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Abstract: There is a tremendous development in technology for last two decades, however most of the researchers are failed to achieve 100%
spectrum efficiency. It is very unfortunate to reveal that most of the spectrum is not yet used. Therefore, it is essential to study spectrum sensing
techniques which is a major paradigm in cognitive radio networks. Cognitive radio analyses the sensing by identifying an unused spectrum and then this
information is reported to the operator for further action to enable efficient utilization of spectrum. This paper presents Receiver Operating Characteristics
(ROC) of Cooperative sensing for number of cognitive users. Furthermore, the optimization of Energy detection spectrum sensing in Cognitive radio
network is also analyzed.
Index Terms: Spectrum sensing, Cooperative sensing, Cognitive radio, ROC.
——————————  ——————————

1. INTRODUCTION
We are seeing a lot of improvement in wireless technology for
last 30 years and the evolution of wireless technology is being
named as 2G, 3G and 4G [1]. In fact, 5G technology is also
under testing stage, therefore we can see 5G mobiles in soon,
mostly by the end of 2020 [2]. Though there is a lot of
development in technology, we are not seeing any much
difference in spectrum efficiency and energy efficiency, which
are major research areas [3]. In earlier days, hardware radios
were used to configure the radio waves, but in the year 1999
[4], Mr. Mittola has introduced a new term “software radio” by
overcoming the difficulties faced by hardware radios such as
reconfiguration, complexity and etc. Sometimes, software
radio can be termed as cognitive radio (CR), in which an
intelligent transceiver detects unused frequencies without
disturbing occupied frequencies and allots unused frequencies
to other users [5]. However, different definitions can be found
in the literature based on the context [6].
spectrum hole. Miss detections from the SU will cause
interference to the PU [7]. So, spectrum sensing is a key
operation in Cognitive radio. Several spectrum sensing
techniques are proposed in the literature based on the number
of observations, problem framework, and the prior information

about the primary user [8] and this classification is shown in
Figure 2. This paper mainly focuses on Energy detection and
the Receiver Operating Characteristics (ROC) of Cooperative
sensing with AND rule over AWGN channel for number of
cognitive users. Furthermore, the optimization of Energy
detection spectrum sensing in Cognitive radio network for
number of CR users is also presented.

Fig. 1: Illustration of DSA.

Fig. 2: Categorization of SS Techniques [8].
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the basic working principle of cognitive radio, where all the users are
separated in to two categories such as primary user (PU) and
secondary user (SU). As name indicates, the higher priority will be
given to the primary user and then to secondary user. The SU has to
sense the spectrum and communicate only if it identifies a

2. ENERGY DETECTION SENSING TECHNIQUE
Energy detection method is proposed to overcome the
disadvantages of matched filter method by performing noncoherent detection. As shown in Figure 3 the incoming digital
samples of FFT are averaged and the samples which are
having higher amplitude than defined threshold, considered as
primary users [9] - [13]. In this way, primary and secondary
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users are separated to allot unused frequencies to the
secondary users. Size of FFT determines the processing gain
and shorter average time increases the noise power. Hence,
longer average time is used to avoid the effect of noise power
such that increases SNR which is one of the advantages of
energy detection method. The implementation cost of this
method is very less which is a major advantage. There are
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some limitations of energy detectors that, firstly, determining
the threshold value in fading channels is crucial and energy
detector cannot discriminate between original modulated
signal and interference. However, the energy detection
method is useful when the primary signal is not known but
independent and identically distributed (i.i.d.) and the noiseonly samples are i.i.d., with known distributions [14].

Fig. 3: Implementation of Energy detection spectrum sensing [9].

3. RESULTS AND DISCUSSION
3.1 Energy detection over Rayleigh flat-fading sensing
channel
The performance of Energy detection can be measured by
finding the correct spectrum vacancies, that means the
absence of primary user called as probability of detection
Pd, and some times if the detector finds the wrong place
(presence of PU) that can be called as probability of false
alarm Pfa. Mathematically, Pfa and Pd can be expressed as
[15]:
(1)

(2)
3.2 Cooperative Spectrum Sensing
Assuming N number of users sensing the PU and every
secondary user (Cognitive Radio user) tries to make its own
decision regarding the presence of primary user [20]. The
fusion center implements an n out-of-M rule with a hard
decision counting rule in which at least k out of the N CR
user decisions represent H1. The probability of detection for
uncorrelated decisions at the fusion center is given by [16]

(3)
(4)
(5)
(6)
Complementary ROC curve for various number of CR users,
such as 5, 10, 20 and 30 are presented in Figure 4 (a), (b), (c)
and (d), respectively. It is noted from the figure that as number
of cognitive radio users increased, the number of false
detection also increased, due to the lack of cooperation
among many users.
3.3 Optimization of spectrum sensing
In this section, the optimization of cooperative spectrum
sensing with Energy detection is considered to improve the
sensing performance by reducing the total error rate. Figure 5
shows total error rate for 10 users in terms of detection
threshold. An optimal fusion rule is observed at n = 5 in over
all the examined range of detection threshold. It is concluded
that the optimal rules for fixed very small and large thresholds
are AND rule (n = 10) and OR rule (n = 1), respectively. The
exact solution of the optimal n is discussed in [17]. It can also
be observed from Figure 7 that the total error rate is increased
with the number of cognitive users.

AND-Rule:- In this rule, it is assumed that all the decisions are
forwarded as one and can be calculated by putting k = N in Eq.
(3). The cooperative probability of detection Pd,AND, false alarm
Pf,AND and misdetection Ppm,AND using AND rule are given by
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Fig. 4: ROC for number of CR users are (a) 5 (b) 10 (c) 20 (d) 30.

Fig. 5: Total error probability versus detection threshold for CR users (a) 10 (b) 20 and (c) 50.

4

CONCLUSION

This paper presented ROC curve of Cooperative sensing for
number of cognitive users. Furthermore, the optimization of
Energy detection spectrum sensing and frequency offset
estimation of Cyclostationary detection in Cognitive radio
network for number of CR users is also presented. It is
observed from Receiver Operating Characteristics (ROC) plot
that the probability of detection (Pd) is increased with the
number of sensing samples. It is also observed that the
probability of missed detection (Pm,d)and the total error rate is
gradually increased with the number of cognitive radio (CR)
users, due to the lack of cooperation among many users.
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