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PO3A1JI 1. CYUACHI 3ABJJAHHSA I'PYIIOBOI'O KEPYBAHHSA
ABTOHOMHHUMMU HEHACEJIEHUMMU NNIABOAHUMMU AITAPATAMUA

CHAPTER 1. MODERN TASKS OF GROUP CONTROL
OF AUTONOMOUS UNDERWATER VEHICLES

1.1. 3araabna XaPAKTEPUCTUKA AaBTOHOMHUX HCHACECJICHUX MiIBOIHUX anapaTiB,
NPU3HAYCHUX JJISl TPYNIOBOI'0 BUKOPUCTAHHA

1.1. General characteristics of autonomous underwater vehicles designed
for group application

ABTOHOMHI HEHAaCeJIeH] MiJIBOJIHI araparu
(AHITA) BimHOCATBCS 10 BHCOKOE(EKTUBHOTO
BU/ly MOPCBKOi POOOTOTEXHIKM Ta IIHUPOKO
BUKOPUCTOBYIOTHCSL JUII BUKOHAHHS TOLTYKO-
BHX Ta 00CTEXKYBAIBLHUX POOIT HA BCHOMY Jliara-
30H1 mOuH CBiTOBOTO OKeany [1-3]. OcHOBHI
00macTi 1X 3aCTOCyBaHHS — OKeaHorpadis, 0xo-
POHa BOIHOTO CEPEIOBHIIA, TEOJIOTOPO3BIIKA,
MOpChKa Tra3o- 1 HaTOBHIOOYBHA TPOMHECIIO-
BICTB, BIICHKOBO-MOPCBKI Orepaitii Ta iH. [4-6].

30iJbIIeHHsT  O0CATIB  TIBOIHUX POOIT
1 mocTiliHEe BIOCKOHAJIOBAHHSA TEXHIYHUX
xapaktepuctTuk AHITA cTUMynOI0TE HOBHH
HaNpsSMOK IXHBOT'0 3aCTOCYBaHHA — OIHOYACHE
IPYIIOBE BUKOPHCTAHHS Ha BEJIMKHX aKBaTO-
pisix (B aHITIOMOBHIH JTiTeparypi — multi-agent
systems, MAS). Lle 3abe3neuye HaiOinbIIy
e(eKTUBHICTh MiJBOAHUX POOIT — MaKCH-
MaJibHy TPOMYKTHUBHICTH IOIIYKOBHX OIEpa-
1i¥ 1 MAaKCUMAJTbHY BIpOTiTHICTh OJICPIKYyBaHUX
JAHUX TIPO ITiABOIHE CEPEeIOBHUIIE Yepe3 mapa-
JIeNBHI y Yaci BUMipH Horo mapametpis [7; 8].

J1s TakuX poOIT CHOTOITHI CTBOPIOIOTHCS CIIe-
LiaJIbHI BUIY AaBTOHOMHMX HEHACEJIEHUX I IBO-
HUX anapariB, SIKI MPU3HAYEH1 JUIs [IPOBEICHHS
TIOIIYKOBHX, HayKOBO-JOCIIHUX, MPUPOIOO0XO-
POHHUX Ta 1 IHIIMX MiABOIHHUX POOIT y paMKax
pearnizanii rpymnoBUX TEXHOJOTiH, Komu 30ip
JIAHUX TIPO MOPCBhKe cepenoBuiie abo MiIBO-
HUI MOIIYK BUKOHYIOTHCS OJTHOYACHO JCKiJTb-
rxoma AHIIA 3a criisibHOO Tiporpamoro [9-12].

Ha puc. 1.1 naBeneno npukiaam maiora-
OaputHux AHIIA, nmpu3HayeHUX Ui BUKO-
HaHHS BKa3aHUX IMIJIBOJHUX POOIT Y pekuMi
TPYIIOBOTO 3aCTOCYBAHHS.

4

Autonomous underwater vehicles (AUVs)
refer to a highly efficient type of marine robotics
and are widely used to perform search and
survey operations in the entire depth range of
the World Ocean [1-3]. The main areas of their
applications are oceanography, environmental
protection, geological exploration, offshore
oil and gas production industry, mine
action, etc. [4-6].

The increase in the volume of underwater
operations and the AUVs technical
characteristics ~ continuous  improvement
stimulate in a new application direction —
simultaneous group application in large
water areas (Multi-agent systems, MAS).
This ensures the greatest efficiency of
underwater operations — the maximum
performance of search operations and the
maximum reliability of the data obtained
about the  underwater  environment
through parallel, in time, and its parameter
measurements [7; 8].

For such operations, special types of
AUVs, which are designed to carry out search,
research and other underwater operations
within the group technology implementation
framework, when the collection of data on
the marine environment or underwater search
is carried out simultaneously by several
AUVs under a joint program, are being
created today [9-12].

Examples of small-sized AUVs designed
to perform underwater search operations
in the group application mode are shown in
Fig. 1.1. Let us briefly examine the design.
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Po3misiHeMO KOpOTKO 0cOOIMHMBOCTI TIOOY-
noeu tunoBoro AHIIA, skuiiBinoOpaxae
cnenudiky TpynoBoro 3aCTOCyBaHHS.

[Ipoekt “The Jeff Plattform™ siBisie codoro
Mikpo-AHITA, sikuii criemiaibHO CIIPOSKTOBAHO
JUISL TPYTIOBOTO 3aCTOCYBaHHS 3 METOIO TPOBE-
JIEHHS. MACINTA0HUX E€KOJOIMYHHX IOCIIIKEHD
BomHOTO cepenoBumia [ 13]. Ha puc. 1.1 a noka-
3aHO OCHOBHI KOHCTpYKTHBHI ennemMenT AHITA:
a — 30BHIIIHIHN KopIycC (TiIpoAnHaMIYHMIA 00Ti-
Kad); 0 — KOpMOBI pymii (rpeOHiI TBUHTH); B —
JIAroBUH pymiii (rpeOHUi TBHHT); T — CHCTEMa
TUIABYYOCTi; J — KOHEKTOPHU JJISl €KOJOTTUHHX
CEHCOpIB; € — CUCTeMAa ONTHYHOTIO 3B’ SI3KY; K —
rigpodoH; 3 — TYYHOMOBEIb aKyCTHYHOI CHC-
TEMH 3B’S3KY; 1 — €IIEKTPOIH JIISI TIOTEHIIIHHOTO
TMIOJILOBOTO 3B’ SI3Ky (IPOHYMEPOBAHO ONH).

Takum uwmHOM, koxkHHUU AHIIA, sk
«areHT» TPYIH, OCHAIICHWH TPhOMa CHCTE-
MaMu Jutst iHQOopMaIiifHOTO 0OMiHY 3 IHIITMMHU
MiBOAHUMHU amnaparaMu, 0 pPoOUTh Horo
S(EKTUBHUM €JIEMCHTOM TPYIH 3 HaIIiHOIO
CUCTEMOIO KOMYHIKAITii.

CXO0XUM 32 PUHITAIIOM JIii € TAKOXK 1HIITHN
MPOAYKT eBporelicbkoro npoekry EU-FP7 —
AHIIA “The Lily Platform™ [9].

[NepcriexTnBHUME 17151 YKpaiHu € mo0yaoBa
Ta BHUKOPUCTAHHS Yy IMONIYKOBHX ITiJIBOIHUX
miciax AHITA mpoexry «Cxanep» Hamionanb-
HOTO YHIBEpPCUTETY KopalOieOymyBaHHS IMEHI
anmipana MaxkapoBa, SKHH PO3pOOISETECS B
iHTepecax JlepxaBHOi cayk0M YKpaiHU 3 Haj-
3BuuariHux curyanii [ 14]. Taxuit AHITA y sixo-
CTi TIOIIYKOBOTO TPHIIAIOBOTO 3a0e3MeUCHHS
Mae (poTo- Ta Biieo CUCTEMY, a TAKOXK MTPUIIAIN
T1IPOaKyCTUYHOrO MOUIYKY MiABOJHUX 00 €K-
tiB. AHITA npoekty «CkaHep» Ma€e OTuH rped-
Huii TBUHT (I'T') KOHTppOTOpHOTO O0EPTAHHS Ta
XBOCTOBE OIEPEHHS Y BUIIIS/II BEPTHKAILHOTO
crepHa (U1 KepOBAHOTO PYXY Y TOPU30HTAJb-
HIl TUTONMHI Ta TOPU3OHTAIBLHOTO CTEpHA UL
3MiHHU ITHOMHE PYXY). 38’5130k 3 iHrmmmu AHITA
rpynu 3a0e3nedyeThes MpuiIaJaMu TiIpoaKyc-
tuaHoro 3B’s13ky. Came AHITA 1poro mpoekty
PO3IIISIAETHCS Y POOOTI SIK 00’ €KT KepyBaHHSI.

features of a typical AUV, which reflects the
group application specifics.

The Jeff Platform project is a micro-
AUV, which is specially designed for group
use (application) in order to carry out large-
scale ecological studies of the aquatic
environment [13]. In Fig. 1.1 a shows the
main structural elements of the AUV: a — outer
hull (hydrodynamic fairing); b — stern engines
(propellers); ¢ — lagged engine (propeller);
g — buoyancy system; e — connectors
for environmental sensors; e — optical
communication system; g — hydrophone; h —
loudspeaker of the acoustic communication
system; and — electrodes for potential field
communication (numbered one).

Thus, each AUV, as an «agent» of the
group, is equipped with three systems for
information exchange with other underwater
vehicles, which makes it an effective
group element with a reliable system and
communications.

Similar in principle of operation is another
product of the European project EU-FP7 —
«The Lily AUV Platform» [9].

Promising for Ukraine is the construction
and use of the «Scanner» project of the
National University of Shipbuilding named
after Admiral Makarov, which is being
developed in the interests of the State
Emergency Service of Ukraine, in AUV
search underwater missions [14]. Such an
AUYV, as search instrumentation, has a photo
and video system, as well as hydroacoustic
search devices for underwater objects. AUV
of the «Scanner» project has one screw
propeller (SP) of counter-rotary rotation
and a tail unit in the form of a vertical rudder
(for controlled tail in the horizontal plane)
and a horizontal rudder (to change the motion
depth). Communication with other AUVs
of the group is provided by hydroacoustic
communication devices. It is the AUV of this
project that is considered in the work as the
control object.
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Pucynox 1.1 — Cyuacni manoradaputni AHITA, npu3HayeHi 11 BUKOHAHHSA
niABOIHUX PoOIT y pe:kumi rpynosoro 3acrocyBans: a — “The Jeff Plattform”
(ICT, EU-FP7); 6 — “The Lily Plattform” (ICT, EU-FP7); ¢ — “EcoSUBp & EcoSUBm
(“Planet Ocean Ltd”, University of Southampton, UK); 2 — "VERTEX”
(“Hydromea”, USA); 0 — “AHITA-M” (CITAMTY, Pocis); e — «Cxanep» (mpoeKT
HanionanbHoro yHiBepcuteTy Kopa0Jae0ynyBaHHs iMeHi agmipaJjia Makaposa)

Figure 1.1 — Modern small-sized AUVs designed to perform search underwater
operations in group application mode: a — ""The Jeff Platform" (ICT, EU-FP7)

b — "The Lily Platform" (ICT, EU-FP7) c — " EcoSUBpu & EcoSUBm (''Planet Ocean
Ltd", University of Southampton, UK) d — "VERTEX" ("Hydromea", USA)
e—"AUV-M" (SPSMTU, Russia), f— "Scanner" (Admiral Makarov National University
of Shipbuilding project)
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OnmHUM 3 TOJIOBHUX IMHUTaHb 0 OpraHizariii
rpymioBoro 3actocyBanHsi AHITA e oneparusHe
KepyBaHHS JISSKOI0 MHOKHHOIO (TPYIIOIO0) ama-
paTiB 3 METOIO IXHOTO IOTOPKEHOTO PYXY Y BOI-
HOMY CEpEIOBUIL A JOCSTHEHHS 3arajbHol
MeTHU (B aHIJIOMOBHIH JIiTepaTypl — BUKOHAHHS
miaBoaHOI Micii, Underwater Mission, UM).

BuBdeHHS BITUM3HSHOL Ta 3apyOiXHOI JiTe-
paTypu CBiTYMTB, IO TPYHOBE 3aCTOCYBAHHS
AHITA 3HaX011THCSI Ha [TOYATKOBIH CcTaii CBOro
po3BuTKY [15; 16]. ITprraomy, po3poOsroThes K
araparsi 3acoon AHITA, Tak i iX cucremu aBro-
MarngHoro kepyBaHHs (CAK) Takumu 00’€k-
tamu [17; 18]. Y CBITOBIM NpaKTUIl 1eH TPH-
KJIaJIHAH HaOpsIMOK POOOTOTEXHIKH OTpUMaB
Ha3By «Collective Cognitive Robots» (CoCoRo,
KOJIEKTMBHI ~ KOTHITUBHI  amapaTu-poOOTH)
[19; 20]. Ilpuuomy, KJIHO4OBI PO3POOKH Y
BOMY HANpPSMKYy TPOBOAATHCS SIK MiKHA-
POAHI MPOEKTHU y BUITIA/ €BPONECHCHKUX I'PaH-
TiB Ta MDKYHIBEPCUTETChKUX Iporpam [21].

Bxazanuif miaxig IpyHTYETBCS Ha 3aCTOCY-
BaHHI MPUHIUIIB CIUIBHUX JIiH, SKiI CIIOCTe-
pITaroThCs y KUBIM MPUPOi (PyX NTAIIMHUX
3rpaii, KOCSIKIB puOH Ta iH.) i oTpuMaB adpe-
Biarypy SWARM (Small World Autonomous
Robots for Micro-manipulation — aBTOHOMHI
POOOTH MaJIOro CBITY JUTS MIKPOMAHIITYJISIIIH ).

Junst cBITOBOI HayKH, SIK BiJ3HAYAEThCS Y
[22], el HanpsiMOK € BiTHOCHO HOBUM. OJTHAK,
HAOro MepCHeKTUBHICTh BHU3HAYAETHCS IIepe-
BaraMu rpyrnoBOr0 BUKOHAHHS TONIYKOBHX Ta
00CTEe)XyBaJIbHUX MIJBOJHUX POOIT y MOpiB-
HSIHHI 3 po0OTamH, sIKi BUKOHYIOTHCSI OJFHOY-
Humu AHITA 3 ieHTpasnizoBaHUM KepyBaHHSIM.

PazoM 3 THM, TOCHIIHUKH BKa3ylOTh Ha
00’€KTHBHI TPYIHOIII, SKi CTOSATh HA MUIAXY
npoMucioBoro Bukopuctanas rpyn AHITA y
MOPCBKHX JOCITIDKCHHSX. [0 TakuxX TpymHO-
IIiB, y MEPIIY Yepry, BITHOCATHCS HACTYITHI:

— noBeaiHKy rpynu AHITA Baxko nependa-
YUTH y PeabHUX YMOBAX EKCILTyaTallil, OCKUTBKA
BOHA (DOPMYETBHCS y pe3yJIbTaTi JIOKaIbHOI B3ae-
MOl GaraTbox «areHTiBy rpymu —okpemix AHITA;

— iCHyI04i Ha ChOTOJIHI 3aCO0M MiJBOAHOTO
3B’s13Ky TOKH HE Y MOBHil Mipi BiIMOBIAaI0Th
BHMOTaM JIO CHCTEM iH(opManifHoro oOMiHy
Mix okpemumu AHITA rpymu;

One of the main issues in the AUV group
application organization is the operational
control of a set (group) of vehicles for the
purpose of their coordinated movement
(motion) in the aquatic environment to
achieve a common goal (implementation of
Underwater Mission, UM).

The study of domestic and foreign literature
shows that the AUV group application
is at the initial stage of its development
[15; 16]. Moreover, both AUV hardware
and their automatic control systems (ACS)
of such objects are being developed
[17; 18]. In the global practice, this applied
direction of robotics is called “Collective
Cognitive Robots” (CoCoRo) [19; 20].
Moreover, the key developments in this
direction are carried out as international
projects in form of European grants and inter-
university programs [21].

This approach is based on the
application of the principles of joint actions
observed in wildlife (the movement of
flocks of birds, schools of fish, etc.) and
received the abbreviation SWARM (Small
World Autonomous Robots for Micro-
manipulation).

For global science, as noted in [22], this
direction is relatively new. However, its
prospect is determined by the advantages
of group execution of underwater search
and survey operations in comparison with
operations that are performed by single AUVs
with centralized control.

However, researchers point to objective
difficulties standing in the way of industrial
use of AUV groups in marine and naval
research. These difficulties primarily include
the following:

— it is difficult to foresee the behavior of
the AUV group in real operating conditions,
since it is formed as a result of the local
interaction of many group «agentsy —
individual AUVs;

— the existing underwater communication
facilities do not fully meet the requirements
for information exchange systems between
individual AUVs of the group;



CHAPTER 1

— eKCIIeprMEHTaNbHA IIepeBipKa mparie3aar-
Hocti rpyrii AHITA € 3aHa/ITO CKITaHUM TIpaK-
TUYHHUM 3aBIaHHSM, OCKUTBKU 11 OpraHizaris y
peaNbHIX BUPOOHIYHX YMOBAaX € PH3UKOBAHOIO
3-32 MOXKJIMBOI BTpartu okpemMux AHITA;

— BIJICYTHICTH JIOCTOBIPHUX TEXHOJIOT1H
KOMIT FOTEPHOTO MOJICJIIOBAHHS MPOLIECIB Ipy-
nosoro 3acrocyBaHHs AHIIA, mo o0ymoB-
JIFO€ HETOYHICTh HOTO Pe3ysbTaTiB IpH J0CTi-
JUKCHHI aJITOPUTMIB TPYNOBOTO KEPyBaHHS
TaKMMH TT1JIBOJHUMH ariapaTami.

TakuM YMHOM, Y CyYacHid 3aKOpIOHHIN
JITepaTypi € BIIOMOCTI PO TPYIIOBE 3aCTOCY-
BaHHs1 AHITA, onHak, 1151 iHpoOpMalliss HOCHTh
PEeKIIAMHO-03HaOMITIOBAJIBHU XapakTep 1 He
Jla€ MiITBHOTO YSIBJICHHS PO PO3B’ 30K HAYKO-
BOT 3a/1a4i oprasizauii pyxy i orneparuBHOTO
kepyBaHHs Juia rpynu AHITA.

— experimental verification of the AUV
group performance for too complex practical
tasks, since its organization in real production
conditions is risky due to the possible loss of
individual AUVs;

— the lack of reliable technology computer
simulation of AUV group application
processes, resulting in its results inaccuracy
when studying group control algorithms of
such underwater vehicles.

However, there is information about
the group applications in modern foreign
literature, but, this information is advertising
and informational in nature and does
not give a complete idea of the solution
to the scientific task of motion control
(organization) and operational control for the
AUV group.

1.2. CyuacHni metonu rpynosoro 3acrocyBanusa AHITA

1.2. Modern methods of AUV group application

Sk cBiguuTh cBiTOBUU nMOCBin [23-25], 1m0
TOJIOBHUX MIiJBOAHUX POOIT, SIKi HaNHOIIbII
e(eKTUBHO BHKOHYIOTHCSI 3 TPYMOBHM BHKO-
puctanasM AHIIA, y mepmry depry, BigHO-
CSITHCSI HACTYIIHI:

— TIONIYKOBI POOOTH — TIONIYK 3aTo-
HYJIMX O0O’€KTIB Ta IMiJBOJHUX aHOMAJIMH,
BUKIIMKAaHUX  TPUPOJIHAMHU  TIPOIECAMHU
Ta AHTPONOTCHHUMH BIUIMBAMH Ha BOJIHE
Cepe/IOBHIIIE;

— HayKOB1 JTOCII/PKEHHSI — BUBYCHHS Tifl-
podi3UUHUX 1 TIAPOXIMIYHHUX BIACTHBOCTEH
BOJIHOTO CEpeI0BUILIA;

— IPUPOIOOXOPOHHI  JOCHIJDKEHHA  —
BHUBYCHHS €KOJIOT1YHOTO CTaHy BOAHOTO cepe-
JIOBHIIIA Ta OTO 3MiH Yy yaci (mpouecu 3a0py-
HEHHS  BOAHM, HACHIAKA  TI100aIBLHOTO
MOTEIUTIHHS Ha IJIaHETI TOIIIO);

— 00cTexXyBalbHi Ta IHCIIEKITIHHI poOOTH —
JIeTallbHe BHBYCHHS CTaHY ITIJIBOIHUX 00’ €K-
TIB Ta HOTO JJOKYMECHTYBaHHS;

— poOOTH BOEHHOTO CIPSMYBaHHS —
iH(popMalliliHe 3a0e3NeUeHHs TisTIbHOCTI Bili-
CHKOBO-MOPCBHKHX (PIIOTIB A€pKaBU.

3a3HayMMo, IO TOUIYKOBI  MiJBOAHI
po0OTH € HaNOIIBII PO3MOBCIOAKEHUMH MIPU

As the global experience shows [23-25],
the main underwater technologies for the
AUVs group use, first of all, include the
following:

— search operations — search for sunken
objects and underwater anomalies caused by
natural processes and anthropogenic impacts
on the aquatic environment;

— scientific research — studying the
hydrophysical and hydrochemical properties
of the aquatic environment;

— environmental research — the study of the
ecological status of the aquatic environment
and its changes over time (water pollution
processes, the consequences of global
warming on the planet, etc.);

— research and inspection operations — a
detailed study of the state of underwater objects
and their documentation;

— military  operations — information
support of the State Navy activities.

It should be noted that underwater search
operations are the most common in underwater
missions, since they are an integral part
(component) of most scientific, environmental
and other missions.
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BUKOHAHHI MIiABOIHMUX MICIH, OCKIIEKH BOHH
€ HEBIJl'EMHOIO CKJIaJIOBOIO O1IbIIOCTI HAYKO-
BHX, IPUPOJOOXOPOHHHX Ta IHIIUX MIiCiH.

VYKpyIHEHO BKa3aHi METOIW HaBEACHO Ha
puc. 1.2

Crmig 3a3Ha4uTH, M0 BKa3aHI METOIU
MAalOTh CYTTEBO Pi3HI BUMOTH SIK JO KLIbKO-
cti AHITA B rpymi Ta 10 iX (yHKIIOHAIBHOI
oprasisaiiii, Tak i 10 iHAWBIyaTbHUX TEXHIY-
HUX xapakTepucTuk okpemux AHIIA.

ToMy KOHIIENITYaJIbHO Y PO3BUTKY METO/IiB
rpynoBoro Bukopuctanas AHITA (CoCoRo —
TEXHOJIOTIH) CMOCTEPIraeThCs PO3BUTOK JIBOX
HanpsMKiB aBroMaru3zaiii [21; 22]:

— PO3BHUTOK iHAMBIAYaJILHUX XapaKTepHC-
tuk AHIIA sk «arenta» rpynu C .

— PO3BUTOK METO/IIB KEPyBaHHS I'PYIIOBUM
3acrocysanusam AHIIA C. .

st 060X HampsMKIB XapaKTepHUMH Ha LIei
4ac € TPU OCHOBHI PiBHI PO3BUTKY aBTOMATU3ALIII:

— 0Oa3oBHUil piBeHb B aBTOMAaTH3aIlii OKpe-
moro AHITA;

— JIOKaJbHUI piBEHb L TPYHOBOTO Kepy-
BanHsg AHIIA;

— mio0asHUM piBeHb G aBTOMATH3AITIT i/
BOJTHHX MICIH (HAIPUKJIA]T, TIONTYKOBHX OIepaltii).

OCHOBHI PiBHI PO3BHUTKY 1H/IMBIIyaJIbHUX T
rpynoBux xapakrepuctuk AHITA sk 00’exTiB
KepyBaHHs NIOKa3aHi Ha puc. 1.3.

PosmisiHemMo x O1b1I AETaIbHO.

Hepmmii Hanpsmok asromarusauii C, Ha
0a30BOMy piBHI aBTOMaTH3alii B IPyHTYETHCS
Ha IHHOBALIWHKMX TEXHIYHUX DIlICHHAX B,
IOJI0  YIOCKOHAJIGHHSI arapaTrHoro 3abesrie-
yenHs AHITA sax o0’ekra aBromarmsanii. Bix
nependayae 3acTOCYBaHHS CIEIiATbHIX TEXHO-
norii it mooymnoeu AHITA, mo npuBoasThCs
B pyX MpOrpaMHO KEPOBAHMUMH TPEOHUMHU
TBHHTAMH, MatOTh BiZIMTOBIIHI CHCTEMH aBTOMa-
TUYHOTO 3a0e31eYeHHs 33/1aHO1 IJ1aBy4OCTI.

3a3Buuaii, taki AHIIA ocHaiyOThCs
TaKO)X PO3BUHEHUMH CHCTEMaMH caMmojia-
THOCTUKHU Ta BiJIHOBJIEHHS, 110 CYTTEBO Mij-
BHUIINy€ 1X HAiIHICTh SK «areHTiB» TPYIH.

In summary, these methods are shown in
Fig. 1.2.

It should be noted that the specified methods
have significantly different requirements both
for the number of AUVs in the group and
for their functional organization, and for the
individual technical characteristics of the
individual AUVs.

Therefore, conceptually, in the
development of AUVs group use methods
(CoCoRo — technologies), the development

of two directions of automation is
observed [21; 22]:
— development of AUV individual

characteristics as a group «agent» C g

— development of AUV group application
control methods C,, .

Both areas are currently characterized
by three main automation development
levels:

— basic level B of an individual AUV
automation;

— local level L of AUV group control;

— global level G of automation of
underwater missions (for example, search
operations).

The main indicators of the development
of individual and group characteristics of
AUVs, as control objects, are shown in
Fig. 1.3.

Let’s consider them in more detail.

The first automation direction C, at
the automation basic level B is based on
innovative technical solutions B, to improve
the AUV hardware as an automation object. It
provides for the use of special technologies for
the construction of AUVs, driven by software-
controlled propellers, have appropriate
systems for automatically ensuring given
buoyancy.

Usually, such AUVs are also equipped
with developed self-diagnostics and recovery
systems, which significantly increase their
reliability as group “agents”.
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CYUYACHI TEXHOIOT IP¥TIOBOTO BHKOPHCTAHHSA AHITA

Homvyioni Texuoaorii TexHoaorii B;‘]W':'H“‘“ . Otoponni
0 HAYKOBHX HPHPOICOXOPOHHIY ODCTEXYBA.TRHI o
TeXHOAOTT .:la;:‘l S ,lzcglj‘::}:tﬂbp Ta igcnermiiin TEXHOTOTI
: i TeXHOT0riT
I TTomyK 3aTOHVIHX - Mopodizmaai I [MopokmiMaTiHaHi I lneHTHdikauis Ta I Poasimka
OC'eKTiE (CyOeH, OOCTLECHHA CHOCTePEKeHHA snachdikaiis aKBaTOpiit
ACPOKOCMIHIX BOIHOTO niapomHx of'ekTiE
AMNApaTie) CepeloBHIIA Jocmn#eHHa X | BrcriTenns
(Temmepatypa, CTYTEHD [ TnEONHOT
| TTomyx maBomHIx ENEKTPOTPOBIIHICTS, | 3a0pyIHEHHS TpocTopaBora OGCTAHOBEH Ha
KOMYHIKaLii Npo3oPICTh, BOIM i IPYHTY TIONCUREHIR Sexd RIACHHX AKBATODIAX
(kabenis 38'43KY. rinpoakycTiEa . MABOIHAY of'eXTiB
1pyGonposois TOmO) - JocMiLkeHRA . L BuaHaueHHA
crany Giotn - @010~ Bleo-, ; ;
Tomo) , L } . TP ORTIMATHIHIE
- [ApoXiMISH YIBTPa3BVEORE Ta CADAKTEDHETHE
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CHAPTER 1

Ha JoxaibHOMY piBHI aBTOMaTH3arii L
HanpsMok aBromaru3zaiii C e MICTUTH 3aXOIHU
L 1 IOTIO 3a0e3neyeHHs HaBiraiiHo1 0e3nexku
npocropoBoro pyxy AHIIA y cknani rpynm.
Jst opienTanii mij BOMOr0, Oe3aBapiiiHOTO
PYXy Ta po3mi3HaBaHHA 00’ €KTiB MOLIYKY TaKi
arlapatd MarTh PO3BHUHEHY CHCTEMY CEHCO-
piB — ONTHYHUX, TIAPOAKYCTHYHHUX, MarHiTo-
METPUYHUX TOIIIO.

Baxxnusoro CKJIaJIOBOIO MepILoro
HanpsMky possutky AHIIA C, na rnoGas-
HOMY piBHI G aBroMaTH3amii ITiJIBOIHUX
MOUTYKOBUX METOJIB € PO3BHUTOK IIPOTPaM-
HOTO 3a0e3MeYeHHs, SKe BKIIOYAE PO3POOKY
0a30BUX aJTOPUTMIB 1X MOBEJIHKH Y CKJIaJi
TPy Ta PO3POOKY aJrOPUTMIB OpraHizarii
IPYIIOBOTrO pyXy 3a OloHIYHUMHU aHanoramu G ”
(HanpuKaz, TOBeIiHKa 3rpai NTaxiB 4 puo).

TakuM YUHOM, Uil TEPIIOrO HAMPSMKY
possutky AHITA C,, sxuii 3a6e3neuye pos-
BUTOK 1H/MBIIyaJbHUX TEXHIYHUX XapakKTe-
puctuk AHITA sk OCHOBHOrO BHKOHABYOIO
IHCTPYMEHTY TIONIYKOBOi TMiIBOAHOI Micii
(«areHTa» rpymu), MOYKHA BUJIITUTH HACTYITHY
MHOKHHY 3a/1ad aBTOMAaTH3aIlii:

CA g = {BA g’.

AHaJi3 Cy4acHOTO CTaHy PO3BUTKY BITUH3-
HSHOI MMiJIBOJHOT POOOTOTEXHIKU [26] CBia-
YHTH, [I0 Y TEOPETHYHOMY IUTaHI HaHOLIbITY
aKTyabHICTh Ma€ 3aj[a4a aBToMaTHsauii L, ,
OCKUTBKH YCHIIIHUH 1 pO3B’sI30K Mae€ IIiJIBU-
muTu 6e3mneky npocropoBoro pyxy AHIIA y
ckiani rpynu. Tomy y mojgaiemiomy B poOOTi

po3B’A3yeThCA  3alada  aromarmsauii L,
(1a puc. 1.3 BujieHa KOILOPOM).
Hpyruii  nampsimox  C, — aBTOMaTusanii

PO3BHTKY METOJIB IPYIIOBOTO BHKOPHCTAHHS
AHITA — po3BUTOK METO/iB KEpYBaHHS iXHIM
TPYIIOBUM 3aCTOCYBaHHSM — IIependadae po3s’si-
30K HACTYITHUX THIIOBUX JOCIIAHUIIBKUX 3a7a4:

— po3poOKy 0a30BUX AITOPUTMIB POOOTH
AHITA B rpymi B, (Hampuknaz, KepyBaHHS
IPYMNOBUM TOILIYKOM ITiJIBOAHOTO 00’€KTa 4u
y3rojkeHuM pyxoMm rpynu AHITA npu Buko-
HaHHI TPUPOJOOXOPOHHOTO OOCTEIKESHHS BOJI-
HOTO CEPEeIOBUIIA 3 METOIO BUSIBJICHHS aHTPO-
MTOTEHHOTO 3a0py/THEeHHS );
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At the automation local level L, the
automation direction C e contains measures to
ensure the AUV spatial motion navigational
safety as part of the group L g FOT orientation
under water, trouble-free movement and
recognition of search objects, such devices
have a developed sensor system — optical,
hydroacoustic, magnetometric, and the like.

An important component of the first
direction of the AUV development C, at
the global level G of underwater search
technologies automation is the development
of software, which includes the development
of basic algorithms for their behavior as part of
a group and the development of algorithms for
organizing group movement behind the bionic
analogs of C g (for example, the behavior of a
flock of birds or fish).

Thus, for the first direction of the
AUV development C,, which ensures the
development of the AUV individual technical
characteristics as the main executive tool of
the search underwater technology (group
«agent»), the following set of automation
tasks can be highlighted:

L, Gt (1.1)

Analysis of the current status of domestic
underwater robotics development [26] shows
that theoretically, the most relevance task is
the L, automation task, since its successful
solutlon should increase the safety of the AUV
spatial motion in the group. Therefore, later
in the work, the problem of L, automation is
solved (highlighted with color in Fig. 1.3).

The second automation direction C
of the technology development for the
AUV group application — the development
of control technologies of their group
application — provides (involves) the
following typical research works:

— development of AUV operation basic
algorithms in the group B (for example,
control of a group search for an underwater
object or of an AUV group coordinated motion
when performing an environmental survey of
the aquatic environment in order to identify
anthropogenic pollution);
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— po3poOKy 0a30BHX alNTOPUTMIB Kepy-
BaHHA OKPEMHMH BHIAMH MOPCHKHX ITOIIY-
KOBHX oOTNeparii L., ki O BKIIIOYAJIA BECH
nepesik a3 MOPCHKHUX POOIT, MOUNHAKOYH BiJl
opranizauii Bunmycky rpynu AHITA B mope i
3aKiHYYIOUM X ITOBEPHEHHSM IIICNIs 3aBep-
LIEHHS MOLITYKOBO Micii;

— pO3pOOKy METOMIB KEpyBaHHS TIPYIOO
AHITA 3 ymMoBax 3MIHHOTO CEpEeIOBHINA GG,,
(i 30BHINIHIX 30ypeHb MPUPOHOTO YU aHTPO-
TOTEHHOTO TTOXOJKEHHS ).

Toni mnst npyroro HanpsiMky CG BHKOpH-
cranasgs Co-Co-Ro — TexHONOTriii MHOXHHY
OCHOBHHX 3a]ad aBTOMATH3allii MO)KHA Tpea-
CTaBHTH SIK:

CG»‘ - {BG»". LG»”

Jns cydacHOTO eTamy pO3BHTKY BiTUH3-
HSHOI IiJIBOJIHOT POOOTOTEXHIKH JIO IMEPIIO-
YeproBUX 3agad aBTOMAaTH3allii TPYHOBOIO
kepyBanast AHIIA cmin BimHectn 3amadi
B, Ta L., OCKIIbKM BOHM 3HAaXOIATbCS Ha
MOYaTKOBHX €Tarax PO3BUTKY METOMIB Kepy-
BaHHs rpynoBuM 3acrocysannsm AHIIA C
(ua puc. 1.3 BUIIEHI KOTBOPOM).

Y 3B’43KY 3 ITUM Y MTOJIATBIITUX JIOCITiKEH-
HsX 32 HanpAMKOM C . PO3IIAIAI0THCS 3a1a9i
B, talL,.

3a3HauNMO TaKOXX, IO OIMCAHA BHIIEC
koHmenisi po3Butky CoCoRo-texHonorin
Iae 3MOTy KIacHU(iKyBaTH TpPYMOBE BHKO-
puctanas AHITA 3a kinbkicTio iH(opMariii,
SIKOIO BOJIOZIIIOTH Ta KOO MOXKYTb 0OMiHIOBa-
tuch AHIIA rpynu [27]. Tak, Ha 1eil yac po3-
PI3HAIOTH HACTYIHI TPH CHOCOOU TPYHOBOTO
Buxopuctanus AHIIA 3a obcsaramu indopma-
1T JJ151 KOKHOTO «areHTay:

—piif (mo amamorii 3 NOMyIAMIAMHU
KOMax) — KOXHHH «areHT» pPO3B’SI3y€ CBOIO
IHAMBITyalbHY 3324y Micii (HalpUKIIaI, T111-
POAKYCTHUYHHM TIONIYK YW BiJlcO3HOMKA JOH-
HOT TMOBEPXHI MO MapUIpyTy PyXy; KOXHHU
OKpEMHUH «areHT» Ma€ HaBiraliiHi 3aco0u
UL OE3MEYHOr0 PyXy y CKIall poro, MpOTe,
He Mae iH(opMauii mpo 3arajibHe 3aBIaHHS
Micii, Ipo CKJIaJ pOI0 Ta MPO IMOJOKEHHS 1
PO IHIITUX «areHTiBY;

— development of basic algorithms of
control of certain types of maritime search
operations L, which included the entire
list of maritime operation phases, starting
from organizing the release of a group of
AUVs into the sea and ending with their
return after the completion of the search
mission;

— development of AUV group control
methods under the changing environmental
conditions G, (effects of external disturbances
of natural or anthropogenic origin).

Then, for the second direction CG using
Co-Co-Ro technologies, the set of basic
automation tasks can be represented as:

(1.2)

For the modern (current) stage of domestic
underwater robotics development, the tasks
B, and L e should be attributed to the primary
tasks of AUV group control automation, since
they are at the initial stages of development
of technologies for control of AUV group
application G, (highlighted in Fig. 1.3).

In this regard, in further researches in
the direction of C_, tasks B e and L g ATC
considered.

Note also that the CoCoRo-technologies
development concept described above allows
classifying the AUV group application
according to the amount of information
that the group AUVs possess and can be
exchanged [27]. So, at present, the following
three methods of AUV group application are
distinguished according to the amount of
information for each «agent»:

—swarm (by analogy with insect
populations) — each «agent» solves its
own individual mission task (for example,
hydroacoustic search or bottom surface
video recording along the motion route; each
individual «agent» has navaids (navigational
aids) for safe motion in the swarm,
however, does not have information about
the general mission task, the composition
of the swarm and the positions and roles of
other «agents»;

) GGr" SGr} :
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— 3rpas (TI0 aHAJIOTI1 3 ITAITMHUMH 3TPasIMU
Ta KOCSIKAMH PHOH) — KOYKHUI OKPEMHH «arcHT»
Ma€e MiHIMaJIBbHUAN 1H(QOpPMAIIHHUA 3B’SI30K 3
v AHITA, HeoOXigHMi Ui BUKOHAHHS
Micii (Hanmpukiaza, A1 KOPUTYBaHHS MOTOYHOT
orieparii MiaABOAHOI Micii); OHOYACHO KOXKHUHN
OKpEMHH «areHT» Mae HaBiramiiiHi 3aco0u
Juis OE3MeYHOro pyxy y 3rpai, Xxo4a MOxe He
MarH iH(opmamii mpo i1 3aranpHUil CKJIax Ta
XapPaKTEPUCTUKHU; PYyX OKPEMOTO «areHTay Mifl-
MOPSAKOBYETHCS pyxy it AHITA-minepa;

— KOJIEKTUB (110 aHaJIOTil 3 KOJICKTHMBAMH
TOAeH) — KOKHHUM OKPEeMHM «areHT» BHKO-
Hy€ IHIUBIJyaJbHY 3ajady, ska MOXe OyTh
3MiHEHa T Yac Micii; OKpeMHH «areHT»
Ma€ MOXKIIUBICTh 1H(QOPMAIIHHOTO OOMIHY
3 iHmmmMu AHITA sk uneHamu rpynu, mae
iH(opMalifo Mpo METY IMMiBOAHOI Micii Ta
OKpeMi 11 CKJIaZoBi, a TAKOX MPO XapaKTepu-
ctuku AHITA — 4sieHiB KOJIEKTUBY.

Hanpsimkn  peamizanii  aBTOMAaTHYHOTO
KepyBaHHsI TpynoBuM 3acTocyBanHsM AHITA
3a piBHAMH iX iHpOpMamiiHOi 00i3HAHOCTI Ta
IHTCHCHBHICTIO 1H()OPMAIITHOTO OOMIHY MiXkK
AHITA sk 00’ekriB aBromarusarii HaBeaeHa
Ha puc. 1.4.

[TonepenHiit anami3 myOiKaIiii gae 3Mory
BCTAaHOBHTH, IO MPHKIATHY HAyKOBY IIPO-
onemy pr aBTOMaTHU3aLil MPOLECIB IPyNOBOrO
Bukopuctanas AHIIA joninmeHO TpesncTa-
BUTHU Y BUIVIA/Il YOTUPHOX BITHOCHO HE3aJIEXK-
HUX 3ajau:

— (opmynioBaHHS MeTH (KiHIIEBOTO TIPO-
JlyKTy) TiABOAHOI MiCii P, . Ky HEOOXixHO
BukoHatu rpymi AHIIA B aBromarmuHOMY
PSKUMI I[UIIXOM OJHOYACHOTO BHKOHAHHS
HU3KH IiJBOAHUX POOIT;

— po3po0Ka TMporpaMu  aBTOMAaTHIHOTO
BUKOHAHHA IMABOAHOI Micii Prp_l7 IpyIor0
AHIIA (ctparerii kepyBaHHsI), KOJIH KOXHHU
AHITA sk «areHT» Tpynud BHUKOHYE CBOIO
YacTUHY CHUIBHOI pOOOTH;

— aBTOMAaTHYHE KepyBaHHS IapaieIbHUMU
mpolecaM BUKOHAHHS PO3pOONIEHOI Mpo-
rpaMu aBTOMaTHYHOTO BUKOHAHHS ITiIBOJHOT

Micli 4 Iy TPYTIOHO AHIIA;
— aBTOMAarM4yHe  KepyBaHHS OKPEMUM
AHIIA A4, AK «areHTOM» IDYIIH, AKUH aBTO-
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— flock (by analogy with flocks of birds and
schools of fish) — each individual «agent» has
minimum information link with other AUVs
necessary to complete the mission (for example,
to adjust the current operation of an underwater
mission) simultaneously, each individual
«agent» has navaids for safe motion in the flock,
although it may not have information about
its general composition and characteristics;
the motion of an individual «agent» is subject
to the motion of its AUV-leader;

— collective (by analogy with collectives
of people) — each individual «agent» performs
an individual task that can be changed during
the mission; a separate «agent» has the ability
to exchange information with other AUVs as
members of the group, has information about
the purpose of the underwater mission and its
individual components, as well as about the
characteristics of the AUV — team members.

Methods for implementing technologies
of AUV group application according to the
levels of their information awareness and the
intensity of information exchange between
AUVs as automation objects are shown
in Fig. 1.4.

A preliminary analysis of publications
makes it possible to establish that the
applied scientific problem P, of AUV group
application process automation is expedient
to represent in form of four relatively
independent tasks:

— formulation of the goal (end product)
of the underwater mission P_ ., which is
necessary to be performed by the AUV group
in an automatic mode by simultaneously
performing a number of underwater operations;

— program development for the underwater
mission P, automatic execution by the AUV
group (control strategy), when each AUV, as
an “agent” of the group, performs its part of
the general operation;

— automatic control of parallel processes
of the developed program of automatic
execution of underwater mission 4, , by the
AUV group;

— automatic control of an individual AUV

A ., @ a group «agent», which automatically
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MaTUYHO BHKOHYE BH3HaY€Hy HOMY YacCTHHY
PO3po0IIeHOT TIPOrPaMH T IBOTHOT MiCii.

3amadi HayKoBOI MPOOIEMH P wmoxHa

NpEeACTaBUTHU Y BI/IFJ'IFI,I[i MHOXHWHH:

Iy

PFp:{PFp-M; P

performs an assigned part of the underwater
mission developed program.

The scientific problem tasks P, can be

represented in a set form:

Fp-ﬂ; Arp-M; AAHHA-1 e

PGr :{ PGr—P; P

. . )
Gr-P? AGr—M’ AAUV-M s

HanpaMmkH peadizanii MeToJis rpynoporo BHKopHcTaHHEA AHITA

Oesnera

InnHeinyaneHa
3aza4a B Irpym

Hagirauiiina

3rpas
AHITA

-IHanBinyaTbHa
3ajaya B rpymi
-Haeirauiiina
Gezmexa
~3B'A30K 3
IHITHMEH
AHITA

~Pyx 3a

AHITA-ninepom

Kos1eKTHE
AHITA

- MOKIHBICTE
3MiHH
iHAHBITyanEHOL
3a/ad4i B rpymi

HagirauifiHa
Oesnexa

3B'a30k 3 -+ IHGOopMaLia

iHIMMMH | IPO METY Micil
AHIIA Ta il CKIamoEBi

LIndopmaria
Npo XapakTe-
PHCTHKH
inmx AHITA

IMoeHOTa iHdopMallil Ta iHTeHCHBHICTE iHGOpMariiiHOTO 0GMiHY

Mana

Bemika

Methods of AUY group use

Individual task

- Individual task
in the group
rNavigation
safety
FCommuni-
cation with
other AUVs

“Motion
for following
the leader-AUV

AUV
Collective

I Ability to change
the individual task

Navigation in the group

safety
Communi- - Information about
cation with | the purpose of
other AUVs | the missions and
its components

L Information about
the characteristics
of other AUVs

Information completeness and intensity of information exchange

Small

Pucynok 1.4 — Hanpsimku peaJiizanii metoaiB rpynoBoro Buxkopuctanas AHITA
Figure 1.4 — Methods of implementing technologies of AUV group use
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3ampormoHoBaHa  JACKOMITO3HUINS — 3a1ad
kepyBaHHs (1.3), o4eBHIHO, Ma€ BU3HAYATH
i iepapxiuHy CTPYKTYpy CHCTEMHU KEepPyBaHHS
MiJIBOJHOIO MICI€I0 Y LIJIOMY.

ITeprri nBi 3amaui, 3a3BUyaid, nepeadava-
I0Th PO3POOKY JIETAIILHOTO aJrOpUTMY (TIOCITi-
JIOBHOCTI MiABOIHUX POOIT) PyHKIIOHYBaHHS
rpynu AHITA i1 BukoHytoTbCs O€3 ypaxyBaHHS
muHamiku AHITA.

Tak, pose’si3ok samaui P, nomsrae y
(opMyITIOBaHHI KiJIbKICHHX TOKa3HHKIB pea-
jmizarii ogHoro ado JEKIJILKOX METOIIB, HaBe-
JeHux Ha puc. 1.2.

Hanpuknam, Juisi TONIYKOBHX Miciid 1€
MOXYTh OyTH TeorpadiuyHi KOOpAHHATH JIOH-
HOi akBaropii, sKy Tpeba OOCTSKUTH IS
MOLIYKY 3aTOHYJIOT0 00’ €KTa 3 3aJaHUMH KJja-
cudikamiianmMu  o3Hakamu. J[ns peamizarii
MiJBOAHUX HAYKOBHUX JOCIIIXKEHb 11€ MOKYTh
OyTH MPOCTOPOBI KOOPAMHATH BOIHOI TOBII,
SIKy HEOOXiJHO BiJCKaHyBaTH OOPTOBUMHU
cercopamu AHIIA rigpodisnunux Ta/4u rig-
POXIMIYHUX TTApaMETPiB BOIH.

Po3B’s130k  3amadi PFpJ7 TOJIATAE 'y PO3-
poOIli TPaeKTOpil TUIOCKOTO YH TPOCTOPO-
BOTO Y3TO[DKEHOTO y daci pyxXy A KOX-
Horo 3 AHIIA rpymu. Taki mepeminieHHs
MAalOTh BIiAMOBigaTH 3aaHidl MiABOAHIN Micil
(puc. 1.2) 1 rapanTyBaT¥d HOCSTHEHHS METH
MiCii B yMOBax TEXHIYHHX OOMEKEHb OKpe-
MHUX THIIB MiBOJHHUX amapariB ILIOA0 aBTO-
HOMHOCTI Ta paniycy naii 3aco0iB 3B’SI3Ky
MDDK HUMH.

3anaua A, aBTOMATHYHOIO KEPyBAHHs:
napajneibHUMH  MPOIeCaMd  BHKOHAHHS
po3pobiieHol  mporpamMu  MiJABOAHOT  Micii
moJisirae B po3poOIli  3aKOHIB  KepyBaHHS
okpemumu AHITA sk «areHTamu» Tpymu,
SKi MAlOTh TIEPEMIIIATACh y BOIHOMY IIPO-
CTOP1 Yy BIJMOBIIHOCTI JI0 MPOrpaMu P
TyT BayKIMBOIO CKJIaJIOBOIO 3a]a4i KepyBaHHs
€ 3a0e3Me4YeHHsl 3aJlaHOi IMPOrpamoro PFP_I7
npoctopoBoi koH}irypauii rpynu AHITA, oo
Ma€ TapaHTyBaTH SIKICHE 1 CBOE€YaCHE BHKO-
HaHHS MiBOAHOI MiCii.

3amava 4, ABTOMaTHYHOTO KEPYBaHHS
okpemumu AHIIA sk «areHtamu» rpynu mMae
OJTHOYACHO 3a0e3IeuyBaTH:
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The proposed decomposition of control
problems (1.3) obviously will determine the
hierarchical structure of the control system of
the underwater mission as a whole.

The first two tasks, as a rule, provide
for the development of a detailed algorithm
(sequence of underwater operations) for the
AUV group functioning and are performed
without taking into account the dynamics of
the AUV.

So, the solution of the task P_
formulate  implementation  quantitative
indicators of one or several technologies
shown in Fig. 1.2.

For example, for search technologies, this
may be the geographical coordinates of the
bottom water area, which must be surveyed to
search for a sunken object with predetermined
classification  characteristics. ~ For  the
implementation of research technologies,
these can be the spatial coordinates of the
water column, which must be scanned by
the AUV onboard sensors of hydrophysical
and/or hydrochemical water parameters.

The solution of the task P, consists of
the development of trajectories of a plane or
spatial time-coordinated movement for each
of the group AUVs. Such movements must
comply with the given underwater technology
(Fig. 1.2) and guarantee the achievement
of the mission goal under the conditions of
technical limitations of individual types of
AUVs in terms of autonomy and range of
communication facilities between them.

The task A4 of automatic control of
execution parallel processes of the underwater
mission developed program to develop control
laws for individual AUVs as group “agents”,
which have to move in the water space in
accordance with the program P, _,. Here, an
important component of the control task is to
ensure the spatial configuration of the AUV
group given by the program P_ ., which
should guarantee high-quality and timely
implementation of the underwater mission.

The task 4, , . of automatic control of
individual AUVs as group «agents» must
simultaneously provide:

s to
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— KepPyBaHHS IIOCKAM YH TPOCTOPOBUM
pyxom mmux AHITA 3a mporpamoro B ymMOBax
Ji1 30BHINIHIX 30ypeHb Ta 3 ypaxyBaHHIM
pecypciB okpemux AHITA rpynu (MaHeBpo-
BUX SIKOCTEH, paaiycy il iXx 3aco0iB 3B’s3Ky
TOII[0); KJIFOYOBOIO BUMOTOIO TYT € MiA3aaada
«30epeKeHHs» TPYIU Ha MPOT:3i yciei Micii,
T00TO, HEJOMYIIECHHs BiAaNeHHs CYyCiTHIX
AHIIA Ha BiJcTaHb, siKa TIEPEBUIILYE pajiyc
i1 3ac001B 3B’sI3Ky; TAKOX BAXKITUBOIO BUMO-
TOI0 € HENIOIyIICHHS HeOe3meuHoro 30im-
xkeHHs cycimHix AHITA 3-3a iX MOXIUBOTO
3ITKHEHHST;

— KepyBaHHs KopucHUM BaHTaxkem AHITA
(3a3BHyaif, e OOPTOBI CEHCOPHU — JaBadi TiJi-
pOdI3UYHUX 1 TIAPOXIMIYHHMX MapaMeTPiB
BOJIM, TOILIYKOBI BiJl€OKaMepH Ta TiIpoaKyc-
TUYHI COHapH TOULIO); CYTHICTh KEpyBaHHS
nojsrae B 3a0e3MeueHHi Horo (yHKIOHY-
BaHHA 3TiJJHO 3 MPOrpaMoO0 BUKOHAHHS Mij-
BOIHOI Micil Prp_ i

— plane or spatial motion control of these
AUVs according to the program under the
influence of external disturbances and taking
into account the resources of individual
group AUVs (maneuvering qualities, the
range of their communication facilities, etc.);
the key requirement here is the sub-task of
«preserving» the group throughout the entire
mission, that is, preventing the removal of
neighboring AUVs to suck, exceeding the
range of communication facilities; also an
importantrequirementis to preventadangerous
approach (proximity) of neighboring AUVs
due to their possible collision;

— AUV payload control (as a rule, these
are onboard sensors — of hydrophysical and
hydrochemical water parameter sensors,
search cameras and hydroacoustic sonar,
etc.); the essence of control is to ensure its
functioning in accordance with the program
of the underwater mission execution P, .

1.3. Cnocodu opranizauii kepyBanns rpynoio nomykosux AHITA

1.3. Control organization methods of a group of search AUVs

AHITA rpynu NOBUHHI OpraHi3yBaTH
cebe as BUKOHAHHA KOHKPETHHUX 3aBllaHb
y CKJamHuX oneparisx. [Ipu 1poMy MawTh
Oytu BpaxosaHi apxitekrypa AHIIA, po3smo-
JIUT 3aBIaHb MK HUMH, CTPATETis KepyBaHHS
Prp_n, JIOKaJTi3allis 3aBIaHb KepyBaHHS Arp_M,
oprasizais iX TpyIoBOTO Y3rO[KEHOTO PyXy
A, EOEKTHBHICTE 3aCTOCYBAaHHS TpYIl
AHIIA 3anexuTh BiJ 00paHOTO METONY Kepy-
BaHHS. Y pe3yJbraTi aHamizy TUIOBHUX Mij-
BOJIHUX POOIT 1 METOAIB (TeXHOJOTiH) TXHBOT
peamizamii 3a nonmomoroto rpynu AHITA [31],
aBTOPU MPOIOHIOTH KJIACHU(IKAII0 METOIIB
IPyMOBOTO KePyBaHHs aBTOHOMHHMH HEHace-
JICHUMH TTiIBOHUMHU amnapatamu [32; 33].

3aJie)XHO BiJl OpraHizaiii MyJbTHAreHT-
HOi CHCTeMH, METOIHM TPYMOBOTO KEPyBaHHS
AHITA ninaTecss Ha JiBa OCHOBHHX Kepy-
BaHHS — IICHTPaII30BaHe U JCIEHTPai30BaHe
KepyBanHsl (puc. 1.5).

Group AUVs must organize themselves
to perform specific tasks in complex
operations. In the process, the architecture of
the AUVs, the task allocation between them,
the control strategy P, ,, the localization of
control tasks A4, the organization of their
group coordinated motion A4, -~ should
be taken into account. The effectiveness
of AUV group application depends on the
selected control method. As a result of the
analysis of typical underwater operations
and methods (technologies) of their solution
using the AUV group [31], the authors
proposes the AUV group control methods
classification [32; 33].

Depending on the multi-agent system
organization, the AUV group control
methods are divided into two main controls —
centralized and  decentralized control
(Fig. 1.5).
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METOJH I'rPYOHOBOI'O KEPYBAHHSA AHITA
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Pucynok 1.5 — Cnoco6u opranizauii kepyBanns rpynoro AHITA

Figure 1.5 — Methods AUV group control organization
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JIoWiIbHO BUAUINTH TaKOX JIOMOMIKHE
KepyBaHHsI — HaIliBICIIEHTPaJi30BaHe.

Hapasi mmTaHHS KepyBaHHS TPYHOBUM
pyxom AHITA 3HaxoasiThes y cTaHi po3poOKH
¥ ampoOarii pi3HHX TEOPETUYHMX ITiJIXOJIIB
[28-30].

PosmisHeMo BkaszaHi cmocoOu  oprasi-
3anii rpymnoBoro kepyBaHHs AHIIA 6inbin
JIETaJIbHO.

LlenTpanizoBaHe KepyBaHHS IIOJSITaE B
HasBHOCTI B Tpymni Bemydoro AHIIA (men-
TpanbHUH npucTpii kepyBanus — L{I1K), mo
ynpagisie Bcima AHITA B rpymi. Bei pimeHss
npuiiMaroThes ipoBigauM AHITA ab6o rosnos-
HUM BEIyYUM KOMIT IOTEPOM, PO3TALIOBAaHUM
Ha O6opty nposigHoro AHITA ¥ nepenarotbes
BUKOHABYMM KOHTpojepam okpemux AHITA
rpynu. Lleli koM’ torep 30upae iHbopMaIltito
mpo craH Bcix AHITA sik 00’ €KTiB KepyBaHHA,
00po0iisie iX, 1 KOXKHMH 00’€KT KepyBaHHS
BHJIA€ CBOIO BIIACHY KOMaH/y KepyBaHHs. Po3-
PI3HAIOTH €IMHOHAYaJbHE W i€papXiyHe IeH-
TpasizoBaHe kepyBaHHs rpymnoro AHIIA.

[Ipn weHTpamizoBaHOMy €IMHOHAYAIB-
HOMY KepyBaHHI € Bemyumid AHITA 1 MHo-
JKUHA BEJICHUX amapariB y rpym. Bei AHITA
CHHXPOHI3YIOTECS BemyunM, Bci AHITA Buxo-
PUCTOBYIOTH TOM caMUil UEHTPAJIbHUNA KOHTP-
oJep, 1o (PYHKIIOHYE Ha OCHOBI iH(OpMaIIii
mpo Bcix AHITA rpynu. Ckiajg KOHTpoJepiB
IpyIH KOAYy€ JOTiKYy KepyBaHHs Ipymno. Bexy-
ynii AHITA 3a6e3nedye onTUMabHE PIILICHHS
CIUTHHOTO 3aBJIaHHS, OIHAK HOTO BiJIMOBA MTpH-
BOJIMTH 10 30010 B pOOOTI BCi€l TpynH.

[Ipn weHTpamizoBaHOMY i€papXiYHOMY
KepyBaHHI ICHY€E iepapXiuHe JIepeBO Kepyro-
yux npuctpoiB [34; 35]. Llentp kepyBaHHSA
TaKOX MpsIMO TOB’si3aHui 3 koxxHUM AHITA
rpymu. € cy0BeIyYi, SKi KOHTPOJIOIOTh BEICHI
AHIIA y cBoiX miarpymax, siki TaKO KOHTPO-
JIIOIOTHCSI ToJIOBHUM BemyunM AHITA.

Benyui AHITA ocHarieHi BACOKOTOUHUMU
HaBIraliiHUMU CHCTEMaMH Ui MiATPUMKH
BeaeHnx AHIIA rpynu, i koXHUI BeaeHUI
AHITA oOmiHIOETBCS 1HOPMALIIEID 3 TPO-
BigauM AHITA. IIII xoHTpOIMIOE BCIO TpyIy
AHIIA i, BiInoBinHO, TUTaHY€E il OKpEMHX
APy

It is expedient to also highlight the
auxiliary control — semi-decentralized.

Now the questions of AUV group motion
control are in the state of development
and approbation of various theoretical
approaches [28-30].

Consider these indicated ways of
organizing AUV group control in more detail.

Centralized control consists in the
presence, in the group, of a leader-AUV or
master AUV (central control device — CCD),
which controls all the AUVs in the group.
All decisions are made by the leader-AUV or
the main master computer, located on board
the leader-AUV and are transmitted to the
executive controllers of individual AUVs of
the group. This computer collects information
about the state of all AUVs as control objects,
processes them, and each control object issues
its own control command. It can be divided
into single-leader and hierarchical centralized
control of the AUV group.

With centralized, single-leader control,
there is a leader and the others are follower-
AUVs in the group. All the AUVs in the
group are synchronized with the leader, as
he coordinates all of them directly. All AUVs
use the same controller, which operates on
the basis of information about all AUVs
in a group. The composition of the group
controllers encodes the group control logic.
The leader provides an optimal solution for a
joint task, but the failure of the leader leads to
the failure of the entire group.

In centralized hierarchical control, there is
a hierarchy tree of control devices [34; 35].
The control center is also directly connected
with each group AUV. There are sub-leaders
that control the follower-AUVs in their
subgroups, which are also controlled by the
main AUV leader.

The leader-AUVs are equipped with high-
precision navigation systems to support the
follower-AUVs and each of the follower-
AUVs exchange information with the leader-
AUVs. The CCD controls the entire AUV
group and, accordingly, plans the actions of
individual groups.
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3reHepoBaHi Kepyrodi Jii, SKi 3amporio-
HoBaHi i1 kokHoro AHIIA, mepenarotbes
oMy s BHKOHAHHA. J{7s OUIBIINX TPyI
BHUKOPHUCTOBYETHCS i€papXivyHe KepyBaHHS.

BigmoBa romoBHoro Bemyuworo AHITA
MPUBOUTEL 110 30010 B poOOTI BCi€i rpymw.
[pu 3601 Benxyuoro AHIIA B miarpymi cxema
MPU3HAYCHHS POJi BUKOPHUCTOBYETHCS IS
inenTudikarii Hoporo Bexydoro AHITA cepen
AHIIA migrpynu. Ll cxema 06’eqnye y cobi
TaKi METO/IH, SIK T1JIX1JT «BEIYIH — BEICHUN
1 aHaI3 JiepeBa BiIMOB 3 HEUITKHMMHU TPUKYT-
HHUKaMmu [36].

JlenieHTpalizoBaHe KepyBaHHs niepeidadae
PO3MOILT PYHKITIH KepyBaHHS Mi’K OKPEMUMH
Hezanexxuumu AHITA rpymu. Koxauit AHITA
KEepPYETbCAd CBOIM BJIACHUM KOHTPOJIEPOM,
BUOMpaiouu Jito (apaneiabHo), IPYHTYIOUHCh
BHUHSATKOBO Ha JIOKAJIBHO CIOCTEPEKyBaHIN
iHpopManii, HaMOMIKIOMY CcepeloBHUIL I
CIIOCTEPEKECHHI, OTPUMAHOMY HAHONMKINMU
cycimamu AHITA B nieit MoMeHT dacy.

JeuentpanizoBane KepyBaHHA € eQek-
THBHUM Tipu 30iibineHHI KinbkocTi AHITA
B Tpymi. BinmcytHicth 3B’s3ky Mik AHITA
00MEXY€E JOCSIKHY MPOJYKTUBHICTD, 1 SIKIIO
ornuH 3 AHITA BTpagae 3B’530K 3 KOMaHITHUM
LOEHTPOM, HOr0 HEMOXKIIHBO BHKOPHCTOBY-
BaTH B Tpymi Po3pi3HAIOTH 1Ba PI3HUX MiA-
XO/IM JI0 KOOpJWHAIT ¥ opraHizamii rpymnu
AHITA — xepyBaHHA «IOBO/DKEHHSIM» 1
«KEpyBaHHS «BeIyIUM-BeJeHUM» [34; 35].

KepyBaHHS «ITOBOIKEHHSIMY TPYTIH 3aCHO-
BAaHO Ha IHTEJCKTyalbHOMY ITOBOKCHHI
AHIIA B rpyni npu BUKOHaHHI CKJIaTHUX MijI-
BOJIHUX MiCii (ITOITYKOBUX, 00CTEKYBAIbHUX,
BUMIprOBaIBbHUX 1 T.J1.). KokHa rpyma AHITA
(YHKIIOHY€E HE3aJIe)KHO BiJl IHIIUX TPyIl
AHIIA, Maroun MOKJINBICTE OOMIHIOBATHCS 3
HUMH OTICPATHBHUMH JTaHIMHU.

[lepeBara Takoro KepyBaHHS — TPYIOBa
JIMHAMIKa MICTUTh 3BOPOTHHH 3B’SI30K, IO
JI03BOJISIE MAKCUMAIJIBHO aBTOMATH3YBaTH MPO-
1ec BUKOHAHHS ckiagHoi Micii. HemomikoM €
Te, 10 TIOBOJDKCHHS TPYIH HerepenoadyBaHe.

VY migxoni KepyBaHHS «BELyIYHUM-BEICHIM)
AHIIA ninarbcst Ha JIBi KaTeropii 1mo 37aTHO-
cti AHITA: npoBiiHi (Bemyui) i BeIeHI.

20

The generated control action forces action
proposed for each AUV are transferred to the
corresponding AUV for execution. For large
groups, hierarchical control is used.

The failure of the main leader-AUYV leads
to the failure of the group. If the sub-leader-
AUV fails, a role assignment scheme is used
for identifying a new leader-AUV among the
sub-group. This scheme combines techniques
such as “leader-follower” approach and, fault
tree analysis with fuzzy triangles [36].

Decentralized  control includes the
distribution of control functions between the
group individual independent AUVs. Each
AUV is controlled by its own controller,
choosing an action (in parallel) based purely
on locally observable information, the
immediate environment and an observation
obtained by the closest neighbors of the AUV
at a given time.

Decentralized control is effective with
an increase in the number of AUVs in the
group. The lack of communication between
the AUVs limits the achievable performance
and if one of the AUVs loses contact with the
command center, it is not possible to use it in
the group.

There are two different approaches to the
coordination and organization of the AUV
group “behavior” control and “leader-
follower” control [34; 35].

Group behavior control is based on the
network of intelligent behavior of AUVs
in a group for certain operational functions
(search, survey, measurement, etc.). Each
AUV group operates independent of the
other AUVs, having the ability to exchange
operational data with them.

The advantage of such control is that the
group dynamics provides feedback, which
makes it possible to automate the process of
performing a complex mission as much as
possible. The disadvantage is that the group
behavior and dynamics are unpredictable.

In the leader-follower control approach,
AUVs are divided into two categories
according to AUV capabilities: leaders and
followers.
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Takox iCHye KOMOIHOBaHe (3MillIaHe) Kepy-
BaHHS BIMOBITHO JIO 1€PAPXIYHOTO MTPUHIIHITY,
KOJIM € BEJIMKa KibKicTh rpyr, i AHITA rpymm
TaKOXK JUIATHCS Ha OUTbII ApiOHI rpymu [37].

I[To MOXIHMBOCTI Y3TO/PKEHHS 1HJIUBI-
OyaJlbHUX TPUAHIATHX pIlIeHb, CTpaTerii
JICLIEHTPAIII30BAHOTO KEPYBAHHS TUIATHCS HA
KOJIGKTUBHI, 3rpaiiHi, poioBi iI koMOiHOBaHI
cTparerii kepyBaHHs [38].

Y MeTolli KOJIEKTHBHOTO KEpyBaHHS TIpy-
noto AHITA xoxna rpyna AHITIA onepxkye
iHpopmamiro Bim Bcix AHITA # mnepenae
310paHy iH(opMaIliro Mpo HABKOIUIIIHE cepe-
JIOBHIIIC 1 CBIM BIIACHUH CTaH y KaHaJ 3B’ A3KY
JUIs  3a0e3leueHHs] JIOCTYIYy BCIM  IHIIAM
AHITA rpynu ¥ ONTHMI3y€e KOJEKTHUBHI Jii
rpynu. Koxxna rpyna AHIIA camocriiiHo
BH3HAUa€e CBOi HeoOXimHi aii [39].

BuOip niii rpynoro AHITA 3xilicHIOETbCS
TIIKM Ha OCHOBI iHQOpMaIii mpo MeTy
TPy, HMOTOYHY CHUTYallil0 B CEpeJOBHUINI 1
nisix iHmux rpyn AHITA ans mocsirHeHHS
3arambHOi MeTH. Crparerii KOJEKTHBHOTO
KOHTPOJIO JO3BOJISIIOTH TPYIi 3aJUIIATHCS
MpaIe31aTHO0 y BUMAIKY BiJIMOBH OJHOTO
abo nekimbkox AHITA rpymu.

[Ipu 3rpaiiHoMy KepyBaHHI BUIUICHHHA
KaHaJ 3B’513Ky 11 0OMiHY iH(OpMAIliero Mix
AHITA Bincythii. Koxuuii AHITA camo-
CTiiiHO 30Mpae iHpopMaLlito PO CepeIOBUILE
Ta MPUIMAE PIIICHHS MO0 CBOIX HACTYIMHHUX
Il U1 BUKOHAHHS TPYIIOBOTO 3aBaaHHs [38].

Bci AHITA BUKOHYIOTH OJHAKOBHH airo-
pUTM™, 1 iXHI Aii He3aJeXHI ¥ ACHMHXPOHHI.
Koxnuit AHITA Moke BUKOHyBaTH OinbIme
OJHI€T omepalliei Ta MOXKEe MIHSATH OJHY Ha
iammy. [lepeBara Takoro kepyBaHHS — MacIITa-
OOBaHICTh: Mpu 301bIIeHH] KiTbKoCcTi AHITA
rpymu OOYMCITIOBANIbHA CKIAIHICTh 3aBIAaHB
KepyBaHH: HE 3POCTaE.

PoiioBe kepyBaHHA 3acHOBaHe Ha izei
poiioBoro iHTenekTy [39], SK 1 B IpUPOJHOMY
cBiTI (OMXKOMMHI KOJIOHII, KOMOHIi Mypax i
T.J.) 1 ynpaBisi€ KOJEKTHBHOIO TMOBEIIHKOIO
OJTHOTHUITHUX MOPTAaTUBHUX 1 gemeBux AHITA
3 JIOCTaTHROK) MAaHEBPEHICTIO i 3B’SA3KOM.
Oxpemuii «areHT» Ma€e HeBEIMKHUN paaiyc il
CUCTEMH 3B’SI3Ky TUIBKH 31 CBOIMH HaHOIIK-

There is also a combined (mixed) control
according to the hierarchical principle when
there are a large number of groups, and
AUV groups are also divided into smaller
groups [37].

Depending on the possibility of coordi-
nating individual decisions, decentralized
control strategies are divided into collective,
flocking, swarm and combined control
strategies [38].

In AUV group collective control method,
each group AUV receives information from all
AUVs and transfers the collected information
about the environment and its own state to the
communication channel for accessibility to all
other group AUVs and optimizes the group
collective actions. Each AUV independently
determines its necessary actions [39].

The choice of actions by the AUV
group is carried out only on the basis of
information about the group goal, the current
environmental situation, the current conditions
and the actions of other AUV groups to
achieve a common goal. Collective control
strategies allow a group to remain operational
in the event of failure of one or more
group AUVs.

In flocking control, there is no dedicated
communication channel for exchanging
information between AUVs. Each AUV
independently collects information about the
environment and decides on its next actions to
perform a group task [38].

All AUVs perform the same algorithm, and
theiractions are independent and asynchronous
from each other. Each AUV can perform
more than one operation and can change one
for another. Advantage — scalability: with an
increase in the number of group AUVs and
the computational complexity of control tasks
does not increase.

Swarm control is based on the idea of
swarm intelligence [39], as in the natural world
(bee colonies, ant colonies, etc.), and controls
the collective behavior of similar portable and
cheap AUVs with sufficient maneuverability
and communication. An individual «agent»
has a short communication range system only
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gyumu AHITA #i He BUMarae sikoi-HeOy/Ib 1ICH-
TpaJIbHOT KOOP/IMHAILI.

Koxuuit AHITA mnpuiiMae cBO1 BIAacHI
PiLIEHHS 1010 TOTOYHOTO MOBOMXKEHHS, [PYHTY-
FOUMCh Ha JJAHUX PO HABKOJIMILIHE CEPEeIOBHILIE
it Big cycignix AHIIA, siki Bunarotses y popmi
MicreBux npaBuiL. [ lepeBara Takoro kepyBaHHS —
OLIBIIT ONITUMAJIBHE PILICHHS TIPOOIIEMH OOMiHY
iH(opmartiero B rpymax AHITA jyist mocsrHeHHS
KojiektuBHMX wited [40]. MoxiuBi aBa cle-
Hapil 10 XapakTepy 0OMiHy iH(pOpMAIi€O:

— xosin AHITA BusBIS€ IiIb MONIYKY, BiH
inpopmye cycimai AHITA, sxi mepenarors 10
iH(opMariro CBOIM Cycigam; y pe3ysbrari iHdop-
Marist crae Bimoma BciM AHITA rpymm; motim
BOHH 3MIHIOIOTh TPAEKTOPIO PyXY JIO TIiIi;

— oyt AHITA BusIBIISIE IIIb, i€ HE MOXKE
MOBIJIOMHTH CBOi KoopauHaty iHImuM AHITA;
BiH 3MIHIOE TPAEKTOPIFO PYXy JO IJIi; 1HIII
AHIIA, 3 noTpuMaHHAM IpaBUII HAHOIMKINX
cyciniB, OyIyTh pyXaTHCh 32 HUM, 1 BiH CTaHE
BenyuuMm AHITA.

Hmxde mpenctaBieHnii mepemik AESIKHUX
QITOPUTMIB POMOBOTO 1HTEJIEKTY, HA3BU SKHX
J00pe BIIOMBAKOTE CYTh ITIIXOY JI0 PIIICHHS
3aBaaHb [16; 41; 42]:

— MYypaIluHHN allTOPHUTM;

— OJKOJIMHUIA

— METOJI POIO YACTOK;

— ONTHUMH3ALUS NIepeCcyBaHHIM OakTepiii;

— cToXacTU4HUH nudy3iiHuil monryk;

— QJITOPUTM I'PaBITALIHHOTO;

— aJTOPHUTM Kparieib BOAM;

— CBITVITYKOBHH aJITOPHUTM.

VY HamiBACUECHTPATi30BaHOMY KepyBaHHI
icHye JiokaibHul 3B’ s130K Mixk AHITA. Tleii Bun
IPYNOBOTO KEPyBaHHS 3[IMCHIOEThCS Bif IICH-
TPaTi30BaHOI CTparerii J0 AeleHTpali30BaHKX
crpareriii [34] i3 POMIKHUMH JisSIMH 1, B TOH ke
qac, MpaIroe Ha «KOpHUCTh» Beiel rpym AHITA
B IIIJIOMY, JIe TIPHCYTHI €IEMEHTH SIK IICHTpaJTi-
30BAHOTO, TAK i ICIICHTPATi30BaHOTO KEPYBAHHSL.

Y 1boMy MeTOZi KepyBaHHS € BelyYHid M-
BOJHMH amapar, 10 pO3MOIUIAE 3aBIaHHS IS
inmmx AHITA rpymu. Ilpu 1somy, KOXKHHI
AHIIA nocsirae cBo€i miJBOHOT i, MpuiimMa-
J0YM CBOi BJACHI DIIIEHHS, SKi TCHEPYIOTHCS
HOTO CHCTEMOIO0 aBTOMaTHIHOTO KEPYyBaHHSI.
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with its nearest AUVs and does not require
any centralized coordination.

Each AUV makes its own decisions about
current behavior based on environmental data
and from neighboring AUUs, which are issued
in the form of local rules. The advantage of
such control — more optimal solution to the
information exchange problem in AUV groups
to achieve collective goals [40]. There are two
possible scenarios possible, by the nature of
information exchange:

— when the AUV detects a target, it informs
the neighboring AUVs, which transmit this
information to their neighbors, as a result, it
becomes known to all the group AUVs; then
they change the path to the goal;

— when the AUV detects a target, but
cannot report its coordinates to other AUVs;
it changes the motion trajectory towards
the goal; other AUVs, subject to the nearest
neighbor rules, will follow it, and it will
become the leader-AUV.

Below is a list of some swarm intelligence
algorithms, the names of which reflect
the approach essence to solving problems
[16; 41; 42]:

— ant colony optimization (ACO);

— bees algorithm — BEECLUST;

— particle swarm optimization (PSO);

— bacterial foraging optimization (BFO);

— stochastic diffusion search;

— gravitational search algorithm;

— intelligent water drops algorithm;

— firefly algorithm (FA).

In semi-decentralized control, there is a
local connection (link) between the AUVs. This
type of group control is carried out from the
centralized strategy to decentralized strategies
[34] with intermediate actions and, at the same
time, works for the benefit of the entire AUV
group as a whole, where there are elements of
both centralized and decentralized control.

In this control method, there is a leader-
AUV (or CCD) that distributes tasks for other
AUVs in the group. At the same time, each
AUV achieves its underwater goal (target)
by making its own decisions generated by its
automatic control system.



Scientific monograph

1.4. Anaui3 icHyIOUMX MeTOiB ABTOMAaTHYHOT0 KepyBaHHs rpynoo AHITA

1.4. Analysis of existing AUV group automatic control methods

[Ipuxitagniii HayKoBil mpoOiiemi aBTOMa-
TUYHOro KepyBaHHs rpynor AHITA npucss-
YEHO 3HAYHY KUIBKICTh AOCITIIDKeHb [17; 43-47].

Tak, y po6oTi [17] neraibHO PO3MISHYTO
MUTaHHS JIELEeHTPaIi30BaHOIO PIBHOMIPHOTO
posocepemxenns rpynu AHITA ta nunamiy-
HOTO TTaHYBaHHS X Miciii. Po3misHyTO Takoxk
MMUTaHHS CTaloro (YHKIIIOHYBaHHS TPYIH
AHITA min 9ac iX miIBOIHOTO PyXY.

B po6ori [43] posmsiHyTO TpoOiiemy opra-
Hi3alii CHTBHUX Y3TOKEHUX NIl KOJIEKTUBY
AHITA Ta 3ampoONOHOBAHO Yy3araJbHEHUI
miaxig Ao ii BupileHHs. B ocHOBY po3B’s3Ky
MOKJIAJICHO 110 caMoOpraHi3allii KOJIEKTHBY
AHIIA, sika criupaeThcsl Ha TPUHIUI 1€pap-
Xi1 («BKJIQJICHOCTI») TIPOIIECIB YIPABIIHHS Ta
NPUAHATTS pillleHb, TAa HA TPUHINN (QyHKII-
OHAJILHOI JICKOMITO3UIIi1 (pO3OUTTS 3a/1adi Ha
mig3agaqi). ABTOpU MPOMOHYIOTh HaOip 6a3o-
BUX CIy)KOOBUX aJTrOPUTMIB KOJEKTHUBHOI
noseminkd AHITA, kUil CKIagaeThes 3 IBOX
YaCTHH: «YNpaBIiHCHKO» (A1) Ta «pyHKITIO-
HaJIbHO (A2):

— Al-1:  caMOBUSBIEHHS  KOJEKTHUBY
AHIIA;

— Al-2: camoiMEHYBaHHS  KOJNEKTHBY
AHIIA;

— Al-3:  camOy3romkeHHS  KOJEKTHUBY
AHIIA;

— A2-1:  camoopranizamisi  KOJCKTHBY
AHIIA y npocTopi;

— A2-2: camooprasizamis  KOJEKTHBY
AHIIA y yaci;

— A2-3:  camoopranizailisi  KOJEKTHBY
AHIIA 3a mapamerpom.

3amporoHOBaHN aBTOpaMM MIAXiA A€
JIBA [IUTISIXY BUPIMICHHS MTPOOJIeMH opraHizaiii
Y3TOKCHUX KOJeKTUBHUX aid AHITA:

— Ha iH(pPACTPYKTYPHOMY PiBHI — pO3po-
OJICHHS CITy>KOOBHX aITOPUTMIB KOJIEKTHBHOI
MOBEIIHKH;

— Ha NPUKIAJHOMY PIiBHI — PO3pOOICHHS
CKJIAIHUX TPOLEAYP KOJCKTHBHOI OBEIIHKA
3 BUKOPUCTAHHSM CITY’)KOOBHX aJTOPUTMIB 5K
«TOTOBHX» CKJIQJIOBHX €JIEMEHTIB.

A considerable amount of research is
devoted to the applied scientific problem of
AUV group automatic control [17; 43-47].

Thus, in [17], the issues of decentralized
uniform dispersal of the AUV group and their
mission dynamic planning are considered in
detail. The issues of AUV group sustainable
functioning during their underwater motion
are also considered.

In [43], the problem of organizing AUV
team coordinated actions is considered and
a generalized approach to its solution is
proposed. The solution is based on the idea
of AUV team self-organization, based on
the principle of hierarchy («nesting») of
control processes and decision-making, and
on the principle of functional decomposition
(task breaking into subtasks). The authors
propose a set of basic service algorithms
for the AUVs collective behavior, which
consists of two parts: «control» (Al) and
«functional» (A2):

— Al-1: AUV group self-knowledge;

— Al1-2: AUV group self-naming;

— A1-3: AUV group self-coordination;

— A2-1: AUV group self-organization in
space;

— A2-2: AUV group self-organization in
time;

— A2-3: AUV group self-organization by
parameters.

The approach proposed by the authors
are two ways to solve the problem of the
organization of AUV coordinated collective
actions:

—on the infrastructure level —
the development of service algorithms for
collective behavior;

— on the applied level — the development of
collapsible procedures of collective behavior
with different service algorithms as «ready-
madey storage elements.

However, in this work, the issues of
automatic control of the AUV group safe
motion are not considered.
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OnHak, y BKazaHiid poOOTi MUTaHHS aBTO-
MaTUYHOTO KEpPYBaHHS OE3MEUYHHM PyXOM
rpynu AHITA He po3misgaroTsest.

Y pobGoti [44] chopMyapOBaHO MEpPETiK
TUNOBUX 3a]a4 kepyBaHHs AHITA y pexxumax
OZIMHOYHOIO Ta TPYIOBOIO 3aCTOCYBaHHS NPHU
IUIaBaHHI B CKJIaJJHUX HaBirauiiHux ymosax. /1o
TOJIOBHHX 3a/1a4 KepyBaHHS aBTOPH BiIHOCAT:

— (opmyBaHHS JOCTOBiIpHOI iH(OpMAIIii
mpo rifgpo¢i3ndHi Ta TiAPOXiMIUHI XapakTe-
PUCTHKH IiJIBOJHOTO CEPEJOBHUINA, Y SKOMY
¢dyskmionye AHITA;

— po3poOky  BucokoedekTuBHUX ~CAK
TpaeKTOpHUM pyxoM oxamHouHOoro AHITA B
YMOBax aKTHBHOT JIiT 30BHIIITHIX 30ypeHb;

— pO3pOOKY  CHCTEM  aBTOMAaTHYHOIO
00X0/ly CTaTHYHUX Ta JUHAMIYHUX HaBIirali-
WHUX MEePEenIKoI;

— PO3po0OKa KOHIIEMII] aJanTHBHOI 3MIHH
miciii omuHouHoro AHITA B 3ameXHOCTI BiX
IOTOYHOT ITiIBOIHOT 0OCTAaHOBKH.

Jlo 3ajau HaBiramiiHOTO 3a0e3MeUeHHs
onunounoro AHITA BigHeceHO:

— pO3poOKy CHCTEMH aBTOMATHIHOTO BHSIB-
JICHHS 1 pO3MTi3HABAHHSI ITiIBOTHUX 00’ €KTIB;

— pO3poOKy cHCTeMH ineHTHdiKamii Ta
KJIacH(iKaIii M BOIHUX Ui (OMUHOYHHX 1
TPYIOBUX).

IIpu rpynoBomy 3acrocyBanHi AHIIA
BKa3aHW IEpeNiK IiJBOAHUX 3a1ad aBTOPU
JIOTIOBHIOIOTb:

—3aga4aMu  iH(pOpMaLiifHOrO  0OMiHY
MIDXK amaparaMu TPYIH, SIKUM BKJIIOYAE mepe-
Jlady JaHWUX MPO BJIACHE MIiCIIE3HAXOJKCHHS
okpemoro AHITA Ta ¥ioro TexHiYHHH CTaH 3a
pe3yibTaTaMy caMoJIiarHOCTHKH, TPAHCIISIIIIO
JIAHHUX PO MICIIE3HAXOKCHHS Ta TeXHIYHUN
CTaH IHIIUX amapaTiB Tpynu (TIpU MOCIiA0B-
HIW cxemi 3B’sI3Ky y TpyIi), epeiaqy JTaHuX
PO BUSIBJICHI 11111 Ta TXHI XapaKTEPUCTHKH);

— 3aja4aMu  PO3POOKU AJITOPUTMIB Ipy-
noBoro kepyBanHa AHIIA y HacTynmHuX
PEKUMAX: PEKHUM TPYIMOBOTO MOIIYKY IMiJIeH
Ha 3aJaHill akBaTopii, PeXUM OOCTEKEHHS
BUsBIIEHOI il Tpynoio AHITA, pexxum onHo-
YaCHOTO OOCTEXKEHHS JIEKIIbKOX BHSBIIC-
HUX IIJICH, PSKUM yXWICHHS BiJ| TMiJIBOTHUX
00’ €KTIB, SIKi 3arpPO3JIMBO MaHEBPYIOTh;
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In [44], a list of typical AUV control tasks
in single and group application modes during
navigation in difficult navigation conditions
is formulated. The authors refer to the main
control tasks:

— formation of reliable information
about the hydrophysical and hydrochemical
characteristics of the underwater environment
in which the AUV operates;

— development of  highly efficient
ACS for trajectory motion of a single
AUV under conditions of active external
disturbances;

— development of automatic avoidance
systems for static and dynamic navigation
obstacles;

— development of the concept of adaptive
change of single AUV missions depending on
the current underwater situation..

The tasks of navigation support for a single
AUV include:

— development of a system for automatic
detection and recognition of underwater
objects;

— development of a system for the
identification and classification of underwater
targets (single and group).

With the AUV group application, the
authors supplement the specified list of
underwater tasks:

— information exchange tasks between the
group vehicles, including the data transfer
about individual AUV’s own location
and its technical condition based on the
results of self-diagnostics, data translation
on the location and technical condition of
other group vehicles (with a sequential
communication scheme in the group), data
transfer about the identified targets and their
characteristics);

— development tasks of the AUV group
control algorithms in the following modes:
group search mode for targets in a given
water area, detected target survey mode by
the AUV group, simultaneous survey mode
of several detected targets, evasion mode
from underwater objects that threateningly
maneuver;
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— 3ajgayamMu  camoineHTudikamii AHITA
sIK wieHa rpymu Ta rpynu AHITA y minomy
SIK KEPOBaHOI MHOKHHH HOCIIB ITOIITYKOBOTO
oOnagHaHHS.

Y po6orti [44] Takok po3po0IIeHO y3aralib-
Heny apxiTektypy CAK amaparoMm y nux ymo-
Bax, sKa mepeadayae HACTYIHI IT’SITh PiBHIB
¢ynkionyBanas CAK AHIIA:

— piBeHb (HOpPMYBAaHHS MOJEIi 30BHIII-
HBOTO Cepe/ioBUINa, y SKoMYy (yHKIIOHYe
omnHouHnit AHITA uu rpyma amapartis;

— piBeHb camojiarHoctukun AHITA sk
OJMHOYHO  (DYHKIIIOHYFOYOTO  ITiIBOJTHOTO
poborTa i sIK YieHa Py IMiIBOJHHUX anaparis,
SIKI BAKOHYIOTh CITUTBHY MICIIO;

— piBeHb TIAaHYBaHHS Micii, ¢ Ha OCHOBI
3aBHaHb Bif 0i0ImioTeKH Micili (HOPMYIOTHCS
BHXI1/IHI J]aHi KepyBaHHs IPOCTOPOBUM PYXOM
AHITA Ta BU3HAYaAIOTHCS 3aBJIaHHS HA KOPH-
TYBaHHS OTO TPAEKTOPHOTO PYXY IiJ BILIH-
BOM Jlii 30BHIIIHBOTO CEPEAOBHIIA Ta ITOTOY-
HUX 3aBaaHb s rpynu AHITA;

— piBeHb KEpyBaHHsS TIPOIIECOM BHKO-
HaHHS TIBOIHOI Micii — 3a0e3rneueH sl mpo-
CTOPOBOTO PYyXY 3 3alaHAMH ITapaMeTpaMH Ta
BHUKOHAHHSI MMOINYKOBUX (DYHKIIIH OJMHOYHUM
AHITA ta AHIIA sk 4iieHa TpyIu anaparis;

— piBCHb BUKOHAHHS, [I€ TCHEPYIOTHCS
MporpamMM aBTOMATHYHOIO KEpPYBaHHS BHKO-
HAaBYMMHU MeEXaHi3MaMH Ta CHCTEMaMH —
pyuriitHo-crepHoBuM Komruiekcom AHITA Tta
HOT0 NOIIYKOBO-11eHTU(hiKAIHHIM KOMILIEK-
COM, a TaKOXX IpOorpamMH KOMyHiKaliif oKpe-
moro AHIIA 3 migepom rpynu anapatis.

OnHak, aBropu podotu [44] He po3risia-
FOTh IMUTaHHS PO3POOKH 0a30BUX AITOPUTMIB
kepyBaHHst AHITA npu BUKOHaHHI TTOCTaBIIe-
HUX 3a/1a4.

Y po6ori [45] BUKIIQZICHO Pe3yJIbTaTH CHH-
te3y OararopiBaeBoi CAK rpymoBoro kepy-
BaHHS AHIIA, sika MiCTUTb HACTYIIHI piBHI:

— piBeHb MerakepyBaHHs, Ha SKOMY pO3-
poONsiEThCSl  3arajdbHU  IJIaH — OpraHizaiii
MOIIYKOBUX TMiIBOIHUX pPOOIT 3a 0Oe3moa-
HUMH TE€XHOJIOTiIMH, (OPMYETHCS CKIIa] TPy
nonrykoBux AHIIA Ta in.;

— piBeHb CTpaTEriyHOTO KEpyBaHHS IPy-
noro AHITA, sikuit peanizyerbess AHITA-mine-

— AUV self-identification tasks as a group
member and the AUV group generally, as a
controlled set of carriers of search equipment.

In article [44], a generalized architecture
of a vehicle ACS under these conditions is
also developed, which provides the following
five levels of AUV ACS functioning:

— the level of formation of the external
environment model in which a single AUV or
a group of vehicles operate;

— the level of self-diagnostics of the AUV
as a lonely functioning underwater robot and
as a member of a group of underwater vehicles
that carry out a joint mission;

— the level of mission planning, where,
on the basis of tasks from the mission
library, the initial data for controlling the
AUV spatial motion are formed and the tasks
for adjusting its trajectory motion under
the influence of the external environment
and current tasks for the AUV group are
determined;

— the level of process control of underwater
mission execution — ensuring spatial motion
with given parameters and performing search
functions by a single AUV and AUV as a
member of a group of vehicles;

— the level of execution, where automatic
control programs are generated for execution
by mechanisms and systems — the AUV
propulsion and steering complex and its
search and identification complex, as well as
communication programs for an individual
AUV with the leader of a group of vehicles.

However, the authors of article [44] do not
consider the issue of developing basic control
algorithms for AUV when performing the
assigned tasks.

The paper [45] presents the results of the
synthesis of a multilevel ACS for AUV group
control, which comprises the following levels

— the level of mega-control, at which a
general plan for the organization of search
underwater operations using unmanned
technologies is developed, the composition of
the groups of search AUVs is formed, etc.;

— the level of strategic control of the AUV
group, which is implemented by the leader-
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POM 1 BKITFOYa€ po3poOKy CTpATETivHOI IMOBe-
ninku rpynu AHITA;

— pIBEHb TAKTHYHOTO KEPyBaHHI i-I0
rpynoro AHITA, Ha sikomy IuiaHyeTbest hak-
TUYHE BUKOHAHHS MTONTYKOBOI MicCii Ta po3po-
OnsieTbes 3aBHaHHA A kokHoro AHITA -1
rpymnu;

— piBEHB JIOKAJTbHOTO KEPYBaHHS OKPEMHUM
AHIIA y Takiif cucremi — Ha OCHOBI 00POOKH
BJIACHOI HaBirariifHoi indopmarii ta morod-
HUX TEXHIYHUX XapakTepUCTHUK arapara,
iH(popMalii BiJ TONIYKOBUX CEHCOPIB Ta BiJ
BIIACHOI CHCTEMU 3B’SI3KY,

— piBeHb KOHTPOJIFO SIKOCTI TPYHOBOTO
kepyBanHs AHIIA, skwii BHKOHYE (QYHKIIT
3BOPOTHOTO 3B’s3Ky Mik okpemumu AHITA
Ta BIJMOBIAHUMH pIBHSAMH OararopiBHEBOI
CAK rpynoro AHITA.

OpnHak, B poOoTi [45] He po3mIsaaroThCs
nuTaHHs cuHTe3y, BiacHe, CAK AHIIA, sxi
MaroTh 3a0e3meuyBaTu peanizallilo BKa3aHHX
piBHIB (DyHKIIIOHYBaHHS.

Po3smistHeMo Tenep cy4yacHUi CTaH JOCIi-
JDKCHb Yy HampsIMKy aBTOMAaTHYHOTO Kepy-
BanHs rpynoro AHITA, Buxonsum 3 THX 3a/1a4
MHOXkHH (1.1) Ta (1.2), gkl npUAHATI 1015
JOCITIKEHHSI Y JTIOCITITHUIBKIH POOOTI.

3aoaua L " 3abe3neuents HagieayitiHol

besnexu npocmoposozo pyxy AHIIA y cxnaodi
epynu. [luTaHHAM HaBirauiiHoi Ge3neKu npu-
CBSIUCHO HU3KY POOIT K BITUM3HAHUX, TaK 1
3apyOixHuX aBTopiB [46-50].

Y pobOoti [46] 3amponOHOBAHO METOA
HaBiramii B Tpymi aBTOHOMHHX CaMOXIiJTHHX
«areHTiB», KW 3a JONOMOTOI CYITyTHHKO-
Bux Hasiramiaux cucrtem GPS, ITTOHACC,
Galileo ta IRNSS 3abe3nedye miodanbHY,
JIOKaJIbHY Ta BHYTPIIIHIO HaBiramiroo. OjHaK,
3aCTOCYBaHHS IPOIIOHOBAHOTO METONY IUIS
IMiJIBOJHOT HaBITallii HEMOXIJIMBE 3-32 HeEIpa-
LI€3JaTHOCTI BKa3aHUX CYITyTHHUKOBUX CUCTEM
y BOJHOMY CEPEIOBUILL.

PoGorta [47] mpucBsiueHa 3aCTOCYBaHHIO
ITYYHUX HEHPOHHHUX Mepex s MoOyaoBU
BHCOKOTOYHOI Ta ONTHUMAJILHOI 3a MIBHUIKO-
nieto CAK AHITIA. ¥V pesynbrari aBropaMu
orpumano CAK, sika 3abe3neuye 3MiHy IIBU/-
KOCTI pyXy MiJIBOJHOTO amapara 3 Oyib-sKoi
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AUV and includes the development of the
strategic behavior of the AUV group;

— the level of tactical control of the i-th
AUV group, at which the actual execution
of the search mission is planned and a task is
developed for each AUV of the i-th group;

—the level of local control of an
individual AUV in such a system based on the
processing of its own navigation information
and the current technical characteristics
of the wvehicle, information from search
sensors and from its own communication
system;

— the level of control of the AUV group
control quality, which performs the feedback
functions between individual AUVs and the
corresponding levels of the multilevel AUV
group ACS.

However, in article [45], the issues of
synthesis, in fact, AUV ACS, which should
ensure the implementation of the specified
levels of functioning, is not considered.

Let us now consider the current state
of research in the direction of AUV group
automatic control, on the basis of the tasks of
sets (1.1) and (1.2), adopted for research in the
research work.

Task L 1 IS 10 ensure the navigation safety
of the AUV spatial motion in the group.
A number of works by both domestic and
foreign authors are devoted to the issues of
navigation safety [46-50].

In [46], a navigation method in a group
of autonomous self-propelled «agents» was
proposed, which, using satellite navigation
systems GPS, GLONASS, Galileo and
IRNSS, provides global, local and internal
navigation. However, the application
of the proposed method for underwater
navigation is impossible due to the disability
of these satellite systems in the aquatic
environment.

Article [47] is devoted to the use of
artificial neural networks for the construction
of a high-precision and speed-optimal AUV
ACS. As a result, the authors have obtained
an ACS, which provides a change in the speed
of the underwater vehicle from any initial to a
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MOYaTKOBOI JI0 33JIaHOi 3a MiHIMaJIbHHUN TPO-
MiKOK 4Yacy. OJHaK, TMHUTaHHS HaBiramidHoi
0e3reku y poOoTi He pO3IIIAAA0THCS.

Y pobGoti [48] 3amponmoHOBAaHO CTPYK-
typy CAK AHIIA, sixa mMae nyOmroBaHHS
armapaTHol YaCTHHU Ta PE3CPBHE KOIIIOBAHHS
MPOrpaMHOro 3a0e3NeueHHs, 110 MiABHILYE
HaAilHIcTh 11 PyHKuioHyBaHHS. Kpim Toro y
po0OTi PO3pOOIECHO METO] KepyBaHHS BHKO-
HaBunMu asurynamu AHITA Ha ocHOBI HewiT-
Koi storiku. Lle mae 3MoTy CyTTEBO MiBHITUTH
eKCIuTyaTalliiHi xapakrepuctuku AHITA npu
BUKOHAHHI CKJIAJHUX ITIIBOJIHUX MICIi.

3anponoBana CAK € mepcrnieKTuBHOO /st
peaizailii BUCOKOSIKICHUX TIBOIHUX TEXHO-
JIOTiH, MpoTe, MoTpedye CYTTEBOTO IIOOMpa-
LIOBaHHS [ 3aCTOCYBaHHsI B 3a/1a4ax IPYIO-
Boro kepyBanus AHITA.

[lepcrieKTUBHUM € TEXHIYHE PIilICHHSI
mono kepyBaHHA Mikpo-AHITA «AR2D2y,
sike 1MOOy/IOBaHe 13 3aCTOCYBAaHHSIM CHCTEMH
mry4Horo 3o0py [49]. CAK rakum AHITA nae
3MOTY BHUSIBIISITH ITiIBOJIHI 00’ €KTH, IO3HAYCH1
KOJIbOPOM 1, Jalli, BUKOHYBaTH (YHKIIIi CTe-
JKEHHS 32 HUMH. Pa3zom 3 1M, 3ampomoHo-
BaHa CAK mikpo-AHIIA He nepenbauae ioro
BHUKOPUCTAHHS B TPYIIl, OCKIJIbKH HE MICTHTh
MiICUCTEMHU HaBIraiiHO1 OE3IEKH.

HaiiGnmmxde n0 po3s’sizky 3ajgadi L ”
nigiiuum aBropu podotu [50], ki po3B’s-
3yIOTh IHTAHHS CHHTE3y CHUCTEMH [IPYIIO-
Boro kepyBaHHst AHITA nuisixom BU3Ha4€HHS
AHIIA-nigepa rpynu.

Takwii MIBOTHWI amapar BiJCTEKYE
3ajaHy TpaekTopito pyxy, a inmi AHIIA
rpynu  3a0e3MedyroTh MPOCTOPOBY KOH(DI-
rypamiro pyxy 0e3 3iTkHeHb. CHUTHAI Kepy-
BaHHs s KokHOTOo AHITA pospaxoByerbes
BHUXOJISTYM 3 BIJIHOCHOTO TOJIOKEHHS CYyCITHIX
armapartiB Ta BIACHOI IIBUIKOCTI, KA OTPUMY-
€THCS 32 JIOTIOMOTOI0 OOPTOBUX JATYHKIB O€3
cucremu 3B’s3ky Mk AHITA. Onnak, po6ora
HE MICTUTh BIIOMOCTEH MpO TEXHIYHY peai-
3arito CAK i Mae mourykoBuit xapakrep.

3aoaua B, po3pobxu 6az06ux areopummie
pobomu AHIIA 6 epyni. 3aciyTOBy€ Ha yBary
pobora [51], y sKiii BceOIYHO aHAI3YIOTHCS
y3arajlbHeHI METOIH YIIPABIIHHS TPYIOO

specified one for a minimum period of time.
However, the issue of navigational safety is
not considered in the article.

In article [48], the AUV ACS structure is
proposed, which has duplication of hardware
and backup software, which increases its
operation reliability. In addition, AUV fuzzy
control method of executive motors based
on fuzzy logic has been developed. This
makes it possible to significantly increase
the operational characteristics of the AUV
when performing complex underwater
missions.

The proposed ACS is promising for
the realization of high-quality underwater
technologies; however, it requires significant
refinement for use in AUV group control tasks.

A technical solution is promising for the
control of a micro-AUV (LAUV) «AR2D2y,
which is built using an artificial vision system
[49]. ACS of such AUV allows detecting
underwater objects marked with color, and,
further, perform the functions of tracking
them. At the same time, the proposed micro-
AUV ACS does not provide for its use in a
group, since it does not contain a navigation
safety subsystem.

The closest approach to solving the L e
problem was approached by the authors
of work [50], who solve the problems of
synthesizing the AUV group control system
by determining the group AUV-leader.

Such underwater vehicle tracks a given
motion trajectory, and other group AUVs
provide spatial configuration motion without
collisions. The control signal for each
AUV is calculated based on the relative
position of neighboring vehicles and their
own speed obtained using onboard sensors
without a communication system between
the AUVs. However, the work does not
contain information about the technical
implementation of the ACS and has a search
character.

The development task B, of basic
operation algorithms of the AUVs in the
group. Article [51] deserves attention, which
comprehensively analyzes AUV group control
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AHIITA: MeTon BipTyaJIbHOT CTPYKTYPH, METO]T
Ha OCHOBI TOBEIIHKH, METOJ| <JIiAep-IIOCITi-
JOBHUK» Ta METOJI ITYYHOTO MTOTEHIIIaTy TOJISL.
Takox y poOOTi MPOaHATI30BaHO OCOOIHUBOCTI
Ta TpyaHoOLIl ympasiiHHS rpymnoio AHIIA,
0co0NUBO 11151 0araToareHTHOI CUCTEMU.

Kpim TOro, BUKOHAHO aHAJI3 KPUTHIYHHUX
TEXHIYHUX NpoOJeM, AKi y3arajJbHEHI sIK TpU
HamnpsMKH: M[poOiieMa JUHAMIYHOI CKIaj-
Hocti AHITA; mpoGriiema exonmorivyHoi CKiIaa-
HocTi 3actocyBanHs rpynu AHITA; mpobnema
Cepio3HNX OOMEXKEHb, OB’ S3aHUX 3 pealli-
3aIli€l0 HAIHHOTO MiJBOAHOTO 3B’S3KY MIX
AHIIA-«areaTamMn» rpyIu.

OmHak, po3B’ 3K KOHKPETHUX 33789 Kepy-
BanHs rpymnoto AHITA y po6oTi He HaBOISTHCSL.

3adaua L po3pobku aneopummis kepy-
BAHMA OKpeMUMU GUOAMU MOPCLKUX NOULYKO-
sux onepayii. OCKUIbKU MOLTYKOBI omeparii
€ OJJHUM 3 TOJIOBHUX 3aBJaHb JUIsS TPYHOBOIO
3actocyBanHa AHIIA, ix anropurmizarii
MIPUCBSIUCHO 3HAYHY KIJBKICTh 3apyOi’KHHX
myOuikarii [52-56].

Hocmipkenas [52] npucBsYeHe aHAII3y
cTparerii  moBeninku Tpynu AHIIA npu
BHOOPI ONTHMAILHUX MApPIIPYTIB ITiJ 9ac pyxy
Y HETOBHICTIO BU3HAUYCHOMY CEPEHOBHINI 3
ypaxyBaHHIM OOMEXEHb Ha CHEpropecypcu
AHITA Tta HeoOXxigHiCTh iH(pOpPMaLiHOTO
00MiHy MK HUMHU. JIJIs1 pO3NOALTY LiIeHd MixK
AHITA aBTOpM BHUKOPHCTOBYIOTH T'€HETHY-
HUI arOpUTM, KU 00Mpae MOpsIOK 00XOLy
LJTeH 3riHO 3aaHiil HUTbOBIM (QYHKITII.

Pesyneratu po6oTH MOXYTH OyTH MOKJIA-
JICHI B OCHOBY TUTAaHYBaHHS HOIIYKOBHUX MiCiit
rpymu AHITA sk onuH 3 BapiaHTiB IOOYI0BH
0a30BHX QJITOPUTMIB T'PYIIOBOTO KepyBaHHS,
OIHAaK BHMAraroTh JONATKOBHX IOCIIiIKEHBb
IUTSL 3aCTOCYBAaHHS Y MOPCHKIH MPaKTHIIL.

Y poboti [53] DOCHiKYIOTECS TIepeBaru
MOOYIOBU IHTETPOBAHUX CHUCTEM KEPyBaHHS
AHIIA Ta peanizanii Ha X OCHOBI MyJbTHa-
TEHTHOT TEXHOJOril TpyIMOBOr0 KepyBaHHS
AHIIA. IToka3aHo, 1110 10 IepeBar iHTerparii
kepyBanHs AHITA BigHOCSTBCS:

— MiJBUIICHHS €(QEKTUBHOCTI KEpyBaHHS
3-32 MOKJIIMBOCTCH ONTHMIi3allii aJropuTMiB
(YHKIIIOHYBaHHS BCiX €IIEMEHTIB CHCTEMU;
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generalized methods: the virtual structure
method, the behavior-based method, the
“leader-follower” method and the artificial
potential field method. The paper also analyzes
the features and difficulties of AUV group
control, especially for a multi-agent system.

In addition, the analysis of critical
technical problems, which are generalized in
three directions, is carried out: the problem
of AUV dynamic complexity; the problem of
environmental complexity of using the AUV
group; the problem of serious limitations
associated with the implementation of reliable
underwater communication between the group
AUV — «agentsy.

However, the solutions of specific AUV
group control tasks are not presented in the
work.

The development task L of control
algorithms  of certain maritime search
operations. ~ Since  search  operations
are one of the main tasks for the group
application of AUVs, a significant number
of foreign publications are devoted to their
algorithmization [52-56].

The research [52] is devoted to the
analysis of AUV group behavior strategies
when choosing optimal routes during motion
in a completely defined environment, taking
into account the restrictions on the energy
resources of the AUVs and the need for
information exchange between them. To
distribute targets between AUVs, the authors
use a genetic algorithm that chooses the order
of traversing targets according to a specified
objective function.

The results of the work can be used as the
basis for planning search missions for an AUV
group as one of the options for constructing
basic algorithms for group control; however,
they require additional researches for
application in maritime practice.

Article [53] examines the advantages of
building integrated AUV control systems
and the implementation based on their multi-
agent technology of AUV group control. It is
shown that the advantages of AUV control
integration include:
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— 3MEHIIICHHS MacorabapyTiB Ta eHEProCIo-
JKUBAHHS CJICKTPOHHOI amaparypu 3aBIsKd
BHKOPUCTAHHIO €JIMHOTO OOYHCITFOBAILHOTO
MOJTYJISI Ta €JIMHOT CUCTEMH CHEPrOXKHBIICHHS;

— MOJJIUBICTh 3aCTOCYBAaHHS HPUHIIUIIB
yHi}iKalii NporpaMHO-TEXHIYHUX pIlIeHb
CAK st pizanx Tumis AHITA.

Y pob6oTi HaBeAECHO MOCHIIOBHICTH €Ta-
IiB BUKOHAHHS THUIIOBUX IIOIIYKOBHX MicCiit
Ta OOTOBOPIOIOTHCS THMTAHHS JIEKOMIIO3HMIIT
CKJIAJIHUX arcHTiB MYJIBTHAreHTHOI CHCTEMHU
Ha MEHII CKJIaJHI areHTH migcucrem. L{iHanm
€ PO3IIOJILJI areHTIB Ha!

— areHTiB Ui KOMYHIKAllid Ta IUJIaHy-
BaHHS ITOTOYHHUX ITIIBOJHUX MICIH;

— aredTiB JUId aJanTUBHOI ONTUMI3arii
pobotu rpynu AHITA B akTHBHOMY 1 IMacuB-
HOMY PEXKHUMaX;

— are’TiB Ui YMOpaBIiHHA, BIAMOBIIHO,
AKTUBHUMH 1 MACUBHUMH PEKUMaMH POOOTH
AHIIA.

Lle mae MOXIHUBICTH SKICHO OpraHi3oBY-
BaTH 3aBJaHHSA 110 BHUCBITAECHHIO ITiJBOIHOL
0OCTaHOBKHM y pOOOYiii 30HI, BHPIITyBaTH
MMUTaHHS HaBiramii Ta TiIpOaKyCTHYHOTO
3B s3Ky Mixk AHITA, kepyBaHHS TeXHIYHHUMHU
3acobamu okpemux AHITA. OnHak, BigoMo-
CTEH, JOCTaTHIX /Ui MPaKTUYHOI peaiza-
1ii MyJIbTHMAareHTHUX TEXHOJIOTiH, y poOoTi
HE HaBEJICHO, 1110 OOYMOBIIOE HEOOXIJHICTH
JIONATKOBUX MPUKIATHUX JOCITIDKEHb IS
CTBOPEHHS TEOPETHYHUX OCHOB MOOYI0BU
CAK rpynoro AHITA.

Y po6oTi [54] po3misaaoThCs TPUHITUITH
noOyIOBM  PO3MOMIJICHOT  MYJIbTHAr€HTHOU
CUCTEMH JUIA KepyBaHHS yIrPyNOBaHHSIM
poem AHITA 11t po3momisieHOro BUKOHAHHS
3aBJIaHHsI IATPYITFOBAHHS 3aJ]aHOT aKBaTOoPIii.

ABTOpPY TPONOHYIOTh HOBY METOAMYHY
OCHOBY JIJIsl PO3POOKH PO3MOIITICHUX 1HTEIIEK-
TYaJIbHUX CHUCTEM KOJEKTHBHOTO KEpyBaHHS
PYXOMHMH POOOTOTEXHIUHUMH 00’ €KTaMH
HOBOTO TOKOJIHHS, IO JO3BOJHUTH BHPIIIY-
BaTH BaXKJIMBI 3aBIaHHS MMOTO/HKEHOT JisIbHO-
cti rpymu AHITA 1 3a0e3neunTs Taki BaXXIUBi
MepeBary SIK THy4KiCThb i ¢(peKTUBHICTB, TPO-
JYKTHBHICTh 1 MaclITaOOBaHICTh, HAJIHHICTh
1 )KUBYYICTh CHCTEMH.

— improving the control efficiency due
to the possibilities of operation algorithm
optimizations of all the system elements;

— reduction in mass dimensions and
energy consumption of electronic equipment
due to the use of a single computer module
and a single power supply system;

— the possibility of applying the principles
of unification of software and technical
solutions of ACS for various types of AUVs.

The paper presents a sequence of stages
of typical search missions and discusses
the decomposition of complex agents of a
multi-agent system into less complex agents
of subsystems. It is valuable to divide agents
into:

— agents for communications and planning
of current underwater missions;

—agents for adaptive optimization of
AUV group mission in active and passive
modes;

— agents for control, respectively, of active
and passive modes of AUV operation.

This makes it possible to qualitatively
organize the tasks of illuminating the
underwater situation in the working area, to
resolve issues of navigation and hydroacoustic
communication between AUVs, and to
control the technical means of individual
AUVs. However, information sufficient for
the practical implementation of multi-agent
technologies is not provided in the work,
which necessitates additional applied research
to create the theoretical foundations for
building the AUV group ACS.

In [54], the principles of constructing a
distributed multi-agent system for controlling
a AUV swarm grouping for distributed
execution of the task of patrolling a given
water area are considered.

The authors propose a new methodological
basis for the development of distributed
intelligent systems for collective control of
mobile robotic objects of a new generation,
which will allow solving important problems
of coordinated activities of the AUV group
and provide such important advantages
as flexibility and efficiency, productivity
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ABtoHoMHIcTE AHITA 3a0e3nedyeThes
HASBHICTIO 1HIMBIIyaJIbHOI 1HTEIEKTYalbHOI
cuctemu kepyBanus (ICK) koxxHIM anaparoM,
3[1aTHOI pearyBaTH Ha IOl IUIAHYBaTH CBOIO
po0OTYy 3 JOCSATHEHHS METH i OOMIiHIOBAaTHCh
iH(pOpMalli€lo 13 IHIIMMU arnaparaMmu.

[IporpamHi ckiaaoBi miIBOAHOI Micii cuc-
TEeMH, fKa PO3POOIIOETHCS, TOKIUKAHI BHUPi-
[IyBaTH JOKaJbHI 3aBJJaHHS:

— 3a0e3MeYCHHS CIOCTEPEKCHHS 3a TIEeB-
HUM KBaJpaToM aKBaTopii;

— BUOIip Oe3MeYHOro MapIIpyTy pyxy;

— MATpUMKa HEOOXITHOTO 3amacy 3apsity
Oarapeid;

— 3a0e3meUeHHs ceaHciB 3B 3Ky 3 0a3010;

— 1IeHTH(IKALIS TEBHUX IIJIEH 13 337]aHOTO
nepeniky (3aBaanb s kokHoro AHITA).

[IponoHoBanuii MeTOA aJalTUBHOTO ILia-
HyBaHHs 0a3yeTbCs Ha BBEJICHHI (DyHKIii
3aJI0BOJICHOCT1 KO)KHOTO areHTa CHUCTEMH, SIKi
OTIUCYIOTb BiAXWJICHHS aTpUOYTiB MapaMeTpin
BiJ Oa’KaHMX 1Jl€aIbHUX 3HAYEHb.

3aranpHUH TPUHOUT TOOYIOBH PO3IO-
TIeHOT CHUCTEMH KepyBaHHS YTPYIOBaHHSIM
AHITA BuMmarae 3acTOCyBaHHSI MEpEKeIeH-
TPUYHOTO X0y B CTBOpPEHHI Oararoa-
TeHTHOI «CUCTEMH CHUCTEM», Y3TOIKEHO B3a-
EMOJIIFOYMX Ha 0a3i p2p-NPUHIMIIIB (BapiaHT
apxiTeKTypu CHCTEMH, B OCHOBI fKOi CTOITh
Mepe)ka PIBHONPABHUX BY3IiB) MiX COOOIO
yepes 3arajibHy LIMHY.

IIpy 1pOMy 3’SBISIETHCS MOMKIUBICTDH
CTBOPDHUTH CHCTEMY, K4 CaMOOPTaHi3yeThCs,
Ta y SIKifl TUPEKTUBHUI KOMaHIHUH IICHTP MO
MPUAHATTIO PIllIeHb, 30epiraloun mpu IbOMY
BCl MOKJIMBOCTI JIsI IOCTAHOBKH 3aBJaHb,
KOOPJUHAIIT 1 OIIHKK Pe3yJIbTaTiB, He Kepye
mpoIecamMy, a BUKOPUCTOBYE MPSIMY B3a€MO-
JUI0 «areHTiB» MIX COOOI JIJIS Y3TOJKCHHS
pimens. Ile nmossomse orpumarn CAK rpy-
noto AHITA HOBOro THMy — «KOMAaHJHOTO
IHTEIEKTY».

OTpuMaHi aBTOpaMHu pe3yJabTaTH € Mep-
CHEKTHMBHUM HAampPSIMKOM PO3BUTKY «pOIO-
BHUX» METOJ[IB TPYNOBOTO KEPYBaHHsI, OJHAK,
BUMAraloTh TPOBEIEHHS JOJATKOBUX MpPHU-
KIJIQJHAX HAYKOBUX JOCIIKEHbB JIJIS 3aCTOCY-
BaHHS Y MOPCBKIil MPaKTHIII.
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and scalability, reliability and survivability
of the system.

AUV autonomy is ensured by the presence
of an individual intelligent control system
(ICS) for each vehicle, capable of reacting to
events, planning its operation to achieving its
goals and to communicate with other vehicles.

The software components of the
underwater mission of the developed system
are designed to solve local problems:

— ensuring observation of a certain area of
the water area;

— selection of a safe route of motion;

— maintaining the required battery charge
reserve;

— providing communication sessions with
the database;

— identification of certain targets from the
given list (tasks for each AUV).

The proposed adaptive planning method
is based on the introduction of satisfaction
functions of each system agent, describing the
deviations of the parameter attributes from the
desired ideal values.

The general principle of building a
distributed control system of the AUV
grouping requires the use of a network-centric
approach in the creation of a multi-agent
«system of systems» coordinately interacting
on the basis of p2p principles (a variant of the
system architecture based on a network of
peer nodes) interconnected via a common bus.

At the same time, it becomes possible to
create a system as self-organizing and in which
the directive command center for decision-
making, while retaining all the possibilities
for setting tasks, coordinating and evaluating
the results, does not control the processes, but
uses the direct interaction of «agentsy with
each other to coordinate decisions. This makes
it possible to obtain an AUV group ACS of a
new type — «command intelligence».

The results obtained by the authors are
a promising direction in the development
of «swarm» technologies of group control;
however, they require additional applied
scientific research for application in marine
practice.



Scientific monograph

JlocuTh OOTSDKHI Ta Ba)CJIMBI I TEOPii 1
MPAKTHKH HAYKOBI pe3yJIbTaTH OyJIH OTPUMaHI
i 9ac BUKOHAHHS €BPOIEUCHKOTO IIPOCKTY
“GREX”, skuii CIUIBHO BHKOHYBABCS YHi-
BEPCUTETAMH Ta pOOOTOTEXHIYHUMH (ipMaMu
BenukoOputanii, ®panuii, Himeuuunu, ITop-
Tyrajii Ta iHIIMX KpaiH €Bpocoro3y Ha Mpo-
15131 2006-2009 pp. [55]. [Ipoekt nependaqan
MOPCBKI HaTypHI BHIPOOYBAaHHS 3 METOIO
MEePEeBiPKH  KOHIIEMIII TPyINOBOTO BHKOPH-
cranHs gBox AHITA Ta aBoX karamapaHiB
(6esekimaxkHux HamBogHUX cyaHa, BHC), sxi
MaJM BHYTPIIIHLOMOOITHHHUNA 3B’SI30K IS
BUKOHAHHS HU3KH ABTOHOMHHUX ITiZ[BOIHHIX
MICIH, I SKMX HEOOXITHO OYyJIO IJIaHyBaTh
Ta BUKOHYBaTH MaHEBPH Ta KOONEPATUBHI Jii
(puc. 1.6).

OTpuMaHi  €BPOKOMAHJIOI0  HAyKOBILIB
pe3ynpTaTH  MIATBEPAWIA  Mpale3naTHICTh
KOHILIEMIi1 rpynoBoro BukopuctanHs AHITA
Ta HaJIBOJTHUX Oe3eKiMaXKHUX CYJIEeH I BUKO-
HaHHS CITUIBHUX MiCili B HEBU3HAUYEHUX YMO-
Bax ekcruryarariii [55; 56].

OjHak, KOHKpPETHI  HayKOBO-TEXHIYHI
pilIeHHs, sSKi MOXXHa OyJl0 O BUKOPHCTATH
JUTS IPAKTUYHOT TOOY/I0BH aHAJIOTIYHUX MOP-
CBKHX CHCTEM, aBTOPH HE HaBOJSITb.

Quite burdensome and important, for
theory and practice, scientific results were
obtained during the implementation of the
European project «GREX», which was jointly
carried out by universities and technical
firms from Great Britain, France, Germany,
Portugal and other countries of the European
Union during 2006-2009 [55].

The project provided for the marine
full-scale tests to confirm the concept of
group application of two AUVs and two
catamarans (unmanned surface vessels, USV),
which had internal mobile communication
for a number of autonomous underwater
missions, for which it was necessary to plan
and perform maneuvers and cooperative
actions (Fig. 1.6).

The scientific results obtained by the
European team confirmed the viability of
the concept of the group use of AUVs and
unmanned surface vessels to carry out joint
maritime missions in uncertain operating
conditions [55; 56].

However, the authors do not provide
specific scientific and technical solutions that
could be used for the practical construction of
similar marine systems.

Pucynok 1.6 — PodororexniuHi ckinagoBi npoexkty €Bpocoiody «GREX»

Figure 1.6 — Robotic components of the European Union project "GREX"
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1.5. AkTyaasbHi 3a1a4i aBToMaTH3aIlii MONIYKOBUX Mi/IBOIHUX OmepaIrii
i MOCTAHOBKA 3a71a4i JOCJIiIKeHHS

1.5. Relevant objective of search underwater operations automation
and research problem statement

AHami3 crtaHy MpoOJieMH 3aCTOCYBaHHS
3ac00iB MOPCHKOi POOOTOTEXHIKU JUISI BHKO-
HaHHS MMOITYKOBUX ITiIBOJHUX OTIepaIliid CBij-
YHTh, III0 BUKOPUCTAHHS TPYTIOBUX TEXHOJIOTIN
3actocyBaHHss AHITA 3HaxomuThes Ha modar-
KOBiM cTafii 1 HaJeKUTh A0 MariCTpalbHUX
HaINpsIMKIB PO3BUTKY MOPCHKUX TEXHOJOTIH.

Po3rnstHeMo y3aranmpHEHI TOKa3HUKH TPY-
moBoro 3actocyBanHs AHIIA y morrykoBux
oreparisx, puxonsau 31 SWOT-anamizy [57].

J1o TONIOBHUX TIepeBar TpymoBOro 3aCTOCY-
Banasa AHITA caix BinHecTu:

— BHCOKY IPOAYKTHBHICTH  IIiIBOJHHUX
MOUTYKOBUX POOIT, OCKUIBKM BOHH BHUKOHY-
IOTHCSl Ha BEJIMKUX 32 IUIOLIEI0 aKBaTOPisX 13
sanmydeHHsM rpynu AHITA, npudomy, Kiib-
KICTb IMiJIBOJHUX arapaTiB y TPyIi MOXKE 3Mi-
HIOBaTHCh Y 3AJIGKHOCTI BiJI BUMOT JI0 3arajib-
HOT TPUBAJIOCTI MOIITYKOBOI orepartii [58];

— HU3BKI (DIHAHCOBI BUTPATH Ha TPOBEICHHS
MOPCBKHX OTepalliif, OCKLIbKH JUIS TX POBEICHHS
3acTocoBy1OTh JieteBi AHITA, co6iBapTicTh CTBO-
PEHHs AKUX Ha 2-3 MOpPsJIKK HMXKYA 3a co0iBap-
ticth Tpaaumidaux AHITA manoro kmacy [59].

J10 OCHOBHUIX HEIOIIKIB TPYIIOBOTO 3aCTO-
cyBanHsi AHIIA, siki cTpUMYIOTH iX IIHPOKE
3aCTOCYBaHHSI, CJIiJl BIIHECTH:

— CKJIAIHICTh aBTOMATH3aIlll Y3TOMKEHOI
po6otu rpyrmu AHITA mpu BUKOHaHHI CIiJIb-
HOI MOIIYKOBOI Micii;

— cxnaanictb  po3podoku CAK Oesana-
piitaium TpynoBum pyxom AHITA B ymoBax
Ji1 30BHINIHIX 30ypeHb MPHPOIHOTO Ta/abo
AQHTPONOTEHHOTO MOXOIKCHHS;

— CKJIAJIHICTh OpraHi3aiii CHCTEeMU KOMY-
HiKamii MiX «arentamm» rpynun AHITA Ta
BIJICYTHICTB «On-line»-3B’513Ky MIX TPYIIOIO
AHITA Ta OeperoBuM IEHTPOM KEpyBaHHS
MOIIIYKOBOIO OTEpalli€lo;

— iCHyBaHHSI PU3MKIB BTPaTd YaCTUHHU IMiJl-
BOJIHMX arapariB rpyly BHACTIAOK Jiii 30BHillI-
HIX (hakTopiB, 300iB MPOrpaMHOTO 3a0e3IECUCHHS
CAK uu TexniuyHHX BigMoB okpemux AHITA.
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Analysis of the problem state of using
marine robotics tools for performing search
underwater operations demonstrates that the
use of AUV group technologies is at an early
stage and is related to the marine technology
development main directions.

Let us consider the generalized indicators
of the AUV group application in search
operations, based on the SWOT analysis [57].

The main advantages of the group use of
AUVs include:

— high productivity of underwater search
operations, since they are carried out in
large areas of water with the involvement of
AUV group, and the number of underwater
vehicles in the group may vary depending on
the requirements for the total duration of the
search operation [58];

— low financial costs for carrying out
marine operations, since cheap AUVs are used
for their implementation, the cost of creating
which is 2-3 orders of magnitude lower
than the cost of traditional AUVs of a small
class [59].

The main disadvantages of AUV group
application that hinder widespread of group
AUV application technologies, include:

—the complexity of the AUV group
coordinated mission automation when
performing a cooperative search mission;

— the complexity of the accident-free AUV
group motion ACS development under the
influence of external disturbances of natural
and/or anthropogenic origin;

— the communication system organization
complexity between the AUV group «agentsy»
and the absence of an «online» connection
between the AUV group and the search
operation coastal control center;

— the existence of risks of losing part of the
group’s underwater vehicles due to external
factors, ACS software failures or technical
failures of individual AUVs.
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TakuM YHHOM, OUTBIIICTh MPOOIEMHHUX
MUTaHb, PO3B 30K SKUX BIJIKPUE MOKITHBICTh
MIPOMUCIIOBOTO BUKOPHCTAHHS I'PYIIOBUX TEX-
Hosoriii Bukopuctanus AHIIA, mos’s3aHi 3
PO3pOOKOIO BUCOKOE(DEKTHBHHUX CHCTEM aBTO-
MaTHU4YHOTO KepyBaHHA rpynoo AHITA Ta
okpemumu AHITA sik «areHTaMuy rpynu.

Tomy y mocmigHuIbKill poOOTI gk Haii-
OUTBII aKTyanbHI JUIS MOTOYHOTO CTaHy
BITYM3HSIHOT HAYKH PO3IVISLIAIOTHCS PO3B’A3KU
HACTYITHMX TOJIOBHUX 3aJlad aBTOMAarh3allii
rpynoBoro 3actocyBannas AHITA:

— Juis niepiioro HanpsmMky C, aBTOMaTH-
3anii Co-Co-Ro — TexHoJoriii — 3ajaui aBro-
MaTUYHOTO KEpyBaHHS PyXOM OAWHOYHOTO
AHIIA sk «areHTa» rpynu B yMOBaX HaBira-
ifiHoi Onu3bkocTi iHmux AHITA;

— Juist ipyroro Hanpsmky C . aBromarusa-
uii Co-Co-Ro — TexHonoriii — 3agaui aBTomMa-
TH3allii IJIaHyBaHHS Ta BUKOHAHHS TPYIIOBOTO
MOIIYKY SK OJHOTO 3 0a30BHUX aJITOPUTMIB
kepyBanHs rpynoro AHITA Ta 3amaui aBro-
MaTtu3alii KepyBaHHSI OKPEMHMH BUIAMH MijI-
BOJHHX IMOITYKOBHUX OIeEpamii.

Thus, most of the problematic issues, the
solution of which will open up the possibility
of industrial use of group technologies for
AUVs, related to the development of highly
efficient automatic control systems for the
AUV group and individual AUVs as group
«agentsy».

Therefore, in the research work, as the
most relevant for the domestic science current
state, solutions to the following main tasks of
the AUV group application automation are
considered:

— for the first direction C " of Co-Co-Ro
automation — technologies — of the automatic
motion control tasks of a single AUV as a
group «agent» in conditions of navigational
proximity of other AUVs;

—for the second direction C_. of
Co-Co-Ro automation — technologies — of
group search automation tasks as one of
the basic control algorithms for a group of
AUVs and tasks of control automation
of certain types of maritime search
operations.
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