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Abstract. Cognitive radio is an effective way to improve the utilization of spectrum
resource. This paper focused on the spectrum sensing in cognitive radio cloud networks
and proposed a cooperative spectrum sensing algorithm based on phase compensation to
improve the spectrum sensing performance. In the algorithm, the received signals in
the sensing nodes are sent to the cloud, compensated in phase and combined into one
signal. Then, the combined signal is used to test the hypothesis, whether the primary
user is present. It uses all available information of all sensing nodes and improves
the performance of spectrum detection effectively. The simulation results show that the
proposed algorithm has 2-4 dB advantage in signal-to-noise ratio over other algorithms.
Keywords: Cognitive radio, Spectrum sensing, Phase compensation, Cloud computing

1. Introduction. With the development of wireless data service, the non-replicating
spectrum resources become more and more scarce. And, the contradiction between the
growing demand for spectrum resources and the available spectrum resources becomes
more and more serious [1].

Cognitive radio (CR) can effectively alleviate the problems and catches a lot of attention
in the world [2,3]. The main idea of CR is to access spectrum opportunistically and
dynamically [4]. In CR networks, SUs should periodically detect the spectrum in order
to avoid the interference to PUs when the SU is accessing the spectrum. If the detected
spectrum is idle, the SU will continue to access the spectrum. If the detected spectrum
is busy, the SU will immediately exit the spectrum to avoid interference to the PU [5,6].

Spectrum sensing has been studied in many ways. A BP based cooperative compressed
spectrum sensing algorithm was proposed [7]. It can effectively achieve cooperation in
heterogeneous environments and improve performance of compressed spectrum sensing
under a low sampling rate and low signal-to-noise ratio (SNR). Chen et al. proposed
a cooperative spectrum sensing algorithm to improve the performance of asynchronous
cooperative sensing [8]. Shen et al. proposed a signal set cardinality and contiguity
based wideband spectrum sensing scheme [9]. The proposed scheme can work without
the prior knowledge of the noise power and the primary user signal, and is robust against
the noise uncertainty. A spectrum sensing frame based on the level of interference is
proposed to maximize the throughput under the condition of limited interference [10].
The weighted algorithms, such as the reliability-based cooperative spectrum sensing (CSS)
algorithm [11], weighted cooperative spectrum sensing algorithm (WCSA) [12], detection
probability-based weighted (DPW) [13], and average weighted (AW) algorithm [14], are
often used to improve the spectrum sensing performance.
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The cloud computing brings some new ideas to sense spectrum cooperatively [15,16].
Kumar and Lu introduced the cloud computing into cognitive radio networks [17]. It
has been proved that the scheme can reduce the computational complexity and energy
consumption. It not only improves the real-time performance of the network, but also
improves the life of mobile device in the network. Chang et al. proposed novel channel
estimation and noise-plus-interference estimation methodologies [18]. It significantly im-
proves the system capacity and bit error rate. Similarly, Chen et al. studied the cloud
based cognitive radio spectrum access strategy and proposed the optimal spectrum access
operation strategy to maximize the transmission efficiency of the secondary network [19].

In this paper, we use the cloud computing to sense the spectrum and propose a cloud
computing cooperative spectrum sensing (CCCSS) algorithm, which is based on phase
compensation. In this algorithm, all received signals in the sensing nodes are sent to the
cloud. In the cloud, the phase errors between the signals are compensated. And then all
compensated signals are combined into one signal. Finally, the combined signal is used
to detect whether the PU is present. It showed that the proposed algorithm has 2-4 dB
advantage in signal-to-noise ratio over other algorithms.

The remainder of the paper is organized as follows. Section 2 proposes the system
model of networks. The CCCSS algorithm is described in Section 3. Simulation results
are shown in Section 4. Finally, Section 5 gives some conclusions.

2. System Model. Suppose there are one PU and N SUs in the cognitive radio cloud
network, as shown in Figure 1. All received signals in sensing nodes are sent to the cloud,
compensated in phase and combined into one signal to detect whether the PU is present.
There are two hypotheses, H1 and H0. H1 represents the hypothesis in which there is a
PU present, and H0 represents the hypothesis in which there is no any PU present. The
spectrum sensing in the cloud network can be modeled as a binary hypothesis testing

Figure 1. System model of cognitive radio network
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problem as follows 
H1 : Ts =

N∑
i=1

si(t) =
N∑

i=1

hi · x(t − ti) +
N∑

i=1

ni(t)

H0 : Ts =
N∑

i=1

si(t) =
N∑

i=1

ni(t)

(1)

where Ts is the spectrum sensing statistic in cloud, si(t) and ni(t) are the received signal
and additive Gauss white noise (AGWN) from ith (i = 1, . . . , N) sensing node in the cloud
respectively, hi is the corresponding channel gain, ti is the corresponding transmission
delay, and x(t) is the primary signal transited.

3. Cloud Computing Cooperative Spectrum Sensing Algorithm. Obviously, the
delay of each received signal in sensing nodes is not same with each other, and the phase
of each received signal is different each other. In order to get the largest gain spectrum
sensing statistic to achieve the most accurate spectrum detection, all received signals
should be compensated. Therefore, the cooperative spectrum sensing in cloud networks
can be divided into three stages, the phase compensation, signals combining and spectrum
decision, as shown in Figure 2. In the first stage, we select the signal with the most
energy as the reference signal from all the received signals, then transform it with Hilbert
transformer. In the second stage we compensate the phase errors between the reference
signal and the other received signals to obtain the largest diversity gain. In the last
stage all compensated signals and the reference signal are combined to a signal, which is
detected to decide whether the PU is present.

Figure 2. Diagram of spectrum sensing in cloud
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Generally, the transmitted signal of the PU can be given by

x(t) = p(t) · cos(ωct) (2)

where p(t) is a narrowband signal, ωc is the carrier frequency. If we ignore the AGWN in
the channel, the received signal from ith sensing node in the cloud is given by

si(t) = hi · x(t − ti) = hi · p(t − ti) cos[ωc(t − ti)] (3)

Considering p(t) is the narrowband signal, the effect of multipath delay on p(t) can be
ignored. Therefore, the received signals in the cloud can be described as follows

si(t) = hi · p(t) cos (ωct − ωcti) = hi · p(t) cos (ωct + θi) (4)

where θi is the carrier phase of si(t).
Assume that sm(t) is the signal with the most energy and is taken as the reference

signal. The Hilbert transform of sm(t) can be given by

ŝm(t) = hm · p̂(t) · sin(ωct + θm) (5)

where

p̂(t) =
1

π

∫ ∞

−∞

p(t)

t − τ
dτ =

1

π

∫ ∞

−∞

p(t − τ)

τ
dτ =

1

π

∫ ∞

−∞

p(t + τ)

τ
dτ (6)

Multiply ŝm(t) and the other received signals si(t) (i ̸= m) and then obtain

ŝm(t) · si(t) = hm · p̂(t) · sin(ωct + θm) · hi · p(t) · cos(ωct + θi)

= hm · hi · p̂(t) · p(t) · sin(ωct + θm) · cos(ωct + θi)
(7)

Let
X = hm · hi · p̂(t) · p(t) (8)

and
θe,i = θm − θi (9)

Equation (7) can be simplified as follows

ŝm(t) · si(t) = X · sin(ωct + θm) · cos(ωct + θi)

=
1

2
X · [sin(2ωct + θm + θi) + sin(θm − θi)]

=
1

2
X · [sin(2ωct + θm + θi) + sin(θe,i)]

(10)

Filtering the high frequency component, we get

f(θe,i) =
1

2
X sin(θe,i) (11)

It is evident that the output of the low-pass filter, f(θe,i), is proportional to the phase
errors, θe,i when −π < θe,i < π. That is to say we can use f(θe,i) to adjust the phases of
received signals. Then, we get the cooperative spectrum sensing algorithm as follows.

Algorithm 1: Cloud computing cooperative spectrum sensing algorithm
1) Select the most energy signal from all received signals as the reference signal, sm(t).
2) Transform sm(t) with Hilbert transformer and get ŝm(t).
3) Multiply ŝm(t) and si(t) (i ̸= m), and then filter it, we get the phase error control

signal of the kth iteration, f [θe,i(ki)].
4) Update phase of the ith signal as follows

θi(ki) = θi(ki − 1) + ∇ • f [θe,i(ki)] (i = 1, . . . , N) (12)

where ∇ is the iterative step size.
5) If the absolute value of f [θe,i(ki)] is less than the given threshold, the phase updating

is ended and the phase compensation is completed. Otherwise, go back to Step 3 until
the absolute value of f [θe,i(ki)] is less than the given threshold.
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6) Combine all signals, include the reference signal and compensated signals, into one
signal, and then send it to the spectrum detector.

7) Spectrum decision. The cloud detected the combined signal to decide whether the
PU is present. If the PU is present, the channel is busy, SUs cannot use the channel. If
the PU is absent, the channel is idle, SUs can use the channel to transmit their data.

8) End.

4. Simulation Results and Analyses. In this section, we present some simulation
results of the CCCSS algorithm, and compare with others. In the simulation we have one
PU and 8 SUs. The PU signal is a phase shift keying (PSK) signal with the baud rate
which is 5000 Bauds and carrier frequency which is 10 MHz. The sampling frequency is
100 MHz. We use the maximum and minimum eigenvalue spectrum detection algorithm
to detect the signal [20].

Figure 3 quantifies the convergence of the phase errors between the received signals and
the reference signal. All the phase errors converge to zero within 13 iterations. It means
that the CCCSS algorithm converges very fast and can meet the requirement of real-time
spectrum sensing in cognitive radio networks.

Figure 4 shows the detection probabilities of the five different spectrum sensing al-
gorithms. With the increase of SNR, the detection probabilities of all algorithms are
increased, but the detection probability of the CCCSS algorithm proposed in this paper
is higher than others. When the detection probability is about 0.98, the SNRs in the
CCCSS, CSS and DPW algorithms should be −16 dB, −14.3 dB, −13.2 dB respectively,
and the SNRs in the WCSA and AW algorithms should be larger than −12 dB respec-
tively That is to say, the CCCSS algorithm has 1.7 dB margins at least in SNR over
others.

Figure 5 compares the false alarm probabilities of the five algorithms. As the increase
of SNR, the false alarm probabilities of all algorithms are reduced. However, the false
alarm probability of the CCCSS algorithm is always smaller than others. When SNR
= −16 dB, the false alarm probability of CCCSS algorithm is about 0.028. The SNRs in
CSS, WCSA and DPW algorithms should be −13.7 dB, −13 dB, −12.14 dB respectively
if they want to achieve the same false alarm probability. The CCCSS algorithm has 2.3
dB gain at least in SNR over others.

Figure 3. Convergence of different phase errors
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Figure 4. Comparison of detection probabilities

Figure 5. Comparison of false alarm probabilities

Figure 6 and Figure 7 give the comparison of detection and false alarm probabilities of
the CCCSS algorithm under the different numbers of node. It can be seen that with the
increase of the number of sensing nodes, the performance of CCCSS algorithm is improved
more and more obviously.

Figure 8 and Figure 9 show detection and false alarm probabilities of the CCCSS
algorithm under different kinds of PU signal. It is easily seen that the performance for
detecting any kind of signal is almost the same. That is to say the CCCSS algorithm can
be used to detect any kind of signal.

5. Conclusions. In order to improve the performance of multi-user cooperative spectrum
sensing in cognitive radio cloud networks, a cooperative spectrum sensing algorithm based
on phase compensation is proposed in this paper. In this algorithm, all the sensing nodes
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Figure 6. Comparison of detection probabilities for different number of
sensing nodes

Figure 7. Comparison of false alarm probabilities for different numbers of
sensing nodes

send their received signals to the cloud. In the cloud, the phase errors between the signals
are compensated, and then all compensated signals are combined into one signal to be
detected whether the PU is present. It can improve the spectrum detection performance
effectively. Simulation results show that the CCCSS algorithm has 1.7 dB gains in SNR
over other algorithms at least. In the further work we will analyze the effect of the phase
compensator on detecting wideband signals.
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Figure 8. Comparison of detection probability of three signals

Figure 9. Comparison of false alarm probabilities of three signals

REFERENCES

[1] J. Reed, M. Vassiliou and S. Shah, The role of new technologies in solving the spectrum shortage,
Proceeding of the IEEE, vol.104, no.6, pp.1163-1168, 2016.

[2] Z. Chen and F. Gao, Cooperative-generalized-sensing-based spectrum sharing approach for central-
ized cognitive radio networks, IEEE Trans. Vehicular Technology, vol.65, no.5, pp.3702-3764, 2016.

[3] M. Jia, X. Gu, Q. Guo et al., Broadband hybrid satellite-terrestrial communication systems based
on cognitive radio toward 5G, IEEE Wireless Communications, vol.23, no.6, pp.96-106, 2016.

[4] J. So and W. Sung, Group-based multibit cooperative spectrum sensing for cognitive radio networks,
IEEE Trans. Vehicular Technology, vol.65, no.12, pp.10193-10198, 2016.

[5] F. A. Awin, E. Abdel-Raheem and M. Ahmadi, Designing an optimal energy efficient cluster-based
spectrum sensing for cognitive radio networks, IEEE Communications Letters, vol.20, no.9, pp.1884-
1887, 2016.



ICIC EXPRESS LETTERS, VOL.11, NO.9, 2017 1449

[6] X. Y. Wang, M. Jia, Q. Guo et al., Detection performance analysis of spectrum sensing in cognitive
radio networks with mobile secondary users, China Communications, vol.13, no.11, pp.214-225, 2016.

[7] Z. H. Zhang, Z. Han, H. S. Li et al., Belief propagation based cooperative compressed spectrum
sensing in wideband cognitive radio networks, IEEE Trans. Wireless Communications, vol.10, no.9,
pp.3020-3031, 2011.

[8] H. Chen, M. Zhou, L. Xie et al., Joint spectrum sensing and resource allocation scheme in cognitive
radio networks with spectrum sensing data falsification attack, IEEE Trans. Vehicular Technology,
vol.65, no.11, pp.9181-9191, 2016.

[9] B. Shen, J. Yu, Q. Huang et al., Signal set cardinality and contiguity based wideband spectrum
sensing for cognitive radio, Acta Electronica Sinica, pp.1994-2003, 2016.

[10] A. Busson, B. Jabbari, A. Babaei et al., Interference and throughput in spectrum sensing cognitive
radio networks using point processes, Journal of Communications and Networks, vol.16, no.1, pp.67-
80, 2014.

[11] L. Wang, S. Zhang and L. Gu, Reliability-based cooperative spectrum sensing algorithm in cognitive
radio networks, The 24th International Conference on Software, Telecommunications and Computer
Networks (SoftCOM), Split, Croatia, pp.1-5, 2016.

[12] S. Zhang, L. Song and X. Zhang, An accumulated credibility-based weighted cooperative spec-
trum sensing algorithm, International Wireless Communications and Mobile Computing Conference
(IWCMC), Nicosia, pp.146-150, 2014.

[13] L. Shi, W. L. Jiang and Z. Z. Zhang, Collaborative detection algorithm of idle spectrum in cognitive
radio, Journal of South China University of Technology (Natural Science), vol.38, no.1, pp.38-43,
2010.

[14] Y. Guo, Weighted average consensus for cooperative spectrum sensing, in Distributed Cooperative
Control: Emerging Applications, John Wiley & Sons, 2017.

[15] R. Y. Deng, C. Qin and X. Z. Xian, Application status and problem analysis of mobile cloud
computing, Journal of Chongqing University of Posts and Telecommunications (Natural Science
Edition), vol.24, no.6, pp.716-723, 2012.

[16] W. M. Lang, H. Ai, T. B. Tong et al., Research on cooperative and cognitive mechanism of mobile
cloud computing, Telecommunications Information, no.1, pp.4-9, 2015.

[17] K. Kumar and Y. H. Lu, Cloud computing for mobile users: Can offloading computation save
energy?, Computer, vol.43, no.4, pp.51-56, 2010.

[18] S. Chang, K. Nagothu, B. Kelley et al., A beamforming approach to smart grid systems based on
cloud cognitive radio, IEEE Systems Journal, vol.8, no.2, pp.461-470, 2014.

[19] J. Chen, X. Guo and S. Zhang, A spectrum access strategy for cloud-based cognitive radio networks,
The 8th International Conference on Wireless Communications & Signal Processing (WCSP),
Yangzhou, pp.1-5, 2016.

[20] Y. Zeng and Y. Liang, Eigenvalue-based spectrum sensing algorithm for cognitive radio, IEEE Trans.
Communications, vol.57, no.6, pp.1784-1793, 2009.


