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Abstract: The subject of pipeline monitoring for a timely response in the case of leakage has raised
intense interest and numerous leak localization methods have been presented in the literature.
However, most approaches focus more on the performance of the methods themselves and not on
their implementation on a typical embedded system and the way that the main system parameters
affect its operation. The present paper aims to contribute to this field. Specifically, an acoustic leak
localization method, developed in our previous research, is implemented in C++ on the Raspberry
Pi 4B platform. The main system parameters are defined and certain trade-offs between them
are examined. These trade-offs concern three basic metrics: the leak localization accuracy, the
execution time of the algorithm, and the memory consumption, which rely on the values of the
system parameters. Based on the targeted application, the importance of each of the aforementioned
metrics can vary. For this reason, an evaluation function, equipped with user-defined weighting
coefficients corresponding to the three metrics, is constructed in this paper. With the help of this
function, a given parameter combination can be evaluated and the decision about its utilization in a
certain application can be made.

Keywords: embedded systems; parameter configuration; performance trade-offs; evaluation function;
acoustic leak localization

1. Introduction

Pipeline networks are widely used in several different fields. They provide a safe
and practical way to transport fluid products of any kind and they are encountered in
many applications. However, a number of factors can affect the state of the pipelines and
cause damage, which leads to the occurrence of leaks. Some typical examples of problems
associated with leakages are the existence of defective valves or other faulty equipment,
badly attached measuring instruments, corrosion of the pipe material, excavation accidents,
or even intentional puncturing of the pipelines by third parties in an attempt to steal the
carried product.

Pipeline leaks have serious consequences since they result in product loss (with an
obvious financial impact), environmental pollution, disturbance of the surrounding fauna
and even hazardous accidents. For this reason, extensive research has been conducted
over the years, concerning the development of effective leak detection and localization
methods [1-4]. These methods can rely on several physical phenomena from different
areas, like optics [5-9], thermodynamics [10-14], acoustics [15-26], etc.

In the field of acoustics, that our research focuses on, numerous techniques have been
reported in the literature. Na et al. [17] presented an adaptive leak localization method
based on the Generalized Cross-Correlation (GCC) algorithm, which is needed for the
estimation of the Time-Difference-Of-Arrival (TDOA) between the acoustic leak signals
acquired by the installed sensors. However, as the authors stated, leak signals are usually
corrupted by external noise, which results in a less accurate calculation of the leak position.
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In order to improve the localization accuracy, the authors combine the GCC algorithm with
a Back-Propagation Neural Network (BPNN).

Li et al. [19] proposed an acoustic leak localization method, which relies on the utiliza-
tion of the Cross-Time-Frequency Spectrum (CTFS) of the leak signals for the estimation
of the leak position. Specifically, the coordinates of the peak of the CTFS are a time value
and a frequency value. The time value is considered as the TDOA between the leak signals
and the frequency corresponds to a certain value for the acoustic velocity, through the
dispersion curve of the dominant wave mode. Then, the TDOA and velocity values are
used for the calculation of the leak position. As the authors explained, this approach
provides better localization accuracy than the traditional cross-correlation technique.

On the other hand, Ting et al. [23] proposed an acoustic method that presents improved
localization results in comparison to other conventional methods. They used the Dual-Tree
Complex Wavelet Transform (DTCWT) in order to suppress the ambient noise from the leak
signals before applying the cross-correlation algorithm to them, thus enhancing the accuracy
of the TDOA estimation. Furthermore, Quy et al. [24] presented a leak localization method
that detects Acoustic Emission (AE) bursts in the leak signals via adaptive thresholds and
uses them to identify the position of the leak point by combining a wave propagation
model with signal processing. This way they achieved lower localization error than other
reported methods.

As can be observed from the discussion above, in the procedure of designing a leak
localization method, researchers mainly focus on certain factors impacting the effectiveness
of the method in the estimation of the leak position and try to provide solutions that
increase the localization accuracy. However, another important aspect that needs to be
considered is the implementation of the developed method on the available hardware.
When a real-time leak monitoring system is placed permanently on a pipeline, a very
common approach is to build it by installing several autonomous nodes, which are able to
communicate with each other, conduct measurements and process the acquired leak data.
These nodes are typical examples of embedded systems. Hence, apart from the accuracy in
the calculation of the leak position, a study about the performance of the designed method
on the employed embedded system should also be conducted.

Despite its importance, this kind of study is usually not included in the relevant
literature. So, the goal of the present article is to contribute to this area. For this reason,
an acoustic leak localization method is implemented on a typical embedded system. This
method, which was designed and presented in our previous work [27], relies on the
installation of two accelerometer sensors at both ends of the pipeline under protection and
on the utilization of a certain localization algorithm that combines the cross-correlation
technique with temporal and spectral segmentation of the leak signals. In the present paper,
this method is implemented in C++ on the Raspberry Pi 4B [28] hardware platform. Then,
the main parameters of this embedded system are taken into consideration and certain
trade-offs are examined. Specifically, a study is conducted about the impact that the values
of the system parameters have on three different metrics: (a) the localization error, (b) the
execution time of the method on the employed hardware platform, and (c) the memory
consumption. Another important metric could be the energy consumed by the embedded
system. However, the energy is directly associated with the execution time (i.e., larger
execution time leads to higher energy consumption) and, therefore, it is not considered an
independent metric. An evaluation function is constructed, based on which a success rate is
attributed to a given parameter combination, thus providing an idea about its effectiveness
in a certain application. Moreover, experimental results about the aforementioned trade-
offs are presented, with the help of real leak measurements conducted on a laboratory
pipeline setup, and certain conclusions are drawn.

2. Materials and Methods

As mentioned earlier, for the study conducted in this paper, an acoustic leak localiza-
tion method was implemented on the employed embedded system. Since this method was
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described thoroughly in [27], here we will just review its main steps, because we are going
to need some of its basic concepts when we define the system parameters. This method
uses the recorded acoustic leak signals from two accelerometer sensors mounted externally
on the pipe surface at a distance L between them, as shown in Figure 1. The basic steps of
the method are the following:

Processing
system

Data
Acquisition
Unit

Sensor 1 Sensor 2

<& ((« & ) €,

A
-
vy

Figure 1. Sensor placement for acoustic leak localization.

Step 1: The acoustic signals acquired by the two sensors are segmented into a number
of Nr equally sized spectral bands, via FIR filters.
Step 2: The signal in each spectral band is fragmented into N1 temporal portions.

Step 3: Each portion of each spectral band from Sensor 1 is cross-correlated with
its corresponding portion from Sensor 2. At the end of this step, Nt values for the
time lag An (expressed in samples) between the signals from the two sensors are
produced in each spectral band. The time lag An (An = Fg-At), along with the value
of the propagation velocity of the vibroacoustic waves, are crucial for the successful
estimation of the leak position.

Step 4: The An values considered as outliers are rejected and then from the ones that
remain, the dominant An value (i.e., the most frequently appeared) in each spectral
band is selected. This can be expressed mathematically as follows:

Nr
An; = ]]\4111 [argmax (R;;)] (1)
where R;; is the cross-correlation function between the corresponding portions (men-
tioned in Step 3) of the signals, An; is the dominant An value of the ith band and MF is
defined as an operator that extracts the dominant An value of each spectral band, after
rejecting the outliers. Then, an estimation (x;) of the leak position is derived for each
band, based on the following relationship:

1 An; 1 Nr
= (L) = Rl MF Ry 2
X 2( + ¢ e ) 2FS{ 5L+ ¢; Ml [argmax ( l])}} )

where Fg is the sampling frequency and c; is the propagation velocity of the acoustic
waves for the ith band.
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e  Step 5: The final value of the leak position (x) is calculated as a weighted mean of the
position estimates (i.e., the x;’s) from all the spectral bands, by using the following equation:

N Nr Nt
Y xw; ‘21 FsL+c; - ]]\/_If largmax (Ryj) ] pw;
_ i1 _i= -
x =5 =x= N ®3)
L wj 2Fs - ). wj
i=1 i=1

where w; is the weighting coefficient of the ith spectral band. The weighting coefficients
are derived in the preliminary stage of the localization method, as described in [27].

This method presents efficient leak localization results, compared to other relevant
methods in the literature, with an average localization error of 4.3%.

The embedded system on which the leak localization method described above was
implemented is the Raspberry Pi 4 (Model B) hardware platform shown in Figure 2. This
platform contains a 64-bit quad-core ARM Cortex-A72 processor at 1.5 GHz, 4 GB RAM,
a micro-SD card used both for data storing and for the operating system (i.e., Raspbian
0S), as well as a number of different interfaces, like HDMI, Ethernet, USB connectors, a
40-pin GPIO (General Purpose Input/Output) header, etc. The localization method was
implemented on this particular platform by using the C++ programming language.

Figure 2. Raspberry Pi 4 (Model B) hardware platform.

The main parameters of the employed embedded system that were taken into consid-
eration in this study are the following:

i WE: the width of the spectral bands (in Hz).

ii. Wr: the width of the temporal portions (in samples).

iii. Dur: the duration of the leak measurements (in samples).

iv. Fs: the sampling frequency (in Hz).

V. Bits: the number of bits in the representation of the sample values.

vi. Taps: the number of taps of the designed FIR filters.

The values of the aforementioned parameters have an impact on the functionality of
the system, since they affect the quality of the results (i.e., localization accuracy), as well as
the system performance, which includes the execution time, the energy consumption, and
the memory consumption. Due to the direct connection between the execution time and
the energy consumption, as explained in the introduction, the following three independent
metrics are selected for the present study: (a) the localization error, (b) the execution time,
and (c) the memory consumption. Then, different combinations for the values of the system
parameters are employed and certain trade-offs between them are examined.

In order to obtain some quantitative results about the studied trade-offs, an evaluation
function is constructed. This function uses the three metrics as its independent variables
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and the value of the function serves as the success rate for the employed combination of the
three metrics. However, since the values of the metrics are directly related to the selected
configuration of the system parameters, the evaluation function can provide a rating for a
given parameter configuration.

In the present study, we define the evaluation function (F,) as follows:

_E _ T _ M
Foo(E,T,M)=A1-¢e Fo+Ap-e o +Az-¢ M 4)

where E is the localization error; T is the execution time; M is the memory consumption;
and Ey, Ty, and My are constants. Moreover, the quantities A;, Ay, and A3 are constant
coefficients, whose values are defined based on the targeted application. For example, if
the leak localization accuracy is of major importance, the coefficient A; (for the localization
error) will be greater than the other two. On the other hand, if we have an application where
the quick response of the leak localization system is of the essence, then the coefficient A,
(for the execution time) will have the largest value, and so on. The three coefficients A1, A
and Aj satisfy the following normalization gauge:

Ai=1 )

3
=1

So that the evaluation function is bounded between the values 0 and 1. The value
“Fep = 1”7 corresponds to a perfect score (ideal case) and the value “F,, = 0” to the exact
opposite (worst case). When a certain parameter combination is selected, the values of the
localization error, the execution time, and the memory consumption are carried out and
then they are inserted into the evaluation function in order to calculate the score that will
be assigned to this combination, based on Equation (4).

The evaluation function in the present study was designed to have an exponential
form. The reason for this is that we want the evaluation to be somewhat stricter at the region
of interest, which is the area where the score achieved for a given parameter combination
is above a certain level defined by the user. Additionally, the values of the constants E,
Ty, and My can be configured properly in order to regulate the steepness of the evaluation
function curve and, consequently, define the region of interest. In this study, these values
are the following: Eg = 50%, Ty = 240 s, and My = 8192 KB. When the localization error,
the execution time, and the memory consumption reach the values of Ey, Ty, and M,
respectively, the score achieved by the evaluation function drops to 1/e ~ 0.37.

3. Results

The study of the system parameters in this article was conducted based on real leak
measurements from a laboratory pipeline setup. This setup includes a 3 % inch steel pipeline
containing water, with a total length of 90 m, which forms a closed circuit. An expansion
tank is used for the regulation of the pressure inside the pipe. A circulator is employed in
order to adjust the flow rate of the water at the desired value. Moreover, three valves with
configurable orifice diameters are utilized for the emulation of leaks. The two accelerometer
sensors were mounted on the pipe at a distance L = 66.83 m between them, as shown in
Figure 3. In the same figure the positions of the leak points, with respect to the location
of the first sensor, are presented as well. Additionally, it should be noted that recorded
noise from the Hellenic Petroleum [29] refinery in Thessaloniki was added to the leak
measurements in order to emulate the actual conditions in the field.
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Leak B 18.20 m
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To expansion tank

Figure 3. A section of the laboratory pipeline (on the left) and a schematic of its full topology along
with the locations of the leak points (on the right).

In this paper, three different leak diameters were employed: 3 mm, 5 mm, and 7 mm.
Initially, a 3 mm leak measurement is used in order to conduct a first examination of
the system parameters. Specifically, the following values were assigned to the system
parameters during this procedure:

i. For Wr: 32,768 samples, 65,536 samples, 131,072 samples, and 262,144 samples.
ii. For Wg: 800 Hz and 1600 Hz.

iii. For Dur: 131,072 samples, 262,144 samples, and 524,288 samples.

iv. For Fg: 12.8 kHz and 25.6 kHz.

V. For Bits: 10, 16, and 24.

Vi. For Taps: 47 and 63.

By using the values mentioned above, a number of 144 parameter combinations were
formed (this number is less than the total number of the possible combinations that would
be obtained if we used all the different values for all parameters because some values
cannot be combined with some others). From the derived combinations, the ones that
provided the most efficient performance were selected for further examination, with the
help of the evaluation function. The selected parameter combinations were applied on
all three leak diameters and the obtained results are presented in Tables 1-10. In these
tables, the values of the system parameters are presented on the left side. In the middle,
the location and diameter of each leak along with the execution time, the estimated leak
position, and the localization error for each leak case can be observed and, on the right side,
the average error, the average execution time, and the memory consumption for the given
parameter combination are included.
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Table 1. Parameter combination 1.

Parameter Values Leak Execution Time Estimated Leak Position Localization Error

3 mm-B 16s 19.29 m 1.6%

3 mm-C 16s 21.56 m 0.5%
Wr = 65,536 Samp. 0
Wr = 800 Hz 5 mm-A 16s 19.27 m 6.1%
Bits =24 5 mm-B 16s 18.30 m 0.1% Average error: 3.1%
Fs =25.6 kHz 5 mm-C 16s 20.44 m 1.2% Average execution time: 16 s
Dur = 262,144 Samp. - . Memory: 1.5 MB
Taps = 47 7 mm-A 16s 16.26 m 1.6%

7 mm-B 16s 25.00 m 10.2%

7 mm-C 16s 23.54 m 3.5%

Table 2. Parameter combination 2.

Parameter Values Leak Execution Time Estimated Leak Position Localization Error
3 mm-B 6s 21.24 m 4.6%
3 mm-C 6s 1721 m 6.0%
Wr = 32,768 Samp. S
WF =800 Hz 5 mm-A 6s 15.20 m 0.0%
Bits =24 5 mm-B 6s 23.17 m 7.4% Average error: 6.4%
Fs =12.8 kHz Execution time: 6 s
- 22.1 1.59
Dur - 262,144 Samp, | ™€ 6s Sm 2% Memory: 1.5 MB
Taps = 63 7 mm-A 6s 19.63 m 6.6%
7 mm-B 6s 27.12m 13.3%
7 mm-C 6s 29.05 m 11.7%

Table 3. Parameter combination 3.

Parameter Values Leak Execution Time Estimated Leak Position Localization Error

3 mm-B 16s 19.50 m 1.9%

3 mm-C 16s 20.56 m 1.0%
Wr = 65,536 Samp. S
WEg =800 Hz 5 mm-A 16s 19.27 m 6.1%
Bits =16 5 mm-B 16s 18.30 m 0.1% Average error: 3.6%
Fs = 25.6 kHz N o Execution time: 16 s
Dur = 262,144 Samp. 5 mm-C 16s 19.65 m 2.3% Mermory: 1 MB
Taps = 47 7 mm-A 16s 16.26 m 1.6%

7 mm-B 16s 26.36 m 12.2%

7 mm-C 16s 23.54 m 3.5%

Table 4. Parameter combination 4.

Parameter Values Leak Execution Time Estimated Leak Position Localization Error

3 mm-B 16s 17.09 m 1.7%

3 mm-C 16s 20.46 m 1.1%
Wr = 65,536 Samp.
Wp = 1600 Hz 5 mm-A 16s 22.06 m 10.3%
Bits =10 5 mm-B 16s 15.89 m 3.5% Average error: 5.8%
Fs = 25.6 kHz 5 mm-C 16 s 21.09 m 0.2% Execution time: 16 s
Dur = 524,288 Samp. Memory: 1.25 MB
Taps = 47 7 mm-A 16s 15.89 m 1.0%

7 mm-B 16s 28.24 m 15.0%

7 mm-C 16s 30.50 m 13.9%
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Table 5. Parameter combination 5.

Parameter Values Leak Execution Time Estimated Leak Position Localization Error

3 mm-B 57s 16.39 m 2.7%

3 mm-C 57s 21.23 m 0.0%
Wr = 131,072 Samp. 0
Wi = 800 Hz 5mm-A 57s 1641 m 1.8%
Bits =24 5 mm-B 57s 19.11 m 1.4% Average error: 2.5%
Fs =25.6 kHz 5 mm-C 57s 22.88m 2.5% Execution time: 57 s
Dur = 524,288 Samp. Memory: 3 MB
Taps = 47 7 mm-A 57s 13.45 m 2.6%

7 mm-B 57s 22.88 m 7.0%

7 mm-C 57s 22.61 m 2.1%

Table 6. Parameter combination 6.

Parameter Values Leak Execution Time Estimated Leak Position Localization Error

3 mm-B 29s 15.49 m 4.1%

3 mm-C 29s 20.40 m 1.2%
Wr = 131,072 Samp. S
WF =800 Hz 5 mm-A 29s 21.37 m 9.2%
Bits = 24 5 mm-B 29s 19.72m 2.3% Average error: 4.6%
Fs =25.6 kHz B 0 Execution time: 29 s
Dur = 262,144 Samp. 5 mm-C 29s 22.34 m 1.7% Memory: 1.5 MB
Taps = 63 7 mm-A 29s 17.65m 3.7%

7 mm-B 29s 24.98 m 10.1%

7 mm-C 29s 2411 m 4.3%

Table 7. Parameter combination 7.

Parameter Values Leak Execution Time Estimated Leak Position Localization Error

3 mm-B 8s 18.83 m 0.9%

3 mm-C 8s 21.44m 0.4%
Wr = 65,536 Samp. "
Wi = 800 Hz 5 mm-A 8s 17.00 m 2.7%
Bits =16 5 mm-B 8s 19.43 m 1.8% Average error: 1.9%
Fs =12.8 kHz Execution time: 8 s

- 20. .3% :

Dur = 262,144 Samp. 5mm-C 8s 0.99 m 0.3% Memory: 1 MB
Taps = 63 7 mm-A 8s 18.83 m 5.4%

7 mm-B 8s 17.33 m 1.3%

7 mm-C 8s 1944 m 2.6%

Table 8. Parameter combination 8.

Parameter Values Leak Execution Time Estimated Leak Position Localization Error

3 mm-B 28s 21.62m 5.1%

3 mm-C 28s 18.02 m 4.8%
Wr = 131,072 Samp. S
W = 800 Hz 5 mm-A 28s 1549 m 0.4%
Bits = 10 5 mm-B 28s 21.61 m 5.1% Average error: 4.0%
Fs =25.6 kHz 5 mm-C 28s 2097 m 0.4% Execution time: 28 s
Dur = 262,144 Samp. Memory: 640 KB
Taps =47 7 mm-A 28s 20.97 m 8.6%

7 mm-B 28s 22.19m 6.0%

7 mm-C 28's 20.07 m 1.7%
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Table 9. Parameter combination 9.

Parameter Values Leak Execution Time Estimated Leak Position Localization Error

3 mm-B 8s 19.46 m 1.9%

3 mm-C 8s 22.07 m 1.3%
Wr = 65,536 Samp. 5
Wi = 800 Hz 5 mm-A 8s 19.46 m 6.4%
Bits = 10 5 mm-B 8s 20.06 m 2.8% Average error: 2.9%
Fg =12.8kHz 5 mm-C 8s 2053 m 1.0% Execution time: 8 s
Dur = 262,144 Samp. Memory: 640 KB
Taps = 63 7 mm-A 8s 19.46 m 6.4%

7 mm-B 8s 17.00 m 1.8%

7 mm-C 8s 20.08 m 1.7%

Table 10. Parameter combination 10.

Parameter Values Leak Execution Time Estimated Leak Position Localization Error

3 mm-B 31s 12.37 m 8.7%

3 mm-C 31s 20.19 m 1.5%
Wr = 262,144 Samp.
WF =800 Hz 5 mm-A 31s 20.74 m 8.3%
Bits =24 5 mm-B 31s 20.55m 3.5% Average error: 4.7%
Fs =25.6 kHz 5 mm-C 31s 20.67 m 0.8% Execution time: 31 s
Dur = 262,144 Samp. Memory: 1.5 MB
Taps = 63 7 mm-A 31s 1448 m 1.5%

7 mm-B 31s 25.01 m 10.2%

7 mm-C 31s 23.09 m 2.8%

In the column named “Leak”, the following nomenclature was adopted: each leak
is named Xmm-Y, where X represents the diameter of the leak orifice (in mm) and Y
corresponds to the employed leak point, according to Figure 3. So, for example, 5 mm-A
is a 5 mm leak located at the point “Leak A” from Figure 3, 7 mm-B means a 7 mm leak
at the point “Leak B”, etc. Additionally, it should be mentioned that the 3 mm-A leak
was used in the leak localization method for the derivation of the weight coefficients and
the velocity values of the different spectral bands of the acoustic signals. Due to this, the
aforementioned leak always achieves perfect localization results (i.e., 0% error). So, in order
for the evaluation of the parameter combinations to be fair, the 3 mm-A leak was omitted
from Tables 1-10.

At this point, the values of the average localization error, the execution time, and the
memory consumption of each parameter combination in Tables 1-10 can be inserted into
the evaluation function in order to calculate the score for each combination. As explained
in the previous section of the article, the values of the quantities A;, Ay, and A3 can be
configured properly, according to the requirements of the targeted application. So, in
the following tables, three different sets of values for the aforementioned quantities were
formed and then the evaluation function was applied to each parameter combination.
Specifically, in the first set (Table 11), we have A; = 0.6 and A, = A3 = 0.2, thus giving more
emphasis on localization accuracy. This could be the case when the monitored pipeline is
located underground or in a remote place and, therefore, the accurate estimation of the leak
position is very important. In the second set (Table 12), the quantity A, has a value of 0.6,
while A1 = A3 = 0.2, so we focus on the execution time (and equivalently on the energy)
of the localization algorithm. A parameter combination that provides low execution time
would be very useful in certain applications such as in a pipeline system in a refinery,
where a timely response to a leak event that can prove hazardous is of the essence. Finally,
in the third set (Table 13), priority is given to memory consumption since the value of Aj is
equal to 0.6 and A; = Ay = 0.2. Such a set could be required when the embedded system
hosting the leak localization algorithm has limited memory capabilities.
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Table 11. Evaluating the parameter combinations presented in Tables 1-10 after setting A; = 0.6,
Ay =0.2, and Az = 0.2 in the evaluation function.

Combination Name Score Combination Name Score
Parameter combination 1 Fop, =0.92 Parameter combination 6 F., =0.89
Parameter combination 2 Fey =0.89 Parameter combination 7 Fep =0.95
Parameter combination 3 Fep =0.92 Parameter combination 8 Fep =0.92
Parameter combination 4 Fep =0.89 Parameter combination 9 Foy =0.94
Parameter combination 5 Fop =0.87 Parameter combination 10 Fep =0.89

Table 12. Evaluating the parameter combinations presented in Tables 1-10 after setting A; = 0.2,
Ay =0.6, and Az = 0.2 in the evaluation function.

Combination Name Score Combination Name Score
Parameter combination 1 Fep =0.92 Parameter combination 6 Fep =0.88
Parameter combination 2 F., =0.93 Parameter combination 7 F,p, =0.95
Parameter combination 3 Fep =0.92 Parameter combination 8 Fep =0.90
Parameter combination 4 F., =091 Parameter combination 9 F.p, =0.95
Parameter combination 5 Fey =0.80 Parameter combination 10 Fe, =0.88

Table 13. Evaluating the parameter combinations presented in Tables 1-10 after setting A; = 0.2,
A, =0.2, and A3 = 0.6 in the evaluation function.

Combination Name Score Combination Name Score
Parameter combination 1 Fep, =0.87 Parameter combination 6 Fep =0.86
Parameter combination 2 Fop =0.87 Parameter combination 7 Fep =0.92
Parameter combination 3 F., =0.90 Parameter combination 8 Fo,p =0.93
Parameter combination 4 Fep =0.88 Parameter combination 9 Fep =0.94
Parameter combination 5 F., =0.76 Parameter combination 10 F.o =0.86

As it can be observed by the score that the different parameter combinations achieve in
Tables 11-13, some combinations are better at localizing the leak point accurately, providing
low execution time or saving memory space, while others are effective in two or all three of
the aforementioned tasks. For example, parameter combination 2 provides the best results
in Table 12, where the emphasis is placed on the execution time. Parameter combination
5 achieves the highest score in Table 11, where the localization accuracy is prioritized, and
the lowest one in Table 13, where the focus is on memory consumption. On the other
hand, parameter combinations 7 and 9 achieve a high score in all situations. These two
combinations differ only in the number of bits. As shown in Tables 7 and 9, the execution
time is the same for the two combinations, as expected, but there is a slight difference
in the other two metrics. Specifically, parameter combination 7 (with 16 bits) provides
better localization accuracy, while parameter combination 9 (with 10 bits) leads to less
memory consumption. So, based on the requirements of the targeted application, the
proper combination can be selected.

4. Discussion

In this paper, a study concerning the impact of the parameter configuration on the
performance of an embedded system utilized for pipeline leak localization was presented.
Initially, six different system parameters are defined: (i) the width of the temporal portions of
the acoustic leak signals (derived from the segmentation of the signals in the time domain),
(ii) the width of the spectral bands (obtained by the segmentation of the signals in the frequency
domain), (iii) the duration of the leak measurements, (iv) the sampling frequency, (v) the
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number of bits used for the digital representation of the signal samples, and (vi) the number
of taps of the employed FIR filters. Then, a large number of different combinations from these
parameters were applied to leak measurements from a pipeline setup and certain trade-offs
were examined. Specifically, these trade-offs concern the following three metrics: (a) the
localization accuracy, (b) the execution time, and (c) the memory consumption. The energy
consumption of the embedded system was also taken into account, but since it is directly
connected to the execution time (varying similarly to the latter), it was not considered an
independent metric and, therefore, not included in the calculations.

From the studied parameter combinations, the ones that provided the most efficient
results were selected for further examination with the help of an evaluation function
constructed in this paper. This function includes user-defined coefficients that allow the
study to focus on certain metrics. The evaluation function was applied to the selected
parameter combinations and corresponding results were presented. From these results,
useful conclusions were drawn for the configuration of the system parameters in the
targeted applications.

The present article is a novel contribution to the relevant literature since the majority
of the published papers concerning the acoustic leak localization procedure emphasize only
the development of effective methods and not their implementation on available embedded
systems with certain capabilities and limitations. In future research, the study conducted in
this paper could be extended to cover other types of pipelines (e.g., plastic, ceramic, etc.)
and also different kinds of embedded systems.
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