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Abstract: Port Planning, Operations, and Risk Management are ongoing tasks for a Port Management team.
And these tasks are interrelated — for example the outcome of a risk assessment performed as part of Risk
Management may inform changes in operations to reduce the risk, as well as drive planning for new
infrastructure. Accordingly, ports are constantly investigating new approaches to improve the accuracy and
efficiency of the performance of these tasks. In the present digital age, an abundance of data is generated.
This data is useful for operations, but also has tremendous power for learning from experience to improve
planning and risk management. Broadcast AIS and PPU data collected by marine pilots performing transits in
a port are an example of the abundant data that is now available. By combining AlS and PPU data in an easily
accessible manner, intelligence can be derived. This intelligence can be further enhanced when combined
with meteorological data. This paper presents three case studies which demonstrate how AIS and PPU data
have been used for planning and operations and risk management.
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Introduction

Port Planning, Operations, and Risk Management
are ongoing tasks for a Port Management team.
And these tasks are interrelated — for example the
outcome of a risk assessment performed as part of
Risk Management may inform changes in
operations to reduce the risk, as well as drive
planning for new infrastructure. Accordingly, ports
are constantly investigating new approaches to
improve the accuracy and efficiency of the
performance of these tasks. This paper will, though
a set of case studies, explore how this has been
supported using AlS and PPU data.

The automatic identification system (AIS) is an
automatic tracking system for maritime traffic. AIS
integrates a VHF transceiver with a positioning
system such as a Global Positioning System
receiver and other electronic navigation sensors to
broadcast relevant navigational information
including position, heading, speed etc [1]. While
intended to allow ships to view marine traffic in their
area and to be seen by that traffic, the data is
broadcast unencrypted, allowing the data to be
received and by maritime authorities for other
purposes.

Portable Pilot Units (PPU) are a system carried on
board by a pilot to assist with the navigation of a
vessel [2]. While a PPU may obtain position
information from a ships AIS, PPUs often include
additional units that provide more precise
positioning information. As such PPU derived
positioning data is considering more accurate and is

available at a higher frequency (typically 1Hz than
AIS sourced position data).

In the present digital age, an abundance of data is
generated. This data is useful for operations but
also has tremendous power for learning from
experience to improve planning and risk
management. Broadcast AlS data and PPU data
collected by marine pilots performing transits in a
port are an example of the abundant data that is
now available. Together they provide a high-
resolution record of vessel positions and
manoeuvres within a port.

By combining AIS and PPU data in an easily
accessible manner, intelligence can be derived.
This intelligence can be further enhanced when
combined with meteorological data. Streamlined
access to databases of many transits operating in
the port environment allows planners to efficiently
make decisions informed by historical navigation.
For example, dredging plans can be optimized to
avoid areas vessels never use, saving on dredging
expense and reducing the environmental damage
that dredging causes. Similarly, shipping accidents
in ports often occur in the context of a history of
gradual deviations of behaviour from an expected
norm. For example, a port might have a speed limit
in place, but over time this has not been observed
and gradually transiting vessels have proceeded
with greater speeds. Then one day a combination of
events conspires to cause an accident that would
not have occurred at a lower speed. Routine
analysis of AIS and PPU data to a predetermined
standard, then becomes a powerful risk
management tool for Port operators.


https://en.wikipedia.org/wiki/Global_Positioning_System
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This paper presents a series of examples which
demonstrate how AIS and PPU data have been
used for planning and operations and risk
management.

TransitAnalyst

TransitAnalyst is a tool that has been developed to
address the need of extracting additional value from
the expanding data available to ports. The purpose
of the system is to empower stakeholders in port-
scale navigation with an easy-to-use tool for
visualising and analysing the abundance of port
data.

TransitAnalyst operates using a simplified digital
twin of the port environment, with port areas, berths,
channels, anchorages, pilot boarding grounds and
other port features set up as objects in the system.

The system then takes a feed of Automatic
Identification System (AIS) data, which can be
supplemented by Portable Pilot Unit (PPU) data
uploads, to automatically identify transits of vessels
through the port environment. When a transit is
identified and completed it is categorised and
augmented with simultaneous metocean data and
information on other vessels and small craft
operating at the same time including pilot boats and
tugs. Algorithms generate analytics about the transit
before all the information is stored in a transit
database.

Additionally, simulated transits performed by pilots
in ship simulators for the port can be uploaded along
with relevant details and documentation, to appear
alongside real transits when queried by users.

Port operators and pilots have access to this
database through an online web interface. This
enables them to search for and view one or many
transits, and all associated data, based on any
variety of search filters. By default, identifying
vessel and transit data is obscured. This de-
identification of transits is, in itself, a feature which
assists discussions and analysis to focus on
pilotage facts rather than individuals. Additionally,
pilots can add qualitative comments about transits
to share and log their experiences and
observations.

While primarily designed to facilitate the effective
use of big data in pilotage, the same data proves to
be valuable across all aspects of decision making in
the port. While the data being used is commonplace
— AIS, PPU, and environmental — and has been
used regularly in engineering and consultancy, the
use of this data has typically required significant
effort to bring them together and extract actionable
information. The implementation of TransitAnalyst

as a digital twin of the port continuously and
automatically collecting, processing, and organising
data into a common database with qualitative
insights from pilotage, makes previously complex
data collection and/or analysis relatively simple and
lowers the threshold for including sophisticated data
analysis in port planning decisions.

Case Study 1: Port Nelson

The Port of Nelson (NZ) is a small regional port on
the north coast of NZ's South Island. The port was
faced with commercial pressure to accept larger
container vessels with LOA around 260m, 20-30m
longer than the largest vessels that visited the port
at that time. As in many ports in NZ, the pilots at Port
Nelson are employees of the port so, in addition to
pilotage, they are involved in marine operations and
port management.

To investigate the feasibility of bringing larger
vessels to the port, the pilots needed to understand
the risk profile of the existing fleet of large container
vessels already visiting the port. This required an
assessment of how navigation was being performed
and quantifying manoeuvres within a set of safe
manoeuvring parameters. This information could
then be extrapolated to assess the feasibility of
larger vessels entering the port and inform the safe
manoeuvring parameters under which navigation
could occur.

To obtain this information a TransitAnalyst system
was configured for the Port of Nelson, and data from
5 years of archived PPU recordings from transits of
container vessels with LOA of 237m or greater were
uploaded. New transits were added to the system
as they occurred using a live AIS feed.

Following the approach advocated by Di Lieto et. al
[3], the Port Nelson pilots provided critical
navigational elements (CNEs) and the “interval of
values” (loVs) within which each transit should
remain to retain an acceptable safety margin. This
meant determining, for the entire navigational
channel, the corridor, safety margins, and the no-go
areas in the port. The same principle was applied
for speed, rate of turn (ROT), and heading at key
waypoints along the transit route — identifying the
target range, safety margin, and no-go limits for
each. An example of these thresholds is shown for
a waypoint in Table 1.
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Table 1 Example intervals of values for critical
navigational elements at the Beacon 0 waypoint for
inbound transits at Nelson.

CNE Safety | Target | Target | Safety
Min. Min. Max. Max.

Speed 5.0 55 7.0 7.5

(kn)

Heading 162 162 168 168

(deg)

ROT -30 -30 0 0

(deg/min)

All transits were then assessed against these CNEs
using TransitAnalyst, and reports generated for the
port to assess the overall performance of navigation
against the designated criteria. The results of the
data analysis for the historical inbound container
data are shown in Figure 1. Pilotage generally
follows the target corridors for speeds, though
frequently encroaching into the safety margins
further offshore. The headings of transits as they
turn through the bend at beacons 0 and 2 regularly
stray past the proposed no-go limits. It is important

to note that this is an analysis of historical data that
was gathered from transits that were performed
before the CNEs and loVs were defined, so it is
more a validation of the CNEs against historical
practice, than an evaluation of pilots’ ability to
conform with the CNEs.

The value of aggregating the data from multiple
transits and comparing against criteria established
by the pilots allows for a dispassionate assessment
of the collective navigational performance at the
port. This is important as it avoids judgement on
individual performance and focusses on a wholistic
view of navigational performance. Considering this
data, a risk assessment of accepting larger vessels
is possible considering the use of established safety
margins with the existing fleet. Further, it is possible
to investigate individual transits with TransitAnalyst
to understand the circumstances of deviations from
the established criteria and in that way collectively
learn and thereby improve safety. The pilots’
perspective on this approach is well described by M
Conyers [4].

Inbound Vessels with LOA greater than 220m (55 transits)
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Figure 1 Histograms of speed over ground, heading, and rate of turn at waypoints through the transit of inbound container
vessels at Nelson. These CNEs are plotted over the proposed target (yellow), safety margin (orange), and no-go (red)

corridors for comparison.

Through analysing navigational data using
TransitAnalyst and the techniques described above,
Port Nelson was able to refine and establish
stabilized transit criteria at key waypoints for the
larger container vessels. To ensure these criteria

are consistently met operationally over the full range
of pilots, vessels, and conditions, the TransitAnalyst
becomes an operational tool, continually reviewing
each new transit against set criteria for each of the
CNEs and identifying with tags those that use the
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safety margins. This process has allowed the port to
implement a Pilotage Operations Quality Assurance
programme by regularly comparing transits against
criteria and encouraging a culture of safety
awareness and continuous improvement.

Case Study 2: IREX Berthing Velocity Analysis

The Inter-Island Resilient Connection Project
(IREX) is a project by KiwiRail to upgrade the
Interislander ferry service between Wellington and
Picton in New Zealand. The project involves
purchasing new ferries, and the construction of a
new wharf and linkspan at the Picton No.1 wharf,
currently used by the existing ferries.

The design of port infrastructure requires an
understanding of the forces expected to act on the
infrastructure. To inform the structural and fender
design, approach velocities of the vessels are
required. Typically, this would be informed by
design criteria from PIANC and other publications,
however as an established operational berth, with a
limited number of specific vessels and berthing
manoeuvres, this information can be gathered from
actual transits to assist with the design.

Gathering precise positional data from transits is
typically limited by the inherent uncertainties and
limitations of AIS data (speed over ground (SOG) is
only transmitted to the nearest 0.1kn, and vessel
heading to the nearest 1°). However, in this project,
improved accuracy was achieved in two ways:
Firstly, as part of the project data collection, KiwiRalil
organised for PPU units to be permanently installed
on their ferries arriving at No 1. Wharf. Where
available, the more accurate PPU data replaced the
AIS recorded data. Further, road and rail ferries
must berth at a consistent position relative to the
landside infrastructure, to a high degree of
accuracy, to enable the vehicles and trains to load
and unload. This means that final the berthed
position of the ferries is known within centimetres,
and this information can be used to calibrate the
vessel's position information (See Figure 2). To
collect the approach velocity speeds, the position of
the existing and planned IREX wharf construction
exclusion area was identified (Figure 3), and the
approach velocity of transits projected onto the
infrastructure.

Figure 2 Plan view of a corrected and uncorrected transit
illustrating the use of the wharf infrastructure to correct the
ferry position.

LS

~
Figure 3 Plan view of the existing wharf and the position
of the planned wharf projected onto the chart.

Aggregating all transits from September to
November 2023 allowed the construction of Figures
4 and 5. These figures present the distribution of
SOG as box plots in 10 m intervals along the wharf.
The x-axis scale is calibrated such that at O
chainage the stern of the vessel is just adjacent to
the start of the IREX exclusion area, and the stern
becomes adjacent to the existing wharf at around
chainage 100m. The vessel comes to rest at
chainage 250m.
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Figure 4 — Distribution of approach velocities of ferries at
Picton No 1 Wharf.
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Figure 5 — Distribution of departure velocities of ferries at
Picton No 1 Wharf.

The results of the analysis show that as vessels
start to pass the wharf (100m) the median approach
velocity is just under 2kn, but extremes of up to 3kn
do occur. The velocity gradually decreases as the
vessel continues towards the berthing location with
deceleration increasing in the last 70m. By contrast,
the departure speed profile displays the rapid
acceleration of departing vessel. By the time that
the stern passes the edge of the wharf the ferry is
typically travelling at around 5.5 kn, and potentially
up to 7 kn. The value of analysing actual vessel data
alongside historic wind data, allowed the designers
to refine the design cases for various berthing
manoeuvres, reducing the overall capital
infrastructure costs.

Case Study 3: IREX Construction Zone Analysis

As a provider of a critical infrastructure linking New
Zealand’s North and South Islands, the KiwiRail
ferry services were planned to continue during the
construction of the IREX Berth. However, the
continued ferry operation in close proximity to a
large construction site presented a clear risk to be
managed. To manage this risk, KiwiRalil
commissioned a study of the transits in Picton

harbour. This study quantified the proximity of the
operating ferries to the planned construction zone
and investigated the impact of different
environmental conditions (particularly wind speeds
and directions).

By considering the prevailing environmental
conditions and proximity to the IREX construction
zone, the intention was to find trends in the data and
environmental thresholds under which shipping, or
construction would be halted, or additional
mitigation measures employed, due to heightened
risk of an allision, thereby managing this risk.

In order to adequality assess this risk of the ferry
operations entering the proposed construction zone
in various manoeuvring cases, the client needed to
determine if the ferry masters could stay clear of this
exclusion zone and its temporary protection
structures, which was a series of mono fender piles
and a single end dolphin, installed between active
berth and the construction zone.

TransitAnalyst, as a tool that aggregates port
environmental data with transit information, was an
ideal tool to collate the data required for this risk
assessment study, including the provision of
statistics of vessels that entered the designated
(virtual) construction zone, and the environmental
conditions present at the time of the incursion.
These statistics were collated monthly, and the No.1
Wharf transit and incursion statistics are presented
in Table 2.

Two ferries regularly used the No. 1 Berth. Initially
one vessel had PPU instruments installed but as the
project continued the remaining vessel also had the
equipment installed. This explains the increase in
percentage of transits based off high precision PPU
data.

As the project continued the frequency of incursions
reduced, it is understood that this was due to a
combination of improved training and understanding
as well as enhanced data (the PPU units provided
the master with precise vessel position relative to
the IREX exclusion zone).

Table 2 Monthly statistics on transits using the No 1 Wharf
and incursion into the “virtual” IREX construction zone.

# Transits IREX zone
Period (% derived from incursions
PPU data) (% of transits)
Aug 2023 102 (31%) 8 (8%)
Sept 2023 103 (36%) 14 (14%)
Oct 2023 160 (56%) 8 (5%)
Nov 2023 131 (82%) 0 (0%)

Figure 6 shows screen grab from a transit that
entered the IREX zone. It is noted that the
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environmental conditions while the vessel entered
the zone are displayed.
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Figure 6 — Example plot of the swept path of a vessel that
entered the IREX exclusion zone on arrival with
identifying vessel and transit data obscured.

This case study highlights the wealth of data now
available to port engineers, contractors, terminal
managers, and other stakeholders to assist with the
planning and management of risk in port operations
and projects, and the tools that are now available to
more efficiently aggregate and analyse these data.

In this use case, data analysis assisted the
constructor in the determination of the risk profile of
the proposed works, assisted in the refining of ferry
manoeuvring plans, allowed project managers to
define operational cases where additional risk
mitigations would be required, and ultimately gave
all stakeholders in the port confidence that the offset
between the construction zone and operations was
adequate and that the risks could be suitably
managed.

Discussion and Conclusion

Port Planning and Risk Management are
continuous tasks for ports as they respond to
evolving needs of their commercial clients. While
the demands and decisions are commercial,
technical information is required in the decision
making.

Today a much greater wealth of technical data is
available to answer such questions than was
possible in past years, and this allows “big data”
approaches to the problem. In the past, the
challenges of locating and extracting the required
data, quality control, and bespoke analysis have
often prevented applying historical AlS, PPU, and
environmental data to engineering projects.
However, it is now increasingly common for ports to
run a ‘“big data” analysis platform, such as
TransitAnalyst, for operational quality assurance
reasons, and the presence of this type of platform
permits very efficient access to the specific
analyses required for engineering and port planning
purposes.

Making use of these relatively new sources of
information brings at least two distinct benefits.
Firstly, the data being used for infrastructure design
is more precise (allowances for uncertainty can be
reduced), this means that infrastructure is more fit
for purpose and the risks of under-designing, or the
additional expense associated with over designing
the infrastructure is minimised. Secondly, down time
of ports during projects or day-to-day operations is
also minimised as more accurate monitoring data
allows optimisation of operations.

Engineers, tasked with similar challenges are
recommended to consider using big data
approaches discussed in this paper which will
enable the ongoing growth of safer and smarter
ports.

Acknowledgements

The authors sincerely thank both Port of Nelson,
KiwiRail and Interislander for the opportunity to work
with them in these projects, and for their support in
sharing this work with a wider audience.

References

[1] Wikipedia, Automatic identification system,
https://en.wikipedia.org/wiki/Automatic_identificatio
n_system accessed Jan 2024 (Date). Article Title,
Journal, volume, pp. 1-10.

[2] Norris, A., (01 Oct 2017), WAYPOINT — Portable
Pilot Units, The Navigator , , available from:
https://www.nautinst.org/resources-page/waypoint-
portable-pilot-units.html (Accessed Jan 2024)

[3] Di Lieto, A., Hederstrom, H., Listrup, P., & Nijer,
R. (June 2018). Mental models in confined waters.
Seaways, Nautical Institute.

[4] Conyers M., (December 2023), Carrot or Stick?
Is routine voyage data analysis a carrot to foster
improvement? Or is it a stick to beat practitioners
with? The New Zealand Pilot. Volume 38, No. 7 -
pp22-25.
https://online.fliphtml5.com/fsetf/qgmuy/#p=22


https://en.wikipedia.org/wiki/Automatic_identification_system
https://en.wikipedia.org/wiki/Automatic_identification_system
https://www.nautinst.org/resources-page/waypoint-portable-pilot-units.html
https://www.nautinst.org/resources-page/waypoint-portable-pilot-units.html
https://online.fliphtml5.com/fsetf/qmuy/#p=22

