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ANALYSIS OF APPLICATION OF THE UAVs FOR MILITARY TASKS

Aim. The purpose of this work is to analyse and study the possibilities of using unmanned aerial vehicles
(UAVs) for military purposes. Methodology. One of the important tasks of using UAVs is topographic
aerosurveying for processing large-scale plans, which, as confirmed by the experience of military actions, are a
necessity to work with them by appropriate composition. But this process is rather complicated, since many
requirements for carrying out the aerosurveying must be observed such as adhering to the height of surveying for
the scaling of aerial images, and to the stabilization of the aircraft to reduce angles of inclination and speed for
receiving longitudinal overlap. All these factors lead to rapid detection of an object and its destruction.
Therefore, the authors have made an analysis of modern type of UAVs that are used for aerosurveying of
military objects. Also it presented a detailed classification of military UAVs, established a list of tasks that they
can perform, and made appropriate conclusions. Requirements for the establishment of military UAVs have been
developed. The research of the developed UAV Arrow has been carried out in order to confirm the possibility of
its application in aerial surveying purposes. Results. To determine the aerodynamics performed by both the
Arrow aircraft and the Trimble UX5 UAV aircraft in aerating of the same plot. A comparative analysis of the
values of the angles of yaw, roll, and pitch of UAV Arrow and Trimble UXS5 for each route is made. Scientific
novelty and practical significance. UAV currently perform different tasks in many industries of the economy
and defence of countries. The main advantage of using UAVs in military affairs is that they can perform their
tasks in automatic or semi-automatic modes with minimal human participation in the control process. Taking
into account the military conflict in the east of Uraine, this issue becomes particularly relevant, since the
determining of peculiarities of using of UAVs for military purposes will allow: to reduce losses among both the
military and the civilian populations which are often attacked; to conduct invisible reconnaissance of ground
objects and enemy targets in enemy occupied territory; to determine targets for attack; to make a point artillery
or air strike on enemy targets and subsequently to control the results of the attack; to conduct radio-electron
struggle; to detect and to neutralize enemy’s UAVs.

Key words: aerial surveying, pitch, roll, unmanned aerial vehicle, yaw.
becomes particularly relevant,

Introduction since defining the

In the modern world, leaders in the field of
military aircraft manufacturing are Israel, the USA,
Canada and Russia. At the same time, fighting in the
East of Ukraine promoted the development of
enterprises which produce UAVs for military
purposes. Today, for Ukraine, the most urgent task is
to study and analyse possibilities of using UAVs by
leading world countries in local wars and armed
conflicts. In case of absence of its own military
experience in the use of UAVs, only a study of
foreign knowledge will allow us to formulate without
error the concept of the development and use of
unmanned aviation in Ukraine. As noted, this issue

properties of UAVs for military purposes will allow:
to reduce losses both among the military and civilian
populations which are often attacked; to conduct
invisible reconnaissance of ground objects and enemy
targets in enemy territory; to determine targets for
attacks. We will conduct a brief analysis of literary
sources relevant to this topic.

In the article [Mynochkin et al., 2017], the
application of wunmanned aerial vehicles as
retransmitters of tactical mobile radio networks is
analysed. The classification of unmanned aecrial
vehicles is carried out and a list of tasks performed by
UAVs in the civilian and military spheres is
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established. The structure of the mobile component
and the role of tactical mobile radio networks with the
use of UAVs in them is considered. Also, the authors
submitted the list of Ukrainian enterprises which work
in the field of production of military aircraft and
technical characteristics of the UAVs.

We believe, the classification presented by the
authors is not complete, since only the tasks
performed by UAVs in the civil and military spheres
of activity are given.

In the article [Tsimbalistova, 2015], classification
of UAVs by structural features, by possibilities of
solving of tasks, by take-off weight, by flight time, by
flight height, and by functional purposes is proposed,
but this classification as well as in the article
[Mynochkin et al., 2017] is common to military and
civilian UAVs.

In work [Grebenikov et al., 2009], range of tasks
that can be solved by unmanned aviation and its
advantages in comparison with manned aircraft are
defined. Requirements for the establishment of UAVs
are formulated. Technical
projects of UAVs

«Inspector», which is intended for the certification

characteristics of two

are presented. Namely UAV

and implementation of remote control of the technical
state of main pipelines and UAV “Pchelka”, designed
to perform remote monitoring of various objects and
areas in the near zone,. But the testing and the
research of developed UAVs are not given, so it is not
clear whether it is actually possible to apply these
UAVs by their destination.

In the article [Belous, 2016], it is said that since
2015 Ukraine began to catch up with leaders in the
field of development of military aircraft — the USA and
Israel. Particular merit for this belongs to the
cooperative productive efforts of the educational,
scientific, and manufacturing industries, which, in a
short time, provided an opportunity to monitor the

situation in the Anti-Terrorist Operation Zone from the

air. For example, the authors show the UAV
“Spectator”, which is developed by students of
National Technical University of Ukraine “Igor

Sikorsky Kyiv Polytechnic Institute” and introduced
State
“Ukroboronprom”. But the authors do not give the
technical characteristics of this UAV and do not
provide information about other UAVs created for
military purposes. Also, the authors developed a
generalized classification of unmanned aerial vehicles.

In the publication [Timochko, 2007; Meyer-Fujara J.,
2018; Watts A., 2012; Clothier, 2011], approaches to
the classification of unmanned aerial vehicles are

into production by the Concern

considered, the main terms are defined, modern
achievements and directions of development are
shown. The author pays particular attention to foreign
models of UAVs, and information about the
development of national models is not given.

In publications [Nalyvayko et al., 2009; Stetsenko
et al., 2004; Shulzhko, 2013] a lot of attention is paid
to UAVs as a means of struggle with air defence
complexes and as a means of damage to other ground
targets, but in fact there is no information about the
UAVs as a means of modern military exploration, or
that they can be used for the subsequent creation of
large-scale maps and plans that are very necessary in
military actions.

In the publication [Glotov et al., 2017], the main
advantages of the use of UAVs for military purposes
are defined: relatively small weight and low visibility
in all ranges of radio wavelengths for the enemy's air
defence complexes; possibility of application in the
radioactive, chemical, and bacteriological pollution of
air and terrestrial; when conducting air reconnaissance
from the UAYV, there is no threat of attack to the crew
by means of enemy’s air defences; UAVs can be
located at a distance of 1-15 km from interested
transmitters, which allow them to intercept signals
that are not readily available for interception by radio-
intelligence (RTR) satellites from geostationary orbits
(about 36 thousand km). Also, the authors proposed a
general classification of UAVs by technical and
organizational features, but did not separate UAVs of
military tasks.

Aim

The purpose of this work is to analyze and study the
possibilities of using unmanned aerial vehicles (UAVs)
for military purposes

Methodology

From the presented analysis of literary sources, the
authors proposed a division into several directions, by
which the construction of UAVs can be carried out.

The first direction is characterized as follows:

1. The construction of UAVs maximizes simplicity
(there are no stabilizers and aerial devices for the camera,
and no GPS receiver for determining the linear elements
of external orientation).

2. The dimensions and weight of the UAVs are
maximally reduced, and hence the payload decreases.

3. The stabilization occurs due to increased flight
speed.

4. The prevention of tearing during aerosurveying
is achieved by increasing the overlapping of images
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in both longitudinal and transverse overlaps (up
to 90 %).

5. Image processing in the process of creating
orthophotomaps is carried out in automatic mode using
advanced modern software.

In the second direction, we note the following:

1. The presence of powerful digital surveying
systems, which are capable of automatically taking
in flight, and the
installation of geodetic GPS receivers that determine

into account the yaw angle

with an appropriate accuracy eclements of external
orientation.

2. The navigation equipment (camera), which allows
piloting an airplane both manually and in automatic
modes.

3. The aircraft stabilizer that reduces pitch and
roll angles, and thus the possibility of speed
reduction.

4. Keeping parameters during the process of
aerosurveying (straightness of routes, predetermined
longitudinal (60-80 %) and transverse (30-40 %)
overlaps.

5. There is no need for field work for plan-high
referencing of points in order to perform photo-
triangulation.

Based on the above, it should be noted that
the priority in our opinion is the second direction,
since it enables to ensure the implementation of
a qualitative aerosurveying process in order to further
the processing of large-scale ortho-photos and
topographical plans.

Further analysis of literary sources led the authors
to solve the problem of more a detailed classification
of UAVs, because it is extremely important, since it
simplifies and eases the substantiation of the choice of
specific UAVs for their application in the interests of
national security of the country. Therefore, the
following classification of military UAVs is proposed,
which is presented in Fig. 1. On the basis of this,
national and foreign UAVs are selected, the technical
characteristics of which are used for the purpose of
aerosurveying of military objects. See Figure 1 and
Table 1.

Also, on the basis of the conducted analysis, the
requirements for the creation of an optimal UAV for
military applications formulated: camera

overview has to be 360 ° (panoramic); possibility of

were

staying in the air > 2 hours; presence of an electric
motor; radius min 50 km; encrypted video channel,
control channel and telemetry; availability of GPS,
Glonass; payload; presence of ZOOM function — 10x
optical and 20x digital; presence of a thermal imager
(recognition of a person at night with H > 300 m);
ability to replace the camera; possibility of
retransmission (800—1.2 GHz); resolution of digital
camera with a min HD; frequency must be 800—
1.2 GHz; presence of Wi-Fi; possibility of frequency
adjustment in flight; inertial control system (minimum
3 turning points); ground control station from the
antenna at a distance of 250-300 m (preferably Wi-
Fi); protected touch monitor (water, sun, — 35 ° ...
+ 35 ° C); radioplate (fiberglass).

As you can see, the conditions are quite strict.
Based on this, it was decided to develop the UAV,
which would correspond to the second direction of
development of UAVs with all requirements.
Therefore, the scientists of Lviv Polytechnic National
University and workers of the company “Abris design
group” developed the UAV Arrow, which corresponds
to the classical requirements of topographic surveying
to create large-scale plans.

Briefly
proposed aircraft. The body of the aircraft is made of

consider the characteristics of the
durable fiberglass and carbon fiber, resistant to
external influences. To reduce the impact loads when
landing it is equipped with a parachute system, as well
as applied rubber dampers. The UAV is intended for
operation in simple meteorological conditions in the
range of temperatures —25 — +40 Celsius degrees. In
the aircraft, a determination is made in the flight of
the yaw and its automatic compensation by turning the
aircraft to the angle of deviation from the route. The
airplane is ecasy to handle for transportation in a
compact transport case. The small working height and
flight speed allow acquisition of high-quality photos
with a resolution of 2 cm/pixel. To simplify and ease
the preparation of the UAV Arrow before the start,
there is a manual control panel that connects to the
computer from which the project is launched. Digital
camera Sony QX1 is used to take the photos of the
earth’s surface. Determining of the location of the
UAYV in the case of an emergency landing occurs with
GSM tracker. The technical
characteristics of the UAV Arrow are given in table 2.

the use of a
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Table 2
The technical characteristics
of the UAV Arrow

Characteristics Parameters
Takeoff weight, kg 4,8
Battery capacity, Ah 16
Minimum flight speed, km/h 50
Cruising flight speed, km/h 60-80
Maximum flight time, min 100
Maximum flight range, km 100
Maximum controlled distance from the base,
km 15
Maximum flight altitude, m 5000
Minimum operational altitude, m 75
The maximum image resolution, sm/pix 2
Dimensions in transportation configuration,
sm 120%25%25
Limiting wind speed, m/s 12

-15

Results

The authors conducted a research of the created
UAYV in order to confirm the possibility of conducting
of its application in aerial surveying purposes
[Hlotov V., 2018]. To determine the operation of the
aerostructure of the Arrow aircraft, an aerial survey
was carried out from the Trimble UX5 UAV (which
relates exclusively to the first direction of development
of the UAV) of the same site. Comparative analysis of
the angles of yaw, roll, and pitch of the Arrow and
Trimble UX5 UAVs on each route was made. Graphs
for three routes are presented on Fig. 2—4.

Graphs of the values of the yaw angles of UAV
Arrow (Fig. 2) indicate that the maximum deviation from
the course ranges from -5° to + 1° Such results are
explained by the fact that the yaw angle was automatically
compensated by turning the aircraft for the angle of
deviation from the course. At the same time, yaw angles
of the Trimble UX5 UAVs range from -15 ° to +5 °, which
is beyond the tolerance limits.

Fig. 2. Graphic yaw of the UAVs Trimble UX5 and Arrow

Fig. 3. Graphic roll of the UAVs Trimble UX5 and Arrow
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Fig. 4. Graphic pitch of the UAVs Trimble UX5 and Arrow

From the graphs of the roll angles of the UAV Arrow
(Fig. 3), it can be seen that the angles range from -5° to
+4°, which is explained by the stabilization of the
structure. The roll angles of the Trimble UX-5 UAV range
from -19° to +6°, which indicate that these elements are
not acceptable, as it is known from the experience of
image processing by the analytical method that these
values should not exceed 10°—12°.

From the graphs of the values of the pitch angles of
the UAV Arrow (Fig. 4), it can be seen that the angles
range from -1° to +2°, which, as mentioned above, are due
to the stabilization of the aircraft. The value of pitch
angles of the Trimble UX-5 UAV range from -15° to
+10°, which also exceed the tolerance.

Graphs of the values of the yaw angles of UAV
Arrow (Fig. 2) indicate that the maximum deviation from
the course ranges from -5° to +1°. Such results are
explained by the fact that the yaw angle was automatically
compensated by turning the aircraft for the angle of
deviation from the course. At the same time, yaw angles
of the Trimble UX5 UAVs range from -15 ° to +5 °, which
is beyond the tolerance limits.

From the graphs of the roll angles of the UAV Arrow
(Fig. 3), it can be seen that the angles range from -5° to
+4°, which is explained by the stabilization of the
structure. The roll angles of the Trimble UX-5 UAV range
from —19° to +6°, which indicate that these elements are
not really acceptable, as it is known from the experience
of image processing by the analytical method that these
values should not exceed 10 °— 12°.

From the graphs of the values of the pitch angles of
the UAV Arrow (Fig. 4), it can be seen that the angles
range from -1° to + 2°, which, as mentioned above, are due
to the stabilization of the aircraft. The value of pitch
angles of the Trimble UX-5 UAV range from -15° to
+ 10°, which also exceed the tolerance.

Scientific novelty and practical significance

UAV currently perform different tasks in many
industries of economy and defence of countries. The main
advantage of using UAVs in military affairs is that they
can perform their tasks in automatic or semi-automatic
modes with minimal human participation in the control
process. Taking into account the military conflict in the
east of the country, this issue becomes particularly
relevant, since the determining of peculiarities of
usingUAVs for military purposes will allow: to reduce
losses both among the military and among the civilian
populations, which are often attacked; to invisibly conduct
reconnaissance of ground objects and enemy targets in
enemy occupied territory; to determine targets for attack;
to make a point artillery or air strikes on enemy targets
and subsequently to affect the results of the attack; to
detect and to neutralize the enemy’s UAVs.

Conclusions

1. The analysis of literary sources, which highlights
the use of UAVs for military purposes, was conducted.

2. The UAVs classification for use in the military area
is developed.

3. Basic tasks and advantages of UAVs are defined.

4. Requirements for creation of military UAVs are
developed.

5. The national aerosurveying UAV is developed and
investigated.

6. Experimental and research work confirmed that the
second method using the Arrow is promising in terms of
requirements for the use of UAVs in military affairs.

7. In future, it is planned to develop modifications of
the proposed UAV Arrow for the purpose of their use in
military operations.6. Experimental and research work
confirmed that the second direction is promising in terms
of requirements for the use of UAV in military affairs.
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7. In future, it is planned to develop modifications of
the proposed UAV “Arrow” for the purpose of their use in
combat operations.
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AHAJII3 3BACTOCYBAHHS BIUIA JJ151 BIMCbKOBUX L{IJIEN

Meta. Metoto poOoTH € aHaJi3 Ta JOCTIIKEHHS! MOXKIMBOCTEH 3aCTOCYBAaHHS O€3MiJIOTHUX JIITAJbHUX arapariB
(BITJIA) mns BiiicbkoBux wineil. Meroguka. OgHUM 13 BaXMBHX 3aBnaHb BukopucraHHs BIIJIA e tomorpadiune
aepO3HIMaHHS JUIsI ONMPAIFOBAaHHS BEIMKOMACIITAOHHMX IUJIAHIB, 10, SK MIATBEPAMUB IOCBiJ OOWOBMX i, BXKE
HEeoOXi/HI s poOOTH 3 HMMH BiINOBIJHUM CKJaJoM. AJie Iied mpoiec JOBOJI CKIAJHHH, OCKIIBKH MOTPiOHO
JOTPUMYBATUCh OaraThbOX BHMMOT JUISl BUKOHAHHS 3HIMaHHS: 3a0€3NEeYHMTH BHCOTY 3HIMaHHS IJIs MacmITaOHOCTI
aepo3HIMKIB, cTalijizamiro JiTaka, o0 3MEHIIMTH KYyTH HaXWiy Ta IIBUAKICTH JIJIS YTPUMaHHS TMOB3J0BKHBOTO
NEPEeKpUTTS. TOllo. Bci Ii YMHHUKKM JalOTh 3MOTY HIBUAKO BHABUTH 00 €KT Ta 3HUIIMTH ioro. Tomy aBTOpH
npoaHali3yBaln cydacHi BiT4u3HsAHI Mozeni BITJIA, siki MOXyTh 3aCTOCOBYBATHCS 1 JIJIsl a6pO3HIMAaHHS BiHCHKOBUX
00’€KTiB, a TaKOXX HaBeJM PO3ropHyTy kiacudikamito BIIJIA BiliCbKOBOr0O MpHU3HAYEHHS Ta BU3HAYMIN TEPEITiK
3aBIaHb, SKI BOHM BHKOHYIOTh, 3pOOMBIIM BiAmMOBinHI BUCHOBKH. CdopMyaboBaHO BHUMOTHM A0 CTBOPEHHS
BiiicbkoBux BILJIA. IlpoBeneno mocmimkenns po3pobdnenoro BITJIA Arrow, mo0 minTBEpAUTH MOXKIUBOCTI HOTro
3aCTOCYBaHHS B a€pO3HIMAJIBHUX LisAX. Pe3yabraTn. 3a JONMOMOro aepomnpucTtporo jitaka “Arrow” Ta BITIJIA
“Trimble UXS5” 3xilicHeHo aepo3HiMaHHs Tiei caMoi JUNSIHKM 1 BUKOHAHO TMOPIBHSJIBHUHA aHali3 3HA4YEeHb KYTiB
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3HOCy, KpeHy Ta TaHraxy BITJIA “Arrow” ta “Trimble UX5” 3a KOXXHUM MapuIipyToM JJIisl OI[iHIOBaHHS POOOTH
aepomnpuctporo. HaykoBa HOBH3HA Ta MPaKTH4YHe 3HA4YeHHsl. besminotHi mitaneHi amapatu (BIIJIA) ceoromni
BUKOHYIOTB Pi3HI 3aBJlaHHS y 6araThox rajry3sx eKOHOMIKH Ta 000pOHH KpaiH. ['0J0BHOIO TIepeBarorw 3aCToCyBaHH:
BIIJIA y BiiicbKOBi#l cmpaBi € Te, 110 BOHM MOXYTh IpAIlOBaTH B aBTOMAaTHMYHOMY a00 HaliBaBTOMaTHYHOMY
peXHMax 3a MiHIMaIbHOI ydacTi JIIOJUHHM B Ipoleci KepyBaHHs. BpaxoByroum BilicbkoBuil KoHQUKT Ha Cxoni
VYkpaiHu, 1ie nuTaHHs Ha0yBae 0cOOIMBOI aKTyaJbHOCTI, OCKUIBKM BU3HAauUeHHs ocoOnuBocTeil 3acrocyBanns BITJIA
JIaCTh 3MOTY: 3MEHIIMTH BTPAaTH 0COOOBOro CKJaay, a TaKOXK Cepel MUBIIILHOTO HACENIEHHS, sIKe 4YacTo HaiOiibIne
MOTpAaIUILE MiJ yAap; BECTH HENOMITHY PO3BiJIKY Ha3eMHUX 00’ €KTIB Ta BOPOXKHMX LNl HA TEPUTOPil MPOTUBHUKA;
BHM3HAYaTH LIJI JJIsl YpaKeHHsS; HAHOCUTH TOYKOBI apTHIEPIMChKI YU aBiamiifHi ynapy 1o BOPOXKHX LJIAX 1 3T0JI0OM
BECTH KOHTPOJIb 33 pe3yJbTaTaMHU YPaKeHHS; BUSABISITH Ta 3HEIIKOKYBaTH Bopoxki BITJIA.
Kniouosi crosa: aepo3HiMaHHs, O€3MIIOTHUH JIITALHUI anapar, KpeH, KyT 3HOCY, TaHTaxX.
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