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The defects are usually generated during the structural materials subjected to external loads. Elucidating the position distribution
of defects using acoustic emission (AE) technique provides the basis for investigating the failure mechanism and prevention of
materials and estimating the location of the potentially dangerous sources. However, the location accuracy is heavily affected
by both limitation of localization area and reliance on the premeasured wave velocity. Here, we propose a novel AE source
localization approach based on generalized areal coordinates and a machine learning algorithmic model. A total of 14641 AE
source location simulation cases are carried out to validate the proposed method. The simulation results indicate that even
under various measurement error conditions the AE sources could be effectively located. Moreover, the feasibility of the
proposed approach is experimentally verified on the AE source localization system. The experiment results show that the mean
localization error of 3.64mm and the standard deviation of 2.61mm are obtained, which are 67.55% and 75.46% higher than
those of the traditional method.

1. Introduction

The defect source location prediction based on acoustic
emission (AE) technique is to determine the specific loca-
tions of the defects by analyzing the AE signals generated
by structural materials with developing cracks. In recent
years, numerous efforts have been dedicated to AE source
localization area. The existing researches can be mainly
divided into four classes: geometric location method [1–4],
sensor array location method [5–8], point search method
[9–13], and artificial intelligence algorithm [14–17].

The geometric location method is simple and easy to
implement, but it is limited to some parameters, such as sensor
coordinates, signal propagation time, and wave speed. The
more parameters required, the more errors may be intro-
duced. Also, this method often has multiple solutions [18].
The sensor array location method can locate the damage
source according to the sensor array layout and only needs less
information to calculate the AE source location. However, this
method needs to meet certain positioning prerequisites (for

instance, the literature [8] requires a longer distance from
the acoustic emission source than the distance between the
two sensors in the array) or has a larger positioning error in
some monitoring ranges. The point search localization
method has a relatively intuitive positioning effect, but this
method requires a large amount of preexperimental work
and does not fully consider the influence of the dispersion
effect and the anisotropy of the AE signal speed on the posi-
tioning error [19]. To derive from the methods mentioned
above, we can see that the accuracy of AE source localization
is dependent on the precision of AE signal speed measure-
ment. Therefore, it is necessary to get rid of the dependency
on the AE signal speed measurement to improve the localiza-
tion accuracy.

Recently, several localization methods without AE signal
speed measurement have been reported. Dong et al. [20, 21]
developed a velocity-free MS/AE source location method in
complex three-dimensional hole-containing structures. Fang
et al. [22] gave a location algorithm with unknown velocity
based on INGLADA algorithm. Zhou et al. [23, 24] provided
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an algebraic solution for AE source localization without pre-
measuring wave velocity. With the development of artificial
intelligence, machine learning methods have also been intro-
duced into AE source localization area. Ebrahimkhanlou and
Salamone [25] introduced two deep learning approaches to
localize AE sources within metallic plates, which utilized
the reflection and reverberation patterns of AE waveforms
as well as their dispersive and multimodal characteristics to
localize AE sources. Suwansin and Phasukkit [26] proposed
deep learning-based AE scheme for localization of cracks in
train rails. However, all these methods are applied to AE
source localization in zone. Moreover, since the input of
the deep learning network is the whole AE waveform, these
methods often require significant computational resources,
which leads to a low-efficient and complex positioning pro-
cess [27]. To address the above problems, Liu et al. [28]
developed a new AE source location method, which com-
bined the generalized regression neural network and the
TDM localization method to further improve the localiza-
tion accuracy. However, despite these localization methods
have taken into account to alleviate the influence of the wave
velocity, there are still several other sources of measurement
error (i.e., instrumentation noise, temperature changes, and
systematic errors), which can affect the accuracy of these
methods [29, 30]. Moreover, these algorithms commonly
investigate the AE source that occur inside the area sur-
rounding by sensors; very few studies have been imple-
mented outside the area surrounding by sensors.

To further enhance the localization accuracy and improve
previous studies, we developed a novel areal coordinate and
machine learning-based AE source localization method that
can not only realize wave velocity-free localization and con-
sider measurement error disturbances but also avoid limita-
tion of localization area. In order to validate the proposed
method, the numerical simulations of 14641 different AE
source location cases were conducted, and to compare its
performance with the conventional algorithm. Besides the
numerical simulation validation, AE signal datasets were pre-
pared for detection and localization tasks to train the proposed
model; then, the feasibility of the proposed method was exper-
imentally verified on the test datasets. The results were used to
test the developed method against our previous study.

2. Localization Approach

In this research study, an improved areal coordinate-based
AE source localization method is adopted to estimate the
coordinates of AE sources. This algorithm starts with deter-
mining the signed areal coordinates on triangles [31]. Con-
sider a triangle area surrounded by three AE sensors i, j,
and k, an AE source S occurs in this area as shown in
Figure 1.

2.1. The Principle of Generalized Areal Coordinate-Based AE
Source Localization Method. In order to improve the location
accuracy and avoid the outliers near the boundary, a general-
ized areal coordinate-based source localization method which
is developed based on the traditional areal coordinate-based
source localization method is used to locate the AE source.

The most obvious difference between the two methods is the
number of sensors. There are more than three AE sensors in
the generalized areal coordinate-based source localization
method. The strategy of updating the Euclidean coordinate
of AE source ps can be expressed as

ps = 〠
n

i=1
asipi,

〠
n

i=1
asi = 1,

ð1Þ

where p1, p2,…, pn are the Euclidean coordinates of the n
AE sensors and as1, as2,…, asn are the areal coordinates of
the n AE sensors. Choose three of the n AE sensors randomly,
until there is no combination of three sensors that have not
been selected before. The mth areal coordinate of AE source

S with respect to sensors i, j, and k is {aðmÞ
si , aðmÞ

sj , aðmÞ
sk }, where

aðmÞ
si , aðmÞ

sj , and aðmÞ
sk can be calculated as

a mð Þ
si =

SΔsjk
SΔijk

,

a mð Þ
sj = SΔski

SΔijk
,

a mð Þ
sk =

SΔsij
SΔijk

,

ð2Þ

where SΔsjk, SΔski, SΔsij, and SΔijk are the sign areas of trian-
gles, which can be computed through Cayley-Menger deter-
minant with the distance measurements among AE source S
and sensors i, j, k, dij, dik, dkj, dsi, dsj, and dsk.

The generalized areal coordinate of AE source S with
respect to n AE sensors is defined as

asi =
1
m

� �
〠
m

r=1
a mð Þ
si , i ∈ n: ð3Þ

According to Equation (3), we can see that asi is the aver-
age measurement value of areal coordinate. Therefore, the
obtained areal coordinate asi can achieve a higher accuracy
and avoid the outliers.

i

j k

S

Figure 1: An example of AE source S and three sensors i, j, and k
for localization approach.
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2.2. The Principle of Improved AE Source Localization Method.
According to the above analysis, we find that the key factor
affecting the localization accuracy is the accuracy of the
measurement distances from the AE source S to the sensors.
It is easy to be affected by the propagation speed and arrival
time of AE wave, and it is inevitable to have a certain measure-
ment error. Based on this, we propose a new location method
without measuring AE wave velocity and considering mea-
surement error. We use the characteristics of AE wave and
artificial neural network (ANN) technology to deduce the dis-
tance between AE source and sensor without measuring wave
velocity (see Section 4.1 for specific implementation principle).
On this basis, we also improve the positioning algorithm based
on increasing the measurement error factor to reduce the
impact of unavoidable measurement errors on the accuracy
of the positioning algorithm.

Specifically, in the measurement errors existed condi-
tion, the distance measurements among AE source S and
sensors i, j, and k are modeled as follows:

d̂si = dsi + ei,
d̂sj = dsj + ej,

d̂sk = dsk + ek,

ð4Þ

where ei, ej, and ek are the measurement errors. And the
measurement error obeys Gaussian, Uniform, or Exponen-
tial distribution [32]. The distribution and parameters of
the errors are different in various environments and mea-
surement methods.

Due to the effect of measurement errors, the original
calculation method will not work when solving the values

of areal coordinate {aðmÞ
si , aðmÞ

sj , aðmÞ
sk }. Therefore, it is neces-

sary to modify the original equations or constraints so that
they can still correctly work with measurement errors. Solv-

ing the values of {aðmÞ
si , aðmÞ

sj , aðmÞ
sk } can be divided into two

steps. First, obtain the unsigned values of {aðmÞ
si , aðmÞ

sj , aðmÞ
sk },

and then determine the signs of {aðmÞ
si , aðmÞ

sj , aðmÞ
sk }. More spe-

cifically, we calculate the unsigned areal coordinates |aðmÞ
si |,

|aðmÞ
sj |, and |aðmÞ

sk |. Due to the linear relationship, when the
triangle area is close to 0, the corresponding areal coordinate
is also close to 0. The signed area value of triangles SΔsjk may
be a small negative number because of the existence of mea-
surement error. The absolute value of SΔsjk is firstly used to
reduce the error as much as possible

SΔsjk
�� �� =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

−
1
16

0 1 1 1
1 0 d̂

2
sj d̂

2
sk

1 d̂
2
js 0 d̂

2
jk

1 d̂
2
ks d̂

2
kj 0

������������

������������

������������

������������

vuuuuuuuuut
: ð5Þ

After obtaining the unsigned values of |aðmÞ
si |, |aðmÞ

sj |, and

|aðmÞ
sk |, the next step is to judge and solve the sign patterns

(σsi, σsj, σsk). Equation (6) is modified as

1‐Δ1 ≤ 〠
n

i=1
asi ≤ 1 + Δ1, ð6Þ

where Δ1 is a small positive number, which changes
depending on the measurement error. When n is 3 (such as
the model shown in Figure 1), this equation can be rewritten as

1‐Δ1 ≤ σsi asij j + σsj asj
�� �� + σsk askj j ≤ 1 + Δ1, ð7Þ

where σsi, σsj, and σsk are the signs of the coordinates and
take values of either -1 or 1. Then, 7 possible combinations of
(σsi, σsj, σsk) are substituted into Equation (7), and the corre-
sponding number of solutions is solved.

After the sign determination, the localization of the AE
source S is accomplished in the measurement error existed
condition. The procedure of improved AE source localiza-
tion method is illustrated in Figure 2.

3. Simulation Validation

To validate the performance of the proposed method in the
previous section, numerical simulations are conducted to
estimate the coordinate of the AE source. A total of 14641
different AE source locations are simulated on the plate, as
shown in Figure 3. The interval is 5mm between the two
adjacent simulated AE source locations. The dimension of
the simulated area is 600mm × 600mm.

3.1. The Traditional AE Source Localization Method without
Measurement Error. When there is no measurement error,
the obtained measurement distances dsj, dsk, and dsi are real
values; the positioning of the AE source is completed using
the traditional areal coordinate method based on the sensor
distances dij, djk, and dki and the measurement distances dsj,
dsk, and dsi.

For the case of no measurement error, the traditional
areal coordinate-based AE source localization method is per-
formed. Numerical simulations are conducted using the
MATLAB software; the coordinates of the three AE sensors
are set at (-80mm, 0mm), (80mm, 0mm), and (0mm,
80mm) for simulation. As shown in Figure 3, the simulated
abscissa and ordinate localization errors are less than 1.55
and 1.85e-12mm, the average abscissa and ordinate localiza-
tion errors are 0.004 and 3.34e-14mm, and the standard
deviation of the abscissa and ordinate localization errors is
0.06 and 5.61e-14mm. Because the average grid size for sim-
ulation is 5mm, these localization results can be considered
reasonable. While the above results will be changed if there
are measurement errors, so it is necessary to make improve-
ments to adapt to the measurement error existed situation.

3.2. The Traditional AE Source Localization Method with
Measurement Error. A total of 30 different AE source localiza-
tion experiments of applying random noise were simulated by
using the traditional areal coordinate method. The performance
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of traditional method is investigated when the measurement
error obeys the Uniform distribution (ei ~Uð−1, 1Þ) and the
Gaussian distribution (ei ~Nð0, 12Þ), as shown in Figure 4. If
the measurement error obeys the Uniform distribution
(ei ~Uð−1, 1Þ), the simulated abscissa and ordinate localization
errors are less than 602.19 and 603.34mm, the average abscissa
and ordinate localization errors are 4.43 and 4.15mm, and the
standard deviation of the abscissa and ordinate localization
errors is less than 29.89 and 37.16mm. If the measurement
error obeys the Gaussian distribution (ei ~Nð0, 12Þ), the simu-
lated abscissa and ordinate localization errors are less than
604.54 and 609.12mm, the average abscissa and ordinate local-
ization errors are 7.34 and 7.06mm, and the standard deviation
of the abscissa and ordinate localization errors is less than 39.36
and 49.00mm.

The simulation results indicate that the AE source local-
ization algorithm has good adaptability and robustness;
however, there are still some cases where large error points
will occur, especially when the AE source lies on the line par-
allel to one side of the triangle of three sensors. Thus, in
order to enhance the localization accuracy, an improved
AE source localization method is proposed.

3.3. The Improved AE Source Localization Method with
Measurement Error. After introducing the measurement
error, the problem that has not been solved is the misjudg-
ment of the sign pattern, which will cause localization errors.
In order to solve this problem, we propose an improved
localization method, which has been introduced in Section
2; taking four sensor nodes as an example, any three of the
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Figure 2: Procedure of improved AE source localization.
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Figure 3: The simulation results of the traditional areal coordinate-based AE source localization method without measurement error: (a) the
abscissa localization error; (b) the ordinate localization error.
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Figure 4: The simulation results of the traditional areal coordinate-based AE source localization method with measurement error: (a, b, e)
localization errors and standard deviation when the measurement error obeys the Uniform distribution; (c, d, f) localization errors and
standard deviation when the measurement error obeys the Gaussian distribution.
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Figure 5: The simulation results of the generalized areal coordinate-based AE source localization method with measurement error: (a, b, e)
localization errors and standard deviation when the measurement error obeys the Uniform distribution; (c, d, f) localization errors and
standard deviation when the measurement error obeys the Gaussian distribution.
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four nodes can form a triangle, so the respective localization
results of the AE source S can be obtained based on the four
AE sensors. From these obtained four sets of localization
coordinates, one set of relatively outlier data can be
removed, and the remaining three sets of data are averaged
to compute a new localization result.

Specifically, the improved AE source localization method
with measurement error is performed into the following steps.

Step 1. There are four AE sensors, the coordinates of the three
AE sensors are set at (-80mm, 0mm), (80mm, 0mm), (0mm,
-80

ffiffiffi
3

p
mm), and (0mm, 80

ffiffiffi
3

p
mm) for simulation, selecting

three out of the four nodes in turn as a group and performing
AE source localization according to the method in Part B to
obtain the AE source coordinates ðx1, y1Þ.

Step 2. The first step is repeated in turn, and the other source
coordinates ðx2, y2Þ, ðx3, y3Þ, and ðx4, y4Þ are all calculated
by taken possible combinations of the sensor groups.

Step 3. The obtained four AE source coordinates are com-
pared. The one farthest from the other three coordinates is
deleted from the four coordinates, leaving three coordinates.

Step 4. Then, the point farthest from the remaining two
points is deleted from the three coordinates, leaving only
two coordinates. The remaining two coordinates are aver-
aged to obtain the final AE source coordinates.

The performance of proposed method is investigated
when the measurement error obeys the Uniform distribution
(ei ~Uð−1, 1Þ) and the Gaussian distribution (ei ~Nð0, 12Þ),
as shown in Figure 5. If the measurement error obeys the
Uniform distribution (ei ~Uð−1, 1Þ), the simulated abscissa
and ordinate localization errors are less than 25 and
42.31mm, the average abscissa and ordinate localization
errors are 1.07 and 1.78mm, and the standard deviation of
the abscissa and ordinate localization errors is less than
1.36 and 3.08mm. If the measurement error obeys the
Gaussian distribution (ei ~Nð0, 12Þ), the simulated abscissa
and ordinate localization errors are less than 30 and
68.34mm, the average abscissa and ordinate localization
errors are 1.76 and 2.84mm, and the standard deviation of
the abscissa and ordinate localization errors is less than
2.13 and 4.59mm.

Considering the average grid size of simulation is 5mm,
we set the localization error which is greater than or equal to
5mm as the large error. Compute and compare the large error
rates of simulation results based on different localization
methods (Table 1). Compared with the other four cases, tradi-
tional method with measurement error that obeys the Gauss-
ian distribution has the highest large error rate. Besides, new
method with measurement error that obeys the Uniform dis-
tribution has the lowest large error rate among the methods
with measurement error. The average value and standard
deviation of the initial simulation results and the results after
eliminating the large errors are also compared in Table 1. It
can be seen that the values of all the methods with measure-

ment error are reduced. However, the decrease in the value
of traditional methods is obvious, which means the traditional
methods are more vulnerable to measurement errors, and the
new methods can achieve competitive performance.

4. Experiments

In this section, the performance of the introduced general-
ized areal coordinate method for monitored structure AE
source localization based on the PZT sensors was experi-
mentally validated. The experimental set up is elaborated
in Section 4.1, and the experimental results and analysis
are given in Section 4.2.

4.1. Experimental Setup. The experimental setup was used to
evaluate the effectiveness of the proposed AE source localiza-
tion approach, as shown in Figure 6. The experiment system
was mainly composed of AE data acquisition equipment, alu-
minum alloy plate, four PZT sensors, and preamplifiers. The
sampling frequency was up to 1MHz. The specimen was a
sheet metal (material: 6061-T6 aluminum). The dimensions
of the specimen were as follows: 600mm× 600mm× 3mm.
To collect AE signals, four AE sensors were mounted with
Vaseline on the surface of the plate. Based on the previous
studies, the sensors were attached at the coordinates of S1

Amplifier

Amplifier

Amplifier

S1

S4S2

S3

Amplifier

AE system

Figure 6: The experimental setup.
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Figure 7: AE source locations of the dataset (▲: test sets, unit: mm).
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mm), S2 (-80mm, 0mm), S3 (0mm, -80

ffiffiffi
3

p
mm), and S4 (80mm, 0mm), respectively, relative to the cen-
ter point of the plate. AE sources were generated by Hsu-
Nielsen pencil lead breaks. As shown in Figure 7, the experi-
mental area was 50mm from the edge of the plate, and the grid
size for AE tests was 50mm. All the datasets were located at
the intersection of the dotted line plotted in this figure, in
which 61 points, 30 points, and 30 points were considered as
training, validation, and test sets, respectively. In each point,
3 Hsu-Nielsen pencil lead break tests were simulated.

Before data collection, the AE signals were preamplified
by 40dB and filtered to the frequency range of 100 kHz-
200 kHz. The extracted narrowband signals can be obtained
after processed by the Shannon wavelet transform and peak
detection algorithms. From previous researches [33–35], it
was found that apart from TOA, amplitude values of AE sig-
nals have shown great potential in AE source localization
because of the excellent relationship between the amplitude
value of AE signal and the damage distance from each AE

sensor. In this paper, the amplitude values of AE signals can
be obtained according to the extracted narrowband signals.
We used the maximum amplitude value of the extracted nar-
rowband signal. Then, the normalized amplitude value of each
sensor signal Namplitudei was computed as below

Namplitudei =
amplitudei − amplitude

� 	
σ

, ð8Þ

where amplitude is the average value of signal amplitudes
and σ is the standard deviation of signal amplitudes.

Artificial neural network (ANN) which is a useful solu-
tion of nonlinear problem was adopted to enhance accuracy
of the estimated distances. In this paper, the used neural

Input Layer Output LayerHidden Layer

Namplitude1 ds1

ds2

ds3

ds4

Namplitude2

Namplitude3

Namplitude4

Figure 8: The proposed neural network structure.
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network is composed of 3 hidden layers with 32, 16 and 16
nodes, respectively, as shown in Figure 8. The input data is
the normalized amplitude value Namplitudei, and the output
data is the distance between each sensor and AE source dsi.
As shown in Figure 7, there were 363 AE signals in this
research. The AE signal datasets were divided into a training
dataset (50%), a validation dataset (25%), and a testing data-
set (25%). The number of training dataset is 183. The valida-
tion dataset can provide an unbiased evaluation of a model
fit on the training dataset while tuning the model’s hyper-
parameters [36, 37]. This dataset is used for minimizing
the overfitting problem. In addition, in order to check the
accuracy of training results, 90 test dataset is used. The neu-
ral network is improved for fast learning by Quai-Newton
method which is an optimization algorithm based on Taylor
series expansion. It can be seen that the estimated distances
according to the neural network and the true distances coin-
cide well with each other. The distances of AE source from
three sensors can be well estimated using the trained weights
of the hidden layers. The AE source locations can be pre-
dicted through the improved areal coordinate-based AE
source localization method using the estimated distances.

4.2. Results and Analysis. The AE source locations in the test
area were calculated using the generalized areal coordinates
and ANN-based AE source localization algorithm described
above. One example of the detected AE signals is shown in
Figure 9.

The exampled localization results of this experiment are
shown in Figure 10. In this illustration, the triangle marker
“△” represents the actual coordinate of the AE source, aster-
isk marker “∗” represents the predicted coordinate of the AE
source determined by the traditional areal coordinate-based
localization method, and plus marker “+” represents the pre-
dicted coordinate of the AE source determined by the new
generalized areal coordinate-based localization method.
From the experimental results, we can find that the plus
markers “+” are always nearer to the triangle markers “△”
than the asterisk markers “∗,” which means that compared
with the localization results of traditional method, the results
of new method have a better performance in coinciding with
the actual AE source locations.

The coordinates of 30 AE source locations in test dataset
are shown in Table 2. Figure 11 illustrates the results of loca-
tion errors using the traditional method and our proposed
new method. The experimental results show that AE source
positions N-8, N-11, N-13, N-27, and N-28 have larger

errors than other positions (>25mm). The larger errors are
all resulted by using the traditional method. The maximum
localization error obtained using the proposed method is less
than 15mm. Therefore, the proposed new method was
found to have higher accuracy in practical AE source local-
ization application. It can be seen that the distribution of
localization error is consistent with the estimated error in
Section 3. This error seems to be mainly attributed to the
locations of these points on the edge of the test area. To
expand the coverage area, additional PZT sensors can be
used to supplement the limitations. In addition, by adding
an appropriate amount of PZT sensors, the positioning per-
formance of this method can be improved.

Figure 12 shows the mean localization errors and stan-
dard deviations for the location results of 30 AE sources
determined by the two methods. It can be seen that the mean
localization error and standard deviation of the proposed
method are both smaller than those of the traditional
method, which further demonstrates the proposed method
holds a more stable and higher location accuracy than the
traditional method. In addition, the mean localization error
(3.64mm) and the standard deviation (2.61mm) of the
new method are less than the traditional method
(11.23mm and 10.67mm). Therefore, compared with the
traditional method, the location accuracy and stability of
the proposed method are improved by 67.55% and 75.46%,
respectively.

Table 2: The AE source location coordinates (unit: mm).

No. Actual coordinate No. Actual coordinate No. Actual coordinate No. Actual coordinate No. Actual coordinate

N-1 (-250, 200) N-2 (-150, 200) N-3 (-50, 200) N-4 (50, 200) N-5 (150, 200)

N-6 (250, 200) N-7 (-250, 100) N-8 (-150, 100) N-9 (-50, 100) N-10 (50, 100)

N-11 (150, 100) N-12 (250, 100) N-13 (-250, 0) N-14 (-150, 0) N-15 (-50, 0)

N-16 (50, 0) N-17 (150, 0) N-18 (250, 0) N-19 (-250, -100) N-20 (-150, -100)

N-21 (-50, -100) N-22 (50, -100) N-23 (150, -100) N-24 (250, -100) N-25 (-250, -200)

N-26 (-150, -200) N-27 (-50, -200) N-28 (50, -200) N-29 (150, -200) N-30 (250, -200)
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Figure 11: The localization errors of 30 AE sources.
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5. Conclusion

This study proposes an improved approach for localization of
the potentially defect source in structural material using AE
technique. Compared with the traditional AE source localiza-
tion algorithms, the proposed method has higher location
accuracy and more excellent stability. Besides, considering
the measurement error makes the model more robust, which
greatly improves the performance of AE source localization
in practical engineering applications. This method also adopts
a neural network structure to estimate the damage distances
from AE sensors, which makes the method completely get
rid of the reliance on premeasured wave velocity. A total of
14641 AE source location simulation cases are carried out to
validate the proposed method. The simulation results indicate
that the AE sources could be effectively located, even under
various measurement error conditions. Compared with tradi-
tional method with no measurement error and the traditional
methods with measurement errors, the proposed method
achieved a higher accuracy. In addition, the feasibility of the
proposed approach is experimentally verified on the AE
source localization system. The experiment results show that
the mean localization error of 3.64mm and the standard devi-
ation of 2.61mm are obtained, which are 67.55% and 75.46%
higher than those of the traditional method.

Although the proposed approach realizes the localization
of the AE sources in the structural material, there are still
some limitations. For example, if there are untrained nor-
malized amplitude values of the collected AE signals, there
will be error location predictions. In future work, we will fur-
ther expand the AE signal training dataset and use more
novel machine learning methods to optimize the AE source
localization approach.
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