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Figure 1. Overlaid Virtual Model 
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Abstract— A system platform for location-based entertainment 
applications of mobile phones is described. With GPS and 
electronic compasses, some of today’s mobile phones have rich 
functions for such entertainment as role playing games, treasure 
hunting, sightseeing with virtual information, etc. Our system 
model can manage virtual worlds that can be overlaid onto the 
real world with regard to location (latitude and longitude). Each 
virtual world is a set of virtual architectural objects and virtual 
creatures. Virtual creatures are active objects that can interact 
with users. In this paper, browser-based and BREW-based 
systems for virtual worlds are described. BREW is an efficient 
software platform for mobile phones. It enables autonomous 
location sensing and automatic redrawing, which will solve most 
of the problems found in evaluation sessions of the browser-based 
version. 

Keywords- mobile entertainment, location-based services, 
BREW, virtual worlds 

I.  INTRODUCTION 
With internet accessing methods, cameras, higher 

resolution displays as well as GPS receivers, today’s mobile 
phones can be regarded as general purpose multimedia 
terminals. Entertainment is, of course, one of the most expected 
application domains of such multimedia terminals. Popularity, 
low-cost, and light weight are important advantages of phones, 
compared with other mobile terminals like PDA or laptop PC. 

Our goal is to develop and deploy a system with which 
people have experience of virtual worlds with their mobile 
phones. We have developed and evaluated overlaid virtual 
systems for mobile phones. Here, by “overlaid virtual” we 
mean a mixed model of real and virtual worlds, where they are 
related to each other with regard to location. Each virtual world 
has a same geographical structure with the real world (Fig. 1 
[1]). A user can select and visit one (or even more) virtual 
world with his/her mobile phone terminal. 

A virtual world consists of virtual architectural objects and 
virtual creatures. Virtual architectural objects are static objects 
like buildings. Virtual creatures are dynamic objects that can 
move or interact with other objects or users. In other words, a 

virtual creature is an active agent that can react to stimuli from 
other objects and users. They can also exchange messages with 
other agents. Sometimes we call virtual creatures just as agents. 

The virtual city system is an expansion of the SpaceTag 
system [1,2,3], which gives information objects to mobile 
terminals so that only limited users can see them. The access 
limitation is defined with regard to location and time. Each 
SpaceTag object has a specific geographical area where users 
can access the object. The virtual city system described in this 
paper is a descendant of the SpaceTag system, which allows 
3D data as objects, while the original SpaceTag system only 
permitted text or image objects. On the virtual city system, a 
farther object appears to be smaller to users, but a closer object 
appears to be larger. If a user views the front face of an object 
from the north, she can see its back side from the south. A 
display of mobile terminal is like a window opened to the 
virtual world. 

Another interesting aspect of the SpaceTag system is that it 
is bi-directional. Users can create new objects and put them 
into a virtual world. The virtual city system, of course, inherits 
the bi-directional feature. It allows entertainment application 
designers to design more exciting scenarios of application. For 
example, a game player would be able to create new creatures. 
Due to the limit of space, we do not describe detailed 
implementation of this aspect, in this paper. 
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Figure 2. An Example of Mobile Phone’s Display 

For entertainment applications of the virtual city system, 
we are supposing games like role-playing, treasure hunting, etc. 
For example, urban simulation can be implemented in a more 
realistic way. Role playing games would be implemented with 
virtual creatures moving around in a virtual city area. Activities 
of agents in the virtual world can be observed by human 
players in the real world. Multiple human players can join a 
game, where physical encounters and real (oral) 
communication between them may happen. 

Supposed applications include sightseeing support systems. 
For example, we can give historical buildings that do not exist 
today as virtual architectural objects. Visitors can see them 
using their own phones. Virtual creatures may help visitors as 
city guides. 

The overlaid virtual model is not only for entertainment. 
For example, we can suppose virtual presentation to the public, 
including advertisements, signboards, and digital arts. Also, 
mobile commerce functions can be embedded in these 
applications. The virtual city system is expected to be a 
common infrastructure for mobile public applications. 

There are other research activities that give users a mixture 
of real and virtual things in outdoor environments [4-8], and 
those aimed at mobile entertainment applications [9,10]. 
However, none of them adopted popular mobile phone 
terminals on the current consumer market. By adopting them, 
we can avoid problems of terminal costs, terminal distribution, 
usability for wide range of people, and building a new 
communication infrastructure that should be available 
everywhere. Our goal is to let consumers join virtual worlds 
with only their own phones, without paying extra money for 
new devices. 

II. BROWSER-BASED PROTOTYPE 
We have developed a prototype system giving a small 

virtual world overlaid onto our university campus, for mobile 
phones with web browsers. We have evaluated it from the 
usability and performance aspects. 

A. System Configuration 
It is basically a client-server system. Clients are mobile 

phones on the Japanese market with a GPS (Qualcomm’s 
gpsOne) function and internet accessibility. Terminals used for 
evaluation were A5303H II, A5401CA, and A5501T provided 
by KDDI with “au” brand1, but other types of terminals can be 
used if they support GPS. 

Most of the required functions are implemented at the 
server side. We do not provide any special software for 
terminals, since GPS functions cannot be controlled from 
user’s software on the terminal, when we designed it. 

The server’s main function is to generate a static image of 
virtual city for each user. When a user accesses the server, 
location parameters are attached to the request message by the 
gpsOne server. The virtual city server can then detect the 

                                                           
1 http://www.au.kddi.com/ 

location of the user and compute distance and direction 
between the user and virtual objects. 

Since these terminals do not have any orientation sensors, 
the system should detect the direction in which its user is 
facing. A user is asked by the server about the direction he 
would like to see. The user should select one of eight 
directions: N, NW, W, SW, S, SE, E, or NE. It is passed to the 
server to generate a still image of the virtual city that is 
supposed to be a view from the user. 

Data of virtual objects are stored as LightWave 3D data 
files at the server side. A LightWave data is loaded to an image 
generation module written by Java using Java3D package, and 
converted to a 2D image (120 x 120 pixels). An image 
generation process is invoked by the servlet mechanism 
triggered by a user’s request. Finally, the generated image is 
sent to the terminal as an HTML file, with distance and 
direction parameters as text. Note that the output is not updated 
automatically because the terminal cannot send a GPS request 
without a manual operation. Also, this version does not support 
dynamic behavior of virtual creatures. 

B. Evaluation of the Browser-based Prototype 
Evaluation sessions took place from January 11th to 

January 20th, 2004. The number of subjects was 49. Prior to 
the evaluation, we had attempted pre-test sessions and found 
that subjects did not always understand where they were in the 
virtual world, due to GPS errors (10 to 20 meters typically, 
more than 50 meters in the worst case). To solve this problem, 
we had introduced graphical appearance of real buildings into 
the user’s view, by representing them as semitransparent 
objects. 

For the evaluation sessions, we had prepared a small virtual 
world overlaid onto our campus. Fig. 2 shows a sample of 
user’s terminal display. In this case, two virtual objects (a 
signboard and a house) and one real object for reference (a 
building) are shown. A direction into which the user is looking 
is indicated by text. 

According to questionnaire to subjects, they were very 
much interested in the virtual city application with mobile 
phones (average=4.35 in five grades rating: 5=best and 
1=worst). Many subjects answered that they would like to visit 



 
Figure 3. Interaction with A Q-based Agent

the virtual city again if the virtual city continued to expand 
(average=4.20.) We found no statistically significant 
differences between male and female or between students’ 
majors, for these results. 

However, the following problems were found by their 
evaluation. 

(a) They had to select a direction and create a mental 
model of city by their own efforts. 

(b) The graphic image was not updated automatically. 

(c) Size of generated images was small. A virtual city 
scene was represented by an image of 120 x 120 pixels. 

(d) System response was not satisfactory. Especially, 
subjects complained about the time to obtain GPS data (about 
15 seconds). 

(e) GPS error. 

If we used the newest types of mobile phone (with 
electronic compass, BREW architecture, QVGA wide display, 
and of course real-time GPS tracking), problems like (a), (b), 
(c), and (d) would be solved or alleviated. Problem (e) cannot 
be easily solved in a short time, but some new phone terminals 
already have Bluetooth transmitter/receiver or printed code (e.g. 
2D barcodes) readers, which will be able to be used as location 
sensors with physical tags embedded in real cities. 

With these results, we can expect a better system with the 
next generation mobile phone terminals. In section III, we will 
describe a BREW-based solution. 

C. Q-based Agents 
On the evaluated prototype, virtual creatures are not really 

supported in the sense that they could not move or interact with 
other virtual objects or users. After the evaluation, we have 
developed mechanisms for interaction between a user and a 
virtual creature and for active behavior of virtual creature. 

We have adopted Q [11] language to control virtual 
creatures. Q is a scenario description language for multi-agent 
systems. It is based on the Scheme language and supports 
scenario description, including event-driven actions. On our 
system, virtual creatures are agents in terms of Q system. Fig. 3 
is a simple example of interaction between a user and a virtual 
creature. In this case, the dog is saying “Hello,” as a response 
to a user’s utterance. Of course this kind of interaction function 
is useful for game scenarios. 

The Q engine is installed at the server side, and invoked by 
HTTP requests from the terminal. The invocation mechanism 
is implemented with the servlet mechanism. Actions, like 
movements or interaction with the user, are also supported. For 
example, a virtual creature (= a Q agent) may be triggered by a 
particular phrase (e.g. “go away”) from the user. By adopting 
Q language, the system gives an easy way to define agents and, 
of course, to describe game scenarios. 

III. BREW-BASED IMPLEMENTATION 
BREW 2  [12] is a software platform for CDMA-based 

mobile terminals designed by Qualcomm, Inc. In Japan, some 
of “au” brand mobile phones released from KDDI support the 
technology. With BREW, we can develop terminal-side 
software with C or C++ language. Also, rich API is supported 
to control mobile phone hardware, including GPS receivers and 
electronic compasses. Especially, some terminals including 
W21S 3  (shown in Fig. 4) have GPS receivers, electronic 
compasses, and also a QVGA (240 x 320 pixels) wide displays. 
For these terminals, we can develop terminal-side software 
supporting real-time tracking of location and orientation. We 
expect that it will solve most of the problems found in the 
evaluation mentioned in section II. 

Symbian OS4 may be another candidate for our software 
platform. However, it cannot be used with GPS on terminals 
used in Japan. It is currently not as popular as BREW in Japan, 
neither. 

Fig. 4 shows the configuration of our first prototype for 
BREW-based terminals5. It uses Mascot Capsule’s Micro3D 
graphics package 6 , which can import LightWave 3D data 
through a conversion tool. On this version of prototype, all data 
of virtual objects are stored within the mobile phone terminal 
by pre-loading. Hence it runs basically stand-alone, except for 
communication with the gpsOne location server. 

GPS and e-compass data are obtained periodically. E-
compass data is taken every one second, and GPS data is 
obtained every 15 seconds. (These interval values are tunable.) 
After getting those data, the rendering engine draws the virtual 
view. Rendering is suppressed until the user takes a big turn. 
Currently, a turn of less than ten degrees does not cause 
redrawing. 

We have evaluated this prototype in the same area as the 
evaluation session mentioned in section II, and found: 

1. It takes about 0.8 seconds for drawing one page. 

                                                           
2 http://brew.qualcomm.com/brew/ 
3 http://www.au.kddi.com/seihin/kinobetsu/seihin/w21s/        (in Japanese) 
4 http://www.symbian.com/ 
5 The photograph was taken in a building in order to get a clearly contrasted 
image. Of course, outdoor use is usual.  
6 http://www2.mascotcapsule.com/ 



 
Figure 4. Configuration of the Brew-based System Prototype 

2. When the user takes a turn, the graphics follows 
smoothly without frustration. 

3. GPS errors still sometimes make users lose their 
positions in the virtual world. We are now tuning its graphical 
parameters and density of virtual objects, and have found it is 
getting better. 

We are now designing a next client-server version, where 
we use the SpaceTag server7 for the management of virtual 
objects. A virtual object data has attributes of its location and 
3D representation in the SpaceTag server. 3D graphics data are 
also cached in the terminal in order to redraw it smoothly. Due 
to the restriction of terminal’s memory and mobility of users, 
the cache should be updated when a user moves to a particular 
distance. However, even if a user does not move, the cache 
should be updated in some cases, because the virtual world is 
active and attributes of virtual objects (e.g. location) are subject 
to change. In these cases, triggers to update the cache are sent 
from the server. 

IV. CONCLUSION 
We have described browser-based and BREW-based 

implementations of the virtual city system, based on the 
overlaid virtual model. By adopting this model, the system 
                                                           
7 For the scope of this paper, you may just regard a SpaceTag server as a web 
server that can distribute data of virtual city objects. 

provides entertainment media designers with a flexible design 
framework for end-user’s virtual experiences. 

The most important design goal of the virtual city system is 
to avoid extra costs of consumers for new devices. It is a more 
realistic approach than other outdoor virtual systems. 

By evaluating the browser-based prototype, we have found 
that subjects were well interested in the virtual city concepts. 
This result suggests that the virtual city platform is expected to 
be used for entertainment applications. Many of the problems 
found in the evaluation of the browser-based prototype are 
solved by the BREW-based design. We have designed 
standalone and client-server versions of BREW-based 
prototype, and evaluated the standalone version. 

We still have future work. (1) GPS errors are inevitable. 
Until more precise location systems are available to consumers, 
we need alternative means to compensate errors and to help 
users. (2) We need a mechanism for integration of the BREW-
based system and Q language in order to implement direct 
interaction between users and agents. It will be designed by 
providing another communication channel between the 
terminal and the Q-engine in the server, using BREW’s 
network protocol support. 
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