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Fostering Urban Digital Integrated Systems:
The Case of Carre Laval, Canada

STH - DHEE
EERSETFRBANH IR ERTERR

palil

AEEER - APIREF
ZEMEEIZRAUBMBRTIREEREMRARR . WHHARM
RIREHID

AP - =HI
EEMREE T F e BT ERRR

BRZ - [WREEH
EEMEE T FE RO BAMHEREFTEHRRR

Ri& - FI&
EEMRGETZRABANAHLRERTA . WHARALER

REHE

Martina MAZZARELLO*
Postdoctoral Fellow at Senseable City Lab, Massachusetts Institute
of Technology

Fabio DUARTE

Principal Research Scientist of Senseable City Lab; Lecturer,
Department of Urban Studies + Planning, Massachusetts Institute
of Technology

Simone MORA
Research Scientist at Senseable City Lab, Massachusetts Institute
of Technology

Ricardo ALVAREZ
Postdoctoral Fellow at Senseable City Lab, Massachusetts Institute
of Technology

Carlo RATTI

Director of the Senseable City Lab; Professor of the Practice,
Department of Urban Studies + Planning, Massachusetts Institute
of Technology

*Corresponding Author
Address: 77 Massachusetts Avenue, 9-216, Cambridge, MA 02139, USA
Email: mmazz@mit.edu

BiE | KRH. BEn. FEE
TRANSLATED BY | ZHANG Chenxi, ZHOU Jiayi, LI Huiyan

mE

WA BT AR I BH F AR ESHHINE
HRERS, UEBEM RS, FOHRERS, B
REFBRSE, MABmmHEGE, BIRESEN. BIRBES
e AR EERAEE LT, METHEN
HFFeTLMER S TR SBXENE5 ., RIGRETIR
BEHFUERBTHRANBRULRITTT RS, EER
HFRATERR RN ZIRH IR . MENET B
BE TR BAMEHLREFERIT. EFESRIT
mE, UNEXR/RHREIR/RAERRSHIERE
BB, BETHFRAFRERITEE—CZFERR
BHEARHE-TURITS R, 9508 “FEMNE LR
iclz” “ielr” ‘“EeeR” ‘HAARER” M “RERE
L, XERIT R EH A RSUET R ZRHEZ PRI AR
25, UARAE. Bitd Bt T H 2RI LR
RARSHHRGEFHRE, FIBIIE R RS
BXTIZHRS1D, I EIERAIE TR .

Kigia)
WHWRE, WHER; aRss5; UARKERI; #F
HFE; #E;, FEARRAR

El

ABSTRACT

City governments are embracing digital technologies to
improve hard and soft urban systems, so as to create and
improve urban experiences, foster an entrepreneurial
city, as well as devise novel services that can improve the
livability of citizens and boost the local economy. Unlike
traditional infrastructure and urban systems, which tend
to be natural monopolies, data-driven digital platforms can
engage multiple stakeholders simultaneously. This article,
introducing the notion of hybrid urban digital integrated
systems, proposes a methodology aims at the integration
of digital and physical elements in urban environments.
We based our discussion on the work developed by
students at the Massachusetts Institute of Technology
Senseable City Lab, which focused on the integration of
the digital-technology-based solutions in Carré Laval of
the city of Laval, Canada. As the result of the workshop,
six projects have been developed by students, namely,
“Activating Surface,” “Infinite memories,” “Fora,”

“iTable,” "MinecARft,” and “Foodprint."These designs

aim at promoting civic engagement as intrinsic elements
of the re-appropriation and redesign of this severely
underutilized site. The human-centered designs rooted in
specific context will help digital technologies embedded in
the city and increase the attractiveness of the city to local
and new stakeholders.
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1. Activating surface scenario
2. Aninstallation inviting various
social groups to stay together
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Similar goals tried to be achieved via
implementing strategies of digital
technologies in various cities, including
Seoul Metropolitan Government

smart city platform in South Korea,
“Better Reykjavik” in Iceland, London
Datastore, and the Green Budget
strategy in Lublin, Poland. For more
information, please search the official
website of each project.
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1 Research Background

Government of some cities set goals towards
being more innovative, open, collaborative,
evidence-based, and participatory”. In this
context, the use of digital technologies such

as the Internet of Things (IoT) and Artificial
Intelligence (AI) is instrumental. IoT is a system
of interconnected devices that collect data,
connect to the Internet, generate analytics,

and (in some circumstances) alter behavior/
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responses of physical elements based sensing—
action loops'". In recent years, IoT devices have
become an almost undetectable and invisible
feature of our daily lives. For example, devices
people carried contain a variety of sensors

that silently and continuously record and
transmit enormous amounts of data about
one’s whereabouts. At the same time, the

built environment is now blanketed with a
variety of sensors, e.g., to detect environmental

parameters such as air quality and noise. Al is

VOLUME 9 /ISSUE 5/ 0OCTOBER 2021

the ability of software systems to rely on the
collected data to perform tasks that would
typically require human intelligence, such as
vision, voice, language, knowledge, and search'”.
Governments have begun to look into methods
to use IoT and Al in public policies to serve
residents better and improve quality of life. For
example, lately the Mayor’s Office of the Chief
Technology Officer is implementing New York
City Internet of Things Strategy, or other cities
like Melbourne, Copenhagen and Helsinki also
have implemented strategies of using digital
technology”"®. In recent years, more than 50
nations have released or are in the process of
developing Al strategies.

The availability of large amounts of data
does make cities an ideal test ground to generate
new possibilities of uses and experiences for
their local communities and visitors alike. Yet,
the adoption process of data-based technologies
needs to take into account the local context and
the needs of different stakeholders in a human-
centered way, avoiding just becoming a digital
layer glued on top of a pre-existing physical
context. This human-centered approach to
urban technologies demands an effort from
planners and policymakers in collaborating
with local stakeholders, understanding and
implementing technologies to envision some
unexpected findings. The adoption of such
integrating digital technologies with the physical
and social context would be critical to creating
new insights to fuel place-making and decision-
making in the public sector context, ensuring
the success of such projects, and thus providing
practical benefits for city governments together
with public and private partners!

Over the last few years, many research
labs have been focusing on these topics.

Among which, the Massachusetts Institute of
Technology (MIT) Senseable City Lab (SCL)
aims to anticipate the needs and opportunities
that will further exist in our cities as they

incorporate these digital technologies into



the built environment, aiming to deliver new
research insights and unique design solutions.
SCL has established and encoded the role of Big
Data, Al and IoT in enhancing our connected
world and helping us understand more about
the spaces we inhabit.

This article presents a digital-technology-
based methodology in the urban—personal-
technological dimension that aims at creating
a “hybrid urban digital integrated system,”
meaning a system of interconnected public
spaces that blends nature and technology with
a human-centered design. This methodology is
the result of an iterative path defined during
the previous experiences of the workshop,
in the past years, where different cities have
been examined. Results are disseminated and
published in The Senseable City Guide series?,
which showcase research outcomes from cities

across the world.

2 Design Process

Experience from cities worldwide
demonstrates that applying digital technologies
may present a series of challenges for their
proper use and implementation. Duarte and
Alvarez examined how data-driven approaches
can foster urban studies but must be balanced
with a critical view of the inherent social values
of cities and their citizens'. It is not obvious
to understand the needs and goals of a specific
context, and as a result, the hybrid urban digital
integrated system’s implementation is not
always immediate. Traditional infrastructure
and urban systems, which tend to be natural
monopolies; building upon the challenge
of creating a strategic plan for integrating

technology-related dynamics with a pre-existing

(2) For more information about the study, please visit the
official website of SCL.

SRR [ RREIRE

physical environment, the significance of civic
engagement becomes crucial. One example

is the Europe for Citizens program, where

civic engagement is at the center, with several
opportunities planned among the goals of the
following programming period 2021 ~ 2027, as
an ambitious plan to increase and boost civic
engagement in addressing science and technology
challenges'™. Adopting new technologies may
not deliver the promised value if services are
not designed with a human-centered approach,
tailored for the specific context of application.

Based on this topic, focusing on how
innovative public spaces in Carré Laval, in the
city of Laval, Canada, can improve the quality
of life, foster entrepreneurship, and increase
their attractiveness to current and future
residents and visitors to the area. SCL students
conducted and presented background research,
identified relevant questions, developed project
ideas which focus on the integration of digital-
technology-based solutions evolving them to a
detailed set of technology and design scenarios
to create engaging urban experiences, evaluating
our methodology.

The City of Laval, in Canada, is currently in
the process of transforming a large section of the
city center to become an innovation center for
the knowledge economy. As part of this effort,
the city announced the “Carré Laval project.”
The project seeks to repurpose a 40-hectare
site located in an old quarry and turn it into a
nexus between the new Biotechnology center
and the commercial area of the city. The project
envisions creating a mixed-use development with
living, working, educational and leisure facilities
in an area of the city that is today severely
underutilized.

Design solutions for a new site must deal
with some challenges emerging in the choice
and implementation of digital technologies in
a physical context, where it is easy to fall into
the trap of developing a technology architecture

specifically designed for ad hoc applications

LANDSCAPE ARCHITECTURE FRONTIERS / EXPERIMENTS & PROCESSES

for the present, rather than one which focuses
on exploring future multi-functionality and
openness to unexpected ideas which might
emerge from the technology appropriation by
residents, community groups, and businesses.
The design process needs to be transparent in
how information is gathered and used in this
way, they become socially co-constructed and
shared, as well as a common recognized good.
To help in the design process, the students
applied the methodological scenario proposed
by the authors, under which the integration

of digital technologies, their generated data
ecosystem and the built environment are
cohesively and strategically designed and allow
for future flexibility. The framework presented
here is broken down into four components:

1) Context definition is the basis for
identifying the problem to be addressed.
Through qualitative and quantitative research
methods, students seek to understand the site
characteristics, stakeholders involved, primary
challenges to solve, and to identify a couple of
possible solutions, specifics to the context and
the goals stated by the city.

2) Personal interaction covers all actions
and interactions that involve users. It includes,
for example, the local personal interaction in
the physical world, as actions needed by people
getting the data and interacting with a device;
digital personal interaction, as invisible actions
people made moving around the city or using
services by digital technologies. This component
seeks to reflect how people feel part of and
responsible for the process at hand, as well as
their motivations.

3) Urban interaction aims to consider all
aspects of interaction with the urban systems,
from micro to macro scale of the multiple
infrastructural implications. Projects must aim
to create an impact and generate a mutual
relationship and benefit with the context.

4) Technology definition focuses on the

use and choice of technology. It requires an
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analytical approach to find and choose sensors
(as tools to capture the data) and actuators
(physical-digital tools that create feedback

or effect). Sensors and actuators can be
purpose-built, located for a predefined use or
specifically designed and placed to collect data;
or opportunistic, open to not-defined benefits
embedded in existing devices. The technology
definition needs reflection on urban systems
and technologies to be able to understand how
the data is processed and analyzed, and other
features such as what is automated/manual,
who owns the data, how it is controlled, how
it is accessed and maintained, what the inputs/
outputs are, and how data measures them.

As a result of the 2020 edition of the
“Digital City Workshop” six projects have been
developed (one for each student), within the
course of one academic semester. The projects
reported as design briefs were included as book
chapters of the Senseable City Guide to Laval®.
Each project is shortly introduced in this
section, framed around the four components.

“Activating Surface” (Fig. 1), proposed by
Guanyi Wang, aims at promoting a healthy

&% KRS Harsh weather  E.Z Summer %2 Winter
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lifestyle using a system of Al agents and mixed
reality interfaces designed to provide personal
exercise and health guidance to park visitors
as social experiences. Augmented Reality (AR)
technologies are fused with translucent glass
mirrors to create a holographic trainer that
helps the user to get physically active (Fig. 2).
The mirrors are to be placed throughout the
park, allowing the user to get personalized
coaching and to select from a variety of spots
where to perform a variety of exercises, from
yoga, cardio, to cross country skiing. The
system provides guidance both for individuals
and groups; and includes activities designed for
families and children.

“Infinite memories” (Fig. 3), proposed
by Zubin Rustom Wadia, builds on the
long tradition of parks as locus of collective
memories for the city, with their monuments
and memorials, and aims at fostering greater
understanding of cultures and norms between
the diverse communities. The project proposes
encoding personal and collective digital
memories into physical tokens made of laser-

etched glass. The tokens are then deposited on

(o
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~0 ©SCL

VOLUME 9 /ISSUE 5/ 0OCTOBER 2021

“Podium of Memories,” an interactive structure
that holds memories for the people of Laval
city. In order to replay the memories, the system
leverages a collection of distributed projectors
and pressurized water to be used as screens.
“Fora” (Fig. 4), proposed by Yichen Jia,
explores how to promote social interaction
among visitors of the park, both for work and
leisure. It envisions a collection of digitally-
enhanced chairs that can respond dynamically
to facilitate collaboration and exchange of
ideas (Fig. 5). The chairs come equipped with
a variety of sensors that monitor when chairs
are located in proximity, they can also display
different patterns of light for easy location.
The chairs are capable of synchronizing their
behavior with an app, which people with the
same interests can set up meetings by the chairs
that can also illuminate behavior to create a
playful environment for people to meet and talk.
“iTable” (Fig. 6), proposed by Zidong
Huang, envisions using the park furniture to
promote collaboration, ideation and design
activities. In this project, an inconspicuous
park table where a person may have a quick
lunch can be transformed into a large e-ink
touch surface display, to create a creative and
productive spot enmeshed within the natural
environments provided by the park.
“MinecARft” (Fig. 7), proposed by Zihui
Zhang, explores how to engage a diverse pool
of citizens, including minorities, into providing
feedback and new ideas for the development of
Laval city into an inclusive and sustainable city.
It makes use of AR and gamification to give
citizens and visitors a new collaborative tool to

propose and discuss ideas using spatialized 3D

9. ‘MRRER XEBERE
9. Foodprint scenario

(@ This edition of the workshop has been affected by
the COVID-19 pandemic, so all interactions with local
stakeholders and the class discussions happened online.



data (Fig. 8). They can use their smartphones

to suggest public interventions using an AR
interface that allows them to sketch ideas
combining elements from a large catalog of

3D models such as new buildings and urban
furniture. After sketching, the idea can be shared
on a platform that supports getting comments
from other users.

“Foodprint” (Fig. 9), proposed by Ziyuan
(Zoey) Zhu, aims at promoting healthy eating
habits while supporting and re-discovering
long-established food traditions. It proposes
to create social foodspaces in the park with
“smart” shape-shifting kitchens powered by
Al technology that suggests recipes tailored to
specific occasions while holographic projections
guide the cooking; as well as supporting creation
and sharing of new recipes. The kitchens are
immersed in the park for memorable gatherings
but also they are interconnected among each
other for sharing recipes, and talking with local
producers via a digital platform that increases
accessibility to high-quality local ingredients.

Each proposal is an exploration performed
not in a silo, but rather in collaboration and
consultation both with their peers as well as
with people from the city of Laval, through a
series of workshops and discussions conducted
online throughout the semester”. These proved
to be invaluable for this work, and were
immensely helpful for our students in fleshing
out their ideas and receiving critical feedback
for their improvement. All these ideas are
seen as opportunities to provoke conversation
among different stakeholders and the general

population in Laval.

3 Discussion and Review

Digital technologies embedded in our cities
provide the possibility of creating data-driven
intelligence and services, as well as dynamic,
multi-purpose functions with feedback loops

built into their design logic. These technological
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tools might improve existing urban systems

and foster innovation in the entrepreneurial
ecosystem at local and regional scales—

from the local shop that might devise new

ways to interact with the community to large
corporations attracted to such an urban
environment prone to test creative technological
solutions.

We disperse a huge amount of data in
our daily activities, as digital traces of human
activities and interactions: audio and video,
mobile phone communication data, lidar sensor
data from autonomous vehicles, environmental
data, and human-related biological data when
we use restrooms or pass through biometric
sensors at airports, office buildings, and other
locations, etc. Taking advantage of these troves
of data, data scientists and designers have been
using Al technologies to reveal aspects of city
life that have never been captured before, as well
as to lay the foundation of technologies that
could change the way we understand, optimize,
design, and ultimately live in cities. Now it is
time to translate such findings into innovative
policy and planning approaches.

It is the low integration with the context
generates the risk of developing solutions that
do not focus on the needs of people and the
medium- and long-term goals of the city. To
address this problem, we strongly believe in
developing a methodology that aims at creating
a data and technology ontology framework—
hybrid urban digital integrated systems.

We firmly believe that civic engagement is
critical to creating new experiences for citizens
and visitors to cities, improving their quality
of life and increasing their attractiveness as
a magnet. Such work has been impaired by
the COVID-19 pandemic, which limited civic
engagement level of Laval stakeholders in this
project. In the next phase of the collaboration
with the city, we will be bringing these ideas to
the local community in a series of workshops.

Specifically, their role can now become critical
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in investigating two additional components that
add to the methodological steps just presented:
1) Definition of purposes and values as
shared by the local communities based on their
current needs, their vision for the future, and
their reaction to the proposed projects. If well
delineated, this process ensures an effective
implementation that can engage all stakeholders.
2) Use cases and applications are related
to the definition of the purposes and values,
and focus on the possible use cases that the
multiple stakeholders involved or impacted by
the transformation of Carré Laval could adopt
(who will use it and benefit from it). Involving
inhabitants, users and experts in defining use
cases and applications, for their current needs
as well as their aspirations, can be crucial to
creating experiences and solutions rooted in

their specific context. LAF
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