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Abstract. The article considers the relevance of
unmanned vessels (UV). Over the past decade,
many countries have been developing UV of dif-
ferent classes and the interest in UV is growing
every year. That is why Russia actively engaged
in this process within the framework of the Na-
tional Technology Initiative. The relevance of
crewless shipping (CS) is beyond doubt. Safety is
one of the main conditions for high—quality
transportation by any type of transport. The
main and most frequent cause of accidents at sea
remains the human factor. We should not ignore

that technological progress presents both oppot-
tunities and challenges. The problem of regula-
tory support remains. Pioneer-M is the first un-
manned research vessel in Russia. The training
of specialists in the field of unmanned vessels
operation is one of the most complex challenges.
There is a need to introduce an educational pro-
gram to train unmanned vessel operators and to
retrain navigators of traditional type.

Keywords: unmanned vessel, high-tech direc-
tion, human factor, advantages of UV, chal-
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Annoranma. B craree paccmarpuBaercs BOIpoc
AKTyaABHOCTH OE39KHIIKHOIO CYAOBOMKACHHA. B
ITOCACAHHE ACCATHACTIA MHOITIC CTPAHBI 3AHNMA-
FOTCA PA3PAOOTKOIN OE39KUIIAKHBIX CYAOB PA3AITI-
HOTO KAacca. VIHTepec Kk 9TOMy BOIIPOCY pacTeT ¢
KOKABIM TOAOM, ¥ POCCHS aKTUBHO BKAFOYHAACH B
9TOT IIporiecc B pamkax «HarmonaasHOM TexHO-
AOTHMYECKON MHUIINATHBBD. AKTYaABHOCTb O€33-
KHUITAXKHOTO CYAOBOJKACHMSA BHe comHeHm. Oc-
HOBHOM ITPUYHHOM HECYACTHBIX CAYIA€B HA MOPE
ocraercs deaoBedeckuil dakrop. Mer He MOKEM
HUTHOPHPOBATH TOT (DAKT, YTO TEXHOAOTMYICCKUI
IIPOIPECC AACT HAM HE TOABKO HOBBEIC BO3MOKHO-
cty, HO 1 Opocaer Bb3oBEL Ocraercsa mpobdaema

HOPMATHUBHO-TIPaBOBOTO obecnedenud. [Ipoexr

Pioneer-M — mepBoe 0Oe35KHIIAKHOE HCCAEAOBA-
TeAbCKoe cyAHO B Poccrm. OAHOIT u3 HanboAee
CAOKHBIX 32Aa4 B cpepe SKCIIAYATAITHH OE39KH-
ITAYKHBIX CYAOB OCTACTCH ITOATOTOBKA CITCITHAAM-
croB. CyImecTByeT HEOOXOAUMOCTD BBEACHHSA 00-
Pa30BATEABHOH IIPOIPAMMBI IO IIOATOTOBKE OIle-
PATOPOB TAKUX CYAOB, 4 TAK/KE ITPOIPAMMEI IT€pe-
IIOATOTOBKH ~ CYAOBOAHTEACH — TPAAUIIMOHHOIO
THIIA.
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BBIBOBBI, IIOATOTOBKaAa CIICITHAAMICTOB,

i
o

2 3(4)-2024

KACITMMCKNM HAVYHBIM )KVPHAA




NMHOOPMALMOHHBIE TEXHOJIOTM

Introduction

Technological progress currently affects
all aspects of our lives. However, for quite a long
time, water transport was not considered a prom-
ising field of information technologies. Among
the main reasons were industry’s traditional con-
servatism and expensive telecommunication in-
frastructure. Nevertheless, at present, the emer-
gence of unmanned vessels (UV) has become a
real global trend. Over the past decade, many
countries have been developing UV of different
classes: from small boats to container ships.

Working projects and prototypes, includ-
ing catamaran and trimaran versions, are C-En-
duro Thomas; Datamaran; Salidrone; Submaran;
Mayflower Autonomous Research Ship (MARS).
Unmanned vessels are considered in civil projects
(MUNIN, AAWA, Hronn, etc.), military, as well
as dual-use projects [1, 94-103].

So, what is an unmanned vessel? The def-
inition of IMO is as follows: “Maritime Autono-
mous Surface Ship (MASS)” is defined as a ship,
which, to a varying degree, can operate inde-
pendently of human interaction [2]. Pinskii A.S.
gave a more voluminous definition: an UV is a
transport that can move in semi—automatic or au-
tomatic mode, with partial use of the crew or
completely without it. The appearance of CS will
reduce operating costs, increase the capacity of
ships, and reduce the influence of the human fac-
tor on the safety of navigation [3, 43]

Interest in UV is growing every year. For
any country, participation in the creation and im-
plementation of such technology is a chance to

develop a new high—tech and promising direction;
for Russia, it is an opportunity to advance the in-
troduction of new technologies on the world mar-
ket, the prospect of strengthening the competi-
tiveness of shipping companies, reducing de-
pendence on foreign technologies. That is why
Russia actively engaged in this process and within
the framework of the National Technology Initi-
ative, a working group and a roadmap MariNet
were formed.

The Russian president set a task to con-
duct an experiment on the trial operation of UV
under the Russian flag from 2021 to 2025. The
emergence of wireless shipping requires a com-
plete revision of current navigation standards.
The Russian Federation approved a roadmap to
improve legislation and eliminate administrative
barriers for implementing the National Techno-
logical Initiative in the direction of marinette.

Causes of Navigation Accidents

The relevance of CS is beyond doubt.
Safety is one of the main conditions for high—
quality transportation by any type of transport.
Nowadays, it is of particular importance in mari-
time navigation [4, 45-47]. In the statistics of ac-
cidents in the waters of the Russian Federation,
which is given below because of the analysis of
this information, the main causes of accidents are
identified. It is noted that the main and most fre-
quent cause of accidents at sea remains the hu-
man factor.

Let us consider the statistics of accidents
in the waters of the Russian Federation (Tab.1).

Tab.1

Statistics of accidents in the waters of the Russian Federation

Types of sea accidents

Quantity

(accident/very serious accident)

Ground touch

1 quarter 2022 quarter 2023
1. Navigation, total: 3 1
Bulk 0 0
Collision 0 0
Grounding 3 0
0 1
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Tab.1 (continued)
Statistics of accidents in the waters of the Russian Federation
. uantit
Types of sea accidents (accident/ ng seric?us accident)
1 quarter 2022 quarter 2023

Collision with a blunted object 0 0
Damage to an object of marine infrastruc- | O 0
ture
Of these, ships were lost 0 0
2. Technical, total: 6 7
Deprivation of the possibility of maneuver- | 1 3
ing
Damage to structures or machinery 4 3
Explosions, fires 0 1
Loss of stability, buoyancy 1 0
Displacement of the load or change of its | O 0
properties
Loss of towed object 0 0
Of these, ships (towed objects) were lost 0 0
Total lost vessels 0 0
3. Death of a person (missing), cases 0 2
Total deaths, people 0 2
4. Cases of severe bodily injuries 1 2
Total severe bodily injuries, people 0 2
5. Accidents related to the applicable | 0 0
international regulations for the prevention
of marine pollution
Total 10 12
Total accidents at sea 10 12

Information provided by Ministry of Transport of the Russian Federation, the Federal Authority for Transport

Oversight, https://rostransnadzor.gov.ru

Causes of navigation accidents:
1. Lack of proper control over the anchor-
age during watchkeeping.
2. Failure of the ship's Master to take the
necessary measures to ensure the safety of the
anchorage when detecting the drift of the vessel
at anchor.
3. The Master of the vessel does not take
into account stormy hydrometeorological condi-
tions when anchored.
4, Not taking into account forecasts of hy-
drometeorological conditions and ice conditions
along the route.
5. Violation of the terms of the shipping
season in the waters of the Northern Sea Route

(NSR).

0. Ignoring the recommendations about
the developing ice situation along the route from
the Headquarters of the Maritime Operations of
the NSR and not following its instructions on
the timely withdrawal of the tugboat from the
waters of the NSR.

7. The failure of the Maritime Operations
Headquarters to respond appropriately, in ac-
cordance with its business functions and rights,
aimed at preventing the tugboat from getting
into difficult ice conditions for navigation.

3. Not taking into account the maneuvera-
bility characteristics of the vessel and hydromete-
orological conditions of the navigation area.

9. The poor organization of interaction
"Master -Pilot".

10. The gyrocompass failure.
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11. Breakage of the towrope due to the fail-
ure of the tugboat captain to take into account
the prevailing hydrometeorological conditions in
the navigation area. A possible reason for the
breakage of the towrope could be its snag for an
underwater obstacle.

Advantages of UV

The human factor remains the main
cause of accidents at sea. The introduction of un-
manned navigation technologies will lead to a
gradual reduction in the number of crews and
complete automation of the process.

The advantages of unmanned vessels in-
clude improving the environmental situation, in-
creasing the reliability of transportation and eco-
nomic efficiency. Such vessels will also help re-
duce piracy due to their design.

Challenges

Technological progress opens up new op-
portunities, but also creates problems that require
careful study. Among the negative consequences
of the introduction of unmanned vessels are a pos-
sible increase in unemployment among qualified
specialists, possible failures in the work of artificial
intelligence and regulatory issues.

IT Sea projects in Russia

Russia is conducting number of studies
on scaling unmanned ships to larger vessels.
Thus, the project “Crewless navigation of Com-
mercial Fleet” is being implemented (develop-
ment of a single technological platform for un-
manned control of commercial vessels of vari-
ous purposes). As part of this project, unmanned
control of a tanker, a dry cargo ship and a self-
propelled boat is being worked out. Technolo-
gies for the project are being developed by Joint
Stock Company "Kronstadt Technologies",
Joint Stock Company "Central Research Insti-
tute "Kurs", St. Petrsburg Polytechnic Univer-
sity, Joint Stock Company Scientific-Production
Enterprise "AME", Autonomous non-profit ot-
ganization "Industry Center MARINET", Lim-
ited Liability Company "Zebreins", Limited

Liability Company "Impulse" and Limited Lia-
bility Company "Marine Cargo Bureau". In 2016,
the Kronstadt Company became the executor of
the largest project to create a test e-Navigation
water area [5, 50-53].

The Hermitage project includes part of
the Gulf of Finland, Neva, Svir and Lake La-
doga. The test water area will allow combining
all e-Navigation zones, combining 13 ports,
training centers, more than 300 sea vessels, as
well as several vessel traffic control systems
(VTS) into a single electronic space. During the
development work, researchers are constantly
introducing new equipment, testing its func-
tions, as well as training the crew, pilots and dis-
patchers of the VTS [0].

Pioneer-M is the first unmanned re-
search vessel in Russia. It was built in St. Peters-
burg, for Sevastopol State University. The vessel
passed through the inland waterways of Russia
for about 2,800 kilometers and arrived in Sevas-
topol in October 2022. Pioneer-M will explore
the Black and Azov Seas.

Pioneer-M

The Pioneer-M, Project 25700 is a small
catamaran—type research vessel with a hull made
of composite materials. It is intended for com-
plex studies of the marine coastal water area. In
its creation, a new design methodology is used,
including a product lifecycle management sys-
tem. The vessel was built to perform a wide
range of complex scientific research in the
coastal areas of the Black Sea, including oceano-
graphic, hydrobiological, hydro chemical, geo-
morphological, hydroacoustic and diving opera-
tions.

Multifunctionality is realized due to a
modular system of scientific laboratories of con-
tainer type, used alternately. The project assumes
year-round operation of the vessel in the waters
of the Black and Azov Seas with a distance of up
to 20 nautical miles off the shore.
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Pioneer-M is designed according to the
modular principle. This is a carrier vessel: all la-
boratories are built into it in the form of a sepa-
rate container, while the focus of the laboratory
can be diverse: from botany to underwater ar-
chaeology. Robotics, geology, marine biore-
sources, environmental surveys — the modular
Pioneer will cope with any of the tasks.

The project of a "student" modular mul-
tifunctional research vessel originated in 2015 at
Sevastopol State University, where the Center
for Marine Research and Technology was cre-
ated. The new structure needed its own research
vessel and it was decided to create it inde-
pendently, widely attracting students. About 50
students from eight Russian universities were in-
volved in the creation of the research vessel itself
and mobile laboratories on its basis. Pioneer-M
received approval from the Ministry of Science
and Higher Education, the United Shipbuilding
Corporation (USC) and in 2016 entered the lead-
ership list of the Agency for Strategic Initiatives.

On June 21, 20106, the vessel was pre-
sented to Russian President Vladimir Putin. He
was interested in unmanned control: ""This is a
very important direction. In some countries,
such projects are not on papet, but it has already
been implemented, and such unmanned vessels
have been put into service," the President said.

"I draw attention to the fact that this may be a
dual-use project" (from the speech of V.V.
Putin at the Forum of Strategic Initiatives on 21
July, 20106).

This is the first ship in Russia which will
practice the technology of unmanned naviga-
tion. The vessel is equipped with a Russian nav-
igation satellite system. This system allows you
to plot the exact ship’s course, to record the ship
position, which is important for research work.
It was originally designed to be unmanned. Some
of the necessary devices for this have already
been installed, the plan is to modify the systems
and make Pioneer-M completely independent.
(www.miit.ru)

The design of the vessel at the initial
stage involved the Central Design Bureau
"Coral" (2017), then
(2018), the designers of which created a technical
project. Then the specialists of USC-T (technol-
ogies) (2019-2020) took up the design, some
work was carried out in the Almaz Central De-

"Company Marine"

sign Bureau. The vessel was laid down on May
21, 2019 at the Sredne-Nevsky Shipyard. Later,
in July 2020, the head of the USC, Alexey Rakh-
manov, reported to the President of Russia on
the completion of the design of the Pioneer-M

(Fig.1).

Workplace No. 1

Hydrobiological and hydrological
studies.

General requirements for the equipment
of the research site:

- a cargo handling facilities

that provides lifting of the device,
its removal overboard,

controlled lowering and

lifting of the device.

- electrohydraulic or

electric cable rope

winch of marine design with

a 3-ring current collector and

Workplace No. 3

Hy and hy gical
studies.
Ge requirements for the equipment of

- a cilities that provides
lifting of the device, its removal overboard,
controlled lowering and lifting

of the device

- the cargo device must have a counter
etched cable, cargo cable with a length

of at least the depth of the planned
research.

Characteristics of research

an etched cable counters.
Characteristics of the research
equipment: - weight up to 200 kg;
- depth of use up to 200 m

Workplace No. 2
Using an underwater research unit

General requirements for the equipment of
the rese: i
- a cargo ha
lifting of the devic

clities that provides
s removal overboard

- weight up to 100 kg;
- depth of use up to 200 m.

Workplace No. 4
Hydroacoustic studies.

General requirements for the equipment

of the rescarch venue:

- Provide for the arrangement

of an additional removable rod for

attaching sonar

equipment, the design should

ensure the installation of the device, its removal

, controlled lowering and
lifting of the device.
Remote-controlled underwater vehicle
"Marlin-350".

The operation of the underwater vehicle is planned
to be provided with a standard

NIS cargo device, a removable rod on the right
side of the stern.

Workplace No. 5
Magnetometric studies.
Marine magnetometer MariMag 300m

Operation of the magnetometer is planned to be carried

for the a
of the aft part of the vessel

out using standard research vessel towing devices. ultra
It is advisable to additionally provide
angement of a towing clew in the center of the tip

overboard, lifting the device
Sonar equipment:

ultra

-high resolution side-scan sonar H5se7;

-high resolution side-scan sonar H5se3;
ultra

-high resolution side-scan sonar H5sel:
sealed profilograph (PF) H5p3D.

Fig.1. Project 25700, Pioneer-M
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The project number 25700, corre-
sponds to the length of the vessel — 25.7 m;
width — 9.1 m, height of the side amidships —
3.1 m, draft with propellers — 1.5 m, displace-
ment — 82 tons. The power of the power plant
is 2 * 246 kW. The area of solar panels is 35
square meters. Speed — 10 knots (maximum)/8
knots (operational), autonomy — 6 days, cruis-
ing range on fuel reserve — 500 miles, seawor-
thiness — 3.5 points.

The training of specialists

The training of specialists in the field of
unmanned vessels operation is one of the most
complex challenges. There is a need to intro-
duce an educational program to train un-
manned vessel operators and to retrain naviga-
tors of traditional type. This program should in-
clude in-depth knowledge of IT-technologies in
addition to navigation studying. Qualification
requirements should be developed and estab-
lished for both the crew of the unmanned ves-
sel and for the operators of unmanned vessel.
Most appropriate legal instrument for deter-
mining such qualifications is International Con-
vention on Standards of Training, Certification
and Watchkeeping for Seafarers (STCW).

In 2021, the Sitronics Group Company
(Russia) presented a simulator for training of
unmanned vessel operators. This simulator is a
platform for virtual modeling of crewless navi-
gation. It includes a control unit of operation,
the so- called bridge. Every type of ship has its
own typical bridge, with its special devices, in-
dications and control systems. This event cer-
tainly turned out to be a real breakthrough in
the training of specialists for CN. Unique and
the only navigational simulator in the country
was installed at the Russian University of
Transport (RUT (MIIT). This year at the Uni-
versity, the representative of “Rosmorport™ re-
ceived the first in the world certificate of cap-
tain of the center of remote control of autono-
mous vessels in Russia. The training was held at
the training Center of RUT in the frame of pro-
gram “Captain of the Center for Remote

Control of Autonomous Ships”. Crews of the
ferries “General Chernyakhovsky” and “Mar-
shal Rokossovsky” also have undergone re-
training on the simulator.

Conclusion

Russia keeps developing and imple-
menting the idea of crewless shipping and much
has been achieved during the last few years. A
good start has been made in that process, but
much remained to be done.

The issue of personnel training is the
fundamental task nowadays. In our opinion, it
would be appropriate, within the framework of
the implementation of the major educational
program of higher education in the specialty
26.05.05 Navigation, to consider the inclusion
of vocational training programs or parallel in-
troduction of additional professional training
programs in the unit of optional classes. In this
case, it is necessary to include the practical
training on the simulator.

We believe, that such an approach will
lead to a more effective solution both the prob-
lem of staffing and increase the competition of
specialists in this field.
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TaeBa — Kasanckuit puaman Boasckoro rocy-
AAPCTBEHHOIO YHUBEPCHUTETA BOAHOIO TPAHC-
ropra, 420108, r. Kazans, yA. [Toprosas, 19

Artemiev Andrey Leonidovich, Lecturer, Institute
of Maritime and Inland Shipping named after Hero
of the Soviet Union M.P. Devyataev — Kazan branch
of the Volga State University of Water Transport,
420108, Kazan, 19, Portovaya st.

Kulagin Klim Viktorovich, student, Institute of
Maritime and Inland Shipping named after Hero of
the Soviet Union M.P. Devyataev — Kazan branch
of the Volga State University of Water Transport,
420108, Kazan, 19, Portovaya st.

Vorobiev Vladimir Vladimirovich, student, Insti-
tute of Maritime and Inland Shipping named after
Hero of the Soviet Union M.P. Devyataev — Kazan
branch of the Volga State University of Water
Transport, 420108, Kazan, 19, Portovaya st.
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