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Abstract

Until quite recently, virtual reality systems consisted of 

fixed devices which enabled the user to feel immersed in a 

spot of the virtual space by means of the adequate 

hardware. The recent emergence of wireless systems for 

motion capture, together with the increase in graphic 

power of laptops, and the generalisation of wireless 

networks has allowed the appearance of the first systems 

in which at last the user is able to walk physically within a 

given space framed in the real one, and containing the 

objects and elements of the virtual space [2][5][6]. Some 

examples of this hybrid space have already been 

accomplished worldwide. However, beyond the technical 

problems with the development of these systems, we must 

bear in mind the types of contents to be shown, making the 

most of the possibilities offered by the fact that the user 

him/herself is the pointer in this kind of virtual reality, 

while the space itself is the interface. 

The authors have recently developed a system similar to 

the ones described. This is a totally immersive, walkable 

and wireless system called the Empty Museum [7]. This 

paper outlines its enlargement with the purpose of making 

it simultaneously usable by several persons. Besides, an 

example of content is provided which has been specifically 

designed in order to be experienced in multi-user mode 

with this equipment: the Virtual Art Gallery. 

1. Introduction 

The work presented in this paper is an example of an 

application which shows multimedia contents in a three-

dimensional virtual space using a virtual reality system 

with immersive, walkable and wireless features. 

The usage of these adjectives has significant implications. 

Until recently, it was usual to have virtual reality systems 

which could be described by means of using some of those 

adjectives. Nevertheless, systems which provide all of 

them at the same time are still anecdotic, and there is an 

obvious lack of contents designed in order to be shown 

with a simultaneous usage of all of those requirements. 

First of all, we should analyse all the implications of each 

of them so as to focus the problem more adequately. 

Immersiveness: An immersive system is one in which the 

user feels that he/she is inside a virtual world, due to the 

feeling of being naturally surrounded by it. Wherever they 

may look, the virtual world appears in front of them. This 

is achieved by the use of three main hardware systems that 

will be discussed later: head mounted displays, CAVEs 

and panoramic projection systems. 

Usage of head mounted displays (HMDs): These

systems carry out the tracking of the user’s head 

orientation, and sometimes also of the position in a small 

range of distances, with the purpose of sending to the user 

the image of the virtual world corresponding to those 

parameters. Among the drawbacks of these systems, we 

find that they must be wired to the device generating the 

images which are sent to the small screens found in the 

helmet. This computerised device is also responsible for 

monitoring the position and orientation sensors. As a 

consequence, users are linked to the computer system by 

means of wires, normally using auxiliary devices, such as 

pointer, 3D mouse, etc., in order to manage the way in 

which movement is simulated across the virtual world 

without physical displacement. The limitations inherent to 

the fixed location of the equipment makes it unusual to 

design multi-user applications for these platforms. 

Cubicles with wall projection (CAVEs): These systems 

follow the user’s movements, projecting on the cubicle 

walls stereographic images which are reconstructed in 

three dimensions thanks to the shutter glasses worn by the 

user. Thus, the person using CAVE is able to watch three-

dimensional objects. The drawback would be the high 

cost, particularly if we bear in mind the fact that only one 
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user can use the installation at once. However, it is usual 

to have several users viewing this installation 

simultaneously; by keeping very close to the main user, 

they are able to watch things as he/she does. This system 

enables to pass between the walls, having 3X3 m. room; 

nevertheless, the effective resolution of the picture shown 

in the visual field is reduced when one gets close to the 

walls, because the number of pixels projected on the 

whole wall is fixed, regardless of the distance where the 

user finds him/herself. It is not possible to move beyond 

the distance between walls, for this reason it is usual to 

use the metaphor of the vehicle and the remote control in 

order to move from one place to another in the virtual 

space. Therefore, this is an example of an immersive, non-

multi-user system with limited passage, given that the 

projected image corresponds to the viewpoint of the only 

user who is wearing the positioning devices; although it is 

usual to see several people inside the cubicle watching the 

main user’s developments, and moving jointly with 

him/her with the purpose of perceiving his/her experience 

in the most accurate way. 

Panoramic projection screens, Reality Centers®: One

way of achieving the feeling of immersion is to occupy the 

whole of the user’s or group of users’ visual field within a 

range which is adequate to the application itself. This is 

the case of panoramic projection systems of the kind used 

in vehicle simulators or public exhibition centres, such as 

the Reality Centers®. In order to obtain a good resolution 

of images, several projectors sending single or 

stereographic images to the big screen are used. On the 

one hand, the projection field is so vast that it may well 

cover the vision field of a group of people. Nevertheless, 

we are not dealing with a multi-user system, due to the 

fact that the projected picture always corresponds to a 

single user’s position, even though any of the viewers may 

identify with him/her. On the other hand, the user remains 

in a fixed position, managing the vehicle controls in the 

case of a simulator, or just watching the situation. This is, 

therefore, an immersive, single-user and non-walkable

system, although as in the previous case, the main user’s 

experience may be followed by several people. 

Passage: Nevertheless, the natural way of experiencing 

space used by human beings, i.e., watching it and moving 

across it in any direction, has made it necessary for these 

systems to use a scarcely credible metaphor, placing a 

device such as a joystick, mouse or any other direction 

control in the user’s hands. They are invited to believe that 

they are driving an imaginary vehicle or a propulsion 

means which is external to them and used in order to move 

across the virtual scenario.

The forceful use of imagination in order to perceive the 

metaphor of the vehicle as something real only makes the 

scene less natural, and the exploration experience less 

realistic. In order to experience a real world space, one has 

to move across it, understanding movement not only as 

displacement, but also as the kinaesthetic sensation of 

one’s body moving. The interpretation of one’s own 

movement helps the person to comprehend the scale of the 

surroundings. 

The fact of exploring requires its own movement rhythm, 

which makes it different from a trip. In a trip the goal is 

reaching a specific place, and the variations in movement 

are secondary to the perception of one’s travel, and 

therefore to the goal of the movement itself. When 

exploring a space and its contents, such as a museum, the 

viewer must decide the rhythm of the movement, when to 

stop, when to accelerate, to speed up or to slow down, and 

also when to contemplate, to move sideways, to turn 

around or to go backwards. Simulating all the possible 

ways of movement by using a metaphor and a device such 

as a joystick is something difficult, particularly when the 

possible movements used by those devices are normally 

limited to two: being still or moving forwards at constant 

speed, usually with a sudden and non-gradual transition 

between both states.   

The reason for using the vehicle metaphor is the 

traditional dependence on the physical location of the 

computer generating the images, given that it was 

necessary to transmit the images to the user, obtaining the 

position and orientation data through wires. The release 

from that restriction allows the user to experience the 

virtual space in a much more natural way, thus increasing 

the immersion feeling given by the activation of the 

human body’s kinaesthetic system, by the sensorial 

perception of acceleration and displacement, and also by 

the parallax differences with regard to one’s own 

movement. 

Systems such as VENLab2 [1] (Fig. 1) allow the user to 

move across the real space, corresponding in turn to the 

virtual space perceived by the user. Nevertheless, wires 

are still present. 

Figure 1. VENLab2. Brown University 
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The limitation caused by the use of said wires, linking the 

viewer like umbilical chords to the image-generating 

system, may be removed by using laptops with a high 

graphic performance, wireless positioning systems, and 

small, light usable devices such as battery-operated head 

mounted displays: Glasstron, Cy-Visor or others. 

Examples of walkable, immersive and wireless systems 

are becoming more and more frequent. Among them we 

find MARS [2][3][4], ArcheoGuide [5], ARQuake [6] or 

Empty Museum itself, which overall design is described in 

[7][8] (figure 2). 

Figure 2. Empty Museum. The walkable space is 6m. x 

6m. The left picture has been illuminated by the 

camera flash; the experience takes place in penumbra. 

Users simultaneity: Just like a real environment, a virtual 

one may accommodate more than one person inside. If this 

takes place, exploring the space may range from an 

individual act to a social experience. In order to make it 

possible, each one of the users has to view the others 

integrated in the virtual world, either by direct

observation, such as in an enhanced reality environment, 

or by means of using avatars, being the case of totally 

digital environments. 

An example of the first case is “RV-Border Guards” [9] 

(Fig. 3) where users occupy fixed positions yet share the 

scene’s virtual elements, playing a game in which they 

must shoot the digital beings who appear at the centre of 

the room. The weapons and helmets worn by users in this 

example are virtual images digitally generated upon the 

players’ real image. 

Examples of the second case, that is, the use of avatars, 

take place in the field of multi-player videogames, both in 

the instance of those which feature car races (Fig. 4), and 

those in which the user is represented by an avatar of 

human-like aspect, such as in network role games (RPGs) 

(Fig. 5). The popularity of these games evidences how 

easy it is to develop social behaviours with avatars in 

digital environments. Nevertheless, these games are not 

played in immersive or walkable environments, they have 

been designed for domestic players playing via Internet, 

using a PC or interlinked games machines. 

Figure 3. RV-Border Guards. Installation at 

Innovation Villa. Imagina 2000. The picture shows a 

user seen by another one. 

Figure 4. Sega Rally [10]. Simulation of multi-user 

driving. 

Figure 5. Screen capture of the Everquest game [11], 

with three simultaneous players. 
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2. The Empty Museum. An immersive, 

walkable and multi-user environment 

The installation named Empty Museum was developed 

during the years 2001-2002 at A Coruña University with 

the purpose of obtaining a system that fulfilled all the 

requirements that have been mentioned. [7] describes its 

functioning for a single user. 

One of the research lines opened by Empty Museum was

simultaneous use by several users. It was understood that 

the fact of exploring, of visiting, is a social act in itself 

which may take place in virtual worlds. A museum-like 

content was designed that could be visited by a group, 

with the goal of adding value to it by means of this shared 

visit. As shown later, the users themselves are part of the 

exhibition. 

2.1 System description 

The architecture of Empty Museum is composed of two 

different blocks: base and satellites. 

The base consists of a computer or workstation linked to 

the system which captures wireless movement [12]. It is 

responsible for controlling the system’s functioning: it 

sends the position to satellites, controls the links, assigns 

worlds to satellites, activates them, stops them, calibrates 

the users’ orientation, etc. 

Figure 6. Empty Museum. Portable equipment 

(satellite) 

The satellite is the part carried (or, ideally, worn) by the 

user. (Fig. 6) This consists of the render engine, 

implemented in a laptop integrated within a rucksack 

carried by the user, and the visualisation hardware, which 

consists of light virtual reality spectacles, such as Sony 

Glasstron. The render engine is in charge of generating 

images from the orientation of the user’s head, supplied by 

the base through the wireless network. The whole system 

is operated by batteries. This architecture, both hardware 

and software, has been described in depth by the authors 

in previous works [7][8]. 

The hardware needed for the implementation of Empty

Museum as a multi-user system does not differ 

significantly from the single-user version. The main 

difference lies in the software design, particularly the 

communications system. 

In this system, the capture of movement is distributed 

between the base and the satellites, so that one part is 

obtained at the base (position), and the other one at the 

satellite (orientation). Besides, each user must know at 

every time the state of the other users. 

This information must reach accurately the render engine 

located at the satellites so the adequate pictures can be 

generated, placing the rest of avatars representing the 

other users in the place they actually occupy at that point. 

These tasks are accomplished by the communication sub-

system. 

Figure 7. Communication sub-system design 

Empty Museum uses a wireless network (radio) (IEEE 

802.11b) with a maximum transfer speed of 11 Mbits/s. 

TCP/IP battery protocols TCP and UDP are used on this 

medium. Figure 7 illustrates the global communications 

technology: 

The base centralises the communications control. When 

starting a session, the satellite makes a TCP connection 

with the base. A “handshake” takes place by which base 

and satellite recognise each other, and the base logs the 

satellite as an inactive user. This TCP channel established 
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when booting the satellite is used to send commands from 

base to satellites, and to receive answers. The base may 

carry out a series of tasks with the linked satellites. Apart 

from calibrating the motion capture systems, the usual 

operation is that of assigning a virtual world and setting 

into motion the visualisation and interaction with that 

world. Satellite status data are sent using a UDP broadcast

so that everybody knows it as soon as possible. Each 

satellite modifies and visualises the aspect and position of 

the avatars according to the data received. 

3. The Art Virtual Gallery 

It was necessary to design some specific contents in order 

to test the functioning of the system in the multi-user 

mode, so as to make the most of its new features. Thus, 

when designing a world serving as a test bench, it was 

intended that the contents to be shown would include:  

1.- Spatial elements. An architecture designed on intent 

following a (virtual) universe rules where gravity, lighting, 

and material costs parameters are different from those of 

the real world. The architecture of the virtual gallery itself 

is part of the exhibition, and it has a realistic side, while it 

shows unreal elements such as floating walls, exhibition 

areas which activate with the user’s approach, etc. Walls 

and partitions exist only to serve as a spatial reference for 

locating the interactive points, and also to help the user 

know which parts are walkable and which ones are not. 

This method enables users to walk only on the precinct 

occupied by the real space controlled by the system, and to 

visit it in a natural way, knowing where the interesting 

areas are located. 

2.- Volumetric elements. Empty Museum allows users to 

turn around virtual three-dimensional objects which are 

found in the application’s hybrid space. Not only the 

elements in the exhibition are three-dimensional, but also 

the users’ avatars themselves are part of the exhibition, in 

the shape of traditional Galician pottery designs. 

3.- Spatial sound. Sound is constantly present in the 

experience. Not only as atmospheric music, but also by 

means of sentences uttered by a guide-character (a 

butterfly) tells the user from time to time encouraging him 

to watch this or that element. Some of the arts in the 

exhibition also use spatial 3D sound (cinema, music, 

literature). 

4.- Texts. It was interesting to check the capacity for 

reading texts in the virtual environment, to the extent of 

being able to read a poem written on a real-size book. 

5.- Multimedia. Together with texts, images and audio, 

video is present among the contents, showing a cinema 

example created in Galicia as another work of art. 

This is what the visiting experience feels like: When 

entering the world, the user is immersed in a singular 

architectural scenario composed of stone and concrete 

elements within an open space (Fig. 8). After a welcome 

voice message, he/she may see that some semi-transparent 

blue objects surround him/her. These blue areas tell them 

where the action is. Each one of them corresponds to a 

different art. As the user approaches, an event that sets in 

motion a series of behaviours related to the art in question 

takes place. 

Figure 8. Art Virtual Gallery Space. Walkable area 

and active zones. 

These are the represented arts: sculpture, music, 

architecture, literature, cinema, and painting. Each one of 

them will show the user an example of a work of art 

created by a Galician author, together with voice, 

representative 3D elements, animations, video, etc. 

Interaction takes place by means of proximity sensors, so 

that the user cannot see the information until he/she walks 

into the sensitive area corresponding to one of the 

exhibited arts. Then the additional multimedia information 

is presented, integrated in the 3D model within the virtual 

space. Thus, each of the simultaneous users of the world 

may be viewing different contents. 

At one end of the walkable space there is a balcony 

surrounded by two walls from which a stone wall can be 

observed in the distance. When the user reaches the 

balcony, a cinema screen is displayed on the far wall 

which shows an extract of the film “El Bosque Animado” 

(“The Living Forest”) (Fig. 9). 

At the other end a blue crystal gangway may be seen, 

where a sculpture by Francisco Leiro comes out of the 

blue as the user passes by (Fig. 10). 

A painting by Jaime Quessada may be observed next to 

the sculpture, which appears as the user approaches the 

area (Fig. 11). 
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With regard to literature, there is a blue backdrop behind a 

stone pillar. When the user comes close, a 3D Rosalía de 

Castro book opens before him/her, and a voice starts 

reciting a poem by the author. A series of images related 

to the writer’s life are shown on the blue backdrop (Fig. 

12).

The music scenario is similar to that of literature, but in 

this instance it is not a book but a bagpipe that appears on 

the pillar. Galician music sounds as a series of images 

related to the topic are shown on the backdrop (Fig. 13). 

Between the literature and music areas there is a semi-

transparent blue sphere floating in the air at eyesight 

height (Fig. 14). A voice will tell the user passing by that 

he/she must walk into the sphere in order to visit the 

architecture area. When this happens, the space where the 

user was suddenly disappears, and they find themselves 

inside Santiago de Compostela cathedral, which is 

generated from a spherical and panoramic image. As they 

leave the sphere, they return to the original scenario. 

Apart from these six arts shown at different museum areas, 

users have been represented as part of the world, examples 

of a seventh art which is always present in the experience, 

i.e. pottery. Thus, users are perfectly integrated within the 

scenario, turning from mere watchers to being part of the 

exhibition content. 

Therefore, users are represented by avatars in the shape of 

Sargadelos pottery figures (Fig. 15) that will move 

following their movements. Besides, the pottery figure’s 

head follows every movement of the user’s head, 

improving the presential feeling of the user inside the 

world, together with the perception of the other users, 

instead of being mere decorative elements. We could go as 

far as saying that this movement makes the rest of users 

more expressive. For instance, it is curious to see a user 

located inside the sphere looking up and down and turning 

around in order to watch the cathedral’s interior. This 

leads the other users to believe that there is something 

interesting to be seen in that place. Another interesting 

scene is the one where the avatars  in a circle chat with 

one another, which becomes natural in the virtual world. 

Figure 9. Cinema 

Figure 10. Sculpture 

Figure 11. Painting 

Figure 12. Literature 

Figure 13. Music 

Figure 14. Architecture 
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Figure 15. Multi-user. Real, virtual and subjective view 

4. Conclusions 

The experience achieved from the users’ observation and 

their comments after tests make us believe that this system 

is particularly suitable for showing three-dimensional 

contents in a spatial environment. The usage of avatars has 

evidenced the easy passage within the space; no collisions 

between users have been reported, in spite of them 

walking blindfolded through a confined space. 

Experiencing the space has become a social act on every 

occasion, where users comment on what they see, chat, 

and have fun together in this virtual world. This points 

towards the adequacy of walkable systems for multi-user 

experimentation of virtual contents. 

In this regard, the virtual space as forum for social 

experiences, linked to the possibility of using Empty

Museum as a development framework for telepresence 

applications [7], constitute an interesting research line in 

the field of collaborative design, such as the co-operative 

creation of virtual works of art, either using the system in 

a common physical space or through telepresence. 
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