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ABSTRACT

As much as Wireless Sensor Networks (WSNs) have found vast use in all aspects_of life, continuous efforts
are made every day to make them more energy efficient. Clastering the'nodes«to avoid redundancy of data is
a way to go. Further, numerous routing protocols have'been proposed whichyselect optimum path for data
routing. In reality, nodes have many levels of energy, thereby, constituting“a heterogeneous network. We
propose and evaluate Enhanced Balanced Energy-Efficient Netwerk Integrated Super Heterogeneous (E-
BEENISH) Protocol for Wireless Sensor Network. It:assumes that WSN hasifive levels of energy and clusters
them into groups accordingly. Node with maximum amount,of residual energy. within the cluster is elected as
a cluster head. The scenario is simulated using MATLAB, and,the results glearly show that the protocol we
proposed is an improvement on already existing routing protocols. Wedachieve significant improvement in
network lifetime and stability.

Keywords: Wireless Sensor Networks; cluster head; energyrefficiency; heterogeneous; system lifetime;
residual energy

1. INTRODUCTION

The wireless sensor networks (WSNs)[1,2,3] have emerged as an important part of our lives
as they are known tosupport aswide variety of applications in day-to-day life; also because of their
property of flexibility they pose as a research challenge. The nodes use wireless communication,
mostly wireless radio, t0 connect with each other and also with base station [4,5,6]. The data
collected is rarely processed by the nodes due to memory and battery limitations; hence it is passed
on to remote device where it is analysed, processed upon or stored. It will consume a lot of energy
if a node had to send its data in a single hop to the base station and will deplete its resources much
faster than the node that is in close proximity to the base station.

Also nodes deployed in the same geographical location may sense same data. It will be
useless to pass on duplicate data to sensor. This is sheer wastage of time and resources. Clustering
of the nodes helps overcome these limitations. Only processed and concise data should be
forwarded to the base station. It is up to the nodes to employee an efficient routing policy which
sends data to destination through a number of hops. Additional features of increased node stability,
system lifetime, throughput and fault tolerance are incorporated in the routing protocol.
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This paper is organized in such a way that it starts with an introduction about the existing
related routing protocols, and our protocol (Enhanced-Balanced Energy Efficient Network
Integrated Super Heterogeneous, EBEENISH) is discussed in detail in the third section. Upcoming
fourth section deals with analysis of protocol performance and its comparison with the existing
protocols is. Finally the results are compared into a comprehensive conclusion.

2. RELATED WORK AND MOTIVATION

Efficiently grouping the sensor nodes into clusters helps us achieve our goal of energy
efficiency. Nodes which lie in close proximity of each other are likely to pick-up same data. To
avoid sending the duplicate data to base station, this data must beggregated. This process is known
as data aggregation and this task is entrusted with the cluster head. Data aggregation may also be
explained as local compression to reduce global communigation. /Another responsibility of the CH is
to select a MAC protocol for collision avoidance and reliable delivery of the informations\WSNs are
grouped into two forms based upon the energy levels of the nodes: hamegeneous and heterogeneous
networks. They are defined as follows:

Homogeneous Networks: All the nodes censtituting the network have their initial energies at
same level. Many cluster based routing protocols have come into picture for homogeneous WSNs
e.g. Low-Energy Adaptive Clustering Hierarchy (LEACH) [7], Power:Efficient Gathering in Sensor
Information System (PEGASIS) [8], and Hybrid Energy-Efficient Distributed clustering (HEED)
[9]. Their performance is limited in,the case of non-equableienergy consumption by nodes due to
radio channel characteristics, fault'in“linksier. morphological features of field.

Heterogeneous Networks: There are-more,than oné energy levels present for the nodes.
Stable Election Protecol (SEP) [10], Distributed Energy Efficient Clustering (DEEC) [11],
Developed DEEC#(DDEEC) [12], Enhanced DEEC (EDEEC) [13] and BEENISH [14] are
protocols for heterogenegus,WSNSs.

3. THERADIO DISSIPATION'MODEL

We make use of standard Radio Dissipation Model [7,8] to calculate the average energy of
the network and trendsiin which energy is dissipated per bit and per round bases.
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Fig.1 Radio Energy Dissipation Model
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Every time data is sent, the radio unit of sensor node dissipates some amount of energy. This
energy is consumed by the electronic circuitry at both transmitter and receiver ends. To save more
energy the radio unit should be put to sleep in the situation where there is no data to be shared. The
mathematical equations that come into play are

Erxurd] = flx) = {

IE, +1s.d% d <d,

1
lE . +1s,,d% d = d, @)

where, Egiec 1S €nergy consumed per bit

Power control is achieved by taking the different modelsbased on the threshold do; if
distance is less that do, free space (fs) model is put to use; otherwise multi-path (mp) model.

Energy dissipation per round, Eoung is given as follows
Ernunri = L(ENEBEEC + NEDA + kgm*p d?ﬂﬂj‘ + NEfsdrzﬂCH:]

where, k= number of clusters,

Epa= Data aggregation cost expended in CH

diss= Average distance between CH and BS

diocn= Average distance between cluster members.and CH

Value of dy is calculated by
b —
Assuming uniform distribution ef nodes in the'field;

M M
Aeoc = ok’ deops = 0.765 (4)

Finally, the optimum number of clusters that need to be formed to cover the entire field are found
out by:

()

4. THE E-BEENISH PROTOCOL

In this section, we present and explain upon our protocol. Enhanced Balanced Energy-
Efficient Network Integrated Super Heterogeneous protocol works on the guidelines of BEENISH
i.e. CH are dynamically selected based on residual energy of individual node and overall average
energy of the network. The difference lies in quantization of energy levels. BEENISH had nodes
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classified into four types: Normal, Advanced, Super and Ultra-Super nodes. Here we introduce one
more type of node, Extreme node, along with exciting four types. It lets each node expend energy
evenly by rotating the cluster-head role among all nodes.

Any node s;(i=1,2,...N) becomes CH after n; rounds, where n; is rotating epoch. Node that
assumes the role of CH has more energy expenditure. We need to maintain py,: N CHs in each round
. LEACH achieves this by making each node as CH after every n; = 1/pop rounds as all nodes are
assumed to be possessing equal amount of energy. In the case of Heterogeneous networks, we
cannot keep equal epoch for all nodes. If done so, the nodes with low energy will die out soon. E-
BEENISH applies the approach to calculate epoch for each node based on its residual energy, E;(r).
Sensor nodes with higher energy are moe likely to be selected ass€Hs. So in our protocol, E-
BEENISH, extreme nodes get to be CH more often than others: This ensures equal distribution of
energy among all the nodes.

We also need to calculate average energy of network forr™ round. This is done using the
following formula [11]

L

E(r) = Edeai (1-%) (6)

R

where, R is the number of rounds till all nodes die. The calculation for R is done as same in
DEEC.

Rt Eroral )

Erning

where, EoungdS energy dissipated per round.

We need optimal"aumber of CHs'to cover the whole WSN area. So at the commencement of
each roundseach s; node computes probability threshold [10, 17]. Based on the value obtained, the
node makes a decision whetherto be a CH or not.

i —,  ifs€EG
T(s.) =l — p, (rmad;) (8)

L
0, otherwise

where, r is the current round and
G denotes set of nodes eligible to become CH.

INTERNATIONAL JOURNAL OF ADVANCES IN ENGINEERING RESEARCH




International Journal of Advances in Engineering Research http://www.ijaer.com

(NAER) 2015, Vol. No. 9, Issue No. VI, June ISSN: 2231-5152

v
ALL ALIVE NODES

\ 4

Select Node type

<
<

\ 4

Set of Nodes (s;) belongs to
corresponding G

A 4

Generate Random Number for
Selected Node

A\ 4
Calculate Threshold T(s;) for Node s;

Is Random
Number < T(s;)

Select Node s; as Cluster
Head

Fig.2 Flow Chart for Cluster Head selection

The node should not have been a CH in recent epoch n;. All nodes in set G select a number
between 0 and 1 randomly. For node s; to be CH in current round, the number should be less than
T(si).

Practically we do not have discrete energy levels for nodes. The energy must be quantized
for computational purposes. Giving greater probability to nodes with higher energy, to be selected
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as CH, helps in better distribution of energy and more reliable message transmission.
In E-BEENISH, we segregate the nodes into five types: normal, advanced, super, ultra-super
and extreme nodes. The probability for their selection as CH is given as follows

' '?’.;lpr-E[':?"}
|11 +m[ﬂ +my(—a+btm, (—b+utm,(—u+ mm}}:l}}E(r}
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Putting the computed values of p; in T(sp¢we find out corresponding, prebability threshold
respectively.

The aim of computing T(s;) is to give higher probability to nodes with more residual energy
Ei(r) to become CH in comparison to nodes with lower energy. Along with optimal distribution of
energy, parameters like stability ef network which in turn depends.on time when first node dies and
Network Lifetime based on time at whieh last node dies, are alse enhanced.

5. SIMULATION,AND RESULTS

This section evaluates the simulation results’of EBEENISH on MATLAB. The simulating
environment comprises of 100 sensor nodes deployed in 100m x 100m field. All nodes are assumed
to be eitherstationary of micro-mobile. \We,also do not take into consideration the inter-node signal
interference that is due to dynamie, random nature of channel and other environmental factors. The
radio parameters taken in this simulation are given in Table 1. To show the improvement achieved,
results of EBEENISH are compared with that of BEENISH and DEEC. As seen from Fig.3, first
node die for DEEC, BEENISH and EBEENISH is at 1075, 1313 and 1337 rounds respectively.
Also all nodes die at 2323, 8019 and 3797 rounds, respectively. Fig.4 supports our claim that more
data is being sent to BS in'EBEENISH over BEENISH and DEEC. EBEENISH is more competent
as compared to all protocols in terms of stability period, network life time and packets sent to the
BS, hence achieves our motive of energy efficiency.
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Parameters used in Simulation

Parameter Value

Eelec

5nJ/bit

Efs

10 pJd/ bit/m*

0.0013 pJ/bit/m*

Eo

0.5

Epa

5 nJ/bit/message

do

87.70 m

Massage size

4000 bits

Popt

0.1

Tablel. The Radio Parameters
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Fig.4 Packets sent'to BS

6. CONCLUSION

Hence EBEENISH is a clustering based,routing protocol that achieves energy efficiency by
carefully assigning the sole of cluster, head to higher=energy node on probability bases. So, during
different simulationtime, each node has résponsibility of gathering data from nodes in its cluster,
local compression and transmitting it to the base station; forcing it to dissipate larger portion of its
energy. Further, EBEENISH is dynamic in nature. This means that there is no prior allocation of the
different levels of energy In the sensor nodes. Also this is a scalable protocol i.e. knowledge of
precisedocation,of each node in‘the, field is not a mandatory criteria. Hence, distributing the energy
consumption on round bases to all'the nodes reduces global energy dissipation and achieves longer
network lifetime and stability.

REFERENCES

[1] Qureshi, T.N.; Javaid, N.; Malik, M.; Qasim, U.; Khan, Z.A., “On Performance Evaluation of
Variants of DEEC in WSNs,” Broadband, Wireless Computing, Communication and Applications
(BWCCA), 2012 Seventh International Conference on, vol., no., pp.162,169, 12-14 Nov. 2012.

[2] T. Shah, N. Javaid, T. N. Qureshi, “Energy Efficient Sleep Awake Aware (EESAA) Intelligent
Sensor Network Routing Protocol”, 15th IEEE International Multi Topic Conference (INMIC’12),
2012, Pakistan.

[3] F. Akyildiz, W. Su, Y. Sankarasubramaniam, E. Cayirici, A survey on sensor networks, IEEE
74

INTERNATIONAL JOURNAL OF ADVANCES IN ENGINEERING RESEARCH




International Journal of Advances in Engineering Research http://www.ijaer.com
(NAER) 2015, Vol. No. 9, Issue No. VI, June ISSN: 2231-5152

communications magazine 40 (8) (2002) 102-114.

[4] LF. Akyildiz, W. Su, Y. Sankarasubramaniam, E. Cayirci, “Wireless sensor networks: a survey,
Computer Networks”, 38 (4) (2002) 393-422.

[5] Aslam. M, Shah. T, Javaid. N, Rahim. A, Rahman. Z, Khan. Z. A, “CEEC: Centralized Energy
Efficient Clustering A New Routing Protocol for WSNs”, Poster Session of 9th Annual IEEE
Communications Society Conference on Sensor, Mesh and Ad Hoc Communications and Networks
(SECON2012), Seoul, Korea, 2012.

[6] Latif. K, Jaffar. M, Javaid. N, Saqib. M. N, Qasim. U, Khan. Z. A, “Performance Analysis of
Hierarchical Routing Protocols in Wireless Sensor Networks™, Sth International Workshop on Next
Generation of Wireless and Mobile Networks (NGWMN 2012), in conjunction with 7th IEEE
International Conference on Broadband and Wireless Lemputing, Communication and Applications
(BWCCA 2012), Victoria, Canada, 2012.

[7] W.R. Heinzelman, A.P. Chandrakasan; H., Balakrishnan, An application-specific protocol
architecture for wireless microsensor networks, 1EEE Transactions on, Wireless Communications 1

(4) (2002) 660-670.

[8] S. Lindsey, C.S. Raghavenda, PEGASIS: power efficient gathering in sensor information

systems, in: Proceeding of the IEEE Aeraspaee.Conference, Big Sky, Montana, March 2002.

[9] O. Younis, S. Fahmy, HEED: A hybrid; energy-efficient, distributed clustering approach for ad
hoc sensor networks, IEEE Transactions on Mobile Computing 3 (4) (2004) 660—669.

[10] G. Smaragdakis, I. Matta, A. Bestavros,“SEP: A Stable Election Protocol for clustered
heterogencous wireless sensor metwork”,/n: Second International Workshop on Sensor and Actor
Network Protocols,and Applications (SANPA 2004), 2004.

[11] L. Qing, Q. Zhu, M, Wang, “Design of a distributed energy-efficient clustering algorithm for
heterogeneous wireless ‘sensor network”, ELSEVIER, Computer Communications 29, 2006, pp
2230- 2237.

[12] B. Elbhiri, R. Saadane, S. El Fkihi, D. Aboutajdine, “Developed Distributed Energy Efficient
Clustering (DDEEC) for heterogeneous wireless sensor networks”, in: 5th International Symposium
on I/VV Communications and Mobile Network (ISVC), 2010.

[13] ParulSaini, Ajay.K.Sharma, “E-DEEC- Enhanced Distributed Energy Efficient Clustering

Scheme for heterogeneous WSN”, in: 2010 1st International Conference on Parallel, Distributed
and Grid Computing (PDGC - 2010).

INTERNATIONAL JOURNAL OF ADVANCES IN ENGINEERING RESEARCH




International Journal of Advances in Engineering Research http://www.ijaer.com

(NAER) 2015, Vol. No. 9, Issue No. VI, June ISSN: 2231-5152

[14] T. N. Qureshi, N. Javaid, A. H. Khan, A. Igbal, E. Akhtar, M. Ishfaq, “BEENISH: Balanced
Energy Efficient Network Integrated Super Heterogeneous Protocol for Wireless Sensor Networks”,
ELSEVIER, Procedia Computer Science 19 (2013), 920 — 925.

INTERNATIONAL JOURNAL OF ADVANCES IN ENGINEERING RESEARCH




