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Interactive Edutainment System with enhanced Personalized
User Interface Framework
Youngho Lee and Woontack Woo, Member, IEEE

Abstract — [In this paper, we present the Responsive
Multimedia System, an interactive edutainment system.. The
system consists of an AR-based tabletop tangible user
interface (ARTable) and a virtual environment manager
(VEManager) integrated by enhanced Personalized User
Interface Framework. In this system, a user interface and
virtual environments are integrated seamlessly by sharing
user-centric context. To share user-centric context efficiently,
our system optimizes the number of network connection
between objects in real and virtual environments. The
synchronization problem between ARTable and a virtual
environment is solved by calculating coordinates with
additional information such as collision with terrain and
physics law in a virtual environment as well as user-centric
context. Moreover, it reorganizes responses of an object

according to a user-centric context and condition-action rules.

To demonstrate the effectiveness of the proposed system we
developed an application on the subject ‘Dream of Mee-luck’.
According to the experimental results, we found that the
proposed system could be a promising technology that
enables users to experience an interactive story. In the future,
the proposed system can play an important role in developing
interactive applications for edutainment.

Index Terms - Responsive Multimedia System, ARTable,
Personalized User Interface

I. INTRODUCTION

With the increasing interest of edutainment computing,
various multimedia technologies have been developed during
the last decade. New human-computer interfaces, real-time
graphics, immersive displays, 3D sound, character animations,
and artificial intelligence allow one to realize novel interactive
edutainment systems. Thus, researchers have designed and
implemented interactive edutainment systems with novel
multimedia technologies. However, developing an interactive
edutainment system is still a challenging problem since we
need to consider how to merge these multimedia technologies
for creating and telling interactive stories for interactive
edutainment systems.

Many interactive edutainment systems have been developed
for supporting user interaction with contents [1-7]. The
DiamondTouch table provided touch as an interaction method
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among multiple users and it was applied to a multi-user map
viewer [4]. The reacTable was used as a musical instrument
[5], and the Planar Manipulator Display was used for
simulating the furniture layouts in an interior space [6]. The
Dialog Table promoted social interactions among visitors and
provided access to the museum's multidisciplinary collections
[7]. However, they are focused on direct user interaction
without reflecting user-centric context such as the user’s
background knowledge and interest. They do not mention
interactions with virtual objects in a 3D virtual environment
even they discussed about 2D digital contents such as pictures
and map. In addition, the lack of intelligent responses limits
the depth of interactions between users and virtual objects.

In this paper, we present the Responsive Multimedia
System (RMS), an interactive edutainment system. The RMS
consists of an AR-based tabletop tangible users interface
(ARTable) and a virtual environment manager (VEManager)
integrated with the enhanced Personalized User Interface
Framework (ePUIF). In this system, modified publisher-
subscribe algorithm composes a multicasting group of objects
dynamically and distributes context from a sensor among the
group. Context-based navigation algorithm is an injective
mapping from 2D control interface to 3D virtual environments.
It calculates uncontrollable free variables of coordinates in
virtual environment with user-centric context [13]. In addition,
condition-action rules are applied to decide responses of an
object according to a user-centric context.

In this system, a user interface and virtual environments are
integrated seamlessly by sharing user-centric context. In order
to share user-centric context efficiently, our system optimizes
the number of network connection between a large number of
objects in real and virtual environments. The synchronization
problem between ARTable and a virtual environment is
solved by calculating coordinates with additional information
such as collision with terrain and physics law in a virtual
environment as well as user-centric context. Moreover, it
reorganizes responses of an object according to a user-centric
context and condition-action rules.

To demonstrate the usefulness of the proposed system, we
implemented a virtual heritage which presented a legend of
Unju Temple in S.Korea. We named it ‘Dream of Mee-luck:
Aspiration for a new dawn’ [10]. Fig. 1 shows the overall
system architecture of the Responsive Multimedia System. To
experience the virtual heritage system, users can select a
specific doll according to their preference. Then, users follow
the guide of interactive viewer to visit several places which
show events adapted to the user’s profile acquired from digital
questionnaire. Users can experience personalized story by
manipulating the control object interacting with interactive
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viewer and virtual objects. We believe that the proposed
system can be applied to several application areas, such as
historical education, interactive entertainment and games.
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Fig. 1. Overall system architecture of the proposed Responsive
Multimedia System
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This paper is organized as follows. In Section 2, we explain
the enhanced Framework for a Personalized User Interface
and its functions. In Section 3, we describe ARTable and
VEManager of RMS. In Section 4, we explain an
implementation and the story presented in our system. In
Section 5, experimental results are discussed. Finally,
conclusions and future work are presented in Section 6.

II. ENHANCED FRAMEWORK FOR A PERSONALIZED USER
INTERFACE

In this section, we explain the enhanced personalized user
interface framework (ePUIF) [8]. The ePUIF is a framework
for developing a personalized user interface which allows a
user to access and customize smart objects in real and virtual
environments and to experience personalized responses of the
objects. We assume that there are hundreds of sensors and
services in real and virtual environments.

Objects compose a user interface in real and virtual
environments and are classified into sensors and services
according to their logical function. All of them are connected
to a ubi-,vrSensor and a ubi-,vrService in the ePUIF [9][12].
The ubi-,vrSensor acquires contexts from active area and
delivers the contexts to services. Then, the ubi-,vrService
fuses the contexts, calculates parameters for application and
triggers the actions. Moreover, contexts related audience is
saved in the user profile. It delivers certain services to
initialize and optimize whole system through the ePUIF.

The ePUIF exploits user-centric context as a protocol of
communication. User-centric context is defined as “user-
centric information among a variety of contexts in a service
environment that is interpreted, in terms of 5SWIH, by
applications”[13]. The user-centric context is classified into
‘preliminary context (PC)’, ‘integrated context (IC)’, ‘final
context (FC)’, and ‘conditional context (CC)’ [13]. The CC is
categorized into two types, user conditional context and
service conditional context. It is described by users and
system developers respectively.

ePUIF has a symmetric structure integrating ubi-UCAM
and vr-UCAM. ubi-UCAM and vr-UCAM stand for a unified
context-aware application model for real and virtual

environments respectively as shown in Fig 2. Each UCAM is
composed of Sensor and Service. Sensors extract the user’s
preliminary context (PC) containing limited information about
changes in the virtual environments. Services periodically
integrate  contexts containing meaningful contextual
information, and compares the integrated context (IC) with
conditional context (CC) defined by developers. Finally, the
service decides on the state of a virtual object, and delivers its
decision to the virtual object.
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Fig. 2. Enhanced framework for a personalized user interface

A. Model definition
The ePUIF is defined by a four-tuple U =<1, S,E,C >, where

I is a set of sensors, S is a set of services in both real and
virtual world, C is a set of Conditional Contexts, and
E(c(IxS)u(SxI)) is a set of connection lines between

sensors and services. We do not distinguish virtual sensors or
services with real sensors or services in this model. The
connections E between sensors and services are represented
by an adjacency matrix. It is a matrix with rows and columns
respectively labeled by services (I) and sensors (S), with a 1 or
0 in position (7, , S, ) denoting whether 7, and §_ are

connected or not. Each sensor /7, has one of rows.

B. Accessing Objects

We need to support seamless connection between sensors or
services in real and virtual environments. Network self-
configuration manager (SCM) has the role to compose a
multicasting group dynamically and to distribute a context
among the group. It is embedded in each sensor and service.
SCM applies a publisher-subscriber mechanism. When a
sensor generates a PC, it notifies to services in the same active
area. If a service needs to receive the PC, it responds to the
notification. Then, the sensor can make multicast group list.
Finally, the sensor sends the PC to the services in the list. Fig.
3 illustrates this mechanism and Fig. 4 shows an example of
the adjacency matrix.

The self-configuration manager is composed of three
modules; context publisher, configuration manager, and
context subscriber. The configuration manager checks active
area, type, and state of vrServices and vrSensors. That
information is stated in them by developer. The context
provider composes multicasting group whenever vrSensor
generates a PC. After composing the group, it delivers the PC
to registered vrServices over the network. The context
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subscriber decides to join or not to join the multicasting group
according to the information in the configuration manager.
After it decides to join, it continuously receives the PC from
vrSensors.

® ® ®
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Fig. 3. Publisher-Subscriber Mechanism
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Fig. 4. Adjacency matrix of connections E

C. Action Customization and Intelligent Responses of a
Object

To customize a reaction of objects, we describe a CC in a
Service. CCs are if-then rules that trigger events. For example,
we can write a CC with a meaning of “if the location of a user
A is ‘where’, then trigger the action b.”

The service decides the action of a virtual object. After
getting PCs from Sensors, they are first integrated to form and
IC, as a complete description of the current context. The
service then starts to compare the /C with CCs. Firstly, it
checks sub-context (SW1H) of /C and CC. Secondly, it finds a
matching context through an ‘OR’ operation. Thirdly, it
compares sub-fields between contexts with the same template
through an ‘AND’ operation. Lastly, it selects an action for
the object as described in the then-part of the matching CCs
list. In this moment, CC should be included in the PC
logically. When the comparison result is true, service provider
triggers actions of an object. Fig. 5 shows reaction model of
an object. Input from sensor 7, satisfying condition C,

activates a service S, In Fig. 5 (b), two inputs from sensor

1,,1,, satisfying condition C, activates a service S,

I, .
(D= O
1r+1

(a) one condition case (b) two conditions case
Fig. 5. Reaction model.

III. ARTABLE AND VEMANAGER

A. ARTable

ARTable is an AR-based table-type tangible user interface
[11]. Tt consists of table frame, camera, LCD projector,
workstation, and control objects as shown in Fig. 6. The table
frame has a semi-transparent display screen. The LCD
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projector projects images on the screen. Since it is semi-
transparent, the control object put on the screen is tracked by a
camera tracker under the table. Control objects have familiar
shapes such as doll, toy, etc.

Fig. 7. A user puts the control object on the interactive viewer.

The semi-transparent screen of ARTable allows object
tracker to track a control object on the screen while an image
is projected onto it. The method is as follows: Initially, it does
not display images. After putting a control object onto the
table, the object tracker finds ID and position. Then, the
interactive viewer displays images except the circle centered
on the position of the object. Thus, it can detect the position
and ID of control objects from below while it displays images.

ARTable provides users with interaction methods by
combining basic control object movement with an interactive
viewer. It allows users to move a control object on the surface
above the table as shown in Fig.7. Below the object, it has
AR-marker so that the camera tracker tracks the 3D position
of a control object. From this configuration, it allows daily-
life interaction. In our virtual heritage application, for
example, we carry out navigation. Users watch a geometric
map which is shown by interactive viewer and put the control
object on the specific location on the map they want to see. Or
we can input or select information by putting control object on
a button shown on the table for conventional interaction.

B. VEManager: Virtual Environment Manager

VEManager is a set of virtual objects, such as a virtual camera
and animated characters. As mentioned in section II, all virtual
objects are connected with vrServices. A virtual camera is a
motion camera or a set of still cameras which are designed to
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behave as a motion camera, or a camera taking images of
objects in the virtual world. An animated character has a finite
state machine so that the animation can be triggered by
stimulating actions.

The displacement and viewing parameters of a virtual
camera in 3D space are represented in X, y, z coordinates. The
followings are specific parameters in graphic libraries.

e camera position P(x,y,z) : 3D position in a virtual
environment

e camera orientation O(dx,dy,dz) or Aim Point P(x,y,z)

e camera parameters : parameters such as focal length
(wide angle, telephoto lens), depth of field, and
binocular convergence.

*  viewing properties: fog, light attenuation, spot light,
etc.

We apply a finite state machine with state and transition
condition to animated characters. The state means the possible
actions of a virtual object. The transition condition means the
condition to change state from current to next state. It can be
defined, where is a set of states, is a set of transitions, and is a
set of arrows from current state to the next state. We can mark
the initial state of a virtual object. Starting from the initial
mark, if a transition condition is satisfied, we select next states
or actions. The current state of virtual character is pl. If it
receives a trigger signal t1, it moves to the next state p2.

C. Context-based Navigation Algorithm

Since we connect a small size 2D map on ARTable with a
large scale 3D terrain model in a virtual environment,
synchronization problems have occurred. Many variables have
to be calculated or predicated from insufficient information
provided by the 2D controller in order to put the virtual
camera in a certain position. We follow two steps to calculate
3D coordinates as shown in Fig. 8. Firstly, height and view
angle are decided based on physics law and geometric
information in a virtual environment. Basically, collision
detection is applied. Secondly, user’s preference and scenario
are used for adjusting coordinates of specific virtual objects.
This part are triggered by ePUIF according to the given
condition-action rule and user-centric context.

User
Preference

(Collision)

Fig. 8. 3D coordinates is calculated through above steps. Height and view
angle are from collision detection. Scenario and user preference can also
adjust coordinates.

We can represent a coordinate change from 2D surface to
3D space with the function described in (1). The # and v are

coordinates of surface and @ is rotation angle of z-axis.
X,y,Z are coordinates of 3D space and 6,0 0, are

rotation angles. We need to calculate 3D coordinate and
orientation. Since, we only know 2D coordinate and rotation

angle in z-axis. Furthermore, we should apply several
variables for viewing properties such as fog, FOV, etc.
G:(u,v,0.) > (x,y,2,6,,0,.0.) (1)
Let’s assume that there is a 3D surface S and the point
U=(Xu,v),Yu,v),Z(u,v)) is projected onto the point
u = (u,v,l) in 2D plain. Then, we can get the (2), where p is
a scale factor, T = (p, p,) is a translation matrix, Cisa 3 x 1

translation matrix, and R is a 3 x 3 rotation matrix. Here, if we
assume K = R = C = I, the point on surface S is

(u,v, f(u,v)).

0
4 P. _RC
u=(0 p P 0 | U = KR[I|-ClU )
0 0 1

To solve the coordinate problem, firstly, we calculate scale
p = (unit in ARTable)/(unit in VE) by measuring the metric in
ARTable and a virtual environment. The translation and rotation
matrix is calculated by selecting 3 corresponding points. In
order to simply the calculation, we change the camera
coordinate system to an arbitrary N x M rectangular coordinate
system. When camera detects movement of an object on table, it
delivers changed coordinate N x M to VE over the network. At
the VE System, we receive the coordinate and translate it to the
3D coordinate system from N x M.

Normal to terrain

Gaze

Direction 90deg,

Va Z-coord.

Intersecting Test

Fig. 9. z-coordinate and viewing angle of a virtual character or a virtual
camera.

Another problem is that the 2D Map provides x- and y-
coordinates without z-coordinate. Moreover, viewing
direction is not provided. In order to calculate z- coordinate,
we exploit collision detection between a virtual camera and

3D terrain. We make a straight line to down direction N = (0,

0, -1) and detect intersection with terrain model. In order to

calculate viewing direction, we calculate normal vector NV, of

terrain surface and get Hx as shown in (3). Thus, avatars can

climb the mountain as shown in Fig. 9.

N
) 6,=0, 6. =R, ©)

a

0, =cos™(
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Virtual camera and character’s parameters are planed as a
form of condition-action rule. As show (4) and (5), state of
user interface and user-centric context can be used for
condition-action rules.

e If StateofViewer(mapl || map2 || map3) A
objectTracker(dosun || dongja) = (x,y) 2> (4)
vrcharmoveto(dosun || dongja, (x,y))

e If StateofViewer(mapl || map2 || map3)
objectTracker(dosun || dongja) = (x,y) &)
vrcameramoveto(dosun, (x,y,z +10), (h,p,r))

IV. IMPLEMENTATION
A. Legend of Unju Temple — Dream of Mee-luck

Unju Temple is a temple located in Daecho-ri, Hwasun-gun,
Jeonnam Province in Republic of Korea [10]. At the end of
Unified Shilla Dynasty, Reverend Priest Doseon tried to
construct thousands of Buddhist statues and stone pagodas in
a single night. By implementing the legend, we try to show
wishes of ancient people, who put tremendous amount of
effort building Buddhist structures, and the beauty of Unju
Temple. We apply the following scenario: Users watch
animation of the legend of Unju Temple. After understanding
the legend, they move in front of ARTable and virtual
environment. They start to navigate virtual Unju temple.
There are several events to unfold the story in specific
position in virtual Unju Temple .

TABLE II shows the type of objects in the proposed system
and TABLE I shows events based on the legend of Unju

temple.
TABLE I
SCENARIO IN SPECIFIC LOCATION

Location Events description

Great tree in  When a user gets close to the Great Tree, the user can

front gate hear sounds of wind and birds.
Road of pagoda A bird sings. The fog disappears.
Cherry blossom  The cherry three reacts according to user’s gesture

and context.

Construction Stars twinkle up in the sky.

rock

Chilsung Rock A user can put his/her lotus light.

Lying Buddha A user can watch the lying Buddhist at one sight from

statue higher position. When enough number of lotus lights
are turned on, lying Buddhist starts to stand up.

TABLE I1
TYPE OF OBJECTS IN REAL AND VIRTUAL ENVIRONMENTS
Type of Object

ARTable Control_Objectl, Control object2, ObjectTracker,
InteractiveViewer

Virtual Dongja, Dosun, Lady, Lying  Buddhist

Environment LotusLight[6], Weather(day, night, fog),

MessageBoard, SoundPlayer

B. Sensor and Service

We implemented sensors and services based on the ePUIF.
RMS is categorized into sensors and services, regarding the
scenario and its functions.
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TABLE IV and TABLE III list an example of sensors and
services. The sensors capture fluent values; the state of objects
and the services performs an action. The services include if-
then rules in the form of ‘precondition — action’ as shown in
(6). Precondition is a condition given by sensors. Several
services can be triggered simultaneously since each service

has own rules.

e If vrSymbolicLocation(dosun, Great Tree) =
true, then SoundPlay(wind || birds)

(6)

TABLE III
VRSENSORS AND VRSERVICES IN A VIRTUAL ENVIRONMENT
Name Description
vrSensor vrLocationTracker(  The current position of virtual
¢) =(xy) character ¢ on VE is (x,y)
vrSymbolicLocatio  dist(location, x)<10
n (X, location)
VRDay(t) It is day in current time t.
VRNight(t) It is night in current time t.
vrService vrcharmoveto A character ¢ moves to position
(e.(xy) (xy).
vrcameramoveto(c, A virtual camera moves to position
(x,y,2), (a,b,c)) (x,y,z) and orientation (a,b,c).
vrweatherchange(x, Change day (or night) to night (or
-X) day).
vrlotuslighton(c,l) A character ¢ carries the Ith lotus
light.
vrlotuslightoff(c,l) A character ¢ puts the Ith lotus
light.
ChangFogLevel(x) It changes fog level as x. (0 — 1000)
SoundPlay(x) It plays sound file x.
TABLE IV
UBISENSORS AND UBISERVICES IN ARTABLE
Name Description
ubiSensor  object The current position of control
Tracker(c)=(x,y) object ¢ on ARTable is (x,y)
UserAns(x) X can be Beginner, Intermediate,
Expert, Never scene, Just know,
Well-know
ubiService  interactive It displays image x on the ARTable.
Viewer(x)

C. Personalization of User Interface

The procedure of the personalization is question-answer,
making user profile, and adaptation. We select rule-based
filtering since it is proper for short time exhibition and easy to
expect results. Then, through a user interface, we ask several
questions and gather the answers to make a user profile. At
first, an author (storyteller) makes digital questionnaires to
acquire familiarity and background knowledge of a user. The
author also makes rules for the responses of virtual objects. A
user’s preference is captured when he/she selects one of
control objects. TABLE V shows the list of user information
from this process.
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TABLE V
USER-CENTRIC CONTEXT IN OUR IMPLEMENTATION

User’s context Category

Familiarity No, A little, Well-known
Background Beginner, Intermediate, Expert
knowledge

Preference Priest Dosun, Young Monk

From the answers of the user, vrSensor multicasts
personal information and interaction data in the form of
user-centric context. The user-centric context is delivered to
vrServices in a user interface and a virtual environment
through a network. Then the vrServices decide the actions of
virtual objects such as interactive viewer, character
animation, events, etc. At this moment, comparing a user
profile with rules given by storyteller, the user interface and
events are re-configured. For instance, when a child uses the
system, the user interface is simplified. Formula (7) is an
example.

e If UserAns(Beginner) A
UserAns(No_background) > @)
InteractiveViewer(map1)

The position of virtual camera is calculated from
following steps. Firstly, we calculate the 3D coordinate of
the virtual camera based on the physical laws and geometric
information in a virtual environment as described in section
III. C. Secondly, we consider the story context. For example,
we calculate the 3D camera position for viewing specific
events. Thirdly, we apply user’ familiarity and preference to
change the position.

D. User Experience according to User’s familiarity,
background knowledge and Preference

Participants started interaction with control objects and the
interactive viewer on ARTable. The participant watched
control objects whose shape is easily found in our daily life
on the ARTable. There were two kinds of dolls: priest and
young monk. The participant could select one of dolls as
his/her preference. If he selected the young monk, the screen
view slightly moved up and down as human walking on the
ground (Fig. 10. (a)). If the priest was selected, the 3D
character moved toward front as it was riding on a cloud

(Fig. 10. (b)).

(a) (b)

Fig. 10. Virtual characters reflecting preference

The participants input personal information on ARTable.
In this process, we can get personal information and a user

can learn how to utilize ARTable. We used this personal
information, familiarity and background knowledge, to
initialize the overall system. For example, if the participant
was a young child (beginner), we showed the preview of
the temple and played the narration to explain the legend.
We also selected a simple sequence of events and a low
interaction level because for a young child, it was difficult
to follow the full story. Additionally, a child’s interaction
was restricted to specific positions that guide the presented
story. If the participant was an adult (expert), we omitted
preview and explanations. The StoryMap was selected
based on background knowledge. Fig. 11 shows selection
of a StoryMap according to a user’s background knowledge.
Fig. 12 shows the procedure for the personalization of
ARTable.

Control Object
(Priest Doseon,
Little Monk)

beginner Beginner

Interface

no Preview

. . little
intermediate

Intermediate)
Interface

Preview
selection

Well

Expert
Interface

expert‘ No
"\ Preview

Fig. 12. User interaction in ARTable

The participant experienced personalized events in a virtual
environment following the sequence illustrated in Fig. 13. The
first position where a participant put his/her doll was the
entrance of Unju Temple at StoryMap. The participant
watched the big tree shaking by wind and listened to the
sound of a bird moving around the tree. He/she could
recognize the recommended position with a shining effect on
the StoryMap. When the participant placed the doll at a
specific position on the map, the virtual scene moved to that
position. He could then select another position for further
navigation.
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Tangible Object
(Priest Dodeon,
Little Monk )

Question?

Background
Knowledge?

Preview
selection

Sightsee
(valley,
night)

Sightsee
(valley,
day)

Fig. 13. User interaction and event sequence

. ARTable: Interactive Viewer

Fig. 14. A Lotus light: public’s hope and wish. Upper figure shows events
in ARTable and below figures are events in VE.

After watching scenery on the path, the participant could
move to the location where cherry tree blossom stands. In this

position, the participant could pray for his/her personal wishes.

They can select one of wishes displayed on the ARTable;
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health, beauty, love, richness, childbirth, passing an
examination. After selecting wishes, it became night. And the
priest or young monk carried a lotus light which represented
the wish. The participant experienced several events at the
next location. When a participant arrived at the rock
construction site, he could watch the whole sight of ‘Unju
Temple’ and a special event occurred. Finally, the participant
reached the lying Buddhist. According to the legend, when
thousands of Buddhist statues were made, the lying Buddhist
stands up right. In our story, when 10 lotus lights hang on the
tree, the lying Buddhist stands upright. Fig. 14 illustrates the
event sequence for the lotus lights.

V. PERFORMANCE EVALUATION

A. Coordinate synchronization

We assigned a control object tracking resolution as 2mm since
we need to remove jitters caused by light condition. The size
of storymap displayed on the screen was about 50cm x 65 cm.
However, the size of terrain was about 2300 x 1500 (unit).
Thus when users move control objects about lcm, virtual
avatars move about 20m in VE. We applied linear
interpolation from starting point to final point. Since a frame
rate was about 10f/s, we calculated position in every 0.1
second. Fig. 15 shows interpolation result. From point 0 to 22,
virtual character was moved 2.2 (unit).

20 [

SOJRUIPIO0D-Y

1 3 5 7 9 11 13 15 17 19 21

Number of frames

Fig. 15. Number of Frames before and after filtering

We faced a jittering problem which was caused by collision
with terrain, camera tracking resolution, network delay and
jitter. Since 3D terrain model was made with triangular mesh,
there was a big angle change between mesh and mesh. Camera
tracking algorithm also showed instability because of light
condition. To reduce this effect, we implemented Gaussian
filter which used linear interpolation. Since frame rate was
1017s, it processed coordinate in every 0.1 second.

Table VI shows average and stand deviation when we
applied Gaussian filter or not. For this measurement, we
moved control object from arbitrary starting point. As results,
we can see that height didn’t show big changes. Its standard
deviation was changed from 3.33 (unit) to 3.15. However, the
gaze control result showed that we can reduce much instability,
since the rotation error make big distance changes. For
example, if gaze direction changes one degree and target
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virtual object is located 200 (unit), it makes 0.1 x 200 = 20
(unit) errors.

TABLE VI
STANDARD DEVIATION BEFORE AND AFTER FILTERING
User’s context Height 'sta'ndard Viewing an'gle'e standard
deviation deviation
Without filter 3.33 (unit) 12.90 (deg)
With filter 3.15 (unit) 7.90 (deg)

B. Performance evaluation of Accessibility

The reaction of virtual objects is diversified according to rules
given by developers. Let’s assume that there are N sensors, M
services, and each service has R actions. Then we can expect
R x (N x M) reactions in a virtual environment in maximum.
Moreover, if we apply joint rules, the number of possible
reactions is increased. In addition, each virtual object can
show different reactions on the same input since they may
have different conditional contexts. However, the developers
have to consider lots of cases when they design events.

Let’s assume that G is a set of partitions with the equal
number of elements. In the extreme case, we need N x M
network connections to deliver information from N sensors to
M services. The ePUIF separates services into several groups
according to their active area. Thus, the number of connection
lines can be reduced to N x (M/|G]) connections, where |G| is a
number of groups. However, there was a network delay due to
the publisher-subscriber protocol used.

20

15
10 [
5
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Cost Functior

1 7 10 13 16 19 22 25
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-15
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Fig. 16. Simulation of accessibility according to number of groups |G|
where p is 8 bit and q is 20 bit

Equation (8) and (9) describe cost of the two cases
respectively, where p is a packet size for publisher-subscriber

protocol and ¢ is a packet size for data transmission.

Definitely, p is smaller thang .

(NxM)xq (3)

(N3 M)x p+(NxMf - )x(p+g) )
From (8) and (9), we can get cost function (10). If the (10)

holds, we can say that we enhanced the accessibility. The p

was 8 bit because we used UDP and the ¢ was about 20 bit in

our experiment. Fig. 16 shows the simulation result that the
cost function is less than zero when the number of groups |G|
is greater than three.

1+ Yo pxp=0= Y pxa<0 (10)

C. Usability test

We made up questions to 48 persons who are researchers.
Their interest research areas were ubiquitous computing, user
interface, and virtual reality. We asked usability of ARTable
and RMS in order to verity the enhancement of user interface.
Fig. 17 is a result of the research. 37.5% (18) persons
estimated ‘very easy’ to use ARTable. 50% (24) persons
chose ‘good’ and 6 persons are ‘difficult’. In this survey,
63.5% (30) persons did not satisfy enough. They pointed out
that the user interface is needed to be improved at the
commercial product level. After they experience personalized
user interface, 39.5 % (19) persons put on premium on
personalized responses of virtual objects that reflect their
background knowledge and preference. The persons who
chose ‘good’ instead of ‘no meaning’ were increased. This
result shows that the proposed RMS could contribute to
enhance users’ experience.

Very easy(18)| | No meaning(1)

Difficult(6)

Very
Good
(19)

Good
(28)

Good(24)

(a) (b)
Fig. 17. Survey results. (a) ARTable usability test, (b) Personalized
responses of RMS

VI. CONCLUSION

In this paper, we presented the Responsive Multimedia
System (RMS), an interactive edutainment system. The RMS
provides a personalized user interface by allowing a user to
access and customize objects and to experience responses of
them. In order to achieve this goal, we utilized ePUIF to share
user-centric context such as user’s background knowledge and
preference in real and virtual environments. We enhanced user
navigation by applying context-based navigation algorithm
and presented intelligent responses of virtual objects based on
condition-action rules. We implemented an interactive system,
‘Dream of Mee-luck’ to show the effectiveness of the
proposed system. In this application, users can experience the
personalized user interface, virtual character animation, and
virtual events. However, because of matching much
information from sensors and many rules inside services,
complexity and uncertainty problems are caused. In the future,
we have plans to study cognitive agents in order to enhance
intelligent responses of virtual objects in the RMS.
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