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ABSTRACT: Cognitive radio networks hold the key to achieving better radio bandwidth utilization and improving the
quality of wireless applications. In this paper we design a scenario for cognitive routing to improve wireless ad hoc
network performance in terms of power consumption in transmit, receive and ideal modes, as well as reducing the
collision of relaying on the network, without declining end-to-end capacity. The basic idea of cognitive radio networks is
that the unlicensed devices (cognitive radio users or secondary users) need to vacate the spectrum band once the licensed
device (primary user) is detected. Cognitive capability and re-configurability are the key characteristics of cognitive
radio. Routing is also an important issue in Mobile Cognitive Radio Ad Hoc Networks. Routing metrics are designed to
replace the conventional shortest path routing metric (hop count) used in many existing routing protocols (e.g. AODV,
DSR and DYMO).We used well known network simulator QualNet version 5.0 to compare QoS parameters viz.,
throughput, average end to end delay, average jitter and hop count and the time at which first packet is been received for
DSR, AODV and DYMO.
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I. INTRODUCTION

The main aim of Cogpnitive radio network technology is to improve the spectrum operation in the licensed frequencies,
and also improve the congestion in the 2.4GHz ISM band. Recent research in this area has mainly focused on spectrum
sensing and sharing issues in infrastructure-based networks that relies on the occurrence of a centralized entity for
collecting the spectrum information, deciding the best possible spectrum for use, and allocating transmission schedules
to the CR users served by it. Moreover, such architectures are generally single hop, with each CR directly
communicating with the central entity as the end destination. Cognitive Radio Ad-Hoc Network (CRAHNS) is a new
developed technology of wireless communication [1]. The difference to traditional wireless networks is that there is no
need for established infrastructure. Since there is no such infrastructure and therefore no preinstalled routers which can,
for example, forward packets from one host to another, this task has to be taken over by participants, also called mobile
nodes, of the network. Each of those nodes takes equal roles, what means that all of them can operate as a host and as a
router. Traditional wireless networks need some improvement due to some factors such as security, power control, and
transmission quality and bandwidth optimization. This increased need for bandwidth in some frequency bands coupled
with under utilization in other bands has covered the way towards Dynamic Spectrum Allocation (DSA) policies for the
use of radio spectrum in wireless networking. In contrast to the legacy fixed spectrum allocation policies, DSA allows
license exempt end—users to access the licensed spectrum bands when not in use by the licensed owners, also known as
primary users (PU) of the bands. Dynamic Spectrum Allocation is expected to enable more efficient use of frequency
channels without impacting the primary licensees. Thus the Federal Communications Commission (FCC) recently
defined provisions to open the sub 900 MHz TV bands for unlicensed services, provided that the secondaries pro-
actively detect the return of and avoid interruption to the primary users (PU). The newly proposed cognitive radio (CR)
technology is predictable to make Dynamic Spectrum Allocation the reality. In its most general form, the Cognitive R
was envisaged as an autonomous agent that perceives the user’s situation and proactively assists in performing some
tasks. Ideally in our scenario, the nodes in a cognitive radio network (CRN) will not only search for spectrum holes and
use them when needed, but also act intelligently with enough co-ordination to enhance the overall system performance
of the entire network. We try to solve problems like maintenance and discovery of routes and topological changes of
the network is the challenge of Ad-Hoc Networking [2].

Copyright to IJAREEIE WWWw.ijareeie.com 3083


http://www.ijareeie.com/

ISSN (Print) : 2320 — 3765
ISSN (Online): 2278 — 8875

|nternationa| Journal of Advanced Research in Electrical, Electronics and |nstrumentation Engineering
Vol. 2, Issue 7, July 2013

Several layers of the network protocol stack will need to be enhanced to accommodate the additional functionalities of
Cognitive Radios. The physical (PHY) layer will need to sense for spectrum holes which is scanning the spectrum and
processing wideband signals to continuously adapt its operating power, spectrum band and modulation without human
interference. The medium access (MAC) layer must intelligently cooperate in sensing the spectrum and coordinate
dynamic spectrum access [3]. Subsequently, the network layer must be aware of several parameters gathered in the
MAC and PHY layers to perform spectrum-aware routing. Unlike infrastructure based networking, multi-hop point-to
point architecture can create wide-area Cognitive Radio back-haul networks where traffic can flow among the peers
directly using relay and forwarding via multiple hops resulting in higher capacity, ubiquitous connectivity and
increased coverage. However, currently, there is little understanding on how such cognitive mesh architecture will
operate so as to make the system feasible under Dynamic Spectrum Allocation (DSA). Accordingly, the issues in the
design of multi-hop CRNs must be better studied for the concept of CRNSs to reach its full potential. An example of
multi-hop Cognitive Radio Network is shown in Fig. 1.
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Fig. 1 Wireless multi-hop Cognitive Radio Network

In Dynamic Spectrum Allocation (DSA), is the ability to switch between multiple frequencies allows better spectrum
efficiency, and also lower radio interference by simply switching to orthogonal frequency bands when needed. Hence a
multi-hop Cognitive Radio Network can;

. increase efficient spectrum utilization,

. reduce interference among users,

. increase network throughput through usage of multiple simultaneous packet transmissions on different
channels,

. increase ubiquitous connectivity and

o increase service area coverage.

When we are applying Cognitive Radio technology in wireless network improve the system capability and spectrum
utilization efficiency. Incidentally, several routing protocols have been proposed for CRNs to deal with the inherent
issues of these networks, which include opportunistically spectrum access, dynamic spectrum availability and
interference protection towards primary user’s activity, multi-channels transmission and high energy consumption [4].
Never the less, due to unique network characteristics, it comes out with several significant challenges which need to be
considered for routing design as follows:

Energy consumption: In some CNs, such as CR mobile ad hoc networks or CR sensor networks, SUs
generally are small in size, and have limitation on energy capacity. However, sensor units must be capable of sensing
the spectrum in a wide frequency band, so the efficient power control is required. Besides, the dynamic nature of
channel availability in Cognitive Radio Networks (CRNs) can source energy consumption due to packet loss and
retransmissions. As a result, the network partitioning problem may occur easily due to the energy exhaustion of the
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relay nodes. In such networks, routing protocol with energy awareness is challenging and should be taken into account

[5].

Different spectrum characteristics: In a practical CRNs, spectrum channels at each SU may have different
channel properties, such as bandwidth, delay, loss rate, propagation characteristic, etc., as well as being available for
unequal period of time. As a result, different channels may support different transmission ranges [5].

Effect of spectrum handoff: The end-to-end route in CRNs may be composed of multiple hops which use
different channels for data transmission according to the spectrum availability. Large numbers of spectrum handoff (the
process for a SU to change its frequency of operation) caused by multi-channels transmission or route recovery process
may lead to the increased end-to-end delay and high energy consumption [5].

Interference impact: According to the principle of the CRNs, preferable routes should be selected with the
minimum interference to the PU networks and the interference effect must keep below the acceptable threshold level.
Furthermore, the interference among links that use the same channel should be taken into account as well. However, it
is also difficult to determine the acceptable level of interference impact [4] [5].

Route recovery mechanism: For general wireless networks, link failures may result from node mobility, node
fault or link degradation. However, route breakages in CRNs can be also caused by PU activity. Different causes of link
failure may need different route recovery mechanism to deal with, i.e. finding another detour route by using same
channel or changing the spectrum channel by using same route. Therefore, a SU must identify the correct cause of link
failure and select the suitable route recovery algorithm [4].

Common control channel: SUs usually coordinate with each other by utilizing a common medium for
spectrum related information exchange, known as a common control channel (CCC). A CCC in CRNSs facilitates the
neighbor discovery and helps in channel access negotiation as well as routing information updates. However, the
additional control channel in each SU is likely to be harmful for energy-constrained CRNs due to extra overhead of
CCC establishment [5].

PU activity aware routing: The protocol is designed with a purpose to establish a transmission path which
avoids regions of Primary user activity. The reason behind the design is to make routes less vulnerable to the impact of
Primary user activity during data transmission. When a Primary user (PU) region is encountered, the path will enter into
a detour to avoid the PU region [4] [5].

Location-based routing: The protocol utilizes the location information of the nodes to transmit the routing
messages to the desired regions that make most progress towards the destination rather than the entire network in order
to reduce control overhead. To obtain the whole geographical topology of the network, each node will flood its location
and ID to all nodes in the networks [5].

Cluster-based routing: The protocol divides the network nodes into a number of clusters. The clustering
algorithms can be categorized into two categories, i.e. clusters with or without cluster head. For the former category, the
cluster head is elected for each cluster to help in the data transmission management and to maintain cluster membership
information. The main aim of cluster-based routing is to increase network scalability, optimize the bandwidth usage,
and balance the distribution of resources [5].

Network topology change: The topological changes in cognitive radio networks occur primarily due to
fluctuations of primary user (PU) activity and node mobility. When PU activity is detected, the SU must immediately
vacate the channel which overlaps the PU’s transmission frequency in order not to cause a harmful interference to PUs.
Therefore, the available channel set at each secondary user (SU) varies over time and location.

Multipath routing: The protocol allows the establishment of multiple alternative paths between source-
destination pair in order to transmit multiple data streams simultaneously or be used for backup purpose. It is typically
proposed to provide load balancing, increase the reliability of data transmission and maximize the utilization of network
resources.

Reinforcement learning based routing: The protocol applies a reinforcement learning to form a route for
data delivery. The reinforcement learning provides a framework of learning a control policy based on experiences and
rewards [5].

Mobility aware routing: The protocol is designed with an aim to support the mobile CRNs in which the
nodes (SUs or PUs) are movable, i.e. the nodes are free to move at any time, towards any direction and at any speed,
resulting in frequent link breakages. To deal with these challenged networks, the protocol may establish the reliable
path containing maximum number of less mobile nodes, or provide the efficient route recovery mechanism [5].

The rest of the paper is organized as follows. In Section Il cognitive radio network and an elaborate discussion of the
MAC and Network layer challenges in multi-hop CRN. In section Il related work on cognitive radio network.
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Proposed work is discussed in Section IV. In Section V simulation setup and result is discussed and conclude in section
VI.

Il. COGNITIVE RADIO NETWORKS VS. MULTI-CHANNEL AD-HOC NETWORKS

Cognitive radio network is based on DSA allows unlicensed secondary users to share licensed spectrum in time and
space variant approach with minimal interference to Primary users. Although the ability of multi-hop Cognitive radio
networks to operate over multiple spectrum bands gives the impression that these CRNs are similar to established ad-
hoc networks with multi-channel support, in reality, there are numerous features that make CRNs unique. We describe
these below [3] [5] [6] [7] [8]:

Heterogeneity of radio frequencies:

COGNITIVE RADIO NETWORKS

MULTI-CHANNEL AD-HOC NETWORKS

The wvarying  physical  propagation  model
characteristics of electromagnetic waves over different
spectrum bands is very much concern for Cognitive
Radio Networks. A low frequency signal range
(700MHz) can travel beyond, penetrate walls and
other obstacles but its information capacity is lower
and the accuracy in determining direction of arrival is
poorer. However, a higher frequency signal (5.0GHz)
can only travel a shorter distance, but will be able to
carry more information and will exhibit better
directionality.

This type of heterogeneity does not arise in the
traditional multi-channel ad-hoc networks, where the
allowable channels are generally from one spectrum
band with similar physical characteristics. For e.g.,
the multichannel IEEE 802.11 ad-hoc networks based
on 2.4GHz spectrum band operates on 13 channels,
although effectively 3 out of these 13 channels are
orthogonal and can be used for simultaneous
transmission without excessive interference. These
channels possess similar propagation characteristics in
terms of coverage, power management, modulation
etc.

Wide range of frequencies:

The second point of difference is the potentially broad
range of frequencies obtainable to the CRN, which are
envisioned to operate on a wide range of both
unlicensed and licensed bands.

Also in traditional multi-channel ad-hoc networks, the
number of supported channels is fixed and low,
whereas it ranges in the order of thousands for a CRN.

Dynamically changing topology and incomplete information:

As the ad-hoc networks lack any centralized controller
support, the nodes in the ad-hoc networks must rely
on their neighbors to gather topology information. In
traditional ad-hoc networks, this is simply achieved by
nodes exchanging beacon information periodically
over the pre-defined operational channel. However, in
the CRNs, as there are wide range of frequencies
available dynamically, transmitting beacons over all
possible channels is not a feasible solution. So the CR
node is only able to gather incomplete information
about the topology of the network.

Moreover, the spatiotemporal dynamics of spectrum
availability and heterogeneity in the available
spectrum in CRNs bring in the additional challenge of
dynamically changing topology based on Primary
Users (PUs) activities. Hence traditional spectrum
access solutions will not work in multi-hop CRNSs.
New solutions which adapt to the dynamic conditions
of the network will have to be devised and provide
incomplete information about the topology of the
network.

Dynamic availability of spectrum:

The importance of protecting the primary
transmissions from secondary CRNs (FCC primary-
secondary spectrum protocol) is a major unique
criterion resulting in spatio-temoprally dynamic
spectrum environment for the CRNs. Hence, the CR
nodes may find the spectrum availability to be high at
some time and place and very low at another time in
the same place.

This is in contrast with traditional multichannel ad-
hoc networks, where the networks operate on a pre-
decided set of channels that remains unchanged over
time. Essentially, the choice of channels (single or
multiple) is only impacted by self-coexistence
constraints and not on the activity of an extraneous
entity like the Primary User (PU) in CRNSs.

I1l. RELATED WORK

Recent work in the area of distributed CR routing protocols has been describe for (i) networks with specific
architectural assumptions (ii) general ad hoc networks and as follows:
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Networks with specific architectural assumptions:

A path-centric spectrum assignment framework (Cognitive Radio Network) is proposed in that construct a multi-
layered graph of the network at each node such that the edge weights of the graph represent the spectrum availability
between the nodes. In either case, a Dijsktra or Bellman Ford-like algorithm is run over the topology graph to find the
optimal path. The dissemination of the network wide edge weights to each node incurs a prohibitive overhead, as is
hence not suited for ad hoc network routing. Other works have also been proposed for mesh networks arranged in a tree
hierarchy. Our work focuses on Cognitive Radio Network ad hoc networks, without assumptions of specific random
network topologies, and where each user has limited knowledge of the location. Moreover, we believe that the
consideration of the Primary user receivers, CR traffic classes and scalable routing approaches uniquely distinguish
CRP from the other works in the literature [10].

General ad hoc networks:

In the multi-hop single-transceiver CR routing protocol (MSCRP), analogous to the classical AODV, the RREQ is
forwarded over all the possible channels to the destination. The latter then decides on the spectrum selection for the
shortest path based on analytical estimates of the time for spectrum switching, channel contention, and data
transmission. Similarly, the best routing paths are first identified and then the preferred channels along the path are
chosen in. In these works, the sequential path selection and spectrum allocation does not guarantee that spectrum is
available along the path optimized for classical metrics, such as latency or hop count. The CR users exchange their
channel selection information periodically that also provides information of the extent to which the different classes of
traffic (delay sensitive or otherwise) on a given channel is affected [11].

CRP Routing Protocol Overview:

The route-setup in the CRP protocol is composed of two stages - (i) the spectrum selection stage, and the (ii) next hop
selection stage. The source node broadcasts the RREQ over the control channel, and this packet is propagated to the
destination. Each intermediate forwarder identifies the best possible spectrum band and the preferred channels within
that band during spectrum selection. The spectrum selection is based on the connectivity edges between the two nodes;
selection of route depends on less number of weights of edges with specific bandwidth. The several routing protocol
plays the role for the cognitive ad hoc networks [12].

A. AODV Protocol and Routing:

AODV [13] protocol is a routing protocol in a reactive routing protocol. Routing is only when needed. Fig.2 shows
message transmission using AODV protocol. Routing in a Cognitive Radio Ad hoc Network (CRAHNS) is done with
the goal of finding a short and optimized route from the source to the destination node. An advantage is that smaller
bandwidth is needed for maintaining routing tables, and disadvantage is it will create non negligible delay, since before
using the route for a specific communication, it has to be determined. When a source has to transmit to an unknown
destination sends RREQ route request for the destination. If the receiving node has not received RREQ, it is not the
destination node and does not have the current route to the destination. RREP of used for hopping purpose from the so
use towards destination, it generates route reply (RREP).for the creation of routes between the nodes RREP is used.

RREQ
RREP

Hello

Data

RERR

Fig. 2 AODV protocol messaging

Here the S is the source and D is the destination used for the transmission of simple message Hello towards
destination D. When a route is needed and it is not already known by a node it sends a Route Request (RREQ) message
to its neighbours. Those forward the message until it reaches the destination node. Each intermediate node updates the
RREQ with its address. When a node sends a RREQ message it attaches to it a request ID. The request ID and the IP
address of the node form a unique identifier. This is done in order to prevent that an intermediate node which receives
twice the same RREQ message forwards it twice. When the destination receives the RREQ it sends a Route Reply
(RREP) message back to the source node by reversing the hop sequence recorded in the RREQ. When the source
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receives the RREP it can start communicating with the destination, by including the whole route in the header of each
to be sent message.
B. Dynamic MANET on-Demand Routing Protocol (DYMO):

Dynamic MANET On-demand (DYMO) [14] routing protocol enables reactive, multihop unicast routing between
participating DYMO routers. DYMO is an enhanced version of AODV. DYMO operation is split into route discovery
and route maintenance. Routes are discovered on-demand when the originator initiates hop-by-hop distribution of a
RREQ (rout request) message throughout the network to find a route to the target, currently not in its routing table. This
RREQ message is flooded in the network using broadcast and the packet reaches its target. The target then sent a RREP
(route reply) to the originator. Upon receiving the RREP massage by the originator, routes have been established
between the two nodes. For maintenance of routs which are in use, routers lengthen route lifetimes upon successfully
forwarding a packet. In order to react to changes in the network topology, routers monitor links over which traffic is
flowing. When a data packet is received for forwarding and a route for the destination route is broken, missing or
unknown, then the source of the packet is notified by sending a RERR (route error) massage. Upon receiving the RERR
massage, the source deletes that route. In future, it will need to perform route discovery again, if it receives a packet for
forwarding to the same destination. DYMO uses sequence numbers to ensure loop freedom and enable them to
determine the order of DYMO route discovery messages.

C. DYNAMIC SOURCE ROUTING PROTOCOL (DSR):
The key feature of DSR is the use of source routing. The source (sender) knows the complete hop-by-hop route to the
destination. These routes are stored in a route cache. The data packets carry the source route in the packet header. It is
an on-demand routing protocol and composed of two parts [14]:

1. Route Discovery

When a node in the ad hoc network attempts to send a data packet to a destination for which route is not known, it
uses a route discovery process to find a route. Route discovery uses simple flooding technique in the network with
route request (RREQ) packets. Each node receiving an RREQ rebroadcasts it further, unless it is the destination or it
has a route to the destination in its route cache. Such a node replies to the RREQ with a route reply (RREP) packet that
is routed back to the original source. RREQ and RREP packets are also source routed. The RREQ builds up the path
traversed so far. The RREP routes itself back to the source by traversing this path backward, the route carried back by
the RREP packet is cached at the source for future use.

2. Route Maintenance

The periodic routing updates are sent to all the nodes. If any link on a source route is broken, the source node is
notified using a route error (RERR) packet. The source removes any route using this link from its cache. A new route
discovery process must be initiated by the source if this route is still needed. Also, any forwarding node caches the
source route in a packet it forwards for possible future use. Some of the techniques that are evolved to improve it are:
Salvaging: An intermediate node can use an alternate route from its own cache, when a data packet meets failed link on
its source route [15].

Gratuitous route repair: a source node receiving a RERR packet piggybacks the RERR in the following RREQ. This
helps cleaning up the caches of other nodes in the network that may have the failed link in one of the cached source
routes [15].

IV.PROPOSED WORK

In the proposed work we describe the performance of routing protocol with the spectrum selection, route discovery
and route maintenance in Network layer, for that we consider the number of nodes for the cognitive ad-hoc networks as
the primary users (PUs). One of the nodes initially considers the source node which propagates the number of nodes
after some interval of time in the wireless environment. Considering the five number of nodes for the implementation,
which are connected for the communication with specific channel allocation from source node to the destination node.
The route request RREQ is send initially from the source node & after confirmation the Destination node send the route
reply RREP. If at the destination node if the problem create the destination send the RERR message to the source node
i.e. the discarding of the packets. The following is the steps for the testing the simulation based on routing protocol.
The following is the procedure which is considered as our initial implementation.

e Using AODV, DSR and DYMO routing protocol for the cognitive radio network data transmission
Initialization of range selection.
Creation of Cognitive radio nodes in wireless scenario for the next hop selection stage with route maintenance.
Test the data rate transmission of a number of packets in the wireless cognitive network.
Analysis average Jitter, Average End to End delay and Throughput of cognitive network with respect to No. of
Nodes is to be finding out with graphs.
e Simulation of power analysis using routing protocol for the cognitive radio network data transmission in terms
of power consumed in transmit, receive and ideal modes of above protocols with respect to No. of Nodes is to
be finding out with graphs.
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V. SIMULATION SETUP & RESULT ANALYSIS

Considering the Next hope selection stage in which the number of nodes as a cognitive node is 14. Here the number of
nodes is 14 with number of packet Performance evolution of the AODV, DSR and DYMO protocol is implemented on
the QualNet 5.0 with the following considerations. The following parameters are considered as shown in table 1[16]

[17].

Feedback

l

1

Input Run scenario Power
parameters and collect analysis of
Input ——  anddesign » statistics #  CRN and Omtpui
a scenario {data) simulation
results

TABLEI

PARAMETERS REQUIREMENT FOR COGNITIVE RADIO NETWORK FOR SIMULATION
Parameters Value
Channel Type channel/wireless channel
MAC type IEEE 802.11
Antenna Type Omni-directional Antenna
Network Layer LL
Network Layer PHY wireless
MAC protocol Mac/802.11
Network interface type Physical/ Wireless Phy
No of Nodes 200

The node is moving in the random motion in the area of 1500x1500 m? When comes in specific transmission range
it starts transmission between the different nodes. Here it is shown that the packet is transmitting. When overlapping of

Fig. 3 Scenario Designer: General Approach

Radio-propagation model

Two Ray Ground

Topological area

1500 x 1500 sg. m

Simulation time

300 sec.

Energy Model

MICA-MOTES

Routing protocols

DSR, AODV and DYMO

Initial energy of a Node

1000.0 Joules

Number of mobile nodes

2,10, 50, 100, 150

Radio type

802.11b Radio

Packet Reception Model

PHY 802.11b Reception Model

Data Rate 10 Mbps

Mobility Model Random Way Point
Pause Time 30 sec.

Battery Model Linear Model

that & specific range is finish stops data transmission. The figure 4 showed the output.
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Fig. 4 Snapshot running output of above designed scenario of DY MO routing protocol.

Analysis of the cognitive wireless nodes:

One node sends the route request (RREQ) over AODV, DSR and DYMO routing protocols with TCP agents. While

executing the output file the output generates as given below. One cognitive node starts communication with other node
in Omni-directional way with specific time starts with 1.0ms & end with 7.0ms. There are five measurements in our
experiments were defined as follows:
The simulation for reactive (on-demand) routing protocols is based on simulation time, number of node, area of
network, pause time, routing protocols and speed of node. In our designed experimental methodologies performance
matrix can be measured with variation in pause time while rest of all other parameters like simulation time, area of
network, and speed of node kept constant. Effects of different parameter on performance of on-demand protocols are
shown below. From simulation results in figures, it is observed that the performance of AODV protocol is better than
other on-demand routing protocols (DSR and DYMO), because of the proper receiving of packets and less packet drop,
but due to simulation results of End to End Delay with variation in pause time as shown in figures given below.

Average Jitter Effect: - Signifies the Packets from the source will reach the destination with different delays. A
packet's delay varies with its location in the queues of the routers all along the path between source and destination and
this position can vary randomly. It is observed that the performance of AOD YV protocol is superior then DSR and
DYMO.
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Fig. 6 Shows the Average jitter in application layer of Cognitive nodes of DSR routing

protocol CBR.
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Fig. 7 Shows the Average jitter in application layer of Cognitive nodes of DYMO routing protocol CBR.

End-To-End Delay: - Average End to End Delay signifies the average time taken by packets to reach one end to

another end (Source node to Destination node).

CBR Server : Average End to End Delay (s) Vs No of cognitive node variations
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CBR Server : Average End to End Delay (s) Vs No of cognitive node variations
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Fig. 9 Shows the Average End to End Delay in application layer of Cognitive nodes of DSR routing protocol CBR.
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Fig. 10 Shows the Average End to End Delay in application layer of Cognitive nodes of DYMO routing protocol CBR.

Throughput (bits/s):- Throughput is the measure of the number of packets successfully transmitted to their final
destination per unit time.

CBR. Server : Throughput (bits/s) Vs No. of cognitive node variations
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Fig. 11 Shows the Throughput in application layer of Cognitive nodes of AODV routing protocol CBR.
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Fig. 12 Shows the Throughput in application layer of Cognitive nodes of DSR routing protocol CBR.
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CBR Server : Throughput (bits/s) Vs No. of cognitive node variations
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Fig. 13 Shows the Throughput in application layer of Cognitive nodes of DY MO routing protocol CBR.

Power Consumed in Transmit Mode Vs No. of Nodes
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Fig. 14 Shows the Power consumed in transmit mode in physical layer of Cognitive nodes of AODV, DSR and DYMO
routing protocols.

Power Consumed in Receive Mode Vs No. of Nodes
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Fig. 15 Shows the Power consumed in receive mode of physical layer of Cognitive nodes in AODV, DSR and DYMO
routing protocols.

Power Consumed in Idle Mode Vs No. of Nodes
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Fig. 16 Shows the Power consumed in idle mode in physical layer of Cognitive nodes of AODV, DSR and DYMO
routing protocols.
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VI.CONCLUSION

The routing protocol AODV gives the better performance as the spectrum selection stage & the next hop selection
stage. As shown above in the given graph implemented in the QualNet 5.0 the network simulating software. The
AODV routing protocol is given the best performance regarding the packet transmission over the different channel in
the cognitive radio ad hoc networks. The output shows that the average jitter, average end to end delay, throughput,
energy consumed in received, transmit and ideal modes. The output shows the AODV is better than DSR and DYMO
for the performance efficiency routing in Cognitive Radio Networks. Other interesting conclusion for routing protocols
in Cognitive Radio Networks includes cross-layer routing design. By improving the efficiency of routing scheme, the
cross-layer design may be required by utilizing the collaboration between routing and spectrum management in order to
efficiently adapt to changes in radio interference, link quality, node density or network topology.

We strongly believe in future work that analyzing and criticizing the current routing techniques and their
performance can expose new open issues and also be used to either enhance the existing routing schemes or to develop
and design of optimal route selection for new routing solutions.
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