
social sensing be effectively sustained
while accounting for the requirements
associated with the target network?
These include scalability, energy-effi-
ciency and privacy preservation.
Sensing the ‘city pulse’ brings chal-
lenges for the supporting data man-
agement which must scale-up, as well
as integrate highly heterogeneous data
of various qualities. The literature is
rich with papers addressing these con-
cerns individually. However, they are
seldom tackled together, especially
while simultaneously considering the
urban scale. Our approach to over-
come these challenges lies in the
study of scalable protocols from the
networking up to the middleware lay-
ers, together with advanced tech-
niques for privacy enhancement and
semantic-aware data management.

• How can the data be aggregated so that
the evolution of a city can be not only
understood, but also anticipated and
perhaps even influenced? Data analyt-
ics is at the core of Smart Cities, mak-
ing big data available to us through
sensing. Based on the open data trend,
this can become very useful in provid-
ing knowledge on the cities. It is a very
active area of research. However,
numerous open problems remain
regarding how large-scale data is ana-
lyzed and the uncertainty associated
with urban-scale, crowd-sourced data

collection must also be overcome. Our
contribution in this area leverages
advanced research results on data
assimilation and machine learning.

• While city-scale sensing and data
analytics are two complementary
aspects of Smart City systems, they
are also inter-related as one may ade-
quately inform the design of the
other. Therefore, it is essential to
design crosscutting architectures for
Smart City systems based on the
comprehensive integration of the cus-
tom data sensing and analytics that
we will investigate. 

• Finally, the Smart City vision will
only come true if it is accompanied
by concrete urban services that do
make our (future) cities sustainable
and agile. A number of application
areas have been suggested and these
include smart energy, smart health
and smart transportation. However,
we are still lacking disruptive servic-
es that will contribute to making our
cities better places to live while also
addressing the central challenge of
growth. One important question is
how the use of city-scale sensing can
impact city governance, particularly
its social dimension? Our research
will be guided by the study of new
urban services which will be under-
taken in close collaboration with
external partners (especially city rep-

resentatives) as well as researchers
from the social science field.

While the scientific focus of
CityLab@Inria is broad, the Lab’s
research leverages relevant effort within
Inria project-teams that is further revis-
ited as well as integrated to meet the
challenges of smart cities. 
An International Lab

CityLab@Inria research builds on the
collaborative effort of the international
research community, especially the
Inria@SiliconValley program. Indeed, a
key characteristic of the CityLab@Inria
Lab is its international dimension which
began with the Paris-San Francisco
cooperation agreement toward smarter
cities . This agreement, signed on
March 20, 2013, is dedicated to devel-
oping smarter cities and includes sup-
port for targeted research programs
among which is the Joint Inria-CITRIS
CityLabs Program.

Links:

CityLab@Inria Project Lab on Smart
Cities: http://citylab.Inria.fr   
Inria@Silicon Valley program:
https://project.inria.fr/siliconvalley/ 
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Special theme: Smart Cities

A framework for Improving the Multi-Device

User Experience in Smart Cities 

by Luca Frosini and Fabio Paternò

The current evolution of pervasive technologies in our cities means that traditional access

modalities are not always suitable for a particular service. Consequently novel solutions are needed.

Freely moving citizens in urban environments would often like to be able to better exploit available

devices to access services. In such cases, a multi-device user interface in which interactive

components can be dynamically distributed over devices would be extremely useful: unfortunately,

this is not currently supported by available development toolkits. Here, we propose a solution that

extends existing Service Front Ends for Smart Cities and supports multi-device interaction by

exploiting personal devices and public displays.

Our life is becoming a multi-device user
experience. In the last decade, a wide
variety of interactive devices have pene-
trated the mass market and people are
spending increasing amounts of time
using them. There are two modes of
usage, sequential or simultaneous. The
sequential user moves from one device
to another at different times to accom-

plish a task whilst the simultaneous user
interacts with more than one device at
the same time, for either related or unre-
lated activities [1]. Recent technolog-
ical advances have meant that large dis-
play screens are now available on the
mass market and these greatly enhance
usage. Given their low cost, such
devices are being installed in great

numbers in many public places (e.g.,
train stations, airports, hospitals, public
offices, museums, universities, shop
centers, bars and restaurants). Thus,
deployment is occurring in both outdoor
and indoor environments, providing
various types of content (e.g., informa-
tive, entertainment or advertisements)
[2]. Unfortunately, insufficient attention



application is a set of games for mul-
tiple users who can participate with the
support of any device, either mobile or
stationary. 

The framework we propose can be used
to easily obtain interactive multi-device
applications for different domains and
in different contexts in Smart Cities
including single or multi-user applica-
tions, indoor or outdoor environments
and mobile and stationary devices.

Links:

HIIS Lab: http://giove.isti.cnr.it 
Framework available at:
http://giove.isti.cnr.it/tools/MUDUIDM
E/home
IUSDM Project:
http://giove.isti.cnr.it/IUDSM

References: 
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has been paid to how information is pro-
vided accessed and through such
devices, thus diminishing their potential
effectiveness.

People would like to be able to better
exploit available technology when
using multiple devices to interact with
their applications. For example, users
may wish to dynamically move compo-
nents of their interactive applications
across different devices with various
interaction resources [3]. However,
managing information across devices is
challenging. Unfortunately, the devel-
opment of multi-device user interfaces
(UIs) is limited by the interaction devel-
opment toolkits currently available.
These toolkits are still designed under
the assumption that they are supporting
the development of UIs for single
devices, rather than providing support
for multi-device access. Consequently,
the main issues with multi-device UIs
are their poor adaptation to their usage
context, the lack of coordination among
tasks performed through different
devices and  inadequate support for
seamless cross-device task perform-
ance.

To address this gap we have designed
and developed a novel framework
which is capable of:
• providing developers with an API

that can be exploited by both Web
and Android applications in order to
obtain application UIs that can be
more easily distributed dynamically
and/or migrated in multi-device and
multi-user environments,  

• dynamically creating sessions
between groups of users/devices with
a distributed UI. The elements of the

Figure 1: An example of a supported multi-device user interface, where a) shows the application providing content in the tourist version and

b)shows how the application can be used to exploit public displays.

UI can be distributed according to
specific device(s), group(s) of
devices, specific user(s) or groups of
users classified by roles, and

• avoiding the need for a fixed server to
manage the distribution, which can be
useful when connectivity is limited. 

This framework is publicly available at
http://giove.isti.cnr.it/tools/MUDUIDM
E/home. It provides developers with a
small set of commands that allow them
to easily support dynamic situations in
which flexible UI distribution and good
performance are requested, with limited
impact on the code. 

Various applications have already been
developed using this framework. One
application was designed to improve the
user experience during a museum visit.
A single user application which was able
to exploit mobile devices, in conjunction
with a public display in an indoor envi-
ronment, was implemented. The
museum has some large public displays,
which allow visitors to access multi-
media content. When users are near the
large screens, they can use their smart-
phone to select content of interest. For
example, visitors can select and display
some high-resolution images of art-
works that cannot be viewed from close
up (e.g., because of security or art
preservation issues). Another applica-
tion supports city guides who are
accompanying groups, with either
tablets or smartphones. The application
shows information supporting the
mobile visit and allows the visitor to
select what content is to be shown in the
version of the tourist role (Figure 1a) or
exploit the public displays they
encounter (Figure 1 b). Yet another

http://giove.isti.cnr.it/tools/MUDUIDME/home

