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Abstract—The work is devoted to the development of an automatic system for dropping cargo from an
FPV drone. An analysis of approaches to the construction of this type of system was performed. It is
proven that this problem has not been fully solved, which requires the development of new approaches. In
order to increase accuracy, it is proposed to use mathematical models that describe the process of cargo
unloading. Mathematical models are given that connect such variables as Height, wind speed, drone
speed, cargo weight, cargo surface area, wind direction angle relative to the drone, air density. The use
of the obtained mathematical models allows you to calculate the coordinates of the reset point. The
developed approach was tested in real conditions. The obtained results showed a significant improvement
in the accuracy of dropping the load in the presence of a constantly acting wind.

Index Terms—Unmanned aerial vehicle; automatic payload drop system; position correction; cargo

delivery; ground control station.

I.  INTRODUCTION

First Person View (FPV) drones are increasingly
used in various fields, from military operations to
rescue missions, agriculture and logistics. The
ability of FPV drones to perform precise maneuvers
in real time makes them extremely effective in
performing specialized tasks, including delivering
and dropping payloads. However, one of the main
technical problems faced by these systems is to
ensure high accuracy of dropping the load in the
conditions of external influences, such as wind
speed, wind direction, flight altitude and the
dynamics of the UAYV itself.

Usually, the accuracy of the cargo drop depends
strongly on the environmental conditions, which can
lead to significant deviations of the fall trajectory.
Traditional approaches to this problem, based on
static calculations of the drop point, do not take into
account changes in meteorological parameters or
aerodynamic properties of the cargo in real time.
This creates difficulties in cases where the cargo
needs to be delivered precisely to the specified

destination in changing or adverse weather
conditions.
Traditional approaches to the payload drop

problem are often based on static drop point
calculations that do not take into account the
changing environmental conditions during flight.
However, in the actual flight conditions of FPV

drones, especially at medium and high altitudes,
external factors such as changes in wind speed or
adverse weather conditions can significantly affect
the trajectory of the cargo fall. These deviations in the
predicted trajectory often lead to the fact that the
cargo does not reach the target point with the
necessary accuracy, which can be critical in some
cases, for example, when delivering military
equipment or medical supplies to an emergency area.

The main problem is that most existing systems
are not capable of dynamically adjusting the reset
coordinates in real time, taking into account external
changes in the environment. The lack of effective
algorithms that can take these variables into account
during flight significantly limits the accuracy of
cargo drop, especially in cases where high accuracy
is required and flight conditions change.

To solve this problem, it is necessary to develop a
system capable of dynamically correcting the
position of the drone and the coordinates of the cargo
drop point based on variables such as wind speed and
direction, flight altitude, and aerodynamic properties
of the cargo. The system should use mathematical
models that describe the movement of cargo after
unloading and automatically adjust coordinates
depending on changes in the environment.

In addition, it is necessary to ensure the
integration of such a system with the on-board
equipment of the drone, including the navigation
system and the flight control system, in order to
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ensure continuous acquisition of data from sensors
and conducting calculations in real time. The
algorithm should also take into account the
possibility of manual adjustment by the operator in
the event of unforeseen situations.

This study is devoted to the development of an
algorithm for dynamically adjusting the position of
an FPV drone during cargo unloading, which allows
for high delivery accuracy even in difficult
meteorological conditions.

II. PROBLEM STATEMENT

As soon as the FPV drone hovers over the object,
the trajectory of dropping the payload is determined
as the trajectory of the body's movement under the
influence of gravity and air resistance. To ensure
accurate damage to the target, it is necessary to take
into account the force of the wind, the height of the
drone, its speed, as well as the mass and
aerodynamic characteristics of the payload.

Thus, the formulation of the problem has the
following form.

The coordinates of the drone's current position (x,
v, h), current speed (Vs, V5, Vi), wind characteristics,
direction (o) and speed (w), target coordinates (x, y,
0) are known.

It is necessary to determine the coordinates of the
drop point, taking into account the time of
movement to the target (x., y:).

Let's consider the known ways of problem
solution.

III. RELATED WORKS

A review of the literature indicates significant
interest in the use of UAVs for precision and
automated operations such as search and rescue
missions and cargo delivery. In particular, Waharte
and Trigoni investigated the capabilities of UAVs to
support rescue operations, thus proving the need for
such systems to perform high-precision tasks [1].
Naidoo and Stopforth also emphasized the importance
of developing UAVs for search and rescue
operations, citing their effectiveness and reliability
even in difficult conditions [2]. According to a study
by Hugli and Yakimenko, precise controlled releases
of UAVs are promising for military applications,
which is directly related to the development of
algorithms for accurate cargo drop [3].

In addition, Parker's works study the movement
of bodies taking into account air resistance, which is
crucial for understanding the trajectory of payload
falling from a UAV [4]. Matthiesen's research
suggests approaches for high-precision UAV
payload drop, which resonates with the goals of this

research [5]. Another important aspect is the
modeling of wind effects on UAV movement, which
was studied in detail by Shi and his colleagues [6].
Finally, Bird and McLain provide a comprehensive
understanding of the principles of navigation and
flight control for small unmanned systems in their
theoretical framework, which can also be applied to
the development of accurate reset algorithms [7].

Analysis of the above robots shows that the
approaches described in them do not provide
sufficient accuracy of cargo drop from the FPV
drone.

IV. PROBLEM SOLUTION

The solution proposed in this work is based on the
development of an algorithm that allows taking into
account both static and dynamic factors during cargo
unloading. The algorithm uses a mathematical model
of the movement of the cargo after the drop, which
includes such variables as wind speed and direction,
the speed of the drone relative to the ground, the
flight altitude, as well as the mass and aerodynamic
characteristics of the cargo. Thanks to the use of this
model, the system is able to automatically adjust the
drop point of the cargo in real time, which allows to
minimize the error during delivery.

In addition, the algorithm provides for the
possibility of correcting the drone's flight path
depending on external conditions. During the flight,
the FPV drone receives data on the coordinates of
the target, wind speed, and other important
parameters. Using this data, the system adjusts the
trajectory of the drone, providing passage over the
target point. Before dropping the load, the algorithm
calculates the necessary correction, taking into
account the wind force and the predicted time of the
fall of the load. This allows you to compensate for
the displacement of the cargo trajectory under the
influence of external factors and guarantee the
accuracy of delivery.

Calculation algorithm:

1) We define the initial parameters

a. the speed of the drone relative to the ground u;

b. the height of the drone above ground level H,

c¢. wind speed relative to the ground w;

d. the angle between the wind direction and the
flight line o;

e. mass of payload m;

/- payload surface area 4;

g. resistance coefficient Cy;

h. air density p.

2) We calculate the coefficient ¢

1
=—p-C-A 1
q=7P (D
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3) lterative process of range calculation.

We choose the time interval Az = 0.02 s and the
maximum number of iterations N = 3000.

We begin the iterative process to determine the
position.

ax:_i_vi_'_w-cos(a)’ )
m m
w-sin(a
ayzg—%-vi—%. (3)

We calculate the new velocity components

Vo=v +a At 4)
vV, =v, +a, At ®))
We calculate the horizontal and vertical
displacement of the payload:
x’=x+vx-At+%~ax-(At)2, (6)
, 1 2
y=y+vy-At+5-ay-(At) ) (7

We update the values of coordinates and time:
X=xy=y't=t+At

We check the condition of reaching the ground
(y = 0). If the condition is fulfilled, we fix the landing
point of the cargo R., R, and exit the iteration cycle.

We determine the coordinates of the cargo drop
point (Rpia, Rpion) according to the current coordinates
of the target (Targeti, Targetion) and the calculated
radius R:

tan — Target, ,— Current, ’ ®)
Target,,— Current, ,

Ry, = Target, —R-sin(0), )

Ry = Target,, — R-cos(0). (10)

To ensure that the FPV drone will accurately
release the payload, its algorithm includes several key
steps that take into account wind strength, flight
altitude and drone speed.

First, the drone receives the coordinates of the
target from the ground control station (GCS). After
that, the drone adjusts its trajectory so that it flies
directly over the target. At this point, wind strength
and other parameters are taken into account to
calculate the exact drop point.

The key point is the calculation of the time the
load falls #mi, which is determined by the flight
height:

= (a1
g

This calculation allows you to estimate how long
the payload will be in the air, which is important to
take into account the effect of wind.

Having determined the time of the fall, it is
possible to calculate the horizontal displacement of
the payload under the influence of the wind:

X (12)

This offset is added to the initial drop point to
ensure that the payload lands directly on the target.

It is important to note that before dropping the
payload, the possibility of manual intervention is
checked, which allows the operator to adjust the
actions of the drone if necessary. After all, this
approach allows you to achieve high accuracy of
dropping the payload even in conditions of changing
wind speed and other factors affecting the trajectory
of the fall.

As a result, the drone automatically adjusts its
position during the flight to ensure an accurate hit on
the target, taking into account all the calculated
parameters, as well as external conditions.

This adjustment helps to achieve a high degree of
accuracy even in situations with variable wind speed
and other factors affecting the trajectory of the fall.

= -1, -cos(a).

wind

A.  Experimental results

A compact FPV drone capable of carrying 250
gram ammunition was used to implement the
accurate cargo drop algorithm. The drone is light
and maneuverable, which allows it to operate
effectively at heights from 60 to 100 meters.

Payload Drop System: A simple mechanical
system that allows you to securely hold and drop
250 gram rounds of ammunition. The reset system is
controlled by a servomotor, which is activated when
the required coordinates are reached.

Autopilot: Uses the Pixhawk open source
autopilot, which allows you to modify the firmware
for specific requirements. The autopilot provides
accurate navigation, flight stability and interacts
with other systems.

GPS: A compact high-precision GPS module
connected to the autopilot determines the exact
coordinates of the reset point.

Airspeed Sensor: A small differential sensor is
used to measure wind speed during flight. This data
is necessary to calculate the trajectory and adjust the
position of the drone during the delivery of the
payload.

After the simulation tests were completed, a
series of real flights were performed in the software
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environment to test the proposed cargo delivery
algorithm. The flights were performed at altitudes
from 60 to 100 meters under various wind
conditions as shown in Table I.

TABLE I SIMULATION TEST RESULTS
No | Height | Wind Drone Distance
(m) speed (m/s) | speed (m/s) | to target
(m)
1 61 2.8 10 3.1
2 65 3.0 12 3
3 70 2.5 9 33
4 80 3.2 11 4.1
5 94 33 10 4.8
6 102 3.5 13 5.4

Analysis of the results showed that the drone is
able to maintain a certain height and adjust its
position for accurate unloading of goods even in
variable wind conditions. The average reset accuracy
was more than 75% at a threshold radius of 5 m,
which proves the effectiveness of the proposed
approach.

V. CONCLUSIONS

According to the results of the tests, it was
determined that the proposed method of releasing
the payload from a compact FPV drone is effective
and can be used for accurate cargo delivery at a
height of 60 to 100 meters. The algorithm, which
takes into account flight parameters and wind
strength, ensures high accuracy of hitting the target.
The test results proved that the developed system
can be successfully used in conditions where high
accuracy of cargo delivery is required.
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B. M. Cuneraazos /JI. B. Tapanos I. O. FOnenko. AJropuT™M TOYHOro cKuAaHusi BaHtaxky FPV-aponom 3
YPaxyBaHHSIM CHJIM BiTPy Ta aBTOMATHYHOI KOPeKIii MOJI0KeHHS

Pobota mpucBsiaeHa po3poOIli aBTOMATUYHOT CHCTEMH CKHIAaHHA BaHTaxy 3 FPV mpona. Bukonano anami3 miaxomiB mo
moOyIOBH TaKOTO THUIY cHcTeM. J[oBemeHo, o JaHa 3aJada B IOBHOMY OOCS31 He BHpilIeHa, IO BUMAarae po3pooKy
HOBHX WIiAXOAiB. 3 METOI0 MiABHIICHHA TOYHOCTI 3alpOIOHOBAHO BHKOPHCTOBYBAaTH MAaTEMAaTHYHI MOJEM, SKi
ONMHCYIOTh TIPOIEC CKUAAHHSA BaHTaXy. HaBemeHO MaTeMaTW4HI MOJENI, SKi 3B’A3YIOTh Taki 3MiHHI, SK BHCOTA,
HIBUJIKICTh BITPY, IIBUIKICTh JPOHA, Maca BaHTaXYy, IUIOIIA [TOBEPXHI BAaHTAXy, KYT HANPSIMY BITPY BiTHOCHO JPOHA,
IIJTBHICTE TOBITPsl. BUKOPUCTAHHS OTPUMAHHMX MAaTEMATHYHUX MOJCNICH O3BOJISE PO3PaxXyBaTH KOOPIAMHATH TOYKH
ckuganHsA. Po3poOnieHuil minxim Oyjio THepeBipeHO B pealbHUX ymoBaxX. OTpuMaHi pe3ynbTaTh MOKa3ald 3HAYHE
MOKPAIIEHHS TOYHOCTI CKUIAaHHS BAHTAXXy MPH HASIBHOCTI MOCTIHHO JIFOUOTO BITpPY.

KirouoBi cioBa: Oe3mijIOTHI JIiTalbHI amapaT; aBTOMAaTHYHA CHCTEMa CKUIAHHS BaHTAXy;, KOPEKIlS MOJOXKCHHS;
JTIOCTABKa BAHTAXYy; CTAHI[is1 HA3EMHOTO KOHTPOJIIO.
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