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Abstract—Sensor network applications such as environmental A network is disconnected or partitioned when one or more
monitoring demand that the data collection process be carried out sensor nodes are unable to the reach the base-station even
for the longest possible time. Our paper addresses this problem ;
by presenting a routing scheme that ensures that the monitoring then they h:ve enough efnergy. TTIS happensk Wr?eg adgrou]E)
network remains connected and hence the live sensor nodes®' S€NSOr noi e; ruhs out of energy. nallnetwor. , the burden o
deliver data for a longer duration. We analyze the role of relay data transmission is more on those neighbouring nodes of the
nodes (neighbours of the base-station) in maintaining network base-station that have to send their own data to the baseasta
connectivity and present a routing strategy that, for a particdar  as well as forward data from other sensor nodes (we refer to
class of networks, approaches the optimal as the set of relay jhage nodes as relay nodes hereafter). These nodes run out of
nodes becomes larger. We then use these findings to develop an . .
appropriate distributed routing protocol using potential-based energy faster than others and arg likely to disconnect ?Evef
routing. The basic idea of potential-based routing is to define a S€Nsor nodes from the base-station. Hence, we consider the
(scalar) potential value at each node in the network and forward problem of routing data so that the time when a network gets
data to the neighbor with the highest potential. We propose a partitioned because of relay node failure is maximized.
potential function and evaluate its performance through simula- We first analyze simple networks and use the thereby

tions. The results show that our approach performs better than . - L .
the well known lifetime maximization policy proposed by Chang obtained findings to develop a distributed routing scheme

and Tassiulas [1], as well aAODV [2]. using potential-based routing paradigm. The basic idea of
potential based routing is to definepatential at each node.
|. INTRODUCTION Once these potentials are defined, the actual forwarding of

Sensor nodes are typically battery-powered devices wittaffic is achieved by simply choosing the neighbor with the
limited computing and memory resources that can only corhighest potential. One of the advantages of this approaith is
municate with their direct neighbourhood. A wireless sensfiexibility and adaptability. Thus, there is no unique defii
networkis formed by a collection of sensor nodes that collalfunction that yields the potential at a node in every case but
orate to carry out a particular sensing task. In this paper, \it depends on the performance metric of interest in differen
examine the problem of routing in sensor networks. scenarios. Among the several factors that may be considered

This problem has recently attracted a lot of attention (se@énile assigning potentials are: residual energy at the hode
Section VI). Different sensor network applications imposgaffic load on the node, number of hops from the node to the
different requirements on routing. Consequently, the esutbase-station along the shortest path, etc.
chosen in these scenarios may considerably vary from eaclin this paper, we propose a potential function definition
other. Many routing algorithms have been suggested witlased on our analytical study of simple networks and evaluat
particular objectives in mind. However, these objectives aits performance by means of simulations. As a baseline for
relevant inparticular cases only, and not in others. As artomparison, we extend the well-known lifetime maximizatio
example: the algorithm in [1] seeks to maximize the timpolicy in [1] to our context. We also compare our protocol
until the first node runs out of energy—this is referred tavith AODV routing protocol [2]. Simulation results show that
as “network lifetime maximization.” Implicit in this phras our approach can lead to considerable advantages.
is the idea that the network serves a useful purpose only as
long asall the nodes in the network are alive. This may be
true in certain application scenarios, but there are otirers We consider a set of stationary sensor nodes that are
which this definition of network lifetime is too stringenta I randomly strewn in a given area. Each sensor samples the
applications like environmental monitoring, for instantiee environment periodically and produces data that needs to be
network continues to operate even after the first node filucommunicated to a single central base-station at a constant
Hence routing schemes that maximize the time until the finsite. All sensor nodes transmit at a fixed constant power and
node failure may not be useful. In fact, it may be necessaty thiwo nodes can communicate with each other if and only if they
all live sensor nodes are able to communicate with the sirdee separated by a distance less than a parametdre radio
In this case, the lifetime of the sensor network is the timmange of the sensor nodes. A paojnin the given area is said to
for which sensor nodes remain connected to the base-statioecoveredif there exists at least one sensor node at a distance
Therefore, routing schemes should maximize this lifetimeg, < C from the pointp. Equivalently, each sensor covers a circle
they should ensure that the network stays connected. of radiusC centered around itself. Note that sensors can have

Il. DEFINITIONS AND ASSUMPTIONS



overlapping coverage areas. We define coverage to be the drd®y considering a simple network and then extend the idea
covered by nodes in the system. In our analysis, we only fociescase2.

on the energy spent in transmitting and receiving packets. W

ignore the energy cost of sensing and computation. A. Analysis for Case

A. Network Model .We conS|der'the simple netyvork shown in Figure 1(a). In
this network,D is the base-station and other nodes are sensor

We model the sensor network by a grah= (V, E), where 5des. All sensor nodes exceptgenerate data at a constant
V' denotes the set of sensor nodes @hdenotes the set COM- 416 of . A generates data at rate, v > 0. The connectivity
munication links between sensor nodes. All communicatiQf this network isn as then neighbors (relays) of the base-
links are considered to be bidirectional and a ligkv} € £ station build the only separating set of this network. Here,
exists between two sensor nodeandv if and only if they aré pode 4 gets disconnected from the base-station only when
within the transmission range of each other. We provide SOrgg ,, relays die. Hence, atleast one relay should stay alive to
definitions related to graphs and formally state the problemysure that nodel has a route to the base-station.

Relays 1,2,...,n send their data directly to the base-

) ) __ station whereas nodé sends at rates;, rs, ..., r, via relays

1) A netwprk graphG = (V, E) is said to be_ connected if 1,2,...,n such thaty""_, r; = yr. The problem is now to
all vertices have a path to the base-station. find 71,72, ..., 7, SO that the time when atl relays run out of

2) Let S C V be a set of vertices. We denote B\ .S gnergy is maximized. For that purpose, we consider the simpl
the graph which is obtained by removing all verticeg,ting scheme where nodé sends all of its data via one of
(and their incident edges) ifi from G. More precisely, e relays until it runs out of energy and then repeats theesam

G\S:=V\S{z,y}:{zyp e Ena,y ¢ 5}). process by switching to another active relay. Furthermaee,
3) Given agraplt = (V, E), the separating sé&t C Vis a denote by

set of vertices such that the gragh\ S is disconnected. i _
4) The connectivity of a graph is the size of the min- 0 the initial be_lttery energy OT sensor nodes in joules,

imum sized separating set, that isin{|S| : S C ¢ the Tran§m|t energy per .b'.t n joules,

V' A S is a separating skt This number represents the L, the receive energy per bit in joules,

minimum number of vertices that have to be removed _* the t!me at Wh!Ch relay runs out of energy, and
from (@ to make the network disconnected. 1 the time at which alln relays run out of energy.

The following simple analysis gives;, for the above scheme.
C. Problem Statement Let us assume that picks relayl to forward all its data.

. . - The total rate of flow out of relay is then(y + 1)r. Hence
Consider a network graply with connectivityn. Let Us relay 1 runs out of energy first at time

denote byS,,.;» @ minimum sized separating set; by definition

of connectivity, |Smin| = n. The network gets disconnected !
when sensor nodes if,,;, run out of energy. Therefore, to

ensure that the network stays connected for a longer darati¢he remaining energy in relaysto n when relayl dies is
it is necessary to prolong the time when all nodesig,, run ~Eo(Ey + Er)

out of energy. Thus, the problem is to find a routing scheme Bo—Tixrx ke = VE-+ (v + 1)E:

so that sensor nodes 8},,;,, stay alive for a longer duration. Next, nodeA picks relay2 in order to forward its data. The

In a graph, there can be several separating sets and se\mé at which node runs out of energy is,
minimum sized separating sets. In what follows, we restrict

B. Definitions

Eo
yrE, + (v + 1)rE; :

YEo(E, + Ey) 1

our_selves to Fhe separating ﬁtformeq by relays (i.e nodes . = Tt DB S TeE TG DE)
which are neighbours of the base-station and can forward any Eo VEo(Ey + Bt
non-neighbour’'s data). IV is the set of neighbours of the T B A (DB (B + (o DED?

base-station (i.e.,Vv € N : {ug,v} € E), thenS* is given
by S* :={v:ve NAJuecV\Nu#uy: {uv} € E}.
Clearly, the set of relays forms a separating set, but it may 5 ( Y(E. + Ey) )2
or may not be minimum sized. Our aim is now to maximize " \VE + (v + DB
the time when the network gets disconnected as relay noqﬁ%eneral relayi dies at
in this separating set runs out of energy.
i i
1. ANALYSIS o= Yy Boly(By + B))

r(YEr + (v + 1)E)d
j=1

and the remaining energy in relaggto n is

We consider two ways by which a network can get parti-
tioned because of relay node failure alone. In the first ¢dage, Therefore, the time at which all relays run out of energy is
network gets partitioned only when all relays run out of gger "
and in the second case, the network gets partitioned when,a_ Z Bo(y(By + B))Y ™" _ (1 _ (M)) Bo
subset of relays nodes run out of energy. We first analyze case r(Er + (v + 1) B vEr+ v+ VB ) TE:

j=1




A @ a situation whereN, starts by using relays i$;,. Hence,
both N; and N, should avoid using relays 8., i.e, they

r r  should first use relays i§7\S12 and S3\S;2, respectively.
rQ (2 As an example, consider a simple network shown in Figure
1(C) Here,S; = {1}, Ny = {A}, Sy = {1,2}, Ny = {B}

s and Si2 = {1}. In this network, if bothA and B send their
O Base-station O Sensor node @ data via relayl, it dies at,
(b) ()
O —
Fig. 1. (a) A simplen relay network (b) A cas@-network (c) An example YT @rE, £ 3rE)

twork f ) . : . .
nework for cas Since, nodeA gets disconnected when relaydies, the time

at which the network gets partitioned in this case is same as
) ) ) ) T;. Alternately, if nodeA uses relayl and nodeB uses relay
Let T} be the optimal time at which ailt relays die. Now, 2, relays1 and?2 will die at the same time given by,

- e E .
by definitionT} > T;,. MoreoverT} < 75, since any relay o

will run out of energy by timeZs-. Thus, T = o ey
VE.+~E \™\  Eo . B Here, the network gets disconnected/ai. Note that7i, >
(1 B <'yET + (v + 1)E,,) ) X TE, ST < rEy Ti. Thus, when nodé3 avoids using a relay ir$;», discon-

nection occurs at a later time.

i YE-+vFEy .
Since YE+(FDE; | < 1, the bounds get closer as In general, there can be several separating subsets of the

increases and thereforEL_ approachesrg_. Thus, the time _relay set and in all those cases relays that lie in the intése
when the network gets disconnected with the above routing caveral separating sets should be used last. It can be
scheme is closer to the optimal value for higher number 8Eserved that the relays if,» connect more sensor nodes to
relays. . i ) the base-station than the relaysdi\Si2 or S3\S12. Sensor

In the above analysis, we considered a simple netwogjeq should thus avoid using such relays while routing thei
and showed that by choosing relays one by one, the tiggi, |y the following section, we use this idea to obtain a

to network partition can be maximized. Next, we consider @<iributed routing algorithm using potential based nogti
network where noded is replaced by a set of sensor nodes

of which all are able to reach the base-station through any V. POTENTIAL-BASED ROUTING

relay. In addition, Igt the size of this get beso that it can be |, potential-based routing [3], each node is assigned a
represented by a single node generating data at arathe ,antial value and all nodes keep track of the potentialegl
time when this node gets disconnected will be maximized df heir neighboring nodes. The base-station or sink node
it chooses relays one _by one, as shown in previous analyﬂas its potential set to infinity. While forwarding, a node
Thus, all sensor nodes in this set should send their dataghro ¢ ,4s packets to the neighbour with the highest potential.
a single relay until it runs out of energy and then SWitCEonsequently, a node will not forward any packet if its
together to another relay. potential value exceeds the potential values of all its mteigs.
Hence, for potential-based routing to work, there should be
) no local maxima at a node other than the base-station. In the
Next, we analyze cases where the network gets disconnegigghainder of this section, we introduce our potential fiorct
when a subset of relays die. Therefore, consider the netwey show that this potential function ensures that the above

B. Extension to Casg

shown in Figure 1(b). LeR denote the set of relays aid :=  ondition is met.
V\ R be the set of nodes that are not neighbours of the base-
station. A. Potential Function: Definition

We denote byN; C N the set of sensor nodes that get | potential-based routing schemes the potential function
disconnected whefi; runs out of energy and by, := N\N1  must be designed to get the desired performance. In our case
the set of nodes that get disconnected when a separatingtggtpotential function must be set so that the network stays
sayS, runs out of energy (see Figure 1(b)). Lt := S1NS2  connected as long as possible. We design a generic potential
be the set of relays that has neighbors\Minas well as inVs.  function and apply it to our case. This potential function

The network gets disconnected when either of these sepgrathereafter referred to 88BR ) is described as follows:
sets runs out of energy. Consider a network withV nodes and letvy, wo, . . .

WN
.. ; ; be some positive weights assigned to these nodes. Now,
In order to maximize the time whelN; gets disconnected, consider a node (sayl) that hasl different routes to the

nodes in/N; should use the relays ifi; one by one and the pase-station. Let;,ds, .. .,d; be the hop-lengths of thede
load on S; from nodes inN; should be minimal. Due to distinct routes and defing’}, ;. , 1 <i < L, as the minimum
symmetry, a similar method has to be followed to maximiz%%'ﬁlf(‘jte% gé' dies on route. The potential at nodel, is
the time whenN, gets disconnected. If a node iN; starts

by using relays inS;2 and then moves on to other relays ba
in S1\S12, it increases the load o, since S12 C Ss.

As a result, N, can get disconnected. The same applies toherek is some positive parameter.

wi
— max min

1<i<r  df



The potential value at a node represents the quality nwbde B be the neighbour of nodd that lies is routel and

the routes from the node to the base-station; the higf_yens the route from node3 that maximizes the rqtid%
the potential the better the quality. In case of our poténtitor all routes originating from nodé. By assumption, route

function, the potential value at a node is higher if the nodecontainsB. Therefore, routé also provides us a route from

has a route to the base-station with a higher minimum weigh, [ the base-station. Let us denote this route. et I¥,,,..

J l : L.
However, if this route is of longer hop length, the potentiall min @Nd Wi, be the weights of routes j, andl. Then

drops. The decrease-rate of the potential is controllediby ¢4 = "= and ¢p = ~#i=. By definition, g5 > e,

For a smaller value of, the potential value decreases slowlgsjnce, ~ d;+1and W . "< Wi we have '
. . . . mwn — man?
with the hop length. Hence a route with a higher minimum Wi W W
weight gives a higher potential even if its hop length is high $a = —" S I =¢n
1 i J

For higher values ok, however, the potential value decrease
quickly with an increasing distance. In this case routehwi

;hortgr hpp length r_esuI'F in a higher potential at a node eVggsignment scheme, the weight of a rout@V; ;) is finite
if their minimum weight is lower. ; . e .
. . : . .since every route contains a relay (with finite weight). Thus

We use this potential function to prolong the connectivity, .yt orem also holds in our case
of the network. To this end, we assign positive weights to _ _ '
neighbours of the base-station and infinite weights to &léot B. Practical Implementation
nodes. In this casél’;, ,,, for a route: is equal to the minimum  In this section, we describe the implementation of our
of all weights of the relay nodes that lie on routeThus, for potential-based routing scheme. Sensor nodes compute-pote
small ks, if a nodeA can reach the base-station via manjials through flooding induced by the base-station. That is,
relays, the route that passes through the relay with theebighthe base-station broadcasts an update message that pgespaga
weight determines the potential At As a result, nodel sends throughout the network. The update message contains the
its data via a single relay, namely the relay with the highegillowing fields:

weight in the set of relay® that connect to the base-station. 1) Weight field (W): This field carries the weight{; ;)

The assignment of weights to relays is based on our of a route. The base-station sets this value to infinity.
analysis. We saw in Section Il that if a relay node connects  Nodes update this field by setting it to the minimum of
many sensor nodes to the base-station it must be used later. their weight and the value present in the field.

In order to meet this condition, the weight of a relay ngde 2) Hop Count field (d): The base-station sets this value to
is calculated as follows: zero and it is incremented by every node.

We find the number of sensor nodes that stay connectedpon reception of this message, a node computes the path
the base-station when all neighbours of the base-stativer otmetric given by%. If this path metric is greater than
thanp are removed from the network. These nodes must reage current potential of the node, the current value is wgatiat
the base-station only through Now, the weight ofp is made and the message is broadcasted again. Otherwise the message
inversely proportional to this number. When this number i§ dropped. Nodes exchange their potential values through
high (i.e., whenp connects many sensor nodes to the basgcal broadcasts. Link and node failures are detected by
station), the weight ofp decreases, indicating that it shouldabsence of (several) ACK packets. In either case the nefghbo
be used later. Thus, if a nodé can reach the base-statiomotential is removed from the table. A node that detects @ nod
via a setR of relay nodes, the relay with the least weight ifajlure sends an update-request message to the basestatio
R would be used last. This is similar to the routing schemghich then broadcasts a new potential update message. In
discussed in section IIl. section IV-A, weights were computed using knowledge about

As already mentioned, a network gets partitioned whentige entire network. Since relay nodes do not have complete
group of nodes runs out of energy. When this group consistgormation, an approximate weight computation is done as
only of relays,PBRperforms well since it routes data througtfollows: Each relay node first finds out the number of one
appropriate relays. However, in general a network can g&p neighbours it has using the local topology knowledge. It
partitioned even when any other group runs out of energfien finds out the number of two hop neighbours by getting
Hence, we evaluatBBRfor all cases in section V. Since theinformation from its one hop neighbours. The total number
network topology changes when nodes run out of energy, We one hop and two hop neighbours of a relay node gives
propose that potentials be recalculated whenever a node dig indication of the number of sensor nodes that can reach
It remains to show that our potential function generates me base-station through it. The assigned weights are made
local maxima at a node other than the base-station. inversely proportional to this number. All other sensor e®d

Theorem 1:Given an arbitrary assignment of weights tget their weights to infinity.
nodes, the potential based routing scheme PBR does not allow

; V. EVALUATION
local maxima to develop. )
Proof: Consider an arbitrar¥ nodd. Let its potential be ~ We evaluate the performance of the presented potential-
$a. Let us denote by the route from nodel that maximizes based routing scheme through simulations. The metrics that

the ratio% for all routes originating from nodel. Let we use to measure the performance are:

|
trhough non-relay nodes have infinite weight with our weight



"Special’- Partition due to | "General” - Partition due to

1) Node !lfet|mes: A sensor node is said to be dead either ok relay node failure only relay node failure or any
when it runs out of energy or does not have a route o other node failure
the base-station; the lifetime of a node is the duration LP 265 260

PBR 287 276

for which a node lives.
2) Time to partition: This is the time at which the network TABLE |

gets partitioned. TIME TO PARTITION (IN HOURS) FORPBRAND LP
3) Coverage processThis process shows how the fraction

of area covered by active sensor nodes decreases as

sensor nodes die.

_ o . B. Protocol Evaluation
The rest of this section is organized as follows: We compare,Next' we evaluate the performance RBRwith Glomosim

In_section V-A, t_he performan(_:e OPBR with a lifetime and compare it withAODV. We implementPBR using the
maximization policy proposed in [1]. In section V-B, we

: ) o flooding technique described in section 1V-B.
evaluatePBR using Glomosim and compare it withODV. Simulation ScenarioWe consider &80 node static sensor

network. We assume a MAC with negligible idle energy
consumption so that energy is only consumed when packets
In this section, we evaluate the performance of the predentre transmitted (including retransmissions) or receivius
potential-based routing scheme and the lifetime maxinupat evaluation gives us more practical results as we no longer
policy proposed in [1] using Matlab and compare their perfoassume perfect knowledge at all nodes and the evaluation
mance. The lifetime maximization policy in [1] uses a lineaaccounts for lower layer effects as interference, colfisjo
programming based approach for routing. According to [lietransmissions, as well as routing protocol overhead.
the routes that maximize the time to first node failure can Simulation ResultsWe study separately the performance of
be obtained by solving a linear program. However, in oltBRand AODV in special and general networks. The results
scenario, the network continues to function even after tis¢ fiare shown in Figures 2(a) to 2(d).
node runs out of energy. Therefore, we adapt this approachirhe node lifetime curves in Figures 2(a) and 2(c) show the
to our context by repeatedly solving the linear program iaverage time at which events;, 1 < i« < N occur. Here,
[1] to get new routes for every new topology that arises a&vent E; denotes the death of thé" node in the network.
time progresses. Hereafter we refer to this approaclRas In special networks, we see from Figure 2(a) that the first
based approach. In case BBR weights and potentials arefew nodes die at an earlier time PBR while a significant
computed in a centralized manner using information abaait thumber die later as nodes stay connected for a longer daratio
entire network topology and are then assigned to nodes. The same behavior can be observed for general networks (see
Simulation ScenarioMWe consider &80 node static sensor Figure 2(c)). The time to partition is aboGt5% and 4.2%
network of which one node is the base-station and the remalngher inPBR for special and general networks respectively.
ing nodes are sensor nodes. The deployment region is a squarehe coverage process fd?BR and AODV is shown in
of size200 x 200 meter and the communication rangesis Figures 2(b) and 2(d). This curve shows the average fraction
meter. We assume that nodes transmit at a constant po@egovered area after every node death evén).(In case of
level. All nodes start with the same amount of energy aBR the lifetimes of several nodes are higher thaiA@DV.
energy is consumed only when nodes transmit and receldénce, the coverage process fBRis better than that for
data. Also, we assume that the transmission of a packépDV for both special as well as general networks.
consumes three times more energy than its reception. AllFor some networks, the improvement can be quite consid-
sensor nodes generate data at a constant rate of 1 packetepable. In Figure 3, we show an example 30-node network
minute; the data packet length is 1000 bits. in which the time-to-partition is abo@8% longer withPBR
Simulation Results:Simulations were run for several ran-The reason for this can be seen with reference to Figure 1(b).
domly generated networks. We study the performandeRR The PBR scheme seeks to reduce the load on the nodes in
in networks where disconnection occurred due to relay notfte setSi NSz, while AODV does not. This turns out to be a
failure only (we call them special networks). i.e, When therucial factor, and leads to substantial improvement.
network gets disconnected, a non-relay node should not have VI
run out of energy. We also consider general networks where
disconnection occurred because of non-relay node as wi Potential-based Routing
as relay node failures. We only obtain the average time toThe idea ofPBRwas first proposed in [4] for unicast routing
partition for comparison withl. P. in the Internet. HerePBR is used to route packets around
In section III-B, we showed that our scheme maximizes tl@ngested nodes. In [3], the authors UBBR as a unified
time to partition for special networks. Simulation resgiigen model to study density and proximity-based anycast routing
in Table | confirm it. Moreover, the scheme also performs wefibr mobile networks. In this paper, we explored the idea of
in general networks. The time to partition is ab8§ and6% PBR in a simple monitoring network to ensure that sensor
higher inPBRfor special and general networks respectivelynodes stay connected to the base-station for a long duration

A. Model Evaluation

. RELATED WORK



Node Lifetimes : PBR vs AODV Coverage process : PBR vs AODV

Node lifetimes : PBR vs AODV Coverage process : PBR vs AODV
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Fig. 2. Performance comparison betwdeBR and AODV. (a), (b) Node lifetimes and coverage for special networgx. () Node lifetimes and coverage

for general networks.

Node lifetimes : PBR vs AODV

10001 — — which avoids depleting nodes that result in loss of covered

Time to partition —— PBR ) . .

PBR = 410 e AODV area. Here, authors define a metric called potential energy t
_B00T \opv =320 identify such nodes. This is different from the potentidues
§6007 used in ourPBR scheme. In this paper, we consider a small
= sized monitoring network, where it is critical that sensodes
§4oo— stay connected to the base-station and deliver more data.

E
200 VII. CONCLUSIONS
0 In this paper, we proposed a routing scheme for data

collection in monitoring network and explored the idea of
potential-based routing in such applications. We showéttus
simulations and analysis that our scheme performs bether th
LP and AODV routing approaches. In future, we plan to give
distributed schemes for weight computation and also addres

10 20 30

Events

Fig. 3. Node lifetimes for a network that gave considerablerowgpment

B. Energy-aware Routing net

In monitoring applications, a deployed sensor network is
expected to last months, if not years. Therefore, efficier[tl]
energy management is a critical issue in such applications.
Noting that low-energy operation is critical to long lifietgs,
some of the early work in sensor network routing focuse({iz]
finding routes where the energy consumed is minimized. [5B]
and [6] are prominent examples of algorithms in this catggor

Even though minimizing the consumed energy is a naturzﬁ]
strategy, it was realized soon that this does not necegsarib]
lead to longer lifetimes. In much of the published literatur
network lifetime is defined to be the interval until tifiest
node runs out of energy. If the energy expenditure can be
distributed among multiple nodes evenly, network lifetime
would improve. This is essentially a load balancing techeiq 7
[1], [7] and [8] note that there is an inherent trade-off betw
minimum energy routes and load balancing. [9] considers &I
generalization of the network lifetime definition mentione
before and gives amP-based algorithm for computing the [9]
maximal node-life curve (number of live nodes against time

Recently, several authors have approached network ligeti
from the perspective otoverageand connectivity In [10] [11]
and [11], and references therein, the authors consideredens
deployment of sensors, where, energy can be saved if magy
sensors are switched off, while keeping just enough on so as t
cover the area completely. In [12], authors try to maintailh f
coverage by proposing a density based route selectionqmioto

0]

work partition due to failure of non-relay nodes.
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