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ABSTRACT

With respect to energy balance in mobile ad hoovoss,
there have been active researches proposing ecaesmne
routing algorithms for mobile ad hoc networks. Thieke
advantage of energy-related metrics to find thetreosrgy-
balancing route in route discovery procedure. Havahere
have been few works touching the energy balanciglaata
transmission that is addressed in this paper. Jd®er presents
a new mechanism namétbde Alarming Mechanism (NOAL)
where an intermediate node having low energy alésr&atus
to others. With NOAL, we propose two routing algoms:
LEAR with NOAL (LENOAL)and FEAR with NOAL
(FENOAL) that can balance the energy consumption among
mobile nodes in ad hoc networks. The simulatiodysthows
that LENOAL and FENOAL can balance energy consuompti
over networks by 21-36% depending on the networlditions.

Keywords. Mobile Ad hoc Network, Energy Balance,
Power-Aware Routing, Mobile Computing, Wireless
Communication

1. INTRODUCTION

Mobile wireless computing is expected to providarge scope
of applications with technological innovations aftéquent
utilization with a market explosion in the field obmputing
and wireless networking. Recently, thiafrastructureless
networking commonly known asd hoc networkhas been
considered as a candidate for the next generativeless
environment. A mobile ad hoc network is a collectid mobile
nodes that are dynamically and arbitrarily localedsuch a
manner that the interconnections between nodesagable of
changing on a continual basis. Without any inftature such
as routers or switches, mobile nodes communicatie @ach
other through intermediate nodes in their netwonkd a
cooperatively maintain network connectivity. In dabc

communication, because nodes work both as hosasinouter,
nodes can easily consume much energy. Especialgn veh
node is located onleot spotwhere it supports multiple packet-
relaying functions, it may consume more energy tbtrers
and deplete its energy early [5]. This can causargmalanced
distribution of energy consumption among mobile a®odh the
network.

With respect to the energy-efficient operation imeless
networks, there have been endeavors in varioussfiglich as
energy-aware links, MAC routing, and transport pcols.
Energy-aware MACs [18-21] focus on managing powgr b
turning devices on or off according to packet traission, and
on the extension of network lifetime. Protocol agmhes [4,
5] take advantage of energy-related measures orilgnw
finding route paths (a route discovery procedure).

Under slow and stable link condition, however, eopaiths
are hardly changed and intermediate nodes easitguooe
more energy than others. Even if the route patbdsstable to
be changed and data is transmitted for a long thmeugh it,
nodes along the path consume extremely high pdvegrmbay
result in energy depletion. This may adversely caffehe
distribution of energy consumption among all mobiledes.
This paper touches this issue.

The rest of the paper is organized as follows. iSec
reviews the ad hoc routing protocols. In Sections8yeral
energy-balancing ad hoc routing protocols are vesttand we
propose a new algorithm in which the power-awarging is
adapted into FSR: FEAR. Section 4 proposes an gnerg
balancing routing mechanism: NOAL. And NOAL-adapted
algorithms, LENOAL and FENOAL, are presented. Seth
includes basic information of our simulation. Pemfiance
evaluation of the proposed schemes is present&gtdtion 6.
Finally, we conclude this paper in Section 7.

2. ADHOC ROUTING ALGORITHMS

Routing protocols for mobile ad hoc networks haveo t
categories: reactive and proactive. Reactive, oneohel,



routing protocols tries to find routes only wherded. When a
node has data to send, it starts a route discqmergedure.
Then it sends data through the route path. Withefegontrol
messages, reactive routing protocols can reducenghgork
overhead. On the other hand, proactive, table-driveuting
protocols take the concept of the periodic advemisnt from
the well-known distributed routing protocols for xéd
networks: distance vector or link state routingoaitiym. Ad
hoc nodes periodically flood their topology infottia into the
network, thus maintaining routes to all destinatioagardless
of whether they are needed. This can make a node ha
consistent network view and react to dynamic change
network topology. Many routing algorithms are pregad under
the two categories in thénternet Engineering Task Force
(IETF) Mobile Ad hoc Network (MANET) Gro{0]. General
overview and performance comparisons of these potstaan
be found in the papers [1, 11, 12]. In this pape,take two
mobile ad hoc routing protocolf)ynamic Source Routing
(DSR) and Fisheye State Routing (FSRWhich belong to
different categories.

DSR [2, 3] is a reactive routing protocol using reeu
routing rather than hop-by-hop routing. Each sddestination
node exchanges a route request packet (RREQ) atel neply
packet (RREP) to find a route path before transmgittlata in
route discovery procedure. When a node finds a gehaof
network topology caused by mobility or energy dapfe of
nodes, it originates a route error packet (RRERY, sends it
back to the source node. The node is notified ¢hatent data
path is broken and tries to search a new route path

FSR [6-8] is a proactive routing protocol. It relien a link
state protocol and has the ability of immediatetpviling
route information when needed. The fisheye scopknique
allows exchanging link state messages at differgetvals for
nodes within different fisheye scope distance, Wwhieduces
the size of link state message. Further optiminagitows FSR
to broadcast topology message only to neighborsrder to
reduce the flood overhead [9]. With these optiniizat, FSR
significantly reduces the topology exchange ovethead
scales well to large network size.

3. ENERGY-AWARE AD HOC ROUTING
ALGORITHMS

In this section, we discuss the approach and thie loperation
of Global Energy-Aware Routing (GEARNd Local Energy-

Aware Routing (LEARproposed by [4, 5]. We also propose an

Energy-Aware FSR (FEARJFEAR uses energy measure and
includes it into the route calculation of FSR asetric in order
to search energy-balancing route.

Global Energy-Aware Routing (GEAR)
Power-aware routing [4] introduces 5 different rostr listed
below, based on battery power consumption at nodes.
Minimize energy consumed per packet
Maximize time to network partition
Minimize variance in node power levels
Minimize cost per packet
Minimize maximum node cost

For energy-constrained operation, it is more imgoarto
use cost per packet and maximum node cost thardwm as
metrics. This can be achieved by making routingtquals
power-aware. Nodes forward data packets by the odettat

utilizes the 5 metrics. This uses lowest-cost rautiather than

shortest hop routing, which can result in reductiérihe cost

per packet of routing packets by 5~30%, and therggne
consumption by 40~70%.

Power-aware routing is theoretically applied to D8K5],
and named GEAR. It uses a power-related metrictaesl to
find an optimal energy-conserving route path witlobgl
energy information. Like the DSR, a RREQ is propeda
towards a destination node. In GEAR, intermediateles
piggyback their power-related data such as the irénga
energy values as well as their identities on theEQRThe
destination node receives multiple RREQs, but ceetise best
route path with respect to the given power metrics.

L ocal Energy-Aware Routing (LEAR)

LEAR [5] uses the energy information of intermediaiodes
independently, which is different from GEAR thaesiglobally
gathered energy information all together. The bédéa of
LEAR is to consider each mobile node's willingnegs
participate in the routing path and to forward dasgkets on
behalf of others. Each intermediate node determife=ther to
accept and forward a RREQ or not depending oreitgining
battery power (B. When it is higher than threshold value
(Th), the RREQ is forwarded; otherwise, the RREQ is pleop
Therefore, the first RREQ must come to D throughehergy-
rich and the shortest-hop route when a destinatiode D
receives the first arriving one. D does not needdad for other
RREQs and can immediately reply with a RREP. Fighdws
the operation of LEAR.
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Fig. 1. Basic Operation of LEAR.

Energy-Aware FSR (FEAR)

In this Subsection, we propose FEAR; a power-awauéng
adapted to FSR. In FEAR, the energy-related metaies
included in the dissemination of node informatiblodes are
aware of energy information of destinations ane tattvantage
of it for route calculation.

When a node S floods a link state message, theyyener
measure such as its remaining battery power isypatked on
it. When a node N receives the message, it reagrdates the
energy information for node S in the topology tafleen, the
topology table is flooded to neighbors again. lis tay, the
link state message flooded to neighbors containaptaie
energy information regarding the destinations i link state
list as well as the sender’s energy information.

When performing the Dijkstra’s algorithm, a weight
function is used to compute the distance of a robiece the
original FSR considers only the shortest hop pe,weight
function returns 1 if two nodes have a direct caotine;
otherwise, it returns 0. In FEAR, an energy awanfion is
added to the weight function to calculate the distato
neighbors. Therefore, even though there are neighthat are
directly connected to a node by one hop, the disato each
neighbor are different from each other based oir #wergy
measures.



4. PROPOSED ALGORITHMS

Even though energy-balancing algorithms describesettion
3 can find the energy-balancing route in route aliscy
procedure, it does not care about energy balandegddata
transmission. In order to address the issue, d@pepproposes
Node Alarming Mechanism (NOAL)in which a node
forwarding data packet alarms its energy statusthers when
it has low energy. The basic idea of NOAL is totpob node
against consuming much energy. By notifying itsrgpestatus
to others, it can prevent others from sending rdata to itself,
which stops consuming more energy by forwardingadat
packets. Subsections contain the proposed algaritidapting
NOAL to energy-aware algorithms, callédEAR with NOAL
(LENOAL) and FEAR with NOAL (FENOAL)which can
achieve an energy balancing even after route disgov

LEAR with NOAL (LENOAL)
LENOAL is based on LEAR. In LEAR, energy-balanciogte
can be found by making energy-rich nodes partieiratroute
path in a route discovery procedure. LENOAL expgldibe
route selection process from LEAR. Therefore LENO@dn
also keep energy balance in route discovery praeedu

In addition, LENOAL utilizes Route Warn Message
(RWAR)in order to achieve the energy balance during data
transmission. On transmitting data, intermediatdesocheck
their remaining battery power JEWhen a node (node E in Fig.
2) finds its energy level is lower thanwaarning value(E <
Thy), it originates RWAR and sends the message batkeo
data sender (node S in Fig. 2). Along the unicASRWAR,
related nodes (E, B, and A) calculatevaiting time for link
breakage (Ta) based on the distance to S. Aftgp,J they
delete the entry to destination D in their routeheaand data
are not forwarded through it any morg,,{is determined for
intermediate nodes to forward data packets thatlezady sent
from S. Therefore, without, %, data already on the way to D
may be lost in the network. When S finally finde tloute path
is unavailable and has more data to send, it sesarébr
Alternative Path Route (APR) its route cache. If one is found,
it is used; otherwise, it restarts the route discgwprocedure
by flooding RREQ into the network.
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A source node in LEAR hardly has APR in its rowehe,
because corresponding destination node sends a RREP
reaction only for the first-arriving RREQ and igasr next
RREQs. In LENOAL, an APR mechanism is adapted by
utilizing Route Notify Message (RNOTThe basic operation
of RNOTI is the same as that of RWAR. Intermediateles
check their energy level. If it is lower than aesinold value,
then they originate RNOTI and send the message toaSkas
in Fig. 2. The difference is the threshold valued ahe
operation of nodes relaying the message. IntutiviRNOTI is
originated before RWAR to inform that this routdtpenay be

broken in the near future, and APR should be sedtchhe
node E (in Fig. 2) originates and sends the medsageto S
when its remaining energy is lower thandatifying value (Tf)
and is greater than warning val(€h, < E < Th,). Nodes
relaying the RNOTI examine whether they have othetes to
D in their route cache. If found along the unicaf<RNOTI, the
new APR is piggybacked on it. When S receives tNORI
piggybacking the APR, it sends ROUTE_CACHE control
message towards D in order to confirm the APRilisestergy-
rich. If confirmed, it records the APR in its routache. When
it receives RWAR, it deletes its previous rout®tout its route
cache and uses the new APR to send data. OtheAtBeis
not found along the RNOTI, S does nothing untitdteives
RWAR. When S receives RWAR, it recognizes the rqatih is
going to be broken, and tries to find APR. If inds another
route path in its route cache, it uses the routbe@ise, S
restarts route discovery procedure by flooding RREQ the
network. And data can be protected due to the mgatime on
intermediate nodes. On receiving the next RREQd0&S not
accept and forward the message because it hanbrgyeevel,
thus does not consume more energy. As destinatidiEAR
do, D may receive multiple RREQs or ROUTE_CACHEd an
choose the first arriving one to reply with a RREP S.
LENOAL can protect nodes from consuming much endrgy
forwarding others’ data packet. It also makes LE&®loit
more efficiently the optimization based on routehsg and it
can actualize APR due to energy depletion of nodes.

FEAR with NOAL (FENOAL)

FENOAL is a new energy-balancing algorithm whereAlGs
applied to FEAR. It uselsink Warning message (LWARN) is
for protecting nodes against consuming much endigy
preventing data from being routed through them. An
intermediate node (node E in Fig. 3) that consunmese
energy than avarning value(E, < Th,) originates and floods
LWAR to neighbors. A neighbor receiving LWAR rectgs
that E has low energy and updates the weight ofdheection
to E to high value. This can make it difficult taciude E in
route path to other destinations, which preventsfrdn
consuming energy by forwarding others’ data. Atefloods
LWAR, it stops flooding link state message any mditd@s can
save the energy of E from being consumed by contessages
when it has low energy. In FENOAL, the energy datfl a
node can be immediately notified to the whole nekwdhis
can make data be routed through another path irgsub
energy balance in the network. In addition, reductf link
state message after LWAR can help protecting naggsnst
consuming much energy, which make the lifetime loé t
network longer.
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5. SIMULATION ENVIRONMENTS

We usedGloMoSim 2.0simulator [13] developed from UCLA.
GloMoSim supports a wide range of ad hoc routingtquols
as well as realistic physical layers basedPansec[14]. Our
evaluations are based on the simulation of 40 mohddes
moving around over a regular rectangular area s meters
by 300 meters for 500 seconds of simulated time.

We make two assumptions associated with energyfirdte
one is that we ignore the energy consumed durilegitbde,
and the second one is that we exclude the promiscommde in
our simulation. In general, a node stays in slegglerfor the
most of its lifetime, and putting the node in slemmle is a
general idea to conserve energy. In this modeda nonsumes
negligible energy. From [16, 17], emerging wirelesdNs such
as|EEE 802.11and Bluetoothprovides a mechanism for each
node to know when to wake up and receive packetstan
sleep again. This means that time delay due tordataving is
almost similar to that due to data transmission &or
intermediate node.

6. SIMULATION RESULTS

Comparison Summary

Throughout this paper, we focus on the balance refrgy
consumption among mobile nodes in mobile ad howords.
We introduce NOAL, adapt it to previously propogedting
algorithms, and propose two algorithms: LENOAL and
FENOAL. In order to evaluate their performance, ceenpare
them with DSR and FSR. In addition, GEAR is takenthe
performance comparison because it can give us j@er igpund

in terms of power-aware routing. With these aldonis, three
parameters are comparéde average energy consumption, the
energy balance, and the energy performances.

Aver age Ener gy Consumption
In terms of the average energy consumption, LENOAL
consumes a little more energy than DSR, becauseOAEN

uses more control packet such as DROP_ROUTE_REQ and

RWAR for energy balancing and node protection. Havehe
increasing rate is small (about 4%). In the cas&BAR, it
consumes more energy than DSR and LENOAL. In GEAR,
control packets contain the energy information pigagked on
intermediate nodes, which increases the size df@gackets
resulting in consuming much energy. In addition, ABEdoes
not use the optimization based on the route caulméch
increases the number of control packets flooded itite
network In proactive routing protocols, FENOAL conges
much more energy than the original FSR due to eehead of
piggybacking energy information on link state mgssa

When comparing the average energy consumption keetwe
the reactive and proactive routing protocols, Fgclearly
shows the difference.

Ener gy Balance

At first, Fig. 5 depicts the standard deviation efiergy
consumption in simulated routing algorithms. Theuteshows
that under various network conditions, LENOAL impes the
energy balance compared to DSR (24-36% with diftepause
time of nodes) and GEAR. It also shows that FENOAL
balances the energy consumption among mobile nbeter
compared to FSR (increased by 21~26%). As LENOA&sdo

the energy balance in FENOAL is getting bettertes jause
time becomes longer.
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On comparing between reactive and proactive routing
protocols (see the non-NOAL algorithms: DSR and F$iey
have differences with each other (almost 2 tim&§R has
better performance than DSR because of the flodihlofstate
messages. In proactive routing algorithm, the energ
consumption due to control packet is so large, erety node
floods the message periodically. Therefore theetbfice in
energy consumption among mobile nodes is not gelddn
the other hand, nodes just along the data pathldamuhtrol
packets such as RREP and RERR in DSR. Thereforélenob
nodes consume their energy only when they parteipathe
data path — if not, they don’t consume energy.

Fig. 6 and 7 depict results of energy balance inentietail.
They belong to reactive and proactive routing atbars,
respectively. The results are taken under the mitwondition
of 400 seconds of pause time. In Fig. 6 and 7, wasure the
differences between the energy consumed by a nodethe
total average value and count the number of nodesrding to
the results. In Fig. 6, the distributions of enecgysumption in
DSR, GEAR, and LENOAL are compared. GEAR gets bette



performance than DSR because intermediate nod&EAR
consume more energy due to relaying control packets
containing energy information. LENOAL shows that an
efficient distribution of energy consumption is anwplished,
which there are fewer nodes consuming little or macergy
than DSR and GEAR. In Fig. 7, two proactive routing
protocols (FSR and FENOAL) are compared for the esam
parameter. It clearly shows that FENOAL can balaeocergy
efficiently: there are few nodes consuming little much
energy comparing to the average value.
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As mentioned with Fig. 5, proactive routing protscget
better performance in energy balance. Fig. 6 ankpict the
difference. In proactive routing protocols (Fig., There are
more nodes whose distance from the average vafttless to 0
and fewer nodes consuming little or much energy.

Energy Performances
In this Subsection, we compare energy performamaeesng
the implemented algorithmthe normalized standard deviation

andthe energy consumed per one data packet

Fig. 8 shows the normalized standard deviatiome&ctive
routing protocols, GEAR gets the best performarigeen
though GEAR consumes much energy than the others, i
distributes traffic over a network. This is becaitseses the
global energy information received form intermediaiodes.
LENOAL gets a little higher result than GEAR beaaus
consumes energy by additional control packets. BIgRvs the
worst performance. In proactive routing protocdiENOAL
shows better performance than FSR. Even thougbngiwmes
more energy than FSR because of piggybacking energy
information, it efficiently balances energy in awerk. When
comparing the two categories, proactive routingtquols
result in better performance. This is because raafldes in
them consume similar amount of energy with eackeratiue to
processing similar amount of control packets. Tomgér the
pause time becomes the worse the result getswimiobility,
the route paths are stable enough for data to beedofor a
long time through themselves. This makes unbalamsceigy
distribution because nodes along the paths consomoee
energy than others, which increases the results.
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The energy for an intermediate node to transmitata d
packet is shown in Fig. 9. Only data packets susfulbg
received on destinations are considered here. Ameagtive
routing protocols, LENOAL shows the best perfornerad
GEAR shows the worst. LENOAL can transmit data with
consuming much energy. Even though GEAR succegsfull
transmits data well, it consumes energy due to yggking
the energy information and not using route cacherbactive,
FENOAL shows worse performance than FSR. It is ebqk
that the energy information piggybacked on conimelssages
contributes to the energy consumption.

7. CONCLUSTIONAND FUTURE WORKS

In this paper, we present&tbde Alarming Mechanism (NOAL)
that could protect node by avoiding energy deptetio was
adapted into LEAR and FEAR that are energy-awauting
protocols, and thehEAR with NOAL (LENOALand FEAR
with NOAL (FENOAL)were introduced. Throughout this paper
we measured the energy consumption, the energydeglahe
network performances, and the energy performarieresn the
evaluation, LENOAL and FENOAL were shown to achieve
balanced energy consumption in mobile ad hoc nétsvdrhey
balance energy consumption in route discovery mioee
where LEAR and FEAR begin their energy-balancing
mechanism. They also consider energy balance dutatg
transmission by adapting NOAL. Simulation result®wed
that energy usage was better distributed with thepgsed
LENOAL and FENOAL algorithms by 21-36% compared to
DSR and FSR algorithms.

Current focus in energy-aware routing is to knove th
energy level of nodes and to include the value irtate
optimization process. However mobile devices in faat
network are required to do multiple tasks, suchirasrnal
computation, data sending/receiving, and data fafing.
Therefore the absolute value of energy on a nodedtiterent
meaning for each node. [22] addresses this isshievaig fair
energy balance among mobile nodes. We would likadapt
the style of energy consumption to LENOAL and FENOA
We leave this as our future work.
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