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Abstract: Unmanned aerial vehicles serving as air base stations (UAV-BSs) are used in

telecommunications, when the network is overloaded or unavailable, providing access to users

on the ground. Due to its dynamics of providing access to networks in different altitudes, the

electromagnetic signal of UAVs suffers losses along the path, thus facing several problems related to

transmission, such as: attenuation, fading and distortion. In this work is proposed a 3D positioning

strategy for UAVs, taking into account height, coverage radius and flight energy efficiency. Results

show that the proposed algorithm is able to position the UAVs in suboptimal locations, providing

network access for mobile users, maximizing the number of connected devices in the UAV-BS and

saving energy, thus obtaining better performance than the approaches conventional.

Keywords: uav; allocation; energy

1. Introduction

Base Stations (UAVs) can be deployed to provide wireless connectivity to ground devices. Due to

their ability to provide access to different altitudes, UAVs are interesting for the flexible deployment of

air stations. (UAV-BS) [3]. We are experiencing the deployment of fifth generation networks [12]. UAVs

are mobile and dynamic access points that are deployed when ground base stations are overloaded or

temporary power outages, caused by disasters or excessive user flow at specific times [1,2,24]. Thus,

the use of drones embarking network equipment is being used to assist mobile network demands, due

to its advantages and flexibility regarding its deployment [27].

The work [18] addresses the use of air base stations to provide access to users on the ground, as

an alternative to traditional networks. Thus the use of UAVs helps ground based radio stations in

providing signal coverage and high data rates [28], especially in situations where this excess demand

occurs in a way that is quite difficult to predict, according to the Figure 1.

Figure 1. Drones positioned at different heights to improve signal quality for users on the ground.

According to the work [7] the drone has a directional antenna that provides wireless coverage

for a certain area. Signal propagation considers line-of-sight (LOS) and non-line-of-sight (NLOS) for

ground users.

This electromagnetic propagation suffers losses along the path, thus facing several problems

related to transmission, such as: attenuation, fading and distortion [7]. Therefore, it is necessary to find

the ideal altitude to have coverage that guarantees QoS (Quality of Service) for users on the ground.
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The positioning and its altitude are still challenging, because they directly impact the signal

coverage and the data rate perceived by users on the ground [23]. The quality of the transmission is

related to the altitude of the drone [21]

Considering the related problems in positioning drones to improve cellular mobile coverage of

users on the ground. The article proposes a solution to determine the optimal placement of multiple

UAVs. An algorithm for allocation of mobile air stations is proposed, taking into account the vertical

and horizontal positioning of the UAV-BS. The proposed model was able to provide network access,

ensuring signal coverage, QoS and energy efficiency. The solution was compared with another strategy

and the results demonstrate better energy efficiency.

This article is divided as follows. in section II are the related works. In Section III the model of

the proposed system. Section IV presents the simulation and results. While Section IV concludes the

article.

2. Related work

UAVs are being used in several telecommunication scenarios due to the flexibility in their

deployment. In recent work [4] address a proposal with many mobile air stations, to cover large

areas with the least possible number of UAVs. Some UAV implementations use a directional antenna,

in order to assess signal coverage, the work of [29] studying connectivity in networks covered only by

mobile air stations.

The work [5] investigates the use of UAVs for data collection in an IoT scenario and considers

choosing the best path. Thus, using a reinforcement learning technique that aims to find the ideal

transfer rate and trajectory in an environment. In other work [16] they use a cooperative technique

to use UAV networks and traditional networks. In order to improve and expand the coverage of the

signal, they chose the technique of machine learning reinforcement learning.

The work [17] covers scenarios that use UAVs to cover natural disaster areas. To validate their

hypothesis, the researchers use computer simulation tools and methods using benchmark bases to

evaluate their algorithms for signal coverage. In the article [19], uses optimization to minimize the

energy consumption of UAVs taking into account connected users, allocation of network services, route

planning, processed by edge computing. To validate their research, they used numerical simulation

and compared their results with other works found in the literature.

Below is a summary of the articles found on the problem of allocating drones in different situations

that help mobile networks in disaster situations or network overload.

Table 1. Articles found.

Article Problem Technique used

[3] Connectivity problem of aerial users served by drones 3D placement Algorithm proposed
[5] Resource allocation UAV-assisted Internet of Things (IoT) Deep reinforcement learning

[16] Deployment of UAVs in the post-disaster area Reinforcement learning
[17] Base stations decentralized deployment Algorithm proposed
[19] Power control, allocation, and location planning in the BS Fuzzy means clustering
[29] Integrating drone-BSs to cellular networks Heuristic algorithm

Unlike the works found, this proposal uses a 3D positioning strategy for UAVs. Here highlighting

the main points:

• A proposal for positioning uav base stations
• A proposal for better coverage for mobile users based on QoS
• Energy savings compared to other strategies
• Analysis of the flight time performance of drones
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3. Methodology for UAVbs

In this section, the proposed strategy is presented, as well as the stages of development of the

research method are detailed.

3.1. UAVbs

Some parameters related to the study of UAVBS are taken into account. Signal propagation,

considering the line of sight (LOS) and line of sight (NLOS). Where f is the carrier frequency, d is the

distance, c is the speed of light [7].

This is illustrated the a directional antenna in figure bellow, where is the wireless coverage, H is

the height, and R is the coverage radius [35], Figure 2.

Figure 2. LOS and NLOS

The wireless signal is characterized by air-to-ground propagation and has Line of Sight (LOS) and

No Line of Sight (NLOS) between transmitter and receiver. The prediction of channel model the UAV

is given by:

h =

√

pd−ak

1 + k
LOS +

√

pd−ak

1 + k
nLOS (1)

In is work[8] , he studies the quality of wireless signal transmission between transmitter and

receiver.

20log10(
4π f d

c
) (2)

Given the transmission capacity of the Bw (Bandwidth) of the channel, the information collection

rate of a terrestrial client can be communicated using the Shannon equation:

Blog2(1 +
p/l

n
) (3)

Where B is bandwidth, p is energy power,and N is signal to noise ratio.

Thus, the use of 3d allocation is rightly used to improve users SINR. Channel models use a

log-distance path-loss model [22]:
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h = 10log

(

d

d0

)

+ PL (d0) + X0 (4)

Where PL(d) is the path-loss in dB at a given distance d from the BS.

Another model at [26] demonstrates how to calculate the horizontal distance and elevation angle

of the user on the ground relative to the transmitter in the air. To do this, use the formulas below:

Di =

√

(x − xi)
2 + (y − yi)

2 (5)

Ai = (180/π) tan−1 (hU/Di) (6)

Knowing that altitude affects the quality of service for ground users, we propose a sub-optimal

optimization solution to find the ideal altitude for UAVs [31]. These considerations are important for

successful deployment of air base stations. In our proposal two steps are used for this.

3.2. Problem Model

Finding the optimal placement of a transmit antenna, or in this case, the vertical and horizontal

placement of the drone is modeled as optimization, because of its complexity. So the drones, are

positioned to serve several users on the ground, guaranteeing the minimum of QoS for all. The

problem is non-convex, thus having multiple local optimal. The mathematical modeling implemented

is the solver, which is actually the implementation of the objective function, which minimizes the all

drones in relation by users on the ground, use the formulas below:

Problem: Minimization of the Number of Transmission UAVS

Variables:

xi Number of uav to be installed in sector i (i = 1, 2, . . . , n)

hi Height of uav in sector i (i = 1, 2, . . . , n)

Objective Function:

Minimize Z =
n

∑
i=1

xi

Subject to:

n

∑
i=1

(Nuj · xi) ≤ Ct for each sector j = 1, 2, . . . , n

xi ≥ 1 for i = 1, 2, . . . , ∀n ∈ N

hi ≥ 30 for i = 1, 2, . . . , ∀n ∈ N

hi ≤ 100 for i = 1, 2, . . . , ∀n ∈ N

xi, hi ≥ 0 for i = 1, 2, . . . , ∀n ∈ N

Where:

• Z is the objective function that seeks to minimize the total number of uav.
• xi represents the number of uav to be installed in sector i.
• hi represents the height of the uav in sector i.
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• n is the total number of sectors.
• Nuj is the number of users in sector j.
• Ct is the capacity of a uav, i.e., the maximum number of users that a uav can serve.

The algorithm tests the minimum data rate required by each user in the cluster, this value is used

to guarantee the QoS of all users allocated by a UAVBS. The UAVs must should be deployed in area at

a certain height, signal strength and communication radius.

3.3. Proposed of a New Heuristics

For uav allocation, a heuristic was developed. The heuristic determines the minimum number of

drones needed and the height of each one to serve the users on the ground. The algorithm performs

several iterations incrementing the number of drones to find a solution. The heuristic ends when it

satisfies all constraints and allocates drones to users, algorithm 01.

The algorithm consists of 4 steps: (1) Clustering of the users using machine learning k-means. (2)

Coverage the users based QoS. (3) Check which was the best solution based in the number of users

served and (4) Provide access to users on the ground, according to the Figure 3.

Figure 3. Steps algorithm proposed

3.3.1. Cluster

The algorithm I groups users into clusters, in order to find the best positioning of the UAVBS.

This approach uses the k-means algorithm. Lets you find placement at the center of the user. This

is valid since it allows covering the largest possible number of users on the ground. The k-means

algorithm is one of the most used machine learning algorithms for clustering classes. Due to its ease of

implementation and its computational performance [15]. Next, the ideal height, coverage radius and

signal strength are found for each cluster. The algorithm ends when a solution satisfies the objective

function.

To use k-means it is necessary to randomly choose k centroids, where k is the number of clusters

or groups of data. Then the algorithm tries to find the center of a cluster. To distribute users into

different groups, the following strategy was used. initially they were separated into sets. The set of

mobile users are arranged in u = {1,2..u }. The clustering set in g = {1,2..g } and the drone set d = {1,2..d}.

Then the users are grouped, after being grouped they are served by a nearest drone.

3.3.2. Coverage

The height is adjusted according to the power received by users and the coverage area of each

cluster, this ensures that the signal quality is maintained. The optimum solution of the UAVs is used

algorithm II. Several parameters are used as input, for example: number of users, number of cluster,

Tx power, Rx power, channel, bandwidth, resource blocks, NRs.
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Algorithm 1 ALLOCATION UAVBS

1: input_users(x, y, dr, prb, cqi, sinr, vel, prx, distance)
2: input_uavbs(x, y, rb, f r, band, ptx, cob, h, channel)
3: best, bestAtual = 0
4: solution = 0
5: rounds = 300
6: Create Position User
7: User=randon(x,y)
8: while (solution <= rounds) do
9: create cluster for position uav center of the cluster

10: cluster=kmeans(Users)
11: Calculate maximun distance users
12: for i = 1 to cluster do
13: MaxDistance = Maximun Distance all Users to Cluster
14: end for
15: try allocate in the each cluster
16: for i = 1 to UavBS do
17: for j = 1 to Users do
18: if (DistUser <= DistMaxUAV) and (sinrUser < sirnMaxUAV) then
19: allocate user in the uavbs
20: UAVi = {userj, userj, . . . , usern}
21: end if
22: end for
23: end for
24: totalUser = sum(UsersAllocationNetwork)
25: if (totalUser >= best) then
26: UavUserj = {user1, user2, . . . , usern}
27: best = totalUser
28: end if
29: rounds=rounds + 1
30: end while
31: Plot solution search

Evaluates each user’s signal in relation to the drone’s within each cluster. This is repeated for

each cluster. If the average QoS is achieved, the optimum height of the UAV for land users is found.

3.3.3. Best Solution

In this step, the solution is verified. If the solution is not satisfied, a loop is executed that calls step

01, incrementing the number of clusters. It then calls step 02, which searches for other parameter the

network for the UAV. This is repeated until the constraints of the problem are satisfied.

We will have all the drones covering the regions with their sub-optimal found. Users have a QoS

requirement that needs to be maintained, minimum Mbps per cluster coordinated by a drone. To

allocate each user, a calculation is performed based on the SINR and blocks of resources available in

the UAVBs. If the UAV does not have enough resources, the user will not be served.

3.3.4. Provide Access

if the solution that satisfies all restrictions is found, the algorithm will position the drones over

the users on the ground, guaranteeing access to the network according to the required QoS.

The steps of the algorithm to find the ideal amount of drones to cover the intended area. Initially,

it starts with only 01 drone and increases according to the values found. For this, kmeans is run in each

round to find the center of the cluster. Then it tries to cover all users on the ground, for that, it takes

into account the signal-to-noise ratio values of the users. Not achieving the best fitness, the algorithm

increments one more drone and repeats the process.

3.4. Scenario

In our experiments numerical simulation was used to evaluate the work proposal. Several

parameters were used to create the test environment. The simulation took place in 40 repetitions,

with random seeds and each simulation took place in 100 seconds. The simulation are performed in

Matlab®2022.

For the simulation, the scenario chosen is a failure in the ERB, caused by by natural disasters, thus

making it impossible for mobile users to access the network. It is taken into account that users have a

uniform distribution, move from 0 to 10 m/s and have network requirements of 1 to 3 mbps to use

resources, allocated taking into account the SNR ratio. It was considered scenarios that there are 100

stationary users in the specified geographical area of 1000x1000.
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For the simulation of the study scenario, some steps were used. Initially, users with defined

lat/log position and their required data rate were started. Then the drones were configured with

parameters of band, frequency, height and available resources. Then the kmeans cluster sets the height,

defines the coverage, distance and positions itself in the center. Then the QoS is evaluated to ensure the

maximum number of users serviced by the drone. Finally, the solution found is then used, as shown in

the Figure 4.

Figure 4. Steps simulation

The network used is the LTE standard and the drones have a bandwidth of 20 mhz with blocks of

resources limited to 100. Each drone can connect the macro-cell at 40 Mbps. All parameters used are

show in the Table 1.

Table 2. Simulation parameter the scenarios.

Parameter Description Value

Hmin UAV altitude initial 50m
Bw Bandwidth of the UAV 20 MHz
Ptr UAV tranmission power 23dbm

Cmin Minimum channel capacity 03 Mbps
UAVtUs PL Model Los e Nlos

Los los 1.3 dB
Nlos nlos 23 dB
BS Base Station 1
Sc Scenarios 3
Us Users 100

To evaluate the flight time of the drones, some parameters were configured. Values are shown in

Table 2.

Table 3. Drone parameters.

Parameter Description

Parameter Value
Weight 2kg
Battery 5200 mAh 14.8V
Motors 880 kV (×4)

Max Speed 10 km/h
Max Altitude 150m
Fly Time total 30min
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3.5. Performance metric

To validate the proposal of the article, three strategies were evaluated: (a) random , (b) fixed and

(c) Dynamics proposal. Each strategy tries to cover an area with landless user in the best way, for that,

it uses positioning, height and coverage radius of the drone:

• In (a) Random, the drones use the height and coverage radius randomly throughout the

simulation.
• In (b) Fixed , the drones maintain the pre-configured height and coverage radius throughout the

simulation.
• Different from the other proposals (a) Random [36] and (b) Fixed [37] that leave the height or

fixed when simulating the flight of the drone. In our proposal (c) Dynamics, the height and

coverage radius of the drones are dynamically adjusted by the proposed algorithm throughout

the simulation. This is intended to best position the drone in relation to users on the ground.

4. Results and Discussion

In this section, the results of the research carried out and their considerations are presented.

4.1. Performance metric

Are presented the number of cluster allocated to each strategy, this is shown in the Figure 5. In

each scenario it is possible to observe the number of drones and how they were distributed in each

scenario.

Figure 5. Number of cluster allocated to each strategy. In (a) 10 clusters with random height and

coverage. In (B) 08 clusters with fixed height and coverage and in (C) 5 clusters with dynamic height

and coverage

Note that in (a) random, all drones were used, even so not getting good coverage, since there are

still users without communication. In (b) 8 drones were used and distributed in the scenario, reaching
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a total of 96 assisted users. Finally we have (c) Dynamics proposal which with only 5 drones can cover

an area sufficient to serve 98 users on the ground.

In this step, the time that the algorithm takes to find the best solution in each strategy is analyzed.

Note that at each interaction it is possible to evaluate fitness: with 10 drones, 05 drones and 09 drones,

respectively. As shown in Figure 6

Figure 6. Algorithm evolution to find the best fitness (allocate users), using the least resources (drones).

The number of users served was also compared. Note that (a) random has the worst result, failing

to allocate a number of users. The (b) fixed one, although it manages to allocate almost the maximum

number of users, does it in 10 steps. The best was (c) dynamic proposal, which manages to allocate the

maximum number of users in the shortest computational time. Note that among the (c) dynamic, (b)

fixed and (a) random strategies, it managed to provide access to 98, 96 and 64 users respectively. This

is shown in the Figure 7.

Figure 7. Number of drones to users served

The time spent by the algorithm to find the suboptimal solution is also evaluated. Their solutions

are expected to be found in polynomial time. The solutions present resolution considered OlogN.
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Note that among the strategies (c) dynamic, (b) fixed and (a) random, obtained computational time

respectively: bad, good, excellent. This is shown in Figure 8.

Figure 8. Algorithm performance.

Another comparison was performed to evaluate the throughput. It was observed that the (c)

dynamic strategy outperforms the (b) fixed and also the (a) random positioning in relation to the

network throughput, this is shown in figure Figure 9.

Figure 9. Throughput performance.

Realize that the best use of available resources, in this case the drones, causes network optimization

to occur, ensuring that you have the maximum number of satisfied users with the minimum resource

used. Below we have the parameters used in the positioning and allocation of UAVBS in a given

scenario. Note that some are active as they managed to be serviced by a nearby drone and others that

are blocked by QoS factors, Table 3.

Table 4. Allocation parameters of the users.

Status USER DATA RATE PRB CQI SINR PRX UAVBS LAT LOG

On 1 409600 5 4 2.61 87 uav 3 4.54 7.10
On 2 409600 4 3 4.54 85 uav 3 4.44 7.54
On 3 409600 5 5 3.32 84 uav 3 4.69 7.12

. . . . . . . . . .

. . . . . . . . . .
Off 99 409600 0 0 0 0 0 7.42 10.18
Off 100 409600 0 0 0 0 0 7.54 10.89

4.2. Energy efficiency

Energy consumption is compared in both strategies. The values are found separately for each

UAVBS during the simulation. The total consumption of drones takes into account several parameters.
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Some are related to drone movements, such as: taking off to the established height, hovering over

the desired point, communicating with users on the ground and landing. Others related to the

environment, such as: rain, winds, altitude.

Altitude is too considered a decisive factor for energy savings in drones, as stated by [31–33].

Below is shown the telemetry values average obtained of the altitude and battery in the flight

simulation. The average altitude and energy consumption of each strategy is shown, using was

using tool pydrone. This is shown in the figure Figure 10.

Figure 10. Altitude values.

Below it is possible to visualize the positioning of each uav and its energy expenditure during the

simulation. Note that the dynamic strategy is better than the others. This is shown in the Figure 11.

Figure 11. Energy consumption.

It is also possible to observe that the dynamic strategy was able to have a greater number of users

served by the wireless network. The proposed algorithm is able to better adjust the parameters and

improve the service to users. This is possible, since it manages to guarantee the maximum number of

users served on the ground, using the minimum of available resources (drones).

After the simulations, the final results related to the two strategies are presented, according to

Table 3.

Table 5. Energy saving

Random Fixed Dynamic

64 % 94% 98%

In this way, it is possible to save energy, since the UAVBS have better use of resources. Note that

the optimized strategy achieves greater energy savings compared to the fixed strategy, a saving of

14.93 %.
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4.3. 3d uavbs dynamic

Finally, the proposed strategy dynamic was implemented with mobile users are randomly

distributed in a space. The algorithm position the UAv-BS horizontally and 2d deployment of the

allocation. As you can see in the Figure 12.

Figure 12. Distributed mobile users

The algorithm was used to group mobile users, which allows positioning the UAVsBS. The

algorithm found 05 clusters. There is a central BS that provides the backhall for the UAVs. Each UAV

BS provides wireless signal to distributed users, Figure 13.

Figure 13. Clustering users mobiles

It is possible to observe the uavs 3D flying over the mobile users in the scenarios. Note that each

uavbs are numbered and have different colors. Each Uavbs is at the center of the group of its users

mobiles, flying over at a certain height, radius and power signal average, Figure 14.
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Figure 14. 3d allocation with 5 UAV base stations

5. Conclusions

In this article, a allocation of BS UAVs aiming energy savings was proposed. The numerical

simulation results demonstrate that the proposed algorithm can achieve a significant improvement

compared to the simple scheme. Three strategies were evaluated: random, fixed and Dynamics

proposal. The algorithm dynamics proposal to find the ideal height power, coverage for multiple

UAVBS. The results demonstrate that the flight time of the drones in the dynamic strategy would be

greater than the others. The performance of the algorithm was evaluated. It was compared strategy

the dynamic with the fixed and show energy savings of up to 14 % and that the proposed strategy

was able to provide network access to 97 % of users. Model numerical demonstrate that the proposed

achieved better allocation of UAVS BS to ground users and at the same time managed to save energy.

A dynamic strategy is proposed to adjust the transmission power, according to altitude and coverage

radius. That way consumption will be lower and you will have more flight time. To future works it

will be verified if this solution is valid for other networking scenarios.
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