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Abstract. In this paper, an aerial intelligent reflecting surface (AIRS)
is introduced to assist the ground secure communication system, where
intelligent reflecting surface shifts the communication channel to target
position and AIRS can be flexibly deployed in the air. We aim to max-
imize the secure communication rate of the system, and the formulated
problem is difficult to solve. To this end, the problem is decomposed
into three sub-problems, and an efficient iterative algorithm is proposed
by jointly optimizing the transmission beamforming, the reflection phase
shift and trajectory of the AIRS with the alternating optimization tech-
nique. The semi-definite relaxation is used to optimize the AIRS’s phase
shift, and the successive convex approximation method is applied to solve
the non-convex trajectory optimization sub-problem. Numerical results
show that the secrecy rate of the proposed algorithm precedes the bench-
mark schemes, and the AIRS has found the same optimal position with
respect to different origins.

Keywords: Aerial intelligent reflecting surface · Secure
communication · MISO system · Alternating optimization

1 Introduction

Nowadays, sixth-generation (6G) network are developing rapidly tomeet the large-
scale communication needs, especially in flexible, high-speed, secure communica-
tion, etc. Intelligent reflecting surface (IRS), as a new wireless device, can smartly
reflect the signal through exhaustive low-cost passive reflecting elements and is
always used to alter the transmission of radio signals over the wireless network [1].
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IRS shows great potential to enhance physical layer security. Wei Sun studied
the security issue of the IRS aided simultaneous wireless information and power
transfer system, in which the transmit beamforming and artificial noise at the
base station (BS) and the reflective beamforming at the IRS are jointly designed
to maximize the secrecy rate to the receivers [2]. The transmit beamforming
and the reflective beamforming of the IRS are jointly designed to maximize the
secrecy rate of multiple input single output (MISO) communication system [3].
The author in [4] further complete the outage constrained robust design for IRS
system, which takes the artificial noise into consideration.

On the other hand, unmanned aerial vehicle (UAV) can act as a mobile relay
or air BS to aid the secure communication in different scenarios [5,6]. Further-
more, UAV is able to build the line-of-sight (LOS) dominant transmission links
with the ground users, and IRS can smartly adjust their reflecting elements for pas-
sive phase shift. It is proposed that UAV carrying an IRS serves as a mobile relay to
assist the ground communication [7–9]. New methods have been discussed in [10]
by jointly applying IRS and UAV in integrated air-ground wireless networks.

Motivated by the benefits of the IRS and the mobile UAV, we consider an
aerial intelligent reflecting surface (AIRS), which can be flexibly deployed and
adjust the phase shift simultaneously. The transmit beamforming, the phase
shift and trajectory of the AIRS are jointly optimized to assist secure MISO
communication system. Our goal is to maximize the secrecy rate, and the main
contributions are summarized as follows:

• The maximization of secrecy rate problem is difficult to solve due to the non-
convexity of the objective function and multiple coupled variables. An alter-
nating optimization (AO) method is applied to solve the three sub-problems,
where the variables are optimized in an iterative manner.

• For the transmit beamforming vector, we obtain a closed-form solution in
sub-problem 1, and the reflection phase shift of AIRS is solved by the semi-
definite relaxation (SDR) method in sub-problem 2. In sub-problem 3 of the
AIRS’s optimal positon, we first introduce auxiliary variables to simplify the
objective function and decouple the position variable. Then we apply the suc-
cessive convex approximation (SCA) method to reformulate the non-convex
trajectory problem into an approximated convex problem.

• Simulation results are provided to verify the effectiveness and convergence of
the proposed AO algorithm, which precedes the benchmark schemes without
phase shift optimization and fixed AIRS. Besides, the AIRS has found the
same optimization position in different origins situation.

2 System Model and Problem Formulation

2.1 System Model

In this paper, we consider an AIRS-based MISO communication system, in
which the UAV is equipped with an IRS as a passive relay, and an eavesdropper
attempts to wiretap the legitimate communication between the BS and the user



Aerial Intelligent Reflecting Surface 555

on the ground. The AIRS is equipped with N = Nx × Ny reflecting elements,
whose phase can be manipulated by the controller on the UAV, and Nx, Ny are
passive reflection units which are spanned as a uniform planar array. We assume
the BS is equipped with M antennas arranging in alignment, and the user and
eavesdropper are equipped with a single antenna, respectively.

Without loss of generality, all nodes are placed in the three-dimensional (3D)
Cartesian coordinate system. The BS, user, and eavesdropper are fixed on the
ground, whose horizontal coordinates can be denoted by CB = [xB , yB ], CU =
[xU , yU ] and CE = [xE , yE ], respectively. The coordinate of AIRS is denoted by
CI = [xI , yI , zI ], and it can travel at a constant altitude zI . In addition, the
AIRS is constrained by flying within a certain horizontal range as

CI ∈ X × Y. (1)

where X and Y denoted the feasible region of the UAV deployment in the x-asix
and y-axis, respectively [9].

We assume that the nodes communicate with the AIRS are denoted by the
set of Z ∈ {B,U,E}, the elements of Z represent the BS, the user, and the
eavesdropper, respectively. The reflection elements of AIRS are arranged in a
rectangular matrix, and then the channel coefficient of the antenna of Z with
the AIRS can be expressed as

vZI = vx ⊗ vy, (2)

where vx and vy are set as vx = [1, e−j 2πΔd
λ ϕZI , ..., e−j 2πΔd

λ (Nx−1)ϕZI ]T and vy =
[1, e−j 2πΔd

λ φZI , ..., e−j 2πΔd
λ (Ny−1)φZI ]T , and they denote the channel coefficient of

the link from one antenna to the elements of Nx and Ny in the AIRS, respectively.
Here, ϕZI and φZI represent the azimuth and elevation angles of the AIRS
component, which can be denoted as ϕZI = xI−xZ

dZI
and φZI = zI−zZ

dZI
. In the

above formulas, dZI represents the distance between the antenna of Z and the
AIRS. Constants Δd and λ denote the reflecting element separation at the AIRS
and the carrier wavelength, respectively. xZ and zZ represent the coordinates of
the x-axis and z-axis of Z, respectively. Since AIRS constantly moves throughout
the process, vZI changes with the coordinate of AIRS [11].

In this situation, the channels related to the AIRS are dominated by LOS
component. By applying the existing channel estimation techniques, we assume
the channel state information (CSI) of AIRS-related channels can be obtained
based on the method in [12]. Accordingly, the channel gains between the AIRS
with the user and eavesdropper can be expressed as

hUI =
√

ρd−α
UI ∗ vUI , (3a)

hEI =
√

ρd−α
EI ∗ vEI , (3b)

where ρ is the pass loss coefficient of the reference distance D0 = 1m. dUI

denotes the distance between the AIRS and the user, and dEI is the same as
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dUI . Constant α represents the corresponding path loss exponent related to the
ground-air (G-A) link. vUI and vEI represent the channel coefficient of the AIRS
with the user and eavesdropper, which are in the form of vZI with Z ∈ {B,U,E}.

The M antennas of the BS arrange in linear planar. Since the antenna sep-
aration is weeny compared to the distance between the BS and the AIRS, the
channel coefficients of diffierent antennas of BS with the AIRS are treated as the
same. Then, the channel gain between the BS and the AIRS can be expressed
as

HBI =
√

ρd−α
BI vBI ∗ [1, e−j 2πΔa

λ φBI , ..., e
−j 2πΔa

λ (M−1)φBI ] =
√

ρd−α
BI VBI , (4)

where dBI denotes the distance between the BS and the AIRS. vBI is the channel
coefficient between the BS and the AIRS. Δa represents the antenna separation
at the BS. φBI is the elevation angles of the BS with the AIRS, and VBI =
vBI ∗ [1, e−j 2πΔa

λ φBI , ..., e
−j 2πΔa

λ (M−1)φBI ].
We assume that the channels of the gorund-ground (G-G) communication

link follow Rayleigh fading, and then the channel gains of the BS-user link and
the BS-eavesdropper link can be expressed as

hBU =
√

ρd−κ
BU ∗ gBU , (5a)

hBE =
√

ρd−κ
BE∗gBE , (5b)

where dBU and dBE are the distance from the BS to the user and eavesdropper,
κ is the corresponding path loss exponent related to the G-G link. gBU and gBE

denote the small-scale fading, which represent the random scattering component
modeled by a circularly symmetric complex Gaussian (CSCG) distribution fea-
turing zero-mean and unit-variance. Therefore, we can obtain HBI ∈ C

N×M ,
hEI ∈ C

N×1, hUI ∈ C
N×1, hBU ∈ C

1×M , hBE ∈ C
1×M , respectively.

The BS transmits a confidential message to the user via beamforming w ∈
C

M×1, which satisfies the following constraint

||w||2 � PBS , (6)

where PBS denotes the BS’s maximum transmit power. Moreover, the signals
from BS are reflected by AIRS in adjustable phase shift, and the reflection phase
of the AIRS is modeled by using q � [q1, ..., qN ]T , where qn = βnejθn , βn ∈ [0, 1]
and θn ∈ [0, 2π) denote the amplitude reflection coefficient and phase shift of
the n-th element, respectively. For simplicity, βn = 1,∀n is set to achieve the
maximum reflecting power gain, thus the elements of q should satisfy

||qn|| = 1,∀n. (7)

Due to the severe path loss, ignoring the signal reflected twice or more by the
AIRS, the signal received by the user and the eavesdropper can be respectively
expressed as

yU = (hT
UIQHBI + hBU )w + nU , (8)
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yE = (hT
EIQHBI + hBE)w + nE , (9)

where Q denotes the diagonal matrix of the vector q. nU and nE denote the
additive white Gaussian noises with mean zero and unit variances.

2.2 Problem Formulation

Based on (8) and (9), the signal noise ratio (SNR) of the user and eavesdropper
are expressed as

γU =
|(hT

UIQHBI + hBU )w|2
σ2

U

, (10a)

γE =
|(hT

EIQHBI + hBE)w|2
σ2

E

, (10b)

where σ2
U and σ2

E denote the noise power at the user and eavesdropper, respec-
tively. Therefore, the communication rates of the user and eavesdropper are
obtained by using the Shannon formula, which are respectively expressed as

RU = log2(1 + γU ), (11a)

RE = log2(1 + γE), (11b)

and the secrecy rate is expressed as Rsec = RU − RE .
We aim to get the maximum communication security rate by jointly optimiz-

ing the AIRS’s trajectory, the phase shift matrices, and the BS’s active beam-
forming. Therefore, the considered problem is formulated as follows

P0: max
w,Q,CI

Rsec = RU − RE , (12a)

s.t. CI ∈ X × Y, (12b)

‖w‖2 � PBS, (12c)
‖qn‖ = 1,∀n. (12d)

Since the objective function Rsec is non-convex with respect to the variables
w,Q and CI , it is difficult to directly obtain the optimal solution to the P0,
and the constraints (12b)–(12d) are independent of these variables. In the next
section, we propose an efficient algorithm to solve the P0 approximately.

3 Proposed Algorithm

In P0, the constraints of (12c) and (12d) are associated with only one variable w
and Q, respectively. Besides, the CSI of the communication channels HBI , hIU ,
hIE are all related to the position of AIRS, which constrained by the traveling
range of AIRS (12b). This motivates us to divide the P0 into three sub-problems
about w,Q and CI , respectively, and we propose an algorithm based on the AO
method [14] to solve these sub-problems.
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3.1 Sub-problem 1: Optimizing the Transmit Beamforming w
with Given Q and CI

According to (10), the SNR of the user and the eavesdropper can be transformed
respectively as follows

γU =
|(hT

UIQHBI + hBU )w|2
σ2

U

= wH (hT
UIQHBI + hBU )H(hT

UIQHBI + hBU )
σ2

U

w (13a)

= wHηUw,

γE =
|(hT

EIQHBI + hBE)w|2
σ2

E

= wH (hT
EIQHBI + hBE)H(hT

EIQHBI + hBE)
σ2

E

w (13b)

= wHηEw,

where ηU � (hT
UIQHBI+hBU )

H
(hT

UIQHBI+hBU )

σ2
U

,

ηE � (hT
EIQHBI+hBE)

H
(hT

EIQHBI+hBE)

σ2
E

. For the given AIRS’s position CI and
phase shift Q, we can obtain the CSI in (13), hence the ηU and ηE are all
constants. Then, the sub-problem 1 can be expressed as

P1: max
w

wHηUw + 1
wHηEw + 1

, (14a)

s.t. wHw � PBS. (14b)

According to [3], the closed-form solution of P1 can be achieved as

wopt =
√

PBSvmax, (15)

where vmax is the normalized eigenvector corresponding to the largest eigenvalue
of the matrix (ηE + 1

PBS
IM )−1(ηU + 1

PBS
IM ), and IM denotes an M -dimension

identity matrix.

3.2 Sub-problem 2: Optimizing the AIRS Reflect Phase Shift
Matrix Q with Given w and CI

With the optimal beamforming w∗ obtained by solving P1, and the given AIRS’s
position CI , we can simplify the original problem P0 as the following optimiza-
tion problem only about the refleciton phase shift Q of AIRS, which can be
formulated as
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P2: max
Q

1
σ2

U
|(hT

UIQHBI + hBU )w|2 + 1
1

σ2
E

|(hT
EIQHBI + hBE)w|2 + 1

, (16a)

s.t. ‖qn‖ = 1,∀n. (16b)

By applyinghT
UIQHBI = qT diag(hUI)HBI andhT

EIQHBI = qT diag(hEI)HBI ,
we can further respectively transform the numerator and denominator of (16a) into
the following equations by setting s = [qT , 1],

1
σ2

U

|(hT
UIQHBI + hBU )w|2 = sGUsH + hU , (17a)

1
σ2

E

|(hT
EIQHBI + hBE)w|2 = sGEsH + hE , (17b)

where hU = h∗
BUw∗wT hT

BU

σ2
U

, hE = h∗
BEw∗wT hT

BE

σ2
E

, and

GU =
1

σ2
U

[
diag(h∗

UI)H
∗
BIw

∗wTHT
BIdiag(hUI) diag(h∗

UI)H
∗
BIw

∗wThT
BU

h∗
BUw

∗wTHT
BIdiag(hUI) 0

]
,

GE =
1

σ2
E

[
diag(h∗

EI)H
∗
BIw

∗wTHT
BIdiag(hUI) diag(h∗

EI)H
∗
BIw

∗wThT
BE

h∗
BEw

∗wTHT
BIdiag(hEI) 0

]
.

Besides, the constrain (16b) can be expressed as sEnsH = 1,∀n, and the En is
a matrix of N -order, which the (n, n) element of it equals 1, the else are all 0.

By substituting (17) into the problem (16a), we rewrite the P2 into a more
tractable form as

max
s

sHGUs + hU + 1
sHGEs + hE + 1

, (18a)

s.t. sEnsH = 1,∀n. (18b)

Since (18b) is a non-convex quadratic equality constraint, and the objective
function (18a) is fractional and non-concave with respect to s. To tackle the
non-convexity, the SDR method [15] is employed. Define S � ssH , problem (18)
is reformulated as

max
S

tr(GUS) + hU + 1
tr(GES) + hE + 1

, (19a)

s.t. tr(EnS) = 1,∀n, (19b)
rank(S) = 1. (19c)

Next, by applying the Charnes-Cooper transformation [16], and ignoring the
rank-one constraint on S, we define μ � 1/[tr(GE*S) + hE + 1]. Then, problem
(19) can be transformed into the following form
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max
μ�0,X

tr(GUX) + μ(hU + 1), (20a)

s.t. tr(GEX) + μ(hE + 1) = 1, (20b)
tr(EnX) = μ,∀n, (20c)

where X = μ*S. Problem (20) is a standard semidefinite programming (SDP)
problem [17], which can be solved by using the interior-point method [18,19].

3.3 Sub-problem 3: Optimizing the Position CI of the AIRS
with Given Q and w

According to (3)–(5), all channel gains are related to the distance between the
transmitter and the receiver. The position of the AIRS determines the large-scale
fading of HBI , hUI and hEI . In this situation, we can detail the communication
rate of the user and eavesdropper as

RU = log2(1 +
|(hT

UIQHBI + hBU )w|2
σ2

U

)

= log2(1 +
ρ|w|2
σ2

U

∗ | vT
UIQVBI

ρ− 1
2 d

α
2
UI ∗ d

α
2
BI

+
gBU

d
κ
2
BU

|2), (21a)

RE = log2(1 +
|(hT

EIQHBI + hBE)w|2
σ2

E

)

= log2(1 +
ρ|w|2
σ2

E

∗ | vT
EIQVBI

ρ− 1
2 d

α
2
EI ∗ d

α
2
BI

+
gBE

d
κ
2
BE

|2). (21b)

It is worth noting that dBI , dUI , dEI , and vZI are relevant to the AIRS’s
trajectory. However, it is observed that vZI is complex and non-linear with
respect to the AIRS’s trajectory variables CI , which makes the trajectory design
intractable. Then, subject to the AIRS mobility constraints in (1), we formulate
the secrecy rate maximization problem as follows

P3: max
CI

Rsec = RU − RE (22a)

s.t. CI ∈ X × Y. (22b)

Based on (21), we first introduce the slack variables inequality mU � d
− α

2
UI ∗

d
− α

2
BI and sE � d

− α
2

EI ∗ d
− α

2
BI , respectively, and then introduce auxiliary variables

fU and kE to transform the Eq. (21) into the following form

RU � log2(1 + |ρ 1
2 mUvT

UIQVBI + d
− κ

2
BUgBU |2) � log2(1 +

ρ|w|2
σ2

U

∗ fU ), (23)

RE � log2(1 + |ρ 1
2 sEvT

EIQVBI + d
− κ

2
BEgBE |2) � log2(1 +

ρ|w|2
σ2

E

∗ kE). (24)
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Then, for the worst case of secure communication, taking (23)–(24) into con-
sideration, the P3 can be expressed as

max
Ω

log2(1 +
ρ|w|2
σ2

U

∗ fU ) − log2(1 +
ρ|w|2
σ2

E

∗ kE), (25a)

s.t. CI ∈ X×Y, (25b)

d2UI ∗ d2BI � m
− 4

α

U , (25c)

d2EI ∗ d2BI � s
− 4

α

E , (25d)

JU ∗ JHU ∗ JU
T � fU , (25e)

JE ∗ JHE ∗ JE
T � kE , (25f)

Ω = {CI , fU , kE ,mU , sE}, (25g)

where JU = [ρ
1
2 mU , d

− κ
2

BU ], JHU = [vT
UIQVBI ,gBU ]T ∗ [vT

UIQVBI ,gBU ], JE =
[ρ

1
2 sE , d

− κ
2

BE ], and JHE = [vT
EIQVBI ,gBE ]T ∗ [vT

EIQVBI ,gBE ]. We use the
obtained AIRS position CI from the last iteration to get an approximate vZI in
this iteration [14]. In this way, we can make the problem (25) tractable with the
slack variables mU , sE and the auxiliary variables fU , kE . The SCA technique
can be applied to address the non-convex constraints (25c)–(25f) [9].

It is proved that d2BI and d4BI are convex functions of CI [7]. Similarly, d2EI ,
d4EI , d2UI , d4UI are all convex function of CI . However, (24d) and (24e) are still
non-convex due to the terms d2UI ∗ d2BI and d2EI ∗ d2BI . Next, we further process
the upper bound function of d2UI ∗ d2BI as

d2UId
2
BI =

1
2
[(d2UI + d2BI)

2 − (d4UI + d4BI)]

� 1
2
[(d2UI + d2BI)

2 − ((d(l)UI)
4 + (d(l)BI)

4)]

− 2[(d(l)BI)
2(C(l)

I − CB)T + (d(l)UI)
2(C(l)

I − CU )T ] ∗ (CI − C(l)
I ) (26)

� f(CI).

Similarly, the lower bound of d2EI ∗ d2BI can be written as

d2EId
2
BI =

1
2
[(d2EI + d2BI)

2 − (d4EI + d4BI)]

� 1
2
[((d(l)EI)

2 + (d(l)BI)
2)2 − (d4BI + d4EI)]

+ 2[(d(l)BI)
2 + (d(l)EI)

2](2C(l)
I − CB − CE)T ∗ (CI − C(l)

I ) (27)
Δ= g(CI),

where d
(l)
BI , d

(l)
UI , d

(l)
EI , and C(l)

I are the variables obtainted from last iteration. In

the right side of (25c) and (25d), m
− 4

α

U and s
− 4

α

E are convex functions. However,
(25d) can not satisfy inequality optimization condition. The first-order Taylor
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expansion is applied to make the constraint (25d) feasible, which is expressed
as

m
− 4

α

U � (m(l)
U )− 4

α − 4
α

(m(l)
U )− 4

α −1(mU − m
(l)
U ), (28)

where m
(l)
U = d

(l)− α
2

BI d
(l)− α

2
UI . Then, the left side of expression (25e) is the stan-

dard quadratic function. We try to use the first-order Taylor expansion, which
approximatively address the non-convex constrain (25e) as follow [14]

JU ∗ JHU ∗ JT
U � 2�(JU0 ∗ JHU ∗ JT

U0) − JU0 ∗ JHU ∗ JT
U � fU , (29)

where JU0 = [ρ
1
2 m

(l)
U , d

− κ
2

BU ]. According to the expression (25a), it is non-convex
with the variable kE , which make the object function untracked for maximiza-
tion. Similarly, the first-order Taylor expansion could approximate the RE as

RE � log2(1 +
ρ|w|2
σ2

E

∗ kE) � log2(1 +
ρ|w|2
σ2

E

∗ k
(l)
E ) +

ρ|w|2
σ2

E
(kE − k

(l)
E )

ln 2(1 + ρ|w|2
σ2

E
∗ k

(l)
E )

(30)

where k
(l)
E = |ρ 1

2 s
(l)
E vT

EIQVBI + d
− κ

2
BEgBE |2 and s

(l)
E = d

(l)− α
2

EI d
(l)− α

2
BI . According

to (26)–(30), the convex optimization problem can be expressed as

P4: max
Ω

log2(1 +
ρ|w|2
σ2

U

∗ fU ) −
ρ|w|2
σ2

E
∗ kE

ln 2(1 + ρ|w|2
σ2

E
∗ k

(l)
E )

, (31a)

s.t. CI ∈ X × Y, (31b)

f(CI) � (m(l)
U )− 4

α − 4
α

(m(l)
U )− 4

α −1(mU − m
(l)
U ), (31c)

s
− 4

α

E − g(CI) � 0, (31d)

2�(JU0 ∗ JHU ∗ JT
U0) − JU0 ∗ JHU ∗ JT

U � fU , (31e)

JE ∗ JHE ∗ JT
E − kE � 0, (31f)

Ω = {CI , fU , kE ,mU , sE}. (31g)

By incorporating a quasi-convex objective and all convex constraints, P4 is
the approximate convex transformation of the problem (25), which can be solved
by convex optimization software such as CVX. Then, the original problem P3
can be tackled by solving a series of P4 iteratively.

3.4 Overall Algorithm

With the solutions to the three sub-problems, the overall algorithm for solving P0
is summarized in Algorithm 1, where 1M denotes an M -dimension vector whose
elements are all 1, ε is used for the accuracy of iterations, and kmax denote the
maximum number of iterations.
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Algorithm 1. Proposed AO Algorithm

1: Initialization: set k = 0; the origin C
(0)
I and phase shift q(0) of AIRS randomly;

w(0) = 1M ;
2: Get the CSI of system channels and R

(0)
sec = f(C

(0)
I ,q(0),w(0));

3: repeat
4: k ← k + 1;
5: Update w(k) based on (15);
6: Update q(k) based on the result of problem (20);

7: Update C
(k)
I based on the result of problem (31);

8: Update the CSI of system channels and R
(k)
sec = f(C

(k)
I ,q(k),w(k));

9: until |R(k)
sec − R

(k−1)
sec | � ε or k � kmax.

Output: The optimal position of AIRS and the convergency value of Rsec

4 Simulation Results

In this section, we analyze the performance of the proposed AO algorithm
through numerical results. The following benchmark algorithms are used for
comparison:

• Only optimizing the AIRS’s trajectory, neglecting the BS transmit beamform-
ing and the phase shift of AIRS (denoted as only trajectory optimization)

• Fixed the position of AIRS at the origin point, optimizing the transmit beam-
forming and the phase shift of AIRS jointly (denoted as fixed AIRS)

We consider a situation that the BS, the user, and the eavesdropper are
located at (100, 0), (120, 90), (60, 60), respectively (distance in maters). The
AIRS is flying in the horizon plane with an altitude of zI = 100 m, and the
traveling range of AIRS is a square within X ∼ [50m, 130m], Y ∼ [0m, 100m].
The AIRS elements are arranged in a square and the number is N ≤ 100, and the
ratios of the element separation and the antenna separation with wavelength are
set as Δd/λ = 0.5 and Δa/λ = 0.5, respectively. The background noise power
is −150 dBW, and the BS’s maximum transmit power is PBS = 1 W. For path
loss relating parameters, we set ρ = −30 dB, the ground channels experience a
path loss exponent of κ = 3.5, while the air-ground channels α = 2.4. Besides,
the convergence threshold is setting as ε = 10−3 and kmax = 50.

In Fig. 1, we present the progress of the AIRS to search the optimal posi-
tion from different origins and the convergence behavior of the algorithm in sub-
problem 3. The number of the reflection elements is set as N = 64, and the ground
units of the BS, the user and the eavesdropper stay at the permanent position.
During the SCA algorithm iteration, the trajectory of AIRS is updated with the
new optimized coordinates. Fig. 1(a) presents the AIRS’s trajectory of the differ-
ent situations. They converg to the same optimal position (110, 45), even the worst
situation (70, 10). Besides, different from the UAV transmitter or relay system in
which the UAV fly to the user side to assist communication security [6], the AIRS
flies directly to the optimal position in the situation of origin (120, 80). In Fig. 1(b),
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Fig. 1. AIRS’s trajectory and the algorithm convergence behavior w.r.t different origins

we show the secrecy rate convergence behavior of the proposed algorithm in sub-
problem 3 under different AIRS trajectories. It is observed that our proposed algo-
rithm can quickly converge after around 10 iterations. That the converged secrecy
rate is mainly distributed around 5 bps due to the CSCG random component gBU

and gBE of the directed channel gains from the BS to the user and eavesdropper,
the two gains are important parts of receiving signals.
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Fig. 2. Secrecy rate behavior versus the number of reflecting elements N

In Fig. 2, we compare the secrecy rate performance of the proposed AO
algorithm with the benchmark algorithms in the case of reflection elements, and
the secrecy rate of each N is the average of the different situations in Fig. 1(b).
From Fig. 2, we can see that the secrecy rate all increases as the number of
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reflection elements grows, and that of AO algorithm is higher than the other
two. In addition, the AIRS’ trajectory optimization is more efficient than the
fixed AIRS, since the reflection signal strength of the user is greater than that of
the eavesdropper when the AIRS moves to the optimal position. As the number
of reflection elements increases, the reflection signals are superposed at the user
side, which makes the gap larger.

5 Conclusion

In this paper, we have investigated the UAV equipped with an IRS to assist
the ground secure communication. The transmit beamforming vector, the reflec-
tion phase shift and trajectory of the AIRS are jointly optimized to maximize
the secure transmission rate. Utilizing the AO framework, we have applied the
SDP and SCA methods to solve the original problem iteratively. Numerical
results show that the proposed algorithm converges fastly and is effective for
improving the secrecy rate. Also, it reveal that the trajectory optimization is
higher-efficiency to enhance the secrecy rate than the fixed AIRS, and jointly
optimized the transmit beamforming vector, the reflection phase shift and tra-
jectory of AIRS can combine the different roles of UAV and IRS to enhance
secure communication.
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