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Abstract: Online energy aware routing in mobile ad hoc networks is has the problem of finding
energy efficient routes that maximize the network lifetime without the knowledge of future message
flows. To maximize network lifetime, the paths for message flows are chosen in such a way that the
total energy consumed along the path be minimized while avoiding energy-depleted nodes. Finding
paths that consume minimum energy and finding paths that do not use energy-depleted nodes lead to
conflicting objectives. In this paper, we propose an energy aware routing protocol with mobility
prediction for MANETs. We propose also a mechanism for energy saving and timely delivery of data
packets is incorporated into the route discovery phase to select paths with lower cost. The proposed
method utilizes two metrics: residual energy and queue length at each node. Buffer information is
considered as a traffic load characteristic and its use is twofold: limitation of battery energy
consumption and end-to-end delay. A simulation-based performance comparison between a routing ad
hoc protocol and its modified energy and delay-constrained version demonstrates that the latter one
improves performance of network scenarios.
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INTRODUCTION

A mobile ad hoc network (MANET) is as an autonomous system of mobile nodes connected via wireless
links without using an existing network infrastructure or centralized administration. Each node moves and
operates in distributed peer-to-peer mode (Mario and Lu, 1999; Asadi et al., 2007), generating independent
data, and acting as a router to provide multi-hop communication. MANETs have many potential applications
in a variety of fields, like military tactical communication, disaster rescue and recovery and collaborative group
meetings. Therefore, MANETs have gained more and more attention from researchers in recent years.
Traditional approaches for multi-hop routing in mobile ad hoc networks adopt one single active path between
source and destination nodes of a communication flow, typically established by using proactive (Royer, 2004;
Perkins and Bhagwat, 1994; Rom et al,1999) or reactive protocols (Mueller et al, 2004). (Brown et al,
2001)show that the proactive schemes are more expensive in terms of energy consumption with the comparison
of the on-demand schemes because of the large routing overhead incurred in the former. However, on-demand
protocols suffer of considerable route discovery latencies under intermittent-data applications, when a new route
is requested in large networks and high-populated scenarios (Marina and Das, 2001). Multi path on-demand
protocols (Mueller et al, 2004) overcome this inefficiency, by allowing discovering multiple disjoint routes
between any source and destination nodes. Multiple paths may be used interchangeably, by increasing the
application’s reliability when a route failure occurs, or concurrently, by introducing load-balancing mechanisms
to provide higher aggregate bandwidth. The development of dynamic and effective routing protocols is a key
issue in supporting multi-hop communication. On the other hand, in many ad hoc networks, each node is
powered by a battery and has a limited energy supply. Over time, various nodes will deplete their energy
supplies and drop out from the network. Unless nodes are replaced or recharged, the network will eventually
become partitioned. In a large network, relatively few nodes may be able to communicate directly with their
intended destinations. Instead, most nodes must rely on other nodes to forward their packets. Some nodes may
be especially critical for forwarding these packets because they provide the only path between certain pairs
of nodes.
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Each node that depletes its battery and stops operating, there may be a number of other nodes that can
no longer communicate. For this reason, a number of researchers have focused on the design of communication
protocols that preserve energy in order to prevent network failures for as long as possible (Singh ef al 1998,;
Toh, 2001). Energy-preserving routing protocols for ad hoc networks have received ongoing attention. In
general, incorporating information about nodes’ battery levels into routing can help to preserve nodes with little
residue energy. By routing in such a way to preserve energy in critical nodes, node failure and network
partitioning can be delayed. Examples of routing metrics, which depend on the remaining energy levels
presented in (Singh et a/ 1998; Toh, 2001). In (Wieselthier ef a/, 2002), metrics incorporating remaining energy
levels are used to construct multicast trees. Residue energy information is also useful in a sensor network, a
special case of an ad hoc network in which a single node, called the base station, is the only traffic sink.
Several routing protocols designed specifically for sensor networks also use battery level information
(Heinzelman et al, 2002).

Ad hoc networks implement a distributed cooperation environment, based on a P2P paradigm. Given the
limited range of wireless communication, the network is generally multi-hop, since direct communication
between mobiles is generally not available. For this reason, a distributed routing protocol is required in order
to provide communication between arbitrary pairs of nodes. A major problem rises from the mobility of nodes
which causing the network topology to be variable and to some extent unpredictable. In fact, linkage break
probability of nodes will be high, when stability of routing path is not considered. Best criteria's that are used
for reliability in routing are:

*Node Residue Energy (NRE) *Route Expiration Time (RET)
*Error Count (EC) *Hop Count (HC)

These criteria give us weight of the path. Procedures of path discovery usually find several paths from
source node to destination node then select path with maximum weight path as optimal path (Rahebi and
Asadi, 2009).In this paper, we aim at how to enhance the stability of the network. We propose a weight-based
on demand reliable routing method underlining energy efficient consumption to achieve this objective. The
proposed scheme uses the weight-based route strategy to select a reliable route in order to enhance system
performance. The remainder of the paper is organized as follows. Section 2 gives an overview of the Ad hoc
On Demand Distance Vector (AODV) routing method. In Section 3, we propose our on-demand reliable routing
method with energy consumption providence and increasing throughput. Section 4 presents a simulation study
and a comparative performance analysis of the proposed method with AODV. Finally, Section 5 concludes the
paper with remarks on the future work.

Related Work:

In this section, we briefly introduce Ad hoc On Demand Distance Vector (AODV), the most general on-
demand routing protocols. AODV (Perkins and Royer, 1999) is source initiated reactive protocol. It discovers
and maintains routes only if it is necessary. Route discovery works as following. When the source requires
a path to a particular destination, it broadcasts a route request (RREQ) packet in the ad hoc network. Nodes
receiving RREQ record a reverse route back towards the source, using the node from which the RREQ was
received as the next-hop, and then re-broadcasts the RREQ. If the same RREQ is received more than once (via
different routes), it is ignored in order to avoid taping in loop. In this way, the RREQ packets are flooded to
every node in the connected part of the network.

When the RREQ packet reaches the destination, it sends a route reply (RREP) packet back to the source,
using the reverse route. If an intermediate node has an up-to-date route to the destination, it may also send
a RREP packet back to the source on behalf of the destination. As the RREP packet follows the path back
to the source, the corresponding forward route is created at each intermediate node towards the destination.
Once the RREP packet reaches the source, data traffic can now flow along this forward route.

To prevent routing loops, AODV maintains a sequence number on each node. Any routing information
transmitted on routing packets or maintained on a node is tagged with the last known sequence number for
the destination of the route. AODV protocol guarantees the invariability that the destination sequence numbers
in the routing table entries on the nodes along a valid route are always monotonically increasing. In addition
to preventing loops and sequence numbers it also ensure freshness of routes and give a choice of multiple
routes, the one with a newer sequence number is always chosen.
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Fig. 1: Reverse and forward route formation in AODV

An important feature of AODV is maintaining of timer-based states in each node, regarding utilization of
individual routes. A route is “expired” if not used recently. A set of predecessor nodes is maintained for each
routing table entry, indicating a set of adjacent nodes that use that entry to route data packets. These nodes
are notified with route error (RERR) packets when the next hop link breaks. Each predecessor node, in turn,
forwards the RERR to its own set of predecessors, therefore, effectively erasing all routes using the broken
link. Then this RERR is propagated to each source routing traffic through the failed link, causing the route
discovery process to be reinitiated if routes are still needed.

Proposed Method:

The proposed method assumes that each node is aware of the amount of energy. Having all the
information with neighbor nodes, especially the amount of energy, source node instead of sending route
discovery package (RREQ) to all neighbor nodes, it only sends toward nodes which has a enough energy to
transfer data. Therefore, the neighbor nodes will send packets to discover the path toward the destination node
therefore the path toward the node receiving has enough energy to transfer data packets. This action is greatly
diminished the amount of traffic and reduced energy consumption of nodes.

In the routing table, we can sort adjacent node according to their descending energy. In our new method
for routing toward the destination node, we always use the paths, which take the most energy. If you use the
nodes with low energy, they quickly running out of energy and all of the energy will be ended and the link
between them fail, so the lifetime of the network will be reduced. For solving the problem, we create a balance
between the more energy nodes and less energy nodes then we try to optimize using both of their lifetime.
This leads to increasing lifetime of network. Although there may be a path with maximum energy for sending
information, if we choose this path, perhaps the link between nodes due to high speed of the node path will
be broken, so we must ensure that we do not lose important information. Equation for solving this problem
according to the weight of the destination node will provide directions using several criteria for each route.
Then data packets from the source will send toward the destination routes which process the most weighted
of route.

If a node has high amount of energy, each of the remaining neighborhood nodes request the energy source,
the nodes are selected to continue the process of routing. Then, link stability is calculated (LET) and the
number of link failures (EC). If the amount is less than the LET value obtained LET previous link, depending
on the RREQ will be replaced, otherwise the amount will not change. This process will continue until the
destination node is found. After the route discovery packages reach the destination node, it sends RREP packet
to the route, which has a highest energy paths, the highest reliability, the lowest number Links (Hop) and the
lowest failure (EC) as reverse path toward the source node. Destination node for any of the packages RREQ
received from different paths act according to the calculation of a score (Rank) RREP packages and the
package placed in the same path as the reverse will send the source to the destination. When Source node
receives the RREP packages, it directs to the destination according to the weight of routes, which are
descending sorted. Therefore, with this method traffic of network will be diminished. Since discovering this
route increase network overhead, applying this new method of route discovery only occurs when all paths
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toward the destination node are broken. With this method, the amount of rerouting that cause the waste to high
amount of energy remaining nodes will be reduced. Energy of the remaining nodes will be balanced. In this
way, the energy consumption of sink nodes and less energy nodes in a wireless network are protected. If one
or some of the sensitive nodes are empty from energy, eventually the network may be fragmented and a
number of high-energy nodes and long active communication nodes cannot have relationship with each other.
Using this method will reduce energy consumption and will increase the network lifetime dramatically.

Route Maintenance Process:

In proposed method when the link between source node and destination node is broken, route discovery
process will not be performed. Considering that, each node of the RREP by the close link between certain of
your destination is notified, so the next backup route will be selected from its routing table, the rest of the
packages from backup path toward the destination will send.

Process to Prevent Data Traffic Packets in Nodes:

Proposed method in order to delay the rate, depending on data traffic and energy consumption is reduced.
Thus, the energy balance between network nodes is established, as a result of this action will increase the
network lifetime. Considering that, we progressive increase in the cost of route traffic nodes and increase the
length of lines in the nodes. A cost function based on energy use. This function as soon as traffic in a node
with the costs through the number of packages waiting to get the service node and the remaining energy is
achieved, to see. Change the path toward a closed node and previous node sends previous backup path
depending upon the view the next package to send the remaining packages and select the new route will send.
Destination node has received packages with regard to their numbered order, will sort the packages. Our
proposed cost function for traffic control with energy consumption is:

1
1+ (0 *E,)

H H
In this equation ER! shows remaining battery energy of node i in time t and g shows the number

&m:atl—LT+ﬂ—aﬁﬁl— )
~1+ER =

of packages waiting to get service on the node i in time t. (Depending on the available buffer) E, is the
amount of energy required to send a data package. In the first section of this formula, the amount of energy
involved nodes, and the second part of the node buffer size is influential. To create a balance between the two
sectors has been used in the variable a. This parameter is between zero and one numerical. All nodes will be
calculated using this formula in the traffic always. Cost will be between the numerical rate of zero and one.
If this number is close to its maximum value, is one, so the node is faced with high traffic data packages, to
a next node. In this case, the path to post and exchange information to the node previous and next route will
be selected by the node previous backup. This will increase the speed limit on large data and will be
diminished as the real traffic network. Energy nodes will also balance. Thus, the network lifetime and data
also increased with greater reliability and speed will be reached destination.

The proposed method due to the use of routing tables is the diminished amount of overhead in calculating
minimum and maximum residual energy path nodes. Proposed method consists of four main components
following:

1. Minimum energy by remaining nodes in each route discovery process.

2.  Find maximum reliability path from origin to destination

3. Order multiple paths as the amount of energy remaining descending nodes, route stability, EC and HC
send data packages

4. The application of criteria in the traffic data packets nodes to increase network data transfer rate and life

Reliable Energy-aware On-demand Routing Method:

The goal of this work is to improve reliability routing quality in MANETs by using the available
information of the network. The basic idea is to select a reliable routing path for routing to reduce the routing
overhead and display a mechanism for energy saving; packet loss and optimal using of paths witch have
enough power or energy. Before introducing the proposed routing protocol, we define some parameters as
follows:
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1. Node Residue Energy (NRE):

In this parameter requested energy for complete sending of file or data before transfer, according to its
size is calculated. All data packets are moved from optimal path that has enough energy for sending all of
packets. In reliable path selecting, must consider the estimation of total energy for sending all of packet
(Rahebi and Asadi, 2009).

2. Route Expiration Time (RET):

The RET is the minimum of the set of link expiration times (LETs) for the feasible path. The LET
represents the duration of time between two nodes. So first we obtain minimum value of LET in each path
and then select the maximum number of RET witch represents the more reliable routing path.

RET, = Min(LETs,) 2)
Thus, the RET is the maximum value among LETs of the feasible path.

3. Error Count (EC):
The EC is the maximum value between set of node error counts (linkage break and node failure) for the
feasible path. The smaller EC represents the more reliable routing path.

4. Hop Count (HC):
The HC is the number of hops for the feasible path. The smaller HC presents the more reliable and less
cost of routing path.

Route Discovery:

Route discovery process of the source node toward the destination node of the most important stages of
data transfer packages from reliable routes and yet with minimal energy consumption and increase the life time
of wireless mobile Ad hoc networks. Let each node can include information to speed, direction and movement
by radio range Positioning System GPS and it gained the authority to the neighboring nodes. Position
information includes all nodes in the energy and alternatively provides the neighboring nodes are routing table
these ways, all nodes that are both radio range any moment to update. If the node already assumed toward
each nodal information was sent to, address the routing table of this node is stored the information again and
if it is to be sent to other nodes need not re-routing. Each node defeats all links between nodes and their
neighbors for future use to store (EC).

Alternatively, the routing table of each node will update fixed intervals. If you enter the range of your
radio to a nodal group node, a node sends a package to broadcast as Hello for all nodes in its radio range,
and sends the entire information package that includes position, for movement, speed, range radio and the
amount of energy available to other nodes around it. The neighboring one answer to all the information to the
node, and thus be aware of all the routing tables of nodes changes position information and the neighboring
nodes will save them for future use. Each node routing table is updated frequently in fixed intervals. If a new
node to be within radio range of a node group, sends broadcast as a package Hi for all nodes into its radio
range and sends all information including its location, moving direction, speed in motion, range and amount
of radio energy in it and nodes around the neighbor send all the information in response to this node. Thus
routing tables of all nodes location information changes notified neighboring nodes and will store them for
future use.

e The Factors of the Weight Function:
The weight function includes four factors: the route expiration time, residue energy of node, error count
and hop count. We describe the four factors as below:

O Node Residue Energy (NRE):
It assumes that all nodes are equipped with a residual energy detection device and know their physical
node position. The transmitting energy for a packet computed as (Woo and Lee, 2001):

o Pacleet . % B,

. @)
: BW
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Where Packet,,,
bandwidth. At each node, the total required energy is given by

is the data packet size, Ptx is the packet transmitting power, and BW is the wireless link

REQE=PE><(EH+EPIOC) (5)

Where n is the number of packets. The energy required for packet processing (E ) is much smaller than

proc
that required for packet transmitting. There is an Energy field (ECD) in RREQ packet that shows needed data
transfer energy. Each node which receive RREQ packet, compare value of its own REQ value in own table

with packet ECD, then two cases occure:

1. If ECD >= REQ and the node is not destination node then it broadcast packet to all or
2. It does not pass RREQ and drop it.

O Route Expiration Time (RET):

The LET can be obtained by the principle that two neighbors in motion will be able to predict future
disconnection time. Such a prediction can be accomplished by the following method. The motion parameters
of two neighboring nodes can be obtained by using global positioning system (GPS). We assume a free space
propagation model (Rappaport, 1995) in which the signal strength solely depends on the distance to the
transmitter. We also assume that all nodes have their clocks synchronized by using the GPS clock. If we know
the motion parameters of two nodes, we can calculate the duration of time for which these two nodes remained
connected. These parameters include speed, direction and radio range that be obtained from GPS.

For the sake of simplicity, we assume that nodes nl and n2 have equal transmission radius r and that they
are initially within hearing range. Let (x1, yl) and (x2, y2) denote the (x, y) position for node nl and n2,
respectively. Also, let vi and vj denote their speeds along the directions ql and q2 respectively. Then the
duration of time between nl and n2 is given by the following equation:

—(ab +cd)+ (P +6P WP - (ad - cd)?
D, =
(a2 + c2}

(3)

a=wcosd —w cosé, . b=x-x
c= v siné —v, sin &, : d=y-»

We can obtain the LET between two nodes in the feasible path by the Equation (3). Then the RET is
equal to the minimum value between set of LETs for the feasible path. By the Equation (2) and (3), we can
compute the RET for each route with the LETs between two nodes in each feasible route.

O Error Count (EC):

The error count is used to indicate the number of link failures caused by a mobile node. When an
intermediate node receives a RREQ packet, it compares the error count in the route record of the packet with
the error count in its route cache, and assigns the larger one as the new error count in the packet. The process
continues until the RREQ packet reaches the destination node. The destination node eventually takes record
of the error count values along all feasible routes.

O Hop Count (HC):

If each intermediate host has a larger roaming area, and the MANET has many nodes (and hops), then
a feasible path with less hop is the preferred choice.

4676



Aust. J. Basic & Appl. Sci., 4(10): 4671-4681, 2010

¢ Route Weight Function:

The reliability for a feasible path is based upon four items: the route expiration time, the error count, the
hop count and node remaining energy at the path is another important parameter. Based on the preceding
discussions, the weight function is defined as an empirical mean value. (Wang. Nen-Chung and Chen. Jhu-
Chan, 2006)

RET EC HC
W= O x (——L )+ O x(—L 1+ x (—— ) )
Y MaxRET MR O M HC

Cl1, C2 and C3 are the values, which can be chosen according to the system needs. For example, route
expiration time is very important in MANETSs, thus the weight of Cl factor can be made larger. C2 factor
related to path error and reduce the weight of path so it is one of the important negative factor in our equation.
The flexibility of changing the factors helps to select routing path. Larger both route expiration time (RET)
and so on both lower error count (EC) and hop count (HC) represent higher reliability.

|C1|+|C:4|+|Cz|=1 5)

Proposed method, a method is applied for by routing, route discovery process is similar to the route
discovery process in AODV protocol, with the difference that when a node is the path toward the destination
node is selected, the first calculated energy is required (REQ) to send the data packages.

Experimental Results:

To simulate the performance of our proposed method, we build a simulation of the AODV protocol using
OPNET. The implementation of the routing methods is done to determine whether the consideration of the
energy consumption factor that is built onto the AODV protocol has achieved improvements. To evaluate the
performance of the routing techniques in our routing method, some performance metrics had to be defined.
First, we made some assumptions on the parameters of the system architecture in the simulations (Table 1).

Simulation shows the packet delivery ratio (PDR) of proposed method and AODV with different mobility
speeds. The packet delivery ratio is the ratio of the number of data packets received by the destination to the
number of data packets transmitted by the corresponding source. We can observe that proposed method
transmits and receives more data packets than AODV (Fig. 1). In addition, simulation result shows that our
proposed method in large number of nodes performs better than AODV when end-to-end delay is regarded
(Fig. 2). We showed that using our method we could decrease the total energy consumption and thus increase
network lifetime (Fig. 3).

Simulation results demonstrate up to AODV 40% improvement in network lifetime that is achieved by
using energy-aware routing, instead of conventional routing schemes (e.g. minimum hop routing).

Table. 1: Simulation parameters

Area (meter meter)

2000 m * 2000 m

Simulation time (Hours)
Mobility

Max speed (meter / second)
Pause time

Energy battery (miliwatt)
Traffic

Receive power(miliwatt)
tTansmit power(miliwatt)
Packet size (Byes)

2h

Random Waypoint

10 m/s

10 s

15 mw

One Source(10 packet/sec)
0.0001 mw

0.0005 mw

1024 B
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Fig. 1: Packet Delivery Rate (a) 50 nodes scenario (b) 200 nodes scenario

Conclusion:

We presented an energy-efficient method for routing in MANET. We showed that by using our method
we can decrease the total energy consumption thus increase network lifetime and improve network traffic. In
addition, simulation results demonstrate up to another improvement in network lifetime and network traffic.
Experimental results show that the proposed method outperforms AODV especially in the high mobility
environment.
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