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ABSTRACT 
One of the challenges facing developers of large-scale and 
content-rich Collaborative Virtual Environments is the lack of 
bandwidth to support the exchange of information between 
participants. It is usually not feasible for all participants to receive 
all the data produced by all other participants. It is therefore 
necessary to filter out some of such data for every user according 
to their interest. This paper presents an interest management 
mechanism based on each user’s visibility of others. Its main 
features include occlusion awareness and visibility-based filtering, 
no need for a server and renderer-based visibility calculation.      

Categories and Subject Descriptors 
H.5.1 [Multimedia Information Systems]: Artificial, augmented, 
virtual realities.  

General Terms 
Management, Measurement, Performance, Design. 

Keywords 
CVE, AoIM 

1. INTRODUCTION 
Whether it is the number of users in Collaborative Virtual 
Environments (CVE) or the amount of data each user generates in 
a CVE, increase in either or both can quickly limit the bandwidth 
available for the application. It is usually not feasible for all 
participants to receive all the data produced by all other 
participants. It is towards the aim of filtering data outside the 
interest of a given user, that many Area of Interest Management 
(AoIM) techniques have been proposed and implemented. 

This paper presents a novel approach to interest management 
based on the results of visibility culling calculations performed by 
each user’s rendering mechanism such that each user will 
primarily receive updates regarding only users that are visible.  

2. VISIBILITY AS A MEASURE OF 
INTEREST 
In order to filter messages in a CVE based on visibility of users, 
we distinguish between the different categories of messages 
generated by each user as: Position data (those that contain the 
present position, not including orientation, of the user in 3D 
space), Visual-type data (those that contain information that a user 
would be interested in knowing and receiving only if its source is 
visible, such as the video of a textured avatar) and Non-visual 
type data (those that contain information that a user would be 
interested in knowing and receiving even if the source is not 
visible, such as a user’s voice).  
Provided that the position data and visual-type data are 
transmitted over separate channels, we propose to use visibility as 
a measure of interest and filter visual-type data based on the 
received position data. That is to say, if the location of 
participants is available, then each participant can subscribe to the 
visual-type data of only those users that are visible. Using 
visibility as a measure of awareness has already been exploited in 
other systems [2][3][4]. The novelty in our approach is how, or 
more precisely where, visibility calculations take place.  

Unlike the DVE systems cited, we propose that each participant 
should calculate their own visibility of other participants (instead 
of a server or other central interest manager). An interesting 
outcome of this proposal is that there is actually no need to 
perform such calculations at all. This is because visibility culling 
of objects in the scene is already done in real-time by the renderer 
of each participant. If the results of visibility culling performed by 
the renderer are available to the application (irrespective of what 
algorithm is used by the renderer to determine visibility), the need 
to duplicate them for interest management vanishes. Therefore, 
not only visibility calculations are done in a completely 
distributed manner (with no need for servers), but also there is no 
added burden of performing such calculations at all.  

3. VISIBILITY-BASED AOIM 
This section distinguishes our work from other DVE interest 
management schemes as well as highlights the advantages and 
features of our proposal. 

1. Locale/region level interest management: In contrast to spatial 
partitioning techniques (NPSNET [7], DIVE [6], SPLINE 
[1]), our approach is not concerned with filtering user position 
data at the world level but strives to filter out non-position 
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data at the locale/region/cell level. In fact, the proposed 
approach augments the spatial partitioning techniques. While 
the former focus on limiting the awareness of each user to 
those users that are spatially close, the latter strives to further 
reduce the data exchange between spatially close users. This is 
appropriate for applications where each user generates enough 
traffic that receiving it from every user in even one spatial unit 
(Locale/region) requires bandwidth above what is available. 
CVEs employing video textured avatars and/or articulated 
avatars controlled by various body tracking input devices are 
examples of such applications. The main difference between 
our approach and other Locale-level interest management 
schemes such as VELVET [8] and MASSIVE [5] are points 2 
and 4 below.  

2. Visibility based interest management: Unlike MASSIVE, our 
approach can provide flexible terrain-aware area of interest 
calculation since visibility determines interest. It is flexible 
because the ‘area of interest’ of each user is calculated 
dynamically in real time by the renderer as opposed to the 
more static definition of aura/nimbus/focus. Our approach is 
terrain-aware since visibility of users implicitly takes into 
account the environment or terrain and thus reacts 
appropriately to the occlusion of users by the 
environment/terrain or other users. 

3. Server-less interest management: With regards to other 
networked virtual environments using visibility as a measure 
of interest such as RING [4], DEVA [9] and others [2][3] as 
well as other Locale-level awareness management schemes 
such as MASSIVE, the work presented here differs in that a 
server is not needed to calculate interest collision, thus 
eliminating a need for a potential bottleneck and a single point 
of failure. Instead each client performs their own interest 
management calculations at the Locale/region level and 
subscribes to the relevant sources of data.  

4. Renderer based visibility calculation: since visibility based 
interest management is performed on each participant’s 
machine (as opposed to a server), and since every participant’s 
renderer performs visibility calculations in real-time for 
rendering purposes, the results of these calculations can be 
used to determine the corresponding user’s interest. In other 
words, not only are the interest calculations completely 
distributed, but they are not necessary at all.  

It should be mentioned that the implementation of our proposal 
requires the rendering mechanism used for the CVE application to 
make the results of its visibility calculations available to that 
application. Figure 1 illustrates a simplified design for the 
implementation of the proposed interest management scheme. 

4. CONCLUSION AND FUTURE WORK 
After a suitable interest management scheme has limited the 
communication of CVE participants to users in a region or 
Locale, the further filtering of data other than position may be 
necessary if every participant generates significant amount of data. 
This paper presented a novel client-side visibility-based interest 
management scheme at the Locale level that does not require a 
server or any awareness collision calculations and is also terrain 
and occlusion aware. Future work includes investigating the 
possible advantages of our proposal (terrain and occlusion 

awareness) as well as addressing potential drawbacks through its 
implementation and testing. 

 
Figure 1 Systems design for visibility-based AoIM 
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