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With the popularity of 5G mobile communication services, the number of users has increased dramatically, as well as the
nonuniformity of user density distribution; many users are in nonideal channel conditions, so unmanned aerial vehicle (UAV)
as a passive relay equipment platform has gradually entered people’s vision. Intelligent reflective surfaces (IRSs) capable of
reconfiguring electromagnetic absorption and reflection properties in real-time are offering unprecedented opportunities to
enhance wireless communication experience in challenging environments. In this paper, we start from the point of minimizing
the energy consumption and nodes of UAV passive relay; the paper proposes to install intelligent reflecting surface (IRS) on
UAV as a new passive relay and establish the communication coverage model of UAV-IRS. Then, the main relationship
between the coverage radius and hover height of UAV-IRS is verified. In view of different distribution densities of target users,
a CK++ (cyclic k-means++) is proposed to solve the spatial deployment problem of UAV-IRS, where the optimal solution of
the system is obtained through cyclic clustering. And the algorithm is verified to effectively improve the performance of urban
mobile communication and user communication service quality through numerical stimulation.

1. Introduction

Today, the communication network is increasingly devel-
oped. Especially with the maturity of 5G technology, higher
requirements are placed on the communication network.
Wireless relay, as an effective means to expand the transmis-
sion range and an important way to improve the transmis-
sion capacity, can be achieved by using fixed relay nodes
or mobile relay platforms. With the diversified development
of relay network scenarios, unmanned aerial vehicles
(UAVs) appear more and more in wireless relay scenarios
in recent years [1–4]. Due to UAVs having the advantages
of low cost, high flexibility, and rapid deployment [5], instal-
ling the relay equipment on them to form UAV-IRSs can
provide more effective communication services. UAV-
assisted wireless communication networks also face many
challenges, such as how to improve energy efficiency, ensure
lower latency, improve resource utilization, and optimize
mobility management strategies, so UAV-assisted wireless
communication networks require further research. As an

aerial relay platform, UAV has some differences from fixed
ground relay deployment:

(1) Deployment can be more convenient owing to the
flexibility of UAV-IRS. After obtaining the deploy-
ment location, UAV-IRS can reach the specified
location quickly to complete the deployment, and
the deployment location of UAV-IRS can be chan-
ged at any time. However, the fixed relay has a fixed
deployment location, a long deployment period, and
a confined service range

(2) The link between UAV-IRSs is different from that
between fixed relay nodes. UAV is above the user,
and it is very easy to build a line-of-sight link, while
the link between fixed relay nodes will experience
various fading and various line-of-sight obstacles,
and most of the links are non-line-of-sight links

(3) The load, airborne time, power, and energy supply of
the UAV-IRS are limited, and the height of the UAV
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directly affects the size of the communication cover-
age, while the fixed relay node does not need to con-
sider the energy problem when deploying

The flexibility of UAV-IRS can make the deployment more
convenient. However, due to the deficiency of the current bat-
tery technology, the load, airborne time, and power of the
UAV-IRS are also restricted, and for the height of UAV directly
affecting the coverage range of communication, energy effi-
ciency needs to be considered in the deployment of UAV-IRS
network. Therefore, this paper considers studying the mini-
mum number of UAV-IRS deployment, which could both
ensure real-time communication of users and minimize the
total energy consumption of UAV.

To address the technical problem of limited onboard energy
due to UAV battery limitations, an intuitive approach is to use
lightweight, low-power relay devices onUAVs; another effective
energy-saving solution is to use an intelligent reflecting surface
[6]: IRS only reflects incident signals andmeets the requirement
of passive relay. By adjusting the reflection coefficient, the IRS
changes the phase difference of the incident electromagnetic
wave, which can subtly reconfigure the signal transmission
environment, improve the power of the received signal, or sup-
press the interference signal [7]. Since all of these surfaces used
to reflect signals are passive, a small amount of energy is con-
sumed only when the reflective surface controller needs to intel-
ligently control the orientation of the surface. Besides,
combined with its lightweight and passive nature [8], it will sig-
nificantly reduce the power consumption of the UAV, thereby
greatly extending the runtime of the UAV-IRS.

At present, some research has been carried out on the
deployment of UAV-IRS at home and abroad. In existing stud-
ies, the convex hull algorithm [9], deep Q network particle [10],
swarm optimization [11], and BRB-DA [12] are used to deploy
UAVs, but most of them do not consider the user’s receiving
power interference. In addition, some literatures consider the
special situation of interference. For example, the literature
[13] only considers the deployment of two UAVs under inter-
ference conditions, but the number of UAVs is too small to
be universal. Although another literature [14] considers various
situations, it is assumed that the distribution of ground users is
set as uniform distribution, which is not universal.

To get closer to practical applications, this paper examines a
spatial deployment algorithm of UAV-IRS based on the cyclic k
-means++ algorithm. This paper mainly considers deploying
multiple UAV-IRSs in one region. Due to the difference in user
density, the quality of communication varies in different hot-
spot areas. Therefore, UAV-IRSs need to be deployed through
changes in horizontal position and height, as well as increase
or reduce the number to improve the communication quality
of different hotspot users. Therefore, in order to minimize
UAV-IRS energy consumption and minimum relay nodes,
the cyclic k-means++ algorithm is adopted; that is, given the
number and location information of ground users and themax-
imum load number of each UAV-IRS, use the cyclic k-means+
+ algorithm to deduce the optimal two-dimensional position of
the UAV and output the required number of UAV-IRSs and
each UAV-IRS. The coverage radius of the UAV-IRS unit can
be extended. In the second subproblem, the optimal altitude

of the UAV is determined by optimizing the total transmission
power of the UAV-IRS, and finally, the space deployment of the
UAV-IRS is completed.

2. System Model

In the IRS-assisted cellular network system of UAV, 5G base
station, UAV-IRS, and user equipment with nonideal channel
conditions are regarded as communication nodes in the IRS-
assisted cellular network of UAV, and UAVs in the system all
carry IRS relay components. Since the location of 5G base sta-
tion is known and fixed and users with nonideal channel condi-
tions are disorderly and random, the deployment location of
UAV-IRS node needs to be reasonably designed according to
the location information of 5G base station and user equipment
with nonideal channel conditions.

As shown in Figure 1, under the problem of performance
degradation during communication dead zones or peak user
periods, weak signals from the base station will cause connec-
tion interruption or force the user device to increase its trans-
mitting power. To solve this problem, UAV-IRSs are deployed
to provide communication services to target users and restore
target user communications. In this case, the UAV carrying
the IRS relaying component is positioned within the coverage
of the base station as a passive aerial relay for users with non-
ideal channel conditions.

3. Analysis of UAV Optimal Hover Height

Different from the traditional fixed relay, the radio signal is
reflected by UAV-IRS travels in a free space. From the most
widely used air-ground communication models [15], it can be
seen that the main propagation of communication signals is
the line of sight or equivalent line of sight, and some are non-
line-of-sight propagation through reflection and diffraction. In
this paper, the model is adopted, and the expected value of
the spatial path loss can be expressed as

E = PLoS∙LLoS + PNLoS∙LNLoS: ð1Þ

In the formula, LLoS and LNLoS are the average spatial path
loss of line-of-sight propagation and non-line-of-sight propaga-
tion, respectively. According to the hypothesis of Friis equation,
it can be expressed as

LLos = 20 log10
4πd
λ

+ ηLos,

LNLos = 20 log10
4πd
λ

+ ηNLos:

ð2Þ

In the formula, d is the straight-line distance betweenUAV-
IRS and user, d =

ffiffiffiffiffiffiffiffiffiffiffiffiffi
h2 + r2

p
; λ is electromagnetic wave length,

λ = c/f ; c is the speed of light; f is the carrier frequency; ηLos
and ηNLos are the path loss under line-of-sight propagation
and non-line-of-sight propagation, respectively.

Figure 2 shows the path loss relation diagram corre-
sponding to different elevation angles of users in different
urban environments.
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PLoS and PNLoS are the probability of line-of-sight propa-
gation and non-line-of-sight propagation, respectively,
which are related to the propagation environment coefficient
and elevation angle. The probability of line-of-sight propa-
gation can be fitted by sigmoid function and can be
expressed as

PLoS = P LoS, θð Þ = 1
1 + ae−b θ−að Þ ,

PNLoS = 1 − PLoS:

ð3Þ

In the formula, a and b are arguments to the sigmoid
function; θ is the elevation angle of the user and UAV-IRS,
θ = tan−1h/r, h is the vertical flight height of the UAV-IRS,
and r is the distance from the user to the projection point
of the horizontal position of the UAV-IRS. When the fre-

quency of a and b is 2000MHz, the parameters in different
geographical environments can be found in Table 1.

According to the literature [16], the higher the height of
UAV-IRS, the larger the communication coverage area:

θ = tan−1 h
r
: ð4Þ

Substitute the above formula to obtain

E = ηLos − ηNLos
1 + ae−b tan−1 h/rð Þ−að Þ + 10 log10 h2 + r2

� �
+ 20 log10

4πf
c

+ ηNLos:

ð5Þ

According to the analysis of the formula, the average
spatial path loss function of signals transmitted in air-
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Figure 1: The map of system model.
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Figure 2: The calculated line-of-sight probabilities, with their related S-curve fitting for different urban environments.
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ground channel is a nonlinear function about h and r,
according to which the signal intensity received by ground
users is strictly dependent on h and r. In order to ensure
the communication quality of users on the ground, it is
assumed that the received power P must exceed a certain
threshold Pmin, which is equivalent to the path loss of the
UAV-IRS to any user must be less than or equal to a certain
threshold Lth, so as to ensure the basic communication of
users. When the path loss between the UAV-IRS and the
user exceeds the threshold, the link is interrupted. By solving
∂r/∂h = 0, the maximum coverage radius rmax and the opti-
mal flight height h∗ = rmax∙tan θ can be obtained. The opti-
mal flight height of UAV-IRS corresponding to different
path losses is shown in Figure 3. And the relationship
between the height and the coverage radius is shown in
Figure 4.

4. System Energy Consumption Analysis

In this section, the power consumption model of UAV-IRS
auxiliary communication system is proposed. The total
power consumption of the system consists of the reflected
power of the base station, the power consumption of the
base station hardware equipment PBS, the power consump-
tion PIRS of IRS, and the power consumption PUAV of the
UAV.

Therefore, total power consumption of the system can be
expressed as

Pt = PS + PBS + PIRS + PUAV: ð6Þ

The power consumption of IRS depends on the nature
and resolution of the reflector for effective phase shift of
the incident signal. Assuming that each reflector is I phase
shifter, the power consumption of IRS composed of a reflec-
tor PIRS =NPiðbÞ, i ∈ f1, 2,⋯, Ig is given, representing the
power consumed by the circuit for a phase shifter with bit
resolution. Reference [17] provides some typical values for
IRS.

PUAV includes the energy consumed by the UAV in
flight and hovering. According to Reference [18], the power
of the UAV can be expressed as

PUAV = a1v
3 + a2

v
, ð7Þ

where a1 and a2 are constants, depending on the UAV’s
weight, wing size, and air density, representing the average
flight speed of the UAV. Therefore, the minimum power

consumption of UAV is [18]

PUAVmin ≜ 3−3/4 + 31/4
� �

a1/41 a3/42 : ð8Þ

5. Description of Algorithm

Under the assumption that users are randomly distributed
and their positions are known, the path loss of downlink is
taken into account, and the UAV-IRS should be in the opti-
mal working state as far as possible under the premise of sat-
isfying user communication quality. In this paper, since the
distance between the 5G base station and UAV-IRS is much
larger than that between the user and UAV-IRS, it can be
assumed that the signal power reflected by each UAV-IRS
is equal. This article innovatively considers capacity con-
straints when deploying relays. Since the working bandwidth
of a single UAV-IRS is limited, in order to meet the commu-
nication quality requirements of users, each UAV-IRS serves
a fixed number of users. It is assumed that the upper limit of
users covered by UAV-IRS is L.

According to the above situation, adjusting the flight
height of UAV-IRS to h∗ allows the UAV-IRS to reach the
maximum coverage radius rmax of the ground user. If the
communication coverage is carried out with the maximum
coverage radius, more users will be served. In the coverage
area with higher user density, UAV-IRS overload will be
caused; Through theoretical analysis [16], the energy loss
of UAV is closely related to its coverage radius and flight
altitude. Based on the above, the UAV-IRS coverage prob-
lem is transformed into an optimal coverage problem with
minimum energy loss.

5.1. UAV Deployment Positioning Analysis. There is a hori-
zontal projection relative distance between the relays of each
UAV. If the horizontal projection relative distance between
the relays of adjacent UAVs is less than the preset threshold,
the UAV will move away from its neighbor UAV in order to
ensure that UAVs will not excessively gather in one area and
repeatedly cover a certain area. If the distance between two

Table 1: Different environmental parameters.

Urban environments a b ηLos ηNLos
Suburban 4.88 0.43 0.1 21

Urban 9.61 0.28 1.0 20

Dense urban 12.08 0.16 1.6 23

Highrise urban 27.23 0.12 2.3 34

r

h

Coverage zone

Figure 3: The coverage zone by a low altitude platform.
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adjacent UAVs is greater than the threshold and smaller
than the communication radius, the UAVs move to the
neighbor UAV to minimize the coverage of the blind area.
If the distance between two UAVs is equal to the threshold
or greater than the communication radius, the relative dis-
tance between two UAVs will not affect the movement of
UAVs. The deployment mode of three UAVs relay is shown
in Figure 5.

Theoretically, when the three UAVs relay U1, U2 and U3
want to achieve optimal coverage, the area of coverage blind
area O is 0 and the coverage area can be expressed as

S = 2∙SΔU1U2U3
+ SU1 2π−2∙∠1ð Þ + SU2 2π−2∙∠2ð Þ + SU3 2π−2∙∠3ð Þ:

ð9Þ

When the coverage area is the largest, the relation can be
deduced as

∠1 : ∠2 : ∠3 = 1
r21

:
1
r22

:
1
r23
: ð10Þ

5.2. k-Means++ Algorithm. At present, the static coverage
deployment of UAV-IRS assumes that global information
such as location service requirements of ground users is
known, and the location of the UAV-IRS is adjusted by a
centralized deployment optimization method. According to
the summary of the UAV static deployment method of relay,
it can be seen that most static deployment methods do not
consider the load capacity of UAV-IRS and the transmission
rate of a certain bandwidth; at the same time, the number of
users is certain, so the load capacity is one of the important
factors affecting relay deployed drones. In order to optimize
transmission power, this paper investigates the spatial

deployment of multiple UAVs as aerial relays considering
the load capacity of UAVs.

Assuming that the user distribution and location are
known and considering the downlink situation, the goal is
to minimize the total transmission power of UAV-IRS while
meeting the quality of service requirements of the user. In
addition, under the premise of user service quality and load
capacity of UAV-IRS, multiple UAV-IRSs are deployed in a
three-dimensional space and the height and horizontal posi-
tion of each UAV are obtained. In order to determine the
optimal position and coverage radius of each UAV, the 3D
deployment problem was decomposed into two subprob-
lems. In the first subproblem, given the number of ground
users and location information and the maximum load
number of each UAV-IRS, the circular k-means algorithm
is used to deduce the optimal two-dimensional position of
UAV and calculate the coverage radius of each UAV unit.
In the second subproblem, the optimal height of UAV is
determined by optimizing the total transmission power of
UAV-IRS, and finally, the spatial deployment of UAV-IRS
is completed.

The k-means algorithm is a typical distance-based clus-
tering algorithm. Typically using Euclidean distance as the
similarity index of clusters, data point objects are divided
into K clusters, and each object is divided into the cluster
nearest to the center of the cluster. The k-means algorithm
first randomly determines the location of k cluster centers
and then connects each user to the nearest center of mass.
The centroid position is then updated by getting the Euclid-
ean distance value for the user position connected to each
centroid. Repeat this operation until the cluster center posi-
tion does not change or the maximum number of iterations
is reached.
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Figure 4: Relationship between the height and the coverage radius
of UAV-IRS.
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Figure 5: Schematic diagram of multiple UAV relay deployment
technology.
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However, the number k of k-means algorithm’s cluster-
ing centers needs to be given in advance, but in practice,
the selection of k value is difficult to estimate. In many cases,
it is not known in advance how many categories a given
dataset should be divided into. The k-means require manual
determination of initial cluster centers, and different initial
cluster centers can lead to completely different cluster
results.

Therefore, according to the scenario in this paper, the k
-means algorithm is improved and the k-means++ algorithm
is adopted. The basic idea of selecting seeds in the k-means+
+ algorithm is that the distance between the initial clustering
centers should be as far as possible. The deployment algo-
rithm is described in Algorithm 1.

5.3. Optimal Height of UAV-IRS. After the above circular k
-means++ algorithm is used to determine the projection
position of UAV-IRS on the horizontal plane, the height of
each UAV-IRS is determined. To minimize power, you can
minimize path losses. Then, the optimization function is as
follows:

min 〠
iϵK

20 log
4πf c

ffiffiffiffiffiffiffiffiffiffiffiffiffi
r2i + h2i

q

c

0
@

1
A + PLoS ηLoS − ηNLoSð Þ + ηNLoS

������

������
:

ð11Þ

Figure 6 simulates the relationship between coverage
radius and height when UAV-IRS f c = 2GHz and path loss
is 120 dB in different environments. It can be seen from
Figure 4, with the increase of UAV height, coverage radius
increases after the first decreases and is not a monotonic
function; for a particular user, when the service environment
with the UAV-IRS is determined, there is maximum cover-
age radius; the tow corresponding heights—the maximum
and minimum height—were referred to as high domain.
For a user of UAV-IRS service, each user has a height
domain, and the intersection of the height domain of all
users is called the total height domain. In this paper, the
method of rising in the total height domain is adopted to
determine the UAV-IRS height, and the height correspond-
ing to the minimum value found is the optimal height.

5.4. Steps of Algorithm. The main idea of unmanned aerial
vehicle passive relay spatial deployment algorithm based
on k-means++ is to use the k-means++ algorithm to divide
ground users into K clusters according to the load capacity
of UAV-IRS to obtain the horizontal position coordinates
of UAV-IRS and then optimize the height of each UAV-
IRS in order to minimize transmission power and finally
obtain the 3D coordinates of each UAV-IRS.

The specific steps of UAV-IRS spatial deployment algo-
rithm based on k-means++ are as follows:

(Step 1) Enter the number of users and their location
information; the maximum load number of
UAV-IRS is L.

(Step 2) Use the k-means++ algorithm to divide all users
into k clusters, and detect the number of users
in each cluster.

(Step 3) If the number of users in the cluster is greater
than L, k = k + 1, go to Step 1. If no, go to Step
4.

(Step 4) Calculate the coverage radius of each UAV-IRS;
that is, the horizontal distance between the clus-
ter center and the furthest user in the class.

(Step 5) Formula (8) is used to calculate the optimal
height of each UAV-IRS.

(Step 6) Get the 3D position of each UAV-IRS.

6. Results and Discussion

In this chapter, Python software is adopted to simulate the
spatial deployment algorithm of UAV-IRS based on k
-means++. The task area is a square area with side length
of 1 km. Two different users are distributed in different ways
in this area, and the simulation experiment of UAV-IRS
deployment is carried out. Table 2 shows some experimental
parameters.

6.1. Analysis of Simulation Results of CK++. In this section, it
is assumed that mobile users are randomly distributed on
the ground, and 400 groups of 2D ground movement coor-
dinates are generated within 1 km ∗ 1 km by random func-
tion. The Ck++ algorithm is used to calculate this data set,
as shown in Figure 7, and the algorithm deployment result
is obtained. The ground mobile users are represented by dif-
ferent colored dots, and different colors represent different
clusters. The multicolored pentagonal star in the center rep-
resents the two-dimensional deployment position of UAV-
IRS, and the coverage area of each UAV-IRS is represented
by a red circle.

The theoretical initial K value for UAV-IRS deployment
is 8, but the actual result is that 14 UAV-IRSs are required in
the area to provide communications services. It can be seen
that the service coverage radius of each UAV-IRS is not
equal, because the total number of users aggregated by each
cluster after clustering is different and the two-dimensional
distribution position is different. Each user is provided relay
service by the nearest UAV-IRS. The number of UAV-IRS
deployments in the areas with higher user density is signifi-
cantly higher than that in the areas with lower user density.
This is because when the user density is higher, the resources
of UAV-IRS are already utilized by the nearest users, result-
ing in its inability to serve further users. In addition, in the
left side of the low-density area, the higher the height, the
more users can improve the relay service.

6.2. Compared with Traditional k-Means Clustering
Algorithm. In this section, it is assumed that mobile users
are randomly distributed on the ground, and 300 groups of
coordinates are generated within 1 km ∗ 1 km by random
function. The dataset was calculated by the k-means
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clustering algorithm and Ck++ algorithm, respectively, as
shown in Figures 8 and 9, two different algorithm deploy-
ment results are obtained, and the 2D coordinates of
UAV-IRS deployment as well as the 3D deployment coordi-
nates of coverage and UAV-IRS are drawn, respectively. The
black dots in Figure 8(a) represent edge users not covered by
UAV-IRS.

As can be seen from Figure 8, the number of UAV-IRS
deployed using the Ck++ algorithm is 6, and the coverage
rate is less than 100%. As the k value of the k-means algo-
rithm is fixed, the relay service for edge users cannot be pro-
vided, so some users still cannot communicate normally.

Initialization:
Initialize the initial position of the user node, and calculate the number of UAV-IRS in theory;
1. A random point is selected from the input user node location and then it will be set as the first cluster center;
2. For each point x in the data set, calculate its distance DðxÞfrom the nearest cluster center (selected cluster center);
3. A new data point is selected as the new clustering center, and the selection principle is as follows: the point with larger DðxÞ has a
higher probability of being selected as the clustering center;
4. Repeat steps 2 and 3 until k cluster centers are selected.
5. The k initial clustering centers are used to run the standard K-means algorithm.
Step 3 Reflect DðxÞ to the probability of point selection. The specific algorithm is as follows:
1. Let us start with a random seed from our database;
2. For each point, we calculate its straight-line distance DðxÞ from the nearest seed point and store it in an array. Then we add up the
distances to get SumðDðxÞÞ;
3. Then, a random value is taken and the next seed point is calculated in the way of weight. The algorithm is realized by taking a
random value “Random” that can fall in SumðDðxÞÞ and then using Random = −SumðDðxÞÞ until it is not greater than 0, at which
point the next seed point is taken;
4. Repeat steps 2 and 3 until k cluster centers are selected;
5. These k initial clustering centers are used to run the standard k-means++ algorithm.

Algorithm 1: Deployment Algorithm.
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Figure 6: Relationship between the height and coverage radius of UAV-IRS.

Table 2: Simulation parameters.

Parameters Value

a 9.61

b 0.28

ηLos 1.0 dB

ηNLos 20 dB

C (m/s) 3.0e+8

Iterations 1000

Maximum number of UAV-IRS service users 50
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Figure 7: 400 users are distributed in the task area. (a) 2D position of UAV-IRSs and ground user. (b) The space position of UAV-IRSs.
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Figure 8: k-means algorithm results. (a) 2D position of UAV-IRSs and ground user. (b) The space position of UAV-IRSs.
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Figure 9: CK++ algorithm results. (a) 2D position of UAV-IRSs and ground user. (b) The space position of UAV-IRSs.
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As it can be seen from Figure 9, the number of UAV-IRS
deployed using the Ck++ algorithm is two more than the k
-means, but the coverage rate reaches 100%. This is because
the Ck++ algorithm optimizes the initial clustering center
during initialization and circulates clustering by increasing
k value when the UAV-IRS service is found to be full.

As can be seen from Figure 10, the relation curves
between user density and coverage of the two algorithms
are drawn. As the number of users gradually increases, that
is, the coverage of the k-means clustering algorithm is get-
ting lower and lower. It can be seen that in the scenario of
high user density, the coverage of the Ck++ algorithm is bet-
ter than that of the traditional k-means clustering algorithm.

6.3. Compared with Divide-and-Conquer Algorithm. In this
section, it is assumed that mobile users are randomly distrib-
uted on the ground, and different numbers of user coordi-
nates are generated within 1 km ∗ 1 km through random
functions. The divide-and-conquer algorithm proposed in
this paper and the drone based on the Ck++ algorithm also
consider the trunk deployment method under the premise
that the UAV relay load capacity and ground users are fully
covered. The basic idea of the divide-and-conquer algorithm
is that when the total number of users in a cluster is detected
to be greater than the maximum load number of UAV-IRS,
it is similar to dividing the cluster into four clusters by cell
division. As can be seen from Figure 11, with the gradual
increase of the number of users, namely, the increasing user
density, both algorithms meet the communication require-
ments of ground mobile users by increasing the number of
UAV-IRS deployment. However, the number of UAV-IRS
deployed by the Ck++ algorithm proposed in this paper is
always less than that of the divide-and-conquer algorithm.
In terms of saving the number of UAV-IRS deployments,
the Ck++ algorithm proposed in this chapter is superior to
the divide-and-conquer algorithm in the same case.

7. Conclusion

In this paper, the optimal space deployment of UAV passive
relay is solved under the premise of considering UAV relay
load capacity. Firstly, a multi-UAV-IRS network coverage
user system model was established, and an unmanned aerial
vehicle passive relay spatial deployment algorithm based on
Ck++ was proposed. Then, based on the deficiency of the
traditional k-means clustering algorithm, the Ck++ algo-
rithm was proposed to obtain the two-dimensional coordi-
nates and coverage radius of each UAV, and then the
optimal hovering height of UAV-IRS was calculated with
the coverage radius. Finally, being compared with the tradi-
tional k-means clustering algorithm, it was shown that the
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and-conquer and CK++ and the number of UAV-IRS deployments.
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proposed algorithm had a better coverage. Then, on the pre-
mise of all users being covered, the UAV load ability of the
proposed algorithm with the same partition algorithm on
the basis of the comparison was considered. After using
the deployment of less UAV, the feasibility of the partition
algorithm was proved.

Data Availability

The data mainly comes from simulation experiments.
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