
The opportunities and challenges of 
autonomous vehicles in passenger and 
freight traffic have become a major issue 
in the discussions about future transport 
systems. However, many questions remain 
regarding what impact autonomous 
developments in rail, road and waterborne 
transport will have on ports. 

Questions range from how should ports 
prepare for the arrival of autonomous 
vehicles – including infrastructure 
requirements – and how they can develop 
suitable environments . 

DRIVING DEVELOPMENT 
A wide number of ports are already 
preparing themselves for autonomous 
vehicles, in particular  the large and 
technologically advanced ones. This 
is partly driven by the need to remain 
competitive if autonomous vehicles join 
the markets. As infrastructure investments 
are made to last 30-50 years, future 
investments should be based on future 
technology developments.

But what are the reasons that drive 

developments in autonomous driving? 
Most stakeholders expect a rise of 
efficiency, a decrease in staff costs, a higher 
safety level and more efficient operations. 
However, as autonomous driving is still in 
its infancy, there remains the possibility of 
accidents in more difficult traffic conditions 
and a transition period. Higher automation 
means more communication interfaces 
and greater cyber security efforts to ensure 
reliable systems. 

Among the companies and entities 
that own and regulate infrastructure 
components and facilities, there is 
a diffused feeling about the future 
development of autonomous vehicles, 
with necessary  still  unclear.

MODES OF TRANSPORT 
Today’s status of autonomy varies from 
one transport mode to another (Figure 1). 
Railway transport for example has already 
reached an autonomy level of three out of 
four, due to the dedicated track body and a 
mature control technology. Road transport 
is estimated at a level of three out of five, 

whereas waterborne transport lags behind 
at level three out of six. Naturally, these 
graduations are not exact classifications 
as there are examples for higher grades in 
each mode, but they are widely accepted 
and provide a useful orientation.

The realization of full autonomy of 
vehicles is tied to specific infrastructural 
prerequisites, which have yet to be created. 
This also applies to port IT infrastructure, 
such as the availability of sufficient 
transmission masts, sensors or antennas. 
In the following, the different transport 
modes in ports are analysed concerning 
the requirements they pose for ports (see 
Figure 2). 

GROUND TRANSPORT AUTOMATION 
Autonomous road transport has gained the 
most publicity in recent years compared to 
other transport modes, as it affects people’s 
everyday lives. Technical applications are 
available and find use in large numbers, 
from different sensor types and data 
processing competence on the side of 
the vehicle to cameras, HD Maps, Global 
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Navigati on Satellite Systems (GNSS, such 
as GPS and Galileo), and “smart roads”. 
Nevertheless, unti l today autonomous 
road transport has not been realized. Due 
to the point-to-point character of transport 
rides, the complexity of road traffi  c is quite 
high as many tasks, such as parking and 
manoeuvring, must be conducted safely. 
There are sti ll hinderances in the practi cal 
realizati on when an autonomous vehicle 
would stop due to its driving specifi cati ons. 
Furthermore, regulatory issues and 
concerns from insurance providers have 
yet to be solved. 

Autonomous railway transport seems 
to be no problem when it comes to 
autonomous driving, as trains are bound 
to use tracks and shunts, signals and other 
traffi  c control infrastructure are already 
digitalized in large parts. But this only holds 
true for passenger transport, which is a 
quite closed system. In goods transport, 
the framework conditi ons are more 
challenging due to unregular and volume-
dependent traffi  c, for example, between 
ports and hinterland. And not least, the 
savings railroad companies can expect 
from automati zati on do not play a crucial 
role in their expenditure budget.  

AUTOMATION AT SEA 
Autonomous waterborne transport in 
ports can be disti nguished in the fi eld of 
merchant and working vessels, such as tug-
boats, dredgers or cranes, and in passenger 
ferries. Merchant vessels have a quite high 
potenti al for automati on. Diff erent sensor 
developments have led to technology 
which is able to gather informati on on the 
environment. Equipped with these and 
the intelligence to react accordingly to the 
Internati onal Regulati ons for Preventi ng 
Collisions at Sea (COLREGs), vessels could 
be enabled to steer autonomously at least 
in parts of long voyages. But due to possible 
failure of the technology on board,  sending 

merchant vessels alone on weeklong 
voyages is not a priority. Especially not, 
as the expected savings do not meet the 
need of investments at this early stage of 
technological readiness. However, some 
assistance systems are being considered. 
There is a huge interest from ship owners 
and managers to implement systems that 
help the offi  cers to communicate and 
navigate safely. Automati on technology on 
board of ships may also free offi  cers from 
duti es on watch, as sensors are able to act 
likewise and without fati gue .

When it comes to working vessels, 
developments today point in the directi on 
of remote control from the landside 
to conduct safer and more effi  cient 
manoeuvres with fewer staff . Here also a 
plethora of sensors are needed to hand 
over mooring ropes, steer a tugboat 
from shore and moor a vessel safely. 
Nevertheless, these topics are currently 
under development in European research 
projects. 

DRONES 
The use of unmanned aerial vehicles (UAVs) 
in Ports is sti ll yet to be proven. Due to 
the regulati on of drone piloti ng, there are 
very limited possibiliti es to employ drones 
sensibly. The authority to allow drone 
fl ights usually lies in the hands of the port 
authority and the owner of the property, 
e.g. the terminal operator. Regulati ons 
concerning the fl ight over waterways and 
other infrastructure may furthermore be 
restricted by local administrati on to keep 
them free of harm. Few areas remain 
where the deployment of drones may fi nd 
a business case. Examples are services on 
terminals, such as automated fl ights for 
inspecti on or stocktaking. The delivery of 
documents and small items may be another 
use case for drones that has the potenti al 
to reduce delivery rides. A prominent test 
case in the Port of Singapore developed 

aerial corridors from shore to anchorage 
to send documents, medicaments or even 
food supplies to ships at anchor. From the 
readiness level, UAVs prove the highest 
automati on level, as they are already in a 
state to start and fl y autonomously and to 
land in especially marked areas on board 
and on land.

TRAFFIC CONTROL 
Intelligent transport systems (ITS) 
are IT-frameworks to make transport 
infrastructure safer, more effi  cient and 
more reliable. In the early days of traffi  c 
control ITS appeared in form of fl exible 
speed and traffi  c congesti on indicators 
at highways. Today traffi  c management 
and informati on is not only displayed on 
screens, but also on navigati on charts such 
as electronic chart display and informati on 
system (ECDIS), in port traffi  c management 
centers and on all kinds of smart devices. 
To ensure the proper processing and 
displaying of all the informati on, ports and 
the responsible regional authoriti es must 
gather reliable informati on on all vehicles 
moving in the port and understand which 
informati on is needed to make the traffi  c 
fl ow safely. 

WHAT CAN PORTS DO? 
Taking everything into considerati on the 
crucial questi on is what ports can do to 
prepare for the vehicles to come? 

Some developments have not reached 
fruiti on, such as nameable investments in 
sensors, displays and other technologies. 
However, enabling road infrastructure 
to show clear markings for vehicle-side 
sensors could be a valid measure. Clearly 
defi ned driving lanes in ports and at 
terminals are an important prerequisite for 
the transiti on period, when autonomous 
and manual vehicles share the same tracks.

Concerning railroad traffi  c, ports and 
terminals do not have many opti ons 

Figure 1: Autonomy levels of different transport modes
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to foster automati on. As rail traffi  c is 
closely bound to the railroad network, 
requirements to the network must mirror 
the port and terminal rail system. That 
probably requires that in the nearer future, 
shunts and signals must be enabled to be 
compati ble to IoT applicati ons.  

PREPARING FOR AUTONOMOUS VESSELS 
The appearance of autonomously 
navigati ng and manoeuvring vessels may 
sti ll lie some years ahead. Nevertheless, 
at an earlier stage remotely controlled 
ships might enter the port and vessel 
traffi  c centres should ask themselves 
what this requires. The instalment of 
a reliable IT infrastructure to prevent 
cybercrime is an important investment 
and the most important prerequisite for 
all autonomously driving vehicles. This also 
applies for the provision of HD maps of the 
port and waterways.

Autonomous vessels may furthermore 
need equipment for automated mooring. 
There are currently few technical soluti ons 
for auto-mooring, and it cannot be expected 
that all soluti ons are compati ble with each 
other. Therefore, a recommendati on must 
be to stay informed about the future 
developments. 

IMPLEMENTING DRONES 
The implementati on of drones in ports 
must accept the regulati ons according 
to fl ying over property, people, ships, 

infrastructure and dangerous goods. A 
spontaneous fl ight does not seem possible. 
Therefore, the stakeholders involved in 
drone use should fi nd ways to enable 
drone fl ights in dedicated corridors if they 
see use cases that make the eff ort worth. 

Overall, the most important challenges 
for ports facing the arrival of autonomous 
vehicles include infrastructural 
requirements to IT infrastructure, 
waterways, quays and road infrastructure. 
Furthermore, the issues of data protecti on 
and IT security requirement must be 

tackled and regulatory requirements need 
to be fulfi lled.

There is ti me to work on these tasks, 
not only in a port alone, but also jointly in 
the European mariti me associati ons and 
organisati ons to develop a harmonized 
infrastructure. Some prognoses expect 
smaller, but more fl exible vessels in the 
next years. They might lead to a disrupti on 
in established ports and transport routes, 
as we have seen it in the other directi on 
with the ULCV, passing Hamburg and 
steering into the Balti c Sea directly.
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Figure 2: Overview on prerequisites for autonomous vehicles in ports

WWW.PORTTECHNOLOGY.ORG42   EDITION 95

TERMINAL PLANNING 




