
Senseable City Lab :.:: Massachusetts Institute of Technology

This paper might be a pre-copy-editing or a post-print 
author-produced .pdf of an article accepted for publication. For 

the definitive publisher-authenticated version, please refer 
directly to publishing house’s archive system

SENSEABLE CITY LAB



SENSEABLE CITY GUIDE 
TO PARIS 2

P



PARIS 2
SENSEABLE CITY GUIDE

COPYRIGHT
©2018 by Senseable City Lab.
All rights reserved.
Cambridge, Massachusetts.

PRODUCED BY
Senseable City Lab
Department of Urban Studies and Planning
Massachusetts Institute of Technology

WITH SUPPORT FROM
Société nationale des chemins de fer français

TEACHING TEAM
Carlo Ratti
Siqi Zhang
Ricardo Álvarez
Louis Charron
Lenna Johnsen
Zhengzhen Tan

GRAPHIC DESIGN
studio FM milano

PRINTED BY
Puritan Press

PUBLISHED BY
MIT School of Architecture and Planning

ISBN
978-0-9984189-4-0

Senseable City Laboratory
Massachusetts Institute of Technology
Building 9–216 | 77 Massachusetts Ave.
Cambridge, Massachusetts | 02139 USA
T++ 1–617–3244474 | F++ 1–617–2588081
senseable.mit.edu

ACKNOWLEDGMENTS
We thank SNCF for funding this research and 
MIT’s China Future City Lab for their support.

EDITED BY
Ricardo Álvarez
Louis Charron
Lenna Johnsen

PRODUCTION MANAGERS
Ricardo Álvarez
Louis Charron
Lenna Johnsen

AUTHORS
Natalie Bellefleur
Joshua Brooks
Nikita Kodali
Qianhui Liang
Helena Hang Rong
Amelia Taylor-Hochberg
Zhoutong Wang
Yue Wu
Xiao Zhang



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. 
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As a nexus of culture in Europe, 
Paris has welcomed visitors from all 
over the world for centuries. From 
the 19th century onwards, its train 
stations were the gateways to the 
“City of Light,” giving tourists their 
first impressions of the cosmopolitan 
city. As such, Paris’s train stations 
are often grandiose, their interiors 
ornate, structures daring: the newest 
engineering technology on display 
for all to admire and envy. The 
Senseable City Lab has been working 
with the national rail company 
Société nationale des chemins de 
fer français (SNCF) to utilize data to 
study people’s movements in these 
stations. Using WiFi data from Gare 
de Lyon, researchers were able to 
visualize the ebb and flow of visitors 
to the station. This is especially 
interesting at Gare de Lyon because 
of its role as the third busiest 
station in Paris and the complex 
web of national and international 
transportation networks it services.

Built for the 1900 World Exposition, 
Gare de Lyon’s history as a 
transportation hub can be seen on 
the station walls themselves: quite 
literally in the Galerie des Fresques 
and restaurant Le Train Bleu, where 
murals depict destinations across 
the globe. Trains enabled Parisians 
to travel all over the world, and 
the world to travel to Paris. This 
is still true today, with high speed 
TGV lines connecting Paris to Italy, 
Switzerland, Germany, and Spain. 
However, the station also serves 
regional commuters through the 
RER lines that stretch into Parisian 
suburbs and farther into the country, 
the more local commuters that arrive 
and depart from the station’s lower 
levels using Metro Lines 1 and 14, as 
well as those utilizing buses and the 
bike share network. The resulting 

by Lenna Johnsen and Louis Charron

complexity of these intertwined and 
overlapping transportation modes 
means that it is paramount that Gare 
de Lyon functions smoothly. 

Building upon the Senseable City 
Lab’s research, the 2018 Digital City 
Design Workshop graduate student 
cohort were tasked with designing 
interventions for Gare de Lyon that 
utilize new technologies to respond 
to how people move through the 
space, creating feedback loops 
and improving the experience of 
the station. The students were 
also asked to think critically about 
their means of data collection and 
processing--especially vital to this 
European context with the May 2018 
implementation of the General Data 
Protection Regulation (GDPR). The 
projects presented in the following 
chapters are the result of an iterative 
design process, informed by the 
students’ experiences on site and 
their own research interests. 

Responding to the stress of daily 
travel, Helena Rong and Yue Wu 
created installations designed to 
make people happy: Floating uses 
balloons to deliver kind messages 
and treats to visitors to the station 
while Ungrumpy Paris leverages 
algorithms for facial and expression 
recognition to spread smiles.

Qianhui Liang and Zhoutong Wang 
also applied machine learning 
techniques to the station, with the 
goal to identify locations that are 
especially confusing because of 
their structure. Building from their 
research, they each designed ways 
for individuals to interface with this 
data. Qianhui’s Navisens creates a 
phone application for navigating 
the station, enabling meetups while 
Zhoutong’s Design Commune asks 

visitors to engage with their built 
environment through augmented 
reality, contributing suggestions for 
the design of the space.

Xiao Zhang’s CartMate also seeks 
to help people navigate the space, 
specifically those with large pieces 
of luggage who don’t currently have 
a way to transport their baggage 
through the complex environment.

Joshua Brooks looked to the 
vast overhead space to create 
LightSwarm, a massive installation 
of LEDs that create 3D wayfinding 
devices, helping people to make 
sense of a complex network while 
returning wonder to looking up.

Bringing an air quality monitor with 
her to Paris, Natalie Bellefleur was 
interested in both remediating the 
poor conditions of the air in the 
station and manifesting that process 
for the general public through her 
project Air from Elsewhere. Also 
looking to the skies, but with a bit of 
whimsy, Amelia Taylor-Hochberg’s 
Forecast responds to Paris’s role as a 
fashion capital by designing clouds 
that scan people’s outfits to compare 
them to trends and inform the 
wearers about the fashion industry.

Nikita Kodali tackled the pressing 
question of data regulations head on. 
Her installation Panopticon visualizes 
the amount of data accessible to 
a Big Brother-type entity after an 
individual signs onto the public WiFi 
network. In doing so, she contributes 
to the ever growing conversation 
about personal privacy in public 
space.

Thank you to the students for all their  
hard work, and we hope you enjoy 
reading their projects!

Paris
Introduction
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Monitor and modifying 
the emotional landscape

PROJECT
DESCRIPTION

Gare de Lyon is one of the six largest 
mainline railway stations in Paris, 
welcoming on average 377,500 
passengers and 250 trains per 
day. More than an infrastructural 
space of circulation and transport 
node, the station is also a social 
confluence point of repose and 
destination — a vibrant urban 
public interface in which a myriad 
of stories and passenger emotions 
unfolds and forms the collective 
public consciousness. Whether it is 
joy from reunions, sadness during 
departures, or anger due to delays, 
emotions observed in the station are 
dynamically rich and in constant flux. 
How can we map and address these 
emotions and improve the station 
experience through empathetic 
interventions? 

The project Floating envisions 
clusters of soft canopy installations 
in the form of translucent PVC 
balloons located at strategic points 
of interests in the station and key 
waiting areas. The sites are initially 
selected through analysis of 
geotagged data from popular social 
media platforms such as Twitter 
and Instagram that identifies repose 
zones with the highest levels of 
public attention. Responding to the 
emotions detected and captured in 
space, the canopies are malleable 
infrastructure that creates calming 
and stress-relieving environments 
with occasional moments of 
surprises in an otherwise bustling 
and overwhelming transport hub. 

Making use of the CCTV cameras 
currently installed for security 

purposes in the station, the project 
employs facial emotion recognition 
to monitor and track the shifting 
emotional landscape within the 
space.  Based on the categorization of 
emotions detected and averaged over 
selected zones to enhance comfort, 
a central cloud controls the lighting 
color, light intensity and temperature 
of different station microclimates 
for subtle ambient environmental 
modifications. More than a beautiful 
art installation, the intervention 
monitors the overall emotional 
state of the station and adjusts 
accordingly to enhance the ambient 
environment. 

On a refined and personal scale, the 
emotion detection system spots 
and selects individuals or small 
groups of people from the crowd 
for a seemingly serendipitous 

instance of intimate interaction. A 
small percentage of the balloons are 
designed to drop down to eye-level 
of the individual to display a QR code 
that sends the individual words of 
encouragement left by a previous 
passenger, and a digital platform 
that allows the individual to write his 
or her own message and feedback 
that would be matched and given 
to a stranger in the station by the 
central control cloud in the future. 

The individual receives a “surprise 
treat” in the form of a local recipe or 
E-book in return for passing forward 
the action of kindness.  

The rise of emotion AI detection 
furthers the viability of accurately 
assessing human emotions and 
behaviors. Urbanistically, through 
the distributed spread of detection 
and data collection, SNCF will be 
able to map out and understand the 
emotional and behavioral patterns 
of its customers in space, and to use 
these learned data to improve the 
station experience either through 
changes to the ambient and spatial 
quality of the environment, or 
through personal reward systems in 
partnership with local businesses.  

Right: Gare de Lyon axonometric: relationship 
between people, technology, intervention 

hope you are 
feeling better

Scan for a surprise! 
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(1) Flows of people in Gare de Lyon, Hall 1 and 
Hall 2 as main public spaces 

(2) CCTV cameras in the station running facial 
detection and emotion recognition for the 
moving bodies in space 

(3) Proposed sites for interventions based on 
social media (Instagram, Twitter, Facebook) of 
public gathering spaces within the station with 
the highest levels of interest and attention 

1 1 11 2 3Hall 1 waiting area 
with piano

Hall 1 in front of 
trains

Hall 1 waiting area 
with story machine

1 1 14 5 6Galerie des 
Fresques 

Hall 2 in front of 
Paul restaurant

Hall 1 waiting area 
with piano
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Zooming into a personal scale, 
the emotion detection system 
periodically selects an individual or a 
small group of people from the crowd 
to trigger an intimate interaction, 
recognizing them as either “happy,” 
“sad,” “grumpy” or “neutral.” 

A balloon drops down from the 
ceiling to appear before the 
individual, lights up to catch 
attention, and displays a QR code in 
which the individual is asked to scan 
with his or her phone camera. 

The balloon sends the smart phone 
a notification to a digital platform 

that shows them a personalized 
message of encouragement that was 
written by a previous passenger who 
has had the same interaction with 
the balloons in the station in the 
past, matched by the system based 
on the emotion categorization. The 
idea is to “pass it forward” – once 
the individual has read the message, 
they are asked to write something 
nice for the next person in the 
station. The platform then invites 
the individual to a “surprise” treat 
that can be kept and enjoyed, in the 
form of a recipe, an electronic book, 

PERSONAL
INTERACTIONS

or a song. The message left by the 
individual is sent and stored to a data 
bank of messages that is screened, 
filtered, and deployed for the next 
individual in the train station who 
would be selected for the interaction. 
When more than one person 
approaches the balloon, a small 
group interaction is also supported 
and encouraged. The collective action 
of reading and leaving messages 
from and for strangers creates a 
warm and humanistic environment 
in an otherwise extremely busy, 
overwhelming and stressful public 
space.

Left: Storyboard of personal interactions with 
Floating

Right: Elevation view and web interface 
0.

35
m

5.
4 

m

9.
0 

m

I hope you are having
a good day! 
Scan the code for a 
surprise.

I hope you are having
a good day! 
Scan the code for a 
surprise.

User flow: 

(1) Scan QR code (2) Receive message (3) Send message (4) Get a treat
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As one of the six large mainline 
railway station termini in Paris 
handling about 377,500 passengers 
per day, Gare de Lyon is the third 
busiest station in France and one of 
the busiest in Europe. Served by high-
speed TGV trains to south and eastern 
France, Switzerland, Germany, Italy 
and Spain, the station also hosts 
regional trains as well as the metro 
lines. Its operator SNCF is the French 
national railway company that owns 
3029 stations in France, with eight 
in Paris, and 245 in the region of Ile-
de-France, having the second largest 
European railway network with a 

total of 29,901 kilometers of railway. 

Dedicated to bringing its public 
spaces to life, SNCF invests and 
manages a total of 180,000 m2 of 
in-station shops to enhance the 
visiting and waiting experience at the 
station. Given the enormous volume 
of customers and samples of data 
that can be collected, the potential 
for scalability and urbanistic impact 
for Floating is massive. For SNCF, 
the first project Floating in Gare de 
Lyon is a prototypical deployment 
that can be multiplied and launched 
in all of its other locations country-

URBAN
INTERACTIONS

wide. Initially, emotion detection 
and analysis from Gare de Lyon can 
be used to examine the successes 
and failures of the station: where do 
joyous people tend to gather? What 
makes people impatient or irritable? 
Do these fluctuating emotions have 
correlations with the train-riding 
experience such as high crowd levels 
or train delays? How does retail 
performance relate to changing 
emotions? Is the installation making 
any difference to the emotional 
landscape of the station? Does 
Floating make a positive impact 
on the experience overtime? What 

weekday rush hour weekday regular hours weekend regular hours

dimmed light for accommodating 
emotions of sadness

warmer hues to lighten up a high-
stress and anxious environment

A B

Gare de Lyon plan: people’s movement in space

Emotion mapping

A

B

happy grumpy
sad neutral

trends can be observed at various 
times of day and of the week? 

By using emotion detection as 
an analytic tool and using the 
installation as a medium for 
ambience control and creative 
personal interaction with people 
in public space, the system can 
help SNCF learn and evaluate their 
business and planning strategies, 
what they should do more of or less 
of in order to improve the overall 
transit experience. Lessons and 
analyses extracted from the feedback 
system can help SNCF decide what 
modifications they could make to 

other stations they own: do some 
stations benefit from having more 
shops? Are more seating area or 
recreational elements needed in 
certain locations? Once the system 
ascends to an urban scale, a larger 
network of emotion detection and 
evaluation can help draw more 
complex correlations with the 
urban form of the city, reinforce 
connectivity between different 
transit nodes, and strengthen the 
presence of SNCF as a provider that 
thoughtfully attends and caters to 
peoples’ different emotional needs in 
its public spaces. 

In addition, once the implementation 
of Floating is scaled up, data of 
messages left by people during 
their personal interactions with 
the balloon objects can be shared 
onto the same server and data bank, 
forming a rich web of communication 
that stretch beyond the single station 
of Gare de Lyon. Extending to the idea 
of crowd emotion detection at large, 
this system can be applied to any 
public space, including airports, bus 
stations, shopping malls and public 
plazas. 
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Above: SNCF train operation in Paris, and in France 

Through emotion mapping, we want to understand: 

(1)  Where do joyous people tend to gather? 

(2)  What makes people impatient or irritable? 

(3)  Do these fluctuating emotions have correlations with the train-riding experience  
 such as high crowd levels or train delays? How does retail performance relate to changing  
 emotions? 

(4)  Is the installation making any difference to the emotional landscape of the station? 

(5)  Does Floating make a positive impact on the experience overtime? 

(6)  What trends can be observed at various times of day and of the week? 

Gare de Lyon

St. Lazare

Gare du Nord 

East Railway 
Station

Gare Montparnasse

Gare de Bercy
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To support both public and personal 
interventions, Floating features 
combined technologies in facial 
detection and emotion recognition, 
lighting control, moveable pulley 
control system, QR code generation, 
and machine learning algorithms for 
word filtering and matching. 

The basis of the project is founded 
upon emotion detection. Taking 
advantage of existing CCTV cameras 
in the station, the project employs 
artificial intelligence and computer 
vision algorithms in affective 
computing and real-time emotion 
recognition to track the dynamic 
emotional landscape of the train 
station. Facial recognition is a 
preprocessing step to collect data 
using libraries such as OpenFace or 
OpenCV. Existing emotion training 
models such as Caffe Model Zoo 
or Tensorflow emotion model can 
be used to categorize and evaluate 
emotions. Once the detection part 
has been set up, the data is streamed 
in two ways to facilitate passive 
ambience adjustment, and active 
personal/urban interactions.  

Incorporating LED lights, the balloons 
change color and intensity based on 
an average emotion index in each 
localized area of the installations: 
warmer hues to lighten up a high-
stress and anxious environment, 
dimmed light for accommodating 
emotions of sadness and doldrums, 
brighter lights for a jovial and 
cheerful crowd, or cooler tones to 
pacify an enraged and frustrated 
group. Usage of the ambient 
media of light provides subtle 
modifications and improvements to 
the microclimatic environments at 
the periphery of human perception 
without being intrusive. 

Taking cues from similar balloon 
canopy installations such as Charles 
Pétillon’s project Heart Beat in the 
Covent Garden in London, Floating 
is held by a gridded ceiling structure 
from which the balloons are hung. 
Among the 6,000 balloons placed 
around six selected sites in the 
station, 5% have QR codes that 
can be scanned to trigger personal 
interactions. At a set time interval 
of fifteen minutes, except for during  
rush hours, one “message” balloon 
from each site will drop down via a 
moveable pulley system to appear 
before an individual selected by the 
system. The system has selected an 
individual who displays visible joy, 
sadness or grumpiness, or other 
types of extreme emotions. The QR 
code is constantly updated by the 
cloud to optimize the matching. 
Once scanned, the balloon takes the 
user to a web platform and sends 
a text message as a way of low-
commitment communication. The 
individual is asked to send a text 
back to the same number to share 
a personal anecdote, express their 
thoughts, or simply leave a message, 
in which the length of the message 
has a character limit to avoid verbose 
compositions. The message is sent 
to a centralized data bank where 
a machine learning algorithm on 
speech filtering and matching 
eliminates any inappropriate 
contents and sorts the information 
into different emotional categories to 
be delivered to future recipients. 

The message sharing function is not 

limited to people who have been 

selected but can be rather a proactive 

experience. On the back of a train 

ticket or advertisement boards 

around the station, a message that 

says “text this number and leave a 

message for someone in the station” 

invites any train-rider, employee 

from the station, or visitor to share 

their words, in which one day, might 

brighten up someone’s day in a 

serendipitous encounter. 

TECHNOLOGY
DESCRIPTION

CCTV camera 

Elgato Video Capture 
System 

Right: diagram showing how emotional detection 
through CCTV camera triggers personal interaction

Gare de Lyon plan: security cameras in Hall 1 and Hall 2

captures faces in space identifies as a happy soul!

CPU /GPU memory buffer
HDMI 2.0 4K/60Hz/HDR

video passthrough Data control and 
Processing Cloud

QR code to a message 
for a happy person

cumulative message bank finds appropriate message remove used message from 
database

link message to QR code of 
nearest balloon

backend data processing 

sends location
+ identity
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Facial Recognition Algorithm 

OpenFace/OpenCV 
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Emotion mapping in Gare de Lyon at different times of day 

Captured data  

1. Ambient Control of Microclimates

Lighting intensity 
LIghting color 

reducing stress providing safety cheering up

2. Personal Interaction 

Emotion Detection
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Data Control and 
Processing Cloud

30 Security cameras

(1) identify

(2) location

all the cameras in the station working simultaneously

cumulative message bank

triggers 
interaction

finds appropriate message remove used message from 
database

link message to QR code of 
nearest balloon

pulley system 

six locations in Gare de Lyon selected for 
intervention2000

PVC balloons with embedded 
programmable LED lights 100

(5%) balloons links
 to QR codes

I hope you are having
a good day! 
Scan the code for a 
surprise.

User flow: 

(2) Receive message (3) Send message (4) Get a treat(1) Scan QR code

machine learning algorithm 
filtering out messages with 
inappropriate language  

yes! no..
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SENSE AND SUSTAINABILITY
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Helena Rong is an architectural and 
urban designer from Vancouver 
and Shanghai. She is a first year 
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from Cornell University, where she 
graduated with the Charles Goodwin 
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recipient of the 2016 KPF Travelling 
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Eidlitz Travelling Fellowship, which 
supported her research proposals on 
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world. Through working at OMA, 
SOM and Neri+Hu in the past, Rong 
has gained professional experience 
internationally in both architectural 
and urban design. She has also 
assumed design and research roles 
at  CLFX, a Dutch tech start-up that 
develops high-res media technology 
for building facades. Rong hopes 
to look into incorporation of 
data into design, in order to build 
upon her interest in designing for 
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environments. She is currently a 
Research Assistant at MIT’s Senseable 
City lab. 

Navisens
by  Qianhui Liang
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Navisens is a low-cost, 
plug-and-play, scalable 
indoor navigation based 
on computer vision

PROJECT
DESCRIPTION

Challenge

Have you ever had such kind of 
experience: as a tourist new to a train 
station, it’s easy to get confused and 
lost looking for the track especially 
when there are several halls with 
the same number of tracks. Or when 
you need to pick up your friend at 
the railway station, it always takes 
a long time to find each other since 
it’s difficult to describe the precise 
indoor location. 

Gare de Lyon is one of the six large 
mainline railway station termini 
in Paris, France. It handles about 
90,000,000 passengers every year, 
making it the third busiest station 
of France and one of the busiest 
of Europe. For most of the tourists 
or anyone new to the station, it is 
hard to find the way, especially from 
underground public transportation. 
Such kind of problem leads to low-
efficiency of both the passengers 
and the station.  

The problem is caused by the 
difference between outdoor and 
indoor navigation. At the city scale, 
tourists can easily have a good 
sightseeing experience with the 
help of Google Maps. However, 
most of the current applicable 
ideas for indoor navigation, either 
Bluetooth beacon positioning or 
Wi-Fi based positioning all requires 
the deployment of a certain number 
of special-purpose sensing devices 
and results in high hardware and 
labor costs. Is there any low-cost way 
to achieve the indoor navigation 
and can be combined with all the 
activities (such as buying tickets, 

getting some food before boarding) 
needed in the train station at the 
same time? 

Objective

Right now, with the exploration 
of computer vision, especially in 
deep learning CNNs (Convolutional 
Neural Network) use relatively little 
pre-processing and can achieve 
fairly high classification prediction. 
A convolutional neural network 
is a class of deep, feed-forward 
artificial neural networks that 
has successfully been applied to 
analyzing visual imagery. The project  
aims at integration; combining the 
camera, computer vision technology, 
and pre-panoramia scanned indoor 
environment to achieve low-cost 
indoor navigation. The idea is similar 
to how people navigate without 
technology – they look for notable 

landmarks, not just street signs. 
Through the pre-trained model, 
pictures captured by camera will also 
be analyzed for impact features and 
mapped to the classification which 
defined by geo-location. In this way, 
the location is easily accessible all 
the time. Then combing the AR with 

navigation, customers can easily find 
the track following the guide of the 
app.

Meanwhile, sensing environment 
through camera, other functions 
can be integrated in the app, things 
like identify shops, connecting with 
Yelp through an API and releasing 
coupons, information through 
navigation, just by pointing your 
camera at the object (or pet) in 
question.

-“Hi, I’ve arrived. Where are 
you? ”

-“Oh, here is Gare de Lyon ”

-“Umm, no idea.”
-“Let’s meet at McDonald”

-“Look, here is a board.”
-“Cool, Hall1.”

-“..........”

-“O...no, our track is in 
Hall3.”

-“Where is McDonald?”

-“Is that way?”
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Personal interactions are based on 
the analysis through user activities. 
Users are separated into three 
categories:

i. 65% users tend to access to the 
train through the app after buying 
their tickets.

ii. 25% users come to pick up friends 
or meet someone in the station.

iii 10% users need other services in 
the station.

Meanwhile, the most significant 
difference between user interactions 

of indoor and outdoor navigation 
is that it’s hard to type in a precise 
location for the destination. So in 
the wireframe of the app the first 
step is to  capture the location and 
destination of the three different 
user groups: either after buying 
tickets, directly transferring to 
the track, or sharing locations 
with friends for those picking up 
in the station, or users can search 
for specific services like food, 
information desk, or bathrooms. 

Second step is to navigate the path 

PERSONAL
INTERACTIONS

through the AR technique. While 
the camera is capturing images of 
the surroundings, images will be 
classified by the pre-trained model 
for the location labels. Also, object 
detection can be applied to recognize 
the shops in order to release food or 
coupon information.

Tickets from OUI.SNCF

Shop Information

Locate Track

Detect Location

AR Navigation

Share with friends

Make schedule 
buy tickets

Share location 
with friends

Typing in the 
name of the 

demands

Check Info.
for the track

Navigate to 
the track

Moving towards 
or navigate to 

friend’s location

Navigate to the 
shop

Coupon and 
Menu listed

Meet each 
other

Get to the 
track

 and boarding

Miss the train 
reschedule

User Activities

65% Users

Access to 
the train

Setting location and destination Navigation Finish the task

Meet or pick 
up friends at 
the station

Looking for 
other services 
at the station

25% Users

10% Users
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24min

18min

Gare de Lyon

Gare de L’Est

Gare du Nord

Gare Saint Lazare

Gare Vaugirard

Gare d'Austerlitz

URBAN 
INTERACTIONS
Navisens, based on the computer vision classification, only needs pre-data collecting and training. It is scalable to be 
applied to all the stations in Paris. At the same time, it can be connected to Google Maps through the Google API to make 
the transition between stations more smoothly.  The app can calculate the most reasonable route between different 
railway stations and guide tourists from one track to the destination.

SC
G

  PA
R

IS  /  P2  /  N
AV

ISEN
S

35

SC
G

  PA
R

IS  /  P2  /  N
AV

ISEN
S

34



Currently, signals from GPS satellites 
have poor penetration and are often 
blocked by building walls. Real-time 
GPS-based indoor navigation is 
therefore infeasible.  So, what are the 
current applicable ideas for indoor 
navigation? A relatively well-known 
navigation approach is based on 
Bluetooth beacon positioning.  A 
smartphone app can roughly work 
out the device’s location on a map 
via signals from one or more beacons 
and calculate a route for the user.  
However, this solution only works 
in buildings where beacons cover 
the whole area and the limited 
Bluetooth transmission range results 
in high costs for deployment and 
maintenance in large-sized indoor 
environments (shopping malls 

and office buildings, for instance). 
Another popular indoor navigation 
approach is built upon Wi-Fi-based 
positioning. Similar to the Bluetooth 
method, this type of solution 
determines the approximate position 
of mobile devices through radio 
frequency (RF) signal characteristics 
and triangulation processes. But 
in general, they all leverage the 
differences and correlations between 
various Wi-Fi signals to determine 
position. Navisens then is designed 
to achieve low-cost, plug-and-play, 
scalable indoor navigation.

Basically, the Navisens is built on 
the DCNN model which achieve 
an accuracy for classifier of 97%. 
The DCNN model is calculated 
by scanning panorama pictures 

of the whole station, separating 
pictures into geo-located units 
covering the whole station, training 
by convolutional neural network 
labelling the location. So the only 
extra devices needed are the camera 
on user’s mobile phone. When user 
takes a picture of his/her location, 
the model can predict the label 
(location classifier) of picture which 
giving back to user the location. 
To further improve the accurate, 
since four directs of one position is 
separated into four classes, the app 
will ask user to turning around and 
take another picture to calibrate the 
prediction if the prediction is made 
with lower certainty. Then model will 
return planned route for the users.

Since SNCF already has an app for 
viewing train information, we could 
design API deployed on the server 
and combine navigation with ticket 
booking, scheduling, and information 
queries.

TECHNOLOGY
DESCRIPTION

E_1

W_1

N_1

S_1

S_25

N_25

E_25

W_25

S_86

N_16

E_27

W_70

N_46

W_17

E_98

S_7

N_45

W_58

E_29

S_19

Train and test convolutional neural network

W_25

Camera Classifier 

Prediction

Data process-

ing

Routine AR Navigation

Server Update

Panoramic photography Data Pre-processing
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QIANHUI LIANG

Qianhui Liang is currently a SMarchS 
students of Architecture and Urban-
ism at MIT. She is interested in big 
data analysis and visualization, urban 
design and technology, and how big 
data analytics and digital interactive 
design can inform and transform 
physical and spatial urban system, 
and human behavior. 

P3
The Design Commune
by  Zhoutong Wang

SENSEABLE CITY LAB, MIT

Design
Commune

a station designing &
feed back tool
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Design Commune is a Real-time  
Sandbox Game for Space Design

PROJECT
DESCRIPTION

As artificial intelligence is getting 
popular, the collection of training 
data has become increasingly 
crucial. Despite of the vast number 
of crowdsourcing factories recently 
built in developing countries such 
as China, the quality and quantity 
of such workforce is low-quality to 
some degree. For those laborers in 
the factory, almost all of them lack 
the expertise and experience for 
some specific task.

Specifically in Gare de Lyon, our 
research was focused on the 
evaluation of the distinctiveness of 
spaces in the station through the 
training of a deep convolutional 
neural network. This model 
only digests data from physical 
environment collected from cameras. 
To further optimize and verify the 
model, it is necessary to take into 
account people’s experience and 
feedback on the built environment. 
Furthermore, this issue leads to a 
bigger question: how can we evaluate 
the finished interior design without 

invading people’s privacy?

In a typical interior design scenario, 
the workflow is one way. The 
manufacturer makes prototypes, 
the designers do combinations and 
designs using the prototype and then 
after their design are constructed, 

they will never get a chance to 
know how the spaces are used and 
consumed. 

Meanwhile, passengers waiting to 
board the trains have extra time 
before their departure. It makes 
sense to use this period of time to 
perform data collection. Therefore, 
I am proposing an augmented-
reality based mobile game that 
makes it possible for people to make 
adjustments to the current design. 

The system presets a few of options 
to renovate the space (e.g., selection 
of furniture & wall color) and user 
could choose what part of spaces to 
redesign by themselves. After they 
finished design, they could comment 
and rate other people’s works. 

Although the passengers are the main 
users of this application, this project’s 
ecosystem includes the participation 
of furniture manufacturers, designers 
and passengers in the station. 
The feedback of the passengers is 
synchronized to the cloud, and on the 
other end of application, designers 
and manufacturers are able to see 
the preferences of those people in 
real built environment. 

Above:  General Data Collecting Workflow

Project

Project
Completed

Break it into
Tasks

Passengers as
Workers

Publish HITs

Approve or 
Reject

Worker Submit
Assignments

Experienced Provide Physical
Environment

Manufacturers Designers
Design

By Users

PREVIOUS: DESIGN MECHANISM

NOW: INTERIOR DESIGN MECHANISM

Manufacturers Designers

Physical
Environment

Users

Use APP 

Experienced By

Design

FeedbackFeedback

Feedback

Provide
Design

Design Works

Design Co mm une

Manufacturers 

User

Designers

- Get to know how popular their products are

- Better communication with designers

- Get to know how to improve their products 

- Have something to do while waiting for train

- Learn to design in basic built environment

- Could also experience the social network

- Are better informed of their designs

- Have chances to improve their designs

1
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Whenever a passenger enters the 
station and waits for the train 
to come, he/she can open the 
application Design Commune and 
raise the mobile phone. First, the 
passenger should permit the mobile 
application to access the camera. 

After some moments of processing, 
the screen would soon display the 
object detection results for the 
image. For instance, for a waiting 
area, the model would identify 
specific chair, plant or ceiling lamp. 
Scan the surrounding environment 
with camera on and pick the object 
you want to modify: for instance, a 
ceiling light. Then your phone will be 

synchronized with the latest product 
library, which is provided by market 
partners. The detail of the products 
includes the price, size and other 
basic product properties. 

After choosing a favorite item from 
the library, you could adjust multiple 
properties of this item, for instance, 
the lampshade size and color 
temperature of the ceiling light. This 
process could be applied to different 
objects identified in this scene. When 
you are satisfied with your design, 
you could either save the design as 
draft or complete and publish it. 

Whenever a passenger finishes an 
interior design at a specific place, his/

PERSONAL
INTERACTIONS

her design would be granted access 
to everyone positioned in the area. 

Another mode for this application is 
comment and rate mode. For those 
users who are willing to see other 
people’s designs, they could simply 
scan the environment through their 
camera and all design proposals are 
listed on the iPhone. He/her could 
choose to comment on every single 
detail in the design and give score 
in multiple dimensions, such as 
congruousness and aesthetics. 

A leader board is updated every day 
and people could get to chat with 
those they are interested in. 

Bottom: User Interaction in the Application

Light

Melai na Millennium

Me rcu r y Muuto

Mercury

watts

lumens

holder

height

mensensnl

ww

ensensml s

Changable Items

Light

Floor

Boa rd

2

3 4

Nice!

Lack of Gloss

Mo re Lounges

1

2

3

4

Inside the station, open up the 
application and allow camera 
access

Scan the surrounding environ-
ment with camera on and pick 
the object you want to modify

Select from the library the 
specific item that satisfies your 
aesthetics

Choose and adjust the proper-
ties of the certain object you 
selected from library

Check the ranking of other users’ 
designs and their likes & dislikes

Choose your favorite 
substitute

Check other peoples on comments 
on different set of designs
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On one hand, this application could 
also be designed to have portals 
for manufacturers and designers. 
Through these two types of portals, 
user data, under privacy protection 
and certain agreements, would be 
wrapped and presented in front 
of them. For designers, they are 
able to see, in each space, the 3D 
distribution of people’s focus and 
their corresponding comments 
and ratings. If possible, they could 
make certain adjustments for 
their design in built environment. 
For example, a sofa that is not 
favorable to most people could 
be replaced by another one in the 
future, following top-voted advice. 
For manufacturers, they could test a 
prototype without even producing 
it physically. The manufacturers 
could add the new virtual prototype 
to the library. Another thing would 
be, they could look at the popularity 

for item in the library and get a 
sense of people’s preference. In this 
way, manufacturers would adjust 
such as increase production or halt 
production to a specific product 
quicker than ever. Through this app, 
designers and manufacturers would 
be more efficient since they would 
know more about their customers. 

On the other hand, in order to 
collect adequate data for machine 
learning purposes, it is necessary to 
expand this application scenario to 
more spaces in the city. However, 
expanding the application to the 

scope of city would consume a lot 
of developing and maintenance 
energy. Using social media as tool, 
it is possible to locate the interest 
of people in terms of public spaces. 
These places usually have huge 
number of visits and flow density. 
Thus, they are fertile foundation for 
applying such experiment. Though 
implementing scene recognition 

to photos with top viewers in Paris 
from YFCC dataset from Yahoo!, it 
is possible to accurately plot these 
places in a map (below). 

URBAN
INTERACTIONS

Bottom: The different spaces to applying the App

Product Factories 

Design Firms

Designers

Manufacturers

Application Feedback

1

1 2

2

3

3

Users’ preferences on 
different elements

Users’ preferences on 
different spaces

Users’ preferences on 
element prototypes

Design Commune promotes the 
efficiency of production & design
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Just like any other mobile application, 
the Design Commune is operated in 
an online server with quite amount of 
power in computing. 

After users’ data (images of 
surrounding environment) has been 
inputted into phone storage through 
the camera, the image is immediately 
re-sized and preprocessed by 
the mobile itself. Afterwards, 
the preprocessed data would be 
uploaded onto the cloud where an 
algorithm would be performed to 

detect the object type, search the 
specific object in existing library in 
the space, and match the object with 
product library. 

After a user finished the design, it 
would be saved and uploaded onto 
the cloud, and would further be 
distributed among manufacturers 
and designers for other purposes.

Another use of data could be 
providing training data in Deep 
Convolutional Neural Networks. By 
far, research have shown that there is 

much similarity between machine’s 
judgement of aesthetics and human 
beings’. In similar cases, such as 
Media Lab’s Streetscope, models were 
taught to make aesthetic judgements 
similar to human beings. 

This type of data serves as 
fundamentals to answer such 
question. Through collecting data in 
multiple stations on daily basis, it is 
entirely possible to train a designer 
robot that imitates a real human 
designer.

TECHNOLOGY
DESCRIPTION

Class Activation Model

Bottom: Technology Description

Bottom: Technology Description

Top: Streetscope from Streetscore - Predicting the Perceived Safety of One Million Streetscapes

Scene Segmentation Community Detection Clustering

Maps of Hotspot

Scene Heat Map

“Design Commune”

Verification

Provide Training 
Data

DenseNet Image Classification Training (Deep Convolutional Neural Network)

Station Staff

Designers

Passengers

Manufacturers 

Designers

Physical
Environment

Camera

Use rs

Interact

Captured

Delivered

Mobile GPU

Cloud Server

GPU

Storage
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Design Co mm une Applicat ion
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ZHOUTONG WANG
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CartMate
by  Xiao Zhang

P4

SENSEABLE CITY LAB, MIT
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PROJECT
DESCRIPTION

One may claim that the experience 
in a train station could be described 
as a nightmare: endless waiting time, 
uncertain delay, rushing hour chaos, 
limited waiting area, difficulty in 
wayfinding. 

Compared to most train stations in 
the world, Gare de Lyon was already 
equipped with technology to deal 
with most chaos. For example, it is 
easy to find mobile apps and ticket 
machines to streamline the ticket-
buying process.  

However, as one of the largest railway 
stations in Paris, Gare de Lyon does 
not  provide any carts for travelers. 
Some international travelers with 
lots of luggage and the older people 
suffer from this when they have  to 
spend a long time in the station. 

In a travelling forum,  people were 
discussing if there were any luggage 
carts in Gare de Lyon years ago. In 
2014, travellers could simply use 
luggage carts for a 1 Euro deposit. 
However, luggage carts in the 
stations gradually disappeared 
because the homeless and some 
other people found them cheap 
to use, and either kept them or 
abandoned them anywhere. 

Carts in stations provide travelers 
simpler and lighter journeys. In 
particular, carts serve old people and 
those who struggle to carry large 
luggage well while waiting in airports 
or train stations. 

At the same time, wayfinding during 
rush hours is still a crucial problem 
for travelers who seldom come to the 
station, such as foreigners.

CartMate, an autonomous cart robot, 
assists travelers wayfinding and find 
more ease in the Gare de Lyon. 

It can also automatically carry 
luggage onto the trains. The main 
audience of CartMate are those 
people carrying large luggage, 
especially families or tourist groups.

CartMate also provides a great 

opportunity for the station to 
better manage its public space by 
guiding passengers to unused space. 
Additionally, it is responsible for the 
safety of the luggage and takes good 
care of the luggage. 

The way to start a CartMate is no 
longer a deposit of 1 Euro, but rather, 
getting passengers’ information 
through scanning QR code on tickets. 
Technology enables CartMate only 

available to those who really need it 
at the station.

The advantage of CartMate is 
that it prevents itself from being 
abandoned. By using sensors, 
CartMate is capable to control its 
application scope inside or outside 
the station, and the autonomous 
cart is able to return back to the cart 
station by itself, which avoids being 
discarded by users.

For the passenger who arrive at 
Gare de Lyon the first time, Carbot 
is willing to be  a tour guide by 
introducing Gare de Lyon and guiding 
them anywhere they are interested 
in, no matter if it’s the high-end 
restaurant or the retails in the 
station. 

By using the CartMate, your journey 
would be easier, lighter, and happier.

Top: People in the station. 

Top: Phasing Diagram. Workflow of the CartMate.

INFOR

Train: 

Time:

shop

Start a Carbot Load Information Alarm for boarding
Boarding

Return to the Start Point

An autonomous luggage 
cart robot assists your 
wayfinding. 
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The main target users for CartMate 
are older people, groups of tourists, 
families, and individuals with many 
luggage. CartMate is designed big 
enough to hold many pieces of 
luggage. 

Since the carts were not well 
maintained in Gare de Lyon years 
ago, to avoid a similar situation, 
CartMate is designed to be easily 
maintained. In order to keep carts 

safe and secure, people without 
tickets are not allowed to use 
CartMates. To start a CartMate, the 
user is required to have either a 
physical or a digital ticket with QR 
code.  After the service, the CartMate 
is able to return to carts’ stations 
automatically, which does not require 
the users to manipulate. 

The application on users’ phone helps 
to order and control CartMates. This 

PERSONAL
INTERACTIONS

application is designed to connected 
with the existing SNCF application, 
which is popular for travelers to get 
digital tickets at present. 

After requiring a cart through the 
application, the closest cart will 
come to find the traveler. Users also 
might pick up CartMates nearby, and 
directly start them without calling on 
the application.

Start a CartMate.

Check in CartMate

Follow a CartMate. Followed by a CartMate.

Old People

Top: the target users 

Families

Group of Tourists

Once the passenger finds a CartMate, 
s/he starts it by scanning the QR code 
through the scanner on the cart. The 
application itself becomes a remote 
controller of the CartMate. 

If the user does not have an 
application on their phone, a 
matched key (also a remote 
controller) matched with the 
CartMate is available to control 
CartMate. Many older people or 

foreigners who first arrive to Paris 
may find it useful, because most of 
them do not have an application on 
their phones.

After starting a cart, the user has 
multiple choices to use it: simply 
following the cart and letting it find 
a destination, or letting it follow the 
user, or making it stay somewhere 
when the user would love to go 

shopping or restaurants. 

The CartMate also can carry the  
luggage onboard automatically. To 
avoid terrorism, this process will 
be monitored by the staff at Gare 
de Lyon. All the luggage have to be 
checked before boarding. On the 
application interface, the boarding 
process can be viewed by the users, 
in order to help users identify their 
luggage’s location.
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Top: The key.

Top: App Interface.

Many may prefer CartMates to stay 
somewhere and wait. In this scenario, 
users could check the information 
of the CartMates and control them 
remotely on the application or 
the key, which shows the location 
information of the user’s CartMate. 

The data provided by CartMates 
are the boarding information, 
waiting area information, and some 
additional commercial information 
at the station. Therefore, passengers 
no longer need to gather in front 
of information boards and spend 
long time checking their trains 
information. 

CartMate also provides opportunities 
for users to find food, drinks or 
souvenirs faster. 

To guarantee the security of the 
luggage, CartMate will lock the 
luggage unless people who are 
permitted to unlock it (e.g., the user, 
staff at Gare de Lyon and the police) 
manually unlock it either through the 
application or the key. If someone 
without permission moves luggage 
away, the cart will alarm.

After getting all the luggage out of 
the CartMate and boarding train, the 
CartMate automatically drives back 
to the closest CartMates’ Station. On 
the way back, it may be randomly 
caught up by another traveler.

As it mentioned before, the key 
matched with the Cartmate is also 
a remote controller. The user may 
choose different modes via the key. 

Also, the key indicates most impor-
tant information for the user: board-
ing time and platform. 

Furthermore, considering users’ 
different requirements on speed, the 
keys have two buttons for users to 
adjust CartMates’ speed.
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URBAN 
INTERACTIONS

Top: Cart Station Map

                 Railway

           Public Transit Stations

Bottom: Paris Main Train Stations and 
Surrounding Public Transportation Stations

Entrance

As CartMate is intended to assist 
tourists in having a pleasant journey,  
being able to find a CartMate fast and 
conveniently is essential. At the same 
time, the way to maintain all the carts 
is an important issue.

The strategy is to provide plenty of 
cart stations in Gare de Lyon, and 
make them easy to access.

In Gare de Lyon, tourists could easily 
find cart stations almost everywhere, 
specially closed to the entrance.  

If someone takes the subway, taxi 
or bus to Gare de Lyon, he/she may 
simply use the application on the 
phone to call a cart before arriving.  
A closest cart would be assigned 
to wait for the user at the closest 
entrance. Similarly, if the user arrives 
by a train, he/she could also find a 
cart on the platform waiting to assist. 
The distributed cart stations make it 
convenient for users to get assistant 
anywhere and anytime.

Also, CartMates are not limited to 
work inside Gare de Lyon, but also 
work outside the station, which 
connects the train stations with the 
urban space and other transportation 
systems.

While working in the station, 
CartMates are capable to detect 
others nearby and avoid crashing.

Also, all the data collected at the 
station will be useful for the station 

planning in the future. Data collected 
from the users, for instance, the 
users’ habits, the time they spend, or 
the places they stay, are significant 
for the designers and planners as 
well, in order to better understand 
passengers’ experiences in Gare de 
Lyon.

At the urban scale, CartMate may 
also exist in all the transportation 
stations. Similar to Gare de Lyon, 

Let me request a 
CartMate before 
arriving at the 
train station.

CartMates become a bridge 
connecting indoor station space 
with outdoor space as well as other 
transportation systems.
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CartMate is essentially an 
autonomous cart working with the 
help of an indoor positioning system.

All of the users are connected 
to the cloud though keys or the 
application. The cloud will allow carts 
to communicate with each other and 
prevent them from bumping while 
driving. It calculates the optimized 
routes to find the platform for 
boarding, or any other places users 
would love to go. 

After the user requests a cart via the 
application, a cart nearby will be 
notified by the cloud, then come and 
find the user.

The Cartmate has Bluetooth 
embedded in order to connect with 
the key or the application. With the 
help of Bluetooth, the Cartmate will 
not go further than three meters 
from the users, which guarantees the 
safety of the luggage. 

The CartMate is installed with some 
cameras. While driving, the cart also 
have cameras working to record 
videos. The recorded videos about 
peoples movement patterns in Gare 
de Lyon, or any other stations, are 
great materials used by SNCF for 
design, planning or research in the 
future.

The CartMate is an electric cart. It 
has the charging stations around the 
station. The CartMate itself also has 
USB for users to charge their phones. 

For the design of the cart, the 
charger, battery and the engine 
are all located at the bottom of the 
cart. Four cameras are designed at 
the bottom facing three different 
directions.

In order to detect pedestrians or 
other things nearby, CartMate is 
designed with the radar.  Radar 
detection makes  CartMates not to 
crash with others. 

The QR code scanner is designed at a 
proper height for users to scan their 
tickets. After scanning the tickets, the 
key, which is adjacent to the scanner, 
will automatically be unlocked.

TECHNOLOGY
DESCRIPTION

Top: Technology in CartMate.Top: Movement pattens of CartMates and users.
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XIAO ZHANG

Xiao Zhang is a graduate student 
at the Graduate School of Design, 
Harvard. She is currently doing the 
Master in Architecture of Urban 
Design and the Master in Design 
Studies on Technology at the same 
time.  She had experience working 
on architecture design, urban design, 
spatial analysis as well as different 
types of data visualization. She is 
also interested in machine learn-
ing, and had worked with people in 
diverse backgrounds on different 
machine learning algorithms. Xiao 
believes that data would play a more 
significant role in urban planning and 
design in the future, and hopes to 
explore more.

LightSwarm
by  Joshua Brooks

P5

SENSEABLE CITY LAB, MIT
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a canvas for visualizing 
and influencing human 
movement

the lighting responses to influence 
human movement. In addition, a 
feedback loop captures problematic 
conflicts and creates responses to 
intervene. The system also accounts 
for a personalized interaction with 
the system through Bluetooth 
beacon creation. 

The goals of new system and the 
resulting intervention are multi-
faceted. The overhead lighting 

assists in personalized and 
subconscious wayfinding, crowd 
management, emergency response, 
stress reduction, and directional 
nudges with the purpose of moving 
through and lingering in the station 
easier and more comfortable. This 
is accomplished through using light 
in strategic ways that are known to 
influence people’s decisions. The 
intervention also has the added 

PROJECT
DESCRIPTION

The public realm within Gare de 
Lyon is a dynamic space in which the 
fluid movement of people creates a 
spatial phenomenon of expansion 
and contraction. While the individual 
movements of people may be 
somewhat sporadic, the movements 
of the masses are rather predictable. 
This is a fundamental principal of 
swarm dynamics which this project 
expands to include temporal and 
spatial patterns.

This is important because it produces 
regular moments of conflicts and 
stresses but it also offers an excellent 
opportunity for a responsive 
intervention. The goal of LightSwarm 
is to introduce a dynamic responsive 
architectural lighting installation 
in the overhead volume of the Hall 
One of Gare de Lyon. This installation 
would utilize a three-axis array of 

LED lights to create a 3-Dimensional 
projection of light. This overhead 
field would utilize color tone, pulse, 
shape, and light intensity as a way to 
help choreograph crowd dynamics 
and ease the flow of people through 
space. 

A responsive system and feed-back 
loop will utilize existing data-
capturing infrastructure to create 
the data points which will determine 

Above: Aggregated Google trend data from the 
course of a week shows a very regular temporal 
pattern.

Previous Page: An abstracted sketch of swarm 
movements and anti-swarm movements with 
Gare de Lyon Station.

Above: Time-lapse series of three places within 
Gare de Lyon showing the expansion and 
contraction of spaces.

benefit of providing a platform for 
advertisement, seasonal display, 
and artistic expression although are 
secondary.

LightSwarm creates a canvas for 
visualizing and influencing human 
movement that utilizes lighting as 
a medium. This dynamic  display 
creates an artistic way to solve for 
the real world problem of crowd 
management. The design is both 
modular, offering a prototype for 
other stations, and site specific in 
that it takes advantage of the unique 
architecture of the train hall. 

Additionally, the installation of 
this piece has large scale monetary 
implications for SNCF as it spends 
tens of billions of dollars on the 
Grand Paris expansion of the train 
system. This installation collects data 
and creates reports on how people 
use the station, move through space, 
and congregate; effectively mapping 
the swarm dynamics of the Gare de 
Lyon station. 

6a 9a 12p 3p 6p 9p 12a
Observation Site 1

Weekly User Counts at Gare de Lyon
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LightSwarm is designed to allow for 
unique personal interactions as well 
as shared collective interactions 
amongst groups. 

The fundamental premise of the 
system’s responsive actions is to 
either nudge people to become part 
of the swarm or help them navigate 
against the swarm. That is, there are 
certain collective actions that if done 
together would ease congestion and 
create a better ambient environment 
for all, such as everyone going to the 
same train to follow the same path. 
On the contrary, there are times when 
one individual or a smaller group 
of people need to move against 
the swarm or perpendicular to the 
swarm, such as someone trying to 
transfer when others are trying to 
load or first responders trying to 
access an emergency while others are 
trying to move away. 

In addition, the system is designed 
both for involuntary and voluntary 
interactions. 

Using light as a medium and with the 
system always on, all users of Gare de 
Lyon will interact in some capacity 
with LightSwarm. The interactions 
are then arranged along two axes. 

The first is the range of voluntary to 
involuntary and the second is the 
range of individual to collective. 
The varying lighting responses 
associated with these interactions 
are not mutually exclusive, meaning 
that a larger number of them can 
be happening at once across the 
space. These aggregated responses 
add up to be an artistic spectacle 
that is yet another interaction. 
Finally, the interactions do not occur 
continuously for individuals allowing 
different levels of engagement over 
time.

There are five main goals of the 
personal interactions and the 
associated responses presented 
below:

Provide an ambient atmosphere 
that naturally sorts people into 
areas of movement and areas of 
rest.

Create a dramatic response to 
organize mass movement of people 
from one area to another. (i.e. train 
loading and unloading)

Provide personalized guided 
wayfinding that routes around 
crowds and mass flow.

PERSONAL
INTERACTIONS

Provide playful responsive condition 
for those intentionally engaged in 
the system. 

Create affective emergency 
response protocols. 

These goals build up to create the 
matrix of responses presented on 
the next page. These responses are 
designed to be distinct enough to be 
distinguished from one another and 
respond to each other as needed. 
For example. If an individual were to 
activate the individual wayfinding 
response, the system would route 
that individual to go around high 
concentrations of resting people 
or around a mass movement of 
the crowd. The system is designed 
to optimize each response and 
interaction at any given time.

While much of the interaction with 
the system would be involuntary, 
the voluntary interactions would 
be managed through the existing 
SNCF application on personal mobile 
devices for regular users or through 
an additional page associated with 
the existing interactive kiosk within 
the Gare de Lyon. Example users are 
presented on the next page.

Above: Various users each have unique 
experiences interacting with the installation over 
both space, time, and intensity. 
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MORE COLLECTIVE

CROWD MANAGEMENT

BASTILLE DAY

PATH DODGING

GAMES

RESTING PLACE

EMERGENCY RESPONSE

MISS THE SWARM

DIGITAL AVATAR

CALMING EFFECT

TRAIN ANNOUCMENTS

INTERACTIVE ART

WAYFINDING

Rivers of warm lights and puddles of cool 
tones

Large Moving French Flag Overhead

Two Paths Time to Not Hit Each Other

Collective Tic-Tac-Toe

System Demonstraits Areas of Rest with 
Cool Tones

Blinking Red Arrow Pointing Down

Guide Yourself Around the Crowd

Bluetooth Beacons to Help Find Friends

Long Periods of Little Movement create 
cool tones

Counting Letters and Train Destinations

Shapes Track People Below 

Personalized Color Arrow Leading to Your 
Train
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A mother, father, and daughter walk 
into Gare de Lyon for the first time 
with the luggage and 1.5 hours to 
spare before their train departs to 
Lyon for a long weekend of visiting 
long-lost family. They walk up to a 
fixed kiosk and hit their train number 
where a lighted arrow guides them 
to their waiting area. Mom uses the 
system to find a shop while Dad 
watches his daughter chase a light 
ball that moves every time she does. 
After waiting for a bit longer Mom 
leans over and says “wow, that wait 
was quick”. 

Natalie and Amelia are in Paris for a 
school project. They agree to meet at 
Gare de Lyon at 6 p.m. where they are 
overwhelmed by the rush hour traffic. 
Amelia gets the bright idea to drop 
an interactive beacon which sends 
an animal avatar of her choosing up 
into the air which follows her around 
as she moves. She texts Natalie 
and tells her to come see her at the 
Tyrannosaurus Rex. This fun way to 
find a friend actually brings tourists 
to the station just to check it out!

Louis passes through Gare de Lyon 
five days a week. Although he 
frequents the station his train to 
the eastern suburbs of Paris always 
leaves from a different platform. To 
make it worse he always arrives with 
very limited time to catch his train. 
He uses LightSwarm almost every day 
by simply clicking on his Apple Watch 
app to follow his custom color arrow 
weaving around groups of people 
concentrated under a cool blue light, 
allowing him to miss the masses of 
people waiting for their trains. 

He gets to his train with 20 seconds 
to spare!

During the busy rush hour time an 
elderly man has a heart attack deep 
within the station. First responders 
need to react quick to save the man’s 
life. A locator arrow flashes red above, 
providing the exact location of the 
man. Additionally, a subtle pulsing 
light pattern pushes people away 
from the man giving the medics 
room to work. Thanks to LightSwarm 
and the first responders the man is 
recovering nicely. 

Holiday Commuting Family Individual Tourist

Rush Hour Commuter(s) First Responders

whimsical play 
while waiting

customized  digital 
avatar

Linked to train 
schedule

guide around 
crowds

precise directional 
wayfinding

Arrow Locator in 
emergencies
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Saint Lazare

Gare du Nord

Gare de l’Est

LightSwarm’s installation has a 
front end public benefit in that it 
influences crowd movement within 
Gare de Lyon’s Hall One. Built into 
the architecture of the system 
however, is a large scale, long term, 
anonymized data collection system 
that can be used to understand 
human behavior within the train 
station. 

This system, utilizing an array of radar 
sensors located along the bottom 
of the installation, captures the 
movement and patterns of human 
behavior and how they change over 
the course of the day and during 
different conditions. 

For example the system can 
specifically capture what happens 
when trains change platforms at the 
last minute or emergencies happen. 
This information could be used to 
create training scenarios, increase 

design efficiency, influence design 
of future stations, help with train 
placement logistics, etc. 

This information can be aggregated 
over different time periods, or before 
or after changes or events. The 
gathering of this data has both short 
term and long term capabilities. 

As SNCF gathers this information it 
can be exported from Gare de Lyon 
to the other five major train stations 
within Paris. Gare Montparnasse, 
Saint Lazzare, Gare du Nore, Gare de 
l’Est, and Gare d’Austerlitz all have 
similar architectural vernaculars 
as Gare de Lyon. The stations all 
deal with issues related to crowd 
management and human flow. 
In addition to this train stations 
that can benefit directly from the 
information gathered through this 
installation. SNCF can also utilize this 
information as they build out the 

URBAN
INTERACTIONS

Grand Paris express, the new metro 
system servicing suburban Paris 
including 68 new stations. Utilizing 
this information collected by 
LightSwarm could result in millions 
of dollars in savings for the design of 
new stations as well as ensuring the 
new station’s long term success. 

Finally this information can be 
utilized for understanding general 
pedestrian patterns and can be used 
throughout Paris for other public 
spaces and buildings as well as the 
other assets of SNCF across the 
world. 

The method of data collection is 
particularly important in the current 
context of French laws related 
to privacy and security which 
precludes the use of cell Phone data 
for pedestrian tracing. Because the 
technology of this system there are 
no legal conflicts. 

Above: Placing this installation in Gare de Lyon’s 
Hall I has system wide benefits. As the Grand Paris 
expansion is designed and built the information 
gathered can be utilized to set design baselines 
and generate guidelines for the 68 new stations 
that will be constructed. 

Above: The sensor network associated with the 
installation has the capabilities of collecting 
routine pedestrian action data and generate 
composite reports for SNCF.

Above: Once the data it can be aggregated over 
time to understand how patterns respond to 
station changes and ultimately generating design 
best practices for human design. This information 
can be exported to other train stations within Paris 
and the SNCF system. 

Gare Montparnasse

Gare de Lyon

Gare d’Austerlitz

Flow Report Resting Report Waiting Report Conflict Report
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The system architecture of 
LightSwarm utilizes a simple yet 
effective feedback loop to provide 
personal and collective interactions 
and real time responses. 

Radar sensors located in the bottom 
center of each design module 
create a real-time map of pedestrian 
movement throughout the station 
at any given time. These sensors 
utilize the planimetric perspective 
to reduce occlusion and use proven 
image recognition algorithms to 
define pedestrians. That data is 
processed into a station map and the 
image feed is discarded reducing the 
amount of data that is collected and 
stored.

In addition, the system is synced to 
the real-time train platform schedule 
and is calibrated to the precise 
geometry of the station. Thus the 
system can be utilized for guiding 
people to particular points within the 
station.

Together these two basic parameters 
create lighting responses using color 

and pattern to nudge the crowd to 
move in particular ways. A nine foot 
high 3-Dimensional matrix of linear 
LED lights provide the platform 
for these responses. Each LED is 
programmable  thus allowing for 
nearly endless patterns.  Static cool 
tones signalize waiting areas while 
warm flowing tones indicated areas 
of movement. As concentrations of 
people change so does the response. 
As trains approach their platform 
the system adjust to indicate these 
routes. 

Individual Bluetooth beacons 
can also be created utilizing a 
triangulated sensor network 
associated with each design module. 
These sensors can create a precise 
location of individual users for a 
number of different responses.

Together these inputs trigger pre-
programmed responses in the form of 
color flows, light pulse and intensity, 
and distinguishable shapes which 
interact with the pedestrian data 
collected to create an ever-changing 
light landscape which influences 

the crowd dynamics in both day and 
night. In the day time, the system 
would provide more saturated 
color tones which would still be 
distinguishable to humans while at 
night the colors could be more subtle 
as to not provide sensory overload to 
station patrons.

To address the additional energy 
needed to run this installation a solar 
array would be fixed to the south 
facing roof plains of Gare de Lyon and 
could generate over 500,000 kWh of 
electricity a year, which is more than 
enough to cover the energy demand 
of the installation. 

Data collection and storage is 
processed using cloud computing 
allowing analysis to be done 
at remote SNCF office. Image 
production and synchronization 
would be computed on site.

While the basic inputs to the system 
our simple, when combined with 
the dynamic nature of the space it 
creates a remarkable showcase of 
swarm dynamics painted in light. 

TECHNOLOGY
DESCRIPTION

Top: The responsive system captures two primary 
flows of data create the overall lighting response, it 
also includes more subtle personal feedback loop 
that also create responses from the system. 

Responsive System Diagram Hall 1 Location

Parameters

Individual 
Bluetooth 
Beacons Individual 

Bluetooth 
Beacons

Real-Time 
Train Platform 

Schedule

Radar 
Pedestrian 
Detection

Radar 
Pedestrian 
Detection

Cloud      
Computing

Local Server

Data Report 
Exporting 
and Data 
Storage

Image 
Creation

Color Flows

Light Pulse + 
Intensity

Distinguishable 
Shapes

Crowd Behavior + 
Personal Change

ResponseProcessing FeedbackInteraction

Crowd      
Interaction

Personal     
Interaction

SOLAR POWER ARRAY
Based on the orientation and 
pitch of the Gare de Lyon Hall 1 
roof and the location of the sky 
light windows about 40% of the 
roof’s surface area is available 
for solar voltaic panels. That 
30,000 Sq/ft could produce 
upwards of 500,000 kWh of 
electricity a year.

GARE DE LYON ROOF STRUCTURE
The existing roof structure of 
the station is left alone and is 
turned into a center piece of 
the installation as the new light 
display brings attention to the 
vertical aspects of the station. 

EXISTING STRUCTURAL FABRIC
The current structural system 
supporting the roof of Gare de 
Lyon utilizes a 30’ grid spacing 
between each rafter. This 
provides an excellent armature 
for suspending the new 
lighting system from above. 

LED ARRAY MATRIX
The new lighting array is 
275’x360’ and covers nearly 
60% of the Gare de Lyon ceiling 
surface. The array spans over 
the entire waiting space and 
well into the train platforms. 
The full array contains 
approximately 7,000,000 LED 
lights. They overall system 
would be roughly $1M.

GARE DE LYON FLOOR SPACE
The beauty of this installation is 
that it keeps the floor space of 
Gare de Lyon completely clean 
affording flow management 
without impeding movement.
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Radar Sensor
Associated with each module 
the camera provides a clear 
field of vision to a 30’x15’ 
rectangle

LED ARRAY
Utilizes a triangulated pattern 
to reduce parallax issues as 
users move around the station. 
Each row, in both directions, 
functions as an individual 
screen. The LED array has an 
overall dimension of 9’x15’x30’.

BLUETOOTH
Each design module comes 
equipped with Bluetooth 
beacon that allow for precise 
triangulation of users across 
the station.

Structure
The structural system of each 
module relies on a simple 
4-point connection to the 
existing rafters of the station. 
It then uses a outer cable 
bracing that is set in tension 
and a compression rod system 
that keeps the rectangular 
form rigid.

Design Module Image Visualization

2”

2”

To achieve the desired visual quality 
the design module utilizes a 2”x 2” 
triangulated LED array. This means 
that there is an LED light, which 
represents a pixel, every 1” when 
viewed from each main direction 
and from below. This triangulation 
strategy reduces the number of 
LEDs needed in half, resulting in 
cost savings without sacrificing 
resolution. The effective resolution 
of the visuals is 320x240. That means 
there are 64,000 LED nodes per design 
module. At approximately $00.10 per 
LED, each design module would cost 
roughly $7,000-$10,000.

Within each design module each 
row of LEDs would be programmed 
as an individual screen that would 
receive a unique identifier that would 
be used when sequencing images. 

The triangulated screens would 
utilize a synchronization program to 
computational tie each screen to the 
next.

The video sequencing would happen 
at a 10 frame per second interval. This 
would reduce the video processing 
power needed while still providing 
a very dynamic quality of every 
changing lights above head.  

The system would also have 
programmed language that would 
prohibit sequence conflicts between 
different responses (i.e. two arrows 
would never collide, but rather 
move up and down to avoid each 
other). Additionally, there would be 
a max of 200 individual Bluetooth 
beacon cutoff preventing system and 
perceptual overload. 

9’
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JOSHUA BROOKS

Joshua is a Masters of City Planning 

student at MIT’s Department of Urban 

Studies and Planning City Design 

and Development group where he 

focuses on human habitat and urban 

design. Prior to coming to MIT Joshua 

worked as a landscape architect 

and urban designer in Australia and 

the United States where he lead 

projects nationally and globally. 

Joshua has a strong passion for the 

synthesis of culture and ecology and 

how design can make people more 

aware of their surroundings. Through 

his work he seeks to create places 

of ecological integrity and lasting 

social significance at a multitude 

of scales. Joshua is focused on the 

implementation of human habitat, 

offering both the broad vision and 

the technical expertise needed to 

bring those ideas to fruition. He has 

lectured and written about human 

habitat and his work has been 

honored by ASLA, APA, AIA and ULI. 

Source: https://www.thelocal.fr/20180201/its-true-one-in-two-french-people-are-actually-happy
8% French defined themselves

as “very happy“
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Tu es très beau

Tu es très belle

Tu es très belle

Tu es très belle

PROJECT
DESCRIPTION

CONTEXT

“The truth is that train stations 
airports have seen more sincere 
kisses than the wedding halls.”

- Yue Wu

Traditional spaces defined as 
emotion containers are places such 
as archives, museums, cathedrals, 
palaces, cemeteries, and memorials. 
However, Gare de Lyon, as an urban 
public space, is undoubtedly a 
social infrastructure that witnesses 
goodbyes and hellos, and is 
embedded with various emotions 
every second. On the other hand, 
considering the high density and 
fast flow of people in the station, 
as well as the crowded, noisy and 
confused physical environment, 
it is not surprised that among 
all kinds of the emotions, a large 
number of population are showing 
passive moods during transit. In this 
way, how to provide a joyful built 
environment that is able to comfort 
people with negative emotions 
becomes the design problem of the 
project Ungrumpy Paris.  

SCOPE

The project will focus on identifying 
people with negative emotions in 
the station, and propose a design 
approach that could engage the 
emotion potential of the space as 
well as create a more human-oriented 
built environment.

METHODOLOGY

The project consists of two parts. 
The mapping/surveying part uses 
images uploaded on social media 

as the major data resource to map 
the emotion of people. By image 
recognition, the computation 
method will be able to geo-locate the 
places where people are most likely 
to show interest in and take pictures. 
By doing this, places that have design 
potentials can be mapped out, and 
be used as a design foundation for 
further development (in this project, 
the area in front of timetable and the 
platform). 

The design part proposes an interface 
- Ungrumpy Paris - as an intervention 
to provide comfort, joy and 
happiness for people. Located above 
the timetable and embedded in the 
electronic gate, the Ungrumpy Paris 
can detect people’s smile on face, and 
return a stylized portrait with the 
smile highlighted on it. Meanwhile, 
a sentence praising the smile will 
be returned for the user, in order to 
encourage more people to express 
their positive feeling, and pass this 
emotion to other commuters. The 
data containing the proportion of 
real-time smiling people is also able 
to be collected by the device, and be 
used to tell the emotion situation of 
the whole station at different time 
scales. The data can also be compared 
with other data sources, indicating 
what property (such as weather, 
the delay situation of the train, etc.) 
may influence people’s emotion, and 
allows doing comparisons across 
stations.

Right: A diagram shows the basic concept of the 
project



User

Timetable

Collective
Interaction

Personal
Interaction

Gate

Data collection

1
1

2

2

33

User

Timetable

Collective
Interaction

Personal
Interaction

Gate

Data collection

1
1

2

2

33

SC
G

  PA
R

IS  /  P6  /  U
N

G
R

U
M

PY PAR
IS

89

SC
G

  PA
R

IS  /  P6  /  U
N

G
R

U
M

PY PAR
IS

88 You live in a tiny partment in down-
town, and you need to catch the 
commute train every day 

You are almost 
wet when arrive, 
what a grumpy 
day

In Hall 1, you notice many 
people are gathering under 
timetable
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It is always rain-
ing recently

You are going 
to board after a 
while

When passing 
gate, it praises 
your smile again

T’es beau !

You have to trans-
fer from metro to 
station

The project uses smiles to identify 
happy people. Using facial 
recognition, the Ungrumpy Paris can 
detect the positive expression on 
people’s faces when waiting for the 
train under the timetable or boarding 
the train via electronic gates. Once 
the smiling faces are recognized, it 
will allow SNCF to have an idea of the 

proportion of happy people in the 
station. Simultaneously, the smiles 
of people who wear happy faces 
will be returned and highlighted on 
the screen, along with a sentence 
saying “T’es beau!/ Tu es belle“, as 
an encouraging mechanism praising 
people’s happiness. A key point is 
that rather than trying to get people’s 
consent for using and displaying 
their facial information in front of 
public, the system will first convert 
the real-time facial information into 
a stylized image. In this way, it can 
avoid the troubles caused by privacy. 
Hopefully, with the belief that a smile 

PERSONAL
INTERACTIONS

can spread, once a grumpy commuter 
witnesses his/her smiling neighbor 
being praised by the system, he/
she will ideally have the same desire 
to play with the interface, with a 
propensity of showing a happy face.

Since the similar interface will be 
both embedded above the timetable 
panel and within the electronic gate, 
people will have the opportunity to 
interact with these devices twice. 
In this way, the emotional data for 
same person can also be collected 
twice, and to be used to analyze 
whether the expression of him/her 
has been changed after interacted 

Above: A story about how the design helps 
ameliorate people’s negative emotion

Right: The flow map of Grumpy Paris

Above: The axon of the 
Ungrumpy Paris

Above: Where the 
Ungrumpy Paris is located 

in the station

Above: A potential interface 
showing image of collective 

people

with the Ungrumpy Paris, indicating 
whether the device is useful in 
ameliorating people’s negative 
emotions to some extent. By doing 
this, the project is able to close the 
feedback loop. The practical value of 
the design is to ameliorate people’s 
bad temper when the weather is 
bad, luggage is heavy, the station 
is crowded or the train is delayed, 
improve the emotional condition 
within the train station, meanwhile 
to solve potential conflict between 
the travelers and the administrators. 
On the other hand, the workers, 
cleaners and shop owners can also 
have the opportunities to play with 

To Users

To Station
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To Terminal

To Interface

Under Timetable

Embedded in Gate

Stylized Portrait
Praising Sentence

the interface. This helps create a 
more comfortable and relaxed public 
environment.
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The device of Ungrumpy Paris will 
be implemented in different train 
stations owned by SNCF, spreading 
all over the greater Paris area. In this 
way, they make up a platform. 

Such an emotion detection platform 
can generate a large amount of data. 
For each station, the front end will 

show the emotion distribution of the 
station generally, e.g., the real-time 
proportion of happy people within 
station, etc. 

Meanwhile, the emotion data profile 
can be compared with other datasets, 
e.g., the weather data, the noise 
data, the train delay data, etc. This 
will allow SNCF to run the analysis 
models (e.g., linear regression model) 
to examine which feature(s) will 
influence people’s emotion within 
the station mostly. Such information 
analysis and representation will take 

URBAN
INTERACTIONS

place at an urban scale, and will add 
another layer to the existing informa-
tion of the station. After analysis, 
SNCF will be able to propose different 
methods in order to improve user 
experience within station based on 
their analysis result. For instance, if 
the research finds that bad weather, 
e.g., rain, mostly affects people’s emo-
tion, SNCF can conduct more artificial 
light and change the humidity within 
station accordingly when weather is 
turning bad. 

This is a interface template showing 
how the smile situation of different 
stations is displayed on the aerial map

Below: This is a possible table showing the data 
collected by the detectors, displaying by the 
properties of station, time and other features

Gare de Lyon

Place Louis-Armand
75571 Paris, France

Gare Vaugirard

75015 Paris, France

Gare de Bercy

48 bis Boulevard de Bercy
75012 Paris, France

Châtelet Les Halles
75001 Paris, France

Gare d’Austerlitz

7 bis Boulevard de l’Hôpital
75013 Paris, France

15% Happy

5% Happy

80% Happy

5% Happy

5% Happy

Station Name Time Weather Noise Train Delay People Smile Detected

Gare de Lyon 08/05/2017 Sunny 90 dB Delayed 500,989 4879

Gare de Bercy 08/05/2017 Sunny 80 dB On time 100,423 677

Gare d’Austerlitz 08/05/2017 Sunny 85 dB On time 300,281 1773

Gare Vaugirard 08/05/2017 Sunny 86 dB On time 400,995 543

Gare de Lyon 09/05/2017 Rainy 87 dB Delayed 500,020 1872

Gare de Bercy 09/05/2017 Rainy 76 dB Delayed 99,000 587

Gare d’Austerlitz 09/05/2017 Rainy N/A On time 300,022 1238

Gare Vaugirard 09/05/2017 Rainy 87dB On time 400,098 545

Gare de Lyon 09/05/2017 Cloudy 74 dB Delayed 500,045 1879

Gare de Bercy 09/05/2017 Cloudy 50 dB Delayed 100,088 455
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The technology that is embedded 
within this project is mainly based on 
current facial and expression recogni-
tion techniques.

Firstly, the images containing expres-
sions which are already categorized 
are input as the expression dataset. 
The Haar Cascade classifiers are 
then imported, in order to set up 
the classification standard for the 
expression recognition. Afterwards, 
the system will convert the image(s) 
which is directly loaded or captured 
by external camera(s) to gray scale 
image(s). Then the internal facial 
detector established by the classifier 
will be used for the facial recognition, 
detecting every pixel of the image(s), 
comparing the relationship between 
the pixel itself and its neighbors with 

classifier. Thus, the face can ideally be 
recognized.

When finishing the first step, the 
system begins to categorize the 
expression, based on the CNN model 
which is built following the same 
logic of facial recognition. The 
dataset containing the classified 
expressions, including angry, fear, 
happy, sad, surprise, and neutral will 
be implemented as classification 
standard. Using the similar compari-
son methodology, the information of 
expression displayed on the image(s) 
can be categorized and returned.

Based on certain machine learning 
algorithm, the Ungrumpy Paris will 
take advantages of the facial and 
expression recognition technology in 
the station. For further development, 

similar technology can also be used 
to examine whether the traveler is co-
herent with the ticket owner or not, 
whose information will be previously 
collected by the ticket selling system, 
in order to improve the security of 
the station.

TECHNOLOGY
DESCRIPTION

Above: An axon shows how the Ungrumpy Paris 
is embedded in the gate

Left: One possible layout of the emotional gate 
screen

Below: The mechanism of how smile recognition 
technology works, based on a convoluntion neural 
network

Positive Class

Output LayerConvolution LayersInput image
Gray Scale
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Hello Paris

80% Astonishing

5% Happy

15% Grumpy

To gate
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SENSE AND SUSTAINABILITY
To investigate people’s emotions within station, especially within a 
station in France is indeed a great challenge, since French is famous with 
their grumpy expressions. In the same time, a large proportion of French 
are unwilling to share their emotion with public. However, with the scope 
of this project, the Ungrumpy Paris provides a potential alternative of 
sharing personal feelings with others, and getting a positive feedback by 
such interactions.



Air From Elsewhere | L’Air D’Ailleurs
by  Natalie Bellefleur
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TIME OF MEASUREMENTS

Clean air that exhibits the 
fragrances of France

PROJECT
DESCRIPTION

The discussion and investigation 
into Paris’s air quality has received 
heightened attention in recent 
history. Airparif an air quality 
monitoring organization warns that 
unless residents take drastic action 
the warning threshold of 50 µg / m3 
will regularly be surpassed.  It has 
been stated by the Paris police that 
this new episode of fine-particle air 
pollution is due to various conditions 
including unfavorable weather, an 
increase in emissions pollutants, and 
the burning of wood and city traffic. 

Various physical and digital platforms 
and campaigns launched by Airparif 
and Plume which track and analyze 
data have been instrumental in 
educating the public about an 
invisible threat. The heightened 
awareness of air quality within the 
city of Paris prompted a partnership 
in 2016 between Airparif and SNCF’s 
internal laboratory to measure 
the indoor air quality of Parisian 
underground stations. 

The project proposal Air From 
Elsewhere takes on the critical 
tasks of not only monitoring, but 
also improving the air quality 
within transit stations. The 
proposal addresses the issue of 
air quality through monitoring 
the levels of pollutants, actively 
removing particulate matter 
and engaging station users with 
the topic through an explorative 
digital map and scent diffuser 
system. The aim of the project is 
to make users more aware of their 
environments, their actions upon 
it and to exhibit France’s regions. 

As a station which operates as the 
gateway to multiple metro lines in 
the city, rail lines to both domestic 
and international destinations, the 
historical significance of the station 
has been to exhibit and promote 
destinations of travel. Following 
upon the theme of painted territories 
within the Train Bleu Restaurant, 
the design proposes a system which 
has the capability to provide better 
air quality and showcase France’s 
regional atmospheres. Travelers 
may not only have a sneak preview 
into their destination of travel, but 
the installation has the potential to 
increase awareness of future travel 
destinations. In such a way the 
installation can connect travelers 
to other regions through a sensorial 
experience an inspire future travel.

In supplement to existing methods 
of ventilation control that supply 
and exhaust air, Air From Elsewhere 
proposes to monitor and eliminate 

air pollutants on site. The system 
is designed to complement and 
expand upon the responsibilities of a 
buildings HVAC system, which to date 
address air exchanges, temperature, 

and humidity. The HVAC system 
throughout the Gare de Lyon station 
has been designed to interfere as 
little as possible with the activity and 
users of the space, taking a backstage 
role in a visitor’s consciousness. Air 
From Elsewhere proposes bringing 
air quality and it’s capability of 
enhancing comfort within a space to 
the forefront. 

Right: The data presented within these graphs was 
collected on site at The Gare de Lyon Station.

Due to the sensitive nature of air monitoring 
systems the values should not be interpreted for 
their quantitative values but rather as a means to 
comparatively evaluate the spaces documented. FRIDAY

03 MARCH 2018 

SUNDAY
05 MARCH 2018

GARE DE LYON AIR QUALITY OVERVIEW

MONDAY
06 MARCH 2018
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Air From Elsewhere engages visitors 
with the topic of air quality through 
an exhibition of France’s regions, 
the air quality and associated 
scent of the area. Visitors interact 
with the fluted columns, which 
house the patented positive 
ionization technology developed 
in collaboration between Studio 
Roosegaarde and ENS Clean Air 
Prof. Dr. Bert Blocken through a 
LED interface which surrounds the 
columns. These columns act as oasis 
points for visitors to take refugee 
from the bustle of the station, 
breathe in clean air and experience a 
diffused scent of the region of their 
choice. The playfulness in attributing 
France’s distinct biospheres to the 
lounge areas has the potential to 
create memorable experiences, 
which may at times give visitors a 
sneak preview as to the destination 
to which they are to embark. As such 

the project is in keeping with Gare 
de Lyon’s heritage as a nodal point 
in connecting people to places. The 
project makes reference though 
through different sensory systems to 
the exhibition of France’s territories 
depicted in Le Train Bleu as well as 
the connective corridor between Hall 
1 and Hall 2.

This all the while addresses the 
project’s primary goal which is 
to improve the air quality within 
stations. Consideration of user 
types and their exposure levels is of 
relevance, in particular to long and 
very long exposure groups which 
include employees of the station 
and the homeless. Improving the air 
quality will have positive impacts on 
peoples’ health and has the potential 
to improve satisfaction levels of 
employees and station users.

PERSONAL
INTERACTIONS

LONG EXPOSURE

HOMELESSRETAILERSLONG DISTANCE 

TRAIN TRAVELLERS

METRO RIDERS

MEDIUM EXPOSURESHORT EXPOSUREVERY SHORT EXPOSURE

TIME

24 HR0 HR
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PERSONAL
INTERACTIONS

EXPLORE

... the regions of France

BE EDUCATED

... 0n the climate of the selected region and the 
current air quality 

INHALE

... the scent of the selected region

SATELLITE IMAGERY

Satellite imagery for the screen display could be 
partnership with companies such as ArcGIS for 

high resolution maps.

CO2

A LED screen allows passengers 
to explore the topographic terrain 
of France whereupon tapping an 
area will provide information on 
the live air quality in addition to a 
description of the scent created for 
the region. There are multiple air 
monitoring efforts within France 
already, therefore there is a proposal 
to partner with a company such as 
Plume Labs which has over 12,000 
air monitoring stations worldwide 
to provide real-time information 
to visitors. A second partnership is 
proposed with a Parisian perfumery, 
who will be responsible for the 
creation of the various scents. These 
include the following possibilities:

1.    Lavender fields of Provence

2.    Mountains of the Alps

3.    Gardens of Versailles

4.    Vineyards of Bordeaux

5.    Seaside of Cannes

INTERACTIONDESCRIPTION PARTNERSHIP INTERFACE

AIR QUALITY DATA

Plume Labs is based out of Paris and has over 
12,000 monitoring stations around the world 

which give real-time visualizations of air quality 
data.

PERFUMERY

The scents will be the invention of a Parisian 
perfumery, with which SNCF will have entered 
into partnership with for the realization of the 

project.
CONFIRM

Users are asked to confirm their selected region and to initiated the release of perfume.

SELECT

Users are presented with information regarding the air quality of their selected region in addition to a description of the created scent.

TOUR

Users are able to pan, and zoom into a region of their choice for air quality information and to preview the scent created for the region .

Right: 

Source of air quality data:

https://air.plumelabs.com/en/live/Chamonix 
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URBAN 
INTERACTIONS

The air quality measurements of 
Gare de Lyon will contribute to the 
larger study of air quality collection 
currently on going between Airparif 
and SNCF’s internal laboratory 
and serve as an additional case 
study. Where the data collection 
differs from the current air quality 
measurements is that it is proposed 
to layer human movement in 
relation to air quality. The data 
collected on human movement 
would prove useful in correlating 
other factors such as train and 
metro timetables in order to have 
a greater understanding of human 
responses in the station and where 
overcrowding might be occurring. 
This additional layer of data will 
allow for an analysis as to what 
degree travelers perceive air quality 
and what their response to it is. 
This analysis will prove useful in 
the redesign and future design of 
stations, as it would provide insight 
into whether there is a correlation 
between behavioral patterns and 
air quality. In the event that there is 
no significant correlation between 
the two data sets, the data collected 
can be applied in isolation to one 
another. The monitoring of air quality 
would allow SNCF to make educated 
choices as to where air improvement 
is needed and whether dynamic 
solutions might be optimal in order 
to conserve energy.

Saint-Ouen

Porte de Clichy

Neuilly Porte
 Maillot

Avenue du 
Pdt Kennedy

St-Michel N-Dame

The highest concentrations of 

particulate matter and metal particulates 

occur durring the peak occupancy hours 

at 11:00 am and 7:00 - 8:00 pm.

 

Gare de Lyon
Proposed Pilot Site

The highest concentrations of 

particulate matter and occured Friday 

evening between 7:00 - 8:00 pm.

Haussmann - 
Saint-Lazare

Gare d'Austerlitz
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SNCF stations within 
the centre of Paris 
which Airparif is or has 
monitored the air quality.
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Right: The data presented within these graphs was 
collected on site at  Gare de Lyon.

Due to the sensitive nature of air monitoring 
systems the values should not be interpreted for 
their quantitative values but rather as a means to 
comparatively evaluate the spaces documented.

COLLECTED DATA

THE DATA IS RELATIVE TO 
THE RANGE VALUES OF THE 
COLLECTED DATA IN GARE DE 
LYON.
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atmospheric particulate matter (PM) that have a
diameter of less than 1 micrometers

PM 1

PM 2.5

PM 10

CO

CO2

TEMP

atmospheric particulate matter (PM) that have a
diameter of less than 2.5 micrometers (3% the
diameter of a human hair)

atmospheric particulate matter (PM) that have a
diameter of less than 10 micrometers

carbon monoxide

carbon dioxide

temperature

NO2 nitrogen dioxide 

SO2 sulphur dioxide

INFRARED TOUCHSCREEN

LED’s and phototransistors opeate in unison to detect an
absence of light, which is trasnlated into coordinate points. 
Infrared touchscreens are durable and are often used in exterior spaces.

INFRARED MOTION SENSOR

Electronic sensors that measures infrared light radiating 
from objects, which can be used to dinstiguish people.

TOUCH

SENSING

ABSORPTION
for testing

(SENT VIA LAURA)

(SENT VIA LAURA)

(SENT VIA LAURA)

(SENT VIA LAURA)

PM 2.5

PM 10

TRAIN TIMETABLES

T

RELEASE 
of selected region scent

CENTRALIZED SERVER
location: Gare de Lyon

ABSORPTION
of air particles for cleaning

PM 2.5

PM 10

4 M RANGE3 M RANGE2 M RANGE1 M RANGE

Powder Coated Light gage Stainless Steel Vents

Powder Coated Bent Formed Stainless Steel Sections 

Diffuser Parfume Holding Tank

Electrical Pump

Diffuser Nozzel

Sensors:
CO2 Sensor
PM1, PM 2.5, PM 10 Sensor
Infrared Motion Sensor

Removable LED Screen

Bolted Baseplate

Electrical Power Source

Rubber Diffuser Tubing

Patented Positive Ionization Technology
A collaboration between Studio Roosegaarde 
and ENS Clean Air and Prof. dr. Bert Blocken 

The system attracts particulate matter through an ion
technology by sending positive ions into the surrounding 
air which sucks in the particles. These particles then
attach themselves to a grounded negatively charged 
electrode surface.

TECHNOLOGY
DESCRIPTION

The approach to improving the air 
quality within the station is one 
which engages travelers and users 
of the station. While the system 
of air purification is dynamically 
responding to the timetables of 
train arrivals and to real time human 
occupancy levels stations users may 
select the accompanying sensorial 
experience of pollutant free air. The 
scents which users may select from 
are representative of the various 
regions within France which SNCF 

provides travel to. Travelers may 
not only have a sneak preview into 
their destination of travel, but the 
installation has the potential to 
increase awareness future travel 
destinations. In such a way the 
installation can connect travelers 
to other regions through a sensorial 
experience an inspire future travel.

The system proposed to remove 
particulate matter from the air 
is a patented positive ionization 
technology developed in 

collaboration between Studio 
Roosegaarde and ENS Clean Air 
and Prof. Dr. Bert Blocken. The 
system attracts particulate matter 
through an ion technology by 
sending positive ions into the 
surrounding air which sucks in 
the particles. These particles then 
attach themselves to a grounded 
negatively charged electrode surface. 
The collected coarse dust can then 
be systematically removed from the 
collection area. 
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NATALIE BELLEFLEUR

Natalie is a candidate for the 
Masters of Architecture programme. 
She received her Bachelors of 
Architectural Studies from the 
University of Waterloo, Canada.

Prior to MIT she spent one year 
working as a junior designer at the 
Vancouver Perkins + Will office. 
Natalie’s work experience includes 
internships in Helsinki, New York, 
Beijing, and Toronto. 

Forecast
by Amelia Taylor-Hochberg

P8

SENSEABLE CITY LAB, MIT
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PROJECT
DESCRIPTION

As one of Europe’s busiest train 
stations, Gare de Lyon services tens 
of millions of passengers each year, 
creating a constantly refreshing 
image of Parisian public life. 
Commuters, tourists, casual riders 
and a host of staffers make up a 
diverse visual of all those who rely 
on the system to commute, travel 
or explore, making the station into 
a portrait of personal and urban 
identity.

While other public spaces may 
encourage users to linger and 
passively enjoy them, the major halls 
at Gare de Lyon are constrained 
by their program to provide 
transactional efficiency above all. 
This casts the public stage of the 
train station as a liminal one — a 
place both to coexist within and 
contribute to the public realm, but 
always under the fleeting pressure 
of the timetable. The mood of the 
station is therefore somewhat 
ephemeral, always shifting by time of 
day and origins of passengers, while 
also providing a remarkable cross-
section of society.

What’s lost within this spectacular, 
everyday confluence of people is 
the unique opportunity to observe 
en masse how individuals convey 
their personal identity within the 
public realm, and in doing so better 
understand the indicators of city life. 
Fashion — the “instant language” 
of how one presents oneself to the 

Above: A passenger at Gare de Lyon encounters 
Forecast.

constitute public life, by capitalizing 
on the rich atmosphere of a major 
train station? And how might 
individuals use this information to 
become more informed consumers, 
and ultimately more strategic 
performers of a public identity?

To these ends, Forecast is a system of 
interactive cloud structures within 
Gare de Lyon that analyze what 

people are wearing and help inform 
them about the fashion industry and 
accompanying trends. The clouds are 
a nod to the ephemerality of fashion 
and its contribution to the overall 
atmosphere within the city, one that 
is inescapable and constantly in flux 
with human culture.

Fashion — the “instant 
language” of how one 
presents oneself to the 
world 

world (in the words of Miuccia Prada) 
— is one such indicator.

Of course, Paris has long been 
revered as a fashion capital of the 
world, expressing and creating global 
movements in how people dress 
in cities. And just as the city street 
has always been a place to observe 
fashion’s trends and emerging 
styles, the station is where multiple 

streets converge — where lines of 
self-expression and public identity 
collide, on the clockwork of the 
station’s timetables. How might the 
station become a stage for fashion’s 
public display, while helping that 
display progress? How can we learn 
more about how people dress, and 
by extension, the way they help 
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The massive halls of Gare de Lyon 
are a constantly refreshing stage 
for fashions across Europe. From 
the suburban commuter’s business 
casual uniform to the audacious 
tourist’s utility vest and the Parisian 
hipster’s designer shoes, the train 
station is a remarkable catch-all for 
a variety of fashions. The fashion 
industry at large can be thought 
along the same lines as the liminal 
character of the train station: always 
ebbing and flowing at the whims of 
human desire; to be some place else, 
to look something else.

This liminal quality is also the 
inspiration for Forecast’s cloud 
structures — a nod to the 

ephemerality of fashion’s trends 
and how fashion is a strong 
representation of the atmosphere 
of public culture. How one chooses 
to dress is also a major mode of 
personal expression within public 
life, and as such contributes 
forcefully to the local urban 
atmosphere.

Hinging upon this conflation of 
fashion and weather, the clouds 
will provide a personal experience 
of “forecasting” different trends. As 
a mass, the clouds will function as 
an general, depersonalized system, 
and individually, as a personalized 
mirror of sorts. To the first function, 
the cameras embedded in the cloud 

PERSONAL
INTERACTIONS

will photograph the station at a wide 
angle during strategic moments of 
arrivals, departures and rush hour, 
and return the imagery to SNCF to 
be processed and provide data on 
the materiality, color, patterns and 
logos present within the station at 
that time. This data is anonymized, 
and owned ultimately by SNCF and 
whichever collaborating fashion 
industry partner. To the second 
function, should they choose to do 
so, passengers may use the SNCF 
app to have any cloud within the 
station do a “trend forecast” of 
whatever they’re wearing — giving 
the passenger feedback on how 
their clothes compare to the trends 

Above: mock-up of Forecast UX within the SNCF 
app.

cameras have collected sufficient 
imagery, the passenger will see a 
loading screen, telling them that the 
cloud is processing their outfit, and 
once finished, the cloud will make 
one of three possible signals: a clap 
of thunder, a flash of lightning, or 
both, combined with a shimmer of 
various colors. The three responses 
signify, respectively, that the outfit 
is: “behind” the general trends that 
the clouds have observed over a 
given time; “of the moment” and 
therefore similar to what is being 
observed currently in the station; 
or “ahead of the curve”, as in not 
seen previously by the system and 
sufficiently dissimilar to trends 

previously analyzed by the system, 
and allowing the passenger to 
“teach” the machine learning system 
how to better recognize the clothing 
items, or brands, they’re wearing.

To initiate the trend forecast, 
passengers will approach an 
individual cloud, and orient 
themselves on top of a cloud icon 
on the Hall’s floor. This will put 
them at an ideal distance for the 
cameras to focus on their outfit. 
Once positioned and in sync with the 
cloud, the passenger will consent via 
the SNCF app to the camera scanning 
them for a relatively prolonged 
session (30-60 seconds). Once the 
observation is complete and the 

identified prior. The passenger is 
free to leave the cloud icon once the 
loading screen appears, and receive 
the results of the scan via the app, 
or they can opt to linger and “teach” 
the system about specific items, by 
providing additional information and 
opportunities for photographing a 
pattern on a handbag, for example, 
or the seam on a skirt. All of the 
information gathered is owned 
by SNCF and whichever partners 
in the French fashion industry 
they partner with that given time, 
providing valuable market research 
on how people actually dress in 
their everyday lives, and how those 
patterns shift over time.

Behind the curve Ahead of the curveOf the moment
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Using a bespoke machine learning 
system, cameras installed within 
the cloud structure will be able to 
observe and analyze the clothing 
types and styles worn throughout the 
station. Proprietary software systems 
such as Algorithmia already exist 
solely for the purpose of identifying 
different items of clothing, using 
pattern detection technologies that 
allow them to distinguish between 
colors, fabrics, and shapes. Installing 
a host of high-resolution cameras 
within the cloud structure will allow 
for a wide-angle observation of 
people within the station, collecting 
a diverse sample of the fashions pres-
ent and providing valuable market 
research to the fashion industry. 
The clouds themselves, modeled 
after props used in a Marc Jacobs 
2014 fashion show, will be made of 
theatrical-grade spandex filled with 
spray-foam insulation, with a hollow 

center for arranging the internal 
camera and lighting system. Without 
including the cost of labor to manage 
the machine learning process, the 
Forecast system for Gare de Lyon is 
expected to cost less than €2 million. 
This cost could easily be subsidized at 
the outset by initial fashion industry 
investors/partners.

The advantage of using machine 
learning technologies allows the 
system to be constantly evolving 
its detection capabilities over time, 
while still providing more immedi-
ate feedback. SNCF, in collaboration 
with members of the French fashion 
industry, as well as individuals within 
the station, can teach the system to 
recognize a host of different fashion 
styles, from haute couture to “fast 
fashion”. Particular icons, repre-
sented as brands or logos, can be fed 
into the system as well for measur-

TECHNOLOGY
DESCRIPTION

Above: basic mock-up of Forecast cloud.Above: Forecast placement throughout Gare de 
Lyon.

ing corporate presence as it passes 
through the station.

To not overload the system, the 
cameras will be timed to take obser-
vations only at the height of activity 
within the station — during rush 
hours and at the arrival/departure of 
major lines. The imagery will be en-
crypted and processed to exclude any 
identifying information of individu-
als, while coordinated with metadata 
including the origins and destina-
tions of passengers at the time the 
images were taken.

If they should choose to, individuals 
may engage directly with the Fore-
cast system to “teach” it about what 
their wearing, improving the machine 
learning algorithm. In exchange, 
Forecast will share information about 
what it recognizes the person is al-
ready wearing. The data gathered will 
serve not only the research objectives 

of SNCF and their fashion industry 
partner, but also help any consenting 
individual gain a better understand-
ing of the history and sustainability 
of their fashion consumption.

Ultimately, the data is owned by 
SNCF, with the opportunity for a 
corporate buy-in system so that 
fashion companies may collaborate 

with SNCF to initiate specific projects 
using the data.  As the system learns 
to detect more specific fashion 
indicators over time, such as material 
(leather, denim, etc.) or relative sizes 
(mini-skirt vs. maxi), it can begin to 
analyze trends and contribute to the 
difficult and highly profitable prac-
tice of predicting them.

In turn, these studies will not only 
assist the fashion industry in market-
ing and styling strategies, but also 
help SNCF understand its passengers’ 
consumer patterns, and ultimately 
influence strategies of strategic retail 
programming within Gare de Lyon 
and other major stations throughout 
France. 
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URBAN
INTERACTIONS

Once the Forecast system is robust 
enough, it will not only be able to 
tell the passenger how their clothing 
compares to trends observed within 
the station, but can also provide 
them with information about the 
systems and origins implicit in their 
outfit. Should a passenger opt-in to a 
personalized reading by the Forecast 
cloud, they will be able to receive 
information such as where the mate-
rials for their clothing were produced, 
how the individual items came to 
become part of a specific brand, and 
historical information about how 
the style came to be. Overall, this 
information may serve to encour-
age more conscious and sustainable 
consumption of fashion, as well as 
a heightened appreciation for the 
labor and thought that goes into the 
creation of an item of clothing.

On a lighter side, there is also the 
opportunity for passengers to use 

the cloud system to publicize their 
outfits, through something like an 
SNCF-sponsored Instagram competi-
tion. After consenting to opting into 
the more personalized scan, and 
should their outfit be deemed “ahead 
of the curve”, passengers may decide 
whether they want to submit a pho-
tograph of themselves, taken by the 
cloud system, for public display on 
SNCF’s social media platforms. This 
provides an incentive for individu-
als to not only use the cloud system 
should they seek further public 
exposure (an extension of “peacock-
ing”), but for more users to contribute 
more diverse forms of fashion to 
the system — as those constantly 
seeking to be deemed “ahead of 
the curve” push forward what the 
algorithm qualifies as such. The 
more individuals using the system, 

passengers or otherwise, the more 
robust data collected for SNCF and its 
fashion partner to depict the trend 
profile within the station. And the 
more stations that opt into the cloud 
system, the more opportunities the 
system has to learn about local and 
regional trends, coordinated against 
contextual metadata specific to each 
station, such as departure and ar-
rival times of international travelers, 
seasonal traffic, and responses to 
weather.

In this same vein for SNCF and part-
nering fashion companies, the data 
gathered provide valuable insight 
for forecasting market trends in the 
clothing industry, as well as which 
kinds of brands and clothing outlets 
might be best placed within the vast 
network of SNCF-managed train sta-
tions serving an international audi-

ence. This opportunity for a public-
private partnership in data sharing 
could also provide a valuable revenue 
stream for SNCF, helping maintain the 
transit system, and assuage fears of 
privatization squeezing out certain 
benefits for those that actually keep 
the stations running. Giving the fash-

ion industry a presence within public 
transportation spaces also allows 
for a mutually-reinforcing cultural 
collaboration between two major 
French entities, further solidifying 
Paris’ position as a fashion capital of 
the world.

Above: information exchange among Forecast 
stakeholders.

Above: information exchange among European 
fashion capitals.
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AMELIA TAYLOR-HOCHBERG

Amelia Taylor-Hochberg is a first year 
MCP student at MIT, focusing her 
research on neurourbanism. Before 
succumbing to graduate school, 
she worked as a freelance journal-
ist covering art, architecture and 
urbanism. She wrote her bachelor 
thesis in Rhetoric on the aeshetics of 
molecular gastronomy, and enjoys a 
nice sandwich

Did you like the food at Pret A Manger today?

YOUR PATH 

12:51 pm

12:55 pm
1:12 pm

1:23 pm

It’s interesting that you like the 
MIT Senseable Cities Lab
What is so interesting?

I hope you caught the name of the 

dog you were petting in front of 

the book store today!

DENMARK, 

2016

NEW YORK, 2017
SWEDEN, 2015

BOSTON PUBLIC 

LIBRARY, 2018

Why did you seem sad 
when you stopped at 
the piano? I saw it on 
your face L

How is y
our brother 

Arnold doing?THE LIFE OF LENNA JOHNSEN
OCTOBER 26, 1993
EAST GRAND RAPIDS, MI
“DESIGNER AND ASPIRING 
URBAN THINKER.”

The Panopticon
by  Nikita Kodali

P9

SENSEABLE CITY LAB, MIT
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PROJECT 
DESCRIPTION

Digital privacy is a becoming 
increasingly important as the digital 
economy grows.  The collection, 
processing, and transfer of digitized 
data has become especially 
sensitive in recent years as modern 
technology now allows companies 
and governments to store and 
analyze more information than ever.  
Additionally, cybersecurity attacks 
that have compromised millions 
of peoples’ sensitive personal 
information have urged nations to re-
think digital privacy frameworks.

The powerful combination of big 
data and quantitative analytical 
techniques – such as machine 
learning algorithms, computer 
vision, and natural language 
processing – can inform significantly 
to various levels of granularity 
within a population.  They have the 
potential to bring about positive 
societal change by allowing 
greater efficiency, but also reveal 
sensitive details about the physical 
and online daily activities of an 
individual, allowing for uninformed 
surveillance or observation that 
constitutes a violation of personal 
privacy. As a result of the demand 
for personal information – including 
but not limited to people’s location 
information, online activities, 
interests, jobs, relationships – 
commercial entities are not hesitant 
to exploit users’ lack of awareness 
about the kinds of personal 
information users consent to reveal. 

In Gare de Lyon, the power of public 
technology and personal consent 
are overlooked. While at an airport, 

The Panopticon: “A building circular... The prisoners in their 
cells, occupying the circumference—The officers in the centre. 
By blinds and other contrivances, the Inspectors concealed... 
from the observation of the prisoners: hence the sentiment 
of a sort of omnipresence—The whole circuit reviewable with 
little, or... without any, change of place. One station in the in-

spection part affording the most perfect view of every cell.”

Jeremy Bentham

Proposal for a New and Less Expensive mode of Em-
ploying and Reforming Convicts (London, 1798)

travelers are constantly reminded of 
public and private monitoring due 
to the use of body scanners, security 
personnel, ID checking, and so on, 
the Gare de Lyon does not strike 
one as a public space under mass 
surveillance.  The security technology 
and techniques used by the police 
as well as SNCF are not transparent 
to the public.  The station does 
not have a streamlined check-in or 
security clearance, and furthermore 
looks like a historical piece of 
architecture that seems like it does 
not have the capabilities to support 
modern monitoring technologies.  
In discussions with SNCF and 
with acute observation, it became 
apparent that laser tracking, Wi-Fi 
beacons, cameras, ticket scanners, 
and other sensors were being utilized 
to collect and analyze information 
about travelers passing through Gare 
de Lyon for security and planning 
purposes. 

To address the issue of digital 
privacy, France, as well as most 
of the members of the European 
Union, currently abide by the Data 
Protection Directive.  However, the 
French data privacy rules will move 
to the General Data Protection 
Regulation (2018) as of May 2018.  
While the penalties for bypassing 
regulation are stricter and the data 
holders are held more accountable 
for the security of personal data, both 
the DPD and the GDPR comes back 
to one central tenet: the data subject 
(the person providing the personal 
information) is in charge of the 
collection, usage, and transfer of his 

or her information.  

According to the GDPR and the 
new French privacy framework 
that is a transposition of the 
GDPR, personal data refers to “any 
information relating to a natural 
person who is or can be identified, 
directly or indirectly, by reference 
to an identification number or to 
one or more factors specific to 
them.” Personal data under the new 
regulations cannot be collected 
without the knowledge of the data 
subject. Additionally, processing of 
the data must be consistent with the 
purpose for which the data subject 
was notified the collection would 
serve. While it may seem like the 
data subjects’ consent is enough to 
maintain transparency about the 
usage of data, many times the data 
subjects do not fully understand the 
implications of their consent. The 
lack of awareness about the kind of 
personal data that can be extracted 
from technology particularly in 
public and physical spaces form the 
motive for The Panopticon. 

The Panopticon is a digital art 
installation that serves to help 
travelers and researchers understand 
perception of personal privacy in a 
public space.  Through interactions 
with the installation, individuals are 
meant to become more aware of the 
technology used to collect personal 
and public information, the impacts 
of a public online presence, and the 
various extrapolations that can be 
made about each individual even 
in a public space. Furthermore, the 
installation collects information 

on peoples’ sensitivities to person 
data collection, opinions on the 
transparency of surveillance, and 
thoughts on tradeoffs between 
personal privacy and system goals 
such as efficiency, public security, 
and personalized experiences.  
Overall, The Panopticon will inspire 
an objective discussion on the 
boundaries of personal privacy and 
the associated tradeoffs.  
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CAMERA

WI-FI 
CONNECTION

ACCESS TO 
SOCIAL MEDIA 
PROFILES

TIMESTAMPED 
VIDEO

COOKIES DATA
CONNECTION 
STRENGTH
MAC ADDRESS

FACEBOOK DATA 
TWITTER DATA 
INSTAGRAM DATA 
PUBLIC DATA 

FACEBOOK
public check-ins 
popularity 
likes
posts
hobbies/tv shows
friends 
social network

TWITTER
political views
agendas

INSTAGRAM
account name
# of followers
# of posts + dates
likes
comments 

TASTES
favorite sites
frequent websites
browsing history
saved information 

SIMPLE ACTIONS
reading
“in a hurry”
drinking coffee
standing in a long line
with friends

PATH
map of location over time
Indoor location tracking
wi-fi connected people map

BODY + FACIAL FEATURES
Gender
emotion
hair style
hair color
eye color 
approx. weight + height

IMAGE RECOGNITION

NATURAL LANGUAGE PROCESSING

OBJECT TRACKING

FACIAL RECOGNITION

DATA SOURCES DATA

FACIAL/EMOTION 

RECOGNITION

COOKIES ANALYSIS

NATURAL LANGUAGE PROCESSING
FACIAL/EMOTION RECOGNITION

IMAGE RECOGNITION

FACIAL/EMOTION RECOGNITION
IMAGE RECOGNITION

ALGORITHMIC 
TECHNIQUES

INFERENCESThe powerful combination of big 
data and quantitative analytical 
techniques – such as machine 
learning algorithms, computer 
vision, and natural language 
processing – can inform significantly 
to various levels of granularity 
within a population.  They have the 
potential to bring about positive 
societal change by allowing greater 
efficiency, but also reveal sensitive 
details about the physical and online 
daily activities of an individual, 
allowing for uninformed surveillance 
or observation that constitutes a 
violation of personal privacy. In 
particular, the combining of different 
data sources who’s individual use a 
person has consented to can reveal 
intimate details of a person’s life, 
political opinions, tastes, and so on.  
Above shows the kind of inferences 
that can be drawn with just three 
sources of data. 
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PERSONAL
INTERACTIONS

The Panopticon takes advantage 
of travelers’ willingness to connect 
to public Wi-fi or to the SNCF app 
via a social media login.  While the 
The Panopticon will ask for consent 
to the use of information for the 
installation, most users will overlook 
the identifiable information they are 
consenting to give up.  As such, many 
users will unknowingly opt-in to 
being monitored by the installation. 

For example, while an individual may 
authorize the Gare de Lyon’s Wi-Fi 
network to provide internet access 
to one of her devices, she may not 
realize that her location within the 

train station can be tracked based 
on the Wi-Fi routers she is connected 
to.  Similarly, surveillance cameras in 
Gare de Lyon are installed without 
the consent of the public because 
consent is not necessary when 
the purpose of data collection is a 
matter of security.  However, facial 
recogition from surveillance footage 
can be matched with public social 
media data to identify revealing 
details about an individual or group 
of individuals. As the individual has 
consented to the use of these data 
points, The Panopticon can exploit its 
access. 

If the user happens to pass by The 
Panopticon, it will first display a 
personal image – even as simple 
as “Good morning [name of user]!” 
– to instigate curiosity about how 
it knows her name.  As the user 
proceeds along the exhibit, she then 
comes across the Surveillance X-Ray 
showing what The Panopticon has 
discovered about the people around 
it.  When The Panopticon then 
displays the message “Would you like 
to know what else I know about you?” 
the user will be inclined to enter the 
Personal Cell. 

The Personal Cell is curved to make 

users feel like they are in a semi-
private space amidst a public area. 
Upon entry into the Personal Cell, 
the full array of information is 
revealed to them, including their 
path around the station, social 
media photos, recommendations 
at their destination, and other 
such inferences that can be made 
about the person.  A detailed report 
of a person’s activities and tracks 
throughout the station, time she 
has spent in each part of the station, 
objects she is carrying, the people 
she is with, etc. can be identified 
by processing camera footage.  

Information about the user’s tastes, 
body image, facial structure, social 
media popularity, and political views 
may also be displayed.  Furthermore, 
The Panopticon will provide 
information on how the inferences 
were made, i.e. which sensors were 
leverages, the calculations made, and 
so on, so that the user can be better 
informed about the capabilities of 
technology used for public purposes, 
private purposes, and a combination 
of both. 

Lastly, The Panopticon will then 
receive feedback on how the 
users felt about collection of 

their information, the accuracy of 
the inferences, how invasive the 
procedure was, and their awareness 
of surveillance technologies.  Users 
can select which tradeoffs they 
prefer on a scale to encourage 
them to think about the caveats of 
having complete personal privacy.  
The aggregate results will also be 
viewable on a webpage that anyone 
can connect to. This feedback data 
will serve to understand people’s 
expectation of personal privacy in a 
public space and encourage objective 
discussions on the transparency of 
monitoring techniques. 

1. ESTABLISH CONNECTION 

User connects to The Panopticon 
unknowingly through Public Wi-Fi 
connection, or logging to SNCF App 
via social media

2. CONTINUE THROUGH 
STATION 

User carries on with normal behav-
iour, including eating, shopping, 
listening to or playing Piano, walking, 
waiting in line, and so on. 

3. ENTER PANOPTICON AREA  

User enters the area where The Pan-
opticon is in view.  The Panopticon 
then delivers a personal message, 
attracting the attention of the user. 

4. WALK ALONG PANOPTICON

User observes the public surveillance 
wall showing metadata about others 
that have passed or are passing The 

Panopticon. 

5. ENTER PERSONAL CELL

User is prompted to enter the Person-
al Cell to learn more about what The 
Panopticon knows.  The Panopticon 
displays all that it knows about the 
user, and how. 

6. RESPOND 

User responds on his perceptions of 
privacy, transparency, security, and 
so on. 

HI LENNA
Welcome to the 

Panopticon.

Did you like the food at Pret A Manger today?

YOUR PATH 

12:51 pm

12:55 pm
1:12 pm

1:23 pm

It’s interesting that you like the 
MIT Senseable Cities Lab
What is so interesting?

I hope you caught the name of the 

dog you were petting in front of 

the book store today!

DENMARK, 

2016

NEW YORK, 2017
SWEDEN, 2015

BOSTON PUBLIC 

LIBRARY, 2018

Why did you seem sad 
when you stopped at 
the piano? I saw it on 
your face L

How is y
our brother 

Arnold doing?THE LIFE OF LENNA JOHNSEN
OCTOBER 26, 1993
EAST GRAND RAPIDS, MI
“DESIGNER AND ASPIRING 
URBAN THINKER.”

HI LENNA
Welcome to the 

Panopticon.

WHAT DO YOU THINK?

1. How do you feel about the displayed personal information?

2. How aware are you of the sensors around you?

3. How aware are you of the permissions you are giving when logging into the SNCF app or the Public Wi-Fi?

4. Do you think surveillance should be more transparent?

5. Did you feel like your reasonable expectation of privacy was violated? 

6. How much are you willing to give up the privacy versus the quality on the right of the scale?

Extremely 
Aware

Not aware 
at all

Extremely 
Aware

Not aware 
at all

Of 
course

It doesn’t 
matter

Of 
course

It doesn’t 
matter

Privacy

Privacy

Privacy

Security

Transparency

Operational 
Efficiency

SC
G

  PA
R

IS  /  P9  / TH
E PAN

O
PTIC

O
N

129

SC
G

  PA
R

IS  /  P9  /  TH
E PAN

O
PTIC

O
N

128



Deploying The Panopticon across 
train stations in Paris or the entire 
nation would allow for the collection 
of data on the overall perceptions of 
privacy, as well as give greater detail 
on how a citizen’s attributes may 
correlate to his or her awareness of 
surveillance technologies. 

Including the Gare de Lyon, there 
are 7 major train stations in Paris, 
servicing long distance trains 
to all parts of France, as well as 
international destinations in 
Spain, Italy, and Switzerland.  If The 
Panopticon were to be deployed 
across these major stations, the 
sample size would increase and 

the diversity of the sample would 
become more diverse in several 
respects.  All of the Panopticons could 
share a central data server such that 
the tracking of a person could extend 
to beyond just one train station, but 
rather monitor patterns of travel over 
multiple stations.  

 Furthermore, the most critical 
module for further research, data-
driven policies, and public campaigns 
is the Feedback Module containing 
questions about awareness and 
privacy perceptions.  While each 
Panopticon may cater to a particular 
population, aggregate data from 
all of the installations around 

URBAN
INTERACTIONS

the city can give researchers and 
policy makers a more well-rounded 
picture of the types of people willing 
to engage in discussions about 
privacy as well as how awareness 
of technology may correlate with 
attributes like age, gender, education 
level, location, and so on.  

As data is aggregated, each 
installation will have a panel 
visualizing the demographics 
of people participating in the 
interaction – the Participants Panel – 
as well as aggregate responses to the 
Feedback Module – the Responses 
Panel.  

6

2

1

2

13

4

2

If The Panopticon were deployed 
across multiple stations, one 
person’s tracks around Paris over 
a period of time can be tracked 
until he interacts with one of 
the installations.  Surveillance 
camera photos can be taken 
every time he enters the station, 
hence the number on each of the 
photos. A comprehensive map 
over time can be presented to 
the traveler, and an anonymized 
version can be stored for further 
analysis.   

Did you like the food at Pret A Manger today?

YOUR PATH 

12:51 pm

12:55 pm
1:12 pm

1:23 pm

It’s interesting that you like the 
MIT Senseable Cities Lab
What is so interesting?

I hope you caught the name of the 

dog you were petting in front of 

the book store today!

DENMARK, 

2016

NEW YORK, 2017
SWEDEN, 2015

BOSTON PUBLIC 

LIBRARY, 2018

Why did you seem sad 
when you stopped at 
the piano? I saw it on 
your face L

How is y
our brother 

Arnold doing?THE LIFE OF LENNA JOHNSEN
OCTOBER 26, 1993
EAST GRAND RAPIDS, MI
“DESIGNER AND ASPIRING 
URBAN THINKER.”

WHAT DO YOU THINK?

1. How do you feel about the displayed personal information?

2. How aware are you of the sensors around you?

3. How aware are you of the permissions you are giving when logging into the SNCF app or the Public Wi-Fi?

4. Do you think surveillance should be more transparent?

5. Did you feel like your reasonable expectation of privacy was violated? 

6. How much are you willing to give up the privacy versus the quality on the right of the scale?

Extremely 
Aware

Not aware 
at all

Extremely 
Aware

Not aware 
at all

Of 
course

It doesn’t 
matter

Of 
course

It doesn’t 
matter

Privacy

Privacy

Privacy

Security

Transparency

Operational 
Efficiency

PERSONAL STORY BOARD: A sample board of the kinds of personal information that can be collected about a 
person as they spend time in the station.

RESPONSE PANEL: Collects peoples’ reaction to their personal story board as well as opinions on the value of 
privacy.  A following screen not shown here will also display information about publicly available resources 
that provide more information about the existing data privacy regulations, how consent works, etc. 
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. 

CAM
ERA LAYER

W
I-F

I L
AYER

CONNECTED PEOPLE

THE PANOPTIC
ON

LAYERS OF CONNECTION:  The Panopticon leverages 
existing layers of technology as well as people’s will-
ingness to connect to the app or unsecured Wi-Fi.  

TECHNOLOGY 
DESCRIPTION

While the physical technology 
required for the installation would 
be interesting, the challenge of the 
project is the backend computation.  
As the goal of this project is to 
push the limits of data collection 
and analysis, the computational 
load will be fairly large in order to 
understand what kind of details 
can be understood from- a maximal-
surveillance state.  

HARDWARE

While the exterior panels of The 
Panopticon are digital displays, the 
interior of the Personal Cells are 
composed of touch screen to allow 
the users to interact with their data.  
The installation is long and S-shaped 
where the middle portion is longer 
than the two end curves which form 
the Personal Cells.  

BACKEND

While the physical technology 
required for the installation 
is interesting, the challenge 
of the project is the backend 
computation.  As the goal of this 
project is to push the limits of 
data collection and analysis, the 
computational load will be fairly 
large in order to understand what 
kind of details can be understood 
from- a maximized surveillance 
state.  

The location of the user when she 
first steps into the train station 
can be found in two ways.  If the 
user had connected through a 
social media account on the SNCF 
app, the app sends a location ping 
the user enters the premises.  If 
the user connects to public Wi-Fi, 

then the position of the user can be 
triangulated using a ping to a single 
Wi-Fi access point with Chronos, an 
algorithm founded by researchers 
at MIT and CMU.  The search area for 
the user’s initial location can then 
be narrowed down.  The FaceNet 
face recognition algorithm will 
already have trained a convolutional 
neural network at that point by 
using photos from social network 
access. The algorithm will produce a 
unique matrix for the user’s face such 
that the distance between a new 
image and the unique embedding is 
minimal.  Once the user’s general area 
is known, the camera covering that 
area will be pinged to scan the faces 
the compare them to the trained 
matrix until a match is found.

 Similarly, as the user progresses 
through the station, her location can 

Video Processing Unit
Wi-Fi Access Point

CLOUD 
INFRASTRUCTURE

FaceNet [Face Recognition]
Sentiment Analysis

Object Tracking

CLOUD 
STORAGE

Processed Video
Object Tracking

Trained Networks

EDGE 
PROCESSING

SENSORS/DATA

DATA SOURCE

CLOUD 
COMPUTING

APPLICATION

Panopticon

The data collected from 
each individual would first 
be processed on the edge 
before continuing onto the 
Cloud.  This type of distributed 
computing would reduce the 
time to analyze information, 
making real-time reports on 
The Panopticon possible, and 
increase computation power 
while minimizing costs. 
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PEOPLE NEURAL NETWORK EMBEDDINGS

unique embedding 
for Lenna

1. When traveller, Lena, logs into the SNCF 
app via Facebook or other social media con-
taining photos of her, the FaceNet algorithm 
trains the network to her face and creates 
a unique 128-byte embedding. Then her em-
bedding is stored in the cloud with the other 
embeddings.  

TRAIN FACE RECOGNITION 
ALGORITHM (FaceNet)

Pre-trained FaceNet Algorithm
128-dim unique 
embedding

2.  Whenever Lenna enters the Gare de Lyon, 
the app will instruct her phone to ping the 
closest Wi-Fi access point, which will then 
narrow down the area and time that the 
cameras have to search for her face.  Instead 
of having to constantly check  all entrances 
for her face at all times, now only certain 
cameras will have to be scanning for her face 
at a certain time. 

3. Based off of the signal strength to the Wi-fi 
access point, the area to search is narrowed 
down so cameras monitoring that area will 
start actively searching for Lenna.  The cam-
eras will detect all faces in the area and send 
them to the cloud. 

4. For each face detected in the cloud, the Fa-
cenet algorithm will calculate an embedding 
according to the trained network.  The new 
embedding with the least euclidean distance 
to Lenna’s unique embedding indicates that 
the new face is Lenna. Once Lenna’s initial lo-
cation is found, the Panopticon can track her 
throughout the station, capture photos of 
her throughout the station, perform image 
recognition, emption detection, etc. 

be tracked and recorder through 
the combination of access point 
pinging and facial recognition, as 
well as object tracking.  Extensions 
to collected information include 
using the YOLO object recognition 
algorithm to classify objects that 
the user may come into contact 
with, such as a dog, dining table, 
bottle, chair, etc.  Meanwhile, if her 
twitter feed is found in addition 
to Facebook posts, the Social 
Sentiment Analysis algorithm is 
a natural language processing 
algorithm that can indicate how 
positive, neutral, or negative a 
tweet is.  The REST API’s pre-trained 
models will be used to classify the 
user’s tweets and Facebook posts. 
Another extension includes running 
an emotion detection algorithm 
on the user’s face at various points 
throughout her path through the 
station.  The algorithm detects 
microexpressions by analyzing 
and classifying anchor points on a 
person’s face to determine common 
expressions like anger, happiness, 
sadness, and so on.  As the best 
algorithms for facial emotion 
recognition are proprietary, likely an 
existing tool such as the Microsoft 
Azure API or the Indico API should be 
utilized.

The Panopticon collects information 
through a range of data sources, and 
process raw data using advanced 
algorithmic techniques to infer 
more qualitative information about 
a museum goer that has opted-in to 
the experience. Camera footage and 
social media data in particular can 
give quite a bit of information about 
a user, but the algorithms used to 
make inferences about the data can 
be computationally expensive.  For 

example, training neural networks 
on 100 faces could take up to a 
couple days on a basic processor.  
As a result, the computation load 
should be distributed between the 
edge network and the cloud. 

Edge products such as a VPU for 
facial data and an access point 
for Wi-Fi can carry out smaller 
scale computations such as face 
embedding comparisons and 
location triangulation respectively.  
Meanwhile, the FaceNet network, 
YOLO network, and such will reside 
in the cloud infrastructure with 
access to the cloud storage. Once 
the information is processed, it will 
be sent to the the installation that 
acts as a front-end visualization tool. 
As a result, the computation load 
should be distributed between the 
edge network and the cloud. 
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