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Abstract—Considering of the traditional energy detection can-
not accurately perceive the signal under the condition of low
signal to noise ratio (SNR) . It can easily lead to misjudgment.
In order to improve the performance of spectrum sensing in
low SNR conditions and shorten the sensing time, combined
the cyclic feature detection has high detection performance and
robustness but with high computational complexity. This paper
developed an adaptive spectrum sensing algorithm based on
SNR estimation.It calculated the pre estimation ratio of detection
signal to noise signal. When the SNR is higher than the threshold
value, the improved adaptive energy detection was performed to
reduce the computational complexity, otherwise selected cyclic
feature detection to ensure good accuracy. It could according
to the requirements of the detection accuracy and efficiency of
the sensing system adjusted the size of the selection threshold
adaptively. Simulation experiments show that proposed algorithm
can effectively improve the accuracy of spectrum sensing under
low SNR and shorten the average detection time.

I. INTRODUCTION

HIS paper proposes an adaptive local spectrum sensing

scheme. Cognitive radios have emerged as a promising
solution to improving spectrum utilization. It has been widely
recognized that while there is a perceived scarcity of radio
spectrum, large portions of licensed spectrum remain under-
utilized.Two sensing techniques that have been commonly
considered in cognitive radios are energy detection and cy-
clostationary detection. While energy detection is a simple
detection technique,its performance is not robust to noise and
is known to be poor at low SNRs. Cyclostationary detection on
the other hand provides better detection but is computationally
more complex and needs a much higher sensing time. two-
stage sensing approach is based on energy detection and
cyclostationary detection.For a given channel, in the first stage,
energy detection is performed. If the decision metric in this
stage exceeds a certain threshold ~, the channel is declared to
be occupied. Else, it is declared to be empty and available for
secondary use. Although this approach increase the accuracy
of sensing,but it needs two sensing process so that increase
the sensing time,so it is no better.So, we combine the two
methods’ strength.As it is already discussed in the introduc-
tionsection, the energy detector performs very poor under low
SNRs. We defined SNR threshold ~y, below which the energy
detector is unable to detect channels accurately, and we will
perform the cyclostationary detection to sense the channels.
Cognitive Radio (CR) is a key technology that can help
mitigate scarcity of spectrum.The most essential task of CR is
to detect licensed user/Primary User (PU); if PU is absent, then
spectrum is available for cognitive radio user/Secondary User
(SU) and is called spectrum hole/white space. The process of
detection of PU is achieved by sensing radio environment and

is called spectrum sensing. The prime concerns of spectrum
sensing are about two things: first, the primary system should
not be disturbed by SU communication and secondly, spectrum
holes should be detected efficiently for required throughput
and quality of service (QoS) . For effective spectrum sensing,
increasing reliability of PU detection and minimizing sensing
time are two primary concerns in CR networks. In view of
the fact that spectral efficiency is reduced by false alarms
and interference with PU is caused by miss detection, and
generally it is vital for optimal detection performance that
the maximum probability of detection is achieved subject
to the minimum probability of false alarm. In the draft of
IEEE 802.22 standard, PUs should be detected within two
seconds and the probability of false alarm and miss detection
should be less than or equal to 0.1. Simultaneous transmission
and sensing of licensed band is not possible. Therefore, for
efficient utilization of spectrum holes, SU has to periodically
sense the band every Tp seconds known as a sensing period.
PU transmission may be obstructed because SU is unaware of
its activity during the sensing period, i.e., until the next sensing
moment. Therefore, PUs performance is highly dependent on
the sensing period. Maximizing sensing period may increase
throughput of SU but may make PU obstructed because PU is
not often sensed. From a CR network perspective, SU desires
to maximize the sensing period and minimize sensing time.
The SU has to properly schedule the sensing period to coexist
with the licensed band. By reducing sensing time, the SU
can achieve higher throughput and less interference with PUs
without sacrificing sensing reliability.

II. THEORY

Denoting H1 and HO as the respective probabilities of
primary user presence and absence,the problem of signal
perception can be discribed by the Binary hypothesis testing
model like this:
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y(n) = {hs(n) +w(n) H;p M

with the primary users signal and receiver noise denoted
by s(n) and w(n), respectively. The noise is assumed to be an
i.i.d. random Gaussian process with zero mean and variance
o2, while y(n) is the detected signal recieved by the secondary
user.h and N denote channel gain and number of sample points
respectively.

According to the ratio of desired signal and assumed noise
and through setting different SNR to choose a threshold ~y and

select perception strategy.



III. PROCEDURES

1.framework

Ficure 1. Adaptive spectrum sensing scheme
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where ED means energy detection,CD means cyclostationary
deection.

2.energy detection
Sample the received signal to get y[n] and compute the

detection statistics X = %Zfl |y[n]|?,then compare with
threshold,where X admit chi square distribution.
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where < is the real SNR,according to the central limit
theorem,X approximately admit Gaussian distribution when
sampling point N much larger than 1.
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where o7 is the signal power, Q(x) = [ ek dt.

So we get the false alarm probability Pf and detection
probability in energy detection
A— No2
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Because the uncertainty of noise in channel,fixed threshold
probably caused misjudgement,it is need to dynamic adjust
the threshold,we use A\, = Acpg + BA¢cp to change the
threshold,where 5 = FEgngr is the adaptive adjust factor,
Acr is the threshold when expected false alarm probability is
0.1,Acpis the threshold when expected detection probability
is 0.9,s0

PE = P(X > \|Ho) = Q(
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3.cyclostationary detection
Commonly, the primary modulated waveforms are coupled
with patterns characterized as cyclostationary features like

FicuRe 2. Block diagram of eneray detection

sine wave carriers, pulse trains, repeating spreading, hoping
sequences or cyclic prefixes inducing periodicity,but the noise
does not have this cyclostationary charateristic. First,we com-
pute the cyclic autocorrelation function (CAF)

N
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where « is introduced cyclic frequency(CF),after fast Fourier
transform(FFT),we get spectral correlation function(SCF)

o0
Sy(f) =D Ry(k)e sk
k=—o00
Sy (f) also can be called cyclostationary spectrum density
(CSD). Because noise does not have the cyclostationary
charateristic,maybe signal and noise is coincident in power
spectrum,but noise is discrete in cyclostationary spectrum.The
energy of noise is concentrate in zero cyclostationary spec-
trum.So we can search the peak of detected signal cyclo-
stationary spectrum to judge whether the signal exist,after
analyzed,we get the following judge rule

Sy(f) = {fa ok Z‘i )

where a # 0

FIGURE 3. Block diagram of one-order cyclostationary detection [14]

IV. ANALYSIS

First,estimate the real SNR and compare with ~if S >
then choose energy detection,else choose cyclostationary de-
tection;



Second,using Py = P(S > 4)PF + P(S < )P to
compute real detection probability, where PdE and Pdc is the
detection probability when use energy detection and cyclosta-
tionaary detection respectively, P(S > ~) is the probability
to using the energy detection,P(S < =) is the probability to
using cyclostationary detection,their summation is 1;

Third,using v; = 7v;_1 + x(Pg — P;) to adjust the SNR
threshold, if P; < Pjincrease this threshold,otherwise de-
crease the threshold. where P, is the expected detection
probability, Py is real detection probability. When P; = P,it’s
no need to adjust the threshold,then end this loop.

V. SIMULATION

In the reference [1],they compare this approach of spectrum
sensing with the adaptive energy detection and two-stage
detection.But I didn’t simulate this approach sucessful.

In my opinion,this strategy combines the energy detection
and cyclostationary detection.So first I simulate them re-
specively. In energy detection,Monte Carlo simulation is used
for experimentation under the following system settings: there
is simple-frequency signal in AWGN channel and The sens-
ing performance is quantified by the complementary receiver
operating characteristic (ROC), i.e., Pf versus Pm.I simulate
this approach with SNR=-3,5,7,with each SNR,I compare the
simulation value with the theoretical value ,so the following
figure is the simulation result.
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Fig. 1. Energy Detection

Also,in the cyclostationaary detection,the system setting is
:there is BPSK signal in AWGN channel and The sensing
performance is quantified by detection performance versus
SNR.

Parameter specification:the SNR inteval is[-20,5]dB,Monte
Carlo simulation time is 10(I changed it to be 1000,but it
runs slow so I gave up),false alarm probabilty is 0.05,sample
frequency fs is 0.2MHz,carrier frequency f. is 90KHz,symbol
rate fy is 1000bps,cyclic frequency is a = 2fj.
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Fig. 2. Cyclostationary Detection

In the reference[l],they also compared the two-stage
spetrum sensing with this proposed method.The two-stage
spectrum sensing is shown in following figure.We assume that
there are L channels to be sensed and that channels are sensed
serially. In the coarse sensing stage, the channel is sensed
using energy detection. If the decision metric is greater than
a threshold A, the channel is declared to be occupied. Else,
the received signal is analyzed by fine sensing consisting of
cyclostationary detection. If the constituent detection metric is
greater than a threshold ~, the channel is declared occupied,
else it is declared to be empty. It includes coarse sensing
which adopts energy detection and fine sensing which adopts
cyclostationary detection.

B i If 0% ), declare channel occupied
A
Else
Cyclostafionary
Detecfon  ———
Y 1fD> y, deciare channel occupied
Else, declare channel vacant

Fig. 3. Two-stage spetrum sensing scheme

VI. PROBLEMS

1.I run the energy detection and cyclostationary feature
detection respectively,but the way to generate BPSK signal is
different.if use the SNR to create it,when I run the codes,the
Ae is changing,but I need it changes after one loop.

2.If the variance of noise is invariant and with the SNR is
setting, the signal’s power is certain,then A\, = Acp+SAcp is



easy.But if not,the value is changing, P¥ is difficult to compute
and it’s no need to estimate SNR.

3.1 don’t know how to compute P(S > v),s0 can’t get the
real Pj.I think it should compute N-simu(Monte Carlo) times
for each signal sample in order to get detection probability
and the probability that choose energy detection.

4. The adaptive spectrum sensing scheme was proposed in
this paper to meet the accuracy and the minimum sensing time
required in CR networks. The proposed scheme chooses either
the energy detection or the cyclostationary detection based
on the estimated SNR. We observed that at low SNRs where
energy detector is not reliable, the proposed scheme provides
improved detection at the cost of mean detection time. At high
SNRs, the proposed scheme provides fast detection using the
energy detector.

Although I didn’t have a good simulation,just run the two
strategy respectively,l find the cyclostationary feature detection
indeed is complex in computation that we can compare the
Monte Carlo simulation time.In energy detection,it is 1000,but
in cyclostationary detection it is just 10,when I change it to
1000,I found the run time is long,so I gave up.
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