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ABSTRACT

In this paper we presert two tangible interactiv e entertain-
ment interfaces using physical cubes. In the rst paradigm,
Magic Story Cube, we novelly used a foldable cube for tan-
gible and interactiv e story telling. In the secondparadigm,
Jumanji Singapore, physical dices are used to directly ma-
nipulate and control the processJumanji board game. In
both of our systems, we embedded both the concept of aug-
mented reality (AR) and the concept of tangible interaction.
More imp ortantly, multiple modalities including speed, 3D
audio, 3D graphics, and touch are usedto provide the user
with multi-sensory experiences. Our researd explores the
usesof tangible objects, more speci cally , the usesof phys-
ical cubesin interactiv e entertainment systems.

Categoriesand Subject Descriptors

H.4 [Information  Systems Applications ]: Miscellaneous;
H.5.1 [Multimedia Information Systems ]: Arti cial, aug-
mented, and virtual realities; H.5.2 [User In terfaces ]: Pro-

totyping

Keywords
Interactiv e Entertainment, Augmented Reality (AR), Tan-
gible User Interface (TUI), multi-mo dal interaction

1. INTRODUCTION

Humans have beenable to tell story, and play board games
since ancient times. These formats of interactiv e entertain-

ment have lasted almost throughout human history. As so-
cial creatures, humans nd physical interaction, touch, and
human-to-human presenceessetiial for the enjoyment of life
[4]. Nowadays, computer entertainment also can provide hu-
mans with enjoyment, by allowing virtual fantasy and imag-
inativ e play activity to be carried out. However, presert
computer entertainment focusesthe user's attention mainly

on computer screensor 2D/3D virtual environments, rather
than interactions between humans. Physical and social in-
teraction is constrained, and natural interactions such as
gestures, body language and movemert, gaze,and physical
awarenessare lost [8].

These limitations can be addressedby applying augmernted
reality (AR) and tangible userinterface (TUI) technologies.
Seweral researdes have been carried on for storytelling pur-
posesapplying AR [5] or TUI [3] techniques. Our Magic
Story Cube is di eren tiated by novelly applying a foldable
cube as the interface. It enhancesthe entertainment expe-
rience by allowing usersto physically unfold the cube to ex-

plore the story contents. As shown in Figure 1, our novelty
lines in the fact that we apply Magic Book [6] technology
in a 3D foldable cube [2] which enablesa 3D direct tangible
interaction by both hands. The storytelling becomestangi-
bly interactiv e for the user instead of passiwely showing the
3D graphics.

In the other system - Jumanji Singapore, we applied physi-
cal labelled cubes as essettial elemerts of 3D board game -
dice and controller. Our system applies the similar method
to track the cube asin Fjeld's \Augmen ted Chemistry" [7],
however instead of purely using the cube as a controller of
3D graphics, the cube itself now serves as an essetial el-
emert (dice) of the board game. Apart from holding the
collaborativ e entertained experience as in other AR board
game [9], Jumanji Singapore also emphasizestangible in-
teractions. Both of our systems allow user to have multi-
modal (3D vision, 3D music, speed, and touch) interaction
for interactiv e storytelling and game entertainment while
re-invigorates computer entertainment systems with social
human-to-human and human-to-physical touch interaction.
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Figure 1. Evolution of books in storytelling. Our

Magic Story Cub e is a 3D version of Magic Bo ok.
It allows interactiv e tangible exp eriences with aug-
mented realit y story scenarios.

2. MAGIC STORY CUBE

Storytelling is an important part of human culture, both in
entertainment and in education. Traditionally storytelling



enablesmulti-sensory experiencesincluding audio (speaker's
narration), vision (text and pictures on the book) and touch
(turning the pages). With the developmert of multime-
dia technologies, digital movies for storytelling on PC be-
come possible. However, from the HCI viewpoint, the GUI-
based storytelling interface constrains userson at rectan-
gular screenshence not only separatesthe story from the
humans and the physical world, and also limits the use of
touch (and thus limits the interaction modes).

Figure 2: Traditional magic books only allow a pla-
nar physical manipulation.

\Magic Book" [6] technology encourages3D interactions to

the augmerted virtual objects. However, the cards and pad-
dles used do not very much improve the use of touch due to

their at 2D con guration. As shown in Figure 2, the users
are limited to planar 2D touch (which is not lik e the natural

real world 3D objects humans interact with). We address
this problem by applying a foldable 3D cube instead of 2D
book and 2D paddle which encouragestwo-hands manipu-

lations. Figure 3 shows the physical setup of Magic Story

Cube. User wears a head mounted display (HMD) with a
camera mounted in front to provide the rst person view-
point of the 3D sceneswhile direct manipulating the process
of the story by two-hands interactions.

Magic story cube applies a simple state transition model for
interactiv e storytelling. Appropriate segmers of audio and
3D animation are played in a pre-de ned sequencewhen the
user unfolds the cube into a speci ¢ state (as turning pages
in a physical story book). The state transition is invoked
only when the contents of current state have been played.
The state transition is in a one-way manner thus only the
rst unusedstory segmen will be played back, allowing the
story to maintain a continuous narrativ e progression. In
this example, Magic Story Cube tells a famous Bible story
\Noah's ARK" which is selectedto be one of represenativ e
story of beginner's Bible, as shown in Figure 4.

Magic story cube allows all modes of multi-sensory story-
telling to be felt by the humans (audio, vision, and 3D phys-
ical touch). Our preliminary user feedbad shows that most
of the usersfeel much entertained when they can physically
manipulate and explore the cubesto seeand hear the story,
compared to being passiwely given a video clip and a magic
book.

Figure 3: Physical setup of 3D story cube: User
wears a head mounted display (HMD) and views
the 3D version of the story through the HMD while
exploring the tangible foldable cube.

3. JUMANJI SINGAPORE

The \Jumaniji* game [1] in the Hollywood fantasy movie
lures players to its game-board via intriguing jungle drums.
By rolling the dice, the player's game piece movesmagically
along the board and the player navigates two di eren t worlds
- the deadly jungle world and the real world. We realize this
fantasy myth in our real system\Jumanji Singapore" which
allows usersto have a magical tour of Singapore by simple
manipulations of physical cubes.

AR technology aims at augmerting the physical world by
superimposing computer-generated digital information, es-
pecially 3D graphics. TUI encouragesthe use of physical
objects to interact with digital information in a more in-
tuitiv e and natural way. Our Jumanji board game system
combines the main advantages of both technologies by visu-
ally tracking the physical game-board and dice which allows
userto play the game by physically rolling the physical dice
while being able to transit among the physical world, 3D
AR world, and 3D virtual reality (VR) world.

Our game system usesthe map of Singapore as the game-
board and two cubeswith di eren t markersmounted on each
of the surface. One cubeis usedasthe dice and the other one
(called \control cube") is used for more complex functions.
Figure 5 shows the physical setup of the game. Our game
system supports two players to play in turn. When viewed
through the HMD, the game-board turns into a 3D map of
Singapore with represertativ e sceneriesalong the tracks.

3.1 Gamerules
We designedsimple gamerules for Jumaniji Singapore board
game.

Two usersplay the game by throwing the dice in turn

User is not allowed to go forward unless she nishes
the tour/shopping in the spot where she came across

When gets to a crossing of the tracks, user is required
to roll the dice again to decide which path to take



Figure 4: Magic Story Cub ein action: In this exam-
ple, the Magic Story Cub e is teling a Bible's story
- Noah's Ark. The user can use both hands to un-
fold the cube and explore the contents of the story .
Corresp onding 3D animation, 3D sound, and human
narrativ e voice are played back in dieren t states.

When getsto the famous sceneriesthe useris required
to take a tour/shopping there for a few runs depending
on the dice sherolls

The one who rstly gets to the city center wins the
game

3.2 Representatve scenarios

We designed many scenariosin the game. Video clips, 2D
photos, 3D models, and 3D sound of the sceneriesare applied
to provide the player with a multi-mo dal experiencein the
interactiv e entertainment ernvironment. Here we summarize
a few represenativ e scenarios:

The metaphor of the play on the map will move with
regard to the points of the dice sherolls, as shown in
Figure 6.

When the play getsto a shopping street, sheis required
to do shopping by using the control cube to add goods
into the cart (augmented on the top of the dice), as
shown in Figure 7.

The player arrives at the virtual Sertosa island. As
shown in Figure 8, sheis viewing the video clip of the
Musical Fountain.

The player can also use the control cube to decide
which track to go when come to a crossing, to y
into and navigate through the VR world of the famous
scenic spots, as shown in Figure 9.

Player two gets to the end point rst and wins the
game. As shown in Figure 10.

4. CONCLUSIONS

In this paper we presert two tangible interactiv e entertain-
ment interfaces using physical cubes. The rst paradigm,

Magic Story Cube explores the application of cube inter-
face to the eld of interactive storyteling. The narrativ e
appearsto be much more attractiv e and understandable by
intro ducing 3D graphics and 3D sound aswell asthe 3D ma-
nipulation and 3D senseof touch. This also suggeststhat
augmerted reality technologies can be usedto complemert
tangible user interfaces for a more exciting and entertain-
ing interactiv e experience. The second paradigm, Jumanji
Singapore, explores the application of TUI in building an
augmerted reality 3D game for entertainment and poten-
tial tourism promotion purposes.It also exploresthe use of
physical cube asthe essetial elemert (dice) of board game.
It allows the Hollyw ood fantasy to be turned into reality.

A web site featuring videos of these works can be seenat
http://mixedrealit y.nus.edu.sg/media-videos.hitm.
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Figure 5: Physical setup of Jumanji Singap ore
Game: User wears a head moun ted display (HMD)
and views the 3D map of Singap ore through the
HMD. User need to roll the physical dice to play
the augmen ted realit y game.

Figure 6: Jumanji Singap ore in action

Figure 7: Using the cube to have a virtual shopping
in city center of Singap ore.

Figure 8: Using the cub e to seethe photos and video
clips of Sentosa Island of Singap ore.

Figure 9: Using the cub e as a navigation tool to tour

in virtual Singap ore city center.

Figure 10: Player two gets to the end rst
the game.

and wins



