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Abstract

Objective: The problem of unmanned aerial vehicle control systems is a complicated issue which requires
consideration of the tasks and applications of unmanned aerial vehicles. The typology of control systems
combination for civil unmanned aerial vehicle is suggested and justified. Methods: The methodology of the
research was based on application of the varieties of the experts method for rationale of the variants of
control system combinations for a specific type of unmanned aerial vehicle and the morphological analysis
was used to generate the variants of control system combinations. Results: The causes that lead to
discrepancies in types of control systems for civil unmanned aerial vehicle are revealed. Compliance
between remote radio control application and type of feedback signal are considered. Based on
morphological analysis method, 25 variants of combined unmanned aerial vehicle control systems are
suggested. Discussion: Regulatory, substantive and technical components of basic unmanned aerial vehicle
control systems are considered. The practical experience of the development by Scientific Production Center
of Unmanned Aviation “Virazh” is used to demonstrate the applicability of findings.

Keywords: automatic control system; civil unmanned aerial vehicle; morphological analysis; remote radio

control.

1. Introduction

It is well known that the basis of flight route compliance
by the Civil Unmanned Aerial Vehicle (CUAV) is the
flight carried out according to the flight plan developed
in advance. The flight plan on uses the straight line
segments connected through the points, which are called
Route Turning Points (RTP). This ensures congruence
of task performance for patrolling, surveillance or other
aerial works (are entitled to route type) with the objects
and the actual position of the UAV in the airspace over
the object. [1].

Modern technical means of radio control, radio
programming, automation, satellite air navigation
support of flight revealed a whole layer of various
Control Systems (CS) that allow the UAV perform
very complicated tasks in the air.

In general, CS can be categorized into two basic
groups of systems. The first group is called Remote
Radio Control System (RRCS). The second large
group includes Automatic Control Systems (ACS).
There are formed the relationships between the
group elements which eventually generate a
particular type of UAV CS. For example «lkarus»

CS for small UAVs is a combination of RRCS with
telemetry and video support [2].

Today there is no unity in the definition of UAV CS
type, taking into account the known basic systems. The
reason for this, in our opinion, is the contradiction which
emerged as a result of rapid development of
microelectronics and programming and the natural need
for appropriate, new synthesis of UAV CS.

2. Analysis of the latest research and publications

The Air Code of Ukraine identifies CUAV as "the
aircraft intended for the flight without a pilot on
board, where the flight management and control is
performed by a special control station located
outside the aircraft" [3].

Circular Ne 328 ICAO expressly states that "in
order to ensure the integration of the UAV
application in the general airspace on common
airfields, the pilot that is responsible for the flight of
UAV is required. Pilot can use the appropriate
equipment, such as autopilot, which helps to perform
the pilot’s duties, but under no circumstances, in the
foreseeable future the responsibility of the pilot will
be transferred to the technology" [4].

Copyright © 2017 National Aviation University
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In fact, these regulatory documents emphasize
that the UAV CS must provide its remote control in
the first place. ACS is rather a desirable option, but
not the main one. However, the practice of modern
UAV flight proves that its manual piloting for a long
time (5-10 hours) is associated with a significant
overload for the external pilot (herein the authors
introduce the name “operator” instead of the
conventional name “pilor”) and, similar to the
piloted aviation there exists the need of automation
of the piloting process.

3. Aim of the research

The main aim is justification of Civil Unmanned
Aerial Vehicle CS types.

The specified task can be completed through the
availability of UAV control system devices that can
provide remote, automatic and combined UAV
control.

It is known that modern Remote Radio Control
(RRC) is industrially implemented in the form of the
merged and dispersed systems. The merged RRC is
the most common system which looks like a
handheld transmitter (a remote control with two
short handles — manipulators) produced by “Hi-
Tec”, “Futaba”, etc. [5]. Accordingly, its receiving
part is on board of the UAV. The dispersed system is

less widespread. This system combines the output
spools of the standard transmitter connected to the
remote amplifier and a remote antenna to increase
the range of communication. Sometimes the
manipulators and the transmitter itself are
structurally separated. Often, instead of handles-
manipulators used a standard three-axis joystick.

4. Research results

Analysis of modern UAV RRC revealed the
significant difference in their functions. For
example, in UAV "Tango" uses the "pure" radio
control link "Futaba", whereas the control system of
UAV "Orbiter" provides feedback in the form of
telemetry link from on-board sensors [6]. Obviously,
such a difference in the functions of RRC is
motivated by the tasks/applications that are set for
the RRC. Eventually, the only restriction for this
issue is the question of flight within the optical sight
or beyond it.

Flight beyond the optical sight via radio control
system is possible only if there is a certain type of
feedback. Today among the technically implemented
systems telemetry, terrain video image and virtual
model of the area are able to provide feedback.

Given this, remote control of UAV could be
typed as follows (Table 1).

Table 1
Compliance between RRC application and type of feedback signal
RRC
type Application Type of feedback signal
D1 within the optical sight none
D2 beyond the optical sight telemetry

D3 beyond the optical sight

telemetry + real video image

D4 beyond the optical sight

telemetry + virtual video image

D5 beyond the optical sight

telemetry + real video image + virtual video image

The result of the analysis also revealed a great
variety in the functions of automatic control [7]. The
simplest variant of automation is the automation of
the flight at the level of such basic function as auto
maintenance of speed, flight altitude and position in
space between the RTP’s, which are assigned
"manually" ("simple" autopilot). However, today
there are UAV control systems, which allow
perform the flight task from the start to finish with
the certain freedom of choice for the whole
trajectory or its segment [8]. It is obvious that there
are some intermediate types of AC in between of the
first simplest and the last most difficult examples of
automation.

If the first system of AC is taken as basic variant
of ACS, then while adding some options to the basic

variant in order to expand the range of its functions,
the above mentioned types of UAV ACS can be
represented in the following form of Table 2.

As shown in Tables 1 and 2, the generalized
variants of remote radio control and automatic
control systems of UAV can be formalized
according to the identified types of CS. Each these
variants can be considered as an independent type of
CS. But usually when real UAV CS is analyzed, it
can be noted that in the "pure" form, CS are used
only in UAVs limited by the specific requirements.
Thus, the systems of D1 type are used for sports and
for scientific purposes. Systems of D2-D5 type are
limited by time of continuous piloting by an external
pilot [8]. The more widely spread variants in
military application are A2 and A3 types of AC,
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only in the class of short range UAV (5-15 km
range) and small UAV (5 - 20 kg takeoff weight [9].

For CUAVs within the class of above 20 kg, the
more suitable variant are the combined CS with
prioritization of RC and automation, while support

of the accuracy compliance of planned the route is
carried out through the usage of automation. Such a
practical variation implies the idea of certain amount
of correspondence between the RRC and CS types
suggested in Tables 1 and 2.

Table 2
Compliance of type and functions of different ACSs
Type of AC Functions of ACS

Al Automatic control of speed, altitude and position in space between RTPs defined "manually"
(«simpley autopilot)

A2 Route automatic control («simple» autopilot + flight program)

A3 Route automatic control, automatic take-off and landing («complex» autopilot + flight program)

Ad Route automatic control («complex» autopilot + flight program + subprograms archive of
«behaviory on the route)
Route automatic control with independent choice of movement “scenarios” on its segments

AS («complex» autopilot + flight program + subprograms archive of «behavior» on the route +
elements of artificial «intelligence»)

To obtain variants of CS combinations, presented
in Tables 1 and 2, morphological analysis method
was used [10].

The morphological matrix, in this case, is a
symbolic entry of remote and automatic control
systems variants represented as:

Dl
Al

D2
A2

D3
A3

D4
A4

D5
AS

In order to generate a certain number of variants
of combined CS it is necessary to multiply the
amount of RC systems variants by the amount of AC
systems variants, i.e.:

Yk:DnsAns

b _Jlifn=1...,5;s=L....5;s€ Z

10 otherwise
> Y=25

We respectively obtain 25 variants of combined
UAV CSs. Every combination should contain the
element "D" and the element "A", for example,
D2A3, D5A4, etc. Through detailed analysis of
every variant, which is carried out using one of the
experts method, for example, the method of
synectics or '"brainstorming", the accuracy of
selecting a CS combination for a particular UAV
type can be confirmed or denied. Let us consider the
variant D2A3, used in “Bird Eye 4007, while
«Predator RQ -1» uses a D5A4 combination of
systems.

It should be added that the basic variants of CS
taken from Tables 1 and 2 are self-sufficient and
appropriate to control UAVs in the specified part, so
these variants can be used independently.

Table 3 shows the complete list of variants for
the combination of systems «D» and «A».

Table 3

Variants for the combination of systems «D» and «A»
and their designation

No var Designation No var Designation
I D A, 13 DsA;
2 DA, 14 DsAy
3 D, As 1s Ds3As
4 D; Ay 16 DJA;
s D, As 17 DJA,
6 Dy A, 18 D4A;
7 D, Ay 19 DAy
8 DyA; 20 D4As
9 DyA, 21 DsA;
10 DyAs » DsA,
1 DsA,; » DsAs
12 DsA, 2 DsA4

25 DsAs
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Based on the obtained variants for the
combination of systems «D» and «A» some variants
for individual UAVs and Unmanned Aviation
Systems (UASs) can be defined. These variants were
developed and are in operation at Scientific
Production Center of Unmanned Aviation (SPCUA)
«Virazh» (Reference needed). The following UAVs
and UASs are considered:

1. M-7V5 “Sky Patrol” (Fig. 1) [11]. This UAV
uses D5SA3 system combination, since the flights
performed it performs are not limited by optical
sight. Telemetry, real time video images transmitted
from onboard cameras is utilized. The software
ensures formation of the virtual video image in
accord to the UAV position on the route.
Application of the ACS on the route, automatic
launch and landing are planned.

Fig. 1 UAV M-7V5 «Sky Patrol»

2. M-6-3 «Zhayviry (Fig. 2) [12] and M-10 «Oko 2»
(Fig. 3) [13]. Unmanned Aviation Complexes

Fig. 2 UAC M-6-3 «Zhayvir»
Telemetry, real time video images transmitted
from onboard cameras is utilized.

Fig. 3 UAC M-10 «Oko 2»

Application of the ACS on the route, automatic
launch and landing are planned.

5. Conclusions

1. The main reason that leads to ambiguity in
typology of CUAV CSs is the contradiction between
the need to ensure operation of CUAVs of different
weight classes in common airspace and the absence
of structures and composition of CSs, respective to
these weight classes.

2. Due to significant overload of the external
pilot of CUAV when "manually" piloting the UAV
for a long period of time (5-10 hours) there is a need
to automate the process.

3. ICAO regulations and the Air Code of Ukraine
states that CUAYV is, in the first place, a “remotely
piloted aircraft”, so the automatic control is rather a
desirable option, but not the main one.

4. Basic UAV CSs are entitled to two groups; the
first group is remote radio control systems and the
second group is the automatic control systems. Some
relationships are formed between the elements of the
groups that eventually produce a particular type of
UAV CS.

5. To obtain specific combinations of the basic
UAV CS variants the method of morphological
analysis was used.

6. In the future, for a detailed analysis of the
specific variant of UAV CS the experts methods, for
example, synectics or "brainstorming" can be
employed.

7. Selected analysis of the RRC and AC for some
UAV and UAC was conducted. The UAVs and
UACs were developed and are in operation by
SPCUA «Virazh». UAV M-7V5 «Sky Patrol» uses
the variant of system combination D5A3. D3A3
variant of system combination is applicable for UAC
M-6-3 «Zhayvir» and UAC M-10 «Oko 2».
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B.II. Xapuenko', .M. Matiiiunk’

OOrpyHTyBaHHS THIIB CHCTEM KepyBaHHs 0e3MiJIOTHUMM NOBITPAHUMHU CyTHAMM HUBIJILHOI aBianii
HarmionansHwmii aBianiiiHuil yHiBepcuteT, mpoct. KocmonaBta Komapoga, 1, Kuis, Ykpaina, 03058
E-mails: 'kharch@nau.edu.ua; *dennis_j@mail.ru;

Merta: [Ipobnema cucteM KepyBaHHS OC3MUIOTHUX MOBITPSHUX CYJICH € CKIaJHUM MTUTAaHHSIM, sSKE MOTpedye
pO3TIANY 3aBIaHb 1 3aCTOCYBaHHA OC3MUIOTHHX TOBITPSHUX CYICH. 3alpONOHOBAaHO 1 OOIPYHTOBAHO
THTIOJIOTiI0 KOMOiHAIlii cHUCTeM KepyBaHHS OC3IIJIOTHUMH TIOBITPSHUMH CYJHAMH ITUBIIBHOI aBiarfii.
Metoau: MeTo010Tisl JOCHTIIKCHHS IPYHTY€ETHCS HA 3aCTOCYBaHHI Pi3HOBUIIB METOYy CKCIIEPTHHUX OIIIHOK
Ui OOTpyHTYBaHHSI BapiaHTiB KOMOIHAIlii CHCTEeMH KepyBaHHsS JAJsl KOHKPETHOTO THITy O€3IiJIOTHOTO
MIOBITPSIHOTO CYyJIHA, 3aCTOCOBAaHUI MOP(MOJIOTIYHMIA aHAali3 A TeHepyBaHHS BapiaHTiB KOMOIHAIINA CHCTEM
yrpaBiiHasa. Pe3yabraTH: PO3KpHUTO NPHYWHU IO NPUBOAATH A0 PI3HOYHTAHHS Yy THITI3AIll CHCTEM
KepyBaHHS OC3MUIOTHUMHU TOBITPSHUMHU CYJAHAMU I[HMBUIbHOI aBiarii. Po3risHyTO BiAMOBIAHICTH MiX
3aCTOCYBaHHIM AMCTAaHLIHHOIO PaXiOKOMaHOHOTO KEpPyBaHHS Ta THUIIOM 3BOpPOTHOro 3B’s3Ky. Ha 6asi
MeToay MOP(]OIOTiYHOrO aHaji3y 3amporOHOBAHO 25 BapiaHTiB KOMOIHOBaHMX CHCTEM KepyBaHHS
0E3MIJIOTHUMHU TOBITpSHUMHU cyaHamu. O0ropopeHnsi: Po3risHyTo HOpMAaTHBHY, 3MICTOBHY Ta TEXHIUHY
CKJaZoBi 0a30BHX CHCTEM KepyBaHHs OE3MIJOTHHUX MOBITPSHUX CyleH. JIs JeMOoHCTpalii 3acTOCOBHOCTI
pe3yNbTaTiB BUKOPHCTAHO TPAKTUYHHUN JOCBiI po3poOkm HaykoBo-BHpOOHMYOTO IEHTPY Oe3miIoTHOI
asiarii «Bipax».

KarouoBi ciioBa: Ge3miIoTHE MOBITPSIHE CYAHO IIMBLUIBHOI aBiallii; AUCTaHIlIITHE paJioKOMaHIHE KePYBaHHS;
MOPQOJIOTIYHUH aHaITi3; CHCTEMa aBTOMATHYHOTO KEPYBaHHS.

B.II. Xapuenxkol', JI.M. Maruitunk’

O0ocHOBaHMe THMIIOB CHCTEM YIpaBjeHHs OeCHWIOTHbIMM BO3AYUIHBIMU CYAaMH TIPaKIAHCKOMI
aBHalHU

HanuonanbHbIl aBUaIMOHHBIN YHUBEPCUTET, Ipocit. KocMonasTa Komaposa, 1, Kues, Ykpauna, 03058
E-mails: 'kharch@nau.edu.ua; *dennis_j@mail.ru;

Hean: [Ipobiema cucTeM ympaBieHHS OCCIHMIOTHBIX BO3MYIIHBIX CYIIOB SIBIIICTCS CIIOKHBIM BOIIPOCOM,
KOTOPBIN TpeOyeT paccCMOTpEeHMs 3ajJa4d U NpUMEHEHHs OSCHIIIOTHBIX BO3AYIIHBIX cyAoB. [Ipemiaraercs u
000OCHOBaHa THUIIOJNOTUS KOMOWHAIIMA CHCTEM YIpaBIEHUS s OECHHIOTHBIX BO3AYIIHBIX CYIIOB
rpakjaaHckod aBuanuu. Meroabl: MeTo100THsI UCCIEA0BaHN OCHOBaHA Ha MPUMEHEHUH Pa3HOBUIHOCTEN
MeToaa 3KCHepTHBIX OLCHOK IJIs1 06OCHOBaHI/I$I BapI/IaHTOB KOM6I/IHaHI/II>'I CUCTCMBI ynpaBneHHﬂ JJISA
KOHKPETHOTO THIA OCCIMJIOTHOTO BO3JIYIIHOTO CyJHA W TPUMEHEH MOpP(OIOrHYECKUN aHamu3 s
TCHEPUPOBAHUS BApPUAHTOB KOMOWHAIIMA CHCTEMBI yIpaBicHHS. Pe3yjbTaTbl: PacKphITHl NPUYHHBL,
HpI/IBOILSIHII/Ie K paSHOqTeHI/I}O B THUIIN3aIlUM CHUCTEM ynpaBneHI/m 6CCHI/IHOTHBIMI/I BOSI[}IH_IHLIMI/I CYZ[aMI/I
FPOKIAHCKOM  aBuanud. PaccMOTpPEeHO  COOTBETCTBHE  MEXKAY  NPUMEHEHHEM  JUCTAHIIMOHHOTO



V. Kharchenko, D. Matiychyk. Justification of Control System Types of Unmanned Aerial Vehicle for Civil Aviation 19

PaAMOKOMAHIHOTO YIPAaBJICHUS W TUIY oOpaTHOW cBsi3u. Ha 0a3e Meronma MOPQOIOrHUECKOro aHaiu3a
MIPEIJIOKEHO 25 BapUaHTOB KOMOWHUPOBAHHBIX CHCTEM YIIPaBIIEHUS OSCIMIOTHBIMUA BO3IYIIHBIMH CYIaMH.
Oocy:xaeHue: PaccMOTpeHB HOpMaTHBHAs, COAEp)KaTelNbHAas W TEXHUYECKas COCTaBISIONINE O0a30BBIX
CHUCTEM YIPABJICHUS OCCIIIOTHBIX BO3IYIIHBIX CYIOB. JIs AEMOHCTpalyiyi MPUMEHHUMOCTH PE3yJIhTaTOB
WCTIONIb30BaH MPAKTUYECKUH OMBIT pa3paboTku HaydHO-TpOM3BOACTBEHHOTO IIEHTpa OECTIMIOTHOW aBHALUN
«Bupax».

KiawueBble cj10Ba: OeCIHIOTHOE BO3AYHIHOC CYIHO I‘pa)KI[aHCKOfI aBypanyy, AJUCTAaHIIMOHHOC
PaaANOKOMAaHAHOC YIIPABJICHUC, MOp(i)OJ'IOFI/I‘ICCKI/Iﬁ aHAJIN3; CUCTEMa aBTOMATUYCCKOTO YIIPABJICHH.
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