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Abstract— The increasing demand of wireless applications
has put a lot of limitations on the use of available radio
spectrum is limited and precious resource. Many survey of
spectrum utilization show that entire spectrum is not used at
all the times, so many of the radio spectrum is underutilized.
Some of the frequency bands in the spectrum are unoccupied,
some of the frequency bands less occupied and few bands are
over utilized. Cognitive radio system is a technique which
overcomes that spectrum underutilization. Cognitive radio is
a technique where secondary user looks for a free band to use
when primary user is not in use of its licensed band. A
function of cognitive radio is called Spectrum sensing which
enables to search for the free bands and it helps to detect the
spectrum hole (frequency band which is free enough to be
used) which can be utilized by secondary user with high
spectral resolution capability. The idea of simulation and
analysis of Cognitive Radio System tore use unused spectrum
to increase the total system capacity was brought in this paper
and this work digs into the practical implementation of a
Cognitive radio system. MATLAB R2007b (version7.5) has
been used to test the performance of Cognitive radio
dynamically.

Key words: MATLAB, FCC, SNR, FFT

I. INTRODUCTION

In a current day, wireless communication has become very
much popular’ communication. This wireless network is
categorized by a static spectrum allocation policy have been
assigned to license holders on a long term basis for very large
geographical area by government. The utilization of higher
data rate is increasing as a result of the transition from the
voice communication to multimedia type communication.
The existing electromagnetic spectrum for radio is an in
adequate natural resource, but day by day growing its
utilization by wireless devices and its applications.

As well as bandwidth are very expensive and good
frequencies are taken by service providers. However lots of
licensed spectrum bands are resulting in spectrum wastage. It
has become necessary to bring in new licensing policies and
organized infrastructure to facilitate dynamic and efficient
spectrum utilization to meet the need of wireless users. In
order to solve the gap between lack of spectrum and spectrum
underutilization a modern spectrum access strategy called
cognitive radio which is hopeful solution for such difficulty.
Cognitive radios have the potential to jump in and out of
unused spectrum gaps to increase spectrum efficiency and
provide wideband services. In some locations and/or at some
times of the day, 70 percent of the allocated spectrum may be
Sitting idle. The Federal Communications Commission
(FCC) has recently recommended that significantly greater
spectral efficiency could be realized by deploying wireless
devices that can coexist with the licensed users [9].

Il. CONCEPT OF COGNITIVE RADIO

Cognitive radios are designed in order to provide highly
reliable communication for all users of the network, wherever
and whenever needed and to facilitate effective utilization of
the radio spectrum. Cognitive radio is a form of wireless
communication in which a transceiver can intelligently detect
which RF communication channels are in use and which are
not, and instantly move into vacant channels while avoiding
occupied ones. This optimizes the use of available radio-
frequency (RF) spectrum while minimizing interference to
other users [3].

In general Cognitive Radio is defined as “Is a
technology that provides a promising new way to improve the
efficiency of the use of the electromagnetic spectrum that
available, by using spectrum sensing for detection of
spectrum holes (unused bands), and instantly move into
vacant bands while avoiding occupied ones without harmful
interference to the Primary User(PU).” The concept of
Cognitive Radio is proposed by Joseph Mitola in 1998 [6].

In this paper we use the definition adapted by
Federal Communications Commission’s : “Cognitive radio :
A radio or system that senses its operational electromagnetic
environment and can dynamically and autonomously adjust
its radio operating parameters to modify system operation,
such as maximize throughput, mitigate interference, facilitate
interoperability, access secondary markets” [2].

A. Abbreviations and Acronyms

Cognitive Radio (CR), Primary User (PU), Secondary
User (SU), Spectrum sensing, Energy Detection(ED).

I11. COGNITIVE RADIO TERMINOLOGY

There are some terminologies in cognitive radio which is
described as following:

A. Spectrum Hole:

The frequency which is spatially or temporally unused part of
radio spectrum which is considered for use by Cognitive
Radio.

B. Primary User:

Primary user is a one type of licensed user. It can be defined
as a user who uses the frequency from the licensed frequency
band and having a first priority for using that spectrum.
Sometimes it is abbreviated as a PU shortly.

C. Secondary User:

Secondary user is a one type of unlicensed user. It can be
defined as a user who uses the vacant frequency from the
licensed frequency band which is not used by primary users
in such a way that they do not cause any interference to
primary users. Secondary users have lower priority then the
primary user.

The two main important characteristics of Cognitive Radio:
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1) Cognitive Capability:

Cognitive capability refers to the ability of the cognitive radio
technology to capture or sense the information from its radio
environment.

2) Reconfigurability:

Reconfigurability enables the cognitive radio to be
programmed dynamically according to the radio environment
[5]. Basic cognitive cycle is shown in the Fig.2

3) Function of Cognitive Radio

Cognitive Radio mainly does following four functions.

1) Spectrum Sensing

2) Spectrum Management

3) Spectrum Sharing

4) Spectrum Mobility
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Fig. 1: Basic Cognitive Cycle
4) Spectrum Sensing:
Cognitive Radio continuously looks for the unused spectrum
which is known as the spectrum hole or white space as shown
in the Figure. This property of cognitive radio is termed as
spectrum sensing.
5) Spectrum Management:
Once the spectrum holes or white spaces are found, cognitive
radio selects the available white space or channel. This
property of cognitive radio is termed as spectrum
management.
6) Spectrum Sharing:
Cognitive Radio allocates the unused spectrum (spectrum
hole) to the secondary (cognitive) user as long as primary user
does not need it. This property of cognitive radio is termed as
spectrum sharing.
7) Spectrum Mobility:
Cognitive Radio vacates the channel when a licensed
(Primary) user is detected. This property of cognitive radio is
termed as the spectrum mobility[1].

In these four functions Spectrum sensing is an
important and a sensitive task in Cognitive Radio since
interfering with other users is illegal. Spectrum sensing (also
known as spectrum detection technique) is the main task in
cognitive cycle and the main challenge to the Cognitive Radio
users. In spectrum sensing studying the spectrum and find the
unused bands and sharing it while avoiding the spectrum that
is occupied by Primary user. It can be defined as “action of a
radio measuring signal feature”.

Cap Ay

IV. SPECTRUM DETECTION TECHNIQUES

Many different methods are proposed to identify the presence
of signal transmission and can be used to enhance the
detection probability.

A. Energy Detection:

The aim of the spectrum sensing is to decide between two
hypotheses which are

X (t) =w(t) ,HO (Primary User absent)

X (t) = hn(t) +w(t) ,H1  (Primary User present)

Where x(t) is the signal received by the CR user ,n(t)
is the transmitted signal of the primary user ,w(t) is the
AWGN band, h is the amplitude gain of the channel.

HO is a null hypothesis, which states that there is no licensed
user signal.

Energy Detection is the common way of spectrum
sensing for its low computational and implementation
complexities. It is a non-coherent detection method which is
used to detect the licensed user signal [9] and is based on the
use of the FFT(Fast Fourier transform), which transforms a
signal from time domain to frequency domain representation,
determines the power in each frequency of the signal resulting
in which is known as the PSD (Power Spectral Density).

In this technique, the output of the energy detector
compares with a threshold depending on the noise floor and
signal is detected.

Hy = Absence of user
Hy = Presence of user
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Fig. 2: Block Diagram of Energy Detector

Figure shows block diagram of energy detector [10].
Here signal is applied to band pass (BP) filter to select
channel and is integrated over time interval. Lastly the output
of the integrator compares with a threshold to determine
whether primary user is present or not. The threshold value
can set to be fixed or variable based on the channel
conditions.

V. METHODOLOGY FOR COGNITIVE RADIO SYSTEM
IMPLEMENTATION USING MATLAB
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Fig. 3: Methodology of Simulation Steps

Final Qutput Plot

Adding Attenuation

All rights reserved by www.ijsrd.com| 2396



Implementation and Analysis of Cognitive Radio System using MATLAB
(IJSRD/Vol. 6/Issue 02/2018/652)

A. Initialization:

5 Carrier Frequency Bands for Users, Message Frequency
and the sampling Frequency are initialized.

B. Modulation:

Modulates user data over the respective frequency band by
amplitude modulation

C. Adder:

Addition of all the modulated signals to produce a
transmitting signal

D. Periodogra:

To estimate the power spectral density of received signal.
Vacant Slot Allocation: New User is allotted to the first
spectral hole when he arrives.

E. Emptying a Slot:
Asked user to empty a specific slot if all the slots are engaged.

Addition of noise: Amount of Noise to be added.
Attenuation: Percentage of Attenuation is introduced.

VI. SIMULATION RESULTS AND DISCUSSIONS
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This paper presents the Cognitive Radio System
using MATLAB R2007b (version7.5) we have used the
digital Implementation of energy detector using FFT. It is
assumed that there are 5 primary users in the spectrum. The
cognitive radio system continuously looks for the spectrum
hole where primary user is not present which is determined
by the energy detection method and as soon as it finds out the
spectrum hole, it allots it immediately to the Secondary user
and whenever primary user wants to occupy the slot,
secondary user immediately vacates it. The carrier
frequencies used for 5 signals are 1MHz, 2MHz, 3MHz,
4MHz, 5MHz and sampling frequency is 12MHz. Power
spectrum density of signal is calculated and it is compared
with the predefined threshold value to determine the presence
of primary user signal[1].Here, we have assumed that 1st ,4th
primary users are present and 2nd,3rd and 5th primary users
are not present. Further 5th primary user leaves the slot.

VII. CONCLUSION

The approach was to take the decisions in this paper on the
basis of power spectral density of the channel which can be
used cognitively to search the available spectral gaps those
can be used to new incoming users (SU) thus improving the
overall channel’s throughput. In this work the energy
detection spectrum sensing using FFT within the specified
frequency band is performed .It has been shown that how the
cognitive radio works dynamically with changing the
frequency band from one to another and successfully
demonstrated in simulation result. The Additive White
Gaussian Noise(AWGN)with the Signal to Noise ratio (SNR)
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values are taken as 5dB, 15dB and Attenuation percentages
are 10 and 15has been used. That is the Spectrum Access in
Cognitive Radio demonstrated successfully — without
interfering with the other frequency bands used by the
primary user(PU).
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