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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 [8]. 

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, 

accelerometers, 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  [9, 12]. 

1   Outline of the Talk 

Mobile devices (such as PDAs and mobile phones) 

are becoming more and more widespread, presenting 

designers of graphics applications with new 

challenges and opportunities. First, the devices have 

become powerful enough to support new, mobile 

applications of interactive (2D as well as 3D) 

graphics, but limitations of mobile devices and the 

peculiar needs of users on-the-go require a careful 

design that specifically addresses mobile devices and 

users [8]. Second, these applications can be 

augmented with sensors that allow designers to make 

them context-aware as well as record information 

(e.g., position, orientation, physiological 

parameters,…) about their users. Therefore, 

visualizing information about the recorded mobile 

users’ behavior is another new subject that will 

become increasingly relevant in domains such as 

health care, urban planning, geomarketing, 

emergency management, user studies, and others.  

The keynote speech will discuss the different issues 

involved in designing interactive graphics 

applications for mobile devices, as well as present 

examples of applications for mobile devices and 

tools  for the visualization of information about 

mobile users’ behaviors [9, 12]. The talk is organized 

in three parts that are described in more detail in the 

following. 

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 computers 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 [11] 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 problem 

[1,2,3,6,8,14] since the limited screen size of mobile 

devices makes it particularly difficult. 



 

 

 

     
Figure 1. The MobiX3D player [13] displays 3D content (described in the ISO standard X3D) on mobile 

devices; it can be downloaded from http://hcilab.uniud.it/MobiX3D 

 

 

 

1.2  Interactive Graphics Applications For 

Mobile Users 

The talk will provide concrete examples of 

different mobile 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 objects (e.g., CAD models, interactive 

engineering instructions, scientific 

visualizations,…); Abstract Data (e.g, time-oriented 

data such as calendars, medical records, stock 

market data,…). Particular attention will be given to 

mobile 3D graphics, made possible by recent 

technologies such as Open GL ES [13] (see Figure 

1), and to interaction techniques such as visual 

queries [4] (see Figure 2). 

 

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, 

accelerometers, heart rate monitors, 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, relating 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 [5], (ii) health 

and fitness guides that monitor physiologic 

parameters and train the user by choosing and 

explaining the most appropriate exercises for her in 

the field [7] (see Figure 3), (iii) virtual characters on 

mobile devices with various roles in supporting the 

user [10]. 

 



 
Figure 2. The MAGDA system [4] supports interactive visual queries of geo-referenced databases. 

 

 

 
 

Figure 3. The MOPET system [7] exploits context-aware 3D demonstrations of  fitness exercises to train users in 

outdoor fitness trails. 

 

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 management, and others. For example, 

visualizations that allow an analyst to understand 

how people navigate roads or buildings could play an 

important role in the design, evaluation and 

optimization of such spaces (e.g., planning transports 

or evacuation procedures), while visualizations of 

physiological parameters of a user on the move can 

help her in 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 

[9, 12]. The VU-Flow [9] tool provides a set of 



interactive visualizations that highlight interesting 

navigation 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 [12] tool provides instead a set of 

interactive visualizations for the visual analysis of 

geo-referenced fitness performance data, such as 

running speed and heart rate. 

References 

1. Agrawala, M., Stolte C. Rendering Effective 

Route Maps: Improving Usability Through 

Generalization, Proceedings of SIGGRAPH 2001: 

28th International Conference on Computer 

Graphics and Interactive Techniques, ACM Press, 

New York, 2001, pp. 241-249.  

2. Baudisch P., Rosenholtz R. Halo: a technique for 

visualizing off-screen objects, Proceedings of the 

CHI 2003 Conference on Human factors in 

computing systems,  ACM Press,  New York, 

2003, pp. 481-488.   

3.  Bederson B.B., Clamage A., Czerwinski M.P., 

Robertson G.G. DateLens: A fisheye calendar 

interface for PDAs, ACM Transactions on 

Computer-Human Interaction, vol. 11, no.1, 2004, 

pp. 90-119. 

4. Burigat S., Chittaro L., Visualizing the Results of 

Interactive Queries for Geographic Data on 

Mobile Devices, Proceedings of ACM GIS 2005: 

13th International Symposium on Advances in 

Geographic Information Systems, ACM Press, 

New York, 2005, pp. 277-284. 

5. Burigat S., Chittaro L. Location-aware 

Visualization of VRML Models in GPS-based 

Mobile Guides, Proceedings of Web3D 2005: 

10th International Conference on 3D Web 

Technology, ACM Press, New York, 2005, pp. 

57-64. 

6. Burigat S., Chittaro L., Gabrielli S., Visualizing 

Locations of Off-Screen Objects on Mobile 

Devices: A Comparative Evaluation of Three 

Approaches, Proceedings of MOBILE HCI 2006: 

8th International Conference on Human-

Computer Interaction with Mobile Devices and 

Services, ACM Press, New York, 2006, pp. 239–

246. 

7. Buttussi F.., Chittaro L, Nadalutti D., Bringing 

mobile guides and fitness activities together: a 

solution based on an embodied virtual trainer, 

Proceedings of MOBILE HCI 2006: 8th 

International Conference on Human-Computer 

Interaction with Mobile Devices and Services, 

ACM Press, New York, 2006, pp. 29-36. 

8. Chittaro L. Visualizing Information on Mobile 

Devices, IEEE Computer, March 2006, Vol. 39, 

No. 3, pp. 34-39. 

9. Chittaro L., Ranon R., Ieronutti L., VU-Flow: A 

Visualization Tool for Analyzing Navigation in 

Virtual Environments, IEEE Transactions on 

Visualization and Computer Graphics, Special 

Issue on Visual Analytics, November/December 

2006, Vol. 12, No. 6, pp. 1475-1485. 

10. Chittaro L., Buttussi F., Nadalutti D., MAge-

AniM: a System for Visual Modeling of 

Embodied Agent Animations and their Replay on 

Mobile Devices, Proceedings of AVI 2006: 8th 

International Conference on Advanced Visual 

Interfaces, ACM Press, New York, 2006, pp. 344-

351. 

11.  Chittaro L., De Marco L. Driver Distraction 

Caused by Mobile Devices: Studying and 

Reducing Safety Risks, Proceedings of the 

International Workshop on Mobile Technologies 

and Health: Benefits and Risks, Udine (Italy), 

2004.  

12. Nadalutti, D., Chittaro, L. Visual Analysis of 

Users’ Performance Data in Fitness Activities, 

Computers and Graphics, Special issue on Visual 

Analytics, 2007, in press. 

13.  Nadalutti, D., Chittaro, L., Buttussi, F. Rendering 

of X3D Content on Mobile Devices with OpenGL 

ES, Proceedings of Web3D 2006: 11th 

International Conference on 3D Web Technology, 

ACM Press, New York, 2006, pp. 19-26.. 

14. Robbins D.C., Cutrell E., Sarin R., Horvitz E. 

ZoneZoom: Map Navigation for Smartphones 

with Recursive View Segmentation, Proceedings 

of AVI 2004: 6th International Conference on 

Advanced Visual Interfaces, ACM Press, New 

York, 2004, pp. 231-234.  

 


