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IMOPOBI3ALIS ONTEPALIMHOTO MEHEAKMEHTY MOPCBKUX ITOPTIB

The relevance of the research is shaped by the rapid development of digital technologies and the
globalization of the world economy, within which seaports face the necessity of constantly improving
the efficiency and adaptability of their operations. In particular, this need arises from the increase in
global trade volumes and the intensification of competition in the maritime sector, which require
ports as complex infrastructure systems to ensure seamless and efficient processing of vessels,
passengers, and cargo. Considering the outlined specifics, as well as the central role of ports in the
global economy, the digital transformation of their operationalmanagement becomes an essential
condition for their successful functioning. Thus, the article aims to identify the features of
digitalization in the operational management of seaports. The research highlights that the
digitalization of ports requires more than just implementing individual technologies. It involves
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creating an integrated system that covers all aspects of port operations, from planning and managing
vessel traffic to handling cargo and maintaining security control. In this context, a seaport has a
rather complex operation related to servicing vessels, passengers, and cargo. Note that the
digitalization of planning and coordination involves creating schedules for vessel arrivals and
departures, allocating berths and docking points, planning transshipment operations, and
coordinating the activities of all participants in port operations. This process is essential forimproving
the efficiency, throughput, and competitiveness of ports. The digitalization of cargo handling
processesin ports involves the reception, storage, and dispatch of various types of cargo, the use of
specialized equipment, and the quality control of cargo processing. It is a pathway to enhancing
their efficiency, throughput, and competitiveness in the global market. The digitization of vessel
servicing processes involves tugging vessels, docking them at berths, disconnecting them from
berths, supplying vessels with water, fuel, and provisions, and organizing ship maintenance work. It
has been demonstrated that this process aims to enhance the efficiency, safety, and competitiveness
of portsin the global market. The digitization of maritime security controlinvolves ensuring the safety
of personnel and vessels, preventing accidents, and protecting port areas. This process aims to
enhance protection, optimize operations, reduce costs, and improve overall port efficiency.

AKTyanbHICTb BOCNIA)KEHHSI 3YMOBJIEHa CTPIMKUM PO3BUTKOM LinppOBUX TEXHOJIOr I Ta rnpoueca-
MU rnobanisauyii cBiToBOi eKOHOMIKU, B yMOBaXx sIkUX MOPCbKi MOPTU CTUKAIOTbCSA 3 HEOOXigHICTIO Nno-
cTiviHoro nigeuueHHs e¢beKTUBHOCTI Ta aganTUBHOCTI CBOiX onepaduiii. 3okpema, Lus notpeb6a BUHN-
Kae Yyepes 3pOCTaHHs 06c¢csriB CBITOBOI TOPriBni Ta nocnneHHss KOHKypeHLUii B MOPCbKii ranysi, wo
BUMarae Big noprtie, sk CKagHux iHppacTpyKkTypHUX KOMIJ1IeKciB, 3abe3neyeHHs 6e3nepebiriHoi Ta
edekTuBHOi 06pPO6KU cyaeH, Nnacaxupie i BaHTaxiB. 3 ypaxyBaHHAM 3a3Ha4yeHOi cneyngiku Ta knio-
YOBOi poJsli NOPTIB y CBIiTOBI eKOHOMILi, UngpoBa TpaHchopmaLjisi onepayiliHoro MeHegKMEeHTY CTae
HeoObXxigHOo0 YMOBOIO AJ15 iX ycrnilHOro pyHkyioHyBaHHs. OT)XKe, MeTolo CTaTTi € BU3HaA4YEeHHs 0CO06-
JsmBocTen yngposizaulii onepauliliHoro MeHe)XMeHTY MOPCbKUX NOPTIB. Y AocnigkeHHi nigkpec-
JIIOETBLCA, O UngpoBi3aLlis nopTiB nepeabavyae He NPOCTO BNpPOBa[)XeHHS OKpeMUx TeXHOJIOorii, a
CTBOPEHHSI EANHOI IHTerpoBaHOi CUCTEeMMU, sika OXOIJIIOE BCi aCneKkTun QisiNIbHOCTI NOPTY: Big niaaHy-
BaHHSA Ta ynpasiHHS PYXOM CyAeH A0 06po6ku BaHTaxXiB i KOHTPoo 6e3nekn. Mopcbknii NopT, K
Ccy6'eKT rocriogapioBaHHsl, Ma€ CKNagHy CTPYKTYpPY AissIbHOCTI, NOB’'a3aHy 3 06C/1lyroByBaHHSIM CY-
AeH, nacaxuvupiB Ta BaHTaxiB. KOHcTaToBaHO, Lo ungpoBsi3aLis npoyeciB nnaHyBaHHS Ta KOOpAN-
Hauyii oxonnoe cknagaHHs rpagikie npubyTTs i BignpasneHHs cy[eH, po3noadin npuyanie i CTUKYBasib-
HUX Micub, N1aHyBaHHS NepeBaHTaXyBaJlbHUX POOIT, a TAKOXX KOOPAMNHaLI0 fil ycix y4acHUKIB nop-
TOoBux onepauiin. Ljei npoyec € ko4oBum pakTopom ninBuLLeHHSI e PeKTUBHOCTI, NPOryCKHOI 34aT-
HOCTIi Ta KOHKYPEeHTOCIMPOMOXHOCTI nopTis. LingposizaLis npoyecis 06po6ku BaHTaxiB y nopTax oxor-
JIIO€ nNpuiiMaHHs, 36epiraHHs Ta Bignpas/ieHHS BaHTaXiB Pi3HUX TUMIiB, BUKOPUCTaHHS cnewliasi3oBa-
HOro obs1agHaHHA, a TaKOXX KOHTPOJIb IKOCTi 06p06ku BaHTaxiB. Takui nigxig cnpusie nigBuLLeHHIO
epeKTUBHOCTI NOPTiB, iXHLOT NPOMNYCKHOI 34aTHOCTi Ta KOHKYPEHTOCIPOMO)XHOCTI Ha CBiTOBOMY PUH-
ky. LUngposizayia npouecie o6¢csyroByBaHHs1 CyAeH OXOIUTIOE onepauii 3 6yKCupyBaHHS, LUBapPTY-
BaHHSA, Big'eAHaHHS Big npu4yasie, 3abe3ne4yeHHs cyaeH BOAOIO, NaMBOM, MPOBIiaHTOM, a TaKOX
opraHi3auyilo peMOoHTHuxX pobit. JoBeneHo, Lo yev npoLec crnpsMoBaHunii Ha nigBULLeHHsI e(peKTnB-
HOCTi, 6e3nekn Ta KOHKYPEeHTOCMPOMOXXHOCTI NOPTiB Ha cBiTOBOMY puHKY. LingpoBsisayis KOHTpoo
6e3nekn MoOpCcbKUX NOPTIB OXOrJIIOEe 6e3neKy nepcoHasny Ta cyaeH, 3anobiraHHs aBapiiHuMm cutya-
uiam i oxopoHy Tepurtopii nopry. Lievi npouec cnpamoBaHwii He nyuLwue Ha NiaBuLLeHHs piBHS 6e3neku,
ase Vi Ha onTumi3auito onepadivi, 3HVKEeHHsI BATPAT Ta NOKpaLeHHs 3arajibHoi e¢beKTuBHOCTi po6oTn
nopry.

Key words: personnel safety; terminals; docks; port operations; accident prevention.
KnrouoBi cioBa: 6esnexka pobomu nepCcoHany; mepmiHanu; npuyanu: disasHocminopmy; 3anobizarHs aBapid-
HUM cumyauyism.

PROBLEM STATEMENT of their operations. The growth of global trade volumes

The relevance of this research is shaped by the rapid and increasing competition in the maritime industry require
development of digital technologies and globalization of ports, as complex infrastructure facilities, to ensure the
the world economy, within which seaports face the need uninterrupted and efficient handling of ships, passengers,
for constant improvement of efficiency and adaptability and cargo. Given the outlined specifics, as well as the core
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key role of ports in the global economy, the digital
transformation of their operational management
becomes an essential condition for their successful
functioning.

The digitalization of seaports is currently a global
trend that continues to expand, covering an
increasing number of docks, terminals, warehouses,
and pilot services worldwide. Many large and
medium-sized ports are actively adopting digital
solutions to boost efficiency, security, and com-
petitiveness.

For example, the ports of Scandinavia and the
North Sea (Rotterdam, Hamburg, Copenhagen) are
known for their ambitious digital transformation
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Table 1. Problems of planning and coordination
processes in seaport operations

plans. Ports in China and Singapore are pioneers in
adopting new technologies such as automation and

Components L . Digital
complicating Features complicating operational Technologies
. management )
operational Addressing
management These Issues
Complexity and | Planning in ports involves the Integrated
interdependence | coordination of a large number of planning
of processes interrelated processes, from the arrival | systems
of the vessel to the dispatch of cargo. Real-time
- B management
Time ) Any delay in one of the processes can | guctems
constraints lead to.a «domino effect» and disrupt Intelligent data
the entire port’s schedule. analytics
High cost of The downtime of a vessel in port is MOb,ﬂe .
downtime associated with significant financial applications
losses for all participants in the
process.

artificial intelligence.

From the existing experience of port digi-
talization, itis evident that digital technology imple-
mentation increases port capacity, reduces operational
costs, improves service quality, and ensures a higher level
of competitiveness.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

The study of theoretical and practical aspects of
seaport management, especially the implementation of
innovative technologies, is a significant area of scientific
research internationally and in Ukraine. Scholars such as
Morkunas V.Y, Pashen J., Boon E., Kulisheva O., Kotenko V.,
and Yakovtsev S. emphasize the importance of digital
transformation in port management. At the same time,
Melnyk O.M., Onyshchenko O.A., Vasalatiy N.V., Korya-
kin K.S., Pulayev I.O., Shchenyavskyi H.S., and others
highlight the necessity of digital transformation speci-
fically in the operational management of ports, as it
encompasses all aspects of their activities, from vessel
reception to customer service.

Thus, a detailed study of the features of digital trans-
formation in the operational management of seaports is a
relevant scientific task.

PURPOSE OF THE ARTICLE
The article aims to identify the characteristics of
digitalization in the operational management of seaports.

THE PAPER MAIN BODY WITH FULL
REASONING OF ACADEMIC RESULTS

The study highlights the high level of complexity in the
operations of seaports related to servicing vessels,
passengers, and cargo. To enhance efficiency and com-
petitiveness, ports integrate digital technologies into
every aspect of their operations. This process is a respon-
se to the growing volumes of global trade, changes in cargo
structures, increasing economic demands, and heightened
competition [1; 2].

Thus, the sustainable increase in global trade volumes
is a characteristic feature of modern globalization. It leads
toarisein transportation volumes, which in turn results in
the overloading of port infrastructure, slowing down the
processing of vessels and cargo. It negatively impacts the
cost of logistics operations and customer satisfaction.

Source: formulated by the author based on [1; 3].

Ports need to continuously expand, modernize infra-
structure, implement new technologies, and optimize
processes to avoid negative consequences.

The constant and sometimes rapid change in cargo
structures (such as the increase in container shipments and
the emergence of new types of cargo like liquefied gas,
wind turbines, etc.) requires appropriate flexibility in port
infrastructure and technological equipment. Ports must be
prepared to handle various types of cargo, which
necessitates investing in versatile equipment and flexible
technological solutions.

The growing awareness of a sea port's responsibility
for environmental conditions leads to increased ecological
requirements for port activities. Ports must implement
environmentally friendly technologies, such as wastewater
treatment systems and alternative fuel types use, which
require significant investments and the development of
new solutions.

The increasing number of seaports and the intensifying
competition among them compel ports to continually seek
new ways to attract customers and enhance their appeal.
Ports must offer clients a wide range of services, high-
quality customer service, competitive rates, and rapid
cargo processing.

Itis worth noting that through the constant updating
of equipment and software, a comprehensive transfor-
mation is taking place that encompasses all aspects of
port operations, from operational planning and resource
management to ongoing interactions with clients and
regulatory authorities. Thus, thisis a set of changes that
manifest in the following areas: planning and coor-
dination; cargo handling; vessel servicing; security
control.

We observe the continuous evolution of technologies,
which contributes to the comprehensive digitalization of
seaports, encompassing all aspects of their operations.
Therefore, to define the essence of this process, let's take
a closer look at how digital solutions impact each of the
aforementioned areas.

Indeed, the digitalization of planning and coordination
processes involves the scheduling of vessel arrivals and
departures, allocation of berths and docking spaces,
planning of transshipment operations, and coordination

v
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Table 2. Problems of cargo handling processes
in seaports

Components c Digital
- Features complicating .
complicating . Technologies
. operational management ;
operational Addressing
management These Issues

Increasing demands
for the speed and
accuracy of cargo
handling

Increasing transportation
volumes, shortening
delivery times, and raising
customer demands for
order accuracy

Internet of

Insufficient The absence of a unified

. ! Things (IoT)
transparency and information system, Robotics
traceability of difficulties in data Artificial
cargo handling exchange among various Intelligence
processes participants in the process, | Biockchain

and the risk of loss or Digital

damage to cargo. Platforms
Not always Inefficient use of warechouse
effective resource space, equipment, and
utilization human resources
Heightened safety Risk of cargo damage,

unauthorized access,
hazardous cargo.

requirements for
cargo handling in
ports

Emissions of harmful
substances, water
pollution, noise pollution.

Increased demands
for the
environmental
sustainability of
cargo handling
processes

Source: formulated by the author based on [1; 4—6].

among all participants in port operations (freight
forwarders, stevedores, customs officials, etc.) [1; 3].

Thus, this process is a core factor in enhancing the
efficiency, capacity, and competitiveness of ports. This
area of operational management is important due to issues
such as (see Table 1): the complexity and interdependence
of business processes; time constraints; the high cost of
downtime.

Digitalization of the planning and coordination
processes in seaport operations addresses the outlined
issues through [1—3]:

1. The creation of integrated planning systems based
on a platform that consolidates all data about vessels,
cargo, berths, and port resources. It allows for:

— the automatic scheduling of vessel arrivals and
departures, considering all constraints and priorities;

— optimizing the allocation of berths and docking
spaces;

— planning transshipment operations based on the
characteristics of the cargo and equipment.

2. The creation of real-time management systems
aimed at monitoring vessel movement, equipment
status, and berth occupancy online allows for prompt
responses to changes in the situation and adjustments
to the plan.

3. Focusing on intelligent data analytics, specifically
the application of machine learning algorithms for demand
forecasting, anomaly detection, and process optimization.

4. The creation of mobile applications with options for
accessing information about port operations for all
participants via mobile devices.

China, as one of the global leaders in maritime
transport, is actively implementing digital technologies in
its ports. An example of successful digital transformation
is the creation of virtual models of the ports of Shanghai,
Shenzhen, and Ningbo-Zhoushan. These models allow for
the simulation of various scenarios, optimization of
logistics processes, and increased operational efficiency
of the ports. Additionally, digitalization promotes
transparency and security in data exchange among all
participants in port operations.

The digitalization of cargo handling processes in ports
involves the reception, storage, and dispatch of various
types of cargo (containers, bulk cargo, general cargo, etc.),
the use of specialized equipment (cranes, forklifts,
conveyors, etc.), and quality control of cargo handling.
Thus, this is a path to increasing their efficiency, capacity,
and competitiveness in the global market.

This area of operational management is important due
to issues such as (see Table 2):

— increasing demands for the speed and accuracy of
cargo handling;

— insufficient transparency and traceability of cargo
handling processes;

— resource utilization is not always effective;

— heightened safety requirements for cargo handling
in ports;

— increased demands for the environmental sus-
tainability of cargo handling processes.

The digitalization of cargo handling processes in
seaports addresses the outlined issues through[1; 4—6]:

1. The implementation of sensors for monitoring the
condition of containers, temperature control, and the load
levels of vehicles.

2. Automation of routine operations such as container
movement, packing, and unpacking of cargo.

3. Optimization of transport routes, demand fore-
casting for port services, and automatic image recognition.

4. Ensuring transparency and security in data
exchange, tracking cargo throughout the entire supply
chain.

5. Creation of unified digital platforms for interaction
among all participants in port operations, from freight
forwarders to customs authorities.

Large American ports, such as Los Angeles and Long
Beach, are pioneers in implementing comprehensive digital
transformation. A hallmark of their approach is a
systematic method to digital modernization, which
involves not isolated solutions but the integration of
various technologies. In particular, these ports actively
utilize loT technology for monitoring the condition of
containers. Sensors installed on the containers provide
continuous monitoring of their integrity, temperature, and
other parameters, ensuring the preservation of cargo
during transportation. Special containers with precise
temperature control are provided for temperature-
sensitive cargo. In addition, weight sensors allow for the
optimization of vehicle loading, enhancing the efficiency
of transport resources and reducing costs.

The digitalization of vessel servicing processes
involves towing vessels, docking and undocking them,
supplying ships with water, fuel, and provisions, and
organizing repair work on the vessels [6—7]. Thus, this
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Table 3. Problems in vessel servicing at seaports

Components L . Digital
L Features complicating operational .
complicating Technologies
. management .
operational Addressing
management These Issues

Insufficient
coordination
between various
port services

The lack of a unified information
system and difficulties in data
exchange between various services
(pilotage, towing, customs, etc.) lead
to delays and errors.

Automatic data
exchange

Long waiting
times for vessels

breakdowns).

Inefficient berth planning, delays in
servicing, unforeseen situations
(weather conditions, equipment

systems.
Demand
forecasting.
Automation of

routine
High vessel Inefficient use of resources (tugs, %[lmratlor.ls
servicing costs energy, water), manual operations, d ectronic
accounting errors. ocument
management.
Documentation Paper-based documentation, risk of
errors document loss, human error.
Safety risks Unauthorized access to the vessel,

accidents, terrorist threats

Source: formulated by the author based on [2; 6—7].

process aims to enhance the efficiency, safety, and
competitiveness of ports in the global market [2]. This area
of operational management is crucial due to issues faced
by seaports, such as (see Table 3): insufficient coordination
between different port services; long waiting times for
vessels; high vessel servicing costs; errors in docu-
mentation; and safety risks.

The digitization of vessel servicing processes in seaports
addresses these outlined problems through [6—7]:

1. Automatic data exchange systems, enable instant
information sharing between all participants (vessels,
ports, customs, agents). For example, AIS (Automatic
Identification System) is used for tracking vessel move-
ments and enabling electronic message exchanges between
vessels and ports.

2. Demand forecasting enables the prediction of port
workload, helping to more efficiently plan the use of berths,
tugs, and other infrastructure. This minimizes vessel
waiting times at anchorage.

3. Automation of routine operations increases task
execution speed and reduces the number of errors.
Examples include automatic mooring systems, robotic
systems for cleaning vessels, and automated cargo

data about the ship and cargo is stored on a unified digital
platform, accessible to all stakeholders, from the ship's
crew to customs authorities.

Digitalization of maritime port security involves
processes aimed at ensuring the safety of personnel and
vessels, preventing emergencies, and securing the port
area. Thus, this process is aimed at enhancing security
levels, reducing costs, and optimizing the overall efficiency
of port operations.

This area of operational management is important due
to issues such as (Table 4): increased safety requirements
for personnel and vessels; complexity in preventing
emergencies; significant efforts in securing the seaport area.

The digitization of safety control processes in sea-
ports addresses outlined problems through [2—3]:

1. Early warning systems that analyze data from
various sources (cameras, sensors) to detect signs of
potential accidents.

2. Artificial intelligence that provides predictions of
emergencies based on historical data. It can serve as the
basis for facial recognition and access control systems.

Table 4. Problems of seaport security control

identification systems.

4. Electronic document management reduces the
time needed for document processing, ensures
protection of information against loss and unauthorized

Components Digital
complicating Features complicating technologies
operational operational management addressing
management these issues

access, and allows for tracking the movement of
documents and responsible individuals.

The Port of Rotterdam, one of the largest in Europe,
is aleader in implementing digital innovations. The port

Increased demands for
the safety of personnel

Increasing number of
regulations, the need for

Early warning
systems for

demonstrates how modern technologies can optimize
vessel servicing [2].

For example, a vessel approaching the port is
automatically identified using the AIS system. Artificial
intelligence analyzes current loads and forecasts to

and vessels continuous safety monitoring, | emergencies.
and the complexity of Artificial
ensuring compliance. intelligence.
Drones

Complexity in
preventing emergency
situations

A large number of potential
risks, the complexity of
predicting emergency
situations, and the need for
rapid response

determine the optimal berth for docking [7]. Next, the
automatic mooring system ensures safe and efficient
docking of the vessel. The entire process is ac-

Significant efforts
required for port area
security

Large areas, a variety of
facilities, and the need for
round-the-clock monitoring..

companied by electronic document management and

Source: formulated by the author based on [2—3; 7].
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3. Drones are used to inspect hard-to-reach areas and
rapid response to incidents.

The ports of Singapore are a global leader in the field
of digital security. One of the key elements of their system
is an extensive network of surveillance cameras that covers
the entire port area [2]. Thanks to the implementation of
artificial intelligence, video data is analyzed in real-time
[7]. Al algorithms can detect various deviations from
normal operations, such as container falls, signs of fire,
equipment damage, unauthorized access, and more. This
approach ensures proactive safety monitoring and enables
prompt responses to any incidents.

Digitalization of ports involves the isolated im-
plementation of individual technologies, and integrated
system creation encompasses all aspects of port operations
[1; 6]. It is because all the highlighted areas of digitalization
are closely interconnected. For example, optimizing planning
(point 1) allows for more efficient organization of cargo
handling (point 2) and vessel servicing (point 3). Moreover,
safety control (point 4) is, in one way or another, an integral
part of all processes [1—2; 7].

CONCLUSIONS FROM THIS STUDY AND
PROSPECTS FOR FURTHER EXPLORATION
IN THIS DIRECTION

The study emphasizes that the digitalization of ports
involves the creation of an integrated system that
encompasses all aspects of port operations — from
planning and managing vessel traffic to cargo handling and
security control. A seaport has a rather complex operation
associated with servicing vessels, passengers, and cargo.
In this regard, the following conclusions can be drawn
regarding the features of digitalization in seaports:

1. The digitalization of planning and coordination
processes involves scheduling the arrival and departure
of vessels, allocating berths and docking points, planning
cargo handling operations, and coordinating the activities
of all participants in port operations. Thus, this process is
acore factor in enhancing the efficiency, throughput, and
competitiveness of ports.

2. The digitalization of cargo handling processes in
ports involves receiving, storing, and dispatching various
types of cargo, utilizing specialized equipment, and
ensuring quality control in cargo handling. Thus, this is a
way to enhance their efficiency, throughput, and compe-
titiveness in the global market.

3. Digitalizing vessel servicing processes includes
towing vessels, docking and undocking them, providing
vessels with water, fuel, and supplies, as well as
coordinating vessel maintenance work. Thus, this process
aims to enhance the efficiency, safety, and competi-
tiveness of ports in the global market.

4. The digitization of maritime security control
involves processes to ensure the safety of personnel and
vessels, prevent emergencies, and secure port areas. Thus,
this process is aimed not only at enhancing safety levels
but also at optimizing processes, reducing costs, and
improving the overall efficiency of port operations.

Further research could focus on the development of
intelligent port management systems based on artificial
intelligence and blockchain, as well as the analysis of social
and environmental aspects of digital transformation.
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