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Abstract 
 
The aceMedia project aims to create a framework, combining advances in knowledge, 
semantics and multimedia processing technologies, to support self-analysing, self-annotating, 
and self-adapting content. Central to the aceMedia approach is the Autonomous Content 
Entity (ACE), which has three layers: the content itself, its associated metadata, and an 
“intelligence” layer enabling the ACE to act autonomously. Semantic multimedia annotation 
in aceMedia is exploited in user-centred applications such as intelligent search and retrieval, 
and automated content collections.  
 
This paper presents the Human Factors research carried out to optimize, from the user point of 
view, an aceMedia subsystem that is able to take a (generally unordered) set of ACEs, analyze 
the relationship between them by applying a hierarchical clustering tool to their metadata 
properties, and then automatically create a 3D view of a user's collection. Four usability 
experts carried out an evaluation of current technologies for the visualisation of sets and 
collections of elements clustered according to some criteria, used the current prototype and 
produced recommendations to be applied in future developments of the multimedia 
collections viewer. 
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The aceMedia project 
 
The aceMedia project aims to create a framework, combining advances in knowledge, 
semantics and multimedia processing technologies, to support self-analysing, self-annotating, 
and self-adapting content. aceMedia is a 4 year IST 6th framework Integrated Project which 
started in January 2004. aceMedia research outcomes will assist users interacting with their 
multimedia content through innovative search technologies, automated indexing and 
cataloguing methods, and content adaptation to best match the user’s available device and 
environment. Central to the aceMedia approach is the Autonomous Content Entity (ACE), 
which has three layers: the content itself, its associated metadata, and an “intelligence” layer 

                                                 
1  This research was supported by the European Commission under contract FP6-001765 aceMedia. 
Opinions or results expressed herein are the view of the authors but not necessarily the view of the aceMedia 
community. 



enabling the ACE to act autonomously. Semantic multimedia annotation in aceMedia is 
exploited in user-centred applications such as intelligent search and retrieval, and automated 
content collections. Detailed information about the aceMedia project can be found at 
http://www.acemedia.org. 
 
Part of the work undertaken in aceMedia explores methods to automatically categorize and 
arrange users’ multimedia collections. The most obvious way to organize a collection of 
heterogeneous multimedia elements is by explicit arrangement into a hierarchical tree, using 
the well-known metaphor of folders and files. The graphical version of this layout originates 
from the very first instantiations of computer desktop environments, and has come out so 
pervasive that is firmly embedded into our intuitive ways of dealing with ‘items’, be it 
images, videos or generally speaking any type of information that can be defined as ‘files’.   
In spite of its ubiquity, this 2-D metaphor has limitations when you are browsing large 
collections of images, most important that you can not display simultaneously several 
classification properties. Moreover it is usually a manual operation, which makes it a burden 
when the collection is large, and often creates consistency problems.  
 
Alternative views of the ACE Repository are needed for adequate collection exploration and 
this is the main reason to propose a specialized module to improve browsing these multimedia 
collection: the Advanced Collection Browser or ACB (Villegas et al., 2005). At the moment 
of writing this paper, it is already in functional prototype state, while not yet integrated within 
the main aceMedia applications. 
 

 
Figure 1: ACB user interface showing a collection content  

 
 



When looking for a semantically meaningful content organization, it is necessary to use 
suitable semantic metadata. User requirements research within the project identified time as 
the key aspect for clustering multimedia content. Location (geographical position) is also 
considered as an important metadata. Furthermore both relate to very easily understood layout 
metaphors: map positioning and a time axis, and being expressed in a numerical ratio scale 
they are amenable to automatic clustering based on distance metrics. And a final advantage is 
that a composite descriptor containing these elements enables a direct representation in 3D 
space. For these reasons, these elements have been chosen as the initial test descriptors for the 
development of the first prototype of the ACB visualisation module  (a screenshot can be seen 
in figure 1). Automatic clustering enables grouping close elements in clusters, to reduce visual 
clutter when many data items are present. Slicking on a cluster changes the view to show only 
the cluster contents (“opening the folder”); this can be done recursively. 
 
This approach takes advantage of the fact that EXIF data in the images taken by current 
digital cameras already contain fields for GPS information. Future cameras may provide exact 
positioning data, which would enable automatic use of geographical coordinates for  content 
organization purposes, and therefore make them readily available as ratio-scale metadata for 
clustering. However for the time being geographical information is usually reduced to a 
semantic metadata label that contains some user-assigned text string, such as ‘Valencia’ or 
‘Firenze, Italy’. The challenge is then to convert this label into quantitative information that 
can be used for clustering, namely longitude and latitude. An obvious approach is to use a 
geographical information system. In the case of the aceMedia visualisation module, a simple 
geographical database has been adapted to be able to use it for this task. The result is a 
subsystem called aceMedia GeoInfo Query Database, which provides an API to use it over the 
network by the browser application to help transform text locations into geographical 
coordinates (using some heuristics for name disambiguation). 
 
Given that the basis for the visual representation is the geographical location data, X and Y 
axes have been fixed to longitude and latitude, and time is located in the Z axis. These are the 
only available dimensions in this prototype version. Future improvements will enable 
alternate views of the collections, based on different sets of properties, which could also 
follow ordinal or nominal scales instead of ratio scales (this will require the use of different 
distance metrics). 
 
As part of the development process, 4 expert users have participated in an expert review of the 
current prototype, so that important human factors aspects can be identified at the earliest 
stage, and also to provide recommendations about user interface components and behaviours. 
The process began with a review on state of the art for multimedia visualization systems, both 
as available on the Internet and in the HCI literature, and later on, with expert tests, all of 
them reported in the following sections. 
 
State of the art review on available systems 
 
Apart from the mentioned folder metaphor, there are two types of systems that are closely 
related to our purposes: 

·  Search and retrieval engines that offer clustering of results (e.g., Kartoo, Grokker, 
TouchGraph) 



·  2D and 3D graphical presentation tools for semantically related items (e.g., GraphViz, 
WilmaScope, Piccolo) 

 
Therefore, we performed some desktop research about the UI metaphors offered by systems  
on those two classes. Additionally, a number of specialised image and media browsing 
applications were also reviewed (ACDSee, Photo Album, Brilliant Browser, Flip Album, 
Picasa, Imatch, etc.). Human Factors aspects of all were identified and were input to the 
development of a functional prototype of a 3D browser for multimedia collections. A detailed 
report of these tools and systems is outside the scope of this paper, and the reader is invited to 
try out these or similar tools (usually freely available), which provide innovative 
functionalities and in some cases a very attractive user interface. 
 
Specialised Visualization Techniques in HCI literature 
 
A number of methods have been developed to allow a user to view large hierarchies. An 
overview of some popular methods involving tree representations is provided by Mikic et al. 
(2004):  
 

a) Cone trees (Robertson, Mackinlay and Card, 1991): the elements of a hierarchy are 
placed at the tips and along the bases of 3D transparent cones, allowing for a great 
amount of hierarchical information to be viewed simultaneously. Interactive 
techniques allow users to collapse and expand parts of the structure. A typical 
application domain is the visualization of directory hierarchies. This method is 
generally considered a very intuitive way of displaying hierarchical structures, but 
there have been only few empirical studies of its effectiveness. A formal user study 
(Cockburn and McKenzie, 2000) showed that although Cone Trees are not suitable 
for all tasks, users “were enthusiastic about the cone tree visualization and felt it 
provided a better ‘feel’ for the structure of the information space”. 

 
b) Burst trees: these exploit interactive animation and 3D graphics in the same way as 

cone trees, withouth this 3D shape. Application domains could include network 
topology, directory structure, etc. This method helps to avoid shortcomings  
concerning structure limitation and scene rendering in the Cone Tree method when 
there are a very large number of elements and/or levels. Therefore the Burst Tree 
method is used as an alternative in cases where a large number of children nodes 
exist. In a Burst Tree, each parent node is associated with a burst having children 
distributed on the end of each line represented with any geometry. Every child may 
also be a burst, if it has children of its own. Using bursts instead of cones as the 
basic structure visualization technique has several advantages, e.g., significant 
reduction of occluded regions, thus a sharp increase in the number of displayed 
nodes, and better rendering performance for the same number of nodes. 

 
c) 3D hyperbolic tree (Munzner, 1997): this application proposes trees 

representations in hyperbolic space, allowing information to be viewed amid less 
clutter by moving areas of interest to the foreground. Such an approach has been 
used to visualize the structure of sections of the World Wide Web. 

 



d) Botanical trees (Kleiberg et al. 2001): this is interesting for displaying huge 
hierarchical data structures consisting of many levels and items, by means of 
branches, leaves, arranged as in a botanical tree. 

 
e) Meiers et al. (2001, 2002) propose an approach for visualization of image 

hierarchies using a three dimensional ordering and multidimensional scaling 
(MDS) to map images onto a two dimensional plane. The images are arranged in a 
3D virtual world in such a way that the three dimensional distances between them 
match their dissimilarities. The user is provided with an intuitive view of the image 
space structure, whereby visually similar images are grouped together and 
dissimilar images have large distances. The user can interact to allow rotation and 
zooming of the scene and changing the view point in order to get a better view of 
the relationships between the images. In addition, this 3D visualization allows 
displaying a larger amount (about 100 until 150) of images without overloading 
the user’s attention. 

 
f) A very innovative approach is that proposed by Weippl (2001) for visualizing 

content cased relations in texts by means of a landscape scene with mountains as 
the basic element. The third dimension is represented by the mountains' height, 
depending on whether the mountain contains detailed or overview information. 
This visual metaphor is very intuitive: In real life many of us have experienced the 
overview one has standing on a high mountain. Thus high mountains contain 
overview information like a table of contents or e.g. an overview over various 
forms of neural networks. High mountains can easily be spotted from even large 
distances and help people focusing on detailed information to keep the general 
concept in mind all the time. Small mountains, on the other hand, represent texts 
dealing with detailed information. These mountains can only be seen in the vicinity 
of big mountains and thus people are not confused when first entering the 3D 
information landscape.  

  
g) Castellanos, Concejero and Almagro (2000) used Self-Organising Maps, based on 

models developed by Kohonen, to perform automatic classification of the 
documents in a text database, which does not need previous interpretation or 
categorisation by a human being. The map of documents uses 3D shapes that 
provides the user with information about the quantity of documents inside a 
particular category.  

 
Human Factors issues in 3D visualization 
 
It is clear that these mechanisms allow for the representation and handling of much more 
complex structures, but they also introduce a great deal of complexity into the user interface. 
Therefore special considerations have to be taken into account, such as: 
 

- Providing interactive mechanisms to manipulate the structures: expand or contract 
tree structures. 

- Presentation mechanisms in order to avoid overlapping of nodes. 
- Speed of scene rendering. 
- Fitness for purpose in different contexts and with different types of end users. 

 



Expert tests 
 
4 usability experts have participated in the tests. A fully functional prototype was used to 
browse a relatively small collection of images, containing all the geographical and time 
information. The experts focused on improving the navigation through the 3D space, and on 
usability issues related with this aspect.  
 
Recommendations 
 
Users require an explicit relative position in the 3D space. 
 
Users get easily lost in the 3D space. Therefore it is essential that the user is always aware of 
his or her relative position in the 3 dimensions. The following recommendations can be made: 
 

·  In the current 3D representation the user always loses the information in one of the 3 
axes, and besides the X and Y axes (geographical position) are always linked. 
Therefore users proposed to lock these axes together, and allow rotation only in the 
latitude axis, Y axis. 

·  Users made errors because the prototypes allow to make a round turn, which can 
occasionally produce a total lack of orientation. This is also caused because the visual 
cues are inverted, indicating the contrary, represented in figure 2. Users proposed to 
limit the turn angle to 270º to prevent that someone could see the space from behind, 
thus avoiding to loose the shapes visual references. 

 

 
Figure 2: Rotate view error. 

 
·  Expert users expressed the requirement to know all the time the names of the axes 
 

 
Figure 3: Do not loose the names in the axes. 



 
Best 3D ways to indicate categories 
 

·  To solve some visualization errors and to help the user in knowing the relative 
position in the 3D space, users proposed to have a limited –and smaller- 2D map 
(showing only a projection in 2D space) to help positioning in the more complex 3D 
space. A world map could be easily used if a geographical metaphor is the one being 
used for the XY plane.  

·  Users should always know the exact location of the displayed figures. When the user 
picks one of the figures, now the system displays the category which the figure 
belongs to, only indicating two of the three dimensions, and only in a qualitative way. 
Expert users recommended that the system should display the absolute location in 
each axis, like in the figure 4.  

·  Sometimes the figures are displayed so close or even superimposed, such that users 
found a lot of ambiguity about which data are selected or observed. In order to prevent 
that, expert users recommended to outline the pointed figure with a border 
surrounding its shape, or increasing the visual contrast with respect to the rest of 
shapes.  

 

 

Figure 4: Recommended User Interface. 
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Glossary of acronyms 
 
ACB Advanced Collection Browser, a multimedia collections browser module within 

aceMedia 
ACE Autonomous Content Entity, a basic concept of aceMedia project 
API Application Programming Interface 
GPS Global Positioning System 



HCI Human Computer Interaction 
MDS Multi-Dimensional Scaling 
UI User Interface 


