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MINI-UAV FLIGHT AND PAYLOAD AUTOMATED CONTROL SYSTEM

This paper describes advanced control systemsrm&tare unmanned aerial vehicles (Mini-UAV, Smal\Y
SUAV) in the world leading countries. It revealsnamsition and purpose of airborne equipment (hamdyvand
payload of mini-UAV for the Ukrainian Army.
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Problem statement radio-electronic and other equipment needed fght)i
[2,6,8, 13-18].

Analysis of airborne hardware of modern tactical A primary objective of mini-UAS operations is to
unmanned aircraft systems (UAS) [2-6, 11-14, 17hcrease the situational awareness of battlefield
testifies that effectivness of their operationgommanders and their staffs as they plan, coomlinat
considerably depends on functional possibilities 04nd execute operations (combat actions) through
UAV automated control systems. The recent expeeiengntelligence, surveillance, and reconnaissance )ISR
of mini-UAS combat use in the Balkans, Afghanistan1,11-14]. Small UAS can perform some or all of the
and Iraq [2-4, 8, 12-14] forces us to pay muchréithe following functions: enhanced targeting through
on a role and place of SUAV flight and payloadacquisition, detection, designation, and battle aigen
automated control systems for execution mini-UASssessment.
missions. In spite of advanced achievements in sphere of

The objective of this article is to examine the automation and computerization, in developing dfoto
perspective concepts of creation of mini-UAV flightd  systems, use of mini-UAV is not independent antyful
payload automated control systems (FPACShutonomous. It is in human operation-outer sphemé,
development of FPACS general structure and setifng still controlled and will be controlled by a man.
basic tasks for FPACS components. SUAS operations disclosed some significant

Main part limitations of these systems. The critical lessonbe
learned from unmanned aircraft losses during tls¢ la
Small unmanned aircraft systems (SUAS) is gecades distinguishes that most of mini-UAV crashes

rapidly evolving area. As a rule, UAS consists loé t are more likely to result from a series of conttibg
unmanned aerial vehicle (without a human pilot ofgctors and mainly considered as human-errors type
board), human e|ement’ control e|ement’ Weapo[%:cidents. Therefore FPACS is needed to free (Ip’erat
systems platform, display, communication architestu from monotonous and repeatable manual tasks, ireprov
life cycle logistics, and other elements. UAV impés the navigation accuracy, autonomy and flight safsfty
actually an unmanned aircraft, payload and airborrBini-UAS [15-19].

(highly integrated) equipment (aviation, navigation A process of creation of mini-UAV flight and
payload automated control systems follows aftetirgget
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of tasks which small unmanned aerial vehicles carmyperations: weather, terrain, counteraction of eshny,

out. time of day and year, etc. The analysis of SUAS
Essentially the sphere of mini-UAS operations isperations testifies that their effectiveness can b

characterized by close range (less than 15 kiloisiete increased by using multiplepayloads and integratibn

short duration missions (1 to 2 hours) operatinipwe different types of sensors, for instance, camcaeraead

the coordinating altitude and thoroughly integrgtinthermal cameras with providing of multispectral

with the ground forces [2-4, 7, 12-14]. The mairimagery [13, 14, 18].

mission of SUAS is to provide air reconnaissanigstf f The modern TV cameras provide NRT video

of all, NRT (near real time) combat information abo information offering a familiar view of a scene for

terrain, enemy (disposition, strength, actionsy atc. human eyes, stereoscopic viewing and system rézolut

The tactical unmanned aircraft systems givenachievable in other optical systems or in thermal

commanders a dedicated and rapidly taskable asset timages and radars. At the same time these sengees h

can look wide as well as deep [13-14]. The key eleim some disadvantages. They are restricted by weather

of this asset is mini-UAV payloads (UAV can be tegh conditions, terrain and vegetation, limited to dagt

as mobile platform for its usefull payload) whichncbe use only.

configured to accomplish a specific mission anduide On the other hand the IR cameras are passive

[2-7, 14, 17]: sensors which impossible to jam. They can easily
sensors (electro-optical (EO), infrared (IR)penetrate light fog, but cannot penetrate heavydog

synthetic aperture radar (SAR), signal intelligencelouds; provide good resolution and nighttime inmggi

(SIGINT), capability, but cannot be effective during thermal
Ground moving target indicator (GMTI) crossover (1 to 1.5 hours after sunrise or sunset).
communications relay (extend voice and data  Moreover the use of SAR as variant of mini-UAV

transmissions via the UAS); payload allows obtaining needed intelligence relgasd
weapons (lethal and non-lethal); of weather conditions and time of day.
and other cargo, which may be internal or external Let's examine the tentative composition and

to the UAV. purpose of typical UAV flight and payload automated

Design of variants of interchangeable payloadontrol system (Fig. 1).
modules packaging is provided with taking into agto
the following special considerations for mini-UAS
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Fig. 1. Functional structure of mini-UAV flight and payload automated control system
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A mini-UAV flight and payload automated data into output data, collection and processing of
control system represents a main component of airbornaformation from measuring subsystems in accordance
equipment, which manages functioning of UAVwith the given tasks [16-20]. The airborne computer
integrated equipment and payload. It is a complek asystem is multilevel, hierarchical, heterogeneous
multilevel microelectromechanical system (MEMS)system. At the lower level of hierarchy the spérzal
consisting of both hardware and its supportingveafe. digital prosessing systems provide preprocessing of
The main mission of FPACS is to provide autonomotuisformation from one or group of homogeneous sexnsor
(guided) flight of mini-UAV following desired The middle level of hierarchy uses more powerful
(planned) path with prespecified altitude, velocity universal digital prosessing systems which carry-ou
order to arrive at the given target and complete tlcentral functional tasks on basis of integratedadat
specified mission, as well as, to provide gathedang processing of information from the large number of
delivery  (transmission) of air reconnaissanceensors. The top level hierarchy utilises univedsgital
information to GCS. prosessing systems, which are intended to carry-out

FPACS normally includes integrated navigatiormanagement, control, indication and communication
system (inertial and satellite units), central gssing tasks.
unit (CPU), power supply module and other systems Modern airborne computer systems are built
(Fig. 2). around powerful microcontrollers and complete optim
estimation of diverse parameters and their cowacti
navigation, orientation and vectorial gravimetrydan
other tasks.

----------------- An intelligence data memory unit accumulates of
Vi et ‘ air reconnaissance information from taking-off to

landing of mini-UAV and allows to conduct more
detailed analysis of this information after comipigtof
unmanned vehicle’s flight. This system can be
removable or built-in.

A surveillance heading system provides vision-
based tracking necessary for mission-control UAY an
normally includes a TV camera with wide-angle lens.
The system is interchangeable and can be supplethent
Conral processing with infr_ared/thermal imager or digital camerg,radar

unit (CPU) depending on the UAV tasks. Information from
surveillance system is transmitted to the UAV opmara
and used for SUAV flight and payload control.
Fig. 2. Basic elements of mini-UAV FPACS A multispectral intelligence and  telemetry
datalink system (radio transmitter and antenna-feeder

An integrated navigation system provides optimal device) transfers the real-time intelligence areirtetry

processing of navigation information from the ifert data to the ground control station (GCS) throudime

navigation system (INS, inertial unit) and GPS rese Of sight (LOS) communication data link.
(satellite unit). A command and control datalink system (radio

The key element of FPACS for achieving of itgeceiver and antenna-feeder device) provides cordman

autonomy is an inertial unit which integrated witle and control information from the ground controltista
GPS/GLONASS receiver and guarantees high accurayAS operator) to the UAV using the command link.
of UAV navigation and control. Usually it is a An information exchange system provides
strapdown inertial navigation system (SINS) whices: distribution of intelligence between onboard imagin
motion sensors (accelerometers), rotation sensd¥gurces, transmitter of intelligence and telemetry
(gyroscopes), barometric altimeter and triaxiaﬂata"nk system, and onboard intelligence data mmgmo
magnetometer to continuously integrate the velsicletnit. Input of flight mission information and UAVre-
attitude Changes in pitch' roll and yaw, as Wemms ﬂlght test is conducted through the external ifaee
movements, and calculate the position, orientatéonj ~ Ports of this system.
velocity of SUAV, and maintain the required navigat A narrow-beam antenna control system supports
solution after comparison of information from abevestable, uninterrupted communication with GCS and
mentioned sensors with GPS receiver information.  transmitting of real-time air reconnaissance infation
Satellite unit supplies accurate position andom mini-UAV to its operator. Use of narrow-beam
velocity information using GPS satellite signals tcerial systems both on the GCS and on mini-UAV is
correct/calibrate a navigation solution from INSdan reasonable.
provide coordinates of UAV and ISR objects Small UAVs normally have two control modes:
An airborne computer system is a high manual and autopilot control mode. FPACS allows
performance hardware and software packad@]man pilOtS to manage mini-UAV in the manual mode
(information processing, storage and transmissiofom standard radio remote through radio signalkil&V

equipment), which is intended for converting of inp autopilot control mode can automatically keep the
unmanned aircraft at the desired state, a semi-

Mini-UAV flight and payload automated control system
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autonomous control mode (mixed control mode) is sensor packages should guarantee a good
provided when the human operator controls the fligiperformance in hard conditions, especially in a ieob

path and the FPACS controls the altitude. and temperature-varying environment;
The use of mini-UAV FPACS allows to minimize improving jam-protection etc.

time for UAS personnel (operators) training ancbine .

for UAV control a wide spectrum of skilled and Conclusions

unskilled users. Also this system provides 1. SUAS play an important role in supporting

implementation of given missions for SUAS 0Ny, efield commanders primarily through ISR.
considerable distance from the deployment position, 5 Tthe main problem of mini-UAS is to provide

when no communicationsith GCS, in any weather and a6 uninterrupted, efficient and concealed robrtf
at any time of day. integrated equipment and payload of UAV in diffdren

Let us consider the use of mini-UAV (for instance s mg (weather, terrain, jam, and other).
RQ-11 Raven) during air reconnaissance on “serpent”
route (interval between the lines 50-70 meter)riher
to better understand the importance of FPACS f
improving efficiency of SUAS operations (Fig. 3).

3. Upgrading of mini-UAV flight and payload
automated control systems is one of the foreground
Qbsks in creation of advanced SUAS that allow to
decrease the losses of mini-UAVs and provide dffect
use of their payloads.

4. This paper presented general structure of tipica
mini-UAYV flight and payload automated control syste

5. The article revealed composition and basic tasks
of SUAV airborne equipment and payload.

6. The paper examined possible variants of
interchangeable payload modules packaging for SUAS
in order to increase their operations effectiveness

7. The article was based on typical mini-UAS
missions and the Ukrainian defense-industrial secto
possibilities.
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CUCTEMA ABTOMATHU30BAHOI'O YIIPABJIIHHA ITIOJIBOTOM I KOPUCHHUM HABAHTAKEHHSIM
BE3IMIJIOTHUX JIITAJIBHUX AITAPATIB IT10JIA BOIO

I0.I1. Canphuk, [.B. Marana, }0.M. ITantyk

Iposedeno amaniz cyvacmux cucmem ynpaeiinHs Oe3niiomuumu JimaibHumu anapamamu nois 6oio (mini-bnJIA)
npogioHux Kpain ceimy. Posensioaemvcs cknad ma npusnauenHs 60pmMo6o2o 0ONAOHAHHA | KOPUCHO2O0 HABAHMANCEHHS MiHi-

bnJIA ona Cyxonymuux siticox 30pouiinux Cun Yrpainu.

Knrwuoei cnosa:
ABMOMAMU308AHO20 YAPAGLIHHSL, KOPUCHE HABAHMAICCHHSL.

Oesninomnuil  agiayitiHuil  KOMNIEKC,

be3ninomnuil nimanvhull  anapam noas  6oi0, cucmema

CUCTEMA ABTOMATH3APOBAHHOI'O YIIPABJEHHUS IMMOJETOM U ITOJE3HOM HAI'PY3KOM
BECIIMJIOTHBIX JIETATEJIBHBIX AIIITAPATOB TOJIA BOS

10.11. Canpauk, 1.B. Marana, }0.M. INangyk

IIpogeden ananus coepeMeHHbIX CUCmeM YnpagieHusi 6ecnuIOMHbIMU JemamensHblMu annapamami noas 6os (Munu-
BIIJIA) 6edywux cmpan mupa. Paccnampusaemces cocmae u nasHauenue 60pmogo2o 060py008aHus u NOAe3HOU HA2PY3KU MUHU-

BIIJI4 ona Cyxonymuwix eotick Boopyowcennvix Cun Yrpaunsi.

Knrouesvie cnosa. decnuiommwiii aeuauuonﬁhlﬁ KOMNJieKc, Oecnunomublll 1emamesibHblil annapam noisi 60}1, cucmema

aAsmomamusupoeanHoO2c0 ynpaeienus, nojle3Hdasl Hazpy3Kd.
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