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Abstract

Several localization algorithms for Wireless Sensor Network
(WSN) have been proposed and implemented for determining the
physical location of sensor nodes. In this paper, we propose a
scheme to reduce the power cost consumed during the DV-Hop
localization algorithm. The simulation results show that the
proposed scheme decreases the energy consumption than the
normal DV-Hop algorithm.
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[. INTRODUCTION

A Wireless sensor network (WSN) is composed of tylef
sensor nodes. These nodes have the ability of regnsi
computation, and wireless communication. Due tpdawerful
function and low energy cost, the WSN has been lyidsed
in various domains; such as military affair, enwmimeent
inspection, traffic management, long distance aniof
dangerous region, and so @m.WSN, the position information
is crucial. When an abnormal event occurs, the sensde
detecting the event needs the position informatmtocate the
abnormal event and report to the base station. eftwer,
numerous applications rely on the geographic intdiom
(e.g., location) of the sensor to identify the posi of the
tracking object, to assist in delivering packetshe fields of
interests, to reduce the number of packets floodihg
network for route discovery, and to provide serdaployment
for mitigating coverage overlap [1].

Various localization approaches have been proposéie
literature. These schemes are categorized as kmaggst and
range-free, depending on the use of distance deasgimate
[2,3]. The range-based algorithm uses absolutet{i@ipoint
distance estimates or angle estimates for caloglathe
location. The range-free algorithm makes no assiomatout
the availability or validity of such information.his scheme
does not require any technology or equipment tosoneathe
distance or bearing between nodes, they just apipdy
communication among nodes to localize unknown nobes
to hardware limitations of WSN devices, solutionsrange-
free localization are being pursued as a cost&ffec
alternative to more expensive range-based appreache

In this paper, we proposed a new scheorereducing the
power cost in DV-Hop Localization Algorithm. Thegmosed
scheme minimizes the power cost during the proadss
localization. Simulation results show that the parfance of
this scheme is superior to the original DV-Hop aitdpon.

The rest of the paper is organized as follows: iBectl
discusses the related work in localization for \eiss sensor
networks, in section Il we review the existing Diép
algorithm based localization schemes. Section I¥sents
scheme for reducing the power cost. The experirheasalts
are provided in Section V. We conclude the papeBeation
VI.

Il. RELATED WORK

Many works in the literature propose schemes anthode
for localization in WSNs for many purposes. In thage-free
localization algorithms, Niculescu et al. [4] pragothe DV-
Hop localization scheme, which is similar to thaditional
routing schemes based on distance vector. In feiHop
scheme, the node firstly counts the minimum hop lmem
from the anchor node and then computes the distagivecen

the node and anchor node by multiplying minimum hop

number and average distance of each hop. At lastnbde
estimates its position through triangulation altjon.

He et al. [3] propose an Approximate Point-In Tgalation
test (APIT) algorithm. Using three anchors,

APIT employs an area-based method to estimate node

position. Amorphous algorithm [6] is similar to tig/-Hop,
but it assumes to know the network density in adeamnd
uses offline hop-distance estimations. It propdsagknerate a
relatively accurate coordinate system on distrihyiecessors
via local information. Triangulation is also usedestimate a
node’s location.

Centroid algorithm [7] is a simple range-free |dzation
algorithm. The node receives signals of anchorsitin
communication area and makes its coordinates asethieoid
of these anchors. Additional devices of localizat@re not
required in this algorithm.

Centroid, DV-Hop, Amorphous, APIT are all distribdt
algorithms. They are characterized by simple computow
traffic and scalable ability. Range-free localinatischemes
are little affected by environmental factor, anddiidnal



range modules are not needed. These characterintis
them suitable to WSNs of simple nodow cost and large
scale.

Niculescu et al. [4] have proposed the -Hop, which
implementation is comprised three step:
In the first step, each anchor node broadcastsaeobet« be
flooded throughout the network containing the ams
location with a hopount value initialized to one. Ee
receiving node maintains the minimum |-count value per
anchor of allbeacons it receives. Through this mechanisn
nodes in thenetwork get the minimal h«-count to every
anchor node. In theesond step, once an anchor gets-
count value taother anchors, it estimates an average siz
one hop, whichs then flooded to the entire network. Af
receiving hop-sizeynknown nodes multiply the h-size by
the hop-count valugo derive the phyical distance to the
anchor. The average HopSiie estimated by anch i using
the following formula:

DV-HOPALGORITHM
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Where (x y) and (x, y;) are coordinates of anct i and
anchor j, his the hops between beacon i and bear
Each anchor node broadcasts ltepSizeto network using
controlled flooding. Unknown nodes rece HopSize
information, and save the first one. At the sanmeeti ttey
transmit the HopSizéo their neighbor nodes. This sche
could assure that the most nodes receivi HopSize from
beacon node who has the least hops between theime knc
of this step, unknown nodes cpuote the distance to tl
beacon nodes based on Hepgth and hops to the beac
nodes.
Let (X, y) be the unknown node location ani (x, V) the
known location of the i'th anchor node receivert'd. say the
i'th anchor node distance to unknown nod: d;. We obtain
the following equation system [8, 9]:

HopSize;
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We get, from (2) the following equationp =B
Where Ais (n-1x 2, Bis (n-3 1 arglis 21 matrix
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The coordinates off is computed by the following formu
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p= 3

IV. SCHEME FOR REDUCINCPOWER COST IN DVYHOP

During the DVHop process of localizati, Power is
consumed duringommunication transmission and reception
of packets) and computati¢hO].

We considered:

N: Number of nodegunknown nodes and anchc
Na: Number of anchors.

Cayg: Average of connectivi

D: Dimension of the space

A. Communication Cost

< Each node in the network will broadcast an aved(Na
hop count packets.

e Each node in the network is considered to hav
average ofC,4 neighbors. Hence, each node in
network will receive an average Na* C,,4 broadcasts
of hop count packets.

Then the Total Number of Pack( TNP) Transmission
(emission and reception) is:
TNP = N*(Na+ Na* Cyy) (4)
Since evenanchor already contains its own hope ccwe
subtract the number of thi¢a anchors of the total number of

the N nodes.
The formula (4) becomes:

TNP = (N-Na)*(Na + Na* Cyg) + Na* (Na+ (Na-1) * Cyyg)
Because each anchor wiiceive (Na-1) * C,,4 and broadcast
Na packets.

Thus:
TNP =N*(Na+ Na* Cypyg) - Na*Cay (5)

B. Computational cost

Forming the matriXA requiresD* (Na-1) subtractions

Forming the matrixB requires (D+1)*(Na-1) subtractions,
D*(Na-1) additions and (Na-1)* 2* (D+1) multiplications.

For compute theestimation positio [5], the processor
consumesNa* ((Na-1)* D+ D?/3)

Each node will perfornNa multiplicationin order to compute
Na extended rangesnd Na least-squares operations for each
anchor.

Thus:

The sum of these formulasves



Thus:

Finally, the total computational cost is: I ¢

WhereF is the cost in power of a single flop and is system
specific.

In DV-hop Normal every nodes calculates, A, B, and
In our scheme, the matrix A will be calculated onle time
in the anchor that will receive in first all othemnchor packets.

o
=}
ol

Na + Na[(Na-1)(5D+3) + (Na-1)D? + D%3]
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Fig.1. Random deployment topology

o
o

(6) Becomes:

Fig. 2 shows the communication link between node34

D(Na-1)+Na[1 + (Na-1)(D*+4D+3) + D%3] Anchors, R:10m).' It givgs an idga abqut the shapéh®
network topology isotropic or un-isotropic. In ooase, the

For all nodes: topology is isotropic that means the network is siaene in

Finally, (6) becomes:

calculate the communication and the computatiorahep
cost.

The experiment region is a square area with thedfisize of
50 x 50 mand the radio range of sensor no&ess set to 10

different directions.

D(Na-1)+N*Na[1 + (Na-1)(D*+4D+3) + D¥3]

(D(Na-1)+N*Na[1 + (Na-1)(D*+4D+3) + D¥3])*F (8)

Y coordinates

V.SIMULATION RESULTS
We simulated the DV-Hop and our proposed scheme to

meters. We assume that anchors are chosen randdthin
the same area. As shown in (Fig.1), we deploy 1€@sar Fig.2. Communication link between nodes (5% AnchBrs10m).

nodes randomly in a two-dimensional spdae=(2).
We suppose that:

Fig.3 and Fig.4. Shows the Total Number of Packets
. . . Transmission during all the process of localizatiaccording
The network of sensors is static (no mobile nodes). to formula (7), it is clear that the TNP increaséeen the ratio

Node; are homogeneous: node; are similar in th?}llranchors increases and when the connectivityasss.
capacity of treatment, communication, energy and

Sto rage : x 10* Number of Packet Transmission / % Anchors
Channels of communications are bi-directional (ifcle 7 ‘ ‘ ‘ ‘ ‘
N1 can receive a message of the node N2 then N1 can
send a message to N2).

Every node has at least one neighbor

Number of Packet Transmission
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% Anchors

Fig.3. Number of packet transmission.
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Fig.4. Number of packet transmission.

We notice that when the connectivity increases, rtésvork

consumes a lot of energy and if the connectivityrdases will
have a problem of communication between nodesefitver it

is necessary to choose an optimal value of connbcti
(adapted better the radio range). From the sinmatsults of
Fig. 5, our scheme achieves better performance ttheubV-

Hop algorithm, because it consumes less energy when
ratio of anchors increases.
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Fig.5. Total computational cost / % of anchors.

Fig.6. Shows the energy consumed during computatibien
the number of nodes increases. Our scheme conslases
energy than the normal DV-Hop.
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Fig.6. Total computational cost / Number of nodes.

VI. CONCLUSION

In this paper, we have presented the power cosissacy
for all nodes to be located with DV-Hop algorithmdawe
proposed a new scheme for minimized the power dashg
the process of localization.

Our scheme works with a small humber of commurocati
between nodes, minimize de computational cost aegpikg a
better accuracy.
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