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[WE] ARE HERE 























when things 
talk back. 



trash track 
seattle + nyc, usa 
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How	
  does	
  e-­‐waste	
  
travel	
  across	
  the	
  world	
  
a0er	
  disposal?	
  



Sensors	
  (with	
  GPS	
  and	
  SMS)	
  
	
  

Sleep	
  mode:	
  sensors	
  wake	
  up	
  once	
  per	
  day	
  
ba0ery	
  lasts	
  more	
  than	
  2	
  years	
  

	
  
200	
  devices	
  tracked	
  in	
  the	
  U.S.	
  (CRT,	
  LCD,	
  printers)	
  







Hong	
  Kong	
   Malaysia	
  Taiwan	
  





hubcab 
new york city










Pickups
 Dropoffs












light   
traffic 



MIT Senseable City Lab


Light Traffic!
Improving traffic efficiency through slot-based intersections




DriverlessCities: enablers!

MIT Senseable City Lab


currently being tested in several cities worldwide and will soon become widespread


Google self driving car!

Self-driving vehicles!

cellular and short-range radio technology can be used for V2V and V2I communication


Vehicle-smartphone integration!
Short range radio communication !

Communication technology!

Self driving technology!

ROADAHEAD!



MIT Senseable City Lab


Traffic lights!
Traffic lights are 150 years old technology, conceived for horses!



The death of traffic lights?!

Driverless vehicles will just optimize traffic light operation (modern horses), or 
can we do something better?


MIT Senseable City Lab




MIT Senseable City Lab


Slot-based intersection!
From flow-based to vehicle-based intersection management




MIT Senseable City Lab


Light Traffic!
Double intersection capacity vs. traffic light: with current traffic, queues would disappear!



as above,  
so below 



26 million streetlights 

in the United States
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Let’s talk about "
street lights




26 million streetlights 

in the United States


An incredible 

presence




RESEARCH 
OBJECTIVE 1 

Transform streetlights into 
an urban knowledge 

platform that senses  the 
urban space. 

Embed cheap, scalable 
sensors to provide insights 
into areas of difficult 
measurement about cities. 



sensors/ 
actuators





urban 
needs





use 
cases






IDEATION REPORT 
Environmental sensing 

IDEATION REPORT 
Dec 2015 – Jan  2016 

A.Q monitoring mesh Bio acoustic mapping Microclimate  monitoring 

Networked cameras Soundscapes mapping Crowd monitoring  
wireless signals 

Auto detection of 
emergency situations 

Stress mapping 

Active noise control Dynamic lights as 
public infrastructure 

LIDAR 3D mapping Local warming Urban flows mapping using 
sound wave propagation 



ONE SENSOR, 
MULTIPLE 
APPLICATIONS 



COMBINING SENSORS 
Ideation 



Create a human centric and environmentally 
friendly street crossing integrating 
automated actuation cycles in traffic lights 
using real-time data from air quality and 
image sensors placed in streetlights.  





STREET CROSSING 
Flows directionality on Mass. 
Ave. & Vassar St. 

N 

 

•  Complex environment 

•  Simultaneous mobility of 
automobiles, bicycles and 
pedestrians 

•  34 possible directions of 
discrete flows 

•  8  for pedestrians 

•  12 for bicycles 

•  14 for automobiles 



Traffic model of intersection 

Modeling 

Prototyping Deployment 

Analysis & 
Integration 



Air Q. 
Sensors Cameras Thermal 

Imaging 

Modeling 

Prototyping Deployment 

Analysis & 
Integration 



 

•  Networked camera system 
(Wi-Fi 2.4 GHz) 

•  Cloud based trigger and 
synchronization control 

•  Low cost on board computer 
(RPi 2/3 based) 

•  Image sensor (5MP sensor 
programmable resolution and 
frame rate / 1080p 30fps video 
capable) 

•  Pi NOIR Infrared image 
sensor (5MP sensor) 

•  FLIR Lepton Thermal sensor 
(80 x 60 px) 

PROTOTYPING 
Networked cameras & Hyper 
spectral Imaging 

Modeling 

Prototyping Deployment 

Analysis & 
Integration 



PROTOTYPING 
Air Quality Nodes 

Modeling 

Prototyping Deployment 

Analysis & 
Integration 

•  Gas	
  phase	
  pollutant	
  concentraEons:	
  
CO,	
  NO,	
  NO2,	
  O3	
  +	
  NO2)	
  and	
  CO2.	
  

•  Size-­‐resolved	
  parEculate	
  ma0er	
  
with	
  esEmated	
  PM1,	
  PM2.5,	
  and	
  
PM10.	
  

•  AddiEonal	
  measurements:	
  
Barometric	
  pressure,	
  noise,	
  ambient	
  
light	
  intensity,	
  wind	
  speed,	
  wind	
  
direcEon,	
  relaEve	
  humidity,	
  and	
  
temperature	
  	
  

 



SENSOR DEPLOYMENT 
& DATA COLLECTION 
 

Corner of Mass. Ave. & Vassar St. 

Modeling 

Prototyping Deployment 

Analysis & 
Integration 

 

•  Synchronized data acquisition 
from multiple sensors 

•  Continuous data acquisition 
for A.Q. sensor nodes (one 
minute frequency sampling). 

•  Batch data sampling for video 
(1600x1200 px/15 FPS/H.264) 
for 15 min-2hr distributed 
periods throughout the day. 

•  Batch data sampling for 
thermal sensor (80x60px/2-20 
FPS 



Modeling 

Prototyping Deployment 

Analysis & 
Integration 

Thermal sensor Camera 4 Camera 2 

PRIMARY DATA SAMPLING 
Thermal and image sensors 



UNDERWORLDS 





WHAT IS IN OUR COLLECTIVE GUT?!
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600,000 people 
8+ hours travel time 

1,500 people 
15 minutes travel time 



HUMAN GUT MICROBIOME SIGNATURE 

HUMAN STOOL NEIGHBORHOOD WWTP 

Proteobacteria!
Firmicutes!

Bacteroidetes!



!
REAL-TIME 
DETECTION


!
!

!



URBAN 
EPIDEMIOLOGY


! !
!

!





HEALTH MONITORING 

BIOLOGICAL ANALYSIS 

SEWAGE SAMPLES 

CITY DATA 
Demographic data is paired with 
biochemical data 

A front-end platform is created to visualize 
fluctuations in health parameters 

Samples are collected and processed 
in situ 

Viral, bacterial, and chemical data is 
extracted from individual samples 

SEWAGE NETWORK 
Network is mapped and flow 
characterized 

MULTISTEP PROJECT DEVELOPMENT 



VIRUSES: REAL-TIME DISEASE TRACKING (human viral pathogen qPCR assays) 
 
BACTERIA: MICROBIOME, ANTIBIOTIC RESISTANCE (16S and WGSS 
sequencing) 
 
CHEMICALS: DETECTION, POLICY EVALUATION (mass spec & targeted 
metabolomics) 

WHAT ARE WE LOOKING FOR? 
A combination of discovery-mode (untargeted) and targeted protocols: 







PROTOTYPING A NETWORK OF AUTOMATED SAMPLING INSTRUMENTS 
That are dynamically operated and sense information in situ 







MAR.IO
 LUIGI




completed: 
 
MECHANICAL 
• cable coil 
• geared DC motor 
• peristaltic pump 
 
ELECTRICAL 
• micro-controller & battery 
•  fluid counter 
•  infrared distance sensor 
 
FLUID 
• preprocessing filter 
• collection bottle 
•  intake & outtake tubing 

in progress: 
 
SENSORS 
•  temperature 
•  flow 
• water & moisture 
• microfluidics device 
•  targeted bio sensors 
 
COMMUNICATION 
• data collection and storage 
• preprogrammed deployment 









roboat 





roboat prototyping 
 

urban research and data 
collection 
 

ASV, technology overview 
 





launch event 



embaum@mit.edu | senseable.mit.edu 
 
 

  


