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[4]. K ris O sborn . T he N avy's U nm anned Surface V essels W ill B e H ungry  for E nergy . 
h ttps://nationalinterest.org /b log/buzz/in tegrated-pow er-and-energy-system s-w ill-power-21st-
century-w eapons-199462 

F orm ulation O f T h e M ain T asks O f C reating  U nm anned Surface V essels B ased  O n  A  
System atic A pproach  
N adtochii V ., PhD , K herson E ducational-Scientific Institu te  of A dm iral M akarov  N ational 
U niversity  of Shipbuild ing  
B urunin  A ., PhD  student, A dm iral M akarov  N ational U niversity  of Shipbuild ing  
T he report is devoted  to the form ation  of key  tasks for the design  of m arine robotics, including  
unm anned transport system s. A  varian t of form alization  of the key  in itial stage of the developm ent 
of unm anned m arine system s is proposed . T his w ill contribute to  the m axim um  com pliance of the 
final product w ith the goals. 
K ey words:  design , system  analysis, unm anned surface sh ip . 
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A bstract. T he concept and  various options of a versatile m ultipurpose system  for liqu id  m easurem ent 
and  custody transfer w ith  corresponding  w eb applications are presented . T he m ain  feature of the 
concept is an  open  and  scalable system  architecture that securely  enables access to  the m easurem ent 
data for all in terested  users/serv ices, enabling advanced  flex ib ility  and  m aking  the next step  in  
business process au tom ation , increasing  safety  and  perform ance levels using  the concept of data 
availab ility .  
K eywords:  inventory  m anagem ent system , custody transfer, m easurem ent, w eb application . 

T he m easurem ent and  control of param eters of various liqu ids are one of the m ost frequent 
tasks in  all k inds of production/processing/transportation  processes [1-3]. A ll the m easured  
param eters are conventionally grouped in to  tw o m ain  sets: quantitative and  qualitative. B oth  quantity  
and  quality  param eters of contro llab le liquids are im portan t and  used  to  calcu late overall p rocess 
efficiency  or o ther specific process features. The m ain  goal of th is study  is the synthesis of the concept 
of a m odern  custody transfer and  inventory contro l system  that brings together the ease of explo itation  
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of a  com plex  system  w ith  fu ll leg islation com pliance, scalab ility , and  the feature of sim ple data 
sharing/usage for additional calcu lation  algorithm s or processing .  

T he data about the quantity  and  product quality  param eters is im portan t both  on  the production  
and  the business levels (e.g . - to  provide safety  and  assets utilization  efficiency  at the contro llable 
facility ; calcu late  the overall quantity  of stored  products; analyze and  predict product flow s estim ate 
business opportunities and  predict/optim ize flow s and  revenues, especially  in  case of large and  
d istributed  hold ings). It seem s natural to m ake the m ost of data acquired  in  the “connected  w orld” 
and  d ig ital era. T o  provide h igh  efficiency  and  sustainable developm ent it’s necessary  to  act fast and  
decisions m ust be based  on  the actual data. T hus, it’s im portan t to m easure all required  param eters 
w ith  the required  tim e delays/fram es, and  m ake that data available for all in terested  subscribers, 
ensure required data quality  in several aspects: accuracy  and  uncertain ty , consistency  for a task  and  
the ab ility  to use th is data together w ith  the data from  other sources to  produce new  know ledge and  
value. In  th is case m etering  system s becam e the sources of valuable data about the 
business/production processes and  assets involved: storage facilities and  m easurem ent &  contro l 
equipm ent used , and  personnel involved. C onsidering  the m odern  m easurem ent solu tions, it's  
im portan t to  show  the trends of redistribution  of functions; equipm ent becom ing sm art and  com plex . 
T hus, sensors and system s becom e in telligent and flexib le having  a large com putational pow er, and 
advanced com m unications options. T he custody transfer system s (equipm ent, softw are and  their 
in terconnections) for liqu ids (e.g. hydrocarbons) are regulated  by  appropriate national leg islation . 
T hus, the changes to  the structure of the system  or calcu lation  algorithm s face challenges because of 
the closed  architecture of the m easurem ent system s. T he concept also  requires paying  atten tion  to  the 
security questions, because of the high  significance of the data to  the end-users. O ne of the principal 
a im s  o f the concept is to  m axim ize the econom ic benefit to  the end-user of its m easurem ent so lution  
and  resources u tilization. 

A nother goal function  is to  m ake the system  versatile in  the m eaning  of applications: tanks 
storage term inals, refineries, fuel depots (av iation , m arine), petrochem ical industries, pow er p lan ts, 
b iofuel p lan ts, vegetable o il depots. It m ust be applicable for reservoirs of any type and  size. It should 
be m entioned  that the system  m ust be ab le to w ork  w ith  pressurized  tanks, so  advanced  algorithm s 
should  be used  for vapor calcu lation  and overall system s accuracy im provem ent [4-5]. T he system  
m ust m eet the requirem ents of scalability: it m ust w ork  both  independently  in  a sm all reservoir park  
(e.g . fueling  station  w ith  1-3  reservoirs) and  in  a large holding  w ith various distributed term inals and  
a num ber of tanks contain ing  various liqu ids. It m ust be em phasized  that the architecture of the system  
m ust be designed  to  w ork on  stationary  and m oving objects (e.g . m arine tankers, m obile  w arehouses 
or fuel carriers) enabling m onitoring  of fuel and cargo  during  transportation  or o ther im portan t 
dom ain-related  applications [2 , 6]. T he listed  features are the lim itations for both  equipm ent and  
softw are developm ent. A ll aforem entioned  features can  be illustrated on  the basis of the “SA D C O +” 
and “M IR A +” [7] tank  gauging  system  under developm ent.  

T he typical system  installed on  a localized  reservoir includes a  set of required  sensors (levels 
1 , m ultipoint tem perature 2 , pressure 3), sw itchboards 4  to  connect com ponents of the system  w ith  
the console 5  that co llects all required  data and  runs the calcu lation  subroutines –  see F ig . 1 . 

T he console also w rites all the data in to  the local or rem ote database server, so  the data is 
alw ays availab le. T he console can  also  run  an  internal w eb application  provid ing  m easurem ent data 
and  standardized  reports for in tranet clien ts. 

From  a legal poin t of v iew , all equipm ent and  softw are m ust com ply  w ith  the requirem ents of 
legal m etro logy (as per O IM L  and A PI standards) and/or com ply w ith  the requirem ents of o ther 
im portan t d irectives, e.g . A T E X  for safety  requirem ents for equipm ent used  in explosive  
atm ospheres. 
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Fig . 1  M ultipurpose tank  gauging  system  for inventory  m anagem ent and custody transfer 

(one of the typical options for one tank) 
T o achieve the required level of flex ib ility  it's  assu m ed to  use w eb-based  architecture for large 

d istributed  system s. T he system s in  this case are ab le for data sharing o f inform ation using  all 
availab le channels. W eb app lications (or their m odules) can  be used  for data aggregation and  report 
generation. T hey can  be furtherly  developed for user-specific  needs such  as calcu lations of derivative 
param eters using  alternative techniques (not equal to  the standards of equ ipm ent installation  points), 
and o ther specific functionality that isn’t perform ed locally . Thanks to the m odular design  and the 
use of w eb applications, a system  can  be easily expanded or upgraded  –  see the F ig.2  for the 
descrip tion  of the optional structure. 

 
F ig . 2  –  T he architecture of the d istributed system  w ith  dedicated  data access and  

inform ation  flow s through V PN  or secure connection  over in ternet 
T he typical system  installed on  a localized  facility  (e.g . 1 ,2 ,3) runs the  internal w eb ap plication  

to  provide data for internal clien ts. C onsoles can  be netw orked using a V PN  or local netw ork  to  
provide scalability  and  equ ipm ent p lacem ent flex ibility . T he softw are can use an in ternal or separate  
database server for security  reasons. T o  enable data availab ility  from  all over the w orld cloud serv ices 
can  be used  in a full replication  m ode or periodically  updating the inform ation  for each  controllab le  
object.  

M ain  requirem ents for the inv entory  m anagem ent and  custody transfer system s for liqu ids in  
reservoirs are g iven . T he architecture o f the flexib le m ultipu rpose tank  gauging system  for d istributed 
objects w hich uses the advantag es of m odern  w eb applications and cloud so lu tions is presented . 
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Анотація . Розглядаю ться  питання  тренажерної  підготовки  студентів  з  використаннямї 
навчально -тренаж ерного  стенду  суднової електростанції (НТССЕС ). НТССЕС  має  у  своєму  
склад і дві ідентичн і за  своєю  структурою  та  схемними  ріш еннями  генераторн і секц ії, які 
дозволяють  виконувати  різноман ітн і практичн і та  науково -експериментальні дослідження  у  
галу зі  якості електроенергії, що  виробляється , паралельної роботи  генераторів , розподілу  
навантаження , захисту  генераторних  агрегатів  та  ін .  
Ключові слова : тренажер , електроенергетична  система  судна , генераторна  секц ія , 
управління , функціональні  операції електромехан іка . 

Основним  керівним  документом  щодо  підготовки  командного  складу  морських  суден , 
в  тому  числі електромеханік ів  суднових , є  М іжнародна конвенція  про  підготовку  і 
дипломування  моряків  та  несення  вахти  (ПДНВ -78) з  поправками  2010 р  [3]. 

Згідно  ПДНВ  студент  (курсант ) –  електромехан ік  морської спеціальності протягом  
навчання  має  не  тільки  засвоїти  всі теоретичн і відомості та  розуміти  принципи  будови , роботи  
і базового  обслуговування  електротехн ічних  засобів , систем  сигналізац ії і автоматики , 
комп ’ютерної техніки  і комп’ютерних  мереж  судна , які знаходяться  в  його  компетенції, але  й  
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