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A Study to Realize Interaction between Massively Many
Users through Virtual Space with Ordinary Computing

Environments *

Shinya YAMAMOTO

Abstract

Recently, there are many studies regarding to Augmented Reality / Mixed Reality
(AR/MR) and Virtual Environment (VE). VE requires high performance servers and
high speed networks for supporting massively many users. AR and MR often require
special devices (e.g. a motion capturing suit, an immersive display, a camera array,
and so on) for capturing movements of users in a real world and reflecting them into a
virtual space. In order to utilize VE and AR/MR for various purposes, a technology for
realizing these techniques with low cost is essential. A technology for realizing virtual
space systems with massively many users where movements of real users are reflected,
is also expected. This thesis describes two topics about frameworks to realize VE and
AR techniques with ordinary (widespread) computing environments.

First, we propose a scalable communication mechanism based on the peer-to-peer
(P2P) technology for Massively Multiplayer Online Role Playing Games (MMORPG).

In order to reduce the overall management cost , it is desirable to compose the game
system only of player nodes in a P2P fashion without specific servers or high-speed
networks. We propose a new distributed event delivery method for MMORPG. In
our method, we let each responsible node monitor the number of player characters,
and dynamically construct/extend a tree of multiple nodes (caiked balancing treg

* Doctoral Dissertation, Department of Information Processing, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-1IS-DD0661026, February 5, 2009.
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so that the communication and computation overhead of each node in the tree does
not exceed the predefined threshold by delivering event messages through the tree.
A certain number of backup nodes are prepared to cope with failure of nodes in the
balancing tree. Each backup node is also used to shorten the end-to-end event delivery
latency while events are delivered through the load balancing tree. For the purpose,
the backup node is replaced with one of intermediate nodes in the tree if the end-to-
end latency improves. We also provide an efficient mechanism, where player nodes
can quickly and seamlessly switch responsible nodes for subscription while the player
characters move over sub spaces.

Though experiments in LAN and in PlanetLab using our prototype system and simu-
lations with ns-2, we have confirmed that the proposed method can achieve reasonable
performance in event delivery for MMORPG in practical environments. In the exper-
iment in LAN, when the number of players is 100, the required network bandwidth at
the responsible node was around 13 Mbps if the load balancing tree is not used. If the
tree is used, the bandwidth was reduced to 0.8 Mbps. In the simulation with ns-2, the
maximum end-to-end delivery delay was reduced by about 45 percent from the initial
delay and even the maximum delay converged to below 250msec. In the experiment
in PlanetLab, the CPU load at each node were regulated below 0.3 percent. Addi-
tionally, the average communication delay was regulated to around 300 msec. These
results show that the proposed method can achieve practical performance in terms of
overhead and end-to-end latency required for MMORPG.

Secondly, we propose a framework called FAIRVIEW which realizes cooperative
work and interaction between mobile users in real world and remote network users. In
our target application systems, the data amount exchanged between users is much big-
ger than that in MMORPG, because we would like to capture and reflect more realistic
and complex movement of objects for smooth interaction. So, it is difficult to use the
communication mechanism which we proposed for MMORPG as is since the ordinary
internet has the strict limit of the communication bandwidth. We propose a QoS adap-
tation mechanism which maximizes users’ satisfaction by prioritizing transfer of AR



information ( information for updating each object’s position and orientation) among
objects based on relative position and orientation of objects in the users’ view.

We have evaluated our QoS adaptation mechanism by simulation. When 5,000 ob-
jects were shared, the update frequency of the important object by our method was
50 points better than the uniform method which uniformly reduces update frequen-
cies of objects. In a wireless communication environment where users share the same
bandwidth, our method achieved 5 points better update frequency of important objects
than the uniform method. The calculation delay was about 30msec when 1,500 objects
were shared. In addition, the change of the update frequency with the movement of
the user’s view was reflected in at least 200msec. As a result, we confirmed that the
proposed mechanism realizes smooth interaction involving a large number of real and
virtual users/objects in an ordinary internet environment.

Keywords:

Distributed Virtual Environments, Augmented Reality, Interaction, QoS Adaptation,
Overlay Network, Load Balancing
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