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Abstract

In recent years, a new paradigm of sensor networks, mo-
bile sensor networks (MSNs), are emerging. They inherit all
the properties from static wireless sensor networks (WSNs)
and meanwhile have their own uniqueness, node mobility.
Cluster-based architecture in MSNs have the advantage of
providing scalable and resource efficient solutions. Thus,
finding an optimal way to generate clusters is an impor-
tant topic in MSNs. In this paper, we present a prediction-
based clustering algorithm for MSNs. Our proposed algo-
rithm uses adequate criterion for cluster-head election in
conjunction with heuristic predictors to generate steady and
balanced clusters. The results of the simulation experiments
clearly show the benefit of the proposed algorithm in terms
of network life time.

1 Introduction

A Wireless Sensor Network (WSN) consists of a large set
of wireless sensors deployed over a geographic area known
as the sensors field, to monitor specific characteristics of the
environment or characteristics of specific subjects immerse
in that environment. Wireless sensors are small devices with
limited resources: limited battery power, low memory, lit-
tle computing capability, very low data rates, low bandwidth
processing, variable link quality, etc. However, despite their
constraints, when the sensors are deployed in large numbers
they can provide us with a very real picture of the field being
sensed. Wireless sensors collect the data related to that phe-
nomena and forward it to a central unit for processing and
analysis. Examples of the data that can be collected include
temperature, humidity, light conditions, seismic activities,
etc. This data can be used to detect certain events and to
trigger activities. For example, sensors distributed over a
large woodland could automatically raise an alarm if a fire
has broken out somewhere [15]. When creating a WSN, in
most cases the sensors are deployed randomly in the sensor
field. Once deployed, the sensors communicate wirelessly
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among each other, and send the collected data towards a
central point called the base station or sink. This central
data collection point allows the processing of the collected
data and the connection of the WSN with other networks,
either WSN or other types of networks like a wired corpo-
rate network or the Internet.

The use of the WSN potential provides efficient and costs
effective solutions for several problems. However, it is nec-
essary to implement mechanisms or procedures to deal with
the sensors’ constraints. Due to the limitation of their phys-
ical size, the sensors tend to have storage space, energy
supply and communication bandwidth so limited that ev-
ery possible means of reducing the usage of these resources
is aggressively sought.

The use of clustering techniques has been proposed to
help solve some of those constraints, by allowing the orga-
nization of the sensors in a hierarchical manner, grouping
them into clusters and assigning specific tasks to the sen-
sors in the clusters, before forwarding the information to
higher levels. A cluster in WSN means to interconnect the
sensor nodes hierarchically in order to improve their perfor-
mance. Clusters provide reliability by having sensors tak-
ing over the workload of failing sensors. Clusters also im-
prove data aggregation mechanisms, reduce the workload
of each sensor to save energy and thus increase the overall
lifetime of the system The creation of clusters in a WSN
field is generally done taking into account the proximity be-
tween the sensors, measured through the radio frequency
signal they emit. Clustering helps solve some of the sen-
sors’ constraints by: reducing the cost of transmitting data
to base stations, reducing the power consumption in the de-
vices, facilitating the gathering of sensed data, maximizing
the routing process execution and allowing scalability, i.e.,
the concept of clustering is very useful in different contexts
of WSN.

Mobility in wireless sensor networks has attracted a lot
of attention in the recent years and has introduced unique
challenges in aspects like resource management, coverage,
routing protocols, security, etc. Thus, the next evolutionary
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step for sensor networks is to handle the mobility effect in
all its forms. Most of clustering protocols currently used
or proposed for WSN assume that the nodes are stationary
[12]. However, in applications like habitat monitoring (an-
imal tracking) or search and rescue, that assumption makes
those clustering mechanisms invalid, since the static nature
of sensors is not real. One of the reasons for the sensors to
be taken as stationary is because that assumption facilitates
the simplification of the clustering protocols, making them
have a very low overhead. It also avoids having to manage
the mobility patterns of the sensors and allows saving more
energy, since the localization information that the network
has to manage is very low.

In this paper, we propose a Distributed Clustering Algo-
rithm (DCA) which is based on the use of predicted com-
bined criteria metric. In DCA algorithm, the sensor calcu-
lates its combined criteria metric according to connectiv-
ity, coverage, mobility and residual energy, after that each
sensor node uses its history combined criteria information
to predict the current combined criteria based on heuristic
predictors. The sensor with the highest Predicted combined
criteria in its r — hop neighborhood will become the cluster-
head.

The rest of this paper is organized as follows. In section
2, the related work is discussed. The criteria and the heuris-
tic predictors are introduced in Section 3. Section 4 exhibits
the details of our approach. In Section 5, we evaluate the
performance of our approach via simulations and compare
the results with LEACH-M. Finally, Section 6 concludes the

paper.

2 Related Research

In this section we discuss the related work that has been
done in these areas.

Mobile sensor networks (MSNs) are a new paradigm of
WSNs that emerged a few years ago. In MSNs, nodes are
attached to certain mobile platforms and therefore obtain
the ability to geographically relocate themselves as needed.
Note that, unlike another mobility-enriched type of wireless
networks, mobile ad hoc [5, 6] networks (MANETS), where
node mobility is a uncontrolled interferential factor, MSNs
have it as a controllable asset [9, 10], by which they can
be tuned more intelligent and more flexible and adaptive to
their monitored environments than static WSNs. Kansal et
al [2] implement controlled node mobility to provide a sus-
tainable WSN, reviewing the potential advantages. How-
ever, the approach assumes mobility is restricted to prede-
fined cableways, and would not be suitable for the random
deployment applications. Small et al [7] consider a sim-
ilar approach by analyzing the WSN performance issues
from the development of an infestation model, where sensor
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nodes would use cableways to produce three dimensional
movements, with a view of optimizing coverage.

The use of clusters for transmitting data to the base sta-
tion leverages the advantages of small transmit distances for
most nodes, and having a smaller number of nodes ( Cluster
Head) transmitting data to the base station [13]. During the
establishment of the cluster, it is necessary to take into ac-
count aspects like: cluster size and form, how to select the
cluster head, how to control inter-cluster and intra-cluster
collisions, and energy saving issues. The design of the clus-
tering process [14] is one of the more important issues for
the correct functioning of the WSN, due to the probed effi-
ciency of using a hierarchical scheme for communications
between the network elements. Many clustering algorithms
and protocols have been proposed for WSN. A clustering
algorithm splits the network into disjoint sets of nodes each
centering on a chosen cluster-head. A good clustering im-
poses a regular, high-level structure on the network [3, 4].
In general, a clustering algorithm should partition the net-
work so that the nodes inside each cluster have high corre-
lation. This correlation can be spatial, temporal or based on
the data collected by the sensor.

Probably, the first and the better known cluster-based
routing protocol proposed was the Low Energy Adaptive
Clustering Hierarchy (LEACH) [8]. LEACH is a self-
organizing and adaptive clustering protocol. The energy
cost of data packets transmitting is distributed among all
sensor nodes in a random way. In LEACH, the nodes orga-
nize themselves into local clusters, with one node serving as
a local base station or cluster head. In this cluster scheme,
if the cluster heads are chosen a priori and fixed throughout
the system lifetime, it is easy to see that the unlucky sensor
nodes chosen to be cluster heads would die quickly. Thus,
LEACH includes randomized rotation of high-energy clus-
ter head nodes such that they rotate among the various sen-
sor nodes in order not to drain the battery of a fixed group
of nodes. In addition, LEACH performs local data fusing to
compress the amount of data being sent from cluster heads
to the base station, further reducing energy dissipation and
prolong the system lifetime. The hierarchical topology of
the network is similar to our approach. However, all the
sensors including the CH are static in LEACH.

LEACH-Mobile, in short LEACH-M [11] is a variation
of LEACH, which support node mobility. In LEACH-M
mobile nodes declare the membership of a cluster as they
move, and to confirm whether a mobile sensor node is
able to communicate with a specific cluster head within a
time slot allocated in TDMA schedule. This ensures dy-
namic joining and leaving of non-cluster mobile nodes in
the steady state phase, unlike [8] where cluster member-
ship is fixed after cluster formation. However, in LEACH-
M, clusters are dynamically formed every time the sen-
sor moves, giving rise to chance of overhead in the cluster
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maintenance.

The main difference between our work and LEACH-M is
that our work provides remarkable extending network life-
time and provides stable cluster formation decisions based
on predicted combined criterion metric

3. Predicted combined criterion metric

In this section, we will start by giving our criteria, which are
used to determine the combined criterion metric, then we in-
troduce three heuristic predictors which are used to predict
the combined criterion metric. The details of connectivity
criterion are presented as follows.

3.1 Connectivity Criterion

Connectivity gives a measure of the communication capa-
bilities; it is termed as the ability of any node to communi-
cate with any other node in the network.

Consider a Mobile wireless sensor network (MSN) com-
prised of a large number of sensors, denoted by S =
{51, 82, ..., Sn }- The sensors are distributed over a large tar-
get field and they are designed to detect specified events.
The communication region of sensor s defines the area in
which the sensor s can communicate directly with other
sensor nodes. The maximum distance between s; and any
other node s;, where s; is in communication range of s;, is
called the communication range (R;) of sensor s;. The set
of communication neighbors of node s; is represented by
N(s;) and defined by the following equation:

N(Si) = {3] : d(shsj) S Ri}a (1)

where d is the Euclidean distance between s; and s;. Then
we can get the connectivity criterion ConC(s;) at time ¢ by
the following equation:

ConC'(s;) = N(s;). @)

3.2 Coverage Criterion

Most of cluster head selection approaches are designed with
the goal to provide balanced energy consumption among
sensor nodes, but at the same time, these approaches do not
consider the network’s requirement for full coverage over
expended periods of time [16].

The sensing range (r) of a sensor s indicates the maxi-
mum distance between sensor s and any point p in the sens-
ing region of sensor s. A point p is covered or monitored by
a sensor node s if the Euclidean distance between p and s is
less than the sensing range of sensor s.

Definition 1 (A Segment): The segment Seg;; is the sec-
tion of s;’s sensing perimeter that is covered by the sensing
range of node s;. The segment Seg;; is represented in terms
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angels identified by closed interval [0;;,05;], where 0°,0°
are the start and end angle of the segment Seg;; start and

end point.

Consider two nodes s; and s; with distance d from each
other. Then, by using the Cosine Rule, the length L;; of the
segment Seg;; is

rf +d? - r]2-
L = arccos{w} 3)

The start and end angles can be calculated by, 0;;
0ij — Lij/2 and 0F; = 0;; + L;;j/2 where 0;; is angular
coordinate of node s; that denotes the direction of s; rela-
tive to arbitrary polar-axis.

Definition 2 (A Segment List): A segment list of node s;,
denoted by SL;, is a set of segments such that, (a) A seg-
ment in SL; is not subsumed in any other segment in SL;.
(b) Every segment in SL; overlaps with exactly two other
segments one from each side, except two segments (the first
and the last segments) that each one of them overlap only
with a single segment in SL;.

Then we can get the coverage criterion CovC(s;) at time
t by the following equation:

CovC(s;) = 700;(;%) 4)

where C'ov(s;) is the perimeter coverage of node s; and
given by the following equation:

Cou(s;) = Z

VSegi]' eSL;

|Segij| —

|Segi; N Segir| (5)
VSegij,SegikESL,,:j;ék

3.3 Mobility Criterion

Mobility is an important factor in deciding the cluster-
heads. In order to avoid frequent cluster-head changes, it
is desirable to elect a cluster-head that does not move very
quickly. When the cluster-head moves fast, the nodes may
be detached from the cluster-head and as a result, a reaffili-
ation occurs. Reaffiliation takes place when one of the ordi-
nary nodes moves out of a cluster and joins another existing
cluster. In this case, the amount of information exchange
between the node and the corresponding cluster-head is lo-
cal and relatively small [17].

Compute the mobility speed of every node s; by the fol-
lowing formula:

\/(xt — 1)+ Y — Yi—1)?

< . ®
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where (x4, y:) and (z¢—1,y:—1) are the coordinate posi-
tions of node s; at time ¢ and ¢ — 1 and At is the interval
time between ¢ and ¢ — 1.

3.4 Residual Energy Criterion

Cluster-heads are responsible for coordinating among the
cluster members, aggregating their collected data, and
transmitting the aggregated data to the remote sink, directly
or via multi-hop transmission mode. Since cluster-heads
need to receive many packets and consume a lot of power
for long range transmission, they are the ones whose energy
is used up most rapidly in the cluster if they are elected for a
long time. Therefore, a cluster-based scheme should avoid a
fixed cluster-head election scheme, because this latter with
constrained energy may rapidly drain its battery power due
to its heavy utilization. That can cause bottleneck failures
in its cluster, and trigger the cluster-head election process
again. For that, we proposed in the DCA that the cluster-
head election process would be carried out periodically af-
ter each round to evenly balance energy dissipation among
the sensors during the network lifetime.

Then compute the Residual Energy REC(s;) criterion
of every node s; at any time ¢ by the following formula:

Then from equation 6, 4, 6 and 7 we can calculate the
Combined Criterion CC(s;) for node s; at any time t by
the following formula:

CC(s;)) = axConC(s;)+ 8 x CovC(s;)+

~
T4 MC(sy) + (¢ x REC(s:), 3

wherea+ [S+~v+(=1

3.5 Predictors

In this section, we outline three heuristic predictors which
are used in our experiments. Every one of them has
special properties that we mentioned earlier. The Com-
bined Criterion CC' will be predicted at a current time
t. according to historical combined criterion HCC =
[(OCl,tl), (CCQ,t2)7 ey (C’On,t")] where t1 < ty <
... < t,, as follows:

Single Point Predictor (SPP): This predictor always re-
turns the last value of HCC, as shown in the following
equation:

PCC = SPP(t.) =CC, )

Linear Extrapolation Predictor (LEP): LEP means
creating a tangent line at the end of HCC and extending it
beyond that limit. LEP will only provide good results when
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used to extend the graph of an approximately linear func-
tion or not too far beyond the known data []. Equation 10
shows the formula to obtain Predicated Combined Criterion

PCC.

tc - tn—l (

PCC = LEP(t,) = CCp—CCh_1)+CC,_,

(10)

Hybrid Predictor (HP) This prediction model is a mix-
ture of SPP and LEP. This model is mostly useful when
most parts of data is linearly predictable but rapid changes
occur in some parts of sensed values (jumps). Equation 11
shows the formula to obtain Predicated Combined Criterion

PCC

n n—1

o ce,, n is odd;
= %(Ccn -~ CCp_1)+CC,_1, niseven.
(11)

4 Distributed Clustering Algorithm
(DCA)

In this section, we present our proposed algorithm that en-
ables to generate steady and balanced clusters. To carry out
our algorithm, we assume that;

e All sensors are homogeneous with constrained energy
and the same transmission range.

e The network topology changes, and sensors move with
a speed ranging between 0 and 1 (m/s)

e The sensors make all decisions without reference to a
centralized controller.

We introduce a parameter termed as cluster-hop, 7,0p,.
Cluster-hop is defined as the maximum number of direct
hops between a cluster head node and nodes at the cluster
periphery. This dynamic parameter determines the dimen-
sions of the clusters formed by the algorithm and serves as
an input for the cluster formation process.

DC A consists of two phases; Information Update and
Cluster formation phase. In information Update phase each
node calculates its PC'C. Then, based on the cluster-hop
Thop» the local PCC dissemination process is carried out.
While in Cluster formation phase, once the Combined Cri-
terion dissemination process is effectuated and the nodes
have a weighted view of their neighborhood, the cluster or-
ganization can be performed thereby forming the physical
clusters.

4.1 Pase 1: information update

Firstly, each node calculates its PC'C' according to one of
heuristic predictors (Algorithm 1, line 1). The second step
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of the algorithm is a method of disseminating the estimated
PCC of nodes in its 4, neighborhood. The step-by-step
operation of the algorithm is described in algorithm 1. Once
the algorithm has performed 74,,,, runs of local iterations us-
ing the exchanged messages, each node in the network will
have information about the node which has the maximum
PCC in its 7., neighborhood. The synchronization be-
tween nodes for the algorithm is not required since the node
verifies (Algorithm 1, lines 9-12) for PC'C information of
neighboring nodes after a pre-defined wait period. This al-
gorithm of Predicted Combined Criterion Dissemination is
efficient and allows the formation of larger clusters bounded

by Thop-

Algorithm 1 Predicted Combined Criteria Dissemination
Algorithm (PCCD)

1: Calculate Combined Criterion PC'C/(s;)
2: Max;.CC — PCC(s;)
3: Max;.id < 1@
4: while r.,; > 0 do
5. Transmit Maz; to s; Vs; € N(s;).
6:  Wait a period of time to receive the Mazx; from all
S5 € N(Sl)
7. if all messages received then
Determine maximum Maz;.CC.
: if Max;.CC > Maz;.CC then
10 Maz;.CC = Max;.CC

11: Mazx;.id = Max;.id
12: end if
13:  end if

14: Tel =Tel — 1
15: end while

4.2 Phase 2: Cluster formation

After the nodes have obtained a largest PC'C' using dissem-
ination process; we move to the cluster formation phase
which is a distributed process. We do not adopt a greedy
approach of cluster formation where the largest PC'C node
advertises to other neighboring nodes to join their clusters.
The objective is to form nearly equal sized and distributed
clusters with self-decided cluster admissions. The steps of
cluster formation procedure are described in Algorithm 2.
Briefly DCA algorithm runs as follows:

Each node s, which has the largest PCC' value con-
sider itself as cluster head and broadcast Cluster_Head
message contains PCC(s;) value, otherwise s; elects
the node which has the largest PCC' value and send
My_Cluster_Head message (Algorithm 2, lines 1-7). If
node s; received a Cluster_H ead message, it registers the
message and waits for all Cluster_Head messages. If
there are multiple messages, choose node which has lower
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CC value as cluster head and sends a Join message to the
source node (Algorithm 2, lines 8-13). The cluster head will
keep information of all the nodes in its cluster in a cluster
table and updates the cluster table depending on received
Join messages(Algorithm 2, lines 14-16).

Algorithm 2 Distributed Cluster Algorithm (DCA)
1: if (Max;.id == i) OR ( My_Cluster_H ead message
received) then
s; considered as Cluster head
Broadcast a Cluster_Head(CC(s;)) message for
all neighbors
4: else
5. Select node $;—nrax;.iq as cluster head
6:  Broadcast a My_Cluster_Head message to s;
7
8
9

: end if
. if s; received Cluster_H ead message then
: Wait a period of time

10:  if time expired then

11: send Join message to s; which has minimum CC
12:  endif
13: end if

14: if s; received Join message from s; then
15:  Update the cluster table by s;
16: end if

5 Simulation Results

The program has been simulated in visual C#.NET, with sta-
tistical data gathered to analyze runtime performance and
scalability of the algorithm. The sensor nodes are assumed
to be non-uniformly deployed at random on a two dimen-
sional plane. We assume that the sensor nodes have the
ability to adjust their transmission power according to the
distance of the receiving node.

In order to measure the energy dissipation of nodes, we
use the same energy parameters and radio model as dis-
cussed in [8], wherein energy consumption is mainly di-
vided into two parts: receiving and transmitting messages.
The transmission energy consumption needs additional en-
ergy to amplify the signal depending on the distance to the
destination. Thus, to transmit and to receive a k-bit packet
are given by equations 12 and 13, respectively. All simula-
tion parameters are listed in Table 1.

kEjec + k€fsd2

4 < (€fs/emp)
kEqjec + kempd4 (12

ET.L(k7d) = { d> (Gfs/emp)

and to receive this message, the radio expends will be

ER’E(k) =kx Eelec (13)
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Table 1: Simulation parameters

Parameter Acronym Value
Electronics energy Foee 50 nj/bit
Free space constant €fs 10 pJ /bit/m?
Multipath constant Emp 0.0013p.J/bit /m*
distance threshold | (€f5/€mp) 87

Packet size k 30 bytes

Packet rate B 1 packet/s
Transmission range R 2r

Sensing range T 25m
Cluster hope Thop 2

In order to carry out our experiments and study the per-
formance of our approach, we have considered two evalu-
ation scenarios: first scenario, we verify the effectiveness
of each criterion in DCA, when using SPP, LEP and HP
predictors. In second scenario we compare our method
with Self-Organization Routing Protocol Supporting Mo-
bile Nodes for Wireless Sensor Network (LEACH-M) [11]
.We are use network lifetime metric ( the time interval from
the start of operation until the death of the last alive node )
to indicate the performance of our approach.

5.1 First Scenario

In this scenario, sensor nodes are randomly deployed in a
region of size 200 m x 200 m. Number of deployed sensor
nodes is 100 nodes. Our goal with this first set of simula-
tions is to verify the effectiveness of connectivity criterion
(e, a=1,8=0,7 =0,and { = 0), coverage criterion
(e, a = 0,8 = 1,7 = 0,and ¢ = 0), energy criterion
(ie.,a=0,0=0,y=0,and { = 1) or mobility criterion
(ie.,a=0,8=0,v=1,and ( = 0)in DCA, when using
SPP, LEP and HP predictors.

1100
1000
900

800

Round

700

: 1p H 600
600 ~ &
&
500 > LEP
Connectivity C é\"
overage
o Mobile &

Energy SPP X

Criteria

Figure 1: Network lifetime using the effectiveness of each
criterion in DCA.

Fig.1 shows the network lifetime, where network life-
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time is the time until the last node dies. Connectivity crite-
rion clearly improves network lifetime over the others cri-
terion. It can be also observed that HP predictor improves
network lifetime in the case of using energy criterion while
SPP improves network lifetime in the cases of using mobil-
ity, coverage , and connectivity.

5.2 Second Scenario

In this scenario, sensor nodes are randomly deployed in a
region of size 200m x 200m and vary the number of sensors
between 200 and 400 with increment of 50. We performed
experiments using o« = 3 = v = ¢ = 0.25.

LEACH-M
12501 —o— LEP
—a—HP
1200 H spp
1150 _—
v s
1100 Ty —

750
200 250 300 350 400
Network Size

Figure 2: Network lifetime using DCA vs. LEACH-M
when the sink locates at the center of network.

1300

—#*— LEACH-M
—&— LEP
1200 HP
—=— SPP
1100 R ey
—— o -
———--eE —o—
1000 -~
=
5
3 900
4

800

7004 1
600 —\ﬁ\‘é\e—g—q
500

200 250 300 350 400
Network Size

Figure 3: Network lifetime using DCA vs. LEACH-M.

In Fig.2, the sink locates at the center of network,(50,50).
Simple calculus can show the sink at the centroid achieve
the minimum mean squared Euclidean distance between
nodes and the sink. Therefore, the main interests are con-
sumed resources during clustering. This figure compares
network lifetime to DCA corresponding to different pre-
dictors with LEACH-M. It can be observed that DCA al-
gorithm clearly improves network lifetime over LEACH-
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M clustering. This is because LEACH-M randomly selects
cluster heads (and hence cluster sizes), which may result
in faster death of some nodes. This is avoided in DCA
because final cluster heads are selected such that they are
well-distributed across.

In Fig.3, the sink is moved outside the network, DCA
provided longer network lifetime than LEACH-M, which
quickly decreases because it depend on the communication
between the network and the sink.

In Fig.2 and Fig.3, can be observed that SPP predictor
have the longest network life time and LEP predictor have
shortest network lifetime with regardless of LEACH-m.

6 Summary and Conclusions

In this paper, we have proposed an approach for prediction-
based clustering algorithm for MSNs. In our approach,
we have presented the Distributed Clustering Algorithm
(DCA) algorithm which uses adequate criterion for cluster-
head election in conjunction with heuristic predictors to
generate steady and balanced clusters. Simulations results
demonstrate that the DCA algorithm provides better perfor-
mance than LEACH-M in terms of network lifetime.
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