour for ultrasonic transducer. 
 
METHOD APPROACH 
 
a) Overall flow chart 

In this study, the overall research is divided into 
two phases which is signal pre-processing and signal 
attenuation analysis as shown in Figure-1 below. Signal 
pre-processing phase involved signal acquisition of an 
ultrasonic pulse-echo testing, signal filtering approach 
included smoothing, Butterworth filter and discrete 
wavelet transform (Daubechies packet). The following 
phase is signal attenuation analysis where the SNR was 
calculated before evaluated to finalize the result. 
 

 
Figure-1. Coverall process flow. 

 
b) Signal acquisition 

In this research step, two different type of 
ultrasonic pulse-echo transducer was used to acquire 
ultrasonic A-scan signal from composite laminates 
material. The transducers used were 5 MHz ultrasonic 
single crystal contact transducer and 2.25 MHz single 
crystal immersion transducer. The purpose to use different 
type of transducers frequency is to investigate whether 
different frequency indicate significant SNR result. There 
are 24 layer-by-layer of fiber glass pre-preg sheets stacked 
together to form FGCL panel with 7.4 mm thick. During 
ultrasonic testing, the FGCL panel was fully immersed 
into the water as shown in Figure-2. Pulse receiver 

generated high voltage electrical pulse and then drive the 
transducer to generate high frequency ultrasonic energy. 
This ultrasonic energy finally propagates through the 
specimen in the form of wave signal. If the discontinuity 
occurs along the wave path, part of ultrasonic energy will 
reflect back from the flaw surface. Consequently, the 
reflected signal from flaw surface as known as echo will 
transform back into an electrical signal that finally is 
displayed on a screen. During this investigation, there are 
9 sets of ultrasonic testing data was recorded based on 
type of defect and location along the wave path. An 
averaging of SNR calculation will be performed based on 
several testing data are performed in next research step. 

 

 
 

Figure-2. Ultrasonic testing setup. 
 

c) Signal pre-processing 
After signal acquisition, the next research step 

was signal filtering as a part of signal pre-processing 
phase. In this step, three types of signal filtering has been 
applied which is smoothing, Butterworth filter and discrete 
wavelet transform (DWT). Through smoothing algorithm, 
each data point was modified as known as shift and 
multiply technique where individual point that higher than 
the immediate adjacent point are reduced while the lower 
point than immediate adjacent point are increased. This 
repeating process will smoother the signal by reducing the 
noise. In designing the Butterworth filter, the transfer 
function coefficients of an nth-order low pass digital 
Butterworth filter and normalized cut-off frequency, n 
are required. In this study, the author proposed third-order 
Butterworth low pass filter with normalized cut-off 
frequency is 0.15 rad/samples due to better noise filtering 
and signal feature as compare to higher order. However, 
the increasing of normalized cut-off frequency will 
increase the noise of signal. Another signal filtering 
approach used in this study is discrete wavelet transform 
(DWT). Through this signal de-noising technique, non-
redundant restoration was produced and provided better 
spatial and spectral localization of signal formation. 
Hence, DWT result multilevel decomposition where the 
signal was decomposed in approximation and detail 
coefficient at each level as shown in Figure-3 below. In 
this study, the author proposed the wavelet basis 
Daubechies3 (db3) up to level 3 for signal decomposition 
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because the signal will loss more features if decompose 
greater than level 3.  

 

 
 

Figure-3. DWT tree structure for approximation and detail 
coefficient. 

 
d) Signal attenuation analysis 

In order to determine ultrasonic attenuation signal 
profile, several set of ultrasonic A-scan raw RF-signal 
along single path region-of-interest (ROI) has been 
recorded. Figure-4 show raw RF-signal before convert to 
full half display for better analysis. 

 

Ps

Pn

 
Figure-4. Ultrasonic A-scan raw RF-signal. 

 
Several definition of SNR in ultrasonic industries 

have been introduce where the application is to identify 
quantity useful such as detectability of flaw, identify the 
transducer performance and wave signal study. However, 
in this experimental, the author tend to use one of 
commonly use which is based on single transducer 
location. The peak of the signal which is denoted as Ps is 
divided by an estimated of peak of noise, Pn to form the 
SNR as (1) below.  
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Statistical approach also can be apply to estimate 
a maximum noise value. An ultrasonic A-scan signal 
along ROI which contain the signal and noise is use. Then, 

the peak signal, Ps is taken before the mean and standard 
deviation of A-scan signal extracted. The maximum value 

of noise can be calculated using n+n where is an 
appropriately chosen constant. SNR can be expressed as 
(2) below. 
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In this experiment, filtered A-scan signal in full 

half display as show in Figure-5 below is used in order to 
make the calculation of SNR easily. Peak of signal, Ps, 
mean signal, n and standard deviation, n as labelled are 
determined using MATLAB calculation. 

 
Figure-5. Ultrasonic attenuation wave signal. 

 
SNR can be expressed as (3) below where the 

subtraction of peak signal, Ps and mean, n is divided with 
multiplication of constant, K and standard deviation, n. 
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Comparison between filtered and non-filtered 

SNR associated with different type of defect are discussed 
in result and analysis. 
 
RESULT AND ANALYSIS 

In order to investigate an ultrasonic transducer 
attenuation behavior, the author compared SNR value 
based on different type of signal filtering approach. Nine 
repeating measurements along one direction of an ROI 
was performed in order to ensure the reliability of result 
taken. Besides, comparison between both immersion 
transducer and contact transducer was done. Ultrasonic 
signal graph in Figure-6 shows comparison between 
unfiltered and filtered signals using various signal filtering 
approach. The detail comparison using SNR calculation 
are discussed in the following section. 
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Figure-6. Filtered and non-filtered ultrasonic attenuation wave signal. 

 
a) SNR between signal filtering and type of defect 

In this section, the selection of signal filtering 
approach was identified. Through SNR result, the 
difference between signal filtering are significantly 
differentiated. Table-1 shows the comparison SNR value 
in various signal filtering with different size of defect. 
Third level DWT result highest number of SNR in all size 
of defect while Butterworth filter and smoothing algorithm 
demonstrate less significant as compared to unfiltered 
signal. In addition, the lower the level of DWT de-noising, 
the lower the SNR value achieved. It is because, the 
process of noise removal are respectively with the higher 
level of DWT signal de-noising approach. 
 

Table-1. SNR of different signal filtering. 
 

 
 

b) SNR between signal filtering for different 
transducer 

Since the selection of signal filtering approach 
was identified by comparing SNR value, an attenuation 
behavior of immersion transducer was studied through 
SNR of different transducer used. Based on Table-2 
below, an ultrasonic contact transducer demonstrated 
higher SNR number in every type of signal filtering 
almost 36 percent. The difference of SNR between 

immersion and contact transducer is slightly high from 
4.62 to 9.81 percent due to higher frequency used. 
Moreover, third level of DWT decomposition remains 
better signal de-noising approach because were resulted 
higher SNR value among others signal de-noising 
approach. 
 

Table-2. SNR of defect in various signal filter. 
 

 
 
CONCLUSIONS 

The investigation of ultrasonic transducer 
attenuation behavior is demonstrated using signal filtering 
approach. The attenuation measurement was performed by 
comparing the front and back surface echoes signal using 
pulse-echo mode. Ultrasonic single crystal contact 
transducer indicated highest SNR as compared with 
immersion transducer up to 9.81 percent due to higher 
frequency used. Thus, the SNR increased with the 
increasing of transducer frequency. As signal filtering 
comparison, DWT de-noising approach can be considered 
as one of the best noise removal approaches in this study. 
However, the selection of mother wavelet still required 
further determination for other signal processing 
application in order to investigate an ultrasonic transducer. 
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