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Abstract 
In the connected age ports operate in, an abundance of data is generated. This data is useful for immediate 
decisions but also has tremendous power for learning from experience to improve planning and decision 
making. TransitAnalyst was developed for this purpose. Combined AIS, PPU, and environmental data is 
delivered in a simple interface to extract valuable intelligence. Ports can see how traffic is using their port, 
and pilots can see and learn from the shared experience to make better operational decisions and 
proactively improve the quality of the service they provide. 
 
While having direct application to the everyday work of ports and pilotage, TransitAnalyst as a data system is 
valuable in engineering and planning for the ports of the future. 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 can be optimized to avoid areas vessels never use, weather operating 
limits can be adjusted based on factual evidence, and full-bridge simulations can be complemented by what 
actually happens on the water. 
 
In this paper, two examples will demonstrate how TransitAnalyst has been used for planning and 
engineering. At Port of Nelson, past transits of large container vessels were analysed to help determine the 
viability of receiving vessels larger than those already using the port. Pilots then established stabilized transit 
criteria at key waypoints, which they now operationally monitor against, to ensure the criteria can be 
consistently met by the wide range of pilots, vessels, and conditions. At Picton, KiwiRail used TransitAnalyst 
to analyse berth approach speeds and angles and determine inputs for the engineering design of a 
temporary berth during the expansion of the existing terminal. 
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1. Introduction 
Pilotage and the management of navigation in port 
waterways is a highly specialised role reliant on 
expertise and experience. Plans for navigation of 
vessels on individual transits are made based on 
the vessel, individual pilot experience, and general 
port guidelines, and in some cases some shared 
experience from the pilotage team at a port. 
 
In recent times there has been movement to 
evolve the way pilotage is performed and 
navigation is managed within ports in the interests 
of increased safety and risk mitigation. Some of 
these changes include: 

• Creation of detailed shared pilotage plans 
• Detailed master pilot exchange 
• A shared mental model across pilot, 

bridge, and towage teams 
• Bridge resource management 
• Risk management 
• Monitoring and quality assurance of 

pilotage operations. 
 
Many of these recent developments are aided and 
influenced by the development of technology.  
 
Full scale ship simulations are used regularly for 
pilot training and testing of different scenarios for 
testing of port limits, practice for upcoming transits, 
and the development of pilotage plans. Ship 

simulators are excellent for this purpose with high 
levels of realism, although they have 
acknowledged shortcomings and allowances must 
be made for human, environmental, and modelling 
factors; all to allow for the fact that the simulation is 
not a proxy for reality in the port environment 
(Lawson & Main, 2019). The simulation is done in 
a simulated environment and for all its complexity 
does not measure bridge teams operating in the 
real world with real environmental conditions. 
 
Technology has also increased the prevalence of 
data onboard vessels, used by pilots, and tracked 
in the maritime industry. Pilots now have access to 
real-time measurements and localised forecasts of 
all environmental parameters and Automatic 
Identification System (AIS) data tracking and 
showing vessel in the port close to real-time on 
onboard Electronic Chart Display and Information 
System (ECDIS). Pilots now also use highly 
accurate portable pilot units (PPU) used for 
tracking and planning navigation of a vessel to 
high accuracy, especially when visibility is poor. 
 
Often this data is used for tracking during a transit 
and then archived for record keeping. Historical 
analysis is performed by authorities in the event of 
incidents. An example among many is the collision 
of the Jolly Nero with the port of Genoa pilot tower 
in 2013 discussed in detail by Di Lieto (2022) in 
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which he highlights the need for “diligent” pilotage. 
Data is available and recorded and is often used to 
identify problems after mistakes have been made. 
Rarely, if ever, are the data collected and made 
readily accessible to pilots and ports to monitor the 
work they do, learn from the past, and make 
informed plans for how they will operate in the 
future. In short, a movement towards what is 
termed “big data” is possible and necessary. 
 
Big data is defined by Oracle (2023) as “data that 
contains greater variety, arriving in increasing 
volumes and with more velocity”. It also recognises 
the value in data and the need to establish 
veracity, or truth, of that data. Put simply, it is the 
use of bigger more complex data sets to address 
business problems which would not have been 
previously possible. 
 
In the case of navigation in ports there is a need to 
realise the value in the ever-expanding generation 
of data from sensors on vessels and all through 
ports and deliver that data to pilots and port 
operators to make informed decisions in planning 
for navigation through the port. 
 
2. TransitAnalyst 
TransitAnalyst was developed to address the need 
to extract 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, analysing, and acting 
upon pilotage big data. 
 
2.1 How it works 
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. This is all done automatically and 
the process is shown schematically in Figure 1. 
 
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. An example of one of 
these searches is shown in Figure 2 with 
identifying vessel and transit data obscured, a 
feature which enables 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. 
 
2.2 Pilotage Use Cases 
Simplifying access to historical pilotage data 
dramatically lowers the threshold required to be 
reached before this data can be used in 
operational decision making. 

  
Figure 1 Flowchart showing an overview of how a TransitAnalyst system works. 
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Figure 2 Results of a search at Nelson for all inbound transits of container vessel with LOA>200m when the significant 
wave height was greater than 1.0m. Swept paths of all transits are shown with the vessel outlines of a particular transit 
shown and metrics at the moment in time highlighted in red. This screenshot shows the breadth and varying levels of 
information available to pilots. 

We observe that pilotage teams are now routinely 
using historical data for: 

• Fact-based decision making on pilotage 
issues. 

• Risk assessment of pilotages conducted 
for different vessel and weather 
combinations.  

• Construction and validation of planned 
safety margins and outlier thresholds for all 
manoeuvering metrics. 

• Pilotage QA against swept paths, speeds, 
heading offsets and rates of turn.  

• Regular Pilotage operations monitoring 
and review.  

• Benchmarking and deciding the most safe 
and efficient manoeuvres. 

• Generating plots of intended manoeuvres 
for sharing during Master-Pilot Exchange 
(MPX). 

• Comparing bridge simulator pilotage plans 
with subsequent on-water performance.  

• Preliminary (within team) incident replay 
and analysis. 

• Pilot training, self-assessment and 
professional development.  

• Rapid compilation of pilotage related 
metrics for business reporting or in support 
of specific consultancies or mini-studies. 

 
3. Historical Navigation Data for 

Engineering and Port Planning 
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 a port. While the data being used is 
commonplace – AIS, PPU, environmental – and 

has been used regularly in engineering and 
consultancy, the use of this data has typically 
required significant work 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.  
 
Examples include: 

• Understanding navigational speeds and 
headings through channels and key 
waypoints. 

• Suitability of passage plans in inclement 
conditions. 

• Sections of the navigational channel which 
are, or are not, used for optimisation of 
maintenance dredging. 

• Safe navigational operating limits of 
different vessels at the port informed by 
data.  

 
Already in early implementations of TransitAnalyst 
at ports, the data being generated has proven very 
useful outside pilotage in port planning and 
engineering applications. Two case studies at 
Nelson and Picton in New Zealand are presented 
in this paper. 
 
4. Case Studies 
4.1 Port of Nelson 
4.1.1 Problem Description 
Ports are continually seeking to expand throughput 
at minimal capital cost, and marine pilots find 
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themselves at the front-line of this challenge; 
required to make critical decisions about the size 
of ships that can safely visit the port, and under 
what environmental conditions. 
 
The port of Nelson on New Zealand’s South Island 
was faced with exactly this situation; wanting to 
regularly accept larger container vessels with LOA 
greater than 260m at the port. To check the validity 
of these plans the port and pilots needed to 
understand the risk profile of the existing fleet of 
large container vessels already visiting the port. 
They needed to assess how navigation was 
occurring and, using data, critically evaluate the 
margins available within their designated safe 
manoeuvring parameters and the controls required 
to ensure that the larger vessels can continue to 
meet these requirements. 
 
4.1.2 Methodology 
A live TransitAnalyst system was configured for the 
Port of Nelson. Into this system archived PPU data 
for 74 transits of container vessels with LOA of 
237m or greater were uploaded. 
 
Following the approach advocated by Di Lieto et. 
al (2018), the Port Nelson pilots provided critical 
navigational elements (CNEs) and the “interval of 
values” 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. 
Table 1 Example intervals of values for critical 
navigational elements at the Beacon 0 waypoint for 
inbound transits at Nelson. 

CNE Safety 
Min. 

Target 
Min. 

Target 
Max. 

Safety 
Max. 

Speed 
(kn) 

5.0 5.5 7.0 7.5 

Heading 
(deg) 

162 162 168 168 

ROT 
(deg/min) 

-30 -30 0 0 

 
All transits were then assessed against these 
CNEs within TransitAnalyst and simple reports 
were generated for pilots to assess the overall 
performance of pilotage at the port for large 
container vessels. 
 
4.1.3 Results 
The results of the data analysis for the historical 
inbound container data are shown in Figure 3. 

  
Figure 3 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.  
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Having the data for many transits plotted against 
the intervals of values allows for insights which 
would not otherwise be possible. It becomes 
immediately clear that pilotage generally follows 
the target corridors for speeds, though often 
straying into the safety margins. The headings of 
transits as they turn through the bend at beacons 0 
and 2 regularly stray past the proposed no-go 
limits. Pilots were able to simply analyse these 
statistics and find and analyse in detail through the 
TransitAnalyst web interface the circumstances of 
these outlier transits. 
 
4.1.4 Outcomes 
Analysing pilotage data using TransitAnalyst and 
the techniques described above, the port of Nelson 
and pilots were able to refine and establish 
stabilized transit criteria at key waypoints, which 
they now operationally monitor against, to ensure 
the criteria can be consistently met operationally 
over the full range of pilots, vessels, and 
conditions. 
 
In the TransitAnalyst system, which is continuously 
operational at the port, transits that meet set 
criteria and are using safety margins or straying 
into no-go regions for any of the CNEs are tagged 
and pilotage is alerted. This implementation has 
allowed for continuous Pilotage Operations Quality 
Assurance to check monthly transits against 
criteria and encourage a culture of safety 
awareness and continuous improvement. 
 
4.2 KiwiRail Picton Temporary Ferry 

Terminal Design Inputs 
4.2.1 Problem Description 
KiwiRail are undertaking a project to upgrade the 
Interislander ferry service between Wellington and 
Picton in New Zealand. The project involves 
purchasing two new vessels, and construction of a 
new wharf and linkspan at the Picton No.1 wharf 
used by the existing ferries. 
 
Therefore, as part of this project KiwiRail is 
planning to move the operations of their existing 
vessels Kaitaki, Kaiarahi, and Valentine from 
Wharf No.1 to Wharf No.2 until the Wharf No.1 
upgrade is complete and the new ferries come into 
operation. To do this the structure and fenders of 
Wharf No.2 are being upgraded to accommodate 
the existing vessels. 
 
To inform the structural and fender design for 
temporary berth at Wharf No.2 KiwiRail needed 
data on the magnitude and variations of speeds 
and approach angles from the point where the 
vessels enter the berth through to their final 
position, swept paths of during manoeuvring onto 
berths, and the influence of high wind conditions 
on berthing manoeuvres. 

4.2.2 Methodology 
When this analysis was done in November 2022 
there was already a TransitAnalyst system for 
KiwiRail covering the Marlborough Sounds and 
Picton which had been running for over 1 year. 
Therefore, all the data required was already 
present in the system with 930 transits across the 
four different ferries berthing at Picton. 
 
A limitation of this study was that the transit 
analysis relied entirely on AIS data for vessel 
tracking. TransitAnalyst applies QC and correction 
algorithms to AIS, but the data still carries 
limitations. Speed over ground is only transmitted 
to the nearest 0.1kn, and headings to the nearest 
1°. 
 
OMC identified and analysed all inbound transits 
for the four existing KiwiRail ferries: the Kaitaki, 
Kaiarahi, Valentine, and Aratere. For each vessel 
the navigational statistics were generated when 
the stern of each vessel was at each of the 
following distances from the final positions shown 
in Figure 4: 

• Within 7m 
• Approx. 30m 
• Approx. 60m 
• Approx. 90m 
• Stern adjacent to the end of the wharf 

 

 
Figure 4 Chart of the Picton ferry berths showing the 
analysis waypoints during berthing and a swept path for 
the Aratere ferry. 

Transits that occurred during high wind conditions 
(speed > 25kn and gust > 35kn) were identified by 
inspecting the wind data recorded at Waitohi wharf 
and provided by KiwiRail. 
 
4.2.3 Results 
The results were prepared and presented to 
KiwiRail as a series of histograms with statistics for 
speed and headings relative to the fender line at 
each of the distances from the final position that 
were analysed. These results are shown in Figure 
5. 



Australasian Coasts & Ports 2023 Conference – Sunshine Coast, QLD, 15 – 18 August 2023 
Big Data for Ports, Pilots, Planners and Engineers 
Mark Bennet, Giles Lesser and Matthew Turner 

 
Figure 5 Berthing data for inbound transits of the Aratere ferry at Picton used in the analysis. The distributions show the 
progression of speed and approach angle through the berthing process up until the ferry reaches the stern fenders. It 
was found that high wind transits were in most cases evenly distributed. The plots demonstrate the range of information 
available through big data for berthing analysis and engineering design.
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4.2.4 Outcomes 
In this project, OMC engineers used TransitAnalyst 
to efficiently extract and analyse readily available 
data and provided data visualisations and tables to 
KiwiRail for use in the design process for the 
Picton Port redevelopment. The data proved to be 
extremely valuable in the design work for structural 
and fender system design, based on data from 
existing operations of ferries in situ rather than 
depending solely on standard design guidance 
such as those found in PIANC guidelines. 
 
5. Conclusions 
The use case has been presented for a system 
which continuously collects data, applies QC, 
analyses, and efficiently stores bulk navigational 
data for ports as they operate. There is a clear use 
case for such a system and an accessible interface 
to that data for pilotage to use in planning and 
ongoing quality assurance. 
 
The outcome of such a big data system is that it 
enables, by extension, very efficient access to data 
required for a range of planning and engineering 
decisions at the port as it is maintained and 

developed. Examples of initial use cases have 
been presented, but there are doubtless many 
more where TransitAnalyst and other big data 
systems can enable the ongoing growth of safer 
and smarter ports. 
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