DOI 10.52209/1609-1825_2024_3_423

Paspen «<ABTOMaTuKa. DHepreTuka. IKT>» W

UDC 623.61

some Gonditions and Factors Affecting
the Greation of Signal Relay Facilities Based
on Unmanned Aerial Vehicles

1ISEMCHENKO Alexey, Doctoral Student, alex777avia@yandex.kz,

2BAISEITOV Gani, Cand. of Tech. Sci., General Director, baiseitov1970@mail.ru,
2KAIZER Tatyana, Researcher, Director, kaizer@rdke.kz,

2x*NESIPOVA Saltanat, Master's Degree, Project Manager, nesipova_s@mail.ru,
!National Defense University of the Republic of Kazakhstan, Turan Avenue, 72, Astana,

Kazakhstan,

2«Research&Development Center «Kazakhstan Engineering» LLP, M. Auezov Street, 2,

Astana, Kazakhstan,
*corresponding author.

Abstract. The article was developed as part of a scientific study on the topic of the program:
IRN BR21882279 «Development and manufacture of a small-sized communication repeater
based on an UAV to increase the range and stability of communication». The authors explore
the conditions and factors influencing the development and creation of signal relay facilities
based on unmanned aerial vehicles (UAVs). A brief analysis of the technical, operational and
regulatory requirements for such systems, as well as examines the impact of various condi-
tions on their effectiveness and capabilities is also considered. Some types of aerodynamic
layouts of drones used by developers as an aerial platform for a communication relay payload
are considered, a brief assessment of the positive and negative properties of UAV platforms
is carried out. The work has practical value for developers and users of UAV-based relay sys-
tems, as well as for specialists in the field of communications and telecommunications.

Keywords: unmanned aerial vehicle (UAV), communication repeater based on UAV, commu-
nication networks, drones, ground stations, electronic warfare, communication channel, signal

frequency.

Introduction. In recent years, unmanned
aerial vehicles (UAVs) have been widely used
in various fields of human activity, including
telecommunications. UAV-based communica-
tion relay systems ensure the expansion of the
coverage area of mobile and radio networks,
data transmission in the absence of ground in-
frastructure and the organization of commu-
nications in emergency situations related to
the elimination of the consequences of natural
disasters, accidents and destruction at hazard-
ous facilities. An important area of application
of such systems is their use in the organiza-
tion of communication and control systems
during the period of special operations by law
enforcement agencies or the conduct of mili-
tary operations by groups of troops (forces) in
conflict zones.

To create effective and reliable UAV-based
relay systems, it is necessary to take into ac-
count a number of conditions and factors af-

fecting their operation. These include the tech-
nical characteristics of the UAV, the equipment
used, operating conditions and regulatory re-
quirements. In this article, the authors analyze
these factors and assess their impact on the
effectiveness and capabilities of UAV-based re-
lay facilities [1].

Research methods.

The use of UAV communication repeaters
in war zones can be very effective in order to
ensure continuous and reliable communication
with military (special) units in the territory of
active hostilities, where communication signals
can be suppressed or blocked due to the ac-
tions of electronic warfare systems (EWS) of
the opposing side.

Repeater drones can also be used by mil-
itary and special units to increase the range
of control of unmanned aerial vehicles in the
depths of the enemy, carry out surveillance

and reconnaissance, transmit video and photo- Y%}
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graphic materials, as well as to coordinate the
actions of troops (forces) in the combat zone.

However, it must be borne in mind that the
suppression and destruction of communica-
tion repeater UAVs can also become an enemy
target, therefore it is important to ensure the
secrecy of their actions without entering the
enemy's visual detection zones or air defense
systems, as well as to ensure the confidenti-
ality of the transmitted information. It is also
necessary to take into account the possibility
of interference in the operation of relay sys-
tems by enemy electronic warfare systems.

In general, the use of UAV communica-
tions repeaters in war zones can significantly
improve communication and coordination of
groups of troops (forces), but requires rational
planning, ensuring the safety and effective-
ness of their actions [2].

A brief overview and comparative
characteristics of the main variants of
aerodynamic UAV repeater layouts

Currently, there are a large number of
communication repeaters based on UAVs on
the drone market. They have various tactical,
technical and flight qualities, which depend on
the variants of aerodynamic schemes used in
aerial communication relay platforms, on the
characteristics of the payload, the size and lay-
out of the placement of antennas, propulsion
systems, power, navigation and other systems
on the UAV.

The main variants of the aerodynamic lay-
outs of UAV repeaters are presented below.

Let's consider in sequence the UAV plat-
forms for relaying communications of aircraft,
multicopter and hybrid types, their main ad-
vantages and disadvantages [3,4].

1. Aircraft type (Figure 1): A fixed-wing

Figure 1 — An example of using an airplane-
type UAV as an aerial platform for relaying
communications

glider is used as an aerial platform. Table 1
(compiled by the authors) presents the main
advantages and disadvantages of this aerial
platform.

2. Multicopters (Figure 2): a drone with
several propellers is used as an aerial platform
(as a rule, from four propellers (quadcopter)
and more).

Table 2 (compiled by the authors) presents
the main advantages and disadvantages of this
aerial platform.

3. Hybrid drones (Figure 3): A VTOL (ver-
tical take-off and landing) drone is used as an
aerial platform.

Table 3 (compiled by the authors) presents
the main advantages and disadvantages of this
aerial platform.

Table 4 (compiled by the authors) provides

Table 1 — Comparative table of aircraft-type UAV platforms

Advantages:

Disadvantages:

High speed and flight range

High cost and complexity of construction

Good stability in flight

For some models, there is a need for a runway

The possibility of equipping with heavy equipment

Limited maneuverability, lack of the ability to «hang»
at one point

Table 2 — Comparative table of UAV platforms of multicopter type

Advantages:

Disadvantages:

High maneuverability and hovering in the air

Low speed and flight range

Relatively low cost and simplicity of construction

Low load capacity

The ability to take off and land from restricted areas

Vulnerability to wind




Figure 2 — An example of using a
multicopter-type UAV as an aerial platform
for relaying communications

a generalized comparison of aircraft-type UAV
repeaters, multicopters and hybrid drones ac-
cording to their main characteristics.

Thus, each aerodynamic layout has both
positive and negative properties, so develop-
ers should take them into account when de-
ciding on the choice of an aerial platform for
relaying communications.

Conditions and factors influencing the
creation of radio relay facilities based on
unmanned aerial vehicles

In the research work [3], the main condi-
tions and factors influencing the creation of
signal relay facilities based on UAVs are an-
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Figure 3 — An example of using a hybrid-
type UAV as an aerial platform for relaying
communications

alyzed. During the study, the conditions and
factors described in the works of Kashtanov
V.V., Nemtinov V.A. [5], Ananyev A.V., Stafe-
eva M.A., Makeev E.V. [6], Karpychev V.Yu.
[1], Tishkov W.V., Ivanov V.G., Lukyanchik V.N.
were considered [7], Ananyev A.V., Ivannikov
K.S., Filatov S.V. [2].

The main factors influencing the creation of
radio relay facilities based on unmanned aerial
vehicles include [3]:

- the high cost of developing and imple-
menting new technologies in this area, the
economic opportunities of the manufacturing
country and the level of development of do-
mestic enterprises, including the defense com-

Table 3 — Comparative table of UAV platforms of hybrid type

Advantages:

Disadvantages:

Combine the advantages of airplanes and quadrocopters

Higher design complexity than multicopters

Higher speed and range than quadrocopters

Higher energy costs for flight performance

Higher maneuverability than aircraft

Higher cost

Table 4
L. Aerodynamic layout of the repeater air platform
Characteristics
Aircraft type Multicopters | Hybrid drones
Speed and range High Low Medium
Load capacity High Low Medium
Maneuverability Low High Medium
Cost and complexity Medium Low High
Stability Good Moderate Medium
Hanging No Yes Yes
Runway requirements | Yes (except for those launched from launchers) No No (or short)
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plex, the availability of specialists and scientific
results in the development of UAV components
and systems and radio relay equipment;

- limitations on the possibilities of placing
radio relay equipment on board a specific type
of UAYV, related to the weight, size and energy
characteristics of the UAV and payload;

- the existing difficulties in the compatibility
of radio communication systems in the Armed
Forces, other troops and military formations of
the Republic of Kazakhstan, especially when
they work together in emergency situations
and when martial law is imposed on the terri-
tory of the Republic of Kazakhstan;

- the negative attitude towards unmanned
aviation in Kazakhstan society as a whole due
to the existing cases of UAV invasion of pri-
vacy, expressed in aerial videography of real
estate, etc.

- the existing negative attitude in the state
military and special bodies towards the field of
UAVs due to the frequent cases of UAV flights
of various types in the area of specially pro-
tected and important state facilities;

- existing restrictions on the use of un-
manned aerial vehicles in peacetime related to
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the legislation and regulatory legal acts of the
Republic of Kazakhstan.

Summary

Based on the analysis of the above-men-
tioned types of UAV repeaters, it was revealed
that there are a number of advantages and
disadvantages in each type of UAV used as
an aerial platform for relaying radio commu-
nications. However, taking into account the
requirements for the repeater, the most pre-
ferred type of UAV is a tethered quadrocop-
ter-type UAV or an airplane-type UAV that
does not require specially equipped platforms
for takeoff and landing. At the same time, it is
preferable to use Tier III standard relay equip-
ment with an operating range of 134-176 MHz,
a transmitter output power of no more than
25 watts and a mass-dimensional character-
istics of 2-3 kg. An analysis of the VHF signal
relay equipment allowed us to conclude that at
present the BARYS KZTE-R VHF repeater from
BARYS is the most optimal variant of the relay
equipment for its further refinement and adap-
tation for use on both quadcopter and aircraft
types of UAVs.
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AHgartna. Makana 6araapriamaHbiH KTH BR21882279 «bariiaHbICTbiH KalLIbIKTbiFbl MEH TY-
PaKTbI/IbIFbIH apTThIPy YIUIH YLIKbILWCHI3 Yy annapatbl (¥¥A) 6asaceiHaa warbliH rabaputTi
6aniniaHbIC pETPaHCISTOPbIH 93ipJ/I€Yy XOHE AavibiHAay» TaKbipblibbl 60MbIHLLEA FbI/IbIMU 3E€PTTEY
asicblHAa a3ip/eHail. ABTOp/iap YLIKbILICKI3 YLy annapatrapbl (¥¥A) 6a3acbiHga curHaagapabl
KanTa TapaTy KypasnaapbiH 93ipJIeyre XoHE Xacayfa acep E€TETIH Xaraaniap MeH pakTopiap-
Abl 3epTTengi. OCbIHAaN Xynesaepre Korbl1aTbiH TEXHUKA/IbIK, rangasaaHy XoHe HOPMaTuUBTIK
TanantTapAbiH KbiCKalla Tasagaybl, COHAan-aK apTyp/ii XafganaapabiH oaapabiH TUIMAIAIN MEH
MYMKIHAIKTEPIHE 8Cepi KapacTbipbl/iaabl. O3ipaeyLuinep 6ariaHbIC PETPaHC/ISTOPbIHbIH nanga-
Jbl XKYKTEMECI YLUIH 8ye naar@opmMachkl peTIHAE naviaanaHaTbiH as3poaAnHaMUKasblK YILIKbILICHI3
OpHanacynapabiH Kenbip Typaepi KapacTbipblaaabl, YLKbILICKI3 YLy M1aT¢HOopMaaapbiHbiH OH
JKOHE Tepic KacneTTepiHe KbicKalua 6ara 6epingi. >KyMbICTbIH ¥¥A HEri3iHAeri peTpaHCAsiunsaay
JKyHenepiH a3ipaeyLuiziep MeH nangasaaHyLblaap YiliH, COHAan-aK 6ariiaHbIC XoHE TEJIEKOMMY -
HUKauns MamMaHAapbl YLWiH MpaKkTuKasibliKk MaHbi3bl 6ap.

Kint cespep: yuKbilcki3 iy annapatsl (¥¥A), ¥¥A 6a3acbiHaa 6aiiaHbICTbl peTPaHC/SILMS-
niay Xy#eci, bannaHbIC Xeinepi, ApoHAAap, XePYCTi CTaHUnsnap, pagnos/1EKTPOHAbLIK KYPEC,
6ariniaHbIC XKesiCi, CUrHasa XXnisiri.
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AHHOTayms. Ctatbsi pa3pabotaHa B pamkax Hay4YHOro WUCC/EA0BaHUS M0 TEME MPOrpaMmbl:
UPH BR21882279 «Pa3paboTka v M3rotoBseHue MasaorabapuTHOro peTpaHc/IsiTopa CBs3U Ha
b6a3ze 6ecnnaoTHoro snetraresibHoro annapara (blrJIA) 418 yBeandyeHus AaibHOCTU U yCTONYM-
BOCTU pafamnocBsa3un». ABTOPbI UCCAEAYIOT YyCI0BUSI U (DaKTOPbl, BAUSIOLME HA pa3paboTKy u
co3/4aHne CPeACTB PETPAHCASALUNU CUrHaA0B Ha 6a3ze 6ecrnuioTHbIX JIeTaTe/lbHbIX annapaTtosB
(BIJ1A). lpoBeaeH KpaTKkuii aHaam3 TEXHUYECKUX, IKCIIyaTalMOHHbIX U HOPMaTUBHbIX TPebo-
BaHUi K TaKUM CUCTEMAaM, a TaKXXe pacCMaTpuBaeTCsl BAUSIHUE Pa3/InyHbIX YC/I0BUH Ha X 3¢-
GEKTUBHOCTb M BO3MOXHOCTU. PaccMaTpuBaroTCs HEKOTOPbIE TUIMbI a3POANHAMUYECKUX KOMITO-
HOBOK 6ecrn/ioTHUKOB, UCIO0J/Ib3YEMbIX pa3paboTymKkaMu B Ka4eCTBE BO3A4YLUHOMN MAaThopMbl
AJ151 [1071€3HO Harpy3Ku peTPaHCsILNU CBSI3U, MPOBEAEHA KPATKash OLEHKAa MoJI0XKNTEIbHbIX U
oTpuLiaTesibHbIX CBOUCTB BI/TIA-nnat¢opm. PaboTta MMEET NpaKkTUHECKYH LIEHHOCTb AJ151 pa3pa-
60TUMKOB 1 M0/1b30BaTENIEN CUCTEM PETPaHCAALUnY Ha 6a3e BIJIA, a Takxxe 4715 CrneynaancToB
B 06/71aCTV CBSI3U U TEIEKOMMYHUKaLMA.

KnrouyeBbie csioBa: 6ecrinioTHbIV neTatesibHbiv annapat (BlJIA), peTpaHcisauns cBsi3n Ha
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6a3se BlJIA, cetn cBs3u, APOHbI, HA3EMHbIE CTaHUUM, Paagno3/1eKTPOHHas 6opbba, KaHasl CBSsi-
31, YacToTa CUrHasaa.
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