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Abstract -  Wireless Sensor Networks (WSNs) that deploy cognitive techniques in a Cognitive Radio Network have a lot of 
advantages. This paper presents the concepts of Wireless Sensor Networks deploying cognitive radio techniques to give rise 
to Cognitive Wireless Sensor Networks which help in greatly increasing spectrum efficiency. The advantages of CWSNs, 
challenges in their deployments and solutions to overcome those challenges are discussed. Wireless technologies such as the 
Bluetooth and Wi-Fi use the ISM band (which is used by WSNs) causing overcrowding that ultimately leads to degradation 
of WSNs performance. Cognitive technologies help in finding new spectrum and access to already existing ones with better 
characteristics. Dynamic adjustment of system parameters such as modulation and data rates is achievable through CWSNs 
which facilitate lower power consumption and higher network lifetime. 
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I. INTRODUCTION 

 
Wireless Sensor Networks consist of a distributed 
network of small, inexpensive sensor nodes which are 
capable of sensing, communicating and cost much 
less than the traditional wired sensor system. This 
development has been the result of tremendous 
advancement in memory capacity, processing 
capabilities and radio technologies. One of the 
greatest challenges faced by WSNs is the limitation 
of bandwidth assigned to them that is the Industrial, 
Scientific and Medical (ISM) Band. The exponential 
increase in demand for spectrum by wireless 
technologies such as the Bluetooth and Wi-Fi use the 
ISM band (which is used by WSNs) has caused 
overcrowding resulting in lowering of WSN system 
performance. The scarcity of spectrum is thus a 
concern of prime importance. 
 
Cognitive Wireless Sensor Networks were introduced 
to address the problem of spectrum scarcity. A 
Cognitive Radio is an intelligent wireless 
communication system which exhibits opportunistic 
behaviour and dynamically adjusts its internal 
parameters to efficiently utilize the frequency 
spectrum. [2] Sensor nods deployed in the WSNs can 
be operated both in the licensed and the unlicensed 
band. Traditional WSNs in the licensed band are used 
only by licensed users or the Primary Users (PU). 
Cognitive Radio technology enables unlicensed or 
Secondary Users (SU) to monitor the spectrum at 
regular intervals for vacant channels and utilize these 
channels inspite of them being owned by Primary or 
licensed users. 
 
Section 2 of this paper discusses the functioning of 
Cognitive Wireless Sensor Networks exploiting 
Dynamic Spectrum Management. Section 3 discusses 
the advantages of CWSN. Section 4 discusses the 
challenges in the design and solutions to overcome 
them. Finally section 5 gives the conclusion. 

II. CWSN: FUNCTIONING AND DYNAMIC 
SPECTRUM MANAGEMENT 

 
Similar to a WSN in structure, a CWSN is composed 
of small and inexpensive sensors, each node 
operating on a restricted battery. Nodes in the WSN 
are in either of the two states: sending state: when the 
node is sending data or receiving state: when the node 
is receiving data. CWSN consists of a third sensor 
state: the sensing state, which implies that the sensor 
node is sending and depicting the spectrum to find 
available opportunities or spectrum holes.[1] Two 
schemes can be deployed for performing the 
spectrum sensing task: centralized scheme or 
distributed scheme. 
 
Distributed Scheme: there is competition among all 
the sensors for accessing the spectrum available. 
Therefore it is required that every sensor possesses 
the ability to scan the entire channel  and then 
determine the optimized scheme so that necessary 
factors like maximum transmissions can take place. 
But because sensor nodes have only limited power 
and potential, distributed schemes are not preferred in 
these networks. 
 
Centralized Scheme:  The network coordinator is a 
single entity that detects spectrum opportunities in a 
centralized scheme. [3] Here, a channel swap 
command is broadcasted by the network coordinator 
to signify the availability of an alternate channel. This 
channel could be either a licensed or an unlicensed 
channel in the ISM band. For reliability, many nodes 
can retransmit the broadcast message of the network 
coordinator. 
 
1.1 Dynamic Spectrum Management 
[4] Dynamic spectrum management is the basic 
functionality of a CWSN which is performed by the 
following three processes: 
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1. Spectrum sensing: It is the process in which sensor 
nodes gather information about the primary user for 
transmission opportunities. It is this functionality that 
differentiates CWSN from traditional WSN.  
 
Spectrum sensing techniques are classified into three 
main categories:  
a. Transmitter detection or Non cooperative sensing 
b. Cooperative Sensing 
c. Interference based sensing 
 
Transmitter detection technique can be further 
classified into: 
a. Energy detection 
b. Matched filter detection 
c. Cyclostationary feature detection 
 
2. Spectrum decision: After the identification of 
available spectrum, it is categorized on the basis of 
current radio environment conditions and the Primary 
user activities. In the next step, most suitable 
spectrum is selected to satisfy the QoS requirements 
of the secondary user. Lastly the CR reconfigures the 
transmission parameters to facilitate communication 
on the chosen band. 
 
3. Spectrum handoff: If the primary user emerges in 
the licensed band, which is currently held by the 
cognitive user, for preventing the primary users from 
getting affected, the cognitive user needs to leave the 
spectrum at that time and re-establish a 
communication link on any other available and 
vacant spectrum to prevent interruption of 
transmission. This process is called spectrum handoff. 
 
III. ADVANTAGES OF CWSN 
 
Sensor nodes present in a CWSN are capable of 
measuring and providing accurate information about 
network status at different locations. Also multi-path 
fading can be dealt with as the measurements carried 
within the network provide the much needed 
diversity. Apart from the worldwide available ISM 
Band (2.4 GHz), CWSN can provide access to new 
spectrum as well as spectrum exhibiting better 
propagation phenomenon. As the operating frequency 
decreases, the path loss also goes down.  Therefore if 
the secondary user’s transmission power remains 
constant, the range of transmission increases at lower 
frequencies. Hence choosing a channel of lower 
frequency would provide the following advantages: 
a. High transmission range 
b. Lesser sensor nodes needed to cover a specific area  
c. Energy consumption is decreased 
As the communication range increases in a CWSN, 
the hops per route decrease. This subsequently results 
in smaller end to end delays. The performance gains 
achieved through CWSN do result in a slight increase 
in complexity of protocol and network control 
overhead. 

IV. DESIGN ISSUES AND SOLUTIONS 
 
Sensor nodes in the CWSN are devices that are 
limited energy sources, constrained by power. 
Cognitive Radio wireless sensors require energy for a 
lot of processes like spectrum sensing, transmission, 
spectrum decision making, channel switching, route 
discovery, sending and receiving data packets and 
periodic spectrum handoff. The primary user’s (PU’s) 
activities are sensed by the CWSN sensors. Efficient 
energy management is thus, a major design challenge 
for CWSN. Data rate and power are the two 
constraints for energy optimization. Data rates need 
to be sufficiently high but doing so would also 
increase the power consumption in the sensor. Hence, 
a trade off between sufficient data rates and power 
below the threshold level is needed. 
 
Another issue is the sensing duration time which 
brings about the problem of end-to-end delay. At the 
time of sensing, all the traffic in the network is 
suspended. If the coordinator is the only sensing node 
and also the one issuing application commands, the 
QoS would be affected by primary user detection. 
Also, since CWSN involves multi channel operation 
the process of resource allocation optimization also 
tends to be multidimensional. Channel interference 
would be hugely prevalent when a lot of new users 
operate in the same frequency. This co channel 
interference needs to be managed and controlled by a 
distributed power technique. Increasing the life of the 
whole network at the physical layer is also a design 
challenge  
 
A probable remedy for increasing the life of the 
network would be to deploy a subset of sensor nodes 
for spectrum sensing. The task of spectrum sensing 
could be performed by the network coordinator inside 
the network or employment of a distributed scheme 
within a large network would also be beneficial. 
Since spectrum sensing is performed repeatedly, it 
consumes a lot of extra energy from limited battery/ 
power constrained sensors, the process of spectrum 
sensing being performed only by a certain number of 
sensors would save the energy for the whole network. 
 
There are two types of sensing frequency: fixed and 
variable. [4]In the fixed frequency spectrum sensing, 
the sensing frequency is a definite parameter which 
occurs at a specific determinate periodic interval in a 
particular duration. [5] In the variable frequency 
spectrum sensing, the sensing frequency dynamically 
adapts itself and changes in accordance with the 
changes in the channel environment. The spectrum 
sensing algorithm along-with the necessary 
probability of detection determine the sensing 
duration. The sensing frequency is determined 
according to the channel detection time parameters. It 
can be inferred that the sensing duration schedule can 
be estimated beforehand and set accordingly; the 
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network coordinator can then broadcast this schedule 
and avoid the transmission overlap within the 
interval. All the sensor nodes of the CWSN can 
regulate their transmissions according to this 
schedule. 
 
Several control commands are drifted because of the 
interference caused due to primary users. Scenarios 
like these can be dealt with by the application of 
some time out mechanism. [6] The coordinating 
node’s message can be examined periodically by a 
timer. Lastly, few applications require the operational 
networks to be mobile and the sensor modules to be 
immobile. For such applications, the functionalities 
can be segmented giving rise to energy efficient 
transmission. 
 
CONCLUSION 
 
Cognitive radio techniques applied in wireless sensor 
networks can greatly increase the spectrum utilization 
and quality of communication with their capability to 
adapt to changing channel conditions and 
opportunistic spectrum management approach. 
Dynamic spectrum management presents access to 
multiple channels that solves the issues of dense 

deployments. CWSN also bring forth certain design 
issues and challenges whose possible solutions are 
discussed. If we are able to implement these 
solutions, there is a huge potential hidden in this 
technology for wireless sensor networks. 
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