Energy-based routing optimization in MANET: Cross-layer benefits

Lamia Romdhani and Christian Bonnet
Mobile communication department, Institute Eurécom, $apimtipolis , France
{lamia.romdhani, christian.bonnet}@eurecom.fr

Abstract

Obviously, the energy is one of the important metrics to consider
when designing communi cation protocolsfor Mobile Ad hoc NET-
works (MANETS). In this paper, we demonstrate the importance
of considering energy saving in MANETS. Our analysisare based
on the comparison of two energy-based mechanisms called E-
AODV, an energy consumption rate-based routing protocol, and
F-AODV, a cross-layer-based routing protocol. We investigate
the trends and the challenges on designing cross-layer commu-
nication protocols for MANETS. Indeed, we study the simulation
output obtained with and without considering layer interconnec-
tions. These results show that the performance of the layer coop-
eration paradigm depends on the network characteristics and the
application constraints. Our remarks lead to a description of a
guideline and recommendations for addressing layer interaction
in MANETS.

Keywords: mobile ad hoc networks, energy consumption,
cross-layer design, and quality of service.
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Some scenarios where MANET could be used are business
ciates sharing information during a meeting, military pensel
relaying tactical and other types of information in a bditlel,
and emergency disaster relief personnel coordinatingtsfédgter
a natural disaster such as a hurricane, earthquake or fipollio-
bile nodes rely on batteries for proper operation. The depief
batteries in these nodes will have a great influence on dvertl

Introduction

the nodes which we expect to have the better residual ligetim
among all possibilities. However, the second mechanistedal
F-AODV, suggests to collaborate the routing and the MAC mod-
ules in order to optimize the data forwarding in MANETS [1].

The extensive set of simulations that we have done with uario
network characteristics to compare E-AODV and F-AODV to the
basic AODV routing protocol, show that a good network plaugni
is required in order to meet the performance expectatiops-es
cially when IEEE 802.11 is used with real-time applicati§fis
Indeed, multimedia processing and transmission are delagi-s
tive that require considerable battery power as well as oftw
bandwidth. Furthermore, the routing and the MAC protochés t
support QoS must be adaptive and cooperative to cope with the
time-varying topology and time-varying network resources

The remainder of this paper is organized as follows. We devot
section 2 for reviewing our routing proposals. In Sectiow@,
compare their performance and we provide a deeper analf/sis o
the main obtained simulation results. Section 4 gives aolist
recommendations on using cross-layer based routing potstoc
Section 5 summarizes the paper.

ago- Short overview of our energy-based
routing mechanisms
We designed two energy-based mechanisms that aim to overcom

the issue of routing in MANETS while enhancing important QoS
metrics (path stability, energy consumption, end-to-eethyl

work performance. In such scenarios, maximizing the netwd®C-)- AS an example, we mainly focus on the enhancemeneof th
lifetime by using the nodes with the maximum residual ener§{?PV reactive routing protocol and the IEEE 802.11e MAC pro-

(lifetime) is a very important challenge since rechargirgtéry
is very difficult (hard) to do in such conditions. Therefoone
of the most important routing protocol design factors istedl to
device energy conservation.

tocol by adding the support of our proposed mechanisms [4, 7]

Due to the limited space, we only give the main features of the
proposals. More detailed descriptions are presented 8][1,

The cooperation between layers to enable performance en-

hancement is very important and useful in wireless ad-hde

works. The global objective of such cooperation is to achiav

reliable communication-on-the-move in highly dynamic ieon-

neg.1 E-AODV: An energy consumption rate-based
cross-layer routing mechanism for MANETs

ments as well as QoS provisioning. Numerous works have béer[3], we proposed a new approach that aims to incorporate

presented in the open literature that introduce severaplotg
ways and solutions between different communication lagense
discussed in [2].

energy-related metrics in the decision of determining thiénaal
route between each pair of wireless devices. We describegva n
framework to compute a novel metric called energy-consionpt

In this paper, we discuss trends and challenges of introduciate which reflects how fast a node is consuming its remaining
cross-layer mechanisms. Indeed, we describe and comparestiergy. This metric takes into account by nature the tradiéa|
performance of two energy-based routing protocols for MANEIn the node and its contribution on the data forwarding pssce
The first algorithm calledE-AODV, includes only new featuresin the network. We also proposed the required modificatidns o

to the routing selection procedure [3]. Itis an energy comstion
rate-based mechanism that aims to maximize the network

the AODV routing protocol in order to make it energy-aware by
lilensidering the metric we design. As the optimal path isdkxti

time and enhance the performance obtained by the basic AO&i\the source side and intermediate nodes help only on prgyid
(Ad hoc On-demand Distance Vector) routing algorithm [7heT the updated measurement of the energy metric, this scheme ca
main goal of E-AODV mechanism is routing the packets througle classified as source-initiated and network-assistduhigae.



2.2 F-AODV: A cross-layer approach for efficient Simulation time 900s

data Forwarding in MANETS traffic CBR, 4pkts

) ) o Packet size 512 bytes

F-AODV is a crosdayer forwarding straFegy, which is based on Mac rate 2 Mbps
the coo_peraﬂon l?gtween MAC and routing protopol [1]. The-pr Initial speed SPmin = 5m/3, Spmaw = 26m/s
posal aims to minimize the number of Forwarding Nodes (FN Speed Uniform
by hop, in the network. By this way, we decrease the contanti - Terange?
amount and we improve the medium utilization. The selection Density #nodesky 5
of FN is based on maximum battery level and queue occupangy. _Range 250m
These information are injected into routing requests amptiee Simulation area 1000*1006n
crossing nodes in the network. Then, each node is able to ge- #nodes 40, 50, 60, 70, 80
lect the FN that will participate in path establishment. tder to | Confidence Interval 95%

maintain a fair node capability, the forwarding procedgaly-
namically distributed and assigned to nodes in the network.

Moreover, different weightsy; are assigned to each noflen
the network according to its load. This parameter is usedrte t o\, performance. The corresponding results are presented
and adapt MAC layer parameter values, as Contention Wind?\’g‘.’;ures 1,3 2, and 4.

(CW) and Transmission Opportunity’(X OP) duration. This
leads to high medium access probability folV s.

The proposed cross-layer mechanism demonstrates a good per
formance, specially in term of throughput, that can be gigni
cantly improved. Moreover, it achieves a high degree ohfeds
among applications.

A ns2 simulation-based comparison of the described propos-
als is given in the next section. We aim to identify the scirzar
where sharing useful parameters between different lagaysiie
recommended to enhance the routing of packets.

Table 1: Simulation parameters

3 Simulations and performance analysis
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We implemented our proposals in the ns-2 network simulator
[6]. We have extended the AODV protocol and the EDCA (En-
hanced Distributed Coordination Access) scheme [4] to supp Figure 1: The effect of increasing the node density on the PDR
our cross-layer algorithms. We compare the performance-of F
AODV and E-AODV mechanisms with various scenarios and net-Figure 1, shows the obtained PDR results. The general trend
work mobility patterns and we provide an analysis of the g of all curves is a decrease in PDR with high node density. This
results. is mainly due to higher probability of collisions and chahne
contention. We observe that F-AODV outperforms both AODV,
3.1 Performance comparison of F-AODV and E- and E-AODV especially at high node density. The improvement
: achieved by F-AODV, compared to AODV, is about 9% at low
AODV mechanisms node density and about 14% when the node density increases. E
The objective of the next set of simulations is to comparegotre  AODV and F-AODV exhibit similar trends at low node density.
formance of F-AODV, E-AODV, presented in the previous setlowever, the obtained performance by F-AODV becomes higher
tion, and the basic AODV protocol. We aim to evaluate the bethan E-AODV when the node density increases. This behavior
efits of considering inter-layer cooperation and adaptatising is explained by the fact that F-AODV minimizes the number of
several network scenarios. Recall that E-AODV considefg omodes that participate in communications used by F-AOD\WtWwhi
energy rate consumption metric in route establishmentraehein turn causes a low probability of contention. Thus, F-AOEAN
However, F-AODV ensures further, MAC layer adaptation f@ccommodate more packet delivery in this case by reduciag th
congested nodes. number of collisions using a low number BV s. Moreover, this
We consider squared area of 1000m x 1000m. The differémta direct consequence of adapting the MAC layer parameters
simulation parameters are summarized in Table 1. Eacheplotincorporated in F-AODV. Indeed, giving more access abiliy
point is the average of0 simulation iterations, while the errorf’Ns by allowing them more transmission opportunity duration
bars represent@% confidence interval. (high TXOP length ) and assigning them minimu@W min
We measured several significant metrics for MANETS: Packatd CWmaz to increase the access probability to the channel.
Delivery Ratio (PDR), Routing Overhead (RO), Average Deldyurthermore, due to load balancing effect triggered by #ee f
(AD), and Route Error Rate (RER). tures of the algorithms that use E-AODV and F-AODV, their as-
We study the effect of the node density, the influence of theciated performance remain significantly high compareithéo
initial speed variation and the data traffic rate on the penmce basic AODV protocol. This indicates the robust nature ofghe
of the E-AODV, F-AODV, and the basic AODV protocols. tocols and their ability to adapt themselves to increasiad| The
AODV protocol uses minimum hop count as metric. These result
are an inherent bias toward the same routes involving to esng
We illustrate, on the first set of simulations, the influenteade tion.
density (in terms of average number of neighbors per nod®)}co A similar observation can be done in Figure 2, where we depict
puted as shown in Table 1, on E-AODV, F-AODV, and the badite Route Error Rate (RER) results. We observe that F-AODY/ ha

e Impact of network density



the minimum RER compared to AODV and E-AODV. 213
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pensy Figure 4: The effect of increasing the node density on the AD
Figure 2: The effect of increasing the node density on the RER
E-AODV and F-AODV still show significantly lower delay com-
In Figure 3 illustrates the routing overhead incurred byetf pared to AODV at high congested network.

ent routing protocols. Routing overhead is an importantitié
compare these protocols, since it has a direct impact onarketw ® Impact of traffic Load
utilization efficiency. In Figure 3, we observe that both BBV ) ) ) ) ) ]
and E-AODV have a lower overhead in terms of bytes comparjé‘oth's set of simulations, we mvestlgate_the influence d)admf_—
to AODV protocol. Once again, this is due to high reactivers fic rate on the performance of th_e studied pro_tocols. We fix t_he
F-AODV and E-AODV to link changes compared to AODV, ingumber of nodes to 40 and we increase the inter-packet krriva
duced by congestion and energy exhaustion. Although F-AOBe:
provides better PDR than E-AODV, E-AODV has minimum rout- .
ing overhead. In F-AODV, a large amount of packets are used fo
the role rotation of the forwarding process, which allowsis d
tributed selection of thé’N's and increase overhead. Moreover,
F-AODV carries new parameters in control packets and hence
packet size is higher. oor
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Figure 5: The effect of increasing the data rate on the PDR

3 q x107

. . . . . .
9 10 1 12 13 14 15 16
A

Density K —-o- AODV
2} —— E-AODV
v —# F-AODV

Figure 3: The effect of increasing the node density on RO

The average end-to-end delay includes all possible delays
caused by buffering during route discovery latency, qugairthe
interface queue, retransmission delays at the MAC, prap@aga
and transfer times. Generally, there are three factorstifigend-
to-end delay of a packet: first the route discovery time, Whic
causes packets waiting in the queue before a route is foeod, s

Average delay (sec)

05F

ond congestion state of the network, which causes packéiagva ol

in the queue before they can be sent, and finally the pathHengt Imter-packet arval ime (c)

The more number of hops a packet has to go through, the longest

time it takes to reach its destination. Figure 6: The effect of increasing the data rate on the AD

Figure 4 depicts the variation of the average delay as aifumct
of node density. The delay increases with load for all prokec  Figure 5 illustrates the PDR results. With low inter-packet
With a low node density, the lower delay is incurred by AODWival time, which corresponds to high data rate, E-AODV and
protocol. However, when the node density increases, E-AOBYAODV perform better than AODV. Indeed, the improvement
performs slightly better than F-AODV. It is important to edhat is about40% for E-AODV and30% for F-AODV, compared to
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Figure 7: The effect of increasing the data rate on the RER Figure 9: The effect of increasing the initial speed on th&kRE
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/\ exhaustion and node congestion are avoided using our patgos

S | We observe that F-AODV has the lower RER and the higher PDR
ey compared to E-AODV and AODV. This is due to the fact that F-
1 AODV employsF' N L(FN List) [1], allowing nodes to use other
route possibilities in case of routing failure. In returnistavoids
re-starting the route discovery process.

Routing overhead (in bytes)
IS
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Figure 8: The effect of increasing the data rate on the RO
AODV. When we decrease the data rate, the three protocoks hav oesr b E"Eégg
approximately the same performance. However, F-AODV pro- osf
vides the minimum delay at high data rate compared to AODV ossl
and E-AODV. Its performance becomes similar to AODV when o R
we increase the inter-packet arrival time. Contrarily, B2V L et ety

has a high delay.
Figure 7 depicts the RER results. At high load, E-AODV hakigure 10: The effect of increasing the initial speed on tb&kP

the lower RER compared to F-AODV and AODV. However, the

results on RER of the three protocols are similar when weeiase

the inter-packet arrival time. The RO results shown in Fég8y

remain quite similar to those presented for the effect ofendein- x10°

sity.

e Impact of node speed %

A
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In this set of simulations, we investigate the influence ofieno
mobility on the performance of the studied protocols. Thus,
varied the initial speed. Indeed, the increase of initi@espleads

Routing overhead (bytes)
w

to an increase on the average speed. In return, the mokilibeo Al E
network becomes high [8].
As nodes become highly mobile, the probability of link fail- il fgofggx
ure increases. Consequently, the route error rate alseases. .
However, due to the consideration of energy metric and noale | . ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ i
in route establishment scheme, E-AODV and F-AODV have the Y e "

Variation of initial speed (m/s)

minimum route error rate compared to AODV as shown in Figure

9. In Figure 11, we illustrate the results of routing overdheB-  Figure 11: The effect of increasing the initial speed on tfe R
AODV has the minimum routing overhead compared to F-AODV

and AODV. Figure 10 shows that E-AODV and F-AODV have

higher packet delivery ratio as a consequence of load bi@gnc Another interesting observation is that for the most protsc
effect triggered by both node mobility and the use of the addphe end-to-end average delay uniformly increases from law m
tive cross-layer mechanisms. Indeed, route failure dueotoep bility rate to medium mobility rate (see Figure 12).



LR ‘ ‘ ‘ ‘ ‘ ‘ ‘ node in communication and the traffic load level around it)ldo
all | change during the time. Consequently, other nodes thaidems
the metrics of that node, to build routes for example, cowdeh
an inaccurate information since this later change accgrdimo-
bility patterns, traffic load, and links capacity.

14F

12r

Average delay (sec)

T S 5 Conclusion
In this paper, we compared two energy-based routing mesiemni
0el | under several performance metrics. We investigate the déingfa
using cross-layer adaptation . The simulation results destnate
T S the benefits of layer interaction and adaptation on the agfin
Speed (nmis) performance. Indeed, this cooperation captures the ctesisic
tics of the capacity, the expected behavior of node load tmwsé
Figure 12: The effect of increasing the initial speed on tiie A the "best routes” between sources and destinations in a way t
achieve a global traffic load balancing. However, we belitad
developing a cross-layer model for QoS support in MANETS has
many challenges. On one hand, the modifications, which have

. . . to be added in the protocol stack and the complexity in intoed
The immediate remark that we can observe from the analysis gy,

i are ﬁ{% a new parameters and new algorithms to provide a "good”
sented above, is that both E-AODV and F-AODV which is bas er-layer cooperation, usually introduce a high comitjesisk.

on MA_‘C and network layers’ _coopera_tion provide aQ(_)S enhar?%gn the other hand, this may be useful to have knowledge about
ment in terms of packet delivery ratio (PDR) especially @i ojghpor density and "quality” to adapt transmission ratd t

node density compared to the basic AOI?V routing protocol. QRg scheduling strategies in an efficient manner.

the other hand, the MAC layer adaptation scheme used by Frp, ;s we have to establish whether cross-layer paradiguitis s
AODV enables a higher improvement of the PDR compared iga oy g types of wireless networks and applications of. n
E-AODV. Furthermore, we see a significant enhancementimser, ., \ve believe that the decision to use which cross-tayer

of the average end-to-end delay at high node density. Hawave,y echanism is very coupled with the nature of the useriappl

slight improvement of this metric is observed at high dat@.raca4ion and the evolution of the network behavior. Thus, tae/v
However, the E-AODV mechanism has the higher average delgymising cross-layer design model consists in maintajrire
compared to the basic AODV and F-AODV at low data rate. layer isolation in the protocol stack while enabling a crtzgger

Although the mobility causes frequentlink failure, itall® di-  jnteraction according to network and traffic characteristiUn-
versity and load balancing. Moreover, our proposals enaiies g5 the complexity of the new architecture could be expens
with better characteristics (nodes that are less congestgtiave ;4 inefficient regarding to minor performance enhancemast

high energy level) to participate in the data forwardingq®ss. e haye shown in the compared examples that we evoked in this
Consequently, the probability of route breaks is reducetithe paper.

routing overhead is minimized. Itis also notable that theilts in
terms of average delay as function of node mobility, for theé
protocols, are almost similar. References

Overall, we can conclude that we have to take into account the
application QoS requirements as well as the network characfl] L. Romdhani and C. Bonnet, “A cross-layer feature for an
istics in order to select the appropriate routing schemelézals efficient forwarding strategy in wireless ad hoc networks”,
to better performance. Indeed, we can learn from the sinomat ~ AINA 2006, 20th IEEE, Vienna, Austria.
results that in some cases it is inefficient to count on therint . . i .
layer parameters in route establishment scheme. As an éexarr{ 1L Romdhanl and C. B.onnet, Cross—laytirs paradigm fea-
when considering low loaded network and stable nodes, thie ba tures in MANET: benefits and challenges”, PWC 2005, Au-
AODV protocol performs better than the E-AODV and F-AODV gust 25-27, Colmar, France.

mechanisms. Moreover, it is not necessary to apply QoS meq{g? L. Romdhani and C. Bonnet, “Energy consumption speed-
nisms when we have only communications with low priority ap-" p55ed routing for mobile ad hoc networks”, WWAN 2004

plications. o March 23-26, Tokyo, Japan.
Cross-layer models are mainly introduced to enhance the per

formance of real time applications and achieve better Qqf s[#] IEEE 802.11e WG. MAC Enhancements for Quality of Ser-
port. However, the proposed cooperative algorithms andmpar ~ vice (Qo0S), IEEE Std 802.11e/D9.0”. August 2004.

eters have to be rigorously selected, compared, and omimi
In the most cases, we have to take into account the benefitiSJ)flEEE. 80?.11.Standard 802.1ireless LAN MAC and PHY
each model that provides inter-layer cooperation compaorits Speci cations. 1999.

complexity. Indeed, there are some proposals that competiely (5] Network Simulator-2. www.isi.edu/nsnam/ns/.

or local metrics which are used to make decisions for route es

tablishment, scheduling, tuning transmission rate, etowéver, [7] Perkins, Ad hoc on demand distance vector (AODV) routing
using these metrics in a cross-layer model could be not effici IETF, RFC 3561.

because they have sometimes inaccurate values which de-not r . . .

flect the real situation around a given node. Moreover, sac 8] RandomTrip: http://icawww1.epfl.ch/RandomTrip/

node moves with an arbitrary speed and toward an arbitrasi-de

nation, the computed metrics (according to the participedf the

0.6
8

4 Discussion



