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Abstract

In this paper, the authors perform a comprehensive literature review on the use of data obtained from the
Automatic Identification System, with an emphasis on vessel route prediction and seaport operations.
The usage of Automatic Identification System vessel’s position data in the vessel route prediction
and seaport operations has been analyzed, to prove that Automatic Identification System data has a
large potential to improve the efficiency of maritime transport. The authors concluded that proper
vessel route prediction and route planning can improve voyage safety and reduce unnecessary costs.
Furthermore, AIS can provide port authorities with early warnings, allowing them to take preemptive
action to avoid possible congestions and unnecessary costs.
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1. Introduction

Maritime transportation has a great social, environmental, political, and economic
impact worldwide, as the most important mean of transportation of goods and passengers
[1] with the largest share of goods in the world, with 80% of the volume and 70% of
the value of total cargo [2]as well as by a need to fulfill sustainability requirements that
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are expressed by social opinion and formal regulations. There is a potential to relieve
this pressure through integration of a dry port, as a seaport’s inland interface, in the
supply chain. Therefore, this paper aims to explain how a supply chain can benefit or
enhance its outcomes of cost, responsiveness, security, environmental performance,
resilience, and innovation, by the integration of a dry port. The data for this case study
is collected through interviews and site visits from the privately owned Skaraborg dry
port, Sweden; and the study is limited to the actors of the transport system involved
in the development and operations of the dry port integrated setup. The results show
that the six supply chain outcomes (cost, responsiveness, security, environmental
performance, resilience, and innovation. The security of ports, shipping routes, and
ships is extremely essential to establish and maintain international trade [3].

In the maritime transport, the communication between ships and the land (ports
and marine surveillance centers) is of extreme importance. The implementation of
Automatic Identification System (AIS) real-time systems is extremely important in
the maritime transport, as they provide important information about ships [4], such as
position, course, speed, characteristics, and can also reveal the environmental impact
of ships [5]. The effective information exchange between ships, ships, and ports,
and ships and marine surveillance centers through the AIS system allows improved
management of maritime traffic, reduced costs arising from unnecessary waiting in
ports, reduced risks of collisions between ships, etc. [6]. Furthermore, real-time data
may enable improved quality of services, reduced human errors (that may increase
costs), and increased safety of ships. This collected data is of extreme importance
today and can assist in a decision-making process [7]. This information can contribute
to the safety of ships in their navigation but also of ports, and can improve maritime
traffic management.

The rapid growth of data in the market is a challenge for the maritime industry,
therefore stakeholders (such as shipping companies, port authorities, etc.) have to look
for an effective and fast solution to manage these data in real-time, to react promptly
to the constant changes produced by the demanding requirements of customers [8].

The authors will analyze the use of AIS data in vessel route prediction and seaport
operations. The research problem stems from the insufficient use of the readily available
AIS data, which may lead to increased costs, delays, and risks in the maritime transport
chain. This paper presents a review of research papers dealing with the topic of AIS
data being used for improved route prediction and optimization of seaport operations to
reduce undesirable events, such as collisions, congestions, delays, which consequently
lead to unnecessary costs.

2. Automatic Identification System data

The Automatic Identification System (AIS) is an autonomous and continuous
system for data exchange operating on the Very High Frequency band (VHF) of the
maritime mobile frequency spectrum [9]. Introduced by the International Maritime
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Organization (IMO) in 2002, AIS enables commercial vessels to identify each other,
avoid accidents, and receive information about the surrounding environment [10].
The AIS system enables real-time data exchange on passenger ships and cargo ships
of over 300 tons or more on international voyages. The AIS system provides real-time
information including the vessel’s position, current speed, course, rate of turn, and the
estimated time of arrival at the destination port [11]. Figure 1 shows the AIS information
divided into static information, dynamic information, voyage-related information, and
short safety-related messages.

Static Dynamic Voyage Related Sh;);taigflety
information information Information
messages
MMSI Ship’s position Ship’s
with accuracy
number o oy g draught
indication
IMO Position time Hazardous
number stamp (in UTC) cargo (type)
Name and Course over Destination
Call Sign ground (COG) and ETA
Length and Speed over R
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Location of Naviaats
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fixing status
antenna
p
Rate of turn
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Figure 1 — AIS ship information [12], [11], [13], [14]

Ship static information (transmitted every 6 minutes and on request [13]) include
MMSI number, IMO number, name and call sign etc. Ship dynamic information
(depends on speed and course alteration [13]) includes ship’s position with accuracy
indication, course over ground etc. Voyage-related information (transmitted every 6
minutes, when data is amended, or on request [13]) includes ship’s draught, destination
and ETA, etc. Among them, ship dynamic data is the main source of ship speed and
position longitude and latitude data [15]. Short safety-related messages are addressed
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to one or many destinations or all stations in the area. This content could be related to
missing buoys, iceberg sightings, etc. [13].

AIS is mainly used to locate the position of nearby vessels via GPS for collision
avoidance [16]. According to [17], through the AIS, it is possible to enhance the quality
of maritime traffic surveillance by providing correct and real-time data on ships that
may be in danger of collision. AIS enables monitoring of the movement of ships through
onboard transceivers, terrestrial, or satellite base stations. The AIS can improve the
safety of ports as well (the AIS system’s GPS feature helps the vessel with specific
procedures like entering a port) [16]. The AIS prevents collisions, helps ships chart and
alter their routes whenever and wherever necessary, and helps the authorities to enforce
maritime laws [18]. Furthermore, Lechtenberg et al. [19] claim that AIS can be used to
identify anomalies in the routes of vessels that deviate from identified route patterns.

AIS technology can be integrated into other maritime systems, e.g. Electronic
Chart Display and Information System (ECDIS) [20], a computer-based navigation
system that complies with IMO regulations and can be used as an alternative to paper
navigation charts. ECDIS includes electronic navigational charts and integrates position
information from the GPS and other navigational sensors or systems, such as AIS,
radar, and fathometer [21]. ECDIS uses the positioning system to track the position of
the ship autonomously, with high information updating ability and provides efficient
route information [20]. The AIS information of different ships can improve the safety of
ships’ navigation, and the AIS information can be displayed on the ECDIS screen [20].

Data on vessel movements in offshore waters or areas isolated from ports and
shorelines are often incomplete or missing. In this respect, a satellite-derived automatic
identification system was developed to collect and process vessel transmissions beyond
the reach of land-based receiving stations [22]. ExactEarth, a provider of global
maritime vessel data for ship tracking solutions, developed an AIS microsatellite
system (exactAlIS), which enables tracking of over 200,000 vessels in real-time with
no delays, and acts based on accurate and actionable data (thus simplifying decision-
making, even in highly congested maritime traffic areas [23]. Figure 2 shows two
images differentiating the standard AIS signals, where 23 ships are located, and the
exactAlS signals supported by satellite signals with 253 ships.
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Figure 2 - The difference between standard AIS signals (left) and satellite exactAIS
signals (right) [24]

AIS data collection and its use with satellite signals have had a great impact on
maritime transport as the data have been used for traffic management, risk management,
marine accident investigation, and many others [25]. The analysis of the routes of
ocean-going vessels with the use of AIS satellite data is also of great importance for
the protection of the environment, since it is possible to estimate air pollutant emissions
from ships, and thus attempt to reduce emissions [25].

However, due to the increased usage of the AIS and the rise in maritime traffic,
in congested waters, the system is already overloaded. Given the danger that this
overload can present for the main AIS mission (collision avoidance), the International
Association of Marine Aids to Navigation and Lighthouse Authorities (IALA) and
several national maritime authorities have started the work on the VHF Data Exchange
System (VDES). Rather than an evolution of AIS, VDES is a communications system
encompassing different subsystems of communications, one of them being the AIS
[26], [27]. New techniques providing higher data rates than those used for the AIS
are a core element of VDES. The VDES could have a significant positive impact on
the provision of maritime information services, such as maritime safety information,
general data communications at high data rates, locating, vessel traffic management,
satellite communications, etc. [28].

3. Methodology

The purpose of the literature review was to research the theoretical foundations of
the Automatic Identification System for vessel route prediction and optimizing seaport
operations. The authors started with the inclusion criteria by using a combination
of keywords “Automatic Identification System AND vessel route prediction” and
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“Automatic Identification System AND optimizing seaport operations”, and alternative
keywords “Automatic Identification System AND prediction” and “Automatic
Identification System AND seaport™ (title, abstract and keywords). ResearchGate,
Google Scholar, Semantic Scholar, IEEE Xplore, Springer, ORBIS plus, Elsevier,
ScienceDirect, Scopus, TRID, HRCAK, MDPI, Datenbank-Infosystem (DBIS) and
Taylor & Francis Online were used for this purpose. The search for articles was
conducted with no time limitations and mostly included journal articles and conference
papers.

4. Using AIS data for Vessel route prediction

The prediction of routes lays still in the hand of the crew onboard and is managed
according to their own experience or the experience of pilots when it comes to canals
or port entrances [29]. Human decisions regarding the navigational route are prone
to errors, especially when the navigational environment is complex and difficult to
overview [30], [31]. Furthermore, an efficient model for better vessel route prediction
may be a challenging task because AIS data usually have certain shortcomings, such as
low data quality, highly irregular time intervals between messages, poor data integrity,
and because of route diversity (different types of vessel, different geographical contexts
and different maneuvering statues) [32].

Maritime routes have very similar and replicating patterns in which vessels
move through the waters. These spatial patterns are reflecting the current maritime
traffic characteristics such as planning policies or maneuvering behaviors [33]. The
prediction field of vessel routes covers different concepts: direction, speed, registered
locations, and statistical analysis to identify routes [34]. By taking the ship’s routes
and cumulating them into movement behavior points (turning, departure, entry, and
stops) and segments (traces formed in a period), the revealed information can be used
to find systematic patterns [34], [35]. However, these methods are highly complex and
are not considering the semantic information about the ship’s motions or other moving
objects [36]. According to [37], through analyzing the attributes of the AIS data such
as latitude and longitude, it is possible to mine the vessel motion patterns.

A method proposed by Zhaojin Yan combines the semantic routes and the graph
theory to address the extraction and expression of maritime traffic routes. The semantic
approach is enhanced through the implementation with large amounts of AIS data [38].
The advantage of this method is that it can filter much more data than the clustering
[39] and grid-based [40] methods.
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Figure 3: Comparison of different methods to extract maritime traffic routes. (a)
the maritime traffic routes in the Indian Ocean and Asia-Pacific region extracted by
Yan s method [38]. (b) the maritime traffic routes in the Indian Ocean and Asia-
Pacific region extracted by Chengs method [40]

By comparing the extraction results of maritime traffic routes in the Indian Ocean
and Asia-Pacific region in Fig. 3a and 3b, it is observed that 4251 routes extracted by
Yan’s method is about 70 times more than 59 routes extracted by Cheng’s method [40],
who used a grid-based method. Also, for the Persian Gulf, Red Sea, Indian Ocean, and
the South China Sea, the route density extracted by Yan’s method is higher than that of
Cheng’s method. In this respect, it is possible to statistically identify and analyze busy
routes and areas [38], which may serve as a basis for route prediction.

Proper vessel route prediction and route planning can not only enhance the safety
of a voyage but can also simplify route planning in terms of time and traffic density.

To get the optimal route for a specific vessel, it is necessary to analyze data
in a more detailed way. This leads to another issue, that not all the AIS data can be
used for all ships, as not all vessels are operating in the same way nor have the same
characteristics (size, draught, etc.) [35]. The data rather must be separated according
to the vessel’s needs and can then generate different routes for the ships [41].

By using combined algorithms and methods along with the geographical data
and ship data, an optimized route could be offered, which could then prevent human
errors that could cause casualties, economic losses, or an environmental crisis [42].
Furthermore, the movement of goods from their origin to the desired destination may
incur unnecessary costs, which depend on the route taken and the occurring conditions
[43]. The choice of the optimal route is therefore an important point of the reduction
of unnecessary costs and the mitigation of unwanted economic impacts.

Another key point of route prediction is the prevention of collisions. A good
prediction of upcoming and unforeseen events can be of great assistance to the
maneuvering of the ship. The navigation in port arecas and narrow passages are more
likely to cause ship accidents [44]. Numerous assistance systems exist, such as GPS,
radar, digital maps, and other systems that provide information about the environment.
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However, so far it has proven to be difficult to use all this available information and
to combine them into one collision warning system. As of now most sources act
individually and must be observed and evaluated by the responsible ships or onshore
crew. A simple combining approach such as the one used for the route prediction would
be changing the shipping navigation significantly [45].

This data may also be used for autonomous vessels by creating the route generation
system, which would mine the AIS data and work in cooperation with the control
systems to ensure the needed safety [46]. The system would then act as a predictor to
certain routes with a time horizon of about 30 minutes. Problematic route patterns that
occur from surrounding vessels can therefore be prevented by proactive maneuvering
[47]. However, regarding autonomous vessels and AIS, it is necessary to consider
vulnerabilities and pitfalls that can occur due to relying on AIS data such as spoofing
[48], [49], [50] or cybersecurity.

5. Optimizing seaport operations by using AIS data

As companies in the maritime transport sector have to continuously improve
their performance, the optimization of their current services over their competitors
is a key element. The AIS data can be used to cross analyze vessel traffic behavior,
port performances, or for strategic decisions [11]. A classification company DNV GL
(Norske Veritas, Norway and Germanischer Lloyd, Germany) proposes to use the
collected data for business intelligence and use the knowledge for strategic decisions.
Improved decisions can be made based on AIS data in combination with other data
sources and technologies, such as Big Data [51].

AbuAlhaol et al. [52] analyzed the possibility to indicate port congestion based
on static and dynamic AIS data. Spatial complexity, spatial density, and time criticality
were chosen as warning indicators. The gained static and dynamic messages from the
AIS databases are correlated with each other and filtered afterward according to ship
types, speed, and navigational conditions. With the aggregation of filtered data, three
geospatial algorithms are applied to calculate the convex area, geohash area, and vessel
average proximity. This calculation is then leading to the determination of the density,
complexity, and time criticality in the selected port area during a time period.

As a direct answer to the problem (indication of possible congestion), the data
could then be presented to a pre-warning system. This system would then provide an
early warning to the port authorities which could then take the right actions to address
the congestion. Some steps that can be taken in response are [52]:

1. The adjustment between ships locations, to change the density of arriving

vessels

2. Let ships drop their anchors away from the traffic area

3. Increase the speed of port operations such as loading and unloading
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Other approaches to address port congestions also exist, such as the analytical
approach from Zhang et al. [53] to see the spatiotemporal characteristics of ship traffic
in the port of Singapore. They used the AIS data to visualize the patterns of ships
and discovered several hotspots where ships move faster and variate vastly in their
maneuvering. The discovery of these areas is key to target possible congestion indicators
and consequences, such as collisions. It is therefore the interest of all parties to find
the source for the occurrence of hotspots and divert the vessels to ease the situation.
It is of great importance for every port to measure the variable characteristics in port
operations and ship’s behavior in the wider port area to ensure safety and security [54].

6. Conclusion

In maritime transport, numerous stakeholders (such as ship owners, insurance
companies, maritime logistics companies, agents, etc.) are interested in optimizing
their business processes, consequently reducing costs and minimizing the risks. AIS
data can be used in process optimization, such as route prediction, harmonization of
ship departure and arrival times, improvement of port operations, etc.

The AIS sends and receives data in real-time, which can improve and facilitate the
safety management of ships at sea and in seaports. For example, the ExactAlIS system,
based on AIS data and satellite signals, helps to better obtain data and recognition
of ships in a given area in real-time, thus enabling maritime authorities to have
better control of large maritime traffic areas. AIS data can also assist in vessel route
predictions, which can therefore add value to maritime transport, making it safer.

Proper vessel route prediction and route planning can improve voyage safety,
while also making it easier to plan routes in terms of time and traffic density. For
example, with Yan’'s method (which, among others, includes the semantic approach
enhanced through the implementation with large amounts of AIS data), it is possible
to statistically identify and analyze busy routes and areas, which may serve as a basis
for route prediction. It is important to conduct a more extensive analysis of data to
determine the best route for a certain vessel. However, not all AIS data can be used
for all vessels because each vessel differs according to various features such as size,
draught, etc. An optimized route might be identified by combining different algorithms
and methods with geographical data and ship data, which could thus eliminate human
errors that could result in casualties, economic losses, etc. In this respect, it can be
concluded that selecting the best route is very important for reducing unnecessary costs
or mitigating negative economic consequences. Another important aspect of route
prediction is collision avoidance. A proper forecast of undesirable events can largely
assist in ship maneuvering.

AIS can provide port authorities an early warning which can help them to take
measures to prevent possible congestion, consequently leading to cost reduction. In
other words, it is possible to optimize and automate the port operations and to improve
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decision-making in unexpected situations. One of the ways to forecast port congestion
is based on static and dynamic AIS data.

Another approach is visualizing the patterns of ships using AIS data, in order
to discover hotspots where e.g. ships variate vastly in their maneuvering. The
identification of these areas is essential for identifying potential congestion indicators
and consequences (e.g., collisions), which can also directly or indirectly affect the
seaport operations. However, despite the numerous opportunities that AIS provides, AIS
has numerous vulnerabilities, which means that further research is needed to ensure that
AIS data can be used, without negative consequences. This research has shown that it
is still too early to discuss more advanced use of AIS data, but with the development
of new digital technologies, AIS data risks and vulnerabilities could be minimized.

This research is based solely on the literature review and as such offers only an
initial overview of possible use of AIS data in route prediction and optimizing seaport
operations, which is also the main limitation of the paper. Future research will be
focused on the possibilities of using AIS data in combination with disruptive digital
technologies.
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