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Abstract. Real world recommendation systems, personalized mobile search,
and online city guides could all bencfit from data on personal place preferences.
However, collecting explicit rating data of locations as users travel from place
to place is This paper the s ip between explicit
place ratings and implicit aspects of travel behavior such as visit frequency and
travel time. We conducted a four-week study with 16 participants using a novel
sensor-based experience sampling tool, called My Expericnce (M), which we
developed for mobile phones. Over the course of the study Me was used 1o col-
lect 3458 in-situ questionnaires on 1,981 place visits. Our results show that,
first, sensor-triggered cxperience sampling is a useful methodology for collect-
ing targeted information in situ. Second. despite the complexitics underlying
travel routines and visit behavior. there exist positive correlations between place
preference and automatically detectable features like visit froquency and travel
time. And, third, we found that when combined, visit froquency and travel time
result in stronger correlations with place rating than when measured individu-
ally. Finally, we found no significant difference in place ratings duc to the pres-
ence of others.

1 Introduction

Why do we travel to some places but not others? What do these places say about our
interests? Could a person’s movements to and from places in the physical world be an
implicit form of expressing preference? We studied the travel routines of 16 partici-
pants over the course of four-weeks to determine what factors of visit behaviors, if
any, could be used to infer preference for places. Using GSM-based location sensing
and experience sampling on mobile phones (a technique to capture self-report data
from participants in situ), participants provided explicit ratings for the places they
visited. We used these ratings to explore the correlation between place preference and
two implicit aspects of place visit behavior, visit frequency and travel distance. In
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Route Prediction from Trip Observations
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ABSTRACT

This paper develops and tests algorithms for predicting
the end-to-end route of a vehicle based on GPS
observations of the vehicle's past trips. We show that a
large portion of a typical driver's trips are repeated. Our
algorithms exploit this fact for prediction by matching the
first part of a driver's current trip with one of the set of
previously observed trips. Rather than predicting
upcoming road segments, our focus is on making long
term predictions of the route. We evaluate our algorithms
using a large corpus of real world GPS driving data
acquired from observing over 250 drivers for an average
of 15.1 days per subject. Our results show how often
and how accurately we can predict a driver's route as a
function of the distance already driven.

INTRODUCTION

Route prediction is the missing piece in several
proposed ideas for intelligent vehicles. In this paper, we
present algorithms that predict a vehicle’s entire route as
it is driven. Such predictions are useful for giving the
driver wamings about upcoming traffic hazards or
information about upcoming points of interest, lneludlng
advertising. One of the most innovative af

end-to-end route prediction is for improving the amohncy
of hybrid vehicles. Given knowledge of future changes in

optimize the vuhldus charge/dit
example, if a hybrid vehicle knows about an upcoming
unity to recharge its batteries from

braking (e.g., stop-and-go traffic, sharp curves, or a
steep hill), it can use up part of its battery power prior to
the opportunity to make room for the expected incoming
charge. Researchers from Nissan showed that it is
possible to improve hybrid fuel economy by up to 7.8% if
the route is known in advance [1). Tate and Boyd also
explore the optimal control scheme for a hybrid
assuming the route is already known [2].

While the driver could be asked for his or her route
before every drive, we suspect that most drivers would
tire of this quickly. This is especially true for a driver's

Jon Froehlich
University of Washington

John Krumm
Microsoft Research

routes, which is where we concentrate our
efforts. We found that, for drivers observed for at least
40 days, nearly 60% of their trips were duplicated in our
observations. Our prediction al ms look at a GPS
trace of a driver’'s current trip and attempt to find the best
match to a previously driven trip. We find that, in some
cases, we can predict a driver's route with 100%
accuracy within the first two miles of the trip. Our
accuracy is lower in other cases, and our results give
details on how often our algorithm achieves various
levels of prediction accuracy.

We trained and tested our algorithms on GPS data from
252 drivers. The next few sections describe how we
cleaned our typically noisy GPS data, extracted distinct
trips, and found drivers’ regular routes. We then go on to
describe two algorithms for route prediction and give
details on how well they perform. First, we highlight
some related work.

Route prediction for smart vehicles was addressed by
Karbassi and Barth (3] for a car-sharing application.
Their task was to predict which route a driver would take
between given starting and ending drop-off stations. In
our work, we do not rely on the driver to enter his/her
destination. Torkkola et al. [4] leam destinations and
routes from GPS data. As in our work, these learned
routes are the basis for prediction, ailthough their
algorithm is not given. Using a hidden Markov

model leamed from 46 sampled trips, Simmons et al. [5]
predict destinations and routes based on knowledge of
the road network. They quote an accuracy of predicting
the next road segment as high as 99%, although in 95%
of the cases the next road segment is the only one
connected to the current one. Their rich model allows the
incorporation of time-of-day, day-of-week, and speed
their pmdldxm! Their results show that

help in boosting their
prediction accuracy. Patterson et al. [6] applied machine
learning and a particle filter to people’s GPS traces to
predict their destination, route, and even mode of
transportation from an inferred list of previous
destinations. Our approach also differs from the short-
term route prediction in [7]. In their work, the goal was to
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ABSTRACT
The greatest contributor of CO; emissions in the average
American household is personal transportation. Because
transportation is inherently a mobile activity, mobile
devices are well suited to sense and provide feedback about
these activities. In this paper, we explore the use of personal
ambient displays on mobile phones o give users feedback
about sensed and self-reported transportation behaviors. We
first present results from a set of formative studies
exploring our respondents’ existing transportation routines,
willingness 1o engage in and maintain green ransportation
behavior, and reactions to carly mobile “green”
application design concepts. We then describe the results of
3-week field stdy (N=13) of the UbiGreen
Transportation  Display prototype, @ mobile phone
application that semi-automatically senses and reveals
information  about  transportation  behavior.  Our
contributions include a working system for semi-
automatically tracking transit activity, a visual design
capable of engaging users in the goal of increasing green
transportation, and the results of our studies, which have
implications for the design of future green
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Figure 1 (lf) The UbiGreen
Transportation Display shows transit
behavior as “wallpaper™ on a phonc’s
screen. Here the tree is nearly full of
leaves, indicating that the user has
completed several green trips for the
week_ (top) The MSP sensor womn near
the waist and the phone's GS!
tower data arc wsed to  semi-
automatically infer transoortation mode

and individual change. Given the growing prevalence of
mobile phones with sensing capabilities, one compelling
opportunity to potentially impact human behavior is o offer
immediate feedback about how currently sensed behaviors
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INTRODUCTION
In 2005, Americans consumed 100 quadrillion British
thermal units (BTUs) of energy (32}, almost six times the
worldwide average per person [20). This in tum caused the
release of 2.2 billion metric tons of carbon dioxide (CO;), a
greenhouse gas assumed 10 be a major cause of adverse
climate change. To reverse this trend, action will be
required on many levels, inchuding policy, infrastructure,
Permission 1o make digital oc hard copies of all or part of this work for
personal or classroom usc ts granied without fee provided tha copics are not
made or distributed for profit oc i g ad o
this notice and the full citation on the first page To copy 3
republish, o post on servers or 10 redistribute to lists. requires prior ,pmr.c
permission and/or 3 fec.
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affect the In this paper, we explore the use of
personal ambient displays on mobile phones to give users
feedback about their sensed and self-reported transportation
behaviors (Figure 1)

Researchers have identified three areas responsible for a
majority of energy consumption in American households:
home heating and cooling; shopping and cating (and the
associated transportation of goods), and commuting, flying
and other daily transportation activities [3,35). In this paper,
we focus on the latter (personal transportation), the greatest
individual contributor of CO, emissions (26%) in the
average American household [35]

There is extensive literature in the areas of environmental
sociology, public policy, and more recently, conservation
psychology that discuss the promotion of environmentally
responsible bebavior [1,2,26,33). Past work has shown that
motivators such as public commitment, frequent feedback,
and personalization can positively impact environmentally
responsible behavior [1]. Since the 1990s, information
campaigns and other programs have attempted fo engage
individuals in voluntary greening of transportation behavior

Sensing and Predicting the Pulse of the City through Shared Bicycling

Jon Froehlich', Joachim Neumann®, Nuria Oliver®

!Computer Science and Engineering
University of Washington
jfrochli@ecs.washington.edu

Abstract

City-wide urban infrastructures are increasingly
reliant on network technology to improve and ex-
pand their services. As a side effect of this digitali-
zation, large amounts of data can be and
analyzed to uncover patterns of human behavior. In
this paper, we focus on the digital footprints from
one type of emerging urban infrastructure: shared
bicycling systems. We provide a spatiotemporal
analysis of 13 wecks of bicycle station usage from
Barcelona's shared bicycling system, called Bicing.
We apply clustering techniques to identify shared
behaviors across stations and show how these
behaviors relate to location, neighborhood, and
time of day. We then compare experimental results
from four predictive models of near-term station
usage. Finally, we analyze the impact of factors
such as time or day and sumcn activity in the
of the

1 Introduction
Observing and modeling human movement in urban
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Figure 1. (1op) A Bicing station: a close-up of a bicycle and parking slot;
and a user at a station kiosk using RFID to check-out a bicycle; (bottom)
The 390 Bicing stations distributed across the ity of Barcelona, Spain.

human mobility. McNamara er al. (2008) used data
collected from an RFID-enabled subway system 10 predict
patterns amongst mass transit users. Such

environments is central to traffic
the spread of biological viruses, designing location-based
services, and improving urban infrastructure. However, little
has changed since Whyte (1980) observed in his "Street Life
Project” that the actual usage of New York's streets and
squares clashed with the original ideas of architects and city
planners. A key difficulty faced by urban planners,
virologists, and social scientists is that obtaining large, real-
world observational data of human movement is challenging
and costly (Brockman et al., 2006).

As websites have evolved to offer geo-located services,
new sources of real-world behavioral data have begun to
emerge. For example, Rattenbury ef al. (2007) and Girardin
et al. (2008) uscd gco—uggmg patterns of photographs in

sources of data are ever-cxpanding and offer large, under-
explored datasets of physically-based interactions with the
real world.

In this paper, we introduce a novel source of real-world
human behavioral data from a new type of urban infra-
structure: shared bicycling systems. We show how station
usage data from Barcelona’s Bicing system (Figure 1) can
be used to infer cultural and geographic aspects of the city
and predict future bicycling station usage behavior, which
corresponds to human movement in the city.

In particular, the main contributions of this paper are: (1)
demonstrating the potential of using shared bicycling as a
data source to gain insights into city dynamics and
human behavior; (2) exploring the relationship

Flickr to I-world events
and draw conclusions Iboul the flow of tourists in a city. In
addition, as city-wide urban infrastructures such as buses,
subways, public utilitics, and roads become digitized, other
sources of real-world datasets that can be implicitly sensed
are emerging. Ratti ef al. (2006) and Gonzilez ef al. (2008)
used cellular network data to study city dynamics and

between spatiotemporal patterns of bicycle usage and
underlying city behavior and geography: and (3) studying
patterns in bicycle station usage, including the prediction of
usage patterns and an analysis of how factors such as the
time of the day affect this prediction. In our analysis, we
emphasize not just what the bicycling station usage data
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The National Council on Disability notes that

there iIsno comprehensive information on

ot he degree to which sid
accessibledo i n cities.

National Council on Disability, 2007
The impact of the Americans with Disabilities Act: Assessing
the progress toward achieving the goals of the ADA
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PROJECT SIDEWALK

ALL OUR CODE + DATA IS 100% OPEN SOURCE
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