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Abstract

Due to ever-changing topology, frequent link failure and lack of fixed infrastructure, it is difficult to develop and maintain an
optimal route between two arbitrary nodes in MANET. This paper proposes two-hop (TH) neighbor knowledge based dynamic
routing paradigm using particle swarm optimization (PSO) technique. It uses a small beacon to collect information of neighbor
nodes such as location, speed and energy upto the distance of two hops. From the available routes, a set of paths are selected
based on the minimum value of Link Quality Factor (LQF). The dynamic route selection is achieved for data transmission using
PSO algorithm whose fitness function is the maximum value of Two Hop Stability Factor (THSF) which confirms the trust worthy
of route selection process. The controlled flooding of route information exhibits the better performance. The protocol has been
evaluated by using network simulator NS2 and the experimental results show the improved performance in terms of
throughput, end-to-end delay and packet delivery ratio.
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l. Introduction

The mobile ad hoc network is more subjective to topology
changes. It has nodes with radio transceiver and no
restriction in their mobility speed. A node can have direct
communication with its neighbors which are located within
its transmission range but will have multi hop communication
with other nodes. The limitation on energy of mobile nodes
and other resources makes the design of routing protocol a
challenging task in MANET. The time varying channel
conditions and higher mobility of nodes are major sources of
unreliable paths in MANET [1, 2]. In such a network routing
protocols are broadly classified into proactive and reactive
routing algorithms[3]. In proactive routing mechanism, each
node maintains a route table and propagates the route
information periodically to every other node in the network
which helps to provide instant route even in dynamic
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topology. The proactive routing protocols suffer from higher
routing overhead. Reactive routing protocols establish routes
only on demand which helps to have less control overhead
but with higher delay. AODV [4,5] is well known and
meritorious protocol for its single path routing. The source
node maintains single path to the destination in order to
provide best effort service. At the event of link failure, the
source node has to find a valid route through flooding of
control packets which, results in excess routing overhead.
The Hybrid approach of routing utilizes the merits of both
proactive and reactive routing mechanisms [6,7,8]. It has
been proved that the multipath routing is an effective
mechanism to maintain error free end to end transmission
for a long duration [9]. Ad hoc On Demand Multipath
Distance Vector Routing is a multipath reactive routing
protocol which uses minimum hop count for route selection.
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It is required to develop a routing protocol by considering not
only the hop count but also the mobility, speed and energy of
nodes which are in the cooperative transmission to improve
the quality of service [10]. The conventional computing
techniques are less suited for real world applications whereas
natural computation is best suited because of its complex
emerging behavior. The swarm intelligence is being utilized
by researchers for optimization problems due to its suitability
for both the collective and distributed problem solving with
no centralized control. Ant Colony Optimization [11] and
Particle Swarm Optimization [12] are the two popular swarm
intelligent computational methods. The ACO is inspired from
the food searching behavior of real ants which provides
guaranteed convergence to the shortest path but with
unknown speed of convergence. So we have utilized the
stochastic optimization technique inspired from flocks of
birds and school of fish namely particle swarm optimization.
The motivation of the work is obtained from the attractive
benefits of PSO as given below.

1. The intelligence optimization can be utilized for
scientific research and engineering problems.

2. Itis inherent continuous optimization technique and
can adopt the real number code.

3. The absence of overlapping and mutation calculation
helps in the speed of convergence towards the best
route.

4. Only the optimist particle can transmit information
into other particles in the search space which makes
it as simpler and computationally efficient algorithm.

The scope of the work in this paper is to provide a link
reliable controlled multipath routing using PSO and AODV
protocol. This paper proposes a novel multipath routing
protocol which utilizes the merits of two hop neighbor
information and PSO in order to provide dynamic routing of
data packets. The energy parameter of nodes has been
considered while choosing a route which would increases the
lifetime of the network. The novelty of this work is that the
routing protocol utilizes most of the underlying fields of
AODV. Data packets are forwarded through the reliable link
whose quality has been measured using the two hop stability
factor to ensure the goodness of the link.

The rest of this paper is organized as follows. Section 2
explains the related work. Section 3 proposes Two hop
neighbor knowledge based PSO routing protocol. The
simulation and experimental results are discussed in Section
4 and Section 5 concludes this paper.
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Il Related work

Broadcast storm is a major problem in protocols which use
flooding of control packets in order to find fresh route in
MANET due to its dynamic topology and frequent link
failures. It has been proved in [13] that the simple flooding
technique suffers from large routing overhead, redundant
retransmission, low reachability, large latency, contention
and collision. So, it is required to enhance the routing
performance by optimizing the broadcast in route discovery
phase.

Two-hop neighbor aware routing has been introduced in
[14] to alleviate the above said issues which finds limited
number of multi paths by acquiring routing information of
two hop neighbors. It reduces routing overhead through
controlled flooding of RREQ and RREP packets. The highlight
of protocol is utilization of HELLO packets to collect
neighborhood information up to the distance of two hops
which would periodically be transmitted in AODV. 8696

Location aided route discovery mechanism based on two
hop neighbor information is proposed in [15] for ad hoc
networks. It is useful in disaster environment where IP
address assignment is very difficult but, the location
information of terminals can be obtained using GPS. The
algorithm has been implemented in two step process in
which the first phase find the average distance between two
hop neighbor and destination node. In the second phase
calculate the maximum probability index to select the next
forwarder node. But, the mobility speed and energy of two
hop neighbors where not utilized in finding the next
forwarder

An Orientation Based Ant Colony Algorithm for Mobile Ad
Hoc Networks is proposed in [16]. It is a hybrid routing
protocol which provides global optimization against the basic
ant algorithm by incorporating the orientation factor of
neighbor nodes into the path selection process. Though the
protocol competes with the traditional routing protocols in
terms of quality of service parameters, behave inferior to
HOPNET in terms of packet drop and delivery ratio.

In [17], maximum bandwidth information of MAC layer has
been utilized in routing layer in order to provide reliable and
efficient routes for multimedia traffic. The experimental
result of the cross layer approach confirms the better
performance than utilization of MAC and routing layer
separately.

PSO based node and link lifetime prediction algorithm for
route recovery in MANET is proposed in [18]. The life time of
the link and nodes are predicted using mobility and energy
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drain rate of nodes. The status of the nodes is verified before
the actual data transmission which minimizes packet loss and
routing overhead.

Neighborhood coverage probabilistic rebroadcast has been
proposed in [19] by combining the benefits of neighbor
information and probabilistic rebroadcast mechanism. The
rebroadcasting order of control packet is determined by
using coverage ratio and connectivity factor which optimizes
the rebroadcast so as to reduce the routing overhead.

Generalized two hop relay for flexible delay control
[20],extends the conventional twohop relay and proposes a
general group-based two-hop relay algorithm with
packetredundancy. In such an algorithm with packet
redundancy limit and group size , each packet isdelivered to
at most f distinct relay nodes and can be accepted by its
destination if it is a freshpacket to the destination and also it
is among g packets of the group the destination is
currentlyrequesting. The two hop relay covers the available
two-hop relay protocols as special cases, like the in-order
reception ones , the out-of- order reception ones with
redundancy or withoutredundancy. A Markov chain-based
theoretical framework is further developed to analyze
howthe mean value and variance of packet delivery delay
vary with the parameters, where theimportant medium
contention, interference and traffic contention issues are
carefullyincorporated into the analysis.

Power-aware dual-tree- based multicast routing protocol
for mobile ad hoc networks[21], all nodes are randomly
classified into two types, group-0 and group-1. To achieve the
loadbalance, two multicast trees (tree-0 for group-0 and tree-
1 for group-1) are constructed.Simulation results show that
the proposed PDTMRP scheme outperforms multicast ad hoc
on-demand distance vector routing protocol (MAODV),
reliability of the multicast ad hoc on-demand distance vector
(RMAODV) and Parallel multiple nearly-disjoint trees
multicast routing(Parallel MNTMR) schemes.In [22], the
Optimized PSO (OPSO) is applied via adopting a uniform
mutation operation instead of nonuniform mutation.Butthe
performance of the protocol gets degraded in terms of end
to end delay.PSO algorithm uses the maximum flow objective
to prefer the best locations of the swarm agents during each
step of network operation[23].

All of the above works, to the best knowledge of authors,
do not integrate both the node and link parameters into the
fitness value of PSO to find the best route.

elSSN 1303-5150

M. Two hop neighbor knowledge based PSO routing
A. Motivation
The limited battery powered node and unreliable wireless
channel of ad hoc network influence the quality of the link in
use. So, the consideration of link stability factor is essential
for efficient packet transmission. In this proposed algorithm,
the optimum route selection is achieved using maximum
value of two hop stability factor which helps in link reliable
data transfer between source and destination nodes.
B. Contribution

The main contribution of this paper is that the node and link
parameters have been integrated to explore the dynamic
nature of mobile nodes which ensures the quality of link
before the actual data transmission. The number of
participating nodes is restricted by considering only two hop
neighbors in route selection process. The controlled flooding
of route request/reply packets to neighbors up to the
distance of two hops results in reduced route latency and
control overhead to great extend. The complete information
such as location, speed and energy of the two hop nodes are
utilized to find appropriate forwarding nodes between and
sender and receiver.

An efficient routing scheme has been proposed in this
paper by considering attributes of neighbor upto the distance
of two hops, the link quality and two hop stability factors.
Two hop neighbor informations are utilized to control
flooding of routing packets inorder to reduce routing
overhead as a result of frequent link failure caused by the
dynamic topology of MANETs. The two hop link quality and
link stability factors are used to select an optimal route to
provide a reliable link for data transmission between any pair
of nodes. Two hop neighbors and their associated
parameters have been collected by using small neighbor
discovery beacons generated from the source node. Upon
receiving the request, neighbors at the distance of two hops
attaches its location, speed and energy values. After receiving
reply packets from the two hop neighbors, the source node
initiates route discovery process. The reliable and dynamic
route is selected by utilizing particle swarm optimization
technique based on maximum value of two hop stability
factor. Though several variants of PSO are available, the
simple continuous optimization is fair enough for this
proposed method. The nodes are treated as particle in the
search space which performs the optimization process to
choose an efficient route from the available multiple routes.
The fitness, which the PSO seeks to maximize, is two hop
stability factor. Figure 1 illustrates the various functional
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components of the proposed two hop neighbor condition
and PSO based routing. It contains three phases namely two
hop neighbor discovery, route discovery and route selection.

Two Hop neighborbased
PSO routing
T

1
\ 4

Route failure handling using
two hop neighbor table

T
A 4 %
Two hop neighbor Route PSO based
discovery Discovery route selection

Fig 1. Framework of THPSO Routing

The source node broadcasts small beacons to collect the
location, speed and energy of two hop neighbor nodes. In
route discovery phase, the complete list of available paths
from the knowledge of two hop neighbors is identified. From
the available paths, a dynamic route selection is achieved
using PSO and two hop stability factor. The main procedure
of this protocol is explained below.

Step 1: Initializing the hop count and timer.
Step 2: Source node generates and broadcasts two hop
neighbor discovery beacon NDREQ.
Step 3: The one-hop neighbors of source node rebroadcast
the beacon into its one hop neighbor.
Step 4: The two hop neighbor generates and transmits
neighbor discovery reply message NDREP to the source node
with the required information of nodes.
Step 5: Source node maintains neighbor matrix in addition to
the route table.
Step 6: The source node discovers available routes with the
aid of neighbor matrix, two hop route request (THRREQ) and
two hop route reply (THRREP) packets.
Step 7: Reliable route selection based on the minimum value
of Link quality factor and maximum value of two-hop stability
factor using PSO technique.
Step 8: Data transmission through the path with link quality
factor higher than the threshold value.
Step 9: Stop the process.

C. Two Hop Neighbor Discoveries

Two hop neighbor discovery part of the proposed
routing protocol identifies list of two hop neighbors using
request beacon and neighbor discovery reply messages. The
source node first generates a two hop neighbor discovery
beacon and broadcast into the network. Nodes which are
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within the transmission range of the source node receive the
request packet and identify the hop count. If it is one then it
transmits the same to its neighbors. When the two hop
neighbor node receives beacon, it pads location, energy and
mobility speed into the reply message and then forward the
beacon to the source node through the intermediate nodes
from which the actual beacon is received. The source node
receives reply packets upto the interval of broadcast timer.
Source node initiates the route discovery phase after
extracting the necessary information from the received reply
messages. The detailed algorithm of neighbor discovery
process is explained as follows.

Algorithm 1. Two hop neighbor discovery

Initialize the neighbor matrix NM;
Initialize broadcast timer Bt;
Broadcast neighbor discovery request beacon (NDREQ);
While Bt=True
Receive Neighbor Discovery Reply message (NDREP);
for neighbor nodes i=1to N
If (hop count = 2)
Extract location Loc
Speed SP

© N o U P wWwN-R

8698
Energy En

9. add to neighbor matrix NM
10. end if

11.  end

12. end while

In algorithm1, lines 4 and 5 explain that the neighbor
discovery replies are received by the source node until the
broadcast timer gets expired.Line 6-8 explains that the
source node updates its neighbor matrix using the received
neighbor discovery reply messages.

D. Route Discovery

The source node initiates the route discovery process
by broadcasting the route request message into the network
in order to find the available paths between source and
destination nodes. The neighbors around the source node
receive the request and verify its route table. If it has the
route in its route table or if the destination is its neighbor
then it generates the reply message. Otherwise the message
will be broadcasted into the network. The algorithm 2
illustrates the route discovery process as given below.

Algorithm 2. Route discovery

1. Parameters: Node id (Nid);Speed (sp); Location (l);
Energy(e);
2. Initialize Route table Rt& Node table N;
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3. fori=1tosize(NM)
a. unicast THRREQ; Parameter Value
5. initialize Bt; Simulation Area 1000m x 1000m
6. while Bt==True Simulation time 300s
7. receive THRREP Number of Nodes 100
8. For each route Rifrom R Mobility Model Random Way Point
Extract node id Nig Traffic Type CBR (UDP)
Location Niec MAC type 802.11DCF
Speed S Data payload 512 bytes/packet
Energy e Pause Time 0sec
9. Add to node table N Speed 20m/sec
10. Add to route tableRt Routing protocol AODV, Orientation based ACO,
11. end Cross layer feedback & THPSO
12. end while 6. foreachroute R; eR
13. end .N1l.speed+ R;.N2.speed)/2 x (Rj.N1l.energy+ Rj.N2.energy)/2

The line 3 and 4 in the algorithm 2 explains that for each two
hop neighbors, the source node sends route request packet.
The line 5-9 in the algorithm 2 shows that the route reply
packets are received until the timer timed out then, the route
and neighbor tables are updated.

E. PSO based route selection:

Each node acts as a particle and performs optimized
route selection. From the available routes a set of routes are
selected based on the minimum link quality factor. For each
selected route, the maximum two hop stability factor is the
criteria to decide a route to be a dynamic and efficient for
data transmission.

THSF:j(Ri : :
(nl.neighbor+ n2.neighbop
7. Preferred route R, =R; with max (THSF)

8. end 8699

Algorithm3. Route selection

1. Parameters:
Link Quality Factor (LQF); Link Quality Threshold (LQT);Tw
o Hop Stability Factor (THSF);

2. for each discovered route R; eR

_ > Nodespeed € R; y > Nodeenergye R;

LQF size(R;) SRy e(Ri)
3. If R.LQF>LQT
a. selected route Rq ={R;}
5. endif
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The algorithm 3 illustrates an optimum route selection
process for efficient data transmission. Line 2-6 explains the
selection of route subset from the complete set of available
paths based on the link quality factor. Line 7-9 shows the
prediction of reliable and dynamic route for packet
transmission using the maximum value of two hop stability
factor.

F. Route repair analysis

In MANET, the nodes are migratory which leads to frequent
link failure. A single link breakage leads to frequent route
discovery which results in battery power consumption of
mobile nodes and lossof data packets. The frequent route
discovery leads to flooding of control packet throughout the
network. Thus, efficiency of the network decreaseswhile
increasing the overhead of the network. The local route
repair scheme of the proposed THPSO is best explained in
figure 2. In the example given below, data packets take the
path S-1-2-D until the node 2 is within the radio coverage.
When the node 2 moves away, it would not take a part in
packet transmission. So, the packets are forwarded through
node 3 which is an alternate two hop neighbor obtained from
the two hop neighbor table. This proposed solution reduces
the packet loss due to route failure which improves the
throughput of the network.
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Fig 2. Local route repair mechanism

Iv. Results and discussion

The performance of the proposed algorithm is evaluated
using NS2.34 [24,25]. The nodes are allowed to move
according to Random Way Point (RWP) pattern, which is in
random direction with maximum speed from 0 m/s to 20
m/s. Each packet starts travelling from a random location to a
random destination with a randomly chosen speed. An
application protocol Constant Bit Rate (CBR) and the traffic
pattern UDP is used to send data. The nodes are designed
with the same set of transmission range, energy and each has
different mobility speed. The proposed approach has been
simulated with 100 wireless nodes and the simulation was
carried out in a geographic region of 1000 meters. The radio
and IEEE 802.11 MAC layer models were used. A free space
propagation channel is assumed for the simulation. Hence,
the simulation experiments does not account for the
overhead produced when a member leaves a group. Table 1
contains the detailed simulation parameters used to evaluate
the two hop neighbor condition based PSO routing algorithm.
Table 1. Simulation Paramete

Th
. AODV  OANTALG| Cross Laye THPSO .
Metrics 3] 9] r Feedback [propose _
[10] d] Figur
e 3
I:"O”ghp 0.5 0.86 0.95 0.98 illust
tes
Average ra
Delay(ms) 6 4 2:3 the
PDF 86.70  94.60 96.7 98.6 rout
e
selec

tion process of THPSO using the network model with node 1
as source and node 20 as destination. Whenever the source
node has data to transmit, it will generate and broadcast
neighbor discovery message NDREQ. An intermediate node
which receives the request at first time will make a record of
the neighbor identification and number of hops the packet
travelled. If the number of hop is less than two then the
intermediate node rebroadcasts the beacon to its neighbor.

elSSN 1303-5150

The neighbor discovery reply message NDREP will be
generated and transmitted by the node at two hop distance
towards the source node with location, energy and speed.
The source node then extracts and maintains the list of
neighbors and their parameters as neighbor matrix. List of
paths available between source and destination nodes are
discovered using the neighbor matrix, two hop route request
THREQ and two hop route reply THRREP packets.For each
available route, the link quality and stability factors are
calculated using the expressions given in algorithm 3. The
best route is decided based on the fitness value of PSO using
two hop link stability factor. A sample of speed and energy
parameters of the participating nodes for the route 1-2-8-9-
15-22-20 is given in the table 2.
Table 2. Node details

Node Id Speed Energy
2 22 72
8 34 56
9 15 89
15 17 76
22 19 69

The proposed routing protocol has been simulated with
various ranges of speed and the observation has been
recorded for QoS metrics.The table 3 shows the comparison
of the proposed and existing protocols for 100 nodes. It is
noticed that the proposed THPSO algorithm has maximum
efficiency due to dynamic and reliable route selection
process.

Table 3. Relative comparison of algorithms

Target

Fig 3. Network model
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A. Throughput performance
It measures the number of packets successfully delivered to
destination from the source node. Throughput is defined as
the ratio of number of packets received at the destination to
the time it takes to receive last packet. It is calculated for
normalized routing load and is measured in Kbps. Average
throughput can be calculated by using the expression as

follows.

Total packetsreceived
E ®

Throughput= Time takento receive all packets

From figure 4, it is observed that the orientation based
approach provides higher throughput than AODV due to the
hybrid nature of the protocol. The cross layer feedback
method produce fair throughput but suffer from higher
retransmission rate which affects the throughput of the
network.

100 —+— AODV
[%2)
g% / —=— OANTALG
3 O == Cross L
2 ross Layer
S 40 A2 Feedback
= i
3 ——THPSO
|-E 20

0 T T T T : \
10 20 30 40 50 60
Time in seconds

Fig 4. Throughput

The AODV has lower throughput because of its known
character of single path routing. It can be observed that the
proposed THPSO protocol provides higher throughput than
the rest of the protocols as the data transmission is through
reliable path between source and destination nodes. The
throughput of OANTALG is improved up to 6% and that of
cross layer approach is improved up to 11%than AODV.
Whereas the proposed THPSO increases the throughput by
17% than AODV.

B. Packet Delivery Ratio
The PDR needs to be large for better performance of a
protocol. This feature dictates not only the correctness and
completeness of the protocol but also its reliability. It is the
ratio of number of packets received by the destination to
those originated by the CBR source and it is given by the

following equation,

PDR = No. of data packetsreceived
total data packetsoriginated

x100  (2)
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The figure 5 shows the performance of packet delivery ratio
of different algorithms. AODV maintains one entry per
destination in the routing table hence, the frequent link
failure results in reduced packet delivery ratio.The
orientation based ACO works as a reactive routing protocol in
route discovery phase but in data transmission, it acts as
hybrid routing protocol in order to maintain the path in
usewhich results in higher packet delivery ratio.

100 / —t— AODV
90
° 7 »  —a—OANTALG
§ iy / /
> 60 - Cross Layer
g Feedback
= 50 1 = THPSO
O 40 A
AN
g 20l B
/
10
0 T T T T r )
10 20 30 40 50 60
Time in seconds 8701

Fig 5. Packet Delivery Ratio
The cross layer feedback approach shows higher packet
delivery ratio as it finds route by sharing the state
information among different layers of protocol stack. THPSO
shows better packet delivery ratio than other methods as it
selects a dynamic path using maximum value of two hop
stability factor which reduces packet loss. The improvement
in PDR of OANTALG is about 17% than AODV. The cross layer
approach improves the PDR by 25% than AODV. THPSO
provides higher packet delivery ratio up to 28% than AODV.

C. Average End-to-End delay

It is defined as the time taken by the packet to reach
destination from source node. It includes all possible delays
such as route discovery latency, queuing, retransmission
delay and propagation time. This is a significant parameter
for evaluating a protocol and it must be low for good
performance.

Averageend —to —end delay=

©)

Where n is the number of data packets successfully
transmitted, i is the unique packet identifier, Si and Ri are the
time at which a packet with identifier i is sent and received
respectively.

The figure 6 shows the latency ratio of different methods.
It shows that the proposed method has less end-to-end delay
than the others because of an efficient route selection
process. The path with highest link stability factor is used for

Zinzl(Ri *Si)
n
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data transmission which helps to reduce the abrupt link
failures.

18 +— AODV
P
16
14 //
< —@— OANTALG
lp)
=] 10 i .
c
& - X
8 - Cross Layer
E 6 = et Feedback
c ——
w ‘2‘ ——THPSO
0

10 20 30 40 50 60
Time in seconds

Fig 6.End-to-end delay

The dynamic and reliable route selection process of the
proposed algorithm avoids frequent route discoveries even
under higher mobility of nodes which reduces number of
retransmissions and hence end to end delay. The cross layer
feedback approach introduces higher retransmission and
network overhead which in turn increases the latency. In
AODV, new attempt has to be made to discover a fresh route
at the event of link failure which would increase the number
of retransmission and delay. The end-to-end delay of
OANTALG has been reduced upto 24% than AODV. The cross
layer feedback approach reduces delay upto 31% and THPSO
reduces upto 48% than AODV.
V. Conclusion

In this paper, a two hop neighbor detail and particle swarm
optimization based algorithm has been proposed to improve
the act of routing in MANET. Here the two hop neighbor
knowledge has been utilized to discover multiple paths so as
to control flooding of control packets. A set of reliable routes
among the available multiple paths are identified based on
the minimum link quality factor. An efficient and dynamic
route is selected for data transmission by using PSO with the
fitness value of maximum link stability factor in order to
reduce the occurrence of link failure which results in higher
packet delivery ratio, higher throughput and lower end-to-
end delay. The simulation results show that the proposed
algorithm improves the throughput by 17% than AODV, 11%
than OANTALG and 6% than cross layer approach. It also
increases the packet delivery ratio by 28% than AODV, 14%
than OANTALG and 5% than cross layer approach. The end-
to-end delay of the proposed algorithm is reduced by 48%
than AODV, 31% than OANTALG and 24% than cross layer
feedback approach by reducing the number of
retransmissions which occurs due to frequent link failures.
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