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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 groundbreaking 
ideas and innovative real–world 
demonstrations. 

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. 

SENSEable CITY GUIDE
WORLD MAP

SENSEable CITY LAB – MIT – BOSTON
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by  David Newsome
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by  Jessica Jorge
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11Ben Guerir
Introduction
by Matthew Claudel

We live in the information age. 
Value, action and interaction are 
traded as information, and the 
oldest institution of knowledge 
transfer, the university, must respond.

Throughout history academia 
has been a crucial element of the 
city, and today – as digital culture 
pervades urban space – new modes 
of creating, sharing, and learning 
information can re-cast the university 
and its surrounding urban fabric. 

Our studio was challenged with 
this design provocation: What is the 
future of the university, and how is it 
integrated with the city of tomorrow?

Unlike previous workshops, which 
have addressed cities as diverse as 
Copenhagen, Cape Town and Wood 
Buffalo, the 2015 Digital City Design 
Workshop was sited in the Ville Verte 
Mohammed VI, Morocco – a city that is, 
in large part, still only a plan on paper. 

Sited between Marrakesh and 
Casablanca, in the midst of Morocco’s 
seemingly endless expanse, is a city 
in the midst of construction. But the 
Ville Verte is not entirely tabula rasa 
– it is adjacent to Benguerir, a small 
town along the highway that connects 
Morocco’s two major metropolitan 
centers. The town is commonly 
thought of as a rest stop, a place to 
stretch legs and get a bite to eat. 

With the new Ville Verte, Benguerir 
is being re-cast as Morocco’s hub 
for sustainably-focused research, 
production, and entrepreneurship. At 
the core of the masterplan is academia 
– phase one of the Ville Verte is a new 
university that will anchor future 
development. A beautiful structure 
has been designed by Spanish 
architect Ricardo Bofil as a context of 
education, life, and research for the 
knowledge community as it develops 

in the Ville Verte. Our studio team 
from MIT experienced the university, 
its classrooms, dorms and facilities, 
and met the pioneering first class 
of students. We also engaged with 
the existing town of Benguerir, its 
character, history and community. 

Design solutions span a breadth of 
scales and contexts, from the micro 
poster in a university hallway to 
macro connections between the 
Ville Verte and the existing Benguerir 
community. David Lee Newsome 
proposes a digitally active flyer 
board that echoes the richness and 
variety of MIT’s infinite corridor while 
harnessing the power of an online 
platform. The classroom itself is re-
considered by Jessica Jorge, becoming 
an elegant, responsive, dynamic 
outdoor pavilion for a variety of users 
and uses. With a nod to architect Bofil, 
Marcel Williams proposes a system for 
gamifying the entire campus, through 
integrating LEDs and promoting an 
educational ‘hacker culture’ among 
students. Finally, Marc Norman forges 
an education-focused transportation 
link to the Benguerir city center, 
through a network of bus stops that 
collect and distribute digital content.





SENSEable CITY LAB, MIT

B1
Launch Pad
 by Marc Norman
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«Young people in Morocco are full  
of ideas and are keen to contribute  
to society…» 49% of Moroccan  
youth are neither in school, 
nor the workforce.

PROBLEM
DESCRIPTION

A green city is rising in Morocco. The 
Ville Verte which sits approximately 
40 kilometers north of Marrakech will 
be LEED-ND certified and eventually 
accommodate as many as 90,000 
residents, researchers, students, 
businesses and visitors. In its shadow 
sits Benguerir, a small city noted 
for the quality of its cuisine and a 
popular stop on journeys between 
Marrakech and cities to the north.

In 2011 an unemployed man set 
himself on fire at the souk in 
Benguerir.  This came shortly after the 
highly publicized self-immolation of 
Mohammed Bouazizi in Tunisia which 
is widely noted as one of the sparks 
of the Arab Spring.

Issues cited for the protests 
and demands for change voiced 
throughout the Maghreb included 
a lack of economic opportunities, 
high unemployment rates among 
those under 25 and persistently high 
poverty rates.

Following the events in Benguerir 
and other sites throughout Morocco, 
pledges were made to provide 
new means to engage with the 
government and also to provide 
economic opportunities and social 
mobility for struggling citizens.  

Social Scientist, Gloria La Cava World Bank Survey Report, 2012

The region in which Benguerir sits has 
some of the highest unemployment 
and poverty rates in the country. 
LAUNCH PAD endeavors to help that 
transformation become real. 

The new EMINES - Université 
Mohammed VI Polytechnique 
rising at the heart of the Ville Verte 
is a collection of new campus 
buildings, dormitory facilities and 
eventually housing, retail and 
businesses.  This ecological and 
educational oasis holds the promise 
to provide opportunities not just 
to its inhabitants, researchers and 
students, but to a much wider public 
struggling to find educational and 
economic opportunity.
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We can create a LAUNCH PAD for 
learning, leveraging transportation 
infrastructure and utilizing digital 
technology to reduce physical and 
psychological distances between 
people. The Polytechnique’s educated 
and motivated populations can 
engage with the city and have a 
transformative effect on people’s 
lives. 

LAUNCH PAD (Aire de Lancement, in 
French) reimagines planned stops 
along future shuttle routes as public 
space – providing seating, a shade 
structure and information displays 
– while also embedding both digital 
and physical educational techniques 
into the public realm.  

The physical distance between 
Benguerir and the Ville Verte is 
small; the social and psychological 
distances are vast. The LAUNCH 
PAD can reduce these distances 
by  creating engaged interactions 
for researchers and the potential 
to transform lives of residents.  
Providing an interface that can 
address the gaps in educational 
attainment, wealth and access to 
knowledge holds the promise of 
launching a new era for Benguerir 
and a prototype for the Moroccan 
republic.

Proposed route map for Ville Verte shuttle system 
connecting Cite OCP, and Université Mohammed 
VI Polytechnique to the city of Benguerir. Source: 
Groupe Jacobs, Phase 3, Poursuite du Scenario 
Retenue, 2014.

Benguerir lies just 4 kilometers from 
the Ville Verte and the Université 
Mohammed VI Polytechnique that  
is its heart.

A LAUNCH PAD FOR 
LEARNING 
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The LAUNCH PAD builds on the 
existing plans for shuttle routes 
between the Ville Verte and the 
city of Benguerir.  Stops along the 
planned route will have embedded 
technologies that can transform 
what is typically a sheltered, forward 
facing, single use structure and 
reimagine it as an information center, 
public space, library and outdoor 
classroom.  

Benguerir provides an ideal site 
for testing the LAUNCH PAD.  
Transportation studies show a 
varied modal mix with pedestrian 
transport the largest element.  Of 
non-foot traffic trips in descending 
order the population of Benguerir 
uses two wheeled vehicles, carts, 

CONDITIONS EXIST 
TO ENGAGE A BROAD 
POPULATION

taxis and lastly buses.  This traffic 
configuration actually creates the 
opportunity to rethink the bus stop 
as not just a waiting area, but as 
public space.

With sensing and display 
technologies, information related 
to bus arrival or route maps can be 
placed strategically, diminishing the 
need to orient views and seating 
toward the street.  
It can reshape and reimagine 
the classroom,  the library and 
the public square, fostering new, 
engaged learning techniques and 
incorporating real time feedback 
loops for each party, via sensing 
technology and a digital interface.
The LAUNCH PAD can be configured 

for human interaction, for optimal 
solar orientation to maximize 
comfort with shading strategies.  

Given that a majority of people will 
be using modes other than the bus, 
LAUNCH PAD also appeals to foot 
traffic: a space to linger, to learn, to 
power up and to interact. The café 
culture that is an integral part of 
Moroccan life can be manifest in new, 
wired public space embedded with 
technology. 

Building an environment meant 
for comfort and lingering can be 
a starting point to enhance skills 
for the residents of Benguerir and 
create interaction with the students 
and researchers at the Ville Verte. 
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The space will host many different 
personal interactions, including 
people waiting a few minutes for 
the next shuttle to those lingering 
for extended periods as part of their 
journey, resting or enjoying lunch.  
Oriented as much to the sidewalk as 
the street, the LAUNCH PAD will draw 
in a wide audience.

IMAGINING A LAUNCH PAD  
FOR INTERACTION, 
ENGAGEMENT AND LEARNING 
POPULATION

LAUNCH PAD reimagines not only 
the bus stop, but  the classroom, 
the library and the public square, 
fostering new, engaged learning 
techniques incorporating real time 
feedback. Means of transport for daily trips during the 

work week in Benguerir are multi modal with the 
majority being on foot.  Source: Groupe Jacobs, 
Phase 3, Poursuite du Scenario Retenue, 2014.
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LED displays will provide transport 
information including time 
schedules, bus arrival times, 
destinations and public service 
announcements.  

Sensing technology will also 
provide information related to 
temperature, humidity and future 
weather conditions. The LAUNCH 
PAD interface will also provide short 
lessons on a variety of topics created 
by students and researchers at the 
Polytechnique.  

Sample topics might include 
business math which will help 
vendors; the mechanics of mobile 
payments and how to get started, 
language instruction or techniques 
for sustainable agriculture.  A 

LAUNCH PAD AS A NEW 
PUBLIC COMMONS FOR THE 
REGION 

Kinect system will be deployed, 
allowing for interactivity between 
people at the Launchpad and those 
at the Polytechnique, via display 
terminals.  Information related to 
head counts, number of interactions 
and time signatures can be fed 
back to the researchers to allow for 
modifications of lessons, times of 
day, and content.  

While content will be generated 
by students and researchers at 
Polytechnique, the Kinect system 
will also allow for specific times 
where users of the LAUNCH PAD 
can communicate via the display 
screen with researchers directly.  
This will allow the ability for users to 
bring specific questions and share 
knowledge directly. 

Those LAUNCH PAD visitors 
who might want further one on 
one instruction and interaction 
with a student or researcher at 
the Polytechnique will have a 
mechanism for asserting this 
desire and scheduling times. 

Classes from the Polytechnique 
will also be able to use the 
LAUNCH PADs as outdoor 
classrooms, tweaking content, 
testing the system and getting 
in-person feedback from users 
in the city of Benguerir.  

The display system and 
interactive mechanisms will 
allow everyone – even those 
without smart phones – a way 
to engage and learn.

The physical elements of the Launch Pad will 
provide comfort, protection from the elements 
and gathering spaces in a non transactional space 
open to anyone.

In essence the Launch Pad recreates familiar 
spaces, but reimagines them for a broad audience 
and for outdoor spaces where diverse groups can 
gather.  This mixing is part of a larger plan to create 
content of various kinds for visitors and let them 
experience learning in a variety of different ways.

Users needing travel information will be able  
to take advantage of the amenities while also  
being alerted to bus arrival times, route maps  
and destination information.  Additionally,  
a host of digital elements will provide an engaging 
environment that will foster lingering.

A Variety of Ways to Plug In
Information Display Kiosks
Motion Sensing Displays 
(Kinect)
Lighting
Charging Stations
Solar Generators
Wireless Access

Varied Layouts for Engagement
Semi Private Spaces
little Free Library
Fixed Seating
Movable Furniture
Shade Canopy
Work Surfaces
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The LAUNCH PAD’s shade canopy will 
incorporate solar panels to power 
the digital displays and also provide 
charging stations for users in the 
area (220 and 240 volts AC outlets and 
USB hubs). 

LED display screens mounted on the 
posts of the canopy will provide real 
time information on bus locations, 
arrival times with connecting 
information for other bus lines, and 
ONCF trains.  The screens will be  full 
height displays able to withstand 
outdoor conditions with 1920x1080 
pixel display and brightness of 500 
Nits to account for generally sunny 
conditions even under the canopy.  
The screens will be wifi enabled with 
the ability to upload MP4 video and 
download and execute web and 
smart phone applications. 
Multi-channel displays will allow for 
travel information to be displayed 
simultaneously with the times of 
educational courses and educational 
programming.   

TECHNOLOGY
DESCRIPTION - THE DIGITAL 
AND THE PHYSICAL

Inputs behind a locked panel would 
include: HDMI, VGA, Component, RF 
(aerial), S-video, Composite (RCA), 
Audio left/right (RCA), RS232 and USB.  
Outputs also behind a locked panel 
would include: Audio left/right (RCA), 
Speaker cables.  A host of outdoor 
screen manufacturers produce LED 
display Screens for Use in Extreme 
Conditions taking into account 
Water, Moisture & Condensation. 

Screens will also contain internal 
components that are temperature 
controlled for extreme heat and 
cold (outdoor temperature ranges 
from -24F to 122F). For the bright 
conditions the displays will have 
anti-glare film for high TV screen 
visibility.
 
The technology that conveys travel 
information would pull from existing 
feeds of ONCF train schedules.  For 
bus arrival and location information, 
each shuttle would be outfitted 
with a GPS system to localize it.  

This system would be monitored 
by the transportation office at the 
Polytechnique.  

A Kinect system will be mounted on 
the canopy at an angle that allows an 
area of at least 5’x 8’ (40 square feet) 
as an area for interaction.  A simple 
painted outline will demarcate the 
area.  The Kinect system uses the 
following elements: microphones 
and voice recognition, 3-D infrared 
and CMOS depth sensing cameras, 
a vision camera, and color sensors 
for RGB imaging. These elements 
allow for: Skeletal and facial tracking, 
gesture recognition and voice 
recognition. Together, these enable 
feedback between users of the 
LAUNCH PAD and researchers at the 
Polytechnique.  

LAUNCH PAD TECHNOLOGY
ELEMENTS

The technical elements of the LAUNCH PAD 
connect the University to the shuttle stop 
and convey information both to and from the 
LAUNCH PAD. GPS enabled buses will provide 
information regarding arrival and departure times, 
and route locations.

The Kinect system will use sensing technology 
and internet connections back to the University  
to upload content, track usage and  .communicate 
directly with users of  the LAUNCH PAD.  
A little free library at the site will be stocked with 
materials aligned with lessons available on the 
display terminals.
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The students at EMINES School 
of Industrial Management will 
be the next leaders in Morocco, 
from government to agencies and 
businesses.  Content would be 
generated by the courses at the 
Polytechnique and incorporated into 
student assignments. 

The LAUNCH PAD will provide direct 
training and engagement, building 
skills such as public speaking, 
drawing in an audience, create 
interactive content and conveying 
information to a broad population.  
Students would build public 
speaking skills tied to real world 
situations and presentation skills 
that will be crucial in their future 
careers. 

Short lessons will be created 
digitally, using straightforward 
Slideshare tutorials that provide 
guidance in how to create Kinect 
learning tools to the students of the 

CREATING CONTENT TO TRAIN 
NEW LEADERS AND LAUNCH 
NEW LEARNERS

Polytechnique.  1-3 minute segments 
would be first recorded, beta tested 
in a controlled classroom, and finally 
uploaded to the displays at the 
LAUNCH PAD.  

In order to bridge the divide between 
researchers and residents this 
approachable technology facilitates 
entertaining interactions through 
a user interface natural to human 
beings: gestures, facial expressions 
and speech.  The Kinect provides a 
visual, experimental environment for 
learning and participation, bridging 
the digital/physical divide. It is 
suitable for various user groups who 
may not be able to use technically 
demanding user interfaces.

Added benefits include a wealth of 
data such as: number of participants, 
length of engagement and popularity 
of different types of content.  This 
data could be used to adjust the 
duration and types of lessons placed 

at the LAUNCH PAD.  The Kinect’s 
detection system can provide data 
on the number of learners, their 
level of engagement and also be 
incorporated to solicit feedback 
on the utility of the educational 
materials.  

The Kinect system (ready to deploy 
for less than $200 USD) becomes a 
powerful tool for interaction and 
feedback.  With a user group that is 
less likely to have digital learning in 
the home or smart phones in hand, 
it is a way provide educational tools 
that can be accessed on demand 
with just the wave of a hand while 
also being a way to test skills and 
link two distinct groups in Benguerir.  
The Kinect also provides the ability 
to access hundreds of pre-existing 
applications for immediate 
deployment, to provide exercise, 
gaming and other content.   
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22 DIGITAL CONNECTIONS 
FOSTER PHYSICAL 
CONNECTIONS BETWEEN THE 
VILLE VERT AND BENGUERIR

Fully deployed the LAUNCH PADS 
hold the promise of not only bridging 
the distance between the Ville Verte 
and Benguerir, but also enhancing 
the urban fabric between them.  

A new way of engaging the public 
realm can draw learners, residents, 
vendors and travelers and ultimately 
generating economic development 
along the shuttle routes.  
As LAUNCH PADS increase in number, 
a digital and physical path can 
develop that allows communication 

between the pads.  Similar to library, 
a branch network can develop 
with an ever increasing amount of 
sharable content.   
In an open and accessible 
environment those without 
educational opportunities will 
be able to gain new skills and 
have increased access to job 
opportunities.  At the Ville Verte, 
connections will be made to 
create a true, green city and a new 
engaging pedagogy to train future 
leaders. 
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«Remember that it is not where you 
come from, or not even where you 
are; it is where you are going that 
matters most.»
Bo Benne
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Marc has dedicated his career to 
finding remedies to inequality and 
promoting economic development 
and social justice through innovative 
financial strategies paired with 
community development and design. 

As director of UPSTATE, a Center for 
Design Research and Real Estate 
at Syracuse University School 
of Architecture, he supported 
mechanisms that reduced the 
cost of housing, expanded access 
to education and employment 
opportunities and promoted health.

With a background in real estate 
development and finance, Marc, 

MARC NORMAN

works with architects and housing 
and transportation professionals 
to capture the best practices from 
multiple fields to achieve supportive 
integrative neighborhoods. 

He has worked for for-profit and 
non-profit organizations, committed 
to community development and 
affordable housing. He has taught 
courses on real estate and housing 
policy  and implements initiatives at 
UPSTATE: in collaboration with City, 
State and University partners. 

He is currently a Harvard Loeb Fellow 
for the 2014-15 year at the Harvard 
Graduate School of Design.

MIT team Benguerir with OCP colleagues  
at School of Industrial Management.

Université Mohammed VI Polytechnique. 
March 2015. 
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26 PROBLEM
DESCRIPTION

The students and faculty of 
Université Mohammed VI 
Polytechnique face an exciting 
yet daunting opportunity. As the 
inaugural community of scholars at 
Morocco’s newest university, they 
will shape the school’s culture for 
future generations. They have already 
demonstrated their entrepreneurial 
spirit – through their willingness to 
participate in a new institution – as 
well as their intellectual curiosity 
– through their dedication to the 
rigorous and varied curriculum. In 
this context, the challenge then 
becomes: how to ensure that these 
nascent qualities persist into the 
future, as the university grows with 
each successive class of students and 
additional faculty. 

One specific area of consideration 
is how students and faculty will 
engage each other to identify and 
explore new interests, especially as 
the school’s population increases. 
Students already have very full 
schedules and rely heavily on e-mail 
for course related communications, 
administrative announcements, 
and personal correspondence. 
Consequently, e-mail is effectively 
“washed out” by sheer quantity, and 
becomes an insufficient medium for 
advertising – additional messages 
may go unread and ignored.

Many universities around the world 
meet this need with message boards 
where student groups, professors, 
and administrators can post 
information in highly visible places. 
These boards encourage groups to 

be innovative in their messaging and 
enrich the campus experience with 
visually interesting and informative 
materials. Because content is 
completely public, visible to anyone 
in physical proximity, message 
boards help members of the campus 
community discover new activities 
and events that they may not have 
actively sought out. They are an 
agent of serendipity. Screens, which 
already exist throughout Université 
Mohammed VI Polytechnique, are a 
related digital medium.

Neither medium meets the 
University’s needs, however.  The 
chaotic messiness of message 
boards has a strong appeal in older, 
established universities (such as MIT), 
but clashes with the clean, simple 
aesthetic of the Ben Guerir campus. 
Furthermore, message boards waste 
paper as well as time, requiring 
student groups and campus staff 
to post or remove materials and 
ensure adherence to school rules. 
Screens address some of these issues 
but add artificial light in a setting 
with abundant sunlight and may go 
ignored given the ubiquity of screens 
in school life. Finally, both media 
share information in one direction 
only – observers cannot respond and 
may quickly forget the content.
In light of all this, Wall Posts enable 
dynamic, public, information-sharing 

that respects the local context and 
promotes technology at Université 
Mohammed VI Polytechnique. Wall 
Posts are Mirasol-enabled panels 
that can recreate the energetic 
dynamism of bulletin boards 
while eliminating paper waste and 
reducing time spent posting or 
removing messages. Furthermore, 
they provide the flexibility of screens 
but with significantly less energy 
and no eye strain or screen-fatigue. 
Most importantly, they contain 
Radio Frequency Identification 
(RFID) infrastructure that interfaces 
with University ID cards for active 
engagement through two-way 
communications.

Students and staff can use Wall Posts 
to promote and respond to activities, 
events, and ideas in the physical 
space of the campus rather than on 
phones and computers. Additionally, 
student groups and school 
administrators can use the Wall Posts 
network to better understand how 
information is shared around campus 
in order to inform future campaigns. 
As Université Mohammed VI 
Polytechnique grows in future years, 
Wall Posts will be an essential part of 
how community members interact 
with each other and with the school, 
ultimately becoming an emblem 
for the University’s dedication to 
technology and innovation.

Wall Posts enable dynamic,  
public information sharing.

A comparison of the hallways of the Massachusetts 
Institute of Technology (top) and Université 
Mohammed VI Polytechnique (bottom).
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Screens generate artifical light and 
typically  display one message at a time

Screens can be used in conjunction with 
other media

Message boards display a broad range of 
information

Message boards can become messy when there 
is too much content or posters are not secure

Static signs are very effective at sharing 
information but are difficult to change

There are very few ways to respond to 
information on a message board

Large blank walls can create a sense of 
sterility and make the campus less inviting
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PERSONAL
INTERACTIONS

Personal interactions with Wall Posts 
encompass three distinct experiences 
– those of the creator, the observer, 
and moderator. For the creator, 
Wall Posts offer an opportunity to 
promote events, advertise activities, 
or find new members (without – or 
in addition to – relying on e-mail and 
social media as is today’s common 
practice at Université Mohammed 
VI Polytechnique). For example, 
a group of students may want 
construct a solar powered car. They 
are interested in finding additional 
students and even faculty who are 
interested, so that they can build a 
team, exchange information, share 
resources, and work collaboratively. 
Rather than sending an e-mail to 
the entire student body, which may 
be hastily deleted, they can instead 
create a poster with the relevant 
information. 

The creator would make a Wall Post 
poster in the same way as a paper 
poster – using a computer graphics 
program or scanning a hand drawn 
image. However, instead of wasting 
time and resources printing out 
dozens of posters, walking around 
campus, and posting them on 
physical boards, the group can 
simply submit the poster to an 
online system where they can select 
where to post the information and 
for how long. They can “tag” their 
poster on the system with relevant 
categories to facilitate later searches 
by observers, and they can also set 
up calendar invitations or e-mails to 
be sent to individuals who interact 
with the poster (the default would 
be simply sending the observer a 
digital copy of the poster via e-mail). 
The creators will thus have produced 
a relevant piece of content that will 

be seen throughout the campus, and 
there is a clear system for interested 
people to respond to the posting. 
With this information, accessible by 
the online system, the group can plan 
for the right number of participants 
(and reserve and appropriately sized 
meeting room, for example) and send 
additional messages to everyone who 
is interested.

As content observers, students 
walking around campus observe 
colorful posters showing what events 
and opportunities are happening 
on campus and in Ben Guerir. Thus 
they are able to learn about events 
as they walk through their physical 
environment, rather than sitting in 
their dorm rooms sorting through 
promotional e-mails or hoping to 
hear about events by word-of-mouth. 
Furthermore, because Wall Posts use 

See 
Similar

My Wall 
Posts

See 
Similar

My Wall 
Posts

STUDENT 

ID
CARD

Preview
Send 

to Wall 
Posts

NEW INVITE!
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Mirasol rather than more common 
back-lit screen technologies, they are 
a welcome sight for, perhaps literally, 
sore eyes.

If a student passes a Wall Post 
where the poster about the solar 
powered car is posted and she is 
interested, she can now express her 
interest and save the information 
by simply tapping her student ID 
on the relevant poster. This quick 
motion uses her ever-present ID 
and can occur quickly in passing, 
rather than requiring her to pull out 
her phone, open an app, and either 
record the information manually or 

take a picture for later interpretation. 
Immediately upon tapping Wall Posts, 
she will receive an e-mail with all of 
the relevant information and even a 
calendar invitation if the organizer 
has that functionality enabled. She 
will also know that the students in 
charge have received her contact 
information so she will hear about 
any updates or changes to the 
activity.

In addition to tapping on a Wall 
Posts poster that interests her, a 
student can also tap on a section 
marked “My Wall Posts” or “See 
Similar.” The former brings up all 

Wall Post posters that the student 
has created or has tapped for easy 
reference. As a person’s “My Wall 
Posts” becomes too cluttered, they 
can remove posters using the online 
Wall Posts system. Tapping on “See 
Similar” adjusts the Wall Posts to 
bring forward any active posters 
which share tags with the most 
recently tapped poster. The other 
posters on Wall Posts are moved to 
the side, so that other students can 
still interact with them, although 
the Wall Posts view can only be 
“customized” for one student at a 
time and automatically resets itself 
to the default view after 60 seconds 
of inactivity.

Finally, content moderators also 
interact with and benefit from 
Wall Posts around the University. 
Moderators will first of all maintain 
the physical and digital systems 
and provide support for groups who 
want to use the system. They can also 
centrally monitor what materials are 
posted and for how long. This affords 
a great advantage over traditional 
bulletin boards where staff must 
manually remove outdated fliers or 
inappropriate content. They can also 
track which boards are generating 
the most “taps” and subsequently 
plan for future installments. 
Ultimately, this will support campus 
planners in understanding how the 
community is circulating through 
the space and which areas are most 
efficient for sharing information.

Poster
E-mail 

All

See 
Similar

My Wall 
Posts

See 
Similar

My Wall 
Posts

Tap Wall Posts to receive  
a personalized info message.

Custom views allow observers  to see similar 
posters to the one they have most recently tapped 
or their saved posters (Icons by Freepik from  
www.flaticon.com).
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DESCRIPTION

Wall Posts use existing technologies 
in new ways and will require 
minimal staffing to support them 
after installation. There are two 
new components of Wall Posts – 
the virtual system online and the 
physical boards across campus – 
and one existing component – the 
ubiquitous university ID cards.

The online system is where content 
creators upload and monitor their 
posts, observers adjust their “My 
Wall Posts” settings, and moderators 
review content and analyze the 
system’s effectiveness. For content 
generation, creators will design 
posters by drawing them manually 
and then scanning them or creating 
them with design software. 
Consequently, there are no new 
technical requirements for content 
creators or expectation that they 
have programming or computer 
science knowledge. Additionally, 

this crowd sourcing of content 
generation means the Wall Posts 
will be full without any single group 
needing to worry about content 
creation.

Using the online system, hosted 
on Université Mohammed VI 
Polytechnique’s secure servers, a 
content creator would upload their 
file and preview it to ensure proper 
dimensions and formatting. They 
would then be able to choose where 
to place the poster using a campus 
map that shows all of the Wall 
Post locations and available space 
(some Wall Posts may be dedicated 
to specific groups, and some may 
become too full to accept additional 
more posters). The creator would 
also determine how many days the 
poster will be on Wall Posts and add 
any tags to describe the content, so 
that observers can find the poster 
when they search for similar ones. 

Additionally, the creator would 
be able to set up options for what 
happens when an observer taps 
the poster, including e-mail or text 
messages or calendar invitations 
(the default will be an e-mail simply 
including a copy of the poster).

This online system would have a 
number of “behind the scenes” 
features in addition to serving as a 
user interface for Wall Posts. Firstly, 
to facilitate the role of moderators, 
it would contain text recognition 
software to flag potentially 
inappropriate content for review. Also 
as a help to moderators, the system 
will track how long posters have 
been on Wall Posts and automatically 
remove them when their content 
has expired (after a meeting or a 
performance). The system would 
also link to a database of all posters, 
tags, notification information, and 
Wall Posts locations, in addition to 
directory data, such as student ID 
numbers, contact information, and 
“tapping” patterns.

Traditional screens emit light. Mirasol-enabled 
Wall Posts refect it.
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The Wall Post boards themselves 
are the most critical piece of 
infrastructure and will represent 
the majority of the cost. However, 
they are within the scope of existing 
technology and costs are likely 
to decrease in future years as 
technologies improve. The display 
will be a light-reflecting technology 
rather than a traditional screen, in 
order to eliminate glare and make 
the experience “calmer.” Qualcomm’s 
Mirasol Display is one promising 
technology that suits the needs of 
Wall Posts and will become cheaper 
and faster as innovations related to 
the technology continue.

Mirasol Displays consist of 
small, movable mirrors below 
an interferometric modulation 
screen, separated by an air gap. The 
interferometric modulation screen 
consists of pixels and RGB subpixels 
which control what wavelength of 

light an observer sees reflecting off 
the mirrors. The mirrors themselves 
are movable to adjust the brightness 
or darkness of a pixel based the size 
of the air gap between the screen and 
mirror. The final result is a crisp, low 
energy, color image.

These boards are thin enough that 
behind them an array of Radio 
Frequency Identification (RFID) 
readers can interact with University 
ID cards through the board. These 
RFID readers constantly emit radio 
waves that register University ID 
cards and generate a current within 
the cards’ RFID tags. An activated 
ID will return a signal to the reader, 
which alerts the Wall Post to who is 
tapping. By sensing which signal is 
strongest, the board can determine 
which of the RFID readers is being 
engaged and trigger the programmed 
response for whichever poster is 
displaying in front of the RFID reader.

University ID cards are already an 
important part of campus life, with 
a range of uses including library 
rentals, access to dorms and facilities, 
and purchases at the cafeteria. 
These functions are enabled by the 
embedded RFID tag system, which 
is the backbone of the Wall Posts 
technology. Consequently, this new 
system adds functionality to the IDs 
without requiring any additional 
investments in card infrastructure.

ID System

Poster Data

Smart-
phones

TagsCampus

Wall Posts
Similar

STUDENT 
ID
CARD

WALL POSTS 
SYSTEM

Wall Posts use the University’s ubiquitous high 
speed internet to link to a cloud based server 
which can interface with poster information 
(including tags, student ID information, 
individuals’ smartphones, and spatial campus 
information. (Icons by Freepik from  
www.flaticon.com).

Glass and film Reflective surface Air gap

= one sub-pixel

Mirasol displays consist of pixels and sub-pixels 
made of colored film and microscopic mirrors. 
The height of the mirrors control the amount  
of ambient light reflected through the colored film 
to create a full range of colors.
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A network of Wall Posts would allow 
information sharing and interaction in student 
dormitories, class room buildings, and major 
corridors throughout Université Mohammed VI 
Polytechnique.

CAMPUS 
INTERACTIONS

Wall Posts offer a local experience 
that is similar to their paper and 
screen-based counterparts – 
disseminating information to those 
who walk by – with the significant 
enhancement of allowing observers 
to interact with the information 
in real time. At the campus scale, 
however, Wall Posts offer capabilities 
message boards never can. Instead 
of dozens of independent sheets of 
paper strewn about a campus, largely 
forgotten once they are posted, Wall 
Posts become a networked source of 
information both individually and as 
a group.

For the observer, the networked 
and digital nature of the Wall Posts 
means that any bulletin board 
becomes a portal into campus life. 
There will not be any concerns about 
some information not making it to a 
particular dorm or wing of campus 
since all posters can be uploaded 
and managed centrally. Additionally, 
one can access their saved posters or 

similar posters anywhere with Wall 
Posts, rather than needing to track 
down a poster they saw just once.

The implications of the campus 
scale interaction are even more 
meaningful for content creators and 
moderators. For generators, they will 
be able to see not only how many 
observers are “tapping” their fliers, 
but also where these interactions 
are occurring. This can allow 
organizations to make real-time 
updates to their information sharing 
strategy. For instance, they could use 
a different style of poster in an area 
that is not generating “taps” or they 
could decide to add more posters 
in an area where their information 
is already popular. Additionally, by 
seeing patterns of where taps are 
most common, they may be able 
to determine how people with 
shared interests are congregating 
on campus. For example, if a flier 
about learning more about mining 
jobs is particularly popular in one 

dorm, it may make sense to have an 
event in that dorm’s common space. 
Additionally, future fliers could be 
customized for specific dorms or 
areas of campus (e.g., the library or 
cafeteria).

Moderators will have access to 
this same information, but on the 
collective scale and with more detail. 
In this way, they can understand 
where and when observers are 
interacting with Wall Posts. This will 
allow them to plan for future Wall Post 
installations or use this information 
to move less “active” boards to 
more promising areas. The physical 
infrastructure itself can be moved 
to maximize effectiveness, based on 
changing campus dynamics. Patterns 
of use will also show administrators 
what students are passionate about 
and interested in. For example, many 
new events related to 3D printing, 
with highly viewed posters may 
suggest a new elective course in 
digital design and fabrication.
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Wall Post data can show moderators 
and campus planners how students 
traverse and use the campus and 
obtain information.  If Wall Post 
space becomes limited, moderators 
can use this information to set limits 
for certain Wall Post locations and 
times so that certain organizations 
do not unfairly monopolize the “best” 
Wall Posts. Information about Wall 
Post effectiveness will also be helpful 
for University administrators who 
may want to know where and when 
to make important announcements. 
Admittedly, interactions with Wall 
Posts will not give the whole story, 
but they can help indicate which 
areas and corridors within the 
campus are most active. Combined 
with other foot traffic studies, the 
boards could also reveal how people 
are moving in the campus and what 
their engagement is. For example, 
if a heavily trafficked corridor is 
not generating ‘taps’, planners may 
determine that the corridor is a 
utilitarian pathway and take steps 
to either reinforce that use or add 
features to encourage walkers to pay 
more attention to their surroundings. 
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Wall Posts will generate data about usage by 
location which school administrators can use to 
improve how they make annoucements, make 
alerts, and plan for future information campagins.
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36 PROJECT
DESCRIPTION

Quad Connect reimagines the use, 
look, and location of the university 
classroom. Quad Connect is a 
network of outdoor classrooms, or 
Canopies, strategically placed in 
the living and academic quads of 
Mohammed VI Polytechnic University. 
The Canopies meet a multiplicity 
of educational requirements and 
will enhance the experience of 
students and professors by adding 
flexible classroom and recreational 
spaces throughout the existing 
infrastructure of the university. 

Same Space, Different Program

The benefit of establishing flexible, 
outdoor classroom Canopies is 
twofold: 1. Changing environments 
and breaking daily routines has been 

proven to enhance learning and 
stimulate the brain and 2. The same 
Canopy can be used throughout the 
day and night for different purposes 
thus activating campus spaces more 
effectively and efficiently. 

Quad Connect challenges the 
traditional mode of classroom 
scheduling and programming. 
Typically, a class meets in one 
classroom all year with no 
consideration for changing activities 
of the class (for example, the 
difference between a class for an 
exam versus a discussion). Quad 
Connect provides a flexible classroom 
space that can successfully house a 
variety of class types. The network of 
Canopies is also linked to an online 
scheduling platform accessible 

to students and professors thus 
allowing classes and student groups 
to meet in different locations 
according to a particular day’s 
requirements and the availability of 
Canopies around the campus.

The Self-Sufficient Classroom

In appropriate climates (such as Ben 
Guerir, Morocco), it’s easy to imagine 
students and professors wanting 
to hold a certain type of class or 
meeting outside in the nice weather. 
But, there are practical obstacles 
to learning outside – electricity, 
projection, seating etc. The design 
of the Classroom Canopy creates a 
self-sufficient and flexible learning 
space for many types of educational 
and recreational activities. The 
Canopy can open and close to 
various degrees, providing a more 
public or private environment. 
Flexible furniture allows for easy 
reconfiguration of the space. Lastly, 
Energy Trees provide structural and 
digital support for the each Canopy.

Quad Connect acknowledges that 
not all types of classes can happen 
outside. Each Canopy, however, is 
designed to accommodate a range of 
educational settings, including:

• Small lecture by a professor
• Video screening of a tutorial or 
remote lecture (e.g. MOOC course or a 
lecture in the large auditorium)
• Software tutorial
• Foreign language class
• Student club meeting
• Seminar discussion
• Social activity such as a coffee break 
or dance party.
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A traditional student’s schedule makes use of only 
several classroom
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Classrooms

Outdoor classrooms and dynamic scheduling can 
expand the university’s programming.
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Classroom Canopies create  
self-sufficient and flexible  
learning spaces.

The Quad Connect system builds off the exisiting 
infrastructure of the univeristy and links disparate 
parts of the campus.
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Above: a Canopy in the closed position for a 
lecture and the open position for a language class.

PERSONAL
INTERACTIONS

Whether used as a formal classroom 
or as a meeting space for a student 
group, the Classroom Canopies are 
easy to interact with. Designed to 
overcome the problem of viewing 
screens outside, the Canopy panels 
aggregate to create a large, angled 
screen that blocks direct sun. The 
panels are also equipped with solar 
panels on the reverse side, so when a 
screen isn’t needed, the panels simply 
track the sun and collect energy.

The following scenarios demonstrate 
how students and professors may 
interact with and in the Classroom 
Canopies:

• Professor:  A professor decides to 
show her class a video tutorial on 
python script. She can easily move 
her class outside and set the Canopy 
to a “closed” position via the online 
reservation interface. Because the 

Canopy units aggregate to form a 
large screen that blocks direct light, 
the tutorial would be easily visible 
to the students. If more natural 
daylight is acceptable, a professor 
could simply let the Canopy work 
on its own (which is to say, track the 
sun to collect the maximum amount 
of energy). This flexibility allows 
professors to select and set-up a 
classroom that suits their teaching 
needs, as opposed to accomodating 
traditional static classroom design.

• Students:  While the fabrication 
student club usually meets in the 
lab, they want to show off their 
latest designs in a more public 
way. By meeting outside under a 
Classroom Canopy, they may recruit 
new members more easily and 
also show a slideshow about their 
fabrication process on a large, public 
screen. The Canopy gives students a 

desirable and comfortable outdoor 
destination for meetings as they are 
protected by the sun and also have 
access to digital technologies such as 
projection and power outlets.

The pre-determined sites of the 
Classroom Canopies, which will 
be strategically located around 
academic and social locations at 
the university, enable the outdoor 
classrooms to take advantage of 
the infrastructure of the current 
building (electricity, walls, projection 
surface). By connecting the Canopies 
to existing buildings, teachers and 
students alike can readily re-locate 
their classes and meetings while 
maintaining easy access  
to teaching tools.
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Above: view from interior of the Classroom 
Canopy during a campus-wide lecture.
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In addition to providing functional 
spaces for classes and student-
led groups during the day, each 
Classroom Canopy can be used for 
social events at night. LED lights 
embedded into the structure of each 
Canopy can use the energy stored 
from the PV panels to illuminate the 
space at night. 

24-7 Programming



SC
G

  B
EN

 G
U

ER
IR

  /  B
3  /  Q

U
AD

 C
O

N
N

EC
T

41



SC
G

  B
EN

 G
U

ER
IR

  /  B
3  /  Q

U
AD

 C
O

N
N

EC
T

42 TECHNOLOGY
DESCRIPTION

Unit Design: 

The Canopy is comprised of a 
triangulated unit that – in aggregate 
– creates a large, digital screen. The 
digital projection screen is both 
water/weather resistant and is 
covered with a UV blocking fabric. 
The PV panels on the opposite side 
take advantage of the year-around 
sunlight in Morocco. LED lights are 
embedded into the reconfigurable 
seating units to provide night-
time light so the Canopies can be 
functional during the day  
and evening. 

When there is a passive activity, 
or when the Canopy is not in 
use, the panels automatically 
track the sunlight in order to 
maximize energy collection. A basic 
interface, accessible through an 
online platform made available 
to university administrators, can 

rotation of panels to capture max energy

unit design

screen surface

pivot point

solar panel

FULLY CLOSED POSITION BLOCKS DIRECT SUNLIGHT TO CREATE A SCREEN

manually over-ride the solar tracking 
in order to position the Canopy 
into a projection screen position or 
an indirect light position best for 
meetings or seminars. 

Classroom Network: 

The Classroom Canopies are 
dispersed around the university 
but are also connected through 
a digital network. The campus 
is already connected through 
high-speed fiber optics, so the 
Canopies can be added into this 
pre-existing system and therefore 
be synced to simultaneously 
project a lecture, tutorial etc. The 
university administration (as well 
as students) can control the entire 
collection of Classroom Canopy 
projection screens through an online 
reservation interface.
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Energy Trees: 

The physical tree-like structure of 
each Classroom Canopy serves to 
support the screen/PV panels of 
the roof as well as supplying and 
storing energy for the classroom. 
In this way, they create digital and 
physical support to each classroom 
area. The Energy Trees are equipped 
with an integrated storage system 
that stores all energy from the 
PV Panels. A central control unit 
manages the energy flow between 
the PV installation and the classroom 
outlets or university grid. Outlets 
for student laptops and other 
mobile devices are integrated into 
the design of the flexible stools 
and tables. Students can plug their 
devices into the Trees and use energy 
gathered by the PV panels. The 
Canopies can be self-sustainable – 
matching their energy consumption 
– or return electricity back to the 
university grid.

dynamic stool design

1. DISCUSS

2. STUDY

3. MINGLE

4. WATCH

FULLY OPEN POSITION PROVIDES INDIRECT DAYLIGHT

Above: light in the medina of Marrakesh.
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44 URBAN
INTERACTION

The Canopies also connect the 
campus at a larger scale and offer 
urban-level interactions. The 
following scenarios demonstrates 
ways in which Quad Connect creates 
links throughout the campus:

• Campus wide events: A large lecture 
is happening in the auditorium: 
Through a central system, the 
University can sync all the Canopy 
screens so they simultaneously 
project the lecture. The exterior 
Classroom Canopies offer over-flow 
viewing areas but also bring the 
lecture to every corner of campus. 
Furthermore, they offer a new way 
to “attend” a lecture besides physical 
attendance or isolated webcast. 
Students can gather in small informal 
groups to watch the event and can 

very naturally discuss the lecture 
immediately afterward. Furthermore, 
cameras and microphones in the 
Canopy allow students to ask 
questions to the remote lecturer so 
they are not completely  isolated 
from the event.

• Student activities fair in the 
fall: Different student groups 
could occupy different Canopies 
throughout the campus. This would 
turn the entire campus into an 
Activities Fair (an event that usually 
takes place indoors, in a large space 
such as a gym). Student groups 
could choose which “position” the 
Canopy should be in depending on 
their needs – perhaps they want to 
give a formal presentation about 
the group’s technical work, or 

Same Space, Different Programs OR Campus Wide Event

Interactive Participation 
from Canopies to live 
lecture event

Canopies can be used for individual classes or 
group meetings but can also connect the entire 
campus using the existing fiber-optic network.

alternatively, informally discuss the 
state of drone technology today.

Additionally, the Classroom Canopy 
could reach beyond the university 
and connect the town of Ben Guerir. 
Because each Canopy is designed as 
a series of identical panel elements, 
they can scale in size and are easy to 
install in other locations. 

In the city of Ben Guerir, Canopies 
could be installed as bus station 
stops or “pop-up” learning 
annexes for the University. Like 
the Canopiesat the University, the 
remote Canopies could project live 
lectures or a series of MOOCs  
from edX.  
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In interviews with students, some 
felt that they didn’t have a lot of 
reason to go into the city of Ben 
Guerir. Classroom Canopies could 
provide a more friendly destination 
for students wanting a study break 
off-campus. Students could be 
confident that they would have 
outlets for their computers, wifi 
access, and the ability to watch a 
lecture or tutorial on a large screen. 
This flexibility can expand the 
confines of the campus. 

Reservation Interface: There is both 
an online and on-site reservation 
interface. This allows access to the 
schedules of all Classroom Canopies 
and allows students or professors 
to reserve spaces in advance. This 
system also allows the university to 
block out or reserve all projection 
screens for a campus-wide event.

Reservations can be made more 
spontaneously on-site through a 
touch-screen interface adjacent to all 
Canopies. So, if a group of students 
arrives to a Classroom Canopy and it 
is in use, they can simply access the 
system on-site and see if others may 
be available at that time.

The reservation interface collects 
a wide variety of data, including 
how many times the Canopies are 
officially reserved so the university 
can assess the benefits of adding 
more units or identify the most 
popular locations.

Schedule for Canopy A

Reserve Canopy A

14:00 - 16:00

Activities at Canopy A

STUDENT ID 
exp. 06/2018

123456789

09:00 - 10:00

08:00 - 09:00

10:00 - 11:00

11:00 - 12:00

13:00 - 14:00

14:00 - 16:00

09:00 - 10:00

08:00 - 09:00

10:00 - 11:00

14:00 - 15:30

Arduino Lab

Campus Lecture Broadcast

Drone Club Meeting

Business English 

16:00 - 17:00

17:00 - 18:00

18:00 - 19:00

19:00 - 20:00

20:00 - 21:00

21:00 - 22:00

HOME MAP

HOME MAP

HOME MAP

HOME

Map

Reserve

Schedule
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JESSICA JORGE

Jessica is a second year student in 
the Master of Architecture program 
in MIT’s School of Architecture and 
Planning. 

After working in arts education 
in New York for several years, she 
decided to return home to the 
Boston area to purse her interest in 
architecture and design. 

At MIT, she’s been part of the research 
team for the US Pavilion at the 14th 
Architecture Biennale in Venice 
and serves as co-president of the 
Architecture Student Council. Her 
design research at MIT thus far has 
brought her to Morocco, Mexico, Italy, 
Germany and Denmark.

She studied English Literature and Art 
History at Middlebury College and is a 
periodic contributor to MIT’s student 
architecture blog Arch_Kiosk.



SENSEable CITY LAB, MIT

Avant Façade
by Marcel Williams
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Computer programming is 
increasingly a crucial skill set in 
almost every industry. Whether 
a job involves architecture or 
agriculture, competent programmers 
are generally in short supply. Yet 
despite the great demand, the 
current state of computer science 
education leaves much room for 
improvement. Students find coding 
projects abstract and uninteresting, 
and if projects involve hardware, it 
is typically cheap and small in scale. 
There is great opportunity to make 
coding more accessible, engaging 
and exciting.

The new Mohammed VI Polytechnic 
University aims to become a hub 
for education, technology and 
innovation – not only for Morocco 
but for all of Africa. The university 
is sited on a beautiful campus in 
the new green city near Ben Guerir. 
Spanish architect Ricardo Bofil has 
designed a striking, modern campus 
with a deep ochre color palette 
that evokes its arid natural setting. 
Influenced heavily by Italian architect 
Aldo Rossi’s San Cataldo cemetery, 
Bofil uses arrays of square windows 
as a repeating motif throughout the 
campus.

Avant Façade proposes to employ 
these window arrays as a setting 
for networked multicolor LED lights 
that could be programmed and used 
to convey information. Drawing 
inspiration from interactive building-
scale “hacks” at MIT, this project aims 
to transform the physical form of 
the campus into a city-scale Arduino 
(the name of a small, open-source 
piece of hardware for digital/physical 
prototyping) where students can 
program the light arrays to respond 
to a variety of inputs. The campus 
then becomes a platform where 
students – not just at EMINES but 
around the world – can hone their 
programming skills and dream 
up creative ways of using their 
environment. 

The LEDs in this project are 
networked and connected to 
the internet, so that almost any 
conceivable type of data could be 

visualized within the constraints 
of a 10x10 array. Each window 
represents a pixel and together they 
suggest images, text or nearly any 
other type of low-resolution visual 
content. Vintage computer games, 
information from the internet, or 
direct inputs from a student’s phone 
could all be writ large on the façade 
of campus buildings. The system 
could be used for academic purposes 
as well, not only hacks: computer 
science classes could actively 
incorporate the arrays into class 
projects. 

To give students access to streams of 
data directly from their environment, 
a network of sensors would be 
installed throughout campus. The 
sensors would intentionally take 
many forms and could effectively 
consist of anything that can be 
connected to the internet. They 
could range from the familiar—

«Instead of talking about it, 
I’d give people the tools.»

PROJECT
DESCRIPTION

Neil Gershenfeld, ‘Unleash Your Creativity in a 
Fab Lab’, TED Lecture, February 2006
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heat, light, pressure, sound—to the 
unfamiliar. Sensors measuring water 
use in different residential quads, 
for example, could be visualized 
near the center of campus, publicly 
displaying information and hopefully 
encouraging ecologically sensitive 
behaviors, and perhaps some friendly 
competition between residential 
buildings. Other uses could involve 
directing students to an event by 
arrows visualized on the walls, or 
advertising events. The possibilities 
are truly limitless – their boundaries 
explored by the creativity of students 
themselves. 

This project has the benefit of 
extremely high visibility, which 
should immediately help it gain 
interest and attention. Students 
will be encouraged to continuously 
imagine new possibilities for 
combining sensors and the arrays, 
or simply using the LEDs and a 
public visualization platform: the 
arrays could serve as a live tally 
for online votes cast in student 
elections, for example.  Students 
would be motivated by the joy 
and sense of accomplishment of 
having their ideas visualized for all 
the campus to see. Notable “hacks” 
would become widely discussed 
on campus and bring their creators 
status and renown. Groups would 
be encouraged to develop ever 
more creative or elaborate uses for 
the system in a spirit of friendly 
competition. The hope is that the 
Avant Façade platform would 
encourage a culture of creative 
“hacking” not unlike the one that 
exists vibrantly at MIT. Students 
would learn programming and data 
management skills while showcasing 
their work on a grand, urban scale. 
The student population is currently 
quite small and lacks a defining 
culture, and an enabling environment 
like Avant Façade could help instill 
a creative, playful and intelligent 
culture in new students as the 
university grows.

The personal experience of Avant Facade when 
lit up in pink. The array is representative of many 
on campus.
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Upon enrolling in the university, 
students would be given a software 
package with a development 
environment and programming 
language used by the light arrays. 
It would include protocols for 
interacting with sensors, instructions 
and tutorials. When satisfied with 
their idea and code, students could 
test it on a built-in emulator to fix 
any remaining bugs. By developing 
programs on personal laptops, 
students could work and collaborate 
on their own time in whatever 
manner most suited to them 
(individually, with a club, or with a 
class). They would then have a variety 
of options for actually visualizing it 
on buildings throughout the campus. 
A web interface will provide an API 
that will form the basis of most code 
written to control the arrays. Users 
will assign code blocks to specific 
arrays either within their code or 
through a user interface that appears 
as a stylized map of the campus. 
 A student club such as the one now 

PERSONAL
INTERACTION

based in the fab lab could manage 
ultimate access to the window 
arrays and serve as a community 
for people especially interested 
in developing large-scale “hacks.” 
The club would also coordinate 
with other universities and help 
implement the ideas resulting from 
those collaborations. Depending on 
the decisions of the team managing 
the project, individual submissions 
could be made “live” either through 
a manual confirmation or could be 
queued to launch automatically 
at a predesignated time. For large, 
campus-spanning uses, students 
could submit their proposals to an 
online platform where people could 
vote for their favorites to determine 
which submissions “go live.”  

At other times, certain arrays or 
groups of arrays could be set aside in 
“open time” where any group could 
walk in and test their idea. Satisfied 
after testing it in an emulator, they 
will upload it to the project’s servers 

and wait for it to be hosted. Although 
all the arrays would be networked 
and could be controlled from 
anywhere on campus, this would 
work best if computers linked to 
specific arrays were scattered around 
in nearby buildings – outlets for 
“plugging in” student projects.

If students chose to make use of 
sensors on campus, a simple online 
interface would provide information 
on the types of sensors available, 
their location on campus, metadata, 
and a historic data feed. The interface 
would also provide a convenient 
place for students to download 
blocks of code necessary to interact 
with the sensors. Alternately, 
students could build their own 
visualizations using separate data 
feeds or create their own interactive 
games from scratch. The platform is 
inherently flexible and would provide 
few limitations on what students can 
create. 

Stylized map of the campus with available array 
locations indicated in orange. A user would drop 
code blocks on to the map in the process  
of assigning his or her program to an array. Im
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Using Sensors

Games
Web/Internet

Choose Inputs
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Visualize Project in One of Three Ways

Plug and Play

Voting

Student Team a.k.a “the squares”

Pong Tetris

Wayfinding Sound Visualization

Review Scheduling in a campus calendar

Sound

Metadata:Sensor:

Temperature
Movement

Parking
Airflow

Humidity

Available Sensors

Locations on Campus

EXAMPLE OF INTERFACE DESIGN

Mock-up of interface where a user could select 
from a menu of sensors if the project called  
for them.
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This project aims to transform much 
of the urban environment of the 
campus into a digital interface – a 
way of displaying, conveying and 
interacting with information. As a 
platform, it allows students to dream 
up creative uses that can range from 
the frivolous and fun (a cross-campus 
game of Tetris or pong, for example) 
to more serious examples of 
visualizing climatic data. While the 
available resolution is constrained 
by a 10x10 array of windows, this 
forces creativity in the type of 
visualizations and compels designers 
to pare down their message to 
its essence. Since the lights are 
embedded into the built fabric of 
the campus, the information can be 
experienced in a collective, rather 
than individual setting.

While the depth and richness of the 
information may not be the same as 
what is available online, the fact that 

URBAN
INTERACTION

it is perceived in the public realm 
invests it with a specific power to 
shape behavior. For instance, people 
who see their water usage displayed 
in a prominent place on campus 
next to the same information from 
a rival residence hall may be much 
more likely to change their behavior 
than if the results were buried in an 
obscure website. Displaying scores 
from sporting events on the facades 
of campus buildings could go a long 
way towards improving school spirit. 
Games played between different 
parts of campus also have the 
potential to bind together otherwise 
disparate groups of students. 

The potential for other urban-social 
interactions is nearly limitless. 
The administration could use 
the arrays as message boards or 
to communicate with students. 
They could also be put to use for 
behavioral experiments conducted 

by certain classes or research 
groups. The platform’s potential for 
facilitating interactions is not even 
limited to the immediate extent of 
the campus. Other schools could 
contribute code that runs on various 
arrays as part of collaborations 
or competitions. They could also 
install arrays of their own to 
permit simultaneous urban-scale 
interactions experienced in places 
hundreds or even thousands of 
kilometers apart. The fundamental 
architecture of the systems is highly 
scalable, so it could be devoted to a 
specific portion of campus or spread 
to many campuses around the world 
in the service of collaboration  
and learning. 

 CAMPUS WAYFINDING

?

A visitor confused about how to get to a campus 
event makes use of his phone and the arrays to get 
urban-scale wayfinding assistance.

!
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Students playing a good-natured game of pong 
on arrays across campus. The system has the 
potential to link many disparate points of campus. 
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Students making their way past an array that is 
visualizing the sound at a party on the interior  
of the building may be motivated to join  
in the festivities.

?
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«Just as our eyes need light to see, our 
minds need ideas in order to conceive.»
Napoleon Hill

Students playing a game of ping pong with the 
score visualized behind them for all to see.
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DESCRIPTION

The physical interface of this 
project – networked multicolor 
LEDs mounted in arrays of square 
windows throughout campus 
– relies on a suite of simple 
technologies and is designed to 
be as infrastructureally flexible 
and lightweight as possible. Low-
power 1-3 watt multicolor LEDs are 
inexpensive and widely available 
in a variety of options. They are 
mounted on a custom circuit board 
that contains the necessary resistors 
and capacitors in addition to the 
control logic and a wireless radio. 
While integrated components would 
be more convenient and scalable for 
campus-wide deployments, each unit 
could also be constructed of separate 
components wired together. Since 
wiring each light to the network 
would be costly and difficult, and 
since the campus will be blanketed in 
Wi-Fi, using a wireless chip to control 
each individual LED unit would be 
advisable. 

Supplying power to the lights 
presents more of a challenge. Wiring 
every single light and hence every 
single window aperture is clearly the 

best option, but would also involve 
the most effort to install for each 
array. Since the power draw of the 
LEDs is low (around 3 W), batteries 
are a potential alternative, but would 
have to be recharged periodically. 
A hybrid solution is also possible, 
where a row of windows would be 
wired together and powered by a 
single battery. The specifics of each 
installation will vary depending on 
the availability of power outlets 
and visual tolerance for wires. For 
future buildings the window arrays 
could be wired during construction, 
eliminating most of these concerns.

Since each array will contain 
approximately 100 units and with 
many arrays across campus, the 
number of total networked LEDs may 
quickly reach into the thousands. 
At this level, providing each with 
its own dedicated internet address 
may quickly exhaust address space 
and prove unwieldy. Instead, it may 
be prudent to implement a wireless 
mesh network where each unit (node 
in the network) shares information 
with its neighbors and successively 
passes commands throughout 

the entire array. Only a handful of 
individual units would then require 
dedicated addresses. This network 
topology is more challenging to 
implement, but may prove more 
practical for a cross-campus setup. 

A number of dedicated web servers 
would be required to both handle the 
sensor inputs and send instructions 
to the LED window arrays. 
Redundant servers would be strongly 
recommended to ensure high levels 
of up-time and reliability. The server 
architecture should be optimized 
for sending and receiving relatively 
small amounts of information from 
and to many individual devices. 

Breakdown of the various components of the LED 
units as invisioned in this project. The fins radiate 
excess heat, circuit board controls power and hue, 
and the diffusers produce a more even beam of 
light. Photo CC The Tech, MIT

Diffusers

LED units

Microchip Board

Radiator Fins

Placement of the LED units within the structure of 
a typical window array. Light should diffuse nicely 
before exiting the aperture. 
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Sensors contributing data to the 
arrays will necessarily take many 
forms requiring a range of different 
technologies. Data inputs could 
be as simple as numerical scores, 
messages or text manually entered 
in a computer. At the other extreme, 
wireless sensor networks comprising 
hundreds of individual sensors could 
contribute environmental data that 
is aggregated and visualized on the 
arrays. Any sensor that can access 
the network would be admissible. 
Since this proposal is concerned with 
a platform or framework that can be 
used for a virtually unlimited array 
of inputs, the sensor infrastructure 
requirements can be tailored to 
what is practical or cost efficient. 
In any case, most sensors have low 
power requirements and can connect 
wirelessly to the network.

Most sensor data would be open 
source (at least within the campus) 
and freely available for anyone to 
download and use, even if they have 
no intention of visualizing it on 
the LED arrays. If deemed of value, 
it could be stored and archived on 
dedicated network drives. Certain 
sensitive data that could, for 
example, compromise individuals’ 
privacy would require specific 
approval to use. Code for specific 
visualizations could be made open 
source or kept private depending 
on the wishes of its authors. 
Contributors would be encouraged 
to release their submissions 
whenever possible since this would 
help facilitate a community of 
learning and help projects build on 
each other’s work.

Avant Façade is a platform that uses 
LED lights to transform a common 
architectural motif of the campus 
– arrays of square windows – into 
an interface for conveying and 
visualizing information. This flexible 
platform combines data from myriad 
sensors and users and displays 
it using these arrays, providing 
students an unmatched opportunity 
to collaborate and hone their 
programming skills. 

GENERAL NETWORK ARCHITECTURES

Traditional networks follow a “star” typology (left) 
where each node is connected to a central node  
or server. The decentralized “mesh” typology  
on the right uses other nodes to relay messages  
to a master or server node. 

POWER CONFIGURATIONS

Potential power configurations with either every 
unit connected to a common power source (left)  
or groups of units connected to batteries. The need 
to run wires must be balanced against the cost  
of changing batteries. 
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Marcel was born in Toronto, 
Canada, but grew up in the States 
in Savannah, Georgia. He has long 
had an interest in cities and the 
urban environment. He received his 
bachelors in Aerospace Engineering 
from MIT.

Marcel has an unconventional 
background that combines an 
interest in cities and design with a 
strong engineering and technical 
grounding. While an undergrad at 
MIT, Marcel was active on the Design, 
Build Fly team, a student group that 
designs and builds RC model aircraft 
to compete in against other teams 
from the around the world.  He made 
his way around aerospacing, doing 
everything from taking a class on 
satellite design to working for a 
company making drones. His final 
project for Aero-astro involved a 
robot built to sense and create maps 
of wi-fi signal strength.

He has traveled freqently, spending 
a summer in India focused on GIS 
applications and a summer in Israel 
researching urban transportation.  
Most recently he has spent time in 
Malaysia researching sustainable 
development. 

He is currently persuing his Masters 
of Urban Planning Degree within the 
CDD Group at MIT. 


