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ABSTRACT

Cognitive radio networks (CRNs) have emerged as
a paradigm addressing the problem of limited
spectrum  availability and the  spectrum
underutilization in  wireless networks by
opportunistically exploiting portions of the unused
spectrum by licensed primary users (PUs). Routing
in CRNs is a challenging problem due to the PU
activities and mobility that are beyond the control
of CRNs. On the other hand, energy aware routing
is very important in energy-constraint CRNs. In
this article we present the comparative study for
the cognitive radio sensor network for the ad-hoc
network and their application and routing protocol.

Keywords:. Cognitive Radio Networks, Primary
Users, Secondary Users, Dynamic Spectrum
Access.

INTRODUCTION

Ad hoc networks are made up of an autonomous
system of mobile devices which act as both hosts
and routers [2]. This permits the mobile devices to
interconnect one another through multi-hops
without a predefined communication. Ad hoc
networks may support different wireless standards,
the present state-of the-art remains to be mostly
limited to their operations in the 900 MHz and the
2.4 GHz industrial, scientific and medical (ISM)
bands. With exponentially growing growth of
wireless devices, these bands are increasingly
getting congested. Simultaneously, there are lots of
frequency bands licensed to operators, for example
in the 400-700 MHz range, that are used
sporadically or under-utilized for transmission.

The FCC has recently approved the usage of
unlicensed  devices in  licensed  bands.
Consequently, dynamic spectrum access (DSA)
techniques are proposed to solve these current
spectrum inefficiency problems.

Cognitive Radio Networks (CRNs) present a
promising solution for spectrum scarcity in
wireless networks to cope with the ever-increasing
demand for higher bandwidth in  mobile
communications [1]. In CRNs, unlicensed
secondary users (SUs) opportunistically utilize
vacant portions of the spectrum without interfering
with licensed primary users (PUs). This promises a
large set of potential applications, given the
scarcity of the unlicensed wireless spectrum,
including distributed mobile applications for high-
demand and highly-crowded scenarios such as the
Internet of Things, high-quality mobile video, and
disaster or emergency response settings.

Energy-efficiency is generally required to extend
the lifetime of the network. These schemes are
highly desirable for Cognitive radio sensor
networks since the sensor nodes in Cognitive radio
sensor networks have limited power supply
capability. However, these schemes are focused on
energy conservation and energy minimization and
cannot achieve maximum performance. Energy-
efficiency is very important for energy-limited
sensor nodes and is therefore desirable for all types
of application of Cognitive radio sensor networks.
However, there are certain applications where
replenishing the battery of sensor nodes may be
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inconvenient e.g., underground mines monitoring,
forests fire detection, situation management in
disaster affected areas, etc. In this type of
applications, the energy-efficient schemes should
be used to achieve energy efficiency and prolong
the sensors as well as the network lifetime [10].
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Figure 1: Applications of wireless sensor
networks [9].

In CR networks, there are two types of devices.
Namely, primary user (PU or licensed user) and
secondary user (SU). The PUs are legacy users
who own licensed channels (LC), but do not fully
utilize it. The UHF TV and public safety broadcast
stations are examples of LC. The SUs are next-
generation CR devices who opportunistically
exploit locally unused LC without disrupting
operations of PUs. This scheme is often referred to
as opportunistic spectrum access (OSA). The SU
must vacate the channel as soon as the PU

reappears, which leads to the forced termination of
the SU connection.
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Figure 2: Architecture of infrastructure based
Cognitive Radio Network [4].

Cognitive Radio Networks (CRN) has evolved to
solve the fixed spectrum assignment problem by
dynamically assigning spectrum to secondary
users. There are two types of users in CRNs:
Primary Users (PUs) and Secondary Users (SUs).
PUs are licensed users which can utilize available
spectrum at any instance of their licensed time.
SUs are unlicensed users which can utilize
spectrum only when PUs are not utilizing the
spectrum band. By dynamic utilization of
spectrum band by SUs, the efficiency of CRN
increases and spectrum scarcity problem gets
reduced [4].

S

Figure 3: Hybrid based Cognitive Radio Network
[4].
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In order to use the Cognitive Radio (CR) in
practice, many challenges need to be considered.
Since one of the biggest goals is ensuring the
integrity of the PU transmissions, all components
of the CR cycle are developed such that this goal is
attained [6]. For example, various spectrum
sensing and sharing techniques have been
developed, each with varying levels of complexity
and efficiency [7]. In addition, different spectrum
management policies have been envisioned which
are better suited for different CR scenarios. For
example, an overlay access policy allows a SU to
access a spectrum only if a PU is not detected. In
contrast, an underlay access policy would allow
the co-existence of PU and SU transmissions
provided that the level of interference incurred at
the PU is not excessive [5].

Evolutionary or heuristic algorithms are bio-
inspired solutions that follow the natural behavior
of living systems. These solutions are widely
adopted in many fields owing to their flexibility,
proficiency, and robustness, to solve optimization
problems where a number of constraints are
significant, and search space is enormous that
makes them very challenging for conventional
computing techniques.

The rest of this paper is organized as follows in the
first section we describe an introduction of about
the cognitive radio network and their application.
In section Il we discuss about the Spectrum
Allocation, In section Il we discuss about the
Spectrum Sensing, In section 1V we discuss about
the rich literature survey, finally in section V we
conclude the about our paper.

Il SPECTRUM ALLOCATION

Spectrum allocation strategy should be efficient,
because without efficient spectrum allocation the
routing protocol cannot perform well [4]. Every
single node identifies the best possible spectrum
band, as well as the favored channels inside of that
band during spectrum allocation phase. To enable
this, we use the proposed accumulative EBP
metric combined with the number of hop count
form source to destination. Based on the gathered
sensing information, the spectrum allocation data

structures, residing in each node (i.e. SU), make an
adaptive decision on the order of operating LCs
according to the activities of PUs in its vicinity.
Where each SU is equipped with data structures
called Free Hopping Channel List (FHCL). The
FHCL data structure is used to record the list of all
idle LCs and UCs list order. FHCL is predefined
sequences used by each SU to determine the order
in which the free LCs and UCs are to be visited in
the case of suddenly appearance of the PU. This
step can be done by applying the reactive channel
selection strategy is used [2]. In this strategy, SUs
monitors the spectrum for PU activity and
whenever PU activity is detected, this information
is passed to other SUs and then SUs switch to
another available LC or UC according to the
sequences defined in the FHCL data structure. The
UCs are randomly ordered and visited after
visiting all the LCs order list. The data structure
for the FLCH at each node can be described as
follows: FLCH(i).type denotes the channel type,
where its value is set to 1 for LC and 2 for UC.
FLCH(i).priority denotes the priority of the idle
LC i. FLCH(i). Sub-priority denotes the priority of
the LC i within the LCs set with same EBP values.
The visited orders of the free LCs with the same
priority are selected based on the sub-priority
value. The priority of each LC is assigned based
on the proposed EBP metric.

111 SPECTRUM SENSING

To take advantage of spectrum sensing in the
SCSN, an efficient solution is needed considering
both sensor network resource limitations and DSA
network challenges. Considering the high numbers
of sensor nodes in large-scale smart grid systems
and low-cost requirements, it may not be feasible
to equip sensor nodes with multiple radios and
highly capable processors. Therefore, sophisticated
spectrum sensing algorithms cannot be used.
Spectrum sensing should be performed with
limited node hardware, possibly using a single
radio. Assuming that deployed sensor nodes in
smart grid environments have single radios due to
their scalability and low-cost requirements,
sensing durations should be minimized as much as
possible with the consideration of possible
transmission activities and energy efficiency.
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There are various spectrum sensing methods, such
as energy detection, feature detection, matched
filter, and interference temperature. Incorporating
of one (or hybrid) of these techniques, detection of
dynamically changing noise components in smart
grid, and modeling of their interference with
respect to time and space can be achieved. Overall,
the benefits of DSA, such as lower packet
collisions due to the capability of switching to the
best available channel, less contention delay and
more bandwidth, come with the additional energy
consumption caused by spectrum sensing and
distribution of these sensing results. The tradeoff
between energy efficiency and sensing accuracy is
should be addressed and a detailed analysis of cost
vs. benefits for a specific smart grid environment
should be performed [6].

11l RELATED WORK

[1] In this paper they propose a primary user-
aware k-hop routing scheme where k is the
discovery radius. This scheme can be plugged into
any CRN routing protocol to adapt, in real time, to
network dynamics like the number and activity of
primary users. The aim of this scheme is to cover
the gap between local and global routing protocols
for CRNs. It is based on balancing the routing
overhead and the route optimality, in terms of
primary users avoidance, according to a user-
defined utility function. They analytically derive
the optimal discovery radius (K) that achieves this
target. Evaluations on NS2 with a side-by-side
comparison with traditional CRNs protocols show
that our scheme can achieve the user defined
balance between the route optimality, which in
turn reflected on throughput and packet delivery
ratio, and the routing overhead in real time. [2] In
this paper they propose a heterogeneous cognitive
radio routing protocol (HCR) operates in
heterogeneous environment (i.e. the route from
source to destination utilize the licensed and
unlicensed spectrum bands). The proposed routing
protocol is carefully developed to make a tradeoff
between the channel diversity of the routing path
along with the CRMANETSs throughput. Using
simulations, they discuss the performance of the
proposed HCR routing protocol and compare it
with the AODV routing protocol using a discrete-

event simulation which we developed using JAVA
platform. [3] In this paper author proposed an
energy aware multipath on-demand routing
protocol for multi-hop CRANs. They have studied
the impact of number of flows and number of PUs
activities on the operation of the proposed routing
protocol. The proposed EOMR protocol combines
the integration of spectrum and route discovery to
establish communications across areas of spectrum
heterogeneity. The dynamical traffic assignment is
performed according to the traffic arrival rate, and
spectrum availability to minimize the end-to-end
overall delay performance in multipath CRANS. In
addition, the EOMR scheme can efficiently
increase the data transmission rate and thus
improve the average network throughput. [4] In
this Paper they provide a comprehensive survey of
network coding schemes in cognitive radio
networks, highlighting the motivations for and the
applications of network coding in CRNs. They
provide typical case studies of network coding
schemes in CRNs, as well as the taxonomy of
network coding schemes in CRNs. Finally, they
present open issues, challenges, and future
research directions related with network coding in
cognitive radio networks. Compared to previous
survey articles, their survey presents a
comprehensive overview of network coding
schemes in cognitive radio networks. Despite the
existence of extensive survey literature, that
literature has either been focused on separate
investigations on cognitive radio networks or on
network coding. [5] In this paper they propose
Undercover: a multi-hop routing protocol for
cognitive radio networks in which we integrate the
collaborative beamforming technique with layer 3
routing. Specifically, their protocol revisits a
fundamental assumption taken by the state of the
art routing protocols designed for overlay
cognitive radio networks; this assumption is that
secondary users cannot use the spectrum when
primary users are using it. In Undercover, they
allow a group of secondary users, each with a
single antenna, to collaborate together and transmit
in the regions of primary users activity. This is
done through nulling out transmission at primary
receivers via beamforming. Moreover, Undercover
is designed to enhance the transmission quality at
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the secondary destinations whenever possible. To
account for the excessive levels of interference
typically  incurred due to  cooperative
transmissions, they allow their protocol to be
interference-aware. [6] In this article, spectrum
aware and cognitive sensor networks (SCSNs) are
proposed to overcome spatio-temporally varying
spectrum characteristics and harsh environmental
conditions for WSN based smart grid applications.
Specifically, potential advantages, application
areas, and protocol design principles of SCSN are
introduced. The existing communication protocols
and algorithms devised for dynamic spectrum
management networks and WSNSs are discussed
along with the open research issues for the
fulfillment of SCSNs. A case study is also
presented to reveal the reliable transport
performance in SCSNs for different smart grid
environments. Lastly, different energy harvesting
techniques for SCSN-based smart grid applications
are reviewed. [7] In this paper, they present a
comprehensive survey of WMCRNSs. Various
multimedia applications supported by CRNs, and
various CR based wireless networks are surveyed.
They highlight the routing and link layer protocols
used for WMCRNs. They cover the quality-of-
experience  (QoE) design and  security
requirements for transmitting multimedia content
over CRNs. They provide an in-depth study of
white space, TV white space, and cross-layer
designs that have been used for WMCRNSs. They
also survey the major spectrum sensing approaches
used for the communications of bandwidth hungry
and time-critical data over CRNSs. [8] In this paper,
they propose a clustering-based approach to deal
with channel allocation ((CA)) problem among
SUs considering practical constraints in SG
environment. They first present a simple CR based
SG communication network architecture by
dividing the service area into groups of SUs called
neighborhood area network clusters, depending
upon the distance of Smart Meters from data
concentrator unit. Then we formulate a multiple
constraint NP-hard CA problem using interference
avoidance strategy by considering two practical
scenarios: fairness-based allocation and priority-
based allocation. They then propose our CA
algorithm based on cat swarm optimization to

eliminate the severe integer constraints of the
problem under consideration. They simulate the
two above-mentioned practical scenarios to
measure a number of allocations per SU, Jain's
Fairness Index and per user average rewards. [11]
This research work aims to propose a bio-inspired
routing protocol inspired from characteristics from
wolves to reduce the overall end-to-end delay
which results in reducing the consumption of
energy and extends the lifetime of the network.
This research work utilizes M/G/1 queueing model
to avoid network congestion, where the requests
from nodes are markovian and service times
regarding the requests have general distribution
time. With benchmark performance metrics NS2
simulations are carried out to check the
performance of the proposed protocols. Results
conclude that the proposed protocol significantly
outperforms than other protocols with better
packet delivery ratio, reduced end-to-end latency
and energy consumption.

V CONCLUSIONS

CRNs have the capability to support both real-time
and non-real-time traffic. Due to the dynamic
nature of CRNSs, transmitting multimedia content
over CRNs is a challenging task. To support the
delay-sensitive and time-critical data transmission
in CRNs, various advances in architecture,
communications protocols, spectrum sensing
techniques, and interference mitigation approaches
have been made. The goal of this article to present
the case study for the various routing mechanism
and their application for the cognitive radio ad-hoc
network.
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