
MAGIC LAND - A MIXED REALITY INTERACTIVE SYSTEM

INTEGRATING 3D LIVE PERSONS

DESIGN BIBLE

Adrian David Cheok, Ta Huynh Duy Nguyen, Tran Cong Thien Qui,

Sze Lee Teo,Ke Xu, Shang Ping Lee, Wei Liu, Hui Siang Teo, ZhiYi ng

Zhou, Mallawaarachchi Asitha, Le Nam Thang, Yu Li, Hirokazu Kato

MIXED REALITY LABORATORY SINGAPORE

2004



ACKNOWLEDGEMENTS

i



Contents

List of Figures vi

List of Tables viii

1 Introduction 2

2 Functional Speci�cation 4

2.1 System Concept . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.2 Artistic Intention . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

3 System Design 9

3.1 Exhibit Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3.2 Interacting Room . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3.2.1 Main Table . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

3.2.2 Ceiling Tracker . . . . . . . . . . . . . . . . . . . . . . . . . 12

3.2.3 Cups for mixed reality interactions . . . . . . . . . . . . . . 12

3.2.4 Menu Table . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

3.2.5 Projection Screen . . . . . . . . . . . . . . . . . . . . . . . . 14

3.3 Recording Room . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

4 SOFTWARE DESIGN AND NETWORKING ARCHITECTURE 20

4.1 Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

ii



4.2 Hardware . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

4.3 Software Implementation and Details . . . . . . . . . . . . . . . .. 26

4.3.1 Game Server . . . . . . . . . . . . . . . . . . . . . . . . . . 26

4.3.2 Menu Table . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

4.3.3 Game User . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

4.3.4 Camera Tracking . . . . . . . . . . . . . . . . . . . . . . . . 28

4.3.5 Sound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

4.3.6 3DLive Renderer . . . . . . . . . . . . . . . . . . . . . . . . 29

5 3D Live Capturing and Rendering 30

5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

5.2 Hardware Speci�cation . . . . . . . . . . . . . . . . . . . . . . . . . 30

5.3 Software Speci�cation . . . . . . . . . . . . . . . . . . . . . . . . . 33

5.3.1 CaptureServer . . . . . . . . . . . . . . . . . . . . . . . . . . 33

5.3.2 CombineAll . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

5.3.3 Rendering . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

5.4 3DLive Capture Tutorial . . . . . . . . . . . . . . . . . . . . . . . . 36

5.4.1 System Installation . . . . . . . . . . . . . . . . . . . . . . . 36

5.4.2 Program Execution . . . . . . . . . . . . . . . . . . . . . . . 38

6 Ceiling Tracker 43

6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

6.2 Program Flow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

6.3 Buttons Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

6.4 Hardware . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

6.4.1 Camera Calibration . . . . . . . . . . . . . . . . . . . . . . . 45

6.4.2 Camera Positions . . . . . . . . . . . . . . . . . . . . . . . . 45

iii



6.5 Ceiling Tracking Program Install and Execute . . . . . . . . . .. . 47

7 Menu Table 50

7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

7.2 Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

7.3 Menu Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

7.4 Menu Program Install and Execute . . . . . . . . . . . . . . . . . . 55

8 Interactive Main Table 57

8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

8.2 System Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

8.3 The Interaction Table Operations . . . . . . . . . . . . . . . . . . . 59

8.4 User Interaction Table Program Install and Execute . . . . . . .. . 64

9 Hardware System 66

9.1 Hardware System . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

9.1.1 Recording Room Hardware . . . . . . . . . . . . . . . . . . . 66

9.1.2 Menu Table Hardware . . . . . . . . . . . . . . . . . . . . . 71

9.1.3 Reboot of the Recording Room Circuit . . . . . . . . . . . . 73

10 Audio Interfaces 76

10.1 Audio server for the interaction table . . . . . . . . . . . . . . . .. 76

10.2 Control server for the recording room . . . . . . . . . . . . . . . .. 78

A Tutorials 81

A.1 Steps for Shutting System Down . . . . . . . . . . . . . . . . . . . . 82

A.2 Steps for Re-Starting System . . . . . . . . . . . . . . . . . . . . . . 83

B Equipments List 84

iv



C Source Codes, Tutorials, and Original Files 86



List of Figures

2.1 Tangible interaction on the Main Table : (Left) Tangibly pick-

ing up the virtual object from the table. (Right) The trigger of the

volcano by placing a cup with virtual boy physically near to the

volcano. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.2 Menu Table : (Left) A user using a cup to pick up a virtual object.

(Right) Augmented View seen by users . . . . . . . . . . . . . . . . 6

2.3 Main Table : The Witch turns the 3D Live human which comes

close to it into a stone . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.4 Main Table : The bird's eye views of the Magic Land. One can see

live captured humans together with VRML objects . . . . . . . . . 8

3.1 The physical layout of \Magic Land" . . . . . . . . . . . . . . . . . 10

3.2 The marker design of the main table . . . . . . . . . . . . . . . . . 11

3.3 The ceiling tracker . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

3.4 The marker design of the cups . . . . . . . . . . . . . . . . . . . . . 13

3.5 (a) A kid is manipulating the cup (b) The mixed reality view of

another user . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

3.6 (a) User is pressing the button on the menu table to change the

displayed objects (b) User moves the cup close to the character to

pick it up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

vi



3.7 The marker design of the menu table . . . . . . . . . . . . . . . . . 15

3.8 (a) The user's view of the menu table. The left part of the table

shows virtual characters while the right part shows the 3D livechar-

acters. In the middle there is a \dustbin" for user to delete the items

selected on the cup (b) User moves the cup to the 3D live character

to have a copy of the 3D live character (c) User moves the cup with

\Chinese princess" to the dustbin (d) The cover of the dustbin is

opened and the object is deleted from the cup . . . . . . . . . . . . 17

3.9 (a) The projection screen shows the master user's view (b) Thebird's

eye view of the virtual reality world when the master user is idle for

10 seconds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

3.10 The outside look of the recording room . . . . . . . . . . . . . . . . 18

3.11 The inside look of the recording room . . . . . . . . . . . . . . . . . 19

4.1 The Magic Land Software Components and Networking Topology. . 21

4.2 Assigning �xed IP in Windows XP. . . . . . . . . . . . . . . . . . . 25

4.3 Assigning �xed IP in Redhat Linux. . . . . . . . . . . . . . . . . . . 25

4.4 Flowchart for the Game Server. . . . . . . . . . . . . . . . . . . . . 27

5.1 Spider man is preparing to be captured in the recording room . . . 31

5.2 Recording Room . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

5.3 Hardware Connection . . . . . . . . . . . . . . . . . . . . . . . . . . 32

5.4 Software Components of 3DLive Capturing Part . . . . . . . . .. . 33

5.5 Interaction between CombineAll and CaptureServer . . . . .. . . . 40

5.6 Interaction between CombineAll and ControlServer . . . . .. . . . 41

5.7 Interaction between CombineAll and Renderer . . . . . . . . . .. . 41

5.8 Flowchart of MulticastReceiver (left) and Renderder (right) . . . . . 42

vii



6.1 Ceiling Tracker Algorithm . . . . . . . . . . . . . . . . . . . . . . . 44

6.2 Images taken for Calibration . . . . . . . . . . . . . . . . . . . . . . 46

6.3 Camera Layout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

6.4 Cameras on frame . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

8.1 Layout of the User Interaction table . . . . . . . . . . . . . . . . . . 58

8.2 Flowchart of the User Interaction table . . . . . . . . . . . . . . . . 60

8.3 The third person's view of the system . . . . . . . . . . . . . . . . . 61

8.4 The projection on the wall . . . . . . . . . . . . . . . . . . . . . . . 61

8.5 Picking up the virtual object from the table. . . . . . . . . . . . . . 62

8.6 The Witch turns the gira�e into a stone. . . . . . . . . . . . . . . . 63

8.7 The Witch turns the 3DLive character into a stone. . . . . . . .. . 63

8.8 The trigger of the volcano by the Master User cup . . . . . . . . . . 64

8.9 The bird's eye view of the Magic Land . . . . . . . . . . . . . . . . 65

9.1 The control logic 
owchart of Recording Room . . . . . . . . . .. . 70

9.2 The circuit diagram of Recording Room control board . . . .. . . . 71

9.3 The Recording Room control board PCB diagram . . . . . . . . . . 72

9.4 The circuit diagram of Menu Table control board . . . . . . . .. . 73

9.5 The Menu Table control board PCB diagram . . . . . . . . . . . . . 74

10.1 Audio server 
ow chart . . . . . . . . . . . . . . . . . . . . . . . . . 77

10.2 Control server class diagram . . . . . . . . . . . . . . . . . . . . . . 78

10.3 Interaction diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

10.4 State transition diagram . . . . . . . . . . . . . . . . . . . . . . . . 79

C.1 Previews of models used in \Magic Land" - Part 1 . . . . . . . . . . 87

C.2 Previews of models used in \Magic Land" - Part 2 . . . . . . . . . . 88

C.3 Previews of models used in \Magic Land" - Part 3 . . . . . . . . . . 89



List of Tables

4.1 General overview of the Magic Land networking computers.. . . . 22

4.2 Hardware items used in the Magic Land networking system . . . . .23

6.1 Table showing Buttons and Operations available in Ceiling Tracker

Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

9.1 Recording Room truth table . . . . . . . . . . . . . . . . . . . . . . 68

9.2 Component list for Recording Room hardware . . . . . . . . . . . . 69

9.3 Component list for Menu Table hardware . . . . . . . . . . . . . . . 75

1



Chapter 1

Introduction

This document is the design speci�cation for the \Magic Land" system exhibited

in the \Future Zone", Singapore Science Center Planet GamesExhibition 2004. It

consists of the following sections:

Functional Speci�cation

� Speci�es the behaviour of the exhibit from the users' point of view

� De�nes the user interface (including graphical output) and how the system

should respond to users' actions. This includes all users (system operators

and exhibit visitors)

System Design

� Speci�es how the system operates in technical terms

� Details of the hardware used and how it is connected

� Speci�cation of the software components and their interfaces

� Speci�cation of the internal data structures and �le formats

2
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The system design contains several sections:

� Speci�es how the system operates in technical terms

� Details of the hardware used and how it is connected

� Speci�cation of the software components and their interfaces

� Speci�cation of the internal data structures and �le formats



Chapter 2

Functional Speci�cation

2.1 System Concept

Magic Land is a mixed reality environment where 3D Live captured avatars of

human and 3D computer generated virtual animations play andinteract with each

other.

The system includes two main areas: recording room and interactive room. The

recording room is where users can have themselves captured into live 3D models

which will interact in the mixed reality scene. This room, which has nine Dragon
y

cameras mounted inside, is a part of the 3D capture system described above. After

the user gets captured inside the system, she can go to the interactive room to play

with her own �gure.

The interactive room consists of three main components: a Menu Table, a

Main Interactive Table, and �ve playing cups. On top of these tables and cups are

di�erent marker patterns. A four cameras system (ceiling tracking system) is put

high above the Main Interactive Table to track the relative position of its markers

with the markers of the cups currently put on it. The users viewthe virtual scenes

and/or virtual characters which will be overlaid on these tables and cups via the

4
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Figure 2.1:Tangible interaction on the Main Table : (Left) Tangibly

picking up the virtual object from the table. (Right) The triggerof the

volcano by placing a cup with virtual boy physically near to the volcano.

video-see-through HMDs with the Unibrain cameras mounted in front and looking

at the markers. The Main Interactive Table is �rst overlaid with a digitally created

setting, an Asian garden in our case, whereas the cups serve as the containers

for the virtual characters and also as tools for users to manipulate them tangibly.

There is also a large screen on the wall re
ecting the mixed reality view of the �rst

user when he/she uses the HMD. If nobody uses this HMD for 15 seconds, the

large screen will change to the virtual reality mode, showing the whole magic land

viewed from a very far distant viewpoint.

An example of the tangible interaction on the Main Interactive Table is shown

in the Figure 2.1. Here we can see a user using a cup to tangibly movea virtual

panda object (left image) and using another cup to trigger thevolcano by putting

the character physically near the volcano (right image).

The Menu Table is where users can select the virtual charactersthey want to

play with. There are two mechanical push buttons on the table corresponding

with two types of characters: the human captured 3D Live models on the right

and VRML models on the left. Users can press the button to change the objects
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Figure 2.2:Menu Table : (Left) A user using a cup to pick up a virtual

object. (Right) Augmented View seen by users

showed on the Menu Table, and move the empty cup close to this object to pick it

up. To empty a cup (trash), users can move this cup close to the virtual bin placed

at the middle of the Menu Table. In the Figure 2.2, in the left image, we can see

a user using a cup to pick up a virtual object, at the edge of the table closest to

the user are two mechanical buttons. In the right image we can seethe augmented

view seen by this user. The user had selected a dragon previously which is inside

the cup.

After picking up a character, users can bring the cup to the MainInteractive

Table to play with it. Consequently, there will be many 3D models moving and

interacting in a virtual scene on the table, which forms a beautiful virtual world

of those small characters. If two characters are close together,they would interact

with each other in the pre-de�ned way. For example, if the dragon comes near to

the 3D Live captured real human, it will blow �re on the human. This gives an

exciting feeling of the tangible merging of real humans withthe virtual world. As

an example of the interaction, in the Figure 2.3, we can see theinteraction where

the witch which is tangibly moved with the cup turns the 3D Live human character
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Figure 2.3:Main Table : The Witch turns the 3D Live human which comes

close to it into a stone

which comes physically close to it into a stone.

2.2 Artistic Intention

Magic Land demonstrates novel ways for users in real space to interact with virtual

objects and virtual collaborators. Using the tangible interaction and the 3D Live

human capture system, our system allows users to manipulate the captured 3D

humans in a novel manner, such as picking them up and placing them on a desktop,

and being able to \drop" a person into a virtual world using users'own hands. This

o�ers a new form of human interaction where one's hands can beused to interact

with other players captured in 3D Live models.

The artistic aspect of this installation introduces to artists easy, tangible and

intuitive approaches in dealing with mixed reality content. The main challenge of

the project is to create a new medium located somewhere between theater, movie

and installation. The outcome of the project is an infrastructure that gives artists

new opportunities to transport audiovisual information and encourage artists of

any discipline to deal with those new approaches.
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We can perceive Magic land as an experimental laboratory that can be �lled

by a wide range of artistic content, which is only limited by the imagination of the

creators. To watch the scene from above with the possibility of tangible manipula-

tion of elements creates a new form of art creation and art reception that generates

an intimate situation between the artist and audience.

The project itself brings together the processes of creation, acting and reception

in one environment. These processes are optimized to the visitors experience in

order to better understand the media and lead to a special kind of self re
ection.

The recording area plays the role of the interface between human being and com-

puter. It is also a special experience for the users to watch themselves acting in 3D

on the interactive table from the external point of view likethe \Bird in the sky".

In Figure 2.4 are two bird's eye views of this system.

Figure 2.4: Main Table : The bird's eye views of the Magic Land. One

can see live captured humans together with VRML objects



Chapter 3

System Design

3.1 Exhibit Overview

The exhibit is physically divided between two rooms, the \Interacting Room" and

the \Recording Room". Users enter and exit the exhibit via the interacting room

and from there may enter the recording room through a door. The physical layout

of the \Magic Land" system is shown in Figure 3.1.

3.2 Interacting Room

The \Interacting Room" contains �ve physical elements:

� A main table where the interactions take place

� A frame mounted on the top of the main table to hold four cameras which

are used to track the user interactions on the table

� Several physical cups as the containers of virtual and 3D liveobjects.

� A menu table from which the user can select virtual reality (VR) objects and

three dimensional (3D) live person

9



CHAPTER 3. SYSTEM DESIGN 10

Figure 3.1: The physical layout of \Magic Land"

� A back-projected screen which shows the view of user No. 1 (de�nedas

\Master User")

The room also contains containers (cups) that represent virtual world objects.

Users interact with the virtual world by physically manipulating these cups. Users

may use the cups to pick up VR objects or 3D Live objects from the menu table.

Users may freely move the cups around the main table. Dependingon exactly

where they are placed, they may see some e�ect in the virtual world.

3.2.1 Main Table

In the center of the interacting room is the Main Table, as shown in Figure 3.1.

Users may stand anywhere around the edge of the table to view the Virtual World.
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There are four head mounted displays (HMDs) spaced around each edge of the

table that users may choose to wear. When the user is wearing a HMD,they

will see the mixed reality world displayed in place of the table. The world will be

rendered from the user's real-world viewpoint. Any combination of cups may be

placed at any point on the table at any time.

On the surface of the main table, there is a special plastic sheet on which many

black and white markers are printed, as shown in Figure 3.2. These markers are

used for two purposes: (a) tracked by the cameras mounted on the top of the main

table to get the table 3D position (b) tracked by the user's camera to render mixed

reality graphics correctly according to user's viewpoint.

Figure 3.2: The marker design of the main table



CHAPTER 3. SYSTEM DESIGN 12

3.2.2 Ceiling Tracker

The ceiling tracker is a rectangle aluminum frame with a Dragon
y camera at each

of its four corners, as shown in Figure 3.3. The ceiling tracking is mounted right on

the top of the main table examining the users' interactions. Theusers are required

to manipulate the cups within the main table area tracked by the ceiling tracker.

Figure 3.3: The ceiling tracker

3.2.3 Cups for mixed reality interactions

The cups are hollow transparent cylinders with markers (Figure 3.4) pasted on the

top, as shown in Figure 3.5-(a). The user can see the mixed reality scene and the

objects associated with the cups through the HMD. As shown in Figure 3.5-(b),
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the cup is associated with a virtual panda.

Figure 3.4: The marker design of the cups

�����D�����������������������������������������������������������������������E����

Figure 3.5: (a) A kid is manipulating the cup (b) The mixed reality view of

another user

3.2.4 Menu Table

The menu table is the place where user can change the objects associated with

his/her cup. On the menu table, there are two buttons by which user can press

and change virtual and 3D live characters respectively. Figure 3.6 shows that the

user is pressing the right button to change the 3D live characterand using the cup

to pick the character up.

The marker sheet (Figure 3.7) on the menu table is also used for tracking

purpose. Viewed through the HMD, the user can see virtual and 3D live characters
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�����D�����������������������������������������������������������������������E����

Figure 3.6: (a) User is pressing the button on the menu table to change

the displayed objects (b) User moves the cup close to the character to pick

it up

are displayed on di�erent part of the table (Figure 3.8-(a)).User can move the cup

close to the character to pick it up (Figure 3.8(b)) or move thecup close to the

\dustbin" to delete the associated character (Figure 3.8-(c)(d)).

The other users can see what the operating user's view from the LCD monitor

placed on the menu table.

3.2.5 Projection Screen

In order to better present the mixed reality world to the audience, there is a big

projection screen in the interacting room showing the master user's view. As shown

in Figure 3.9-(a), the master user's (the one who is sitting withher back to the

screen) view is shown on the big screen on the wall.

If the master user is inactive for 10 seconds, a bird's eye view of the virtual

reality world (Figure 3.9-(b)) on the table will be shown on the projection screen.

The interactions on the table is shown in real-time in the bird's eye view therefore it

won't interfere the other users' actions. The projection screenallows the audiences
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Figure 3.7: The marker design of the menu table

to get the mixed reality idea quickly and know what the users can do and see.

3.3 Recording Room

The recording room is separated from the interacting room by awall with a door.

Within this wall is a monitor that displays a representation ofwhat is occurring

inside the room to the users and audiences in the interacting room, as shown in

Figure 3.10.

The recording room is a 3 by 3 by 3 meters room with cameras and lamps

mounted on the inside walls, as shown in Figure 3.11-(a). When user enters the

room, he/she will be instructed by the human voice to press the button (Figure

3.11-(b)) on the front wall to start the recording process. The twenty lamps will
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then be turned on one by one to light up the room. Each user will stay in the room

for 30 seconds and during this period he/she can move and even jump in the room.

The videos will be recorded and send to system server for data processing. After

recording, the user can go to menu table to see the small 3D versionof him/her

appeared on the menu table.

The 3D live characters on the menu table is not animated, however, the user

can use the cup to pick himself/herself up and put in onto the maintable. By

interacting with other users, he/she will be able to see the actions which he/she

has done during the recording process.
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�����D�����������������������������������������������������������������������E����

�����F�����������������������������������������������������������������������G����

Figure 3.8: (a) The user's view of the menu table. The left part of the table

shows virtual characters while the right part shows the 3D live characters.

In the middle there is a \dustbin" for user to delete the items selected on

the cup (b) User moves the cup to the 3D live character to have a copyof

the 3D live character (c) User moves the cup with \Chinese princess"to

the dustbin (d) The cover of the dustbin is opened and the object is deleted

from the cup
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�����D�����������������������������������������������������������������������E����

Figure 3.9: (a) The projection screen shows the master user's view (b) The

bird's eye view of the virtual reality world when the master user is idle for

10 seconds

�����D�����������������������������������������������������������������������E����

Figure 3.10: The outside look of the recording room
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Figure 3.11: The inside look of the recording room



Chapter 4

SOFTWARE DESIGN AND

NETWORKING

ARCHITECTURE

4.1 Overview

As shown in Figure 4.1, the software system of Magic Land consists of 5main parts:

3D Live Recording, 3D Live Rendering, Main Rendering, Ceiling Camera Tracking,

and Game Server. Beside these parts, there is a Sound module thatproduces audio

e�ects including background music and interactive sounds forthe whole system.

The Magic Land Networking Architecture comprises of a set of computers linked

up in a Local Area Network (LAN) through switches and cross cables. Both

TCP/IP and UDP are used for data exchange between programs on di�erent com-

puters. Gigabit and 100 Megabit LAN are being utilized for optimum transfer

rate. Signal sending from Menu Table uses serial port protocol.The role of each

program in the Magic Land network is summarized in Table 4.1.

20
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Figure 4.1: The Magic Land Software Components and Networking Topol-

ogy.
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TYPE OF PROGRAM DESCRIPTIONS

Game Server Coordinates the data exchange between di�erent

clients

Game User Receives cups information from server, transmits

transformation matrix to Windows 3DLive Ren-

derer

Camera Tracking Transmits the Game Users' cups transformation

matrix to Game Server

Sound Receives Game Users' cups information to play the

corresponding sound

Windows 3D Live Renderer Transmits 3D Live images to Game Users/Menu

Table

Table 4.1: General overview of the Magic Land networking computers.

Figure 4.1 shows the general overview of how the computers arelinked up in

the system.The next few sections will elaborate on the core of the networking

architecture used in the Magic Land Project. In particular, the implementation

issue in terms of hardware and software will be explained in detail. Flowcharts and

algorithms used will be presented where necessary to give a clearer picture on how

the system works.
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4.2 Hardware

The hardware used for the networking comprises of the items listed in in Table 4.2.

HARDWARE ITEMS DESCRIPTIONS

Gigabit Ethernet card Interface for PC to establish 1Gbps LAN connec-

tion

Gigabit Switch Connecting di�erent PCs to establish the 1Gbps

LAN

100 Megabit Ethernet card Interface for PC to establish 100Mbps LAN con-

nection

100 Megabit switch Connecting di�erent PCs to establish the 100Mbps

LAN

Direct Cable For connection between PCs and switch

Cross Cable For PC to PC connections

Serial Port For Menu Table Button to Menu Table PC con-

nection

Table 4.2: Hardware items used in the Magic Land networking system

The Menu Table and Game Users computers would have two network cards -

a Gigabit(Gbps) and a 100 Megabit(Mbps) Ethernet network cards. All the 3D

Live Renderer would have two Gigabit Ethernet cards. The remaining computers

would use only a 100 Mbps Ethernet card.

The connection of Menu Table - 3D Live Renderer and Game User - 3DLive

Renderer utilizes direct Gbps connection through cross cable. The connection

between 3D Live Renderer and the 3D Live Recording section alsouses Gbps

connection, but through a Gbps switch instead of cross cable. The remaining
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computers use 100 Mbps LAN connection which is established through a 100 Mbps

Switch.

Fixed Internet Protocol (IP) addresses would have to be assignedto each com-

puters; and for those with two network cards, 2 IP addresses are required. To

prevent confusion, all the 100 Mbps LAN uses IP of the format 192.168.0.xxx while

the Gbps LAN uses the IP format of 192.168.1.xxx. The default subnet mask used

is 255.255.255.0. The IP addresses could be assigned easily through the graphical

user interface in both Windows and Linux operating system as shown in Figure 4.2

and Figure 4.3.

To enter the IP assignation interface in Windows XP, go to Start -> Control

Panel -> Network Connections and look for the Local Area Networkconnections.

Then open it, and under the General tab, open Properties -> (scroll down to) Inter-

net Protocol (TCP/IP) -> Properties. For Redhat Linux, go to Start -> Program ->

System -> Networking and click Edit on the relevant ethernet card stated as eth0

and eth1.
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Figure 4.2: Assigning �xed IP in Windows XP.

Figure 4.3: Assigning �xed IP in Redhat Linux.





































Chapter 6

Ceiling Tracker

6.1 Introduction

The main function of Ceiling Tracker is to track the positionsof all cups relative to

the main table. The ceiling tracker is essential as it sends the cups' positions to the

main server and the server will use this information to determine if there should

be interactions between the VRML models on the cups. It also serves another

purpose. That is when the user's camera on the Head Mounted Display is not able

to detect the marker on the cup due to the orientation of the cup, the model on

the cup can still be rendered base on the position tracked by the ceiling tracker.

6.2 Program Flow

The Ceiling Tracker is developed using ARToolKit. It uses the mainly the tracking

algorithm in the stereo tracking library. As its main purpose isto track the cups'

positions relative to the main table and not do any rendering,the frame rate of the

ceiling tracker can be increased by turning o� the display. The
owchart showing

the operation of the Ceiling Tracker is in Figure 6.1.
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Figure 6.1: Ceiling Tracker Algorithm

As seen in Figure 6.1, the program starts by �rst loading in severalpre-calibrated

parameters. They are namely the intrinsic parameters of the 4 dragon
y cameras,

the extrinsic parameters of the cameras, and the con�guration�le of the markers

on the main table and cups. During this process, the 4 dragon
y cameras and the

networking are also initialized.

After doing all the preliminaries of loading and initializations, the program will run

in the main loop:

1. Detect Button Press for Adjustments.

2. Detect Marker.

3. Update to server with cups information.

The operation of the Ceiling Tracker can be terminated by pressing the 'ESC'

button on the keyboard.

6.3 Buttons Operation

There are several functions in the program that can be used to �ne tune the per-

formance of the ceiling tracking. These is seen in the Table 6.1below.
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+toggle between using 4 cameras stereo or 2 pairstereo

*extrinsic parameters need to be saved for subsequent use before quitting program

There are generally 2 modes the ceiling tracker can operate in. First mode uses 2

pairs of synchronized cameras. Second mode synchronized all the 4 cameras. The

second mode is more accurate and robust in terms of tracking. However, it requires

a syn-unit from PointGrey to synchronized all the 4 cameras.

6.4 Hardware

6.4.1 Camera Calibration

For good accurate tracking, each individual cameras should be calibrated for their

intrinsic parameters. This can by done using the calibcamera program found in

ARToolKit bin folder. For calibration, a special marker needsto be printed. During

calibration, the camera is used to capture 5-8 images of the marker from di�erent

perspective. The error after calibration will be printed outby the program and

its value should ideally be less than 1. Figure 6.2 shows an example of the images

that was taken for calibration.

6.4.2 Camera Positions

The position of the cameras with respect to the table and one another is important

for accurate tracking. Figure 6.3 shows the relative positionof the cameras from

one another.

In order to ensure that the cameras position are correctly �xed, a frame was built

to mount all the cameras. This frame will be mounted on the ceiling such that it
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Figure 6.2: Images taken for Calibration

is directly above the main table. The prototype frame with the dragon
y cameras

is shown in Figure 6.4.

It should also be noted that the cameras should slightly angled inwards (approx 13

degrees) to maximize their area of capture within the table region.
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Figure 6.3: Camera Layout

6.5 Ceiling Tracking Program Install and Exe-

cute

1. Install Redhat Linux 9.0

2. Upgrade the kernel to version 2.4.25, the ieee1394 driver need upgrade at the

same time

3. Install the Nvidia driver for graphic card

4. Install the 1394 libraries

5. Copy the ARToolKit4,069** to /root and re-compile it

6. Copy Ceiling Tracker program to /home, you can re-compilethe code using

"make clean" and "make" commands.

7. Run the program in it's home path

8. "Esc" is used to exit running the program.



CHAPTER 6. CEILING TRACKER 48

Figure 6.4: Cameras on frame



CHAPTER 6. CEILING TRACKER 49

Buttons Operations

+ Increase Threshold value of image

- Decrease Threshold value of image

1 Decrease Shutter speed

2 Increase Shutter speed

3 Decrease Gain

4 Increase Gain

d Toggle between B/W and Color/Grayscale image

c Toggle between di�erent camera viewpoint

e Toggle between compensation mode(warping correction vs no cor-

rection)

s Save cameras setting

o Turn on/o� graphics information

S Toggle synchronization mode+

C Re-calibration of camera relationship*

w Save extrinsic parameters of cameras

p Toggle between image processing mode

h Display information

Table 6.1: Table showing Buttons and Operations available in Ceiling

Tracker Program
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Menu Table

7.1 Introduction

The main function of menu part in MagicLand project is providing VRML and

3D live models for user to select. There are two buttons are provided to change

between di�erent VRML models or 3D live models. The structure ofmenu is shown

in Figure 1. Camera mounted with HMD is used to capture video of the real world.

The two buttons connected to the serial port are used for page change operation

(one page corresponding to one model). The left button control the change of

VRML model, the right one control the change of 3DLive model. HMD (head

mounted display) is used as display device.

50
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Figure 1 Structure of Menu

7.2 Functions

The Menu part of MagicLand project is developed using ARToolKit vision tracking

library. All Augment Reality related functions are achieved using ARToolkit and

OpenGL.

Openal library is used to �nish the sound function, each time, when an operation

(pickup, page change etc.) occurs, a sound related with this operation will be

played.

The 
owchart of menu is shown in Figure 2. After execute the initialization

part, the program will run as loop until user press key "Esc" to stop running the

program.
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Start


Initialize sound, video windows and read

in pre-defined data from files


initialization


Menu marker detected?


Cup marker detected?


Yes


Set Cup object active


Is there an object in cup?


Yes


Set Menu object active
 Set Menu object inactive


No


Set Cup object inactive


No


Are both menu and cup active?


Yes


Check deleting operation


Yes


Check pickup operation


No


Does deleting operation occur?
 Does pickup operation occur?


Update to server


Yes


Call display function draw active objects


No
 No


Does a button be pressed?


Page change operation


Yes


No


Figure 2 Flowchart of Menu

As shown in Figure 2, �rstly, several initialization works needed to be done.

It includes: 1. Initializing the Openal for sound, 2. Reading in the marker and



CHAPTER 7. MENU TABLE 53

item information from �les for future using. 3. Initializing the camera, setting and

opening the video windows.

Finish initialization, the main loop of the program will run, the main loop

include the following operations:

1. Detect Button Press.

2. Detect Marker.

3. Detect User Interaction (pick up and delete)

4. Update to server if user interaction occur

5. Draw Virtual Objects

7.3 Menu Operations

Main functions in menu part include: page-change, item pickup and delete. As

shown in Figure 3, in the �rst person's view, items shown on menu include a VRML

model(dragon), a 3DLive model and a trash can for deleting operation. If the user

press the button shown in Figure 1, the VRML(left button) or 3DLive(right button)

item will be changed to new one as shown in Figure 4.

Figure 3 Menu item 1 Figure 4 Menu item 2

There are ten VRML models and �ve 3DLive models are provided inthis menu,

when a new 3DLive are recorded, the �rst 3DLive model will be replaced by the
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new one(this upgrade is �nished through networking.).

User can choose his/her favorite model by pressed the buttons, and usecup (as

shown in Figure 5.) to pick up the selected item.

Figure 5 Cup 1 Figure 6 Pick up

The pick up operation is very easy, when the marker on the top ofthe cup is

detected, a virtual frame of cup will be shown on the cup position, user just need

move the real cup to the position of the model he/she wanted (from the position of

virtual cup and the model, user can know move the cup to which direction). When

the distance between the cup and model smaller than the threshold setting in the

program, the model will be picked up as shown in Figure 6, a same model will be

drawn in the cup. At the same time the item number will be updateto server.

Also the user can delete the model in a cup and get a new one, the delete

operation is very similar to the pick up operation, the user justneed move the cup

near to the trash can model, when the distance between the cup and the trash can

smaller than the threshold set in the program, the model in the cup will be delete,

we can see the cover of the trash can opened and the model in the cup disappeared.

The delete operations are shown in Figure 7 and Figure 8.
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Figure 7 Delete operation 1 Figure 8 Delete operation 2

The same operations can be done for 3DLive models, as shown in Figure 9 and

Figure 10, user pick up and delete a 3DLive model.

Figure 9 3DLive operation 1 Figure 10 3DLive operation 2

7.4 Menu Program Install and Execute

1. Install Redhat Linux 9.0

2. Upgrade the kernel to version 2.4.25, the ieee1394 driver need upgrade at the

same time

3. Install the Nvidia driver for graphic card

4. Install the 1394 libraries
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5. Install the Openvrml library

6. Install the Openal library

7. Copy the ARToolKit4,069** to /root and re-compile it

8. Copy Shadow4ATK.tgz to /root and uncompress it using command "tar -zxvf

Shadow4ATK.tgz"

9. Copy VRMLShadow4ATk.tgz to /root and uncompress it using command "tar

-zxvf VRMLShadow4ATK.tgz"

10. Copy Menu program to /home/MENU, you can re-compile the code using

"make clean" and "make" commands.

11. run the program in it's home path like following: /home/MENU/./mrMenu

-full

12. "Esc" is used to exit running the program.
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Interactive Main Table

8.1 Introduction

The main function of user interaction table part in MagicLandproject is for the

users to bring the virtual objects (VRML models or 3DLive characters) over, and

move them around in the virtual garden to interact with each other.

The layout of the user interaction table is shown in Figure 9.1.We use 35

di�erent markers for the tracking of the table. On each side ofthe table, one

hand-hold HMD with camera mounted on top is used by the users to view the

virtual objects. On the wall opposite to the table, we put a big projection screen

which displays the Master User's view, so that other visitors can seewhat the four

players' view points on the wall.

8.2 System Structure

The Menu part of MagicLand interaction table is developed inC language and

running on Windows and Linux platforms. ARToolKit vision tracking library was

used here. The rendering of the virtual scenes and objects weredone using the

57
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Figure 8.1: Layout of the User Interaction table

ARToolkit and OpenGL.

There are two kinds of virtual objects that can be added onto the interaction

table. One the normal VRML objects, another is the 3DLive characters. We use

VRML97 library for rendering the VRML objects, and our lab's 3DLive renderer

for rendering the 3DLive characters.

The interaction table system connects to the Game Server. And from there it

receives another set of cups position from the ceiling tracking cameras. So, when

the HMD's camera loses track on the cup marker, the system can use the ceiling

tracking cameras' information to render the virtual cups at the correct positions.

The interaction between the di�erent cups is also determinedby the tracking

results from the ceiling cameras. The Game Server will tell theinteraction table

when an interaction occurs, and interaction table will enable the corresponding

animation accordingly. Besides the animation, we also link each animation with a

speci�c sound. Each time when some interaction occurs, a sound related with this
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operation will be played.

The 
owchart of interaction table system is shown in Figure 9.2.After execute

the initialization part, the program will run as loop until u ser press key \Esc" to

quit the program.

As shown in Figure 9.2, after the initialization, the system willlook for the

table markers and cup markers in order to render them at the proper positions.

If the user's HMD camera can't see the cup marker, the system will usethe cup

information given by the ceiling tracking cameras for rendering the virtual cups.

And then the system will decide whether to implement the animation based on

the interaction information sent by the Game Server. If an interaction is detected,

animated VRML objects will be loaded, and corresponding sound will be played.

However, in the case that, one of the object involved in interactions is Dragon, the

system will turn the opposite object into burnt ashes. If one of theobject involved

in interactions is Witch, the system will turn the opposite object into a stone.

The system also de�nes a Master User's cup. That is one cup with a speci�c

marker on top. When the user moves the Master User's cup near to theposition

where a virtual volcano is in the MagicLand, the volcano willstart to erupt.

8.3 The Interaction Table Operations

The main function of the interaction table is to allow the users to move around the

virtual objects in the MagicLand by using the cups. As shown in Figure 9.3, users

sit around the table, and hold the HMD to look at the MagicLand through it.

On the wall behind the interaction table, we also project the view of the Master

User to a very big screen. So that, other users who don't have a HMD inhand

(this system supports up to four HMD users at the same time) can also experience

the interaction through the projection on the wall, as shown in Figure 9.4.



CHAPTER 8. INTERACTIVE MAIN TABLE 60

Start


Initialization


Initialize sound, video windows, the network,

and read in pre-defined data from files


Is the user¡¯s HMD camera

seeing the cup markers


Tracking is started using the camera

mounted on the user¡¯s HMD


Use the position information given by the


user¡¯s HMD camera to render the magic cups


Yes


Use the position information given by the ceiling


tracking cameras to render the magic cups


Render the virtual Magic Land Interactive

Table based on the information given by the


user¡¯s HMD camera.


Receive the information on the


interactions among the virtual objects

from the Game Server


Is the animation being enabled?

Render the static


virtual objects


Is dragon one of the objects


that has enabled the animation?


Render the animated dragon with

fire shooting and sound, and


turn the opposite virtual

object into burned ashes.
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that has enabled the animation?
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sound, and turn the opposite

virtual object into stone.


Render all the animated virtual
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Yes


No


Yes


No
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Figure 8.2: Flowchart of the User Interaction table
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Figure 8.3: The third person's view of the system

Figure 8.4: The projection on the wall
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some screen shots of the �rst person's view of this system are shown in Figure

9.5. Users can pick up the cups using their hand, and look at the virtual object in

the cup from many di�erent angles.

Figure 8.5: Picking up the virtual object from the table.

When the user moves two cups close to each other, the interaction will be trig-

gered. The virtual objects inside the cup will start to animate, and a corresponding

sound will be played through the speaker. Among the normal interactions, there

are two special objects which havespecial power. They are Dragon and Witch.

When the Dragon is close enough to another object, and facing it as well, the

dragon will start to shoot �re balls, and burn the other object into ashes. When

the Witch is close enough to another object, and facing it as well, the witch will

start to rotate and laugh, and burn the other object into a stone. Both VRML

objects and 3DLive characters can be turned to ashes or stones, as shown in Figure

8.6 and Figure .8.7.

Another function of this interaction table is the use of Master User cup to

trigger the eruption of the volcano in the MagicLand. This hidden function makes

the system more mysterious and fun to play, as the users have to tryall the 5 cups

in the MagicLand in order to �nd out which cup has this magic power (Figure
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Figure 8.6: The Witch turns the gira�e into a stone.

Figure 8.7: The Witch turns the 3DLive character into a stone.
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.8.8).

Figure 8.8: The trigger of the volcano by the Master User cup

When the Master User of the system has detected that nobody is suing the HMD

for a period of time, it will automatically switch to the Virtua l Reality mode. And

the system will start to display the bird-eye's view of the whole MagicLand, and

projected onto the big screen on the wall, so that the other person walking by can

understand what this system is about (Figure .8.9). Once someonehas picked up

the Master User HMD, and start to look at the markers on the table, the system

will again automatically switch back to the normal Augmented Reality view.

8.4 User Interaction Table Program Install and

Execute

1. Install Redhat Linux 9.0

2. Upgrade the kernel to version 2.4.25, the ieee1394 driver need upgrade at the



CHAPTER 8. INTERACTIVE MAIN TABLE 65

Figure 8.9: The bird's eye view of the Magic Land

same time

3. Install the Nvidia driver for graphic card

4. Install the 1394 libraries

5. Install the Openvrml library

7. Copy the ARToolKit4,069** to /root and re-compile it

8. Copy Shadow4ATK.tgz to /root and uncompress it using command "tar -zxvf

Shadow4ATK.tgz"

9. Copy VRMLShadow4ATk.tgz to /root and uncompress it using command "tar

-zxvf VRMLShadow4ATK.tgz"

10. Copy User program to /home/USER, you can re-compile the codeusing "make

clean" and "make" commands.

11. Run the program in it's home path like following: /home/USER/./mrMenu

-full -big

11. For the Master User PC, run the program in it's home path like following:

/home/USER/./mrMenu -full -big -autovr

12. "Esc" is used to exit running the program.
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Hardware System

9.1 Hardware System

This section describes the Magic Land Recording Room and Menu Table hard-

ware system. It includes all the hardware control circuitriesthat we built ourself.

This section is not about o�-the-shelf hardware used such as computers, routers,

cameras.

9.1.1 Recording Room Hardware

When a player open the Recording Room door, a "Welcome..." voice message is

played. If the door is held open for a prolonged period of time, the message will

only be played once.

After the door is closed (regardless of whether the player is inside or outside

the room), "Please press the button.." is played once. Nothing will happen if the

button is not pressed.

Once the button is pressed, the bulbs are turned on one by one, and the voice

message "Recording will start..." is played. During this time,if the player opens

66
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the door, it will not a�ect the status of the recording at a later stage.

Once all bulbs are on, the voice message "Recording has started.." is played.

Recording starts now, and during this time if the player opensthe door, failure in

recording will be registered by the system.

Ten seconds after the recording has started, the voice message "Recording has

stopped..." is played, and the bulbs will turn on and o� in sequence continuously,

while waiting for the 3DL image to be broadcasted to the Menu Table and other

computers.

The status of the recording (pass/fail) will be known within a few seconds. The

player will then be prompted to go to the Menu Table to collectthe 3DL if the

recording is successful, or to go out of the room and come in againto re-record the

3DL.

Functionalities

The functionalities of the Recording Room hardware are to handle the open/close

status of the door, the turning on/o� of the twenty bulbs, the pressed/not pressed

status of the button, and the communication with the Sound Server (SS) with

regards to the processing status of the 3DL and the auto-reboot of the hardware

circuitry.

The hardware circuit board sends the status of door, button andbulbs to the

Sound Server continuously. The Sound Server keeps track of this status but most

of the control is done by the hardware circuit board itself. The communication

and synchronization of hardware with Sound Server is crucialbecause based on the

status, the Sound Server plays the right voice message at the right time.
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STATE EVENT Bit-7 Bit-6 Bit-5 Bit-4 Bit-3 Bit-2 Bit-1 Bit-0 Action
1 D-OP,INIT X X 1 X X X 0 0 Welcome
2 D-CL,INIT 0 X 1 X X X 0 1 Press button
3 INIT,D-OP X X 1 X X X 0 0 Welcome
4 D-CL,B-NP 0 X 1 X X X 0 1 Press button
5 D-CL,B-PR,1-BY-1 1 X 1 0 X X 1 1 Recording will start
6 L-ON,D-CL X X 1 1 X X 1 1 Start recording
7 PASS/FAIL X X 1 1 X 1/0 1 X Send record status to SS
8 WAIT-PC X 1/0 X X X X X X Wait for SS ready
9 BACK TO STATE

1-4
X 1 X 1/0 X X 0 1/0 Back to state 1-4

Table 9.1: Recording Room truth table

Control Logic

Table 9.1 shows the control logic carried out by the hardware based on the events

which have happened.

The following abbreviation apply:

D-OP: Door Open

D-CL: Door Close

INIT: INITialization

B-NP: Button Not Pressed

B-PR: Button PRessed

L-ON: Lights (bulbs) ON

PASS/FAIL: recording PASS of FAIL

WAIT-PC: WAIT for PC for ready

Figure 9.1 shows the 
owchart of the hardware/�rmware.

Circuit Board

The circuit board is made in-house. Figure 9.2 and Figure 9.3 shows the circuit

diagram and circuit board PCB respectively.

The component list is shown in Table 9.2.
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Item No. Part Number Description Quantity

1 PIC16F877 Microcontroller 1

2 2N2222A Transistor 20

3 MAX233 RS232 driver 1

4 - 20MHz crystal 1

5 L7805CV 5V regulator 1

6 1N5817 Diode 20

7 - 330� F capacitor 3

8 - 4.7K
 3

9 - 20
 20

10 - Terminal block 3

11 - DB9 female connector 1

12 - 2x10 IDC header 2

13 ABN410 Push button, NO 1

Table 9.2: Component list for Recording Room hardware
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Figure 9.1: The control logic 
owchart of Recording Room

CAUTION: High Voltage

The Recording Room hardware circuit board is house in a woodenbox and hang

on the wall.
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Figure 9.2: The circuit diagram of Recording Room control board

The light bulbs are 250W each and require alternating current (AC) at 240

volts. The control is through microcontroller and solenoid relay. The solenoid

relays therefore has 5V signal from the microcontroller, andon the driving side it

is connected to 240V! Care must be taken while handling or maintaining the circuit

board. There are 4 mains 240V coming from the facilities intothe wooden box.

9.1.2 Menu Table Hardware

The player is able to browse both the 3D models and 3DL characters on the monitor

screen by pressing the two buttons on the Menu Table. Each time the button is

pressed, the 3D model or 3DL character will change on the screen.The player

could repeatedly press the button and the use the paddle to choose the model or

character that he wants.
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Figure 9.3: The Recording Room control board PCB diagram

Functionalities

One button is for the player to choose the 3D model, while the other one is for

choosing the 3DL character. Once the button is pressed, the MenuTable circuit

board detects this signal. This is sent through serial port to the Menu Table

computer. Each byte the hardware sends to the computer is unique, representing

the unique button. The Menu Table computer will increment the counter of this

signal and display the right model or character on the screen.

Circuit Board

The circuit board is made in-house. Figure 9.4 and Figure 9.5 shows the circuit

diagram and circuit board PCB respectively.



CHAPTER 9. HARDWARE SYSTEM 73

Figure 9.4: The circuit diagram of Menu Table control board

The component list is shown in Table 9.3.

9.1.3 Reboot of the Recording Room Circuit

There are two circumstances under which the Recording Room circuit will reset

itself. As can be seen from the 
owchart Figure 9.1, the hardwarewill be reset if it

is told to do so by the Sound Server. Another circumstance is thatif the hardware

does not receive ready signal from Sound Server for more than one minute, it will

also reset itself. After reset, it will go back to State 1 as shown in Table 9.1.
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Figure 9.5: The Menu Table control board PCB diagram
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Item No. Part Number Description Quantity

1 PIC16F76 Microcontroller 1

3 MAX233 RS232 driver 1

4 - 20MHz crystal 1

5 L7805CV 5V regulator 1

6 - 330� F capacitor 2

7 - 4.7K
 3

9 - Terminal block 2

10 - DB9 female connector 1

13 ABN410 Push button, NO 2

Table 9.3: Component list for Menu Table hardware



Chapter 10

Audio Interfaces

10.1 Audio server for the interaction table

The audio server for the interaction table runs on Redhat Linux 9 platform and

comprises of two main modules, the sound playing module and the TCP/IP com-

munication module.

The TCP/IP communication module is implemented using socket programming.

The sound playing module is implemented using OpenAL, a libraryfor audio pro-

gramming on Linux platform. The installer and tutorial on howto install OpenAL

as well as documentation on how to program using OpenAL can be found on the

accompany DVD in the folder ../AudioServer/OpenAL.

Before installing OpenAL, please make sure that the audio devicedriver has been

properly installed and is working by playing any audio �le (for example any WAV

�le; Redhat Linux 9 does not support MP3 �le format.) at an audible volume

(Linux sets the volume level to mute by default. The volume level can be changed

using any audio mixer available on Linux.). If there is no soundeven when the
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Figure 10.1: Audio server 
ow chart

volume is not muted, please install ALSA, which is a general audiodevice driver for

Linux. It can be found together with its documentation at ../AudioServer/ALSA.

The sound played on this server includes music and sound for the following char-

acters:

� Background music

� Princess

� Witch

� Singaporean girl

� Singaporean boy

� Indian boy
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� Indian girl

� Dragon

� Gira�e

� Horse

� Stone

� Burning (the sound of any character burning down by the dragon)

All these sound �les can be found at ../AudioServer/Sound with their mnemonic

names.

10.2 Control server for the recording room

Figure 10.2: Control server class diagram

This server acts as a mediator between the hardware of the recording room, the

capturing program and the user who is entering the recording room to capture her

image as well as other users who are waiting for their turn to capture.



CHAPTER 10. AUDIO INTERFACES 79

Figure 10.3: Interaction diagram

The server communicates with users inside the recording room via audio messages

and with users waiting outside via video messages displayed on a wall-mounted

screen. The communication between the server and the capturing program is done

using TCP/IP socket while the messages between the server and the hardware of

the recording room are sent through a COM port.

Figure 10.4: State transition diagram
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Interactions between the controller of the recording room,the control server and

the capture client are depicted in Figure 10.3. However, Figure 10.3 shows only

interactions which are important to the capture client. Details of interaction be-

tween the recording room controller and the control server are shown in Figure 10.4.

At state 0, control server sends a reset message to the micro-controller of the

recording room and waits for the ready message which signals that the micro-

controller is now at its initial state and ready for recording.

States 1, 2 and 3 handle the opening and closing of the recording room's door.

If the start button is pressed while the door is closed, recordingwill start after a

few seconds.

After recording has �nished, the control server will wait for signals from both

the micro-controller and the capture client to determine whether that particular

recording has been successful or not. The control server will then act accordingly;

either informs the user of the success or requests a re-recording.

During recording, appropriate visual and audio messages are sent to users. These

messages can be found at ../ControlServer /VisualMessage and ../ControlServer/AudioMessage.
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Appendix A

Tutorials

A.1 Steps for Shutting System Down

Step Computer Action KVM 

1

WIN MENU
WIN 1
WIN 3
WIN 4
WIN 5

 - If the WindowRenderer is still running (in the black window: 
cmd.exe), close it by pressing 
Ctrl-C
- shutdown the computer by press "start"->"turn off computer" at 
the bottom-left of the screen

1 => 8               
2 = > 2              
2 => 6               
1 => 3               
1 => 1

2
3DLIVE & 
SOUND SERVER

- shutdown the computer by press "start"->"turn off computer" at 
the bottom-left of the screen

3 => 4

3
CAPTURING 1
CAPTURING 2
CAPTURING 3

shutdown 
3 => 1               
3 => 2               
3 => 3

4
LINUX CEILING 
TRACKER

shutdown 2 => 8

5

LINUX MENU
LINUX 1 (user)
LINUX 3 (user)
LINUX 4 (user)
LINUX 5 (user)

shutdown 

1 => 7               
2 => 1               
2 => 5               
1 => 4             
1=> 2        

6
GAME SERVER & 
SOUND

shutdown 2 => 7

To press the power button of the computers to turn it on if the computers are off due to power 
trip or mannual shutdown. To Restart/Shutdown Win c omputers, press "start"->"turn off 

computer" . In case that the computer is not off au tomatically, you might need to press the 
"power" button once to turn it off manually.

To Shutdown Linux computers, press the"escape" (ESC ) button to exit the program currently 
running. Sometimes you might need to use "ctrl+c" t o close the program. Then in the 

command line [root@xxxxx], type in command "halt".
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A.2 Steps for Re-Starting System

Step Computer Action Program Comments KVM

1
GAME SERVER & 
SOUND

 - Restart the computer (shutdown and 
then boot up)

auto-run
Wait for 6 mins after the computer is 
turned on before going to Step 2 2 => 7

2
LINUX CEILING 
TRACKER

 - Restart the computer (shutdown and 
then boot up)

auto-run
Wait for 6 mins after the computer is 
turned on before going to Step 3 2 => 8

3

LINUX MENU
LINUX 1 (user)
LINUX 3 (user)
LINUX 4 (user)
LINUX 5 (user)

 - Restart the computer (shutdown and 
then boot up)

auto-run
Wait for 6 mins after the each computer 
is turned on before turning on the next 
computer.

1 => 7            
2 => 1            
2 => 5            
1 => 4            
1=> 2        

4

WIN MENU             
WIN 1
WIN 3
WIN 4
WIN 5            (Win 
1,3,4,5 can be 
started at the 
same time)

 - Restart the computer (shutdown and 
then boot up)

auto-run
Wait for 6 mins after pressing the power 
button of the last win computer

1 => 8            
2 = > 2            
2 => 6            
1 => 3            
1 => 1

5

CAPTURING 1
CAPTURING 2
CAPTURING 3 
(CAPTURING 
1,2,3 can be 
started at the 
same time)

 - Restart the computer (shutdown and 
then boot up)

auto-run
Wait for 6 mins after pressing the power 
button of the last win computer

3 => 1            
3 => 2            
3 => 3

6
3DLIVE & 
SOUND SERVER

 - Restart the computer (shutdown and 
then boot up)

auto-run

Wait for 6 mins after pressing the power 
button of the last win computer (you 
might want to remove cursor by using 
KVM controller)                                      - 
Wait for CaptureClient to establish the 
connection and initialize the parameters, 
until it says: "Wait for command to start 
capturing…" (this is the 2nd window 
which contains a lot of green text)

3 => 4

To press the power button of the computers to turn it on if the computers are off due to power trip or  mannual shutdown. To 
Restart/Shutdown Win computers, press "start"->"tur n off computer" 

To Shutdown Linux computers, press the"escape" (ESC ) button to exit the program currently running. The n in the command 
line [root@xxxxx], type in command "shutdown -h -no w".

If HMD is not working, check:  (A) the power of the  adapters (in the interactive table) are all on (B)  Check the Graybox 
attached on Linux 1 computer. Turn on its power by pressing the "power" button. You should be able to see the RED LED on. 

NOTE:  To use KVM switcher, press the button in the  front panel. To use the hotkeys on the keyboard mi ght lead to system 
hangs. Please proceed with cautions!
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Equipments List

The main equipments of \Magic Land" are listed below.

� 18 Computers and 3 monitors (21 power sockets needed)

� 3 KVM (no need for power supply)

� 1 Grey Box (power supply directly from PC USB port)

� 1 LCD monitor for menu and 1 LCD monitor for recording room

� 6 HMDs with 6 Unibrain cameras

� Recording room: 9 Dragon
y cameras (power supply directly from PC 1394

ports), 4 �rewire hub (need power adapter), and 3 syn units

� Ceiling tracker: 4 Dragon
y cameras, 2 �rewire repeaters, and1 syn unit for

the cameras

� Speakers: 1 PC speaker for the menu table, and 1 Big speaker for recording

room and interacting room

� 1 circuit panel controlling TWO buttons on menu table (need power adapter)
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� 1 circuit panel controlling the lights in the recording room(need power)

� 2 Gigabit hubs (need power adapter)

� marker sheets for the main table and the menu table

� 1 projector

Also please note that there are quite a few important cables needed for setting

up the system. For example, the long enough �rewire cables to connect all the

cameras (Dragon
y and Unibrain) to the repeater or PC. The video cable for

HMD and audio extension cable for the speakers. The length of the cables depends

on the di�erent layout of the exhibition area.



Appendix C

Source Codes, Tutorials, and

Original Files

The attached CD contains all the source codes, tutorials, and original �les for

installing and setting up \Magic Land" system. The structure of the CD is as

following:

1. 2. 3.

To be de�ned...

The original �les include the marker designs, special e�ect sounds, and 3D

models.
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Cup.Top. Cup.Frame. Table

Flowers Tree1 Tree2 

Lotus Stone1 Stone2

Stone3 Stone4 Bench

Temple1 Temple2 Bridge

Temple3.With.Bridge Volcano Volcano.Animation

Figure C.1: Previews of models used in \Magic Land" - Part 1
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Scene Firework Burned.Object

Trashcan Trashcan.Animation Fire

Dragon Witch Panda

Dragon.Animation Witch.Animation Panda.Animation

Horse Giraffe Chinese.Princess.

Horse.Animation Giraffe.Animation Chinese.Princess.Animation

Figure C.2: Previews of models used in \Magic Land" - Part 2
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Singapore.Boy Singapore.Girl India.Boy.

Singapore.Boy.Animation Singapore.Girl.Animation India.Boy.Animation

India.Girl

India.Girl.Animation

Warning.Interface.Design

Figure C.3: Previews of models used in \Magic Land" - Part 3


