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WORLD MAP
Welcome to the Senseable City Lab
– a cutting–edge multidisciplinary
research group that studies the
interface between cities, people,
and technologies and investigates
how the ubiquity of digital devices
and the various telecommunication
networks that augment our cities,
are impacting urban living. With an
overall goal of anticipating future
trends, we bring together researchers
from over a dozen academic
disciplines to work on ground
breaking ideas and innovative real–
world demonstrations.
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Each academic year, the Senseable
City Lab invites students at
the Massachusetts Institute of
Technology to participate in the
Digital City Design Workshop.
The workshop seeks to provide
pragmatic, technological solutions
that address a key concern of urban
living. The Senseable City Guide series
showcases this research which is
undertaken in partnership with cities
from across the world.
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This volume is the result of
collaboration between the Senseable
City Lab and the city of Curitiba in
Brazil.
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CURITIBA
Introduction
by Fábio Duarte

In the early 1970s, Curitiba, in Brazil,
implemented a planning scheme
system that would revolutionize
transit, and would eventually
be adopted in major cities in all
continents. It combined a hierarchical
road system, land use with higher
densities along transportation
corridors, and an innovative
transportation system called Bus Rapid
Transit (BRT), which includes off-bus
payment, specially designed stops
which have the floor at the same level
as the bus floor, speeding up boarding
times; segregated bus corridors with
fewer intersections; a trunk/feeder
network, with the integration of lines
in main stations distributed across the
city; and articulated and bi-articulated
buses on the main BRT lines, in order to
carry more passengers.
All these technical characteristics
were developed along the years, with
innovations extending the benefits of
BRT to a larger territory. However, an
increase in individual motorization
has been making the system lose
passengers. Indeed, users, transit
authorities, and scholars share the
general feeling that the innovations
in Curitiba’s BRT stopped short of
the digital revolution that has been
transforming many aspects of cities
(including mobility, and ride-sharing
is only one example). Curitiba still
makes some adaptations to its BRT,
such as a fleet of electric and bio-fuel
buses, or part of the traffic lights being
synchronized with the approach of
buses. However, these changes are
punctual and signal that Curitiba
has become an adopter of some
technologies, rather than a pioneer.
In collaboration with the municipal
government of Curitiba, in particular
with the Institute of Research and
Urban Planning of Curitiba (IPPUC),
the Senseable City Lab accepted the
challenge of having the Digital Cities
Design Workshop students bringing
new features to Curitiba’s BRT using

digital technologies. This collaboration
was kicked off with a week-long
workshop in September 2019 between
SCL researchers, city officials, and
local practitioners. The goal of the
collobration was not to propose
incremental changes to the system, but
rather see which are other services and
interactions with the users Curitiba’s
BRT could promote.
In Curitiba, most passengers pay the
fare with a smart card that contains
information important for the
planning. However, passengers do not
tap their card when they get off the
bus. In Path, Ous Abou Ras proposes
a rewarding system to incentivize
people to tap their transportation card
when they get off the bus. Passengers
collect points that can be converted
into incentives. Ras gamifies the
participation of users, and at the time,
provides important data to the city.
In Pixels of Participation, Romy El
Sayah focuses on two characteristics
of Curitiba’s urban life: a culture of
civic participation and public art. This
project seeks to turn the stations into
voting stations so voters can respond
to questions asked by the government.
Based on the topic, questions and
answers, the pixels are activated,
revealing artworks.
Yuxuan Lei proposes a reward system
based on passenger’s tapping in and
out of the system. In A Piece of Tarots,
Lei envisions a gamification system
where every time a passenger uses
the BRT stations they can collect
different types of random bus card
fragments, which are pieces of a puzzle.
After collecting a full puzzle, users
can redeem it for free rides or tickets
to different tourist attractions and
cultural spectacles.
Saeb Ali Khan in his proposal, Mobile
Fresh leverages the city’s tradition of
combating food insecurity by tapping

into local producers. Khan combines
the coverage of the bus lines and
terminals, with buses designed to carry
large quantities of food. The project
also increases the awareness about the
fresh food supply chain that exists in
the region.
Fei Xiong addresses another problem
that afflicts many big cities: urban
violence. Reverting the problem, Xiong
proposes to turn Curitiba’s tube station
into safe places by leveraging the
distribution of the BRT tube stations
across the city and linking them to the
police through digital technologies.
In Respiração (breathing), Viviana Wei
faces a problem that affects all major
cities: transport-related pollution. Wei
proposes to turn Curitiba’s BRT tube
stations in clean-air capsules by using
electronic sensors to measure air
quality and micro-algae.
Focusing on the tube station,
Haoming Fu turns them into Body
Weight Planner stations. The goal is
to help people to make personal and
professional exercise and diet plans
with data collected by sensors in the
bus station.
During the class, students had a unique
opportunity to discuss regularly with
city officials from different municipal
agencies, sharing their ideas from the
first draft to the final proposal, and
receive constant feedback from people
working in the city. If on the one hand,
students have learned about the city
and how to be innovative and still take
into account real and problems, we
believe that the projects presented
in the Senseable Guide to Curitiba
might inspire the city to continue to
incorporate novel ideas to its famous
BRT system.

by Ous Abou Ras

SCG CURITIBA / c1 / PATH

SCG CURITIBA / c1 / PATH

C1

11
10

PATH

12

13

In the 1970s, Curitiba developed
a transportation system that has
become a model for the world to
follow. This system is called the
BRT, which is able to connect users
to their destinations reliably from
point A to B without the need for an
underground subway system.
The BRT in Curitiba saw an explosion
in riders in its early stages. However,
it has recently seen a decrease
in ridership due to many factors
including increased price fare and
the ability to now own a car. So, how
could the city increase ridership in its
public transit system? How can the
BRT induce connections between the
user and different aspects of the city
based on their route?
This project shifts the question from
the transportation method to the
PATH you take. Your PATH is your Bus
Route; the one you take to school, to
work, or even to hang out with your
friends on a Friday night. It starts at a
station and ends at your destination.

AGE
ETHNICITY
NEIGHBOURHOOD
ADDRESS
INCOME
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PROJECT
DESCRIPTION

But your PATH is more than a regular
route. It is your PATH, age, address,
ethnicity, income and such rich
information that could help city
planners improve the local aspect
of the BRT system’s reliability, but
also the city planning in general.
Your PATH holds your commute time,
commute schedule, and the stations
you exchange.
And how can you share your PATH?
Curitiba already has the existing
Transportation system and Smart
Card technology that stores your
information and allows you to tap at
the station you are departing from.
However, since the user only taps
when they enter a station, the city
could never record the user’s PATH.
They could only know which station
they have entered but not when the
user exits.
To get that information, the user

PENALIZE

would need to tap out when they exit
the bus. How do you get people to tap
out? Well, there are two approaches.

REWARD

You could either Penalize people for
not tapping out, or you could Reward
them for it.
In the age of data privacy, the project
is built on the assumption that your
PATH is a private piece of information,
and the user should be able to decide
whether to share it or not. Thus,
this project is an exploration of the
reward system, not just for respecting
the user’s choice, but also to utilize
the platform which has the power to
connect users with the physical city
through various incentives.
Your PATH is no longer the path that
you take to get to your destination.
Your PATH has become a journey that
generates exciting offers and unique
social interactions.

Your PATH is valuable in
connecting the city.

COMMUTE TIME
COMMUTE SCHEDULE
DEPARTING STATION
BUS EXCHANGES

VS

•

Enforcing people to tap out a
station to be able to exit

•

Charge a fine for not tapping
out

•

Pay for the distance you travel
to incentivize tapping out

•

Not providing additional
expenses to lure the user

•

Ensuring the collection of
everyone’s data

•

Additional cost required to
enforce tap out and fines

•

Does not fit with Curitiba’s
image of inclusivity

•

Does not add to the system in
any other way

•

Providing Points in exchange
for your PATH

•

Providing gift cards for a certain amount of give PATHs

•

Providing free Rides after a
number of shared PATHs

•

Respects the privacy of the
user

•

Provides a platform for local
shops to get sponsored

•

Provides the city with a platform to add other incentives

•

Connects the user with places
around their PATH

•

Need to think of rewards that
mutually benefit the city and
the user

POSSIBLE
METHODS

ADVANTAGES

DISADVANTAGES
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2. Join the Lottery

... or Donate your Points!












  



 


  

   



 


  
 





  

    

   
 

This Project uses a Reward System in
place of a Penalty System to provide
the citizens of Curitiba with more
agency over their PATH privacy and
to explore the potential of a reward
platform in connecting the city.
A Point System is used to provide a
variety of rewards that suits different
people to enhance inclusivity.
The idea is simple:
1. Tap out (Main Interaction)
2. Collect your points (Join the
Lottery or Donate your points to
other users)
3. Redeem your Rewards (Two types:
Internal and External)

   
 

The INTERNAL Category relates to the
city, the BRT & its users directly. These
rewards usually have a monetary
value behind them.
These rewards could be a Free
Ride on a weekend, or a Free Ride
during off-Peak Hours, or a ticket to
a museum, or a local theatre. The
city could even collaborate with
local restaurants for sponsorship in
exchange for coupons.
These Rewards could tempt users
to opt to use the BRT to get these
rewards. Moreover, friends could
start conversations and plan their
social interactions around the
rewards they receive.
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... or get more
 points by completing city offers!ng
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1. Tap Out to get points!
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3. Redeem Your Reward
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Spend it on Fun Activities


  
     
     

users between reality and virtuality.

This way, we
are providing an

additional opportunity for third
parties to use your PATH with your
consent to benefit you and app
developers. Your Path could benefit
such developers to use your PATH
to provide you with fun activities
that revolve around your routine
commute. This could lure people
who want more than the Internal
rewards provided while fostering a
community of artists engaging with
digital locative media.
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A SHORT STORY
ON USING PATH
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+
The system could showcase to you
these activities that you always pass
by and offer you rewards relating to
them. Local activities are no longer
the ones in your neighbourhood,
local activities are the ones that are
on your PATH. A network of PATHs
could create a local path for the city
and it could show offers that could
offer you to explore different parts of
the city.

Your PATH passes through many
stations, but normally, you don’t stop
to check what different shops and
experiences exist right on your PATH.

Here is an example: You set off to
work at around the peak hour of
8:00 a.m. The system notes your
schedule and provides you with

options for free Rides that are during
off-peak hours and are very close
to your departure time. Here, the
user receives a free ride, and the
city obtains your PATH information,
fills an empty bus seat, reduces
overcrowding at peak hours and
perhaps encouraged the user to
spend their money elsewhere at a
cafe near their office since they have
to wait for 30 minutes.

RIDES




The city of Curitiba is very well
interconnected with many bus
stations. Furthermore, it is a rich
city with many museums, galleries,
theatres, restaurants, and activities
during different times of the week.
Thus, the point-system provides
a unique urban opportunity by
encouraging users to engage with
these different amenities around
them.
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Free Family Ride



















Free Ride to a Museum,
Theatre, Restaurant, Airport



Free Ride over the Weekend
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Free Ride to a particular
Station

    

Free Ride with Friends
Free Rides (all day, any time, or
during specific times)
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POSSIBLE MUSEUMS



 

Museu Oscar Niemeyer





Memorial da Seguranca no
Transporte
Museu de Arte Indigena






Museu do Holocausto de
Curitiba


Expeditionary Museum
Museu Paranaense











 

ENTERTAINMENT

 
 

  

 

 









  

Rides to Parks (if the person
does not go to parks often
on the weekend and there
is a park nearby)
Free Lunch at local Restaurants & Cafes Free ticket to
movie theatres
Discount at local arts &
festival on Sundays
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URBAN
INTERACTION

FREE TICKET
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TECHNOLOGY
DESCRIPTION
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The offers a user gets depends on
their PATH. For example, if the user
is more likely to take a specific PATH,
the offers will be custom to that
PATH. If the user is an art student,
they would get more offers around
  

museums.
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the Curitiba Transit System. However,
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Pixels of Participation
by Romy El Sayah
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Ous is an interdisciplinary designer
from Syria and is currently pursuing
a Masters Degree in Architecture
at the Massachusetts Institute of
Technology. Born and raised in Abu
Dhabi, U.A.E, he went on to complete
his undergraduate studies in
Architecture and Physics by the year
of 2019 at the University of Toronto.
Being skilled in tools such as Rhino,
Grasshopper, Python and other
computational tools, he developed
an interest in digital design and
fabrication and their potential in
the built environment. He wishes to
explore how computational tools and
Physics could impact Architectural
development.
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Curitiba is a city that is known
worldwide for its progressive
planning and its focus on
sustainability. Its reputation as
the “Portland of the southern
hemisphere” is due to its greenery,
transit-oriented development
and advanced lifestyle which has
attracted international attention. In
2010, the city won several awards,
among which were the Swedish
Globe Sustainable City Award, and the
ITDP’s Sustainable Transport Award.
But it’s progressive planning did
not take form through a democratic
process. Since the 1960s, Curitiba
experienced governing bodies and
individuals that marginally involved
the public in decision making. Mayor
Lerner believed people would not
agree with some of his ideas and
decided to execute regardless of the
general opinion.
The city became so proud that it
became an urban showplace and
persistently elected urban planners
who cared about urban design more
than political matters. This tradition
allowed Curitiba to build this
reputation of the “most innovative
city in the world” and the “greenest
city on Earth”, but it did not allow
for a culture of civic participation to
thrive. Although participation was
existent in the city, it wasn’t a habit
for all citizens. Aside from voting to
elect the same mayor, citizens were
not actively expressing their needs
further.
Gradually, the city has also suffered
from some acts of vandalism with
little progress after several antivandalism campaigns.

This project focuses on reviving the
culture of civic participation and
making it accessible to all through
the BRT tube station, one of the
symbols of progressive planning
of Curitiba. By embedding voting
stations in the tube stations, voters
can come and respond to questions
being asked to them by the
government or any other entity that
is renting this service.
As citizens give their opinion around
a specific topic, they are also
participating in creating art within
the tube stops of the city. Voters
activate a pixel with every response
to create an art piece that is on the
façade of the tube station. With a
different topic each week, artists
of Curitiba, young beginners or
established professionals send their
artwork responding to this topic.

project seeks to weave street art and
civic debate to form a new space for
political participation.
While there’s a variety of issues
that a city might be dealing with,
limiting topics to specific locations
would provide further locationspecific insight. Different topics can
be addressed in each tube station,
to tackle a city-scale concern or a
region-specific concern: from health,
justice, citizenship, environment,
family/justice, security, government,
economy, education, relationships
and more. The goal of this service
is to make an accessible civic
expression and allow through this
dual art-political participation to
reinforce a feeling of belonging to
the city. By spatializing participation,
it becomes more real, more present
and raises awareness from voters to
viewers.

The project weaves street
art and civic debate to
form a new space for
political participation.
Accordingly, art pieces are selected
to be featured on respective tube
stations, promoting local art and
allowing these artists to use the
infrastructure of the city to launch
their careers in art. Ultimately the
Right: Region specific and city scale examples
of topics and questions

Q.

Would you bike to the DT
if bike lanes were safer?

Q.

Is affordable housing or
public safe more of a
priority to you?

Q.

Is affordable housing or
public safe more of a
priority to you?

Q.

Do you believe you
have fair access to
resources?

Q.

REGIONAL SCALE

Do you believe you
have fair access public
services?

25
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PROJECT
DESCRIPTION

CITY SCALE
Q.

Do you support the safe repatriation of children of
immigrants who are born in Curitiba?

Q.

Do you support the investment in local products?

Q.

Should public sector institutions become privatized?

Q.

Should the city invest in safer bike lanes?

Q.

Should the city strengthen the legal framework to
protect migrant workers?
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The façade of the tube station is the
main interface of interaction. Visitors
arrive after paying their ticket
and initially view the responses to
questions projected on one side of
the tube station. Floating alongside
these voter responses are QR codes.
These are tokens that allow visitors to
scan and receive a question catered
to their age group – some questions
might not be appropriate to certain
ages. As they receive their questions
on their phone, they can answer by
typing their response

Their response is then automatically
posted on the wall. After doing so,
the user has the option to activate
pixels in the tube station that they
are in, or to take the token and use
it in a different station that might
be closer to their house or office
and that they might want to colour
more. Ultimately, these tokens of
participation add up to a certain
discount on bus tickets. As part of
the experience, users also read what
is written while waiting for their bus
to arrive. Some might be incited to

answer to a comment they disagree
with while others might encourage it
by liking. In its visibility, the interface
enforces a level of accountability
that might not be as present in digital
social media platforms and allows for
an indirect conversation with people
who don’t usually engage in much
social-political interaction.
Right: User flow in the tube station
Bottom: Experience of visitors in the tube
station the artwork in the image below is
done by Enas Satir.
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PERSONAL
INTERACTIONS
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Eventually, the City of Curitiba is able
to gauge and analyze voter sentiment
towards a specific topic, and
ultimately better implement policies
to respond to all.
Stakeholders both private and
public are also able to partner with
the government, to include some
questions and view the responses of
citizens.
Some examples could include urban
planning questions, such as “Do you
support the proposal to redesign
facilities of the XYZ park?”. In such
a scenario, the government and the
design/planning agency would both
benefit from voter responses to best
design urban interventions.
In other more industry-focused
scenarios, a private company can
rent the service and ask a question
to the public about its product,
while following the guidelines set by
the service provider. It would thus
be using the system as both a way
of gauging citizen sentiment and
generating feedback loops but also as
an advertising service.
This model would allow for this
service to be funded both by a
collaboration between private and
public corporations, to ultimately
benefit the public and provide
exposure to local artists.
Throughout the process, citizens are
able to view the voting of others,
and the public data is shared back
to them for their own use. This
is provided through two means:
one is a screen on each tube stop
that aggregates the responses of
adjacent bus stops, and another is
an AR interface (explained in the
Technology Description).
Sharing this data to citizens would
be valuable for a number of reasons.
First, mobilizing activist efforts

would be made more accessible, as
visitors are able to view the opinion
and identity of their fellow citizens.
This experience becomes a social
media platform that has a physical
presence. Additionally, viewing the
opinion of others on these screens
can be educational and can improve
the general knowledge of certain
topics.
Conceptually, this urban intervention
imagines a means for citizens
to collectively design their city,
government, healthcare system
etc, while actively contributing
to the physical aesthetics of
the urban fabric. Imagining the
future of such a civic participation
platform embedded within urban
infrastructure, Curitiba can extend
its outreach to other waiting/buffer
areas in the city and not just tube
stops.
The questions can depend on
the specific infrastructure that is
hosting it. For example, near public
schools, parents can interact with
a similar screen/structure while
waiting to pick up their kids and
respond to their preference around
education. This assures the relevance
of questions asked to the users in
question.
Similarly, future work can include
thinking about different participation
formats for different user groups.
Disabled participants might need
a hearing aid, and those who don’t
have a mobile device might want to
interact by using in-house interfaces.

Do you support the safe
repatriation of children of
immigrants, who are born in
Curitiba?
You are seeing people who
have responded YES
In total they are 600,140

yes

no
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have 3 distinct colours that allow
outside passersby to detect levels
of participation and demographics.
The same device inside the tube
station holds a projector that
projects the internal view (see in
the previous image), consisting of
QR codes, voter response and the
artwork. The outward-facing layer
is an LED screen that showcases
the artwork of the artist in question
and the pixels that pertain to the

8:00AM

12:00PM

8:00PM

4:00PM

10:00PM

Additionally, a mobile AR interface
allows passersby to scan the view of
the façade and read the responses
from outside, expanding the reach of
political opinion beyond the limits of
the station.

10:00AM

The technology of the project is
composed of several components.
Internally there is an AI camera
that detects features pertaining
to specific age groups and allows
the platform to send questions to
users accordingly. Three age groups

different demographics. Inside the
tube station, one panel visualizes the
data by aggregating results for 3 tube
stations.

Right: Technology components of the tube
station.
Left: Daily progression of participant pixels The artwork in the image is done by Enas Satir.
Bottom: AR experience outside of the tube
station - The artwork in the image is done by
Enas Satir.
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Problem
In 2012, Flavie Halais published a
paper entitled “Has South America’s
Most Sustainable City Lost Its Edge?”
which expressed his concern about
the increasing ratio of automobile
per inhabitant and the declining
public transportation usage in the
City of Curitiba. The under used bike
paths and a 4.3% (about 14 million
rides) plunge of the BRT usage in
the past four years brought a slew
of urban problems to the city such
as air pollution, road accidents, and
congestion, etc.
Meanwhile, Linha Turismo, a
sightseeing bus line of Curitiba
that provides one-stop Hop-On
Hop-Off Tours service to tourists is
also whined for its over-crowded
condition, infrequency, and
expensive cost.

Bus Card System
In Curitiba’s transportation system,
the distribution of flow and resources
is uneven. More middle-class citizens
give up public transportation and
commute by cars, and tourists
still tolerate the expensive cost
and overcrowd condition of Linha
Turismo. Based on reflections on the
above issues and user behaviours, the
project: A piece of Tarots - envisions
a bus card gamification system. The
goal of this project is to attract more
tourists and citizens to use public
transportation through the fun of the
gamified system, so as to transfer the
congested traffic load from the other
sectors, encourage people to explore
the city, and rebuild Curitiba’s city
identity.

“Tarots” is an analogy term that
refers to a puzzle rather than a real
tarot card. In this system, people
of the city will become potential
puzzle collectors. The mechanism
is simple: By visiting a BRT station
and using the BRT system, users can
collect different types of random
bus card fragments. After collecting
a full puzzle, they can either redeem
it for a physical reward, such as a
discount ticket for the BRT system or
free membership to a museum, etc.,
or exchange and share it with other
users.
Collecting is a universal behaviour
in human culture. The process of
unpacking surprise and owning a
reward can build users’ self-cognition
and emotional connection to the BRT
system. According to a recent study
by Itamar Simonson, a professor
at Stanford Graduate School of
Business, “People are more likely to
begin a collection once they possess
two of one item. This is because
people begin to associate owning the
same objects with being superfluous

1 https://www.gsb.stanford.edu/insights/itamar-simonson-what-makes-people-collect-things

or superfluous. But don’t want to get
rid of something they enjoy? This
redundancy becomes about the to
the justify, and thus, a collection
ensues.1”

Database
While users are benefited from the
physical reward and psychologicalemotional experiences, the BRT
system can also increase its usage
without decreasing the ticket price.
In addition, as a digital bus card
system, the tarot system can collect
real-time data from the App, thus
providing an integrated database
platform that records people’s usage
of each station and the traffic flow.
By analyzing the year-on-year and
sequential trends of these data and
observing short-term to long-term
flow changes, the city of Curitiba is
able to observe the usage pattern
and evolving demographics of the
BRT system timely, so as to formulate
corresponding policies, operation
strategies, and new planning.
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Ticket Machine

Ticket Pass Plan

Persona Identification

Fragments of collection

Card Types

Print card

White card

Check in

PERSONAL
INTERACTIONS
In order to adapt to the gamified bus
card system, I designed new ticket
machines and ticket gates for the BRT
station where personal interactions
will happen.
The first design principle is to
simplify the card collection process
so that the game mechanics will
not compromise the efficiency
of passengers buying tickets and
checking passes, and the second
concern is making the process fun to
operate and observe by users.

The following is the scenario
explanation user will experience:
○ Firstly, the user comes to a ticket
machine and selects their preferred
ticket plans. Like all other public
transportation systems, they can
choose from various types of plans,
such as monthly pass, or pay per ride,
etc.
○ Different choices automatically
identify the user to different
personas, either tourist or citizen.
By default, the system assumes
that most passengers who choose a

monthly pass are citizens rather than
tourists, while those who choose pay
per ride are more likely to be tourists.
○ According to the plan selection
(and a hidden process of persona
identification), the bus card will be
divided into different numbers of
fragments. Tourists who stay for a
shorter time will get 15 fragments
per bus card, while the citizens
who live for a long time will get 30
fragments per card (correspondingly,
the rewards will be more after the
collection).

Collecting Pattern
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BRT Station
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Free/Discounted BRT Pass

Fresh Food

Museum Membership

Physical Card + Virtual Card

PERSONAL
INTERACTIONS
○ Different types of cards
correspond to multiple reward
options. For example, as shown on
the right page, six patterns of cards
matched with the physical reward of
discounted bus tickets, fresh food,
museum membership, bike rides,
donations, and related products.
○ Users can select the bus card type
they want to collect by pushing the
button on the ticket machine, or they
can skip this step and be randomly
assigned to a card type.

○ After completing the buying
process, passengers will be given a
white card.
○ The design of the ticket check-in
machine allows passengers to scan
the QR code on the back of the white
card to check-in.
○ While scanning, an embedded
Direct-to-Card-Print head in the
ticket gate machine will print the
pattern of card fragments collected
by passengers on the front face of the
white card.

In the whole process, passengers
don’t waste time on collection while
they can personally experience
the visual process and observe the
changes from a white card to a
designed pattern intuitively.
In addition, if passengers accidentally
collect other types of fragments, the
collection will be stored as a virtual
card in the BRT app. After collecting
the whole virtual card, it can be
printed as a physical one.
Top: Virtual Card App and physical card system

Free/Discounted Bike ride
Similar with Curitiba’s Trash Exchange program that citizens living
in different areas can exchange their
trash for different benefits, the Tarot
system designed six types of cards
to fulfil various needs of citizens,
families, and tourists.

Donation to BRT

Related BRT Brand Products

Top: Tarots Design
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8:00 AM

10:00 AM

5:00 PM

7:00 PM

PEOPLE

NORMAL CARD

8:00 AM

10:00 AM

5:00 PM

TIME CARD

7:00 PM

MIXED

URBAN
INTERACTIONS
In a 1991 article published in the
Journal of Social Behavior and
Personality, Russell Belk, professor
of marketing at York University in
Toronto, said that “the desire to
collect isn’t driven by a need to
complete a collection. You’re not
striving for that closure as much
as striving for bigger and better
collections,” he says. “That implies
some social comparisons -- that your
collection is in some sense better
than theirs.”2
Similarly, with the potency to

influence the city and users’
behaviour, the tarot system takes
advantage of the inducement that
people want to collect better cards
to encourage them to change their
schedule and routes and explore the
city differently. Similar to Pokémon
go, users can observe the types of
card fragments being refreshed at
each BRT station in real-time on the
app. The flow of people will change in
order to collect rarer cards.
For example, with the collection
system, tourists will explore the city

2 https://www.forbes.com/sites/jvchamary/2016/07/12/science-collecting-pokemon/#3c25523038c8

more than before. Tarots provides an
AR recognition collection method.
When tourists arrive at popular
tourist attractions, they will open
the camera in the app to scan
buildings. The camera can identify
the feature points of the building
and record the user’s visit to this
spot. Visitors who have visited all of
Curitiba’s recommended attractions
can get a special area card for
commemoration. Once they have a
sense of mission and purpose, it will
be more fun and easier for them to
stick to the whole journey.

Another special card is the time card.
During the hours before or after rush
hour, rare cards in BRT station will
be collected by tourists with a higher
probability. This design is to disperse
the flow of people, relieve the rush
hour congestion, and encourage
people to commute earlier.

Top: AR Recognition Collection

Bottom: Time Card Collection
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In this project, the main technologies
applied are QR code and direct-tocard printing technology based on
dye-sublimation and resin thermal
transfer.
In the ticket machine, different
card types are stored separately in
containers. Although all cards in
each card storage have a similar
appearance, the QR code data on
each type card contains unique
distinguishable data. A unique QR
code can be used to identify your
chosen card type and plan. Ticket
gate first detects the position
detection pattern, Timing Patterns,
and Alignment Patterns of QR code
through the camera. Then it reads
and encodes the Alphanumeric mode
and masks data of the code. The
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output recognizes the card type and
fragment pieces and is transmitted
to the embedded directly to a card
printing machine. The machine then
load the corresponding print patterns
and identifies a random point of a
white blank spot on the card (where
haven’t been drawn)
The print is conducted through a
Direct-to-Card printing technology,
which is also the most common
technology used by photo level card
printing. Its advantage is that it
allows the machine to print directly
onto the surface of a plastic card.
The printing happened by heating a
special colour ribbon under a thermal
print head, and the colour will be
transferred from the source to the
blank card.

Top: Section of the ticket gate

Bottom: Technology Flow chart
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Mobile Fresh attempts to address
the issue of food insecurity on the
peripheries of Curitiba. The project
has three parts: a metropolitan
mobility plan, a mobile app and
a vehicle designed to carry large
quantities of food which will also
function as a mobile food market.
The project begins by analyzing
the nutrition landscape of Curitiba
through the Cambio Verde (green
change) Program. The program was
initiated in 1991 and incentives locals
to exchange recyclable material
for fresh food. Food trucks visit
neighbourhoods on a biweekly
basis to carry out the exchange. This
model has been very successful and
replicated in other cities in Brazil.
The existence of a program which
incentives people to recycle by giving
them fresh food tells me that these
are the most vulnerable areas for
food insecurity because otherwise,
the incentive would not work.
The map on the right shows the
location of Cambio Verde exchange
sites in Curitiba and the spatial
pattern is striking. The program is
exclusively serving the peripheries
where fresh food is either unavailable

or unaffordable. The city however
already has an infrastructure which
reaches the peripheries efficiently
– the bus rapid transit network. For
decades, the BRT network in Curitiba
has been connecting workers on its
periphery to the business district and
the opportunities that come with it in
the core of the city. Food is not a part
of this system and that’s exactly what
the project aims to do – to marry
Curitiba’s best asset, the BRT network
to one of its emerging liabilities, food
insecurity on its peripheries.
The BRT network can be used to
transport food from the centre of
the city to its peripheries, using its
robust and efficient transit lines. The
advantage of that is twofold: firstly,
food is moved quickly from point A
to B. Secondly, the proposal acts as
a secondary supply chain network
to assist the current food delivery
mechanism to the peripheries,
reducing traffic in the city. Each
line in the BRT network has major
terminals on the periphery which can
house socially charged marketplaces
to receive the food and sell it. The
vehicles carrying food will make
long stops at these marketplaces

to unload their entire produce. The
network also has smaller terminals
along the route and the proposal
selects a few of these, to make
shorter interim stops, targeting
vulnerable areas in the city.
At these stops, vehicles would find a
parking location near the terminal,
make a stop and unfold into a
temporary, mobile food market. The
app finally ties the entire network
together: tracking vehicles, the
quantity of produce onboard each
of them and keeping schedules of
cultural events planned at each
market location.
The aim of the proposal is to change
the experience of procuring food for
disadvantaged groups in the city –
from lugging garbage to food trucks
every two weeks, to a metropolitan
level awareness of fresh food supply
chain mechanisms and weekly
trips to shopping locations that
are beaming with opportunities
to socially and culturally engage
with other residents from the
neighbourhood.
The next sections of this chapter will
focus on the design of the vehicle,
the capabilities of the app and the
technological intervention that
makes it all possible.

Bringing fresh food to the
peripheries of Curitiba
Right: Metropolitan Strategy Plan of the
proposal: combining BRT with food.
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62.2 lb
CORN
47.6 lb
BEETROOT
122.3 lb
CABBAGE

Top: market at the Santa Candida
Terminal.

85.3 lb
CAULIFLOWER

Right: the three layers of the mobile
app.

91.6 lb
PLANTAIN
87.3 lb
ONION
132.6 lb
CARROT

PERSONAL
INTERACTIONS
Mobile Fresh is designed to capitalize
on the social dimension of food –
the ability food has to foster social
interaction and community exchange
through the experience of preparing
it, consuming it or purchasing
it. Spaces for social and cultural
interaction can be created through
designating spaces at BRT terminals
on the outskirts of the city. Although,
the project does not design each of
these social spaces but works on
constructing the physical and digital
frameworks needed to enable and
sustain it. The proposal works to
answer the following questions that

communities on the outskirts of the
city are asking every day:
1. “Wouldn’t it be great if I didn’t
have to keep collecting recyclable
materials to have access to
affordable fresh food?”
2. “Wouldn’t it be great if I could know
when the truck is going to arrive and
what produce its carrying and how
much so I can plan for mine and my
family’s needs?”
3. “Wouldn’t it be great if when I
went to buy my food from the truck,
I could also meet people from the
neighbourhood that I don’t get a

chance to see otherwise?”
The image on the top shows a
designated market at the Santa
Candida Terminal in north Curitiba.
A resident of the city can find this
marketplace through the Mobile
Fresh app, know when the vehicle
is going to arrive, what produce it’s
carrying, how much of it is on board,
how many people are currently at the
market and what social events are
ongoing or planned for the future.
It’s a place where social interaction is
simulated with food as the nucleus of
the system.
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The vehicle is designed to ride low,
with large doors and windows to
allow people to board and deboard
with ease. The low height of the
suspension also allows the produce
racks to slide out with ease, which is
what creates the mobile marketplace
once the bus stops. The bus also has
a retractable shading device which is
stored in a case on the roof when the
bus is in motion. Once the bus stops,
an automated sensor is triggered
which unfolds the shading device
and slides the aisles out to complete
the marketplace. The retractable roof
is made of aluminium and fabric with
a simple modular design which is
easy to construct and take apart as
well as maintain. The two sections
of the vehicle are connected by a
soft separator which helps it expand
and contract in length, as well as
help with tight navigation. This will

Right: planometric and elevational view of the
vehicle.
Bottom: exploded axonometric showing how the
vehicle expands to create a mobile food market.

come in handy when the bus leaves
the BRT line to pick up produce or
park at a designated marketplace.
Since it makes two kinds of stops –
shortstops inside the city and long
stops on the outskirts, it is designed
to carry large quantities as well as
work as a mobile food market. The
space in the interior of the vehicle
is designed to optimize storage
capabilities with food aisles packed
close to each other. When the bus
stops, the aisles slide out and space
is created for people to move around
and pick from the racks.
The design of the aisles is geared
towards ease in mobility and supply
chain management. It is made from
steel because of its close contact
with moisture, preventing rusting
or corrosion and is designed to be
modular and easily maintained. Each

aisle contains six racks and each rack
is equipped with containers that
are sitting on weight sensors. When
produce is loaded into the vehicle,
the mobile app is used by the driver
to input details of the food like
what the produce is, where it was
harvested, who the farmer is, etc.
This information is displayed on the
digital screen on the rack and the one
on the bus, available for consumers
to see when they approach the
vehicle. This information, along with
the live location of the vehicle is
transmitted to the app to be seen by
consumers all over the city, intercept
the vehicle when it’s closest to their
neighbourhood and plan for their
needs and their family’s needs. This
is a simple digital intervention that
supports the supply chain aspect of
the mobile app.
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As a resident of Curitiba, all you have
to do is log on to the mobile fresh app.
The first thing you see when you log in
is the entire network – all the routes
and the live positions of all the vehicles
that are currently running. Depending
on where you live, you can tap on the
route that’s closest to you to see more
details. After selecting the route, you
can tap on each vehicle to see what the
ETA and get details of the types and
quantities of produce it’s carrying. This
can help you plan your visit and make
sure that the produce you want in the
desired quantity is available. The next
step brings in the dimension of social
interaction. You can check each location
to see what events are scheduled and
see heat maps indicating the number of
people present. Using the app, you can
find yourself at a location like the one
shown on the top left – buy affordable
fresh food while enjoying the benefits of
a vibrant, socially charged public space.

A Mobile Fresh food market in
Curitiba.
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In Paraná, between 2009 – 2010, the
number of cases of violence notified
reached 10,515. Of these, 70% were
committed against women, and the
municipality declared the most was
Curitiba, with 1,514 cases in 2010
alone.
--- <VICTIMS OF SEXUAL VIOLENCE
ATTENDED IN A SPECIALIZED SERVICE>
Curitiba is a relatively safe city in
Brazil. However, when it comes to
gender-based crime, it stands out
on the map (image 1). According
to the research “VICTIMS OF
SEXUAL VIOLENCE ATTENDED IN
A SPECIALIZED SERVICE,” 53.46%
of victims aged between 12 and
18, 94.65% were female, 53.38%
aggressor was unknown, 50.33% took
place at night. Unfortunately, only
19.54% completed the out-patient
follow-up.
Two vulnerable groups are residents
who need to walk at night and

tourists who like to walk on quieter
streets. We will use these two
examples as the main persona’s
in this research project. When the
resident transfers at one BRT station
at night, will the station protect her?
or give space for criminals? When the
tourist feels danger, who should she
seek help from?
We are looking for innovative ways
to address these questions. In this

already there but they have limited
resources, thus not able to respond
quickly. The reported cases are far
more than they are capable of.
We are not trying to optimize the
police system itself. However, we
have something much more powerful
in the city of Curitiba, a city with an
integrated transportation system.
The city is notable as being the first
of owning such a network around

the world. The Bus Rapid Transit
(BRT) system with a dedicated lane,
elevated tube station, and fast
boarding system inspires many other
cities around the world.
In comparison, the police station
is very limited in Curitiba. A central
police station can be policing
as many as 300,000 residents.
However, what about how we
utilize the advanced, widespread

“I feel safe every time I
see the BRT Station. It is a
symbol of urban safety.”
way, we should not add any pressure
to the existing police system. The
problem of the current policy is

Image 1 (bottom): Number of gender-based
violence cases in southern Brazil.
Data source: forumseguranca.org.br/
estatistica-2/

Right: This is a caption. It is tiny and small but
necessary.

Image 2 (bottom): Three general steps to use
the BRSecuriT: Registration, Alarm, and Response

BRT infrastructure? These BRT
stations provide not only physical
protection for residents but also a
network of support, due to their wide
distribution. Hopefully, this proposal
could provide a sense of safety for
citizens. These stations will connect
the citizens with police, bus, and
themselves, eventually becoming
the symbol of protection: every time

people see the BRT station, they have
a sense of safety.
The BRSecuriT is such a system,
implemented on the current
advanced structure of the BRT,
to assist police respond quickly.
Generally, to use the BRSecuriT, three
steps are needed: registration, alarm,
and response.
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BRSecuriT & Urban Safety
BRT stations, along with the whole safety system, are defined to
be the new local safety center. Social groups are generated, connecting female users in the same area.
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In this project, we envision users to
see the QR code on the bus, which
ensures you a “guard” on your way
home. That fits under the scan & GO
program. As shown on the left, Scan
& GO is a program to connect people
in the same destination. You can be
automatically paired with someone
or select your own “bus mate” based
on your filters. You can post your
request based on location, waiting
time, gender, etc. This matching and
partnering up with other users will
make it less likely that both of you
encounter danger. It is about creating
a social group where you can find
safety support. Also, during one’s
commute time, normally there’s
a lack of social interaction, but in

If you’re unable to pair with another
user, another system that could be
used is the SOS button, which is
integrated into the BRT application.
It is connected with the nearby users,
BRT stations, and local police. After
you press the button, it will report to
the nearby police and will direct you
to the nearest BRT station.

this system, we can also promote
interaction between users promoted
through the scan & Go system.
Also, it is a system open to the public,
you do not need to take the bus
to use it. The BRT station will be a
starting point for you and your “bus
mate” to pair and meet.

Image 8: A lady is running towards the BRT
station to escape from the criminal behind.

To reduce the risk of criminals using
the application, we ask everyone who
uses this system to register and be
verified through the government to
clarify their criminal history record.

×

Safe
House

Image 7: The SOS button on the BRSecuriT
application.

Image 3 (left): Scan & GO interface with Plaza
function and filter
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×

Image 9: A help button inside the BRT station.

SOS

Scan & GO

√

SOS

√
Image 11: After pushing the SOS button, the
police will provide help

Pair
If paired successfully, they can go
home together, or even virtually
look after each other. The goal is
to create social groups in every
neighbourhood. Beyond the system,
neighbourhoods will get more united
and interact. Besides creating a social
group, this will decrease local police
pressure, allowing police to address
more severe safety issues.

Image 4 (bottom): QR code on the floor of the
bus

Image 5 (bottom): QR codes on the seats of
the bus

Image 6 (bottom): People can also scan the QR
code in the BRT station

Image 10 (bottom): Two ladies get successfully
paired and go home together

The BRSecuriT is a system
implemented in the current
infrastructure. It’s not about adding
another police system to provide
safety. Instead, it optimizes the
existing police system.
When the police’s pressure is
decreased, they can respond to
requests more quickly. Excluding
the unnecessary investigation,
the police can focus on more new,
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Scan & Go

Scan

NEIGHBORHOOD BOARD

User

Bus Community

Crime Report
Level: Medium
Type: Attack
When: May.2 2019
Criminal: Local; In-prison
Click Here to See More Information.

EMERGENCY POST 2

Geo sense

Shelter

Crime Report
Level: High
Type: Attempted Rape
When: Jan.2 2019
Criminal: Local; In-prison
Click Here to See More Information.

Button

Bus Driver

HARASSMENT POST 1

Station
Emergency
Crime Report
Level: Low
Type: Harassment
When: Jun.2 2019
Criminal: Local
Click Here to See More Information.

HARASSMENT POST 2

Protection
Fast response

Tube
Normal

PAIR POST 1

SOS

APP
Police
PAIR POST 2

Anytime, anywhere
CCO

Auto-track
Crime Report

BRT Integrated

Level: Low
Type: Harassment
When: Jan.8 2020
Criminal: Local
Click Here to See More Information.

Crime Report
Level: Low
Type: Harassment
When: May.2 2019
Criminal: Local
Click Here to See More Information.

PAIR POST 3

Local
Federal

Image 12: The open-sourced map to indicate the crime type and frequency

Image 13: The information flow of the BRSecuriT

URBAN
INTERACTIONS
Urbanization is a movement from
the rural to the urban environment,
creating opportunities for personal
development. However, urban safety
has been an issue that is difficult to
address, especially in cities without
enough police resources. How do
we define urban safety? As the
“Urban Safety Brief” writes: Urban
Safety refers to the extent to which
a city’s inhabitants can live, work
and participate in urban life without
fear of bodily harm or intimidation.
It should be viewed as a complex set
of ever-changing and interconnected
problems related to:
The physical built environment,
Socioeconomic practices,
Systems (governmental, service
provision, environmental)

(Jayde Roberts, June 2018)
The street is the most commonplace
for environmental crimes. It has a
significant impact on what people
think of their city’s safety. The street
is an open public space for the
citizens to stand and be present. The
safety of streets is crucial for urban
liveability and social cohesion.
However, when a navigating
application gives path suggestions, it
only considers the time or distance.
What if we also consider safety as a
critical factor for path navigation?
With the BRSecuriT, we can collect all
the crime data conveniently from the
users. It was a long cycle for police
officers to follow up and receive data
from the victim in the past. Now, it’s
just a tap on the phone/ the button
inside the BRT station. Related video,

location, time will be saved and
uploaded to the cloud. On an urban
scale, the BRSecuriT can be an opensourced map of crimes.
Beyond that, this map can provide
a suggestion for urban planning
policy. Imagine a street corner in
the city centre is marked as highly
dangerous on the map. What could
be the reason for the high risk? Is
it because of lacking lights? Or is it
too far away from the main street?
Or is there no public transportation
passing? Answering these questions
can help us decide what’s the next
step to address the safety issue of a
particular area.

The Information flow is critical for a
system, as the “Flow of Information
in the City” says, In the present world
when much information overflows,
no one describes who should collect,
accumulate, edit, provide and
manage the information in the city
by what kinds of methods. It is an
urgent matter to clarify the general
structure of the information in the
city with consideration of each factor
and to apply to the modern practice
of urban planning and management.
(Rikuataro Manabe, 2015). It is crucial
to figure out who generates, collects,
transfers, and stores the data.
In the BRSecuriT system, users can
generate data (help request/ pair
request/ report of crime) by several
means: scanning the QR code, using
the application, pushing the help
button inside BRT stations. This

information will be sent to the
“neighbourhood board,” a local
information centre to process all the
data. After analyzing the types and
emergency levels, the neighbourhood
board will send requests to the
responding domains, including other
users, bus drivers, BRT stations, and
local police stations.
Generally, the information is
communicated between users.
In the harassment scenario, the
camera inside the BRT station will
record and label the section after
the user reports on the application.
The video clip will be sent to the
analyzing centre to determine if that
is harassment. If true, the harasser
will be recorded in the system, be
alarmed, and the bus driver will be
notified. In the next emergent level,
the information will be directly sent

to nearby bus drivers or stations,
alerting them or asking for help. In
the most dangerous scenario, the
data will directly be sent to the local
police (CCO, local, or federal based
on the type). As the diagram shows,
the pressure of police is decreased
because a majority of information,
which is unnecessary to be sent
to the police, is shared by other
domains.
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EMERGENCY POST 1

Social Group Support
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TECHNOLOGY
DESCRIPTION

“A smart
BRT
station
that can
protect,
connect,
record,
and
navigate.”

Image 14: The smart BRT station and its smart
components.

Low-cost
technologies
are
implemented inside the BRT station,
including surveillance, smart door,
help button, smart light, etc. The
surveillance provides evidence of
crimes and the live recording of
what’s happening outside in an
emergent situation. The smart door
slot and door lock together provide
fast shutting speed. The sensor on the

Image 15: The cloud-based application and its
components.

Image 16: Users’ mobile phone and its sensors.

door detects the user’s location. As
the user approaches the BRT station,
the door goes down step by step and
shuts instantly after the user enters
the station. The light will be turned
on when the user pushes the button.
It is a sign for the user to see from a
far distance.

calculation, and analysis. Together,
these components support a robust
safety application for citizens. With
users’ sensors on their phones, they
can communicate with the cloud, and
thus with the other domains.

All these data will be sent to the
cloud for storage, application,
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FEI XIONG
Fei Xiong is an interdisciplinary
designer working at the intersection
of technology, data, and urbanity.
He was an architect and currently
a student at the Harvard University
Graduate School of Design in the
MDes(Master in Design Studies)
program. In his first year, he cofounded a start-up company, which
captures and decodes human
behaviour in space and provides
integrated solutions for real estate
developers planning to digitize their
business. He is also a volunteer in
“Wuhan2020’’ program, working with
hundreds of people around the world
to establish several platforms and
provide support for medical staff,
COVID patients, donators, etc.

C6
RESPIRAÇÃO
by Viviana Wei

SENSEABLE CITY LAB, MIT
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The current COVID-19 pandemic has
emphasised further the importance
of public and personal health. So,
this project takes a primary focus on
respiration and asks the question:
How to make sure we breathe in good
air in the public transportation area?
It is no doubt a global challenging
question, the World Health
Organization estimates that 23
per cent of all deaths worldwide
are through being exposed to
environmental pollution. Air
pollution alone kills an estimated 7
million people worldwide every year.
Based on quantitative research
and the given report by the city
of Curitiba, unfortunately, the air
quality is not meeting the WHO set
guidelines.
The air is seen as poor in Curitiba
especially along the highly densified
BRT route, where the stations are
located. As shown in the report,
harmful pollutants like PM 2.5, PM
10(Particulate Matter), NOx(Oxides of
Nitrogen), and CO2(Carbon dioxide)
are threatening people’s everyday
life.
For this project, we create a persona
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PERSONA
named Adriana, a local citizen in
Curitiba, she feels suffocated every
time at the BRT station, she is now
feeling even more stressed during the
COVID-19. Her biggest expectation
is to stay healthy and breathe clean
air during and after the pandemic.
However, she always feels suffocated
at the BRT station because it is
always crowded.
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PROJECT
DESCRIPTION

Name: Adriana C
Age: 32
Status: Married, Mother Of 2 Kids
Income: $258/m
Location: Curitiba, Brazil
Curitiba, Brazil

Occupation: Grocery Store Worker
Years of Work: 6 years

The goal of the project is simple: let’s
make sure that we always get to
breathe clean air at the BRT station so
people like Adriana won’t be worried
any more.

Hrs Work: 7 hrs/day, 5 days/week
Commute to Work: BRT
Hobby: Running

Here I am proposing a smart microalgae system that responds to the
environment in real-time.

Expectations:
Stay Healthy And Breath Well During And After The Pandemic

The following content will be broken
down into 4 parts:
Part 1: Why do we choose micro-algae
as the primary solution to enhance
air quality?

Frustrations:
Feels Suffocated At The Brt Station As It Is Crowded All The Time

Part 2: How do the system work in the
overall structure and the technology
description?
Part 3: What are the personal and
urban interactions?
Part 4: Additional Visualizations for
Storytelling.

Curitiba BRT Route: City’s Worst Air Quality

Curitiba BRT Corridor Aerial View- A Foggy Day

“ I always feel suffocated
at the BRT stations.”
- Adriana C.

Image Source: Getty Image

Image Source: Getty Image
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Micro-algae is a large and
diverse group of oxygenic
microorganisms that have been
adopted by many design fields
for air purification purposes.
The material is a self-sufficient
ecological system, which needs
pollution and sunlight to grow.
They are using sunlight and
pollutants as their energy source
for growth and produce oxygen
as a result of photosynthesis.
Other produced algae biomass
and biofuel are good for the
environment. The idea is to
integrate micro-algae into the
BRT tube system as the “curtain”
of the station. Therefore, it
functions as the natural air
filtration system 24/7. The
overall structure and adopted
technologies will be explained on
the next page.
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WHY MICRO-ALGAE?

HUMAN

FOOD

ALGAE BIOMASS

WASTED H2O
PHOTOSYNTHESIS

SUN
CO2

MICROALGAE

BIOFUEL

O2
BIOPLASTIC

NOx

CLEAN AIR
POLLUTION

Algae Cycle System Diagram

CITY

Background Image Source: Shutterstock

Overall structure: This project is
combined with two components:
nature and digital system. The nature
layer is a micro-algae ecosystem.
And the digital layer is a hyper-local
on-demand air filtration system. They
work simultaneously.
The idea is to apply the micro-algae
system on the BRT station as the “cur
tain” along the wall. The micro-algae
only need sunlight and pollutants as
their energy source for growth and
produce oxygen as a result of photo
synthesis. Therefore, they can con
stantly improve air quality within the
station. Meanwhile, the environmen
tal sensors installed at the BRT will
detect the weather quality, collect
data, and provide feedback. When
the air quality gets bad, there is a
secondary emergency filtration
system that can be actuated on
demand
.
Installation: Inspired by Lego lights,
each microalgae tube is designed to
be easily removable and installed,
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System Architecture Diagram

Data Input:
An Environmental Monitoring System
Air Quality Sensor

Data Output Primary :

Data Output Secondary:

Algae Filtration System

On Demand Emergency Filtration System
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TECHNOLOGY
DESCRIPTION

CLOUD
Data Collection / Transfer
GIS System

+
NATURE

DIGITAL

Users Connected via IP / APPs

thus requires less maintenance.
Each microalgae tube consists of
the following components: The Led
and data connectors, the control
board, material for photobioreactors
(glass Pbrs, Polymer, and PMMA).
Each tube will be connected with a
3D printed connector, shown in the
modular tube system diagram on the
lower right. The goal for this design
is to have the microalgae tube to
be free-formed and easily installed
and connected with a 3D printed
connector, shown in the modular
tube system diagram on the lower
right. The goal for this design is to
have the microalgae tube to be free-

formed and easily installed.

Smart Algae Tubes / Control Board
On Demand Air Filtration System

Maintenance
The microalgae tube system requires
very minimal maintenance. As
mentioned above, each microalgae
tube is removable from its structure,
thus making the microalgae easy to
be recycled and replaced.

Smart Algae Tubes / Control Board
On Demand Air Filtration System

Material For
Photobioreactors:
-Glass Pbrs
-Polymer
Types Uv-Pvc
And PMMA

Control Board

On Demand Air Filtration System

Modular Tube System Diagram
Diagram1 (Up Left): Overall Structure
Diagram2 (Down Left): BRT Section
Diagram3 (Up Right): System Architecture
Diagram4 (Down Right): Modular Tube System

On Demand Air Filtration System

System Architecture Diagram

Microalgae
Tube

Microalgae Curtain

Smart Algae Tubes / Control Board

BRT Station 3

BRT Station 2

BRT Station 1

Led And Data
Connectors

Air Quality Sensor

Air Quality Sensor

Air Quality Sensor

Air Quality Sensor

data
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Lego Lights

“Lego” Connector
Type Sample 1
Nanoleaf Lights

“Lego” Connector
Type Sample 2
Installation Example
(Free Form)
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INTERACTIONS

A
Good
Moderate
Unhealthy for sensetive group
Unhealthy

Data Mapping

scenarios
Good
0 to 50

Moderate
51 to 100

Unhealthy for sensitive groups
101 to 150

Unhealthy
151 to 200

Data Visualization
There will be a visual feedback loop
at the station to inform the air quality
level to people using the attached
LED light changes from green as
good, yellow as moderate, orange as
unhealthy for sensitive groups, red as
unhealthy.

Orange: Unhealthy for sensitive
groups with AQI from 101 to 150.
Members of sensitive groups may
experience health effects. The general
public is less likely to be affected.

Green: Air quality is satisfactory with
AQI from 0 to 50. And air pollution
poses little or no risk.

Red: Unhealthy with AQI from 151 to
200. Some members of the general
public may experience health effects;
members of sensitive groups may ex
perience more serious health effects.

Yellow: Air quality is acceptable
with AQI from 51 to 100. However,
there may be a risk for some people,
particularly those who are unusually
sensitive to air pollution.

Additionally, the gathered data can
be integrated with applications
that people use daily. For example,
if people want to take a run-out,
“run keeper” APP through an API can

use these data so it can generate a
route that is safe to run in terms of
pollution. A daily personal interaction
for Adriana(persona) would be like
this: she arrives at a station in the
morning and begins to take the BRT
to work where she will be informed
with the air quality level generated
by the sensor. Under normal
circumstances, the natural filtration
system (microalgae curtain) will make
sure that Adriana will breathe in good
air. During a heavily polluted day, the
on-demand air filtration system will
be activated to ensure the same.

The goal of the proposal is to build
a participatory real-time sensor
network in the city of Curitiba to
gather air quality data (i.e. PM 2.5, PM
10, NO2, temperature/humidity) at the
hyper-local level. Each tube station
serves as a “hotspot” to gather realtime air quality data and estimates of
concentration for specific indicators.
The idea is to identify and understand
these “hotspots”, as they are areas
with high density of people, heat,
and traffic. If we can draw patterns
from the gathered data from each
“hotspot”( shown in the upper
diagram), we will be able to make
relevant strategic plans and actions
at the local level.
Once we have this hybrid system
installed in the city, we can monitor
each area of the city and activate
the filtration system according to
the needs. For example, if area A
shows relatively higher populationweighted exposure while other
districts are in good condition, we
only to activate the on-demand air
filtration system around location A.

An advantage of this is to minimize the
cost as we are now able to tell which
part of the city’s air quality needs to
be improved. At a larger scope, we
hope to use this approach to increase
public participation and awareness
of urban quality causes and effects.
Additionally, the gathered data can be
contributed through a cloud system
to the city and other environmental
initiatives for planning purposes.

Left: Visual Diagram On Different Pollution
Day
Right: Air Pollution Data Mapping Of The City
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replacement and maintenance

A REAL-TIME RESPONSIVE SYSTEM
/Sections
In this concept drawing, the micro-algae tubes spread out over the curved surface of the
station. And it will lead to a gradual creation of this rhizomatic structure in the long run.
Each micro-algae tubes are removable for replacement and maintenance. It is a real-time
responsive system for the current environmental conditions as the micro-algae behaves
differently under different environment.
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A REAL-TIME RESPONSIVE SYSTEM
/Perspective
In this concept drawing, the micro-algae tubes spread out over the curved surface
of the station. And it will lead to a gradual creation of this rhizomatic structure
in the long run. Each micro-algae tubes are removable for replacement and
maintenance. It is a real-time responsive system for the current environmental
conditions as the micro-algae behaves differently under different environment.
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VIVIANA WEI
Viviana is a master student at the
Harvard Graduate School of Design.
Born in Chengdu, China, she grew
up believing that change is the only
constant thing in life.

C7

Body Weight Planner
by Haoming Fu

She came to the United States
when she was 17 and studied in the
University of Washington where
she received her bachelor degrees
in architecture design and urban
planning in 2016. In the same
year, she realized her passion for
entrepreneurship and started in an
architecture visualization startup.
Meanwhile, she also worked full-time
for Perkins and Will. In 2018, she
quit the job and joined an NGO for
a volunteer opportunity in Nosy Be,
Madagascar. She lived there for a
while and helped design and build
the first school in the village.
Later, she came back to the states
and continued her master studies.
This Digital City Design Workshop is
her last course before her graduation.
And she hopes that this proposal on
air quality can help the city with its
transportation system planning. Her
plan afterwards is to return to her
hometown Chengdu and spend time
with her grandparents.

SENSEable CITY LAB, MIT
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PROJECT
DESCRIPTION

Right: Obesity and Overweight rate in Brazil between 2006 and 2018

Breaking down obese and overweight people

Problem Description
According to a survey completed by
the Health Ministry, the country’s
obesity rate went from 11.8% to 19.8%
between 2006 and 2018. Furthermore,
55.7% of the Brazilian population is
overweight in 2018, compared with
42.6% in 2006.
Overweight is reported to be high
among people aged between 55
and 64 and also with a lower rate
of educational level. Although,
the study shows that the two age
groups that increased the most in
obesity were: 24—35-years-olds and
35—44-years-olds. For these groups,
the indicator went up 84.2 percent
and 81.1 percent respectively,
compared to 67.8 percent in the
general population.
The Health Ministry notes that
one of the measures taken by the
government is to promote better
eating habits and forge new deals
with the food industry, committing
to reducing the amount of sugar
in products. This deal which was
signed in 2018, is expected to reduce
over half of the sugared beverages,

cookies, cakes, cake mixes, dairy
goods, and chocolate milk. 114k tons
of sugar is estimated to no longer be
used in products by 2022.
With Brazil’s economy growing
rapidly in recent decades, people
with more disposable income are
freer to pursue their desired lifestyle.
Burgers and sodas or vegetables and
fruits are equal choices for different

them are effectively losing weight
as many stay at a static weight, or
even gain weight. It is clearly very
difficult for people to change their
current lifestyle, even though they
understand that it is beneficial to
do so. The determinant is how much
they want to lose their weight and at
what price they would afford.

A system helping people
make exercise and diet
plans with health data
people who want to enjoy their life.

According to interviews, a great
portion of the overweight and
obese people are willing to lose
their weight and keep fit by doing
exercise. However, only a few of

To begin, we break down obesity into
age groups and analyze each group
to understand the situation further.
Certain people do not see overweight
as a problem, and some of them do
not realize that they are overweight.
They might think differently if they
measure their weight and the system

is able to give them feedback on
their health and weight. People who
want to start keeping fit without
any exercise experience, appropriate
personal guidance and coaching may
play an indispensable role to help
them. In my project, I will be focusing
on people with a moderate income,
overweight people.

then provide personalised plans to
keep fit. This will hopefully lead users
to develop the habit of recording
their health data periodically, gain
basic knowledge of life science and
sports science, compete with friends
by redeeming health points, and
more importantly, lose their weight
and improve their health.

Body Weight Planner

Curitiba is known for its highly
efficient BRT system connecting
the whole city. The BRT system
sends 2.3 million passengers to
their destinations every day, which
makes the stations one of the busiest
public spaces in the city. Setting up a
Body Weight Planner inside the BRT
stations has two main benefits. First,
the high flow of people makes the
devices reachable to the majority of
the population, providing the Health
Ministry with an abundance of fitness
and health data. Second, aligning
with the transportation system helps
Body Weight Planner know users’
daily location so that the markets,
gyms, and parks recommended meet
users’ needs effectively.

Body Weight Planner is a system
which aids to help people make
personal and professional exercise
and diet plans assisted by a data
collection process through sensors
in the bus station. This will intend to
make people care about their body
condition, record data and pursue a
healthier lifestyle. In addition, it could
collect people’s data anonymously
for the Health Ministry to monitor
city obesity rate geographically.
This project differs from the sugar
reduction plan from the Health
Ministry as Body Weight Planner
is committed to raise people’s
awareness of their body fitness and
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For this project, we create a persona
to storyboard through the experience
of the system. Our persona, named
Arthur is a 33 years old project
engineer, working at Mondelez
International. He is overweight and
has tried to lose weight for years but
has failed to do so. He purchased
a membership in a gym with his
colleagues but rarely went there.
However, recently, he has started
to use the Body Weight Planner
to monitor his health data and to
make plans of losing weight. Having
more consistent feedback on his
health was the catalyst to pursue
a lower body weight for him. Daily,
he was able to enter the station,
see how long his wait would be
for the bus, and then use the Body
Weight Planner system to see his
achievement.
A storyboard of the experience
would start with the user placing
belongings aside while they use
the system. Unfortunately today, it
turns out that the user has not lost
much weight since last week. After
conducting blood oxygen tests to
make sure he is in good form, he does
some test exercises to find his heart
rate. This result informs him that he
has improved his exercise intensity,
which means even if he does not
lose much weight, his body fitness
has been improved significantly.
As a result, a lot of health points
redeemed move him up to nearly the
top of the rank table.
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PERSONAL
INTERACTIONS
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Data Input Process

2. TAP CARD

3. BMI MEASURE

4. BLOOD OXYGEN TEST

5. EXCERCISE MONITOR

6. HEART BEATS

Input personal information
Data sharing agreement
Link transport card
Link facebook

Enter the bus station
Tap card of the device
Open App on the phone
Put the phone on the holder

Put your heavy stuff aside
Stand still for couple seconds
Height and weight measured
Data will be shown on the App

Put a finger inside Oximeter
Wait for seconds
Blood Oxygen percentage
will be shown on the App

Imitate actions from the tutor
in the App, Computer Vision
will correct your action
in case you get injury

Put your wrist into BPM
sensor. Wait for 30 seconds
Heart rate measured

App Personal Interaction

Data points collected such as
name, gender, birthday, and goal
to establish a profile. Then connect
Facebook and a transport card. The
checkbox on the bottom asks if you
are willing to share your data with
the Health Ministry.

In the statistics panel, all the data
monitored by Body Weight Planner
will be shown here, including BMI,
calories consumption, heart rate,
blood oxygen etc., along with the
history of data, if applicable. Tap the
transport card to wake up the Body
Weight Planner, put belongings aside
and standstill on the digital scale for
10 seconds to get Body Mass Index.

According to the bus estimated time
arrived, the app will arrange quick
and easy workouts around this
schedule. Users will be able to follow
activities on video with guidance
through headphones.
The front camera on the phone is
able to shoot you when you exercise.
Computer Vision technology captures
and analyses your motion, then
corrects you by voice, if necessary.

Easy and quick workouts in the
bus station clearly are not enough.
Following exercise, plans are shown
on the App with suggestions on
where to go.
Plans are made based on your data
collected by Body Weight Planner,
such as that heart rate determines
your maximum exercise intensity.
Gyms or Parks recommended are
based on your location and customer
reviews. The advertisement revenue
will be invested in expanding the
business.

Knowledge about eating effectively
will be shared via the App every day.
Recipe plans are supposed to be sent
according to your BMI updates. The
App tends to give you suggestions
about recipes and markets where to
get materials. Markets recommended
are based on your location and your
customer reviews.

If users follow the instructions of
the App, this could get you health
points - different actions get different
points. For example, if you are
walking to work rather than taking
a bus, you can redeem health points
for contributing to relieve the busy
transportation and doing aerobic
exercise for yourself. Points can be
ranked among your friends.
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1. SIGN UP
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Oximeter
IR LED

Sonar Range Sensor
Sonar sensor works by sending out
a sound wave at a frequency above
the range of human hearing. The
transducer of the sensor acts as a
microphone to receive and send the
ultrasonic sound. The sensor uses a
single transducer to send a pulse and
to receive the echo. It determines the
distance to a target by measuring
time lapses between the sending and
receiving of the ultrasonic pulse.

Artery
Vein

HEIGHT=5’11’’

Computer Vision
Computer vision tasks include
methods for acquiring, processing,
analyzing and understanding
digital images, and extraction of
high-dimensional data from the
real world in order to produce
numerical or symbolic information.
Understanding in this context
means the transformation of visual
images (the input of the retina) into
descriptions of the world that make
sense to thought processes and can
elicit appropriate action.

Red LED

The pulse oximeter works out the
oxygen saturation by comparing how
much red light and infrared light is
absorbed by the blood. Depending on
the amounts of oxy Hb and deoxy Hb
present, the ratio of the amount of
red light absorbed compared to the
amount of infrared light absorbed
changes. After exercise, clip it on to
a finger and turn it on at the press of
a button. It measures people’s blood
oxygen levels and pulse strength in
10 seconds. The data tells how much
the user can adapt to the exercise
intensity, letting the Body Weight
Planner know people’s capability
of doing exercise and make further
plans accordingly.

BMI=27.6
LED and Photodiode
Blood is red and it reflects red light
and absorbs green light. Green LED
lights paired with light-sensitive
photodiodes can detect the amount
of blood flowing through people’s
wrist at any given moment. When
heartbeats, the blood flow in
the wrist — and the green light
absorption — is greater. By flashing
its LED lights hundreds of times per
second, photoplethysmography
can calculate the number of times
the heart beats each minute, which
is heart rate. The optical heart
sensor can also use infrared light.
Photoplethysmography uses green
LED lights to measure heart rate
during workouts and to calculate
walking average and Heart Rate
Variability (HRV).

Computer Vision

WEIGHT=196lb

Green LED
Light sensitive
photodiodes
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DATA

DATA PROCESSING

Smartphone

Goal

Card Reader

Identification

Sonar Sensor

Height
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SERVICE
NutritionSuggestion

Devices in the tube

Diet Plan
Market & Restaurant

Record BMI
Digital Scale

Weight

Oximeter

Blood Oxygen
Before
Anaerobic Exercise

Digital Camera

Pose Correction

Customized Workout

Exercise Plan

Monitor Fatigue
Computer Vision

Prevent Injury

Gym & Park

During
Anaerobic Exercise

LED & Photodiode

Beats per Minute

Monitor Adaptability

After
Anaerobic Exercise

GPS

Location

Step Tracker

Step

Adjust Intensity

Online Consulting
Medical Service
Appointment

Redeem Points

During
Aerobic Exercise

Facebook Friends
Feedback Loop

Transport Card

Name

Facebook

Socialization

Visit Markets & Gyms?

Age

NAGATIVE
Adjust Intensity & Recipe

Link

Gender
Goal

Blood Oxygen

INPUT

SUGGESTIONS

OUTPUT

Device

BPM
Pose

Route

App

Height
Weight

Friend Rank

Habit to Record Data
BETTER FRIEND RANK

Award
POSITIVE

BMI

Step

Aerobic Exercise?

Heart
Rate

Anaerobic Exercise?

FEEDBACK
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Terminal: Four Body Weight Planner

Market

Gym

Park

Healthy

Overweight

Obese

Currently, how health department
monitors obesity rate is based on
sampling survey method. Sample size
is normally hundreds or thousands
in a city. Body Weight Planner allows
the Health Ministry gain abundant
public exercise health real time data
with locations.

Using the BRT system in Curitiba as
a tool can play an essential role for
the Health Ministry to detect health
data and its policy implementation.
As such an important public
infrastructure in the city, Curitiba’s
BRT system currently owns 1920
buses, 355 lines, and serves 2.3 million
passengers per day, which meets
92% of Curitiba’s integrated needs.
Setting the health data detection
system inside the bus stations has
the advantages of high-frequency
use by people, wide coverage of the
city, a better understanding of users’
behaviour, and cost reduction for
people going to gyms or hospital,
which can greatly improve the
efficiency of data collection for
the Health Ministry and provide
convenience for the users.
By the effort of making Curitiba
healthier from the government
and Health Ministry, several new
health projects are being piloted in
Curitiba lately. Saúde Já monitors
citizen’s health data by a device
installed at the entrance of the
bus stop. By sensing people’s hand
pressure and temperature, the
relevant department is able to learn
public health information and help
individuals make appointments with
doctors by a mobile application.
The key to the success of introducing
a health detecting system to public
transportation stations relies on
the following questions. Can people
easily accept and use the new
equipment in the stations? What is
people’s psychological defence level
of sharing their private data to the
Health Ministry? Whether the health
data reminder will make people feel
uncomfortable in a public space or
not. Do the busy bus stations have
enough room for the new monitoring
behaviour? Is the collective data

Small station: One Body Weight Planner

accurate enough for the Health
Ministry to collect?
By using health detection as an
analytic tool and using the device
as a medium to remind people of
their health status can help the
Health Ministry to continuously
collect massive up-to-date data
and review the effectiveness of
its policy implementation. The
feedback system can help the health
department learn what they should
do more or less to improve their
specific policy strategies. Which
neighbourhoods with a high obesity
rate lack public exercise space? Which
neighbourhoods lack sufficient
healthy food supplies, but too many
junk food restaurants provided? If
BRT expands to a larger scale, can
users in the suburbs adapt to the
health monitoring system, etc?
In addition, there are also certain

issues that need to be considered in
the long run. The Curitiba BRT system
is criticized for how it terminates at
the city limits rather than crossing
over into the poorer suburbs, while
low-income people in Curitiba show
a higher obesity rate. Meanwhile,
driving commuters’ data is also very
difficult to collect. Curitiba has the
highest vehicle ownership rate per
capita of any Brazilian capital city:
0.63 cars per resident, more than
twice the national average of 0.27.
How many obese people should be
monitored but can hardly be reached
by the current BRT lines? Whether
people in different regions have
different willingness to cooperate?
Will the health detecting process
negatively affect the rapid and
efficient transiting process? Whether
people’s use of the health system is
sustainable or not?
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HAOMING FU
Haoming Fu is from China, pursuing
a master in Design Studies degree at
Harvard. His academic interest now
is to explore the changing meanings
of Spomeniks (sculptures) in the
former Yugoslavia region over time.
He worked as a business consultant
in management consulting firms,
looking forward to making an impact
on thousands of consumers and
residents by influencing powerful
people. He holds a bachelor of arts in
design at Tsinghua University.

