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Abstract—Topology control is one of the main techniques that about itself and its neighbours). Localized algorithms -con
Catn bek USXﬂhtO dﬁ‘?tfeﬁse ;nefgt);l sper;)ditutre fin Wifﬁ“?SS Senhsotribute to network scalability, a typical requirement of WSN
networks. ough it has been the subject of much research, - ; ;
less attention hasgbeen devoted to study tjhe effects oferhearing Although localized algquthms for topology control in
on topology control, i.e., the effects of the cost implied by WSNs have been the subject of much research, only few of
nodes hearing transmissions even if these transmissions werethem consider the effect afverhearing(e.qg., [6], [9], [10]).
not intended to them. In this paper we describe a distributed According to frequently adopted energy models (e.g., [11])
(localized) algorithm for topology control in wireless sensor each node spends an amount of energy during reception which
networks. Our approach differs from previous work mainly in o 5 constant value multiplied by the time the node remains
the sense that it takes the effects of overhearing into consideian . . . ..
and that it might eliminate more communication links from @t this state. Since wireless transmissions are perfornyed b
a given connectivity graph, and thus possibly assign lower broadcasting, all nodes that are in the radio range of a
transmission power to some nodes. This is done by eliminating transmitter will hear the transmission, even if they are not
so-called k-redundant edges, instead of eliminating only two- jntended receivers of it (except in cases such as when nodes
redundant edges. We present the sketch of the proof of propées 5y their radio devices turned off). Although neglected in
of the algorithm and simulation results. . . .

many previous works, overhearing has an impact on topology
control [10].

In this paper, we describe an approach for topology control

One of the main aspects of the design of Wireless Sensghich takes overhearing into consideration. Our approafeh d
Networks (WSN) is the need for conserving the energy @rs from previous work in the sense that it is a distributed |
nodes. Since nodes are typically battery-powered and WSNgized algorithm that eliminates so-callededundant edges
are deployed in environments where replacing node basterjgs defined in [3] and explained in section Ill) that are
or even having physical access to the nodes are not possgectable at the vicinity of each node. This means that more
or viable, the adoption of techniques that make a node sp&fifinmunication links between nodes might be detected as
as less energy as possible is of paramount importance.  requndant, possibly allowing nodes to use a lower transamiss

One of the main techniques that have been proposed f@fver. We describe the proposed algorithm, present sketche
conserving node energy tepology contral Topology control of proofs of properties that are valid over the communicatio
represents a set of techniques to assign an appropriate trgflaph induced by the algorithm and we present a quantitative
mission power to each node of a network with the purposgsult based on simulation.
of maintaining some property (e.g., connectivity) over the This paper is structured as follows. In Section Il we describ
graph that represents the communication links betweensnodge adopted system model. In Section Ill we formulate the
while minimizing energy consumption (and/or interfere)wcqopmogy control problem. In Section IV we describe our
that is (are) strictly related to the nodes’ transmittingga [1]. approach for topology control. In Section V we present the
Topology control is possible since radio devices used ireBOGregyit of applying the algorithm to a simulated scenario. In

typically support transmissions with different power lsvé\s  section VI we discuss related work. Finally, in Section VII
higher the transmission power, as higher the amount of gnefge conclude the paper.

spent during transmission.

Different approaches have been proposed to topology con-
trol in WSN (e.g., [1]-[4], to name a few). Of particular im-
portance is the development of distributedalizedalgorithms In this paper, a wireless sensor network consists of a set
for topology control (e.g., [2], [3], [5]-[8]). A topologyantrol of n static nodes. We model the behaviour of each node by
algorithm is localized if each node decides which transimiss a processassociated with the node. So we haverocesses,
power to use based on local information (i.e., informatiop, po, ..., p,, One for each node. Since there is a one-to-one

I. INTRODUCTION

Il. SYSTEM MODEL



correspondence between processes and nodes, we will userthecoordinates) and that the radio range of nodes is circular

termsprocessand nodeinterchangeably. (with the node at the center of the circle).
We assume that each node can adjust its transmission power
to any value between 0 and a certain maximum, referred to as [1l. TorPoLOGYCONTROL

Mpower. This maximum power level is the same to all nodes. _ _ _
Varying the transmission power of a node might change its Se€nsor nodes’ radio devices usually support adjustable
set of neighbours. We assume that there is a path between Bajsmission power. It is not energy-efficient for each ntade
pair of nodes (processes) in the network, if all nodes trainsrifansmit at its maximum power if they can transmit at a lower
at Mpower (this property is formally presented in the nexPOWer level. Topology Con'trolrefers to the' set of techniques
section). that can be used to define a communication topology for
We use the energy model described in [11]. According f Network (by choosing a specific transmission power level
this model, energy is spent by nodes during transmissidf, €ach node) in such a way that a certain property on the
reception and during processing states. However, the yznequ.umng communication graph is valid (e.g., connegtjvit
spent during processing is neglected, since it is typicaly W ile reducing energy consumption (and/or interferend¢) [
low compared with the energy spent during transmission andSeeking an optimal power assignment for nodes of a sensor
reception. The energy spent to transmit is the energy sp8gtwork such that the topology is connected (in the case
to run the radio electronics and the power amplifier. Botpf undirected graphs) or strongly connected (in the case of
are dependent on hardware characteristics, such as digi#sgcted graphs) is NP-Complete [4]. Thus, many algorithms
coding and modulation used. The energy spent to run thave been proposed to find power assignments which minimize
power amplifier is also dependent on the distance betwe®#@l energy spenditure. In [3] the authors first described a
the transmitter and receiver and is computed according tdligtributed (localized) protocol to manage the transroissi

specific power loss model. power of nodes in such a way that nodes can transmit with
Thus, the energy spent to transmit &bit message from lower power and the induced communication graph has the
processp to process;, denotedEr, (1, p, q), is given by: minimum-energy propertyas defined below. Our approach

described in this paper follows similar principles.

Based on the notation introduced in [3] and [2], we use
the directed graphGia. = (V, Ena:) 10 represent the
resulting communication network when all nodes transmit at

where: E is the enerav spent bv the transmitter elecr_naximum power. The sét represents the set of nodes (pro-
. - elec . 9y sp y . cesses) andE,,., represents communication links between
tronics; d is the distance (in meter) betweenand ¢; « is

th wer | OONEng (< O ande i rameter the nodes. An edgép, q) € E,... iff node ¢ is in p's radio
€ power 1oss expone (—. @ < 4); ande is a paramete range wherp transmits at maximum power. We assume that
characteristic of the transceiver and the channel [12].

: . Gmae 1S strongly connected. We want to find a subgraph
The energy spe-nt to receive drbit message, denoted Coin = (Vi Eyain) 0F Gy SUCH that: (@)Gmin aNd Gyas
Erx(1), is given by: contain the same set of nodéds; (b) G..;, has less edges
than G,,.... (if possible); (¢)G... is strongly connected; and
Egr.(l) = l.Egec, (2) (d) Gynin has theminimum-energy propert2], i.e., for each
pair of nodesu,v € V, there is a path from to v in G,.in
that has the same cost as a minimum cost path between them
where we assume that the energy spent to run the receiwvers,, ., (considering the cost of edges as defined in (3), in
electronics equals the energy used to run the transmittercction IV-A). Thus,G.,,;, is a subgraph ofG,,.. that is
electronics. still strongly connected, might have less edges thaf,..,

We assume additionally that each process knows its curramid preserves the cost of minimum cost patHs,;,, can be
geographic location (the nodes obtain this informatiomfr@ used instead of7,,, .., for example, for finding minimum cost
positioning system, such as GPS, or by other means, syaths between all pair of nodes of the network with a poténtia
as using triangulation using some reference points in tdecrease in the total amount of energy used (e.g. [3]).
network). In particular, the topology control problem addressed is th

Communication channels are assumed tordi@ble, i.e., paper is the problem of finding &,,;,, subgraph of a given
a message sent by a process to another eventually arrives/at,.. graph, with the properties above, by removing so-called
its destination, uncorrupted and exactly once. Processes (redundant edgethat are locally detectable (i.e., at the vicinity
therefore nodes) do not fail. We assume additionally that tlef each node), considering the cost of overhearing. An edge
system is synchronous, i.e., there is a known upper bound @nq) is k-redundant(k > 2) iff there is a path with length
the time a message takes to arrive at its destination and t¢i.a., with k edges),(p, n1,ns,...,nx_1, q), such that sending
process to execute each of its single steps. a message from to ¢ along this path has a lower cost (i.e., it

We consider additionally that the nodes are distributed ovesults in less energy being spent) than sending the message
a plane (i.e., the location of each node is given by a pair directly fromp to q.

Ery(l,p,q) = l.Egjec + l.€.d%, D



IV. A TOPOLOGYCONTROL ALGORITHM FindReducedSetOfNeighbours

A. Algorithm Overview 01  RNbrs, « 0 Pos, — (p,{2p,Yp))
o ) 02 broadcast(Pos,) {Phase }
Our approach follows general steps similar to algorithms o3 wajt until timeout(A) {Phase 2
described in previous work [5], [6]. We, however, take intg g4 broadcast(RNbrs,,, Pos,)
consideration the cost of overhearing and eliminate (Ilpc®- | o5 wajt until timeout(A) {Phase 3

tectable) k-redundant edges. The algorithm is fully distiéd 06
and localized, in the sense that the actions taken by eaah nody7
depends solely on information about itself and its neightou | og
The algorithm finds the transmission power of a nodg g
(process) by finding this node’s (processgduced set of
neighbours A node ¢ belongs to a node’s reduced set
of neighbours iffg is one ofp’ s neighbours and the edge
(p, ) is not k-redundant, considerings local information. In
other words, a nodg belongs to a node’s reduced set of
neighbours iff sending a message directly frpno ¢ results
in less energy being spent than sending the message thrOJg]‘T?‘
any other path composed s neighbours. 14
Each process executes the same algorithm. The algorithnzl'5
has three phases. In the first phase, each process broadeapts. Aigorithm FindReducedSetOfNeighbouesecuted by process to
its id and itsz, y-coordinates at full transmission power. Afteffind its optimized set of neighbours
this phase, each process will know the id and position of all
of its neighbours.

In the second phase, each process broadcasts a messa-égis approach eliminates k-redundant edges that are yocall
with the id andz,y-coordinates of itself and of all of its detectable, i.e., it eliminates an edge ) if there is a path
neighbours. After having received these messages from @li”1:72: ---»¢) of lengthk (k > 2) from p to ¢, whose nodes

its neighbours, each process will build a directed graple TRer and |ts_ne.|ghbours,.and whose cost is less than the cost
(directed) graph built by process will be referred to as 0; (p,q). This |shtru'e,c since eqﬁh plrocep sg:alculates the

Ge = (Ve,ES). The setVe will contain p, p's neighbours SNOrtest COSL pat fs_ a7 Z”dpdw' or:cy c_ozsgder a process
and the neighbours of's neighbours. The set of edgdg; ¢ S @ member of its reduced set of neig ourfpiig) is a

will reflect the neighbourhood relationship, i.e., an edge) Minimum cost path betweep and g. If the cost of the path

will be in E iff s is a neighbour of-. (p,T1,72,...,q) IS lower than the cost ofp, ¢), thenp will

In the third phase, each process calculates the shortest é@é’ehQOdeﬁ az a candidate member of its reduced set of
paths from itself to each of its neighbours. The cost of eadff'ghbours, an nat
edge, however, depends on the distance between the nagePetailed Description

(the power used to transmit the message) and the numbe{-he algorithm executed by a procesis shown in Fig.1 (al-

of nodgs that hearl thg transmission. The cost of an ed@(?rithm FindReducedSetOfNeighbolrét uses the following
(p,q), i.e., the cost implied when procegssends a message ariables:

to ¢ (independently of the size of the message), denoted yl) RNbrs,: a set of(r, s) edges. If(r, s) € RNbrs,, then
P ) . 9 o2

Cost(p,q), is given by: p knows that process can communicate with process

s in a single hop when full transmission power is used,;
Cost(p,q) = Eelec + €.d* + Egjec.h, 3) 2) Pos,: a set of 2-tupledq, (z4,y,)), Wherez, and y,
are the Euclidianr, y-coordinates of procesg. Pos,
represents the set of coordinates of processes that are
whereE,;.., € anda have the same meanings as described ~ known by procesg;
in section I, d is the distance betweep and ¢, and h is ~ 3) A:a period of time. It is assumed thatis long enough
the number ofp’s neighbours whose distances goare less for a process to receive the messages broadcast by all its

Gy — buildConnectivityGrapfR N brs,,)
G« findMinimumCostPatlf, G5, Pos,,)
Nbrs, — {q:q €V and(p,q) € E;""}
return Nbrs,

10 on receive(Pos,) from ¢ do
11 Pos, < Pos, U Pos,
12 RNbrs, < RNbrs, U (p,q)

on receive (RNbrs,, Pos,) from ¢ do
Pos, < Pos, U Pos,
RNbrs, « RNbrs, U RNbrs,

or equal tod (i.e., h represents the number p& neighbours
which would hear a transmission froprto ¢). Observe that the
cost associated with ép, ¢) edge is the cost of transmission
(Feiee + €.d*) added to the cost of receptioft(...h).

For a given process, its reduced set of neighbours will be
the set of its neighbourg for which the path(p, ¢) (i.e., the
direct path fromp to ¢) is a minimum cost path from to ¢
(according top’s local knowledge).

neighbours in phases 1 and 2 (lines 2 and 4 in Fig.1);
Gy, = (Vy, Ep): the connectivity graph, as known by
proces. TheV; set includes procegs its neighbours
(when transmitting at full power), and the neighbours of
its neighbours (when transmitting at full power). l.e.:
Vy={ptU{q: €V A (((p.q) € Emaz) V
and



Ey={(p,q) :a €V N(p:q) € Enaz} U The Gin = (V, Ein) graph (see section 1) will be the
{(rys):reVyAseViA directed graph induced by thféﬁ directed graph of all nodes.
(p,7) € Erax N (1,8) € Epaz} l.e., V is the set of all nodes and the sBt,;,, is defined as:
5) Gyin = (Vmin, Epv™): the directed graph which con-
tains minimum cost paths between ngdand its direct

neighbours. l.e., Eoin = U Ef
V= {ptu{ag:a€ VAP q) € Enas} VpEV
and
EMin = {(q,r) : ¢ € V™" Ay € Vi A We impose as a requirement to the minimum cost path
p ’ : P D . . . ..
(q,7) € ES A algorithm that, if the edgdp,q) is a minimum cost path
(Js:s € Vmin A (q,r) is inpa minimum cost path  between node and some neighbouy, this edge is returned
b from p to s)} as the minimum cost path between these nodes, instead of any

(%ther longer path with the same cost that might exist. I, t
ealgorithm prefers one-edge paths instead of longer pattis wi
the same cost.

6) Nbrs,: p's reduced set of neighbours. This is the s
returned byFindReducedSetOfNeighbours

When the algorithm begins, the sétNbrs, is empty
and the setPos, contains only information about’s z,y- C. Proof of Properties

coordinates (line 1, Fig.1). In this section, we present a sketch of the proof of the fol-
In the first phase of the algorithm, processbroadcasts lowing properties of the algorithm: (a) @,,... is connected,
a message containing its id and itsy-coordinates (line 2, tpen Gumin is connected as well (i.e., the graph induced by
Fig.1). the algorithm maintains connectivity); and (6),.;, has the
In the second phase (lines 3 and 4, Fig.1), proges&its minimum-energy propertyThis property expresses the fact
until all its neighbours send their respective ids and)- that minimum cost paths existing in the original graph are
coordinates (line 3, Fig.1). As described above, we assumst eliminated by the algorithm (i.e., they continue to eiis
a periodA which is enough for all processes to receive thigy, ;).
message from all its neighbours. When procgseceives a  First, we introduce the&s,, graph. LetG,, = (V,E,) be a
(g, (4, y4)) message from process it adds the coordinates weighted directed graph, such that: (@), and G,,.. have
of process; to the Pos,, set and it add$p, q) to the RNbrs,  poth the same set of node¥ ) (b) G, and G, have
set (lines 10-12, Fig.1). The paip,q) represents the fact hoth the same set of edges (i.&,, = F,...); and (c) each
that ¢ is one of p's neighbours. After having received theedge(p7 q) in E, has a cost, denote@ost.,(p,q). For all
messages from all its neighbours, procedsroadcasts its set edges(p, q), Costy(p,q) = Cost(p,q), as defined in (3) (see
of neighbours with their respective ids and coordinatese(li Section IV-A).
4, Fig.1). SinceG,, andG,,,.. have the same set of nodes and edges,
In phase 3 (lines 5 to 9, Fig.1), proceséirst waits until it if G,,,. is strongly connected thefi,, is strongly connected
receives the messages with neighbours data (id and pgsitias well.
from all of its own neighbours (line 5, Fig.1). As described , )
previously, we assume the time periddo be enough for that. Theorem 1. If Gines is strongly connected, theGin is
When procesg receives a(RNbrs,, Pos,) message from strongly connected as well.
processy, it updates itsRNbrs, and Pos,, sets (lines 13-15, Sketch of Proof:SinceG,,q. is strongly connected, there
Fig.1). l.e., it includes the information about neighb@moti s a path between every pair of nodes. Let us consider two
of processes iR Nbrs, and updates its knowledge about thﬂodeslp andq (p,q € V). Let us denote byry, 7o, ..., 7),
coordinates of processes in its surrounding. m>2,r =p, rm =g aminimum cost path between these
After having received the location information from alktwo nodes.
of its neighbours, process calculates minimum cost paths First we prove that(r;,7;11) € Eﬁ Vi:l < i< m.
from itself to each of its neighbours, but taking the cost abbserve that the edges belonging &6 are all in E,, (i.e.,
overhearing into consideration (i.e., each edge will h&we t(e € E¢) = (e € E,)) and Cost,(p,q) was the cost used
cost as specified in (3) - see Section IV-A);"" is the at noder; to find minimum cost paths, since this node has
resulting graph (i.e., the graph with such paths) (line @, 5Hi knowledge about all of its neighbours. Since edggr; 1)
The setNbrs, will be the set of processes which are diredbelongs to a minimum cost path @,,..., then it is a minimum
neighbours ofp in Gg”?” (line 8, Fig.1). This set is returnedcost path between nodes andr; ;. SincerL_ is generated
by the algorithm (line 9, Fig.1). by an algorithm that finds minimum cost patlis,, ;1) must
Let GI = (V! EF') be the directed graph that representselong toE/?.
the relationship between a processand its reduced set of Since all edges belonging to a minimum cost path between
neighbours. l.e.V.® = {p} U Nbrs, and EX = {(p,q) : ¢ € nodesp andq belong toEZ, for some nodes, there will be a
Nbrsp}. path betweem andgq in G,,;,, (SinceE,,;, is the union of the
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Fig. 2. Example of connectivity graph (all nodes transmit dtgower): 64 Fig. 3. Graph induced by the algorithm, corresponding to ttaply of Fig.2
nodes over a 400x400 region

0

Fig.3 shows the correspondir@,,;, graph, after running

e algorithm. For simplicity, we again present the edges as
undirected. Each edge between two procegsasad ¢ in the
Theorem 2. Let ¢ be the cost of a minimum cost path betweefigure corresponds either to(a, ¢) edge, a(q,p) edge or to

any two nodesp and g, in G, (p,q € V). There is a path in both.

Gmin betweerp and ¢ with coste. When we compare both figures, we see that many edges
opere eliminated from the graph of Fig.2. As an example of a
[hode which had its set of neighbours reduced, see the node at
coordinateg7, 30) (the node that is closest to the origin of the
axes). In the graph of Fig.2, this node has six neighbour siode
(nodes in the following coordinates(127,49), (116,34),

(102, 83), (95,40), (88,25), and (50, 28)). After running the
algorithm, this node has only the node at coordin&fes28)

V. EVALUATION as its neighbour, its closest one (see Fig.3). The edgeseto th

In this section we illustrate the result of applying th@ther neighbours are redundant. Thus, this node only has to
algorithm described in the previous section to a simulaté§e enough transmission power to reach its closest neighbou
scenario. The simulation was done using the ns-2 simulatorf we assign to each node the power needed to reach the
[13]. The simulation scenario consists of 64 nodes randonfBrthest node in its reduced set of neighbours, i.e., if eacte
spread over a 400x400 region. The maximum radio range W§es this power to transmit messages, we achieve a power
each node is approximately 100 distance units. We used &&signment to nodes that: mantains connectivity of thefgrap
radio parameters presented in [11]: the energy dissipagedand that results in less energy being spent by nodes during
transmitter and receiver electronics was assumed to bétsonJlocal) broadcasts than assigning the maximum transnmissio
(E.1ec in equations (1), (2) and (3)) and the energy dissipat@@wer to them.
by the transmit amplifier was assumed to be 100pd#Bit(e
in equations (1) and (3)). We assumed additionally a path los
exponent equal to 2. Topology control has been studied in the context of static

Fig.2 shows the connectivity graph for the generated netetworks as well as of networks with mobile nodes (e.g., [1]-
work, when all nodes transmit at full power. In order to makg3], [5]—-[10], just to name a few). Finding an optimal mapgpin
the presentation clearer, we do not show the orientation a@fftransmission power to nodes in such a way that the overall
edges. Since we assume that communication is simmegitergy consumption on the network is minimized was proven
when all nodes transmit at full power, each edge in the figute be an NP-Complete problem [4]. In [3] the authors proposed
represents two directed edges (one for each directionhdn f distributed algorithm run by each node of a WSN that defines
discussion of the previous sections, this graph was reptede a transmission power to each node in such a way that the
by Gz induced graph has theminimum-energy propert{see Section

edges of allE sets - see previous section). Since it is valign
for all pair of nodes andq, G, IS strongly connectedm

Sketch of Proof:Using the same arguments of the pro
of theorem 1, all edges belonging to a minimum cost pa
betweenp andq in G, will be in E,,;,,. S0, @ minimum cost
path inG,, will also exist inG,,,;,,. Since the cost of edges will
be the same i, and G™", for all nodesr, the minimum
cost path inG,,;, will have the same cost.

V1. RELATED WORK



). After this work, other researchers have proposededéht We assumed a failure-free system model (nodes and com-
approaches to this problem [2], [7], [8] (to name a few). munication channels were assumed to be reliable). The oc-
The effect of overhearing, however, was not consideretdirrence of failures has an impact on some aspects of the
in these works ( [2], [3], [7], [8]), although the authorsalgorithm, such as on the detection of the neighbours of a
recognize its potential effect on power assignment (e3j), [ node. Topology control in such a more challenging scenario
Additionally, they aim at eliminating two-redundant edgess the subject of current research.
(i.e., k-redundant edges fdt = 2). In our approach, we
consider the effect of overhearing and we eliminate all k-
redundant edges (i.e., not only two-redundant edges) tieat d1] P. Santi, “Topology control in wireless ad hoc and sensetworks,”
detectable locally (i.e., in the radio range of a node). 5 CCL'Y'aﬁgrgf’l&",‘j’a%;\r’fﬁ%iﬁ;hS;'_sﬁeﬁgylpﬁeﬁ;};i’sfrciig)%?égy_
The general structure of the algorithm described in this ~ control algorithm,” IEEE Transactions on Wireless Communications
paper is similar, in some aspects, to the algorithms predentm Q’/Ol-RgingI- 3;{%-?13-9'\?; m%?n?r-m eneray mobile wirelesetn
in [5] and [6]. In these works and in our algorithm, each Works," IFE)EIIJEE Journal on Sglécted A:Jeas in ngmmunicatiovm. 17,
node makes its decision based on a graph constructed with no. 8, aug 1999.
information about its neighbours and the neighbours of it§ X.Cheng, B.Narahari, R.Simha, M.X.Cheng, and D.Liu, g min-
neighbours. However, our approach differs from them in the g?]g";ei?f;rt?gsfﬁngllzog.i/ahnsx{;'ﬁsszrf T\zlggirlengg'vrﬁgﬁsﬁngﬁfcgﬁg%’s
following aspects: in [6] the objective of the algorithm @ t pp. 248-256, 2003.
eliminate two-redundant edges; and in [5] the authors do ndtl S.Hong, Y.-J. Choi, and S.-J. Kim, “An energy efficient atggy control
consider overhearing. ?égtgggl;.n wireless sensor networks,”fmoceedings of the ICACT2007
The effect of overhearing is also considered in [9] and [10]6] B. H. Liu, Y. Gao, C. T. Chou, and S. Jha, “An energy effitien
The authors of these papers, however, did not have as algjecti select optimal neighbor protocol for wireless ad hoc netsgidetwork

s . : Research Laboratory, School of Computer Science and Engige&he
to propose a distributed algorithm for power assignment. University of New South Wales, Sydney, Australia, Tech. RENSW-

VIl C CSE-TR-0431, oct 2004.

' ONCLUSION [7] A. Rahman and P. Gburzinski, “On constructing minimum-epgrath-
This paper describes an approach to topology control in f’é%s,eé‘é'”goiﬁpazrg az"(;QEC wireless networks,Pioceedings of the

wireless sensor networks. We con.sidered networks of stati§1 X-Y.Li and P._J_Wan"u(:ons'tmctmg minimum energy mobiléreless

nodes only. Although the general idea of our approach was networks,” in Proceedings of the MobiHOC 20pTalifornia, USA,

also used in previous work ( [5], [6]), our approach differs 2001, pp. 283-286.

. P . ( [ ] [ ]) . Pp [é)] P. Basu and J. Redi, “Effect of overhearing transmissimmgnergy effi-
from them in certain aspects. The main difference cOmeS’ giency in dense sensor networks"Amoceedings of IPSN'0Berkeley,
from the fact that we take the effect of overhearing into  California, USA, apr 2004. - N
consideration and that our approach is a distributed athgnri [10] S. Gobriel, R._Melhem, and D._M(_)s,sA unlfle_d interference/collision

hich eliminat k-redundant ed which are detectabl model for optimal mac transmission power in a_dhoc networkggr-
which eliminates k-redundant edges which are detectable national Journal of Wireless and Mobile Computingl. 1, no. 3/4, pp.
locally. Previous work either focused on eliminating onlyot 179-190, 2006.

redundant edges, ignored the effect of overhearing or did bt W- B. Heinzelman, A. P. Chandrakasan, and H. Balakrishrian
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