Spring 2021. Vol 14. Issue 48

Research Paper

Multi-Objective Optimization of Locating the Pollution
Detection Sensor in the Urban Water Distribution System
Using the Multi-Objective Optimization Algorithm of
Coordinated Search

Hamed Mazandaranzadeh !, Matin Hendoupour?2
1. Department of Water Sciences and Engineering, Imam Khomeini International University, Qazvin, Iran
2. Department of Water Sciences and Engineering, Imam Khomeini International University, Qazvin, Iran

: Abstract
Rea_eived: 2019.9.7 . Introduction: Following the terrorist attacks of September 11, 2001 in
Revised: 2020.9.21 : the United States, concern about the security of water distribution
Accepted: 2020.10.18 . systems has increased. Water distribution systems are highly vulnerable

. to intentional or accidental contamination, due to their physical and
: geographical characteristics. Such threats can affect public trust in the
: distribution system. Putting a contaminant warning system up, including
© sensors in the water distribution network, is a hopeful approach to
Use your device toscanandread  : disconnect water supply networks at the time of the occurrence of
the article online : pollution. Due to the high cost of purchasing, installation and
Ok = ¢ maintenance of such sensors, their location should be calculated by using

: optimization algorithms.
: : Materials and Methods: In this research, a multi-objective optimization
: model has been developed using harmony search algorithm to calculate
. the optimal location of detection sensors in water distribution systems
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: maximizing the coverage of sensors. The simulation of events in different
: scenarios is done by connecting the EPANET hydraulic model toolbox and
¢ the MATLAB software, and the second example of EPANET software is as

KeyWOI.‘(lS= . : the case study.
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Supply Network, EPANET. : and the optimal coverage is 26494 gallons per minute. By increasing the

: importance of optimal detection time to the increasing the sensor

: coverage, the detection time decreased by 32%, and the sensor coverage,

: by contrast, decreased by 26%.

. Conclusion: It seems that in situations where two criteria are of equal

: importance, one of the sensors is located in a crowded place to reduce the

: time of contamination detection and the other in the middle of the
network to increase network coverage.
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Introduction

The water distribution systems are
inherently exposed to deliberate or
accidental damage. In this regard, the
potential of contamination to penetrate the
water distribution system is worrying. It
should be noted that if the distribution
network is exposed to biological or chemical
contamination entering the system, this
would quickly lead to an irreparable risk to
life (1). For instance, the use of contaminated
drinking water in May 2000 in Ontario,
Canada, resulted in severe poisoning of
2,300 people (2). Although the water quality
is controlled in the water-treatment plants,
it can noticeably be altered during the
transfer process from the water-treatment
plant until it reaches consumers. Here, the
location of the contaminants entering the
network is unpredictable. Moreover, the
contaminants can enter the network from
several places simultaneously. Placing a
water contamination warning system such
as sensors in the water distribution network,
is a hopeful approach in order to stop the
water supply networks in the event of
contamination.

Regarding the high cost of purchasing,
installing, and maintaining such sensors,
their locations must accurately be chosen to
install them, such that the installation of
sensors could decrease the severity of
possible losses and damages. Although in the
last two decades, several methods have been
proposed by researchers with different
objectives to place sensors in the water
distribution network and many methods
have been developed to solve them, but
there is not an agreement among
researchers on objectives, methodology, and
other aspects of locating the sensors. This
paper aims to optimize the location of the
sensors based on two conflicting objectives:
minimizing the contamination detection
time as well as maximizing the sensor
coverage.

Materials and Methods
model in this paper, the multi-objective
optimization of harmony search algorithm is

utilized to obtain the optimal location of
contamination detection based on two
criteria: (a) minimizing the contamination
detection time and (b) maximizing the
sensor coverage. The initial population of
the harmony search algorithm is randomly
chosen among the nodes of the network, in
which the stop condition is also determined
to run the model until the best answer is not
improved during the last 500 repetitions.
Ultimately, Nash, Kalai-Smorovski and
Monotonic Area methods are employed to
select the final optimal point from the Pareto
front points.

By connecting EPANET software and
MATLAB software, an integrated model of
emission simulation-optimization is created.
The second example of EPANET software is
investigated as a case study. The proposed
network contains 36 nodes, 40 pipes, a
pumping station, and two sensors (see
Figure 1). In this network, three flow
patterns are predicted over 24 hours along
with one contamination injection pattern. It

is possible to place sensors in any of the
nodes. The initial contamination quality of
the nodes is assumed to be zero. Regarding
the existence of 36 nodes in the network as
well as the possibility of simultaneous attack
from two nodes, the number of possible
scenarios is equal to half the product of 36 in
35 and equal to 630 scenarios. The injection
mass of contamination is equal to a constant
value of 2 mg/l, and the duration of the
injection period is 6hr at the peak
consumption (8).

Findings and Discussion

The results of the Pareto optimal curve
indicate that the optimal location for the
sensor is nodes 25 and 11. The reason for
this can be attributed to the shape of the
network, as node 25 is located in a crowded
place, so that the installation of sensors at
this point will reduce the contamination
detection time. Besides, the location of node
11 in the middle of the network will increase
the  sensor coverage. While the
contamination detection time varies from
about 13,000 seconds to about 26,000
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seconds, the amount of network coverage
varies from about 15,000 to 36,000 gallons
per minute. In other words, a 100% increase
in the contamination detection time can be
resulted in a 140% increase in terms of the
network coverage. Furthermore, by
employing the optimal point selection
methods, the optimal contamination
detection time of 19296 seconds and the
optimal coverage of 26494 gallons per
minute are calculated.

Conclusion

The sensors should be installed in a location
that can detect the highest population
coverage, the shortest contamination
detection time, the least spread, and the least
amount of contaminated water used. As
such, the placement of the sensors can be
performed under different objectives. The
results revealed where two objectives are of
equal importance, one of the sensors is
located in a crowded place to decrease the
contamination detection time, whereas the
other is located in the middle of the network
to increase the network coverage. It should
be mentioned that as the importance of
objectives varies, the location of the sensors
changes to either the crowded or central
areas of the network as well.
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