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Abstract— Due to huge advancement of wireless technologies, the radio spectrum is one of the mostly widely used and 
costly natural resource. Cognitive Radio is a promising technology to resolve the problem of radio system shortage. It is 
pragmatic for spectrum underutilization by enabling unlicensed users to opportunistically access the available licensed bands 
is an intelligent manner. In this paper, we analyze the performance of AODV-based and DSR-based multi-radio routing 
protocols in Cognitive Radio Ad Hoc Networks (CRAHNs) using simulations in NS-4. We consider a dual- hop Cognitive 
radio network that consists of a secondary source-destination pair assisted by cognitive relay in their Communication. The 
concept of Underlay-Overlay arised through Amplifier and forward relaying to ensure minimum QoS requirements. It 
indicates that channel ranking base on the channel capacity proposal in it. 
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I. INTRODUCTION 
 
Cognitive Radio is an intelligent radio that can learn 
and adapt to the environment. It is an emerging 
technology with an aim to enhance the spectrum 
utilization and solve the spectrum scarcity problem 
by allowing unlicensed users called as CR users. A 
Cognitive Radio Network (CRN) can be deployed as 
an infrastructure-based network and an ad-hoc 
network. The Cognitive Radio Ad Hoc Networks 
(CRAHNs) are wireless, multi-hop, self-organized, 
dynamically topology changing and spectrum 
availability varying in which SUs can communicate 
each other. Consequently, a research on routing 
protocol (at network layer) for CRN has been largely 
unexplored. The ad hoc routing protocols generally 
have two routing approaches- proactive (table-driven) 
and reactive (on-demand). Proactive Routing 
Protocols have certain limitation like high bandwidth 
consumption and great routing overhead for 
maintenance as well as slow reaction on route 
recreating and failures. In Reactive Routing Protocols 
involves the routes are established only when they are 
desired by a source node, so routing overhead is 
small. 
The concept of cognitive radio was first proposed by 
Joseph Mitola III in a seminar at KTH (The Royal 
Institute of Technology in Stockholm) in 1998 and 
published in an article by Mitola and  
Gerald Q. Maguire, Jr. in 1999. It was a novel 
approach in wireless communication, which Mitola 
describes. 
Cognitive radio is considered as a goal towards which 
a softer-defined radio platform should evolve. 
Regulatory bodies in the world (including the FCC in 
the United States and Ofcom in the United Kingdom) 

as well as different independent measurement 
campaigns found that most radio frequency spectrum 
was inefficiently utilized. 
J.H. Snider, Lawrence Lessig, David Weinberger and 
others say that low power “smart” radio is inherently 
superior to standard broadcast radio. 
 

 
Cognitive radio ad hoc network architecture (Akyildizet at 

2006). 
 
Enabling secondary transmission with minimum QoS 
requirements constraints transmit power ability is one 
of the major challenges faced by underlay CRNs. The 
aim of limiting the transmit power of secondary users 
(SUs) is to keep the interference received at the 
primary user (PU) below a predefined threshold level. 
Less number of research contributions are proposes 
an idea of selecting the best relay in an underlay CRN 
on the basis of quotient of SNR towards secondary 
destination and interference towards the PU of the 
relay link. We discovered a new technique and this is 
called as AF based underlay CRN which proposes a 
simple and efficient multiple relay selection scheme 
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that selects the optimal subset of the relay from a 
potential relay sets. 
 
In this paper, we tackle the challenges of channel 
quality prediction to enhance the efficiency of 
dynamic spectrum access. We intended to identify for 
each SU the channel that has high detection accuracy, 
low false alarm probability and long idle duration. 
The Non-Stationary Hidden Markov Model 
(NSHMM) is more accurate model compared to the 
stationary HMM as in reality, the probability of state 
transition are a function of the time interval the 
primary user has stayed in the current state. 
SU has the freedom to select the channel with the 
longest estimated idle duration or the one it possesses 
the highest spectrum sensing accuracy (high detection 
probability and low false alarm rate). 
 
We perform an extensive simulation study to validate 
our NSHMM Model and investigate the impact of 
various model parameters on the expected channel 
quality. 
We also take two example application scenarios, with 
the first one addressing the channel ranking based on 
the predicted channel quality and the second one 
tackled the efficiency of dynamic spectrum access 
according to the channel ranking. 
 
II. OVERBEATING WORK 
 
The cognitive radio (CR) paradigm endeavors to 
mitigate the scarcity of spectral resource for wireless 
communication through intelligent sensing and agile 
resource allocation techniques (Mitola III and 
Maguire, Jr.1999, Haykin, 2005). The CR aim to 
learn the RF landscape and identify the unused 
spectral resources-often called “white space” or 
“spectrum holes”-in the time, frequency and space 
domain through spectrum sensing. The Phenomenal 
Diagram are given as follows- 
 

 
Many Routing protocols have been proposed (Gupta 
and Gupta, 2010; Bakht, 2011)in order to provide 
better routing performance for mobile ad hoc 
networks. In CRAHNs, each SU is required to act as 
a router and able to forward packets towards the 

destination through both licensed and unlicensed 
spectrum bands. Most Focusing Thing is to 
evaluation of the AODV-MR, the extended DSR and 
the MR-LQSR protocol. 
This situation becomes worse when secondary 
source-destination pair is unable to connect directly 
due to several reasons like fading or shadowing etc. 
Relay assisted CRNs offer a potential solution to such 
problems. Amplifier-and-forward is the simplest and 
most widely employed non-regenerative relaying 
protocol in which the relay just scales the received 
message and forward it to the destination. 
Channel Quality Prediction plays a critical role in 
enhancing the efficiency of wireless resource 
utilization. Main Objective is to estimate the 
parameters of the channels from the spectrum sensing 
results of the secondary users. 
In this paper the model parameters are estimated via 
Bayesian inference with Gibbs sampling, which 
provides a viable approach to infer the expected 
duration of the channel states and the spectrum 
sensing accuracy of the SUs. 
 
III. ROUTING PROTOCOLS TECHNIQUES 
 
Thereis some routing protocols technique which 
describes an effect in cognitive radio system. 
Wireless ad-hoc network (Sarkar et al, 2007) is a 
good architecture to investigate routing metrics in 
CRN. Modern Routes are developed which is given 
as follows- 
 
IV. MULTI- RADIO AODV 
 
The Multi-Radio Ad-hoc On-demand Distance 
Vector (AODV-MR) routing protocol (Pirzada et al., 
2006) has been developed for multi-radio dynamic 
wireless mesh networks as a multi-homing extension 
to AODV Protocol. The AODV-MR makes efficient 
use of the multi interfaces for multi-radio 
communication support to improve spectrum 
utilization and reduce interference as well as 
contention in the network. Each Radio can operate 
only on one of non-overlapping channels. 
When the RREQ packet are arrived at the destination 
or any intermediate nodes that has a fresh route to the 
destination, a RREP (Route Reply) packet will be 
generated and forwarded back along the reverse path 
using same interfaces as used by the  RREQ to the 
source node. 
 

 
Fig. 2: AODV-MR routing table fields 

 
The “Precursors List” field contains the list of 
neighboring nodes to which a RREP packet was 
forwarded. 
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Fig. 3: Modified RREQ packet format 

 
V. MULTI-RADIO DSR 
 
In 2007, Biaz et al. proposed the extended Dynamic 
Source Routing (DSR) protocol for multi-radio multi-
hop networks to alleviate the limited capacity and 
poor scalability problem by taking benefit of multi 
radio feature. The extended DSR is an on-demand 
(reactive) routing protocol which initiates a route 
discovery throughout the network only when it wants 
to transmit data packets to the destination and it is 
also based on the concept of source routing through 
which a source node determines the complete hop-by-
hop route to the destination. 
The two main mechanisms of the extended DSR are 
route discovery and route maintenance, which work 
together to allow nodes to create and maintain source 
routes to the destinations. Upon receiving the RREQ, 
a node checks if it knows a route to the destination or 
itself is the destination. 
 

 
 
In contrast to the original DSR, a node will not 
discard a RREQ packet previously seen (further 
RREQ with same request ID and source address) as 
long as the hop-count is lower. In the process of route 
maintenance, when the transmission path is broken 
and a node detects the failure, it immediately sends a 
RERR packet to the source of the Route. 
In such a case, the source node can use an alternative 
route to the destination, if it knows one or otherwise 
invoke the route discovery process. 
 
VI. MULTI-RADIO LINK-QUALITY SOURCE 
ROUTING (MR-LQSR) 
 
In Drave’s et al. (2004a), the MR-LQSR protocol was 
primarily proposed with an aim to support the multi-
radio multi-hop wireless mesh networks. The MR-
LQSR is an extension of the link-Quality Source 
Routing (LQSR) protocol which is a source-routed 
link-state protocol derived from DSR (Johnson at 
2007). The new routing metric called WCETT 
(Weighted Cumulative Expected Transmission Time) 
was presented to provide better route selection by 

taking into account for the link loss rate and 
bandwidth. 
Finally, we deduce that InvETX due to low 
computational burden and link asymmetry 
measurement outperforms among all metrics. 

 
The protocol is mainly composed of 4 components:- 
 

1) Discovering the neighboring nodes. 
2) Assigning the weight to link connected with 

the neighboring nodes. 
3) Broadcasting the links weight information to 

other nodes in the networks. 
4) Selecting the optimal path towards the 

desired destination based on the link 
weights. 

In MR-LQSR protocol, each link is assigned a weight 
which is equal to the expected time it takes to 
transmit a fixed-size packet on that link called 
Expected Transmission Time (ETT). 
 
ETT= ETX∗S/B     ………….. (1) 
 
Where S is the packet size and B is the link 
bandwidth. 
System Model and Problem Formulation: -We 
consider a cognitive radio network with L+2 
terminals that consist of a secondary source S, 
secondary destination D and a potential relay set of L 
relays. We consider the worst case scenario in which 
the communication between secondary source-
destination pair is only possible via intermediate relay 
network as the direct path suffers from deep fading. 
We define the ith channel coefficient between source-
relay, relay-destination and relay-PU ashs hsi, hiD and 
htp respectively. Amplifier-and-forward (non-
regenerative) relaying with adjustable gains is being 
employed at the relay network. 
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First phase is the broadcast phase, in which the 
message transmitted by source is received by the 
whole relay network. Second phase is the relaying 
phase in which relay subset selection scheme selects 
the best combination of relays to forward the scaled 
version of the received message to the destination 
using AF protocol. 
Let Pi be the transmit power of ith relay defined 
according to AF relaying as, 
 
Pi= Ai

2(PS| hSi|2 +N0) ……….. (2) 
 
Where Ai represents the amplification factor of ith 
relay. In an Underlay mode, Pi has restriction not only 
due to battery capacity but also due to the 
interference level which the PU can tolerate. 
Let K be the number of subsets out of R, such that for 
every subset [Φk] k=1

K, sum interference power 
threshold $ towards the PU is satisfied. The 
interference constraint for Kth such subset can be 
given as, 
 
Ik= [∑Ii] i€Φk= [∑ Pi |hip|2≤ $; k=1, 2, ------, K   … (3) 
 
In a similar way, P number of subsets, given by [Ωp] 

p=1
P are selected out of R which are able to satisfy 

SNR threshold £ at the secondary destination. The 
SNR constraints for pth such subset can be given as- 
 
¥D

p= [∑¥Sri
p ¥Ri D

p / (1+ ¥Sri
p + ¥p

Ri D)] ≤ €; p=1, 2, ---, 
P   …………. (4) 
Concept of Power minimization is given below- 
 

 
 
VII. CHANNEL QUALITY PREDICTION 
MODEL AND PRELIMINARIES 
 
The channel quality prediction scheme proposed in 
this paper, on the other hand, employs only the local 
spectrum sensing results to infer the parameters of the 
channels by each SU; thus completely avoiding the 
overhead of message exchange. 
 
1] Network Model and Problem Description 
In this paper, we consider a time slotted cognitive 
radio network. If the channel is idle, the SU starts its 

transmission (facilitated by multiple access control) 
until the end of the slot; otherwise, the SU recesses 
and starts to perform spectrum sensing again at the 
beginning of the next time slot. 
 

 
Fig. 1. An illustration of the traditional spectrum sensing 

process. 
 
2] Conventional HMM and Non-Stationary HMM 
HMM can be described by its parameters Ac= (πC,Ac, 
BC), where πcis the initial state probability 
distribution: 
Πc= [πi] 1*2, πi=P (q1 = si), i € {0, 1};  AC is the state 
transition probability matrix. 
BC is the emission probability matrix. The parameters 
of conventional HMM are all time-stationary. 
 

 
Fig. 2. An example of a state sequence Q, where ki; i = 1; 2: 

denotes a segment with ki adjacent 0’s (idle state) and li; i = 1; 
2: denotes a segment with li adjacent 1’s (busy state). 

 
3] Preliminary Knowledge about Bayesian 
Inference 
In this subsection, we briefly describe the Bayesian 
inference procedure to derive the probability 
distribution of the system parameters. Three basic 
concepts are arise- 
 

1) Prior Probability Distribution. 
2) Likelihood Function. 
3) Posterior Probability Distribution. 

 
VIII. PRIOR DERIVATION FOR NSHMM 
PARAMETERS 
 
According to the above description, we intended to 
define a reasonable conjugate prior for each 
parameter of the NSHMM through theoretical 
analysis. 
 
1] Conjugate Prior Derivation for IIN. 
2] Conjugate Prior Derivation for AN (T). 
3] Conjugate Prior Derivation for BN. 
4] Prior Specification for the NSHMM Parameters. 
 
IX. SIMULATION ENVIRONMENT 
 
From this paper, we discover the protocol 
performance of the AODV-MR, extended DSR and 
MR-LQSR (at β = 0.6) with varying the simulation 
time from 25 to 200 seconds. The network 
simulations have been done via NS-2 simulator (ISI, 
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1989) with Cognitive Radio Cognitive Network 
(CRCN) patch (Zhong and Li, 2009). The source-
destination node pairs are randomly selected to create 
random UDP connections. Each UDP connection 
transmits CBR traffic with 512 byte packets at packet 
interval of 1 second. 
 
We have proved the effectiveness of our proposed 
scheme for multiple relay selection to achieve 
cooperative diversity while satisfying minimum QoS 
requirements of both the primary and secondary 
networks. Furthermore, L and L’ represent the 
number of potential relays and selected relays 
respectively. 
 
It can be seen that the captured transmission 
opportunities in both SA-CR and SA-R increase with 
the number of SUs in the network. Moreover, these 
indicate that the channel quality of the explored 
transmission opportunities in SA-CR is better than in 
SA-R, in terms of the expected idle duration. 
 
X. SIMULATION OUTPUTS 
 

 
Routing Protocols output in CRN is achieved. 

 

 
Power Minimization Techniques through relays in CRN is 

generalised. 
 

Each SU has a detection probability Pd and a false 
alarm probability Pf on a primary channel. 

 
 

 
Channel Quality Prediction based on Bayesian Inference in 

CRN. 
 
CONCLUSION 
 
As the special network characteristics, there are many 
active research projects concerned with CRAHNs 
including research on routing protocol at network 
layer. Our work is an evaluate modern performance 
technique like AODV-based, DSR-based and MR-
LQSR. Combining use is very effective. 
We proposed a multiple relay selection algorithm for 
Cognitive Radio Network operating in underlay 
environment in the vicinity of a primary user. In 
present scenario, we select the optimal combination 
of relays from the potential relay set which consumes 



International Journal Of Electrical, Electronics And Data Communication, ISSN: 2320-2084  Volume-4, Issue-10, Oct.-2016 

Cognitive Radio System— Effective Power Optimization and Utilization of Routing Protocol With Channel Quality Prediction From 
Spectrum Study 

 
57 

minimum transmit power while satisfying 
interference threshold and SNR threshold in case of 
power minimization. 
We realise the problem of channel quality prediction 
in Cognitive Radio networks. We design a new 
channel quality metric MQ, which takes into account 
both the spectrum sensing accuracy and the expected 
channel idle duration time. Our empirical 
investigations and analytical studies support the 
future applied CRN model. 
 
In my views, if we get better routing protocols 
achieved, good power minimization and well-
mannered channel quality prediction with suitable 
approach. So we will design a best CRN which 
fulfilled all requirements and change the concept of 
radio analogy. 
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