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Abstract - The available electromagnetic radio spectrum is in scarcity and is getting used day to day. On the 
other hand it has been also found that the used spectrum is not utilized because of its static allocation which is 
the traditional approach of spectrum management and is not flexible to operate in a specific frequency slot. And 
most of the useful radio spectrum already used, it is difficult to find free bands to either deploy new services or 
to improve  existing ones Cognitive radio is viewed as a new approach for improving the utilization of a natural 
resource: the radio electromagnetic spectrum. The paper compares various advantages and disadvantages of 
Energy detection method and Cyclostationary detection method in cognitive radio. This comparison will help in 
selecting an opportunistic method for spectrum sensing in cognitive radio. 
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I. INTRODUCTION 
 
The electromagnetic spectrum is a natural resource. 
Radio transmission involves the use of part of the 
electromagnetic spectrum. Use of frequency spectrum 
is regulated by government policies such as Federal 
Communications Commission (FCC) in the United 
States. [15] 
The cognitive radio, built on a software-defined radio, 
is defined as smart wireless communication system 
that is aware of its environment and uses the methods 
of understanding by building to learn from the 
environment and adapt to statistical variations in the 
input.[12]Cognitive radio providessolution to the 
spectrum scarcity problem. Spectrum sensing for 
cognitive radio is an extremely wide topic for 
research. [4] The biggest challenge related to 
spectrum sensing is in developing sensing techniques 
which are used to detect weak licensed user signals 
while being fast and low in cost for implementation. 
The various spectrum sensing techniques are: 
classical spectrum sensing, cooperative spectrum 
sensing, multiple antenna sensing.  
This structure of cognitive radio includes overview of 
all existing spectrum sensing techniques and 
comparison is calculated on the basis of their capacity 
of detecting the presence of primary users. Among 
these entire spectrum sensing techniques MIMO 
spectrum sensing is efficient as it provides higher 
capacity, low value of probability of false alarm and 
high value of probability of detection [7] 
Wireless Technology is increasing rapidly from last 
two decades. Cognitive Radio is a part of this 
technology gives access to unlicensed users to share 
the spectrum in opportunistic manner. Recent  

 
literature indicates that only partial portion of the 
overall frequency spectrum is in used. This problem 
of spectrum shortage can be solved by Cognitive 
Radio. Federal Communications Commission (FCC) 
approved this opportunistic access to meet the 
spectrum requirements of their users. [8] Basic 
working of cognitive radio includes spectrum sensing, 
spectrum mobility, spectrum decision & spectrum 
sharing. Basic functionality of cognitive radio be can 
be seen in fig 1 
 

 
Fig 1. Difference between Cognitive Radio and Software 

Defined Radio 
 

Spectrum Prediction is used primarily in cognitive 
radio technology. Problems identified in different 
spectrum sensing techniques like low channel 
capacity, low signal to noise ratio, inefficient 
utilization of spectrum, maximum energy 
consumption can be overcome by using artificial 
neural network  for spectrum prediction in cognitive 
radio. Artificial Neural Network model does not 
require a priori knowledge of signal therefore it offers 
different choices for modelling channel status 
predictor. Thus secondary users can access the 
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licensed spectrum without interference to the primary 
user.  Secondary user may want to conserve sensing 
energy by avoiding busy portions of the spectrum 
during sensing. Channel sensing plays important role 
as secondary users may predict the status of channel 
based on the sensing history & sense only if channel 
is predicted to be idle so ultimately it saves sensing 
energy &also uses spectrum efficiently. 
 
II. SPECTRUM SENSING TECHNIQUES 
 
Spectrum sensing is one of the most important tasks 
performed by cognitive radio and the performance of 
the other functions of cognitive radio are based on the 
spectrum sensing. Spectrum sensing could be an 
important enabling technology for future 
opportunistic spectrum sharing scenarios [17]. This 
paper presents an overview to the two, energy 
detection and cyclostationary detection spectrum 
sensing techniques on the basis of research, 
limitations and challenges related to its different 
aspects. There are two types of spectrum sensing 
techniques as shown in Fig 2. 
 

1) Transmitter side Detection: In transmitter 
detection we have to search the primary users 
that are transmitting at any given time. There 
are two issues in this technique; receiver 
uncertainty and shadowing problem.  In this, 
users have information about primary 
transmitter and it has no information about 
primary receiver and they face the hidden node 
problem that limits its ability.[7] 

2) Receiver side Detection: In receiver detection, 
we have to design techniques which we have 
some information about primary receiver. The 
detection of weak signals from primary 
transmitter shows that the problem becomes 
difficult when there is uncertainty in the 
receiver noise exceed above threshold.[8] 

3) The ultimate objective for adding sensor nodes 
at the receiver side of the cognitive radio is to 
obtain the available spectrum through cognitive 
capacity and reconfigurability as mentioned 
above. Since there is already a shortage of 
frequency spectrum, the important challenge is 
to share the licensed spectrum without 
interfering with the transmission of other 
licensedusers 

The literature on spectrum sensing focuses on 
primary transmitter detection based on the 
measurements of secondary users, since detecting 
the primary users that are collecting data is in 
general very difficult.There are three different 
techniques for sensing spectrum namely Energy 
detection, Cyclostationary detection & matched 
filter. [9] The matched filter technique requires 
apriori knowledge of signal whereas other two 
techniques don’t require the priori information of 
signal. Hence these two techniques are taken for 

comparison. 
 

 
Fig 2. Classification of spectrum sensing techniques 

 
2.1. Energy Detection Spectrum Sensing: 
Energy detection is a non-coherent detection 
spectrum sensing technique in which no prior 
knowledge of datais required.  Goal  of  this  paper  is  
to  provide  a  comprehensive  study   with 
experimental data  that indicates  the following issues  
in spectrum  sensing based  on energy detection 
technique [15] 

a. Required  sensing  time  needed  to  achieve  
the  desired  probability  of  detection  and  
false alarm. [7] 

b. Limitations  or  energy  detector  
performance  due  to  presence  of  noise  
variance  and  background interference. 

c. Performance improvements offered by 
network cooperation. 

Depending on the application, the signal to be 
detected can be either unknown or known. In most of 
the applications, the signal information is not 
available for the detector. The detection is based on 
function of the received samples which is compared 
to a predetermined threshold value [3]. As shown in 
the fig 4, if the threshold is exceeded shows that the 
signal is present otherwise it is absent. Energy 
detectors are also called as radiometers are often used 
due to their simplicity and reliable performance. The 
energy detection method performs the signal 
measurements and determines the vacant channel  by 
comparing the power estimated to the predefined 
stored threshold levels.  The signal power is confined 
inside a priori known bandwidth around central 
frequency of signal. It is assumed that activity outside 
of this frequency band is unknown. [3] Two 
deterministic type of signal are considered: sine wave 
(pilot tone) and modulated signal with unknown data. 
In this case a suboptimal energy detector is used 
which can be applied to any signal type. 
As shown in fig. 3, same hypothesis applied on 
transmitter side techniques. It shows clearly as 
average of energy ofsignal exceeds threshold 
indicates that signal is present otherwise not. [5] 
 

Pre- Filter ADC (   )^2 Average N
Samples

y(t)

 Fig. 3 Energy detection block diagram 
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Ho : y(n) = w (n)     ; signal is absent 
                H1: y(n) = w(n)+s(n); signal is present 
  

 
Fig. 4 Energy detector output for 30dB SNR for BPSK when 

primary user is present at 200Hz 
 

Fig. 5Energy detector output for -30dB SNR for BPSK when 
primary user is present at 200Hz 

 

 
Fig. 6 Energy detector output for 30dB SNR for QPSK when 

primary user is present at 200Hz 
 
Flow chart for the energy Detector implementation is 
shown in Fig. 4 shows the output of energy detector 
when there is a primary user present at 200 Hz using 
BPSK with very good SNR. It’s very clear in the 
figure that there is peak at 200 Hz. So energy 
detector compared this peak with threshold value, in 
this case its greater then threshold. Hence, energy 
detector shows that primary user is present at 200 Hz. 
Flow chart for the energy detector implementation 

isshown in Figure 5 shows the output of energy 
detector when there is a primary user present at 200 
Hz using BPSK with low SNR. It’s very clear in the 
figure that only noise signal is shows across the 
graph. Hence, energy detector shows that primary 
user is not identified. 
Fig. 6 shows the energy detector implementation 
when there is primary user present at 200 Hz using 
QPSK with very good SNR. Itis very clear that in the 
figure that there is peak at 200Hz. So, energy 
detector compared value of each point with threshold 
value, in this case its greater than threshold at many 
points as shown in the figure. Hence, energy detector 
said primary users are present at all along the 
spectrum. 
Depending on the application, the signal to be 
detected can be either unknown or known. In most of 
the applications, the signal information is not 
available for the detector. The detection is  based  on  
some  function  of  the  received  samples  which  is  
compared  to  a  predetermined threshold value [11]. 
If the threshold is exceeded, it indicates that signal is 
present otherwise it is absent. Energy detectorsare 
often used due to their simplicity and reliable  
performance. The energy detection  spectrum sensing 
method performs the signal measurements as shown 
and determines  the vacant  channels  by  comparing  
the  power  estimated  to  the threshold levels.Two 
type of signal are considered: sine wave and 
modulated signal with unknown data.  
There are differentclassical spectrum sensing 
techniques in literature. A hypothesis test is a method 
of making statistical decisions based on experimental 
data.  Many techniques were invented in order to 
detect the gaps in the spectrum band. Generally used 
techniques are matched filtering, energy detection, 
cyclostationary,  and  wavelet  and covariance 
techniques. These techniques describe concept of 
spectrum sensing which is further used in various 
emerging spectrum sensing techniques. In order to 
avoid theinterference to the primary system, the 
cognitive radio needs to infer about the availability of 
the spectrum. 
 
2.2. Cyclostationary Spectrum Sensing: 
Cyclostationary feature detection is a method of 
detection   primary  user transmissions by exploiting 
the cyclostationary features  of the received signals. 
[15] A signal is defined as   cyclostationary signal,  if  
its  autocorrelation  is  a  periodic  function  of  time  
t  with  some period. Earlier research efforts exploit 
the Cyclostationary feature of signal as method for 
classification, which has been found to be better than 
energy detection and match filtering. Detected 
features are number of signal, their modulation type, 
symbol rate and presence of interferer. If the 
correlation factor is greater than the threshold value 
then it means that there is a primary user in radio 
environment. Although it performs better than energy 
detector because it can differentiate between signal 
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power and noise power, it is very complex that 
requires long time for processing, which generally 
degrades the performance of Cognitive Radio. 

 
 
Cyclostationary feature detection is a method for 
detecting primary user transmissions by exploiting 
the cyclostationary features of the received signals. A 
signal is said to be cyclostationary, if its 
autocorrelation is a periodic function of time t with 
some period. A zero-mean continuous signal is called 
cyclostationary if its time varying autocorrelation 
function defined as ; 

 
 

is periodic in time t for each lag parameter and it can 
be represented as a Fourier series 

 
 
Where the sum is taken over integer multiples of 
fundamental cyclic frequency for which cyclic 
autocorrelation function (CAF) is defined as:- 

 
 
The Fourier transform of is called the cyclic spectrum 
(CS) which is defined as: 

 
 
The detection of the presence and absence of signal is 
performed based on scanning the cyclic frequencies 
of its cyclic spectrum or its cyclic autocorrelation 
function. The decision is made very simple i.e. at a 
given cyclic frequency if the cyclic spectrum or its 
cyclic autocorrelation function is below the threshold 
level, the signal is absent otherwise signal is present  
 

 
Fig. 7Cyclostationary detector output for-30dB SNR for BPSK 

when primary user is present at 200Hz 

 
Fig. 8 Cyclostationary detector output for -30SNR for 

QPSKwhen primary user is present at 200Hz 
 
Fig. 7 shows the output of cyclostationary feature 
detection when there is a primary user at200 Hz using 
BPSK is present with very poor SNR. It’s very clear 
in the figure that it’s very difficult to detect second 
peak at 400. So we have to compare second peak with 
threshold value. Hence, cyclostationary feature 
detection compared value of each peak with 
threshold,inthis case no peak is greater than threshold. 
Hence, cyclostationary feature detection said that 
primary user is not present. 
Fig. 8 shows the output of cyclostationary feature 
detection when there is a primary user at 200 Hz 
using QPSK is present with very good SNR. It’s very 
clear in the figure that it’s very difficult to detect 
second peak at 400. So we have to compare second 
peak with threshold value. Hence, cyclostationary 
feature detection compared value of each peak with 
threshold; in this case no peak is greater than 
threshold. Hence, cyclostationary feature detection 
said that primary user is not present. 
 
III. COMPARISON BETWEEN BOTH WITH 
RESPECTIVE METRICS 
 
Now consider some metrics on the basis of which we 
can compare transmitter detection techniques. There 
are three metrics on the basis of which we can 
compare these techniques. 
1. Sensing Time 
2. Detection Sensitivity 
3. Ease for Implementation 
 
3.1. Sensing Time 
 Cognitive radio continuously senses the radio 
environment during communication for spectrum 
holes and CR can’t transmit and sense the 
environment atthe same time. Therefore we want 
sensing time as small as possible. spectrum sensing. 
It requires less sensing time toachieve high 
processing gain due to coherency [1]. Comparing 
Energy Detector and Cyclostationary, Energy 
Detector requires a longer sensing time to achieve 
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good results as shown in Table 5.1. 
Cyclostationary Feature Detection is also a non 
coherent technique which makes it superior to 
Matched Filtering. Cyclostationary Feature 
Detection technique is computationally complex 
and it takes long observation time for sensing. 

 
Table 5.1 Sensing time for Energy detection & 

Cyclostationary 

 
Hence from the experimental results in Table 5.1 
shows that Energy detection requires less time 
among these both techniques. 
 
3.2. Detection Sensitivity 
As matched filter required prior knowledge about 
primary user’s waveform but in comparison with 
energy detector it is still better under noisy 
environment. The major drawback of the energy 
detector is that it is unable to differentiate between 
sources of received energy that means  it cannot 
distinguish between noise and licensed  user. So this 
makes it susceptible technique when there are 
uncertainties in background noise power, especially 
at low SNR. [7]Cyclostationary Feature Detector is 
good technique under noisy environment as it is able 
to distinguish between noise energy and signal 
energy. Figure 5 and 7shows comparison of 
transmitter detection techniques when there is 
primary user is present under different SNRs.  
 
3.3. Ease for Implementation 
The advantage of energy detector is its low cost and 
simple implementation, which makes it a good 
candidate for spectrum sensing in cognitive radio 
networks. Matched Filter is difficult to implement 
because it requires generating carrier at receiver, 
which increases the cost of cognitive radio. 
Cyclostationary Feature Detection is also very 
complex technique which takes high cost and high 
computational complexity   

 
Table 5.2 Summary of comparison of Transmitter 

Detection Techniques 

 

IV. SUMMARY 
 
This research was aims towards the detection and 
classification of primary user’s As the demand of 
radio spectrum increases in last few years and 
licensed bands are used inefficiently, improvement in 
the existing spectrum utilization policy is expected. 
Dynamic spectrum access is  to resolve the spectrum 
shortage by allowing unlicensed users to dynamically 
use the  spectrum holes across the licensed spectrum 
on no interferingbasis. First all the transmitter 
detection techniques are compared on the basis of 
three parameters: Sensing time, Detection sensitivity 
and Ease of implementation. By comparing these 
techniques it is indicates  that cyclostationary feature 
detection gives best results but take long computation 
time compared to energy detection technique. 
 
CONCLUSION 
 
It was observedthat for every detection technique has 
an SNR threshold value below which it fails to 
operate robustly. So by using cyclostationary 
detection will help when noise present in the signal 
whereas the energy detection will fail as the noise in 
the signal exceeds the threshold. Thus performance of 
cyclostationary detection technique was better than 
energy detection technique when noise in the signal 
exceeds the threshold. 
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