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Abstract

In article, the vessel was considered as the complex multilevel system which is complex
structure where each element and a subsystem play the role. Are created the basis for
continuation of the further solution of a problem of multi-criteria optimization of design of the
vessel. Solving a problem of optimization of design of vessels with application of a method of
multi-criteria optimization, it is created understanding of a role of each private optimality
criterion that gives the chance to estimate extent of its influence on indicators of functional
efficiency and design characteristics of the designed vessel. For the solution of a task machine
learning and neural network modeling and formation of the concept of an intellectual design
method of vessels, the structural model of perspective researches is developed and gives a basic
algorithm of the sequence of the solution of problems of neural network modeling and researches
of intellectual model at design of the vessel. At the same time, it is provided for the solution of a
task, the system analysis a methodological basis of a research of the designed vessel as a system,
at the same time mathematical modeling provides tools for formalization and the analysis of this
system. Forming the concept of an intellectual design method, considering that a main goal of
formation of model of digitalization of the vessel, creation of the digital double of the designed
vessel on the basis of information means is. The structural model of digitalization of the vessel
with use of artificial intelligence is offered and the key element, the "block of artificial
intelligence™ which is the purpose of further researches is shown.
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Sualti texniki tominat gomilorinin layihslondirilmasinin sistem-optimallasdirilmis

tisulunun nazari dsaslari
O.M. Abdullayev
ASCO Miihandislik MMC (Baki, Azarbaycan)
Xiilasa

Mogqalads gomi miirakkab, coxsaviyyali sistem kimi nazardon kegirilmis vo hor bir elementi v altsistemi
miloyyon funksiyani yerino yetiron kompleks struktur kimi tohlil edilmigdir. Gominin layihslondirilmasinin
c¢oxmeyarli optimallagdirilmasi probleminin goalacok halli ii¢lin nazari-metodoloji asaslar formalagdirilmigdir.
Gomilorin layihalondirilmasinin goxmeyarl optimallagdirma metodlar: asasinda optimallagdirilmasi zaman har
bir xiisusi optimalliq meyarmin rolu vo ohomiyysti miioyyon edilir. Bu yanasma homin meyarlarin
layiholondirilon gominin funksional somarolilik gostoricilorine vo osas layiho xarakteristikalarina tosir
doracasini  qiymatlondirmoys imkan verir. Magin Oyronmasi va neyron sabokalorinin modellagdirilmasi
metodlarindan istifado etmoklo gomilarin intellektual layihslondirilmasi konsepsiyasinin formalagdirilmasi
moagsadilo perspektiv todqiqatlarin struktur modeli hazirlanmigdir. Bununla yanasi, neyron sobokslorinin
modellosdirilmasi va intellektual layihalondirms modelinin iglonilmasi {izra tadqiqatlarin moarhalali sokilds
hoyata kegirilmosini oks etdiron prinsipial alqoritm toklif edilmisdir. Sistemli tohlil probleminin halli
baximindan layihslondirilon gominin sistem kimi Oyronilmasi ii¢ciin metodoloji baza toqdim olunmus, riyazi
modellosdirma isa bu sistemin formallagdirilmasi, tohlili va giymatlondirilmasi liglin asas elmi alot kimi
osaslandirilmigdir. Intellektual layiholondirmo konsepsiyasi hazirlanarkon nozers alinmisdir ki, gominin
rogomsallasdirilmast modelinin asas magsadi informasiya texnologiyalar1 asasinda layihslondirilon gominin
rogamsal okizinin yaradilmasidir. Bu mogsadls siini intellekt texnologiyalarindan istifado edilmoklo gominin
rogamsallasdirilmasinin struktur modeli toklif edilmis, modelin asas komponenti olan "siini intellekt bloku"
miisyyan edilmis vo onun galacok elmi tadqiqatlarin asas istigamatlorindon biri oldugu gostorilmisdir.
Agar sozlor:  sualti texniki tominat gomilori, gomilarin layiholondirilmosi, siini intellekt, sistem analizi,

riyazi model, goxkriteriyali optimallagma

Teopernyeckue OCHOBbI HMHTENIEKTYAJIBHOI0 CHCTEMHO-ONTHMM3UPOBAHHOIO
MeETOAA MPOCKTHPOBAHMS CYA0B MOABOAHO-TEXHUYECKOro ¢uioTa
O.M. Aday/1aeB

ASCO Engineering (baxy, Asepbaiiocan)
AHHOTALUA

B cratbe, CcyaHO OBLIO pacCMOTPEHO Kak CIOXHAas MHOTOYPOBHEBas CUCTEMA, SIBIISIOILAsICS
KOMITJICKCHOH CTPYKTYpOH, TA€ KaXIblii 3JEMEHT M MOJCHCTEMa HIPaloT CBOIO poib. CPopMUpPOBAaHBI
OCHOBaHHE JUIi NPOJOJDKEHHsS JalbHEHIIEro pelleHus 3aJadyd MHOTOKPUTEPUAIbHOM ONTHMHU3ALMU
IIPOEKTUPOBaHMs cynHa. Pemas 3agady oNnTUMU3aluM IPOEKTUPOBAaHHUA CyAOB C IIPUMEHEHHEM METOHAA
MHOTOKPUTEPUAIBHOM ~ ONTUMM3alMM, CO3[AETCs IOHMMAaHUS POJIM KaXJOr0 4YacTHOIO KpUTEpHs
ONITHMAJIbHOCTH YTO JaeT BO3MOXKHOCTh OIEHUTH CTENEHb €r0 BIMAHHSA Ha IOKa3aTelnn (PyHKIMOHAIBHOI
3(Q(HEKTUBHOCTH U MPOEKTHBIE XAPAKTEPUCTHKHU IMPOEKTUPYEMOro cyaHa. [l pellieHusl 3ajaud MAalluHHOE
o0y4yeHHe M HEHPOCETEBOrO MOJECIUPOBAHUS M (OPMUPOBAHMS KOHIENIUHM HHTEIIEKTyaJbHOTO METOAA
NPOCKTUPOBAHUS CYyIOB, pa3paboTaHa CTPYKTYpHas MOJENb IEPCHEKTUBHBIX HCCIECAOBAaHUH W JaeT
NPUHLIMINAIBHBIA alrOPUTM TIOCIENOBATENILHOCTH pEIIeHHs 3aJady HEeWpOCeTeBOro MOJEIUPOBAHUS U
UCCIICJIOBAaHUI MHTEIUIEKTyalbHOM MOJEIM IIpU IPOEKTUpOoBaHUM cyaHa. IIpu 3Tom nns peleHus 3anayi,
CUCTEMHOI'0 aHaju3a IPEeJOCTaBICHO METOA0JIOIHMYEeCcKas OCHOBA UCCIEAOBAaHU IPOEKTUPYEMOIo CyJHa Kak
CHCTEMBI, IIPU 3TOM MaTeMaTHYeCKOe MOJEIMPOBAHHE NPEJOCTABIACT MHCTPYMEHTHI A (hOpMalu3alud |
aHaJIn3a 3ToU cucTeMbl. POpMUPYs KOHLEIIMIO UHTEUIEKTYaIbHOIO METOAA IPOEKTUPOBAHUS, YUUTHIBAsL, YTO
TJIABHOM €TI0 (OPMUPOBAHUS MOIETH NHU(POBU3AINU CyIHA, SBISETCS CO3[aHHE HU(POBOTO IBOMHKKA
MPOEKTHPYEMOTO CyqHa Ha 0ase WH(POPMAanMOHHBIX cpenctB. IlpemnoskeHa CTPyKTypHas MOJeNb
U(POBU3AIMU CyIHA C UCIIOJIB30BAHUEM HCKYCCTBEHHOIO MHTEIUIEKTAa U MOKA3aH KIIOYEBOM 371EMEHT, «OI0K
HCKYCCTBEHHOT'O UHTEIUIEKTay, SIBIIIOIIMIACS 1IEJIbI0 JadbHEHIINX HCCIIeI0BaHUM.
KaroueBble cioBa: cyna MOIBOJHO-TEXHHYECKOTO (IOTa, TPOSKTUPOBAHHWE CYIOB, HCKYCCTBEHHBIH

MHTEIJIEKT, CUCTEMHBIM aHalW3, MaTeMaTHdecKas MOJEIb, MHOTOKPUTEpUANIbHAS
ONTUMU3ALUS
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Introduction

Within the research the wvessel is
presented as the complex multilevel
engineering system consisting of a set of the
interconnected  subsystems consisting  of
elements and sub elements which working in
common perform Subsea operations. The
methodology of the system analysis of the
vessel as complex technical system - the being
set of the principles, methods and procedures
studying design and management of complex
systems, the integrity considering them,
interrelations of elements, the purposes and
uncertainty is considered [1]. The made
system analysis, increases validity of the made
decisions, expands a set of options for the
select and considers a set of the factors
influencing the studied system. Also forms the
basis for the further solution of a problem of
multi-criteria optimization of design of the
vessel. Multi-criteria optimization in design of
vessels, is approach at which various versions
of design decisions are estimated through the
analysis of set of private optimality criterions.
Application of methods of multi-criteria
optimization allowed to receive understanding
about a role of each private optimality
criterion and to estimate extent of its influence
on indicators of functional efficiency and
design characteristics of an object of
researches. Machine learning being area of
artificial intelligence where algorithms study
at data and do predictions without obvious
programming.

Neural networks - the concrete class of
algorithms within machine learning modeling
structure and function of neural networks in a
human brain. The developed structural model
of perspective researches of design of vessels
of the subsea operation fleet, gives a basic
algorithm of the sequence of the solution of

problems of neural network modeling at
design of the vessel. Within the researches the
system analysis and mathematical model of
intellectual model of design of vessels of the
subsea operation vessels were developed. For
the full solution of a task, it was developed,
the system analysis and mathematical model of
intellectual formation of the main dimension
of the vessel, hull and the analysis of seagoing
characteristics of the vessel, the propulsion
plant with application of intellectual
optimization and as result it is developed, the
system analysis and mathematical model of
development and deployment of the integrated
intellectual platform of design of the vessel.
For formation of the concept of an intellectual
design method of vessels, it is offered close
connection of the system analysis and
mathematical model of the solution of a
problem of an object of a research. At the
same time the device of the system analysis
provides a methodological basis for a research
of a system of intellectual design of the vessel,
and mathematical modeling provides tools for
formalization and the analysis of this system.
The concept of an intellectual design method
of the vessel connected with integration of the
methods and technologies directed to
automation and optimization of a designing
process with use of elements of artificial
intelligence, machine learning, knowledge
bases and other tools is created. Considering
that a main goal of formation of model of
digitalization of the vessel is creation of the
digital double of the designed vessel, on the
basis of information means, the element -
"block of artificial intelligence” of a system on
which steady work of a system becomes
isolated is shown. In the real work, the block
of artificial intelligence, is represented as "a
black box", with lack of clarity occurring in is



mute processes. The purpose of further
researches, being a make transparent of "a
black box" is created, with definition of the
concepts occurring in it is mute processes.

Research objective

Technique of the intellectual system
optimized design of the subsea operation
vessels.

Problem definition
Formations of the concept of researches
of the system optimized design method.

Vessel as complex multilevel system:

The wvessel represents the complex
multilevel engineering system consisting of a
set of the interconnected subsystems
consisting of elements and sub-elements which
work in common for performance of subsea
operations.

The multi-levelness of a system of the
vessel is reflected below in the block diagram
of fig.1.

{——
A g X X

Figure 1 — Schematic block diagram of a
multilevel system of the vessel

In Fig. 1: A — system vessel as the
design objects; Aext — external level of design;
Aint — internal level of design; Xenv — set of the
elements reflecting the place of the vessel in
the offshore project; xenv — set of the main
characteristics of external level of design; Xe
— set of elements of a system of the vessel; Xe
— set under system elements the vessel.

Multilevelness of a system at design of
the vessel, described in fig. 1.:

External (Aext) and internal (Aint) design
levels. At a stage of external design such
elements as the place of the vessel in offshore
projects (Xenv) also the set of its main
characteristics is defined with conditions of
future operation (Xenv). Internal design (Aint)
includes a complex of the interconnected
problems of optimum design of various
subsystems which in total form the vessel as a
uniform system.

Subsystems and elements of the vessel
are subordinated each other hierarchically, that
is being a set of elements and a set under
elements have a certain subordination within
the general structure. For example, the main
propulsion plant can turn on several engines
and propellers, and they, in turn, are connected
with  control  systems and  auxiliary
mechanisms.

At design of vessels of the subsea
operation vessels, mathematical models of
high extent of specification which also
represent a complex multilevel system are
used. Lower in the block diagram in fig. 2. it is
reflected, interesting us within the real work,
structural model of internal level of design.

-

Figure 2 — Block diagram of internal level of
design of a system vessel
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In Fig.2: Xu — sets of elements of a
subsystem hull; x4 — set under elements the
subsystems relating to a set of elements the
hull; Xpp — sets of elements of a subsystem
propulsion plant; xep — set under elements the
subsystems relating to a set of elements the
propulsion plant; Xsq — sets of elements of a
subsystem ship gears; xsqg — set under elements
the ship gears relating subsystems to a set of
elements; Xss — sets of elements of a
subsystem ship system; xss — set under
elements the ship systems relating subsystems
to a set of elements; Xac — sets of elements of
a subsystem ship accommodation; xac — set
under elements the ship accommodation
relating subsystems to a set of elements; Xnav
— sets of elements of a subsystem of electric
equipment, navigation and communication;
XNav — Set under elements electric equipment
subsystems relating to a set of elements,
navigation and communication.

The basic elements and subelements of a
system the vessel described in fig. 2.:

The hull (Xu), consists of a set
structurally and geometrically connected under
elements - (xwu), such as: sheets of a covering
about stiffening ribs, beams of set and other
details. Provides buoyancy, stability, buoyancy
and other seagoing qualities.

The propulsion plant (Xpp), include
under elements (xep), the main propulsion
plant, reducers, shaft lines, propulsion and also
auxiliary mechanisms.

Ship gears (Xsg), turn on under elements
(xsg), steering, anchor, mooring, cargo, towing,
etc. gears.

Systems (Xss), include under elements
(xss) providing fight for buoyancy, fire-
fighting, maintenance of conditions of
habitability, water supply, compressed air and
other functions.

Accommodations (Xac), include under
elements (xac), the ship rooms placed in the
main hull, superstructures and cabins. The
forepeak, an aft-peak, double-bottom space,
holds, twin decks, deep-tanks, cofferdams, etc.
belong to important compartments.

Navigation and communication (Xnav),
include under elements (xnav), navigation aids,
management, communication, fire protection,
emergency supply and others.

Elements of subsystems of internal level
of design of the vessel, are described by
functional expression (1). At the same time
interaction of the sets participating in
functional model is described by expression

(2):

n

Xg =Rf (Z l's.') 1)

{cxa} e {Xg) (2)

Here: R — accept the risks at design; X,

— set of elements of the subsystems described
above (XH, Xpp, Xsg, Xss, Xac, XNav); x,, — set

of the sub-elements described above (xH, Xpp,
Xsg, Xss, XAc, XNav).

Considering function (1) and interaction
of sets (2), the mathematical model of internal
level of design of a system the vessel is
described by expression (3):

n
_:21]__“ = (Z KE[) ﬂ({:xel} £ {KEl}j (3)
n—1
Thus, the vessel is a complex structure
where each element and a subsystem play the
role in ensuring functionality and overall
performance of all construction.



Methodology of the system analysis of
complex technical systems:

The methodology of the system analysis
of complex technical systems is the set of the
principles, methods and procedures for
studying, design and management of complex
systems  considering  them integrity,
interrelations of elements, the purposes and
uncertainty [1]. In the system analysis of an
object of a research adhere to the principles of

integrity,  hierarchy, integration, target
orientation, uncertainty and diversity and at
last coordination of resources and purposes.

Considering complexity of a system the
vessel, in the system analysis of a solvable
task, among many methods of the system
analysis the formal method of the system
analysis, most acceptable for a solvable task,
was accepted. Thus the block diagram of a
system the vessel, fig. 3 was offered.

Figure 3 — Block diagram of a system vessel

The system models the vessel as subject to design, taking into account expression (3) and
the block diagram of fig. 3, is described by expression (4).

n

A= (A [ e} € )| (Z xﬂ) [ xa) € xad) @

The made system analysis, increases
validity of the made decisions, expands a set
of options for the select and considers a set of
the factors influencing a complex system. Also
forms the basis for the further solution of a
problem of multi-criteria optimization of
design of the vessel.

Multi-criteria optimization of design
of vessels:

n—1

Multi-criteria optimization in design of
vessels is approach at which various versions
of design decisions are estimated through the
analysis of set of private optimality criterions.
Such approach is caused by need of search of a
compromise between contradictory
requirements to subject to design [4, 5].
Feature of multi-criteria tasks is, lack of the
strict mathematical decision, uncertainty of the
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select of criterion, complexity with increase in
criteria [6]. The majority of methods reduce a
multi-criteria task to one-criteria. It is possible
to distinguish from the most known methods, a
method of the main criterion, a method of
folding of criteria, a method of uniform
optimality, a method of an ideal point, a
method of consecutive concessions, a method
of a fair compromise, a method of group of
criteria and others [4, 6].

Also, the methods based on the principle
of parity (the equivalence relation) which
assume reduction of private criteria to
comparable scales of measurement [5] are
applied. In fig. 4., the basic structural model of
a system of the multi-criteria optimization
offered to application for subsea operation
vessels is shown.

Sx

XEI Sx

Xel

Figure 4 — Structural model of a system of multi-
criteria optimization

In Fig. 4. S — optimum values of an
object of a research; Sx — criteria of
optimization of sets; Sx — criteria of
optimization of subsets.

Model of multi-criteria optimization it
is reflected in expression (5):

5= 5}:f[(-¥5.' = 5A-:'{l's.'}} = min (5)

Application of methods of multi-criteria
optimization allows to understand better a role

of each private optimality criterion and to
estimate extent of its influence on indicators of
functional efficiency and design
characteristics.

Fundamentals of machine learning
and neural network modeling:

The machine learning is area of artificial
intelligence where algorithms study at data,
reveal the hidden patterns and do predictions
without  obvious  programming.  Neural
networks - the concrete class of algorithms
within machine learning modeling structure
and function of neural networks in a human
brain.

In relation to a designing process of
Subsea operation vessels, development of the
integrated intellectual platform of design of
vessels with use of elements of machine
learning is offered. Within the system analysis
of development of the integrated platform of
design of wvessels, the block diagram of
researches on  developments and to
introduction of the integrated intellectual
platform of design of Subsea operation vessels
is offered.

The developed structural model of
perspective researches of design of Subsea
operation vessels, gives a basic algorithm of
the sequence of the solution of problems of
neural network modeling at design of the
vessel.

System analysis and mathematical
model of development of intellectual model
of design of Subsea vessels.

Considering mathematical and
intellectual model of design of the Subsea
operation vessels, the block diagram of
formation of the block of a self-training
algorithm of formation of the main dimension
at design of the vessel is offered. Apparently
from the block diagram of fig. 6., at early



investigation phases development of a
technique of preliminary formation of the main
dimension of the designed vessel, the block of
intellectual model of forecasting of design
parameters and the block of neural network
approximation of hydrostatic characteristics is

characteristics

of the integrated mtellectual
platform of design
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provided. The purpose of perspective
researches, formation of an algorithm of self-
training optimization definition of the main
dimension at design of Subsea operation
vessels.

Development of mathematical and intellectual model of design
and formation of the main dimension

[ntellectual formation of the hull and analysis of seagoing

Formation of the propulsion plant with application of
intellectual optimization

Figure 5 — Structural model of perspective researches of design of Subsea operation vessels

In Fig. 6: Xp — set of values of the
database, see fig. 7. (Lx, Bx, dx, Dx, L/Bx,
B/dx, B/Dx); Aext — sizes of external level of
design; P4 — preliminary values of the main
dimension, see fig. 7. (L, B, d, D); Aint — sizes
of internal level of design; Dim — the vessel
main dimension; Cp — the block coefficient; IC
— block of intellectual model of forecasting of
design parameters; A - designing vessels
displacement; Nn — block of neural network
approximation of hydrostatic characteristics;
Aseim) — block algorithm of self-training
optimization of the main dimension.

In structural the diagram of fig. 7.,
model of formation of preliminary main
dimension of Subsea operation vessels by a
database method, fig. 6 which is the “Dim”
element in the block diagram is shown.

In Fig. 7: Lx — set of lengths from the
database of relatives to destination vessels; Bx
— set of width from the database of relatives to
destination vessels; dx — set a draft from the

database of relatives to destination vessels; Dx
— set of depth from the database of relatives to
destination vessels; L/Bx — set of ratios of
lengths and width, from the database of
relatives to destination vessels; B/dx — set of
ratios of width and draft, from the database of
relatives to destination vessels; B/Dx — set of
ratios of width and depth, from the database of
relatives to destination vessels; fx — functional
dependences of sets of values from the
database of relatives to destination vessels; S
— model of optimization of values of the
designed vessel; v — the designing vessel
speed.

Formation of the main dimension of
subsea operation vessels, about used models
described in fig. 7. it is described by function
(6):

Dim = A, f(Pa{X4 Acee) (6)



Aext
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Dim.
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Nn

AsE(Dim)

Figure 6 — Block diagram of intellectual model formation of the main dimension of the Subsea operation

vessels

Formation of the block of intellectual
model of forecasting of design parameters of
Subsea operation vessels described in fig. 6. it
is described by function (7):

IC = C, f(Dim) (7)

The model of formation of displacement
of Subsea operation vessels, with use of
intellectual model of forecasting of design
parameters, is described by function (8):

A= ICf(C,,Dim) (8)

Using functions (6), (7) and (8), we offer
mathematical model of conditions of
development of the block of an algorithm of

self-training  optimization of the main
dimension, described by expression (9):
ASE(DEFH} = erf(cb"qiurf(Pd{Xﬂr‘qaxr}]) (9)



Lx Bx dx

Dx

L/B B/d B/D

A C

\Y

Figure 7 — The block diagram of model of formation of the main dimension of the Subsea operation

vessels with use of the database

Having developed the block diagram of
fig. 6. and mathematical model (9), it is
offered, basic intellectual model formation of
the main dimension of Subsea operation
vessels that is a part of the system analysis and
mathematical modeling for further researches
on development of intellectual model of design
of Subsea operation vessels.

System analysis and mathematical
model of intellectual formation of the hull
and analysis of seagoing characteristics of
the vessel.

Formation of a hull first of all consists
formation of a surface of the vessel on the
basis of the received earlier main dimension.
In fig. 8. The block diagram of intellectual
model of formation of the hull and as a parallel
task the analysis of seagoing qualities of the
designed vessel is offered.

In Fig. 8 Xd — set of the main
dimension; Xshen — Set of the formation the
shell; ML — stability model; ICw) — block of
intellectual model of forecasting of design
parameters of the hull; Nnw) — block of neural
network approximation of the hull; 3D -

digital double of the vessel; Aser) — block

(hull) of an algorithm of self-training
optimization.
Xd A Vv
| | |
|
> Xshell ML
<>
ves
Nn(H) 3D
AsE (H)

Figure 8 — Block diagram of intellectual model of
formation of the hull and analysis of seagoing
qualities

The algorithm formation of a surface of
the vessel, shown in fig. 8., is reflected
expression (10):
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Xepon = MLF(X ;A v) (10)
Formation of the block of intellectual
model of forecasting of design parameters of
the hull, shown in fig. 8., is reflected

expression (11):
ICiy, = ML, vf(X,) (11)

Formation of the hull block, algorithm of
self-training optimization, shown in fig. 8.,
synthesizing expression (10) and (11) it is
described by expression (12):
= N,y f(MLvf(X,, '—I'Xr:j} (12)

Having developed the block diagram of
fig. 8. and mathematical model (12), it is
offered, basic intellectual model formation of
the hull and the analysis of seagoing qualities
of Subsea operation vessels that is a part of the
system analysis and mathematical modeling
for further researches on development of
intellectual model of design of Subsea
operation vessels.

The system analysis and mathematical
model of formation of the propulsion plant
with application of intellectual optimization.

The system analysis of formation of the
propulsion plant with application of
intellectual optimization is shown in the block
diagram reflected in fig. 9.

In Fig. 9: Xpp — set of operating modes
of the ship propulsion plant; ICery — block of
intellectual model of forecasting of design
parameters of the propulsion plant; FD — fuel
consumption parameter; EE — parameter of
power efficiency; Nner) — block of neural
network approximation of the propulsion
plant; Aserpy — block (propulsion plant) of an
algorithm of self-training optimization.

Formation of the block of intellectual
model of forecasting of design parameters of
the propulsion plant, shown in Fig. 9., is
reflected expression (13):

AS‘E[H?

IC ppy = Nf(Xpp) (13)

Xpp

ICrp)

FD EE

Nn(rp)

AsE (PP)

Figure 9 — Block diagram of intellectual model of
formation of the propulsion plant

Formation of the "propulsion plant"
block, algorithm of self-training optimization,
shown in Fig. 9., using expression (13) it is
described by expression (14):

AS‘EEFP} = N!![FF} JF[{F'D' EE} € IC[FF}} (14)

Having developed the block diagram of
fig. 9. and mathematical model (14), it is
offered, basic intellectual model formation of
the propulsion plant of the Subsea operation
vessels that is a part of the system analysis and
mathematical modeling for further researches
on development of intellectual model of design
of the Subsea operation vessels.

System analysis and mathematical
model of development and deployment of
the integrated intellectual platform of
design of the vessel.

In view of the expressions reflected in
formulas (9, 12, 14) and synthesizing the block
diagrams reflected in drawings (6, 8, 9), we



structural (see fig. 10) and
(15) model, the integrated

receive
mathematical

intellectual platform of design of the vessel.
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Figure 10 — Structural model of the integrated intellectual platform of design of the vessel

Thus, for formation of the concept of an
intellectual design method of vessels, the
system analysis and mathematical model of the
solution of a problem of an object of a
research is offered closely connected. At the

same time for the solution of a task, the system
analysis provides a methodological basis for a
research of a system of intellectual system and
optimizing design of the wvessel, and
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mathematical modeling provides tools for
formalization and the analysis of this system.

Formation of the concept of an
intellectual design method:

Formation of the concept of an
intellectual design method of the vessel, it is
connected with integration of the methods and
technologies directed to automation and
optimization of a designing process with use
of elements of artificial intelligence, machine
learning, knowledge bases and other tools.
Such concept assumes creation of the systems
capable to accumulate, analyze and apply
knowledge to the solution of difficult tasks and
also to support decision-making in the
conditions of uncertainty [12, 13]. The main
components and the principles of the concept
of an intellectual design method are, the
knowledge base [14], the mechanism of a

conclusion [15], dialogue procedures [16],
training [13] and the intellectual interface [15].
Solutions of a similar task has various methods
and approaches, on an example, a cognitive
method [13], logical approach [14], physical
approach [14], component design [17, 18]. The
concept of an intellectual design method
demands the integrated approach including
work with knowledge, algorithms, interfaces
and continuous updating of a system on the
basis of new data and experience.

Using the offered earlier block diagrams,
mathematical models and (fig. 10) and the
mathematical model (15) of the integrated
intellectual platform of design of the vessel
developed structural, the block diagram of
model of digitalization of the vessel with use
of artificial intelligence of fig. 11 is offered.

Rules & normative
documents

Vessel
requirement

v

Al block

Data base the
vessels

A

A\

y

CADMATIC
assets

A\ 4

The vessel Al
3D models

Figure 11 — Structural model of digitalization of the vessel with use of artificial intelligence

In the block diagram reflected in Fig.
11., the central element is the block of
artificial intelligence which in the present
scheme is "a black box" and the purpose of the

subsequent researches is the make transparent
of "a black box". The part of sets participating
in the block of artificial intelligence are
reflected in mathematical expression (16).
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Xa = {Va. RNy, Dg} (16)

Here: Xai — the sets participating when
forming the block of artificial intelligence; Vr
— values describing rules of classification
society; RNp — values describing technical
requirements to the vessel; Des — values
describing the database of the main dimension
of the vessel.

Main objective of structural model of
digitalization of the vessel with use of artificial
intelligence, is the automated formation of the
digital double of the vessel. The mathematical
model describing structural model in fig. 11. is
reflected by expression (17).

3Dyop. = [Afbiock U{XA.’}:J = Coope (17)

Here: Alviock — artificial intellect black;
Csoft — the software forming the digital double
of the vessel.

Considering that a main goal of
formation of model of digitalization of the
vessel, this creation of the digital double of the
designed vessel on the basis of information
means, the task becomes isolated in the block
of artificial intelligence. In the real work, the
block of artificial intelligence, is represented
as "a black box", with lack of clarity of the
processes happening in it. The purpose of
further researches, the make transparent of "a
black box", with definition of the concepts
happening in it processes is.

Conclusion

The vessel is considered as the complex
multilevel system which is complex structure
where each element and a subsystem play the
role in ensuring functionality and overall
performance of all construction.

The system analysis of the vessel as
complex technical system is carried out, the
solved task increases validity of the made

decisions, expands a set of options for the
select and considers a set of the factors
influencing the vessel as a complex system. It
is created the basis for the further solution of a
problem of multi-criteria optimization of
design of the vessel.

Solving a problem of optimization of
design of vessels applying methods of multi-
criteria optimization creates understanding of a
role of each private optimality criterion and
gives the chance to estimate extent of its
influence on indicators of functional efficiency
and design characteristics of the designed
vessel.

For the solution of a task machine
learning and neural network modeling at
design of vessels, the structural model of
perspective researches of design of the Subsea
operation vessels is developed and gives a
basic algorithm of the sequence of the solution
of problems of neural network modeling at
design of the vessel.

For formation of the concept of an
intellectual design method of vessels, the
system analysis is carried out and the
mathematical model of expected researches of
intellectual model of design of the Subsea
operation vessels is developed. At the same
time, it is provided for the solution of a task,
the system analysis a methodological basis of
a research of a system of an object of a
research, at the same time mathematical
modeling provides tools for formalization and
the analysis of this system.

Forming the concept of an intellectual
design method, considering that a main goal of
formation of model of digitalization of the
vessel, creation of the digital double of the
designed vessel on the basis of information
means is, the structural model of digitalization
of the vessel with use of artificial intelligence
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