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Abstract—In the minimum energy broadcast problem, each Broadcast Increment Power (BIP) [2], which is a well known
node adjusts its transmission power to minimize the total energy algorithm for minimizing the total energy consumption of a
consumption while still delivering data to all the nodes in a broadcast tree.
network. The minimum energy broadcast problem is proved to
be NP-complete. The Wireless Multicast Advantage (WMA) is
that a single transmission can be received by all the nodes that Il. PRELIMINARIES
are within the transmission range of a transmitting node. The
Hitch-hiking model introduced recently in [1] takes advantage
of the physical layer to combine partial signals containing the ~ We assume that any node in the network can be used as a

same data in order to decode a complete message. In this letter,re|ay node to forward data to other nodes in the network. All

we take advantage of both WMA and Hitch-hiking to design . . o : -
an energy-efficient broadcast tree algorithm with Hitch-hiking nodes are equipped with omnidirectional antennas so that if

(BHH). The approximation ratio of BHH is within a factor of ~N0de? transmits data to nodg, all nodes closer ta than j
O(logn) where n is the number of nodes in the network. The Will also receive the transmitted data. We also assume that all
simulation results show that BHH reduces the total energy of the nodes can adjust their power levels. Each node can choose its

A. Communication Model

broadcast tree greatly. transmission power from 0 to some maximum vae,. .
Index Terms—Wireless Networks, Energy Efficiency, Broad-  Attenuation model commonly assumes that signal power
cast Algorithms, Hitch-hiking falls proportional tod~, where d is the signal travelling
distance, andv is an environmentally dependent real constant
I. INTRODUCTION between 2 and 4 [5]. A nodg can properly receive a signal

ECENT improvements in affordable and efficient inteffom @ nodei which has a power level; if p; > ~d7; , where
R grated electronic devices have a considerable impact fepresents thg recelyer’s power threshold fqr signal detection
advancing the state of wireless networks in the form of ad h§€ Signal to Noise Ratio (SNR), often normalized to 1. Hence,
networks and sensor networks. Wireless networks are usedqhnedei in the network, the power required to successfully
a wide range of applications including security, health carfansmit data to nodg is given by:p;; > d7j;.
military, and many other fields. A critical issue in wireless
networks is power scarcity. Therefore, energy efficiency B. Hitch-hiking Model

critical in designipg any algorithm for wireless networks to In [1], the authors introduced two thresholds on the SNR:

prolong network lifetime. . 5, - threshold needed for successfully decoding the packet
In this letter, we study the problem of minimizing the totalay 544 ang,., - the threshold required for a successful time

broadcast energy in wireless networks. The broadcast prOblﬁ%uisition.

in wireless networks is to decide a transmission power level packet received with a SNR is: (1) Full reception if

for each node so that the source node can broadcast to all tgﬁa < 7, < 7, (2) Partial reception ifyae, < 7 < 7,, and

other nodes either directly or indirectly through the relay nod?§)‘qpa”eg reception iy < ey, = P

with the objective of minimizing the total energy consumption. The basic idea of the Hitcﬁ-hiking is that if a node receives

Our focus is on source-initiated broadcast. Our objective 1jﬁe packet containing the same informatiéntimes from

to construct a _minim_um-power broadcast tree, roqted a_\t tBﬁferent neighbors withy, such aszl-il v >, andy; >

source node, including all the nodes. Our key idea is 10 “for aj| , then that node can successfully receive the

reduce the total energy consumption of the broadcast g€ ot |n designing the solution, the authors assumed that

by taking the Hitch-hiking model [1] and Wireless Multicast, _ and ., — 0 for simplicity.

Advantage (WMA) into consideration. The performance ratio’ e

of our proposed algorithm BHH is bounded ly(logn)

wheren is the number of nodes in a network. The simulatiofs- Network Model

results also show that the total power of the broadcast tred_et IV denote the collection of wireless nodes anddet

constructed using BHH is almost 77% less than that ¢V, E) denote the directed graph dnthat contains all edges



when each node transmits at its maximum transmission powers ¢ (j): the total coverage of nodg¢ provided by all the
Every nodei € V' has an associated transmission power level other nodes at the iteratidn c(j) = ;. c(ij)

p;- When nodei transmits a packet, the amount of reception « p;(i): the power level of node at the iterationh

by nodej is quantified by the coverage of nodedefined as « N(i): the neighbors of nodé

c(32) wherec(p) is the coverage function given by: Let P, be the set of nodes that are not fully covered in the
. network at the iteratiork. Thus, Fj, = V — P, is the set of
1 ifg>1 . : .
@B)={ B if 22 <p<1 nodes that are fully covered in the network at the iteration
A= h% . In the algorithm, sometimes we refer the set of fully covered
0 otherwise nodes and the set of partially covered nodesfasand P
Thus, the coverage provided by noflen nodej is: respectively if we do not specify the iteration step. Let us
first define a benefit ratio(7):

UL el
s - 3 ; . .
)= a5 T Yaea < G <% @) r(i) = Prl) =P (D)

0  otherwise | By — Fy

Let a directed grapi’ = (V, E’) represent the broadcast treédNote thatpy, (i) — pr—1(¢) is the incremental power of node

where V is the set of all the nodes i and E’ is the set at the iterationk and the denominator of(i) is the number

of all the edges corresponding to the communication linkg new fully covered nodes after increasing the power level

between nodes after the power level is set. For each directddnodei. Thus, |F}, — F,—1| = [Phr—1— Pl = {7 |7 €

edgeij ¢ F’, the coverage provided by an edgeto the node Pn_1 & cp—1(j) + cn(ij) > 1}

j is calculated by (1). In order to minimize the total power consumption, we not

only want the incremental power of a node at each step to be

I1l. RELATED WORK as small as possible, but also want the number of fully covered

The problem of minimum-energy broadcast in wireles@OdeS at each iteration to be as large as possible. This leads

networks has received significant attention over the last fiﬁ/t.the valuer (i) m# st betthhe m:;nrr:tl: n: f? netﬁt eaph |terat|or|1.
years. Liang [3] proved that this problem is NP-complete. 1es occur, we choose the node that nas the minimum vajue

oL . o . ) Pr(t) — pr—1(t
For an extensive discussion of minimum-energy broadcast tré&) wherer’(i) = ) )

. . - . . mind{l, (cp—1(7) + cn(ig '
algorithms, please refer to [4]. In this section, we br|efI3f.he denominator 0142’(:%)6%};153 suri o(f ?hel(jg))datéd( él)\/}(a)rage

reﬁ?&;izg?rtrrgaztn:e;e:vig: E%I%l;r[g]pizrgaggbular heuristf():f. aI.I nodesj after increasing the power level of r'lodw_here.

to construct a minimum-energy broadcast tree rooted at is in the partially covered npde set of the previous iteration,
. _1. Now, we are ready to introduce BHH.

source node. Starting at the source node, BIP adds one node

at a time to the broadcast tree where each added node isAdgorithm Description:

uncovered node which can be added to the tree anthanum

additional cost Note that BIP just adds one node at a tim

thus failing to fully exploit the advantage of WMA.

e The BHH algorithm starts at the source nogleThe initial
coverage ofS is ¢y (S) = 1 and the initial coveragey(i) = 0

. . . for all i € V andi # S. Therefore,F; = {S} and P, =
In [1], the authors introduced the Wireless Multicast with =~ - Fo. Let T = (V.0) be the initial broadcast tree. First,

Hitch-hiking (WMH) algorithm. First, WMH constructs thead. st the power level of nods. n(S) to cover each node
Minimum Spanning Tree (MST) rooted at the source nOde'vJvL:wre' P X[V g ;/nd P ﬁt( e)ach c\)lwer level the
Starting from the source node, at each step, the algoritl i € N(S) L€ To b '

m .
chooses a fully covered node and sets the power level ofl?Uple (r(S),7'(5)) s calculated. The power level of nods

. , X o
node v to the power needed to reach its furthest Ch“dre{ﬁlsetafeontnre)dlz\tlslt?;virgsg;gég S/vsrzérikthee 2'”;23? g:r?'
0

and grandchildren in the MST while obtaining the maximurpuIIy or partially receive a signal from nodé, and add all

wer r tion in.'s local region. Note that WMH construct X .
power reduction in/'s local region. Note tha construc Sthe directed edges from node to other nodes: with the

the broadcast tree based on the MST and adjusts the po‘évescociated coverage . If c(k) > 1, removek from the
level of each node based on local optimization. It does nat 9 ne =

take full advantages of WMA and Hitch-hiking. partially covered node sd&? and add it to the fully covered

In the following section, we describe our algorithm that aqode setr”. For all the nodes ir”, we iteratively repeat the

each step, the algorithm adds a set of nodes into the treéjr@;??‘;ot:i?ﬁrlg Iz g’hg\?\/’nailé tﬂ\%gﬁg}ﬁ '1'T are fully covered.

further exploit the properties of WMA. It also considers the . . N
partial signal that a node can obtain from other nodes, not‘_l’heorem 1:.G|V(.an.a network of size,, the approximation
only from its parent and grandparent. ratio of BHH is within a fa.cto-r ofO(logn) . . .
Proof: Due to space limitation, detailed proof is omitted in
this letter. LetC and C* denote the total power assumption
of the broadcast tree obtained from BHH and the optimal one
Let us first introduce the following notations: respectively. Using the similar technique in [7], we have<
« cu(ij): the coverage of nodg provided by node at the 2C* - H(n) where H(n) denotes the:! harmonic number.
iteration h. ¢(ij) is defined in formula (1) SinceH(n) <1+ Inn, we haveC < C* - O(logn). O

IV. THE BROADCAST WITH HITCH-HIKING ALGORITHM



(a) Total Power Cost (b) The improvement of BHH

Fig. 1. A comparison of total powety = 2

Algorithm 1 BHH(S) obtained from BWHH is 49% less than that of BIP. This
LV=V(@G),E =0F={S},P=V-F indicates that our algorithm takes more advantage of WMA
2: ¢(S) = 1, c(@) = 0 for all other nodes th
3: while P # () do an BIP does.
4: foricFd i ; i }
p OTSelect . ﬁodé with minimum ((i)r (&) In Figure 1(b), we present the comparison of the improve
6: end for ment on saving energy over the other three algorithms in
gf Setp(é) fo the power level at whictfr (i), r* (i) is minimum percentage: BIP vs. BHH, BIP vs. BWHH, BIP vs. WMH.
& ifpc(f;lct)e;( 1)tvhve§re € Figure 1(b) shows that BHH is the one that can save the most
100 F=FU{k}, P=V-F energy compared to BIP, WMH, and BWHH. This analysis
5 ﬁ“f(}j) > 0 then indicates that combining WMA and Hitch-hiking model does
18 b= 5o {drected edgeti, k)} achieve a better result.

. ena i
15: end while
16: Retun 7' = (V; &) VI. CONCLUSION

In this letter, we studied the minimum-energy broadcast
problem, which is proved to be NP-complete. We proposed
V. SIMULATION RESULTS the BHH algorithm based on the Hitch-hiking model. This
In this section, we evaluate the performance of BHH bglgorithm takes advantage of WMA and of the Hitch-hiking
comparing it to two algorithms, BIP and WMH. Since BIPconcept. The simulation results showed that BHH can reduce
does not use Hitch-hiking model, it is also our interest tée total power of the constructed broadcast tree by as much as
compare our algorithmvithoutusing Hitch-hiking (BWHH) to  77% compared to BIP, and 15% compared to WMH. We also
BIP. The BWHH algorithm can be obtained from BHH with s&compared our algorithnwithout using Hitch-hiking to BIP,
change on the coverage function. Instead of using the formdii® total power of the broadcast tree can be reduced by 49%.
(1), the coverage provided by noden node;j is defined as: We also proved that the approximation ratio of our proposed
algorithm is within a factor oD (logn).
if Pi
e(ij) :{ LG = @
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