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In this paper a new method for locating the AE source with one sensor is presented. When acoustic emission 
signals propagate in wave-guided, they have multi-mode and dispersion characteristics. The separation of the 
modes at the sensors could make it possible to extract the exact information about the source that produced the 
waves. Based on the modal nature of AE, it can be understood that a good location would have two methods to 
determine the arrival times. One is determined on the same part of the waves (not only the same mode, but also 
the same frequency) at all sensors. The other is determined on the different modes at one sensor, which makes it 
possible to reduce the number of sensors needed. First, through modal analysis of the propagation of elastic 
waves in a thin plate, the dispersion characteristics of the modes are predicted. Second, the wavelet transform 
theory is briefly outlined and its application in elastic waves is explained. It is shown that by using the peak of 
the magnitude of the wavelet transform, the arrival times of the different modes can be determined. Additionally, 
experiments were undertaken using a lead break on the edge of the plate. These demonstrated the feasibility of 
the one sensor linear location scheme.  

 

1 Introduction 

The acoustic emission technique (AE) has for many years 
been considered as the prime candidate for structural health 
and damage monitoring in loaded structures, such as liquid 
petroleum gas tanks, fire extinguishers, oxygen gas tanks, 
etc. Source location has always been regarded as one of the 
main advantages of AE testing. Based on arrival time 
differences at a limited number of sensors and the velocity 
of the waves, the spatial location of the source event can be 
calculated. The key element in the location procedure is the 
determination of the arrival times of the AE waves at the 
different sensors [1-3]. Traditional AE systems determine 
arrival times by using a threshold: the arrival time of a 
wave at a sensor is the point where it first crosses the 
threshold. An attempt to provide a better theoretical 
background for AE testing is modal acoustic emission 
(MAE). MAE starts from the observation that AE waves 
are mechanical in nature and should therefore be treated as 
such. Following the general theory of wave propagation in 
solids, AE waves should propagate through a structure in a 
variety of modes, and also have the characteristics of 
dispersion and attenuation. The separation of these modes 
at the sensors could make it possible to extract the exact 
information about the source that produced the wave. The 
propagation characteristics of Lamb waves in composites, 
with emphasis on group velocity and characteristic wave 
curves, are investigated theoretically and experimentally by 
Wang et al that is related with MAE [4]. 
Based on the modal nature of AE, it can be understood that 
a good location would have two methods to determine the 
arrival times. One is determined on the same part of the 
wave (not only the same mode, but also the same 
frequency) at all sensors. The other is determined on the 
different modes at one sensor, and makes it possible to 
reduce the number of sensors needed. 
Recently, the wavelet transform (WT) has been introduced 
to the time–frequency representation of transient waves  
propagating in a disperse medium for its good resolution  
both in the time and frequency domains, and it can be used 
to detect the arrival times of dispersive waves propagating 
in structures. Jiao et al [5] applied the WT using the Gabor 
wavelet to the time-frequency analysis of modal acoustic 
emission source location in thin plates. Sung et al [6] used 
WT to monitoring of impact damages in composite 
laminates. Ni et al [7] correlated the Wavelet transform of 
acoustic emission signals to fracture mechanisms of 

composites. Qi [8] developed wavelet-based acoustic 
emission (AE) analysis methods to characterization of 
composite material. 
In this paper the MAE and WT are used to find the acoustic 
emission source location in thin plate composite materials. 

2 Wavelet Transform 

The continuous WT of f(t) is a function defined as [9,10]  
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Where a>0 and the superscript * denotes a complex 
conjugation. The analysis function for the WT can be 
defined as  
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Its elements are generated by shifting and scaling a basic 
wavelet )(tψ . The parameters a and b stand for the scale 
and shift of the basic wavelet. In time, )(, tbaψ  is centred at 
b with a spread proportional to a. In this article, the relation 
between the scale variable a and the frequencyω  
is a0ωω = , where 0ω  is a positive constant. As such, the 
function )(, tbaψ may be considered as a window function 
both in the time and frequency domains. The size of the 
time window is controlled by scale a: It is possible to 
change the window size either in the time or frequency 
domain. This multi resolution is a primary characteristic of 
the wavelet analysis. A basic wavelet satisfies the 
admissibility condition 
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Where ( )ωψ
∧

denotes the Fourier transform of ( )tψ . 
Although one can choose any basic wavelets that satisfy the 
admissibility condition (3), the Gabor function was adopted 
in this study because it is known to provide a better 
resolution both in time and frequency domains than any 
other wavelets. The Gabor function is 
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and its Fourier transform as 
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Where γ and 0ω are positive constants. Although the Gabor 
function does not satisfy condition (3), it does not present 
any problem in practice if we set 336.52ln2 == πγ . 
The Gabor function (4) may be considered as a Gaussian 
window function centered at 0=t and its Fourier transform 
(Eq. (5)) centered at frequency 0ωω = . The function 

( )( )abtg −ψ is then centered around bt = , and its Fourier 

transform ( ) ( )⎥
⎦

⎤
⎢
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− ωψω aa g

ibexp  is centered around 

a0ωω = . The ( )baWTf ,  using the Gabor wavelet thus 

represents the time–frequency coefficients of ( )tf around 
bt =  and a0ωω = . In this study, we set πω 20 = such 

that a1 is equal to the usual frequency πω 2=f . 

3 Time–frequency analysis of 
dispersive waves 

For the time–frequency analysis of dispersive waves, 
consider two harmonic waves of unit amplitude and of 
slightly different frequencies 1ω and 2ω  propagating in the 
x-direction  
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where ik are the wave numbers corresponding to the 
frequency iω . Introducing 
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Eq. (6) can be written as 

( ) ( ) ( )txkietkxtxu 11cos2, ωω −−Δ−Δ=  (8) 

It can be seen that this resulting wave is comprised of 
two parts. The carrier wavelet represents, by the 
exponential term, propagation with the phase 
velocity ccp kc ω= . On the other hand the modulated 
wave given by the cosine term travels with the group 
velocity dkdcg ω= in the limit 0→Δk . When the Gabor 
wavelet is used as the basic wavelet, the WT of ( )txu , is 
given by  
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The magnitude of the WT obtained is 
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If ωΔ  is sufficiently small such 

that ( ) ( ) ( )cggg aaa ωψωψωψ
∧∧∧

≈≈ 21 , we obtain 
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This result indicates that the magnitude of the 
WT takes its maximum value at ca ωω0= and 

( ) gcxxkb =ΔΔ= ω In other words, the location of the 
peak on the ( )ba, plane indicates the arrival time of the 
group velocity gc at frequency ac 0ωω = i.e. af 1= . 

4 Dispersion relation of plate waves  

In order to locate the AE source, the group velocity of 
the considered elastic wave modes at certain frequency 
must be known According to the theory of MAE, the AE 
signals are actually dispersive elastic waves. The 
propagation of the elastic waves in thin-walled structures 
exhibits multi-modes and dispersion characteristics, and 
have been studied by Achenbach, Graff and many others 
[11–13]. Fig. 1 is the disperse curve of theoretical 
prediction and experimental measurement of Lamb waves 
in the relatively thick laminate [+45o/-45o]s. Over the 
frequency range 0–250 kHz, there only exist two modes A0 
and S0. Near 150 kHz, the group velocities of A0 and S0 
are 1.87 and 5.8 m/ms, respectively. It is convenient from 
the disperse curves to get the velocity of any mode under 
the frequency range concerned.  

 
Fig.1 Theoretical and experimental results of group velocity 

dispersion curves traveling along o30=θ in the laminate 
[+45o/-45o] s: (a) cg of symmetric modes; (b) cg of anti-

symmetric modes. 

5 One sensor AE source location test 

A schematic representation of the experimental set-up 
is shown in Fig. 2. The source location was carried out on a 
composite plate, with dimensions 700 mm x 700. Lead 
breaks were used as the simulated AE source. For the 
amplitudes of the plate waves depended on the source 
orientation [14], the lead was broken on a certain angle to 
produce both the flexural modes and extensional modes. 
One broadband piezoelectric sensor was coupled to the 
surface of the plate with vacuum grease. A two-channel 
analyzer (PCI-2) was used for waveform acquisition. A 
PAC preamplifier, model 1220A, with a 40 dB gain and a 
100–300 kHz bandwidth was used for signal conditioning. 
A wide band sensor, model PAC WD, with an operational 
range of frequencies between 100 and 1000 kHz and a 
resonant frequency at about 125 kHz was used. The surface 
of the sensor was covered with silicon grease in order to 
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provide good acoustic coupling between the specimen and 
the sensor. The acoustic emission software used was the 
AEWin from Physical Acoustics Corporation 2006. The 
acquired waveforms were then stored on a computer for 
further analysis and display. 

Fig. 2 also shows the sensor arrangement. For source 
location, the distance between the sensor and the lead break 
is unknown (Table 1). As mentioned previously, the 
location of the peak of the WT magnitude on the 
( )ba, plane corresponds to the arrival time gcxb = of the 
wave on the frequency of af 1= . Therefore the distance 
between the sensor and lead break source can be calculated 
according to Eq. (12) 

( ) ( )( )( )0000 gsgasa ccfbfbL −−=  (12) 

The integral in Eq. (1) was evaluated numerically using 
the trapezoidal rule with a time step equal to the sampling 
rate stΔ . 

 
Fig.2 Setup configuration 

 

Test 
number 

The test 
distances 
between 

sensor and 
lead (mm) 

The 
measured 
distances 
between 

sensor and 
lead (mm) 

Distane 
error 

(mm) 

Fracti
onal 
error 

(%) 

1 116.2 120 3.8 3.16 

2 147.4 150 2.6 2.64 

3 177.2 180 2.6 2.64 

4 205.4 200 5.4 2.7 

5 212.6 220 7.4 3.36 

6 245.4 250 4.6 1.84 
Table1 Result of one sensor leads breaks location 

experiments 

The parameters a and b were discrete as follows 
( ) stnbna Δ=+= 5000400001  

The lead was broken on the plate to excite acoustic waves 
where both the A0 and S0 modes are dominant. A typical 
waveform was shown in Fig. 3, which was collected by a 
sensor placed at some distance. The magnitude of the in-
plane and out-of-plane components of these modes depends 
on the source orientation. As shown in Fig. 3(a), the two 
modes were separated in time for the different group 
velocity, and the separation time was in direct proportion to 
the distance between the sensor and the lead break source. 

Fig. 3(b,c) showed the time-frequency distribution of the 
magnitude of the WT. The broken curve in the contour plot 
indicated the location of the peak of the magnitude for each 
value of frequency. As mentioned before, each peak 
represented the arrival time of a wave traveling with the 
group velocity. To determine the arrival time of simulated 
AE signals, the frequency point of 150 kHz was used to 
analyses. The frequency was chosen because the spectral 
analysis showed that it was a frequency that both S0 and A0 
modes were typically present in the captured waveforms. 
The magnitudes of the WT at 150 kHz was shown in Fig. 3. 
This figure represented the variation of the spectral 
intensities of the 150 kHz components as a function of time. 
The peaks corresponded to the arrival time of the different 
modes at 150 kHz. Thus, the arrival time difference 
between S0 and A0 modes was easily determined. 

 

 

 
 

Fig.3 One sensor source location test waveform and its 
wavelet transform. 

In Fig. 3 the arrival times of A0 and S0 modes were 52.6 
and 110.2 sμ , respectively. As mentioned above the group 
velocity of A0 and S0 modes were 1.87 and 5.8 m/ms, 

a 

b 

c 

Data Analyzer 

Preamplifier

Sensor 
Specimen 
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respectively. Therefore, the distance between the sensor and 
lead can be calculated according to Eq. (12). The result is 
226.4 mm, which is close to the measured distance of 250 
mm. Repeated experiments also demonstrated good 
agreement between the calculation and measurement, as 
shown inTable1 and the location errors is usually less than 
5%. 

6 Conclusions 

The results of a lead break location in a thin plate have 
demonstrated the feasibility of the one sensor source 
location concept, based on the wavelet transform and modal 
analysis of mechanical waves. The advantages of this type 
of source location concept in practical applications are 
twofold. First, it decreases the numbers of sensors needed, 
thus contributing to a reduction in the cost of AE testing. 
Second, it can offer a solution in cases where only limited 
access is possible to a structure and traditional location 
techniques are not feasible. 
In this article, the method of the wavelet transform and 
modal analysis is firstly used for linear location, and a 
broader application is in prospect. It is believed that further 
investigation into the possibilities of this type of analysis 
will lead to more intelligent and quantitative AE results. 
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