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Abstract - Cognitive radio is a new paradigm in wireless communication to improve the spectrum utilization. Spectrum 
sensing is a very important function of cognitive radio to find the vacant spectrum hole. First, we have studied a heuristic 
approach for spectrum sensing. This is a technique which adapts the sensing procedure by varying the sensing window size 
and adapts according to the SNR received by the detector and the activity of PU. Now, in this paper, instead of conventional 
energy detector, we have used an improved energy detector. Numerical results have demonstrated that the use of improved 
energy detector in the adaptive sensing procedure has improved the probability of detection significantly. 
 
Index terms - Cognitive Radio, Spectrum Sensing, Window Size, Spectrum Hole Utilization. 
 
INTRODUCTION 
     
For radio communication, the electromagnetic 
spectrum is a readily available natural resource, 
which is used for transmission and reception of 
information. In recent years, the demand for the 
spectrum increases as there is an increase in various 
applications and user count, but the spectrum is a 
limited resource. Cognitive Radio (CR) is a new 
invention with intelligence and dynamic in nature that 
can be used to improve the utilization of the spectrum 
[7].      
 
In this technology, the unlicensed users or Secondary 
Users (SU) are allowed to access the band of the 
licensed users or Primary Users (PU). The users who 
are legally allowed by the government to use a 
particular band of spectrum are called PU. The PU 
spectrum is not fully utilized by the PU users. To 
improve the utilization of those licensed PU 
spectrum, SU’s are allowed to utilize it whenever the 
PU is absent, with the help of CR. Sensing the 
spectrum for the availability and unavailability of PU 
is the main task in CR [2]. Spectrum sensing is the 
ability of the CR to detect the presence and absence 
of spectrum usage by the PU at a given particular 
time. By using spectrum sensing we will be able to 
identify the availability of spectrum holes (absence of 
PU). 
 
There are different types of spectrum sensing 
techniques which are employed to sense the spectrum 
that depends upon certain conditions [1]. Energy 
Detection(ED), Matched Filter detection, Cyclo-
Stationary detection, Eigen value based detection, 
Covariance based detection, Auto  correlation based 
detection are some of the commonly used spectrum 
sensing techniques. Of these ED is the most 
commonly used technique because it does not need  
 
 

 
any information about PU signal [3]. Therefore, the 
design is much less complicated when compared to 
other techniques. The main disadvantage with this 
method is that it doesn’t perform well in low SNR 
region. 
 
In this paper, a heuristic procedure [8] to adapt the 
sensing technique by varying the window size is used 
to enhance the probability of detection (Pd) of PU and 
spectrum utilization in CR [4]. To measure the 
utilization of the spectrum, a measure called 
Spectrum hole utilization is formally defined from [4] 
and it is used to measure both the utilization and 
probability of detection (Pd). 
 
An improved energy detector [10] is used [5] in the 
adaptive sensing procedure instead of conventional 
energy detector. In this improved energy detector, 
instead of squaring the signal samples an arbitrary 
power P is assumed and is optimized according to the 
total error obtained. The results after using improved 
energy detector show subsequent improvement in Pd. 
The rest of the paper is presented as follows: the 
system model is defined and explained in section-II. 
Enhanced Pd with adaptive sensing is explained in 
section-III followed by improved energy detector in 
section-IV. In section-V, the obtained numerical 
results have been explained. 
 
II. SYSTEM MODEL 
 
Now in this paper, we have considered a dynamic 
scenario where the occurrence of PU and spectrum 
hole is unknown.     The duration of the spectrum 
hole is nothing but the time difference between two 
consecutive PU transmission. In this paper, the 
duration of the spectrum hole is assumed to be 
distributed exponentially with mean µ and the 
duration of the PU transmission is distributed 
exponentially with mean τ. 
 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 
Volume-6, Issue-3, Mar.-2018, http://iraj.in 

Use of Adaptive Sensing and Improved Energy Detector for Enhancing the Sensing Performance 
 

46 

Now, we consider the received signal under two 
hypothesis H0 and H1. Where H0 refers to the absence 
of the PU and H1 refers to the presence of the PU. 
The received signal then can be given as  

( ) ( ),y n w n                  for oH            (1)  

( ) ( ) ( ),y n s n w n        for 1H                      (2) 
    
Where, S(n): Sampled Signal transmitted by PU 
            W(n): Noise 
            Y(n):  Received Signal 
 
 Here it is assumed the PU signals are considered as 
Gaussian random variable, which has a variance of 

2

S and the noise has a variance of  2
W . Therefore, 

signal to noise ratio (SNR) corresponding to the PU is 
given by 
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Here a test statistic has been used to determine 
between the two hypothesis H0 and H1 which can be 
given as 
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Where W: size of the sensing window 
             λ: Decision threshold 
 
Therefore, the probability of detection Pd and the 
probability of false alarm Pf can be given as [10] 
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III. ENHANCED PROBABILITY OF 
DETECTION WITH ADAPTIVE SENSING 
 
The size of the sensing window W plays an important 
role in determining both the probability of detection 
and utilization of the spectrum. If the window size W 
is too short, then there is only short time for detection 
of PU signal and hence Pd can be low. If W is too 
high, then the reverse happens, where the detection 
will be of high quality but there is no time to utilize 
the spectrum. 

  
So, to enhance the sensing process an adaptive 
window size algorithm is used from [4]. Generally, a 
total window size consists of two parts, detecting for 
user and then utilizing the spectrum if there is no 
active PU. To measure the utilization of the spectrum, 
a measure called Spectrum Hole utilization measure 
has been used. 
 
A. Spectrum Hole Utilization 
It is a measure of fraction of usable duration of 
spectrum holes correctly detected within the given 
observation time T0.  
 
The formal definition of the spectrum hole utilization 
is given by 
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Where Ei represents the actual usable duration of the 
spectrum hole and Di represents the actual duration of 
a particular ith spectrum hole. 
 
Now, from [4] the analytical expression of the 
spectrum hole utilization can be given as 
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B. Spectrum Sensing with Adaptive Window size 
As mentioned in the previous section Pd and Uh 
greatly depend upon the sensing window size W. In 
the scenario of fixed window size W during ED, the 
process of optimizing W to enhance Pd does not 
enhance Uh also and vice versa [9]. So, here we are 
using an adaptive method where the window size is 
varied within bounds according to a heuristic 
procedure. 
 
Wmin denotes the lower limit of the window size 
which is the minimum allowable limit. As long as the 
window size is above it, it satisfies the minimum 
required probability of detection. 
 
Wmax denotes the upper limit which is the maximum 
acceptable window size. It limits the underuse of 
spectrum by not making the sensing time too long. 
Wsen refers to the actual size of the sensing window. 
Let min max[ , ]loW W W  be the size of the sensing 
window which maximizes the spectrum hole 
utilization. It is given by 

min max

arg max ( )lo h
W W W

W U W
 

                     (10) 
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Let  min max,upW W W  be the size of the sensing 
window that maximizes the probability of detection 
of PU. It is given by 

min max

arg max ( )up d
W W W

W P W
 

   (11) 

 

 
Figure.1  Flowchart of the heuristic algorithm for adaptive 

window size 
 

From [4] the final expressions for Wlo and Wup can be 
given as 
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Initially Wsen = Wup to ensure maximum accuracy for 
detection. 
 

When a PU is active and if  Wsen > Wlo during that 
interval, the window length is decreased by Wlo so 
that the possibility of missing an upcoming spectrum 
hole will be reduced. However, Wsen will never be 
less than Wlo. 
 
When PU is absent, Wsen = Wup to ensure the highest 
possible detection performance for an incoming PU 
signal. 
 
Here we are using a heuristic approach for sensing 
the spectrum with adaptive window size. A variable 
called ‘counter’ is used to calculate the total count of 
back to back windows with active PU signals. And 
also, another variable called α is considered as a 
threshold to detect whenever the sensing window 
should be reduced. Here, whenever the variable 
counter is greater than the threshold α, the sensing 
window is reduced according to the algorithm, which 
is explained in the Fig.1. 
 
IV. IMPROVED ENERGY DETECTION 
 
The difference between the ordinary energy detector 
and the improved energy detector is that the squaring 
operation of samples have been replaced by an 
arbitrary power p such that p > 0. From [5] it can be 
observed that when compared with conventional 
energy detector, the improved energy detector 
performs well after optimizing p. 
 
The test statistic for the improved energy detector can 
be given as 
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  and p is an positive arbitrary 

constant. Improved energy detector is same as 
conventional energy detector when p =2. 
 
As assumed in section-II, here we considered a 
dynamic scenario where the samples obtained from 
the received signal does not depend upon time. The 
random variables of { ( ) }pX n are distributed 
identically and independently. Therefore, under the 
hypothesis H0, the mean and variance of the random 
variable is given as 
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Now, the mean and variance under the hypothesis H1 
can be given as 
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 From the above equations (17) and (18), we can 
express the probability of detection Pd and the 
probability of false alarm Pf as 
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V. SIMULATION AND RESULTS 
 

Here, the results obtained after simulation are 
presented. In the sensing window size the minimum 
and maximum limits are assumed to be Wmin = 100  
and Wmax = 1000. The threshold for detecting the 
sensing window size to be reduced is taken with three 
values for α = 1, 5 and 10.  
 
In the improved energy detector from [5]. In the first 
simulation result the average time durations of the PU 
user and spectrum holes are considered as τ = 140 
and µ = 30 and it is explained in fig.3. In the second 
simulation, the values are assumed as τ = 800 and µ = 
240. In using the improved energy detector, the 
optimum value of P is found as P = 2.8 and is 
assumed the same in both the cases. The fig.2 shows 
the comparison of simulation results of adaptive 
sensing using conventional energy detector and the 
improved energy detector when the average time 
durations are assumed as τ = 140 and µ = 30.  
 
It can be observed that using the improved energy 
detector the spectrum sensing performance is 
improved when compared to conventional energy 
detector. 
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Fig 2 Probability of detection against SNR when τ = 140 and µ = 30 
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Fig 3 Probability of detection against SNR when τ = 800 and µ = 240. 

 
The fig.3 shows the same comparison but here the 
major change is the average durations of the PU 
active users and the spectrum holes are considered 
long when compared to previous simulation with τ = 
800 and µ = 240. This result also shows significant 
improvement in low SNR regions of the probability 
of detection after using the improved energy detector. 
 
CONCLUSION 
     
In this paper, we studied and used a heuristic 
algorithm to adapt the sensing procedure according to 
the received SNR and the activity of PU by varying 
the window size instead of fixed window size. To 
execute it, spectrum hole utilization measure is 
studied and used in the algorithm to find the spectrum 
utilization and probability of detection. An improved 
energy detector is used instead of the conventional 
energy detector in the adaptive sensing procedure. 
The numerical results obtained from the simulation 
shows that by using the improved energy detector, the 
probability of detection improved significantly in the 
low SNR regions. 
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