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Abstract

Purpose: Development of mathematical and experimental models of polikopter UAV NAU PKF "Aurora" of
oktakopter scheme for experimental flights in manual, semi-automatic and unmanned mode.
Methods: 14/03/2016 - 21/03/2016 held a serie of experiental flights (10 flights) of 10 rats on altitude 700
meters on polikopter (oktakopter) NAU PKF "Aurora" in germetic kabin with the study of his somatic,
nevrological status after the flight. Flights also carried out with experimental animals on board for such a
safety assessment. Results: The obtained logs of 'black box' of the autopilot indicate very small (almost
invisible) fluctuations in pitch, roll and yaw during the flight, minor variations on altitude during almost
stationary hovering of polikopter at different altitudes, and fully adequate to movements and maneuvers of
aircraft vibrations and parameters of these sensors. Discussion: In the course of these studies demonstrated
experimentally the possibility of completely safe flight of the mammals (rats) on polikopter vehicle, even in
the open cockpit. With appropriate refinement possible in the future to raise the issue of the development and
construction of passenger polikopter flyers for totally safe air transportation of people [6,7,8]. In terms of
adverse mechanical effects on the human body (acceleration overload fluctuations, vibrations) polikopter
transport is safer and less harmful to the passengers than road transport, which is particularly important in
the delivery of patient of neurosurgical, politravmatological, cardiologycal and critical care profile at
critical condition in intensive care units and operating hospitals and medical centers.
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1. Introduction

The number of cars over the past 10 years has
almost increased, and the road infrastructure is
almost unchanged, which led to a sharp increase
in traffic jams. This in turn has significantly
worsened road links and complicate the work of
the municipal emergency services (police,
emergency medical service and others.) [1]. This,
in turn, does not allow the timely delivery of
emergency patients directly at the operating health
centers of third level to provide them with timely
a specialty medical care, which increases the level
of disability, mortality and leads to significant
economic losses [6].

2. Analysis of the latest research and publications

To solve the problem of urban and long-distance
communications in Ukraine solely through the repair
and modernization of the road infrastructure is very
difficult. A good solution to this problem could be the
use of helicopter aviation [2]. But, unfortunately,
today's large cities of Ukraine are not designed for use
by police and medical helicopters, since they do not
have a sufficient number of helipads for takeoffs and
landings. [3] In addition, the helicopter has a very large
size and very unsafe open propellers, which are almost
impossible to hide under the protective grilles. [4]
Unfortunately most of the helicopters are not able to
carry out perfectly smooth vertical takeoff and landing,
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"jewelry" precise maneuvering at different heights
(especially at low altitudes) and carry absolutely
still hang at different heights. [5]

3. Research tasks

To solve the problems of indicated vehicle needs
with more independent support points, (Propellers
VTOL), equipped with autopilot and adequate
automatic flight stabilization system. Thus, for a
more complete solution to this problem it is
necessary to use the aerial multirotor vehicle or
polikopter.

4. The solution of the problem.

To resolve this issue built an UAV NAU PKF
"Aurora" [5] capacity of 5 kg, equipped with
modern autopilot and the automatic flight
stabilization system.

Mathematically, the flight of the wvehicle is
described as follows [4]:

5. “Aircraft-Satellite-Ground Station” Channel
To resolve this issue built an UAV NAU
PKF "Aurora" [5] capacity of 5 kg, equipped
with modern autopilot and the automatic
flight stabilization system.

Mathematically, the flight of the vehicle
is described as follows [4]:

x = Ax+B,u + B¢ f
y = Cyx + Dyyu + Dy £

z=Cx+Dju+tD,,

Xl the state vector; u € R™ - the

where x € R
control vector; y € R'™ - the output vector, to
feR™ — vector of

atmospheric excitations that act on an aircraft in

generate feedback;

horizontal and vertical planes (three-axis); z € R*™
- vector of the output variables to assess the
quality of the system; A e R"™"  B,e R"™,
BfCRIIX3, CyeRIIxII, D, €R11X4, Dy, €R11x3, C.
e R*" D, e R™ Dy € R*? - matrix, which
describe the model of the aircraft in the space of
states.

State vector of polikopter comprises the
following components [4]:

X:[Vx; I/y; Wy, Wy, V, 6a Vz; a)y; r3,3]T [4]

where V,, V), V. - longitudinal, lateral and vertical
linear velocities; o6, y - angles of pitch and roll;
o,, w,, o, — angular velocity of the pitch, roll and yaw;
r 3,3 - the change of state feedback gyroscope.

Mathematical model of the automatic control of the
polikopter UAV NAU PKF "Aurora":

Ex = Ax + Bu;
y =Cx,

where x - state vector; u - control vector; y - the vector
of surveillance; A, B - matrix status and control; C - a
matrix of observations, measurements for determining
the output data to develop a control algorithm.

Model of longitudinal motion of polikopter is
described as follows:

X= [V7 0“7 C) 0‘)27 H]Ta u= [6 try 6 h]T7

where V - air velocity (m / s); a - angle of attack
(degrees); H — altitude of flight (m). When the
longitudinal movement is controlled by increasing the
speed of rotation of two rear electric motors of
polikopter (oktakopter), which leads polikopter tilt
forward so that the rear of polikopter rises, and the
front part lowered.

Vector of external excitation for longitudinal
movement of polikopter described as follows:

fed = [Vdist> Odists COzdist]T,

where ®, . — turbulent incremental of angular pitch
velocity.

Turbulence angle of attack ol exe = V exe /V.

Status and control vector for lateral movement
of polikopter described as follows:

X= [Ba Y, Ox, (Dya \V]Ta u= [Sel, 61rud]Ta

where B - slip angle (degrees); y - the roll angle
(degrees); oy - the angular velocity of the roll (deg /s);
o, - rate of change in yaw (degree); y — yaw angle
(degrees). When the lateral movement of polikopter
controlled by an increase in speed of the two left or
right oktakopter motors, resulting in a tilt of the
oktakopter platform right or left (as appropriate).
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Vector of external excitation for lateral
movement of polikopter described as follows:

fo = [Bdists ®x dist®y dist]T, where the turbulent slip
angle is described as follows — B, = -V,/V,
where V,- the lateral component of the true
airspeed.

The transfer functions of the longitudinal
motion of the polikopter UAV described as
follows [9]:

570(s) + a,s9(s) + a,0(s) = a8, () + a,M _ ;.,(5);
—s0u(s) + as0u(s) + s0(s) = agF, 4, (5),
where s=d/dt.

The transfer function of pitch movement
under the control action is described as follows

[8]:
o(s) _
8,() s[s”+(q

as (s —as)

—as)s+(a, —aas) |

Wﬁﬁh (s)=

In standard form, according to the theory of
automatic control a transfer function of the
movement on the pitch under the control action is
as follows:

K, (Tys +1)
s(T,7s> +28,T,s +1)

Wﬁah (s)=

The transfer function of pitch movement under the
disturbance is described as follows [10]:

ﬁ(S) _
z dist (S) [SZ

a4(5 as)

—as s+(a2 a,a; )}

W Mz dist (S)

In standard form, according to the theory of
automatic control of the transfer function of pitch
movement under the control action is as follows

[8]:
K M z dist (ThIS+1)

WMzdzst s
(5)= s(T, s> +28,T,s+1)

In this transmission ratio manipulated variable
pitch angle is described as follows [10]:

8 a.a
Kh 6 — _ 3™5 ,
a, —aas

transfer ratio of disturbance pitch angle is described as
follows [9]:
K Mz dist __ (14(15
B

b

a, —a,as

time constant characterizing a maneuverability of
polikopter on the pitch angle is described as follows
[10]:

Thl =
as

the time constant is equal to the period of their own
(undamped) vibrations of polikopter pitch is described
as follows [8]:

1

2
\a, —a,a;

the relative coefficient of damping of the natural
oscillations of polikopter at pitch is described as
follows [8]:

Th:

E = a, —das
' 2\ a, —a,a; '
The transfer functions of motion of polikopter UAV
at roll described as follows [10]:

Wﬁel( )_ Y(S) Kel
5, (s) (T, uS+D)s’
Wnydist (S) — Y(S) — C3Kel ,
deist (S) (Tels + 1)S

where K =c,/c; — transmission correction coefficient, a
Te = 1/c; — time constant of moving of polikopter at
roll.

Yaw transfer functions of polikopter are described
as follows [8]:

Wwﬁrud (S) —_ W(S) rud Orud (TrudIS + 1)
)ud(s) ( udS +2§rud uds+1)s
/4 M ydist (S) Krud Vydis (T rud1S + 1)
v

( uds +2§rud ds+1)s

At the same time a ratio of the transmission of
control influence of the angle of direction is described
as follows:
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transmission ratio of the disturbing force to the
angle direction is described as follows [9]:

K Mg _ b4b5
rud - ’
bz - ble
the time constant  characterizing the

maneuverability of polikopter at corner of yaw
described as follows [10]:

1
T ,B=—
rud1 b5
the time constant is equal to the period of own non
dempfed fluctuations of polikopter on the yaw
axis is described as follows [8]:

9

B 1

T —5
b, —bb,

the relative coefficient of damping of the natural
oscillations of polikopter on the yaw axis is
described as follows [9]:

&,. _ bl_bS
"o b, —bbs

A series of test flights, including experimental
animals on board to a height of 800 meters on the
polikopter (oktakopter) NAU PKF "Aurora" in a
sealed and an open cabin with a record of logs of
“black box” of the autopilot, with audio and
video recording of flight, with a further
determination of physical, neurological status,
and behavioral reactions of animals after such a
flight. Results of aircraft technical testing and
biomedical research of the experimental group of
animals were compared with similar results of
flyght in the control group of animals that were in
the same cabin with working propellers, but
without a flight. Statistical analysis of the results
for validation studies.

6. Results and discussion

These logs of flight of “black box” of the
autopilot indicate very small (almost invisible)
fluctuations in pitch, roll and yaw during the
flight, minor variations on altitude during almost

stationary hovering of polikopter at different altitudes,
and fully adequate to the movements and maneuvers
of aircraft vibrations of performances of these sensors.
Analysis of video from an entrenched to the polikopter
camera also shows the smooth and almost "jewelry"
precision maneuvering of polikopter at different
heights, which indicates almost entirely solving the
technical problem.

Log files of the “black box” of the autopilot
analyzed in program Mathlab, and in the programs of
flight simulation XPlane and FlightGear. We analyzed
in detail video with three onboard cameras, namely 1 -
with the navigation IP-cameras, which is directed
downwards and that removes what is on the ground,
that is, over what flies polikopter (it is necessary to
orient the operator when controlling the aircraft) 2 -
with sides IP-camera, which is directed downwards
cockpit of the aircraft (which is necessary to observe
the behavior of the top of the animal), and 3 - with
side IP- camera which is located on the front of the
cab and which is directed in the horizontal direction
on the rear wall cabin (which is necessary to observe
the behavior of the animal in the horizontal direction).

Here are the printed pages of "black box" of the
autopilot of unmanned aircraft NAU PKF "Aurora",
which shows changes to some of the most important
parameters of automatic flight (6 of 200) that a
frequency of 10 Hz simultaneously recorded during
the experimental flight of polikopter. The left 4/5 of
the graph displays automatically phase of flight, right
1/5 of the chart - the manual flight control. It is
evident that during manual control - amplitude of the
pitch, roll and yaw is the most than during the
automatic flight due to shortcomings human pilot in
comparison with electronic autopilot.

These experiments were carried out mainly for the
study of the possibility of safe transport of patients
with emergency conditions in the medical centers of
the third level of the organization of Health especially
in serious and critical condition, as well as to assess
the risk of emergency depressurization of the cabin at
a height of 800 meters, which can occur in a variety of
abnormal and emergency situations. Such tests are
important to provide the necessary human flight
security measures and other living creatures on the
futures better and more kinds of lifting of polikopter
transport.
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The findings suggest that very low levels of
accelerations, vibrations (on pitch, roll, yaw) and
vibration compared with road transport, which can be
extremely in demand for transportation of patients to
medical centers of the third level of health care in
serious and critical condition (eg patients with severe
craniocerebral trauma, spinal trauma and other acute
pathologies). This flight does not exceed the permissible
levels of vibration and acceleration for this challenging
category of passengers.

7. Conclusions

In the course of these studies demonstrated
experimentally the possibility of completely safe flight of
mammals (rats) on polikopter vehicle, even in the open
cockpit. It also proves that the depressurization of the
passenger cabin of polikopter at an altitude of 800 meters
does not represent a serious threat to life and health of the
crew. When comparing the results in the experimental
and control groups of animals experimentally proved that
the flight of the living beings on polikopter in the open
cockpit to a height of 800 meters is almost does not cause
adverse effects in somatic, neurological and behavioral
status of animals, found only a slight increase of stress
level (at 5-10%). With appropriate refinement possible in
the future to raise the issue of the development and
construction of passenger polikopter flyers for totally safe
air transportation of people [6-13]. In terms of adverse
mechanical effects on the human body (acceleration
overload fluctuations, vibrations) polikopter transport is
ten times safer and less harmful to the passengers than
road transport, which is particularly important in the
delivery of patient of neurosurgical, politravmatological,
cardiological and critical care profile in cruiserweight and
critical condition in intensive care units and operating
hospitals and medical centers.
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Meta: Po3poOka MareMaTWyHOI Ta EKCIEPUMEHTaIbHOI MOJEN EeKCIEePUMEHTAIbHOTO MOJIKONTEPHOTO
BIIUIA HAY ITIK® «ABpopa» OKTakONTEPHOH CXEMH IS MPOBEACHHS EKCIEPHUMEHTAJIbHHUX TONbOTIB B
pY4YHOMY, HaliBaBTOMaTHYHOMY i aBTOMaTHYHOMY O€3MiJIOTHOMY pexumax. Metoau nociaizxeHHs:: 3
14.03.2016 mo 21.03.2016 npoBezeHa cepisi eKCriepUMEeHTAILHOTO 1MoJBoTIB (10 monboTiB) pizHix 10 miypis
Ha Bucoti 700 metpiB Ha momikontepi (okrakontepi) HAY IIK® «ABpopa» y repmeriuHiii kabiHi i3
MOJANIBIINM BU3HAYEHHSIM COMAaTHYHOrO Ta HEBPOJIOTTYHOTO CTATYCY a TAKOX i3 BU3HAYEHHSM ITOBEIIHKOBIX
peakiiii TBapWH TMicClie TaKkoro MoJasoTy. Pe3yabraTtH: OTpuMaHi JIOTH TIONBOTIB «YOPHOTO SIIIHKAY
aBTOMIJIOTA CBigUaTh MPO 30BCIM HE3HA4HI (MPAKTUYHO HETOMITHI) KOJWBAHHS IO TAaHTaXy, KpeHy 1
piCKaHil0 TiX Yac TONbOTY, HE3HaYHI KOJMBAHHSA IO BUCOTI MiA 4Yac Maike HEPyXOMOTo 3aBHCAaHHS
TIOJTIKOTITEpa Ha Pi3HUX BUCOTAX, 1 TMOBHICTIO aJ€KBaTHI pyXaM i MaHEBpaM JIITaILHOTO arapaTy KOJIHBaHHS
MOKA3HUKIB IUX JaT4YMKiB. AHaJi3 BiJICO3aMUCIB 3 MOPCTKO 3aKPIIUICHUX Kamep MONIKONTEPY TaKOXK
CBIIYUTH MPO TJIABHOCTH 1 MPO MPAKTUYHO «IOBEJiPHY» TOUYHICTh MaHEBPYBaHHS IOJIIKONTEpa Ha Pi3HUX
BHCOTaX, LIO CBIAYUTH NMPO NMPAKTHYHO CTOBIJCOTKOBE BHPIIICHHS IOCTABICHOTO TEXHIYHOTO 3aBIAaHHS.
Oo0roBopenHsi: Y X0l JaHUX JOCTIIKEHb CKCIEPHUMEHTAIHFHO JOBEICHA MOBHICTIO Oe3MeuHa MOXKIIUBICTh
MOJILOTY JKMBOI ICTOTH KJacy ccaBUiB (IypiB) Ha MOJIKONTEPHOMY TPaHCIIOPTHOMY 3aco0i, HaBiTh y
BimkpuTiit kabini. [Ipu BiAMOBiTHOMY AOOMpAaIfOBAaHHI MOXIJIHMBO y MailOyTHbOMY CTaBUTH NHUTaHHS IIPO
po3po0Ky 1 OyAIBHUIITBO TACAXHPCHKUX TMOJTIKONTEPHUX (IaepiB IS TOBHICTIO O€3MMeYHOI MOBITPSHOTO
nepeBe3eHHss Jroneit [6,7,8]. 3a piBHEM MIKIJIMBUX MEXaHIYHAX BIUIMBIB Ha OpraHi3M JIOJUHH
(mepeBaHTa)KeHHS MPUCKOPEHHS, KOJIMBaHHA, BiOpauii) MOJIKONTEpHUH TPAaHCIOPT B JECATKH pa3iB
Oe3nevHimmi 1 MEHII MIKIAIUBAN I TAcaKUpiB, HIX aBTOMOOIIBHHHA TPAaHCIOPT, IO Mae OCOOIHBE
3HA4YeHHS TPW AOCTaBLi MAIi€EHTIB HEHPOXipYpridHOTO, IMOJITPABMATOJOTIUYECKOT0, KapIioJOoriyHOrO Ta
peaHiMalifHOro MpoQiio y TSHKKOMY 1 BKpail BAXKKOMY CTaHax B OMEpaliiiHi Ta peaHiMalliifHi BiATiTeHHS
JKapeHb i MEANYHUX [EHTPIB.

Kurouosi cioBa: BIIA; okrakonTep; naca)XUpchbKUid MOMIKONTEP; MOJIKONTEP; MOMIKONTEPHUH (Iiaep.
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Hean: PazpaboTka MaTeMaTHYECKOH M SKCIIEPUMEHTAIBHON MOJIENIN KCIIEPUMEHTANBHOTO MOTUKONTEPHOTO
BIIUTA HAY IIK® «ABpopa» OKTaKONTEPHOM CXEMbl [JIsl MPOBEACHUS SKCIEPUMEHTAIbHBIX IOJETOB B
PYYHOM, II0JyaBTOMAaTHYECKOM M aBTOMATHYECKOM OECIMIOTHOM pexuMax. MeToabl HcciaeloBaHuUs: 3
14.03.2016 no 21.03.2016 npoBenena cepis exkcnepuMeHTanbHUX MoyboTiB (10 moapoTiB) pizHux 10 mrypis
Ha BHcoTy 700 metpiB Ha momikonTepi (okrakontepi) HAY IIK® «ABpopa» y repmernuHiii kaOiHi i3
[OJAJIBIINM BHM3HAYEHHSIM COMAaTHMYHOIO Ta HEBPOJOTIYHOIO CTaTyCy, a TaKOX 13 BHU3HAYCHHSIM
MOBEIHKOBUX PEaKI[iii TBApUH MICIsl TAKOTO TONBOTY. Takke MpoBeNeHbI MOJIETHI ¢ SKCIEPUMEHTATEHBIMH
KMBOTHBIMH Ha OOPTY ISl OLIEHKH 0€30MAaCHOCTH TaKHX MoJieTOB. Pe3yabTaThl: [lodydueHHbIe TOTH MOJIETOB
«YEpPHOTO ALIMKa» aBTONMJIOTA CBUAETEIBCTBYIOT O COBCEM HE3HAUMUTENIBHBIX (MPAKTUYECKHU HE3aMETHBIX)
KOJIEOAHUSIX TI0 TAHTaXy, KPeHY U PHCKaHUIO BO BpeMs TI0JIeTa, He3HAYUTENbHBIE KOIe0aHus 10 BUCOTE BO
BpeMsl TOYTH HENOABIKHOTO 3aBHCAHHs IOJMKONTEpPa Ha Pa3HBIX BBICOTAX, W IMOJHOCTBHIO aJEKBAaTHBIE
IOBIDKCHMAM M MaHEBpaM JICTaTeIbHOIO armnapaTra KojeOaHWsA IOKaszaTeled 3THX MAaTYMKOB. AHAIHU3
BUJICO3AIMCEIl C JKECTKO 3aKPEIUICHHBIX KaMep MOJMKONTEepa TaKKe CBHICTEIbCTBYET O IUIABHOCTH U O
MPAaKTUYECKH «IOBEIHMPHOM» TOYHOCTH MAaHEBPHPOBAHUS TOJUKONTEpAa Ha Pa3HBIX BBICOTAX, YTO
CBHIETEIBCTBYET O IPAKTUYECKH CTONPOLEHTHOM pELUICHUH TIIOCTABICHHONM TEXHWYECKOM 3amadu.
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O0cyxnenue: B xome INaHHBIX HCCIENOBaHUM OSKCIIEPUMEHTAIBHO JOKa3aHa IOJHOCTBbIO Oe3omacHas
BO3MOXXHOCTh TIOJIETa KMBOTO CYIIECTBA KJacCy MIIEKOMUTAOIINX (KpbIC) Ha MOJUKONTEPHOM
TPaHCIIOPTHOM CpPEICTBE, NaK€ B OTKPHITON KabwHe. IIpm COOTBETCTBYIOIMIEH AOpabOTKE BO3MOXKHO B
OyayIIeM CTaBUTH BOIIPOC O pa3pabOTKE M CTPOUTENBCTBE MACCAKUPCKUX IMOIUKONTEPHBIX (IaepoB LIS
MIOJTHOCTHI0 0e30MmacHOi BO3AYIIHOW TepeBo3ku yroned [6,7,8]. 1lo ypoBHIO BpeAHBIX MEXaHWYECKHX
BO3JICHCTBHI HAa OpPraHW3M dYelloBeKa (Ieperpy3Ku YCKOpeHUs, KojeOaHWs, BHOpAIluu) MOJUKOITEPHBIN
TPAHCIIOPT B JECATKU pa3 OoJiee OE30MACHBIM M MEHEE BPEAHBIM JUIS MMAaCcCaKUPOB, YeM aBTOMOOMIILHBIN
TPaHCIOPT, YTO HMeeT oco0oe 3HaYeHWe MpHU JOCTaBKE MAlMEHTOB HEWPOXHUPYPrHUECKOro,
MTOJINTPABMATOJIOTUIECKOTO, KapJHOJIOTHYECKOTO W PEaHMMAIMOHHOTO TPOQUIIS B TDHKEIOM W KpaiiHe
TSDKEJIOM COCTOSIHUSIX B OTIEPAIIMOHHBIC U pEaHNMAIMOHHBIC OTAEICHUS OONBHUIL M MEAUIIMHCKUX LIEHTPOB.

Karouessie ciaoBa: BIIJIA; okTakonTep; macakupCcKUil MONUKOMTED; MOTUKONTEP; MOMUKONITePHBIN (hiaep,
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