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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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Sualtı texniki təminat gəmilərinin layihələndirilməsinin sistem-optimallaşdırılmış 

üsulunun nəzəri əsasları 
O.M. Abdullayev 
ASCO Mühəndislik MMC (Bakı, Azərbaycan) 

Xülasə 
Məqalədə gəmi mürəkkəb, çoxsəviyyəli sistem kimi nəzərdən keçirilmiş və hər bir elementi və altsistemi 

müəyyən funksiyanı yerinə yetirən kompleks struktur kimi təhlil edilmişdir. Gəminin layihələndirilməsinin 

çoxmeyarlı optimallaşdırılması probleminin gələcək həlli üçün nəzəri-metodoloji əsaslar formalaşdırılmışdır. 

Gəmilərin layihələndirilməsinin çoxmeyarlı optimallaşdırma metodları əsasında optimallaşdırılması zamanı hər 

bir xüsusi optimallıq meyarının rolu və əhəmiyyəti müəyyən edilir. Bu yanaşma həmin meyarların 

layihələndirilən gəminin funksional səmərəlilik göstəricilərinə və əsas layihə xarakteristikalarına təsir 

dərəcəsini qiymətləndirməyə imkan verir. Maşın öyrənməsi və neyron şəbəkələrinin modelləşdirilməsi 

metodlarından istifadə etməklə gəmilərin intellektual layihələndirilməsi konsepsiyasının formalaşdırılması 

məqsədilə perspektiv tədqiqatların struktur modeli hazırlanmışdır. Bununla yanaşı, neyron şəbəkələrinin 

modelləşdirilməsi və intellektual layihələndirmə modelinin işlənilməsi üzrə tədqiqatların mərhələli şəkildə 

həyata keçirilməsini əks etdirən prinsipial alqoritm təklif edilmişdir. Sistemli təhlil probleminin həlli 

baxımından layihələndirilən gəminin sistem kimi öyrənilməsi üçün metodoloji baza təqdim olunmuş, riyazi 

modelləşdirmə isə bu sistemin formallaşdırılması, təhlili və qiymətləndirilməsi üçün əsas elmi alət kimi 

əsaslandırılmışdır. İntellektual layihələndirmə konsepsiyası hazırlanarkən nəzərə alınmışdır ki, gəminin 

rəqəmsallaşdırılması modelinin əsas məqsədi informasiya texnologiyaları əsasında layihələndirilən gəminin 

rəqəmsal əkizinin yaradılmasıdır. Bu məqsədlə süni intellekt texnologiyalarından istifadə edilməklə gəminin 

rəqəmsallaşdırılmasının struktur modeli təklif edilmiş, modelin əsas komponenti olan "süni intellekt bloku" 

müəyyən edilmiş və onun gələcək elmi tədqiqatların əsas istiqamətlərindən biri olduğu göstərilmişdir. 

Açar sözlər:  sualtı texniki təminat gəmiləri, gəmilərin layihələndirilməsi, süni intellekt, sistem analizi, 

riyazi model, çoxkriteriyalı optimallaşma 

 

Теоретические основы интеллектуального системно-оптимизированного 

метода проектирования судов подводно-технического флота 
О.М. Абдуллаев 
ASCO Engineering (Баку, Азербайджан) 
Аннотация 

В статье, судно было рассмотрено как сложная многоуровневая система, являющаяся 

комплексной структурой, где каждый элемент и подсистема играют свою роль. Сформированы 

основание для продолжения дальнейшего решения задачи многокритериальной оптимизации 

проектирования судна. Решая задачу оптимизации проектирования судов с применением метода 

многокритериальной оптимизации, создается понимания роли каждого частного критерия 

оптимальности что дает возможность оценить степень его влияния на показатели функциональной 

эффективности и проектные характеристики проектируемого судна. Для решения задачи машинное 

обучение и нейросетевого моделирования и формирования концепции интеллектуального метода 

проектирования судов, разработана структурная модель перспективных исследований и дает 

принципиальный алгоритм последовательности решения задач нейросетевого моделирования и 

исследований интеллектуальной модели при проектировании судна. При этом для решения задачи, 

системного анализа предоставлено методологическая основа исследования проектируемого судна как 

системы, при этом математическое моделирование предоставляет инструменты для формализации и 

анализа этой системы. Формируя концепцию интеллектуального метода проектирования, учитывая, что 

главной целью формирования модели цифровизации судна, является создание цифрового двойника 

проектируемого судна на базе информационных средств. Предложена структурная модель 

цифровизации судна с использованием искусственного интеллекта и показан ключевой элемент, «блок 

искусственного интеллекта», являющийся целью дальнейших исследований. 

Ключевые слова: суда подводно-технического флота, проектирование судов, искусственный 

интеллект, системный анализ, математическая модель, многокритериальная 

оптимизация
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Introduction 

Within the research the vessel 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 
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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 vessel 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. 

 

 
Figure 1 – Schematic block diagram of a 

multilevel system of the vessel 

 

In Fig. 1: А – 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; XEl 

– set of elements of a system of the vessel; Xel 

– 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: XH – sets of elements of a 

subsystem hull; xH – set under elements the 

subsystems relating to a set of elements the 

hull; XPp – sets of elements of a subsystem 

propulsion plant; xPp – set under elements the 

subsystems relating to a set of elements the 

propulsion plant; XSg – sets of elements of a 

subsystem ship gears; xSg – 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 (XH), consists of a set 

structurally and geometrically connected under 

elements - (xH), 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 (xPp), 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): 

 

(1) 

 

 (2) 

  

Here: R – accept the risks at design;  

– set of elements of the subsystems described 

above (XH, XPp, XSg, XSs, XAc, XNav);  – 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): 

 

(3) 

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. 
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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). 

 

(4) 

 

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: 

 

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. 

 
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) 

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 vessels, 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 

S 

SX 

XEl Sx 

xel 
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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 

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.

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

 

In Fig. 6: XD – 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; Pd – 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; Cb – the block coefficient; IC 

– block of intellectual model of forecasting of 

design parameters;  - designing vessels 

displacement; Nn – block of neural network 

approximation of hydrostatic characteristics; 

ASE(Dim) – 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; ВX 

– 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(f) 

– 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): 

 (6) 
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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): 

 (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): 

                       (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):  

 

 (9) 

 

XD Aext 

Pd 

Aint 

Dim. 

Yes 

No 

Cb 

IC 

Yes 

No 

 

Nn 

ASE(Dim) 
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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; XShell – set of the formation the 

shell; ML – stability model; IC(H) – block of 

intellectual model of forecasting of design 

parameters of the hull; Nn(H) – block of neural 

network approximation of the hull; 3D – 

digital double of the vessel; ASE(H) – block 

(hull) of an algorithm of self-training 

optimization. 

 

 
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):  

LX BX dX DX L/B

X 

B/d

X 

B/D

X 

fX 

S(f) 

L B d D 

 C

b 

v 

Xd  v 

XShell ML 

IC(H) 

Nn(H) 3D 

ASE (H) 

yes 

no 
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 (10) 

Formation of the block of intellectual 

model of forecasting of design parameters of 

the hull, shown in fig. 8., is reflected 

expression (11): 

 (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): 

     (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; IC(PP) – block of 

intellectual model of forecasting of design 

parameters of the propulsion plant; FD – fuel 

consumption parameter; EE – parameter of 

power efficiency; Nn(PP) – block of neural 

network approximation of the propulsion 

plant; ASE(PP) – 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): 

 (13) 

 

 
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): 

 (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 

XPP 

IC(PP) 

FD EE 

Nn(PP) 

ASE (PP) 
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receive structural (see fig. 10) and 

mathematical (15) model, the integrated 

intellectual platform of design of the vessel.  

 

 
(15) 

 

 
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 vessel, 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. 

 

 
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). 

Rules & normative 

documents 

Vessel 

requirement AI block 
Data base the 

vessels 

CADMATIC 

assets 

The vessel AI 

3D models 
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 (16) 

Here: XAI – the sets participating when 

forming the block of artificial intelligence; VR 

– values describing rules of classification 

society; RND – values describing technical 

requirements to the vessel; DB – 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). 

 
(17) 

Here: AIblock – 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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is offered and the key element, "the block of 

artificial intelligence" which is the purpose of 

further researches is shown. 
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