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DEVELOPMENT OF UAV SOS FLIGHT COMBAT
RECONNAISSANCE MISSION PROGRAM

System of systems (SoS) conception for dynamic objects group have been become a very important direction in various
areas on science and industry, including military. SoS is consisted of components which solve one task and on the whole
jointing own properties and possibilities these components creat the complex system with new qualities. SoS is such system
which during various operations combines and joints itself a synergetics of comands, control functions, network and
feedback information change. In given paper, development of the combat task program of Unmanned Aerial Vehicles
System of Systems offered version has been presented. Usually, the land control center manage UAVs by using of radio
wireless. But it has shortcomings: 1) a radio wireless can be destroy, and in the best case UAV does not emplement task
and self returns base; 2) an enemy taps the radio wireless and carry out UAVs control. The creation of SoS on the basis of
UAVs eliminates these flaws. In accordance with written in memory software program, UAVs SoS is self-controlled by
infra-red (IR) wireless using “feedback” principle and it implement combat task independently. If some of UAVs loss IR-
wireless then it (or they) return land control center independently. If some of UAVs is destroyed under enemy fire then
other UAVs continue to implement a combat task. The Hamilton equations of motion of the given system has been
obtained. The IR wireless between UAVs, radio wireless between UAVs and land control post, and UAVs flight control
conditions have been offered. It is shown that Unmanned Aerial Vehicle System-of-System complex can implement in

various military reconnaissance tasks.
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Introduction

Recently the system of systems (SoS) conception
for dynamic objects group have been become a very
interesting and important direction in various areas on
science and industry, including military. Since 1990s
the posibilities and advantages of SoS ideology are very
interesting and this ideology finds wide application to
dynamic groups control and solution of various tasks
[1, 2]. The SoS components are systems too. In
technical area the SoS definition can be divided on two
groups:

1) SoS is consisted of components which solve one
task and on the whole jointing own properties and
possibilities these components creat the complex system
with new qualities;

2) SoS is such system which during various
operations combines and joints itself a synergetics of
comands, control functions, network and feedback
information change.

In the previous paper development of Unmanned
Aerial Vehicle System-of-System (UAVs SoS) complex
and the opportunity of military application had been
considered. The characteristic of developed 6-rotors
Unmanned Aerial Vehicle had been presented [1-3]. It
was shown that UAVs SoS complex can implement
various military tactic and reconnaissance tasks.

Presented paper is devoted development of the
combat task program of UAVs SoS and development of
complex control algorithm.

“State of Art”

There are many articles devoted UAVs and SoS
[4-6]. Let us observe some of published works
concerning UAVs SoS architecture conception. In order
to obtain optimized flight vehicle concepts which meet
SoS operation requirements, designers have to pay high

attention to the impact of SoS at conceptual design
stage. Perspectives and progresses of SoS oriented flight
vehicle conceptual design are reviewed in paper [7].
Such basic concepts of SoS as definition,
characteristics, differences between systems engineering
and SoS engineering, as well as SoS design process are
introduced in this article. SoS engineering process
model for research and development of flight vehicles
and SoS design wheel model for conceptual design are
proposed.

The use of UAVs in the military environments is
predicted to grow significantly. The availability of more
robust and capable vehicles that can perform multiple
mission types will be needed. Militaries continue to
demand more UAV capabilities for diverse operations
around the world. Significant research has been
performed and continues to progress in the areas of
autonomous UAV control, as for example results
presented in article [8].

Interesting results concerning interpreting
development of unmanned aerial vehicles using systems
thinking are presented in [9]. Starting from general
systems theory authors formulate classification of
UAVs that properly groups diverse produced UAVs,
along with their currently unproduced. Authors have
structured the context of applications of UAVs using
systems thinking. Then they divide UAVs according to
their function in environment: transfer of mass, energy
and information. At last, they have analyse possible
types of UAVs and divide them based on the structure
of their lift-creating element, on their regulating
programmes, and on the type of their power-plant.

UAVs SoS flight combat task program

In accordance of offered program, on the base of
UAVs the development of SMART SoS of dynamic
flight objects, making and testing will been carried out.
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Usually, the land control center manage UAVs by using
of radio wireless. But it has shortcomings: 1) a radio
wireless can be destroy, and in the best case UAV does
not emplement task and self returns base; 2) an enemy
taps the radio wireless and carry out UAVs control. The
creation of SoS on the basis of UAVs eliminates these
flaws.

The most important distinctive property of UAVs
SoS complex in our case is a radio wireless break down
intentionally on the line of land control center after
UAVs take off. In accordance with written in memory
software program, UAVs SoS is self-controlled by
infra-red (IR) wireless using “feedback” principle and it
implement combat task independently. If some of
UAVs loss IR-wireless then it (or they) return land
control center independently. If some of UAVs is
destroyed under enemy fire then other UAVs continue
to implement a combat task.

One UAV can execute next combat tasks: battle,
reconnaissance, control, communication facility, for
example as booster converter in mountainous
conditions. The tactical activities are offence, defence,
encounter battle, march, posture of forces. The battle
activities are offence, defence, encounter battle.

Let us assume that there are three reconnaissance
UAVs in one UAVs SoS complex:

- UAVs flight on the prescribed altitude (H > 300
m, UAVs are painted blue colour, so at this height
UAVs aren’t seen by unaided eye [10]) and the distance
between each other is varied from 50 m to 200 m;

- UAVs are provided of radio wireless in “signal-
output” mode for connection with land control center
and IR- wireless in “signal-input-output” mode for
interconnection between UAVs.

This UAVs SoS complex can execute combat and
control tasks.

Combeat tasks:

- air support of offence battle;

- terrain monitoring during defence;

- interconnection between troops and units during
battle activities, especially in mountans where there are
many zones of radio silence;

- reconnaissance tasks implementation during
offence or defence activities;

- electronic warfare, radio countermeasures, radio
reconnaissance tasks.

Control tasks:

- interconnection between troops and units on the
large area, especially in mountans where there are many
zones of “radio silence”;

- interconnection between troops and units during
march especially in mountans where there are many
zones of “radio silence”;

- interconnection between troops and units during
offence especially in mountans where there are many
zones of “radio silence”.

UAVs SoS management architecture

The general UAVs SoS control (management)
architecture has been defined for proposed autonomous
complex system and has five primary functions (see
Fig. 1): mission control, UAV control, sensors control,

communications control and safety control. These five
areas provide the sufficient framework for offered
system, regardless of mission and UAV type. The
advantage of this UAVs SoS complex is that it provides
a modular functionality architecture that can be adjusted
for specific UAVs or any numerous vehicle types. The
UAVs SoS algorithms will reside within the mission
control functionality and will be dependent upon
common interfaces and architecture.

UAV control | == —————— ———| Sensors control

Mission control

communications control | . ——————————_ | safety control

Fig. 1. The general UAVs SoS control (management)
architecture

Infra-red radio communication system
between UAVs

Infra-red radio communication system (IR-
wireless transmission) is an equipment which provides
information transfer between UAVs in optic IR range
[11, 12]. Infrared band of the -electromagnet
corresponds to 300 GHz and a wavelength of 980 nm
[13]. Usually, during IR-wireless the LEDs (Light
Emitting Diodes) are used for IR-waves transmission.
As opposed to radio wireless, the IR-wireless isn’t
sensible to electromagnetic interference, has low power,
doesn’t demand a communication channels reservation,
provides signal hiding and high intercept security of
information transfer.

In line of sight conditions the IR channel can
provide communication in the distance up to several
kilometers. In present, there are information-transferred
modules in IR range capable 1 Gbit/sec. rate. The
propagation of light waves in this band can be used for a
communication system (for transmission and reception)
of data. This communication can be between two
portable devices or between a portable device and a
fixed device.

IR-wireless system includes IR radiator, IR
transmitter, IR source and IR receiver (Fig. 2). IR
transmitter is a device, which transforms information to
electrical signal for IR source modulating. IR source is
infra-red source for signals transfer. IR radiator is a
device for transformation of input electrical signal to
infra-red radiation. IR receiver is a device with infra-red
detector and signal processing which transforms or
recodes input signal (information) for remote control.

For porpose of providing signal hiding and high
intercept security of information transfer and control
mission between UAVs the especial IR wireless system
is offered in given program (see Fig. 3).
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Fig. 2. IR-wireless system: IR T — infra-red transmitter, IR rad — infra-red radiator,
IR S — infra-red source, IR W — infra-red wave, IR R — infra-red receiver.

Fig. 3. The chart of IR wireless between UAVs:
1 — IR input-output radiation flux tubes in UAVs with screened waveguide;
2 — the sources of IR emission and 1IR light receivers; 3 — IR light

Let us consider IR wireless IR-transmitter and IR-
receiver between two UAVs as tubes form.

The tube form with screened waveguide provides a
signal hiding and a high intercept security of
information transfer. Morever, this form of IR wireless
system doesn’t allowed to execute a control from the
enemy’s side. IR-control signal is propagated directly in
a line sight between UAVs. Some radio- or infra-red
signal from ground cannot impact to this IR wireless
system. Also, UAVs have radio wireless for send
output-signal to ground control post center (UAVs
takeoff point). UAVs have screened electronic blocks
and therefore cannot be controlled by ground enemy
posts.

UAVs’ main characteristics

There are developed UAVS’
characteristics descripted below [2, 3]:
- takeoff weight: 10-15 kg;

- load capacity: 5 kg;

- flight range: 20 km;

- cruising speed: 80 km/h;
- flight time: 1 hour.

main technical

UAVs SoS mission program

The UAVs SoS mission program includes next
stages.

1. 3 UAVs are considered: UAVI1, UAV2 and
UAV3. These UAVs have a reconnaissance mission.

2. After takeoff all UAVs are controled off-line by
themselves, the ground center hasn’t possibilities to
control UAVs.

3. UAVs are provided by radio (only in output
mode) and IR wireless (both input and output mode for
information exchange only between UAVs) systems.

4. UAVs are provided by high-precision digital
electronic-optical photographic camera systems: Full
Frame DSLRLike Camera a7R EMount Compact
Camera | Sony US, 36 MP. Obtained by this camera
photographies are sent to ground control center. In
result of the test on proving ground obtained one image
of land, as the example, is shown in the photography 1,
the flight height is 200 m.

5. After UAVs takeoff, on a regular basis UAVs
are exanged control IR signals, it is necessary for

handshaking. If for some reason the handshaking is
broken, then information about it is sent to ground
center by radio wireless and this UAV comes back to
ground center.

6. After takeoff UAVs flight jointly in triangular
form (see Fig. 4).

For testing of the IR communication reliable
performance, the size of this triangle is changed
cyclically: from 50 m to 200 m and then again to 50 m
(see Fig. 5):

- in moment ¢;, /;=100 m;

- in moment ¢,, /,=200 m;

- in moment #3, ;=100 m.

- in moment ¢4, ,=50 m.

Photography 1

Fig. 4. The chart of UAVs SoS reconnaissance flight.
1 — ground control center; 2, 3 and 4 — UAVs;
5, 6 and 7 — investigated enemy objects
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Fig. 5. The chart of UAVs flight conditions: /y, /;, [, /; and /, are the distances
between UAVs; ¢, 15, t; and ¢, are the flight time slots

7. After UAVs takeoff in 5 minutes IR-transmitter
of UAV1 is cut off; it goes on mission: flight, shoot
images of land and sends this information to ground
center. It will check the UAV autonomy.

The simplified chart of flight program of UAVs
SoS is shown in Fig. 6. Let us take UAVI as
“commander” one. UAV1 gives flight speed (V), flight
height (#) and distance (S; and S5) between UAVs (in
our case S,=S,= S€[50,200] m). UAV1 sends IR signal
fto both UAV2 and UAV3. If there is IR handshaking
(7#0 - “yes”), then UAVs continue flight. If there isn’t
IR handshaking (=0 — “no”), then UAVs come back to
ground conrol center.

It should be noted that this only for UAVs flight
testing program.

V, h, S1

V, S

Fig. 6. The chart of flight program of UAVs SoS:
1 —“commander's” UAV; 2 and 3 — UAVs;
4 — return ground control center.

The SoS UAVs dynamic
motion equation

Let us consider UAVs SoS flight as a motion of
material points system. Hamilton equations is one of main
equations of Newtonian mechanics for the investigated
dynamic system, which in overall view describe a temporal
change of the points coordinates of system [14]. Let write
these canonical equations of motion as:

dp; ~ OH dg; OH

It seems, that system is consisted of 2N first-order
differential equations (j = 1, 2, ..., N) for the dynamic
system described by N generalized coordinates which
are system motion. Here:

H=H(q, q, ..., qn P1, P2 ..., Py 1) 1s @ Hamilton
function (Hamiltonian),

t is time, g; are generalized coordinates,

p; are generalized momentums.

These generalized coordinates and momentums
determine a state of system in phase space.

Since, a rectilinear flight of UAVs SoS (a material
points system) is planar, then for simplicity, we assume
that Hamiltonian H can be presented as a sum of kinetic
T(p) and potential ¥(g) energies of UAVs SoS system:

T(p) = p*/2m;

q) = V(x).
In our case, x = & —is a flight high of SoS PUAs.
Let all UAVs are of the same mass that is

m;=mp;= ... My= m.

Then, Hamilton equation can written as:

N
H=L2pl-2+N-m-g-h, 2)
i=l
where: g is the gravitational acceleration, g = 9,8 m/s’.
Therefore, by using (1) and (2) equations it is
possible to describe of motion of UAVs SoS system. If
it is necessary to take into account of rotational motion
of UAVs then the equations system described in
previously work [2] can used.

Conlusion

So, in paper the development of UAV SoS flight
combat reconnaissance mission program has been
presented. The general UAVs SoS management
(control) architecture has been defined for proposed
autonomous smart complex system. IR communication
has been considered and offered for information
exchange between UAVs. UAVs preliminary flight
testing program has been offered. The Hamilton

=—— =— (1) equations of motion of the given system has been
dt Oq;  dt  Op; obtained.
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Po3podka nporpamu 00ii0BOro po3BinyBajbHOro 3aBJaHHs NOJIbOTY
0e3MJIOTHHX JIiTAJBLHHUX anapartiB SoS

A. A. Baiipamos, E. I'. T'ammos

Konnenmist "System of Systems" (SoS) uist fuHaMidyHUX 00'€KTIB CTaja Qy)Ke€ BaXKIMBHM HANpPSMKOM B PI3HHX 00J1aCTAX
HAYK{ 1 MPOMHUCIIOBOCTI, BKJIFOUAIOYM BIMCHKOBY. SOS CKIIQNAEThCsA 3 KOMIIOHEHTIB, SKi BHPINIYIOTh OJHY 3aJa4y i B I[JIOMY,
00'eTHYI0YH BJIACHI BIACTUBOCTI 1 MOXKIIMBOCT1 CTBOPIOIOTH KOMIUIEKCHY CHCTEMY 3 HOBHMH SKOCTSMH. SOS — I1e Taka CHCTeMa,
sIKa i1 9ac pi3HUX il KoMOiHye 1 00'eTHYE B cOO1 CHHEPTeTHKY KOMaH I, QYHKIINA yIpaBIiHHSA, MEPEXY 1 0OMiH iH(pOpMAITi€rO 31
3BOPOTHHUM 3B'I3KOM. Y JIaHil CTaTTi MMpejcTaBiieHa po3podiieHa mporpaMa 00HOBOro 3aBJaHHsI MMOJbOTY O€3MIOTHHX JIITaTbHUX
amnapartiB (BITJIA) SoS. 3a3Buyaii, HazemHui 1ieHTp yrpapiinHsa BIIJIA BUKOpUCTOBYE paiio3B'sI30K. AJie Iie Ma€ CBOI HEOIKHU:
1) panio3B's3ok Moxxe nopymmtucs, BILIJIA He BHKOHA€e 3aBAaHHS 1 B KpamoMy BUIIaJIKy TOBEPHETHCA Ha 0a3y; 2) BOPOr MOXKeE
MOPYIIUTH Panio3B's3ok i mepexormutu ynpaBiinHs BIUIA. Creopennss BIIJIA SoS kominuiekcy oOMEXye I HEHONIKH.
BiamosiaHo 10 3anucaHol B maM'ath mporpaMmuoro 3abesnedenns, BITJIA SoS, BUKOpHCTOBYIOUH iH(GpauepBOHHUI paio3B'sa30K, €
CaMOBPSIIHOIO CHCTEMOIO, KOoTpa BHKOpHcTOBYe mpuHimn "feedback" i He3anexkHO BHKOHY€E 0OMOBe 3aBHaHHS. SIKINO SKHICH
BIUTA Brparuth iH(GpadepBOHUI PaIio3B's130K, TOMI BiH (a00 BOHM) HE3aJIC)KHO MOBEPHYTHCA Ha 0a3y. SIkmio skwuiich BITJIA
Oyze 30UTHH, 1HII TPOJOBKATH CBOO Micito. OTpUMaHO piBHSHHA ['aMinbTOHA JUTS PyXy NMaHoi chcTemH. 3ampornoHoBaHo [K
3B's130k Mix BILJIA i panio3s'szok mixk BITJIA 1 Ha3eMHHM HOCTOM yHpaBIIiHHS, @ TAKOXK YMOBH yHpaBiliHHs monbotoM BITJIA.
IMoxkazano, mo kommiekc BITJIA SoS moke BUKOHYBaTH pi3Hi BIHCbKOBI PO3BiyBaJIbHI 3aBIaHHSL.

Karwo4dosi caoBa: OesniunoTHuii JnitansHuil amapar; "System of Systems"; kepyroda nporpama; po3BigyBasibHE
3aB/IaHHsT; 1HppaYEePBOHUI 3B'I30K.

Pa3paGorka nporpaMmMbl 00eBoii pa3BeAbIBATEIbHOM 3a1a4M 10J1eTa
0eCIMUJIOTHBIX JIETATEIbHBIX ANNapaToB SoS

A. A. Baifpamos, 3. I'. 'aiuumos

Konmnernmus “System of Systems” (SoS) st tuHaMHYECKHX 00BEKTOB CTala OYEHb BaXKHBIM HAIIPaBICHUEM B Pa3JIMIHBIX
00J1aCTsAX HAYKHM M NPOMBIIIIEHHOCTH, BKJIIOYasi BOCHHYIO. SOS COCTOMT M3 KOMIIOHEHTOB, KOTOPBIE PEIIAIOT OHY 331ady U B
LIeJIOM, OOBEIMHA COOCTBEHHbIE CBOICTBA M BO3MOXKHOCTH, CO3JAI0T KOMILIEKCHYIO CUCTEMY C HOBBIMH KauecTBaMH. SOS — 3TO
TaKas CHCTE€Ma, KOTOpasi BO BpeMs pa3iIM4HbIX JeHCTBUI KOMOMHHMpYeT U 00beqUHSAET B ceOe CHHEpreTHKy KoMaHa, (yHKiui
yIpaBiieHus, ceTb 1 oOMeH uHpopmalueil ¢ oOpaTHOH cBA3bl0. B naHHOW craThe mpescTaBiieHa pa3paboTaHHas HporpaMma
60eBoi1 3amaun nonera GecrIOTHBIX JierarenbHbIX anmnaparoB (BIIJIA) SoS. OOsruHo, Ha3emHslil ueHTp ynpasinenus BITIA
UCHOJNIB3YeT paguocBsa3b. Ho 310 MMeeT cBOM HeoCcTaTKH: 1) paflocBs3b MoxeT HapymuThest, BITJIA He BBIIOIHUT 3ajaHUS U B
JydIleM ciTydae BepHeTCs Ha 0a3y; 2) Bpar MOKET HapYIIUTh PaanocBs3b U nepexsatuts yrnpasienue BIUIA. Coznanue BITJIA
SoS komIuIeKca OrpaHUYMBAaET 3TU HEJIOCTATKH. B COOTBETCTBHUM C 3aIIMCaHHBIM B IAMATh NIPOrpaMMHbBIM obecrieuenneM, BITTA
SoS, ncronb3yst ”HOPAKPACHYIO PAAUOCBI3b, SBISETCS CAMOYIPABIISIIOIIEHCS CHCTEeMOH, ncronbayromeit npuHuun “feedback” n
HE3aBHCHMO BBINONHAIICH OoeByro 3amady. Ecin xakoit-ro BIUJIA mnorepsier uH(ppaKkpacHyr0 pajuoCBs3b, TOra OH (MM OHH)
He3aBHCHMO BepHyTcsi Ha 0a3y. Ecim kakoi-ro BIIUJIA Oynmer cOMT, OCTanbHBIE HPOAOIDKAT CBOIO MHccHIO. [lomydeHs
ypaBHeHuUs ['amuinbToHa 1u1s 1BMOKeHUs JaHHOU cucteMsbl. [Ipemnoxkens! UK cBa3p mexny BIUIA u paguocesass mexay BITJIA u
Ha3eMHBIM [IOCTOM YIIPaBJIEHHMs, a Takxke ycnoBus ynpasieHus nosnerom BIUIA. Iokasano, uto komiuiekc BITJIA SoS moxer
BBITIOJIHATD PAa3IMUHbIC BOCHHBIC Pa3Be/bIBATEIIbHbIC 3aJaUH.

KawueBbie caoBa: OecmwIoOTHBIM JieTaTeNbHbIH ammapar; “System of Systems”; ympasisiomasi mporpamma;
pa3BezbIBaTEIbHAS 3a1a4a; MHpaKkpacHas CBsI3b.
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