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Abstract: In this paper optimized spectrum detection method
with dynamic threshold adjustment is proposed, to improve the
spectrum efficiency of cooperative sensing and to reduce the
system overhead. Based on single sensing node minimum error
detection probability an expression for dynamic threshold under
different channel environment is derived. Optimal sensing node
number is obtained according to the constant detection and
constant false alarm rate, and the system detection error
probability is obtained by combining the optimal number of
sensing nodes with the adaptive threshold. Simulation result
shows that the proposed method can improve the detection
probability and reduce the detection error probability.
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I. INTRODUCTION

With the development of wireless communication
systems, the demand for higher data rates has gradually
increased. On one hand, due to limited spectrum resources,
fixed frequency allocation schemes cannot meet the
increased spectrum requirements [1]. On the other hand, the
spectrum utilization rates of different frequency bands vary
widely. In the United States, for example, the US Federal
Communications Commission reports that the spectrum,
utilization rate varies with time, region and frequency band,
and ranges from 15% to 85%. Cognitive Radio (CR) is an
effective means to improve the efficiency of spectrum use
[2]. It is an intelligent wireless communication system that
allows secondary users to take advantage of the primary
environment by using an embedded set of methods to
understand the environment and adaptively adjust its
internal parameters, such as frequency bands and transmit
power, when spectrum that user is not using. Spectrum
sensing is a key technology in cognitive radio technology.
Commonly used spectrum sensing has matching filter
detection, energy detection and periodic stationary process
feature detection [3], in which the energy calculation has
low computational complexity, and has received extensive
attention.

One of the challenges of spectrum sensing is the hidden
terminal problem, which occurs when the cognitive user
(also known as the secondary user) is behind the building or
due to severe multipath fading,
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while the primary user is nearby secondary user [4]. Due
to the hidden terminal problem, the cognitive user will
wrongly believe that the primary user is not using the
frequency band at this time, thereby recognizing that the
user accesses the channel and causing interference to the
authorized user (also referred to as the primary user).
Cooperative spectrum sensing by multiple cognitive radio
users can effectively solve hidden terminal problems in
cognitive radio networks. Cooperative spectrum sensing
needs to cooperate among different secondary users. First,
each secondary user needs to make independent decisions.
In order to reduce the overhead in the communication
process, the binary decision result of the hard decision “0”
or “1” will be sent to fusion centre. The fusion centre then
collects information from each sub-user, and finally decides
whether or not the primary user has a present at the fusion
centre. The literature [5] shows that the performance of
cooperative spectrum sensing is greatly improved with the
increase of the number of cooperative users, but from
literature the threshold according to the minimum error
detection probability of the system is solved, and does not
give the final expression, nor gives a relational expression
for each secondary user threshold and signal to noise ratio.
Reference [6] gives the optimal number of users involved in
cooperative detection, but fixed threshold is assumed.

In this paper, a cooperative spectrum sensing method with
dynamic threshold adjustment is proposed, and the dynamic
thresholds in different channel environments are given. The
system's constant false alarm rate and constant detection rate
are used to find the optimal number of cooperative users
respectively and the optimal cooperative users are obtained.
The number and dynamic thresholds are obtained by
cooperative detection probability and system detection error
probability.

Fig. 1 Cooperative spectrum detection model in
cognitive radio systems

Il. SYSTEM MODEL AND ENERGY DETECTION
TECHNOLOGY
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The proposed method is based on the cooperative
spectrum detection model shown in Figure 1, with N
secondary users, a primary user, and an information fusion
centre.

It can be seen from Figure 1, due to the fading or shadow
effect, single-node detection will not be able to detect the
primary user, but N secondary users can improve the
detection efficiency of the entire system through cooperative
spectrum sensing. In cooperative spectrum sensing, in order
to minimize the overhead in the communication process,
each secondary user will report the sensed result “0” or “1”
after using the hard decision to the information fusion
centre, where “0” indicates that the primary user does not
exist and “1” indicates the presence of primary user. The
Information Fusion Centre then uses relevant decision
fusion criteria (such as the OR criteria) to determine if the
primary user is present. In Figure 1, y;is defined as signal-
to-noise ratio of the primary user toi‘" secondary user, and
A; is the threshold for the it" secondary user detection.
Because it is difficult to obtain the relevant information of
the primary user signal in reality, and the computational
complexity and complexity of the energy detector are
relatively low, in this paper energy detection algorithm is
used.

Spectral sensing based on energy detection can be
expressed as the following hypothesis test problem [7]:

n; () Hy
x(6) = {his(t) +ny(0) D

where x;(t) is the signal received by i*" secondary user,
i=12,..,N;s(t) is the signal sent by the primary user;
n;(t) is the additive white Gaussian noise (AWGN) ; h;(t)
is the sensed channel gain between the i""secondary user and
the primary user; H, means the primary user does not exist,
H, means the primary user exists. The energy detection
decision statistic E obeys the following distribution [8]:

F~ {xijW H,y @)
xarw (V) H,

where xZ,,is a chi-square distribution with a degree of
freedom of 2TW; x2,,(2y) is a non-central chi-square
distribution with a degree of freedom of 2TW; the non-
central coefficient is 2y; TW is the time-bandwidth product.
For ease of derivation, it is assumed that TW is a positive
integer and is represented by u.

In cooperative spectrum sensing, the performance of
spectrum sensing will be determined by the false alarm
probability P¢, the missed detection probability P, and the
system detection error probability Q. . In a non-fading
environment, the channel gain h is a certain amount. The
secondary user's detection probability, false alarm
probability and missed detection probability expression are
as follows
Py = prob(E > AlH,) = Qu(/2y,V2)(3)

Pr =prob(E > A|Hy) =T'(u,1/2)/T(u) (4)
B, =1—-P;(5)

where, Q,(a,x) is markov function, T'(a,x) and
I'(a)represents incomplete and complete gamma functions,
respectively.
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I1l. THRESHOLD DYNAMIC ADJUSTMENT
ALGORITHM AND USER SELECTION STRATEGY

Threshold dynamic adjustment method for cooperative
spectrum sensing

Based on Figure 1, it is assumed that the signal-to-noise
ratio of the primary user to each secondary user is
Y1, VY2 -, ¥Yn, and the corresponding threshold values are
A1, Ay, .., Ay From the section 2, the detection probability,
false alarm probability and miss probability expression of
the it"*secondary user are as follows

Pa,; = prob(E; > 2;|H;) = Qu(\/2y:,[2:)(6)
Pr; = prob(E; > A;|Hy) = f;z t¥ e tdt/
Ootu— 16— td(7) P, i=1- Pd,A8)

Where, i = 1,2, ..., N, Nis the number of secondary users
in the cognitive radio network. The probability of detection
errors for it"secondary user is:

Qi = PoPr; + PPy (9)

Where, Pyand P, are respectively expressed as probability
that the primary user does not occupy the channel and
occupy the channel.

The ratei, Q.; is related and it is also related to the
probability of miss detection P,,; . The false alarm
probability P ;, and the size will affect the opportunity of the
secondary user to access the channel, and the missed
detection probability P,,; will cause interference to the
primary user. Therefore, in spectrum sensing, the probability
of error is detected, Q. ; not only affect the secondary users,
but also affects the primary users, which forces the pursuit
of detection error Q, ; to achieve the minimum.

The following is a relational expression between the
threshold value and the signal-to-noise ratio at which the
probability of single-point detection error is minimized.
Since the false alarm probability of the it" secondary user is
related to the threshold valuel;, and the missed detection
probability of the it" secondary user is not only related to
the threshold value A; but also related to the signal-to-noise
ratioy;. For the error detection probability, Q. ; is derivation
6Qs,i

of the threshold value 2; . Let—> = 0, then:
3

% _ POan,i aP-m'i _

ar A + P ar 0(10)

1
According to(6) ~ (8) can be obtained:% = =

Ai 24
P
- % e (ll)
u-1
0P AiT Ai+2y;
o = o exp (— 2 L ) L1 (\2rid) 12)
b2y 2

Substituting equations (11) and (12) into equation (10):
4 A
P, (— A e_7) +

llz Aj+2y;
P—lrexp () 1 (V2rd) =0 (19)
2(2yy) 2
Assuming  that the

primary user's chances of
occupying the channel and
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not occupying the channel are equal,

that is, there is Py = P; = % and thus equation (13) can be
changed to:

u-1

4 Az 2y
Az S exp (— M) L1 (\2vi24;) = 0
768 202y) 2 2
(14)
Where
F(Auy) =
u-—1
4 1,2 i+2y;
— Aot S enp (-2 1 ((2iy)
768 Z(ZYi)T 2
(15)

Since the function F(4;,y;) containsu —1 order type 1
modified Bessel function, it is difficult to find the explicit
function expression of each secondary user threshold i** and
the signal to noise ratioy;. Therefore, an implicit function
relation expression between the two is given. Since it is
difficult to solve the implicit functionF (4;,y;), the threshold
value y; corresponding to different signal-to-noise ratios A;
is obtained.

Method of selecting the optimal number of users

The literature [6] gives the optimal number of cooperative
users N°Pt based on the system constant false alarm rate or
constant detection rate. The optimal number of secondary
users used in this method is also N. After the optimal
number of users is determined, selecting secondary users to
participate in cooperation can be done as follows:

Each secondary user sends the signal-to-noise ratio y;
measured at its receiving end to the information fusion
center.

The information fusion centre sorts the signal-to-noise
ratio y; sent by each sensing node from high to low and puts
it into the row vector y.

Select the secondary user from the first element in y. The
number of selected elements is determined by the optimal
number of users N °Pt,

After the required signal-to-noise ratio y; is determined,
the equation (14) is solved, so that the corresponding
threshold value A; can be obtained.

Bring the different y; corresponding A; into equations (6)
to (9) to obtain the corresponding detection probability P, ; ,
false alarm probability Ps; , miss detection probability P, ;
and detection error probability, Q. ;.

Based on the OR fusion criterion, the cooperative
detection probability P; and the cooperative false alarm
probability Py can be obtained and the probability of error
Q¢ = PyPf + Py Pto obtain the system error probability Q,.

IV. SIMULATION RESULTS AND ANALYSIS

In order to verify the validity of the method proposed in
this paper, the simulation results are carried out by using
MATLAB software, and the performance is compared with
the existing methods.

Single point error probability detection
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Here we assume that there are 1 primary user and 41
secondary users in the cognitive radio network. The signal-
to-noise ratio of each link is not the same, namely: y; =
—20dB,y, = —19dB, ....,yy = 20dB , time Bandwidth
product u = 5.

Figure 2 and Figure 3 show the curves of single point
detection probability (false alarm probability) and detection
error probability with signal-to-noise ratio respectively. In
order to facilitate comparison, Figure 2 also gives the
simulation results of the traditional method under the
constant false alarm, and sets the single point constant false
alarmrate, Py; = 0.1.

It can be seen from Fig. 2 that at low SNR, the single-
point detection probability of this method is significantly
higher than that of the traditional method, and the difference
between the two is less obvious with the increase of SNR.
Moreover, regardless of the channel environment, the
detection error probability of the proposed method is lower
than the detection error probability of the traditional method.

Figure 3 is a comparison of the traditional method with
constant detection, with a single point constant detection
rate of Py; = 0.9. It can be seen that in the case of poor
channel environment, the single-point false alarm
probability of this method is smaller than the single-point
false alarm probability of the traditional method, and as the
channel environment becomes better, the two tend to be
consistent. Moreover, regardless of the quality of the
channel environment, the detection error probability of this
method is smaller than the detection error probability of the
traditional method.

'.N'-e:.. B
Fig. 2 Single point error probability detection curve with
signal to noise ratio

Fig. 3 Single point false alarm and probability of error
detection curve with signal to noise ratio
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Fig. 4 Cooperative error detection probability curve with
the number of users
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Fig. 5 Cooperative false alarm probability and system
detection error probability curve with number of
cooperative users

Cooperative detection rate and system error probability
detection in cooperative spectrum sensing

Here we assume that there are 1 primary user and 33

secondary users in the cognitive radio network. The signal-
to-noise ratio of each link is not the same, namely: y;, =
—20dB,y, = —19dB, ....,yy = 12dB , time Bandwidth
product u = 5.
Figure 4 shows the cooperative detection probability and the
system error detection probability as a function of the
number of cooperative users. For the sake of comparison,
the simulation results of the traditional method system,
constant false alarm are also given, and the system constant
false alarm rate is P, = 0.001. When the system has a
constant false alarm rate, the number of optimal users
participating in the collaboration N°P* can be found based
on the OR criterion (option N°P¢ = 4 is indicated by a circle
in the figure). Because when the number of cooperative
users is N9Pt, the detection performance of the system can
be optimized. Therefore, only the number of cooperative
users is given as a result.

It can be seen from Fig. 4 that the cooperative detection
probability of the proposed method is higher than that of the
traditional method, and the system detection error
probability is lower than the traditional system detection
error probability.

Here we assume that 1 primary user and 36 secondary
users in the cognitive radio network. The signal-to-noise
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ratio of each link is not the same, namely: y, =
—20dB,y, = —19dB, ....,yy = 15dB , time Bandwidth
product u = 5.

Figure 5 shows the curve of cooperative false alarm
probability and system detection error rate with the number
of cooperative users. In order to facilitate comparison, the
simulation results of constant detection of traditional method
are given at the same time, and the system constant
detection rate P, = 0.999 is set, and the number of optimal
cooperative secondary users is also obtained based on the
OR criterion NPt (N°Pt = 3 is marked in the figure with a
circle). It can be seen that the cooperative false alarm
probability of this method and the probability of system
detection error are lower than the probability of cooperative
false alarm and the probability of system detection error
under the traditional method.

V. CONCLUSION

In cognitive radio networks, fading and shadowing
effects reduce the sensing performance of single-point
detection. In order to avoid interference with primary users,
this paper studies the cooperative spectrum sensing
technology in cognitive radio networks. In order to adapt to
the dynamic change based on the energy detection threshold,
this paper introduces the detection error probability into a
single-aware node, and derives the dynamic threshold in
different geographical environments by minimizing the
detection error probability of the single-aware node, and at
the same time, to reduce the fusion. The processing time of
the centre selects the best sub-users to participate in the
cooperative. The simulation results show that compared
with the existing cooperative sensing method, the optimal
cooperative detection method based on threshold dynamic
adjustment can improve the cooperative detection
probability and reduce the probability of system detection
error. In the study of this paper, it is assumed that the
control channel is error-free transmission, which simplifies
the problem, but it is only an ideal situation. Sensed node
throughput and error propagation issues will be the focus of
further research.
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