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HEPEJIIK YMOBHUX CKOPOYEHb

LIST OF CONDITIONAL ABBREVIATIONS

(:l;(l;)r I;(\):aeg ;Irslls) YkpaiHChKHil English
I'AC (HAS) | rigpoakycTudHa cucrema hydroacoustic system
I'T (PS) rpeOHUI TBUHT propeller screw
EJl (EM) €JIEKTPOJIBUTYH electric motor
EPK (EMC) | enekTpopyuiiiiHuii KOMIUIEKC electromotive complex
EPII (EMD) | enextpopyuniiiHuii npucTpiit electromotive device
KK(RTE) KOpIHHMI KiHelb Kabenb-Tpoca | tether cable root end
KJI (CW) KabeJbHa Jiebi/iKa cable winch
KT (TC) Ka0eJb-TpoC tether cable
30 (SO) 3aTOHYJIUN 00'€KT sunken object
IC (IS) iH(dOopMaIliifHa cuctema information system
MM (MM) | MmatemaTH4Ha MOJIEJIb mathematical model
HO (AE) HaylilHe 00J1aHaHHs attached equipment
ITA (ROV) | migBoguuii anmapar remotely operated vehicle
ITEK (PCP) | mocT eHepreTHukH 1 KepyBaHHS power and control post
IIM (UM) M1JIBOJTHUNA MaHIYJISITOP underwater manipulator
I10 (UO) MIJBOJTHUN 00’ €KT underwater object
[TIC (TUS) | mpuB'si3Ha NiBOJAHA CUCTEMA tethered underwater system
IICHO MiJBOJHA caMoXigHa cucTeMa 3 | underwater self-propelled
(USPEC) HAYIMHUM OOJIaTHAHHSI equipment carrier
IIT (UC) M1J{BOJIHA TeYis underwater current
P3 (WZ) pobouya 30Ha working zone
PT (CC) pi3ak Tpocy cable cutter
CAK (ACS) | cucrema aBTOMATUYHOIO | automatic control system
KepyBaHHS
CAIIC (ASSS) | cuctema aBTOMATHUYHOI | automatic spatial stabilization

MPOCTOPOBOI cTabLII3aIlli system
CH (CV) CYJIHO-HOCIH carrier vessel
CPK(SDC) | cTabinizyroumii pyuiiinui | stabilizing driving
KOMILJIEKC (propulsion) complex
CPII (SDD) | crabunizyrouuii pyuriitHuii | stabilizing driving device
MPUCTPIN
TO (PO) TOYKOBUM 00’ €KT point object
XK(RNE) XOJIOBUM KiHEIlb KaOelb-Tpoca tether cable running end
[IM (CM) LEHTP Mac center of mass
S (A) SKOPb Anchor
A (AC) SIKIPHOTO JIAHIIOTa anchor chain
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BCTYII

INTRODUCTION

[IpyB’sI3HI MiIBOAHUMHU CHCTEMH € |

e(EeKTUBHUM THCTPYMEHTOM

HHCTaHHiﬁHOFO BUKOHAHHA

CHEKTPY NIABOJHO-TEXHIUHUX poOIT Ha
3aTOHYIMX 00’ektax. JIo CKuagy THIOBOT |
MPUB’S3HOT TIABOJHOT CHCTEMH BXOIATh
CaMOXIJTHUH TIPUB’ I3HUU M1ABOJIHHM amapat

(I1A),
PO3MIIlIEH] TOCT €HEPreTUKU 1 KepyBaHHS

cynHo-Hociii  (CH), Ha

(ITEK) nigBogHuM amapaToM 1 KaOeiabHa
neb6iaka (KJI) 3 ka6ens-tpocom (KT), uepes the (ROV). The attached (mounted)

KU 3a0€3MeUyeThCs €JIEKTPOKHUBICHHS Ta |

kepyBanHs [1A. Jlo HauinmHOro O01agHAHHS

(HO), 3a momnoMorow sSIKOTO BUKOHYIOThCS
migBoAHI pobOotu, BimHOcAThCA migBoaHi | (UMs), cable cutters (CCs), pollution

Maninynaropu (IIM), pizaku tpociB (PT),

OUYHCHI IPUCTPOI TOIIO.

Bemuka  KUIBKICTP  TakuXx

BUKOHYETBCA Ha TOYKOBHX HiI[BOI[HI/IX

00’€KTax, KONM OCHOBHMM pexuMoM IIA ¢ |
Lle

HEOOX1THO ISl €(pEKTUBHOI'O 3aCTOCYBaHHS

Woro craluimizamis y  HOPOCTOPL

roro HO.

Ile ytBOproe HOBUN THUI 3ac00iB
IiBOJHOI pOOOTOTEXHIKH — an/IB’sBHi;
MIIBOIHI CUCTEMHU 3 HAY1IHUM
obnagnannsm  (IICHO) 1 Bi,I[KpI/IBaEE
MPUHIIMIIOBO  HOB1I ~ MOXJIHMBOCTI mmé

i IBOIHMX TEXHOJIOTIH — BiJl BACOKOTOYHHX |
OUCTAHIITHO KEPOBaHUX MaHIMYJIALIHHUX
pPOOIT 10 3aXOIUICHHS 1 MIAHOMY MiABOAHUX
objects (UOs) to the surface.

00’exTiB (I10) Ha MoOBepxHIO.

v HaBYAJIbHOMY MOCIOHUKY
PO3IJIANAIOTECS ITMTAHHSA —aBTOMATH3allii |
KEpyBaHHS  [MPUB’SI3HAMH  MiJABOJHUMH |

cUcTeMaMM 3 HauyilHUM OOJIaJHAHHSAM IIpH |

5

IS |
IINPOKOTO |

SAKOMY |

vessel (CV), are housed through which

pooIT

underwater point objects, when the

. underwater robotics

Tethered underwater systems
are an effective instrument for remote
execution of a wide range of
underwater technical (engineering)
operations on sunken objects. A
typical tethered underwater system
includes a self-propelled remotely

operated vehicle (ROV), a carrier
the power and control are supplied to

equipment (AE), by which the

. underwater operations are carried out,

includes the underwater manipulators

control facilities and so on.
A large number of
operations are carried

such
out on

ROV basic mode is its stabilization in
space. This 1s necessary for the
effective implementation of its AE.
This creates a new type of
equipments —
systems with
(USPEC) and
opens up  fundamentally
opportunities for underwater
technologies — from high-precision,

tethered underwater
attached equipment
new

remotely controlled manipulations for
capturing and lifting of the underwater

The questions of tethered
underwater systems control
automation  with  the  attached

equipment when working with the



poooTI 3 TOYKOBUM MABOAHUMU

00’ exTamu: po3pobka y3arajabHEeHO1
CTPYKTypH CUCTEMHU aBTOMATUYHOT O
KEPYBaHHS, pO3poOKa Ta JOCIIIKEHHS |
CUCTEeMH MpOoCcTOpoBoi cradinizaiii [TA npu
poboTi MaHINyJIaTOopa, cTaburizaris
mupepenty IIA  npu  mepepizyBaHHI
MeTaJIeBUX TPOCIB, aBTOMAaTH3aIlisl

KepyBaHHA KaOembHOIO Jebinkoro IICHO !
Ha SAKIPHIM CTOSHII CyJHA-HOCIA, a TAKOX |

ominka piBHa aBromaruzanii [ICHO vy
IJIOMY.

underwater point objects: development

of the generalized structure of the
automatic control
development and research of the ROV
spatial stabilization system during the
manipulator operation, ROV pitch
stabilization in the cutting of the metal
cables, USPEC cable winch
automation control at the carrier vessel

system,

anchorage, as well as the assessment
of the USPEC automation level in

. general are being considered.



1 3ATAJIBHI IUTAHHSA ABTOMATU3AIIL MIABOJHUX POBIT HA
TOYKOBHUX OB’€EKTAX

1 GENERAL QUESTIONS OF THE AUTOMATION OF UNDERWATER
OPERATIONS ON POINT OBJECTS

Po6ota 3 ToukoBumu 11O € nocutsb
. objects (POs) is a sufficiently widespread
MOPCBKOI A1s7bHOCTI. J[0 Takux 00’ €KTIB

include:
aBapiiiHO |

IIUPOKO  PO3MOBCIOKEHUM  BHJIOM
HaJIeKAaTh:

UBUIbHI 00 €KTH —
3aTOHYJ1 TPaHCIIOPTHI
THXEHEepH1 00’ €KTH
1HppacTpyKTypH, 00’ €KTH
(T1IpONIOTIYHUX,
apXeoJ0T1UHUX) JOCIII>KEHb TOIIIO;

3acoou,

HayKOBHX

BOEHHI 00 ’€KTM — MOPCBKI MIHH, |

3aTOHYJ1 Oo€rnpunacu i 30posi, MiJBOHI
OOOpOHHI CHOpPYIH, HECAHKI[IOHOBAHO
pO3MIIlIEH] TiJl BOJOIO NpPWIAIA Ta

amapaTypa CHOCTEPEKEHHS Ta PO3BiIKHU |

IIPOTHUBHUKA TOILIO.

AHani3 nociny 3apyOixHuX (ipm
ta Biacaui gocsin HYK 3 ekcruryaramii |
underwater
(IICHO) |
CBIIYUTH, IO THIIOBUMH TEXHOJOTISIMH |
objects are:
TEXHOJIOTiA pPoboTH 3 Oeperosoi |

MIIBOIHUX
o0J1aTHAaHHIM

MPUB’ I3HUX
Ha4YiMTHUM

CHUCTEM 3

po0OOTH 3 TAKUMH 00’ €KTAMU €:

niHii (mpuyany, rpe0ii, HeoOJiaJHAHOTO
Oepera);

TEXHOJIOTisi pOOOTH 3 CYIAHA-HOCIS |
carrier vessel (CV), which is anchored;
TexHosoris podoru 3 CH, skwuii |
. which is in drift.

(CH), sxuit cTOiTh Ha AKOPI;

JIEKUTH y Apendi.

TumoBi  cxXeMu  3aCTOCYBaHHS
I[ICHO 3a mmMu TEXHOJIOTIIMU HaBeACH1
Ha puc. 1.

Po3risiHeMO nesiki  OCOOJMBOCTI |
peanizarii BKa3aHUX MIIBOIHUX
TEXHONOTiM 3 TNO3MIiil  KepyBaHHS |

IICHO.

BUJO00YBHOI
. scientific (hydrological, environmental,
EKOJIOTIYHUX, !

Working with underwater point
type of marine activities. These objects

civilian objects — wrecks of sunken

Evehicles, engineering facilities of the

mining  infrastructure, objects  of

archaeological) researches, etc.;

military objects — sea mines,
sunken ammunition and weapons,
i underwater defense structures,

. unauthorized devices located under water
. and equipment for surveillance and

enemy intelligence, etc.

Analysis of the experience of the
foreign firms and the personal experience
of NUS named admiral Makarov on the
self-propelled equipment
carrier (USPEC) operation shows that the
typical working technologies with such

working technology from the
coastline (berth, dam, unprotected shore
. (coast);
I working technology with the

working technology with the CV,

USPEC typical implementation
. schemes by these technologies are shown
. in Fig. 1.

Consider some implementation

;features of the specified underwater

technologies from the standpoint of

USPEC control.
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Pucynok 1 — Tunosi cxemu 3acrocyBanns [ICHO: a — 3 6eperoBoi JiHii;
0 — Ha sxipHii crosinii CH; ¢ — 3 apeitdyrouoro CH
Figure 1 — Typical schemes for the USPEC application: @ — from the coastline;
b — at the CV anchorage; ¢ — from the drifting CV

BukoHaHHs poGiT 3 Geperosoi miHii |
3aCTOCOBYETHCS pu 00CTeXeHH1
TEXHIYHOTO CTaHy NpUYIbHUX (PPOHTIB
MOPCBKHMX 1 PIYKOBUX MOPTIB, a TaKOX 3
METOIO 3a0e3neueHHs 0e31e4Ho] |
eKcIuTyaTalii mopToBUX akBaropidt [1-3].
Axkmo Taki poOOTH BUKOHYIOTBCA Y

8

Implementation of operations on
the coastline is used in the survey of the
berthing (mooring) fronts operating
conditions of the sea and river ports, as
well as to ensure the safe operation of
port waters [1-3]. If such operations are
carried out in  favorable hydro



CHPUATIMBUX
yMoBax (BICYTHI BITPO-XBMJIBOBOI M1l Ha

KT Ta nxii Teuwii ma xopmyc IIA), TO |
. underwater technical operations on a
. point object proceeds in manual control

MIJBOJTHO-TEXHIYHA pOoOOTa 3 TOYKOBUM
00’€KTOM TMPOTIKAE Y PEXKUMI PYUYHOIO

KepyBaHHs Ha cranii ponomyky [IO, Ha
ctazii no3unionyBanus 1A Oinsa [1O Ta Ha
. on the AE working stage.

ctazii po6otu HO.

3a3Buuaii, mepmi  JBI

3aCTOCYBAaHHS 3aXOJiB aBTOMaTH3allil He !
noTpeOyrTh, a TPETHOI CTaIl JOUUIBHOIO
€ npoctopoBa ctabunizamia [1A 6ins 1O
during AE operation is appropriate.

nig yac podoru HO.

I[IpoTe, KOMH TiZpOMETEOPONOTiUHi |
YMOBU € HECHPUATIUBMMY (HAIPHUKIAN, |

IpU HASBHOCTI TeYli PIYKOBOTO TOPTY),

TOI[i cTac AKTyaJIbHUM 3aBJaHHA

asromatu4uoi cradumzami [TA oua I1O 3 !

METOI0 3a0€3MEeUYEHHsI YMOB 3aCTOCYBAaHHS
HO
OueBuaHO,

(Hampukian, MaHINyJIaTOpa).

Take 3aBJAaHHSI HEOOXIIHO
BUPIIIYBaTH  IUIAXOM
HeHTpai3alii 30BHIHIX 30ypeHb,

nitoth Ha KT 1 11A [4].

Pobora 3 TOYKOBUM OO‘€EKTOM 3 !

3asikopeHoro  CH

BHITIAJIKaX, KOIM reorpadiudi KOOPIUHATH |
IO BimoMi1 3 TOYHICTIO, HOCTATHLOIO IS
npaBwibHOI moctaHoBkM CH Ha skip 3
3abe3neueHHsIM 1ocskHOCTI [1O npuB’ s3HMM ensuring the reach of UO by the ROV.

ITA. T'onoBHUME 0COOIHMBOCTAMU KEPYBaHHS The main features of the USPEC

IICHO 1yt € [5]:

- HEOOXIIHICTh JOMNOLIYKY HO;
MOITYKOBUMH npuagaamMu ITA
(aBTOMaTHm3aIig 1€l cramii niz[BozLHo'l'é

poGOTH 00YMOBIICHA GLIBIINME POGOUNMY |
. working depths compared with the
. USPEC coastal application)

rUOWHAMU Y TIOPIBHSIHHI 3 OEperoBUM
3actocyBanHsaM [ICHO);
- HEOOXIAHICTh

9

T1IPOMETEOPOTOTTUHUX
wind-wave effect on the TC and no

cTamii |

view to
conditions (for example, a manipulator)
. becomes a matter of urgency. Obviously,
aBTOMAaTHYHOI
K1
disturbances acting on CV and ROV [4].

3aCTOCOBYETbCS Y |

aBTOMaTHYHOI
crabimizanii ITA 6ina ITO npu podori HO B |

meteorological conditions (there is no

current action on the ROV hull), the

mode on the UO searching stage, on the
ROV positioning stage near the UO and

Usually, the first two application
stages of the automation measures are
not needed, and with the third stage, the
ROV spatial stabilization near the UO

However, when hydro
meteorological conditions are
. unfavorable, (for example, in the

presence of a river port flow), the task of

ROV automatic stability near UO with a

ensuring the application

such a problem must be solved by
automatic neutralization of external

Working with a point object
from an anchored CV is used in cases
where the geographic coordinates of
the UO are known with the accuracy
sufficient to correctly anchor the CV in

. control are here [5]:

- the need to search for UO by

ROV's searching instruments
(automation of this  underwater
operation stage due to the large

- the need for ROV automatic
stabilization near the UO during AE



yMOBax [ii 30BHIIIHIX 30ypeHb (BITpO- :
xBuiboBa mid Ha CH 1 KT Ta gisg teuii Ha !

kopryc [TA);
- HEOOX1IHICTh

BiTpoBoro npeiidy CH Ha sikipHiil cTosHIT, |

[0 CYTTEBO BIUIMBAE HA PO3pPaxyHKH the CV wind drift at the anchorage,

ontumanbHoi goxuHu KT 3-3a apeitdy . which

kopitHoro Kinm KT 10 BiIHOLICHHIO 10 calculations of the TC optimal length

i due to the drift of the root end of the

. TC relative to UO.

PoGora 3 TOYKOBMM OO‘€KTOM 3
g;ﬁ;y CH, sucuid npeiidye, BHKQHYETBCH y from the drifting CV, is performed in
ARax, KO pejiia  TIMbiHa Moﬁg cases where the high sea depth (or CV
SKIPHOMY 3a6e3TeUeHHI0) He JAI0Th 3MOTH . technical limitations on the anchor

Taxi support) does not allow the ship’s

MIJIBOJTHO-TEXHIYHI pOOOTH BUKOHYIOThCS,

mo ;| underwater technical operations are

CKOHOMIMHUMHU & yqya]ly carried out in a limited time,
YHHHUKAaMH (BUTPATH HA OIEpAIlifo), TaK i | due  to
MIpPKyBaHHSAMH | . : d :onal
(semxomkenns 110, mo  yTBODIOIOTH | (transaction costs) and operationa

. considerations (neutralization of UO

VY 3araabHOMY BUIMAJKY, 3 MO3UIIII posing a particular threat) [6].

I10.

(@60 Texuiuni oOmexenns CH

BcTaHOBUTH cyaHo Han  IIO.

3a3BUYal, B
00yMOBJIEHO

oOMexxeHOMYy — Haci,
SIK

OIICPaTUBHUMHU

oco0nuBYy 3arpo3y) [6].

apromartuzanii kepyBanus [ICHO, po6ota
3 6opry CH, mo gpeiipye, e 6inpm | USPEC control automation, work from

aBTOMATH3aIIi1 the CV drifting board is a more general

3araJlJbHUM BUITIaAKOM

pobotu 3 6opty 3askopenoro CH. Ilpore,
IpY BENMKIA IIBUAKOCTI Apeddy cynHa- |
HOCIs (HAIIPHUKIIAM, MPH TIpoBeneHHi pobir | a high drift velocity of the carrier

punnkae | vessel (for example, when working

B YMOBax CWIbHOI Teyli)

HeoOXimHICTh KepoBaHoro pyxy CH mis

Garatopa3oBoro ioro nosepHeHHs y touky | @ need for CV controlled motion to

HOYaTKy Apeiidy 3 METOK 3aBEepLICHHS repeatedly return to the drift’s starting

: point for the remotely operated vehicle

MIJIBOJJHUM amapaToM Horo micii [5].

10

of
(wind-wave

operation under the influence

external  disturbances

action of CV and TC and the effect of

ypaxyBaHHS flow on the ROV hull)

- the need to take into account

significantly  affects  the

Working with a point object

installment over the UQO. Such

both economic factors

Generally, from the standpoint of

case of the automation of work from
the anchored CV board. However, with

under strong flow conditions), there is

. complete its mission [5].



2 PO3POBKA Y3ATAJIBHEHOI CTPYKTYPU BUKOHABUOI'O PIBHSI
CAK ITPH POBOTI 3 TOYKOBUM NI/IBOAHUM OB’€EKTOM

2 DEVELOPMENT OF A GENERALIZED STRUCTURE OF THE ACS
EXECUTIVE LEVEL WHEN WORKING WITH AN UNDERWATER POINT
OBJECT

Bkazani  ocoOimBOCTI
[ICHO o6ymoBmorotre nodynosy CAK
00'eKTOM

TaKUM KCPYyBaHHA

MPUHIMIIAMH CUCTEMHOrO MiAXOJy Ta

poboTHn

The specified features of USPEC's

. work determine the construction of the

3a |
. principles

(bYHKIIOHATBHOI 1HTETpaIlii, o0 MICTHTH
. following main subsystems:

HACTYIH1 F'OJIOBHI MiJICUCTEMH:

aBToMaTuyHOro kepyBanHsa KIJI 3

METOI0 TMOIMyHEHHS Takoi JoBxkuHU KT,
Mpy KA BIUIMB TIAPOJAMHAMIYHUX CHII

a TakoXX 3 METOI JIWMHAMIYHOI 3MIHH
noBxkuHU monymeHoi yactuau KT npwu
koMmrteHcamii xurasuil CH;

ACS of such control object based on the
of systems approach and

functional integration, contain the

CW automatic control for the

purpose of reducing such TC length, in
. which the influence of the hydrodynamic

Ha [TA 3 6oky KT Oyno 0 MiHIMaJIbHUM, forces of the ROV from the side of the

TC would be minimal, as well as the

Epurpose of dynamically changing the
length of the released part of TC when
aBTOoMaTHyHOro pyxy ITA i iioro |

IPOCTOPOBOrO MO3MIIOHYBAHHSA B TOWII] |

HiIBOJHUX pOOIT 3 METOK HAIiHHOT |

cTabutizanii 3akpimieHHss  HO

(pamu IT1A) y poGouiii 30H1 BigHocHO T10;

TOYKHU

ABTOMATHU30BaHOI' O

compensating for CV roll;
automatic motion of the ROV and
its spatial positioning at the point of

underwater operation in order to reliably
stabilize the AE anchorage point (ROV

a60

aBToMaTnuHoro mnpusegensas HO go I10 |

(manpuknaa, miaBoAy KiHuiBku [IM nms
HajiiHOoTO 3axorieHHs [10);

CH
00YMCIIEHHS

(xopinnoro  kiHmsg  KT)

OINITUMAIBHOT

frame) in the working zone relative to UQO;
automated or automatic actuation of

. AE towards UO (for example, the tracking
. of the limb carriage of an underwater
KOHTPOJIIO MOTOYHMX KOOPAMHAT |

JUIA
JTOBXUHH |

nonyienoi yactuau KT, HeoOXigHOT 1is |

MiHIMI3a1(li 30ypeHb, 110 MEepPearoThCs
necessary to minimize disturbances, are

kepyBanHs pyxom CH mnsa ¥oro
IIOBEPHEHHS Y TOUKY II0YaTKy Ipendy Ta

Ha I1A;

OBTOpHOTrO Apeiidy, moku IIA BUKOHYE |

NiABOAHY poOoTY 3 3acTtocyBaHHsIM HO.

manipulator (UM) for a reliable capture of
an underwater object (UO);

the CV current coordinates control
(root end of the TC) for calculating the
TC optimal length of the part that is

transmitted to the ROV;
CV motion control for its return to
the starting point of the drift and re-drift,

éwhile the ROV performs underwater
. operation using AE;

11



OCKUIBKH OCTaHHI ITIACHUCTEMA, !

3a3BUYall, peani3yeTbcsi CYAHOBOJIEM, a

pO3TAIaTH  aBTOMATH3AIIIO
«KJI ITA HO».
CrpykrypHo iHTerpoBany CAK Ttakum

Oynemo
KOMITJIEKCY

KOMILJIEKCOM MPOTIOHY€ETHCSI OY1yBaTH MO

1EpapXIYHOMY MPUHIUITY SIK

Since the latter subsystem 1is

. usually implemented by the navigator,

He ekinaxxem I[ICHO, y nopanbmomy and not by the USPEC crew, in the future

we will consider the automation of the
"CW-ROV-AE" complex. A structurally
integrated ACS by such a complex is
. proposed to be built on a hierarchical

principle

GaraTopiBHEBY Kepylody CTPYKTYypy, IO |
- levels:
BUKOHABYMIA — CHCTeMa IIJJIeryoro |

MICTUTbh HACTYIHI PiBHI:

KEpYBaHHS  €JIEKTPOIPUBOIOM

BUOMPaHHS/TIOITYyCKAHHS KT

A |

3a0e3MeueHHs] ONTUMAJIBHOI HOTO TOBXKUHU |

3a KpUTEPIEM MIHIMyMY TiIpOJHMHAMIYHOTO |

cuwioBoro BiumBy xutaBuli CH nHa KT;
JAarOBUMU U
3

KEpyBaHHS MAapIIOBUMH,
BeptukanbHumu  EPIT  TTA

as multi-level  control
structure, which contains the following

a

executive — the CW electric drive
subordinate control system for the TC
selection/propagation to its
optimal length by the minimum
hydrodynamic impact criterion on the

ensure

BILIMBY Ha kopnyc IIA Tta wmiHIMI3amii ROV hull and minimizing the CV roll

. power effect on the TC; controls of
. marching, lags and vertical ROV EMD

METOIO |

nonomyky [IO Ta mpocropoBoi ﬁoroé
cTabimizamii B pobouiii Touni 6ima I1O; |

KepyBaHHS eneKTponpuBoaaMu jaHok HO
(HarpuKkIa,
[IM 3 wMmeroro craOuI3amii MOJOKEHHS
ot I[IO Ta xepyBaHHA
3axoruieHHs Ta 3axkumy [10 3aTuckauem);

for the purpose of searching for UO and
its spatial stabilization at the operating
point near the UO; AE electric drives

. units control (for example, UM units

EIIEKTPONPHUBOAAMH  JIAHOK |

electric drives in order to stabilize the

position of the first clamping unit of the
IEpLIOi  JTAHKM-3aTHCKAYa MAHIIyIISTopa |

TPOIIECOM |

manipulator near the UO and process
control of gripping and clamping of UO

with the clamp).

KOHTPOIIIOIOYMKA — y  BHIAAKY
HeaJIeKBaTHO1 peakii 00'€KTIB |
KEPYBAHHS Ha CUTHAIM KEPyBaHHS

¢yukuionyBanHs CAK

«KJI —ITA — HO»;

supervisory — in case of inadequate
response of control objects to control

. signals (for example, due to failure) gives
(HampuKiaj, BHACTIIOK BIAMOBH) BHIAC |

KOMILIEKCOM |

MPOTpaMHHif — TPyTOBe KepyBaHHS |
enextponpusogamMu KJI, TIA ta HO 3a |

3aBJaHHAM TaKTUYHOTO PIBHS;
TaKTUYHUN — CHUHTE3y€ KOHKPETHI
tpaektopii pyxy IIA ta nmanok HO Ha

poooTH;

a signal about the impossibility of correct

CHrHAJl HpO HEMOXIHBICTH KopekTHoro | functioning of the “CW — ROV — AE”

complex ACS;
software — group control of CW,
ROV and AE electric drives according to
the task of the tactical level;
tactical

synthesizes specific

motion trajectories of the ROV and the
units of AE based on the requirements of
0a31 BUMOT M1JIBOJIHOI TEXHOJIOT1l 1 YMOB

the underwater technology and working

. conditions;

12



CTpaTeryHui

aHamuizye |

MIOCTABJICHE 3aBJAHHS, PO3POOIISIE TUIAH !

(ysxuionyBanss kommiekcy «KJI —ITA — |

HO»
TpaekTopii

I WOro BHKOHAHHA, (OpMyE |
nomyky 3amanoro I1O i |

peaizye anropuTMHu HOro ieHTHQIKamii, |

opmye anroputmu mosumionysanus 1A |
o [10, BuBenenns HO Ha pobouy
. working position relative to UO.

no3umiro BigHocHO [10.

Awnanis TIPUHITUITIB

00Y/I0BH |

CUCTEM aBTOMATHKH PyXOMHX OO'€KTiB, SIKi |

(YHKIIIOHYIOTb B yMOBaX HEBH3HAYEHOCTI, !

CBIIYHTE,

poboTu JOIITEHO

Mo JJI I1XHBOI €(EKTHUBHOI !
3aCTOCOBYBATH !

€JIEMEHTH INTYYHOIO iHTEJNEKTY — HEYITKY |

JIOTIKY Ta IITYy4YHI HeUpOHHI Mepexi. Tomy |

B
«KJI-ITTA—HO»
3aCTOCYBAHHS

KOMILTICKCOM
HacThbCA

nporioHoBaHii  iHTerpoBaHii CAK
nependa- integrated ACS, the “CW-ROV-AE”

3a3HAUCHUX

MAXOJIB SIK HAa CTPaTErTYHOMY piBHii

KEpyBaHHA, TaK i Ha BMKOHABYOMY PiBHi |

TUTST 0e3nocepe JHLOTO KEepYyBaHHS |
mexanidvamu IIA 1 HO. Ha puc.
HaBEJICHO y3araJbHeHY CTPYKTYPY

komruiekcom «KJI — TTA — HO» s |
. underwater manipulator (UM) is used

BUNAJIKy, KOJM Yy SKOCTI HAYilHOIO
00JIaiHaHHS BUKOPHUCTOBYETHCS IT1IBOIHUI
Masimysitop (IIM). |
Ha BHKOHaBYOMY piBHI :
(yHKIIOHYIOT Tpu CAK !
enekrpornpuBogamu  KJI,  pymriitHuM

xomruiekcoM ITA Ta okpemux manok IIM. |
ITlepma CAK na ocHoBi GPS-indopmanii

mpo reorpadiuni koopaunatu CH (mmpora

¢, IOBroTa A 1 BUCOTA /1 Haj piIBHEM MODS), '

moBrora A 1 rinOMHA

-h 3a JaHUMH

rigpoakyctuyHoi cucremu (I'AC) CH 1

13

JaHMX PO IIMOMHY Mops -y Ta 1po | the

reorpadiuni koopaunatu [1A (mmpora ¢, (latitude ¢, longitude A and depth -4

strategic — analyzes the task,

. develops a plan for the functioning of the
. “CW-ROV-AE” complex for its
implementation, generates search
trajectories for a given UO and

implements its identification algorithms,
generates ROV positioning algorithms
near UO, brings (connects) AE to a

The principles analysis of
constructing  the objects
automation systems that operate under
uncertainty  indicates that it s
advisable to use elements of artificial
intelligence for their effective work —
logic and artificial
networks. Therefore, in the proposed

moving

fuzzy neural

complex provides for the application of
these approaches both at the strategic
control level and at the executive level

: for direct control of the ROV and AE
2|

mechanisms. In fig. 2 is a generalized
structure of the executive level of the

BUKOHAaBYOro piBHa iHTerpoBanoi CAK integrated ACS of “CW-ROV-AE”

complex 1in the case when the

as mounted equipment.

At the executive level, three

E ACSs of CW electric drives, a ROV

driving complex and separate UM units

:operate. The first ACS is based on

GPS-information  about the CV
geographical coordinates (latitude o,
longitude A and height 4 above sea
level), data on the sea depth -4y and
ROV  geographic coordinates

data of the VC
(HAS) and

according to the

hydroacoustic  system



I1A)
nonoxenas CH

ceHcopa  TJIHMOWHU

B3a€EMHC

KOHTPOJTIOE

1 TIA

ROV’s
i

3abe3neuye onTUMatbHy JoBkuHy KT Ly, |

Ta JUHAMIYHE HOHyCKaHHﬂ—BH6I/IpaHH;I,§

3MEHIIYIOYM, TaKUM YHHOM,
BB KT Ha I[TA.

CHJIOBHIA |

depth sensor) controls the
mutual position of CV and ROV and
provides the TC optimal length L,,, and
dynamic release selection, thus
reducing the TC force action on ROV.

O0miH 3 BUIIIHMH piBHAMH iHTerpoBanoi CAK
(Exchange with higher levels of integrated ACS)
) Ay

-

_

:'1('3 """""" 1 T T
CH | .
GPS CH I{§0, /jb;h} car
15 B o ENKI|| L,
¢CV CS Do), | | — icgs (i((:ﬂ\’\ g pt
| Exonor CH| | - 3 E (CW \E) _I
- [(vCEchoH-—E
| sounder)l | ({_hM})CV — [ean .3, 2%
' | X.. [Emma] (4. 23zor)
1 na
| raccr |(e A M, | Jacs’ (XHA)} (ED UV) }
: (HAS CV) : ({gD, ﬁv—h})ﬁor K (ROV) 0y ‘E? ¥, 99};34 )
= = O Y. Oy
icna | R, (R I_
1 aarov) o o) : %?\EI{ X [ETIIIM | %328 g
[ Jacs A(ED UM) ;
5 Xom (5, 3, 2} o)
ICTIM [{T.7.Z } (UM) ( )
r aAUM) (67 2} ) *
EHO(RUO)

PucyHok 2 — Y3aranbHeHa CTpyKTypa BUKOHABUYOro piBHs 1HTErpoBanoi CAK
Figure 2 — Generalized executive level structure of integrated ACS

Jpyra CAK ¢yHKIOHYe Ha OCHOBI |
. basis of data from the ROV information

nanux Bin iH(opmamiiinoi cucremu (IC)

ITA, sika mae iH(OpMaIIIIO PO MTPOCTOPOBI

koopauHatu IIA {x,),z/na 1 HOro Kkytu
Kypcy, kpeHy i mubepenty {p,y,0tma B

JIEKapTOBI  CHUCTEM1  KOOpJAMHAT,

ypaxyBaHHSIM

3 |
nuHamika  pyxy IIA, |

3a0e3nedye MOro CTaOuT3aIiio BIIHOCHO

MIBOJHOTO 00 €KTa,

paiyc-BEKTOp EHO (muctantiro go I10).

BIICJIIIKOBYIOUH

The second ACS operates on the

system (IS), which gives information on the
ROV spatial coordinates {x,),z!rov and its
course angles, roll and the pitch {p,,0}rov
in the Cartesian coordinate system, taking
into account the dynamics of ROV motion,
provides its stabilization in relation to the
underwater object, tracking the radius

vector R, (distance to UO).

Tperiit piBenb CAK Ha OCHOBI |

14

The third level of ACS based on



y3araJlbHeHO1 iHpopmarrii

MIPOCTOPOBUM CTaH

po |
MaHIITyJIsTOpa !

{)? Y ,Z}HM KEpy€ EJIEKTPONPUBOAAMU {)? Y ,Z}UM controls the UM electric

IIM, 3abe3medyroun 3ajaHe IPOCTOPOBE |

THOJIOYKEHHST KOXKHOI -1 JIAHKH {X,V,Z}iny 3 |

YpaxyBaHHSIM  3aJIMIIKOBOI

byHOAMEHTY  MaHIIyasTOpa
3akpiruieHHs: Ha [1A) Ta 3MiHM Macu mya,

h

XApaKTEPUCTUK

METAICHTPUYHOL BUCOTHU

T1IpOIMHAMIYHUX

JTUHAMIKH |
(TOUKH |

generalized information about the spatial
state of the manipulator

drives, ensuring a given spatial position
of each i-th link {x,y,z}iyy, taking into
account the residual dynamics of the
fundamental of the manipulator (fixation

époints on the ROV) and the mass

Taé
MA |

(koe(ilieHTIB TiIPOJMHAMIYHOTO OHOpY |

Caia Ginia, Caa), 0OyMOBIEHHX POOOTOXO :

IIM.

changes mgroy, metacentric height # and

ROV  hydrodynamic  characteristics
(coefficients of hydrodynamic resistance
. Csrov,  Cyrov,  Cirov) due to UM
Eoperation.

MHOXXHHH KEPYIOUNX BIUTUBIB Xk,
' Xpov, Xum, provide the work of the

Xna,  Xmw,  3a0e3rneuyroTb  poOoTy

Bianosigaux enexrponpusoxnis KJI, ITA i

3aKOHaM.

naHok IIM mno o6uncnenum y CAK and UM

The set of control actions X,

corresponding electric drives CW, ROV

units according to the

calculations in ACS laws.

Indpopmamiiina cucrema 1A sBise

cO00I0 CYKYIHICTh JIAaTYMKIB MEXaHIYHUX, '

CICKTPUYHUX Ta

TiZipOMeXaHiyHuX |

BEJIMYMH, CXEM IEPETBOPEHHS CHUTHANIB 1 |

TEXHIKH, K1

00poOKy,

MIKPOITPOIIECOPHOT

3a0e3Meuyy0Th  MEPBUHHY

technology,
. processing,

HAKOMMYEHHS ¥ y3arajabHeHHs iH(opMarlii |

PO HOTOYHI ¥ NPOrHO30BaHi BIACTUBOCTI |

00'€KTiB  KEpyBaHHA 3  MOXIIMBICTIO |
CAMOKOHTPOJIIO TEXHIYHOTO CTaHy W
HIMPOKI KOMYHIKalIHHUMU
BJIACTUBOCTSMU. |

3actocyBanHsa i1HTerpoBaHoi CAK

[ICHO 3 Ha4inHUM OOIajHAaHHAM, SKa |

MIHIMI3aII€0
CH
crabuiizamicro  [TA

3abe3reuye
XATABUIIL 1
K

IPOCTOPOBY
mwiaTGopmu |

MaHIiyjsiTopa 3a0e3nedye MIABULIEHY |

TOYHICTh MIABOJHUX POOIT B yMOBax il

30BHINIHIX 30ypeHb Ta HECTALIOHAPHOCTI |
. underwater vehicle’s own parameters.

BJIACHUX napaMeTpiB M1JIBOJTHOTO

15

ROV information system is a set
of sensors of mechanical, electrical and
hydromechanical = quantities,  signal
conversion circuits and microprocessor
which provide primary
and
generalization of information on current
and predicted properties of control
objects with the ability to self-control the

accumulation

technical state and wide communication
properties.

The use of integrated USPEC ACS
with the attached equipment, which
ensures minimization of the impact of the

BILIUBY CV swinging (roll) and the ROV spatial

the
manipulator, provides increased accuracy
of underwater operations under the
influence of external disturbances and the
non-stationarity (unsteadiness) of the

stabilization as a platform of



anapara. The most urgent issues of the

Huxue posrissHeMO  HalOUTbII synthesis of USPEC ACS for the
akTyasbHl nmTaHHa cuHTey CAK described types of work are considered
[ICHO nns onucaHux BHIIB POOIT. . below.

16



3 PO3POBKA TA JOCJIJ)KEHHSI CUCTEMHU ITPOCTOPOBOI
CTABLIIBAIII ITA ITPU POBOTI MAHIITYJISATOPA

3 DEVELOPMENT AND RESEARCH OF ROV SPATIAL STABILIZATION
SYSTEM DURING THE MANIPULATOR’S OPERATION

[ToctiiiHO 3pocTarodl BUMOIH O |

SIKOCT1 MIIBOJTHO-TEXHIYHUX POOIT B3araji :

Ta, 30KpeMa, JO TOYHOCTI MIIBOJIHUX

omepamii 3  3aCTOCYBaHHSIM

Constantly rising requirements to
the quality of wunderwater technical

. operations in general and, in particular,

IIM |

BUMAraiOTh 3a0e3MeUeHHs] POCTOPOBOT |

crabumizamiii [IA, OCKUIBKM BII IBOTO '

CYTTEBO 3AJICKUTD

c(exTUBHICTS |

3aCTOCYBaHHS MiJIBOAHUX MAHIMMYJSTOPIB. |

Ile poOMTH AKTYyalbHOIO HAYKOBY 3a/auy |
. of developing an effective automatic

PO3pOOKH e(heKTUBHOI CHUCTEMHU

aBTOMATUYHO1

IPOCTOPOBOI CTabimi3arii |

IJIsl CaMOXIIHUX IIPUB’A3HUX MIIBOTHHX |

arapariB 3 MaHITYJISITOPAMHU.
HayxoBa

to the accuracy of underwater operations
with the use of UM require the provision
of the ROV spatial stabilization, since the
of  underwater = manipulators
effectiveness significantly depends on
this. This makes the actual scientific task

use

spatial stabilization system for self-
propelled remotely operated vehicle with

: manipulators.

3ajaya aBToMaTru3arii

KepyBaHHS TIJIBOJIHUMHU arnapaTaMu i,;

30KpeMa, cTaburizamii MpPOCTOPOBOIO

. in particular,

MOJIOKEHHS, MOCTIHHO 3HAXOIUTHCS V !

LICHTP1 YBaru BiTYM3HAHUX 1 3apyODLKHHX |

HAyKOBIIIB.
TPaaUIIHHO TPUAUISIOTh aBTOMAaTHU3aIlli
KepyBaHHS aBTOHOMHHMMH TM1IBOJHUMHU
[7, 8]
MaHinynaropamu [9, 10].

amapaTaMmu T4, OKpPEMO,

Opnnak, HalOUTBLTY yBaryé

The scientific task of the remotely
operated vehicle control automation and,
of the spatial position
stabilization 1s constantly in the domestic
and foreign scientists’ focus of attention.
traditionally, the

However, greatest

. attention has been paid to autonomous

. underwater vehicles control automation [7,

ix |

8] and, separately, their manipulators [9,

. 10].
[Ilo X CTOCYeThCA NPUB AZHUX |

CaMOXIIHMX T1JBOJHUX amapariB, TO B
' publications this topic is at the initial

YKpPATHCHKUX HAyKOBUX MyOJIKALISIX 1151

TEMa 3HAXOIUTHCS HA IIOYATKOBIiM cTamii |

nocniymkens [11, 12], a B 3apyObKHHX

crBopeHi [IA 3 (QyHKIISIMH «3aBHCAaHHS»

Haq M1IBOIHUMU 00’ ekTamMu

As for self-propelled remotely
operated vehicle, in Ukrainian scientific

stage of researches [11, 12], while

. foreign publications present research
nyOJIIKaliiX BHUKIAJAIOTBCS PE3YJIBTATH |

results and describe actually created

JOCIIUKEHh Ta OINHUCYIOThCS PEATBbHO ROV with “hang” functions over the

éunderwater objects without disclosing

oe3

PO3KPHUTTS HAyKOBO-TEXHIYHOI CYTHOCTI |

po3pobok [13].

17
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development [13].
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Camoxiaauii

€JICMEHTOM IICHO,

MPUB’ I3HUN
nigBoaHui anapat (ITA) € BUkOHAaBUMM operated vehicle (ROV) is the USPEC

T'OJIOBHHUM

{HCTPYMEHTOM SKOTO IIPH BHKOHAHHI |

CKJIAJJHUX IABOJHO-TEXHIYHUX POOIT € |

BCTaHOBJICHUI Ha pami ITA migBogHMiA |

(ITM).
MaHIMyJATOPOM, 3a3BUYal, BUKOHYETHCS

MaHIIyJISTOP

KepyBanus

The self-propelled remotely
actuator component, whose main tool
when performing complex underwater
technical work 1s the underwater
manipulator (UM) mounted on the ROV

frame. Manipulator control 1is usually

éperformed manually by the fuel and

3 TIEK omepatopoM Bpy4HY, OCKiIBKH |

aBTOMATH3alid Ii€i 4aCTUHM IIJBOIHO] |
. mission of ROV is inexpedient due to its

micii [IIA € HemonuibHOIO 3-3a i

KOPOTKOYACHOCTI Ta BIANOBiJaJILHOCTI |

110 € BAXKJIMBOTO

IOOAaTKOBOIO :

yHkmico, mo 3abesnedye edeKTUBHE |
pyune kepyBanHs [IM Ta BHBLIbHSE |

onepatopa ITA Bim m01aTKOBOI CKIIaIHOT
work.
VY posropuytomy crani [ICHO 3
. UM, has the form, shown in fig. 3.

poboTH.

[IM mae BUTIIS, TOKAa3aHUW Ha puUC. 3.

fen (Fov) k1 peep
(W)

|-l I

Kopinumwii kivens KT
(Root end of TC)

[14]. 3a uux ymoB cradinizanisa [TA Oins Under

energy complex (FEC) operator, since the
automation of this part of the underwater

short duration and responsibility [14].
these conditions of ROV
stabilization near the UO is an important
additional function, which ensures the
efficient UM manual control and frees the
ROV operator from additional complex

The details of the USPEC with the

P) crewy
o

|

KT
(TC)

Xogoewnil kineus KT

Il

.‘—
[Rulmipg end of TC)
\ooma o,
H".t (RD."") EB{ ('Pl-_,_‘rl)

e /
fer(Fro) I OUO)

IMUN) e

A XK " . 4 X - A ) 4 4 X ¥ XK

Pucynok 3 — CamoxijHa npuB’si3Ha N1ABOAHA CUCTEMA 3 MAHIIYJIATOPOM
Figure 3 — Self-propelled tethered underwater system with a manipulator
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Bnacue ITA €
mwiathopmoro st [IM, Ha sIKy JitOTh

PYXOMOIO |
' platform for the UM,

30BHImHI 30ypenHs Bin KT, oOymoBieHi

kinmi KT F(,,), miero Tedil 3 €mOporo 1o |

raubuni V' wma KT (cuma Fiqpp,, dKa y |

—

F

C
30yprotouy cuity Ha KopiHHOMY KiHIl KT

CYKYITHOCTI 3 CHJIOIO

A kr =J (ﬁCH;ﬁ k1) > fKa TPUKIANEHa 10 | which is applied to the node of fixing the

By3ia 3akpiieHHs KT mo T1A) Ta miero TC to the ROV) and the effect of the

teuii Ha kopnyc [IA (cuna Fpp, ), ).

4 TOPOIKYIOTh

is a mobile
on which is
subjected to external disturbances from

Essentially, ROV

xutapunero CH (cuma Ha KoOpiHHOMY TC, due to VC roll (force at the root end of

TC ﬁVC ), action flow with plot along the
depth ¥ on TC (force F., , together with

force F)., generate a disturbing force at

the root end of TC, F., = f(F,ciFey),

current on the ROV hull (force Fyy, ).

Kpim toro, Ha IIA sik muardopmy

[IM nie 30yproroda cuma
Bnacie [IM, oOymoBieHa

peaAMEeTaMu TOIIO.
Posrngaemo
CTBOPEHHS CUCTEMU

30BHINIHIX 30ypensb [15].

Bi pobOTH platform, acts as a disturbing force £,

3MiHOIO from the work of the UM itself, due to the

POCTOPOBOro  nonoxeHnst JaHok IIM, | change in the UM units spatial position,

B3aEMOICIO MAHUTYJIATOPA 3 MABOMHIMA | the interaction of the manipulator with

Y ! stabilization system in the underwater space

In addition, the ROV as UM’s

. underwater objects, etc.

MO>KJIMBOCTI !
aBTOMATUHHOL | creating an automatic spatial stabilization

IPOCTOPOBOi  cTabLIi3amii CaMOXiIHOIO | system for a self-propelled remotely

, : .
MPUB’A3HOTO MiABOJHOTO anapaty Gins . operated vehicle near an underwater

MiABOAHOTO  00’€KTy B  ymoBax Aif . object under the influences of external

Consider the possibilities of

. disturbances [15].

Cucrema ABTOMATUYHOI !
mpoctopoBoi  crabimizamii  [TA
MiIBOJHOMY TMPOCTOPI €  CKJIaJ0BOIO

MoKa3aHa Ha puc. 4.
Cucrema

MPOCTOPOBOi  cTabumizarii

(GYHKI[IOHY€E Ha OCHOBI:
TAHUX BIJI

nosrota / 1 mmbuna - [10);

ABTOMATHYHOT | !
(CATIC) | system (ASSS) operates on the basis of:

TiPOaKyCTUYHOT sy.stem (.H AS), :
cucremu (I'AC) CH, sika nojjae nepBUHHY primary 1nf(.)rmat101? , about the ROV
iH(OPMaIIifo PO B3aEMHE TIPOCTOPOBE mutual spatla.l position and the UO
nonoxersst TIA Ta TIO, HeoOXimHy st neec.led to guide the remotely opera.ted
HaBeIICHES TTTBOIHOTO aNlapaTy Ha Iilb — Vehlcl.e to a target — current geographlcal
morouni reorpadiuEi koopmuEara IIA coordinates of the ROV (latitude ¢,

(mpoTa @, noBroTa A i imbuna -h I1A) Ta longitude 4 and ROV’s depth -%), and

reorpadiumi koopmusati 10 (mmpota @, . UO’s geographic coordinates ( latitude ¢,

The ROV  automatic  spatial

. 3 ) . 1s an integral part of the integrated USPEC
turerposarol. CAK TICHO 'y uinowy ACS as a whole (see paragraph 2). Its

(8. p. 2). II ysaraibena cTpyKTypa generalized structure is shown in Fig. 4.

Automatic  spatial stabilization

data from CV hydroacoustic

which provides the

. longitude 4 and UO’s depth -4);
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OOMiH 3 BHINAMH PiBHAMA
interpoeanoi CAR III1IC
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PucyHnok 4 — Y3arajgpHeHa CTPYKTypa CUCTEMH aBTOMATHYHOI IPOCTOPOBOI
crabutizauii [TA
Figure 4 — Generalized structure of the of ROV automatic spatial stabilization system

naHuX Bix iH(OpMaIiiHOI CHCTEMH |
(IC) TIA, Gasi |
TpaAUITIHHIX
CEHCOpPIB 1 BUPOOJS€ IaHl MPO TMOTOYHI

dka Oynyerbcs Ha

Ta IHTEJEeKTYaJIbHUX
3HAYeHHsI TMPOCTOPOBUX KoopauHat [IA
Bignocuo 1O {x,),z}na-no, BUMIpIOE KyTH |
Kypcy, kpeny i audepenty 1A {p,w,0}na
B JIGKAPTOBIM CHUCTeMi KOOpAMHAT, Ta
o0unciioe aucTaHiiio ta nejaeHr po [1O

(pamiyc-BeKTop EHO ).

l'onoBHE  mpU3HAYEHHS  CHUCTEMU !
cTabumzaifii — 3a0e3MeunuTd TPOCTOPOBY
crabimizamito  ITA  BimHocHo  IIO, |

BIICTITKOBYIOYM TakKe 3HAYCHHS paJllyc-

BexTopy R, AKe 3a0€3MeUUTh MOKIIMBICTD
BUKOHAHHS  MIJABOJHUM  MAaHIMYJISITOPOM
CBOIX (PyHKIIM 3 3amaHot0 TouHicTiO. [Ipwm
IbOMY MHO)KHHA KepyrouHx BIUHBIB Ugpk
3abe3nieuye  poOOTy  €IEeKTPOPYIIIHHOIO

komruiekcy (EPK) ITA mo obuucneHomy y
20

data from ROV’s information
system (IS), which is based on traditional
and intelligent sensors and produces data
on the current values of ROV’s spatial
coordinates relative to UO {x, y, z}rov.uo,
measures the angles of the course, the roll

" and the pith of ROV {g,y,0zov in the

Cartesian  coordinate and
calculates the distance and bearing to the

system,

UO (radius-vector EUO ).

The main purpose of the

stabilization system is to provide ROV
. spatial stabilization relative to the UO,
. tracking such a value of the radius-

EvectorﬁUo, which will enable the

underwater manipulator to perform its
. functions with a given accuracy. In
. addition, a set of control effects of
Uguc provides the work of ROV

electromotive complex (EMC)



CAIIC 3akony.

Buxonasuum mexanizsmom CAIIC e
' is the ROV EMC, the characteristics of

EPK [IIA, Big XapakTepUCTHUK SKOIO :
3QIEeXKUTh  €(PEKTUBHICTH  IPOCTOPOBOI |
cTabutmizarii MiJBOJAHOTO  amapary sK

mwiarpopmu s [IM.  [lo
xapakrepuctuk EPK TTA Binnecemo:

KUIBKICTD Ta

NEPI
IIOJIOKEHHS eHeKTpOpymiﬁHHX HpI/ICTpo'l'B

(EPII) IIA, sxi yrBoptotoTs EPK I1A;

Jlarma3oH KEpOBaHOI 3MIHU YHOpIB
. the thrust force of each EMD Pgwmp;

koxkHoro EPII Pgpry; (i=1,.. ., ngpn);

cratuyHl xapaktepuctuku EPII sk
00’exTiB kepyBaHHsS (Pgpr; =f(ugpk;), ne
. as control objects (Pzypi = fluemcy),
- where ugwc; is Uguc);

ugpk; € Ugpk);
auHaMmiuH1 xapaktepuctuku EPII sk

00’€KTiB KepyBaHHsI (MTOCTIHHI Yacy Tgpry;
. EMD as control objects (constant time

Ta iH.).

[lpuB’s3HMI MiABOAHUN amapar 3
TO3ULIH KEpYBaHHS SBISC COOOK BIIBHO |

[UIABAIOYNIA 00'eKT 13

CTYHECHSAMU CBOOOIUM — TpPU JIHIAHUX |
HiepeMIIleH st I Tpu 00epTaHHsA BiTHOCHO !
. rotations

OCel CHUCTEMHM KOOpJIMHAT, 3B’S3aHOI 3

koprycoM ITA. Bei mpocTopoBi eBostorii
1A y BogHOMY cepenoBuini MoxyTh Oytu | hull. All ROV spatial evolutions in the

3BEJ€HI JI0 TPHOX OCHOBHHX PEKHMIB |

pyXy — TepeMillleHHs Bl BHUXIJIHO]
MTO3UIIIT hi (o) I10, JIOKAJIbHOTO |
MaHEBpYBaHHA  HaJl  00'eKTOM  Ta !

nmpocTopoBoi crabinizanii y 3ananii Touni |
HiZBOIHOIO MPOCTOPY (3aBHMCAHHS) Oins |
3a0e3MeyeHHs CTiﬁKoi‘;
pobotu [IM. V mnepmmx ABOX pekUMax

mocTymanbHi ¥ | first

IO 3 wMertoOI0
poOOTH  TIPEBATIOIOTH

KBa3UTIHIMHI MPOCTOPOBI

Ta BUKOHYBATH MaJli IEPEMIIICHHS 10 BCiX
IIECTU CTYIEHSAX CBOOOIM amapary, a IpH |
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' the
TOIIOBHEX |
main characteristics of ROV EMC are:
NPOCTOPOBE |
: position of ROV electromotive devices
. (EMD), which form ROV’s EMC;

nricTeoMa |

NepeMIileHHS !

ITA. V tperbomy pexumi [IA moBuHeH motions of ROV prevail. In the third

MaTH MOJIUBICTh po3BuBaTu ynopu EPK mode, the ROV should be able to

according to the calculated ASSS law.

The ASSS executive mechanism

which depend on the effectiveness of
underwater  vehicle  spatial
stabilization as a platform for UM. The

number of ngyc and spatial

the range of controlled change in

(and = 1, ..., ngmp);
static characteristics of the EMD

dynamic characteristics of the

of Tgmpi, etc.).

A remotely operated vehicle, in
terms of control, is a free-floating
object with six degrees of freedom —
three linear displacements and three
relative of the
coordinate system associated with ROV

to axes

aqueous environment can be reduced to
three  basic motion modes —
displacement from the original position
to the UO, local maneuvering over the
object and spatial stabilization at a
given point of the underwater space (in
the hang mode) near the UO in order to
provide stable UM operation. In the
two modes of operation,
translational and quasilinear spatial

develop EMC thrust and perform small
motions in all six degrees of freedom of



HasIBHOCTI Teuil —

peanizoByBaTH 1uM xke EPK xommnencartito

30BHINIHIX  30ypIOIOYMX  CHI,

3’SBJIAIOTBCA HA KOPIYCi Ta Ha KaOelb- |

tpoci ITA. Kpim nux cuin, EPK ITA wmae ROV tether cable. In addition to these

AKI forces, the ROV EMC must neutralize

HeUTpanizyBaT 30yprorodl  CHIIH,

3’aBIsAOTEC Ha pami [IA B pesynbrari
ROV frame as a result of the UM
Jlnst mpocTopoBoi crabimizamii T1A |

B3aemoxii [IM 3 T10.

10
CTIMKICTh 1 KEpPOBAHICTh IO BCIM IIECTU

ol HEOOXI1THO

crynensmM cBobogu IIA B mpocTopi.
TobTo, IIA
MOBEPTATUCS y

IIOBHHEH
BUXITHUNA

(mpocTopoBe MONOKEHHS BigHOCHO I10) |
miCIIsl BUBEJCHHS HOrO 3 I[bOI0 CTaHy i |

Ji€l0  30BHIMIHBOTO  30ypeHHs

IIPUITMHCHHSA BILJIUBY

30ypeHHs, a TaKOX TMEPEXOJUTH 3 OJHOTO |

IIPOCTOPOBOIO  IMOJIOKEHHA 10

IIJIIXOM aBTOMATHYHOI 3MiHH BEKTOPY |
. automatically changing the EMC thrust
CdopMynboBaHI BHMOTH MOXKYTb !

ynopiB EPK.

OyTH BUKOHAHI 32 YMOBHU IPaBUWJIBHOTO !

BUOOpY ¥ pO3MOALTY

xapaktepuctuk EPK. Illeugxomis EPII |

OCHOBOIO  peaii3ailii
ITA 1o
IIOMY

cTrac

MIBUAKOAIT  peakilii KOXKH1I
[Ipu
110

ITA

KOOpAMHATI. HEOOXI1THO
BpPaxoBYBaTH,

XapaKTEPUCTHKU 1o

KOOPIMHATI Pi3Hi, 10 0COOIMBO BaXKIIUBO |
NpU aHAMI31 JUHAMIYHUX XapaKTEPUCTHK |
. in the thruster dynamic characteristics

PYIIIiB.

Jis  GopMyBaHHSA MPOCTOPOBOIO
BEKTOpY CyMapHOro ymopy IIA mopuHeH

ix | of the total thrusts, ROV must have, at

matu He MenHime 1ectu EPIL a

pO3TallyBaHHS Mae

(hopMyBaHHSI CyMapHOTO BEKTOPY yIOpy B
HO0BHIM cdepi npocTopy. OnHaK yepes psf |

22

OJHOYACHO |

SIK1

3a0€31eYnTH |
Enear UO, it is necessary to provide
stability and controllability for all the
aBTOMATHYHO
CTaH |

Ta |
30BHIIIHBOTO |

iHIIOTO |

IUHAMIYHUX

HEOOXITHOT
becomes the basis for realizing the
required response rate of ROV for each
riIpoIMHAMIYH1

KOKHi | that

3a0e3revyBaTy |

the vehicle, and in the presence of flow,
simultaneously realize the same EMC
compensation of external disturbing
forces that appear on the hull and on the

the perturbing forces that appear on the

interaction with UO.
For ROV spatial stabilization

six degrees of freedom of ROV in
space. That the ROV must
automatically return to its original state
(the spatial position relative to the UO)

1s,

after it is removed from this state under
the action of external disturbance and
the termination of the influence of
external disturbance, as well as to move
from one spatial position to another by

vector.

The formulated requirements can
be fulfilled on condition of the correct
choice and distribution of EMC
dynamic characteristics. EMD speed

coordinate. It should be borne in mind
the ROV  hydrodynamic
characteristics for each coordinate are
different, which is especially important

analysis.
In order to form a spatial vector

least, six EMDs, and their arrangement
must provide the formation of a total
thrusts vector in the entire space sphere.



(GyHKIIOHATPHUX 1  KOHCTPYKTUBHHX |
OPUYUH  CKJIQJHO  PO3MICTUTH  IIICTH
pymiie na IIA Tak, 106 BOHH |

KOHTPOJIIOBAIA  Oy/b-5IKi

amapara B mpoctopi. Ha mpakruii mms |
. practice, to solve this problem, a larger

pPO3B’s3Ky I1i€i 3amadi HeoOXigHa OLTbINa

KUIBKICTh pPYIIIiB, IO BHU3HAYae€ neBHyé
HaamipHicte EPK. Kpim Toro, neo6xigHo
xoutpoaro | EMC. In addition, it should be noted
ICHye BUMOTa 0 that, besides the ROV motion control,
there is a

performance of the entire EMC.

BpaxyBaTH, o  KpiMm
nepemimeras  [IA

mBuakoaii Bcroro EPK.

IcToTHUM 0OMEKEHHSAM
HAJMIPHOCTI EPK € KpUTEPii |
€KOHOMIYHOi  JIOIUIBHOCTI. [Tpouec

BuOopy HaamipHocti EPK moBunen 6yt |
. redundancy of the EMC must be a

KOMIIPOMICHUM 1 BpaxoByBaTH 3ajaul

(GyHKI[IOHYBaHHS,

MiBOAHOTO CEepe/IoBUINA, HailiHICTh [TA
Bubopy

EPK ! reliability as a technical system. The

SIK TEXHIYHOT CHUCTEMMU.

JOCTaTHHOTO PIBHSA HAJAMIPHOCTI

IPHUCBSYEHO 3HAYHY KUIBKICTH HAYKOBHX |
JOCIIKEHb I1e MUHYNOro cropiuus. Tak,

[16]
MIX1T

y poOoTI

y3araJibHEHUN hi (o)

ctpyktypu EPK IIA y Burmsiai omykiaux
NpaBWIbHUX OaraTorpaHHUKIB: TETpaenp,
. polytopes is proposed: tetrahedron, cube,

Ky0, OKTaenp, JoJaeKaenp i T.1.

IIpore, cydacHa

nooynosu [ICHO npoBigHux Kpai cBITY

JIOCBIJ
IHCTUTYTY TiJBOJHOI

Ta

CBIIYaTh, III0 HA CHOTOJHI

HalOUIpII MOIIMPEHUX APXITEKTYpPHO-
. NUS indicate that, today, one of most

KOHCTPYKTUBHUX THUIIB IpuB’sa3Hux [1A
€ PAMOKYTHUH
JIOBXKUHOKO @, MUPUHOIO b<a 1 BUCOTOIO
c<a, puc. 5.
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MePEeMIIICHHS ROV

XapaKTEPUCTHKH |

3alpONOHOBAHO
BUOODY

IPAKTHKA |

HayKOBO-JIOCJIIIHOIO
texuiku HVYK |
OJHUM 3 |

napa’nesnernine
types
' parallelepiped of length a, width b<a
and height c<a, Fig. 5.

However, due to a number of functional
and constructive reasons, it is difficult
to place six propellers (motors) on the
so that they control any
movement of the vehicle in space. In

number of motors are needed, which
determine a certain redundancy of the

requirement for the

The essential limitation of EMC

. redundancy is the criterion of economic

expediency. The process of choosing the

compromise and take into account the
tasks of functioning, characteristics of the
underwater environment, and the ROV

choice of sufficient level of redundancy
EMC is devoted to a considerable number
of scientific studies of the past century.
Thus, in [16] a generalized approach to
the choice of the structure of the ROV’s
EMC in the form of convex regular

octahedron, dodecahedron, etc.

However, the current practice of
constructing USPEC in the leading
of the world and the
experience of the scientific research
institute of underwater equipment of the

countries

common architectural and constructive
of ROVs 1is a rectangular



FKT (FTC) \
FKT:(FTC:)

\ PEP[E (PEMDB)

o (b)
Pucynok 5 — CyuacHi mpus’si3Hi [1A Ta cuim, 110 npuKiaaoThes 10 iX KOPIyciB:
a — 1A npoekty «IHcnekTop» 3 nBoma mapimoBumu EPIIT (Vkpaina, HYK);
6 — I1A mpoekry «Falcon» 3 wotupma EPK nnst mapioBoro 1 1aroporo pyxy
(IIsemis, “SAAB”)
Figure 5 — Modern ROVs and forces applied to their hulls:
a — Project ROV "Inspector" with two marching EMD (Ukraine, NUS);
b — Project UV "Falcon" with four EMC for marching and lagging motion
(Sweden, SAAB)

Taxi TIA wmators 3-5 EPII, sxi |

CUCTEMH  KOOPAWHAT, 3B A3aHOi

M1 IeSIKUM KyTOM J10 HUX (puc. 5, 0).

3a3Buyai, Ha  TaKux

Such ROVs have 3-5 EMDs, which

CTBOPIOIOTH YIIOPH TI0 OCAX AEKapToBoi : create thrust forces on the axes of the

3 |
xkoprycom ITA Tta 3 mentpoM y Touri | the ROV body and centered at point of the

1eHTpy mac anapary I{M (puc. 5, a), abo vehicle’s center of mass (CM) (Fig. 5, a), or

Cartesian coordinate system, connected with

. at some angle to them (Fig. 5, b).

A |

BCTAHOBJIIOETHCA OJHUH BepTHKaHBHHﬁi
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Usually, on such ROV, one
vertical EMD is installed, which provides



EPII, axuii 3a0e3nedye pyx amapary IIo |
BEPTUKAJII Ta KOMIICHCYE BEPTHKAILHY !

I I 2
; F&‘Tz (‘FTC‘: Frel +F
npoeKTy «IHcnekTop» Ha IMOUHAX OUIbLIE |

CKIIaI0BY Fyr. (‘FKT‘ = FKsz + I

IIpakTika  3acTOCYBaHHSA

100 MmeTpiB CBLIYMTH, IO B YMOBAxX
xutaBuii CH Ta 3a HasBHOCTI MOPCBHKOI conditions of the CV shifting and in the

. presence of the sea current, the use of

Teuii 3actocyBaHHs [IM € HeeekTHBHUM,

OCKUIBKH 3-3a KOJIMBaHb amapary 6ias 110
HOro BaXXKo 3acTalOuri3yBaTH Tak, II0O
TOYHO 3aXONHMTH OO’€KT 1 HIBUIKO Ta
precisely capture the object and quickly

HQIHHO 3aTUCHYTH HMOTO  KIHITIBKOIO

Maninmynatopa.  [IpubmuzHo

OOMEXEHHS iICHYIOTh 1 B €KCILTyaTalliiHuX |
mokymentax ITA 3apyObKHHUX TPOEKTIB |
. documents of the foreign “Panther” and

MO>KJIUBOCTI “Falcon” ROV projects [17].

«Panther» 1 «Falcon» [17].
Posrisinemo

yIOCKOHAJIEHHST KOHCTpYyKIii [TA Takoro
kiacy Ta nooymosu BignosigHoi CAIIC 3
Jiana3oHy
ASSS in order to expand the range of

MCTOIO PO3HINPCHHA

YMOB BUKOHAaHHAA

T1IPOKITIMATUYHUX
poOit

PO3IIIAIaEMO

IMABOIHUX

Hami

THILY.

PO3PaXyHKOBH#l BapiaHT IIPOCTOPOBOTO
nonoxkennss I[ICHO, xomu CH, ITA ta |
fioro KT 3naxomsTecst B ofHil mrommHi | position when the CV, ROV and its TC are

. in the same plane — the diameter plane CV.

— niameTpanbHii momuai CH.
OcHOBHOIO ~ POOOUOIO
TAKOTO 3aBIaHHS TPHAMEMO TBEPKCHH,

mo mnpu pobori Ha Teuii [TA 3aBxmu
posTamoByoTh HocoM mpotu Tedil. Lle | the current. This is due to the fact that in the
OOyMOBIICHO THM, IO B YCTAICHOMY

XOZOBHI end of the TC in the

(KkBa3iCTALlIOHAPHOMY)  PEKUMI

kinens KT y motomi Bogau migxoauts 1o [TA
3 KOPMH Mi AESIKUM KyTOM Oy (JIMB. pHC.
5). Taka npocropoBa opienTauis IIA € !
HaNUOLIBII MPOCTOIO B peasti3allii Ta CTIHKO0
position in general.

3 no3uttiit kepyBanust [ICHO y minomy.

[TpumyckaeMo  TakoX, IO CHIH |
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Takl XK |

MaHIMyJISAMIHHOTO |
TUTIOBUM |

TIOTE3010 |

vertical motion of the vehicle and
compensates for the vertical component

The practical application of
"Inspector" ROV project at depths of
more than 100 meters testifies that in the

UM is inefficient, since, due to the
fluctuations of the wvehicle near UO
makes it difficult to stabilize it so as to

with  the
manipulator ending. Approximately the
same restrictions exist in the operational

and reliably clamp it

Consider the possibilities of
improving the design of a ROV of this
class and constructing a corresponding

hydroclimatic =~ conditions  for  the
implementation of underwater manipulator
operations. Next we consider the typical
calculation variant of the USPEC spatial

The main working hypothesis of this

task is to assume that when working on the

flow, the ROV always has the nose against

steady (quasi-stationary) mode, the running
flow of water
approaches the ROV from the stern at an
angle orng (see Fig.5). Such a ROV spatial
orientation is the easiest in implementation
and consistent with USPEC control

We also assume that the UM



peakmii [IM, ski BUHHMKaIOTh y TpOIIEC |
B3aemoii Manimymsitopa 3 [1O, nitoTh
MEPEBAXHO y BEPTHKAIBHIA IUIOIIHHI.

Take TPUIYIIEHHS COPABEMIUBE U |
HAWOUTBII MMOMMPEHOI ITBOIHOI Orepartil |
— Bigpusy 1O Bix rpyHTYy.

Sk BugHO 3 puC. 5, 30BHiI]_IHi§
30ypenns, mo aioth Ha I[TA 3 OGoky
xonoBoro ki KT, npukianatorsest 10
amapary Mg KyTOM Oxg, & IX XapakTep

Ma€ BUJ:

‘FKT‘:FKTS‘*'FKTW (1)
ne F,, — TOCTiiHA CKIagoBa MOIYJI
BEKTOPY Fer, 00yMOBJIEHA
KBasicraiionapauM  oOrikaHHsM KT |

MIOTOKOM BOJIY 3 €IIOPOIO MO MHOMH1 V ;
F

KTd 3MIHHA CKJIJioBa MOJYJIA |

BEKTOPY F“KT , mopojkeHa xurasuuero CH

—

(cuma Fp,, Ha KopiHHOMy KiHui KT) Ta !
BiOpariero KT y notoui Bonu (cuna ﬁKTV ).
[lpy oMy  MaTh  Micle
BiJTHOIICHHS:
Ferg = Fery + Feny s (2)
Fyry = Feag + Fyry s 3)
Fiq = Fyqp + Fyq, s 4)

' CV hub (force F,.,

. and TC vibration

reaction forces, which arise in the

process of interaction of the manipulator
. with UO, act mainly in the vertical plane.

This assumption is valid for the most
common underwater operation — the

. separation of UO from the ground.

As can be seen from Fig. 35,

external disturbances acting on ROV on

the side of the running end of the TC are
applied to the vehicle at an angle ogg,

and their character has the form:

= FTCS + F

TCd °

B (1)

where F,. 1s the constant component of

the vector module F,., is due to the TC

quasi-stationary flow through the water

flow with a plot along the depth 1% ;

F,., 1s the variable component of

. the vector module ﬁTC , generated by the

at the root end of TC)

in the water flow

(force ﬁm)-

| At the same time have

. relationships:
Freq = Frey + Fre,» (2
Frey = Freg + Frey s 3)
Fre =Frep + Fres 4)

ne F, — cuia Ha xonoBoMy KiHui KT, |
BUKJIMKAaHA TEPEMILICHHSIM KOPIHHOTO |
kiang KT 3-3a xwrapuni CH (3 |

ypaxyBauHsM cunl Tepts KT y Boi).

VY piBasHHAX (2) — (4) cuMBOIU
BEKTOPIB y Mo3Ha4YeHHI cul Fyr, 1 Fip
iX  CKIamoBI :

OIyIIIEHl,  OCKLIBKU

CITIBIIAIAI0Th 3 PE3YIABTYIOUUMHU
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. F

where F,. — the force at the running

: (working) end of the TC, caused by the
displacement of the root end of the TC due
to the CV motion (taking into account the
TC frictional forces in the water).

In equations (2) — (4), the symbols

. of the vectors in the designation of forces

and F,. omitted, since their

cy



BEKTOpaMH 1 Ait0Th B310BX KT.

[Ilo & cTOCYETBCS BEPTUKAIBHOI :

CKIaoBoi cuiu peakiiii [IM Fo , TO
BOHA mpHUKIajaeThcs a0 miatopmu : the UM reaction Fip , it is applied to the

platform (the ROV hull) at the point of

(xoprrycy ITA) y Toumi 3akpiruienss 1M,

TOMy 1 BIUIMB Ha

Bifl po3rarryBanHs [IM Ha pami amapary.

Buxonsuu 3 aHaizy 30ypIOIOUHX |
cuiL, siKi 1ifoTh Ha [TA, nporoHyeTbes ix |

KOMIIEHCYBAaTH 3a
nonarkoBux EPK, mo po3BuBarorsh

yIopu 10
30ypIOIOYUX CHIL.

KOMIIEHCYIOU1

OCKiNbKH TSI KOMIIGHCAIl CHIIH |

Fyy, Ha Bcix Tumax ITA 3acTocOBYeThCS |
EPII |
BEPTHKAJILHOTO consisting of EMD of the horizontal and
PYXY, PO3IIAHEMO HUIAXH KOMICHCAIT | vertical motion,
consider ways to compensate for the

MOXJnBa -y dynamic component of perturbation £7, .

6azoBuit EPK y  cknani

TOPU3OHTAIBHOTO 1

JIMHAMIYHOI CKIanoBoi 30ypeHHs [y, .

Taka  xommeHcaiis
HACTYITHUX BaplaHTax:

crabimizarii Jis koxxaoro EPIT;
32 JIOIIOMOIOO
BCTaHOBJIEHOT'O

MOTY>KHOCTI;

3a JI0IOMOT 010
CTaOUTI3yIOUMX PYWIIAHUX TMPUCTPOIB
(CPI) -

30yprorouoi e Fi, 1 Fy,, .

Tlonepenniilt anamis CBITIMTB, 110 | the first two ways have the following

mepur JBa OUISIXM MalOTh HACTYIIHI | disadvantages:

HEJIOJIKH:

OazsoBuii EPK €

POCTOPOBY
HectaOuIbHICTL ITA  cyTreBO 3anexuts | instability of ROV substantially depends

on the location of the UM on the vehicle’s

JIOTIOMOTOXO |
. proposed to compensate them by means
ocax nii | of additional

compensating tension on the axes of the

HaiOLIbII |
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constituents coincide with the resulting

vectors and operate along TC.
As for the vertical component of

fixing the UM, so its effect on the spatial

frame.
Based on the analysis of the

disturbing forces acting on the ROV, it is

EMCs developing the

disturbing forces.
Since to compensate for forces

F,, in all types of ROV, a basic EMC,

is applied, we will

Such compensation is possible in the
3a gomomoror Oaszosoro EPK ) P ) P

. following variants:
NUIIXOM JIOAABaHHS JO KEPYIUoro |

curHany Ugpx CKIIQIOBUX JIHHAMIYHO]
Yy , .
' the control s1gnal UEMC’ the components

CIIeIlaIbHO of dynamic stabilization for each EMD;

JIOJATKOBOTO |
crabinisyrouoro pymiitsoro xommiekcy | installed additional = stabilizing driving
(CPK) y cknani neKkinbkox (3a3BHyaii — complex (SDC) consisting of several
Tpu-yotupH) miapymorounx EPIT manoi
' thrusters;

JIBOX

using the basic EMC by adding to

with the help of a specially

(usually three to four) low power EMD

with two stabilizing driving devices

(SDDs) — one for each perturbing force

[0 OJHOMY JJid KOXHOI ! F  and E
| e UMz *

A preliminary analysis shows that

the basic EMC is the most powerful



HOTYKHUM CHO)KUBAYeM €JIEKTPOEHEeprti |
ma [IA 1 mae HemoctaTHl JMHAMIYHI !

XapaKTEPUCTUKH,  30KpEMa,

MOCTINHY Yacy;

y ckiani aekinbkox EPII e naiGuibmm
OYEBUJIHUM Ta €(DEKTUBHUM TEXHIYHUM
design and increase in its mass.
ITA Ta

. proposed to install two SDDs:

pIIEHHSM, TMPOTE, MPUZBOAUTH [0

YCKJIAJHEHHSI ~ KOHCTPYKIIi

301IBIIIEHHS TOTO MacCH.

Tomy y po0OOTI TPOMOHYETHCS
. perturbations F,.,, — one SDD with the
- ability to rotate the thrust vector in the

BcTtanoButu asa CPII:

A1l KOMIeHcauii 30ypenb Fy .,

omun CPII 3 MOXIMBICTIO HOBOpOTyé
BEKTOPY YIIOPY y Jiamna3oHi MOKJIHUBOI
3MiHM KyTa Oxyx HiIXO4y X0HoBoro Kinmg | to the ROV frame and install it at the
KT no pamu IIA Ta ycTaHOBKOIO HOTo y point of TC attachment to the ROV

. frame;

toutti kpirienns KT no pamu T1A;

IJIs. KOMIeHcalii 30ypens fp,, —

yCTaHOBKOIO  Haj  (mmim)
3akpimieHHst [IM Ha pami TTA.
[IporionoBani  CPII  OynyTs
MpaloBaTH MaJUMH, ane
HIBUAKOIFOUUMU J0JJaTKOBUMU

yrnopamu, siki OyayTh HakJIaJaTHUCh Ha

TaKHM YUHOM,

KOMIIEHCYBATH MOr0 BiIXWJIEHHS Bif |

3aJ1aHO1 TOYKH IT1JIBOJTHOTO TIPOCTOPY.
VY3aranpHeHa

1A,
CPII

MPOCTOPOBOi  cTabimizarii

OCHAIIICHUU JIBOMa

— —

xommeHcanii 30ypens Fip, 1 Py, |

HaBeJieHa Ha puc. 6.

BEJIUKY |

BCTaHOBJIeHHs nojaaTkoBoro CPK | SDD

onuH CPII 3 BepTUKAIBHUM yHOpOM Ta perturbations £

TOYKOTO
(below) the fixing point of the UM on the
' ROV frame.

OIICPATHUBHO

AKUN
JJIA

consumer of electric power of ROV and
has insufficient dynamic characteristics,
in particular, a large constant time;

the installation of an additional
in several EMDs is the most
obvious and effective technical solution,
however, leads to complications of ROV

Therefore, in the work, it 1is

for the compensation of

range of the possible change of the angle
org approach of the running end of the TC

for the compensation of

one SDD with a

installation above

UMz >
vertical force and

The proposed SDDs will operate
small, but high-speed additional force

which will be applied to the main force

ocHOBH1 ymopu ©6azoBoro EPII TIA i, of the basic ROV EMD and, thus, to

quickly compensate for its deviation
from the given point of the underwater

. space.

CTPYKTYpa
YAOCKOHAJIEHOI CHUCTEMH aBTOMATUYHOI |

The generalized structure of ROV
improved automatic spatial stabilization
system, which is equipped with two
SDDs for compensation of perturbations

—

Frey n Fyy, , is shown in Fig. 6.
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OiiindiH 2 BHIAMA PiBHAMK
inrerposancl CAK ITIIC

Exchange with higher level

)

of integrated ACS TUS
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CAK CPII2
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PucyHok 6 — Y3aranbHeHa CTPYKTypa YAOCKOHAJIEHOI CUCTEMH aBTOMATUYHO1

MPOCTOPOBOI cTabiIi3alii M IBOAHOTO anapary
Figure 6 — Generalized structure of the improved of automatic spatial stabilization
system of the underwater vehicle

Cucrema

aBTOMATUYHOI !

cradimizanii MiCTHTh, KpiM TpaauLiliHO]I |

CAK TIIA, nBI J10J1aTKOBI
ABTOMATUYHOTO KEPYBaHHS:

The automatic stabilization system
contains, in addition to the traditional

CHCTEMH ROV ACS, two additional automatic

. control systems:

CAK crabini3yrounM pymiiHUM |

npuctpoem CPIIl,
komneHcarito 30ypenb Bim KT
JIOIIOMOT0I0  yropy  Pepr

AKUN  3a0e3neuye |
3a |
Ha OCHOBI |

KOMIIIEKCHOTO  ypaXyBaHHS MOTOYHHUX |
3HAYEeHb TMPOCTOPOBHX KoopAauHAT IIA !
- UO {x,y.z}rov.vo, angles of the ROV

BimHOCHO 1O {X,y,z}1na110, KYTIB KYpCY,

kpeny # mubepenty IIA  {p,y,0/ma, |
radius-vector R,, and TC running end

—

paniyc-BeKTopy R, Ta KyTa XOIOBOIO
kit KT oy

ACS of stabilizing driving device
SDD1, which provides compensation for
the disturbances from TC using the force
Pspp1 on the based on a comprehensive
consideration of the current values of the
ROV spatial coordinates relative to the

course, roll, and the pitch {o, vy, 0}rov,

angle ORNE,
CAK  crabinizyrounM pymriifHuM |

npuctpoem CPII2, sxuii 3abe3neuye
KOMIIEHCAIit0 36ypensb Bix [IM F,,

JOMIOMOTO0 yIiopy Pepryi.

ACS of stabilizing propulsion
device SDD2, provides compensation of

3a disturbances from the UM F,,, with the

help of the force Pspp;.
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[Tomepenus o1iHKa Mpare3aaTHOCTI The preliminary performance
sarporionoBaHoi  CAIIC,  BukoHaHa evaluation of the proposed ASSS,
IUIIXOM KOMIT FOTEPHOTO MOJIEIIOBAaHHS, performed by computer simulation,
HigTBepaIa i €()eKTUBHICTD. confirmed its effectiveness.
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4 CTABLJIIBAIIA JIUPEPEHTY ITA ITPU ITIEPEPI3YBAHHI TPOCY
I HATATI'OM

4 STABILIZATION OF ROV PITCH WHEN CUTTING A METAL CABLE
UNDER TENSION

IIpu BUKOHAHHI

MOPCBKUX !

OyniBeNbHUX POOIT THUIIOBUM PEKUMOM

wir [TA € pexum

METAJIEBOrO TPOCY, SIKMH 3HAXOAUTHCS I |

HaTsroM.  Hanpukian,

npy  yKJIaJaHH] |

TpyOOIIPOBOy HAa MOPCBKE [JHO JIESKI |
OHTOHH HE BIIUIIIOTECA BII HBOIO !

ABTOMATHU4HO. TOMy BHUHHKAE

3aava |

TIepepi3yBaHHs TPOCY ILOTO MOHTOHY BIKE |
MICJISt TOTO, SIK TPYOOIPOBI 3aHYPHUBCSI M |
BOAY, & TPOC 3HAXOMUTBCS MiJ MI€I0 CHIN |

HATATY BiJl IOHTOHA.

Kepoanuii npotiec nepepizyBaHHA :

TpoCy Iiji HATATOM 3a jJonoMoro IIA,

ocHateHoro creniambaum HO — pizakoM |

tpociB (PT) — ckimamaeTsest 3 HACTYNHHX |
. cable under tension and positioning

das:

npuBenenns [IA go Tpocy HiI[é

HATSATOM Ta TIO3UIIIOHYBaHHS (3a3BUYai,

IPOTU Tedii) 3 Bi3yalbHUM KOHTPOIEM 34 |

JONIOMOT'OO IITaTHOI BiieokamepH [1A;

3aXOIUIEHHA TPOCY IIii HATSIOM |

3atrckadeM PT 3 Bi3yaJlbHUM KOHTpOJIEM

3a JIOTMOMOT 010 IITATHOI Biieokamepu [1A;

When  performing maritime
construction works by a typical mode for

nepepi3yBaHHS the ROV, is the cutting mode of a metal

cable which is under tension. For
example, when laying a pipeline to the
seabed, some pontoons do not separate
from it automatically. Therefore, there is
the problem of cutting the metal pontoon
cables arises after the pipeline is plunged
under water, and the cable is under the
tension influence of the pontoon.

The controlled process of cutting a
cable under tension using an ROV
equipped with a special AE — cable cutter
(CC) consists of the following phases:

bringing the ROV to the metal

(usually against the current) with visual
control using a standard ROV video
camera;

capturing the metal cable under
tension with the CC clamp with visual
control using the standard ROV video

| camera;

nepepizyBaHHsa TPOCY MiJ HATATOM |
. tension with the CC actuating mechanism

PT
CJIEKTPUYHUM PI3aKOM 3 BI3yaJIbHUM

BUKOHaBYMM  IPUCTPOEM
KOHTpOJIEM
Bineokamepu [1A;

PO3KMMaHHS 3aTHCKaya y mpolieci
CIUIUBaHHA IIOHTOHa 3 TPOCOM 3
BI3yaJlbHHUM KOHTPOJIEM 32 JIOINOMOIOIO

mTaTHOI Bimeokamepu [TA.

cutting the metal cable under

— an electric cutter with visual control —

32 JIOIOMOIOI0 IITATHOI |

using a standard ROV video camera;

unclasping the clamp in the

process of pontoons surfacing (popping
' up) with the metal cable under tension
with visual control using a standard ROV
video camera.
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Takum YUHOM,

micis |
nepepisyBanHs Tpocy min Harsrom ITA | under tension, the ROV should be

TMIOBMHEH BiCTHKYBaTUCh Bifl HhOro. Ase : detached from it. But on the ROV, in

Ha [IA y mpoleci CIUIMBaHHA i€ cuia, |

npukiageHa a0 PT, ska 3ainexuts Bif |

JUHAMIKY CIUTMBaHHS IOHTOHA.
BOMY CTBOPIOETHCS JAUPEPEHTYIOUUI

IIpu

Thus, after cutting the cable

the process of surfacing, there is a force
applied to the CC, which depends on
the dynamics of the pontoon’s ascent.

;At the same time, a differentiating

MoMeHT ITA, sxuii MOe MpU3BECTH MO '

3aKIMHIOBaHHA 3aTuckada PT, a mpw |

KyTax AU(EPEHTY, 10 BUXOIATH 38 MEXKI |
. = 10°, moments capable of causing

y == 10°, mHa PT MOXyTb yTBOpUTHCH

MOMEHTH, $KI 31aTHI HaHECTH HOMY |

MEXaHIYHl YHIKOJDKeHHS. Tomy oapasy

micJiA BIAPI3aHHS TPOCY M1l HATATOM Mae :

BMUKATHUCH
IUQEPEHTy,
MexaHi1yHoro ymkopkeHHs PT.

pynuiit

mo0d He  JIOMYCTUTH

crabimizaTop |

moment of ROV is created, which can
lead to jamming of the CC clamp, and
at pitch angles beyond the limits of y =

mechanical damage on the CC can be
created. Therefore, immediately after
cutting the cable under tension, the
engine — a pitch stabilizer must be

activated to prevent mechanical damage
. to the CC.

3a paxyHOK BEPTHKAJILHOIO PYINiS |
[TA wnaOuparume mBuaKicT V). Ane

3a0e31IeYUTH CHHXPOHHE crmBanns [1A Ta |

IIOHTOHA HCOOCTAaTHDBO.

Heo0xigHo |

BupiBHATH audepeHt [IA Ta yrpumysarH

oro B miamazoHi = +£5°
BUTIAJIKY
3MEHIITYETHCS

BIUIMB  30ypyrodoi

Maibke 10 @ Hyas i
3’SBIIIETEC  MOKJIUBICTH

3aTHUCKay.

B LLEOMY |
CUJH |

Due to the vertical propeller
(motor), the ROV will gain speed V.
But, ensuring synchronous surfacing of
the ROV and pontoons is not enough. It
is necessary to align the ROV pitch and
hold it in the range y = £ 5°, in this

case, the disturbing force effect

decreases to almost zero and there is the

PO3THCHYTH |

Pyx noHTOHa MOZENI0OBaTUMEMO 34 |

EKCIIOHEHIIAJIbHUM 3aKOHOM:

)

e V,, — HOTOYHE 3HAYEHHS MIBUIKOCTI
V,=0,5wM/c

CINIMBAaHHA IIOHTOHA,

possibility of releasing the clamp.
The motion of the pontoon will be
modeled according to the exponential

law:

)

where v,, 1s the current value of the
pontoon clearance rate, v,, = 0,5 m/s is

KiHIIeBE 3HAYCHHS [IIBUIKOCTI CIUTHBAHHS |

ITIOHTOHA,
MOJIeIi CIUTMBaHHS OHTOHA [18].

T,=1c¢ — mocrifina w4acy |

the final value of the pontoon clearance
rate, T,, = 1s is the constant time of the

pontoons model surfacing [18].

BB tpocy mig HaTsarom Ha [TA

MOACIIOBATHUMEMO,
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The cable under tension’s effect on

BUKOPHUCTOBYIOUH the ROV will be modeled using the TC



MM KT 3 gBOX €leMEHTIB — KOPIHHOTO |

Ta  XOJOBOTO  KIHIIB: KOOpAMHATA
XOZIOBOTO KIHI CHmiBOagaTUME 3 3
TOYKOIO  pO3TAlllyBaHHS  3aTHUCKaya
MaHIMyJsTOpa, KOOpJAWHATa KOPIHHOTO

KIHIA 3MIHIOBATUMETHCS 34 3aKOHOM:

=] Do drdt (6)

dt

KT
HE3pIBHSHHO Majiol0 Yy TIOpIBHAHHI 3
ITA. 1Ile

JIOBXKUHY

rabapuramu 3a0€3MeUnTh

MaHIMyJISTOPOM.

Ha puc. 7 300pakeHO NHHAMIKY
smian  nudepenty I[IA  BHacaigok it |

CIIMBArO401ro IIOHTOHaA.

A
e}

v,
60

40

20

IIPUAMEMO !

MM of two elements — the root and the

Erunning ends: the coordinate of the
' running end will coincide with the
location of the manipulator clamp; the
écoordinate of the root end will be
changed according to the law:

=] dc‘l’;" drdt . (6)

The length of the TC is assumed to

be incomparably small compared with
. the ROV dimensions. This will ensure
dbopMyBaHHS CHJIOBOTO BIUTMBY Ha ITA B |

TOUI[l YTPUMAaHHS TPOCY IiJ HATATOM ROV at the point of holding the cable

the formation of power impact on the

under tension by the manipulator.

The dynamics of ROV pitch
change as a result of the floating pontoon

. action is shown in Fig. 7.

0
0 5

10 15

[
>

f,s

Pucynok 7 — 3mina qudepenta [1A BHacminok Aii 30ypeHb Bl TPOCY IiJl HATITOM

Figure 7 — Change of ROV pitch as a result of disturbances from the cable under
tension

OGepropuit  pyx TIA min ieto |

30yPIOIOUHX CHIH Ta MOMEHTY |
XapPaAKTEPU3YETHCS CYTTEBUMU |
HCJTIHIMHOCTSIMH, OCKLUIbKH BUHHUKAE

BHACJIIOK B3aEMO/II1 HEJIHIMHUX CKJIQIOBUX:
— PYLIITHOTO MPUCTPOIO;
— kopnycy IIA;
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The ROV rotating motion under the
action of the perturbing forces and
momentum is characterized by significant
nonlinearities, since it arises as a result of

. the interaction of nonlinear components:

— the driving device;
— ROV hull;



— BJIACHE HEBH3HAYEHUX 30BHIIIHIX '

—

30ypeHb y BUIVISLII BeKTOpa cuiu [

MOMEHTY M, TpOCY I HATATOM.
y y

BUILIIAMO €JIEMEHTHU

SKHX  OIHCYETHCS
PIBHSIHHSIM IIEPIIOTO MOPSJIKY:
— MOJIETb
NpOLECIB B EJIEKTPOABUTYHI
PYLIIIHOTO MPUCTPOIO;
— MOIENb  JIUHAMIKHA
npoueciB B EJ[ pymiiitHoro npuctpoto;

— MOJieJIb AMHAMIKU 00EpTOBOIO PyXy ! , . .
. device mechanical processes in the EM;

kopnycy ITA.
EnexrpoguHamiuHi

npuctpoto IIA, 3HayHo wmBHILI,

IIEPLLIOrO IOPSAAKY, KEPYIOUHM BIUIMBOM €

Hanpyra okusineHHs EJ[ u, xepoBaHOIO
BEJIMYMHOI0 — IIBUJKICTh OOEpTaHHs
rpeOHOTO TBUHTA M.

3acTocyemo TIPUHIHI |
HAMOPSIAKOBAHOT O KepyBaHHS Ta |
OTPUMAEMO CTPYKTYpY CHCTEMH |
aBTOMaTHYHOi crabimizauii audepenra |

crabinizaTop audepenta [1A S, (puc. 8).

Ta |

nepexiiHi
nporiecw, siki npotikaiotk B EJI pymiiHoro | dynamics of the ROV hull.
MEXaHIYHI MEepPeXifHi MPOLECH B HBOMY, occur in the EM driving device are

TOMy MaTeMaTHdHy Mozelns uHamixu | much faster than mechanical transients

CJIEKTPOMEXAHIYHUX TIPOIIECIB PYHIIHHOTO in it, therefore the mathematical model
NPUCTPOIO0 MOXKHA TIPEJICTABUTH Y BHUIIISAIL
JIHIKHOTO  TU(EPEHIIANTBHOTO  PIBHSHHS
. represented  as
differential equation, and the control
voltage is the power supply EM u,

. controlled value — the rotational speed

. subordinate control

. structure of the ROV pitch automatic

IIA, sKa MICTHTh PEryIATOp LIBMIKOCTI ' stabilization system, which contains the

oOepTanHsi rpebHOro reuHTa Rorr Ta . rotational speed controller Rops and the

ROV differential stabilizer S, (Figure 8).

— actual uncertain external
disturbances in the form of a force

vector ﬁm and moment M,, of the cable

Js  crabimizamii nudepenty IIA under tension.

MaTeMaTHIHOT |

mozeni obeproBoro pyxy IIA, KoXkeH 3 | gelect

AuQepeHiiaTbHIM mathematical model rotating motion,
. each of which is described by the

CHCKTPOMHAMITHIX - 4ifforential equation of the first order:

(ED

| processes in the driving device electric

MEXaHIYHUX |
. motor (EM);

To stabilize the ROV pitch, we
the elements of ROV

—model of electrodynamic

—model of dynamics of driving
—model of the rotating motion

Electrodynamic transients that

of the dynamics of the driving device's
can be
linear

electromechanical processes
a first-order

. of the propeller (propelling screw) ®ps.

the
and obtain

of
the

To apply principle

W, =0

e‘-!
o
—{% Ey

TMA(ROV) |+ »

o A
— ‘{ —
*’r}a—y}- ﬂ'] {Hu: P, '5)

(ely -,r[r.-,-{ %)

Pucynok 8 — CtpykTypa cucteMu aBToMaTu4yHO1 ctadinizamii nudepenta [TA

Figure 8 — The structure of the of ROV pitch automatic stabilization system
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V¥ [19] cunrezoBano Ill-perymnsrop

MIBUJIKOCTI 0OepTaHHS TpeOHOro TBUHTA |

Rorr, sxuii  mpaioe B

YMOBAX :

HEBU3HAYEHUX 30YpEHb 3 TOCTIMHO Yacy |

Torr=0,02c. 3acrocyemo 1oro

JUISL |

KEepyBaHHs pyuIiHuM mpuctpoem [IA,

TOJI TUTS peaizartii

CUCTEMH !

aBTOMATHYHOI cTabui3arii qudepenta [1A

3QIMIIACTBCS CHUHTE3yBAaTH CTabLIizaTop |
. stabilizer S,,.

S,

Jamagero S, €

yTPUMAHHS |

Hy1b0Boro audepenty I1A, BupoOstoun

KEepYIOUuil BIUIMB Orr; U1 PEryJsiTopa
Rorr. Tlpu ycrinmiii po6oti S, nudepenr |

I[TA Oyne

y=+1° mo 3a0e3neynTh MIHIMIZAIIIO |

30yprOlOYM  BIUIMBIB

Bl Tpocy HiI[;

HatsiroM. KpiMm Toro, B 1[bOMy Jiama3oHi :

HEJIIHIAHOCTI 00EPTOBOTO PyXy KOPIYCY !

ITA Takox OymyTh HpPOSBIATHCH CJ1abo, |

TOMY IPCACTABUMO MATCMATHUYHY MOJICJIb

| represent

obeproBoro pyxy IIA mudepeniiarbHuM

PIBHAHHSIM  TEPLIOTO  TOPSIKY

JIHIMHUMU Koe(ILIEHTaMU ky,; Ta kyo:

dy

vl dt (7)

= Oy _k.//zl// T Wy

5

In [19], the PI velocity controller
for rotational propeller Rwps, which
operates under conditions of uncertain
disturbances with a constant time
Towps = 0,02s, is synthesized. We will
apply it for control of ROV propulsion
device, then for the implementation of
the ROV pitch automatic stabilization
system remains to synthesize the

The task S, 1s the maintenance of
the zero ROV pitch, producing a
control action wpg for the controller
Rwps. In successful operation S, the

3HAXOmMTHChL B jiamasoni | ROV pitch will be in the range y = +

1°, which will minimize the disturbing
effects of the cable under tension. In
addition, in this range of nonlinearities
of the rotational motion of the ROV
hull will also be weak, therefore,
the ROV rotary motion
mathematical model by the first-order
differential equation with the linear

 coefficients ky; and kyo:

BenuuuHa (33 IPEACTaBILe COOOI0 |

30BHIIIHE 30YypeHHs, TPHUBEACHE

BHHUKAE BHACIIIOK B3aeMoOmll

The magnitude of w.; represents

70 the external disturbance, reduced to the

posmipHOCTi Kepyrouoro BrmBy, sike | dimension of control influence, which

IMA 3
TpocoM T, HaTaroM. O4YeBUIHO, M0 M33, with the pontoon. Obviously, the w4, as

a Takoxk koedirienTu ky Ta ky, 3anexars | well as the coefficients k1 and ky,

arises as a result of the ROV interaction

depend on V.

BiXT V).

Hnsa  crabimizanii  audepeHrta
3aCTOCYEMO 1HBEPCHY MOJIEJIb
obeptoBoro pyxy I1A [20]:

To stabilize the pitch, apply the

. inverse model of ROV rotary motion

- [200:
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(8)

Wpgy = kl//la)d + k.,/zl// -,

onst ?



a)FF3 = kl//la)B + kn//2l// - a)const > (8)
/4

=— 9

0=~ )

AC (0,
mBUAKOCTI ITA, Wconst —

gacy craburizaTopa qudepeHTy.
Cepiro

moxem (8) Oymo
V,,=0,5 m/c.

KePYIOUHX
3a0e3MeuyI0ThCs

MIPOBEICHO
BcranoBnieHo,
BIUIMBAaX
JIOCTaTHI1
OTIEPAaTUBHOTO KEepyBaHHS
MBUOKOCTI ®,;~—1..1 °/c.

Jlarna3oHi y € [—5°,5°} .

k2 =—0,083 (rpan-c) ' [21].
Ha puc. 9
pGSyJ'IBTaTI/I MOOCIHOBAHHSI

ITA.

YITpUMYETBCSI Y  HBOMY, IO  Ja€ :
MO>KJIUBICTb PO3TUCHYTH 3aTUCKAY !
MaHIIyJIsTOpA.

©)

where w,; 1s the desired value of ROV

3aJaHe 3HA4YeHHS KyTOBOI | angular velocity, @const is the constant

KOHCTAHTA, TIO | that compensates for the effect of wps, T,
KOMIIEHCY€ BIUTMB (33, I, — MOCTiliHa | 'S

the time constant

of the pitch

. stabilizer.

KOMIT IOTePHHUX |
CKCIIEPUMEHTIB 3 METOI0 MapaMeTPUYHOT | with

ineHTH (KAl {HBEPCHOT MaTEMaTHYHOT | identification of an inverse mathematical

rpH . model (3.8) was carried out at V,,= 0.5
mo mpH . m/s. It was established that with control
Orr3 ~ 72..78 C_1 actions

s | velocities wg~—1...1%/s are sufficiently

KyTOBi provided for operational control. The
Kepyioui ' control actions were set for the pitch in

BIUTMBH 3ajaBanuch s audepenris y | the range\lle[—So,SO]

A series of simulation experiments

the purpose of parametric

wpsg < 72...78 s_l, angular

Applying the approximation of

ATIpOKCHMAITis TAGMHYHUX AAHHX . tabular data by the method of Ileast-

METOZOM HaHMeHIIMX KBajpaTip aana | SAUares made it possible to obtain the

3MOT'y OTpUMATH IapaMCTpH MOI[eJ'IiI model
Mconst — _74963 C_la k\yl = -2.83 rpaz(_l Ta ! k‘Vl -

Oconst = — 74,63 S_la
and  k,, =-0,083

parameters
—2.83 deg™’

' (deg.s) ' [21].

MIpPEeACTaBIICHO

cicremy | Pitch automatic stabilization system are

aBTOMaTHUHOT cTabinizauii augepenta | Presented in fig. 9.
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Sk Gaunmo, crabinisatop yrpumye | 1€

mudepent [TA B mexax \|/e(—2,6°,5,6°), we(—2,6°,5,6°)

The simulation results of ROV

As can be seen, the stabilizer keeps
ROV pitch within the limits

that prevents

1[0 3ar06irae MEXaHIYHOMY YITKOIKEHHIO | mechanical damage to the manipulator,

MaHimyIsTOpa, A Yepes 5 ¢ AdepeHT . and after 5 seconds the pitch falls into the

noTparmie y  ianason we(_lo,lo) iérange we(—1°,1°) and is held there,
. which makes it possible to unlock the

. clamp of the manipulator.
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Pucynok 9 — ludepent I1A (a) Ta xepyrouunii BIuius orr (0)
Figure 9 — UV pitch (a) and the controlling action (influence ) of wps (6)
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5 ABTOMATU3ALISI KEPYBAHHSI KABEJBHOIO JEBIJIKOIO [ICHO
HA SIKIPHII CTOSIHII CYAHA-HOCIS

S USPEC CABLE WINCH CONTROL AUTOMATION AT THE CARRIER
VESSEL ANCHORAGE

Anamiz  3apyOiKHOI

gac 3actocysanns [ICHO, 3peGimbmioro, |
. observed on board specialized vehicles
TEXHIKH, |

CTIOCTEPIracThCsl 3 OOPTY CHEMIaTi30BaHNX
CYJI€H-HOCIiB M1ABOIHOI
OCHAIIICHUX

MO3MLIIOHYBAHHS,

CUCTEMaMU

Kl  JTAlOTh

MIZIBOJHUM amapar 3 MaimyiasitopoM [21,

22].

IIpore, X BUKOPUCTAHHS

3aTpaTaMH, OCKIIBKM OpEHIHA OIlara |
takux CH pmocurs Bucoka [22]. Kpim |
. positioning in Ukraine.

TOro, Ha LIl yac B YKpaiHl IpaKkTUYHO
BIJICYTHI E€KCIIETUI[1IH]1

JTUHAMIYHUM HO3UIIIFOBAHHSIM.

rmubunax (mo 100 MerpiB), 3a3Ban171,§

BUKOPUCTOBYIOTb ~ MOPCBKI

Cy[HA 3 TIOCTAHOBKOIO iX Ha skip [23]. |
OnHak, MpakTUKa CBIAYUTS, 10 CyTHO IIPU
LIbOMY BUKOHYE 3HAuHI MEPEMIIICHHS M0
BOJIHIM MOBEPXHI MiJ JI€0 BITPY, TeUll Ta
xBuIb. 1le nopomxkye 30ypenns, sxi uepes | through the TC to the ROV hull. In
KT nepenatotbcs Ha kopnyc IIA. Kpim
TOro, 1O IMX CHJ Ha Xxoa0BoMy KiHI KT

JOJA€ThCA 3MIHA HAINPSAMKY BEKTOpa CHIIU

Horo CTallIOHAPHOTO

IIBOHOIO TEYi€r0, MOPOKEHA 3MIHOIO |

rpoctopoBoro  nonokeHHss KT

nepemitieHHst CH. ¥V pe3ynbrari cyTTeBO !
3BYXKYETbCS Jiana3oH Tigpo-KIIMAaTUYHHX |

YMOB  3aCTOCYBaHHSA Ta
edextuBHicTh [ICHO.

HAyKOBO-
TEXHIYHOI JIITEpaTypy CBIIYMTH, IO Ha LIEH !

JIMHAMIYHOTO

3MOTY enable to keep the CV over the UO with

yrpumyBatu CH nan I10, 3 sxum nparoe

CyJHa 35
depths (up to 100 meters), marine diving
[lpu 3actocyBanui [TA Ha MamuX |

BOJIOJIA3HI |

OOTIKaHHS |

3-3a |

3HIKYETHCS |

The analysis of foreign scientific
and technical literature shows that
currently, the use of USPEC is mostly

carrying underwater equipment equipped
with dynamic positioning systems that

which the underwater vehicles with the
manipulator operates [21, 22].
However, their use is associated

. with high financial costs, since the rent

MOB’s3aHE 3 BEJIUKUMH (PIHAHCOBUMU of such CV is quite high [22]. In

addition, currently, there are virtually no
expeditionary vessels with dynamic

When applying ROV at shallow

vessels are usually used for anchoring
them [23]. However, practice shows that
the vessel at the same time performs
significant movements on the water
surface under the influence of wind,
current and waves. This gives rise to
perturbations, which are transmitted

addition, to these forces, a change in the
direction of the force vector of its

stationary flow through the underwater

current, which is generated by the change
in the TC spatial position due to the
displacement of CV, is added at the
driving end of the TC. As a result, the
range of application hydro-climatic
conditions 1is significantly narrowed and

USPEC effectiveness decreases.
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3a nux ymoB ekcrutyataiii [TA mms
operation, for its content in the UO and

fioro yrpumanss Ot 1O ta 3actocyBaHHs
MBOJHOIO  MAaHIMYJISATOpA
perymoBati J0BxkMHY KT Takum uuHOM,
1100 30ypeHHs BIJI

3a/1a4l
pPOOUTH ~ aKTyaldbHOIO  HAYKOBY

B YMOBaXx I€pPEMILLEHb Cy/IHA-HOCISI.
Cmig  3a3HAUYWTH,

HEOOXIMHO | the use of the underwater manipulator

TMePEMIeHHs | disturbances from the anchored vessel

3asKOPEHOTO Cy/THa, sIKi TepenaioThes 10 KT & gvement, transmitted by TC to the

Ha TUABOIHUH aliapar, Oy MIHIMAJTHHHMH. underwater vehicle, were minimal. The
¥ Zwceprauiii NPONOHYETECA PO3B’S0K IET | go1ytion of this problem is proposed by

BUKOHYBATH  HUIAXOM  KCPYBAHHA controlling the length of the raised part of

HoBXHM  Tomymieol vacua KT. e the TC. This makes the actual scientific
3a1ady | :
: . problem of the ACS synthesis by the
nnte3y CAK xab 0 [1ICHO : . .
CHITESY KADCTIPHOIO JIEDULIOIO . USPEC cable winch in the carrier vessel

. displacement.
0 [HATaHHSA |

Under the circumstances of ROV

must adjust the length of the TC so that

PETyJIIOBaHHS JOBXUHU TPOCIB i KaOelb- |

30py  BITUM3HSHUX 1

HayKoBIIIB [24, 25].

It should be noted that the issue of

TPOCIB TIPHB’ A3HHX TTHIBOHIX ATAPATIE i . regulating the cable lengths, remotely

CHCTEM TIOCTIHHO 3HAXOASTHCA y TOJI | operated vehicle vehicles tether cable and

3apyOikHux | SYStems

is constantly of interest to

. domestic and foreign scientists [24, 25].

V BKazaHuMX Ta iHIMX poOOTax !

JETaIbHO po3pobieHi

MaTeMaTUYHOTO OINHCY MPOIEeCiB, IO !
MPOTIKAIOTh Yy MOPCHKUX TMPUB’A3HUX !

CUCTEMaX, Ta JOCHIIKYIOTbCS TEXHIYHI |

3aco0M 3MEHIIICHHS BIUIMBY XUTABHUIIl Ha
M1JIBOJIH1 araparu.
VY daxocTi

3aCTOCYBaHHS

oOJ1aTHaHHS 1A

CUCTEMHU KEpyBaHHSI Hew [26].

MacorabapuTHI pPO3MIpH.
HeUTpaizanis CUJIOBOTO

HC PO3TIIAAA€ThCA.

: the

[IUTAaHHA .

In the specified and other works,

questions of the mathematical
. description of the processes occurring in
. the marine tethered systems are

developed in detail, and technical means

of reducing the roll effects on underwater

. vehicles are being researched.

TOJIOBHUX TEXHIYHUX !

pilleHp y muX PoOOTax PO3IISAAIOTHCS these works, the use of mechanical CW

MEXaHIIHHUX : ghock absorbers, which are located on the

amoptusatopiB KJI, sika po3ramoBana Ha CV [25], and the inclusion of ROV

CH [25], Ta BimOuEHH A0 CKIAAY | equinment additional amortized winch

. . JIOMIATKOBOL | with the development of its control
aMOpTH3yIO40i Je0iIKu 3 PO3pPOOKOIO

Taxi | system
e CTATHIO otic . decisions complicate the design of the
HIEHHS KJIAQOHIOIOTh KOH IO ! , . .
P . 4 : prK.. .+ vessel’s CW and ROV, and increase their
cynaoBoi KJI Ta ITTA, 30inbmyroTh iXHi _ _ , ,
. mass-size dimensions. In this case, the
I[Ipn wpomy :

As the main technical solutions in

[26] are considered. Such

i neutralization of the force effect of CV

BIUIUBY !

nepemimens CH Ha TIA y mux po6oTax . displacement on ROV in these works is

. not considered.

3anponoHOBaHO KOHIIENTTYAILHO |
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A conceptually different approach

iHmIMI TiAXiT 10 posB’s3amHs 3amaui | O solving the problem of improving the



CAK
neb6inkoro [ICHO, skmii rpyHTYETHCS Ha

YIOCKOHAJICHHS
KOMIIJIEKCHOMY  OL[IHIOBaHHI

ITA, Ha ocHoBi sikoro cuHTe3yeTbest CAK

cysHooro KJI g  He#drpamsanmii :
BKa3aHUX 30ypeHb.
Po3risitHeMO  OCHOBHI ~ PEXHUMHU

po6oru cucremu «CH — TICHO» mus |
. the vessel does not have a dynamic
. positioning. As external disturbances, we

BUMAJNKY, KOJIM CYOHO HE  Mae

JMHAMIYHOTO MO3UI[IOHYBAaHHS. Y SIKOCTI

30BHILIHIX 30yproBaHb

CH (po3y BiTpiB axBartopii 17) Ta

miaBoaHy Teuito V.., ska nmie Ha KT 1

IIT >

BUIJISIT  €Iilca, PO3MIPH OCEH SKOro
3ajiexaTh Bl TIUOWMHM MOpsSI A Ta Bin
. characteristics of ROV EMC.
3 nocsiny aBTOpiB, cuctema «CH —

TAroux xapakrepuctuk EPK ITA.

[ICHO» moxe (yHKIIOHYBATH y TPbOX
three main modes (Figure 10):
- CYIHO-HOC1H CTOITh Ha sikopi ()
3oH010 (P3) /OHHOT |

nosepxui, ne 3Haxomuthes 110, i minm | (WZ) where the UO is located, and under

OCHOBHHUX pexxumax (puc. 10):
HaJ PpoOOYOrO
TI€r0

BITpY BUKOHYE€

NepeMIIIeHHs 10 TpaeKkTopii Sy y paaiyci
mo
KOPIHHOTO

kiamsg KT TICHO; migBogHuii amapar the USPEC TC; the underwater vehicle in

i SIKIpHOTO (D),

BUKJINKAE

JaHIIoTa
nepeMillieHHs

U [bOMY, SIK i B HACTYITHUX PEKUMAX, |

no3uttionyetbest 6us [10 (puc. 10,a);

- CYJHO-HOCIH JIEKMTb y Jperdi Ta |

MITAE€TBCSL  BILUIMBY  BITPY,

MOBUIBHO 3MIIIYETHCS (3a3BUYAl, JTIHIMHO,

[0  TPaeKTOpii

noBepxHi, e 3Haxoauthes 110 (puc. 10,0);
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Gyaemo |

po3risaaTiH TUIBKH BITPOBUM BIUIMB HA | CV (wind rose V') and the undercurrent

HOBUTBHI |

3-32 4YOro '

Sp) wmax P3  noHHOI |

KaOeJIbHOIO USPEC cable winch ACS, which is

based on a comprehensive assessment of
mpouecy |
sminu B3aemuoro postamryBanus CH i ! location of CV and ROV, on the basis of

- which the of the vessel CW ACS is

the process of changing the mutual

synthesized to neutralize the indicated

perturbations is peoposed

Consider the basic "CV — USPEC"
system operating modes for the case when

will consider only the wind effect on the

—

V,c acting on the TC and ROV. The
;USPEC working zone (WZ), whose
TIA. Po6oua 3oma (P3) [ICHO, mMexi sikoi |
YTBOPIOIOTBCS  TOYKAMHU MaKchaanoé
MoxkimBoi BigmanenocTi ITA Bix CH, mae

boundaries are formed by points of the
maximum possible distance of ROV from
the CV, has the form of an ellipse, the
dimensions of the axes of which depend
on the sea depth # and from traction

From the author's experience, the
"CV — USPEC" system can operate in

- the carrier vessel is at anchor (A)
above the bottom surface, working zone

the influence of the wind performs slow
movements along the trajectory of the Sa
within the radius of the anchor chain (AC)
causing the displacement of the root end of

this case, as in the following modes, is

positioned near UO (fig. 10, a);

- the vessel-carrier is drifting and
exposed to the wind, causing it to shift
slowly (usually, linearly, along the Sp
trajectory) over the WZ of the bottom
surface where the UO is located (Fig. 10, b);
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niBaOoYi; P3N 1, P3N2 — po60od4i 30HM moYaTKOBOI 1 KiHIIEBO1 TouoK apeidy CH.
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- CyIHO-HOCIi Mae 1Bl ha3u pyxy
— ¢a3zy npeiidy Bix BUXigHOI TOUKH A Y

Hanpssmky IIO 1o kiHueBoi

TOYKH

aperidy B, oOMexeHOI MaKCHMaIbHOIO UO to the end point of drift B, limited by

nosxuHoto KT na 6apabani KJI, Ta ¢azy

nogepHeHHss CH y BuXIOHY TOYKy
starting point of the start of drift along

noyaTky apeidy mo tpaektopii Sg (puc.
10,6);
nosutionyerbes ous T10.

mpu nsomy IIA

[lepmmit 1

€

TpeTii
3a3BUYAN, TPUBAIMMM Yy d4acl 1

HOCTIHHO !

- the vessel-carrier has two phases
of motion: the drift phase from the
starting point A in the direction of the

the TC maximum length on the CR
drum, and the CV’s return phase to the

the Sr trajectory (Fig. 10, in ¢); while

ROV is constantly positioned at the UO.

PEKUMH, |

The first and third modes are

Eusually long lasting, characterized by

XapaKTEPHU3YIOThCA BEIUKMMH OOCATaMH |

M1ABOAHO-TEXHIYHUX pOOIT.

Tomy

norouna nosumiss CH BigaocHo I1O 6Gyne |

3aJIe’KaTH BiJl pO3H BITPIB aKBATOPIi.

large volumes of underwater technical
work. Therefore, the current CV position
relative to the UO will depend on the

. wind rose.

Jlpyruii pexxuM € KOPOTKOYACHUM |

1 BHUKOHYETbCA  OJIHOPA30BO,

HAnpsSAMOK BITPOBOro 30ypeHHS MOXKHA

KOJIN |

The second mode is short-term and
executed once, when the direction of

. wind disturbance can be considered

BBa)kaTu He3MIHHUM. OJIHAK, Yy 3B 3Ky 3 !

MM BHUMOTM JO TOYHOCTI

BUKOHAHHS OCOOJIMBO BHUCOKI.
O4eBHuIHO, 10

nepemimienHss CH vy

fioro |

unchanged. However, in this regard, the
requirements for the accuracy of its

. implementation are particularly high.

ONHCaHi |
TOPU3OHTANIBHIN |

TUTOIIMHI OyTyTh BUKIIMKATH CYTTEBI 3MIHH !

ITA) kinnsax KT.

It is obvious that the described CV
displacements in the horizontal plane will
cause significant changes in the efforts

3yCHJIb SIK Ha KOPIHHOMY (3aKpiruieHOMY Ha both at the root (fixed on the CV) and on

CH), Tax i Ha X00BOMY (3aKpimieHoMy Ha | the running at the ends of the TC (fixed

. on the ROV).

Kpim toro, 1o xopmycy ITA yepe3
power disturbances, generated by the CV
. hub will be applied to the ROV hull

KT Oyayrte mnpuKIagaTHCh  CHIIOBI

30ypenHs, mopokeHi xurapuieto CH.

Bagauy cuntesy CAK KJI s |

TaKuX eKcIuTyaTailii

YMOB
JOLIJIBHO  pO3B’SI3yBaTu  y

HAaCTYIIHUX ITOCTAHOBKAX:

[ICHO |
JBOX |

In addition, through the TC, the

The task of CW ACS synthesis for
such USPEC operating conditions is
expedient to be solved in the following

. two arrangements:

MIHIMI3aI[lsl CTAaTHYHOI CKJIAagOBOI !

—

F

KTs

—

00OyMOBJIEHOT H0TO

OOTIKaHHSIM, IS

cwm F,, Ha xomoBomy Kinui KT,
TAPOJUHAMIYHUM |
BCHOTO  JIiala3oHy |

MoknuBux rnepemimens CH min aiero |
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of the
component £, of force F, at the

minimization static
running end of the TC, due to its

hydrodynamic flow around the range of
possible displacements of the CV under



—

po3u BiTpiB V', IIISIXOM BCTAHOBJICHHS !

KJI
JOBXUHU Lytep; Momymenoi yactuau KT

3a JOIIOMOI'010

IJIs. KOXKHOT TOYKH TpaekTopiid Sg, Sp Ta !
Sk (CTamioHapHa IIOCTAaHOBKA 3aj1adi |
of TC flow by the water flow);

obrikanag KT moTtokom Boan);

MiHIMi3aITis AMHAMIYHOT CKITa0BO] |
- . component F,, of the force at the running

sxa 06yMoBIeHa Bibpauicro KT y moroni end of the TC F,., which is caused by the

[27]) Ta nepeMitenHM . TC vibration in the water flow (force F,.,

. [27]) and the displacement of the root end

kopiauoro ki KT BEPTUKAJIBHIA | } i
P H y Bep . of the TC in the vertical plane due to the

CV shift (force F,,).
MICHE

—

Fyr, cumn Ha xonoBoMy KiHoi KT F,

Bou (cuna Fi.,

wiomuHi 3-3a xutasuni CH (cuna £, ).
IIpuy  wpomy,
HACTYIHI 3aJ€KHOCTI:

MaroTb

— —

FKT:FKTS_FF:KTd; (10)
Fyr :f(VHT;dKT;LKTopt;CKT); (11)
ﬁKTd = FKTV + _)KTW > (12)

—

ne dyr — miametp KT; Ly, - — npoctoposa

dopma KT
KEpOBaHa JOBXXHMHA IOMYIMICHOI YaCTUHH

HYJIbOBOI  IUIABYYOCTI,

sKoro L y TIOTOIIi BOJU 3AJICKUTH BiJI

KTopt
B3aeMHoro postauryBanHs CH 1 TTIA Ta
MIHIMAJIEHO

3abe3neuye MOJKJTMIBE

3HAYCHHS CHWJIM T1IPOJUHAMIYHOTO OIOPY

KT>
KOE(ILIEHTIB TIAPOJUHAMIYHOTO OIOPY
KT -
JOTUYHOI

BIAIMOBITHO, HOPMAIBHOI 71,

t ta OOKOBOI b CKIAIOBUX

TIIPOAMHAMIYHIX CHIL.

cuntesy CAK xkabenbHOIO 71€01IKOI0 Yy
NepIiii MOCTAHOBLI, BUXOASYH 3 BIIOMOTO
TBEpIKEHHs [28], 110 A7 KOXKHOI Hapu
TO4OK {@; A; htcn 1 {@; A h}ma, SKI
BU3HAYAIOTh  reorpadidyHi  KOOpPAWHATH
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ONTUMAJIbHOI
. using the CW for the allowed parts of

the influence of the wind rose V, by
establishing the optimum length Lzc,y

TC, for each point of the trajectories Sy,
Sp and Sy (stationary problem statement
the

minimization of dynamic

In this case, the following
. dependencies occur:
ﬁTC :ﬁTCs+ _)TCd; (10)
Fre, = f(VUC;dTC; TCopt;CTC) (11)
ﬁTCd :ﬁTCv+ﬁTCw> (12)
where dyc — TC diameter; L — TC

TCopt

Espatial form of zero buoyancy, the
 controlled length of the released part
L

e Of which in the flow of water

depends on the relative position of CV
and ROV and provides the TC minimum
possible value hydrodynamic resistance
KT F;; Cir{Cictn Cicr’ Ccrp} — MHOXKHHA force F.; Cre{CrcnCreyCren} is the set
of TC
coefficients — normal n, tangential ¢ and
lateral b of the hydrodynamic forces

hydrodynamic  resistance

. components respectively.
Y poOOTI pO3rIANacThC NMUTAHHSA |

The work deals with the question of

ACS synthesis for the cable winch in the
| first setting, based on the well-known
assertion [28] that for each pair of points
{p; A hjev and {p; A hjrov, which
. determine the geographical coordinates of



B3aemHoro postauryBanHsi CH 1 ITA mpu
CTAIliIOHAPHOMY OOTIKAHHI MOTOKOM BOJHY, |
KT |
HyJbOBOI IUIaBY4OCTI, IpPH SKIA CHIH |
. forces are minimal.

iCHye OfiHa-€MHA TOBXHHA Ly, ,

rigpoauHamiuyHoro onopy KT miHiManbHi.
Jamasa  CAK

OOYMCIEHHI ~ 3HAYeHHS Ly,

KOXHOro notoyHoro nosnoxenHs [ICHO
y TMpOCTOpi Ta TeHepalmii Kepyryoro !
calculation of the calculated value L, .
(aKTUYHOTO BCTAHOBJICHHSA OOYHCICHOTO

BIUIMBY HAa BUKOHaBuni npuBon KJI mis

3Ha4CHHS Ly, , .

IlocTaBnena 3amaya € NOJANBIIMM
PO3BUTKOM BHKJIAJIEHOTO B [28] pexumy
MiHiMi3amii TigpoauHamiudoro omopy KT i task  of
0 3anadi component £ or the entire range of
MiHIMi3allii CTATUYHOT CKIa0BOi Fi . U1 possible CV displacements under the

BCHOTO J[iana3oHy MOKIIMBUX MEPEMILIEHD | action of the wind rose V.

3 METOK WOro I1HCTAJIALIL

CH mig niero po3u BITpiB V.
biok-cxema
anroputMmy po6otu mpornoHoBaHoi CAK

JUISL IEPIIOro PeXuMy (DYHKIIOHYBAHHS |

I[ICHO HaBexnena Ha puc. 11.

Jlamo onmc OIOKIB anropurmy y

NOPAAKY 1X GYHKI[IOHYBaHHS:

npo IIO (reorpadiuni
{@; \; h}no), 1HPOpMAITIT PO MOTOUYHI ¥
MPOTHO30BaHI  3HAYCHHS
30ypeHb, Kl AiaTuMyTh Ha kopmyc CH

Vir, sixa gistume Ha KT i [TA;

b2 — OJI0K

MOKJIACTH SIKIp, 1100 y pe3ynbrati CH mix
Yac BITPOBUX MEpEMIIIECHb 3aIHIIATIOCh Y

. remain in the USPEC working zone;
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pobouiii 30u1 [ICHO;

HOJSTaE B |
IS |

y3araJbHEHOTO
. proposed ACS for the first USPEC

bl — O6nox yBenenHs iHpopMaIlii block
KOOPJMHATH
. projected values of wind disturbances
BITPOBHX
performance of underwater operations

Mg 4Yac BUKOHAHHS IJABOJHHX POOIT . (characteristics of wind rose V) and

(XapaKTepHCTHKH pO3M BiTpiB V) Ta |
iHbOpMaIli Tpo emopy MiABOAHOI Tedii !

the mutual arrangement of VC and ROV
in the stationary water flow, there is a TC
single-length L., of zero buoyancy, in

which the TC hydrodynamic resistance

The task of the ACS is to calculate

the value L, for each current position of

the USPEC in space and generate a control
influence on the CW actuator for the actual

The assigned task is a further

development of the CV hydrodynamic

resistance minimization mode described
in [28] with the aim of installing it to the
minimizing the  static

The block diagram of the
generalized algorithm of the work of the

operation mode is shown in fig. 11.

Let's describe the blocks of the
algorithm in the order of their operations:
B1 is an UO information input

(geographic coordinates
{o; A; h}yo), information on current and

that will act on the CV hull during the

information on the plot along the

—

. underwater current Vyc, which will act
on TC and ROV;

PO3PaxyHKy |
reorpaiyHUX KOOPAMHAT {Q; A; /1} g TOUKU
pobouoi 3omu IICHO, ne HeoOXigHO

B2 — unit of geographical
coordinates calculation {@; A; i} of the
USPEC working zone point where it is
necessary to put an anchor, so that as a

result, the CV, during locomotion, would



[TouaTtox
(Start)

I IITypMaHChE 3ana4i kepyeauns CH BBeJIEHHﬁ KoopIHHEaT 10 { Q.41 } g,

| (C'V navigational tasks) 1= V 1a Prpp
I f ; -— (Enter the coordinates of UO{ .4, A }UO)
V' and VUC

2 [ Po3paxyHOK KOOpPIHHAT TOYKE 1
____| mocrtaHopkH CH Ha fAKip
(Calculation of the point coordjnates)

-\ of the CV setting to the anchor

I
I
I
I I
[ I
I I
I I
I I
' :
I
| 3= [Toctanoka CH Ha gxip |
| S . |
| |: (Setting the CV on the anchor) |
| I
| I
| I
I
| |
| I
| I
| I
| I
I
| |

O

6 {Pl_ﬂ’;éle KepYBAHHS g 4 = [ Sapanus Uy kepypanns [IT1C
! (TUS manual) (Tasks of TUS control type)
control
2 0

IMepexin
(Transfer)

| ABTOMaTIfIT-IHa MIHIMI3aII1s CHIIH F 1
| Ha XOZI0BOMY KIHIIL KT I

(Automatlc minimization of FRT strength) I
at the running end of the CW

|

| 7 [ BuzHa4eHHA NOTOYHIX KoopauHar CH
| ——e

| i ((Determination of current) I
! NE CVcoordinates) I
| 8 r |
| | OGuncaenns Lyt o |
I L Calculation of LTCopt I
| 1E - = I
| | BavipropanHs IFKISI |
I = I
| -(Measurement of IFTC sI) |
I AB |
| epl2 | Keg}??a?g o 10 = YBeneHHs pilleHHd PO 3aBePIIEHHT |
I " __.| TPHBOIOM [noﬁom CAK IIIIC I
| (ﬁ??&agﬁfsmml) (Introducing the decision about the)I
| TUS ACS work completion I
I 2 .

I

|

|

Pucynoxk 11 — Y3aransHenunii anroput™ podotu cucremu kepysanss [ICHO
y PEXHUMI AKIPHOT CTOSHKH
Figure 11 — A generalized USPEC control system operation algorithm
in the anchorage mode
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b3 — 6mok BuBogy CH y TOuky

MOCTAaHOBKM Ha SKIp Ta BUKOHAHHS,
BJIACHE, MOCTAHOBKHU Ha SIKIp;

b4 -
MiABOJHO-TEXHIYHOT  poOOTH
kepyBanHss  [ICHO  (BpyuHy
aBTOMaTU4YHO Yy pPEXUMI

3aBJaHHA

qu

CTaTHYHOI CKJIQI0BOi F . ;

3a[1aHOTO BHJlY KEPYBaHHs IPHB’A3HOIO | (checking a given type of tethered

MJBOJHOIO CHCTEMOIO), SIKHH MPUAMAE | ynderwater control system) which adopts

. the following values:
y1 = 0 mpu 3aBepIieHH] IiBOJHO- |

HACTYTHI 3HAYCHHS:
TEXHIYHOT po0OTH;

ABTOMAaTUYHUM  PEXKHUM

—

CTaTUYHOI CKJIAZOBOI  Fi

xonoBoMy kiHui KT F . mis moctiiiHO

3MIHIOBAHOTO M| Ji€1o Bitpy mortounoro : under the action of the current CV

position with respect to UO;

nojokenus CH Bignocno I10;

y1 = 2 mpu peanizaiii py4HOro |
. manual control;

kepyBanHs [ICHO;

B6 — 610K py4HOro KEpyBaHHS |
IPHB’SI3HOI0 IJBOJHOK CHUCTEMOIO 3 tethered underwater system in order to
METOI0 BHBEJIEHHS MiJBOJHOTO amapara
1o 1O # yrpumaHHS WOTO Yy Iii TMO3HUIIi1
M0 3aBHaHHSA iHmOro BHIy KepyBauHs | task of another type of USPEC control

(block B4);

TICHO (6110% B4);

b7 — Onox BW3HAYEHHSI MOTOYHHUX
coordinates {p, A ;h}vc using own on-
board (usually,
system,

b8 — G110k 00UKCIICHHS OITUMAITBHOI |

koopauHaT CH {@; A; h}cy 3a m0omomMororo

BJIACHOI1 60pTOBO1 (3a3BHyai,

CYIIyTHHKOBO1) CHCTEMHU HaBIrallii;

NOBXKMHU momyieHol yactuan KT L

3HAUCHHS! CWIM TiAPOJMHAMIYHOTO OTOpPY
KT F,

xrs AU TTOTOYHOI

npocroposoro posramrysansst CH 1 TIO: pair of points of CV spatial location

and UO {p, A, h}yc — on the surface of
46

{Q;\;h} ey — Ha ToBepxHI MOps; {Q;A/ )0 —

MIHIMI3aII | minimization

MIHIMI3AMIL | 5ht6 an automatic minimization mode of

CHIM  Ha ! the static force component at the running

napu  TOYOK : resistance force F;. for the current

B3 — CV output block to the

anchoring setting point and to perform
. the anchoring properly;

KEPIBHUKOM
Bnnyé

B4 — the task manager of the
underwater technical works like USPEC

control (manually or automatically in the

mode of the static

. component F,. ;
b5 — ymoBHuil nepexiz (mepesipka |

B5 — a conditional transition

y; = 0 at the end of underwater

technical operations;
y1 = 1 npu nepeBenenni CAK vy :

y1 = 1 when the ACS is transferred

end of the TC for continuously changing

y1 = 2 when implementing USPEC
B6 — manual control block of the
bringing the underwater vehicle to the
UO and holding it in this position to the
B7 — block defining CV current
satellite) navigation

B8 — a block for calculating the

5 optimal length of a part of the TC

KTopt > |

ska  3abesnedye MiHiManbHO MosmBe | L

TCopt » which provides the minimum

possible value of the TC hydrodynamic



Ha MOPCHKOMY JIHI;

—

F

k1, CHIH Ha

CKJIaJI0BO1

F,

KT >

CTaTUYHO1

xonoBomy KiHmi KT

OCHOBI ~ METOJIB  JUHAMOMETpii 3

YCECPECAHCHHAM OTPUMAHNUX 3HAUCHDb CUJIN

—

F

KT >

the sea; {¢; A, hluo — on the seabed;
B9 — Onokx BUMIpIOBaHHS MOIYJIS

B9 — unit of measurement of the

module of the static component ﬁTCS of

OyayeThCcsl Ha

the force at the running end of TC F’TC;

based on the methods of dynamometry
. with averaging the obtained values of

. force Fj.;

b10 — yBexeHHs pimieHHs npoé

3aBepiieHHs poootrn CAK aBTOMaTH4YHOI

—

MIHIMI3a1ll CTaTUYHOI CKJIaZOBOI F|

. completion of the

Take pIMICHHS NPUIMAETHCS y BUMAIKY |

3agepmieHHss pobotu [ICHO abo mnpu
HEMOIKJIUBOCTI il

(manpuknan, xoma Ly, > Le, ne Ly, —

KTopt

noBHa goBxkuHa KT Ha 6apadani KJI);

npuiiMae HACTYIH1 3HAYCHHS

«1s > | automatic

B10 — introduction to ACS work
static component

—

F,

7ces  such

minimization

decision is made in the event of USPEC

completion or when it is impossible of its

IIPOJAOBXKEHHS !
 when L

continuation (for example,

>L,., where L, 1s the TC

TCopt

total length on the CW drum);
Bl1 — ymoBHumil mepexin, sKuii |

B11 — conditional transition, which

. accepts the following values:

y, = 0 mpu 3aBepiieHHST poOOTH

CAK
CTaTUYHOI CKJIag0BO1

¥2
(LKTopt - e) <L

— KTi

aBTOMATHUYHO1
F .

KTs »

BITHOCHA moxmuoxa BCTAHOBJIEHHS

MiHIM13a1i1
of the static component
l mpu BUKOHAaHHI YMOBH
S(LKTopt+e)’ Ac e _

. where

noBxuHu KT (3amaerbcst omepatopom);

L

KTi

— IIOTOYHC 3HA4YCHHIA HOHYI]_IeHO'I‘

noxuan KT; y 11poMy BUDaaKy 3MiHa |

JOBXHNHHU L HC BHKOHY€TBCSI, a

KTi

y, = 0 at the end of ACS work
completion of the automatic minimization
FT Cs;

y> = 1 when meeting the condition

(LTCopt - e) (LTCopt + e)
e 1s the relative error of
establishing the TC length (given by the
operator); L, 1s the current value of the

<L. <

where o S

released TC length; in this case, the

change in length L,.is not performed,

MIABOAHUI amapar TMpaioe B yMOBaxi

MIHIMAJIBHO MOXJIUBOT CUIIU Fi ;.

Bia KT;
' force F, from the TC;

. fulfilled

y,=2 TpU HEBUKOHAHHI YMOBH :
(LKTopt - e) <Ly, < (LKTopt + e) , KOJH |
HEOOXI1THO 3MIHIOBAaTU JOBXHHY

nonymenoi yactuau KT 3a gomomororo

L

KTopt 9
b12
KEepyBaHHs

OJIOK

MIPUBOJIOM KIJI

and the underwater vehicle operates
under conditions of minimum possible

2 if the condition is not
(LTCopt - e) = L = (LTCopt + e)

- TTCi —

Y2

. when it is necessary to change the length

aBTOMATUYHOTIO '
I
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npuBona KJI 1o 3HaliieHOro 3HayeHHs of the released part of the TC using the

. CW drive to the found value L

TCopt >

B12 CW drive automatic



BUKOHAHHS YMOBH Yy,=2.
3ayBaxkumo, mo Onoku b2...b6

BiI[HOC?ITBC?I A0 HTYPMAHCBKHUX 3aaay

KepyBaHHS CyIHOM 1 B po0OoTi

PO3IJIAIat0ThCS.

Peanizanito onucaHoro aaropurmy |
MiHiMi3amii |

y dYacTWHI aBTOMATUYHOI

CUIM  TNPOIOHYETHCS BHUKOHYBATH Y

nebinkoro  IICHO, 'y  sxii
obuncnenns Ly, , BUKOPUCTOBYETHCA :
creliani3oBaHe porpamHe |

3abesmeuenns “QUASTEC” [28].

Ha puc. 12.

. control
Y2 = 2.

He |
. vessel’s control and are not considered in

. shipboard cable winch,
. calculate L

block condition

to fulfill

Note that blocks B2 b6 are
related to navigational tasks of the

the work.

The implementation of the

. described algorithm in part of automatic

pureii CAK cysiHOBOI0O  KabenbHOW | minimization of force F,. is proposed

St to be performed as ACS for the USPEC

in which to

e USINg the specialized

Crpykrypna cxema CAK HaBeneHa QUASTEC" software [28].

The block diagram of the ACS is

shown in Fig. 12.

(|‘$TC: )

CeHcop |§KB

(|E[C5 |

Sensor/

e
|F KTs

(MR im0 ({e.hhluo)

Cencop
BITPY

Wind )
Sensor

<4

.
‘F]{Ismiﬂ

#
ﬁFKTsn'u'n

Cencop
Teull

(Current)
Sensor

E}HT ('FUC)

Clqﬁgop { }
(500 | b2 h}m)

Sensor
s

W
CeHcop L¥T opr

(‘FTCsmiﬂ

’*) (AFresmin)

CAK
NPHBOIOM
KJI

w
IIpupog ( CW)
ALy Mgt | ka

Obuucnwosay napameTpis KT "QUASTEC"
(Calculator "QUASTEC" of CW parameters)

lp. 4
(Sensor) { }

Lrc; (L1e;)

Cenrcop

(LTCz')

'(I-:%"C ﬁpr)

(Lew

Alcw) ( ACS for )

CW drive (Drlve)

Sensor Lty

Pucynok 12 — Ctpykrypa CAK minimizanii cuiu

Figure 12 — The structure of force minimization ACS

*

Ha puc. 12 no3naveHo: ‘

KTs min
O0YHUCIIEHHIT  TTPOrpaMoro “QUASTEC”
MOIYJIb  CTaTM4YHOI  CKIamoBol  Fi. ,

; static component module F;

F

krs Ha xomoBomy KiHIli KT

FTC? at the running end of the CT

*

Indicated in fig. 12: ‘13

TCs min

F,., calculated

. by the "QUASTEC" program, the
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MIHIMAJIBHO MOXKJIMBUAN JUISI OTOYHOIO !

*

B3aemHoro po3ramryBanas CH 1 I1A; L

OIITHMAJIbHA JOBXKHMHA

MOKJIMBE 3HAYEHHSA CTATUYHOI CKJIAJOBOI1

—

F

KTs AT

IIOTOYHOI'O

posramryBanHss CH 1 [IA; wuxy, ok —
BUIMTOBITHO, CUTHAI KEpPyBaHHS 1 KyTOBa

. CW drum rotational angular frequency.
12, |
proposed ACS has two feedback loops:

yacToTa ooepranHs Oapabany KJL
Sk puc.
3anponioHoBaHa CAK Mae nBa KOHTypu

BUJAHO 3
3BOPOTHOIO 3B’SI3KY:

obuncmioBaul “QUASTEC” Tta KOHTYyp
kepyBanHs npusoaoM KJI, sikuii, BiacHe,

nonymeHoi yactuau KT.

Ilepmmii  kOHTYp Ha
o0YMCIeHHs MOXUOKM AF . .~ MIK !

(GaKTUYHO BUMIPSHUM MOJYJIEM CHIIH | ‘ E
Ta 00YMUCICHUM MOTO 3HAYCHHSM : :

. corrects the TC hydrodynamic resistance
Cxns Crey Cxero . coefticients Crcy, Crey Crep in such a way

rigpoauaamigyaoro omopy KT TakuM ! that the error was minimal. This ensures

the QUASTEC calculator adaptation to

MiHiManpHOO. Ile 3a0e3medye ananTauiio | the actual conditions of streamlining the

A0 tether-cable and increases the reliability

pearbHUX yMOB OOTIKaHHS Kabedb-TPOCY | of its calculations.

JIOCTOBIPHICTD |

A

Ts min

KOpUT'y€e  KOEQIIIEHTH

YUHOM, o0 MoXnoOKa Oyna

o0OumcoBaya “QUASTEC”
Ta MBUIITY€E
BUKOHYBaHUX HUM OOUYHNCIICHb.
MDK

3HaKy  THOXUOKU

5 position of the VC and ROV; L

KTopt :
— obuncnena mnporpamoro “QUASTEC” | calculated by the QUASTEC program
nonymeHoi | (software), the optimal length of the TC

yactiHu KT, sika 3a0e3neuye MIHIMAIBHO |

B3a€MHOTO |

KOHTY]
kopuryBaHHs napamerpiB moneni KT B the QUASTEC calculator and the control
 circuit of the CW drive, which, in fact,
. also provides the optimum length of the

1 3a0esnedye ONTUMAJbHY JOBKHHY |

OCHOBI '

minimum possible for the current relative

*

TCopt

released part, which provides the

minimum possible value of the static

component F.. for the current relative

position of the CV and ROV; ucw, wew —
respectively, the control signal and the

As can be seen in Fig. 12, the

TC model parameters adjusting loop in

TC released part.
The first loop, based on the
calculation of the error AF;. . between

. the actually measured modulus of force

*

b

and its calculated value ‘F}Cmm

TCs min

The second loop, depending on

' the error sign AL,. between the actual

Jlpyruii KOHTYP Y 3aJIEKHOCTI Bl length of the TC released part and

(baKTHIHO0 | o1culated  with

NOBXHMHOKW TmonymieHoi vyactuHu KT Ta | program, TC

OOYHMCIEHOI0 33 JIONOMOTOI0  MpOrpaMu . length generates a CW drive control

QUASTEC”  onmHMaibHOIO - IOBKHHOIO ' signal and, thus, provides the necessary

nonymenol yactuHu KT renepye curnan " winch  drive

kepyBaHHs npusosoM KJ1 1, Takim smHoM, | angular speed wrc. In this case, the

sabesniedye HEOOXiNHY KyTOBY WIBUAKICTL | »o¢ua] value of the TC released part

obepTaHHs Oy TpuBOmy Jebiaku. [lpu
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the "QUASTEC"

raised part optimum

(actuator) rotational



oMy  (haKTHYHE 3HAYEHHS TOTOYHOI

JOBXKMHHA HOD}TﬂeHOi qaCTUHHU

BUMIPIOETHCS BIAMOBIIHIM CEHCOpPOM L

(puc. 3) ab0 OOUHCITIOETHCS 32 3ATICKHICTIO . dependence L, = R_[wcwdf , where R is

Ly, = ijmdt , e R — piametp Oapabany | the CW drum diameter, and the rotation

KT corresponding sensor L,. (Fig. 3) or

écurrent length is measured by the

KJI, a nHampsamok obeprannsa npusoaa KJI

BU3HAYA€THCA HACTYITHUMH YMOBAMU:

+@y, TIPU Ly, < (LKTopt - e);

Wy = =@y, TIPU Ly, > (LKTopt + e); (13)

O,mpu L, = (L

+
KTopt — €,

xt: | calculated

by the

direction of the CW drive is determined

by the following conditions:

7€ Oy — HOMIHAJIbHE 3HAYEHHS KYTOBOI

yacToTn 0obepranHs O6apadbana KJL.
TakuM  4YHHOM,

3aIIpOIIOHOBAHA ;

+w,,whenL, . < (LTCopt — e);
L Oy = —a)N,whenLTCl.>(LTCopt+e); (13)
0,when L, :(chm te),
| where wy 1s the nominal value of
' the CW drum rotational angular
. frequency.

ctpykrypa CAK 3abesnedye MiHIMalbHi |

—

TpUBaJIOI  SIKIDHOI  CTOSIHKH,

MaHIMyJsTOpAa.
JlBa  1HIII OCHOBHI  PEXUMH
¢ynkmionyBanus  [ICHO  (mpeiid

SIK CKJIaJIOBY

3a0€3M€4YEeHHs] ONTUMAIbHOI
nomymeHoi yactuan KT Ly, .

[ICHO € 3amaya ogHOpa3oBOro (apyrui
OCHOBHHM  pexuM) Ta
MOBTOPIOBAHOTO  (TpeTiit

3a0€3IeYeHHsT  MAaKCUMaJIIbHOTO
ctiiikoi po6otu ITA 6ins [10.

LUKJIIYHO repeating (third basic mode) released TC

OCHOBHMH | 1 the TC full length L,. on the CW

pexum) mnonyckaHHd KT Ha 1oBHY |

nopxuny KT L, na 6apabani KJI s . drum to provide maximum ROV steady

aacy operation time near the UO.

i

Biguinnow pucoro mux pexumis | USPEC  modes

Thus, the proposed ACS structure

3HaueHHs cumM F, Ha XOZOBOMY KiHI( | provides the minimum values of force

KT mpu mosinsHOMY mepemimenni CH F,.,in the TC running end at a CV slow

min miero posu BiTpie V Ha aksatopii displacement under the influence of the

mo | wind rose V
3abe3meuye criiiky nosuiro ITA 6ins ITO | anchorage,

Ta e(eKTHBHE 3acTOoCyBaHHs migBoanoro | position of the ROV near the UO and
. effective

. manipulator.

—

in the area of long
which provides a stable
of the

use underwater

Two other USPEC basic operation

aBodazosuii pyx CH) BHUKOPUCTOBYIOTH modes (CV drift and two-phase motion)

PO3TIITHYTUH TIEPITUHA OCHOBHHUU PEXKUM . use the considered first basic mode as the

aBTOMATUYHOro | automatic

JOBXUHH component of the TC released part L

optimal length provision
TCopt *
A distinctive feature of these

1s the one-time task

. (second basic mode) and cyclically
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6 OLIIHKA PIBHS ABTOMATHU3AIIIL IICHO

6. ESTIMATION OF THE USPEC AUTOMATION LEVEL

HaykoBa mpoOneMa aBTOMATH3ALLi |

3acO0IB IMIBOJTHOT TEXHIKH C(HOPMYIILOBAHA |

y BITUM3HSAHIA Ta 3apyODLKHIM HAyKOBO- |

TeXHIYHIM JiTeparypi

y 80-x pOKaXE

MuHYJ10r0 cTopiuust [29]. Ii akTyanbHicTs, B

IEpIIy Yepry, BU3HAYAIACh BOCHHUMH |
3aCTOCYBaHHSIMU  (HAyKOBI  IIPOrpaMy :
Mino6oponn  CHIA  «DARPA» Ta

MIBOJHUX  pOOIT 1O  BHUBYCHHIO

The automation scientific problem
of underwater technology tools is
formulated in the domestic and foreign
scientific and technical literature in the
1980s [29]. Its relevance, first of all, was
determined by the military applications

: (US Defense Programs DARPA and the

USSR Ministry of Defense). Significant
Mino6oponn CPCP). CyrreBe po3lMpeHHs |

u !

OCBOEHHIO MiHEpaIbHNX, EHEPreTHUHMX 1 |

XapuoBUX TIPOAYKTIB Ha Ieibhi MopiB i |

OKEaHiB, SIKE CIOCTEPIraeThCs HA MPOTS3I |

octanHix 10-15  pokis,

PO3BUTOK ITUBLTBHOT

CTMMYJIIOBAJIO |
IIBOJHO] |

POOOTOTEXHIKM Yy TMPOBIAHUX MOPCHKUX !

nepxapax cgity — CIIIA, BemukobpuraHii, |

Hiveuuwnmni, IIBeri,

Opamirii,

Kanani, !

Asgcrpamnii). Ilpore, 3apyOikHI myOmikarii

Ha oo MaroThb

TeMy

pEKJIaMHO- |

KOMEPIIIHUI XapaKTep 1 He MICTITh OMKCIB :
. technical decisions.

HAYKOBHX 1 TEXHIYHHUX PIIIEHb.
Jlocin

HariioHanpHOrO |

yHIBEpCUTETy ~ KOpabOneOymayBaHHs IMeHi |
aaMipana MakapoBa 10 CTBOPEHHIO 3aC001B

OKCAHOTEXHIKM 1 YKpaiHu

Ta |

3apyODKHUX KpaiH CBiqUUTh, IO PIBEHb countries shows that the level of USPEC

aproMatusarlii kepyBanus IICHO Binirpae |

BAXIIMBY pOJIb B

I[IHHOCTI TT1IBOJTHOT TEXHIKM KOMEPIIIHHOTO

Yy  MOXXJIHMBOCTI

IMPU3HAYCHHA Ta

OIlIHKaX PHUHKOBOI |

expansion of underwater operations on the
study and development of mineral, energy
and food products on the shelf of the seas
and oceans, which has been observed over
the last 10-15 years, has stimulated the
development of underwater
robotics in the leading maritime powers of
the world — the United States, Great
Britain, France, Germany, Sweden,
Canada, Australia). foreign
publications on this subject are of an
advertising-commercial nature and do not
contain the descriptions of scientific and

civilian

However,

The experience of the Admiral
Makarov National Shipbuilding
University on the creation of ocean
equipment for Ukraine and foreign
control automation plays an important
role in assessing the market value of

. underwater technology for commercial

i

JOLLIFHOCTI 1 3aCTOCYBaHHS B OOOPOHHHX
3amadax [6, 30, 31]. JlockoHana cucrema !

KepyBaHHs npocToposuM pyxom 1A 3 TIM

3a0e3neuye e(peKTUBHICTD

BUKOPUCTAHHSA

NPOAYKTUBHICTD

Hioro |
Ta |
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use and the possibility and expediency of
its application in defense tasks [6, 30,
31]. The perfect ROV spatial motion
control system with UM ensures the
efficiency of its use — productivity and
accuracy of underwater operations and,



TOYHICTh BUKOHAHHS MIBOTHUX OTEPAITii 1, |

B LIUIOMY, PUHKOBI TepeBard sik BUPOOY :

MOpChKOi TexHiku. Lle poOUTh aKTyalbHOIO |

HAyKOBY 3aJady CTBOPEHHS

METOJHKH |

piBas aBromarmzaiiii [ICHO sk HaykoBOTO |

HIAIPYHTS 17 CTBOPEHHS TaKUX arapaTib |

Ha YKpaiHCBKUX MIIIPUEMCTBAX Ta OLIHKH !

iX KOHKYpPEHTO3JIaTHOCTI Ha CBITOBOMY !

PUHKY MOPCBKOT TEXHIKH.

in general, market advantages as a
marine technology product. This makes
the actual scientific task of creating a
methodology for the USPEC automation
level as the scientific basis for the
creation of such vehicles in Ukrainian
enterprises and evaluations of their
competitiveness in the world market of

| marine equipments.

Asromarusanis kepyauus [ICHO !

Ha I[el dJac

CHUHTE3y OKpPEMHUX pEryJIsTOpiB AJis

BUKOHYETBHCA  MIAXOM

The USPEC control automation at
this time is carried out by the synthesis

of separate controllers to stabilize the

ctabimizanii pyxy ITA mo Kypcy, T !

[32, 33].
moOy0BU

IIpu wvomy,

TaKUX  PEryJsaTopiB

IPUHIMIIN |
Ta |

JOCSTHYT] TOKAa3HUKU SIKOCTI KEpyBaHHS |

y JOCTYIHIA HayKOBO-TEXHIUHIN
PEeKIaMHIM JiTepaTypi HE HABOJASATHCS.

Tomy
HampsIMKH

[ICHO
KLUTBbKICHOT OLIIHKY PIBHS 1X aBTOMAaTH3AIlii.
Y pobori

PO3TIISTHEMO
aBTOMAaTHU3allil
Ta 0a3oBi

CTaBUTBCA

Ta |

ROV motion on course, in depth and in

rJIMOMHI Ta MO BUCOTI X0y HaJ IPyHTOM height above the ground [32, 33]. At the

the
such

of
and

same  time,
constructing

principles
controllers
achieved indicators of control quality in
available scientific, technical and

. advertising literature are not given.

OCHOBHI |
KEpyBaHHA |
BIHOIICHHS IS |

Therefore, we consider the main
directions of USPEC control automation
and basic relationships to quantify their

. level of automation,

3aBIaHHS |

komIuiekcHoi aBroMarm3aiii IICHO, 1o

acTb  3MOTY

BUBLIBHUTHA

MaKCHMaJTbHO
JFOJTHY-0TIepaTopa

TIOBHO |
BiJ |

BUKOHAHHS TUIOBUX PYTUHHHUX ONEpaLiH, !

a TaKOX B CKJIAJHUX Ta TPYAOMICTKHUX :

omepamiii 1O KEpPyBaHHIO CHCTEMOIO B !

YMOBax  HEBU3HAYECHOCTEU

30BHIIIHIX |

30ypeHb Ta HECTAL[iOHAPHOCTI BIACHUX |
| parameters.

napametpiB [ICHO.

Taka mnocTaHoBKa € 0OCOOJIUBO |

AKTyaJIbHOIO npu
pooiT

OOMEXEHHSIMH Y Yaci.

IMABOIHUX 3

BUKOPHUCTAHHI
JKOPCTKUMU

Kpim ToOro, mpu OI[iHKax piBHSA |

apromaru3anii [ICHO akryanbHUMH € |

HACTYMHI HOB1 3ajadi

aBTOMaTH3ali] |
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USPEC complex automation task
is set in the operation, which will make
it possible to fully free the human
operator from performing typical
routine operations, as well as from
complex and labor-intensive operations
to control the system in the conditions
of uncertainty of external perturbations
and unsteadiness of its own USPEC

Such an approach is particularly
relevant ~ when underwater
operations with severe time constraints.
In addition, when evaluating the

of USPEC automation, the
following new automation control tasks
are relevant, the solution of which should

using

level



KEpyBaHHs, PO3B’ 530K AKUX MA€ CYTTEBO |

ckopotuTu 4ac 3actocyBanHs [ICHO vy :

IMIJIOMY Ta MIJIBUINATH SKICTh fioro |

BUXITHOT MPOAYKIIIi:
aBTOMAaTH3aIis
mpare3 aTHOCTI  00JIaTHaHHS

nepen BUKOHAHHSAM Micii

J1arHOCTYBaHHS
[ICHO |
ra |

aBTOMAaTHWYHA 1AEHTHU(}IKaLil aBapiiHUX

PEXKUMIB TIiJ] 9aC BUKOHAHHS MICIf]
aBTOMAaTH3aIlsA

KEpyBaHHS |

kommuiekcom obnaguanaa [ICHO ms |

3a0e3neyeHHss  €(EeKTUBHOI

poboTtu

nourykoBoro (orosineokomiuiekcy [1A B

YMOBaX JIii 30BHIIIHIX 30ypEHb;
aBTOMaTH3AaIlis

KEPYBaHHS |

KomIuiekcoM oOmamHanHs [ICHO g |

3a0e3neyeHHss  €(EeKTUBHOI

poboTH

nigBogHOrO MaHimynstopa [IA B ymoBax

111 30BHIIIHIX 30ypEHb;

MOTOYHUNA  KOHTPOJIb  SIKOCTI
doTo-
JTOKYMEHTYBaHHS,

doroBigeoanaparyporo [1A;

MIBOJHOTO 1

SAKEC

aBTOMAaTU3allisd

. underwater
BiZI€O |
BUKOHYETHCS |

FeHEpYBaHHS

3BITHOI JOKyMEHTalll Mpo pe3yJbTaTd :

BUKOHAHHS ITIABOIHOI MiCil.
Posrngaemo MUTAHHSI
aBToMaru3arii

TEXHOJIOT1i, HaBeICHNX Ha puc. 1.

considerably  reduce the  USPEC
application time as a whole and improve
the quality of its output products:

USPEC operability
diagnostics automation prior to the
mission implementation and automatic
identification of emergency modes
during the mission implementation;

USPEC control automation
equipment complex for ensuring the
efficient ROV photo and video complex
search operation under the conditions of
external disturbances;

USPEC control automation
equipment complex for the -effective
operation of the ROV underwater
manipulator under the conditions of
external disturbances;

equipment

quality  control  of
photo and video
documentation, which is performed by
ROV photo-video equipment;

generation  automation of  the
reporting documentation on the underwater

current

mission implementation results.
Let's consider the questions of

. automation of underwater operations for

MiJBOAHUX POOIT zm;{;

Onumemo 6a30Bi peKUMHU POOOTH |

[ICHO R nns chopMyabOBaHUX BHIIE

TEXHOJIOTI 3 TIO3MIIH KepyBaHHs, SKi |

JOCTaTHHO BIAIpPallbOBaHI OaraTopI4HOIO

npaktukoro HYK npu  BukonanHi
MiABOTHUX POOIT:
—  TepeBipka  Mpare3aaTHOCTI

[ICHO nepen ciiyckom I1A Ha Bony Rry;

| years

the technologies shown in Fig. 1.

We describe the basic USPEC
operation modes R for the above-stated
technologies from the control positions
that are sufficiently worked out by many
of practice of NUS when

. performing underwater operations:

— check of the efficiency of USPEC

before ROV launching into water Ry;

— cryck ITA Ha BOIy Ta TmepeBipka |

KEpPOBAHOCTI Ha MOBEPXHI MOps Ry;

3aHypeHHsa [IIA Ha

— launching of ROV into water and
checking of controllability on the sea

. surface Ry;

3aJaHy

53

— ROV immersion at a desired



MIMOWHY  TIO

. depth

3aJaHli YU JOBUIBHIN |

along a desired or arbitrary

trajectory Ry;

3 |

TpaekTopii Rz;

—  muiEIR  pyx  ITIA
crabinizamiero rapameTpiB PYXy
(rmuOuHM,  BHUCOTH  HAJ  IPYHTOM,

HIBUJIKOCTI, KypCy, TpaeKTopii) R;;

3afaHiil TpaexTopii Ry,

(peXuM MO3UIIOHYBAaHHSA y TOUIIl) Rg;

ROV linear motion with
stabilization of motion

(depth, height above ground,

parameters
speed,

. course, trajectory) Ry;

npocropoBuid  pyx IIA noé

— ROV spatial motion in a given

trajectory Ry;
— crabimizauis ITA y mpocropi |

— ROV stabilization in space (point

. positioning mode) Rs;

— po0oTa 30BHINIHBOTO HAYIMHOTO |

oonaguanug ITA Ryy;

— ROV external attached
. equipment work Ry;
— ROV on-board search and

— pobGoTta OOPTOBOTO MOITYKOBO-
| measurement equipment operation Rp;

BUMIpIOBaTbHOTO 0OamHanus [1A Rg;

aBapifHU
I[ICHO R, (y3aranpHeHO);

pexXuM  pobOTH |

— USPAEC emergency operation

mode of R, (generalized);

— noBepuenHsa I[IA nmo Gepera um
VC at the lifting point Rg;;

1o CH y Touky niniiomy Rg;

— miaiiom ITA Ha Geper uu Ha OopT
VC RO,'

[ICHO
(mimBogHOTO 3aBHaHHS) R

y

nepeBipka

miciIs BUKOHAHHS

TakuM 4YHHOM,

Ipane3JaTHocTi |
Micii |

— ROV return to the shore or to the
— ROV rise on shore or onboard

— USPEC performance check after
the mission completion (underwater task)

' Rc.

3araJibHOMY

BUMAJKY MA€EMO HACTYIIHY MHOXHHY !

pexxuMmiB podotu [ICHO:

R=1{Rr; Ry, Rz Ri; Rw; Rs; Ry Rp; Ry; Re; Ro; Ref.

Buxongun 3

TOJIOBHI ~ HAmpsSMKA  aBTOMAaTH3aIlil

3amadax kepysanus [ICHO:

— aBToMathsalld JIarHOCTYBAaHHA . of the technical condition of USPEC

TEXHIYHOro cTaHy obmannanus [ICHO . equipment before the mission, during

nepea Miciero, mia 4ac ii BUKOHAHHS Ta
ITICJIS 3aKIHYCHHS A p;

Thus, generally, we have the
following set of USPEC operation
- modes:

(14)

Based on the basic USPEC

0a30BUX PEXKHUMIB |

po6otu TICHO, cdopmymoemo Hactymsi | operating modes,

g | following main areas of automation in

we formulate the

. the USPEC control:

— automation of the diagnostics

. its execution and upon completion 4p;

— ABTOMATH3AIliSI PEXUAMIB PyXy |
. modes Ap;

— aBTOMATHU3allil PEeXHUMIB POOOTH |
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automation of ROV motion

- automation of operating modes of



30BHIMIHBOIO  HAYIITHOTO
—  aBTOMAaTH3allis
iHpopmartiitaumu motrokamu [ICHO A;
—  aBTOMAaTH3allis
[ICHO B aBapiitHOMY pexumi A 4.
Takum YAHOM,

TeHepajbHa MHOKMHA 33124 aBTOMATH3aITi1

YOTHPHOX MHOXKHWH:

Ancro = Auspec = {Ap; Ar; A A A4l

Yy CBOIO
aBroMaru3aii

qcpry,
3agady  JUIE  KOXXHOI 3
(10)

IIOBHOTOIO

HaBeICHUX Yy
BU3HAYAETHCSA

peXUMiIB poOOTH 1 (PyHKIINH CKIaJA0BUX !

I[ICHO. Hampukinan,
J1arHOCTYBaHHS

aBTOMAaTU3allisg
TEXHIYHOTO

obmaguanus [ICHO Ap, y 3aranbHOMY !

BUITIAOKY, 6YI[6 BHU3HA4YaTHUCh MHOXHMHOIO

Ap= {ADT; Apw; Apz; Apr; Apw; Aps; Apm; Aps; Apa; Apr; Apo; ADC} s

ne iHpexkcu ‘T, ...“C” BIAMOBIIAIOTH

BUKOpUCTaHUM Y (14).

MHokHHa aBTOMAaTH3allli PEKUMIB |

pyxy IIA Ag
aBToOMaTH3aIli:

BiqoOpa)kae CTYIIiHb

pexumy Rz sadypemss IIA i |

BUXOJy Ha CTAPTOBY TOUKY MICIi;
cTaOLTI3alli€l0 TApaMETPIB PYXY;
[TA mo 3agaHiit TpaexTopii;

pOCTOPI;

pexuMy Ry nosepHeHHsa [IA y

Touky migiiomy Ha CH;

oOnagHaHHS ROV
KepyBaHHS

. flow control 4;;
KepyBaHHS
emergency mode A,.
MOYKITUBA

PIBEHD

HiJIMHOXHH |
OXOILJICHHS |

external attached (mounted)

equipment A4,;

automation of USPEC information
- automation of USPEC control in

Thus, a general set of automation

tasks for USPEC Ayspgc consists of the
[ICHO Apcho CKIamacThes 3 HACTYIHMX |

following four sets:

(15)

In turn, the task automation level

for each of the subsets given in (10) is

determined by the coverage
completeness of the USPEC operation

modes and components functions. For

example, the automation of the USPEC
CTaHy |

equipment technical condition diagnosis
Ap, in general, will be determined by the

. set

(16)
. where the indices "T", ... "C" correspond
to the ones used in (14).
The set of ROV  motion
automation modes Ay displays the degree
of automation:

ROV dive mode R; and exit to the

| mission starting point;
pexumy R, miHiiiHOTO pyXy 1A 31 |

ROV linear motion mode R; with

stabilization of motion parameters;
peKUMYy Ry TPOCTOPOBOTO PYXY
. given trajectory;
pexumy Rs craGimizanii TTA 'y |

ROV spatial motion mode Ry on a

ROV stabilization mode Rg in

. space;

ROV return mode Ry to the VC

. recovery (lifting) point;
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pexuMy Ry «paJHuKa» oleparopa !

[ICHO npu  peanizamii

ITJIBOTHOT HaBiraIrii TOIIo).

[Ipu Bukopuctanui vy

BKa3aHHUX pe)KI/IMiB JO0JAal0TbCA.

— pexuM Rg;  BUXOAY
«ITIBOJTHOTO Tapaka» Ha MOYaTKy MICii;
— pexuMm  Rg,  3axomy

TUIIOBUX

MiZIBOJHMX TEXHOJOTIH Ta y CKIagHHX . implementation and in complex operating

pexuMax pO6OTI/I (y CTUCHEHUX YMOBax . modes (under constraint conditions of

USPEC "adviser" (operator) mode
Ry, in the typical underwater technologies

. underwater navigation, etc.).

cKkiaul !

TICHO omyckHoi nigBogHoi muardopmu | submerged

(«mimsommoro rapaka» mis I[1A) 0 (“underwater garage” for ROV), the

When wused in USPEC,
underwater

the
platform

. following modes are attached to the
. indicated modes:

3

«IMIBOJHUN Tapa)k» TICIS 3aBEpPIICHHS

Micil.

Takum YUHOM,

aproMarm3ailii pexumiB pyxy [IA Ag !

MOXe OyTH TIpeACTaBiIeHa Yy BUTJISII
BITHOILIEHHS:

Ar={Arz; Arr; Arw; Ars; Arn; Ary, Arcis Araca)-

ROV  motion

exit mode Rg; from the

. "underwater garage" at the beginning of

V! the mission;

the

entry mode Rg, to

. "underwater garage" after the completion

MHOXHHA £ the mission.

Thus, the set of automation of
modes Ar can be

. represented as a ratio:

Ilo ananorii, piBeHb aBTOMaTU3aLI] |

(17)

By analogy, the automation level

PEXKUMIB pobotu 30BHIITHBOTO of ROV operation modes of external
HavinHoro oOnamgHaHHS [TA Moxe Oytn attached equipment can be represented
TIPE/ICTABIEHNI MHOKHHOIO: | by set:

Ay = {Ars Arufs (18)
ane Ry — pexum poboru IIA 3 where Ry, — the ROV operation mode

MaHimysitopoMm M O 30 (ounieHHS

with the manipulator M near 10 (clearing

30, 3aXOILUIEHHS, 3aBAHTAKEHHS Y JIOTOK, |
. unloading the 10 from the tray, etc.);

BuBaHTaxeHHs 30 3 JIOTKa TOIIO);
Ry

peXUM

H1BOIHOIO |

TPaHCIIOPTYBaHHS (TIEPEHOCY) BaHTaXIB
 tools, etc.).

(30, IHCTPYMEHTIB TOIILIO).

JlocBiz aBTOpa Yy 3acTOCYBaHHI |

IICHO  cBig4uTh,

1o

BaXKJIMBOIO |

CKJIJIOBOI0 aBTOMATH3AIlil TaKOro BUAY

MOpPCBKOi ~ TEXHIKH €

aBTOMATH3alliA |

KepyBaHHA 1HGOPMALIHHUMU MOTOKAMHU the USPEC information flow control A4;.
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the 10, capturing, loading in the tray,

Ry — the mode of underwater
transportation (transfer) of goods (IO,

The author's experience in the use
of USPEC suggests that an important
automation component of this type of
marine equipment is the automation of



I[ICHO A4,
LILOT'O ITPOLIECY HAIEXKATD:

aBTOMATHU3Alllsl KEPyBaHHS PEKUMAMH |

NOMIyKy  Agz,
inerTrdikamii (kacudikartii) 30 Agg;
aBTOMAaTH3allis
pllliecHHs Ha Ty YU
(hOTOBIIEOOKYMEHTYBaHHS Agp TiA HaC
Bif

BUKOHAHHS MICil B 3aJIEXKHOCTI

pexxumy Ta ymoB podotu [ICHO;
(hOTOBIICOTOKYMEHTYBAHHS
00’€kTiB  (CBIIO,  KOJMIp,

BHOKPEMJTIOBAJIbHA 3/1aTHICTH TOIIIO);

BHUKOHAHHS MicCll Agp.

JIo TONOBHHUX CKIQJOBUX
. include:

posmisHaBanHst  Agy Ta |
(classification) of IO Agk;
IIPUNAHATTS
Iy  Qopmy
documentation Agzr during the mission
. execution, depending on the USPEC
mode and conditions;
aBTOMAaTH3aLlis Agp KOHTPOIIIO SKOCTI
IIIBOTHUX documentation
Pi3KICTb, underwater

. sharpness, resolution, etc.);
aBTOMAaTWYHA TE€HEepallis 3BITYy IpO '

The main components of this process

automation of search control mode
Apr, recognition Agy and identification

automation of decision-making on

this or that form of photo-video

Automation App of photo-video
control  of
(light,  color,

quality
objects

automatic report generation about

. mission implementation Agp.

Toni piBEHb aBTOMATH3aIlii Then information flow automation
KepyBaHHs iHOOPMAIIHHUMH MOTOKAMHU | contro] level in USPEC  will be
B [ICHO Oyne BUSHAYATHCE | determined by the relation:
BIIHOILIEHHSAM

A = {Ari; Arr Aro; Arp}- (19)

Hapemwri, Ba’kKIMBOIO CKIIaJO0BOIO | Finally, an important USPEC
asromarmsarii [ICHO € wmoxmBicTh | automation component is the ability to
BUSIBJICHHS ~ aBapiiiHOi  cutyamii  (abo | identify an emergency situation (or the

3arposH ii BAHUKHEHHS Y IIPOrHO30BaHOMY

MailoytaboMmy) Ayp Ta

KEpPOBAHOTO BUXOTY 3 IIi€1 cuTyarlii A abo !
IPUNUHEHHS BMKOHAHHA Micii Ay 3 |

MIHIMAJIbHUMM 30U TKAMU.

Y  1npoMy  BHNAAKY

aBTOMAaTH3aIlli KEPYBaHHS BU3HAYHUTHCS !
| ratio:

BIIHOILIEHHSAM

Ay = {Aup; Auc; Aur}-

Binnomeunns

CTPYKTYPYIOTh ITOCTAHOBKY

asromaruzaiiii [ICHO y minoMy Ta omiHKy

3a0e3reyeHHs |

piBEHB

9)—(15) |

3a1a4l

threat of its occurrence in the foreseeable
future) A4p and ensure a controlled exit
from this situation A4 or termination of
the mission A4z with minimal losses.

In this case, the level of control
automation will be determined by the
(20)
The relations (9) — (15) structure

the USPEC automation task setting in
general, and their automation level
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pIBHSA iX aBTOMATH3AIlii, siIka HeOOXiaHA JIs
OOTPYHTOBAHOTO TIPU3HAYCHHS MPOCKTHO-
KOHCTPYKTOPCBKMX pIllIEHh Ha paHHIX
. creation.

eranax creopennsa [ICHO.

KinbkicHi MOKA3HUKA

aBTOMaTH3allii MOXYTb OyTU O”[pI/IM&HiE
. well-known expert estimation methods

npsiviM | [33] or direct calculation of USPEC

BIIOMUMU METOIaMU

[33]

eKCIIePTHOTO

OL[IHIOBAHHS abo

o6uncennsm yactku pexumis [ICHO, sxi |
aBTOMaTH30BaHl. Hampukman, s pesxxumy
R, mmuifinoro pyxy ITA 31 craGinizariero
napaMeTpiB pyxy MOXKHa cC(opmyIroBaTé
stabilized motion can be formulated:

HACTYITHI BapiaHTH CTaOLII30BAHOTO PYyXY:

pyx 3 aBTOMATHYHOIO |
crabuiizanieto no kypey 1A R;,;
pyx 3 ABTOMATHYHOIO |

crabumizarieto [TA mo BucOTI X0omy Han
. ground level R;;

IPYHTOM R;;;

PYX 3 aBTOMaTHYHOIO CTa0LTI3aIlIE0

[TA no rmmOuHi 3aHYpeHHs (BiIHOCHO |
water surface) Ry,

Ary |
pexumMy R; MOXe NpUMMATH YOTUPU
sHavenns Ax = {0; 0,25; 0,5; 0,75; 1} y |
3AJICKHOCT] BiJl (JAKTHYHO Peali3oBaHUX Y |

BOJTHOT TTOBEPXHI) R

Tomi piBeHp aBTOMATH3AII]

naniit [ICHO MoMBOCTEl aBTOMATHYHOT |
. motion in this USPEC.

crabumizartii HiiHOTO pyXy [TA.

PiBenp aBTOMaTm3amii

pyxy IIA Ag, 3rigHo BigHOmeHHIo (12),
can be calculated as a product:

MOKe OyTH OOUHCICHHM K T00YTOK:

PiBHIB |

PEXUMIB |

estimation, which is necessary for a
reasonable research and development
solutions at the early stages of USPEC

Quantitative indicators of
automation levels can be obtained by

proportion modes that are automated. For
example, for the ROV linear motion
mode R; with the motion parameters
stabilization, the following variants of
automatic

motion with

. stabilization on the ROV course R,;

with automatic

stabilization of at height above the

motion

motion with ROV  automatic
stabilization by diving depth (relative to

Then, the level of automation Ag;
of mode R; can take four values
Agr = {0; 0,25; 0,5; 0,75; 1}, depending
on the actually implemented possibilities
of automatic stabilization of ROV linear

ROV motion modes automation
level Ag, according to the relation (12)

AR = ARZ'ARL'AR W'ARS'ARN'ARY'ARGI 'ARGZa

y SIKOMY KOJKHUH MHOXXHUK Ma€ 4YHCIIOBE |
. value obtained by expert estimation

3HAa4YCHHA, AKC OTPUMAHO  MCTOJAOM

EKCIIEPTHOTO OILIHIOBAHHA 260 MPAMEM :
. USPEC operating functions portion that
. are automated.

OOYHCIIEHHSIM YacTKU poO0ounX (PyHKIIIH,
SK1 aBTOMaTHU30BaHO.

Y uinomy, piBeHb aBTOMAaTH3AIlil |

[ICHO sk 00’€KTy MOpCBHKOi TEXHIKU USPEC as an
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in which each factor has a numerical

methods or by direct calculation of the

In general, the automation level
object of marine



Moke Oytu obumcieno, 3rimao (10), sk
T00yTOK:

Ancno = Auspec =

Taxum umHOM, BigHOmIeHHS (14) —
(20) nmaroTh 3MoOry OymyBaTH CHCTEMY

KUTBKICHOT OITIHKM PIiBHS aBTOMAaTH3aIlii !
. which creates theoretical foundations for

I[ICHO, 1o CTBOpPIOE TEOPETUYHE

MATPYHTS IS TPUUAHATTS TEXHIYHHX |
pillieHh Ha eTami MPOEKTYBAaHHS TaKHX |

CHCTECM Ta  Hajaac

00’ €KTUBHOTO TIOPIBHSIHHS MK COOOIO 3
' market benefits.

MCTOXO BU3HAYCHHA PUHKOBUX IICPCBAr.

MOXJIMBICTh  1X

technology can be calculated according
to (10) as a product:

Ap Ar A ArAa

Thus, the relations (14) — (20)

allow to build a system of quantitative

analysis of the USPEC automation level,

making technical decisions at the design
stage of such systems and provides an
opportunity  for  their  objective
comparison with each other to determine
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