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Abstract- Design an energy efficient routing protocol in mobile ad hoc networks is one of the major challenges, because of highly dynamic
and distributed characteristics of the nodes and nodes are battery powered. Most of the research works in this field have done which is based
on specific issues like energy consumption, stability, security and load balancing. In this paper, we present a model of stability, energy and
traffic load aware dynamic source routing protocol in which we presents a modified the route discovery process and route maintenance which
is based on energy, traffic load and stability of nodes in unified way. This work describes the models, mathematical description and flowcharts.
Also, we described this modified routing protocol with help of suitable example. Finally we present simulation results which shows that our
SELA-DSR perform better than existing DSR protocol.
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Introduction

In the recent years, major research efforts have been focusing
such as unreliable wireless links, limited energy, security and dy-
namic network topology. Routing is one the important issues in
MANETs because of highly dynamic and distributed nature of
nodes. Particularly energy efficient routing [4] is most important
because all the nodes are battery powered. Failure of one node
may affect the entire network because nodes involved not only in
data communication but also in forwarding data on behalf of other.
If a node runs out of energy the probability of network partitioning
will be increased. Since each mobile node has limited power sup-
ply, energy depletion is become one of the main threats to the life-
time of the ad hoc network and routing plays major roll in this re-
gards. So routing in mobile ad hoc network should be in such a
way that it consider to use the remaining battery power in an effi-
cient way to increase the life time of the network. To accomplish
the goal of getting longer lifetime for a network, we should minimiz-
ing nodes energy consumption not only during active communica-
tion but also when nodes are in inactive state. Two approaches to
minimize the active communication energy [3,4] are as transmis-
sion power control and load balancing approaches and to minimize
energy during inactive approach as sleep/power-down mode.
Transmission power control scheme is used to adjust communica-
tion power hop to hop and load balancing scheme is used to avoid
over utilized nodes. Transmission power control is done by calcu-
lating required transmission power between every pair of nodes on

that route which will be the minimum power required for effective
communication. Load balancing is done by selecting a route which
contains better energy nodes. Finding the most energy efficient
(min-power) route is equivalent to finding the least cost path in the
weighted graph. The main protocols as Online Max-Min Routing
(OMM) [11], Power aware Localized Routing (PLR) [8,15] protocols
of this category based on the concept to balance the energy con-
sumption by avoiding low energy nodes when selecting a route.
The objective of Minimum Energy Routing (MER) protocol [13,14]
is not only to provide energy efficient paths but also to make the
given path energy efficient by adjusting the transmission power just
sufficient to reach to the next hop node. The Smallest Common
Power (COMPOW) protocol [2] presents one simple solution to
maintain bi-directionality between any pair of communicating nodes
in a MANET.

Energy efficient routing approaches [16,17] play a major role in
saving the energy consumption of the network. There are several
existing MANET routing protocols they have their own advantages
and disadvantages. In this paper, first we have discussed energy
models, stability model and traffic load model. We present modified
DSR which used stability factor, energy factor, traffic load factor in
unified way to select stable energy efficient route to the best of my
knowledge there is no any work which used these three factors in
DSR. This protocol can reduce the total energy expenditure due to
balanced route maintenance and thus maximizes the life time of
the network.
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The rest of the paper is organized as in section 2 presents litera-
ture review we review the conventional DSR protocol and other
latest works, section 3 presents different models used in our pro-
posed routing approach. Section 4 presents discussion of our pro-
posed protocols with help of suitable example; section 5 presents
simulation results; finally we provide conclusion and future work in
section 6.

Literature Review
The sources of power consumption, with consideration to network
operations have to be classified in two ways as: computation-
related and communication-related. Communication related power
consumption involves usage of the transceiver at the source, inter-
mediate nodes and destination nodes. The transmitter is used for
sending control messages, route request messages and response
messages, as well as data packets originating at or routed through
the transmitting node. The receiver is used to receive data packets
and control packets. Understanding of the power characteristics of
the mobile radio used in wireless devices is important for the ener-
gy aware design of routing protocols. As a typical mobile radio may
be present in three modes: transmit, receive and standby. Maxi-
mum power is consumed in the transmit mode and the least in the
standby mode. Thus, the goal of routing protocol development for
environments with limited power resources is to optimize the trans-
ceiver usage for a given communication task. Computation costs,
involving packet processing and the CPU, not considering in our
discussion.
The Dynamic Source Routing protocol (DSR)[1,6] is a simple and
proficient reactive routing protocol designed particularly for use in
multi-hop wireless mobile ad hoc networks. This protocol is truly
based on source routing whereby all the routing information is
maintained (frequently updated) at mobile nodes. The DSR proto-
col is designed primarily for mobile ad hoc networks of up to about
two hundred nodes and is designed to work well even with very
high rates of mobility. It has two main mechanisms, "Route Discov-
ery" and "Route Maintenance", which work together to allow nodes
to determine and maintain routes to random destinations in the ad
hoc network. Route reply would only be generated if the message
has reached the proposed destination node (route record which is
initially contained in route request would be inserted into the route
reply). To return the route reply, the destination node must have a
route to the source node. If the route is in the destination node's
route cache, the route would be used. Otherwise, the node will
reverse the route based on the route record in the route reply mes-
sage header (this requires that all links are symmetric). Route
maintenance phase is initiated whereby the route error packets are
generated at a node. The erroneous hop will be removed from the
node's route cache; all routes containing the hop are truncated at
that point. Again, the Route Discovery Phase is initiated to deter-
mine the most viable route. Dynamic Source Routing (DSR)[1]
protocol is a milestone in this development of ad hoc network but it
has various shortcomings like
e Even though the protocol performs well in static and low-
mobility environments, the performance degrades quickly with
increasing mobility.
e [t does not used energy efficient routing, as mobile nodes have
limited power supply and energy efficient protocols are required
for routing in MANETSs so modification of DSR is required.

o It does not consider the energy efficient path. In case of various
routes, DSR selects the route on minimum hop count basis
which could result poor route selection.

e The route maintenance mechanism does not locally repair a
broken link.

o It does not consider about any security mechanism.

Minimum Battery Cost Routing (MBCR): This routing protocol
was proposed in [14]. Authors try to use battery power consistently
by using a cost function which is inversely proportional to residual
battery power. One possible choice for the cost function of a node i
is given as

f (bi)=1/bi
where, bi is the residual battery energy of node i,
the whole cost of the route is defined as the sum of costs of nodes
that are the major components of the route and route selection is
based on the minimum total cost. MCBR seems to expand the
network lifetime due to selection of route whose nodes have high
remaining battery power. The drawback of MCBR is that it may
select a rather short path containing mostly nodes with high re-
maining battery capacity but also a few nodes with lower remaining
battery capacity. The cost of such a routing solution may be lower
than that of a path with a large number of nodes all having medium
level of remaining battery capacity. However, the former routing
solution is in general less desirable from the network prolonged
existence point of view because such a path will become discon-
nected as soon as the very first node on that path dies.

Minimum Total Power Routing (MTPR): Many power aware rout-
ing proposals for MANETSs are investigated in [14]. One of these
routing proposals is MTPR scheme tries to minimize the total trans-
mission power consumption of nodes participating in an acquired
route. If the total transmission power for route R is Pr, then the
route can be obtained from

Putpr=ming € s Pr
Where, S is the set which containing all the possible routes.

This routing approach main goal is minimize the total transmission
power for route R. But during energy efficient route computation it
does not take consider the energy level of the mobile node battery
source during energy efficient route computation. This approach
may select the route that includes one or more mobile node with
least energy level.

Online Max-Min Routing (OMMR): This routing protocol [11] finds
the shortest (minimum energy Pmin) path by using Dijkstra’s algo-
rithm. After that, it defines a set of paths not deviating more than
zPmin from the shortest path. Commencing, these, it chooses the
one that maximizes minimum residual power. 'z’ is the tradeoff
between the max-min path and min-path.

Minimum Energy Routing (MER): This routing protocol includes
the power levels that should be used by every intermediate node.
The calculation of these levels done during initial phase when eve-
ry receiving intermediate node calculates the required power from
the knowledge of transmitted power and received power. MER has
eight options, some in firmware and others implemented in soft-
ware [13].
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An Energy Dependent Dynamic Source Routing (EDDSR)[6,10] is
energy dependent DSR algorithm which helps node from sharp
and sudden drop of battery power. EDDSR provides better power
utilization compare to LEAR (least energy aware routing) and MDR
(minimum drain rate). EDDSR avoids use of node with less power
supply and residual energy information of node is useful in discov-
ery of route. Residual battery power of each node is computed by
itself and if it is above the specific threshold value then node can
participate in routing activities otherwise node delays the rebroad-
casting of route request message by a time period which is inverse-
ly proportional to its predicted lifetime. With help of ns-2 simulator
author performed simulation which shows MDR and EDDSR is
better than DSR in terms of node lifetime. EDDSR has further ad-
vantage over MDR because it can use route cache used by DSR.
Cache Based Energy Efficient Strategies [7] is the alternative of
existing DSR protocol which is based on energy efficient changes
to this protocol. It works in two phases; first is route discovery and
second is route maintenance. It is necessary to decrease the cost
of route discovery therefore each node maintains cache of source
routes it has obtained through route discovery.

Variable Range DSR [5,12] the use of variable range transmission
improved the drawback of general range transmission in terms of
energy use and also improves network lifetime. The improvement
for node, speed and pause time variations for variable transmission
range protocol show by the network parameters. This modified
protocol show the improvement in number of active nodes, network
lifetime is due to variable range transmitter power adjustment done
at every node before transferring the data. This makes effective
utilization of different nodes in the network possible. In this modifi-
cation also not considers the path selection on the basis of the
energy aware.

Weight Based DSR (WBDSR) [3,9] is an enhancement to the exist-
ing DSR protocol. In this protocol battery backup and stability of
node is used to compute node weight. Also, this protocol is capable
to solve the problem of energy efficiency in DSR. This protocol
improves the stability of nodes. On receiving RREQ every node
calculates its node weight by adding its battery life and stability and
before further broadcasting, node weight is inserted in route re-
quest packet. Every intermediate node performs the same process,
when destination node receives RREQ packet it waits for a short
predefined time t for more route requests. Now, destination com-
putes the weight of the route for each route as the minimum of
node weight among all nodes in that route. After this, select the
route with greatest route weight for transmission of data. Although,
if two or more routes have equal or very close to route weight then
the route selected with minimum hop count.

WBDSR has limitations as each node insert its node weight in
RREQ packet therefore the packet size increases which causes
overhead to each intermediate node and if the route has many
intermediate nodes then overhead becomes severe.

Problem Identification

There are several existing MANET routing protocols as described
above, everyone having its own advantages and disadvantages.
As lot of research has been conducted in recent years to develop
different approaches to bring energy efficient routing in MANETS.
General, to all these routing protocols are assuming that all of the
nodes in MANETSs are battery powered. Energy efficient routing

approaches play a major role in saving the energy consumption of
the network. After looking through above discussed existing routing
protocol, they motivated us to design an energy efficient routing
protocol which reduces the total energy expenditure in the network
and thus maximize the life time of the network. Many improvements
to existing DSR have been discussed and observed that these
approaches make them energy efficient but they have limitations
also. Few limitations are as follows:

o Scalability, since source node needs to add IDs of all nodes
along the path to the destination which increase the overhead.

¢ In DSR protocaol, the route reply send through all the available
route large number of unwanted route replies leading to waste
of energy(battery power). Basic DSR protocols have not con-
sidered energy efficiency.

o When error due to link broken the route error packets need to
go all the way to the source then source discovered new route
discovery process or used route presents in their cache but this
my not be valid, hence increase the packet delay time.

o WBDSRJ[3], this protocol used battery power and stability of
node to calculate node weight each node insert its node weight
in route request packet which causes packet size keeps in-
creasing, if route have many intermediate nodes then overhead
becomes severe.

o Few other energy based modifications of DSR routing protocols
have considered energy based route request and/or reply or
load balancing but to the best of my knowledge there is no any
work which considered stability factor, energy factor and traffic
load factor, all three in unified ways.

This makes us for the search of new innovative approaches. We
proposed a new stability, energy and traffic aware dynamic source
routing protocol which is based on DSR protocol. In this paper, we
gives an algorithms of energy aware dynamic source routing proto-
col (SELA-DSR) protocol which used energy factor, stability factor
and traffic load factor in unified ways.

Proposed Approach

As we discussed in related work, many improvements to existing
DSR protocol have been showed and observed these approaches
make them energy efficient but they have limitations also. This
motivated us for the search of new innovative approaches. In this
section we present a modified DSR routing protocol which is based
on stability, energy and traffic load of nodes in a path. Our pro-
posed protocol has modified route discovery and route mainte-
nance strategies on the basis of stability factor, energy factor and
traffic load factor. The modifications in the MAC layer are also
done, as it is main part of controlling the various parameters of
network activities.

Description of Proposed Protocol

In ad hoc network each node can work like host as well as router.
Energy efficient routing is the prime concern in mobile ad hoc net-
works. Therefore energy factor play very important role in enhance-
ment of the network life. The nodes in the high traffic load path will
die off faster than nodes in paths of lower traffic load. Mobility
causes ink break required route maintenance more link break more
route maintenance it show stability of nodes also play major role.
Hence stability, energy efficiency and traffic load awareness can
improve the performance of the network.
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To implement proposed protocol we consider the following models
to compute stability factor, energy factor and load factor for route
discovery process.

Stability Model

In mobile ad hoc network, the network topology frequently changes
because of the dynamic characteristics of nodes. When the dis-
tance increases between two nodes then certain extent, the desti-
nation node is unable to receive the transmission signal properly.
Therefore, it will result in link failure and rediscovery of route re-
quired, which will result in routing delay and packet loss. In order to
minimize this problem, the link stability factor plays a major role.
The stability of a link is specified by its probability to persevere for
a certain time span, which is not necessarily linked with its proba-
bility to reach a very high age. The stability of a path [10] powerfully
depends on the stability of the constituting links, because the break
of any link will lead to the break of the whole path. Thus, links sta-
bility factor is expected to be consider in path selection.

If relative position of node with its neighborhood doesn’t changes
frequently then this is said to be stable. Stability factor of node k is
defined as follows.

_ ((total number of neighbor's node) ,_,,— (number of absent nodes),)

Stability S
DI S (total number of neighbor's node),_, (1)

Where Sxis the stability factor of node k, t is the current time and (t
-t1) is the time before t.

Energy Model
Let there be a node k, we can calculate the energy factor consider-
ing residual energy of the node at particular instance [18]. A node
in packet transmission consumes energy in four steps. Those are
as follows a) transmit, b) receive, c) idle and d) sleep.
The main sources of energy waste in MAC suppose collision, mes-
sage overhearing and control packet operating cost and idle listen-
ing. The battery level of node affects the transmission range of the
node therefore we have to consider nodes currently available ener-
gy to choose the optimal route. Energy factor with stability of the
node k is calculated as follows:

Ew= En/Ex

En= Ew-Ecx

Eck= Eidle +Eactive+EsIeep+Etransient

Eactive= Erecieved+Etransmit
Where
Ex : Energy factor of node k;
Ex: Total initial energy of node k;
Exx: Remaining energy of node k at instance
Ec: Energy consumed by node k.
Eige: Energy consumed when node k is in idle mode
Eactive : Energy consumed when node k is in active mode
Esieep: Energy consumed when node Kk is in sleep mode
Etransient: Energy consumed when node k is in transient mode
Every time a node sends or received data or control packet and
how much time node in idle or sleep, the energy consumed is sub-
tracted from the initial energy of the node.

ESw= Ex + Si (6)
EStsa= Min {ESt1, ESp, ES3, ESps, ...,ESmisai} 7

P ——

2)
3)
4)
5)

Where

EStsq: Minimum value of the energy factor and stability factor of ith
path
Nsqi:Set of node on it path from source s to destination d

ESt, ESw, ESr, ESp, ..., ESisai: nodes of it path
L= Qoi/Quk (8)
Qo= Que-Quk (9)
Where
Qn«: Remaining network interface queue size of node k at instance
Qu: Initially full interface queue size of node k
Qpx: At instance number of data packets in interface queue of node
k
Ly : Traffic load factor of node k
Now, traffic load factor of the it route is calculated as follows:

2Ly

keNqi

fodi =
N\‘di + 1

(10)
Where
Nsqi+1: Set of links on ith path from source s to destination d

Percentage of network interface queue that is occupied capacity of
the node at the instance as shown in [Eg-8]. The default maximum
size of network interface queue is 25. Lsqi indicated the traffic load
of it path from source s to destination d that is occupied capacity of
network interface queue. The higher value of the Lt indicates that
route has maximum traffic means congested route, such paths
should avoided to choose because it leads to higher packet loss
and longer delay. We will choose the path which has lower Lysi
value. The integrated model is the combination of all three the en-
ergy factor, traffic load factor and Stability factor. So, these factors
use to calculate path selection factor is as follows:

ES 14

P_ fsdi

L.,
Jodi (11)

The route will be selected with highest Prsqivalue for the data trans-
mission.

Energy Aware Route Discovery Process

Route Discovery is the mechanism by which a source node S wish-
ing to send a packet to a destination node D. SELA-DSR obtains
an energy, load and stability aware source route with a list of mini-
mum transmit powers to D. Energy Efficient Route Discovery is
initiated just when the source node S attempts to send a packet to
destination node D and does not already know a route to D. The
process of Energy Efficient Route Discovery is entirely on demand.
The Energy Efficient Route Discovery procedure used a Route
Request (RREQ) and Route Reply (RREP) messages, to find a
route from source to destination in Ad Hoc network. When several
source nodes originates a new packet addressed to some destina-
tion node, the source node places in the header of the packet a
source route giving the sequence of hops along with the stable,
energy efficient and load balanced route at which the packet is
transmitted for each hop. The node will look up in its cache to se-
lect the Energy Efficient route to the destination. If no route is found
in the cache, it will initiate route discovery process similar to initial
route request process carried out in the DSR protocol. This route
discovery process is illustrated by [Fig-1].
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At the Source Node
When a source node wants to communicate with destination node
then source check route cache

if (route source to destination found)

then prepare route validation message and send to destination and
start the timer
if (ACK arrives before timer expire)
then send packets with existing route
else
(No any update)
}

else
it has no route in its cache then it initiates route discovery process
and broadcast RREQ packet to its neighbors. The RREQ packet
will carry two additional information, node’s energy factor with sta-
bility factor and traffic load factor.

/ Source S check its route cache for destination D /

Prepare route validation message
send to path mentioned in the route
cache and start the timer

If route to D found

Calculate Average Ef, Sf, Lf and
prepare a RREQ and
broadcast to their neighbors

If ack arrieves before
timer expires

| Send data packet by this path I

=

Replace heade's Lf with node's
Lf and broadcast to their
neighbor's nodes

Y ¥

If node's
Ef + Sf < header's Ef + Sf

Replace header's Ef + Sf, Lf with
caladlated Ef + Sf , Lf and broadcast
to their neighbor's nodes

Is destination D and
first RREQ

Store Pf value into RREQ table and
wait delta t time for more RREQ
after that send RREP with first two
paths of maximum path factor (Pf)
wvalues to source

Y

Fig. 1- Flow chart for route discovery process in SELA-DSR proto-
col

At Each Intermediate Node
When node receives the RREQ message from neighbor it will cal-
culate the fraffic load factor i.e. the number of packets currently
stored in the queue and divide it with the size of queue and add it
to the reserved field in RREQ message. Also, calculate the value of
energy factor, stability factor and sum of stability and energy factor
will compare it with the stability energy (SE) field in the header of
RREQ packet.

if
(RREQ field’'s SE¢> SEr of current node k && SE: of current node =
25%)

then (Replace the value of RREQ SEffield of header with current
node’s SEr value and add node’s average traffic load factor then
broad cost to their neighbor )

else
(No update required in RREQ SEtfield only add node’s average
traffic load factor and broad cost to their neighbor)

At Destination Node

When a destination receives route request it will strip the infor-
mation in the Lr and SEx field of the RREQ and update its route
cache and wait & time for more route requests. Destination will
calculate path selection factor for each path as shown in [Eg-11]
and now destination will finally select maximum value Ps; the most
energy efficient and less congestion, the efficient route is replied by
the destination node by RREP to the originator of the RREQ. We
present discussion and analysis in next section.

Energy Aware Route Maintenance

Route maintenance is a procedure of monitoring the proper opera-
tion of route in use in DSR protocol. Any node, if it detects that its
neighboring node, which is the next hop for a route, is not working
then the node sends an error packet to the source containing its
address and the address of the hop not working. On receiving the
route error packet by the node removes the hop in error from its
routing cache. On each forwarding link, the transmitting node ex-
pects a link-layer acknowledgement in return. In case the ACK is
not received within a specified certain time interval, the node re-
moves that link from their cache. As in DSR, if it is not the source of
the packet, it generates a route error message specifying the link
that is broken and sends the route error packet to the source node.
Energy Aware Route maintenance involves tracking the maximum
energy of the links on the route.

I Source send data to destination

No
If node have RERR message?

| Node send RERR to source |

v

When source recieved RERR message,
send route validation message by alternate
path metioned in the route cache and

start timer

If ACK arrived before timer expires?

No Yes

Source initiate new route

Source send remaining data
discovery process

packet by alternate path

Y v

Fig. 2- Flow chart for route maintenance process in SELA-DSR
protocol
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Discussion and Analysis

In this section, we discussed and analyze our proposed protocol
with suitable example of topology as shown in [Fig-2], in this topol-
ogy we considered 9 ah hoc node designated with number shown
on it. S indicate source node which want to communicate to target
node, designated by D and all intermediate nodes are represented
by integer value given on node itself. The values given in rectangu-
lar block are represented to particular instant as stability in first
part, energy of the node in joules by second part and third part
show the traffic load by queue length, i.e. (Stability, Energy and
Traffic Load) of the node.

175,900, 466 667, 700, 533

| 75, 800, 433 |

W s [ g7, 750, 53
=&
75, 900, 4 1, 850, 4

Fig. 3- Initial values of the nodes in form of (stability, energy, traffic
load) at the instance

(1.65,.466)

(1.55,.549)
P 2

¥

(1.367, .544)

RREQ

RREQ (1.65, .4)

Fig. 4- Route Request Process

In [Fig-3] we show that how route request is forwarded from source
to destination, in the route request (RREQ) we added two more
fields’ first one for stability and energy and second one for traffic
load which is monitored by queue size of outgoing link of the node.
We have considered queue size of 30 packets and calculate traffic
load of the node as per traffic load model given in section 3.1.3,
[Eg-8], [Eq-9] and [Eq-10] represents traffic factor of the particular
node. Stability factor of the node is calculated as per stability model
given in section 3.1.1 by [Eg-1]. Energy factor of the node is calcu-
lated as per energy model given in section 3.1.2 by [Eq-2] and [Eg-
3]. After that we calculated stability and energy in unified way as
(SE) because both are directly proportional to each other. When
any node has data to communicate but they have no route then

route discovery process required to discover the route as follow:
assumptions source node send RREQ with maximum stability and
energy factor (SE) that is 2 and traffic load is zero and also consid-
ered that every interface queue has same traffic load for simplicity
in calculation. When RREQ goes to node 1 compare own value of
SE with headers value of SE is header value min. carry with route
and second field traffic load calculated average with neglecting
source node and send to their neighbor same process is consid-
ered at every intermediate node. When RREQ reached to source
node calculate its path factor and stored in path table. Repeat this
process for every path. As most of the values shown in the [Fig-3]
and [Fig-4] itself but actual process as follows:

RREQ by path S-1-4-7-D:

At node 1: Stability factors (Si)= 3/4= .75, Energy factor(Es)=
900/1000= .9, SE~1.65, Traffic load(L)= 14/30= .467.

At node 4. S= 3/4= .75, E~ 800/1000= .8, SE~1.55, Lk
13/30= .433

At node 7: SF 2/3= .667, Er 700/1000= .7, SEF1.367, L~
13/30= .433

At node D: path factor as per question (11), P= 1.367/.477= 2.86
RREQ by path S-1-4-D:

At node 1: Sk 3/4= .75 EF~ 900/1000= .9, SE~1.65, L
14/30= .467

At node 4. S= 3/4= .75 E~ 800/1000= .8, SE~1.55, Lr~
13/30= .433

At node D: path factor as per question (11), P= 1.55/.449= 3.45.
RREQ by path S-1-5-D:

At node 1: SF 3/4= .75 E~ 900/1000= .9, SE~1.65, L~
14/30= .466

At node 5: S~ 4/6= .667, Er 750/1000= .75, SE~1.417, L~
16/30= .53

At node D: path factor as per question (11), P= 1.417/.549= 2.58.
RREQ by path S-2-5-D:

Atnode 2: S~ 2/4= .5, Er 850/1000= .85, SE~1.35, L= 15/30=.5
At node 5: SF 4/6= .667, E~ 750/1000= .75, SE~1.417, L~
16/30= .53

At node D: path factor as per question (11), P= 1.35/.515= 2.62.
RREQ by path S-2-5-6-D:

At node 2: S~ 2/4= .5, E~ 850/1000= .85, SE~1.35, L= 15/30= .5
At node 5: So= 4/6= .667, Ew= 750/1000= .75, SE~1.417, L~
16/30= .53

At node 6: S= 3/3=1, E~ 850/1000= .85, SE~1.85, L= 12/30= .4
At node D: path factor as per question (11), P= 1.35/.476= 2.836.
RREQ by path S-3-D:

At node 3: S~= 3/4= .75, E~ 900/1000= .9, SE~1.65, L= 12/30= .4
At node D: path factor as per question (11), P= 1.65/.4= 4.125,
RREQ by path S-3-6-D:

At node 3: S= 3/4= .75, E~ 900/1000= .9, SE~1.65, L= 12/30= .4
At node 6: S= 3/3=1, E~ 850/1000= .85, SE~1.85, L= 12/30= .4
At node D: path factor as per question (11), P= 1.65/.4= 4.125,
RREQ by path S-3-6-5-D;

At node 3: S~= 3/4=.75, E~ 900/1000= .9, SE~1.65, L= 12/30= .4
At node 6: S= 3/3=1, E~ 850/1000= .85, SE~1.85, L= 12/30= .4
At node 5: Sk 4/6= .667, E~ 750/1000= .75, SE~1.417, L~
16/30= .53

At node D: path factor as per question (11), P= 1.417/.443= 3.3.
RREQ by path S-1-5-6-D:

At node 1: S= 3/4= .75 E~ 900/1000= .9, SE~1.65, L~
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14/30= .467

At node 5: S~ 4/6= .667, E;= 750/1000= .75, SE~1.417, L~
16/30= .53

At node 6: S= 3/3=1, E~ 850/1000= .85, SE~1.85, L= 12/30= .4
At node D: path factor as per question (11), P= 1.417/.465= 3.05.

[Fig-5] showing the route reply process our proposed RREP pro-
cess, destination node must wait delta t time for more RREQ after
that destination node send RREP to source node by two RREP first
which have maximum value of path selection factor (Pr) as shown
[Fig-5] by blue arrows (S-3-D) and second RREP by RREQ which
have next maximum value of path selection factor (Pr) as shown in
[Fig-5] RREP by black arrows(S-3-6-D).

[Fig-6] shows that the process of route maintenance process. Our
proposed SELA-DSR protocol is considered the process of route
selection based on stability, energy and traffic load in unified way
by which we are able to select the paths which have maximum
stability, energy and minimum traffic load as shown in [Fig-2].

Alternet rou

Fig. 6- Route Maintenance Process

Route reply process is considered to send two route reply, source
sends data packet by first path and if there is any fault occurs in
the existing path as shown in [Fig-6] link node from 3 to D is broken
and node 3 sends RERR to source after that source can send
route validation method by the alternate path and stat timer if ACK
received before the timer expired, source can send data packet by
this alternate path otherwise stat the route discovery process. Due
to this we are able to minimize the RREQ process to save the node
energy to enhance the network’s life.

As per above calculated values of our proposed ESLA-DSR proto-
col shows that if we consider energy factor with stability and traffic
load in unified way then we can select energy efficient and stable
path with possibly minimum load. Route maintenance is also effec-
tive because our route reply sends two paths main and alternate
path, communication started with main path, if there is any problem
in this path then we can use the alternate path with simply testing
its validity. Due to this we balanced route reply process to save
energy of the nodes as being not route reply all RREQ only reply
once to carry both paths.

Simulation Results

NS-2 simulator version 3.34 has been used for simulating energy
consumption and other of ESLA and DSR protocols [19][20]. The
underlying MAC layer protocol is defined by IEEE 802.11; Distribut-
ed Coordination Function (DCF) is used. The interface queue is a
50-packet drop-tail priority queue. Every simulation is performed
with 60 mobile nodes in a rectangular area of 800m x 800m. The
length of each simulation is 600 seconds. Every MAC layer opera-
tions of the wireless ad hoc network interfaces are logged in .tr
trace files. The simulation parameters for analyzing the perfor-
mance of SELA-DSR and DSR for various metrics are as given in
[Table-1].

Table 1- Simulation Parameters

No. of nodes 10-100

Radio propagation model TwoRayGround
Transmission range 250 mtr.
Transmission power (txPower) 1.4W
Reception power (rxPower) 1.0W

Idle power 0.53W

Sleep power 0.13W

Initial energy 1000Jules
Packet size 512 bytes
Channel Capacity 2Mbps
Frequency 2.4 Ghz

Packet generation rate 2 packets/second
Transmitted signal power 0.2818 W

The following are performance metrics used:

1. Energy consumption per packet is defined by the total energy
consumption divided by the total number of packets received.
This metric reflects the energy consumption for each protocol
when average speed of nodes varies;

2. Energy consumption per packet - when number of nodes var-
ies;

3. Packet delivery ratio - the total number of packets received are
divided by the total number of data packets transmitted; and

4. Energy consumption per packet when size of packet varies.

[Fig-7] presents the comparison of SELA-DSR with existing DSR
protocol, the performance over five average speeds of the nodes
as 2mtr./sec., 4mtr./sec., 6mir./sec. 8mtr./sec. and 10mtr./sec.
corresponding average energy consumption per packet is defined
the total energy consumption divided by the total number of pack-
ets received. Stability energy and traffic load aware dynamic
source routing (SELA-DSR) protocol perform better than existing
DSR protocol at every speed level.

[Fig-8] shows that energy consumption per packet corresponding
to number of nodes participating in communication. As number of
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nodes increasing in participation of communication from 10 to 100
their per packet energy consumption is also increases in SELA-
DSR as well as DSR, but energy consumption in SELA-DSR is less
than existing DSR at every level.
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Fig. 7- Energy consumption per packet versus node’s speed
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Fig. 8- Energy consumption per packet versus no. of nodes

[Fig-9] show the packet delivery ratio of SELA-DSR and DSR pro-
tocols over different mobility speed. The packet delivery ratio is
more in SELA-DSR than DSR at different mobility speeds and it
increases in SELA-DSR as well as DSR protocols when mobility
speed is deceases.
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Fig. 9- Packet Delivery Ratio (PDR) versus nodes mobility

The next performance metric number of node alive for different
simulation time as node die of when its energy zero (battery fully
exhausted) results minimize number of alive nodes in the network;
analysis of number of alive node versus simulation time is illustrat-
ed in [Fig-10]. It is clear that SELA-DSR is energy efficient than
DSR due to number of live nodes in the network. It can also noted
that SELA-DSR outperform than DSR at every instance when sim-
ulation time increases.
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Fig. 10- Number of node alive versus simulation time

Conclusion and Future Work

In this paper we discussed our proposed routing protocol named as
SELA-DSR in which we presented stability model, energy model
and traffic load models. Using these models we have given modi-
fied route request, route reply and route maintenance approaches.
We explained these approaches with help of flow chat and steps of
algorithm. After that we discussed and analyzed our proposed
approach with help of suitable example which shows if we consider
energy factor with stability and traffic load in unified way then we
can select better. Route maintenance is also effective because our
route reply sends two paths at single RREP so not increases num-
ber of root reply which great helps in route maintenance. As com-
munication started with main path, if this path failed then we can
use the alternate path with simply testing its validity. Due to this we
balanced route reply process to save energy of the nodes as being
not route reply to all RREQ, only single RREP to carry both paths.
Our simulation results showed that proposed SELA-DSR is energy
efficient than DSR; it enhanced nodes life by avoiding selection of
min energy node in a path which possibly increases the life of the
network as well as overall performance. In simulation we consider
various metrics for verification of our protocols by all these metric it
showed that our protocol performed better than existing routing
protocol.

We can also improve this routing protocol with considering variable
range power model. By this power model we can send data packet
with suitable required energy from node to node not with the full
energy. Which possibly saved energy and minimize the interfer-
ence?
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