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Abstract—The article considers the scientific and practical aspects of unmanned aerial vehicle air launch,
analyzes modern approaches and technologies, and also determines the advantages of this launch method
compared to traditional methods. The method of studying unmanned aerial vehicle air launch using
simulations in the JSBsim software environment is considered. The database of unmanned aerial vehicle air
launch dynamics is presented, confirming the effectiveness of using unmanned aerial vehicle air launch
simulation in the JSBsim software environment. The influence of unmanned aerial vehicle weight on the
launch process and subsequent unmanned aerial vehicle flight is considered in detail. The scientific novelty
lies in the development of a method for high-precision modeling of unmanned aerial vehicle air launch in a
circuit with an autopilot, the creation of a high-precision database of unmanned aerial vehicle air launch

dynamics.

Keywords—Unmanned aerial vehicle air launch; flight dynamics model; unmanned aerial vehicle;

database; autopilot.
I. INTRODUCTION

The modern development of unmanned aerial
vehicles (UAVs) is accompanied by the search for
new technologies that ensure the increase of the
efficiency of their operation. One of the promising
directions is the air launch of UAVs [1], which
involves the separation of the device from the
aircraft. Carrier or other platform with subsequent
transition to autonomous flight. This approach
allows to reduce energy costs for takeoff, ensure
reaching the required altitude and speed, and
increase the range and duration of the flight task.

Computer simulation of air launch is a very
important tool for studying the flight dynamics
process. A highly accurate model of air launch
dynamics is the basis for developing an autopilot
that provides effective control of such a complex
phase of flight.

Thus, the problem of modeling UAV air launch is
relevant both from the point of view of fundamental
scientific research in the field of flight dynamics and
control systems, and in the context of practical tasks
related to increasing the efficiency, reliability, and
safety of using unmanned aircraft systems.

The purpose of this work is to study the dynamics
of UAV air launch through high-precision modeling
in the JSBsim and SITL Ardupilot programs.

The process of air launch (detachment and initial
flight of a UAV) is characterized by a high level of
uncertainty and complexity of dynamic interactions.
This stage is significantly influenced by: initial
conditions (altitude, speed, angular parameters),
aerodynamic characteristics, delays and errors in the
operation of control systems.

The objectives of this work are: modeling of
UAV air launch in the JSBsim environment [2], [3],
creation of an air launch dynamics database. This
database is capable of ensuring effective
performance of the flight task by supporting the
optimal initial parameters of the UAV for launch
and informing operators about the influence of
environmental parameters on launch characteristics.

To provide simulation in the circuit with an
autopilot, we use the sitl ardupilot software [4], the
use of which is described in [5], [6].

II. ANALYSIS OF THE ADVANTAGES OF UAV AIR
LAUNCH OVER OTHER LAUNCH METHODS

Below we will consider the main advantages of
air launch.

Energy efficiency and fuel economy. Starting
from air carrier (aircraft, helicopter, multicopter)
allows you to avoid energy consumption for gaining
altitude from the ground. The UAV starts already at
a certain altitude and speed, which reduces fuel (or
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electricity) consumption for the initial stage of the
flight.

Increased flight range and duration. Since the
launch occurs at optimal parameters (altitude,
speed), the UAV's energy reserve is used only to
complete the task, which increases the flight range
and duration.

Reducing the load on the structure. During
takeoff from the ground, the UAV is subjected to the
greatest loads: acceleration, engine operation at
maximum thrust, possible turbulent flows near the
surface. Air launch reduces these factors, which
extends the life of the engines and airframe.

Flexibility of use. Air launch allows the UAV to
be used from any point in space, regardless of the
availability of a runway or prepared site. This is
especially important in military conditions or in
areas with difficult terrain.

Ability to launch heavier or specialized vehicles.
Some UAVs with large wingspans or high payloads
cannot effectively launch from a short runway or
catapult. Air launch solves this limitation.

Increasing efficiency. Carrier can quickly deliver
UAVs to the operation area, which significantly
reduces deployment time and allows for more rapid
response to changing situations.

In this paper, we propose a method for simulating
the launch of an unmanned aerial vehicle from the
air in the JSBsim environment. JSBSim is an open
flight dynamics library used to simulate the
movement of aircraft in a three-dimensional
environment. It is used as a standalone tool or as a
component in simulators (e.g., FlightGear, SITL
ArduPilot, AirSim, etc.).

JSBSim implements mathematical models
describing: the motion of the aircraft's center of
mass (Newton's equation for translational motion),
angular motion (Euler's equation for rotation around
axes), aecrodynamic forces and moments, forces and
moments from engines, gravitational forces and
atmospheric effects.

We have proposed a method for modeling air
launch by obtaining a full set of aerodynamic
coefficients of an unmanned aerial vehicle by
performing complex aerodynamic calculations
(“virtual purges”) in the following software:
PANSYM [7], [8], XFLRS5 [9]. A set of coefficients
for a real Mini Talon UAV, produced by X-UAV
Company, was obtained. This set of coefficients
allows us to create a high-precision model of UAV
flight dynamics.

The proposed air launch method consists in
developing a specified high-precision model of
UAV motion dynamics and in modeling external

forces that reproduce the impact air carrier on a
UAYV from the moment of takeoff to the moment of
launch of the UAV.

The specified method using external forces
allows to describe the real behavior carrier with
UAVs and simulate not only the speed and altitude
of the flight at launch, but also all angular velocities
and accelerations.

To simulate the air launch of a UAV in a loop
with an autopilot, it is proposed to use the SITL
Ardupilot software. SITL (Software-In-The-Loop) is
a software environment in which the ArduPilot
firmware is compiled and executed as a regular
program on a personal computer without a real
controller. The dynamics of the device are simulated
by the JSBSim, Gazebo, AirSim, etc. program.
Exchange with ground stations is via MAVLink. We
use Mission Planner as the ground station software.
Figure 1 shows a block diagram of the air launch
process using the SITL Ardupilot, JSBsim, and
Mission Planner software.
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Fig. 1. Simplified structural diagram of air launch
simulation

III. UAV AIR LAUNCH DYNAMICS DATABASE

During the research, a UAV motion database was
created, which is based on the results of numerous
simulations in the JSBSim and SITL ArduPilot
environments. The database is a unique tool that
allows:

e save typical flight scenarios depending on
launch conditions;

e compare the impact of different parameters on
the behavior of the UAV after air launch;

e provide real-time trajectory prediction both at
the ground station and in the on-board computer.

The base consists of two levels:

1) Parametric level (input parameters):
launch altitude and speed;
pitch angle;
mass of the UAV;
atmospheric parameters
density, wind);

e characteristics of the power plant.

2) Resulting level (output parameters):

o loss of altitude;

e stabilization time;

(temperature, air
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e normal overload; In addition, it is possible to perform a mission
e angles of attack; with many UAVs. The base can work as a collective
e angular positions; intelligence — each UAV gets access to the learned

e trajectory shape (model in the form of a set of
trajectory points with timestamps).

e change in flight speeds.

Database formation consists of the following
stages.

o Simulation: Thousands of launches were
performed with variations in environmental
parameters and UAV characteristics.

e Normalization: results are reduced to a unified
record structure in the database;

o Clustering: Similar scenarios are grouped into
“flight classes” (e.g., safe, marginal, critical).

e Recording: the database stores scenarios in a
format suitable for both offline analysis and real-
time access.

To use the database at the ground station, the
operator selects launch parameters, the system
accesses the database and offers a predicted
trajectory with a risk assessment.

In addition, the on-board computer can download
appropriate scenarios from the database during the
flight and adapt the UAV trajectory in real time.
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In this section, we will consider an example of
filling the database for different initial weights of the
UAV. Weight directly affects lift and drag. If the
weight increases, then more speed and engine power
are required to maintain stable flight.

Consider a series of air launches of a Mini Talon
UAV with the following weights: 5.5 kg, 5.6 kg,
5.7 kg, 5.8 kg, 5.9 kg, 6 kg. Launch speed 92 km/h,
height 234 meters. No wind.

Figure 2 shows the dependence of flight altitude
on time.

Figure 3 shows a diagram of height loss after
launch for different initial values of the UAV
weight.

Figure 4 shows the dependence of the pitch angle
on time.

Figure 5 shows the dependence of flight speed on
time.
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Fig. 2. Change in flight altitude after launch with different initial UAV weights

101

Altitude loss, m

5.5 5.6 5.7
Weight, kg

5.8 5.9 6.0

Fig. 3. Loss of altitude after air launch with different initial UAV weights
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Fig. 4. Change in pitch angle after launch with different initial UAV weights
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Fig. 5. Change in flight airspeed after takeoff with different initial UAV weights

The combination of JSBSim and SITL ArduPilot
allows you to create a database with a full set of key
flight parameters: separation height, initial speed,
angle of attack, vehicle mass, wind characteristics,
turbulence, control system response, overload,
stabilization time and navigation errors. All these
parameters are recorded with high accuracy thanks
to the JSBSim aerodynamic model and real SITL
autopilot algorithms, which ensures the maximum
approximation of data to real conditions. The
database is thus not limited to “ideal” models, but
contains variable scenarios of UAV behavior in
various modes, including critical ones.

The main advantage of this approach is that the
database can be used as a forecasting and analysis
tool. The ground station or UAV on-board computer
accesses a set of verified trajectories with all flight
parameters, compares them  with  current
measurements and instantly assesses the level of
risk. This provides not only high reliability, but also
versatility. The database is easily scalable, enriched
with new scenarios and wused for planning,
simulation and real flights.

IV. CONCLUSIONS

The article presents a comprehensive study of the
process of air launch of unmanned aerial vehicles in
the JSBSim software environment using SITL
ArduPilot technology and the Mission Planner
ground station. The proposed approach allowed
obtaining a high-precision model of UAV flight
dynamics during launch, taking into account both
the aerodynamic characteristics of the vehicle and
the influence of external environmental conditions
and carrier.

The main results of the work are:

e development and testing of a method for
modeling UAV air launch based on a set of
acrodynamic coefficients obtained through virtual
blowouts;

e creation of a
trajectories, which includes
performance levels and allows
influence of initial conditions
characteristics;

of air launch
parametric  and
analyzing the
on flight

database
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e demonstration of the advantages of air launch
compared to traditional methods (energy saving,
increased range, increased flexibility of application
and reliability);

e confirmation of the possibility of using the
database both on board the UAV and in ground
control stations for predicting and optimizing
trajectories in real time.

The scientific novelty of the work lies in the
development of a method for high-precision
modeling of UAV air launch in a closed loop with
an autopilot and the formation of a unique database
of trajectories, which can become the basis for
further research and practical applications.

The practical significance of the results obtained
lies in the possibility of using the developed
database and modeling methods to increase the
efficiency of UAV mission performance, reduce
preparation time, and reduce risks at the launch
stage.

Further research may be aimed at: integrating the
air launch model with adaptive control algorithms,
experimental verification of results in field
conditions, expanding the database for different
classes of UAVs, and carriers.
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B. B. Baacuk, O. M. KopmynoBa. Jociair:keHHss moBiTpsinoro ctapty bnJIA B mporpamHomMy cepexoBHIILi

JSBsim

VY crarti poO3MNISHYTO HayKOBO-IPAaKTH4HI acleKTH IOBITPSHOTO CTapTy OE3MIJIOTHOrO JITAJLHOTO amapary,
[IPOaHai30BaHO CYYacHi MiJXOAM Ta TEXHOJOTIi, a TAKOXX BU3HAYEHO NEepeBard JaHOr0 METOAY 3aIlyCKy MOPIBHSHO 3
TpagMUitHUMH criocobamu. PO3IrsiHyTO METO HOCIIKEHHS OBITPSHOTO CTapTy OE3MUJIOTHOTO JIITAIFHOTO anapary 3a
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JIOTIOMOTOI0 MOJIETIIOBaHb y mporpamMHoMy cepemoBumii JSBsim. IlpexcraBneno 6a3y maHuX TUHAMIKH MOBITPSHOTO
cTtapTy OE3MUIOTHOTO JITANBHOTO amapary, M0 MITBEPKYIOTh €(QEeKTUBHICTh 3aCTOCYBAaHHS MOJICITIOBAHHS
TIOBITPSTHOTO CTaPTy OE3IMIJIOTHOTO JITAILHOTO amapaTy B MporpaMHoMy cepenoBuili JSBsim JleTanbHO po3risaaeThes
BILTUB Baru OE3MiJIOTHOTO JITAILHOTO armapaTta Ha MpoIec CTapTy Ta MOJANBIIOrO TMOJIHOTY OE3MIOTHOTO JiTaIEHOTO
anapary. HaykoBa HOBW3Ha mojsrae y po3poOJieHi MeTojla BHCOKOTOYHOTO MOJICTIOBAHHS IMOBITPSHOTO CTapTy
OE3MIOTHOTO JIITAJBHOTO amapary B KOHTYpI 3 aBTOIIJIOTOM, CTBOPEHHI BHUCOKOTOYHOI 0a3W JaHUX JAWHAMIKH
MOBITPSTHOTO CTapTy OE3MiJIOTHOTO JIITAJILHOTO arnapary.

KurouoBi cjioBa: 3amyck O€3IMiJIOTHOTO JITAJLHOTO amapaTy 3 TOBITPs; MOJENb AWHAMIKK IOJBOTY; Oe3MiIoTHUH
JITaNBHUM anapat; 6a3a JaHUX; aBTOILIOT.
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