arXiv:1303.6260v1 [cs.NI] 25 Mar 2013

E-HORM: AN ENERGY-EFFICIENT HOLE REMOVING MECHANISM
IN WIRELESS SENSOR NETWORKS

M. B. Rasheed®, N. Javaid’, Z. A. Khan®, U. Qasin¥, M. Ishfag’

'COMSATS Institute of Information Technology, IslamabaekBtan.
$Faculty of Engineering, Dalhousie University, Halifax,r@aa.
“University of Alberta, Alberta, Canada.
$King Abdulaziz University, Rabigh, Saudi Arabia.

ABSTRACT lifetime. To address this issue, much work has been done in

Cluster based routing protocols for Wireless Sensor Netsvor this area during the last few years. If the sensor nodes are de
(WSNSs) have been widely used for better performance in tern@éoyed uniformly, nodes near the sink send their own data as
of energy efficiency. Efficient use of energy is challengingwell as the date collected by other nodes away from the sink
task of designing these protocols. Energy holes are creatdd multihop scenario. In this case, the sensor nodes near the
due to quickly drain the energy of a few nodes due to nonsink consume more energy and die out quickly. As a result,
uniform node distribution in the network. Normally, energy the sensor network will disconnect having sufficient energy
holes make the data routing failure when nodes transmit datgft unused([1]. Various schemes have been proposed to ad-
back to the sink. We proposeErgy-efficient Hle Removing ~ dress the Energy Hole Problem (EHP).[Ih [1], authors present
Mechanism (E-HORM) technique to remove energy holes. Ii& model for balanced density control to avoid energy holes.
this technique, we use sleep and awake mechanism for sensdtey use equivalent sensing radius and pixel based transmis
nodes to save energy. This approach finds the maximum dision schemes for balanced energy consumption. By actgyatin
tance nodes to calculate the maximum energy for data trangifferentenergy layered nodes in non-uniform distribotioe
mission. We consider it as a threshold enefgy. Every energy holes problem is mitigated effectively.
node first checks its energy level for data transmissiorhdf t In [2], authors purpose a Voronoi diagram-based distri-
energy level of node is less thdf,, it cannot transmit data. bution model for sensor deployment. In this model, each
Index Terms— Energy Hole; Non-uniform Distribution: node calculate its Voronoi polygon to dete_ct coverage hoI_e
Corona: WSNs ahndf_ml(()jve towards a better position for maximum coverage in
the field.

In [3], authors discuss the Corona-based sensor network
model for balanced energy depletion due to many to one com-

WSNSs consist of a large number of sensor nodes depmyéaunication in multihop sensor networks. They use mobile
in a sensor field for object monitoring either inside the fieldSeNSOrs to heal the coverage hole created due to large data re
or near the field. Recent advances in Microelectromechari@ying near the sink. I }4], authors purpose a multiple sink

ical Systems (MEMS) based technologies have enabled tH’godelto divide the network load near the sink to avoid the en-
deployment of a large number of tiny sensor nodes with lim £ray hole. Decision of a multiple sink is based on the amount

ited battery life time. These nodes have the low computac-’f data loads in sensor networks.

tional ability and small internal memory. These small senso  In [5], authors discuss the distributed localization prob-
nodes capable of monitoring, sensing, aggregation and-tranlem, Optimal Geographic Density Control (OGDC) for full
mission of data to the sink. WSNs are used in many commucoverage as well as connectivity. They prove that if commu-
nication applications including security, medical, siltaace ~ Nication range is twice the sensing range then complete cov-
and weather monitoring. Sensor nodes are able to measugEage implies connectivity.

various parameters of the environment and transmit celtect Tang and Xul[2], discuss how to optimize the network
data to the sink directly or through multihop communication lifetime and data collection at the same time. Large amount
Nodes deployment is the first step in establishing senser nedf data is given to the sink by nearby nodes and less data from
work. Sensor nodes are battery powered and randomly déhe nodes that are far away from the sink in the previous study
ployed in target area. After the deployment sensor networkor this a rate allocation algorithm Lexicographical MaxaM
cannot perform manually. Optimizing the energy consump{LMM) for data gathering is proposed to maximize the data-
tion is one of the major tasks in WSNs to prolong the networlgathering amount and maximize the network lifetime under
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balance data gathering condition. field. It then calculates the required energy to transmé ttat

the sink. We set this energy asfg;,. In every round if the
2. ENERGY HOLE PROBLEM IN WSNS energy level of a node is greater than or equakip, sensor

node transmits data to the sink. If the energy level of anyenod

In this section, we discuss the characteristics and effefcts IS less thank,, it cannot transmit data to the sink. When the

energy holes. Unbalanced energy consumption is a major ig€nergy level is less thafi,;, value, it moves towards the sleep

sue in WSNs when nodes are randomly deployed in sens®pode to save energy.

networks. Sensor nodes in the network behave as a data orig-

inator and data router [6]. 4.1. Sensor Node Sleep Scheduling

Nodes near the sink have a greater load of data, hence ) )
consume more energy. Therefore, nodes near the sink dB&fore performing the sleep schedule, we examine the energy

plete more energy and die quickly, leading what is called EHPEVE! of each node according to their distance from sink by

around the sink. In this situation, no more data will be transUSing the following steps.

mitted to the sink. So, the network lifetime ends due to more Case 1.E, > E,,: WhenE, is greater than th&,),

depletion of energy near the sink. More sensor nodes due to the node is in active mode and ready for commu’nica-

dense deploymentin any region may overlap and increase the tion.

hardware cost. However dense deployment is another reason

for the creation of holes problem in WSNs. e Case 2:E, < Ey,: WhenE, is less than thé,;,, the
node moves towards sleep position.

Each node set the sleeping scheduling according t@the

3. ENERGY CONSUMPTION MODEL To calculate the2,;;,, we use the following formula.

We have found that due to EHP network dies eavifeng et
al. [7] deals with the lifetime of sensor networks. They as-

sume that the communication between nodes consume MOBhere D is the length of data packet anklis the distance
energy rather than data aggregation and data reception. P{&.tveen maximum distance node and sink.
vious research shows that the traffic near the sink is heavier

than the traffic away from the sink. Energy consumption near > E-HORM F lati
the sink is greater and energy holes occur leading to thé deafl' i ormulation

of the entire network. This phenomenon reduces the ”fetimgased on the network model, nodes be|0nging to CH forward
of the whole network due to large energy consumption neaoth the data generated by themselves and the data generated
the sink. If more nodes are deployed near the sink, there wilhy its member nodes. Nodes which are not CH need not for-
be more nodes use to relay the distant data and hence extergigrd any data. Suppose nodes are randomly deployed in the
the network lifetime which is also non-uniform node distrib network and there is no need for data aggregation at any for-
tion strategy. The phenomenon of an energy hole makes th@arding node. Based on transmission mechanism data for
researchers realize that the network lifetime is deterthbye  CH receive and forward i§D; + Dy + D3 + ... + Dy) and

the weakest node.How to avoid EHP becomes an importani.,; + D; + Dy + Ds + .... + Dy). If the distance be-
research area now a days. tween N and CH igl < d, than energy consumption for data
We use the same energy consumption model as uséd in [§ansmission from N to the CH.

which is the first-order radio model.

Ey = ((ETX + EDA) % D) + (Egmp * Dxd*) (1)

B = DY (Eae) + D (Eys)(d?) )

4. E-HORM: PROPOSED SCHEME L . :
Now considering the scenario where distance between N to

We consider the scenario where nodes are randomly deploygd'I isd > do.
in a given region. Some nodes are selected to be active and CH _ nCH CH 4
rest are in sleep mode to maintain sensing, coverage and con- EN" = DN (Eete) + DN~ (Bamyp)(d7) ®)

nectivity. The position of the sink is at the center of the—netFnergy consumed by CH to transmit data to the S when dis-

work. Energy of all the nodes are equal while the energy o ance between them is< dy:

the sink is unlimited. In our model, nodes transmit data to
the sink based on residual energy and the distance between  ps _ psS (g Vi Eo. 4 DS, (Ep ) (d2 4
nodes and sink. E-HORM scheme has four major phases: (i) oH Sn(Hete) pa cn(Er)(d) ()
initializing phase, (ii) threshold calculating phasei) @us-  When distance between CH and Slis- do:

ter formation, and (iv) sleep/awake scheduling phase. in ev

ery round sink first checks the maximum distance node inthe ~ E2,; = D2 (Eee) + EpaDcH® (Eupmp)(d*)  (5)
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only sink is located at the center of the field. Sensor nodes
do not move after deployment. Sensor nodes are limited ini-
tial energyE;,.;;, while the energy of the sink is unlimited.
The transmission ranges of sensor nodes are adjustable ac-

cording to the distance from the sink. All nodes need to send

the data packets to the sink in a cycle time. In each round sen-
sor nodes are selected to work and the rests of nodes are set

to sleep mode to save energy. In E-HORM, this mechanism is

and SEP.

Erotal_ca = Ecu + EN (6)
ETotal,CH
EAUerage?CH — T (7)
Energy saving in each round for normal node is:
ESave,N = Eelec + ETX + Eamp (8)
Energy saving for CH is:
Esave_co = Ecie + Epa + Erx + Erx + Egmp  (9)
Energy saving for all sleep nodes
ESaue,Total - Z Ez (10)
i=0

4.3. Analysis

Sleep probability of sensor nodes for each round is based on
Ey;, of distant nodes. The nodes away from the sink increase
the sleep probability. In this way, the nodes consume approx
imately balance energy to enhance the network lifetime. For
WSNs the sleeping scheduling is very important due to lim-
ited energy of sensor nodes. If a node set into active pasitio
for along time, it consumes a lot of energy. On the other way,
the transmissions create more delay for long time sleep du-
ration. In this paper, we design an optimum sleeping control
mechanism to avoid both of the problems.

5. SIMULATION RESULTS

Table 1. Simulation Parameters

Symbol Description Value

Xm Distance at x-axes 100 meter

Ym Distance at y-axes 100 meter

N Total number of nodes 100 Nodes

Eq Total energy of node 0.5]j

P Probability of cluster head 0.1

Erx Energy dissipation: receiving 0.0013/pj/b11t/m4

EfS Energy dissipation: free space mode|l lO/pj/b'Lt/WLz

Eamp Energy dissipation: power amplifier 100/pj/bit/7nz
cle Energy dissipation: electronics 50nj/bit

Epx Energy dissipation: transmission 50/nj/bit

Epa Energy dissipation: aggregation 5/nj/bit

dg Reference distance 87 meter

n Number of sleep nodes 10 Nodes

By Remaining energy of nodes

called sleep awake process. We apply our scheme in four cat-
egories of the cluster based protocols LEACH, TEEN, DEEC

In this section, we evaluate and explain the simulation re-
sults of our purposed work. Three main matrices, including

the stability period, network survival lifetime and datarts-

mitted to the sink are calculated and compared with the ex-
Our results are based on analyses and are validated by Matlaing work. We explore the theoretical analysis of node dis
simulations. In our simulations, we consider a sensor netribution according to random deployment. We evaluate and
work with n number of homogeneous or heterogeneous sercompare our purposed technique with LEACH, TEEN, DEEC
sor nodes which are randomly deployed in a square field. Thand SEP protocol with random node deployment in the sensor



network. Our technique outperforms in terms of network lifeis achieved. As for network life time, this work clearly gsve
time and stability period. Now we explain how the sleep andhe results in terms of network lifetime and stability pélrio
awake mechanism are carried out in LEACH and TEEN to reSensor nodes consume balance energy, and hence maximize
move the energy holes. LEACH and TEEN are homogeneoube network lifetime. This paper clearly points out how we
routing protocol and all the nodes have the same probabilitgan remove the energy holes problem in WSNs, and other re-
to become a cluster head. searchers can also easily purpose a new protocol accoaing t
Cluster head consumes more energy during transmission ddeployment techniques, which avoid the energy holes. Sim-
to data load of member nodes. Nodes forward their own datalation results show that the results of our scheme perform
to cluster heads according to TDMA schedule. All nodes ardetter than previous schemes in terms of network life time
in sleep node and turn on their transmitters during datatran and stability perid.

mission to save energy. According to our approach, the nodes
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