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Abstract—Spectrum sensing is one of the great challenges in cognitive radio because growing demands of bandwidth for 
wireless applications has put a lot of constraints on the available radio spectrum which is limited and precious. Energy 
detection is now a days quite popular sensing technique for cognitive radio because of its advantages. On the basis of energy 
detection, a number of techniques have been proposed in literature to detect white spaces for the primary user. Several 
papers show that the probability of detection increases significantly when signal to noise ratio increases. It is also observed 
that the detection probability decreases when the bandwidth factor increases. In present article, VHDL implementation of the 
energy detection method has been proposed by using a simulation tool Xilink. The added advantage over the previous 
literature available is that elimination of PN sequence generation results in decreased BER. Simulation results show the 
utility of work done. 
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I. INTRODUCTION 
 
Cognitive radios have to sense the spectrum to detect 
opportunities, and reliably find out if PU signals are 
present. The spectrum has to be sensed accurately to 
find out even weaker primary user signals. At the 
same time, cognitive radios have to respect the needs 
of the PUs and not to interfere with them. Therefore, 
the spectrum sensing method has to be very sensitive 
and distinguish PU signals below the noise floor. 
Many different spectrum sensing methods have been 
introduced [3]. Some methods work for specific 
signals while others are more generic. Depending on 
the knowledge of the signal under detection, better 
performance is usually obtained when detecting 
specific signals while more generic methods are good 
for rough estimates on channel usage. One of the 
more generic spectrum sensing methods is the energy 
detection. Energy detectors have been introduced 
nearly half a century ago by Urkowitz [4], yet they 
are still researched and new ways to enhance their 
efficiency are published. Energy detectors do not 
need any information about the signal under 
detection; therefore they are able to detect wide 
variety of signals. However, they cannot differentiate 
primary users’ signals from noise. Other signal 
detection method exploits the statistical properties of 
PU signals to detect them [12]. One of these methods 
is cyclostationary spectrum sensing [9]. Cyclo-
stationary feature detectors can differentiate noise 
from primary users’ signals. Algorithms sensing even 
more specific signals by matched filtering have been 
studied from the 1960s, and Middleton introduced a 
generalized matched filter [10]. Matched filters 
deliver optimal detection performance; however, each 
signal under detections needs a specific matched 
filter. For this reason, matched filter is not widely 
used. Other way to enhance the detection probability 
is the cooperation between cognitive radios [8][9]. 
Energy detection is a simple spectrum sensing  

 
technique, which does not require prior information 
of signal which is present in the frequency band. But 
in low signal to noise ratio (SNR) conditions, its 
performance is weak, which can be improved by 
signal processing algorithm. As energy detection is 
simple and easily implemented in hardware, so it is 
preferred in emerging standard like IEEE 802.22, 
Wireless Region Area Network (WRAN), IEEE 
802.11a, Wireless Local Area Network (WLAN) and 
802.16, World Wide Interoperability Microwave 
Access (WiMAX). In present paper, we discuss the 
VHDL based implementation of energy detection 
techniques for sensing spectrum holes for primary 
user in cognitive radio. Xilinx has been utilized as a 
simulation tool for the proposed implementation 
scheme and results show the importance of the work 
done. 
 
II. REVIEW OF SPECTRUM SENSING 
TECHNIQUES 
 
A major challenge in cognitive radio is that the 
secondary users is required to detect the presence of 
primary users in a licensed spectrum and quit the 
frequency band as soon as possible if the 
corresponding primary radio emerges to avoid 
interference to primary users. This technique is called 
spectrum sensing. Spectrum sensing and estimation is 
the first step to implement Cognitive Radio system 
[5].   

We can categorize spectrum sensing techniques 
into direct method, which is considered as frequency 
domain approach, where the estimation is carried out 
directly from signal and indirect method, which is 
known as time domain approach, where the 
estimation is performed using autocorrelation of the 
signal. Another way of categorizing the spectrum 
sensing and estimation methods is by making group 
into model based parametric method and periodogram 
based nonparametric method. Reliable spectrum 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-3, Issue-8, Aug.-2015 

A New Technique For VHDL Implementation Of Spectrum Sensing In Cognitive Radio 
 

45 

sensing has several issues that need to be taken into 
consideration. Some of the main problems include 
high hardware requirements needed to operate 
efficiently with large bandwidths and high resolution. 
Also signal propagation issues need to considered 
such as shadowing and severe multipath fading.[6] 
Depending on the cognitive network in use, there can 
be weak PUs that may not be detected properly. This 
is known as a hidden node problem. In addition, the 
primary users transmitting a spread spectrum signal 
or using frequency hopping, where the power of PU 
signal is distributed over a wide frequency, are 
difficult to detect. In this paper, as an issue of choice 
the work upon energy detection techniques have been 
done and their further hardware implementation 
based upon simulation using Xilink will be purposed. 
Prior to that it is customary to discuss well known 
spectrum sensing techniques for a quick review of the 
problem, which are as follows: 
1. Matched Filter Technique: A matched filter (MF) 

is a linear filter designed to maximize the output 
signal to noise ratio for a given input signal. 
When secondary user has a priori knowledge of 
primary user signal, matched filter detection is 
applied. Matched filter operation is equivalent to 
correlation in which the unknown signal is 
convolved with the filter whose impulse response 
is the mirror and time shifted version of a 
reference signal. The operation of matched filter 
detection is expressed as: 
              (1) 
Where ‘x’ is the unknown signal (vector) and is 
convolved with the ‘h’, the impulse response of 
matched filter that is matched to the reference 
signal for maximizing the SNR. Detection by 
using matched filter is useful only in cases where 
the information from the primary users is known 
to the cognitive users. 

2. Cyclostationary Feature Detection: It exploits the 
periodicity in the received primary signal to 
identify the presence of primary users (PU). The 
periodicity is commonly embedded in sinusoidal 
carriers, pulse trains, spreading code, hopping 
sequences or cyclic prefixes of the primary 
signals. Due to the periodicity, these 
cyclostationary signals exhibit the features of 
periodic statistics and spectral correlation, which 
is not found in stationary noise and interference 
[9].  Thus, cyclostationary feature detection is 
robust to noise uncertainties and performs better 
than energy detection in low SNR regions. 
Although it requires a priori knowledge of the 
signal characteristics, cyclostationary feature 
detection is capable of distinguishing the CR 
transmissions from various types of PU signals. 
This eliminates the synchronization requirement 
of energy detection in cooperative sensing. 
Moreover, CR users may not be required to keep 
silent during cooperative sensing and thus 
improving the overall CR throughput. This 

method has its own shortcomings owing to its 
high computational complexity and long sensing 
time. Due to these issues, this detection method 
is less common than energy detection in 
cooperative sensing [11].  The comparison of 
different transmitter detection techniques for 
spectrum sensing and the spectrum opportunities. 
As it is evident, that matched filter based 
detection is complex to implement in CRs, but 
has highest accuracy. Similarly, the energy based 
detection is least complex to implement in CR 
system and least accurate compared to other 
approaches. And other approaches are in the 
middle of these two. 

3. Cooperative Techniques: High sensitivity 
requirements on the cognitive user can be 
alleviated if multiple CR users cooperate in 
sensing the channel. Various topologies are 
currently used and are broadly classifiable into 
three regimes according to their level of 
cooperation [11], [2]-[4], [8]. Various 
cooperative techniques are: 
3.1 Decentralized Uncoordinated Techniques: 
The cognitive users in the network don’t have 
any kind of cooperation which means that each 
CR user will independently detect the channel, 
and if a CR user detects the primary user it 
would vacate the channel without informing the 
other users. Uncoordinated techniques are 
fallible in comparison with coordinated 
techniques. Therefore, CR users that experience 
bad channel realizations detect the channel 
incorrectly thereby causing interference at the 
primary receiver.     
3.2 Centralized Coordinated Techniques: In such 
networks, an infrastructure deployment is 
assumed for the CR users. One CR that detects 
the presence of a primary transmitter or receiver, 
informs a CR controller which can be a wired 
immobile device or another CR user. The CR 
controller notifies all the CR users in its range by 
means of a broadcast control message. 
Centralized schemes can be further classified 
according to their level of cooperation as: 
Partially cooperative where network nodes 
cooperate only in sensing the channel. CR users 
independently detect the channel and inform the 
CR controller which then notifies all the CR 
users; and totally cooperative Schemes where 
nodes cooperate in relaying each other’s 
information in addition to cooperatively sensing 
the channel [7].  
3.3 Decentralized Coordinated Techniques: This 
type of coordination implies building up a 
network of cognitive radios without having the 
need of a controller. Various algorithms have 
been proposed for the decentralized techniques 
among which are the gossiping algorithms or 
clustering schemes, where cognitive users gather 
to clusters, auto coordinating themselves [3]. The 
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cooperative spectrum sensing raises the need for 
a control channel, which can be implemented as 
a dedicated frequency channel or as an underlay 
UWB channel.  Topologies of cooperative 
networks reduce detection time compared to 
uncoordinated networks [9].   

4.  Interference Based Detection  
In this section, we present interference based 
detection so that the CR users would operate in 
spectrum underlay (UWB like) approach.    
4.1 Primary Receiver Detection  
In general, primary receiver emits the local 
oscillator (LO) leakage power from its RF front 
end while receiving the data from primary 
transmitter. It has been suggested as a method to 
detect primary user by mounting a low cost 
sensor node close to a primary user's receiver in 
order to detect the local oscillator (LO) leakage 
power emitted by the RF front end of the primary 
user's receiver which are within the 
communication range of CR system users. The 
local sensor then   reports the sensed information 
to the CR users so that they can identify the 
spectrum occupancy status. We note that this 
method can also be used to identify the spectrum 
opportunities to operate CR users in spectrum 
overlay.  

        Interference Temperature Management  
4.2 Unlike the primary receiver detection, the 
basic idea behind the interference temperature 
management is to set up an upper interference 
limit for given frequency band in specific 
geographic location such that the CR users are 
not allowed to cause harmful interference while 
using the specific band in specific area. 
Typically, CR user transmitters control their 
interference by regulating their transmission 
power (their out of band emissions) based on 
their locations with respect to primary users. This 
method basically concentrates on measuring 
interference at the receiver [12]. The operating 
principle of this method is like an UWB 
technology where the CR users are allowed to 
coexist and transmit simultaneously with primary 
users using low transmit power that is restricted 
by the interference temperature level so as not to 
cause harmful interference to primary users.    
Here CR users do not perform spectrum sensing 
for spectrum opportunities and can transmit right 
way with specified preset power mask. However, 
the CR users can not transmit their data with 
higher power even if the licensed system is 
completely idle since they are not allowed to 
transmit with higher than the preset power to 
limit the interference at primary users. It is noted 
that the CR users in this method are required to 
know the location and corresponding upper level 
of allowed transmit power levels. Otherwise they 
will interfere with the primary user 
transmissions.   

III. SPECTRUM SENSING BASED UPON 
ENERGY DETECTION  
 
Our main aim of sensing is to find whether the 
primary user is present or not.  Suppose the input 
received by cognitive radio user is defined as x(t) and 
n(t) is transmitted signal of primary user and w(t) is 
AWGN band noise and h, be the amplitude gain for 
the channel. 

          
Fig. 1. Block diagram of Energy Detector Sensing Technique 

 
This technique is generally used due to its low 
implementation complexities. It is used to detect 
licensed user signal using Fast Fourier Transform that 
will convert a time domain signal to frequency 
domain signal used to determine power in each 
frequency part of signal defined that will be resulting 
in power spectral density and output has to be 
compared with the threshold dependent on noise and 
signal that has been detected. Use of band pass filter 
is to select the channel and then integrate it over a 
time interval defined. Finally integrator output has to 
be compared with threshold which can be fixed or 
varying depending on channel conditions  in order to  
find whether primary user is present or not. 
 
IV. VHDL BASED IMPLEMENTATION OF 
COGNITIVE RADIO 

 
The main aim  is to find the most efficient energy 
detection sensing technique using VHDL language in 
Xilinx Software.  
 

 
Fig. 2. Block diagram of Proposed Technique 

 
The different blocks of proposed technique are 
explained below: 

(a) Multiplier: First of all the input signal is 
passed to this multiplier circuit in order to 
provide square of the input signal. 

(b) Adder: The squared input is passed to adder 
circuit where it adds the value of this square 
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signal with the previous stored value from 
the register. So, output received is in form of 
sum and carry. 

(c) Register1: It will store no of bits required by 
the user with the help of flip-flops. For 
example, in order to store n bits no of flip-
flops required will be n and states defined by 
register is 2n. 

(d)  Bitwise AND : It will provide normal AND 
gate operation where one it is from up 
counter and other input is clock pulse for 
register1 which is always high, as flip-flop 
works when clock is considered 1 normally. 

(e) Up-counter: Counter is used to count the no 
of pulses. Here also no of flips will define no 
of bits to be counted and states will 2power no 
of bits used. Up counter will count values by 
starting the count process from last state and 
move on to the first state by considering 
states one by one at a time. Here count value 
will be set and based on that bits will be 
counted to AND operated will bitwise AND. 

(f) 4:1 Muliplexer: In case of this multiplexer 
no of inputs will be 4 and select lines are 2, 
which will select the input to be chosen. 
Here inputs are sum, carry from the adder, 
input signal, and multiplier output where 
clock pulse of register1 and register2 will be 
select lines and then any four of these inputs 
can be selected at a tie depending on the 
select lines used.  

(g) Register2: It works in the same manner as 
Register1 where the only difference is that 
Multiplexer output selected will be passed 
on to the Register 2 and its clock will be fed 
to the select line input of Multiplexer.  

Hence process is complete and we get required output 
.Now, as registers are used user can make  use the 
data stored in it when required. 
 
V. WORKING OF THE PROPOSED 
TECHNIQUE 

 

 
Fig. 3. Flowchart of Proposed Technique 

VI. SIMULATION RESULTS 
 

 
Fig. 4. Simulation Result for Serial in Serial Out Shift Register 
 

 
Fig. 5. Simulation Result for Up counter 

 

 
Fig. 6. Simulation Result for N=4 

 

 
Fig. 7. Detected Energy value for N= 16 

 
CONCLUSIONS 
 
This paper will provide us basic idea about cognitive 
radio, its different categorises and  spectrum sensing 
techniques  The work  defined is towards energy 
detection technique in different fields and final  
implementation using VHDL code. The result 
available in literature have been compared to Energy 
detection sensing technique designed in general along 
with the previous results found when implemented 
using VHDL language where counter defined is using 
values generated using pseudo random generator and 
multiplexer was taking 2 inputs and proposed work is 
defined as comparing the output of counter after 
ANDing with bitwise AND operator with input 
signal. 
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