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Background 

The company Viztrack Aps was founded Autumn 2022 to develop and commercialize vision and tracking 
solutions for the maritime industry - with a particular focus on identification and monitoring of road trailer 
and yard tractor movements in RoRo ports and terminals – eventually contributing to visibility, digital twins 
and optimization of RoRo cargo operations. Earlier research and innovation work done by Aalborg University, 
University of Southern Denmark and Tallinn University of Technology in collaboration with industry partners, 
a number had led to identification of several inefficiencies in today’s RoRo cargo operations, as for example: 

● Road trailers are generally not equipped with GPS trackers, and license plates are on the rear and 
not in the front where yard tractors pull the trailers, and in addition no standard exist for trailer IDs 
similar to the case of ISO containers.  

● Unaccompanied road trailer IDs, parking slot positions on yard or onboard vessels and slots as well 
as time stamps and status of tractor trips are at best manually logged by tractor drivers and logged 
data are often erroneous for various reasons. 

● 5-15% of trailers on a yard are not parked at intended slots – in larger terminals, one tractor and 
driver is typically requested to do several daily yard tours, i.e. “snakewalks”, to manually identify and 
do re-nominations of those trailers in the Terminal Operation System (TOS). The majority of the 
“faulty” located trailers are likely due to external drivers placing them at wrong positions. 

● Tractors and drivers therefore spent additional time finding and validating positions of cargo 
(particularly IMDG cargo) either on the yard or onboard vessels. Occasionally, repositioning of parked 
units is also done to make cargo operations more efficient. 

● Short shipments can also happen, i.e. trailers are sometimes wrongly picked and loaded on to a 
different vessel and departure than intended. 

● Historically accurate datasets for cargo operations, as well as real-time data on tractor and trailer 
trips, job categories, positions, operational status of assets etc. are not available to decision makers 
in RoRo terminals which impedes data driven analytics and further optimization efforts.  

● There are missed opportunities for making cargo and shore-based operations more efficient for the 
terminals as well as shortening port stays and therefore reducing vessel speed, fuel costs and 
emissions on the sea leg for the Shipping companies.  

Industry experts foresee that RoRo cargo operations in the future will be electrified and automated fully 
and terminal equipment vendors in collaboration with tech companies, are already today working on 
bringing a new generation of electric and automated / autonomous yard tractors to the industry. 
Examples of players in the autonomy area, are recently founded European technology companies as 
Fernride, EX9, Easymile, Gaussin etc. working more or less in collaboration with a variety of terminal 
tractor vendors as Terberg, Kalmar, MOL etc. or the Chinese competitor Westwell with their own 
complete solution offering. It is however likely that adoption of those new technologies in RoRo terminals 
will take many years, and for several reasons: 

● The primary and largest target market for vendors of electric and / or autonomous (drive by wire, 
remotely surveyed) yard tractors are container terminals, distribution centers and warehouses 
where ISO containers are handled by either 2x4 tractors, AGV etc. 
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● Electric 4x4 tractors exist today for example offered by MOL, and first models were recently 
implemented by DFDS in Ghent, however they are not in the near future likely to be equipped with 
autonomous technology, as outdoor and indoor requirements for power, speed, flexibility, safety, as 
well as battery capacity are higher for load and discharge operations on RoRo vessels compared to 
pure yard shunting operations typically done by 2x4 tractors or other mobile equipment in container 
or RoRo yards.   

● For cargo operations on unaccompanied road trailers, an obstacle for complete autonomy, is that 
tractor and truck drivers must step out of the cabin to pull up / down trailer legs as well as to plug / 
unplug air and electricity cables between vehicle and trailer – also before placing / after releasing a 
trestle. This will likely still be the situation in the near future, but might change in the longer term 
due to new designs, but there will also the next decade likely be many cargo units to be handled 
manually in the terminals and on the vessels. 

● There is today not a standardized EUR / global system in place for trailer IDs, and license plates are 
still mainly placed on the rear and not in front of the trailer where tractors couple and decouple ot 
the trailers with the 5th wheel and king pin. 

● An increasing number of road trailers are every year being equipped with GPS trackers, and this is 
likely to continue in the coming decade. The trackers enable monitoring of trailers on the road and 
yard, but still not inside / onboard the RoRo vessels where sensor fusion is required in one or more 
ways to succeed with this.  

● Mobile assets have a relatively long lifetime. For example, a terminal tractor is expected to function 
for at least 6-8 years (if heavily utilized) and road trailers are typically in use for 10+ years based on 
regular maintenance and servicing. In the case that new electrical and autonomous technologies 
achieve a “breakthrough” in the industry, it will still take a decade or two before “old” generation 
assets are completely replaced with new solutions designed for electrification and autonomy. 

● Several RoRo terminals today lack a good digital infrastructure in the ports (connectivity via Wifi, 
LORA etc.), i.e. on the yard, at the berth as well as they lack accurate updated digital maps of total 
yard space and all parking slots GPS coordinates. Most RoRo shipping companies likely also lack 
digital infrastructure on the vessels as well as precise digital maps of vessel decks, sections, lanes, 
slots with clear reference positions to for example the ramp – and such digital infrastructure and 
maps are required or both terminals and vessels if to do further digital / autonomous cargo 
operations. 

● For a partial or full implementation of electric and autonomous yard tractors, grid and charging 
infrastructure must be established in terminals as well as additional software systems for scheduling 
and optimization of yard tractor charging and availability for operations should be implemented. 
RoRo terminals will in parallel with developing infrastructure for shore power, and acquiring electric 
mobile equipment be working on getting such systems in place in the coming years. 

● Future generations of autonomous tractors must be equipped with hardware and software capable 
of doing OCR and containing logic to identify trailer IDs, trip categories, status etc. for cargo units. 
These technologies should also be integrated with TOS and other relevant software applications of 
terminals and shipping companies. Such development work is already ongoing to ensure that the 
equipment can perform daily cargo operations aligned with priorities of yard and stowage plans. 
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VizTrack was founded to develop and commercialize a digital solution for cargo operations that can be useful 
for the RoRo shipping industry in the near future and next decade, to pave the way for fully autonomous 
cargo operations in the long term. After 2+ years of innovation work, VizTrack has via a commercial grant 
from the Danish Maritime Fund, completed project Market Ready in close collaboration with DFDS. The 
project has made significant steps towards the aim, but has not delivered and demonstrated a fully functional 
integrated solution yet. The specific aim of Project Market Ready was to realize 3rd and 4th generation of the 
vision-based tracking solution for the RoRo industry named VizTracker (University researchers delivered 
version 1 and 2 in previous projects). The VizTracker includes hardware and software components, and was 
as explained earlier invented to provide terminals and shipping companies with real-time information on ID, 
position, trips and status of unaccompanied road trailers as well as yard tractors during cargo operations for 
RoRo vessels.  

The VizTracker and Key Functionalities 

At project closure, the realized 4th generation VizTracker product was designed to include the following main 
functionalities: 

1. Real-time capture of trailer and tractor IDs, trips and positions on yard. 

2. Regular automated checking of all trailer positions (able to make “snakewalks” more efficient or 
reduce the need for them). 

3. Safety and early warning of human objects colliding with tractors. 

4. Real-time capture of trailer and tractor trips and positions onboard vessel 

5. User Interface, KPIs and Dashboards for real time monitoring of cargo operations, tractors and 
trailers. 

6. Digital twin and analytics to support simulation and optimization of cargo operations (not started 
yet) in the RoRo terminals also to the benefit of RoRo shipping companies. 

Ideally all 6 functionalities are required for a RoRo shipping company and terminal to get full benefit from 
implementation of a VizTracker solution. Development of functionality 6 has though been outside scope for 
Project Market Ready. Project Market Ready focused on development and testing of the first 5 functionalities 
over the last 2 years. They have been accomplished to a variety of Technology Readiness levels (TRL), i.e. to 
TRL 5-7, see Figure 13 for further info about this scale.  

The VizTracker Solution and Technology Components 

The VizTracker solution consists of the following components: 

• A water-tight mechanical enclosure, i.e. router box with power supply and fuses, router, GPS tracker, 
LTE, BLE, hardware processor etc. to be mounted on the roof of the terminal tractors supplied with 
24V DC power from the tractor cabin (Figure 1). 

• A modular configuration enabling up to 4 stereo cameras being connected to the router box with 
POE cables – cameras are preferably mounted on the rear (Figure 2), on the side and on the front of 
the terminal tractor (Figure 3). 

• A decentralized processing of frames / images, trailer IDs, trips and positions real time (every 5 
seconds) enabling trailer detection and recognition using customized OCR Machine Learning 
algorithms and in-built logic (Figure 4). 
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• A decentralized processing of frames / images enabling prediction of likelihood for collision with 
human objects in the front, on the sides or rear of the tractor with a distance of up to 20 meters (can 
be supplemented with audible and visual warning system) (Figure 5). 

• A decentralized processing and calculation of frames / images using visual odometry to enable real-
time positioning of tractor and trailers onboard using a long-baseline stereo camera (Figure 6). 

• 8-10 ATEX certified beacons and Aruco tags at ramp and on vessel decks to enable real-time 
positioning and location calibration of tractor and trailers onboard in a GNSS denied environment, 
and also enabling sensor fusion (Figure 7). 

• Digital Maps with GPS coordinates of all parking slots at yard and ramp reference coordinates for 
lane, deck and section (slot) positions onboard vessel. 

• A cloud server for storing all events and relevant IDs, images etc. and a visual user Interface with KPIs 
and Dashboards for real time monitoring of cargo operations, tractors and trailers (Figure 8, 9 and 
10). 

• A server and API interface to main Terminal Operation System and vessel IT applications of Shipping 
Companies and RoRo / RoPax Terminals. 

 

 

Figure 1 Router box on top of yard tractor 

Figure 2 Stereo Camera mounted on the rear top of the tractor (2nd camera is in the bottom rear) 
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Figure 3 – Front Camera with Stereo vision enabling several functionalities 

 

Figure 4 Trailer OCR processing ongoing during pick up / delivery of on unaccompanied trailert 
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Figure 6 Visual Odometry used for calculating path of tractor in GNSS denied environment (to be used onboard vessel) 

 

Figure 7 ATEX certified beacons installed at ramp and on vessel decks 

Figure 5 Detecting potential collision with human objects from front or rear of trailer 
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Figure 8 User Interface with status of yard slots and trailers enabled by digital map of terminal 

 

Figure 9 User Interface with status of all trips, trailers, events etc. for a selected time period 
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Figure 10 BI & Analytics functionality for tractors, trip categories, cycle times, asset utilization etc. 

Several of 5 prioritized functionalities have been developed in close collaboration with software and 
hardware vendors in Denmark and Estonia as for example the solution for onboard positioning (visual 
odometry), the data warehouse solution, user interface etc.  

Testing at DFDS Vlaardingen 

During the project’s 2 years, VizTack has as mentioned above developed and tested version 3 and version 4 
of the VizTracker. Versions 1 and 2 were originally developed at EST and DK universities, but with a much 
simpler design and fewer functionalities in scope. Version 3 was developed and tested during 2023, and 
version 4 was realized and installed in two steps Spring and Autumn 2024 and is Spring 2025 still running on 
2 terminal tractors in Vlaardingen and 1 DFDS vessel as continued data capture, adjustments and validation 
of various solution components is ongoing to improve performance and robustness of the product (see Figure 
11 and 12).   
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Figure 12 VizTracker version 4 in use for a trailer trip in the DFDS Vlaardingen terminal 

 

Status on Innovation Work and Project Results obtained  

At project closure, end of 2024 VizTrack is continuing development of the 5 core functionalities to progress 
them further than TRLs at 5-7. Completion and validation of functionalities 1,2 and 5 is currently pending 
DFDS decisions on if and how to enable data integration / exchange between the VizTrack software and DFDS’ 
TOS, application in their own operated terminals called GTMS. At project closure, an estimate has been made 
of VizTrack and DFDS work hours required in 2025 and 2026 to bring the 5 functionalities to TRL9. 

Figure 11 VizTracker version 4 being installed on a DFDS tractor May 2024. 
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Figure 13 EU Horizon's TRL Scale for Technology Innovation 

VizTrack has defined a range of technical performance metrics and outlined specific targets for the different 
functionalities and solution components to be achieved for the tests and performance validation at DFDS 
Vlaardingen. Not all of set targets have been achieved yet, it is however critical for VizTrack to accomplish if 
not all, then most of these targets for their product and services to be complete and considered market ready 
as well as attractive for customers. Work is still ongoing assessing how well the VizTracker solution performs 
with respect to mechanical and electrical robustness, OCR accuracy of trailer IDs, trip time stamps, event 
categories, trailer status, OCR accuracy and timeliness of human object / collision detection etc. VizTrack has 
over the last 2 years gradually raised performance on all the metrics covered in the test. 

Identified Benefits from a VizTracker implementation  

As part of the project, VizTrack has identified a list of potential benefits which a fully functional VizTracker 
solution might provide to DFDS Vlaardingen, both the terminal and RoRo shipping routes or other similar 
clients. The potential benefits are overall: 

● Reduction of time spent and distanced driven for daily “snakewalks” checking up on and 
renominating faulty trailer positions on yard. 

● Reduction of unnecessary time spent and distance driven during cargo operations searching for 
trailers on yard and onboard vessels which anyway are found after some seconds/minutes and picked 
up correctly. 

● Reduction of crew work time validating stowage positions of cargo onboard the vessel. 

● Reduction of short shipments, i.e. defined as unaccompanied trailers shipped to wrong vessel voyage 
and route.  

● Reduction of work time spent and distance driven by external truck drivers (and DFDS support staff 
at gate or yard) unable to find allocated empty parking slots to export trailers or unable to find import 
trailers on intended parking slots on the yard. 
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● Improved yard tractor productivity (trailer move cycle time) and reduced driving distance (km) for 
cargo operations due to reduction of inefficiencies and better planning and execution of work – also 
reduction of costs and emissions from operating mobile equipment. 

● Reduced Port Stay time for vessels in / out of Vlaardingen and bunker fuel savings (HSFO / LSFO / 
MGO), GHG and other particle emission reductions on the sea leg and during port stay. 

● Improved ability to predict ETA at destination port for cargo units based on knowing exact cargo 
section, lane, slot positions on deck of origin port.  

● Safety benefits on yard and vessel due to early warnings to tractor drivers when risk of colliding with 
human objects. 

● In the long term, optimized stowage of vessels with less need for intake of ballast water as stowage 
planners and supporting software applications receive accurate real-time data on cargo units, 
positions (and weights) on yard and onboard vessels. Reduced intake of ballast water without 
impeding stability, strength calculations, optimal trim etc. for the vessel imply less use of fuel for 
propulsion of the vessel. 

The listed benefits explain how the project directly and indirectly contributes to achieving several of the UN 
Sustainable development goals, particularly objectives: 3, 8, 9, 13 and 15, see Figure 14.  

 

  

Figure 14 The 17 UN Sustainable Development Goals 

 

A task of the completed project was to make an attempt to quantify the listed benefits (all expect last 3 
benefits were included and compare them to the investment required for DFDS or other clients to achieve 
them. A cost-benefit investment model or tool has thus been developed, and a simple Return of Investment 
(ROI) analysis was done was done m at project closure for the DFDS terminal in Vlaardingen and current RoRo 
ferry routes.  

ROI investment model and analysis for DFDS Vlaardingen Terminal and Routes 

The investment model and ROI analysis was done under the assumption that a future VizTracker solution will 
be fully functional and adopted by the DFDS Terminal of Vlaardingen and related RoRo ferry routes in the 
near future. It relies on multiple assumptions regarding initial investments to done for acquiring, configuring 
and installing the VizTracker solution on all tractors and vessels of relevance, costs for enabling addition 
integration with DFDS IT applications, training DFDS users etc. It also includes annual costs for operating and 
servicing the equipment and software. Finally, it includes a stepwise achievement of targeted benefits / cost 
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savings from investments, and the model allows for making multiple simulation runs to highlight economic 
impact and sensitivity of results from various scenarios. It should be mentioned that work currently is being 
done validating model structure, assumptions, calculations and outputs with DFDS Vlaardingen and HQ. It is 
worth mentioning that the investment model includes future increases in fuel cost for vessels consuming 
fossil fuels (HFO, LFO, MGO etc.) on the sea leg due to EU ETS regulation from 2024 and onwards, but it does 
not include similar for potential upcoming IMO regulation from 2028 and onwards as final approval of 
MEPC83 regulatory frameworks are still pending. As mentioned above in the benefit list, a VizTracker solution 
should ideally enable RoRo terminals to be more efficient with cargo operations, and shipping companies can 
thus likely reduce port stays, gain additional time for the sea leg of the voyage and reduce fuel consumption, 
costs inclusive ETS payments for fossil bunker fuels used for main and auxiliary engines on the vessel.  

The preliminary results of the ROI assessment indicate that a future implementation accomplished during 
2025 and 2026 of a VizTrack solution for 35 tractors and 5 vessels coupled to the RoRo terminal of 
Vlaardingen, potentially can deliver a positive financial contribution to DFDS in 2028 with a pay-back time of 
app. 3 years for the overall investment. However, the obtained ROI result, is based on the assumption that 
DFDS in addition to adoption and running of the VizTracker solution, also must invest in development of skills 
and capabilities for key staff, development of an upgraded set of KPIs, upgrade their TOS or develop other IT 
applications to contain additional functionalities for BI /Advanced analytics, Digital twins etc. in addition to 
enabling better systems / data integration and not at least also the company should also initiate a more 
structured running of kaizen / improvement / optimization activities for cargo operations at DFDS 
Vlaardingen to reap further benefits from the future data foundation achieved.  

Market Potential and VizTrack Business Strategy 

VizTrack in 2022, did an initial analysis of the potential market for a future VizTracker solution which main 
outcomes are summarized here while a survey delivering updated information and numbers is being done 
spring 2025. It was in 2022 estimated that the global fleet of RoRo and Passenger ships was 7000+ of which 
a large share was registered and deployed in Europe. However, the target ferry segment for VizTrack are 
RoRo freight ferries (not car carriers, passenger ferries etc.) in Europe, and it was estimated that there would 
be app. 300 Pure RoRo vessels (not car carriers) operating on this continent calling 100+ dedicated RoRo 
terminals in Europe (Eurostat, 2022). A  

We at that time identified 50+ European RoRo shipping companies engaged in transporting trucks and road 
trailers short sea between countries in Europe, where at least a dozen or two of them would be operating 
larger RoRo and RoPax vessels with significant number of unaccompanied trailers. Examples of those 
companies with vessels and routes in either the Baltic Sea, The North Sea, English Channel, Mediterranean 
etc. are: DFDS, Stena Line, Finnlines, Grimaldi, P&O Ferries, CldN, NorthLink, TT-Line, Tallink/Silja, Sea-Truck 
Ferries, Sea-Cargo, Scandlines, Comanav / CMA-CGM, Blue Star Ferries etc. 

The global market for terminal / yard tractors, was based on sources estimated to be app. 723 million U$ in 
2021 and was predicted to reach 1050 Million US$ by 2030.3 Assuming the price for a terminal tractor on 
average is at 150.000 EUR per unit, that leads to an annual global market of app. 750 mill EUR if app. 5.000 
terminal tractors are produced and sold by vendors annually to ports and terminal operators, distribution 
centers, warehouses, logistics companies etc. However, this number includes terminal tractors used for a 
variety of shipping and logistics segments. For assessing the annual market size for RoRo / RoPax terminals, 
an initial guess can be that the segment made up 5% of all tractors being delivered in 2021, which is 
equivalent to 250 terminal tractors. The lifetime of a very utilized terminal and properly maintained yard 
tractor can be set at an average of 8 years before being scrapped. This implies that there might be up to 
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2.000 terminal tractors in operations currently, where most of them will be in European RoRo / RoPax 
terminals. DFDS has 300+ terminal tractors in use across their own larger terminals (not including terminals 
operated by partners), and they would thus own app. 15% of the European RORO terminal tractor fleet. It is 
the stretch target of VizTracker to reach a market share of 20% of this market within 5 years which is 
equivalent to 400 terminal tractors and app. 50 vessels to be equipped with our technology by 2030. This is 
not a unrealistic to accomplish if VizTrack completes remaining technology development and testing / 
validation work successfully during the upcoming 1-2 years. The aim is that our company can offer and deliver 
a technically robust and commercially (pricewise) attractive VizTracker version 5 sometime in 2026 which 
can be demonstrated and eventually sold to a handful of European clients.  

Regarding how to reach out to potential customers for the product there are multiple pathways forward. 
VizTrack can target RoRo / RoPax shipping companies and / or terminals directly, or the company can also 
alternatively seek collaboration with vendors of mobile equipment / yard tractors (Terberg, Kalmar, Hyster-
Yale etc), autonomous tractor solutions (Fernride, EX9, EasyMile etc.) or vendors of digital / smart port 
solutions, inclusive hardware (cameras etc.) and software (TOS etc.) to terminals and ports. A detailed plan 
for how to go about this is being worked on at project closure. VizTrack has during the project, done cost and 
margin calculations for products and services, and the company has made initial plans for a future pricing 
strategy for future products and service offerings. 

With respect to future competition, it is assumed that the main competitors might be existing smaller or 
larger qualified vendors of digital / smart port technology, autonomous solutions or mobile equipment which 
potentially offer some, but likely not all functionalities included in the VizTracker. VizTrack is potentially open 
for fulfilling a future strategic role as a sub supplier of technology and advisory services to more established 
players in the industry. VizTrack has btw. formulated a broader company strategy and value proposition 
which implies that additional engineering and advisory services are offered to clients and partners with / 
without them purchasing a VizTracker solution. This value proposition is illustrated in Figure 15. 

 

Figure 15 The VizTrack company Value Proposition including additional engineering and advisory services 

The Value Proposition of VizTrack

10

Strategy for Digitalization
and Automation of Cargo

Operations

Vision and step by step
plan for how to digitalise,
automate and
decarbonize Cargo
Operations for Specific
Ports and Vessels.

Plans should asses and
deliver short term gains
and long term advantage
in efficiency, safety,
sustainability and
competitive advantage.

Installation of
VizTracker on

tractors / vessels

Installation, operations
and maintenance of The
VizTracker solution for
relevant mobile
equipment and vessels
on a subscription basis.

The solution enables
real-time tracking of
cargo units and tractors
during Cargo operations.

The solution is an
essential step towards
the future of Autonomy
and Electrification.

Integration with
TOS and other

Systems

Integration of VizTracker
data capture with other
relevant IT systems for
data storage, terminal
operations and
bookings..

Analysis of Cyber
Security aspects and
validation of Systems
Resilience for end-to-end
solution with partners.

Process
Optimization, Digital

Twins & Kaizen

Support to analysis of
existing operations and
identification of root causes
for inefficiencies / quality
concerns.

Support to design, validation
and implementation of
improved processes,
inclusive training in kaizen
procedures.

Support to development of
Digital Twins for prediction,
simulation and optimization
of Cargo Operations.

Data Cleansing
and Business

Analytics

Support to data
cleansing, Dashboard
development and
business analytics
combining various
operational and
commercial data
sources.

Support to design and
implementation of
metrics and system for
monitoring and
improving data quality.
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Next steps for VizTrack 

Several next steps are prioritized and planned for VizTrack for years 2025-2026 which are to: 

● Make further upgrades of VizTracker version 4 and related functionalities based on Vlaardingen tests 
and validation during first half of 2025 based. 

● Prepare for upcoming DFDS TOS (GMTS) integration to enable further improvement and validation 
of technical performance for key functionalities of VizTracker version 4 if / when DFDS approves 
these steps. 

● Initiate development of VizTracker version 5 and complete development and validation of it’s 
functionalities during second half of 2025 and 2026 based on funding and resources available. 

● Prepare a Development-Test-Staging-Production environment for future product releases and 
conduct analysis of all aspects coupled to yber security for developed products and services. 

● Deliver and launch a commercially attractive VizTracker version 5 in 2026 to DFDS and / or other 
clients in the EU maritime industry. 

● Upgrade and finalize VizTrack website and do marketing / dissemination campaign also using press 
and social media platforms. 

● Apply for and acquire innovation / commercialization grants in collaboration with DFDS and other 
clients / partners from private and public DK, EST (vendors) and EU funding sources. 

● Reach out to potential future investors and secure further equity for VizTrack. 

● Reach out to potential future clients and business partners in the industry and initiate strategic 
partnerships and a wider sales and marketing effort.  

● Offer additional engineering and advisory services to DFDS and other clients in the maritime industry 
from 2025 and onwards. 

 


