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Abstract—In this paper we present a full performance analysis of
an energy conserving routing protocol in mobile ad hoc network,
named ER-AODV (Energy Reverse Ad-hoc On-demand Distance
Vector routing). ER-AODV is a reactive routing protocol based on a
policy which combines two mechanisms used in the basic AODV
protocol. AODV and most of the on demand ad hoc routing protocols
use single route reply along reverse path. Rapid change of topology
causes that the route reply could not arrive to the source node, i.e.
after a source node sends several route request messages, the node
obtains a reply message, and this increases in power consumption. To
avoid these problems, we propose a mechanism which tries multiple
route replies. The second mechanism proposes a new adaptive
approach which seeks to incorporate the metric "residual energy " in
the process route selection, Indeed the residual energy of mobile
nodes were considered when making routing decisions. The results of
simulation show that protocol ER-AODV answers a better energy
conservation.

Keywords—Ad hoc mobile networks, Energy AODV, Energy
consumption, ER-AODV, Reverse AODV.

I. INTRODUCTION

Mobile Ad-hoc network is a set of wireless mobile
nodes dynamically forming a temporary network. The
goal of this architecture is to provide communication facilities
between end-users without any centralized infrastructure.
Energy management in Ad-hoc networks is of paramount
importance due to the limited energy availability in the
wireless devices. Since wireless communication consumes a
significant amount of energy, it is important to minimize the
energy costs for communication. To this end, there has been a
good deal of research works in designing energy efficient
protocols. Current literatures about energy efficient or power
aware routing protocols can generally be divided into three
categories: (i) switching on/off radio transmitters to conserve
energy [1] [2], (ii) power and topology control by adjusting
the transmission range (power) of transmitters [3] [4], and (iii)
routings based on the energy efficient metrics [5].
In this paper, we consider the cost of data packets sent in
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the network, and the cost of control packets used to maintain
the network. To do this, we define ER-AODV (Energy
Reverse Ad-hoc on-demand Distance vector routing). ER-
AODV is a reactive routing protocol based on a policy which
combines two mechanisms used in the basic AODV (Ad hoc
On-Demand Distance Vector) protocol [6]. We choose AODV
as one of the on demand MANET routing protocols because;
it consumes less energy than other similar routing protocols
such as DSDV and TORA as shown in [7].

AODV and most of the on demand ad hoc routing protocols
use single route reply along reverse path. Rapid change of
topology causes that the route reply messages (RREP) could
not arrive to the source node, i.e. after a source node sends
several route request (RREQ) messages, the node obtains a
RREP, and this increases in power consumption. To avoid
these problems, we propose a mechanism which tries multiple
route replies. In this way we obtain a routing path with less
RREQ messages.

In the AODV routing process, a minimum hops algorithm is
applied to establish routes between sources and destinations.
To improve the routing in term of energy conservation we
propose the second mechanism witch consider another metric
in the route establishment process. This parameter includes in
route cost computation the speed of energy consumption. We
believe that by this way we avoid nodes that participate in
communications more than other and we choose nodes that
participate less than the other in the communications.

The remainder of this paper is organized as follows. In
Section 2, we give the most important characteristics of
AODV routing protocol and its main limitations. In Section 3,
we describe our two mechanisms in detail. Simulation
methodology and performance evaluation of our proposal
ERAODV are detailed in Section 4. At this level of our study,
we discuss only the results of our first mechanism (Reverse
AODV). Section 5 concludes the paper by summarizing
results.

11.BAsIiC AoDV ROUTING PROTOCOL

11.1 Overview

The Ad hoc On Demand Distance Vector (AODV) is a
reactive routing protocol [6]. In fact, it is self-starting, enables
multi-hop routing between participating mobile nodes wishing
to establish and maintain an ad hoc network. This protocol
builds routes between nodes only as desired by source nodes.
It discovers routes quickly for new destinations, and does not
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require nodes to maintain routes to non-active destinations.
AODV ensures link breakages and breakdowns are handled
efficiently.

The AODV protocol establishes routes using a Route
REQuest (RREQ) / Route REPly (RREP) query cycle. So,
when a node requires path to destination, it broadcasts RREQ
message to its neighbors which includes latest known
sequence number for that destination. This message is
flooded, until information required is complete by any means.
Each node receiving the message creates a reverse route to the
source. The destination sends back RREP message which
includes number of hops traversed and the most recent
sequence number for the destination of which the source node
is aware. Note that if an intermediate node has a fresh route to
the destination it doesn't forward the RREQ and it generates a
RREP toward the source.

Each node receiving the RREP message creates a forward
route to the destination. Thus, each node remembers only the
next hop required to reach any destinations, not the whole
route. Each node receives a duplicate of the same RREQ, it
drops the packet. Moreover, AODV uses sequence numbers to
ensure the freshness of routes. In fact, the routes to any
destination are updated only if the new path toward that
destination has greater sequence number than the old one or it
has the same sequence number but with less number of hosts.
So, AODV protocol builds routes between nodes regarding
the shortest path parameter.

AODV Limitations: Routes, in AODV protocol, are
established based on minimum hop count. This consideration
might have a bad effect when the number of communications
increases. So it is more likely to include other parameters that
have a significant effect on, network connectivity and lifetime.
Furthermore, power is a very important constraint in wireless
network. If a node that participates in a route establishment
has very low energy, this later will break very soon.
Moreover, this can has also a bad effect on the network
lifetime: there are some nodes that will dead very faster than
another ones. To deal with these problems, the power should
be taken into account in the route establishment algorithm. To
this end, we propose a mechanism that considers the residual
energy of mobile nodes when making routing decisions.

I1l. ER-AoDV PrROTOCOL

Taking into account the various problems and constraints
described above, we propose a reactive routing protocol
ERAODV which aims to maximize the lifetime of the network
and improve the performance obtained by the basic AODV
routing protocol. Thus, the goal is to reduce the cost of control
packets used to maintain the network by incorporating the
mechanism called "Reverse AODV", and routing around
nodes that we expect that they have more residual energy than
other by integrating mechanism "Energy AODV" into our
protocol.

IV. REVERSE AODV

Overview of the mechanism: The principle of this mechanism
is to establish a routing path with less RREQ messages, which
tries to answer using a multiple route replies to gain energy
consumption during the dispatch of control packets. We
propose this mechanism to avoid RREP loss and improve the
performance of routing in MANET. As illustrated in Figure 1,
Reverse AODV uses absolutely same procedure of RREQ of
AODV to deliver route reply message to source node. This
mechanism can reply from destination to source if there is at
least one path to source node. When a source node receives
the RREP packet, the data packets routing can start
immediately. In this manner, Reverse AODV prevents a large
number of retransmissions of route request messages.
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Fig. 1 Both AODV & Reverse AODV mechanisms

Route Discovery: Mobile nodes using Reverse AODV,
exchange three types of control packets: RREQ, RREPs and
RRERs. The RREQs and RRERSs have the same format as
RREQs and RRERs defined in [6] for AODV, whereas RREP
format has been slightly modified.

The RREP Message (Figure 2) contains following
information: reply source id, reply destination id, reply
broadcast id, hop count, destination sequence number, reply
time (timestamp)
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Reserved [ Hop Count
Broadcast ID
Destination IP address
Destination Sequence Number
Source IP address

Reply Time

Type |

Fig. 2 RREQ Message Format in Reverse AODV

When broadcasted RREP message arrives to intermediate
node, it will check for redundancy. If it already received the
same message, the message is dropped, otherwise forwards to
next nodes. Furthermore, node stores or updates following
information of routing table:

¢ Destination Node Address

o Source Node Address

e Hops up to destination

o Destination Sequence Number

e Route expiration time and next hop to destination
node.

Whenever the original source node receives first RREP
message it starts packet transmission, and late arrived RREPS
are saved for future use. The alternative paths can be used
when the primary path fails communications.

Energy AODV: This mechanism proposes a new adaptive
approach which seeks to incorporate the metric "residual
energy of nodes" instead of the number of hops in the process
route selection. Indeed, we define the rate of energy
consumption for each node to estimate its lifetime. Then, we
define a cost that fits this lifetime and the energy level. This
information is then used to calculate routes cost.

V. CONTROL PACKETS AND DATA STRUCTURES

RREQ Message: A field called « min_bat» has been added to
RREQ packets. It takes as value the minimum of residual
energies of nodes traversed by the RREQ packet.

Routing Table: This structure is used to store every candidate
route in destination nodes, indexed by source node identifier.
Every entry in the routes table contains the following fields:
e Src: maintains the identifier of source node who
initiated the route discovery procedure.
e Seq: maintains the RREQ sequence number.
e Route: contains the nodes sequence traversed by
RREQ packet.
e Min_bat: keeps the minimal residual energy of
nodes traversed by RREQ packet.
o Arrival_time: keeps the arrival time of RREQ packet at
the destination node.

Content of the first four fields is directly extracted from
arriving RREQ packets.

Computing the expected residual lifetime : In our mechanism,

we do not only consider the current energy level value of a
node, we observe also the speed of energy consumption at
each constant period (Tupdate) [8]. For each node, we follow
the following formula to compute energy speed consumption:

Energierest (] - 1) - Energierest (J)

Energiemnsom (]) - TU 4
paate

Where Energierst (J) is the estimated residual energy
computed at period j as follow:

I=N pkts
Energiel"est (]) = max { Energie(‘[}ul‘ (]) - ETY (]); O}
i=1
Where Energiecour (j) is the current energy value of the node,

and Evx is the value of the power that will be consumed to
transmit the Npkis remaining packets in the buffer.

Then, we can estimate the expected residual life time Tiietime (j)
in each node considering the energy speed consumption

Energieconsom (j) and the estimated residual energy Energierest
(J) values computed at each time interval j as follow:

. Energie .. (]}
Tiifetime (J) = . = -
Energleconsom (])
Computing the route establishment cost : Using the Tiisetime
(i) value, each node computes a cost at each route request
demand. This cost is defined as following :

= Tlifetime {J) = \'IVR

Where Wk is a multiplicator factor in the interval [0,1]
defined for each energy interval k . Hence, k go from 1 to 4
referring four energy intervals: the first one is from 50% to
100% of initial energy value (Wk =1), the second one is from
30% to 50% (Wk =0.75), the third one is from 10% to 30%
(Wk =0.5) and the last one is from 0% to 10% (Wk =0.25).

Cout,es_yze (3)

Thus the route establishment cost from source to destination
is calculated as follows:

i=nbr d -
Z:zlll rnede Courres—]ife (])

nbr node

Wher nbr node is the intermediate nodes number.

VI. PERFORMANCE RESULTS

In this section, we first describe the simulation environment
used in our study and then discuss the results in detail. Our
simulations are implemented in Network Simulator (NS-2) [9].
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At this level of our study, we discuss only the results of our
first mechanism Reverse AODV. Simulation parameters are as
follows:
o Number of nodes: 10, 20, 30, 40, 50, respectively.
e Testing area: 1000m x 1000m.
¢ Mobility model: random way point model (when the
node reaches its destination, it pauses for several
seconds, e.g, 1s, then randomly chooses another
destination point).
o Traffic load: UDP, CBR traffic generator.

Each simulation is run for 100 seconds and repeated for 10
times. To evaluate performance of R-AODV, we compare our
proposed R-AODV with AODV, using the following metrics:

o Delivery Rate: the ratio of packets reaching the
destination node to the total packets generated at
the source node.

e Average End-to-End Delay: the interval time
between sending by the source node and receiving
by the destination node, which includes the
processing time and queuing time.

e Average Energy Remained: mean value of energy
remained in each node.

Figure 3 shows packet deliver ratio of AODV and R-
AODV, by increasing number of nodes brings apparent
difference between the two protocols, more exact result is
shown on Figure 4.

Packet delivery ratio difference in figure 4 calculated as
below:

delivery ratio of ER.AODV — delivery ratio of AODV
delivery ratio of AODV
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Fig. 3 Packet Delivery Ratio, when the number of nodes varies
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Fig. 4 Packet delivery ratio difference between two protocols,
when the number of nodes varies

Figure 5 shows the average energy remained of each
protocol. We have to mention that it is a mean value of energy
remained each node at the end of simulation. Remained energy
in R-AODV is higher than AODV; even it has sent more data
packets to destination as shown on figure 3 and 4.

Energy (out of 100)

Number of Nodes

DAODY mR-ACDV

Fig. 5 Average energy remained, when the number of nodes
varies

Figure 7 shows the average end-to-end delay of each
protocol. It should be noted that the delay is considered for the
packets that actually arrive at the destinations. We can see that
R-AODV has lower delay than AODV. The reason is that
AODV chooses route earlier, R-AODV chooses recent route
according to reverse request.
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Fig. 6 Average end to end delay, when the number of nodes varies

VIl. CONCLUSION
Successful delivery of RREP messages are important in on-
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demand routing protocols for ad hoc networks. The loss of
RREPs causes serious impairment on the routing performance.
This is because the cost of a RREP is very high. If the RREP
is lost, a large amount of route discovery effort will be wasted
in terms of number of control packets, and in terms of energy.

We proposed the idea of reverse AODV, which tries
multiple route replies. R-AODV route discovery succeeds in
fewer tries than AODV. The results show that R-AODV
improves the performance of AODV in most metrics, as the
packet delivery ratio, end to end delay, and energy
consumption. Our future work will focus on implementing
Energy AODV mechanism to conserve more energy.

REFERENCES

[1] L. M. Feeney and M. Nilsson. Investigating the energy consumption of a
wireless network interface in an ad hoc networking environment. In
IEEE INFOCOM, 2001.

[21 Y. Xu, J. Heidemann and D. Estrin, “Adaptive energy-
conserving routing for multihop ad hoc networks,” Technical
Report TR-2000-527,2000.

[3] Ramanathan and Rosales-Hain, “Topology control of multihop
wireless networks using transmit power adjustment,” IEEE
Infocom 2000, 2000.

[4] B. Chen, K. Jamieson, H. Balakrishnan, et R. Morris, "Span: An
Energy-Efficient Coordination  Algorithm for Topology
Maintenance in Ad Hoc Wireless Networks,” ACM/IEEE
International Conference on Mobile Computing and Networking
(MobiCom 2001), Rome, Italy, juillet 16-21, 2001.

[5]1 L. M. Feeney. “An energy consumption model for performance
analysis of routing protocols for mobile ad hoc networks”.
Mobile Networks and Applications, 6(3):239-249, Juin 2001.

[6] C. Perkins, Ad hoc on demand distance vector (AODV) routing,
Internet-Draft, draft-ietf-manet-aodv-04.txt, pages 3-12, October
1999, Work in progress.

[71 Ya Xu, John Heidemann, and Deborah Estrin, Adaptive Energy-
Conserving Routing for Multihop Ad Hoc Networks, Research
Report527, USC/Information Sciences Institute, October, 2000.

[8] Lamia Romdhani and Christian Bonnet “Energy Consumption
Speed-Based Routing for Mobile Ad Hoc Networks®”.
Distributed Computing Systems Workshops, 2004. Proceedings.
24th International Conference on

[91 NS, The UCB/LBNL/VINT Network Simulator (NS),
http://www.isi.edu/nsnam/ns/, 2004

1257



