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Abstract—The general analysis was done of requirements for communication during of medical doctors
work in extreme conditions, including locations of military activity. The tasks were determined — it was the
need to create reliable stable mobile communication for their work; in the locations where there is no
coverage, such communication can be organized using drones, and formation of complex of drones and
ground base stations. So, the purpose was stated - to find solutions how to develop technologies to ensure
high-quality communication with the use of unmanned aerial vehicles in extreme conditions in Ukraine.
Numerous prototypes, including patents, were examined and analyzed. Several different schemes for
organizing of mobile communications in cases where conventional wireless networks are vulnerable were
observed (due to military operations, natural disasters, extreme situations). We have described some
possibilities for the restoring of communications using a number of technological solutions based on the use
of drones in extreme conditions. The possibility of software or hardware tools for replacing fixed base
stations in wireless network with unmanned aerial vehicles were observed. It was proposed to use such tools
in two ways: 1) either temporarily to replace fixed base stations with unmanned aerial vehicles; or 2) on
permanent basis, fe., in geographical locations where the terrain makes it difficult to place fixed base
stations (impossible due to dangers of military operations, extreme situations, etc.) Such solutions can help
to minimize also great damages of the war to our medicine, agriculture, nature in general.

Keywords—Unmanned aerial vehicle; drone; construction; wireless networks; mobile communication;

extreme medicine.
I. INTRODUCTION

In the Air Code of Ukraine, an unmanned aerial
vehicle (UAV) is defined as a device whose flight
control and monitoring are carried out using a
special control station located outside the aircraft
[1]. The Rules for the Operation of Unmanned
Aircraft Complexes of the State Aviation of Ukraine
state that an Unmanned Aircraft Complex (UAC) is
not only an unmanned aircraft, but also the
associated remote piloting points (ground control
stations), as well as the necessary lines for operation
and control. The complex may include several
unmanned aircraft [2]. An unmanned aerial vehicle
(UAV, drone) is an aircraft that flies and lands
without the physical presence of a pilot on board. As
it known, the civilian sphere of UAVs usage
includes the following areas: law enforcement
activities (patrol, analysis of traffic incidents,

monitoring of mass events, tracking of criminals,
identifying and eliminating of terrorist threats);
monitoring and eliminating of the consequences of
emergency situations (estimation of damage,
determining the degree of contamination of
territories, helping people in hard-to-reach places);
medical care (transportation of medicines, blood,
transplants, vaccines); functioning of agricultural
complexes (monitoring crops, applying fertilizers and
pesticides); environmental monitoring (radiation, fire
prevention, oil, gas and chemical control); geodesy
and oceanology (cartography, monitoring of sea
waves, searching of mass aggregations of fish);
shipping control (search of ships, monitoring of sea
borders and compliance with fishing rules); delivery
of wares; building; cinematography; journalism
(reports about sports competitions, mass events, war
events), and etc. [3] — [8].
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II. PROBLEM STATEMENT

The development of technologies for production
of various types of UAVs and their application is
extremely intensive in our country in recent years. It
is clear that the main reason for this is contemporary
war in Ukraine, which stimulates both the invention
and production of drones and related technologies.
First of all, this applies to military technologies
related to UAVs, but not only.

The economy of Ukraine has suffered great
losses in recent years — cities, towns, fields and
forests have been burned, large areas have been
mined, which has caused enormous damage to both
agriculture and wildlife. Restoring the damage is a
large-scale task, and the technologies for using
drones for this are able to successfully fulfill this
noble mission. Drones technologies can be used in
contemporary medicine with great successes too,
especially in military field surgery, such work often
has to be carried out under extreme conditions; the
authors wrote about this in their previous
publications [9]. In this sphere, as well as in the
agricultural economy, ecology of Ukraine, this
means carrying out work in large areas where
communication is often absent or damaged. Below
we will describe some possibilities for fulfilling the
tasks set for the restoring of the communications
using a number of technological solutions based on
the use of drones in extreme conditions.

The purpose of this work was to find solutions
how to develop technologies to ensure high-quality
communication with the use of UAVs in extreme
conditions in Ukraine. Such drone technologies can
be used in extreme medicine, for the renovation of
the contemporary economy of Ukraine, primarily
agriculture, and improving of the environmental
situation in the country.

The ideas of present work was based on the
numerous foreign and domestic works -prototypes in
this sphere, including patents [10] — [12]. Among
them were the versions of previously developed
UAV’s modules [10] — [12]. The authors have long-
year experience in the solution of some tasks in
creation of information technologies for extreme
conditions (among them - information systems) [13],
development of actual mathematical approaches for
such tasks solutions [14] — [16], and etc. Information
about wireless and mobile communications, UAV
complexes were supplemented from [17] —[24].

III. PROBLEM SOLUTION

A. The idea of using drone technologies for extreme
conditions
In general, the idea of using drone technologies
in the conditions described above concerns systems

and methods for at least one relay drone, which is
used to transmit information between the base
station and the working drone. It is clear that the
formed systems of working drones and relay drones,
the system and methods may differ for various types
of relay drones. Such drones can be controlled singly
or in a group; and also transmit information between
the base station and the working drone.

In modern terminology, the notion "drone"
includes any unmanned vehicle, UAV, remotely
piloted aircraft (AC), and etc. Today, a drone can be
called a single- or multi-rotor helicopter (quadcopter,
etc.), or a fixed-wing aircraft. Currently, drones are
known also in the form of other types of unmanned
vehicles (water vehicles, tracked or wheeled
ones, etc.).

Constructing a network of repeater drones, then
here we can use a set of repeaters (links) between a
base station and a working drone controlled by the
base station. Repeater drones can amplify the signal
of communication channel or communication signal
between a base station and a working drone in the
network. For example, repeater drones can amplify
the communication channel. In this case, they act as
nodes that relay the communication between a
working drone and a base station. The
communication signals at each node are amplified to
compensate the decrease in signal strength at a
certain distance. Simultaneously this system needs a
path with a direct line of sight between the working
drone and the base station. Repeater drones and base
stations can use a communication protocol to initiate
interaction with worker drones and repeater drones.

Base stations and/or relay drones may receive
information about the location and then transmit
signals in the direction of available worker drones
and / or relay drones. Such signals may serve as
control signals. These control signals may be
transmitted to the available relay drones or worker
drones via omnidirectional antenna or directional
antenna calibrated to the location of the available
relay drones or worker drones. Data signals may be
generated in response to the control signal; and in
turn they may be intended for reception by the base
station. Available relay and worker drones may
interact with base stations and / or other relay drones.
During such interaction, the information about
location may be transmitted so that the base station
or relay drones may also send a control (or data)
signal to the relay or worker drones. Sometimes a
drone can be used as a relay drone (while relaying
communications) or as a working drone (with data
collection to return to the base station), or as both
ones.
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Repeater drones can be used to maintain
broadband communication between a working drone
and a base station, even if the components of such a
system are mobile (base station, working drone,
repeater drone). This can also happen if there is no
direct line of sight between the working drone and
the base station (they are separated). In the case of
such separation, the communication between the
components can be maintained by the repeater
drone. In turn, the repeater drone can also be mobile
or stationary, maintaining a line of sight connection
between the working drone and the base station.

B. A mobile communications network organized
with the support of UAVs

Mobile networks can exchange by information
(data, including telephony and non-telephony data)
between mobile devices, such as smartphones, as
well as between devices with fixed location (devices
of different types: mobile, computing or telephony
ones). Typically, a mobile network unites few
geographically distributed fixed radio base stations,
each of which serves for a limited surrounding
geographic area; such an area is called a "cell"
usually. The base stations are often directly
connected to each other, and have constant power
supply.

The mobile device uses the network to establish a
radio connection with the nearest base station or
with the base station to which the strongest radio
signal can be transmitted. If for some reason the
connection with the nearest base station is

unavailable, the mobile device can connect to a more
distant base station, which is located more distantly.
This creates opportunities for the exchange of
information between the mobile device and the base
Mobile

station. communication networks can

exchange by various types of information, including
emergency calls, or «calls to eliminate the
consequences of natural disasters, other emergency
situations, etc.

C. Vulnerability of mobile networks and the use of
UAVs

Practice has demonstrated that mobile networks
that include only stationary base stations are quite
vulnerable. Such stationary base stations can be
destroyed (fully or partially) or disabled as a result
of military operations, natural disasters, and other
extreme situations.

In order to reduce the wvulnerability of
conventional wireless networks, the authors are
considering the possibility of software or hardware
tools to replace fixed base stations in a wireless
network with unmanned aerial vehicles. Such tools
can be used 1) either temporarily to replace fixed
base stations with UAVs; or 2) on a permanent
basis, for example, in geographical locations where
the Earth surface makes it difficult to place fixed
base stations, because this is impossible due to the
dangers of military operations, etc. (Fig. 1).

Sometimes such methods allow to be put into
service in short periods of time, f. e., in periods
like minutes or hours. In some realizations,
connections to certain mobile devices may be
organized basing on two or more UAVs for
further reducing the reliance on fixed base
stations. In all such cases abovedescribed
techniques and models of information network
organization with UAvs usage are quite useful
in various practical spheres: medicine,
agriculture, nature protection, and so on.

Fig. 1. The system that includes few components: base station, working drone, repeater drone
(details see text) [10], [11]
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IV. CONCLUSIONS

Several different schemes for organizing of
mobile communications in cases where conventional
wireless networks are vulnerable were observed in
present article; for example, due to military
operations, natural disasters, and other extreme
situations. In the paper we have described some
possibilities for the restoring of communications
using a number of technological solutions based on
the use of drones in extreme conditions. The
possibility of software or hardware tools for
replacing fixed base stations in a wireless network
with unmanned aerial vehicles were observed. It was
proposed to use such tools in two ways: 1) either
temporarily to replace fixed base stations with
UAVs; or 2) on a permanent basis, for example, in
geographical locations where the terrain makes it
difficult to place fixed base stations, because this is
impossible due to dangers in this area (military
operations, other extreme situations, etc.) From our
point of view such solutions can help to minimize
step-by-step great damages of the war to our
agriculture, wildlife, nature in general. Possibility to
organize medical care, sometimes surgical
operations close to areas of military activity also
need organization of reliable high-quality
connections — and drones technologies are able to
solve these problems too. Restoring the war
damages is a large-scale task, and technologies for
using drones for this are able to fulfill successfully
this noble mission.
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B. M. lyrtko. b. JI. Mockanenko, O. M. Kuwuxko, SI. I'. Bos:xun. be3niyioTHuii kepoBaHuii KoMILIeKC AJs
3a0e3mevyeHHs SIKICHOTO 3B’SI3KYy Y CyYacHiii ekcTpeMasbHiil MeauuuHi

[IpoBeneHO 3arallbHUIT aHANTI3 BUMOT 10 TIOCIYT 3B'SI3KY MiJ] 9ac pOOOTH JIiKapiB B CKCTPEMABHIX YMOBAX, BKIIFOUAIOYH
Miclisl TPOBENCHHS BIHCHKOBUX Hil. Bynau Bu3Ha4YeHi 3aBIaHHS — HEOOXIMHICTH CTBOPEHHS HAIIWHOTO CTabiTLHOTO
MOOUIBHOTO 3B'SI3KY Ul iX poOOTH; B MicLsiX, Jie HEMae MOKPHUTTS, TaKUi 3B'SI30K MOKe OyTH OpraHi3oBaHMM 3a
JIOTIOMOTOIO JIPOHIB, Ta ()OPMYBaHHSI KOMIUIEKCY JPOHIB Ta Ha3eMHUX 0a30BuX cTaHmiid. OTxke, Oya MOCTaBIeHAa MeTa
— 3HAWTH PIIICHHS 100 PO3POOKU TEXHOJIOTIH 3a0€3MEUCHHS BUCOKOSIKICHOTO 3B'S3KY 3 BUKOPUCTAHHAM OC3IIIOTHUX
mitanpaux anapatiB (BITJIA) B ekcTpeManpbHHX ymMoBax B YKpaiHi. Byno po3riasHyToO Ta MpoaHaTi30BaHO YHCIICHHI
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MPOTOTHUIIH, BKJIIOYAIOYH MAaTEeHTH. PO3IIISHYTO KiNbKa Pi3HUX CXeM opraHizarii MOOLIBHOTO 3B'I3KY y BHINAAKAX, KOJIU
TpaJuIIiiiHI 0€3APOTOBI MEPEXKi € Bpa3MMBUMHU (Uepe3 BIMCHKOBI Jii, CTUXIiMHI JIMXa, eKCTpeMallbHi cuTyarlii). Omucano
JIesiki MOYKITMBOCTI BIZIHOBJIEHHSI 3B 513Ky 3a JIONIOMOI'OI0 HHU3KH TEXHOJIOTIYHUX pillleHb, 3aCHOBAHUX HA BUKOPUCTaHHI
JIPOHIB B €KCTpEMalbHUX yMOBax. byna po3riissHyTa MOXJIMBICTh BUKOPHUCTAHHS MPOTpaMHUX ab0 amapaTHUX 3aco0iB
JUIsl 3aMiHM CTallioOHapHUX 0a30BUX CTaHLIM y 0e31poToBiit Mepexi Oe3niIoTHUMU JiTaibHUMU anapatamu («BITJIAY).
Byno 3anmpomnoHOBaHO BHUKOPHCTOBYBATH Taki 3acoOm nBoMa criocobamu: 1) abo TMMYAacOBO 3aMiHHUTH CTalliOHApHI
6a3o0Bi cranuii Ha BITJIA; abo 2) Ha mocTiifiHill OCHOBI, HaNmpuKiIaa, y reorpagiyHux MicLsX, A€ peibed MiCIeBOCTI
YCKIIQJHIOE PO3MIIIEHHS CTaIlioOHapHUX 0a30BHX CTaHI (HEMOXIJIHMBO Yepe3 HeOe3NeKy BiMCHKOBHX OIEparlii,
EKCTpEeMaNIbHUX CHUTyaliil Tomo). Taki pilleHHS MOXYTh JOINOMOITH MiHIMi3yBaTd TaKOX BEJHMKI 30MTKH BifHM JUIst
Hanrol MEJUIMHY, CIIBCHKOTO TOCIOAAPCTBA, IIPHPOIH 3aTraJIOM.

Katouosi cioBa: Oe3nitoTHHIA JiTadbHUI amapaT; APOH; KOHCTPYIOBAaHHs; OE3ApOTOBI MEpexi; MOOUIBHUM 3B’SI30K;
EKCTpeMallbHa MeIULINHA.
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