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Abstract

The recent availability of increasingly powerful PDAs and mobile phones is making it possible to develop new
applications based on interactive (2D as well as 3D) graphics. However, limitations of mobile devices and the
peculiar needs of users on-the-go require a careful design of applications that are specifically thought for mobile
devices and users [Chi06]. Mobile graphics applications become even more innovative and provide functionalities
that were unavailable on desktop systems when they are integrated with various sensors (e.g., GPS, accelerome-
ters, heart rate monitors, pulseoximeters, ...) that allow one to adapt the behavior of the application according to
position in space (location-awareness) and other parameters (context-awareness). In this way, the mobile device
becomes able to choose what to draw and how to draw it on the display based on what is happening to the user as
well as the physical world that surrounds her. Moreover, the data recorded by mobile sensors about the behavior
of users on the move lends itself to the design of visualizations that can be important in domains such as health
care, urban planning, geomarketing, emergency management, and others. This invited talk will first discuss why
and how mobile graphics applications require to be approached differently from traditional ones. Then, it will
demonstrate some new mobile applications that have been developed in domains as diverse as tourism, health
and fitness, navigation, and architectural visualization. Finally, it will deal with the visualization of mobile users’
behaviors by showing two different tools we have recently proposed [ CRI06, NCO7].

1. Outline of the Talk formation about the recorded mobile users’ behavior is an-

other new subject that will become increasingly relevant in
Mobile devices (such as PDAs and mobile phones) are be- domains such as health care, urban planning, geomarket-
coming more and more widespread, presenting designers ing, emergency management, user studies, and others. The
of graphics applications with new challenges and opportu- keynote speech will discuss the different issues involved in
nities. First, the devices have become powerful enough to designing interactive graphics applications for mobile de-
support new, mobile applications of interactive (2D as well vices, as well as present examples of applications for mobile
as 3D) graphics, but limitations of mobile devices and the devices and tools for the visualization of information about
peculiar needs of users on-the-go require a careful design mobile users” behaviors [CRI06, NCO7]. The talk is orga-
that specifically addresses mobile devices and users [Chi06]. nized in three parts that are described in more detail in the
Second, these applications can be augmented with sensors following.

that allow designers to make them context-aware as well as
record information (e.g., position, orientation, physiological
parameters,...) about their users. Therefore, visualizing in-
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1.1. Doing Graphics on Mobile Devices

Computer graphics has a relevant role in almost every
domain of computer applications. It is thus natural to think
about bringing it to mobile devices to exploit the power of
graphics anytime, anywhere. Unfortunately, limitations of
mobile devices make it impossible to follow a trivial porting
approach from desktop computers. A considerable research
effort is needed to understand how to design and implement
effective graphics applications for mobile devices. This
invited talk will first discuss in detail the peculiarities of
the mobile graphics context that motivate research. Mobile
devices have limitations that are not typical of desktop com-
puters and the mobility context is different in many ways
from that of traditional computer graphics. The speech will
illustrate the differences that have to be taken into account
in developing a mobile graphics application. It will also
mention issues concerning limited cognitive resources and
safety [CDO04] of mobile users as an additional motivation
to employ mobile graphics effectively as a way to provide
information at-a-glance that is easily understood with less
cognitive resources and distracts the user as less as possible
from her current primary task. Then, we will deal with the
different issues of designing a mobile graphics application,
especially focusing on the so-called presentation prob-
lem [ASO1, BR03, BCCR04, BCGO06, Chi06, RCSH04]
since the limited screen size of mobile devices makes it
particularly difficult.

Figure 1: The MobiX3D player [NCB06] displays 3D con-
tent (described in the ISO standard X3D) on mobile devices;
it can be downloaded from http://hcilab.uniud.it/MobiX3D

Figure 2: The MAGDA system [BCO5b] supports interac-
tive visual queries of geo-referenced databases.

1.2. Interactive Graphics Applications For Mobile
Users

The talk will provide concrete examples of different mo-
bile applications and the different classes of visualizations
that are being investigated in the mobile context, i.e. Text
(e.g., list of names, menus, e-books, documents,...); Pictures
(e.g., photographs, figures, artwork,...); Maps (e.g, tourist
maps, first-responder maps, architect maps,...); Physical ob-
jects (e.g., CAD models, interactive engineering instruc-
tions, scientific visualizations,...); Abstract Data (e.g, time-
oriented data such as calendars, medical records, stock mar-
ket data,...). Particular attention will be given to mobile 3D
graphics, made possible by recent technologies such as Open
GL ES [NCBO06] (see Figure 1), and to interaction tech-
niques such as visual queries [BCO5b] (see Figure 2).

Mobile graphics applications become even more inno-
vative and provide functionalities that were unavailable
on desktop systems when they are integrated with vari-
ous sensors (e.g., GPS, accelerometers, heart rate mon-
itors, pulseoximeters, ...) that allow designers to adapt
the behavior of the application according to position in
space (location-awareness) and other parameters (context-
awareness). In this way, the mobile device becomes able to
choose what to draw and how to draw it on the display based
on what is happening to the user and to the physical world
that surrounds the user.

Some of the 3D graphics applications that exploit sensors
give new meaning to the word "virtual" by mixing, relat-
ing or synchronizing the virtual world on the mobile device
and the physical world that surrounds the user. Examples of
such mobile 3D applications that will be discussed in this
talk are: (i) mobile tourist guides or navigation systems that
lead users to discover the real world by synchronizing it with
the virtual world on the device [BCO05a], (ii) health and fit-
ness guides that monitor physiologic parameters and train
the user by choosing and explaining the most appropriate
exercises for her in the field [BCNO6] (see Figure 3), (iii)
virtual characters on mobile devices with various roles in
supporting the user [CBNO6].

1.3. Visualizing Information About Mobile Users

Employing the above mentioned sensors on mobile devices
opens up new opportunities in the collection of temporal and
spatial data about mobile users’ behaviors. From a computer
graphics point of view, the data recorded by sensors about
the behavior of users on the move lends itself to the design
of visualizations that can be important in domains such as
health care, urban planning, geomarketing, emergency man-
agement, and others. For example, visualizations that allow
an analyst to understand how people navigate roads or build-
ings could play an important role in the design, evaluation
and optimization of such spaces (e.g., planning transports
or evacuation procedures), while visualizations of physio-
logical parameters of a user on the move can help her in
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Figure 3: The MOPET system [BCNOG6] exploits context-
aware 3D demonstrations of fitness exercises to train users
in outdoor fitness trails.

better understanding her fitness status (e.g., to better plan
her training) or a physician in assessing her condition and
giving more personalized advice or a professional trainer in
comparing the performance of different athletes in a sport
team.

The talk will illustrate these new visualizations by
using two different tools we have recently proposed
[CRIO6, NCO7]. The VU-Flow [CRI06] tool provides a set
of interactive visualizations that highlight interesting navi-
gation behaviors of single or groups of mobile entities. Some
of the proposed visualizations concern: i) detailed replay of
users’ behavior, ii) areas where users spent more/less time,
iii) more/less seen objects, iv) areas of flow congestion, and
v) predominant users’ directions of movement. The MOPET
Analyzer [NCO07] tool provides instead a set of interactive vi-
sualizations for the visual analysis of geo-referenced fitness
performance data, such as running speed and heart rate.

References

[ASO1] AGRAWALA M., STOLTE C.: Rendering effec-
tive route maps: Improving usability through generaliza-
tion. In SIGGRAPH 2001, Computer Graphics Proceed-
ings (2001), Fiume E., (Ed.), ACM Press, pp. 241-250.

[BCO05a] BURIGAT S., CHITTARO L.: Location-aware vi-
sualization of vrml models in gps-based mobile guides. In
Web3D ’05: Proceedings of the tenth international confer-
ence on 3D Web technology (2005), ACM Press, pp. 57—
64.

[BCO5b] BURIGAT S., CHITTARO L.: Visualizing the re-
sults of interactive queries for geographic data on mobile
devices. In GIS ’05: Proceedings of the 13th annual ACM
international workshop on Geographic information sys-
tems (2005), ACM Press, pp. 277-284.

[BCCR04] BEDERSON B. B., CLAMAGE A., CZERWIN-
SKI M., ROBERTSON G. G.: Datelens: A fisheye calendar

(© The Eurographics Association 2007.

interface for pdas. ACM Trans. Comput.-Hum. Interact.
11,1 (2004), 90-119.

[BCGO6] BURIGAT S., CHITTARO L., GABRIELLI S.:
Visualizing locations of off-screen objects on mobile de-
vices: a comparative evaluation of three approaches. In
MobileHCI ’06: Proceedings of the 8th conference on
Human-computer interaction with mobile devices and
services (2006), ACM Press, pp. 239-246.

[BCNO6] BuTTUSSI F., CHITTARO L., NADALUTTI D.:
Bringing mobile guides and fitness activities together: a
solution based on an embodied virtual trainer. In Mobile-
HCI ’06: Proceedings of the Sth conference on Human-
computer interaction with mobile devices and services
(2006), ACM Press, pp. 29-36.

[BRO3] BAUDISCH P., ROSENHOLTZ R.: Halo: a tech-
nique for visualizing off-screen objects. In CHI *03: Pro-
ceedings of the SIGCHI conference on Human factors in
computing systems (2003), ACM Press, pp. 481-488.

[CBN06] CHITTARO L., BUTTUSSI F., NADALUTTI D.:
Mage-anim: a system for visual modeling of embodied
agent animations and their replay on mobile devices. In
AVI ’06: Proceedings of the working conference on Ad-
vanced visual interfaces (2006), ACM Press, pp. 344—
351.

[CD04] CHITTARO L., DE MARCO L.: Driver distrac-
tion caused by mobile devices: Studying and reducing
safety risks. In Proceedings of the International Work-
shop on Mobile Technologies and Health: Benefits and
Risks (2004).

[Chi06] CHITTARO L.: Visualizing information on mobile
devices. Computer 39, 3 (2006), 40-45.

[CRIO6] CHITTARO L., RANON R., IERONUTTI L.: Vu-
flow: A visualization tool for analyzing navigation in vir-
tual environments. IEEE Transactions on Visualization
and Computer Graphics 12, 6 (2006), 1475-1485.

[NCO7] NADALUTTI D., CHITTARO L.: Visual analysis
of users’ performance data in fitness activities. In Com-

puters and Graphics, Special issue on Visual Analytics
(2007).

[NCB06] NADALUTTI D., CHITTARO L., BUTTUSSI F.:
Rendering of x3d content on mobile devices with opengl
es. In Web3D ’06: Proceedings of the eleventh interna-
tional conference on 3D web technology (2006), ACM
Press, pp. 19-26.

[RCSHO4] ROBBINS D. C., CUTRELL E., SARIN R,,
HorviTZ E.: Zonezoom: map navigation for smart-
phones with recursive view segmentation. In AVI ’04:
Proceedings of the working conference on Advanced vi-
sual interfaces (2004), ACM Press, pp. 231-234.



