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Abstract. Urban computing leverages mobile participatory and opportunistic
sensing to monitor and provide continuous awareness of urban cities. CICESE
Research Center offers students and staff an intra-campus transportation service
called CICEMovil to help them get around campus. However this service lacks
of formality as trips are constantly being cancelled without previous notification
and it’s hard to discover when the vehicle is going to be available for the next
trip. We present the design and development of a mobile augmented reality sys-
tem using participatory and opportunistic sensing to empower users to track and
share the location and status of CICEMGdvil via their smartphones. We con-
cluded discussing directions for future work, as we aim to study how participa-
tory sensing could be used to promote self-reflection at a collective level
through the design and evaluation of mobile sensing campaigns in public trans-
portation.
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1 Introduction

Participatory sensing has its origin in sensor networks showing how sensing has
evolved from a paradigm centered in technologies to a one centered in people. Increa-
singly, individuals are using mobile devices to create “sensing campaigns” gathering,
analyzing, and sharing knowledge. These campaigns empower individuals to reveal
and share personal data about their lifestyle or environment status [1]. The deploy-
ment of sensing campaigns in urban areas, proving feasible the use of pervasive com-
puting [2], enables the collective gathering of data and uses it as a monitoring tool to
provide awareness and support decision-making at individual and collective levels.

An interesting area to study participatory sensing as a reflection tool in cities is the
monitoring of public transportation. In [3] authors describe a combination of data
from cell towers and GPS devices installed in buses and taxis to represent urban mo-
bility captured in real-time. Urban mobility metrics include road congestion and
pedestrian movement in Rome.
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As identifying bus arrival time is a concern from urban citizens, in [4] authors de-
scribe the use of smartphones passengers data to identify the location of cell towers
and discover the routes of public transportation. This information is used to predict
the waiting time for other users querying the system using their smartphones. Al-
though, sensing campaigns have been widely used for monitoring road conditions
(e.g., [5,6,7]) or providing continuous awareness [3,8] of “big data”, little has been
said about how individuals could use this data to reflect on their habits and change
behavior at a collective level. In contrast with the literature in this area, in this paper
we study how participatory sensing could be used to promote self-reflection in a
concrete scenario of public transportation.

2 System Design and Implementation

The research center CICESE implemented a local transportation service called CI-
CEMovil consist in a small shuttle van with 7 passenger seats, working every week-
day from 8:00 to 15:00 hrs, transporting students and staff around campus. However,
there isn’t a formal schedule and it is very hard to plan trips with this service. The
driver usually takes long breaks and suspends the service without public notification.
This system aims to supervise the driver’s behavior, but more importantly to make the
driver aware on his data and promote behavior change trough reflection.

Following an interactive user-centered design methodology we iteratively designed
several low-fidelity prototypes and design scenarios envisioning how participatory
sensing could help to both monitor CICEMdvil and promote self-reflection.

2.1  Architecture

The system has an architecture similar to [4] composed by three elements (Figure 1).
One of the advantages of our approach is the simplicity of implementation, allowing
to instrument vehicles at a low cost.

e Monitor. This is a mobile application for Android smartphones that allows sensing
location and speed of the CICEMovil trough GPS, and its proximity to known Wi-
Fi hotspots placed throughout the campus, sending data to a cloud server. Monitor
shows a map of the campus and the current location of CICEMoévil (Figure 2 a),
and also offers the option of sending an “away” notification (Figure 2 b).

e Visor. This augmented reality application for Android smartphones shows the
information about prominent landmarks within the campus, and other available
services, like transportation (Figure 2 c). When requested, a screen with more
details and a request service button are presented (Figure 2 d)

e Application Server. This server application has been deployed and hosted in the
Heroku cloud. It offers a RESTful representation of the resources (i.e., location of
the vehicle, driver notifications and users requests of service), working as a proxy
between both smartphone applications.
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Fig. 1. System components

2.2  Use Scenario

Luis is the driver of the CICEMévil. When he starts his journey, the Monitor starts
running in a smartphone. As he gets into the vehicle, the application shows a map
with the current location of CICEMovil, making him aware of what data is being
shared. Later, after driving for two hours, Luis needs to take a break, and decides to
stop the vehicle. He then selects the notification icon on top of the map, and a screen
for publishing an “away” notification appears. He announces that the service is sus-
pended for 15 minutes. After 20 minutes, Rosa, a student using the augmented reality
visor application searches for the CICEMovil and identifies its location, noticing that
the vehicle is already late; that’s why she announces her request of service pressing a
Request Stop button in the application. Luis gets a notification and he realizes that
he's already late because there are some students waiting for transportation and gets
back to work.

3 Future Work

We conducted a proof of concept using both applications touring the circuit as a pas-
senger inside the CICEMovil. This prototype is going to be scaled into production,
following some technical adaptations. This Visor augmented reality application works
well but it’s limited to Android devices, in consequence a mobile website is also
going to be deployed. More interesting it’s to explore how this community campaign
could promote a change behavior in the driver as the users employing their own
smartphones are empowered to demand availability change in the quality of the trans-
portation service.

More important to remark, this work is also our first approach to monitoring trans-
port services. Our investigation is aimed to include a service with multiple vehicles,
willing to detect which are the habits of a driver that can be sensed, in consequence
the driver’s application is going to get more important as it can work as a window into
collective data (i.e. the statistics of the other drivers and their personal behaviors) in
order to reinforce and to promote the adoption of better driving practices.
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Fig. 2. From left to rigth: a) Monitor showing the location of CICEM6vil, b) Monitor screen for
sending away notifications, c¢) Visor main screen showing the augmented reality view and d)
Visor screen for details about CICEM6vil

4 Conclusions

A system composed by two Android smartphone applications and a web server has
been developed and tested as concept. Our approach shows a simple and economic
way to monitor vehicles in confined environments. More important, it’s the precedent
for our future investigation in exploring ways to employ participatory sensing as a
tool for improving urban mobility and how to persuade and promote better driving
behaviors. Our future work aims to reach an evaluation in a public transportation
system and to use the produced data as constructs of the pulse of the city.
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