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5 Region of interest
6 Connectivity
" High energy communication node
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1 Wireless sensor networks

2 Common collection point

3 Data sink

4 Sensor deployment problem
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5 Decomposition
6 Multi-objective evolutionary algorithm based on
decomposition
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1 Non-deterministic polynomial-time hard
2 Genetic algorithms

3 Multi-hop communication

4 Constraint handling technique
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2 Constrained Pareto-based multi-objective

evolutionary approach based on decomposition
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1 Constrained Pareto-based
evolutionary approach

multi-objective
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8 Pareto optimality
4 Dominate
5 Pareto optimal solutions
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3 Path loss exponent

4 Transmission quality parameter

S Power amplifier’s energy consumption
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Input: WSN parameters (number of sensor nodes (K ), communication range (Rc), sensing range

(Rs), corners of the ROI area (*»,*#), initial energy of sensor nodes (E )), a uniform spread of N

weight vectors (’11"""1N ), neighbourhood size (T ), population size and number of subproblems (N

), stopping criterion (the maximum number of generations N g )
Output: Pareto set (PS );

Step 1: Initialization:

Step 1.1:
Step 1.2:

Step 1.3:

Step 1.4:

Step 1.5:

Set PS =9,
Compute the Euclidean distances between each two weight
vectors and then find the T closest weight vectors to each weight

vector (in this condition, for each weight vector A" vectors

{/1"/17""’”} with indexes B =1l } are considered

Asthe T closest weight vectors to A );
Generate an initial population including N wireless sensor

networks, X X" according to the WSN parameters;

Compute the fitness values of generated WSNs (i.e.,

9™ (12 in Eq. (10)) and Set PV =9 14

Find the initial non-dominated set of solutions based on the
computed fitness values (i.e., the initial PS);

Step 2: Reproduction and Updating:

for

i=1to N

Step 2.1: Reproduction:

Randomly select two indexes k and ! from B(i)={i, i, }
and then generate a new WSN Y from two WSNs X" and
x' using the proposed CPMEA problem specific operators;

Step 2.2: Updating the subproblem solution:

for subproblem i, if 9" % 14) <07 (Y12) then
set X =Yand V' =97 (V14)

Step 2.3: Updating PS :

Remove all the vectors dominated by F ) from PS ;
Add FO) to PS if there is no vector in PS that dominates FO) ;

Step 3: Stopping criterion:
Stop and output PS | if the number of generations reaches its maximum

degree (i.e., N o ); otherwise, go to Step 2;
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2 Offspring

! Crossover operator
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Abstract

Wireless sensors deployment is considered as one of the major and fundamental steps of wireless sensor
networks (WSNs) design. One of the main challenges of sensors deployment is to find a trade-off between
conflicting and competing objectives of the WSN including network coverage and lifetime under connectivity
constraints. Besides, decomposition is a basic method in traditional multi-objective optimization and in recent
decades, it has also been used for optimizing multi-objective evolutionary problems. In this paper, a
constrained Pareto-based multi-objective evolutionary approach based on decomposition (CPMEA/D) is
proposed for solving the sensors optimal deployment problem in a WSN. The aim of this approach is to
decompose the multi-objective optimization problem into a number of scalar optimization subproblems and
then to optimize them simultaneously for finding the Pareto optimal layouts in which the network coverage is
maximized and the sensors energy consumption is minimized while the connectivity between each sensor node
and the high energy communication node (i.e. sink) is maintained. In this paper, the comparison of the
common performance metrics indicates that the proposed approach has made significant improvements on the
overall performance of the CPMEA. Moreover, the simulation results on a WSN test instance have shown the
superiority of the proposed approach (i.e. CPMEA/D) over the CPMEA and a diverse set of high quality

designed networks has been provided to facilitate decision maker’s choices.

Key words: Wireless Sensor Network, Deployment, Constrained Pareto-based Multi-objective Evolutionary Approach,

Optimization.
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