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Abstract—The structure and functions of various drones (UAVs) for medical purposes were observed, their
general analysis was done. The main goal and objectives of the work were outlined: to develop the structure of
a container for UAVs for medical purposes, and to clarify the possibility of its transportation to
programmatically defined object. These were done basing on the analysis of prototypes — versions of
previously developed UAV modules for providing various types of medical assistance in extreme conditions.
Different versions of modules for medical UAVs were characterized. The need to deliver a container to a
specific object or person requires the creation of appropriate software to automate this process, developed
software was based on face recognition technology — convolutional neural network. The work on the
development of a container structure for medical purposes was disclosed in details. Its technical task was to
present a version of medical container for multirotor type UAV with vertical take-off and landing. The medical
container itself was made in the form of a streamlined cylinder to improve its aerodynamic characteristics,
which reduces the value of air resistance during flight and increases the overall maneuverability and stability
of the structures. Developed medical UAV was equipped with modules for diagnosing person's condition and
providing them with appropriate medical care. Developed UAV can be used repeatedly, and modular systems
of medical equipment and first aid supplies can be parachuted over the location of potentially injured
person. The modules can be conditionally divided into several groups: diagnostic, resuscitation, a subgroup
for transporting biomaterials, devices for detecting possible chemical contamination, etc. In process of the
work, there were subdivided and developed several such modules (groups of devices) in the newly developed
UAV. The data about the practical application of work results were given: possibility of introducing a UAV
with a first aid container into the activities of emergency services (ambulance, other emergency services);
use for detecting of chemical substances, environmental pollutants using chemo-specific detectors in
conditions of potential danger to human life and health; provision of medical care in extreme conditions;
delivery of necessary medications (vaccines, medical preparations) or performing the function of a courier
for delivering biological samples to the nearest laboratory.
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I. INTRODUCTION

operations and combat operations. Such a significant

Among the wide range of functions of UAVs,
one of the most important is medical assistance,
because human life has absolute value. To provide
medical assistance, UAVs can be used to transport
medicines, blood, transplants, vaccines, biological
samples, devices for diagnosing the person’s
condition and resuscitating the victim. Moreover, the
use of UAVs (drones) allows you to carry out a
relief mission without risking the pilot's life in an
unknown or potentially dangerous situation.

The importance of drones using to search for
people and help them is growing in conditions of
natural and man-made disasters, during anti-terrorist

practical potential of UAVs attracts the attention of
scientists and inventors. Modern research is aimed at
improving the structure of drones, developing new
types of software, improving the range and speed of
flight, and increasing the load capacity [1] — [9].

II. PROBLEM STATEMENT

Currently, work in the field of developing UAV
modules is being carried out both in the theoretical
aspect and being tested in practice. Scientists analyze
the features of the development of UAVs in
contemporary conditions, determine the basics of safe
operation of unmanned aerial systems, and solve the
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problems of data acquisition, processing [1] — [9].
Despite the presence of a wide range of research and
the availability of patents on improving the structure
and function of UAVs, it should be noted that there is
an insufficient number of open access thorough works
that would summarize data on the necessary technical
and software characteristics of UAVs with a container
for medical care [9]. Also insufficient, from our point
of view, is the collaboration of contemporary
professionals in technique with their colleagues in
medical sciences, although the works in this direction
exist and they are extremely important. The authors
started to do their work in outlined direction basing
on some their practical experience in this [9] and
neighboring directions of technique [10] — [12],
studying the effects in extreme conditions where
drones usage is preferable, as well as preliminary
development and use of some necessary specific
mathematical methods.

The purpose of this work was to develop the
structure of a container for UAVs for medical
purposes and to clarify the possibility of its
transportation by UAVs to a programmatically
defined object or person. To do this basing on the
analysis of prototypes — versions of previously
developed UAV modules for providing various types
of medical assistance in extreme conditions.

III. PROBLEM SOLUTION

A. Analysis of practical experience in developing a
container for a UAV for transporting of medical
cargo

In the process of the work, a number of
prototypes and analogues of this construction were
observed, and its main components were also
highlighted: suggested structure of the UAV [9]; the
structure of the container by itself. Necessary
software of the UAV for performing of some tasks
of medical care in extreme conditions was
developed; the factor of extreme conditions was
studied too [10], [11].

In process of the work the structure of the UAV
as a carrier of container for medical care was
analyzed: characteristics of the quadcopter frame,
types of possible engines, power source, appropriate
size and angle of inclination of the propeller blades,
speed controller, drone air controller.

The quadcopter frame must be characterized by
certain properties, namely: strength, lightness,
aerodynamics, maintainability, balance.

The engine for a quadcopter is the main thing,
because without it, the drone launch is impossible,
as well as the flight itself. Engines are electric and
internal combustion. Electric motors are divided into

several types: commutator motor, commutator motor
with gearbox, and brushless motor.

Propellers for quadcopters convert the energy of
the shaft rotation into lifting force. The most
important characteristics of the propeller are its size
and the angle of inclination of the blades (pitch).

Speed controllers for quadcopters are designed to
control the on/off of electric motors, as well as set
the rotation rate. The speed controller performs the
following functions: braking, reverse, opto-coupler.
When choosing a speed controller, one should pay
attention to the following indicators: maximum
constant and peak voltage, battery voltage, internal
resistance and pulse frequency.

The flight controller for a drone collects the data
from sensors and commands from the user and
makes some changes to the speed of motors rotation.
All flight controllers have a basic set of sensors: a
gyroscope (Gyro) and accelerometers (acc); some
advanced configurations also have a barometer and
magnetometer (compass). Also there is a connection
point for all other peripherals such as global
positioning system (GPS), light-emitting diodes
(LEDs), sonar, etc.

The power source for a drone provides energy to
all multicopter systems, and the duration of the flight
depends on it. The main criteria that determine the
choice of a particular battery are capacity, current
conductor, internal structure of the battery, weight
and dimensions.

Unmanned aerial vehicles can also be equipped
with various modules depending on the purpose of
their use. Thus, when equipping individual modules,
they can be conditionally divided into several
groups: diagnostic, resuscitation, a subgroup for
transporting biomaterials, devices for detecting
possible chemical contamination, etc.

So, the resuscitation team may include: a
breathing bag for artificial lung ventilation, a
mechanically driven aspirator, and a portable
automatic external defibrillator.

The diagnostic group can be divided into two
subgroups: direct diagnostics using appropriate
devices and transportation of biomaterials for their
further usage. Into the direct diagnostic subgroup
can be included such devices, as: a three-channel
electrocardiograph; a portable diagnostic monitor
with the functions of measuring of blood pressure,
determining the temperature; a portable clinical
blood analyzer.

The subgroup of biomaterials transporting for
their further usage (for example, for processing)
requires the presence of special containers.

When providing medical care to a person in
extreme conditions, especially in situations of
possible chemical contamination, determining the
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level of chemical pollution of the environment is of
great importance. As a result, the development of
detector devices that record chemical pollution of the
environment is an urgent issue. For the development
of chemo-sensitive surfaces of detectors, experience
in studying the physicochemical nature of ion
selectivity and specificity of artificially created and
natural membranes is important.

A container for transporting biological samples
and vaccines has to meet certain conditions: heat
resistance, tightness, reliable fastening of test tubes
with samples, and the possibility of disinfecting the
inside of the container, the presence of a bactericidal
air filter and aerodynamics of the shape.

The unmanned aerial vehicle that will be
equipped with the above described container must
have elongated support struts that allow placing the
payload (medical container) in the lower part, which
helps to lower the center of mass of the device and
increase its stability during flight.

The need to deliver the container to a specific
object or person requires the creation of appropriate
software to automate this process. This software is
based on the face recognition technology called a
convolutional neural network (CNN). Information
on the development of such software can be
published by the authors in the future.

B. Various specific versions of UAVs medical
modules and equipment for them

To provide effective first aid, in some cases it is
not enough to have just a set of basic medical
equipment. Saving of human life and health level of
oxygen  saturation, measuring  preservation
sometimes requires the use of technical diagnostic
tools; to solve this problem, an unmanned aerial
vehicle first aid complex can be proposed, which
includes an unmanned aerial vehicle with fixed
modular medical equipment systems and first aid
means. In some cases, the drone must have
connectors that will provide the ability to charge its
batteries from the car's power supply system and
from the household power supply network. It would
be nice, if for some cases the body of the modular
systems of first aid means contains a voice
notification unit that automatically starts after the
touching of the ground and turns off automatically:
when the UAYV is raised to a certain height above the
ground or manually (by pressing a special button).

For the works in chemically polluted areas and
for some tasks solution it is important to install
chemosensitive sensors on unmanned aerial
vehicles. Already now, the demand for UAVs is
growing in the fields of emergency services
(firefighters, police, ambulance), energy, mining,
construction, geodesy (cartography), transportation,

agriculture, etc. The methods of taking off and
landing of UAVs are known, and control systems for
their various types have been developed and are
being developed accordingly. Today, scientific and
technical groups of specialists are successfully
solving the problem of remote detection of harmful
chemicals using detectors installed on UAVs. To
solve these problems, it is advisable to use UAVs,
which are used in a variety of fields of activity, in
different climatic conditions and solve numerous
tasks; respectively, their popularity increases.
Scientists note [11], that for the development of
physical models of some sensor elements of
chemical pollution sensors of artificial and natural
originn a set of works on the selective
chemosensitivity of surfaces of different types of
glass can be used. Various samples of such glasses
have specific chemosensitivity either by themselves
or acting as artificial membranes - bases for coating
them with layers of other specific substances.
Relevant studies have shown that even for solving
relatively simple tasks (for example, for removing
current-voltage characteristics) when studying the
selective membranes under study in living and
artificial objects; one has to face significant
difficulties. In the case of finding adequate physical
solutions these difficulties can be eliminated.

C. Development of a container structure for medical
purposes.

The technical task of this chapter is to present a
variant of a medical container for a multirotor type
UAV with vertical take-off and landing. The
medical container itself is made in the form of a
streamlined cylinder to improve its aerodynamic
characteristics, which reduces the value of air
resistance during flight and increases the overall
maneuverability and stability of structures.

The proposed version of the container provides
reliable fastening of medical test tubes with
biomaterial or vaccine. It also provides for
disinfection of the internal cavity of the medical
container compartment in case of biomaterial leakage.

The medical container itself, to improve its
aerodynamic characteristics, should be made in form
of a streamlined cylinder, which reduces the value of
air resistance during the flight and increases its
maneuverability and stability. The medical container
should ensure reliable fastening of the tubes with
biomaterial and disinfection of the internal cavity of it
medical compartment in case of biomaterial leakage.

This specified technical task is achieved by the
fact that the UAV with vertical take-off and landing
has elongated support struts that allow placing the
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payload (medical container) in the lower part. This
helps to reduce the center of mass of the device and
increase its stability during the flight. In this case,
the medical container is made in the form of a
streamlined construction and a lid (cover) fixed in
the lower part of the multirotor type of this drone.
The structure of container is given on Figs 1 — 3.
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Fig. 1. The medical container includes: (1) test tubes with
biomaterial; (2) biomaterial leakage control sensors;
(3) electromagnetic valves; (4) power supply; (5) tube
guides; (6) medical module mount; (7) bactericidal air
filter; (8) container with disinfectant liquid (in the center
of the structure); (9) container lid; (10) container body;
(11) video camera. The central axis of the structure is
indicated by a dotted line

Fig. 2. Top view of the container structure: (1) tubes with
biomaterial; (3) solenoid valves; (5) tube guides; (8)
container with disinfectant liquid in the center; (10)

surface of the container body. The center of the structure

is marked with a dot
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Fig. 3. Electrical diagram of a medical container for a
drone: (a) biomaterial leakage control sensor; (b) solenoid
valve; (c) power supply

This container lid is equipped (Figs 1 and 2) with a
fastening mechanism and a bactericidal air filter that
connects the container cavity with the atmosphere.
The container body is divided into compartments for
placing test tubes with biomaterials installed in
perforated round holes that hold them in a vertical
position. In the center of container there is a volume
with a  disinfecting liquid equipped with
electromagnetic exhaust valves. In the lower part of
the container compartments there are sensors for
monitoring the leakage of biomaterials. In this case,
each sensor for monitoring the leakage of biomaterials
corresponds to an electromagnetic valve that connects
this volume with disinfecting liquid with the container
compartment for case of biomaterials leakage.

IV. CONCLUSIONS

The structure and functions of medical container
for drones were described in present article. The
practical significance of the work done, of the
obtained results is in the possibility of the use of
obtained results for the work in extreme conditions
and provision of medical care in various types of
such extreme conditions. Also the introducing UAVs
with a first aid container into the activities of
emergency services is a great idea (ambulance, other
emergency services). Such container can be applied
for detecting of chemical substances, environmental
pollutants using chemo-specific detectors in
conditions of potential danger to human life and
health; delivery of necessary medications (vaccines,
medical preparations) or performing the function of
a courier for delivering biological samples to the
nearest laboratory.
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B. M. Iyrko. Bb. . Mockaienko, O. M. Kawouko, H. C. ®omenko. IlporpamoBanmii Moayab aas
TPAHCHOPTYBAHHSI BAHTAXKIB I'YMaHITAPHOrO MeIMYHOr0 NMPHU3HAYEHHS APOHAMH Yy eKCTPeMAJIBHHX YMOBAaX
PosrnstHyTo cTpykTypy Ta ¢dyHkuii pisHux npoHiB (BIIJIA) MenuuHOro mpu3HaveHHs, BUKOHAHO IX 3aralbHHUN aHai3.
BukiazieHo OCHOBHY MeTy Ta 3aBIaHHs pOOOTH: PO3poOHTH CTPYKTYpy KoHTeitHepa st BIIJIA MeauyHOro npu3HaveHHs,
a TaKoX 3’sCyBaTH MOKIIMBICTH HOTO TPaHCIIOPTYBAaHHS JI0 MPOrPaMHO BH3HaueHOro o0’ekra. lle 3polieHo Ha OCHOBI
aHali3y MPOTOTHINB — Bepciil paHime po3podnenux moxyniB BITJIA nmnst HamaHHS pi3HUX BUIIB MEIUYHOI JJOTIOMOTH B
eKCTpeMalbHuX yMoBax. OxapakTepu3oBaHO pi3HI Bepcii MomymiB mist meaudHux BITJIA. HeoOXimHICTH mOCTaBKH
KOHTelHepa J0 KOHKPETHOro 00’ekra abo oco0M BHUMarae CTBOPEHHS BiJIIOBIHOTO IMPOTPaMHOTO 3a0e3MeyeHHs s
aBTOMaTH3allli IIOT0 MPOLIECy; MPOrpaMHe 3a0e3MeYeHHsT pO3POOIISITOCS Ha TEXHOJIOTIT pO3Mi3HaBaHHS 00JINY 3TrOPTKOBOIO
HelfpOHHOIO Mepeskero. Y JIeTalsaX PO3KPHTO POOOTY 3 PO3POOKH CTPYKTYpH KOHTeiHepa MEIMYHOTO MpH3HaueHHs. Ii
TEXHIYHMM 3aBJaHHSAM OyJO BHKOHATH BapiaHT MeIWYHOro KoHTteitHepa s BIIJIA OGararoporopHoro tumy 3
BEPTHKAILHUM 3JbOTOM Ta Mocajgkoro. CaM MeaAuuHui KOHTEHHEp BHKOHAaHO y Qopmi OOTIYHOrO LWIIHApa s
TIOKpAIIIEHHs] HOro aepoJMHAMIYHUX XapaKTEPUCTHK, 110 3MEHIIYe 3HAUEHHs ONOpY MOBITPS MiJl 4ac MOJbOTY, MiIBHUIIYE
3araJlbHy MAaHEBPEHICTh Ta CTIMKICTh KOHCTPYKUii. Po3pobnenumii meanmunmii BITJIA ocHamieHo MomynsiMu Juis
MIaTHOCTHKKA CTaHy JIIOAMHM Ta HAJaHHA 1A BIONOBIAHOI MemuuHOI  momoMord. PospoOmenumit  BITJIA
BHUKOPHCTOBYBAaTHMETHCS 0AaraTropa3oBo, MOIYJIbHI CHCTEMH MEMYHOTO 00J1aJHAHHS Ta 3aCO0H MepIIoi TOOMOTH OYIyTh
CKUJIATUCS HA TapallyTax Haj MiICIIeM pO3TallyBaHHS IMOCTPaXaaiol ocoOu. Moyl yMOBHO pO3IUTUTH Ha KiTbKa TPYIL:
JIarHOCTHMYHUH, peaHiMalliiiHui, MArpymna sl TPaHCIIOPTYBaHHs OloMaTepiaiiB, MPHUCTPOI Ul BUSBIEHHS MOXIHBOTO
XIMIYHOTO 3a0py/AHEHHsI, TOIIO. Y TpoLeci poOOTH BU3HAYEHO Ta PO3p00JIEHO KiJIbKa TAKMX MOJIYJIB (TPYII MIPUCTPOIB) y
cknaai HoBoctBopeHoro BILJIA. HaBexmeHo naHi mpo mpakTHYHE 3aCTOCYBaHHSA peE3YJbTaTiB POOOTH: MOXIIHBICTH
BripoBapkeHHs1 BITJIA 3 KOHTeHHEepOM IepIoi TOMOMOTH B AisUTbHICT CIY)KO €KCTPEHOI JOMOMOTH (IIBUIIKA AOTIOMOra,
IHIII CITY’)KOHM €KCTPEHOI JIOIIOMOTH); BUKOPHCTAHHS ISl BUSIBIICHHS XIMIYHUX PEYOBUH, 3a0pyIHIOBaYiB HABKOJIHIIIHHOTO
CepeIoBUIIA 3a JIONOMOTOK XeMOCTIEIM(IYHNX JETEKTOPIiB B YMOBaX MOTEHIIHHOI HEOe3NeKn JUIsl JKUTTS Ta 370pOB’s
JIIO/IMHY; HaJaHHS MEIUYHOI JIOTIOMOTH B €KCTpeMallbHHX YMOBaXx; JOCTaBKa HEOOXITHUX JIKiB (BaKIWH, MEIMYHUX
npenapaTtiB) a00 BUKOHAHHS (QyHKIIIT Kyp’epa Iuist TOCTaBKH O10JIOTIYHHX 3pa3KiB 0 HAHOIIKYO] JJabopaTopii.
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