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ABSTRACT:-Cognitive radio (CR) is an emerging intelligent wireless communication technology .With the advance 
of wireless communications, the problem of bandwidth has become more prominent. Cognitive radio technology has 
come out as a way to solve this problem by allowing the unlicensed users to use the licensed bands . A limited   
available spectrum has been put to a lot of limitations by the exceeding demand of wireless applications. Recent study 
show that some frequency bands in the spectrum are mainly unused most of the time and  some are less occupied.This 
leads to spectrum underutilization. Cognitive radio is one such technique to solve such spectrum problem. It is a 
technique in which secondary user searches for a free band to operate in while primary user is not using its licensed 
band. Spectrum sensing that enables the cognitive radio to search for the free bands. It helps to detect the spectrum hole 
so that they can be used  by secondary user. In this paper  a prototype system for designing and also explores Simulink 
based Energy Detection in a MATLAB Simulink. 
 
KEYWORDS: Cognitive radio(CR), Spectrum sensing, Energy Detection(ED), Primary User (PU),Secondary User 
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I.INTRODUCTION 

Modern wireless systems  offering a wide variety of high data rate applications to various users at the same time. In 
order to realize this objective, they have to overcome the practical constraints imposed by the resources they need such 
as power and spectrum, which are limited in nature. The number of wireless systems is increasing very fastly, the 
scarcity of these resources, especially of the frequency spectrum, becomes a problem day by day. 
Cognitive radio  is a concept that overcome to the problem by proposing an opportunistic spectrum usage [1] approach, 
in which frequency bands that are not being used by their licensed users are utilized by cognitive radios. Since 
cognitive radios do not need  a license and  they do not affect the operation of licensed systems, this approach leads to a 
highly economic and efficient usage of the frequency spectrum.  The Federal Communication Commission (FCC) 
research report [2] show that, seventy percent of the allocated spectrum is underutilized. So we need a technique to deal 
with the problem of spectrum underutilization. Cognitive radio [3][4]can sense external radio environment and use past 
information. It can use  unused spectrum band dynamically without affecting the primary users. 
Basic function of cognitive radio is to sense the spectrum precisely by evading any chances of hindrance or interference 
to primary or licensed users. By using spectrum sensing, cognitive radios can adapt themselves to the eternal wireless 
network. All the cognitive radio users are divided into the primary user(PU) and secondary users (SU).   PU can be 
defined as the user who has license to use a specific band of the spectrum. On the other hand, secondary users (SU) do 
have license to use the spectrum but can use the spectrum when PU is absent. When PU is present SU user shift its 
transmission to another frequency or changes other modulation parameters and never causes interference to primary 
users.  Various techniques have been used for identifying the presence of the PU signal transmission. The existing 
spectrum sensing techniques can be broadly divided into three categories : energy detection, matched filter detection, 
and cyclostationary detection. Matched filter [5][6], energy detection  and cyclostationary detection  are widely used 
techniques as detection techniques. Among them, energy detection has been mostly applied because it does not require 
any a priori knowledge of the primary signals and has much lower complexity than the other two schemes. In addition, 
it does not need any prior information about the PUs' signals. 
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II.COGNITIVE RADIO 
 

A Cognitive Radio is a adaptive multi-dimensionally aware intelligent wireless communication system that learn from 
its experience to reason, plan and decide future action to meet consumer needs .The two important characteristics of 
cognitive radio are:- 
(a) Cognitive capability- Cognitive capability refers to the ability of the cognitive radio technology to capture or sense 
the information from its radio environment. 
 
(b)Reconfigurability-Reconfigurability enables the cognitive radio to be programmed dynamically according to the 
radio environment [7]. 
 
 Cognitive Radio mainly does four functions 
 
Spectrum Sensing: Cognitive Radio continuously looks for the unused spectrum which is known as the spectrum hole. 
This property of cognitive radio is termed as spectrum sensing. 
 
Spectrum Management: Once the spectrum holes found  cognitive radio selects the available hole or channel. This 
property of cognitive radio is termed as spectrum management. 
 
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. 
 
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 
 

 
 

Fig.1 Basic Cognitive Cycle 
 

 
III.SPECTRUM SENSING TECHNIQUES 

 
There are various spectrum sensing techniques which are employed for spectrum sensing such as:- 
(1) Matched Filter Detection 
The matched filter (also referred to as coherent detector), it can consider as a best sensing technique if CR has 
knowledge of PU. It is very accurate because it maximizes the received signal-to-noise ratio (SNR). Matched filter 
correlates the signal with time shifted version and compares between the final output of matched filter and 
predetermined threshold will determine the PU presence. Hence, if this information is not accurate, then the matched 
filter operates weakly. 
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(2) Cyclostationary Feature Detection 
Implementation of a Cyclostationary feature detector is a spectrum sensing which can differentiate the modulated 
signal from the additive noise. A signal is said to be Cyclostationary if its mean and autocorrelation are a periodic 
function. Cyclostationary feature detection can distinguish PU signal from noise, and used at very low Signal to Noise 
Ratio (SNR) detection by using the information present in the PU signal that are not present in the noise. 
 
(3) Energy Detection 
Energy detector  is the most popular way of spectrum sensing because of its low computational and implementation 
complexities.  The receivers do not need any knowledge about the primary users. An energy detector (ED) simply treats 
the primary signal as noise and decides on the presence or absence of the primary signal based on the energy of the 
observed signal.. Digital implementations using FFT-based spectral estimates. Fig. 2 shows the architecture for digital 
implementation of an energy detector [8]. 
 

 
 
 

Fig. 2. Digital implementation of an energy detector 
 
The process flow of the energy detector is, the received signal is passed through the ADC then calculate the FFT 
coefficient values then squared those values and average over the observation interval. Then the output of the detector 
is compared to a pre defined threshold value to decide whether the primary user is present or not. 
 

 
Fig.3  Simulink model for EnergyDetection 
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Fig. 3.gives the Simulink based model for energy detection using FFT. Here, the analog signal is first filtered 
through a bandpass filter and then converted into a digital signal. A 12-bit ADC quantizer (Vmin = 0V, Vmax = 
5V) is used. This output is then passed through an FFT to get the corresponding coefficients. The signal is 
converted from time domain to the frequency domain by the FFT block.The magnitude of the received signal is then 
taken and it is squared. A minimum amount of signal is considered to be noise. The received signal is assumed to be 
present if and only if this threshold is crossed. This is done with the help of a relational operator which is placed in the 
comparator diagram. 

 
Fig. 4. Comparison of threshold 

 
Fig 4 shows threshold comparison of 4 users using energy detection (ED) method. There are 4 users with different 
signal values which are compared with threshold value. Threshold value is set at  0.7 and is generated using constant 
block. Relational Operator compares the input signal value with threshold signal value and the difference of both values 
shown on Scope. 

IV.RESULTS AND DISCUSSIONS 
 

Fig 5 shows the output result of Energy Detection method. Threshold is set to 0.4 and if user will cross the threshold 
value than user is present otherwise user will be idle and at that instant secondary user can occupy space. 
 
 

 
Fig.5 Simulink output for Energy Detection 
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In fig.6 we can see that threshold value is set at (0.7). Total number of users is 4. The user who will cross the threshold 
value is assumed to be present and who will not cross threshold value is assumed to be idle. As shown in graph that 1st 
and 3rd user cross the threshold value so they are assumed to be present. 2ndand4th user does not cross the threshold 
value so they are assumed to be idle. 

 

 
Fig.6  Simulink output for Energy Detection with 4 users Comparison 

 
In fig.7 we can see that threshold value is set at (0.7).As shown in graph that all 4 users cross the threshold level so they 
are present and  no idle user. 
 
 

 
 

Fig.7 Simulink output for Energy Detection with 4 users 
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  V.CONCLUSION 
This paper has implemented Simulink based spectrum sensing. The energy detection is carried out for 4 users.The 
presence or absence of the primary user is decided based on the threshold.Energy detection has been adopted as an 
alternative spectrum sensing method for CRs due to its simple circuit in the practical implementation and no 
information requires about the signal needed to detect. 
 
                                                                              REFERNCES 
[1] S. Mangold, Z. Zhong, K. Challapali, and C.-T. Chou, “Spectrum agile radio: radio resource measurements for opportunistic spectrum usage,” in 
Proc. IEEE Global Telecomm. Conf. (GLOBECOM), vol. 6, Dallas, TX, Dec. 2004. 
[2J. Ma, G. Y. Li, B.H. Juang. “Signal Processing in Cognitive Radio.” Proceedings of the IEEE, vol. 97, pp. 805-823, May 2009. 
[3] H. A. Mahmoud, T. Yucek and H. Arslan. “OFDM For Cognitive Radio- Merits and Challenges.” IEEE wireless communications, vol. 16, pp. 6-
15, April 2009. 
 [4] I. F. Akyildiz, W.Y.Lee, M.C. Vuran, S. Mohanty. “Next Generation/Dynamic Spectrum Access/Cognitive Radio  Wireless Networks: A 
Survey.” Comp. Net. J., vol. 50, pp. 2127–59, Sept. 2006. 
[5] D. Cabric, S.M .Mishra, and R.W. Brodersen, “Implementation Issues in Spectrum Sensing for Cognitive Radios", IEEE Asilomar Conf. Signals, 
Systems and Computers, vol.1, pp.772-776, Nov.2004.  
[6] H. Tang, "Some Physical Layer Issues of Wide- Band Cognitive Radio Systems", IEEE Int. Conf. Wireless Networks, Commun and Mobile 
Computing, pp.151-159, Nov.2005. 
[7] Ian F. Akyildiz, Won-Yeol Lee, Mehmet C. Vuran and ShantidevMohanty, “A Survey on Spectrum Management in Cognitive Radio Networks,” 
in IEEE Communications Magazine, pp. 40-48,2008. 
[8] James O’Donnell Neel, 2006, “Analysis and Design of Cognitive Radio Networks and Distributed Radio Resource Management Algorithms,” 
PhD Dissertation, Virginia Polytechnic Institute and State University, Blacksburg, VA. 


