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Abstract:

Cognitive Radio is an intelligent wireless communication 
technology in order to increase the spectrum efficiency. 
Increasing efficiency of an spectrum usage is an urgent 
need as an intrinsic result of the increasing demand for 
higher data rates, better quality of services and higher ca-
pacity.  To sense existence of licensed user, Energy Spot-
ting based spectrum sensing technique is used over dif-
ferent wireless fading channels. Performance metrics like 
probability of false alarm, probability of detection and 
signal to noise ratio are evaluated by analyzing receiver 
operating characteristics. In this paper we analyze the per-
formance of energy Spotting technique to detect primary 
user (PU). Simulation results 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. 
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I. Introduction:

 Today, by unprecedented growth of wireless applica-
tions, the problem of spectrum scarce is becoming more 
and more apparent. Most of the spectrum has been allo-
cated to specific users, while other spectrum bands that 
haven’t been assigned are overcrowded because of over-
use. However, most of the allocated spectrum is idled in 
some times and locations. The Federal Communication 
Commission (FCC) research report reveals that, seventy 
percent of the allocated spectrum is underutilized.
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So we need a technique to deal with the problem of spec-
trum underutilization, which makes the birth of cognitive 
radio. Cognitive radio can sense external radio environ-
ment and learn from past experiences. It can access to 
unused spectrum band dynamically without affecting the 
primary users, in such a way to improve the spectrum ef-
ficiency. Sensing external radio environment quickly and 
accurately plays a key role in cognitive radio. Spectrum 
sensing includes the detection of primary users and second-
ary users in other cognitive networks in the same region, 
but most of papers on spectrum sensing only consider the 
detection of primary users. In this paper, we consider the 
cyclic prefix, a special feature embedded in the OFDM 
(Orthogonal Frequency Division Multiplexing) signals; is 
used to detect the presence of primary user’s signal and is 
considered to be better than energy detection and matched 
filter detection as it performs well even in the fading chan-
nels.In addition, cooperative detection is used among the 
secondary users to improve the performance of spectrum 
sensing. The existing spectrum sensing techniques can 
be broadly divided into three categories : energy detec-
tion, matched filter detection, and cyclostationary detec-
tion. Matched filter, energy detection  and cyclostationary 
detection are widely used techniques as detection tech-
niques. Among them, energy detection has been widely 
applied since 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. Therefore, it has 
been thoroughly studied both in local spectrum sensing. 
Energy detector based approach, also known as radiom-
etry or periodogram, is one of the popular methods for 
spectrum sensing as it is of non-coherent type and has 
low implementation complexity. In addition, it is more 
generic as receivers do not require any prior knowledge 
about the primary use’s signal.
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In this method, the received signal’s energy is measured 
and compared against a pre-defined threshold to deter-
mine the presence or absence of primary user’s signal. 
Moreover, energy detector is widely used in ultra wide-
band (UWB) communications to borrow an idle channel 
from licensed user. Detection probability ( ), False alarm 
probability ( ) and missed detection probability ( ) are 
the key measurement metrics that are used to analyze the 
performance of an energy detector. The performance of 
an energy detector is illustrated by the receiver operating 
characteristics (ROC) curve which is a plot of Pd versus 
Pf or Pm versus Pf.

II. System Model:

Throughout this letter, we assume that energy detection 
is applied at each CR user (fig.1). The energy detector 
consists of a square law device followed by a finite time 
integrator. The output of the integrator at any time is the 
energy of the input to the squaring device over the interval 
T. The noise prefilter serves to limit the noise bandwidth; 
the noise at the input to the squaring device has a band-
limited, flat spectral density.

Figure 1: Energy Detection
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III.Simulation Result and Analysis:       
                   

Figure 2: ROC of Spectrum Sensing of different SNR     
under AWGN

All simulation was done on MATLAB version R2011a 
under AWGN channel. We use receiver characteristics 
(ROC) analysis for the signal detection theory to study the 
performance of the energy detector. ROC has been widely 
used in the signal detection theory due to the fact that it 
is an ideal technique to quantify the tradeoff between the 
probability of detection (Pd) and the probability of false 
alarm (Pfa).Fig shows that ROC of spectrum sensing for 
different SNR under AWGN channel. The simulation was 
carried out for the analysis of detection probability under 
different number of SNR. Where Pfa=0.01 and time band-
width factor u=100 were taken for this simulation. SNR 
was taken -20dB to 10dB and fig. shows that performance 
of detection varies based on SNR.The detection probabil-
ity taken 0.2 to 10db, it significantly increases till -10db 
and then remains constant till 10db.

Table.1:  Signal to noise ratio and detection 
probability     

Table 1 show the measurement of based on SNR and de-
tection probability.
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Table.2: Detection probability based SNR   
           
The false alarm probability also effects on detection prob-
ability. If false alarm increases, the detection probability 
increases. We also get the suitable SNR for the energy 
detector. So we almost get the final result of the spectrum 
sensing for cognitive radio based on Energy Detection as 
we expected.               

IV. Conclusion:
     
 In this paper, we have discussed spectrum sensing based 
on energy detection in CR networks. ROC curves are 
used to plots of the probability of detection vs. the prob-
ability of false alarm. The probability of detection varies 
based on SNR, false alarm probability and various time 
bandwidth factors. SNR influences on the detection prob-
ability. When SNR increases, the detection probability 
increases and we also get SNR=10dB is better where de-
tection probability. Again the detection probability varies 
depend on time bandwidth factor.

If time bandwidth factor increases, the detection probabil-
ity decreases. The false alarm probability also effects on 
detection probability. If false alarm increases, the detec-
tion probability increases. We also get the suitable SNR 
for the energy detector. So we almost get the final result of 
the spectrum sensing for cognitive radio based on Energy 
Detection as we expected.
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