
TELKOMNIKA Indonesian Journal of Electrical Engineering
Vol. 16, No. 1, October 2015, pp. 191 ∼ 199
DOI: 10.11591/telkomnika.v16.i1.8751 � 191

Optimal Placement of Sensors in Mission-specific
Mobile Sensor Networks

Hicham Ouchitachen1,*, Abdellatif Hair2, and Najlae Idrissi3
Sultan Moulay Slimane University, Faculty of Sciences and Techniques

1,2Applied Mathematics and Scientific Calculus Laboratory
3Information Processing Decision Support Laboratory

P.B. 523, Beni-Mellal, Morocco.
*h.ouchitachen@gmail.com

Abstract
Placement of nodes has been the major challenge in wireless sensor networks. The data reported

from a sensor is only useful when the position of that sensor is found. In this context, several techniques have
been proposed to conserve power consumption and to prolong the lifetime of the wireless sensor networks.
In this paper, we propose a new algorithm that accurately finds the best locations of sensors while minimizing
the average energy consumed in the network. More precisely, we consider a critical network in each sensor
satisfying its own missions and depending on its locations. In addition to fulfill their mission, the sensor
tries to maintain a good neighboring nodes quality. we determine the location of node by using two criteria:
the cost and the quality of communication. The aim of this work is to develop a new algorithm so as to
solve the complicated optimization problem posed in this case while minimize the total energy consumption.
Our simulation results demonstrate that our algorithm is very advantageous in terms of convergence to the
appropriate locations.
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1. Introduction
Wireless Sensor Networks (WSNs) [1, 2] are forecast to become highly integrated to our

daily activities [3]. The WSNs are becoming increasingly popular for monitoring spatial phenom-
ena. Indeed, they are deployed to collect data from the environment, process sensed data and
take action accordingly. Typical applications of the WSNs include environmental control such as
fire fighting or marine ground erosion, but also sensors installation on bridges or buildings to mon-
itor earthquake vibration patterns and various surveillance tasks such as intruder surveillance on
premises. Yet, it is still very early in the lifetime of such systems and many research challenges
exist, for instance their computational capabilities, limited storage, and especially their depen-
dence on a limited power supplied by a battery. The low power consumption is one of the major
challenges that face WSNs today.

Nodes of both sensor networks and conventional networks such as wireless LANs and
cellular networks, focus on providing a good communication quality, or getting letter quality ser-
vices, except that the nodes of the sensor networks are, moreover, interested in the satisfaction
of their missions. Thus we call those kinds of networks, critical networks, where the quality and
satisfaction of the mission of each node is very important to improve the overall performance of
critical networks mission. Monitoring in mission-critical environment with the deployment of WSNs
is one of the most widely-used application areas. Mission-critical environment implies monitoring
tasks that happened in locations which are difficult to get access to or easy to lead destroy of the
network deployment: scenarios in hazard and emergency monitoring situations such as chemical
pollution, environment-oriented pollutions and land security. In the near future it can be expected
that surveillance areas will be equipped with a range of smart sensors to provide parts of overall
event detection and service. Hence, in this class of networks, it is important to control the mobility
of a node by jointly considering its mission and communication quality, so as to improve the overall
performance, by controlling the mobility problem which is much difficult to study currently.
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Researchers have conducted investigations on WSNs at almost every layer of the com-
munication protocol stack. There exist several papers on efficient routing algorithms and data
aggregation techniques [4, 5], localization techniques [6, 7] and medium access control (MAC)
methods [8, 9]. In addition, researchers take advantage of the flexibility of WSNs by design-
ing protocols that positively affect energy consumption. The majority of researcher papers that
appeared until now consider sensor network to be static.

Recently, mobility control or node placement problems become the aim of researches
and studies in mobile sensor and ad hoc networks. In [10] and [11], the modeling transmission
power consumption was considered as a tool of studying problems of relay node placements
related to minimizing power consumption or maximizing network lifetime, via a function of the
distance between two nodes. In [12] and [13], a study of problems that place minimum number
of relay nodes as long as the constraints on node connectivity or traffic demands are satisfied.
In [14], a mobility control problem in ad hoc networks is studied to maximize the throughput
based on the IEEE 802.11 throughput analysis in [15] without considering the variation of the
link capacity according the distance change between two end nodes. In [16, 18], problems that
place relay nodes considering the throughput of the network are studied. In [16], considering
the probabilistic model for the positions of nodes, an algorithm for the relay node placement that
maximizes the throughput of the network is proposed. In [17], joint relay node placement and
assignment problem is studied. Once the relay node assignment is determined, the problem in
[17] is reduced to the problem of finding the optimal position of a single relay node while other
nodes that communicate with the relay node are assumed to be fixed. In [18], a cascaded network
in which relay nodes form a single chained communication flow is considered and a gradient-
based algorithm is proposed to control the position of relay nodes to maximize the minimum
throughput among those of all the links in the chain.

The work that we consider in this paper is clearly different in several critical aspects.
First, we consider a network with multiple nodes with controllable mobility in a mesh topology
in a two-dimensional space. In fact, the extension from a single node with controllable mobility
[16, 17, 19, 20] or from the chained topology [18, 21] to multiple nodes with controllable mobility
in a mesh topology is not straightforward.

The rest of the paper is organized as follows. Section 2 deals with mathematical modeling
of the problem. Section 3 describes numerical results. Conlusion is presented in section 4.

2. Research Method
2.1. Model network

In this section, we present our approache to solve the problem of optimal placement of
sensors in mobile wireless sensors network. We consider a WSNs (Fig.1) containing several
sensors managed by a base station (BS). The nodes satisfy their missions depending on their
locations. To accomplish their mission, the sensor nodes have to maintain a good quality of
communication with their neighbors, which also depends on their locations. Our objective is to
find the best locations of sensor nodes by developing Sensor’s Genetic Algorithm (SGA).

The choice of Genetic Algorithms (GA) in this work is motivated firstly by finding an algo-
rithm that permits to solve the non-convex optimization problems; GA impose no regularity on the
function studied (continuity, differentiability, convexity ...). Secondly by getting a robust algorithm
for looking for a solution very close to optimal or near-optimalsolution.

Thus, in order to solve the energetic constraint which is the main challenge of WSNs, the
optimization problem to be solved is formulated as follows :
We take n sensors caracterized each one by two cost functions: Mission and communication
costs. We then aim to minimize the total cost by choosing the best location of each sensor
calculated via SGA.

We suppose that a set of n sensors is deployed in a geographic area of interest to su-
pervise a given physical phenomenon. The topology of a WSNs is represented by the graph
G = (C,E), where C = {1, 2, ..., n} is a set of n sensors and E ⊂ C×C is the set of wireless links
between the various sensors. We denote Cv(i) the neighbor set of the sensor i. In the below, we
present the meanings of the notations used in our modeling.
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Figure 1. WSN architecture

Notations Meaning
C set of sensors
A set of active sensors
Cv(i) neighbor set of sensor i
Si area in where each sensor i can move freely
(xi, yi) current position of sensor i
(xs

i , y
s
i ) mission’s position of sensor i

(xc
i , y

c
i ) communication’s position of sensor i

(xop
i , yopi ) optimal location of sensor i

(xop
bs , y

op
bs ) optimal location of base station

dij distance between sensors i and j
dis distance between current and mission’s position of a sensor i
f c
ij(dij) cost of communication between sensors i et j
fs
i (dis) mission cost of sensor i.
c communication factor
s surveillance factor

2.2. Optimal placement of sensors
To minimize the energy consumed by all sensors considering the joint communication

and mission costs, we propose to find the optimal location (xop
i , yopi ) of each sensor by solving the

following optimization problem [22]:

min f(x, y) = Σisf
s
i (dis) + ΣiΣj∈Cv(i)

cf c
ij(dij) (1)
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subject of (xi, yi) ∈ Si ∀(i, j) ∈ C × Cv(i)

We put:

f c
i (dij) = Σj∈Cv(i)

f c
ij(dij) (2)

V = (x1, y1, x2, y2, ...., xn, yn) (3)

Fs(x, y) = Σif
s
i (dis) (4)

Fc(x, y) = Σif
c
i (dij) (5)

F (V ) = f(x, y) (6)

So (1) becomes:

minF (V ) = sFs(V ) + cFc(V ) (7)

subject of V ∈
∏n

i=1 Si

Proposed algorithm
To solve the optimization problem given by (7), we implement the following algorithm:

Data: (xm
i , ymi ),(xc

i , y
c
i ), i ∈ C

Result: (xop
i , yopi ), i ∈ C

initialization of population P ;
while No convergence do

P
′

:=Selection of parents in P ;
P

′
:= Apply the crossing operator on P

′
;

P
′

:= Apply the mutation operator on P
′
;

P
′

:= Replace old parents by their descendants P
′
;

Evaluate P
′
;

end
Algorithm 1: Algorithm SGA

Our algorithm starts by generating an initial population P and evaluating the adaptation
of all individuals in initial population. Then the individuals are randomly selected for reproduction
according to the principle of survival of the fittest. After that the children (or descendants) are
generated applying the following two genetic operators: crossover and mutation. Those children
are moved to a new population P

′
and will be replaced, in whole or in part, by the children of

previous generations. The new population of individuals will then take over from one generation
to the next, each representing a generation iteration until reaching the stopping criterion.

2.3. Optimal placement of base station
3. Result and Analysis

In this section, we provide numerical results given by our algorithm SGA used to find the
best locations of sensors. We set cost functions and parameters as follows [22]:
fs
ij(dis) = 5 exp(10−2dis − 1) , f c

ij(dij) = 100 exp(−1012 log2(106(dij))), and C = {1, 2, ..., 12}. We
consider a network in Fig.2, which consists of 12 nodes, where MP=(xs

i , y
s
i ) and CP=(xc

i , y
c
i )

denotes respectively the mission and communication’s position of each sensor i.
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Figure 2. Simulation topology

Figure 3 and Figure 4 illustrate that as the surveillance factor becomes larger, as each
node gets closer to its target location in order to reduce the cost of its mission, as the communi-
cation quality cost increases. On the other hand, as the communication factor becomes larger, as
each node gets closer to each other to reduce the communication cost, proceeding the increased
mission cost (surveillance).

Figure 3. Variation of communication cost

Figure 4. Variation of mission cost
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Figure 5. Performances of our algorithm

Figure 5 illustrate the comparaison of two cases with our proposed algorithm which are
as follows:
First case: each node updates its location considering only its mission(surveillance).
Second case: each node updates its location considering only its communication quality.
The best locations of sensors and the base station calculated respectively by using two algorithms
SGA and BGA are represented by the Figure 6.

Figure 6. Best locations of sensors given by SGA

Figure 7 shows clearly that, comparing to the Simulated Annealing (SA), our node place-
ment algorithm SGA can provide the appropriate location of each node according to the variation
of weight factors while minimizing the total weighted cost for missions and communication qual-
ities of all nodes. Our algorithm SGA is very advantageous in terms of convergence, this fact is
shown clearly in Figure 8.
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Figure 7. Convergence of objective function given by SGA

Figure 8. Number of iteration as function of mission factor given by SGA

4. Conclusion
In this paper, we proposed a novel algorithm to solve the optimization problem formulated

in order to find the optimal locations of sensors in mobile wireless sensor networks, where each
node tries to minimize the weighted sum of mission and communication cost in a distributed way.
Our approach is based on genetic algorithms. We show that, comparing to other techniques, our
algorithm is very advantageous in terms of convergence to the optimal solution. Numerical results
prove that our algorithm provides the appropriate location of each node by considering jointly the
cost of mission and the quality of communication.
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