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Abstract: A light weight clustering mechanism is proposed for sensor and actor networks to improve quality of
service parameters in the network. In our work, placement
of actors effect the performance, as all actors should cover
the deployed sensors. Hence, better placement of actors can
improve coverage of sensors and performance of the protocol. In the proposed protocol, K-mean mid point algorithm
is introduced to find better placement of actors. It segregates the deployed sensors into K number of clusters. In
each cluster, actor is placed in the middle point and acts as
a cluster head. The network area is formed into K number
of clusters and each actor has same workload. After organizing all the sensors into clusters, time division multiple
access schedule is created by the cluster head for all sensors
in its cluster. Further, we have proposed a back up cluster
head mechanism to collect the data from cluster members
when an actor leaves the cluster. The outcomes of simulation shows that the existing protocols are out beaten by the
proposed mechanism.
AMS subject classification:
Keywords: Actor, Sensor, K-mean mid point, TDMA,
Energy.

INTRODUCTION
WSAN has gained popularity and holds huge promise
for future applications like battlefield surveillance, environment monitoring, industrial automation etc. WSAN
consists of hundreds to thousands of sensors with limited computational abilities and few resource rich actor
nodes operating in untended environment. The sensors are
energy constraint static devices, but mobile actors have
capabilities to process the sensed data, making decisions
and then perform the appropriate action. Coverage is an
important design goals in WSAN applications. It is crucial
that the network provides service at nearly everywhere in
the deployment area. The effectiveness of the network is
directly linked to the positioning of actors and the sensors around actor in a subgroup(cluster) to achieve the
desired objective. In each cluster, event information is sent
to the cluster head by the sensors, and based on this sensor
information, a suitable action is performed by the cluster
head(actor) in the event area [1], [2]. Various researchers
have studied that more the similarity within group and
greater the difference within groups, the better is the clustering. For many practical applications for doing clustering
K-means algorithm has been used. Different approaches
using K-means algorithm for clustering has been proposed
by various researchers [3], [4], [5], [6], [7], but there still
are some limitations associated with K-means algorithm,
like initial centroid selection, computational complexity
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especially with large number of sensor. In this paper a
modified approach of mid-point based K-means algorithm
for clustering is used. Simulated results have shown that
the proposed mechanism has been effective in achieving
reduction in energy dissipation and waiting time.

RELATED WORK
Energy on sensor nodes is limited so it is of prime importance to have energy efficient network to prolong the
network life. The major goal of clustering in network is to
reduce energy consumption with uniform coverage within
the network upto optimal extent [8], [9]. K-means algorithm has been often used for better clustering in many
networking application [4], [7], [10].
Khan et al. [11] proposed an algorithm for computing
initial cluster centres. In their algorithm they were able
to find cluster centres very near to desired cluster centres.
But their approach was unable to produce balance clusters. In the work by Zalik et al. [12] for achieving accurate
clustering based on K-means algorithm no pre-assigning
of number of clusters was done. Khan et al. [13] in their
work have chosen cluster heads capable of consuming less
power, based on optimized inter and intra cluster distances.
Park et al. [14] in their have used a K-means clustering
algorithm for WSAN having energy efficient cluster head
selection technique. But they selected initial centroids randomly so the algorithm outcomes in different clusters in
different runs. Also, they have not considered any threshold distance between base station and cluster head. The
communication between base station and cluster head is
single hop. Periyasamy et al. [15] has proposed a balanced
cluster head selection strategy based on modified K-means
algorithm to increase the network lifetime. Hong et al. [16]
proposed fuzzy c-means (FCM) algorithm for centralized
clustering protocol in which cluster is formed by grouping
nodes based on degree of belonging of the sensor nodes to
its cluster. This approach assists to optimize the clusters by
minimizing the distance of sensor nodes from their cluster centre. Akkaya et al. [11] have proposed a distributed
actor positioning and clustering algorithm. In their work
actors act as cluster head and the placement of actors n
their respective clusters is such that lesser time is taken in
data collection with larger area coverage. This is achieved
by determining the k-hop independent dominating set(IDS)
of the underlaying sensor networks.

PROPOSED WORK
In any clustering mechanism, the placement of actors are
very important for improving quality of services in the network. Thus, in this work, we have used mid point based
K mean clustering technique to find better placement location for an actor in the network. Then, the actor performs
as a cluster head for all the sensors which are located nearest to it which reduces the burden on sensors and improve
network lifetime. Further, we have proposed back up cluster head mechanism to handle the scenario when an actor
leaves its own cluster to help the any neighbouring actor or
when performing actions in its own cluster. In this scenario,
to avoid the packet losses in the network, we have selected
a sensor as a back up cluster head to have information of
the cluster members preserved with it in the absence of
primary cluster head(actor) and later forward this information to the primary cluster head. If the primary cluster head
is performing actions in its own cluster then the back up
cluster head forwards the information collected from the
cluster members to the primary actor. If the primary cluster head has left its own cluster to help its near by actors
then the backup cluster head forwards the information to
the nearest actor. To illustrate the protocol properly, it is
discussed more in detail in the below subsections.

Network assumptions

The below assumptions are taken in to consideration for
developing the proposed protocol.
(a) Each actor consists of multiple radios (n) and for each
radio k number of channels is available.
(b) On the other hand, the sensor embedded with single
radio which consists of multiple channels to provide
coordination between sensor-sensor and sensor-actor.
(c) The actor and sensors exhibit semi-mobile, static
respectively.

Network model

In the proposed network model a set of static sensors
S = {s1 , s2 , . . . , sn } are placed uniformly in the network.
The actors are resource rich nodes and too costly. Hence,
we cannot use more number of actors. To overcome, this
problem Jagadeesh et al. have computed optimal number of
actors with respect to network region and sensors quantity.
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In this protocol, we have used the existing mechanism to
estimate the optimal number of actors. The optimal number of semi-mobile actors A = {a1 , a2 , . . . , an } are placed
properly to cover the entire network area. To estimate the
location of actors, we have used K-mean mid point algorithm. Each actor consists of multiple radios (n) and for
each radio k number of channels is available. The sensor embedded with single radio which consists of multiple
channels to provide coordination between sensor-sensor
and sensor-actor. Further, the sensors which are 1-hop to the
actor are represented as relay sensors R = {r1 , r2 , . . . , rn }.
Proposed protocol framework

The proposed light weight clustering mechanism consists
of the following phases,
• Location estimation phase.
• Identifying appropriate location for all actors in the
network.
• Clustering phase.
• Selection of back up cluster head.
In the location estimation phase, we will measure the location of all the sensors which are deployed in the network
with the help of location aware nodes (actors). The clustering phase illustrates how the nodes are grouped based
on their physical characteristics to have communication
among them self. “In cluster formation phase, the actor acts
as a cluster head and sensors behave as cluster members.
The location of actors is very important for the performance
of the protocol”. Thus, we have used K-mean mid point
algorithm to compute the location of actors. Further, the
sink acts as a cluster head and the actors perform as members. “The selection of backup cluster head (BCH) phase
selects the backup cluster head from the relay sensors. This
phase is enabled when the actor moves out of the cluster
to help its neighbouring actors or perform actions in the
cluster”.

with GPS device. Firstly, each actor will broadcast its position and id to all the sensors within its transmission range.
Sensors responds by sending the reply message to the actor.
Based on received signal strength actor will computes the
distance to the sensor. In free space model received power
at a distance d is given as
Rp (d) =

Tp At Ar λ2
(4π 2 d 2 SL)

(1)

where, Tp denotes transmission power and λ is wave length.
SL represents system loss factor, At and Ar denotes antenna
transmission and receiver power gains. There are three
possible scenarios when computing the location using trilateration scheme of all the sensors in the proposed network
architecture.
1. Sensor can communicate with three actors.
2. Sensor can communicate with at most two actors.
3. Sensor cannot communicate with any actors.
In the first scenario sensor location is easily obtainable
using trilateration method, as the sensor node can communicate with three actors. These actors are used for sensor
location estimation through received signal strength indication (RSSI) method to compute the distance between first
actor and sensor, second actor and sensor, third actor and
sensor respectively.
In second and third scenario of sensor location estimation, iterative localisation is used. In this scheme localized
sensors i.e. the sensors whose locations have been computed in first scenario are used. Now for this sensor apart
from two actors one localized sensor is used to estimate its
location, similarly as done in first scenario by three actors
for the sensor node. Lastly to estimate the location of such
a sensor which is not in the transmission range of any actor,
three localized sensors are used. This way the location of
every sensor within the network is estimated.

Clustering phase
Location estimation phase

A set of static sensors S = {s1 , s2 , . . . , sn } are placed uniformly in the network. The optimal number of semi-mobile
actors A = {a1 , a2 , . . . , an } are placed to properly cover the
entire network area. Due to energy constraint GPS (global
positioning system) cannot be embedded on every sensor
to find their location. So, resource rich actors are embedded

In the proposed protocol, the placement of actors effect the
performance, as all the actors should cover the deployed
sensors. Hence, better placement of actors can improve
the coverage of sensors and performance of the protocol.
In the proposed protocol, K-mean mid point algorithm is
introduced to find better placement for actors. The K defines
the optimal number of actors and it is computed using the
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below formula,

K=


NS
2π

Ef s N A
Emp di 2 toBS


(2)

where, N S is sensors quantity, N A is network area, Ef s ,
Emp are amplifier energy of the free space, multi-path
model respectively. Various authors have used the above
formula to compute the optimal number of clusters in wireless sensor networks. In our work, in each cluster one actor
acts as a cluster head. Hence, we have used the formula
to compute the optimal number of actors. dtoBS defines
the average distance from actor to base station and it is
measured as,
dtoBS = 0.765

M
2

(3)

The cluster formation phase consists of two levels. The
energy consumption for cluster head is more as compared
to cluster members. Hence, to reduce the burden of sensors,
in our proposed protocol, the actor acts as the cluster head in
the first level and sensors transmit their data to the actor in
a multi-hop fashion. In the second level, the sink performs
as a cluster head and actors behave as members. The sensor
data is transferred to the base station via an actor (cluster
head). Fig. 1 depicts the hierarchical clustering architecture
for WSAN.

FIGURE 1. Network architecture.

“The idea of K-means clustering technique is to segregate the set of data items into K number of disjoint clusters

which became popular in data mining to classify vector
based data”. However, the K-means clustering technique
suffers from the following problems.
• The K-means technique is computationally very
expensive, as we need to compute distance of each
data point from all the centroids for every iteration.
• The final clusters are heavily depend on the initial
centroids.
To overcome, the first problem, various authors have
enhanced the existing K-means clustering technique [16,
17]. However, to overcome the second limitation, the
authors have proposed a mid-point based K-mean clustering in the area of data mining [?]. In our proposed clustering
mechanism, we have used the mid-point based K-mean
clustering technique to compute the location of actors. The
working principle of the algorithm is explained below.
Algorithm 1: Mid-point based K-mean clustering
1. Find the distance between each point and origin.
2. Sort the obtained distances in the ascending
order. 3. Segregate the distances into K equal sets.
4. The middle point of every set is considered as
the initial centroid.
The above algorithm segregates the deployed sensors
into K number of clusters. In each cluster, actor is placed
in the middle point and acts as a cluster head. In the above
algorithm, the network area is formed into K number of
clusters and each actor has same workload. The actor (cluster head) broadcast a cluster setup packet composed of its
identity and location. Once, the sensor receives the cluster
setup message from an actor, then it transfer acknowledgment to the actor composed of its identity and residual
energy. In the existing protocols, usually if any sensor
receives cluster setup packet from more than one actor then
it sends the join message to the nearest actor which can
be obtained from the actor location. However, this type of
association increases the length of the path in a scenario
where a sensor associates with an actor located backwards
relative to the direction of sink. To avoid the back transmissions, we have discussed mid-point association scheme.
If a node receives higher received signal strength from
sink as compared to the actor then it directly transfer data
to the sink. In other cases, the sensor finds the distance
between it and sink then finds the mid point it. From the
mid point, the sensor compares the received signal from
both the actors and associates with the actor which has
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highest signal strength from the midpoint. Further, the sink
also forms a cluster for the actors and takes responsibility
as a head to collect data from actors.

FIGURE 2. Association of a sensor with actor

In the Fig. 2, the sensor S associates with the Actor (A1 )
for the communication. Usually, the sensor S associates
with the Actor (A2 ) as the signal strength is high to A2
as compared to A1 . However, the A2 is in far distance to
the base station as compared to A1 which consumes more
energy and delay to transfer the sensor data to the base
station. To reduce the above problem, in our proposed association mechanism, the sensor associates with A1 which is
nearer to the base station.
After cluster formation, every actor creates a TDMA
schedule for all the sensors in its cluster. This process
allows the resource constrained sensors to go for sleeping mode at all times except during its transmission time,
which helps them to improve their lifetime. When the cluster head received all the information from its sensors, then
it aggregates the data and then transmits the compressed
data to the sink.

NS2 simulator. For our experiments, the simulation parameters are listed in TABLE I. Deployment of static sensors
is done uniformly in the network area of 1000 × 1000 m2 .
The optimal active actors are placed properly for maximizing the coverage area. IEEE 802.15.4 and IEEE 802.11
MAC protocol is used for sensors and actors respectively.
The sensors are resource constrained nodes, hence energy
is not an important metric which is need to be considered
while designing any MAC protocol for WSAN. Hence, in
the simulation we have used first order radio model (fig. 6)
which is used by several researchers to evaluate their proposed protocols. The radio model is used to compute how
much energy is utilized in the network for a certain amount
of time.
The radio model assumed in our simulation for sensor
node energy dissipation for transmission and receiving data
is shown by Fig. 3. The free space (Ef s ) and multi-path
fading (Emp ) channel models are used based on the distance
between the transmitter and receiver. The free space model
is used, if the distance between transmitter and receiver
is less than threshold do , otherwise the multi-path model
is used. The energy required to transmit (ET X (b)) a b −
bit message over a distance d and to receive the message
(ERX (b)) are represented respectively as,
ET X (b) = ET X−elec (b) + ET X−amp (b, d)

bEelec + bEf s d 2 , d < d0
=
bEelec + bEmp d 4 , d ≥ d0

(4)

(5)
ERX (b) = ERX−elec (b) = bEelec
 
where, d0 = Ef s Emp , electrical energy (Eelec ) depends
on digital coding, modulation, and filtering mechanism of
the signal. The amplifier energy, Ef s d 2 or Emp d 4 depends
on the distance between transmitter and receiver, and the
acceptable bit-error rate.

SIMULATION RESULTS AND ANALYSIS
The proposed protocol should be simulated in a proper simulation tool and the results are to be compared with the
existing competitive protocols for WSAN. NS2 is a popular
simulator in the research world and which is freely available
source. Hence, we have simulated our proposed protocol in

FIGURE 3. Radio energy dissipation model

Energy Consumption: “It is the amount of energy consumed for establishing the network and then transferring
the event information from the source sensor to the destination actor”. To improve the network life time it is very
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Table 1. Simulation Parameters
Parameters
Area of network
Simulation time
Traffic
MAC Layer
No of sensors
No of actors
Mobility Pattern
Sensor’s Range
Actor’s Range
K
Packet Size
Bounded Delay
Data Rate
Initial Sensor’s Energy
Eelec
Ef s
Emp

Values
1000 × 1000 m2
200 sec
CBR
IEEE 802.15.4 and 802.11
100-1000
3-11
Random Waypoint
100 m
300 m
3
512 B
2-3.5 s
50 pkt/sec
2J
50nJ /bit
10pJ /bit/m2
0.0013pJ /bit/m4

FIGURE 5. Average energy dissipation vs Number of sensors

important that the algorithm designed is energy efficient as
there are large number of battery constrained sensors used
in the network. To achieve this, in our proposed mechanism the resource rich actors are chosen to be the cluster
heads and furthermore sensors goes to sleep mode when it
does not have packets to transfer. Figs 7 and 8 depicts the
average energy dissipation of the proposed protocol and
its competitive mechanisms like Delay and Throughput
Performance Improvement in Wireless Sensor and Actor
Networks (DTPI) and Energy-efficient directional routing
between partitioned actors in wireless sensor and actor
networks (EEDR). The results indicate that our proposed
protocol consumes less energy as compared to other two
mechanisms.

called event waiting time”. Concurrent events are generated
in the network, considering the fact that there is atleast one
actor to handle each event, the number of events generated
are kept lesser than the number of actors.

FIGURE 6. Average event waiting time vs Number of
sensors

Figs 9 and 10 show the average event waiting time vs
number of sensors and average event waiting time vs data
transfer rate respectively. Average event waiting time has
increased by increasing the data transfer rate and number
of sensors as depicted in the above figures. Further, the
proposed mechanism takes less waiting time as compared
to the existing mechanisms.
FIGURE 4. Average energy dissipation vs Data transfer rate

Event waiting time: “The time between an event has
occurred to the time of action performed by an actor is

Figs 11 and 12 show the packet delivery ratio for
number of sensors and data transfer rate respectively. Further, the proposed protocol delivers data to the destination
effectively as compared to other mechanisms.
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CONCLUSIONS

FIGURE 7. Average event waiting time vs Data transfer rate

A light weight clustering mechanism is proposed for sensor
and actor networks (WSAN) to improve quality of service
parameters in the network. Actors placement impacts the
over all performance of the clustering mechanism. Thus,
we have used K-mean mid point algorithm is used yo compute better location of actors. This mechanism segregates
the deployed sensors into K number of clusters. In each
cluster, actor acts as a cluster head and all the sensors
are organized into clusters. Further, we have proposed a
back up cluster head mechanism to collect the data from
cluster members when an actor leaves the cluster. The
proposed clustering mechanism is simulated in NS2 and
analysed using packet delivery ratio, average energy dissipation, and average event waiting time parameters. The
results describe that the existing protocols out beaten by
the proposed mechanism.
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