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USING OF HIGH-QUALITY POSITIONING TOOLS FOR HYBRID
UNMANNED AERIAL VEHICLES AUTOMATIC CORRECTION UNDER THE
LIMITED SPAGE CONDITION

Introduction. Original class of hybrid unmanned aerial vehicles is considered for multitask
mission accomplishment at this article. Advantages of such vehicles usage for purposes that
are always done by several different agents are considered. Perspective of the position
precisioning for different tasks that could be done by unmanned aircrafis is analyzed.

The purpose of the paper is to universalize the process of surveillance, photo and video data
collection and other missions that is provided by unmanned aerial vehicles today. The action of
data precision during some periods of the misson accomplishment and increased specification for
main targets of the mission could demonstrate brand new vector of the unmanned aerial vehicle
usage and creation of the brand new domains for the unmanned aerial vehicles. Complex data
gathering could help to avoid extra mediators and could simplify data processing on the next
stages and also could do such data much more precise.

Results. The usable scenario of route for hybrid unmanned aerial vehicle and the model
of it could be a proof of universal multitask unmanned aerial vehicle utilization. Such
scenario unites several information missions of different scale and could provide data for
several data centers that can use it for defferent problem solving just from one flight. Also it
proves that utilization of such aircraft with an additional onboard precision block could be
the next step at the mapping and digitalizing domains. Financial analysis of the market is
provided for demonstration of the fact that such hybrid aircraft complex system would
provide such scale as well as attention to the object details but be much cheaper then
mapping and surveillance systems that are already existing.
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Conclusion. A need for optimization of some problems that could be achieved by
unmanned aerial vehicles leaded to the usage of hybrid vehicles that were represented at the
paper. Complex design of such an aircraft could be a collateral disadvantage but the whole
influence of the hybrid UAV usage for different tasks would optimize a lot more processes,
devices and unnecessary equipment that would be needed for a large list of tasks at each
domain UAVs are using right now from surveillance to agricultural tasks. Model of different
scale purpose universal hybrid unmanned aerial system is a proof of the possibility to use just
one single aircraft for a complex mission that needs different set of capabilities, features and
equipment. Also such aircraft could provide much more certain results of missions and do it
at lower pryce. Further developments could provide information about the most effective
hybrid UAV type for such type of missions and provide game changing rules to the
digitalizing and surveillance processes because of the new information gathering way.

Keywords: unmanned aerial vehicle, hybrid vehicle, positioning, multipurpose flight.

INTRODUCTION

Throughout the unmanned aerial vehicles development history so as ordinary
manned aircrafts, most attention has been paid to the development of aircrafts
and helicopter (multi-propeller) types. The reliability and robustness of such
designs played an important role in the construction of the first unmanned aerial
vehicles. Also, limited range of tasks and lack of technological development
sensibly eliminated the need to introduce other types of aircraft designs to
unmanned aerial vehicles. However, in recent decades, the variety and focus of
tasks that can be accomplished by unmanned aerial vehicles has expanded
significantly, and there has been a need in different industries for aircraft that
can provide combination of both basic aircraft types’ benefits and universalize
accomplishment of specialized tasks. It is exactly the case for combined aircraft
types, as well as brand new aircraft types with experimental engines, to join
missions of different orientation and accuracy tasks. All these new types of
aircraft are combined under the concept of "hybrid". Hybrid unmanned aerial
vehicles are becoming more and more popular in the world. However, today in
Ukraine unmanned aerial vehicles of hybrid types are not so popular and have
very narrow usage spectrum. But Ukrainian market has a high potential for
usage of such UAVs for various civilian and military tasks.

A very promising area for the introduction of such unmanned aerial vehicles is
the agrosphere, where aircraft of similar design could perform land irrigation more
efficiently and solve other diverse problems, where the versatility of hybrid UAVs can
be fully revealed. Geodesy and cartography can also be considered a promising field,
where hybrid unmanned aerial vehicles can open up much more than conventional
aircraft-type UAVs. In the military sphere, hybrid convertiplane aircrafts can be
successfully used for border patrol tasks and pursuing violators.

PROBLEM STATEMENT

Recently, information collection by the unmanned aerial vehicles is a straight
procedure that most of the time works as model one vehicle for one mission. But in
some cases such type of work is not profitable. Studied area could have more than just
one task to do and, also, such tasks could need different tools to accomplish the
mission. Also, the mission could have several tasks that are needed diverse approach
for its performance. So during the experiment the hybrid type of the unmanned aerial
aircraft is needed to achieve a very special result of unity of the different scale tasks.
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Different scale tasks could be taken at the surveillance and mapping
domains — the field, where unmanned aerial aircrafts are having one of the vast
usage parts already and could develop their perspectives even more.

The mission task would be in the simultaneous mapping of some large area
part and the detailed data collection of some building that is situated at one point
of such area. Task also includes further digitalizing procedure of gathered
information and detailed 3D modelling of the studied area with the certain
binding to the Earth coordinates.

The purpose of the paper universalize the process of surveillance, photo and
video data collection and other mission that is provided by unmanned aerial
vehicles today. The action of data precision during some periods of the misson
accomplishment and increased specification for main targets of the mission
could demonstrate brand new vector of the unmanned aerial vehicle usage and
creation of the brand new domains for the unmanned aerial vehicles. Complex
data gathering could help to avoid extra mediators and could simplify data
processing on the next stages and also could do such data much more precise.

TYPES, ADVANTAGES AND DISADVANTAGES OF HYBRID UNMANNED AERIAL VEHICLES

Mostly whole hybrid aircraft concept could be classified by the working engine
and aerodynamic plane position changing and different combinations of it, as
could be seen on the Fig. 1:

Tilt-Prop convertiplane

Autogyro

Vertical Takeoff/Landing Aircraft with
engine fixed in one plane

Tailsitter

Fig. 1. The most popular hybrid aircraft types classification
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Survey of hybrid unmanned aerial vehicles design features. According to
the vast majority of market surveys, Tilt-Prop/Tilt-Wing convertiplanes are the
most common type of a hybrid aerial vehicle in the industry. Basic hybrid
unmanned aerial vehicle type that has been developed since the 80s of the
twentieth century. The concept of such an aircraft was at first time used in the Bell
prototype, "Eagle Eye" for the US Coast Guard purposes accomplishment [1].
Its concept has been developed over more than 10 years by leading aviation
corporations and leaders of electronics and high technology domain.
Convertiplanes have proven their effectiveness for video surveillance purposes,
aerial photography and data collection for cartography, surveying, object
searching and monitoring for that flight modes are needed to be changed.

There are vehicles of all sizes and diverse aerodynamic schemes. In
particular: quadcopters with tilt propellers, quadcopters with tilt wings, aiplane-
type aircrafts with the “whole tilting aerodynamic plane” (Fig. 2a).

a. Tilt-Wing convertiplane «Greased Lightningy»

b. Vertical Takeoff and Landing Unmanned Aerial Vehicle prototype model

Fig 2. Unmanned convertiplane «Greased Lightning» as ultimate example
of Tilt-Wing aircraft
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Basic technology used at “Greased Lightning” aerodynamic plane (Fig. 2b) is an
aerodynamic effectiveness that can be achieved in its “cruise” configuration. Electric
engine on each prop satisfies the need for actuating shafts and conjunctions that are
providing this aircraft configuration with distributed electric movement. Such design is
developed for usage of the hybrid electric drive that includes small diesel engines, that
are setting in motion alternating current generators to supply energy for the electric
motor and to charge an onboard accumulator system.

Batteries provide power increase required for vertical takeoff and landing, as well
as hanging. Many other new structural elements have been built in, such as hinged
propellers to minimize drag when not in active use, so propulsion efficiency can be
almost ideal in both “helicopter” and “airplane” flight conditions [2].

Vertical takeoff/landing aircrafts with engine fixed in one plane. The
cheapest "compromise" type of hybrid aircraft is, in fact, a full-fledged hybrid of
aircraft and helicopter types. It is an aircraft with propellers attached to the
wings for vertical takeoff and landing. This design eliminates influence of the
inertia moment on the rotary mechanism of the screw and completely solves the
problem of limited reliability of this unit. However, such propeller arrangement
affects the aerodynamic characteristics of the aircraft significantly and also
increases fuel loss compared to similar “plane type” aircraft. The location of the
engines also importantly affects device load capacity and its design rigidity.
Such devices are used mostly for the delivery of small cargos, or for
surveillance, aerial photography, or patrol purposes. Usually such aircrafts have
small and medium size, when the impact of aerodynamics on the behavior of
such structures is not so significant and can be offset by increased engine power
and making minor changes to the power structure of the aircraft [3].

The prospect such aircraft usage to deliver larger loads, as well as the
prospect of aerotaxi development, stimulated the design of such aircraft by
integrating engines into the main powertrain design, such as placing engines
inside the fuselage and wings to improve aerodynamic performance. Such
integration is reflected in the “Trifecta” and “Accendance” unmanned aerial
vehicles. Such schemes have a positive effect on the aerodynamic characteristics
of the aircraft, can reduce fuel consumption and contribute to the creation of a
more rigid structure, more stable behavior of the aircraft. Such improvements
make it possible to transport larger loads and even people on board. The
downside of such schemes is significant increase in the cost of production and
maintenance of such devices, as well as increased impact of integrated engines
vibration on the power structures that interact with them.

Also, the “Fixar” device could be added into the list that is built according
to the original scheme with fixed screws mounted on inclined planes. In the
future, such solution may be used in large devices.

In general, design of devices with fixed motors can differ significantly from
each other. The versatility of the devices allows use of completely different
schemes of plumage, wing placement, power structures etc.

Hybrid unmanned aerial vehicle of such scheme was suggested by the
“Accendance” company for the aerotaxi purposes.

“Tailsitter”. A hybrid aircraft type that can take off and land vertically.
Today it is the most promising type of unmanned aerial vehicle of hybrid type.
Due to the smaller number of mechanical components compared to a
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conventional convertiplane or autogyro, simpler engine design than vertical
takeoff and landing vehicles, less weight of the entire structure, and less impact
of moment of inertia when moving from one plane to another, this type of device
has a wider range promising areas of implementation than hybrid designs of
other types. Such devices have already established themselves as reliable means
of delivery. Today, such aircraft are being tested to perform meteorological
sounding tasks, as well as air taxis etc.

The tailsitter design is based on vertically placed aerodynamic elements and fixed
engines, which are placed horizontally. Most of the existing aircraft and promising
projects are designed according to the tailless and flying wing scheme and may vary
according to the number of aerodynamic planes that can be installed in different
quantity and in variable structure. Additionally, to the usual "tailless" and "flying
wing" scheme, there are examples of bi- and triplanes, "three-pointed star", quadrofoil
(quadroplane), inclined hexacryl (drone Amazon Prime).

Rotary motors placed on the nose of the structure, on its tail part, or on basic
aerodynamic planes are used as the engine. Some designs (DelftAcopter [4])
have smaller auxiliary motors to adjust the position of the device on a plane
perpendicular to the main.

“Autogyro”. The least popular and least stable type of hybrid unmanned
aerial vehicles. Like its manned counterpart, unmanned autogyros remain a
niche commodity and are now used to monitor objects and weather, and also as
coast guard support devices and cargo delivery units. The type of autogyro for
spraying chemicals in the fields can be singled out. The size of the aircraft varies
from medium to large, but almost no small aircraft are used.

Autogyro designs are based on the presence of a propeller, the position and
number of propellers may vary, as well as the number of aerodynamic planes
and their position. For example, in addition to the standard concept of autogyros
with a propeller and a push propeller between the usable volume compartment
and the tail, or a propeller located at the front, two propeller concepts are
developed as variant of the convertiplane scheme.

Recently, unmanned autogyros have been tested as couriers and assistants in
the agricultural sector. Such tasks match the best to design features of autogyros.
The possibility of autogyro development for use as an unmanned aerotaxi is also
considered — an industry for which the design of autogyros and the possibility
of safe landing, even with a failed engine, is the most suitable feature.

But the relative instability and design features of autogyros significantly limit
their use. Compared to other types of hybrid aircrafts developed by dozens of aviation
companies around the world, quantity of companies that develop autogyros is minor.

“Gyrotrak”. A separate type of hybrid unmanned aerial vehicle design based
on the Gyrotrak platform that combines principles of autogyro and helicopter. The
scheme is developed by Airial Robotics GMbH (Germany). The structure consists
of bearing propeller and two pusher propellers located on the sides of the wing. In
general, the model has a scheme that is more typical for helicopters, in particular, a
pronounced tail with a V-shaped plumage at the end [5].

According to the designers, the autorotation of the propeller should provide energy
savings and increased flight safety level, as well as range and autonomy of action,
compared to multicopter systems. UAVs are also able to hang as helicopter does [6].
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Hybrid UAV type has such benefits: does not require a catapult or runway
for takeoff. It can be launched from the ground from relatively small areas, or
hidden areas with difficult access; has a speed and range similar to airplane type
aircraft; has the maneuverability of helicopter-type aircraft and has the ability to
hang in the air; universal switching from one flight mode to another in a few
seconds, which can allow such aircraft to perform several tasks simultaneously;
flexibility of work; does not require a full-fledged chassis.

Along with the obvious advantages of hybrid UAVs also have a number of
disadvantages: more complex design, compared to aircraft and helicopter type; lower
reliability than airplane and helicopter types due to suppression of the inertia moment
during the transition of engines from mode to mode; less time in the air than in aircraft
with similar dimensions and characteristics; higher production cost than airplane and
helicopter types; higher maintenance price of hybrid devices.

As a result of the last two points, it is risky to use such aircraft for tasks with
an increased risk of device damage, or its loss. To reduce risk factors, it is
necessary to ensure effective adjustment of UAVs on time. The importance of
this adjustment is increasing due to the fact that the long-term use of hybrid
unmanned aerial vehicles involves their widespread use for emergencies,
accidents at infrastructure, data collection for mapping and photo and video data
collection purposes. It is for such tasks that the automatic adjustment of the
position of the unmanned aerial vehicle in space is especially important.

Hybrid unmanned aerial vehicles at limited space. In many cases, a
significant additional factor to consider is the limited space in which UAVs
move. Adjusting the position in confined spaces is necessary for unmanned
aerial vehicles to perform procedures and tasks that require extreme precision
due to the importance of the task or the risk of damage to the aircraft.

Under the definition of limited space specified area limited with physical
obstacle, energetical or optical defense devices or limited by the special program
tool in the aircraft that accomplishes some mission software is understood.
Aircraft design factors may also limit the possible space: the range of the signal
controlling the flight of the unmanned aerial vehicle and the amount of fuel that
the aircraft can take on board at departure.

Thus, the concept of physically limited space includes the terrain and objects in
the flight path of an unmanned aerial vehicle. A promising method of studying
physically confined space is computer modeling of its most important components.
During the modelling process, it is necessary to consider several types of physical
space constraints to demonstrate the versatility of the use of unmanned aerial vehicles
and possibility of its operation during the different scale task performance.

HYBRID UNMANNED AERIAL VEHICLE USAGE ALGORYTHM

The usage of universal hybrid type UAVs makes it possible to respond as
quickly as possible to unforeseen events and perform high-precision tasks over
long distances. In addition to responding to emergencies, such UAVs can be
used to refine the positioning of objects at a great distance from the operator.
A promising area of application is also operations for which it is important to
cover a large area and identify objects in the area that require high accuracy of
location, and description of specific design features.
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But for the successful solution of all these problems it is necessary, first of
all, to ensure high-precision positioning of the hybrid UAV.

Summarizing the information provided in the specific literature, we can propose
the following structure of the hybrid UAVs usage to solve following problems:

- definition of an approximate object location;

- UAV takeoff to the destination point in the “airplane” mode;

- arriving to the destination point and object localization in general;

- transition to the helicopter mode;

- detailed positioning data compilation;

- receiving information about the status and specification of the required
object construction with enhanced level of the information certainty;

- an opposite transition to the “aircraft” mode;

- returning to the initial base point.

The proposed structure was used in the test implementation of the hybrid UAV
exploitation scenario for the certain part of the area mapping task performing.

HYBRID UNMANNED AERIAL VEHICLE TEST SCENARIO

The small VTOL Freeman 2300 aircraft, one of the most affordable hybrid
unmanned aerial vehicles in the world, was selected as a test vehicle example [7].
The main characteristics of this aircraft are that it is built according to the vertical
takeoff and landing scheme, it is adapted for the use of onboard cameras, it can
carry up to 1.5 kg payload, which is sufficient for the installation of professional
equipment for photo and video data collection, mapping and positioning mission
accomplishment. Such aircrafts can be situated on limited landing zone. Starting
complex, special tools or the runway availability nonobligatoriness for such
unmanned aerial vehicle is a significant benefit. Aircraft starting procedure can be
done without additional staff interference, also, proximate operator eye control
during the whole start procedure is not necessary. Operator can be located
elsewhere and monitor the behavior of UAVs by on-board video cameras and
sensors that are also on board the device.

=L -]
gl G
Transition from %M W

helicopter mode #
2

to airplane mode

Transition from
* airplane mode
to helicopter mode

& 2N

-
50°27°00" northern latitude A
30°3125" eastern longitude
Height above the sea level — 179m.
Square: 67 sq. km. SN
|
w :

[~ o

AL e ) o
g ' —

Fig. 3. The scheme of an approximate flight scenario of a hybrid unmanned aerial vehicle for
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House: 11 Building of the International Research and Training Centre
for Information Technologies and Systems

a4
UAV carrent
location on map
in online mode,
precised by an
onboard GPS
module

Location coordinanes:

50°21'5§2.1"N, 30°26'42.1"E
South-eastern front of the building. south-eastern column
Height: 3.2 m - 14,6 m from the ground level, 2-4 floors.
Overfall on the window level from the height level of 3.4 m,
0.45 m deeper than exterior part.
Material: marble, glass, steel, wood
Lighting device ahead of the front: street lantern.
4 trees 2.6 m ahead of the front, different heights.

South-eastern front window of the building.

Dimensions: length - 11.2 m, height - 3,8 m, 48 triangular
window sections. Height overfall difference between the
wall and window-sill: from -3.4 m to +1.2 m.

Material: steel, glass, wood.

Height: 16,3 m, 5-6 floor.

Eastern front of the building, 6 window sections longwise
Length: 2.8 m., height: 3.3 m., height overfall between the
wall and the window - 0,45 m.

Material: marble, glass, steel, wood

Near the front of the wall: external air conditioner on the
level of fourth floor, height - 12.9m.

\ 7

Fig 4. Unmanned Aerial Vehicle information gathering for the purpose of following
house 3D model construction
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During the tests a UAV flight with a mapping misson at the point 50 km
from the aircraft start point has been simulated (Fig 3). Construction of the
landscape map includes detailed reference to coordinates with inaccuracy value
not more than Im (that is certain enough correspondingly to the available
landscape maps) and mapped landscape area 3D model construction.

The aircraft was operated from a control station located near the take-off
point. Departure took place vertically from the base and at an altitude point
around 800 m above the ground the aircraft switched to horizontal “airplane”
flight mode. The transition from one mode to another took 8-10 seconds, which
allows you to do it with an accuracy of 1-2 meters in height. The altitude
stabilization mode made it possible to return to the exact height of 800 m at the
end of the transition maneuver. With the help of additional helicopter propellers
that action does not affect the horizontal flight, the position was adjusted to the
course without changing the plane of flight. The software adjustment was carried
out by obtaining updated information from the autopilot, which aims to optimize
the flight path of the UAV and is based on the method of managing the full
unmanned aerial vehicle energy. The use of software and hardware complex of
the control system of unmanned aerial vehicles has detailed and optimized the
redistribution of the aircraft energy [8]. It also made possible to reduce the error
of information perception during the collection data on photo and video
equipment installed on board the aircraft. When the aircraft approached the
measurement site, the hybrid UAV again switched to "helicopter" response
mode and "hung" in the air to clarify the positioning of objects and the device
itself during the necessary data receiving process. An example of data collection
to clarify the particular object positioning for further 3D model construction and
clarifying its location is represented on Fig. 4.

ANALYSIS OF TEST RESULTS

One of the important advantages of hybrid UAVs is that in presence of terrain
differences, such a device can measure with high accuracy the difference in
altitude and the type of obstacle in the vision area of the onboard cameras. If such
measurements are required, the overflight device can switch to helicopter mode
and study the required object in detail at close range. Detailed flight of the selected
object and data collection from all possible points allows building a high accuracy
model of any selected object. Additionally, emergency sensors help to avoid
contact with obstacles and to protect the aircraft from unwanted damage.

A critical advantage of hybrid aircraft usage is that high-precision positioning
makes it possible to operate such an unmanned aerial vehicle in fully autonomous
mode, and the presence of an autopilot with virtual control of course, pitch and yaw
in both modes significantly reduces deviation from the specified route [9]. During
the work in autonomous mode, the aircraft can perform the task of collecting photo
and video information independently on a pre-programmed route (Fig. 5). In case of
obstacle appearance that has not been previously described during the construction
of the route, the aircraft is able to build the adjusted route and enter information
about its change in the system. Thanks to a combination of both aircraft and
helicopter capabilities, a hybrid unmanned aerial vehicle can also perform a detailed
study of the objects assigned to the study.
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At the same time, upon completion of a study, a hybrid unmanned aerial vehicle
can return to general site monitoring till the next target object appears, which requires
a detailed study and construction of an accurate virtual model based on the collected
data. At the same time, the refinement module and the system for adjusting the
position of the unmanned aerial vehicle in space will provide it with the most optimal
flight trajectory between objects, as well as reduce energy consumption compared to
other examples of unmanned aerial vehicles.

From the aforesaid, it can be concluded that the presence of such a
combination as a high-precision positioning device and a hybrid unmanned
aerial vehicle makes it possible to study in detail the hard-to-reach places on the
Earth's surface. Such as, for example, the interiors of houses, deepening quarries,
caves and mines, large-diameter pipelines, reservoirs, tunnels and power grids,
forests and agricultural land.

Thus, such unmanned aerial vehicles with an installed unit of positioning
precision and adjusting the position of the aircraft in space are indispensable for
mapping, data collection from the state of individual buildings, accounting for
architectural management, creating models of functioning and development of
cities, transport models, control the state of infrastructure facilities. It is also
possible to perform tasks in response to emergencies; accidents, fires,
evacuations from closed premises. It is also important to make a detailed
assessment of losses and ways to reduce them when heavy equipment cannot
access the required areas. It will also be easier to comprehensively assess the
factors that have led to such emergencies and ways to prevent them.

Unmanned Aerial
Vehicle control
system

g e e

Unmanned Aerial Unmanned Aerial

Vehicle control

Vehicle positioning S~ ——_— :
correction system m equipment
g < A W
[
e —_———
Coisuction Sensor module
module

YY)

i
Flight plan' ®= Operator
!
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Airspeed GPS
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Fig. 5. Scheme of Unmanned Aerial Vehicle with positioning
in space correction system working process.
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USAGE PERSPECTIVES

Thus, it can be concluded that usage of unmanned aerial vehicles for such tasks is
quite justified at this stage of development of observation methods and technologies.
Satellites, helicopter and aircraft UAVs, and ground equipment can be used for the
described positioning scenarios. Each of these technical measures is characterized by
its specific scope, has its advantages and disadvantages.

Thus, satellites are used for general mapping of the area with relatively low
accuracy and little attention to detail and conditional accuracy of coordinates.
The quality of the satellite image is insufficient without external intervention and
clarification by above-ground photography. Therefore, maps obtained by the
help of satellites can only be used as a starting point for data collection by
unmanned aerial vehicles. Additionally, satellite systems can serve as consumers
of updates collected by unmanned aerial vehicles. The disadvantage of satellite
technology is that such technology is complex, and as a result, too expensive to
be fully used for mapping and clarifying locations and objects, creating models.

Another technological solution involves data collection by unmanned aerial
vehicles of helicopter and airplane types. Such solution is very popular now, but lacks
the versatility that hybrid drones can offer, including vertical takeoff and landing
vehicles and “tailsitters”. These tools can offer increased required data collection
accuracy about points and obtaining more information about the same area. The
versatility of this concept of obtaining information about the area allows you to reduce
the number of aircraft required to collect data from a particular area. It also reduces the
number of departures required to maintain accuracy that is several times higher than
what modern systems can offer today. Additionally, it is possible to reduce area size
required for deployment of the complex, storage of equipment and take-off and
landing procedures accomplishment.

Proposed approach usage advisability techno-economical feasibility.
The proposed approach is not only determined by scientific novelty, has
technological advantages, but also is justified economically.

According to available data, one Freeman 2300 VTOL aircraft with a set of
on-board cameras and a suspended camera with 360-degree image coverage is
needed to deploy one mapping system that could cover up to 160 km around the
landing zone. The range of device prices can vary from $ 1,000 to $ 15,000
depending on the type of onboard equipment. Extended control station for the
device, which can cost up to $ 7,500, GPS-tracker for $ 150-350. Totally, the
cost of a complex consisted of one device for object monitoring located within a
radius of 80 km is $ 23,000 [10]. Such amount is significantly less than the usual
price of the equipment used for surveillance purposes at present. For example,
the cost of aircraft photography and mapping system with less versatility of the
system are often several times higher. And the cost of military drone
implementation on the market is 10—12 times higher. If we also taking into
account price of participation in global space programs, such numbers would
differ from the complex presented here by thousands of times.

Along with a significant price reduction, proposed approach will ensure high-
precision system operation. Modern equipment usually involves usage of space
technologies and ground-based refinement systems. Due to the GPS-tracker
installation and use of high-quality photographic equipment, positioning objects
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accuracy on the map can be increased by 1 to 10%, depending on the type of object,
which is a significant clarification compared to the techniques used to solve most
cartographic tasks today. Additionally, technology will be perfect enough to obtain
accurate data to create a 3D model of objects. All this will be a significant step towards
creation of accurate 3D models of cities, which in turn will improve the prevention of
emergencies, facilitate tasks of general planning, development of certain areas,
functioning of sewerage systems and public transport etc.

CONCLUSION

Hybrid unmanned aerial vehicles are the most promising tools for positioning,
mapping, monitoring and modeling. The design of such aircraft makes it easier
to maneuver in space and explore hard-to-reach objects.

The position adjustment system, especially in limited spaces, can ensure the
safety of such an aircraft both at high speeds when operating in "airplane" mode
and during the "helicopter" flight in dangerous proximity to the object that
needed to be investigated.

Adjusting the position of the UAV in space is possible only by accurately
calculating its location and using the positioning refinement module. This increases
not only the accuracy of location calculation, but also the accuracy of observated
object coordinates determination. Main domains of this complex improvement are
ensuring high accuracy of data collection and positioning of the object under
investigation, flexibility in the use of different types of data and the ability to use the
complex to perform tasks of different scales simultaneously.

The paper contains an example of a hybrid aircraft flight scenario and shows the
possibility of its application for tasks requiring different speed modes, different ranges
of observation tasks, data collection simultaneously for several purposes that can be
located at considerable distances from each other and perform general observation
tasks by location area paralelly.

It proves that usage of modern hybrid aircrafts can be completely autonomous,
safe, and have quite large working time periods. It may allow you to collect detailed
information and cover a larger area / perform fewer flights than during the usage of
other UAV types. Also, the use of such systems will optimize the performance of tasks
of different directions, reduce the number of different unmanned aerial vehicles to
perform different types of tasks and, at the same time, increase the accuracy of any
type of tasks related to positioning, surveillance, delivery etc.
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BUKOPUCTAHHA BUCOKOSKICHUX IHCTPYMEHTIB ITO3UIIIOHYBAHH
JJ11 ABTOMATHUYHOT KOPEKIII IEPUAHOIO BE3INIJIOTHOI'O JITAJILHOI'O
AITAPATY B YMOBAX OBMEXXEHOI'O [TPOCTOPY

Beryn. [lns BuUKOHaHHS 3aBJaHb 3 PI3HOI KIJBKICTIO pPi3HOMAcCIITAOHHMX IMiJ3aBAaHb
e()eKTHBHO BUKOPUCTOBYIOTH KJIaC TaK 3BaHUX TiOpUIHMUX OE3MIIIOTHUX JIITAILHUX anapariB
(bnJIA). be3minoTHi JiTanbHI amapatd TaKOro Kiacy MaroTh HH3KY IIepeBar, 30KpeMa
BUKOPHUCTAHHS TAaKHX TPAHCIIOPTHUX 3aCO0IB JUTA IiJIEH, 110 3aBKAU BUKOHYIOTBCS KiTbKOMa
PI3HUMH BHKOHABIISIMH, SKi YacTO HaBiTh HE 3B’s3aHi Mik coboro. [IpoBoauThes cripoba
BHUKOHATH aHAIIi3 TIEPCIICKTUBH YTOUYHEHHSI MiCIIE3HAXOKESHHsI JOCIiKYBAHOTO 00’ €KTY VTS
PI3HUX 3aB/IaHb, SKi MOKYTh BHKOHYBATHCS OC3MUJIOTHIUMY JIITAIbHUMHU ariapaTaMH.

Mertol0 CTaTTi € yHiBepcallizalis IpoLecy CIOCTePeKeHHs, 300py GOTO- Ta BiZleoJaHUX
Ta IHIIMX 3aBJaHb, SKi ChOTOAHI 3a0e3MeuyroTh OE3MUIOTHI JiTanbHI amapaTtu. Ilporec
BH3HAYCHHS TOYHOCTI JAHUX IMPOTSITOM OKPEMHX IE€pioiB BUKOHAHHS Micii Ta IiABHUIICHHS
cnenugikaii OCHOBHHX MiJied Micii Moe 3amoyaTkyBaTH aOCOJIOTHO HOBY cdepy
BUKOPUCTAHHS OE3MIJIOTHUX JITAIbHUX anapariB Ta MiAITOBXHYTH PO3BUTOK aOCOJIOTHO
HOBHX HAmpsMIB 3aCTOCYBaHHS O€3MUIOTHUX JTANBHUX amnapatiB. KoMmruiekcHui 30ip AaHHX
BUKJIFOYA€E HASBHICTD JOJAaTKOBHUX IOCEPEIHHUKIB 1 Mir OM CIIPOCTHTH MPOLEaypy 00poOIeHHS
JAHUX Ha HACTYNHHUX eTalax oIepalii, a TakoX 3a0e3medyBaTd Habarato TOYHIIIONO
iHpopMalli€r0  TMOTEHIIMHUX  CIIOKMBAadiB  JIaHUX  KapTorpadyBaHHs,  TeoJOKallii,
JCTIeTYepHU3allii Ta yHIBepCyaIi3yBaTu JHKEpEeNIo OTpUMAaHHs iHpopMaIil Ui HUX.

PesyabraTu. CueHapiii BUKOPHUCTaHHS camMe TiOpUAHOrO OE3MiJIOTHOTO JITalbHOTO
amapaty Ta ¥oro peamizamis B 3D cepelOBHINI MOXYTh CIyTyBaTH TapHUM HPUKIAIOM
BUKOHAHHS YHIBEpCAJIbHOI 0araTolaHKOBOT 3a/ia4i 3 pi3HUM MacIiTaOoOM TUCTaHIH ISt
KOXKHOT OKpemol JaHku. Takuil cueHapiii 00’eqHye Kinbka iHGOpPMAIiHUX MICiif pi3HOrO
MacmTady i MOKe HaJgaTh JaHi Uil KUJIbKOX IIGHTPIB OOpOOJICHHS HaHUX, SKi MOXYTh
BUKOPHCTOBYBATH I1X JUIA PO3B’s3aHHS DI3HUX 3aBJaHb JIUIIEC MiJ Yac OJHOTO IOJBOTY.
Takox Iie MOBOIUTH, IO BHKOPHCTaHHSI TaKOro amapary 3 JJOJAaTKOBUM OOpPTOBHM
YTOYHIOBAJIGHHM  OJOKOM MOXE CTaTH HACTYIHAM BHUTKOM PO3BUTKY Trajy3ei
oun(poByBaHHS JaHMX Ta Kaprorpadii. @DiHaHCOBMI aHaNi3 pPHHKY HAaJIa€ThCs YIS
JIEeMOHCTpalii TOro, mo Taka Ti0puaHa aBiamiiHa KOMIUIEKCHAa cHcTeMa 3a0e3neduTh
BHUKOHAHHS 3aB/IaHb PI3HOTO MaciTaly, TOYHIIIE OMpAIoE JeTali 00’ €KTy-IIili i BOIHOYAC
Oy/ie 3HA4HO JICIIEBINOIO 32 HAsIBHI CUCTEMH KapTorpad)yBaHHS Ta CIIOCTEPEIKESHHSL.

BucHoBok. Ilotpeba B onTuMizamii JesSKWX 3aBIaHb, SKi MONIM O BHKOHYBAaTH
0e3MiUIOTHI JIiTaNbHi anaparty, IpuBela 0 BIPOBADKEHHS TiOPUIHUX TPaHCIOPTHUX 3aC00iB,
Ha/IaHUX/OMMCAHUX/TIPOaHaNi30BaHuX B poOoTi. CKiIagHa KOHCTPYKINSI TaKOTO JITAILHOTO
amapary Moxe OyTu MoOIYHUM HEIOJIIKOM, ajie BIUIMB BUKOPUCTaHHS riOpuaHoro briJIA s
BUKOHAHHS Pi3HHUX 3aBJaHb ONTHMI3ye Habarato OiNbIle MPOIECiB, CKOPOTUTh BUTPATH HA
0614HI MpUCTPOl 1 o0JIafHAHH, IO HOTPiOHO [UIS BEJIUKOTO IEpeNiKy 3aBAaHb Y KOXHiH
ranysi, e BAKOPUCTOBYIOTbcs briJIA chorofHi, Bifi criocTepekeHHs Ta aepo(oTO3HOMKH 110
CUIBCBKOTOCIOAAPCHKUX Ta BIHCBKOBUX 3aBJaHb. Mojens yHiBepcalbHOI riOpuaHOi
OC3MUIOTHOI JIITATBHOT CUCTEMH PI3HOTO MacmITaldy € 0Ka30M MOMKJIMBOCTI BHKOPHCTAHHS
JIUILE OJHOTO JITAIBHOTO arapary Juis BUKOHAHHs CKJIaIHOI Micii, sika moTpeOye pi3HOro
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HaOOpy MOXJIHMBOCTEH, (yHKLIH Ta oOyiaaHaHHs. TakoK Taki JiTalbHI amapaTd Moriu O
3a0e3neunT HabaraTto TOYHIIII 1 MICTKIIII JaHi 3a pe3yJibTaTaMH BHKOHAHHA MicCili 3a
PaxyHOK MEHIIMX MaTepialbHUX BuTpar. [loganpuri po3poOsieHHs IOMOMOXYTb OTPHUMATH
iHpopmanito mpo HadedexTuBHimMM Tun riopuaHoro BmJIA mus Mmicilt Takoro Tumy i
chopMyItoBaTH aOCOJMIOTHO HOBI TOCTYJIaTH B Taly3sX THpoleciB Iudposizamii Ta
CIIOCTEPEIKEHHS, BUKOPUCTOBYIOUH HOBUII crioci6 300py iHbopManii.

Knwwuosi cnosa: 6esninomwnuil aimanvHuti anapam, 2iOpudHuil anapam, HO3UYIOHYBAHHS,
bazamoyinbo8uti NOaim.
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