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One of the most important environmental problems that the world facing is undoubtedly the
deforestation problem, especially due to forest fires. Early detection and prevention of fires,
extinguishing them before they grow, and reforestation in burned areas are widely studied
solutions to deforestation. However, the number of technological studies related to reforesta-
tion is limited compared to the other fields. The main purpose of this study is to develop a
4-winged (Quadcopter) seeding Unmanned Aerial Vehicle (UAV) to be used in the reforesta-
tion of hard-to-reach areas. This tool can also be used in seeding agricultural lands. In the
design of the drone, to achieve high-quality flight performance, engines with a thrust power
that able to lift at least twice its own weight and the Pixhawk flight control card to ensure the
autonomous tracking of routes are preferred. F450 drone frame with 9045 propellers is used
in the study. Moreover, a completely unique seeding system and a suitable landing gear are
designed and fabricated. Operation of the seeding system is realized using Arduino Nano
and a step motor. In the tests, our UAV device and the seeding system operated smoothly,
and it was indicated that drones could achieve reforestation in hard-to-reach areas to prevent
deforestation. This research can be further developed for seed dispersal in other agricultural
applications and for larger areas.
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INTRODUCTION

and other types of land development, climate change, nat-

. L. ural disasters, mining, and excessive consumption of trees
There are many reasons that are directly or indirectly ’ & P

related to each other, triggering environmental problems
such as global warming and drought. The most important
of these is undoubtedly the deforestation problem that the

— especially through harvesting wood for fuel and export
[3,4]. Forest fires are another severe reason for deforestation,
which affects natural life, climate, and land cover [5,6].

world is facing [1,2]. Deforestation is the process of destroy-
ing trees and forests that result in the permanent destruction
of forest areas and causes significant environmental, eco-
logical, and climatic impacts. Common causes of deforesta-
tion include improper agricultural practices, urbanization
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According to the World Resources Institute, in 2023, the
extent of forest fires has notably expanded, currently affect-
ing approximately twice as much tree zone as they did two
decades ago. The tree losses that have occurred in the last
20 years and the act of forest fires to this can be summarized
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as shown in Figure 1. As evident from the figure, forest
fires account for an additional 3 million hectares of annual
tree zone loss compared to the year 2001, making up more
than 25% of all tree zone loss in the past two decades. In
2021, forest fires reached alarming levels, causing a stag-
gering 9.3 million hectares of global tree zone loss. While
the numbers decreased slightly in 2022, over 6.6 million
hectares of tree zone were still lost to these fires. Moreover,
2023 has already witnessed increased fire activity across the
world [7]. Currently obtained data points that this terrible
increase in cover losses due to forest fires will continue in
the future and the extent of deforestation will increase [7,8].

As aresult of years of research and studies, a large num-
ber of methods have been developed to early-detect and
prevent forest fires [9]. The prevalent methods for detect-
ing and monitoring involve monitoring towers, aerial and
satellite-based surveillance, wireless sensor networks and
machine-learning models, optical camera sensors, as well
as various types of detection sensors, either individually
or in combination [10-14]. On the other hand, in addition
to the classical methods of extinguishing forest fires, new
strategies such as the use of drones have begun to be used
with the developing technology to detect and extinguish
[15-17].

UAVss have begun to be used in a wide range of areas
in the last 20 years. UAVs, which first came into our lives
with military defense, are now used in many civilian and
military areas including delivery [18, 19], traffic monitor-
ing systems [20], maintenance and repair applications [21],
safety and security systems [22] and geological mapping

@ Fire related loss @ Non-fire related loss

[23]. Some special applications can be counted as ambu-
lance drones and overhead power line inspection drones.
Ambulance drones provide accurate and fast communica-
tion between the rescue unit and the patient in emergency
situations [24]. For overhead power line inspection applica-
tions, the UAVs perform tasks in areas that are hazardous
to humans [25]. Furthermore, UAVs are also used in forest
fires (as early detection drones and extinguishing drones)
and agricultural applications. In agricultural production, by
using UAV technology the amount of fertilizer, chemicals
and water needed is optimized, this results in an increase
in both efficiency and profitability [26]. Other side in for-
est fires, early detection methods [27, 28] and drone-based
extinguishing methods are getting common with single
drones or swarms of drones [29, 30].

While it is important to detect, prevent and extinguish
forest fires, restoring forests is also very important. Despite
this, the number of technological studies on burned area
reforestation is limited compared to the technological
developments in the detection and prevention of forest fires
[31, 32]. Reforestation is still carried out using traditional
methods in many regions. Reforestation is the fastest way to
regenerate forests, but doing this using conventional meth-
ods has some disadvantages that should be considered. Lack
of workforce, insufficient transportation -especially to steep
areas-, being very laborious and time-consuming -because
vast areas are burned-, due to the dangerous nature of the
burnt areas working is not safe enough, and the presence of
harmful gasses can be considered as general problems. This
research offers a solution to the above-mentioned problems

Moving Average,
fire related loss

FoRist WORLD RESOURCES INSTITUTE

Figure 1. Comparison of tree zone loss caused by fires with losses due to other factors from 2001 to 2022 [From WRI’s

website [7] based on WRI’s Open Data Commitment].
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Figure 2. Realization of project; (a) Burned area after the forest fire, (b) Drone-based seed leaving, (c) Reforested area.

by designing an autonomously flying, drone-based seeding
mechanism that leaves seeds in a burned area. This case is
shown in Figure 2.

Whereas the main purpose of this study is to develop a
4-winged seeding aircraft to be used in the reforestation of
hard-to-reach areas. This device will also be a tool that can be
used in seeding agricultural lands. A special seeding unit and
seeding mechanism are designed and mounted to the UAV.
The mission of the designed seeding UAV consists of sev-
eral stages. The quadcopter first takes off autonomously and
moves towards the determined area where the coordinates
are previously loaded. Then, it reaches its destination and
hangs at a certain altitude. Afterward, it leaves the seed balls
from the previously filled unit one by one towards the surface
at a specified distance interval. In this way, seeds are left in
the entire determined area. Finally, after the designed quad-
copter completes the seed leaving process, it autonomously
returns and lands at the starting point. The drone is also
designed to be controlled manually in emergency situations.

Principle of Quadcopter Operation and System
Architecture

A quadcopter is composed of four motors evenly spaced
along its frame body. Each of these engines is used to con-
trol a propeller placed at its corners. Each propeller’s speed
and direction of rotation can be adjusted independently

to ensure balance and control of the drone’s movement.
To maintain equilibrium, generate the required lift and
achieve flight, two of these propellers rotate clockwise while
the remaining two rotate counterclockwise, as illustrated in
Figure 3. When the quadcopter needs to ascend or hover in
place, all propellers operate at high speeds. By varying the
speeds of these propellers, the drone can be maneuvered in
forward, backward, and lateral directions.

The major components that make up the quadcopter
can be listed as a frame, propellers, motors, power distri-
bution board (PDB), electronic speed controller (ESC),
flight controller (FC), battery, transmitter, and receiver. In
the proposed system, in addition to the basic components,
a global positioning system (GPS), telemetry, and remote
controller are used. Also, a stepper motor and Arduino
nano microprocessors are used to operate the seeding unit.
Detailed information about the components is given in

Figure 3. Quadcopter motor directions.

Table 1. The electronic components we used in the design
and the connections between them are also summarized in
Figure 4. Yellow, black, red, and blue lines represent infor-
mation transfer, ground connection, 11.1V power connec-
tion, and 5V power connection, respectively. Also, green
and pink dashed lines show communication connections
for 433MHz and 2.4 GHz frequencies.

Our chosen flight controller is the Pixhawk 2.4.8, which
incorporates high-quality sensors for precise navigation
and stabilization. Specifically, it features the ST Micro
L3GD20H 16-bit gyroscope and the ST Micro LSM303D
14-bit accelerometer/magnetometer sensors. The flight
controller is the brain of the UAV, it has control over every
component in the UAV including motors and ESCs.

SunnySky X2216-7 kV1400 brushless motors are used in
the design. Numerous factors, with particular emphasis on
the UAV’s weight, are taken into account in the selection of
the UAV engine. The choice of engine for a UAV necessitates
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Figure 4. Information and electronic connections scheme.

Table 1. Electronic and mechanic components

- - - - Frequency 2.4GHz

Component Name

Model Description

Major Components Motor SunnySky X2216-7 kV1400 Brushless Motors
Flight Controller Pixhawk 2.4.8 Flight Controller
ESC 40A Brushless ESC
Battery Leopard Power 6200 mAh 11.1V 3S 40C Lipo Battery
Frame F450 drone frame
Propellers 9045 SF Propellers
Additional Components Telemetry 3DR Radio Telemetry 433MHz

Remote Control

FS-i6X RC Radio Transmitter, Irfora FS-i6X 2.4GHz

GPS Ublox Neo-M8N GPS Modiil
Seeding Unit Stepper Motor 28 BYJ-48 Geared Stepper Motor
Components Arduino Arduino Nano

the provision of adequate thrust to counteract the UAV’s
weight and facilitate take-off. As such, meticulous atten-
tion is devoted to assessing the torque characteristics of
the engine to be employed. During the engine selection
phase, priority is given to opting for an engine character-
ized by its lightweight construction, capable of furnishing
the requisite thrust force to sustain the UAV in a suspended

state within the air at a specified altitude. Furthermore, the

chosen engines, brushless motors, are relatively cost-effec-
tive and they require minimal maintenance.

The proposed UAV requires two different voltage lev-
els (11.1 V and 5 V). But only one voltage regulator is
needed. Because the voltage level that supplies the ESCs is
the same as the voltage of the battery. Therefore, it can be
used directly on the card without being regulated. The reg-
ulated voltage is used to feed the servo motor and Arduino
card that operates the seeding system. Both operate in the
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Figure 5. The designed (a) and printed (b) power distributed PCB.

Side View

Figure 6. The side view and top view of the designed seeding-

voltage range of 4.8V-6.8V. So, it reduces the 11.1V (battery
voltage) to a 4.8V-6.8V range. In addition, since the servo
motor draws a current of 550mA, the voltage regulator also
provides this. A power distribution circuit designed and
printed for this purpose is shown in Figure 5. 6200 mAh
11.1V 3S 40C Lipo Battery is used as the power source and
battery connections are organized by the designed PDB.

To control the speed of the electric motor, regulate the
current coming from the battery, reverse the motor, and
perform dynamic braking 40A brushless ESC; for com-
munication, 3DR Radio Telemetry 433MHz 500mW (X6)
telemetry module, which is the most common and stable
communication method in UAV, are used. The drone is

drone.

designed to be controlled manually in emergency situations
and a simple remote controller is used for this purpose.
F450 drone frame is used as a body. It is made of
ultra-durable material that could better adapt to crashes
and provide plenty of space for wiring and installation of
additional elements. The drone is equipped with four 9045
propellers with a diameter of 23cm. These are light, pow-
erful, and compatible with selected engines. A landing
gear is designed and printed to enable the drone to take off
and land easily even on rough terrain. The landing gear is
printed using 3D printing techniques and is made of light-
weight and durable materials. A novel seeding system that
can hold the seeds and leave them to the desired points is
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Legs of
the seed
unit.

Figure 7. (a) Side and (b) top view of simulated seed unit, (c) side and (d) top view of manufactured seed unit.

designed and printed by using 3D printer techniques. This
system is mounted on the bottom side of the drone. The
side view and top view of the designed seeding drone are
shown in Figure 6.

Design and Implementation of the Seeding Unit

Within the scope of this study, a novel seeding unit is
designed and produced. Instead of a complex and heavy
system, a lighter and simpler system that can be mounted
on the frame is designed. The design is made of durable and
lightweight PLA materials using a 3D printer. The seed unit
consists of two interlocking cylindrical structures and sepa-
rated chamber-shaped structures between them. A stepper
motor is placed in the center of the planting unit. The rotor
of the stepper motor is integrated into the bottom cover of
the seeding unit. In this way, the cover can rotate 360° and
the drone can drop the seeds out one by one. The draw form
and fabricated view of the seeding unit are shown in Figure
7.

PERFORMANCE ANALYSIS

A SunnySky X2216-7 kV1400 engine can carry 1190
grams with 9045 propellers at maximum power. There are
4 engines in the UAV, so it can carry 4760 grams as shown
in Eq. (1). For stable and performance flight, the UAV
(Total weight) should weigh half the carrying capacity of
the engine [33]. Therefore, the total weight of the UAV is
determined as approximately 2380 grams as defined in
Eq. (2). That’s why the UAV is designed to weigh less than
2380 grams. The total weight of the UAV is expected to be
approximately 1800 grams as calculated in Table 2.

Tt =4+Et =4%1190 gr = 4760 gr 1)

Tt _ 4760 gr

2

Ht = = 2380 gr (2)

Table 2. The total weight of the drone materials and body

Component name Number Weight (g)
Motor 4 4*72
Flight controller 1 60
ESC 4 4*30
Battery 1 450
Propellers 4 4*10
Transmitter/receiver 1 20
Stepper motor 1 30
Remote control 1 25
Body and seeding unit 1 600
Other electrical equipment 1 135

Total: 1800

By doing reverse engineering, the total thrust required
by motors can be calculated as 3600g by using the Eq. (3).
Since it is a quadcopter (4 motors), the thrust force required
by each motor is 900g as shown in Eq. (4). According to
the technical properties of the selected engines as given in
Table 3, 900g thrust force means, the engines work with a
~4.8 g/W efficiency and draw 16.9 A current.

Tr =W %2 =1800 gr *2 = 3600 gr (3)

Tr _ 3600 gr
4 4

Er = =900 gr (4)
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Table 3. Technical properties of SunnySky X2216-7 kV1400 engine [34]

Prop(inch)  Voltage(V) Amps(A) Thrust(gf)  Watts(W) Efficiency(g/W) Load temperature in
100% throttle
0.8 100 8.88 11.26126126
2.1 200 23.31 8.58000858
3.7 300 41.07 7.304601899
5.4 400 59.94 6.673340007
7.5 500 83.25 6.006006006
APC9045 11.1 9.4 600 104.34 5.750431282 44°
11.8 700 130.98 5.344327378
13.9 800 154.29 5.185041156
16.9 900 187.59 4.797697105
19 1000 210.9 4.741583689
239 1190 265.29 4.485657205

Battery capacity, the total weight of the drone, and the
currents drawn by the drone materials are the most import-
ant factors affecting the flight time of the drone, and in
order for our drone to perform the desired task, it must
remain in the air for a certain period of time, depending on
the location of the target area. Here, the necessary calcula-
tions are made for a certain of flight time, and as a result,
it is seen that a Lipo battery with a capacity of 6200mAh is
sufficient. Calculations can be redone for different batteries
[35]. However, the weight of the battery and the maximum
load that the motors can carry must be considered.

Overview of Operation

In the study, the Pixhawk flight control card directs
the UAV’s flight through the program installed “Mission
Planner®. The drone’s route map is created by using the
Mission Planner interface. In this way, the exact locations
where to leave the seeds are determined. Telemetry is uti-
lized to transmit the required information, such as the

l
{

route map and flight details, to the Pixhawk. Afterward, the
planned route is achieved by directing the engines through
Pixhawk and ESCs. Real-time location control is done via
GPS, and when the drone reaches the planned location,
Pixhawk signals the Arduino microprocessor, and the seed-
ing process begins. After seeding is completed at all planned
points, the drone returns to the starting point.

To enable the seeding unit’s operation, precise infor-
mation needs to be transmitted to the stepper motor at the
appropriate moment. This precise timing is set on the flight
control board. Once the flight control board attains the des-
ignated position, it issues a commencement signal to the
motor, facilitated by an Arduino Nano. Consequently, the
stepper motor initiates a gradual movement, the seeds are
released from the planting unit in a controlled manner at
certain intervals. The flowchart of the seeding operation is
shown in Figure 8.

Pivhawk Arduino Nano
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Are there
seeds in

the unit?

Return To : — —
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Figure 8. Seeding operation flowchart.
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Figure 9. An image from the test flight.

RESULTS AND DISCUSSION

This paper proposes a novel seeding drone as a solu-
tion for afforestation. Unlike the existing studies in the lit-
erature, in this study a unique seeding system is designed,
3D printed and mounted to the proposed device. Although
the proposed system is designed to lift up to 4490 grams
at maximum power, the total thrust force required by the
engines is calculated as 3600 grams and the weight of the
designed system is set as 1180 grams. Taking into account
the net weight of the system and the characteristics of the
engines, the flight time required for the planned mission
is calculated and a battery with a capacity of 6200 mAh is
used. While the system flight is controlled with Pixhawk
2.4.8 and the motor drivers are controlled via this card,
to operate the seeding system Arduino-nano is used. To
leave the seeds to the desired points, communication and
simultaneous operation of these two systems are ensured.
To evaluate the drone’s performance, a flight test was con-
ducted outdoors in an open field successfully; the pro-
posed system executed an autonomous flight and left the
seeds to the desired points. The drone is also designed to be
remotely controlled from the ground in case of emergency.
An image from the test flight is shown in Figure 9.

CONCLUSION

In conclusion, this study addresses the global problem
of deforestation, with a particular focus on forest fires.
While early detection and fire prevention have been exten-
sively studied, reforestation efforts, particularly through
technological means, have received limited attention. The
development of a seeding drone for reforestation in hard-
to-reach areas represents a significant contribution to this
under-researched field. This innovative tool, featuring
a unique seeding system, performed successfully in the
tests. The outdoor flight tests show that drones can pro-
vide a good way to fight deforestation in challenging areas.
Furthermore, this device may offer possibilities for planting

large areas in agricultural applications. The proposed sys-
tem within the scope of this study can be improved to
increase flight time and according to the requirements of
the area to be applied the seed capacity can be increased.
We strongly believe that, with the widespread use of this
system, natural vegetation will regenerate rapidly in the
destroyed areas.

NOMENCLATURE
Et Engine thrust
A Weight of UAV
Tt Total thrust
Ht Half of the thrust
Tr Thrust required
Er Required thrust for one engine
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