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ABSTRACT protocol for WSNs. According to LEACH algorithm, selec-

Cluster based routing technique is most popular routinig-tec tion of CH for current rognd is probabilistic. Therefpretﬁn’s .
nique in Wireless Sensor Networks (WSNs). Due to Vary_approach, o_fCH selection CHs formed are not uniformly dis-
ing need of WSN applications efficient energy utilization in tributed, which may cause existence of disconnected nodes.

routing protocols is still a potential area of research. hiis t LEACH-Centralized (LEACH-C) is an extension of LEACH
research work we introduced a new energy efficient clustewhichis proposed by Balakrishnan, Chandrakasan and Heinze
based routing technique. In this technique we tried to overman [3]. The plus point of this algorithm is that, BS makes
come the problem of coverage hole and energy hole. In ouiure that node with less energy does not become CH. However
technique we controlled these problems by introducing denin large scale network, nodes far away from BS are unable to
sity controlled uniform distribution of nodes and fixing bpt send their status to BS.

mum number of Cluster Heads (CHs) in each round. Finally Multihop-LEACH protocol is proposed by Nauman Is-
we verified our technique by experimental results of MAT-rar and Irfan Awan[[4]. Multihop-LEACH has mainly two
LAB simulations. modes of operations, i.e., multihop inter-cluster operatind
multihop-intra cluster operation. In the leading openatiodes
sense the environment and send their data to CH, this data is
received by BS through a chain of CHs, while the lagging
operation is performed in time out period. However, in both
modes of operations CH is selected randomly. This agree-
ment does not guaranty full area coverage of the entire net-

Lots of research has been done to control energy utilization L L
work which, it is monitoring.

in the network layer of WSN. Clustering technique got great )
attention in resolving energy utilization issue. In clustg W. Jun, et al. [5] proposed LEACH-Selective Cluster

technique, data is first gathered and then forwarded to Ba&EACH'SC)' CH selection in LEACH-SC is like ITEA_CH'
Station (BS). A uniform distribution of nodes and optimum The algorithm changes the theme of cluster formation in such

number of CHs in each round helps to control load distribu Way that node finds CH closest to the mid point between it-
tion in clustering technique which, ultimately utilizesezgy self and BS, then joins that cluster. However, number of CHs

efficiently. fluctuate as rounds proceed.

As a second step controlling the number of clusters formed Localization problem is discussed In [6] and [7]. Authors
during network Operation enhances the network Stablllty andiVided the network area in to sub areas. The localization
lifetime. A network is said to be stable if difference betwee technique helps to improve the coverage hole problem.
first node died time and last node died time is minimum [1].  In this research work we introduce a new clustering tech-
Optimum number of CHs not only control load distribution nique of routing layer communication. In Density contrdlle
but also uses energy efficiently. Divide-and-Rule (DDR), nodes are distributed uniformly in

One of the problem in clustering technique is the creationthe network and randomly distributed in different segments
of energy holes. In random distribution of nodes CHs whichof network; to control the density. In this way coverage hole
are overloaded cause the creation of energy holes. In multproblem can be avoided. Secondly in DDR, clusters formed
hop data forwarding technique, nodes near the BS consunage static and number of clusters remain fix during network
large energy. These area of nodes are also called hotspots [@peration. The number of clusters formed are near to opti-
Energy depletes quickly in the hotspot areas of network.  mum number. This helps in efficient energy utilization and

W.R. Hienzelman, A.P. Chandrakasan and H. Balakrishuniform load distribution. Rest of the paper is organised as
nan proposed LEACH [2]; one of the first clustering routingunder.

Index Terms— energy, efficient, routing, WSN, static,
clustering, hole.
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2. PROPOSED PROTOCOL DESIGN value ofd from the centre point to the!” square increases in
multiple of square number. If we hawenumber of concentric
In this section, we introduce DDR. First we describe how thesquares then, by using following equations we can find the co-
network area is logically divided into segments then we fintbrdinates of* square.
out the energy consumption in these segments.

Table 1. Notations used in Mathematical Model

Symbols | Meaning - By (Sn) = (Cp(2) + dn, Cp(y) — dn), 3)
P Node Density
) Data aggregation energy per round
1, Internal square Ti(Sn) = (Cp(@) — dn, Cp(y) + dn), 4
M, Middle square
Os Outer square Bi(Sn) = (Cp(x) = dn, Cp(y) — dn). (5)
S, nt" square
Cp Center point of network field Ti(Sn) = (Cp(@) = dn, Cp(y) + dn), (6)
ET* Transmit energy of internal square We placed the BS in the middle of the network field. As
T; Top Left the area ofl is small therefore it is not further sub divided.
T, Top Right The area betweeh andM/; is further sub divided into equal
B Bottom Left area rectangular segments using following equations.
B, Bottom Right Segment (S2)
ET: . | Transmitenergy of middle square nodes B
Eﬁl/s Transmit energy of middle square nodes per Bi(52) = Bulls(v +d,y)) (7)
- segment . T,(52) = T(L(2,y + d)) ®)
E\; oy | Transmit energy of CH of middle square - . - gi 7 q
EY: .ox Transmitenergy of all CHs of middle square ubtracting factorl in the x co-ordinate of (/) and y co-
fa=atis . - ordinate ofB,.(I;), we get divided the area into segmefts
EyF on | Receive energy of CH of middle square 94 andS5. Similarly taking th ai/, and addi
El® Receive energy of all CHs of middle square an 5'. 'marty taking t e corners alil, and adding
E%t‘“”‘CH Total t all T ol or subtractingl in x or y co-ordinates accordingly, we get di-
M otal energy of a reg!ons of middle Square| ijed the area betweewl, andO, into segment$6, S7, S8
Eo Total energy of all regions of outer Square andS9. Figure[1 shows the organization scheme of squares

and segments.

2.1. Cluster Formation LEACH DDR
In DDR, static clustering technique is used. Nodes are uni- |~ ~ o + - Rm7 .
formly distributed in the network but, randomly deployed in + AR I + :

. s N -~ + R3 R2 °
the clusters. BS segmentize the network area. Each segment,— . _ = o 49
is known as cluster. Traditionally CHs are selected ontheba | - + |- NORES f , e | OR= i | re
sis of threshold and optimum number of CH in each round. | = /. "~~~ S R
Nodes then select their CH on the basis of minimum distance |~ - % | * | Ry | g
and received signal strength. In DDR, entire network fieldis | * '+ | [, AP
divided into small segments. Division of the network field is L . 7
such that communication distance between node and CH, and +  cCluster Head * NormalNode  d Reference Distance
between CH and BS IS reduced' NCR  Non Corner Region CR  Corner Region @ Base Station

Initially network area is divided inta concentric squares.

The value ofn is relevant to the distaneébetween two con- Fig. 1. Segment formation

centric squares. We find out that the valueid such that,
the clusters formed be balanced in terms of area and density.
For a network area of 120m x 120m the valuelof 20. The

value ofn can be found from the following equation.
This section describes mathematical model for energy con-
_ Cy(x) o X i i
n=—->= (1) sumption in the segments formulated in above section. En

d ergy consumption in transmission or reception of a 1-bikpac
As the network area increases the valuewdficreases. The over distanceD is obtained from([B].

2.2. Energy Consumption in different Segments



Energy consumption in each segment of a square depends

upon the number of nodes in a segment and energy consumed
in transmitting fixed amount of data. Equatién§ 9, 10[add 1

gives energy consumption iy, M, andO, respectively.

E?: = 4pd2TEnergy (9)
ENF 5eg = 4300 = D)Tpnerg, (10)
B 150y = 43pd® = 1)Tgnergy (12)

2.3. CH Selection and Energy Consumption of CH

CH selection is an important step in any clustering protocol
In DDR, new CH is selected in each round in each segmen
CH with minimum distance from central reference pointis se-
lected first then second least, third least and so on. Numb
of CHs in each round remain fix throughout network opera-
tion. In order to reduce communication distance multi-hog
communication strategy is adopted in inter-cluster commun
cation. CH in a segment selects front neighbouring CH a
forwarding node. CHs consume energy in transmission, re
ceive and aggregation. Therefore, energy consumption-is ce
culated individually. Area and node density of segment ir
same square is equal. There are total four CHs in four se(

ments of a square. CHs i, forwardO, CH data too, there-
fore, CHs inM, expand more energy.

1. Transmit energy

EN; anon = 4Bpd® +4pd*) Trnergy +4¢  (12)
whereg is the data aggregation energy.

2. Receive Energy

E]@i-all_CH = 12Pd2 —4 (13)

CHs inO, does not relay data. Therefore, CH®&f expand
energy in transmission and receive of local data.

1. Transmit energy

E(q;z_CH = (4pd2)TEnergy + QZS (14)
2. Receive Energy
E}O%Z_CH = (4Pd2 - 1)REn6T.qy (15)

3. PERFORMANCE EVALUATION

In this section, we present the experimental results of oo p

Table 2. Radio parameters

"Operation

Energy Dissipated

tronics

Transmitter / Receiver Elec- Eelec=Etx=Erx=50nJ/bit

Data aggregation energy

EDA=5nJ/bit/signal

Transmit amplifier
BS<do)

(it d to| Efs=10pJ/bitim?

Transmit amplifier
BS>do)

(if d to|] Emp=0.0013pJ/bith*
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Fig. 2. Comparison: Alive Nodes
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Fig. 3. Comparison: Throughput

posed protocol. The results are compared with existingoprot equipped with initial energy of 0.5J. Total nodes deployed i

cols on the bases of four metrics, i.e., stability periodywoek

the network filed are 100 into an area of 100 x 10®. BS

lifetime, throughput and optimum number of CHs. Nodes ares placed at the centre of the network field. Radio parameters



are shown in tablgl 3. tion process helps to reduce communication distance batwee

In the MATLAB simulation environment all protocols are node and CH and between CH and BS. Multi-hop commu-
executed under same conditions. We have seen that DDR8cation in inter-cluster further reduces communicatios d
stability period is 649 rounds better than LEACH and 148tance. In DDR we have tried to overcome the problem of
rounds better than LEACH-C. DDR clustering approach min-coverage hole and energy hole through density controlled un
imizes communication distances and optimum number of CHform distribution of nodes in different segments of network
remain same in each round which, ultimately enhances stabiDptimum number of CHs in each round helps to achieve bal-
ity period of the network. anced load distribution. Which enhances stable period and

Similarly in figure[3, network lifetime of DDR network network life time.
is 1270 rounds more than LEACH and 248 rounds more than
LEACH-C. Balanced energy utilization and avoidance of cov- 5. REFERENCES
erage hole enhances the network lifetime.

Figure[3 demonstrates that due to enhanced network life[1] A. Liu, P. Zhang, Z. Chen, Theoretical analysis of the
time and stability, packets sent to BS are 7%2tore than lifetime and energy hole in cluster based wireless sensor
LEACH and 24.40% more than LEACH-C. networks, Journal of Parallel and Distributed Computing

Table[3 evaluates DDR by comparing it with LEACH-C 71 (10) (2011) 13271355.
and LEACH, in terms of network area and number of nodes.
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Round| Round Institute of Technology (2000).
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tions
4, CONCLUSION AND FUTURE WORK

In this article we focused on energy efficient routing in WSNs
Our technique, DDR is based on static clustering and opti-
mum number of CH selection in each round. In DDR we di-
vided the network field into logical segments. The segmenta-
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