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Abstract

The way to represent how the nodes are arramgéed IMANET is referred as topology which is tenggr
or dynamically changed with time according to fiaéfonditions. The energy efficiency in MANET cae achieved
mainly by dynamically adjusting the topology. Theopmosed technique On Demand Energy Efficient Tapplo
(ODEET) is implemented to combine advantages ofdifferent energy efficient topology approaches abnfow
traffic network topology and high traffic networkpology. In routing process, topology is createdalyically
involving smaller no. of nodes awake and other saate put into sleep mode by using AODV as rougirgocol.
The nodes which are acting as an active node ¢eetsd on the basis of different factors like dighiutility and
energy. The proposed method dynamically adjuststapelogy according to the network traffic conditso to
conserve the energy of network and thus it prolahgsetwork lifetime without affecting node contieity.

Keywords: Energy Management, Energy Efficient Topology, MAN Routing, Topology Control

Introduction

Mobile Ad-hoc Networks also called as
MANET is a group of mobile nodes connected via a
wireless links to communicate with each other eithe
directly or indirectly through other intermediatedes
without any infrastructure. The MANET is
infrastructure-less, multi-hop, self organized, fsel
configured, mesh network. The MANET because of
these features can be used in many applicatioes ik
Battle fields ii) Disaster areas iii) Military apphtions
iv) Mining operations v) Robot data acquisitiongait
from these applications, the MANET has various
challenges like: i) Limited energy ii) Dynamic tdpgy
iii) Low bandwidth iv) Security v) Energy saving)vi
Routing vii) Packet loss due to transmission erroii¥
Frequent network partitions. The description of the
arrangement of nodes in the MANET is called as
topology. The topology in MANET is generally
temporary or dynamically changed with time becanise
the mobility of nodes is frequently happened in the
network.

Now let's see some concepts related to MANET
like topology control. For each device in MANET is
provided with transmitting range. An ad-hoc netwoak
be modeled as a (directed) graph whose nodes are th
devices and there is an arc from node i to nodeand
only if j is within i's transmitting range. Suchagh is
often termed as the communication graph.
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Mobile ad hoc network

Fig. 1 Mobile ad hoc network

Topology control is the problem of establishing
some desired connectivity property for the
communication graph acting on the device's transmit
range. Depending on the application scenario amd th
traffic model, the required connectivity propertiesy
vary, the most obvious is full-connectivity (graphust
be strongly connected). the goal of topology cdrigrdo
achieve the desired connectivity properties usihg t
minimum possible transmitting powers. Because ef th
potential reduction in the nodes transmitting pqwer
topology control may have positive effects on both
network lifetime and channel capacity. Since a cedu
range implies less contention on the wireless nmadiu
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Another concept related to MANET is the
energy efficiency. Energy efficiency is a concetnak
the levels of the protocol stack. In particulampdbgy
control has the specific goal of determining a low
consumption communication graph. As for routingisit
generally acknowledged that energy efficiency
considerations must complement more traditional
analysis based on packet loss rate, routing message
overhead, etc. The ultimate goal is to increase the
lifetime of individual devices and that of the netl as a
whole.

Conservation of energy is one of the challenge
in front of MANET only because of limited battery
resources available to each node. Various topology
control schemes are proposed in most of the egistin
systems to save the energy and increase the network
lifetime. These energy efficient topology control
techniques are basically classified in two appreach)

A small number of nodes are keep awaked to maintain
the network connectivity and remaining nodes ase¢d

into the sleep mode to conserve the energy. This
approach is suitable for the low traffic conditibecause
the power required to keep node awake is much rlesse
than the power consumption for data transfer. 2¢ Th
topology is controlled by keeping minimum cost bnik

the network for its connectivity. This approach is
effective for the high traffic conditions becauseréh
power required to data transfer is less than theepo
required to keep node awake.

So, the proposed approach ODEET combines
the advantages of both the two approaches mentioned
earlier to adjust the network topology dynamicdiy
various network traffic conditions. The proposed
approach uses the AODV as routing protocol.

The rest of the paper is organized as follows: §éwond
section provides a brief review of related studi€ke
third section gives the design details of the peggb
system. The performance evaluation criteria is jolexy

in section four. The last and the final sectionatodes
the paper with using same pointer to future researc
direction.

Need for Energy Management in MANET

The ratio of the amount of data delivered by the
node to the total energy expended is known asnbegg
efficiency of a node in ad hoc network. Higher gyer
efficiency denotes that the greater number of packan
be transmitted by the node with a given amount of
energy reserve. There are some important reasans fo
energy management in ad hoc wireless networks like
MANET which are as follows :

1. Reservation of limited energy : The main

reason behind the implementation of
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MANET is to provide a communication
environment where a fixed infrastructure is
not possible. MANET have limited energy
resources. Though the battery technologies
are advances but are negligible as compared
to the recent advances in the field of mobile
communication. So, the increasing gap
between the power consumption and power
availability adds to the importance of
energy management.

Battery replacement difficulties : It is quite
difficult in some cases to repalce or
recharge the batteries such as battlefields
where it is almost impossible. So, in such
scenarios the conservation of energy is
essential as much possible.

Lack of cenral coordination: As the
cellular networks have base station as
central coordinator, the MANET does not
introduces multihop routing and requires
that some of the intermediate nodes act as a
relay nodes. If the propogation of relay
traffic is large, it may lead to a faster
depletion of the power source for that node.
But if no relay traffic is allowed through a
node, it may lead to a partitioning of a
network.

Battery constraints : Batteries are tend to
maximize the size and weight of the mobile
node. If we reduce the size of battery , it
will results in less capacity which in turn
reduces active lifetime of the node. Hence,
in addition to reducing the size of the
battery, energy management techniques are
necessary to utilize the battery capacity in
the best possible way.

Optimal transmission power selection : The
transmissionn power selected determines
the reachability of the nodes. The
consumption of battery charge increases
with an increase in the transmission power.
An optimal value for the transmission
power decreases the interference among
nodes, which in turn, increases the number
of simultaneous transmissions.

Utilization of channel : A reduction in the
transmission power increases frequency
reuse which leads to better channel reuse.
Power control becomes very important for
CDMA-based systems in which the
available bandwidth is shared among all the
users. Hence, power control is essential to
maintain the required signal to interference
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ratio (SIR) at the receiver and to increase
the channel reusability.

Energy Management Schemes

The need for energy management in MANET
discussed in the previous section, points to tloe taat
energy awareness needs to be adopted by the piotico
all the layers in the protocol stack and has to be
considered as one of the important design objextioe
such protocols. Energy conservation can be impléagen
using following techniques :

1. Battery management scheme§he systems
which are designed taking into consideration
mainly battery and its internal characteristcs are
called as battery-driven. These systems try to
maximize the amount of energy provided by the
power source by exploiting the inherent
property of batteries to recover their charge
when kept idle. There are some characteristics
of battery such as i) Battery technologies ii)
Battery discahrge principles iii) Impact of
discharge characteristics on battery capacity iv)
Battery models v) Battery scheduling vi) Smart
battery standards.

So, according to these characteristics
of battery, the Device-Dependent approach
increase the battery lifetime by exploiting the
internal characteristics of battery. Another
approach is given by considering the data link
layer. In this approach, the solution is designed
by considering the battery characteristics while
designing the protocol. Some battery aware
scheduling techniques and maximizing the
number of packets being transmitted are some
issues that are hard to implement. The network
layer approach for battery management aim
mainly at increasing the lifetime of the network
by developing routing protocols that use routing
metrics such as low energy cost and remaining
battery charge.

2. Transmission power management schemes : The

components used in the communication module
consume a major portion of the energy in ad hoc
networks. So, this scheme basically investigate
some of the means of achieving energy
conservation through efficient utilization of
transmission power such as selection of an
optimal power for communication. The
variation in transmission power greatly
influences the reachability of a node. Increasing
the transmission range not only increases
coverage but also the power consumption rate at
the transmitter. Another solution is provided at
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the data link layer. Because the power control
can be effected at data link layer by means of
topology control and constructing a power
control loop. This approach proposed some
solutions to calculate the optimum transmission
range like Dynamic power adjustment policies,
Distributed  topology control  algorithm,
Constructing distributed power control loop,
Centralized topology control algorithm etc.

The network layer solution deals with
reduction in the power consumed for two main
operations, namely, communication and
computation. The communication related power
consumption is mainly due to the transmit-
receive module present in the node. The
computation power refers to the power spent in
calculations that take place in the nodes during
routing and power adjustment. The higher layer
solutions deals with some power aware
techniques handled at TCP/IP and the
application layers of the protocol stack. The
protocols used at these layers incorporate in
them power control and energy conservation.

3. System power management schemes: This
scheme deals with the power control in the
peripheral and processor of nodes in MANET.
Efficient design of the hardware brings about
significant reduction in the power consumed.
This can be effected by operating some of the
peripheral devices in power saving mode by
turning them off under idle conditions. System
power consists of the power used by all
hardware units of the node. This power can be
conserved significantly by applying 2 schemes
namely : Processor power management scheme
and Device power management scheme.

Apart from these schemes, transmission power
management scheme proposed some solutions related
to topology control. So, the next section covelshel
literature study related to topology control.

Related Work

We briefly provide the description of various
techniques related to our work topology control.
Different approaches of topologies have been pregos
in the literature to minimize the energy consumptiSo
these methods can be classified according to dizefa
controlling and distributed controlling methods.r Ebe
mobile ad-hoc network, a topology should be comgute
and managed in distributed, asynchronous and ezl
manner.

The author Li and Wan [5] describe the protocol
that uses the local information only. This protoésl
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distributed in nature and is used to derive orgleshe
topology called as minimum power topology. The
proposed protocol finds the direct path whose lengt
not crossing the limits of constant factor of shettpath.
The length of path is calculated by the energy
consumption of that path.

The LMST stands for Local Minimum Spanning
Tree based on minimum spanning tree topology cbntro
algorithm. The LMST protocol was proposed by Nirig L
et al [7]. This protocol have 3 properties like: LYIST
maintains the network connectivity in pact. 2) Maxm
allowable node degree of each node is 6. 3) After
removing asymmetric links (uni-directional), the
topology can be derived as symmetric (bi-directipna
without affecting connectivity of the network.

The simple XTC topology control algorithm was
proposed by Wattenhoper [8] that works without taoa

or directional information. The algorithm works tiree
steps. In first step, each node in the network dcasts
packet at its maximum power. Then it takes ranking
between entire neighbor depending on its link dyab

it. The link quality would be Euclidian distancegrsal
attenuation or packet arrival rate depending oriouar
conditions. In second step, each node transmits its
ranking result to neighboring nodes. In third stepch
node verifies the ranking results of its neighbor.
Depending upon this result it selects neighbor & b
linked directly. This algorithm uses symmetry and
connectivity feature of topology control.

The X-AODV protocol [10] is a protocol where
AODV uses XTC algorithm to create topology and to
reduce transmission range of node to improve the
lifetime of network. This protocol is enhancement i
XTC used by AODV. It does not assume the network
graph to unit disk graph. This protocol works on
weighted network graphs and does not require thie no
position information.

In AODV [1] each node is acting as a router and
routes are decided as per the requirement (on dBman
AODV provides loop free routes even after repairing
faulty links. The AODV protocol takes different pgefor
its working like path discovery, route table managet,
path maintenance, local connectivity management.
AODYV is one of the reactive protocol that discorveute
on demand when packet is to be sent.

The LFTC protocol stands for Location Free
Topology Control proposed by Ping et al [11]. The
collision caused by hidden terminal problem is also
avoided along with constructing power efficientwetk
topology. It works in two steps. First by link
determination and second by interference
announcements. In the first step, vicinity tablgpph@ode
to broadcast hello message. The vicinity table is
attempted by each node in the network. Each node
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adjusts its transmission power to interact with itdl
direct neighbors. The second step deals with tbélag
data collision due to hidden terminal.

Power Control-based Locally customized Routing
(PCLR) approach proposed by H. P. Gupta and S.aé. R
uses the dynamic path optimization technique tecsel
the energy efficient path dynamically as per thednef
dynamic topological changes in the network. Du¢ht®
mobility in existing path, the goal of energy eiiocy is
not achieved, so each node in data path dynamically
update its path by adjusting its transmission po&ech
node in such type of network determines its poveer f
data transmission and controls the packet trangmiss
according to the beacon messages it receives ftem i
neighbor.

The LINT and LILT protocols proposed by
Ramnathan and Hain [3] are distributed topologytrin
protocols. Both are zero over-headed that is theyat
use any special control message for their operaBoth
the protocols calculate the new transmit power dhase
the currently used values.

The K-Neighbors (K-NEIGH) protocol [9] not
only focuses on reducing energy consumption balsib
handles the topology control with the aim of limgi
interference as much as possible while at the same
keeping the network that is communication graph
connected with higher probability. The protocobased
on the principle of keeping the number of physical
neighbors of energy node equal to or slightly belmw
specific value k. It connects each node with itddsest
neighbor and requires the knowledge of all the
neighbors. The resulting network is symmetric by
removing asymmetric edges which has k-upper bound
neighbors. So, in short the issue of critical nbigh
number is discussed by the author.

The critical neighbor number approach [6] was
proposed by the Feng Xue and P. R. Sharma. This
algorithm deals with the problem of choosing howngna
nodes acts as a neighbors to connect to affecomigt
connectivity of network but also the capacity of th
network.

Another approach for topology control is the MPRttis
Minimum Power Routing [2]. The goal of MPR is to
route a packet on path that will require the leambunt

of total power expended and for each node to tritnsm
with  just enough power to ensure reliable
communication.

The unnecessary energy consumption can be
carried out by node when it is in idle mode. Sosdwe
the energy its better to put the node in sleep mode
without affecting network connectivity. The SPAN
protocol [4] selects a coordinator (master) node thkes
the decision to which node put into sleep mode air n
This procedure is carried out by using the distedu
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approach. The node is master/ coordinator if tfvitso
neighbors cannot interact with each other directlyia
other coordinator nodes which are in existence. tBat
master nodes get easily overloaded. So, to redhis¢hie
master node any time quits its position as a mastdr
give chance to its neighbor node to act as a méster
satisfy the criteria for eligibility of as a maste

Here, we present a demand based energy efficient
topology (ODEET) for MANET that dynamically
changes the topology as per network traffic reguésts.
Initially, we compute a small set of nodes, whiolnfis a
backbone connected network, where the other nodes a
put into the sleep mode to conserve the energys Thi
connected backbone network is used to pass theefsack
under the low traffic conditions. When there isaagk
guantity data to transfer between two nodes, theltgy
dynamically changes along the path between thedesno
by power control and path optimization technique to
minimize the power consumption.

Proposed Design
The proposed system is divided into five phaseschwhi
are discussed in the following as:-
Phase A: Selecting the nodes

This phase selects a minimum set of nodes that
form connected backbone of networks. This seleation
nodes is done in distributed and localized manner b
using the neighbor's information available with the
network layer. If node i becomes a coordinator role
forward the packet, then following criteria is usacdhis
phase.

i Sability factor -- More preference is given to
that nodes which had relatively more stability
than other nodes. The node's stability is
measured as the ratio of number of link failures
and new connection establishment per unit time
to the total number of nodes surrounding that
nodes. As the values of new connection
established per unit time and number of link
failures increases, the stability of nodes
decreases.

ii. Utility factor -- More preference is given to that
nodes which has higher number of neighbors
without an active neighbor. It is derived from
the fact that such nodes, if elected, can help a
large number of nodes which can then put in
sleep mode.

iii. Energy Factor -- More preference is given to
that nodes that have higher amount of percent
remaining power over others to be elected as
active node.

Phase B: Connecting the nodes

http: // www.ijesrt.com
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The nodes that are selected in the first phase are
not connected with each other because there is amdy
active node in the given locality. So here in teeand
phase, more nodes are elected to ensure that ldwtese
nodes can form a connected network. All nodestihge
one two or more active nodes as neighbors whicmatre
connected directly or through one or two activeenade
eligible to become active in this phase.

Phase C: Coordinator withdraw

Every active mode periodically checks if it
should go to sleep mode or not. The need of a tote
an active may also cease to exist due to the dysaaofi
the system. This may happen due to one of theviolip
reasons:-
i. If first phase active nodes may move into region
that already has another first phase active node
so that the region now has more than one first
phase active nodes. These active nodes
recognize this situation and one of them
withdraws.
ii. If the withdrawal of a first phase active node
may mean that the second phase active nodes in
the locality no longer serve their purpose and
hence withdraw.
In the above scenarios the respective active nodes
withdraw, as their need no longer exists. Howewdren
an active node withdraws by virtue of completionitef
guota of time it needs to be awaked until anotletenis
elected in the locality.
Phase D: Local route customization with power control
techniques

The energy consumption per data packet from
source to destination is high when each node ugés f
transmission power. It will be reduced by choosag
lower energy cost path. The minimum transmission
power is required to send data through a nodestarntie
d and for some constants a and c. The receivingepow
(Pr) by surface reflection model where ht, Gt, hd &r
are respectively antenna height and gain of sendij
receiving nodes. The actual power Ei, j required fo
sending data from a node | to node J at a distdneigh
the energy consumption by receiving node.
The minimum required energy for the data transmissi
can be calculated as follows:
Each node in the network has fixed default full
transmission power Pt, when a node | receives cbntr
message from node J with power Pr it can calculdtes
distance between nodes | and J, then node | cah fin
minimum energy Pt (d) required for transmitting theta
to node J.

The proposed ODEET wuses this power
optimization technique locally along the routingtp#&o

minimize the energy consumption during the
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transmission. Whenever a new node satisfied the@eabo
criteria it remains awake to participate in thehhigaffic
flow path. A new node can come either a sleepindeno
wakes up near high traffic flow path or awake node
moves closer to high traffic flow path.

Phase E: Integration of ODEET with routing protocol

The proposed approach ODEET can be
integrated with any of the routing protocol but één
this paper we are describing the way of integratimg
proposed system with the AODV protocol. In this
approach all the control packets and data packets a
transmit on low traffic path with full transmissigower
and data packets on high traffic path with minimum
required energy.

i)  Route Discovery -- Route discovery uses route
cost in place hop count as route metric. We
use the notation C(I,J) denotes the cost of
least cost path from the node | to the node J.

When a source node S wants to find a route to a
destination D, it broadcasts the route request gtack
(RREQ) to its neighbors. The route request packet
contains the least route cost from source nodehihwis
initially zero. An intermediate node J receiving ttoute
request packet from another intermediate node I, it
calculates the cost of the path form node S to siddas
C(S,I) + L(1,9). The node J update its routing ¢aiblthe
calculated cost is less than the cost in its rgutable
and forward the route request packet to its neighbo
with updated cost. In order to avoid another cqstate,
node J waits for the time (propositional to thetcis
C(S,J) ) before forwarding.

When a destination node D receives first route
request packet (RREQ), it calculates the route aost
update its routing table. It waits for a fixed tinmerval
to receive more route request packets and findehst
cost route among them. The node D uni-cast a route
reply packet (RREP) back to its neighbor from which
received the least cost route. The neighbor nodesast
RREP towards the source node S.

ii) Local Route Customization -- Due to the
dynamic nature of the network new node
may come closer to existing path, which may
reduce the existing route cost, if it
participates in forwarding the data.

http: // www.ijesrt.com
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Fig. 2 Local Path Customization

Let consider the example network given in the
Fig. 1(a) with the existing path cost from the ndde
the node J is 9 units. If a node is in data trassion
path, it sends the (Source address, Destinationeasid
Route cost from source to itself) as a piggybacthwi
periodic hello messages in full transmission péther
receive the hello messages from the node | andade
C, along with piggyback information, node X caldala
the link cost L(I,X) and L(M,X) and checks whethier
can participate in the ongoing data transfer. Thaenx
can participate in data forwarding, if it reduche tost
of the path from the node | to the node M. Thaifis,
L(I,X) + L(M,X) less than C(I,M) then the new node
participate in the routing by sending route updatetrol
message (RUP) to the node | and the node M witterou
cost C(I,M). When the node | and the node M receive
(RUP) messages and then update their routing tables

Performance Evaluation
Energy Consumption

From the comparative study it is observed that
energy consumption by ODEET is same as that of SPAN
in low traffic however ODEET perform better in high
traffic than SPAN because of power controlled
transmission. From literature it is also observédt t
AODV without using any topology control consumes
very high energy as compared to ODEET.
End To End Delay

The end-to-end delay is the average time
between data packets sent out from the sources and
received at the destination. The delay can be éénot
with respect to number of nodes and mobility rasethe
mobility rate increases the end-to-end delay isagbv
increases because the network topology changes more
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frequently. In high traffic network ODEET performs
better as compared to SPAN and AODV because the low
transmission power implies low queuing delay and
reduced interference.
Packet Delivery Ratio

Packet delivery ratio is the ratio of the data
packets received at the destination to the dat&epac
sent out from source. The delivery ratio can beotkh
by mobility rate. As the mobility rate increasebget
delivery ratio always decreases.

Conclusion

In this paper, we have done a detailed study of
topology control approaches like centralized or
distributed in nature. Each approach has its own
consideration, goals and different performing mdthim
their implementation. Like some approaches perform
better when degree of node is less (low traffiomoek)
while others are performing better in high degrde o
nodes (high traffic network). The ODEET approach is
different from the other approaches because itdeswn
on-demand dynamic topology which is energy effitien
This approach is combining the advantages of bmth |
traffic network and high traffic network approachdts
dynamically changes the topology according to netwo
traffic requirements to increase the network lifetiand
to reduce the energy consumption. The work is goimg
to denote that the proposed scheme is performitigrbe
in terms of energy, delay and delivery ratio thae t
existing systems. It would be interesting to inigege
the use of direct antenna to further reduce theggne
consumption in future.
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