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How do we firm up the vague definition of
“Smart Cities,” and begin gathering the information
specifically needed to implement this idea? In
particular, how do we integrate multiple Information
and Communications Technologies (ICT) and the
Internet of Things (IoT) solutions in order to manage
the assets of a city like Chicago?
Chicago, the quintessential American city, is quickly
becoming the nation’s leading city for data analytics.
Through the “Array of Things” (AoT) (note the
allusion to the “Internet of Things,” one of the
components of Smart Cities), Chicago is applying
data analytics to urban information collection to
make itself the smartest Smart City anywhere.

Chicago, quantitative social science, and rigorous
focus on the natural sciences, as well as within
Argonne National Laboratory’s tradition of applied
science for the public good.

“Urban sensing” is a top priority for Chicago Mayor
Rahm Emanuel, as outlined in the city’s technology
plan.1 “We want to know as much about our city as
we can because we know we can use that information
to deliver services more effectively and efficiently,”
says Brenna Berman, Commissioner of the City of
Chicago’s Department of Innovation and Technology.2

More broadly, the Array of Things robustly integrates
several key strains of current thought and practice
in real estate and business: environmentalism (with
quantitative standards like the U.S. Green Building
Council’s LEED); energy conservation (with
quantitative standards like EPA’s Energy Star); healthpromoting real estate (with quantitative standards like
the Delos Well Building Standard); real estate tech;
civic tech; and big data.

The Array of Things is a joint project of The
University of Chicago and Argonne National
Laboratory, in partnership with the City of Chicago.
Chicago’s Array of Things is a system of advanced
urban sensing devices which has been called an
“urban telescope.” The AoT project is a network
of modular sensor boxes or “nodes” that are being
installed around Chicago to collect real-time data on
the city’s environment, infrastructure and activity.3
Though centered in Chicago, other cities and
countries are already participating in the Chicagoinstigated AoT project.

Examples of Smart City technologies have also
been introduced in Milton Keynes,4 Southampton,5
Amsterdam,6 Barcelona,7 and Stockholm.8
CREATING THE ARRAY OF THINGS PROJECT
RESOURCES

The National Science Foundation awarded the
University of Chicago a $3.1 million grant for the
AoT project. The Chicago Innovation Exchange and
Argonne National Laboratory also each invested
$150,000 to fund the pilot project.

The Array of Things has been likened to a “Fitbit for
Cities” which measures the health of a range of urban
variables like climate, air quality and noise.

Argonne National Laboratory also expended over $1
million on internal research to develop the platform
technology underlying the AoT.

The Array of Things falls squarely within the
University of Chicago’s longstanding traditions of
urban sociology, intensively studying the city of
Real Estate Issues
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The City of Chicago is funding the installation of
the nodes and will provide electricity to them via
the traffic signal poles to which the nodes are being
attached.

secure central database server at Argonne National
Laboratory. Data will then be published openly to
allow organizations, engineers, scientists, researchers
and individuals to study urban environments, develop
new analysis tools and applications, and inform
urban planners. Raw data will also be posted to the
City of Chicago’s open data network and Plenario,
a web-based portal that supports open data search,
exploration and downloads with open datasets from
Chicago and around the world.

MANAGEMENT

Data scientist Charlie Catlett and researchers from
the Urban Center for Computation and Data of the
Computation Institute, a joint initiative of Argonne
National Laboratory and the University of Chicago,
lead the AoT project.

AoT and the data it collects are generally intended
to promote three types of research: (1) the collection
and open publication of sensor data about public
urban spaces, (2) research in areas such as sensing
and infrastructure technologies, and (3) research in
software and services.

Peter Beckman and Rajesh Sankaran of Argonne
National Laboratory developed the underlying
software and hardware design, known as Waggle, for
the nodes.
Product Development Technologies developed the
custom enclosure design for the nodes, based on early
designs by Douglas Pancoast and Satya Mark Basu of
the School of the Art Institute of Chicago.

PLACING THE ARRAY OF THINGS NODES

The City of Chicago will mount a total of 500 nodes
on streetlight traffic signal poles around the city by
the end of 2018. The city began to install the nodes
in summer 2016. The AoT team is collaborating
with several City of Chicago partners, including the
Department of Information and Technology and
Department of Transportation, as well as researchers,
neighborhood groups and community members,
to determine the best location of nodes for the
development of AoT.

As noted above, the project is executed in partnership
with the City of Chicago.
GOALS OF THE ARRAY OF THINGS PROJECT

As Charlie Catlett sums up the objective of the Array
of Things project, “How can you get the city to be
more helpful to people by telling us about itself?”9
The AoT will operate as a large-scale infrastructure
for capturing data from a wide swath of the City of
Chicago, and providing related services for Smart
City research, development, education, prototyping
and demonstration of both open and proprietary
techniques and services.

The AoT team has mounted an impressive campaign
of public involvement and education in the relevant
parts of Chicago. Any individual or group may
propose node locations.10
The locations selected for AoT nodes will maximize
the positive impact that city residents, policy
practitioners, and scientists can obtain from the
project, and must satisfy at least two of the following
three criteria:11

AoT enables the collection of (1) real-time, instant,
location-based data about the city’s environment,
infrastructure and activity, and (2) time series data
over a long period so as to reveal patterns that
indicate important long-term trends.
The AoT program thus potentially enables
policymakers, real estate developers, researchers,
and residents to collaborate on specific actions that
will make Chicago, and by extension other cities, a
healthier, more efficient, and more livable place. The
data will make Chicago a truly Smart City, enabling
the city to reduce costs by anticipating and proactively
addressing potential problems like urban flooding.
The data AoT collects is open, free and available to the
public. The nodes will transmit data to a
Real Estate Issues
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a.

Nodes can provide data relevant to a local
concern or issue of importance to the residents
and businesses.

b.

A relevant scientific research question may be
better investigated with data from the nodes.

c.

A planned or potential policy or instrument
that could be optimized, measured, or informed
based on use of data from the nodes, and/or from
scientific analysis of that data.
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CONTENT OF ARRAY OF THINGS NODES12

currently covered.

Each node contains five components, with
subcomponents as described.

Some nodes may have expanded capabilities, such as
anemometers (to measure wind speed), precise air
particle sensors (to measure pollutants like smoke or
pollen) and sky-facing images to understand cloud
cover and sunlight.

The first two components govern the overall
functioning of the AoT network and the internal
functioning of the given node itself:
1.

2.

AoT nodes vary in price, depending on their scientific
capabilities, from $500 to $2000 per node.

A Linux node controller, with (a) an image
processing computer, (b) a system health
manager, and (c) a control and communications
computer; and

APPLICATIONS OF THE ARRAY OF THINGS

Because the AoT data will be published openly and
without charge, it will also support the development
of innovative applications, including mobile
applications.

A node power manager, with (a) a node health
monitor, and (b) resilience factors.

The next three components are the true operational
sensors:
3.

4.

5.

Specific potential AoT applications include:

Environmental Services sensors: for air
temperature (note that surface temperature is
measured by the infrared sensor; see below),
humidity, barometric pressure, vibration (to
detect heavy traffic), ambient sound intensity, and
a magnetometer;

1.

Enabling citizens to measure micro-climates in
different areas of the city, so that residents can get
up-to-date, high-resolution weather and climate
information

2.

Air quality services sensors: for nitrogen dioxide
(NO2), ozone (O3), carbon monoxide (CO),
hydrogen sulfide (H2S), and Sulfur dioxide (SO2)
(note that nitrogen dioxide, ground level ozone,
carbon monoxide, and sulfur dioxide are four
of the six “criteria air pollutants” central under
the Clean Air Act; the other two criteria air
pollutants are lead and particulate matter; note
that hydrogen sulfide is the only compound
measured by the air quality services sensors that
is NOT a criteria air pollutant); and

Enabling citizens to track exposure to certain air
contaminants

3.

Enabling citizens to obtain air quality information
block-by-block

4.

Enabling citizens to navigate through the city so
as to avoid poor air quality

5.

Enabling citizens to navigate through the city in
order to avoid urban heat islands

6.

Enabling citizens to navigate through the city in
order to avoid excessive noise

7.

Enabling citizens to navigate through the city in
order to avoid traffic congestion

8.

Enabling planners to time traffic lights during
peak traffic periods to improve pedestrian safety
and reduce congestion-related pollution

9.

Warning citizens to watch out for an icy patch of
sidewalk ahead

Light and infrared sensors: light sensor for light
intensity, cameras for vehicles and pedestrian
traffic (images processed within the note and
then discarded), and infrared sensor for cloud
cover and surface temperature (note that air
temperature is measured by the environmental
services sensor; see above).

10. Warning citizens of urban flooding and
preparing city services and infrastructure to
prevent property damage and illness resulting
from flooding

The node components connect securely to the AoTdedicated Argonne National Laboratory server, then
to Plenario, open data portals, dashboards, and apps.
Continued research and development will help create
sensors to monitor other factors of interest such as
flooding and standing water, precipitation, wind and
pollutants such as lead and particulate matter —
Clean Air Act criteria air pollutants — which are not
Real Estate Issues
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the Group will be consulted whenever there is a
request for a new kind of data to be collected.

12. Enabling planners to determine which areas of
the city are heavily populated by pedestrians at
different times of the day

The Array of Things Executive Oversight Council
will be co-chaired by the Commissioner of the City of
Chicago’s Department of Innovation and Technology,
Brenna Berman, and by Urban Center for
Computation and Data AoT Chair, Charlie Catlett,
with additional members selected from academia,
industry, nonprofits and the community. No data will
be monitored without the approval of the privacy
and security external oversight committee, the City
of Chicago and the AoT executive committee. In
addition, the operation of the Array of Things will be
governed by privacy policies that will be published
prior to installation of the nodes.

13. Telling pedestrians the most populated routes for
a late-night walk to the transit station alone
14. Studying the relationship between the urban
environment and diseases
Perhaps most importantly, the AoT team expects
that many unanticipated, innovative applications
will be created by outside parties using the AoT data,
realizing the potential of an open, community-based
initiative.
ARRAY OF THINGS PRIVACY AND RELATED
ISSUES

The purpose of AoT is to monitor the city’s
environment and activity, not the activity of
individuals. The network and node technology and
the privacy policy, have been designed specifically
to avoid any potential collection of data about
individuals, so primary protection is built into the
design of the nodes and into the operating policies.

AoT will publicly post, and make fully available
online, all policies, hardware and software
specifications, design and open source code. Public
sensor data will be posted to the City of Chicago’s
Data Portal.13 AoT will publish an annual report
each year, beginning in June 2017, outlining the
achievements of the program, as well as any updates
or unintended deviations from the privacy policy.

Each sensor in the node that has a potential impact on
privacy is operated with specific safeguards in place:
1.

The sound sensor in each node only collects
data on ambient volume (the level of noise at the
node) and will neither record nor transmit raw
microphone data;

2.

The low-resolution infrared camera in each
node is pointed at the road surface and sidewalk
with the sole purpose of measuring surface
temperature; and

3.

The imaging camera in each node detects features
such as standing water, weather conditions and
sky color (an indicator of pollution), and/or to
count the number of pedestrians and various
types of vehicles on public streets.

EXPANSION OF ARRAY OF THINGS PROJECT

AoT currently partners with universities in nine
North American and global cities to collect data,
including New York City, Seattle, Portland, Atlanta,
Mexico City, Newcastle (UK), Bristol (UK) and
Amsterdam.14 By 2017, each of these cities will
receive five to ten nodes for use in monitoring
local environmental, infrastructure and activity
data. Additional U.S. and international cities have
expressed interest in partnering with AoT.
The AoT project also involves partnerships with
scientists at academic institutions including
Northern Illinois University, the University of
Illinois at Chicago, the University of Illinois at
Champaign-Urbana, DePaul University, Illinois
Institute of Technology, Purdue University,
University of Notre Dame, Arizona State University,
the Santa Fe Institute, University College London,
Clemson University and the Institute for Advanced
Architecture of Catalonia.15

After initial calibration, no images or video will be
stored within or transmitted from the nodes. All
images are processed into numerical data within the
node, after which image data are immediately deleted.
The Technical Security and Planning Group chaired
by Von Welch, director of Indiana University’s Center
for Applied Cybersecurity Research, will review all
hardware, software and data being collected by AoT.
Operating as an external, independent review team,
Real Estate Issues
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number of industry partners including Cisco,
Microsoft, Schneider Electric, Intel, Motorola
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expensive process.

IMPLICATIONS OF THE ARRAY OF THINGS
FOR THE MAJOR PHASES OF THE REAL
ESTATE INDUSTRY

By contrast, the AoT node sensors collect information
on an ongoing basis without regard to specific
agency — truly a unified, if not fully comprehensive,
source of ongoing collection for entitlements-related
information.

The AoT project, one of the largest and most
sophisticated programs of its kind, has overcome
considerable inertia and marshaled remarkable
energy. However, the project has limited resources
and time, and is currently focused on the deployment
of the nodes. It is developing a deep relationship with
the real estate industry only gradually, so that the
project has not yet set forth the full implications of
AoT for the commercial real estate industry.

A potentially fruitful direction to make the AoT
nodes more comprehensive is expressly to coordinate
the array of sensors provided within them with
the different zoning, planning, environmental, and
similar laws that embody the entitlements process
in Chicago and other cities, and to capture the exact
information required by each law, thus facilitating
compliance by developers, investors, and other real
estate practitioners, while probably also reducing the
workload of public employees.

AoT is making its information available to the general
public, including real estate developers and investors.
The information is available not just in the aggregate,
but from each individual node, which is particularly
helpful for specific real estate projects near nodes.

Design Phase

A very preliminary sketch of the implications of AoT
for the commercial real estate industry would include
the following:

The information captured by a given node near a
new project, and made openly available to the public,
would give architects, urban designers and planners
information as to temperature humidity, vibration,
noise, light, criteria air pollutants, vehicular traffic,
pedestrian traffic and similar variables, from which
they could calibrate the design to each specific
variable.

Valuation/Acquisition and Disposition Phases
AoT potentially renders the valuation, acquisition,
and disposition of properties more precise. The
information from the nodes about noise, vibration,
light, environmental contaminants, vehicle traffic,
pedestrian traffic and other factors that influence
property and neighborhood value should make
appraisals more accurate and reduce re-trading risk.

Construction Phase
Some of the information from the nodes, particularly
as to humidity, vibration, noise and light, should
assist contractors and subcontractors in the
construction phase. Possibly some of the node
camera sensors could be coordinated with private
cameras to record the progress of the construction
work.

Entitlements Phase
AoT may represent the first glimmer of hope for an
entitlements process that works better for both the
public sector and the private sector.
Cities like Chicago currently collect information
in the form of permit applications, certificates of
occupancy, inspection results and other relatively
episodic means. While the city systematically collects
information at the time it issues specific permits
and approvals, it generally does not collect such
information on a continuous basis.

Operation Phase
Much of what appears in the entitlements phase
applies to the operation phase as well. Deriving
information from the nodes on a continuing
multimedia basis rather than an episodic agency-byagency basis should enable both building managers
and asset managers to calibrate their building
stewardship more effectively, both increasing service
level and reducing costs. The nodes may assist in
monitoring the ongoing efficacy of environmentallyfocused LEED standards, health-focused Well
Building standards and similar standards, which have
become an increasingly prominent issue.

Moreover, cities and, indeed, multiple levels of
government, usually collect information on an
agency-by-agency basis. Although there are some
good reasons for this, such as agency expertise, the
need for real estate developers to work with many
agencies is one of the main things that makes the
entitlements phase such a time-consuming and
Real Estate Issues
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CONCLUSION

ENDNOTES

Particularly for forward-looking real estate thinker/
doers who practice real estate counseling, the Array of
Things holds great importance.

1.

See USA Today, June 24, 2014, “Big Brother? Chicago to measure
pedestrians’ movements.”

2.

Ibid.

As such, real estate counselors will no doubt come to
play a considerable part in rolling out the AoT project,
and related projects, across the nation and around the
world.

3.

For photograph of node, see https://arrayofthings.github.io/#.

4.

See “The MK: Smart Project,” www.mksmart.org.

5.

See Southampton City Council, “Smart Cities card” https://www.
southampton.gov.uk/roads-parking/travel/smartcities-card/.

And given the strong interest of real estate counselors
in real estate data, information and research, they will
seize upon the open source nature of the AoT data,
and will utilize that data to create advanced buildings,
urban design and metropolitan form. n

6.

See Amsterdam Smart City, “Amsterdam Smart City — Projects”
https://amsterdamsmartcity.com/projects.

7.

See Ajuntament de Barcelona, “Barcelona Smart City” http://
ajuntament.barcelona.cat/estrategiadigital/ca.

8.

See City of Stockholm, “The Smart City” http://international.
stockholm.se/city-development/the-smart-city/.

9.

See USA Today, June 24, 2014, “Big Brother? Chicago to measure
pedestrians’ movements.”

10.

For map of Array of Things Node Locations, see arrayofthings.github.
io/node-locations.html.

11.

See https://arrayofthings.github.io/index.html, Array of Things
Governance Policy and Process, Section 4.3: Node.

12.

See https://arrayofthings.github.io/index.html, (i) homepage, What Is
the Array of Things? and (ii) node.html.

13.

Data Portal: data@cityofchicago.org; City of Chicago’s Data Portal is
https://data.CityofChicago.org

14.

See https://arrayofthings.githum.io, “Frequently Asked Questions,
What other cities will be using AoT nodes?”

15.

See https://arrayofthings.github.io, home page, “Who Is the Array of
Things Team?”

16.

Ibid.
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