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Abstract

Introduction: Conventional leak detection methods are costly and
time-consuming, so attention has recently been drawn to methods
that detect leakage by network modeling comprehensively.

Methods: In these methods, the difference between the measured
pressure and flow rate and those obtained by the model is
minimized as a fitness function by calibrating the network and
adjusting the nodal demands. It has been established by analysis
that the fitness function in itself cannot be a good guide to achieving
the minimum point. This drawback was solved by using the ACO
method. In addition to the fitness, this method employs a parameter
called heuristic guidance to improve its capabilities.

Results: This research compared three ACO-based optimization
methods. The first was ACO with fixed heuristic guidance already
introduced in the literature. In the second method, the heuristic
guidance varies by the values of the observed pressures and
pressure decline versus the no-leak state. The third is studied and
compared by integrating SSEM and ACO models. These methods
were investigated on a network derived from the literature and the
Birjand network.

Conclusion: The results revealed that the methods proposed here
achieved more precise results in a shorter time and with fewer
iterations.
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Leakage detection of water distribution networks using integrated model of ant colony optimization (ACO)

Extended Abstract

Introduction

Although local leak detection methods are
accurate enough in some conditions, they
are costly and time-consuming and are not
effective enough in some cases [2]. So,
another group of leak detection methods
that are based on network modeling have
provoked interest. These methods search
leaks throughout the network-by-network
modeling and calibration. Networks are
modeled and analyzed by these methods in
the transient [5, 6] and steady [7-10] states.
In the calibration process, there are as many
unknown pipes' roughness as the number of
nodes in the consumption network
(assuming the assignment of demands to
nodes) and the number of network pipes, so
some extra measurements will be required
to determine the network [15], but there is
practically no such a huge volume of
information about the network. This paper
detects leaks without using the grouping of
nodes to reduce unknowns and/or using
different loadings to increase the number of
equations and solves the problem in a
completely indeterminate state.
Accordingly, data on network pressure and
flow rate are extracted only once and
simultaneously, and the adjusted nodal
demand values will be obtained for this time.
In this research, the demand is calibrated for
each node only once, so the leak amount is
considered the unknown parameter.

Network calibration methods are divided
into three groups: explicit, iterative, and
implicit methods [20]. The optimization
methods most widely used in network
calibration are metaheuristic methods, an
example of which is the genetic algorithm
(GA) [21-23]. This research focuses on
improving ACO capabilities by modifying the
selection of heuristic guidance parameters
and integrating ACO and SSEM on a
hypothetical network. To this end, the ant
colony optimization (ACO) program was
developed in the MATLAB environment, and
the network was analyzed in this
environment by dynamically relating this
environment to EPANET software. The SSEM
analysis was also performed by deriving the
results of each step manually. The

adjustment parameter in this research was
the leak amount, and the difference between
the base and adjusted flow rates was
considered the leak.

Materials and Methods

Calibration in a water distribution network
aims to determine its real parameters. This
parameter in this research is the extra nodal
demands, i.e., the leak at each node, which is
defined specifically for each node. The ant
colony optimization (ACO) method was
proposed by Dorigo in 1992 inspired by the
life of real ants [26, 27] and was developed
by other researchers. This method has been
used in a slightly modified form to solve
engineering optimization problems and has
proven its performance well [28].
Parameters in ACO are adjusted in a discrete
space. Leakage in a network reduces
pressure in its nodes. The greatest pressure
decline is related to the node that has
leakage, and as one moves away from the
leakage point, the pressure decline
decreases. This feature is used to guide the
leak detection program toward finding the
right leakage position. These data are
applied to the ACO program by the
parameter of heuristic guidance. The step-
by-step elimination method (SSEM) was
proposed by Nasirian and Faghfour
Maghrebi [24]. This method increased the
ability of GA in terms of the accuracy of
results and the speed of reaching the
solution on hypothetical and experimental
networks. This paper used this method by
integrating it with the ACO method after
some slight modifications. Optimization by
this method proceeds through two phases:
ePhase 1, optimization with ACO: The
network is analyzed to adjust the demand
parameter by the ACO program for a
predetermined number. The value of the
fitness function and the adjusted demands
are registered. The solutions are ordered in
terms of their fitness.

ePhase 2, elimination of nodes: The most
important step is to discard nodes from the
set of nodes with the adjusted parameter in
which there is surely no leakage. Thus, a set
of the best solutions, which includes
solutions with lower fitness, is selected, and
the values of leakages detected in each node
in different analyses are averaged. The
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nodes with lower detected mean leakage are
removed from the set of suspiciously leaking
nodes.

Findings

Network 1:

To check the accuracy and precision of the
calculations, a network called the Anytown
model in the literature was used. This
network was used by Valeski et al. [29] . The
network is first modeled in the EPANET
software. Then, the number of network
nodes, pressure gauges, the amount of nodal
demand of each node are fed into the
program developed in MATLAB. Then, a
dynamic connection is built between the two
software packages for the data of hydraulic
analyses to be sent to MATLAB. In this
research, the nodal demands were divided
into five groups, so five different loadings
were used for analysis and the network was
analyzed as a determinate one [30-32]. The
network was analyzed in two states: one
with no leak and the other with two leaks.
The results showed that the pressure
decreased in all nodes in the case of leakage
versus the case of no leakage.

Leak detection based on calibration aims to
adjust demands at nodes such that the
pressure obtained from analyses is equal to
the observed values. Also, the input flow rate
of the network was introduced to the
optimization program as observations. ACO
optimization was performed with various
values of heuristic guidance. In the case of
pressure gauging at all nodes, with no extra
information, the leakage point will be
detected based on the observed decline.
Since the problem is based on a random
process, it cannot be evaluated precisely
with only a few analyses, but it can generally
be observed that expectedly the number of
iterations and the time required to achieve
the solution decrease significantly when the
variable heuristic guidance method as per
the rate of decline is used.

So far, the extent and position of leakage
were studied by using ACO. Now, the
network is re-assessed by SSEM. It was
observed that ACO could readily find the
optimal solution in this network, so the input
flow rate observations are discarded from

the set of observations. Now, the leak is
detected in these conditions by eliminating
the nodes with no leakage step-by-step. The
amount of leakage detected in different
nodes is evaluated by checking the mean
number of good solutions.

Network 2:

The network studied in this section is a
district of Birjand. The leak in this network
was detected by two methods of ACO and
SSEM. In large networks that have many
nodes, the search space is huge and it is
difficult to find the optimal point. On the
other hand, since the number of pressure
gauges that can be mounted in the network
is limited, if all nodes are introduced as the
leak candidate, there will be many right
answers.

Conclusion

Based on the results of the network analysis,
the amount and position of leakage by
network calibration can be derived in a
steady state. This paper proved the
capability of ACO in finding the optimal
answer with fewer iterations and in a
shorter time. Based on the results, achieving
good fitness cannot guarantee good leak
detection. The analysis of the results with
fixed and variable heuristic guidance
indicated that with this parameter, the data
on observed pressure decline at the pressure
gauging place can effectively be used to
improve leak detection. The results also
showed that the hybrid ACO and SSEM
method could significantly enhance the
accuracy and speed of the method.
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