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Crea0ng New 
Sources of Data 
and Embedded 
Systems to 
Understand Ci0es





Collaborators: 

Argonne: Charlie Catle&, Pete Beckman, 
Rajesh Sankaran, Peter Lane.

UChicago:  Kate Kusiak Galvin, Sean 
Shakarami, Will Engler, Jesse Bracho, Bill 
Ca0no.

City of Chicago: Danielle DuMerer (CIO), Tom 
Schenk (CDO) Rebekah Scheinfeld (CDOT), 
Bob Ramos (CDOT-Electricians), and many 
others.



Partners include AT&T, Cisco, Intel, MicrosoV, Motorola Solu0ons, Schneider Electric, 
Zebra, and scien0sts from over 30 universi0es.  AoT is adap0ng the Waggle pla[orm, 
developed at Argonne Na0onal Laboratory, fpr use in ci0es through a grant from the 
Na0onal Science Founda0on to deploy 500 units in Chicago.  
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Life Expectancy
 Asthma
 Access to services


Urban Challenges are Neighborhood-Specific

14.6 year 

range

Under 9%

Over 20%

Under 30 
Min to 
Loop

Over 90 
min to 
Loop
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Beyond Mapping
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(random order)
(ordered by risk)

(avg improvement: 7.4d)

Tom Schenk, City of Chicago; Sven Leyffer et. al.; Argonne MCS
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Much lower probability 
than city-wide mean.

Much higher probability 
than city-wide mean.

Hour by hour; 72 
hour horizon.

Data Sources 
(leading indicators)


Brett Goldstein, Jeffrey Grogger, Charlie Catlett, Maggie King, et al.
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Ini0al sensor selec0on from three years of 
science and policy workshops.

•  Environment and Atmosphere

•  Engineering and Transporta0on

•  Informa0on Sciences

•  Social Sciences


Embedded compu0ng enables development of 
new smart city applica0ons.

•  Image and sound processing in real 0me


(intelligent sensing of vehicle or pedestrian flow, unusual condi0ons/events, etc.)


•  Vehicle-to-infrastructure communica0ons
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Example: Energy Applica0ons Experimental Projects


•  Use of sensor data to support load forecasting 
models for smart grid.

•  Use of sensor data to support building energy 
management (e.g. solar loading factors)

•  Measurement of light-pollution reduction from 
smart streetlights

•  Detect severe weather phenomena and assist in 
the assessment of the potential impact on the 
grid and other infrastructure

•  Investigate the use of weather data as part of a 
warning mechanism for the microgrid controller to 
initiate actions such as intentional islanding 

•  Flood detection for distribution system resiliency
•  Use upward-facing camera and light (ambient, UV, 

IR) sensors to assist in the smoothing of the output 
of solar photovoltaic (PV) generators by supplying 
data to local energy storage technologies

•  Monitor sound levels from traditional generation 
sources and wind turbines (as applicable)

•  Use of air quality sensors to measure the emissions 
of local generation (such as gas fired Combined 
heat and Power (CHP)) 

Data Analytics Machine Learning

The AoT team is seeking international partnerships to 
evaluate the platform with respect to energy applications 
as well as other “smart-city” research and development.
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AoT Uses Argonne’s Waggle: An Open Pla'orm for Intelligent Sensors 



Machine Learning

Computer Vision


Novel Sensors

Nano / MEMS / Graphene


Low Power CPUs

GPU / Smartphones 


Exploi0ng Three areas of Disrup0ve Technology + “Deep Space Probe” design


Pete Beckman, Rajesh Sankaran, Charlie Catlett
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data


Supervisory 
Control


Operating 
conditions


Monitoring, 
Upgrade, & 

Recovery


Sensor networks are simple.


The AoT Waggle pla[orm is 
unique in that it is an open, 
modular pla'orm suppor0ng 
development, evalua0on, and 
demonstra0on of new 
capabili0es including new 
sensor technologies and 
intelligent sensing via machine-
learning sensor and image/
sound analy0cs.


Remotely 
programmable 
Linux Systems


Pete Beckman, Rajesh Sankaran, Charlie Catlett
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AoT is a Pla'orm suppor0ng three func0ons.

1. Traditional Sensor 

Network
2. Evaluate new sensor 

technologies

3. Develop and evaluate new 
computer perception capabilities.
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Open Data Updated every 30 Seconds


.
.
.

Encrypted Network


Open Portals


Streams and APIs for 
developers to create 

new applica0ons, 
analyses, and portals.


Curated 
Sensor 

Data

protected


Protected Image and sound library for 
computer percep0on research and 

algorithm development and calibra0on..
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A Partnership with Chicago


Residents


Scientists


Government


CONTROL PLATFORM

§  Processors

§  Communications

§  Fault detection/recovery


SENSORS

§  Air quality

§  Weather

§  Events  and activity 




Open Source


Aesthetics


Quick-Replace


Residents partner on location choices.

City workers partner on design and installation.



Grades	Correla+on	with	Sound	Habits	of	Studious	Students	 Aquaponics	Analysis	 Photon	Mo+on	Sensor	

The	Inten+onal	Teehees	 pH	and	Temp	 Correla+on	of	Gasses	found	in	
the	LT	Greenhouse	

Factors	of	Sleeping	in	Class	

Sound	and	Pressure	
Conversions	into	Electricity	

Vibra+ons	VS	CO2	 Lane	of	Things	Aqua	Sensor	 Sound	Detector	

Air	Quality	Photon	Sensor	 Tracking	the	Ac+vity	of	a	
Chinchilla	

Monitoring	Counseling	Office	
Visits	

Class	Difficulty	vs	Student	
Presence	

PH	and	Water	temp	sensor	 Electricity	Usage	Monitor	 Laser	Trip	Project	 Class	Ac+vity	Level	

Busiest	+me	of	Day	at	the	
Library	

Greenhouse	Temp/Humidity	
and	Soil	Moisture	Sensor	

Bearded	Dragon	Monitor	 Photon	Athle+c	Performance	
Sensor	

Happy,	Indifferent,	Sad	 Aquaponics	Room	CO2	Levels	 Dance	room	Ac+vity	 ICL	VKEY	KEYPAD	

Sound	Sensor	 Chroma+c	Climate	 Robo-Dust	 Lane	of	Things	"Classroom	
Theory"	

Collec+ng	bluetooth	device	
data	with	the	HC05	

Bathroom	Pass	Sensor	 Project	YAM	 Parabolic	Dish	Audio	and	
Temperature	Node	

A	Pho-ton	of	Music	
	

Twi[er	Air	Quality	Bot	 Moods	of	Teachers	 Air	Quality	

Sound	Detector	 Lane	of	Things	Hawthorne	
Effect	Experiment	

Par+culate	Ma[er	Ma[ers	 The	Frustra+ng	Game	

Correla+on	Between	Class	
Subject	and	Sound	

Laser	Trip	Wire	 To	Press	or	Not	To	Press	 Emo+on	Collec+on	

Partnering with 
Chicago Youth
Over 300 Chicago High 
School students trained so 
far in a new curriculum to 
be packaged and 
replicated. (UChicago, Lane 
Tech H.S, and the School of the Art 
Institute of Chicago w/ funding from 
the Motorola Solutions Foundation.)
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City/University teams with defined projects for 2017

Installa0ons


Pilot Project Requests and Inquiries


www.ArrayOfThings.org

h&p://Wa8.gl   
 Under discussion



