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Abstract—Target tracking is one of the most important
applications of wireless sensor networks (WSNs), especially for
the urgent event of interest. In this paper we propose a new
clustering algorithm beside our accurate prediction mechanism
which was proposed previously, that detects and tracks a moving
target, and alerts head nodes along the predicted path of the
target. The main advantages of proposed clustering algorithms
are low transmission overheads with high coverage. Then based
on the accuracy of the predictor the best cluster is selected to
make more accurate tracking while reducing dramatically the
object miss ratio. According to our proposed method in each time
instant, only some nodes which, are near to the target and have
short distance to the head node, will be selected for tracking and
other nodes go to the power saving mode which can strongly
reduces the consumed energy.
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networks,

.  Introduction

Target tracking is one of the most important and useful
application of WSNs. The use of sensor networks for target
tracking faces some problems in which energy constraint is
very important. Based on this factor we can classify the object
tracking protocols into non-cluster-based [1, 2] and cluster-
based [3-10] protocols [11]. In the first, each sensor nodes
ends data to the sink directly which consumes a lot of energy.
While clustering is the most common technique used for
energy aware routing in WSNs. Cluster-based target tracking
algorithms is divided into two general groups: 1)Static
clustering [5-10] and 2) Dynamic clustering [3, 4].

In dynamic clustering, changing the cluster head at the
beginning of each tracking process round Consumes more
energy and so is not a suitable approach for target tracking
purposes. In static clustering the cluster structure changes
periodically but all attributes of each cluster such as the size of
a cluster, the coverage area, and the cluster members are static
for a long period of time until the beginning of the new
clustering period. The main parameters whose are considered
in clustering phase are 1) low control overhead to have less
energy consumption during clustering and 2)good distribution
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of cluster heads to have high coverage, low number of orphan
nodes and low collision between cluster heads as well as
reasonable number of CHs. Since orphan nodes transmit
directly to the sink and do not participate efficiently in
tracking of moving object, so coverage of network has direct
effect on missing rate and energy consumption of target
tracking system.

Several clustering methods have been proposed so far to
achieve such parameters [12-16]. In [12], a gradual cluster
head election algorithm is proposed that gradually elects
cluster heads according to the proximity to neighbor nodes and
the residual energy level at each clustering step. Although this
method guarantees high network connectivity and high
coverage, the number of cluster heads and their collision in
each clustering process round is so high. In [13], a duplication
avoidance method is proposed. Each node has a random
number generator based on logistic map function and by
random updating in each clustering process round, decide to
be either a cluster head or not without any communication
overheads. In [14], cluster heads are elected based on their
probability and residual energy and authors present a new
topology control mechanism in which nodes can control their
transmission power level. This technique ensures that any
elected cluster head is connected under an optimal degree
determined the number of neighbors. In [15], a staggered
clustering protocol is proposed which selects the high energy
node with low communication cost as a cluster head and also
considers the load balancing. For CH selection authors in [16]
combine fuzzy logic, on demand clustering, non-probabilistic
CH election with considering residual energy to reach longer
life time.

None of mentioned methods satisfy all of the goals at
once. So in this paper a new clustering algorithm with low
communication overheads is proposed while has good
distribution of cluster heads to increase the quality of tracking.
Our proposed clustering method has three steps for CH
selection. In the first two steps, CHs are selected without
communication overhead and finally some control messages
are exchanged between remaining nodes to increase the

network coverage.
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n. Proposed Method
A. Cluster based WSN

Low communication overhead, good distribution of CHs
with high coverage, low numbers of orphan nodes and low
collision between cluster heads as well as low number of CHs
are important metrics in clustering mechanisms. Orphan nodes
are nodes that are not covered by any cluster head and so they
should stay active all the time, sense the environment
continuously and transmit their data to the sink without any
positive impact on tracking task. So in the clustering scheme
with low coverage, the number of orphan nodes is increased
and so the missing rate and energy consumption of target
tracking system is increased strongly. Also this high coverage
should be achieved by low number of cluster heads to decrease
number of direct transmissions to the sink which has negative
effect on energy consumption. In this paper to prolong the
network lifetime and increase the accuracy of tracking, we
propose a new clustering mechanism to have both low
transmission overhead and uniform distribution of cluster-
heads. We assume that all nodes have an ID number which is
unique in the network area and a dynamic 1D number that can
be changed during cluster head selection. At initial state each
node should try to find its neighbors defined as nodes in its
communication range. Our proposed method has three steps
for CHs selection and cluster creation which describe as
follows:

Stepl: At the beginning of each clustering process round,
the nodes should update their dynamic ID number and also
their neighbor’s ID. The logistic map function is used to
generate random numbers. The function is given by:
pli+1)=r=p(=+(1 —pl). Where r is constant and
pli)is a random number. The primary seed is needed to
generate the random numbers. In Each clustering process
round, nodes should generate a random number to changetheir
dynamic ID. Nodes will update theirID number and their
neighbor’s ID  using the following equation:
nlm.i+ 1) = nlm. ) + RAND . Where n(m.i} is dynamic
ID Number of node m after i** iteration and RAND is a
random number which is generated through the following
formula: RAND = ceil (rand (i) = mumber of nodes).
rand (i): Random number (between 0 to 1) in iteration i.
ceil : MATLAE round function up
Ifnlm,i+ 1) = number of nodes then:
nlm, i+ 1) = nlm, i + 1) — number of nodes

Because of using the same seed at the beginning which come
from design stage, each node will generate the same random
number like the other nodes. Now each node should decide
whether be the cluster head or not. So a threshold is defined
and each node compares their dynamic ID number with the
defined threshold. If its ID number was bigger than the
predefined threshold (CT;), the node has a chance to be a
cluster head otherwise it will stop the decision process in this

phase. Then all of the elected cluster heads inform to their
neighbors by CH_msg(J{D;) message which includes their
unique ID and nodes that don’t receive any message are
considered as firs step remaining nodes. So the next two steps
are done by these remaining nodes.

Step2: Between the first step remaining nodes if its
number was smaller than the assumed threshold (CT;) and was
the smallest number among its neighbors, the node will decide
to be cluster head otherwise it will stop the decision level and
wait for next step. Then the CHs inform to their neighbors by
CH_msg message and nodes that don’t receive any message
are considered as second step remaining nodes. So the last step
will be done just on these remaining nodes.

Step 3: Despite of previous steps, step3 needs to exchange
some control messages among second step remaining nodes.
So each node calculates the weight We; according to equation

).

Eyi 1
fmitial tF El?.-illidi-?fl) (1)

Where, E;; is the remaining energy of node i, Ejnirigr 1S
initial energy of node and avg{dis) is average distance of
node ifrom all of its neighbors. & and P are constant values.
Each node sets up a timer and waits for a certain time (which
is inversely proportional to remaining energy of that node).
When the time expires, and the node doesn’t hear the CH_msg
messages from any other sensor nodes, introduces itself as a
cluster head candidate by broadcasting the
candidate_ CH(NodelD, candidate_CH, weight), to all nodes
within the cluster range. Next, if this particular node has the
biggest weight among the candidate CHs, it will become a
final cluster head and broadcast a CH_msg message within its
cluster range.

We; = (57

B. Target Tracking Mechanism

At the beginning, all nodes are in sleep mode in which just
can listen to communication channel to check messages. Once
cluster heads receive an alarm message from the sink, wake up
and sense the environment. If they cannot find the object,
wake their members up to sense the environment and find it.
Each cluster head that object is in its cluster, stays active and
other nodes go back to sleep mode. For the first tracking round
the active cluster head wakes all of its members up to sense
the object but for the next periods that in each time step it
should find the best sensor nodes for object tracking. The
cluster head is responsible of doing necessary computation and
finding the best sensor nodes. Then sends a wake up message
to them, and if object is going to leave its cluster, it should
inform the next cluster head and send a wake up message and
necessary current position information of object to that CH.
Cluster heads send their information to the sink for the period
of T second and clustering is repeated after period of T
second in which Ty >T.

. Simulation Results

In this section we focus on tracking just one moving object
to evaluate our proposed clustering methods and analyze the
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TABLE1: parameters for energy consumption model

E,iar 30 nf fbit
Epng o nf fbit (signal
- y— 22mW
Emp 0.0013 pj/bit /m*
Efs 10 pJ/bit fm?
dy 87 m
Data packet size 2000 bits
& 0.8
g 5
Permanent counter 75
threshold
Temporary counter .
threshold -
CT, 150
CT, 50

effect of it on energy efficiency and quality of target tracking
via MATLAB, although this method is able to track more than
one object. In fact we have two steps of simulation. In the first
step, five clustering methods named ECPF [16], DAC [13],
GCA [12], SCP [15] and TCAC [14] that are described in
section 1, are considered to compare with our proposed
clustering method. In second step, the performance of our
proposed algorithm for target tracking is evaluated through
simulations. We will study the effect of clustering on target
tracking performance. Show that using suitable clustering
mechanism can decrease energy consumption of network and
has direct effect on accuracy and energy efficiency of tracking
system.

A. Simulation Environment

The network area is 200 = 200 m? in which 200 sensor
nodes with initial energy of 1 Joule, are uniformly distributed.
All sensor nodes are similar and have standard deviation of
measurement noise oz = 1", sensing range Regnsing = 39

meters and communication range R:ommunicarion =50 Meters.
But when CHs wants to send data to the sink, they can
increase their communication range. The sink is located out of
the area (x = 100,y = 250) and the packets send to the sink
every T=0.5 second and all attributes of object and predictor
are the same as [17]. The energy consumption model for
communication is discussed in [18], in which the consumed
energy of transmitter node
. {‘f d=dyE =1E,,, +‘r5mnd4+'!EﬂA

SV if d =doEe = 1By, + lepd? + 1By,

Where E, is the energy for data aggregation in head
nodes, E.;.. is the dissipated per bit to run the transmitter or
receiver circuit, £, and &,, depend on the transmitter
amplifier model, d is distance, d is threshold distance and [ is
the packet length. The consumed energy for receiver nodes
E.is as follows: E, = [E;;... The table 1 contains simulation

parameters.

B. Step1: Static Clustering Comparisons

In this step we have a comparison between the simulation
results of different static clustering methods. We run each
method for 1000 rounds and suppose that in each clustering
process round all nodes are active, sense the environment and
send their information to the cluster heads. Then all the cluster
heads send the data packet to the sink. The results show that
our proposed method has better condition in comparison with
other methods.

e (Coverage & energy consumption

Table 2 compares the coverage ratio, number of orphan
nodes and all energy consumption of all the methods in the
whole working duration. As shown in table 2, when clustering
method has high coverage it means that the number of orphan
nodes is reduced and so the energy consumption of network
would be reduced. According to the table 2, all nodes in our
proposed method are covered by the selected cluster heads and
there aren’t any orphan nodes

e Network lifetime

According to figure 1, in our proposed scheme its
lifetime is more than other clustering methods. The life
time of clustering algorithms are dependent on numbers

TABLE 2. Comparison of coverage rate, ratio of orphan nodes and energy
consumption

Energy
Method Coyerage Orphan Consumption
Ratio (%) Nodes
(%)
Proposed 86 0 3
scheme
ECPF 88 0 38.2
DAC 55 22 54.5
GCA 91 0 64.2
SCP 43 27 72
TCAC 36 40 76

of cluster heads, coverage and number of orphan nodes, in
which all of them are optimized in our proposed method.
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Figure 1. Comparison of network lifetime
c. Step2: Target tracking results

In this step the performance of our novel clustering
algorithm for target tracking is evaluated. We employ the
proposed clustering scheme in target tracking system and
consider the accuracy and energy efficiency of target tracking
and it will compare with three other clustering methods,
ECPF, DAC and SCP.

e Missing ratio& Energy Consumption

Our clustering method reduces the missing rate of object.
In target tracking, when the object lost, cluster heads should
sense the environment to find the lost object, and orphan
nodes are always active Therefore as depicted in figure 2,
network coverage and the numbers of orphan nodes influence
the missing rate of object. Based on figure 2, our proposed
clustering that has high coverage and doesn’t have any orphan
nodes, leads to low missing ratio in target tracking.

o
g0

a0

Percentage %

. Coverage
Orphan nodes Ratio
Missing Ratio

Proposed scheme

Figure 2. Comparison of Missing rate based on network coverage and orphan
nodes ratio

Figure 3 illustrates all energy consumption of target
tracking system in different clustering methods.  As shown
in figure 3, network with high coverage, low number of
orphan nodes and low missing ratio reduces the energy
consumption and our proposed clustering scheme has the
lowest energy consumption during target tracking period.

e Evaluation Parameter (Gama)

Here a new parameter named gama is introduced to
compare the mentioned tracking methods. Five variables
are considered to calculate gama: Normalized numbers of
orphan nodes (erph, ), normalized numbers of cluster
heads (CH,), coverage ratio (cov), tracking error ratio
(er) and energy consumption ratio (em):

gama = $+Eﬂﬂ+umhﬂ+€n+w 2)

According to equation 2 the best method has lower value
of gama. In figure 4 the value of gama in each time step for
such methods is drawn. As is clear gama in our method, is
lower most of the time.
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Figure 3. Energy consumption of network for target tracking application
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Figure 4. Comparison of gama for 60 minutes

( SEEK
DIGITAL LIBRARY

proposed shuu:



Proc. of the Second Intl. Conf. on Advances In Computing, Electronics and Communication - ACEC 2014.
Copyright © Institute of Research Engineers and Doctors, USA .All rights reserved.
ISBN: 978-1-63248-029-3 doi: 10.15224/ 978-1-63248-029-3-64

iv. Conclusion

In this paper we present a novel clustering based target
tracking in wireless sensor networks. A static clustering
approach and prediction mechanism is used to decrease energy
consumption and prolong the lifetime of network. We
introduce a new high coverage clustering scheme which
increases accuracy and energy efficiency of target tracking
system. The main idea of proposed clustering method is based
on our previous work [15] which has zero overhead. Here we
have only 0.04% extra overhead while the coverage ratio
increases about 31% and the energy consumption of tracking
system reduces about 9%. Also in comparison with ECPF and
GCA, we have 2% and 5% reduction in coverage respectively
but consumed energy reduces about 6.2% and 32.2.Simulation
results show that our new clustering scheme reduces the
energy consumption of tracking system because it has high
coverage, low CH selection’s overhead and zero number of
orphan nodes.
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