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Abstract
Over the past decade, our cities have been blanketed with digital bits. Unlike the old
electromagnetic, unidirectional waves, these bits are bidirectional – they
communicate – and are thus tied to human activities. Our hypothesis is that by
analyzing these bits we can gain an augmented, fine-grained understanding of how
the city functions - socially, economically and yes, even psychologically. Some
preliminary results from different projects recently carried out at MIT senseable city
lab are discussed below.
1. Introduction
1.1 Digital traces
Over the past decade, our cities have been blanketed with digital bits. Unlike the old
electromagnetic, unidirectional waves, these bits are bidirectional – they
communicate – and are thus tied to human activities. Almost everything you do
produces some form of digital data: using the Internet from the campus café locates
you through the WiFi antenna, doing a Google search or ordering a book from
Amazon informs countless algorithms of your interests, talking on your cell phone
registers at the nearest telecom tower or switch, using your CharlieCard to take the
T from Harvard Square to other stations in Boston keeps a record of your origin and
destination patterns, and riding in a GPS-enabled taxicab can produce a precise map
of your travel route. In a way, these bits are incidental: they are produced and
captured in the everyday acts of urban life, and as such, they reveal the multiple and
complex facets of the city and its inhabitants in detail and in real-time. As Bruno
Latour laments, "As soon as I purchase on the web, I erase the difference between
the social, the economic and the psychological, just because of the range of traces I
1
leave behind."
This paper discusses a series of projects from MIT’s senseable city lab that
demonstrate how today’s digital bits of human activity can be captured and analyzed
in their intensity, frequency, rhythm, and reach. All four projects fall under what
Sheller and Urry2 have termed the “new mobilities paradigm”: an approach to
understanding social actions by exploring the relationships between the material and
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the mobile. The first project is iSPOTS, which documents the occupation of spaces on
the wireless MIT campus via WiFi logs. The second, Real Time Rome, expands this
idea by overlaying real-time cell phone, taxi and bus data on maps of Rome to
capture urban dynamics as they occur. As an extension of this, the WikiCity project
considers how a city can perform as a real-time, open source system where its
inhabitants produce and share digital information about the functioning and
experience of the city. And, finally, the New York Talk Exchange expands the scale of
our understanding of urban life by visualizing the real-time telecom flows between
New York City and the rest of the world. Together, these projects exemplify the
potential of analyzing urban life from the district to the urban to the global scale
using incidental, real-time, and mobile digital traces.
For urban planners and designers, these accumulations of digital traces are valuable
sources of data in capturing the pulse of the city in an astonishing degree of
3
temporal and spatial detail. Yet this condition of the hybrid city - which operates
simultaneously in the digital and physical realms - also poses difficult questions
about privacy, scale, and design, among many others. These questions must be
addressed as we move toward achieving an augmented, fine-grained understanding
of how the city functions - socially, economically and yes, even psychologically.
1.2 Data from a dynamic city: some considerations
Issues to consider in this emerging type of urban analysis are:
Who controls the digital traces? Mobility data is often captured by private or semipublic interests who provide the services that intersect with digital functions such as
telecommunications companies, transit authorities, and large institutions. Access to
this data for analysis is a challenge though arguably, a worthy endeavor if it results
in more accurate and reliable decision making in urban management. Even so, the
prospect of a “WikiCity” also exists where individuals themselves can control and
4
distribute the information generated by their urban experiences.
Which scale of digital data is appropriate for urban analysis? While there is much
discussion about protecting individual privacy in the age of digital surveillance, is
there such as a thing as collective privacy? If we relate the location of cell phone
calls (at an aggregated level) with GPS to capture the patterns of mobility at a
neighborhood scale – for undestanding the dynamic relationship between pedestrians
and transit service, for example – then should we be concerned about knowing the
real-time locations of groups of people in a particular area of the city?
Once we have captured the incidental flows of digital traces produced by the
everyday functioning of the city, the question becomes, how best to visualize and
represent this information? Visualizing digital data has many purposes: it enables the
information to be grasped by a broader audience, since the data in raw numeric
format is both overwhelming and disorienting; it helps identify patterns of activity for
further analysis; and this pattern analysis then feeds back into the structuring and
processing of the data itself and drives subsequent visualizations. In dealing with
large datasets we must set priorities, emphasizing certain aspects while omitting
others, and must think systematically about how the data is instrumental to
answering the questions we are interested in exploring. Combining a design vision
with the understanding of theory to be tested allows us to translate very complex
datasets into engaging images of real-time urban dynamics. These accessible images
of the city are possible due to the computational tools that help us to handle and
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interpret the data. In turn, not only do urban planning and design professionals and
academics benefit from an enhanced understanding of the city, but so do urban
residents who can capture this representational information via their own digital
devices and use it for their own on-the-fly decision-making.
That said, we must also consider the ways in which we can establish perhaps more
meaningful connections between digital information and physical space and objects.
Once we have captured the abstract dynamics of an urban context through digital
information, how can this be reintegrated with the physical space experienced by its
inhabitants? The increasing diffusion of mobile devices into the urban fabric has
opened up new ways of accessing information individually while on the move and in
urban environments. But how can this information be accessed in a collective
manner? What interfaces are needed to complement and augment the experience of
the public realm of the city with digital information? In a recent discussion, Manuel
Castells emphasized the increasing disjuncture between virtual and physical public
spaces due to the individualized experience of the former (what he calls the “my
5
hypertext” experience). This concern leads us to wonder whether the built
environment itself should be embedded with sensing and responsive technologies
(for a presumably collective and public experience) or if individuals themselves
should carry the sensors and devices to manipulate and access the city’s digital
traces. Our belief is that it should be a combination of the two where people use
their digital devices to interact and manipulate the digital interfaces of the city’s
public spaces to produce collective expressions of urban culture.
These questions have all emerged in the process of realizing the four projects to be
discussed below. While the projects, for now, are representations and tools for
analyzing the dynamics of our urban environments at multiple scales, our vision at
the MIT senseable city lab is that these tools will soon travel with us in our mobile
devices and in the public spaces of our cities.
2. Projects
2.1 The visible campus: iSPOTS (2005)
The iSPOTS project monitors and collects data of WiFi usage on the Massachusetts
Institute of Technology campus. It uses and analyzes LOG files from the Institute’s
Internet service provider in order to better understand the daily working and living
patterns of the academic community, which, we argue, are changing as a result of
the emergence of WiFi itself. The access to a widespread and robust wireless network
combined with high rates of laptop ownership has untethered the MIT community
from its computer labs, offices and even classrooms, thus producing a more flexible
and dynamic use of space. iSPOTS reveals the complex and dispersed movement of
individuals in real-time and thus helps to answer questions such as: which physical
spaces are preferred for work in the MIT community? How could future physical
planning of the campus suit the community's changing needs? Which location-based
services would be most helpful for students and academics? Figure 1 shows the
classification of buildings on the MIT campus based on the similarity of WiFi usage
profiles. Since MIT’s wireless network is composed of over 2,800 access points and is
one of the largest of its kind, it not only offers a privileged environment for this
research, but also serves as a test bed for entire cities.6
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Figure 1. iSPOTS: classification of buildings on the MIT campus based on the
similarity of WiFi usage profiles.
2.2 The visible city: Real Time Rome (2006)
The visualizations of Real Time Rome synthesize data from various real-time
networks. We interpolate the aggregate mobility of people according to their mobile
phone usage and visualize it synchronously with the flow of public transit,
pedestrians, and vehicular traffic. By overlaying mobility information onto geographic
references of Rome we reveal the relationships between fixed and fluid urban
elements. These real-time maps help us understand, for example, how
neighborhoods are used in the course of a day and how the distribution of buses and
taxis correlates with densities of people. By examining the resulting visualizations,
users can react to the shifting urban environment.7Figure 2 helps us to understand
how do the movement patterns of buses and pedestrians overlap in the Stazione
Termini neighborhood of Rome. This is a functional map of the city that asks how
well transit service correlates with the patterns of movement of pedestrians. This
image captures the changing positions of public buses, indicated by yellow points,
and the relative densities of mobile phone users, represented by the red areas. If a
tail on a yellow point is long, this means that a bus is moving fast. Areas colored by
a deeper red, have a higher density of pedestrians.
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Figure 2. Real Time Rome: a functional map
Combining real-time cell phone data with geographic references not only presents
functional information for the efficient management of a city, but also has the
potential to reveal the pulse and mood of the city at certain moments. Figure 3
measures the density of cell phone calls being made in Rome during the World Cup
final match on July 9, 2006 between Italy and France. It is essentially an emotional
map of a moment in the city, captured at a scale and immediacy that cannot be
approached by more conventional (or analog) methods of survey or observation.
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Figure 3. Real Time Rome: an emotional map
2.3 The visible city in the city: WikiCity Rome (2007)
The WikiCity Rome project builds upon Real Time Rome by combining the real-time
information being generated by the city itself with a means for people to access the
data they themselves produce over the course of their various activities. In this way,
the visualization of real time dynamics becomes more than a reflective analysis, it is
a new tool for people to synchronously navigate the ever-changing urban landscape.
The occasion for the implementation of this real time tool was Rome’s Notte Bianca,
an all-night urban festival comprised of hundreds of events in enclosed and open air
spaces throughout the city and involving two million participants. The WikiCity
interface displayed a satellite image of the city of Rome overlayed by the intensity of
cellphone communication happening throughout the city at that given time. This
conveyed the overall flow of people along with labels that announced and described
events and their sites, the location and speed of public transport buses, and a news
feed from onsite journalists (Figure 4). We gathered all of this information as realtime, location based data that we then fed into a visualization program designed for
effective readability and comprehension. A timeline at the bottom indicated the
current time while simultaneously disclosing a collection of images taken from the
events.8
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Figure 4. WikiCity Rome
WikiCity Rome was projected at large scale onto a building in a public square in
Rome (Figure 5). While individual interaction with the data was excluded in this way,
this type of interface had two interesting benefits. First, a public display results in a
very low access barrier for a large part of the audience since no particular knowledge
or even posession of individual, electronic devices is required. Second, in the case of
an audience member’s incomprehension of the visualization, advice can be easily
sought from fellow participants. The public display acts as a form of triangulation,
where it encourages social interaction via consultation of the data in a shared
manner. The WikiCity interface thus a tool for shared decision making and a
collective form of blending the virtual and physical public spaces of the city.
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Figure 5. a large scale projection of WikiCity Rome
2.4 The visible world: New York Talk Exchange (2008)
The New York Talk Exchange (NYTE) project is composed of three visualizations and
was produced for the MoMA exhibit Design and the Elastic Mind. Each visualization,
of which we are including two in this paper, reflects on a different aspect of
telecommunications flows between New York and the rest of the world in order to
answer the following questions: How does the city of New York connect to other
cities around the world? With which cities does New York have the strongest ties?
How do these relationships shift with time? And, how does the rest of the world
reach into the neighborhoods of New York?9
Globe Encounters (Figure 6) visualizes in real time the volumes of Internet data
flowing between New York and cities around the world. It represents the continuous
flow of IP data going through the New York backbone via the trajectories of data
packets travelling between cities on a 3-D representation of a spinning globe. The
trajectories glow more or less according to the amount of data being exchanged
between New York and other cities. In this way, this visualization shows New York's
global connections to the world, illustrating globalization as it happens. Because the
IP data is updated continuously, it is immediately observable how the fountain of
data flowing into and out of New York changes over time and thus where New York’s
connectivity is oriented during different times of the day.
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Figure 6. NYTE: Globe Encounters
World within New York zooms inside New York City's five boroughs and explores how
global connections vary from neighborhood to neighborhood, illustrating what can be
described as a "globalization from the bottom." It shows how different neighborhoods
reach out to the rest of the world via the AT&T telephone network. The city is divided
into a grid of square pixels where each pixel is colored according to the regions of
the world wherein the top connecting cities are located. The widths of the color bars
represent the proportion of calls exchanged with each neighborhood. Encoded within
each pixel is also a list of the first ranking world cities that account for 70% of the
communications with that particular area of New York. This representation allows for
a detailed reading of each particular area of the city and provides a sense of the
patterns of connections that exist throughout the city. For example, areas colored
green reveal patterns of calls exchanged with South America, primarily clustered
around upper Manhattan and the Bronx. Being able to obtain detailed, neighborhoodlevel data, which goes further than taking the entire city as its unit of analysis,
reveals great variation between and within boroughs in the city’s connections to the
rest of the world via its telecommunications infrastructure. While we all know that
New York has strong connections with London, this data reveals that the city is also
tied to Toronto, Kingston and Seoul.
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Figure 7. NYTE: World Within New York
3. Conclusion
Without a doubt, we now inhabit a hybrid city composed of the digital and the
physical where the tradeoffs between visibility, privacy and understanding must be
considered. Using digital technologies to sense the city provides an unprecedented
level of detail for the understanding of urban dynamics, as suggested by the
senseable city lab projects discussed in this paper. The fine grained, incidental data
that can be gathered from cell phones, public transportation and citizens themselves
can open up many new opportunities for experiencing and managing the city, if done
in conscientious and democratic ways. Real time maps generated from digital data
now accompany the actual events happening in the physical city, describing it and
making it accessible to people that can subsequently base their decisions on this
synchronized information. It is an approach that begins to coincide the often
disjoined spaces of the virtual and the physical.
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