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Position Optimization with Spectrum Sensing
Decision for Unmanned Aerial Vehicles
Zinan Guo1* and Liuying Wang2

Abstract

In the emergency scenario of Unmanned Aerial

Vehicle (UAV) relay, link interruption caused by

shortage of communication resources often

occurs. Using spectrum sensing, UAV can

expand communication bandwidth and ensure

communication quality. However, spectrum

sensing of UAV will increase energy

consumption and reduce UAV dwell time. Aiming

at the contradiction of energy consumption and

communication quality, this paper proposes a

relay sensing decision algorithm. Firstly, the

spectrum sensing model and algorithm are

established. Then, the outage probability is

taken as the threshold value adjusting

three-dimensional coordinates in the UAV relay

sensing decision algorithm. Finally, we construct

a UAV relay sensing decision algorithm, which

adds the limit of unless outage probability

threshold to the firefly algorithm to adjust the

position of UAV. By adjusting the

three-dimensional coordinates of UAV, the

unless outage probability is guaranteed for UAV

relay link. Through the simulation of building

emergency fire scene, it is verified that the UAV

relay sensing decision algorithm can

automatically find the optimal UAV sensing

position and ensure communication quality.

Keywords: Unmanned Aerial Vehicle; spectrum

sensing; unless outage probability

1 Introduction
UAV has the characteristics of flexible deployment, low

cost, strong adaptability, and so on, which makes it widely
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used in the harsh workplace, so as to effectively avoid casu-

alties [1]. UAV is an ideal choice for relay communication

due to its high flexibility [2]. In the scene of emergency

fire rescue, UAV as a relay is an essential intermediate link

of rescue communication for the contact between rescue

personnel and emergency headquarters [3]. Although UAV

has many advantages in wireless relay communication, the

relay communication is easily outage by external interfer-

ence. The interference may come from a bad environment

or channel interference. In order to ensure that no matter

what kind of environment the UAV is in, the relay sensing

decision algorithm of the UAV is proposed to ensure that

the connection is not outage between rescue personnel and

emergency command.

UAV sensing is based on cognitive radio (CR) and cogni-

tive radio network (CRN) [4] [5]. In CR and CRN, users

are divided into primary user (PU) and secondary user

(SU) due to the dynamic spectrum position principle. PU

is also called authorized user or primary user, SU is also

called cognitive user or unauthorized user. In cognitive ra-

dio, spectrum sensing technology is a key issue in the de-

velopment of CR and CRN, because users with spectrum

sensing functions can use spectrum sensing technology to

detect communication channels [6]. In the communication

channel, in addition to the interference of noise and other

users, it is the first step to use spectrum sensing to judge

whether PU has this problem. The combination of cognitive

radio and UAV can effectively improve the spectrum effi-

ciency of UAV [7]. The UAV equipped with a CR sensor

continuously perceives the surrounding wireless environ-

ment and opportunistically accesses the authorized spec-

trum of the primary user, which solves the problem that

the rescue personnel cannot communicate with the emer-

gency headquarters in the emergency scene. After sensing,

the UAV evaluates the outage probability of sensing access

link, modifies the position of the UAV, and ensures the sta-

bility of the relay link.

Paper [8] presents a grid-based design of a primary ex-

clusive region (PER) for spectrum sharing in the 3D un-

manned aerial vehicle (UAV) networks to avoid harmful

interference with the primary system. Although cognitive

radio solves the problem of interference, the selection of

forwarding protocol is very important for UAV as the relay

node. Paper [9] propose a cooperative secrecy transmission

mechanism based on decode and forward protocol to take
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advantage of the transmitter signal of PU as a dedicated

radio frequency (RF). As a relay, UAVs usually use out-

age probability to evaluate the link security. The paper [10]

considers that the system asymptotic secrecy outage proba-

bility demonstrates the secrecy diversity order and secrecy

diversity gains of the UAV assisted relay cognitive network

under the Nakagami-m channel. The most important is-

sue in cognitive radio networks is to accurately detect the

empty spectrum. Paper [11] determine the empty spectrums

by using spectrum sensing methods. In addition to detect-

ing the empty spectrums, spectrum sensing methods can

also detect whether one frequency in the spectrum is oc-

cupied by the PU. Nowadays, there are many types of re-

search on UAV sensing and relay forwarding, but there are

few types of research on adjusting UAV position accord-

ing to sensing decision to ensure outage probability. In this

paper, according to the UAV relay sense to find the com-

munication frequency of rescue personnel, and then evalu-

ate the outage probability at this time, finally use the firefly

algorithm to adjust the UAV position to reduce the outage

probability.

The main contributions of this paper are as follows

• The spectrum sensing model of the UAV relay and

the detecting user’s existence algorithm based on the

cyclic spectrum are established.

• The outage probability model of the UAV relay link is

established. Then combined with the firefly algorithm,

the UAV relay sensing decision algorithm is given.

• The UAV relay sensing decision algorithm is used to

adjust the UAV position and ensure that the UAV relay

communication link is not outage.

The rest of this paper is organized as follows. The defini-

tion and introduction of UAV spectrum sensing is presented

in section I. Emergency scenario is analyzed and UAV re-

lay sensing decision algorithm is discussed in section II.

Results and discussion is shown in section III. Concluding

remarks are presented in section IV.

2 Methods
In the scene of disaster relief, UAV is used as a commu-

nication relay to ensure the communication between res-

cue personnel and headquarters. For example, in the fire

scene, the contents of communication transmission include

1. Video resources generated by video tools carried by res-

cue workers. 2. The emergency headquarters shall give or-

ders to the rescue personnel according to the site condi-

tions. In order to maintain the stability of communication,

before the rescuers enter the accident site, it is necessary to

check the available communication spectrum in the area as

an alternative frequency set. When the rescue personnel is

in the accident area, the current communication frequency

may be disturbed due to the bad environment. At this time,

the rescue personnel can not upload the scene video infor-

mation and receive the command of the headquarters. At

the same time, due to the dispersion of rescue personnel,

members can not communicate with each other about the

frequency to be switched, and can not unify the commu-

nication frequency. In this case of signal loss, UAV uses

cyclostationary feature detection technology to detect the

available standby frequency in the current area and judge

which standby frequency the rescuers switch to, so as to

establish the communication between the accident site and

the emergency headquarters.

In order to solve this problem, it is necessary to add

cyclostationarity detection algorithm to UAV and install

sensing devices on UAV to realize multi-user and multi-

frequency communication. Firstly, a spectrum sensing al-

gorithm is used to analyze the spectrum in the region. By

analyzing the alternative frequency characteristics in the re-

gion, which frequency the user is on, the noise does not

have cyclostationarity. The specific algorithm analysis is in

the third chapter. In the disaster relief scene, before the res-

cuers enter the disaster area, the available spectrum in the

area is calculated by the ground spectrum sensing equip-

ment, and the optional frequency sequence of the spec-

trum is established. Then, the rescuers choose the same fre-

quency before entering the disaster area. When the commu-

nication is not smooth in the disaster area, they can switch

the communication frequency freely. Then, when the head-

quarters cannot contact the rescue personnel, the UAV is

informed to detect the cyclostationary characteristics of the

predetermined spectrum and find the communication fre-

quency of the rescue personnel. Because the rescue person-

nel may be dispersed for some reason, the UAV needs to

conduct one-to-one communication connections to all pos-

sible frequencies, as shown in figure 1. Finally, when the

UAV establishes a connection with the rescue personnel,

the UAV informs the headquarters of the communication

frequency to establish the connection between the head-

quarters and the rescue personnel.

The main contents of the paper are as follows. In the pro-

cess of communication between UAV and users, it will in-

evitably be affected by the external intentional or uninten-

tional electromagnetic interference. When the interference

is too strong, the current communication frequency can not

be used. How to choose the available communication fre-

quency is the first problem to be solved in this paper. Cy-

clostationary detection is a method to judge whether there

is a primary user in the current communication frequency.

When the detected frequency has users, the UAV will estab-

lish a communication channel with the headquarters, other-

wise, the next frequency will be detected. Adding cyclo-

stationary detection algorithm to UAV will increase the en-

ergy consumption of UAV. How to reduce the energy con-

sumption of UAV is the second problem. Using spectrum

sensing technology can get an available spectrum selection

sequence, there is a problem of detection threshold setting

and detection success probability, a reasonable threshold
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UAV

Accident Building
EC: Emergency Command

PU: Primary User

Figure 1 Communication architecture of emergency scenario under UAV relay.

setting to ensure the detection success probability is the

method to reduce the energy consumption of UAV.

2.1 Spectrum sensing based on UAV
In actual communication, communication signals gener-

ally go through signal processing processes such as sam-

pling, quantization, coding, and modulation. After these

processes, some digital characteristics of the signal have

inherent periodicity, which is called cyclostationarity fea-

ture [?]. The noise has the characteristics of random sta-

tionarity but not cyclostationarity. It is an effective method

to judge the existence of PU by analyzing the cyclostation-

arity of the received signal. Cyclostationarity feature de-

tection is a method to detect primary user transmission by

using cyclostationarity feature of the received signal. Cy-

clostationarity is caused by the periodicity of signal or its

statistics such as mean and autocorrelation, which can be

used to assist spectrum sensing.

2.1.1 Cyclostationary feature detection

In the disaster emergency communication environment,

the digital characteristics of cyclostationary signals change

with time cycle. This kind of signal is defined as:

⇢

ax(t) = ax(t +nT ) = E[x(t)]
Rx(t,τ) = Rx(t +nT,τ) = E[x(t)x⇤(t + τ)]

(1)

where x(t) is continuous time signal, ax(t) is mean value,

the autocorrelation function of x(t) is Rx(t,τ), T is cycle

period, τ is time latency.

It can be seen from equation (1) that Rx(t,τ) changes with

time period. Assuming that the period is T 0, Rx(t,τ)can be

expanded in the form of Fourier series:

Rx(t,τ) =
∞

∑
q

Ra
x(τ)e

j2πqt/T 0

=
∞

∑
a

Ra
x(τ)e

j2πat

(2)

where a is the cyclic frequency, a = q/T 0, q is the integer,

and Ra
x(τ) is the Fourier series coefficient, which can be

expressed as:

Ra
x(t,τ) =

1

T 0

Z ∞

T 0
Rx(t,τ)e

� j2πatdt. (3)

Cyclostationary signal satisfies ergodicity, and autocor-

relation function can be obtained by sampling sample esti-

mation [?]. The autocorrelation function can be expressed

as:

Rx(t,τ) = lim
z!∞

1

2z+1

n=z

∑
n=�z

x(t +nT 0)x⇤(t +nT + τ) (4)

substituting equation (4) into equation (3), we can get the

following results:

Ra
x(τ) = lim

T!∞

1

T

Z ∞

T
x(t)x⇤(t + τ)e� j2πatdt (5)

where Ra
x(τ) is the cyclic autocorrelation function (CAF),

and Ra
x(τ) has one more parameter a than Rx(t,τ), which

is called the cyclic frequency. The power spectral density

of the signal is obtained by Fourier transform of Rx(t,τ).
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The same operation is applied to Ra
x(τ) to obtain the cyclic

spectral density function as follows:

Sa
x( f ) =

Z +∞

�∞
Ra

x(τ)e
� j2π f τ dτ (6)

where Sa
x( f ) is the cyclic spectrum density (CSD) of the

signal. When a = 0, Ra
x(τ) and Sa

x( f ) show the stationary

characteristic of the signal. When a 6= 0, Ra
x(τ) and Sa

x( f )
show the cyclostationary characteristic of the signal.

Based on Ra
x(τ) and Sa

x( f ), another judging condition of

cyclostationary signal is given.

⇢

9a 6= 0,Ra
x(τ) 6= 0

9a 6= 0,Sa
x( f ) 6= 0

(7)

when equation (7) is satisfied, the signal is cyclostation-

ary and its Sa
x( f ) is not zero at a 6= 0. For noise, it has no

cyclostationary characteristic, that is to say, it satisfies the

following requirements:

⇢

8a 6= 0,Ra
n(τ) = 0

8a 6= 0,Sa
n( f ) = 0

(8)

when a = 0, Ra
n(τ) and Sa

n( f ) of noise are not 0. Therefore,

the existence of authorized user signal can be detected by

the peak characteristic of cyclic spectral density function

under a 6= 0.

The cyclic spectrum of signal can be analyzed by cross-

power spectrum theory [?]. Let:

⇢

l(t) = x(t)e� j2π
a
2 t

m(t) = x(t)e j2π
a
2 t (9)

by Fourier transform of l(t) and m(t) in equation (9), the

frequency domain expressions of L( f ) and M( f ) can be

obtained according to the frequency shift characteristics

⇢

L(t) = X( f +a/2)
M(t) = X( f �a/2).

(10)

According to equation (5) and equation (9), it can be con-

cluded that:

Ra
x(τ) = lim

T!∞

1

T

Z T/2

�T/2
l(t + τ/2)m⇤(t � τ/2)dt

= R0
lm(τ).

(11)

According to equation (11), Ra
x(τ) can be obtained by

cross-correlation of signals l(t) and m(t). By substituting

equation (11) into equation (6), we can get

Sa
x( f ) =

Z +∞

�∞
R0

lm(τ)e
� j2π f τ dτ

= S0
lm( f ).

(12)

Sa
x( f ) can be obtained by calculating the cross-correlation

density of l(t) and m(t). According to formula (9), it can

be seen that l(t) and m(t) are obtained by x(t) frequency

shift ±a/2, that is, Sa
x( f ) is the correlation degree of signal

at frequency component f ± a/2, so Sa
x( f ) is also called

spectral correlation function.

2.1.2 Cyclic spectral density analysis

In this section, we will consider the method of realizing

spectrum sensing in the actual environment. In the emer-

gency communication scenario of this paper, for a continu-

ous time signal in a frequency band, it is not to process the

signal in the whole time domain. Generally, it will analyze

and calculate the signal in a limited time period. This will

greatly reduce the complexity of the algorithm, but also re-

duce the energy consumption of UAV. In the calculation of

cyclic spectral density, the Fourier transform of signal x(t)
in a finite time period [t 0�T/2, t 0+T/2] is as follows:

XT (t
0, f ) =

Z t 0+T/2

t 0�T/2
x(u)e� j2π f udu (13)

the following equation can be obtained from equation (10)

⇢

LT (t
0, f ) = XT (t

0, f +a/2)
MT (t

0, f ) = XT (t
0, f �a/2).

(14)

Combined with equations (11), (12) and (14), the cross

spectral correlation function of l(t) and m(t) can be ob-

tained. If we average cross spectral correlation function in

time ∆t, we can get

Sa
xT
(t 0, f )∆t =

1

∆t

Z ∆t/2

�∆t/2

1

T
LT (t

0+h, f )M⇤
T (t

0+h, f )dh

(15)

the integral transformation is as follows:

Sa
xT
(t 0, f ) =

1

T
XT (t

0, f +a/2)X⇤
T (t

0, f �a/2). (16)

Equation (16) is usually called cyclic periodogram. Al-

though cyclic periodogram can also be used to estimate

spectral correlation function directly, the error is large.

When ∆t ! ∞ in equation (15), the expression of cyclic

spectral correlation function in ideal state can be obtained

as follows:

Sa
x( f ) = lim

T!∞
lim

∆t!∞
Sa

xT
(t 0, f )∆t (17)

In practice, the cyclic periodogram is smoothed in order

to get a better predicted value. Frequency smooth method

(FSM), which is often used in the estimation of cyclic

spectrum. In the frequency domain smoothing method, let
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T = ∆t, and smooth equation (16) in frequency domain

to obtain the estimation formula of cyclic spectral density

function as follows:

Sa
x(t

0, f )∆ f =
1

∆ f

Z ∆ f/2

�∆ f/2

1

∆t
X∆t(t

0, f + s+a/2)

X⇤
∆t(t

0, f + s�a/2)ds

(18)

where ∆t is the value of the limited time period of sig-

nal processing, the signal in the limited time period is

uniformly sampled to obtain N sampling points, and the

sampling frequency is Fs, then the sampling interval is

fs = Fs/N. For the discrete value x(t 0,n) of the sampled

signal, the discrete Fourier transform is obtained as follows

X∆t(t
0,k) =

N�1

∑
n=0

x(t 0,n)e� j(2π/N)nk. (19)

Since the frequency range of signal is from negative fre-

quency to positive frequency, it is necessary to approximate

the discrete Fourier transform to the Continuous Fourier

transform

X∆t(t
0,k)| f=k fs = (1/Fs)X∆t(t

0,k) (20)

where:

X∆t(t
0,k) =

(

X∆t(t
0,k), k � 0

X∆t(t
0,k+N), k < 0.

(21)

Let M be the number of samples smoothed in the fre-

quency domain and the frequency smoothing interval ∆ f =
M fs. discrete the continuous frequencies in equation (18)

to obtain the following equation:

Sa
x∆t
(t 0, f )∆ f =

1

MN

M
2 �1

∑
q=�M

2

X∆t(t
0, f +a/2+a fs)

X⇤
∆t(t

0, f �a/2+q fs).

(22)

Suppose f = k fs, a = 2h fs , then k,h is the digital fre-

quency of frequency f and cycle frequency a based on fs,

respectively. In practice, t 0 is fixed, so the final discrete

form of formula (22) is as follows:

Sh
x∆t
( f )∆t =

1

MN

M
2 �1

∑
q=�M

2

X∆t(k+h+q)X⇤
∆t(k�h+q).

(23)

After the above theoretical analysis and formula deriva-

tion of the frequency domain smoothing method for solving

the cyclic spectral density function in the actual situation,

the estimation algorithm of the cyclic spectral density func-

tion at the final discrete frequency can be obtained. The

flow chart is shown in Figure 2.

Figure 2 Flow chart of signal cyclic spectral density
calculation.

According to the fact that the modulated signal has cy-

clostationarity but the noise does not, the spectrum sensing

model under cyclostationarity feature detection can be es-

tablished according to equations (7) and (8). The equation

is as follows: when a = 0:

Sa
R( f ) =

(

Sa
n( f ), H0

Sa
x( f )+Sa

n( f ), H1.
(24)

when a 6= 0:

Sa
R( f ) =

(

0, H0

Sa
x( f ), H1.

(25)

From equation (24) and equation (25), when a 6= 0,

Sa
n( f ) = 0, there is only Sa

x( f ) with value in the received

signal. Therefore, when detecting whether there is an au-

thorized user signal, we only need to observe the cyclic

spectral density amplitude of the received signal at a 6= 0.

If obvious peak characteristics are observed, it indicates

that there is a primary user signal in the detected frequency

band. Because there is Sa
n( f ) = 0 at a 6= 0, the cyclosta-

tionary feature detection algorithm can better suppress the

impact of noise on the signal detection process.

2.2 Relay based on UAV
When rescuers are in a complex electromagnetic environ-

ment, the key of UAV relay communication is to relay

the signals received by relay nodes. Different processing

schemes lead to different cooperative communication pro-

tocols. The way of relay processing is different according

to the relay forwarding protocol. Common relay and for-

ward protocols include amplify and forward protocol, de-

code and forward protocol, and coding cooperation proto-

col. At the scene of rescue, no matter which protocol is
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used, communication may be outage. For emergency com-

munication or temporary communication, rescue workers

will prepare standby communication frequency before en-

tering the disaster area. In the process of rescue, when the

signal is outage suddenly due to interference, the rescuers

switch the standby frequency. This switching process is

considered to be random. In order to establish the commu-

nication between the rescue personnel and the headquar-

ters, the UAV needs to carry out spectrum sense, find the

standby frequency for the rescue personnel to switch, and

then use the UAV as the relay to establish the communica-

tion between the rescue personnel and the headquarters. Af-

ter the communication is established, in order to ensure that

the communication is not outage, it is necessary to establish

the relay probability model. For this process, the following

communication relay probability model and communica-

tion relay sensing decision algorithm are established.

The communication channel between UAV and res-

cue personnel and emergency headquarters is A2G(Air to

Ground) channel. There is a certain probability that the

A2G channel is the line of sight channel or a non-line of

sight channel, which depends on the environmental charac-

teristics of the UAV communication scene and the elevation

angle with ground terminal equipment. The communication

channel between UAV and rescue personnel is a non-line

of sight channel, and the communication channel between

UAV and emergency command is a line of sight channel.

Let i and j denote the two nodes of each link. According

to reference [?], the probability expression of A2G channel

between i and j as line of sight (NoS) channel is

PLoS
i j =

1

1+ω1e�ω2(θi j�ω1)
(26)

the probability of non line of sight (NLoS) channel is

PNLoS
i j = 1�PLoS

i j (27)

where θi j is the elevation angle between the two points, ω1

and ω2 are the environmental characteristic parameters.

According to reference [?], the NLoS transmission com-

ponent in the relay process between i and j is expressed

as

FNLoS
i j =

c2d�n
i j

(4π fc)2
PLNLoS

i j
(28)

where c is the speed of light, fc is carrier frequency, di j

is the distance from the rescuer to the drone, n is the path

loss factor, PLNLoS
i j is the NLoS transmission component

in the communication process from PU to UAV, PLNLoS
i j =

20lg
⇣

4π fcdi j

c

⌘

+LNLoS. LNLoS is the average additional loss

of the link.

The transmission component between i and j NoS can

also be obtained

FNoS
i j =

c2d�n
i j

(4π fc)2
PLNoS

i j
(29)

where PLNoS
i j = 20lg

⇣

4π fcdi j

c

⌘

+LNoS, LNoS is the average

additional loss of the link.

The unless outage probability of a communication link

is defined as the probability that the received SNR falls

above a predetermined threshold λ . Therefore, the relia-

bility probability P of the communication from PU to the

EC is shown as

P = P

 

PNLoS
i j FNLoS

i j

N0
> λ

!

P

 

(1�PNLoS
i j )FLoS

i j

N0
> λ

!

(30)

where N0 is the power of noise. According to the commu-

nication scenario in this paper and the scenario settings in

the front of this section, the following equation is obtained

by converting equation (30)

P = e
�

λN0
2

 

1

PNLoS
i j

FNLoS
i j

+ 1

(1�PNLoS
i j

)FLoS
i j

!

(31)

.

When doing spectrum sensing of UAV, the limit of in-

terruption probability is added, and the power of UAV is

adjusted at any time to meet the stability of the commu-

nication line. The following UAV Communication Relay

sensing decision algorithm is established.

Algorithm 1 UAV Relay sensing decision algorithm.

Require: Input
One Signal, y;
Window length, M;

Ensure:
Unless Outage Probability, P > 0.9;

1: N=length(y); X=fftshift(fft(y)); M=N/64;
2: for each i 2 [1,N �M+1] do
3: f or each j 2 [1,N �M+2� i] do
4: if ( j == 1)
5: a(i, j) = X([ j+N + i�1�M : j+N + i�2+M])⇤ (X([ j+N �

i+1�M : j+N � i+M]))0;
6: else a(i, j) = a(i, j�1)�X( j+N + i�2�M)⇤con j(X( j+N �

i�M))+X( j+N + i�2+M)⇤ con j(X( j+N � i+M)); end if
7: end for
8: end for
9: S1=abs(a);

10: While (PU==true) do
11: Computing unless outage probability P;
12: if P  λ do
13: Adjusting UAV position by firefly algorithm [?];
14: else break
15: Output S1,UAV position;

The algorithm includes the frequency domain smoothing

algorithm in spectrum sensing, which is used to highlight
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the primary user signal in the signal, so as to prove whether

a certain frequency is occupied by PU [?] [?]. It also adds

the classic firefly algorithm to adjust the position of the

UAV to ensure that the communication is not outage [?] [?].

Before using the firefly algorithm, spectrum sensing is car-

ried out first, and the link will be evaluated only after sens-

ing the existence of users, otherwise, the next signal will be

detected.

When the UAV flies towards the PU, the sensing perfor-

mance and throughput of the UAV system will be better.

However, the energy consumed by its movement will be

increased. Hence, a tradeoff exists between the flying dis-

tance and the energy optimization in CR-based UAV relay

communication. In this section, the firefly algorithm is used

to search the minimum value of the objective function to

get the optimal location of the UAV. The objective function

is as follows:

Min Ep = E1 +E2 +E3

s.t. : C1,C2,C3,C4

(32)

where Ep is the flight energy consumption in the process of

UAV moving, E1 is the spectrum sensing energy consump-

tion of UAV, E2 is the energy consumption of UAV commu-

nication. C1 is the distance constraint on UAV’s movement

d1, C2 is the power constraint G, C3 is the step size Sg con-

straint on UAV’s movement, and C4 is spectrum sensing

range constraint d2.

Algorithm 2 UAV Firefly Algorithm.

Require: Input
Unless Outage Probability, P;
Position, (x,y,z);
step size Sg

Ensure:

d2 > d1;
G⇤(d2)

�n

N0
> λ ; Sg < d1

1: Random UAV position, calculate firefly objective function Ep.
2: The relative energy consumption Ep1

�Ep2
and P of UAV in the

step size Sg are calculated, and the moving direction of UAV is
determined according to the minimum Ep.

3: Update UAV position (x,y,z), recalculate outage probability and
energy consumption.

4: If there are smaller energy consumption and higher unless out-
age probability points nearby, return to step 1, else Output UAV
position.

5: Output UAV position (x,y,z);

3 RESULTS AND DISCUSSION
In this paper, the double side band (DSB) signal under noise

background is simulated, and the existence of detection sig-

nal is observed from its cyclic spectral density diagram.

The Fig. 3 below is an analog DSB signal.

Set the carrier frequency fc = 200Hz, N = 512, sampling

frequency fs = 5120Hz and signal-to-noise ratio SNR =
2dB. The three-dimensional simulation diagram of cyclic

spectral density of signal and its contour map are shown in

Fig. 4 and 5

Figure 3 DSB signal.

Figure 4 Three dimensional simulation of cyclic spectral
density of detection signal SNR=2dB.

Figure 5 Cyclic spectrum contour map.
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The cyclic spectral density of DSB signal has spectral

component at a = 0 and ±2 fc. The existence of PU sig-

nal can be detected only by looking at whether the cyclic

spectrum has a significant peak characteristic in a =±2 fc.

According to Fig. 4 and Fig. 5, there is a spectrum compo-

nent at a =±400HZ, and there is a significant peak, that is,

the PU signal exists.

In the estimation of cyclic spectral density, the calcu-

lation of signal and noise is a processing operation in fi-

nite time, so as to obtain the cyclic spectral density of re-

ceived signal. At this time, when a 6= 0, the cyclic spec-

tral density Sa
n( f ) of noise is no longer constant zero, but

there is a certain amplitude value, and the amplitude value

will increase the interference to the signal to a certain ex-

tent with the decrease of communication channel quality.

Change the signal-to-noise ratio and observe the influence

of signal-to-noise ratio. Set SNR = �10dB, carrier fre-

quency fc = 200Hz, sampling points N = 512 and sampling

frequency fs = 5120Hz to get Fig. 6.

Figure 6 Three dimensional simulation of cyclic spectral
density of detection signal SNR=-10dB.

According to Fig. 6, when the signal-to-noise ratio drops

to �10dB, the interference of noise to the signal is obvi-

ously enhanced, but the existence of the authorized user

signal can be detected according to the graph outline. This

also shows that the cyclostationary feature detection algo-

rithm can reflect a certain anti-noise performance when the

signal-to-noise ratio is small, but it will lose the ability to

detect the signal when the signal-to-noise ratio is too small.

This shows that when the environmental noise is too

large, the detection performance of UAV will decline. In

order to detect the existence of users in the signal, there are

two schemes. One way is increasing the detection range of

the spectrum will increase the complexity of cycle detec-

tion, which will undoubtedly increase the energy consump-

tion of UAV. The other way is moving the UAV’s position

makes the outage probability of signal access greater than

the threshold λ .

Figure 7 UAV position after doing firefly algorithm.

The simulation is aimed at a single UAV under the re-

striction of outage probability, using a firefly algorithm to

adjust the position of the UAV until the end of the UAV

Communication Relay sensing decision algorithm. Fig. 7

shows the location of the UAV after Algorithm 2. The red

cross in Figure 7 is the best location point after the firefly

algorithm search, and the blue point is the point where the

UAV only considers the optimization of spectrum sensing.

4 CONCLUSION
Firstly, the spectrum sensing model of UAV is established,

and the existence of PU is detected by a frequency-domain

smoothing algorithm. Then, a UAV relay sensing decision

algorithm is proposed based on the spectrum sensing al-

gorithm. The goal of the UAV relay sensing decision al-

gorithm is to adjust the position and ensure that the UAV

relay link is not outage. Finally, the feasibility of the UAV

relay sensing decision algorithm is verified by simulation,

which integrates UAV spectrum sensing and position opti-

mization. In the future, we will focus on the relationship

among UAV energy, position, and perception, establish a

system model and optimize UAV energy.
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