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ABSTRACT

Historically, in cities with robust systems of canals
and rivers, boats were used for the movement

of freight and people. In recent decades, this
transport has shifted to trucks, vans, and cars,
compromising the environment and livability

of these cities. In this article we explore how

an emerging technology, autonomous vehicles,
can foster the re-appropriation of an urban
infrastructure — in this case, the deployment

of a fleet of autonomous boats in the city of
Amsterdam, the Netherlands, which is imagined
not only to serve multiple purposes, but also to
become a novel urban infrastructure. The ideas
range from the micro scale (public dashboards
for water quality data) to the macro (a network of
autonomous platforms that collect fresh produce
from farms and combine together to form floating
farmer’s markets). These ideas seek to engage
the realities of everyday life in the city and propose
Roboat as a platform to help citizens negotiate the
21st century urban life.
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Roboat; Amsterdam; Water Transportation;
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Intelligence
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1 Research Background

The Senseable City Lab’s Roboat investigates the potential

of autonomous floating vessels to revolutionize urban
services. Together with Massachusetts Institute of Technology
(MIT)’s Computer Science and Artificial Intelligence Lab

and Department Civil and Environmental Engineering, and
researchers from Delft University of Technology (TU Delft)
and Wageningen University, also of the Amsterdam Institute
for Advanced Metropolitan Solutions, Roboat is a research
project designed to push the limits of autonomy in urban
aquatic environments.

There are several challenges in deploying an autonomous
boat that navigates in the busy canals of Amsterdam,
including perception, motion planning and obstacle avoidance,
predictive trajectory planning, and multi-vessel coordination.
Roboat is outfitted with several sensors [LiDAR, Inertial
Measurement Unit (IMU), and RGB camera], WiFi router and
adapter, battery, computer, microcontrollers, and its software
operates using Robotics Operating System (ROS) middleware.

LiDAR and camera technologies are coupled to measure
the distance to objects (Lidar) and label such objects (cameras
with computer-vision algorithms). Perception technologies
enable the boat to avoid other boats and obstacles while
navigating. This information feeds the Roboat navigation
system, which can plan its path to avoid collision with
known obstacles by calculating the optimal obstacle-free
path in real time based on a Non-linear Model Predictive
Controller (NMPC). The NMPC considers the reference
trajectory, dynamics, and thruster forces of the boat. Finally,
since one of the goals of the project is to create temporary
urban infrastructures with Roboat units, they are required
to self-assemble, which requires communication, sensing,
and networking technologies. Developing shape-shifting
capabilities for boats is of particular interest, since there is no
prior research in shapeshifting on water.

Historically, in cities with robust systems of canals
and rivers, boats were used for the movement of freight
and people. In recent decades, this transport has shifted to
trucks, vans, and cars, compromising the environment and
livability of these cities. In this chapter we explore how an
emerging technology, autonomous vehicles, can foster the
re-appropriation of an urban infrastructure — in this case,
the deployment of a fleet of autonomous boats in the city of
Amsterdam, the Netherlands, where hundreds of kilometers
of canals are the formative structure of the city. With one of

the most extensive canal networks in the world, Amsterdam

SRS/ EMsCEE LANDSCAPE ARCHITECTURE FRONTIERS / THEMATIC PRACTICES
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has the unique opportunity to reclaim the canals for moving
people and goods, rather than keep saturating its road system
and ground transport.

Currently, the canals are mostly used by leisure and tourist
boats. By 2025, canal cruise boats must produce zero emission,
and in the next few years all boats must be electricity powered
— which will contribute to the goal of having a reduction of
70% greenhouse-gas emissions compared to the boats powered
by truck diesel engines. Since 2017, the city of Amsterdam
enforces a maximum speed of 6 km/h in the canals, and the
maximum size of boats in the central canals is 4.25 meters wide
and 20 meters long. From 2018, the use of Radio-Frequency
Identification (RFID) is mandatory for all boats entering the
city, which allows a better monitoring of the boat traffic. These
measures would help address the current exposure to pollutants
to the significant population residing close to Amsterdam’s

canals'.
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Despite being one of the most bike-friendly cities in Europe
and having one of the lowest rate of inhabitants per vehicle

2) traffic and

(3.65, according to Amsterdamse Thermometer
related emissions are still a concern. In addition to resident
traffic for a total population of 850,000, the city receives
271,000 commuters daily"” and an average of 45,000 tourists
— all using underground and ground transport (including 2,300
taxis) to move around'.

In addition, the transport of goods contributes 20,000
freight trips daily to 40,000 delivery and service points in
Amsterdam’s city center. Furthermore, 80% of the loading
and unloading process happens on Amsterdam’s narrow and
sinuous streets, impeding the general flow of traffic'*!,

Another pressure on urban freight is the accelerating
phenomenon of online shopping and home delivery. In the
Netherlands, more than 80% of goods can be delivered directly
to homes"!. From 1998 to 2011, the annual home market for
Internet shopping in the Netherlands grew from 41 million

108

euros to 9 billion euros, and went from a 2.8% market share
in 2005 to 10% in 2011"". One could argue that home delivery
does not have an impact on the general traffic because the
increased number of freight vehicles on the roads is balanced
by fewer individual trips to shops; however, increasing freight
traffic in residential areas can aggravate local pollution.

This is a clear opportunity to utilize existing infrastructure:
the canals. The Netherlands already has the highest waterborne
freight transport rate in Europe, transporting 47% of the
freight share — similar to the road transport'”’. Nevertheless,
freight transport was absent from Amsterdam’s canals in
recent decades until 1997, when DHL began transporting
goods by water. Today their boats serve as distribution centers
from which bicycles collect and then distribute the parcels'®.
In 2010, Mokum Mariteam started operating its first electric
freight vessel in the city, using the waterways to deliver
Pl 7. H. R. van Duin et al."* have assessed the

suitability of cargo boats to supply the demand of restaurants

goods to shops
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and shops in 21 zones, which covered 2.5 km” in central

Amsterdam. Their results suggest that just four freight vessels
would be enough to supply the total logistic demand in this
area during the summer, reducing waiting time for deliveries
without interfering with touring boats and pleasure crafts.
We imagine the potential of a fleet of autonomous
floating platforms not only to serve these purposes, but also
to become a novel urban infrastructure. The ideas range from
the micro scale (public dashboards for water quality data) to
the macro (a network of autonomous platforms that collect
fresh produce from farms and can be combined together to
form floating farmer’s markets). These ideas seek to engage
the realities of everyday life in the city and propose Roboat as
a platform to help citizens negotiate 21st century urban life.

2 Roboat as a City Navigator

We imagine that Roboat units can be autonomous water
taxis or buses, adding to the experience of both tourists and
locals. Individual units could be hired for specific trips, or

routes could be developed along the canals to ease congestion.

We posit that a system of autonomous taxis could help
alleviate the concentration of tourists in Amsterdam by
reducing the major barriers to travel outside of the central
district interchanges on public transport. By establishing a
platform that enables visitors to the city to both experience

LANDSCAPE ARCHITECTURE FRONTIERS / THEMATIC PRACTICES
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the canals from a first-person perspective and to reach less-
visited museums and attractions. Leisure, however, is not

an activity limited to tourists — by leveraging a Roboat as

a tugboat, existing private boats can enjoy an on-demand
transportation service. This system would allow individuals to
moor their boats outside the city and request it on demand.

Platform Roboat units can join together to create
temporary bridges, alleviating congestion on Amsterdam’s
centuries-old bridges and canal-side streets. As an autonomous
system, Roboat can respond in real time to the ebb and flow
of rush hour traffic. Individual units can also be tessellated
to form floating stages and public squares on the canals,
enhancing Amsterdam’s strong tradition of water-based
events with a 21st-century technology. We imagine that this
technology, in the hands of citizens and visitors, can create new
ways of public life in the city as the waterscape is reclaimed
for use.

Roboat can be used to solve other fundamental urban
issues such as trash collection. The central district of
Amsterdam, where residents currently deposit trash on the
curb for collection, is one potential site for this use case. To
alleviate the many problems caused by large trash trucks on
historic streets — congestion, pollution, noise, etc. — Roboat
can serve as floating dumpsters that autonomously transfer
waste, serving nearly 70% of the central district.

Looking more broadly to the area surrounding Amsterdam,
we investigated the potential of Roboat units to form floating
food markets or become pop-up stalls that appear on the
canal’s edge for citizens to collect crates of fresh produce. We
imagine the use of autonomous boats could create new public
spaces for floating food markets in Amsterdam. Roboat can
activate the canals while tapping into the resources located on
the pervasive regional network of waterways.

In order to accomplish these use cases, Roboat, both
as a multifunctional vessel and a series of use-case specific
shells, needs to be imagined, engineered, and manufactured.
One of the main design concerns in designing the garbage
module is the maximization of the volume of trash one unit
could hold while minimizing the weight and mechanical
complexity of each module. Ensuring the ability to negotiate
varied edge conditions, as well as accommodating varying
physical abilities to throw trash bags is key to the success of
the use case and is vital in driving the project forward. The
basic unit needs to be able to move independently within the
entire canal network, even in very restricted spaces, to dock
with each other or to external structures, and to avoid any

obstacles. We are developing an omnidirectional vehicle, which



is able to move at any time in any direction with ease while
also performing operational maneuvers on site. In developing
prototypes, the team considered the following themes: hull
design, propulsion system, dimensional units, system modularity,
and reconfigurability.""”

Roboat is not merely a system of modular vessels, however,
its autonomy and sensor package mean that it can become a
new mobile sensing platform for the city. Roboat can collect
mobile measurements on a variety of environmental conditions,
including but not limited to water quality, air quality, and
weather conditions. Roboat’s mobility allows us to collect
environmental conditions at a much finer spatial resolution
compared to traditional stationary monitoring sites. The new
information provided by Roboat will enable local policy makers
to make better data-driven decisions on environmental and
public health issues.

Roboat, as an Al-powered urban infrastructure and
platform, continues the progress of technologies diminishing
the friction between humans and non-humans in order to help

humans navigate complex environments such as our cities.

3 Conclusion

The relationship between a human and any technology is
a complex interactive model. On road-based transportation
systems, this relationship requires that the human driver reads
the surrounding traffic, follows socially-established road rules,
and makes decisions to maneuver his way through traffic with
other vehicles and pedestrians — over time, learning from each

110

other’s behavior and experiences. These complex interactions
happen today with motorized vehicles, as well as previously
with horse-based carriages, and will be even more complex
with autonomous mobility and a high interdependency between
the vehicles and the myriad sensors embedded in the city!".
Thus, the relationships between humans and non-humans are a
constant in mobility systems, in which control systems play an
increasing important role.

Roboat addresses both the technological challenges (by
developing an autonomous system) as well as the relations
between humans, technology, and the city. By focusing on the
complex and lively aquatic environment of Amsterdam’s canals,
Roboat leverages a combination of high technology and human
creativity. LAF
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