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Abstract: In traditional/classical routing approach, any newly RREQ packet received at a node is retransmitted with probability of one regardless
of node density, received signal power and node’s energy level. In MANETS, the network topology is dynamic and the level of residual energy
of each node varies over time. Therefore, the forwarding probability used in probabilistic broadcast schemes for the dissemination of broadcast
packets should be set dynamically to reflect the local and global information about the network (i.e. neighborhood information, received signal
power and the residual energy of a route).In this paper, we have designed a novel energy aware routing protocols called Gossip based Node
residual energy AODV (GBNRE-AODV) which uses residual energy, hop count, node received signal power and node density as a cost metric
to reduce energy consumption, increase network lifetime and distribute usage of energy among mobile nodes of Mobile Ad hoc Network
(MANET). The new protocols, which are referred to GBNRE-AODV are simulated using Network Simulator-2.34 and comparisons are made to
analyze its performance based on network lifetime, normalized energy consumption, delivery ratio, normalized routing overhead, average
collision rate, and average end to end delay for different network scenarios. The simulation results reveal that the proposed energy aware routing
protocols make the network active for longer interval of time by minimizing energy and distributing energy consumption across mobile nodes on

the network at the trade off a small amount of end to end delay.
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1.INTRODUCTION

MOBILE ad hoc network (MANET) [1], [2], [10]is a self-
organizing and self-configuring multi-hop wireless network,
which is composed of a set of mobile hosts (MHSs) that can
move around freely and cooperate in relaying packets on
behalf of one another. MANET supports robust and efficient
operations by incorporating the routing functionality into
MHs. In MANETS, the unicast routing establishes a multi-
hop forwarding path for two nodes beyond the direct
wireless communication range. Routing protocols also
maintain connectivity when links on these paths break due
to effects such as node movement, battery drainage, radio
propagation, and wireless interference

Management of energy resources in wireless ad hoc
networks is of paramount importance for battery driven
mobile nodes due to the limited availability of energy
capacity. The ultimate goals of routing strategies are to
increase the network lifetime, reduce energy consumption
and distribute energy usage among mobile nodes. The power
conservation techniques have been addressed in the
literature by several scholars [7-8,13, 31,37].

In MANETS, the network topology is dynamic and the level
of residual energy of each node varies over time [5].
Therefore, the forwarding probability used in probabilistic
broadcast schemes for the dissemination of broadcast
packets should be set dynamically to reflect the local and
global information about the network (i.e. neighborhood
information and the residual energy of a route). To achieve
this, a new energy aware gossip based routing approach
referred to as Gossip based node residual energy AODV
(GBNRE-AODYV for short) is proposed in this paper. Unlike
the fixed and adjusted probabilistic route discovery
approaches [6, 9,11,12,14-16,21-22,24-25,28-29,36,38-39]
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that utilize predetermined forwarding probabilities, the
nodes in GBNRE-AODV dynamically compute their
forwarding probabilities using a probability function which
depends on the minimum residual energy of nodes along a
route from source to the forwarding node, Received signal
strength and the local neighbor density at a forwarding node.
The remainder of the paper is organized as follows. In
Section 2, we review some of related gossip based routing
protocols for MANETSs. We explain in detail our proposed
work and its integration with NRE-AODV[30] in Section 3.
In Section 4, we compare the performance of our protocol
with AODV and Gossip via Network simulator NS-2.34
simulations for a two different network scenarios, and
finally, we conclude the paper in Section 5.

2. RELATED WORK

In short, every node in the wireless network forwards
broadcasting packets with the same probability. This
probabilistic scheme is called as GOSSIP. In this scheme,
the node sends Route Request (RREQ) packets with the
probability p and discards it with probability 1-p. This
scheme is called as GOSSIP (p) [17][24].

Gossip protocols were pioneered at Xerox PARC, as a part
of the Clearinghouse project [4], where gossiping was used
to remove inconsistencies in tables in wide-area database
systems. Since then, the popularity of gossip protocols in the
distributed systems domain has flourished. In addition to
their elegant simplicity, the appeal of gossip protocols lies in
the fact that they can be easily implemented in a fully
decentralized way and exhibit desirable properties, namely
reliability, robustness and scalability.

[20] Luo et al. exploits gossip for reliable multicast in
MANET. As in other similar works, the gossip protocol
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assumes that a node can send a message to any other node of
the network. This means that the protocol is executed above
the routing layer. On the contrary our proposal leverages on
the local broadcast nature of the transmissions. A node can
only gossip to all neighbors via a single local broadcast
GOSSIP1(p, k), GOSSIP2(p1, k, p2, n) and GOSSIP3(p, k,
m) [24]. Each of the designed gossip based protocols utilizes
local information in various ways. For example, GOSSIP1
(p, k) retransmits each newly received messages with
probability of 1 for the first k hops and with probability p for
the remaining number of hops. When the value of both
parameters of GOSSIP1 (p, k) is 1 i.e. GOSSIP1 (1, 1), it is
similar to flooding. In GOSSIP1 (p, k), the parameter k is
used to minimize the likelihood of an early death of
gossiping packets. One drawback of GOSSIP1 (p, K)
approach is an early death of gossiping packet.

However to minimize shortcomings of GOSSIP1 (p, K),
GOSSIP2 (p1, k, p2, n) was proposed. GOSSIP2 (p1, k, p2,
n) performs in a similar fashion to GOSSIP1 but it
introduces two new variables p2 and n. In GOSSIP2 (p1, k,
p2, n) approach, if a node has fewer than n neighbors, a
node retransmits with probability p2 rather than p1 where p2
>pl.

Finally GOSSIP3 (p, k, m) approach is also an extension to
Gossipl (p,k) except if a node with n neighbors receives a
message and does not broadcast it, but then does not receive
at least m= p*n duplicate messages from its neighbors
within a gossiping timeout period, the packet is forwarded to
all its neighbors; otherwise it is dropped. For instance,
J.Haas et. al. [17, 24] showed that GOSSIP3 (p, k, m)
protocol reduces up to 35% messages than flooding in
MANETS. In the networks they have considered gossiping
probability between 0.6 and 0.8 and shown that with a
gossip probability of 0.65 i.e. GOSSIP3 (0.65, 1, 1) almost
every node gets the message in every execution.
Furthermore, their simulation results showed that there is a
bimodal effect with an average node degree of 8.

For reducing routing overhead Neighbor coverage based
probabilistic rebroadcast protocol (NCPR) is proposed in
[25].This is essentially neighbor knowledge scheme in
which each node maintains its 1-hop neighborhood
information. How many neighbors should receive the RREQ
packet is decided by Uncovered Neighbor Ratio [Ratio of
number of nodes that should be covered by single broadcast
to total number of neighbors].Based on this “rebroadcast
probability” is calculated which is used to reduce the
number of rebroadcasts. By combining the neighbor
coverage knowledge and probabilistic mechanism the
number of rebroadcasts are significantly reduced thus
reducing the routing overhead. Rebroadcast traffic of NCPR
is less than flooding. The performance improvement of
NCPR is significant in heavy traffic and high density
networks. In sparse networks NCPR performance is slightly
better than flooding. The drawback of this algorithm is quite
complex.

Authors Roberto Beraldi implemented “The polarized
gossip protocol for path discovery in MANETS[18].Here the
gossiping probability of a node is determined by the
difference between its proximity to the destination and the
proximity to the destination of the node from which the
message was received. The proximity is estimated from the
““inside’” of the network using periodic beacons for
determining the time elapsed since a node met the
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destination and the dwell time of a node with the
destination. This information is then exploited by nodes to
modulate their gossiping probability. The protocol allows
saving up to 80% of broadcast transmissions compared to a
pure flooding, while 60% of nodes have to process a
requesting packet.

Geographic routing approaches use the location coordinates
of nodes to forward packets toward the destination in a
greedy manner [26,27]. By restricting the RREQ flood only
in direction of destination rather than network wide, RREQ
overhead is reduced. Geographical protocols are scalable
since they use localized neighboring information only for
next hop selection

Author In [21] proposed a broadcast gossip protocol based
on dominating set. They described the problems when
applying a dominating-set-based approach in a multicast
protocol and solved these problems by introducing four
sessions, i.e., join session, connection session, reduce
session and dissemination session. Simulations result shows
that protocol scaled well in terms of reliability and
transmission delay even when the size of the multicast group
and the mobility of the network increase.

In a regional gossip approach, proposed in[22] only the
nodes within some region forward the routing message with
some probability, to reduce the overhead of the routing
protocol imposed on the network, region and the estimated
network density .simulations showed that the number of
messages generated using this approach is less than the
simple global flooding (up to 94%).

Estimated Distance-based Routing Protocol (EDRP) is
proposed in [29] which restrict the forwarding range of
RREQ messages in the direction of destination. EDRP
combines the features of position-based routing into on-
demand routing protocols. An algorithm is proposed to
estimate the distance, called EstD, between two nodes
without positioning system. It considers variations in
received signal strength (RSS) at contact time of two nodes,
to estimate future geometrical distance between them when
they move apart. Propagating RREQs in the direction of
destination with the help of EstD, significantly reduces the
routing overhead and improves the routing performance
AODV-RG [23] suggests a modification of the
rebroadcasting procedure for Received Requests (RREQ) in
AODV using Received signal strength Gossip algorithm.
Experimental results show that the AODV-RG protocol
outperforms that of AODV with gossip probability p=0.66
by minimizing RREQ rebroadcasting messages during route
discovery process.

Due to link failures routing overhead in reactive routing
protocols increases. Hybrid Location-based ad hoc routing
protocol HLAR is proposed in [28] to alleviate this
limitation. It uses the greedy geographic routing with
reactive protocols .If the location information is not accurate
it uses the basic reactive routing and avoids the performance
degradation. To discover a route to destination, the source
node creates a route request (RREQ) packet that contains
location of the source, destination node and then consults its
neighbor table to find if there any closer neighbor node
towards the destination. If a closer node is available, RREQ
is forwarded to that neighbor; if no closer neighbor is
available RREQ is flooded to all neighbors. The
intermediate nodes follow the same procedure in forwarding
the RREQ The performance evaluation shows that the
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routing overhead rate of HLAR is constant for various
nodes

densities as compared with AODV, in which it grows
exponentially. The end-to-end delay is significantly less.
Also, the PDR increases as a function of node density
because large node density allows for easy route
establishment and repair. This paper does not comment
about the effect of overhead arising from inclusion of
location information in the RREQ packet.

Signal Strength Based Gossip Flooding scheme RSS-Gossip
AODV, was proposed in [29]. In this work the performance
of RSS-Gossip AODV in different mobility scenarios is
investigated. The performance is analyzed by varying node
speeds from 9 km/hr to 90 km/hr, in both faded and non-
faded environmental scenarios. Experimental results show
that RSS-Gossip AODV performance is superior to
conventional AODV in non-faded as well as faded
environments. By forwarding 15% lesser RREQ messages
signal strength based gossip flooding approach of RSS-
Gossip AODV tries to address the broadcast storm problem.
At the same time it also improves the network performance
by reducing link breakages by 15% and improving average
packet delivery ratio by 5.5%.

3. THE PROPOSED WORK

In our previous work, we developed a NRE-AODV energy
aware routing protocol [30]. The proposed work maximizes
network lifetime and distributes battery usage across mobile
nodes in a network than the prior related works. However
the route discovery process of NRE-AODV still uses
flooding to search a route between source and destination
nodes. For example, if N is the total number of nodes in the
network and the intermediate node does not have a valid
route to destination, the number of possible broadcasts of an
RREQ packet in both AODV and NRE-AODV is N-1.
These techniques of route discovery can seriously affect the
performance of the routing protocol in terms of
communication overhead, channel contention, packet
collision, end-to-end delay and energy consumption [9].To
reduce the routing overhead associated with the traditional
route discovery process of MANET routing protocol several
approach was introduced[31]. However none of them
consider both minimum residual energy and received signal
power as a cost metric to maximize network life time and
minimize energy consumption though it’s very important
energy efficiency metrics for MANET routing protocols.
The proposed gossip based energy aware routing approach
is developed on top of NRE-AODV [30] and named as
Gossip Based Node residual energy AODV Routing
Protocol (GBNRE-AODV)

The GBNRE-AODV routing protocol tried to overcome
shortcoming of NRE-AODV and traditional routing
protocols of MANET by introducing gossiping as a function
of normalized minimum residual energy, received signal
strength  and node density level. In GBNRE-AODV
scheme, upon receiving a broadcast packet for the first time,
Received signal strength is checked, if it’s below
threshold(RSS<Sth.miny value the packet is dropped,
otherwise the probability P is calculated based on the
normalized minimum residual energy (NME) from source to
the node itself. Then, a node forwards the packet with a
gossip forwarding probability P. If it fails to retransmit the
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packet, the GBNRE-AODV protocol examines whether
node’s neighbors receives the packet or not depending on
the number of neighbors in order to protect an early death of
the routing packet. Therefore the proposed protocol has two
advantages. Firstly, it excludes the weak link and minimum
residual energy node during route establishment by
assigning small retransmitting probabilities for each energy
hungry intermediate node. Secondly; it minimizes an early
death of routing packets using neighborhood information. In
GBNRE-AODV, when a node Y with n neighbors receives a
broadcast packet for the first time and fails to rebroadcast a
packet, it sets a timer and waits a copy of the number of
received RREQ i.e. C from its neighbor nodes. If a node
does not receive C; or C, number of RREQ packets within a
gossiping timeout period, it retransmits the packet otherwise
it drops. The algorithm of GBNRE-AODV and its
corresponding flow chart is depicted in Figure 3.1 and
Figure 3.2. The route reply and route maintenance procedure
of GBNRE-AODYV is similar to NRE-AODV.

Algorithm of GBNRE-AODV scheme
For broadcasting RREQ at the
Intermediate nodes

Get RREQ PACKET
If New Seq No.>1 --Step 1
Get n, RSS value
If n=1 --Step 2
Drop RREQ ; End
Else
Update SRE,MRE,Calculate NME
If Px >R[0,1] Il RSS =STH --Step 3
Re transmit RREQ ; End
Else
Set RAD=[0,TMAX ] Set count=1, Expire
time=RAD+ current time
If Expire Time>Current Time --Step 4
Getn
If n>nTH
Then C=C2
If Count>C
Drop RREQ
Else
Re transmit RREQ ; End
Else
C=C1
If Count>C --Step 5
Drop RREQ ; End
Else
Re transmit RREQ ; End
Else
If Same Packet --Step 6
Count ++, Wait for Additional RREQ
Else
Drop RREQ
Else Go to Step4

Algorithm of GBNRE-AODV scheme
for RREQ at the destination nodes
Get RREQ PACKET
If New

Calculate D,Update Routing table
Else
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If T Expired
Send RREP To Source ; End
Else
Calculate D
If New D > Routing table D
Update routing table with new D value ;Wait for
Additional RREQ
Else

RREQPACEET

Drop Update
RREQ SREE,MEE,Calmu
late HME

B =E[01]
0 k25
i W

Retransmit Set RAD=[0,Taer]
REEQ Set comrt=1, Expmre
tame=FAD+ muvert
tane

Drop Conrtd ++

I

Wait for
T additional EREQ
0]

Figure 3.1: Flow chart diagram for the operation of
GBHRE-AOQDV atintermediate node

If New D = Routing table D | New H < routing
table H
Update routing table with new D value ;Wait for
Additional RREQ
Else
Discard RREQ ;Wait for Additional RREQ

RREC Fad:et

Calalat= D

Updata

routinetab le

Send RREF To

Source Calalate O

Maw D >

Riouting
table D
T
Mew O =
Foutinxtable
DEHewH=
routing table
i H
¥
Update routing table Dscard

with new D value

RREQ

W ait for Additional RREQ
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Fiz 3 2 Flow chart diagrarn o1 the destination node of GEN RE-
ACDV

TABLE 1: Key points
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Parameter | Description | Parameter | Description
D Energy n Number of
differences neighbors of
of the the receiving
newly node
arrived
RREQ
packet at
the
destination
T Waiting Px Residual
time at the minimum
destination energy/initial
node for energy of the
additional node
route
MRE Minimum RAND Rand number
residual generated
energy between 0
and Tmax
SRE Sum of Current Node current
residual time time
energy
h Hop count | Expire Expire time
of newly time for receiving
received duplicate
packet RREQ
Th Threshold | C1,C2 Value for
sparse
network and
dense
network
respectively
AMRE Average count Total number
minimum of received
residual duplicate
energy RREQ before
expire time
ASRE Average n-th Threshold
sum value of n
residual that separate
energy sparse and
dense region
RSS Received Sth Signal
signal threshold
strength

The Node Degree and RSS in GBNRE-AODV

In a network of random distribution of mobile nodes in
MANETS, there are regions of varying node density (i.e.
sparse and dense regions) .The work on [6, 17] classified
regions based on number of neighbors in to two: sparse area
and dense area. Furthermore, a node should be assigned a
low and relatively high counter values in dense and sparse
regions respectively. To achieve this, the neighborhood
information at each node is used from the existing hello
protocol implementation [32, 17]. Research works in [6, 17,
33, 34, and 35] were also identified node degree of 8 as an
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optimal number of node densities to categorize whether a
node is in sparse or dense region. Thus node degree 8 is
used for GBNRE-AODV protocol as a node degree
threshold (nth) for the optimal number of neighbors at each
node. Nodes in sparse networks should retransmit at a
higher chance than nodes in dense networks to minimize an
early death of the broadcasting packets. This could be
achieved by altering the threshold value C to adapt to
network density in such a way that a large threshold value of
C1 is used for sparse networks and a small threshold value
C2 for dense networks. They [6,17,33,34,and 35] claimed
that a value between 1 and 2 is enough to guarantee the
reach ability of the broadcasting packets for dense and
between 2 and 4 for sparse network. Furthermore the
waiting time, i.e. RAD, for duplicate packets is randomly
chosen from [0, 0.1] sec. We choose a counter value of 1,
i.e. C2=1, for dense network whereas a counter value of 2,
i.e. C1=2, for sparse. The transmitted signal eventually
reaches the receiver. The results depend on the Receive
Sensitivity of that device -- i.e., the minimum power
required to handle arriving frames at a given link speed. The
higher the signal, the better the performance of the wireless
network. On a typical WLAN, RSS will range from -20
dBm (very close to the AP) to -95 dBm (away from the
AP).Referring to 802.11b/g devices can maintain a wireless
connection for a signal stronger than -84 dBm. However, a
good connection will require at least -75dBm.In our
proposed algorithm we use -84dBm as minimum threshold
value anything less than that signal power means received
RREQ Will be discarded. If the received signal is greater
than -84dBm, then gossiping is used to decide probability of
RREQ to be transmitted.

4. PERFORMANCE ANALYSIS

To evaluate the performance of the gossip based node
residual energy routing protocol (i.e. GBNRE-AODV), the
implementation of the NRE-AODV routing protocol[30] has
been modified to incorporate the functionality of the
GBNRE-AODV  algorithm.  Since GBNRE-AODV
developed on top of NRE-AODV and every concepts of
NRE-AODV are on GBNRE-AODV, the simulation result
of GBNRE-AODV is compared against the traditional
AODV and Gossip, i.e. GOSSIP3 (p, k, m)

Each mobile nodes in our scenarios moves according to
random way mobility model [41-43] deployed in a topology
of 1500m x 1500m area with different number of nodes
ranging from 20 to 200 for each simulation. All the
simulation experiments were run for a period of 1000sec. In
the simulation the Propagation model is Free Space
Propagation Model, Queuing model is Drop Tail/Priority
Queue, and MAC protocol is 802.11

The evaluation metrics used to conduct the performance
analysis include the normalized routing overhead, Average
collision rate, delivery ratio, normalized energy
consumption, network lifetime, and average end to end
delay. The simulation setups consist of two different
settings, each specifically designed to assess the impact of a
particular network operating condition on the performance
of GBNRE-AODV routing protocol. First, the impact of
network density is examined by varying the number of
mobile nodes placed on an area of 1500m x 1500m. The
second simulation scenario investigates the effects of node
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mobility on the performance of the routing protocols by
varying the maximum speed in a fixed number of mobile
nodes placed on an area of 1500m x 1500m.

Impact of Network Density

This section examines the impact of network density on the
performance of the three protocols namely; AODV,
GOSSIP (0.65, 1, 1) i.e. Gossip, and GBNRE-AODV. The
network density has been varied by changing the number of
nodes deployed over a 1500m x 1500m area from 20 to 200
nodes for each simulation scenarios. Each node in the
network moves with a random speed chosen between 0 and
25 m/sec. The pause time is 20 sec. For each simulation
trial, 9 identical randomly selected source-destination
connections (i.e. traffic flows) and 5 data packets per second
generation rate are used. The packet size is 512 bytes.
Normalized Routing Overhead:

The normalized routing overhead generated by each of the
three routing protocols increases almost linearly as the
network density increases. Compared with the AODV and
Gossip routing protocols, the generated routing overhead in
GBNRE-AODV can be reduced by approximately 10.5%
and 6.89% respectively when the number of nodes is
relatively small (e.g. 20 nodes). The performance advantage
of GBNRE-AODV over the Gossip and AODV is further
increased in dense networks. When the number of nodes is
increased to 200 nodes, the generated normalized routing
overhead in GBNRE-AODV could be reduced by as much
as 18.18% and 62.06% less than Gossip and AODV
respectively. Generally, GBNRE-AODV reduces the
normalized routing protocols by an average percentage of
51.72% than AODV and 14.53% than Gossip.

Average collision rate

When the network density is increased, the collision rate for
each of the three routing protocols is increased. When the
network density is relatively low (e.g. 20 nodes), GBNRE-
AODV performed about 20.2% and 38.09% better than
Gossip and AODV respectively. But in a dense network,
GBNRE-AODV has a clear performance advantage over the
Gossip and AODV by as much 22.02% and 54.19%
respectively. Generally, the average collision rate of
GBNRE-AODV reduced by approximately 25.02% and
42.50% compared to Gossip and AODV routing protocols.
Delivery ratio

The percentage of packets delivered for each of the routing
protocols decreases when the network density is set high
(e.g. 200 nodes) and low (e.g. 20 nodes). Specifically,
GBNRE-AODV, Gossip and AODV performs maximum
delivery ratio of 83.8%,78.3% and 76.1 respectively. The
minimum packet delivery ratio of GBNRE-AODV,, Gossip
and AODV are 60.66%, 56.54% and 39.19% respectively.
This is due to the fact that, in a dense network there is an
excessive redundant retransmissions of control packets (e.g.
RREQ packets) because of the channel contention and
packet collisions, thereby lowering the bandwidth available
for data transmission whereas in sparse network, the request
packets fail to reach to destination nodes due to poor
connectivity. AODV relatively performs better than both
GBNRE-AODV and Gossip by an approximate value of
2.74% and 5.71% respectively in sparse networks (e.g. 20
nodes). However, GBNRE-AODV outperforms both AODV
and Gossip when the network density increases. We see an
average increment of 9.63% and 6.78% in the percentage of
packets delivered by GBNRE-AODV than AODV and
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Gossip respectively. The improvement of GBNRE-AODV
in a dense network is due to the fact that a destination node
has received several energy efficient candidates to select the
best energy capable route so that the selected energy
efficient route for data transmission spans longer period of
time there by reduces the retransmissions of RREQ packets.
Normalized energy consumption

GBNRE-AODV routing protocol significantly reduces
energy consumption per delivered data packet by an average
percentage of 6% than Gossip and 22.03% than AODV. The
improvement further increases as the network becomes
dense. This is due to the fact that GBNRE-AODV, uses an
energy efficient path for data packet transmission so that an
established route could still wait for longer period of time
without node failure than the other routing protocols and
thereby reduces frequent re-initiation of route discovery
process. Furthermore, the proposed protocol has also
reduced the routing packets injected to the network during
route discovery by using gossiping retransmitting
probabilities which contributes for the reduction of
normalized energy consumption.

Network lifetime

In a simulation scenario of 1000 sec, the network is alive for
a minimum value of 530 sec for GBNRE-AODV where as
Gossip and AODV make the network alive for a minimum
of 510 sec and 450 sec respectively. Generally in GBNRE-
AODV we see an average improvement of 4.7% in network
lifetime than AODV, while an average improvement of 1.96
% is gain by GBNRE-AODV over Gossip.

Average end to end delay

The end-to-end delay for each of the routing protocols
sharply increases for both sparse and dense networks. This
is due to the fact that when the network is dense more
routing packets is generated and disseminated through the
network, as a result the interference between neighbor
nodes, packet collisions and channel contention increases.
Hence the time required to reach to destination also
increases. This situation results a cumulative effect of an
increase in the end to end delay of the protocols. On the
other hand when the network is sparse, due to poor
connectivity the routing packets fail to reach to destination
nodes and hence increase an end to end delay.

In a sparse network, AODV performs better than both
AODV and GBNRE-AODV while GBNRE-AODV
outperforms Gossip. The reason is that AODV could easily
establish path between source and destination using flooding
and hence decrease the amount of time searching an end to
end path than both GBNRE-AODV and Gossip routing
protocols. However in a dense network, Gossip performs
better than all the other two protocols while GBNRE-AODV
outperforms AODV. This is because of the significant
reduction in both the routing overhead and the collision rate
in Gossip and GBNRE-AODV routing protocols. Generally
GBNRE-AODV routing protocol increased the average end
to end delay by approximately 1.34% and 6.24% compared
to both AODV and Gossip routing protocols respectively.
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Impact of node mobility

This section presents the effects of node mobility on the
performance of the three protocols. A set of simulation
experiments has been conducted by deploying 200 nodes
over a 1500m x 1500m with each node moving according to
the random waypoint mobility model with a maximum node
speed of Vmax. The maximum speed Vmax in the network
has been varied from 5m/sec to 25m/sec.

Normalized Routing Overhead

The routing overhead generated by each of the routing
protocols increases with increased maximum node speed.
This is because when node mobility increases, the frequency
of breaking routes/ route discontinuity increases, thus more
RREQ packets are generated and disseminated to maintain
broken paths or to establish new paths. These activities
potentially contributed an increase on the overall routing
overhead. GBNTR-AODV has a clear performance
advantage over the AODV and Gossip routing protocols
across all node speeds. For instance at high speed (e.g. 25
m/s) the GBNRE-AODV, protocol reduces the routing
overhead by approximately 18.44% and 57.77% when
compared against Gossip and AODV routing protocols
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respectively. In general, GBNRE-AODV reduces the
normalized routing overhead approximately by an average
of 16.36% and 50.37% compared to Gossip and AODV
routing protocols respectively.

Average Collision rate

The average collision rate increases linearly as the node
mobility increases. This is because when the mobility is
increased the frequency of broken links is increased and
hence significant number of RREQ packets regenerated and
disseminated through the network to repair the broken link,
leading to an increase in packet collisions. For example,
when the maximum node speed is increased from 20m/sec
to 25m/sec, the average collision rate of GBNRE-AODV,,
Gossip and AODV s increased by around 8.84%, 15.02%,
30%. In general, GBNRE-AODV outperforms Gossip and
AODV by reducing the collision rate approximately by an
average of 39.02% and 51.21% respectively.

Delivery ratio

The network delivery ratio of each of the protocols
decreases with increased node mobility .The average
delivery ratio of GBNRE-AODV performs 3.69% and 6.8%
better than both Gossip and AODV routing protocols. Even
if mobility creates more overheads in all routing protocols,
GBNRE-AODV, reduces the routing packet in the network
by selecting a path having energy capable nodes for data
transmission and hence minimizes node failures and packet
drops, leading to an increase delivery ratio.

Normalized energy consumption

Compared with the Gossip and AODV routing protocols,
the average energy consumption per delivered data packet of
GBNRE-AODV, is reduced by as much as 5.71% and 8.45
% respectively when low speed (e.g. 5 m/s ) is used and

about 6.59% and 18.56% respectively when high speed (e.g.
25 m/s) is used. In general, GBNRE-AODV reduced the
normalized energy consumption approximately by an
average of 4.35% and 10.42% compared to Gossip and
AODV routing protocols.

Network life time

The network lifetime in each of the three routing protocols
decreases with increased maximum node speed. This is
because when the node speed increases more routing
packets are re-initiated and disseminated through the
network due to frequent broken links and hence consumes
node’s battery, thereby reduces the network lifetime. In a
simulation scenario of 25 m/ s, the network is alive for a
minimum value of 538 sec for GBNRE-AODV where as
Gossip and AODV make the network alive for a minimum
of 510 sec and 503 sec respectively. Generally in GBNRE-
AODV we see an average improvement of 6.80% in
network lifetime than AODV, while an average
improvement of 5.78 % is gain by GBNRE-AODV over
Gossip

Average end to end delay

The average delay incurred in each of the three protocols
increases with increased maximum node speed. The average
end to end delay incurred in GBNRE-AODV, is higher than
both Gossip and AODV routing protocols. For instance, at
25m/s, the delay incurred by GBNRE-AODV, is increased by
approximately and 8.28% and 5.84% compared to Gossip
and AODV routing protocols respectively. In general both
Gossip and AODV routing protocols reduce an end to end
delay by approximately 6.43% and 4.04% respectively
compared to GBNRE-AODV, routing protocol.
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5. CONCLUSION

This paper has presented new gossip based energy aware
routing approach for MANETSs, named as Gossip based
node residual energy AODV (GBNRE-AODV,), where the
gossiping probability at a node is dynamically computed
based on its neighbor density , minimum residual energy
from source to the destination node and received signal
strength. We compared the performance of GBNRE-AODV,
against two existing routing protocols., GOSSIP3 (0.65, 1,
1) (i.e. Gossip), and AODV routing protocols.

The performance of the routing protocols is measured in
terms of the most widely used performance metrics in the
existing performance analysis of MANETS routing protocols
that include normalized routing overhead, average collision
rate, delivery ratio, normalized energy consumption,
network life time, and average end-to-end delay.
Performance analysis has been conducted considering
various system parameters. First, the impact of the network
density on the performance of the routing protocols is
conducted by varying the number of nodes placed in a fixed
area. Secondly, the performance analysis of the routing
protocols has been studied under varying node mobility by
varying the maximum node speed in the network.

The simulation results confirm that routing protocols which
do not consider node’s energy as a cost metric lead to
excessive redundant re-transmissions, causing high channel
contention and packet collisions, reduces network life time
and consumes more energy per data packet in the network.
However by introducing gossip based energy aware routing
protocol we have reduced the overhead, routing load, power
consumption by increasing network life time at the trade off
a smaller amount of end to end delay. This paper has
presented extensive performance analysis of GBNRE-AODV
routing protocols based on AODV as a base routing
protocol. Since AODV routing protocols have implemented
flooding techniques during route discovery, it will be an
interesting prospect to examine the effects of these dynamic
gossiping broadcasting algorithms on any of the existing
routing protocols of MANETs such as Destination-
Sequenced Distance-Vector Routing (DSDV), Optimized
Link State Routing (OLSR), Dynamic Source Routing
(DSR), Zone-based routing protocol (ZRP) as a future work.
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