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[PAPER

Framework for Personalized User Interface by Sharing
User-Centric Context between Real and

Virtual Environments*

SUMMARY  In this paper, we propose a framework that provides users
with personalized interfaces by sharing user-centric context between real
and virtual environments. The proposed framework consists of ubi-UCAM
for generating user’s contexts, NAVER for managing virtual environment,
and rv-Interface for linking ubi-UCAM with NAVER. Firstly, personalized
interface helps users to concentrate on their tasks of interest by reducing
burdensome menu selections according to user’s context. In addition, user-
adaptive contents based on user’s preferences allow more pleasure personal
experiences. Finally, personalized interface with context hand-over mecha-
nism enables users to continuously interact with virtual environments, even
if the users move around. According to experimental results, we expect
that the proposed framework can play an important role for realizing user-
centric VR applications by exploiting personalized interface that adapts to
user-centric context.

key words: personalized interface, user-centric context, context handover

1. Introduction

VR applications have mainly been applied to limited do-
mains e.g. psychotherapy [1], pilot-training [2], combat sim-
ulation [3], etc. However, recent advances in computer tech-
nologies and interactive devices have brought VR applica-
tions such as games [4], teleconferencing [5] and virtual mu-
seumn [6] to everyday life. For the deployment of VR appli-
cations in daily life, developing easy and natural interfaces
for the VR systems has been one of the core issues.

To provide users with easy and natural interfaces, con-
text plays an important role in VR applications. Context
enables applications to appropriately react to users without
any explicit commands by providing contextual information
such as location, identity of user, time of day, user’s emo-
tional state, focus of attention, and identities of nearby per-
sons and objects. In the area of ubiquitous computing (ubi-
Comp) [7], many research activities on context have been
repoerted in [8]-[11].

On the other hand, context in VR has been biased to-
ward virmual people or objects in virtual environments. For
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example, context is mainly exploited for giving life to virtual
avatars in virtual environments [12],[13]. Context is often
used to enable virtual objects to appropriately react to the
changes in virtual environments {14], [15]. However, with-
out considering each vser’s situation in real environments,
the interaction between users and virtual environments fre-
quently canses boredom since VR applications always pro-
vide the same contents and interfaces to all users [12]-[16].
In this case, users often get bored by the unchanging con-
tents and interfaces during experiencing viriual environ-
ments again and again. In addition, it is not easy for users
who have no experience in VR applications to quickly get
accustomed to virtual environments. Consequently, it is nec-
essary for VR applications to provide users with personal-
ized interface that adapits itself to the user’s context.

In this paper, we propose a framework that provides
users with personalized interface by sharing user-centric
context between real and virtual environments. The pro-
posed framework consists of ubi-UCAM, NAVER, and rv-
Interface. ubi-UCAM generates user’s context (e.g. user
identity, age, language, gestures, etc.) to execute context-
based applications[17]. NAVER generates virtual envi-
ronments and changes them according to scenarios which
are scripted by administrators [18], [19]. rv-Interface trans-
forms contexts or commands into events that influence the
virtual environments, and vice versa.

The proposed framework guarantees the following fea-
tures. Firstly, personalized interface changes user’s menus
according to user’s contexts. This reduces bothersome
menu-selecting operations and allows users to. concentrate
on virmal environments. Secondly, user-adaptive contents
are selected according to user’s preferences through person-
alized interface. This allows users to enjoy personal expe-
riences on virtual environments. Finally, personalized inter-
face hands over user’s context in a personal device to a new
virtual system where the user moves. This enables users to
continuously interact with their virtual avatars and devices
with increased mobility. According to experimental results,
the proposed framework has verified that personalized inter-
faces adapting to user-centric context help users to concen-
trate more and enjoy virtual environments and to continu-
ously interact with VR applications for increased mobility.

This paper is organized as follows: In Sect. 2, we ex-
plain the proposed framework and its components. The
implementation and experimental results are explained in
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Sects. 3 and 4, respectively. Finally, the conclusion and fu-
ture work are discussed in Sect. 5.

2. Framework for Personalized User Interface by
Sharing User-Centric Context between Real and
Virtual Environments

The proposed framework aims at providing personalized
user interface by sharing user-centric context between
real and virtual environments. It consists of ubi-UCAM,
NAVER, and rv-Interface as shown in Figs. 1 and 2. ubiSen-
sor in ubi-UCAM senses changes or situations of users in
real environments and delivers them to ubiServices. ubi-
Service provides user’s context to some VR services and re-
acts to changes in virtual environments, Also, VR services
in NAVER are affected by user’s context and deliver situa-
tions of the virtnal environment to the real envircnment. rv-
Interface is responsible for transforming contexts to events,
and vice versa.

2.1 ubi-UCAM

ubi-UCAM [17], a unified context-aware application model,
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Fig.1 Framework for personalized user interface by sharing user-centric
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Fig.2  ubi-UCAM; ubiSensor and ubiService.
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consists of ubiSensor and ubiService. Contexts in ubi-
UCAM play a role for describing user-centric context that
triggers a service without user’s explicit commands. The
context represents user-centric context in terms of SWI1H
{(Who, What, Where, When, How, and Why). This gives
information such as “who is a user in a service environ-
ment?”, “where is a user in a service environment?”, “when
is a user provided with a service?”, “what is a user paying
attention to?”, “how is a user making an expression with
gestures or actions?” and “why is a user going to trigger a
service?” [20]. ubiSensor monitors the changes related to
users or surroundings in real world and translates sensed
data to low-level contexts. Then, it generates unified context
in terms of SW1H and multicasts the context to applications.
ubiService generates high-level context by merging and ana-
lyzing low-level contexts. It collects low-level contexts from
ubiSensors periodically and applies context fusion methods
to each item of SW1H. As a result of fusing contexts, inte-
grated context filling up items of SW1H is generated. Then,
ubiService triggers a service only if a correspondence oc-
curs between the integrated context and the user-specified
conditional context. In case of the proposed framework,
ubiService transfers integrated context to NAVER instead
of exploiting it to trigger a service. Therefore, a ubiService
corresponds to an object in virtual environment that is influ-
enced by real-world contexts.

22 NAVER

NAVER[18], [19], networked augmented virtual environ-
ment realtime, consists of NAVER world for generating a
virtnal environment, visual renderer for displaying virtual
compoenents in 2> or 3D, and event manager for control-
ling events in virtual envircnment as shown in Fig. 3 (a).
NAVER-based VE consists of scenario manager, command
manager, and interaction manager as shown in Fig. 3 (b).
Scenario manager validates the XML script file supplied by
the user, and transmits command lists to command man-
ager. Command manager execuies appropriate operations
such as building a scene graph, setting environmental con-
ditions and preparing network connections according to the
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Fig.3 NAVER. {a) Conceptual components of NAVER in proposed
framework. (b) Componenis of NAVER,
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action lists. Interaction manager reacts to users’ explicit
commands from input devices such as keyboard and mouse.
Visual renderer displays components of virtual environment
according to scene graph. Event manager controls changes
in virtual environment according to users’ input or adminis-
trator’s scenario.

| ' NAVER |

Event & | Event
| rv-Interface ¥
Context Context
Service Service
Manager Provider

T Cornmand
(or Context) ¥
| ubi-UCAM |

Context

Fig.4 rv-Interface.

<pv-Interface>
<ybiService> ubiServicelD </ubiService>
<Context>
<Who>Group Name</Who>
<What>input Device</W¥hat>
<Where>Local Place</Where>
<When>Cumrent Time</When>
<Why>Tour</Why>
<How>Gesture</How>
</Context>
<Context_Service_Manager>
<Event_Type> Event </Event_Type>
<viService>VR ServicelD #1</vrService>
<vwrService>VR ServicelD #2</vrService>

<yrService>VR ServicelD #N</viService>
</Context_Service_Manager>
<frv-Intarface>

(@)

<ry-Interface>
<yrService>VR ServicelD #t1</ivrService>
<yrService>VR ServicelD #2<fvrService>

<yrService>VR ServicelD #N</rService>
<Event_Type> Event </Event_Type>
<Context_Service_Provider>
<Conext>
<Who>Group Name</Who>
<What>Input Device</What>
<Where>Local Place</Where>
<When>Curent Time</When>
<Why>Tour</Why>
<How>Gesture</How>
</Context>
<ybiService> ubiServicelD <fubiService>
</Context_Service Provider=
<frv-Interface>

(b)

Fig.5 Example of XML-based rv-Interface. (a) Context Service Man-
ager. (b) Context Service Provider.
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2.3 rv-Interface

rv-Interface consists of Context Service Manager and Con-
text Service Provider as shown in Fig. 4. Context Service
Manager transforms contexts (representing users’ context)
or commands (influencing virtual environment) into events
for event manager of NAVER. An event affects objects in
virtual environment, In reverse, Context Service Provider
converts events of NAVER to context for ubiServices in ubi-
UCAM. The context from NAVER influences triggering of
a service in the same way as a context from ubiSensors does.

rv-Interface is an XML-based interface describing rela-
tionships between user’s contexts of real environments and
commands of virtual environments, that are implemented
in libraries such as NAVERLib, CAVELib, and VRIuggler.
As shown in Fig. 5 (a), Context Service Manager multicasts
events containing user’s context in a real environment to VR
services registered in rv-Interface. Equivalently, Context
Service Provider delivers events of VR services in the form
of user’s context in a virtual environment to all ubiServices
that are registered in rv-Interface as shown in Fig, 5 (b).

3. Implementation: Context-Based Virtual Heritage

To demonstrate the usefulness of personalized user interface
by exploiting user-centric context, we have implemented a
context-based virtual heritage system based on the proposed
framework. The virtual system enables users to remotely
explore cultural heritage instead of taking a long trip to
Gyong-ju, the real site for cultural heritage of Shilla dy-
nasty [21]. As shown in Fig. 6, the implemented system
supports a guide and user groups. Thus, the system pro-
vides two kinds of services; one for a guide and the other
for tourists.

Guide services allow a guide to steer tour groups in vir-
tual heritage according to scenario describing tour schedule.
To properly guide a tour, a guide is given contexts of user
groups such as group names, ages and common interests.
As shown in Fig. 7, the scene of virtual heritage is changed
by guide’s gestures such as movements of arms or legs.

User Group A

Fig.6¢  Virtual heritage system for guide and tourist services.
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(a)

Fig.7 = Guide Service. (a) SpaceSensor. (b)‘Example of gnide service.

(b)

Table T  Example of context, command, and event for guide service.
SpaceSensor Guide Service NAVER
(Context) (Command} (Event)

If (Who.Name!=null
<Who>“ . <§ame and  WhoType ==
Type= “Guide”> A | o~ .0 .
Guide™)
</Name><Who> Command Tareet _
<How> <Behavior “Soene” -larg ~ | Move(Scene,
Type= Hand"> Ifi. How.Behavior.Hand Forward, 1m)
Forward cc »
L =="Forward”)
</Behavior> .
Command.action =
</How:>

*Moving Forward”

<Who>...</Who>
<How> <Behavior

If{ How.Behavior.Hand

Type= “Hand”> | =="Backward™) Move(Scene,
Backward Command,action = | Backward, lm)
</Behavior> “Moving Backward”

</How:>

<Who>...</Who>
<How> <Behavior

If{ How.Behavior.Hand

Type= “Hand”> | =="Left-UP") Rotate(Scene,
Left-UP Command. action = | Left, 159
</Behavior> “Turn Left”
</How>
<Who>.../Who> | 1 How.Behavior.Hand
<How> <Behavior e "
“ 25 =="Right-UP™) Rotate(Scene,
Type=“Hand"> . X o
Y Command.action = | Right, 15°)
Right-UP “Turn Right”
</Behavior></How> £
<Whe>...</Who>
<How> <Behavior | If( How.Behavior.Hand Move(Scene
Type=*Hand"”> =="Both-UP"} i
« Forward,
Both-UP Command = “Move to NextScene)
</Behavior> Next Scene”
</How>

SpaceSensor [22] based on ubiSensor senses guide’s activi-
ties through a multi-view camera and generates guide’s con-
text. The guide service based on ubiService delivers guide’s
contexts for movement in virtual heritage by analyzing the
guide’s context. Table 1 shows how guide’s gestures flows in
the form of context, command, and event from ubi-UCAM
to NAVER.

Tourists can explore virtnal heritage with their PDAs.
A ubiSensor in PDA provides user’s identity and the group
name. User’s identification and group name are repre-
sented in terms of “Who” element. In addition, “Who”
element contains “Profile” as sub-element, which presents
user's age, sex and vernacular for context-based ubiSer-
vices such as language-adapted user interface and heritage-
information service. Virtual GPS, group navigation, and
virtual Memo are supporied as other ubiServices. Virtual
GPS displays tour-groups location information that is ex-
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Virfual
Map

Place Name

Fig.8 Example of services for tourists. {a) Virinal GPS-showing cur-
rent location of tour groups in virtual heritage map. (b) Group navigation-
changing the location of a tour group through keypad of PDA. {c) Virtual
Memo-displaying information embodied into specific sites.

tracted from NAVER in virtual heritage. This is shown in
Fig. 8 (a). By operating keypad on PDA, group navigation
allows tour groups to go around particular sites without a
guide as shown in Fig. 8 (b). Virtual Memo enables a tourist
to attach messages to virtual sites on the fly in order to share
messages with other tourists in other groups as shown in
Fig. 8 (c). In this regard, a tourist can attach messages to
virtual sites on the fly.

As shown in Fig. 9, the implemented system provides
virtual GPS for group navigation. In addition, the system
supports virtnal Memo by exploiting tourist’s context con-
tained in their PDAs. All keypad inputs that are generated
by a group navigating virtual heritage are merged into one
direction at a time. The direction is determined by a voting
method which chooses the most voted value among users’
inputs every 0.5 seconds. NAVER provides virtual GPS with
the location of tour groups in the form of context whenever
a tour group moves along in virtual heritage.

Location of all tour groups is initially synchronized
with each other because a guide is only able to change the
virtual heritage scene except for group navigation in a spe-
cial area. However, tour groups have their view points to
navigate virtual environment. Therefore, one group can see
3D avatars representing other groups. This location is repre-
sented with 2D or 3D “Coordinates” of “Where” element. In
group navigation, for example, a tour group is able to meet -
3D avatars of remote tour groups and to exchange messages
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with others by using virtual Memo service. Tour groups
in distributed virtual systems are synchronized by sharing
contexts that represent changes at remote nodes as shown
in Fig. 10 (a). Although the virtual heritage of each tour
group runs on heterogeneous system, it can be efficiently

NAVER
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B o T 2 i
20 g5 & 9
= = =
= S = D &
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a 1 o =%
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g (12x B |12% ES
5 *S 5 +S >2
( " rv-Interface )
[
<Who» |
<dame> Lisar | AWho>
<Profile> Age, : <Name> User
Language, || sVehare>
Gender || <Coordinates>
<What~> | Location
<Object> Interestng 1] <When>
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gl |
o — 1
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Fig.9 Example of context, command, and event for tourist services.

User Group A

Distibuted
Interaction
Server

(a) ®)

Fig.10  Context-based synchronization among distributed virtual sys-
tem. (a) Sharing group context among remote nodes. (b) Example of group
A’s view on group B.
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synchronized with others. For example, when a tour group
navigates In a virtval environment, the event representing
change in -group location occurs. Other tour groups using
different coordinates to display the group location accom-
modate themselves according to the shared context as shown
in Fig. 10 (b).

4. Experimental Results

To evaluate the usefulness of the proposed framework, vir-
tual heritage systems are distributed in three remote nodes.
Virtual heritage systems for tourist services are installed in
two ncdes where PDA-based ubiSensor generates tourist’s
context, virtual GPS, group navigation, and virtual Memo
runs simultanecusly. However, one node provides a tour
group with context-based services, and the other presents
tour group with non context-based services. Two tour
groups of five persons experienced virtual heritage systems
for usability test. The volunteers consist of 6 males and 4
females and all are in 20-30 years-old range. Two males
and two females speak English fluently and the rest speak
Korean. Group ‘A’ where three persons select Korean as
favorile language and two persons (one male and female)
choose English, was given context-based services. Group
‘B’ was provided with non context-based services as shown
in Fig. 11 (a) and (b). In addition, virtual heritage system for
a guide includes SpaceSensor that detects guide’s gestures.
Also, this involves a guide service that makes all tour groups
move in virtual heritage according to guide’s gestures.

We compared the context-based services with non
context-based services in order to determine how personal-
ized interface affects interaction between a user and a virtual
application. In case of the context-based services, group
navigation provided users with information about sites in
virtual heritage according to each user’s age and vernacular
such as Korean, English, Japanese, and Chinese. In addi-
tion, virtual Memo presented a user with personalized notes,
selected from many messages embodied in objects, accord-

.ing to user’s identity. In case of the non context-based ser-

vices, group navigation provided the same information to
all users in a group regardless of user’s age and native lan-
guage. If a user wanted to get different information, the user
had to operate PDA menu to change information or select
a language. Also, virtual Memo offered all messages aug-
mented on objects in virtual heritage, and users could search
in all messages.

Fig.11  Example of virtual heritage systems. (a) Context-based services’
node for group ‘A’. (b) Non context-based services’ node for group “B’. (¢}
Guide service node.
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Figure 12 compares average number of explicit com-
mands used by each group to operate PDA. Users in group
‘A’ seldom manipulated services’ menu to view information
of heritage site in navigation except to change map size in
virtual GPS and to select one of their own messages. How-
ever, users in group ‘B’ often operated services’ menu. For
example, users selected information or language whenever
they moved in navigation. Users inputted group’s name to
find current location in virtual heritage. Also, users scrolled
several times to find their messages. As a result, user’s con-
texts reduce annoying operations while they interact with
virtual environment by executing implicit commands to con-
tro! services.

In addition, we questioned ali users of both groups af-
ter they completed a tour in virtual heritage in order to ver-
ify the relationship between explicit commands and user’s
attention in virtual environment. All users were asked the
same 10 questions to test their memory on the information
of site they explored. They answered ‘ves” or ‘no’ to these
questions.

Figure 13 shows the distribution of the correct answers
for both user groups. We did statistical evaluation since
10 users in two groups seemed to be small. We assumed

8 Group A{Context-based Service)
Greup B{Non Contexi-based Service)

Number of Explicit Commands

Navigation Virtual GPS  Virtual Memo

Fig.12  Explicit-command comparison between context-based services
and non context-based services. X axis is the average number of user inputs
required to control services” menu. Y axis represents user services of virtual
heritage.

-

S =N WROT® N0 O O

‘[ —— Group AlContext-based Sewvice)
- Group B(Non Context—based Service)

Correct Answers for Questions

Userl User2 User3 Userd Userb

Fig.13  Correct answers distribution of two groups to 10 guestions to
test user's memory on virtual heritage. (User 1-2 choose English, User
3-5 select Korean).
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that a normal population distribution (s-distribution) is ap-
proximately close to the correct answer distribution of two
groups. In case of group A, the mean is 8.2 (i), and the
standard deviation is 1.30 (o4). In case of group B, the
mean is 4.4 (¢g) and the deviation is 1.81 {(og). Consider
testing “Ho: 4 = pp” against “H,: pa > pp” by using
the test statistic T = (X — up)/(S/ vn). Knowledge of the
test statistic’s distribution when Hp is true allows us to con-
struct a rejection region for which the error probability is
controlled at the desired level. This means that P (error) =
P (Hy is rejected when it is true) = P(T = t,,. when T has
a t distribution with n—1 df) = e. In this case, the number of
sample (n)is 5, X = py, and § = . If these are applied to
the test statistic, then T, becomes 10.49. If we set the alpha
value (o) to 0.01 and #gg;,4 to 3.365, then T4 falls in the re-
Jjection region (10.49 > 3.365). This means that Hy is false.
‘Therefore, we can conclude that group ‘A’ has higher score
than group ‘B’ at significance level 0.01 (999). Also, this
means that users in group ‘A’ give more correct answers than
those in group ‘B’. This is because group *A’ could attend to
virtual heritage with convenient interface and personalized
information services according to each context such as age
and language.

To evaluate overheads invelved in managing personal-
ized interface for virtual environment, we measured the re-
source usage for each system: one supports context-based
services and the other does not. Two systems have the
same hardware and software which is as follows: Intel Xeon
24 GHz (Dual CPUs), 2 Gbytes (Memory), Wildcat7210
(Graphic card), and Windew2000 (OS). Virtual environment
is implemented by NAVER 1.0.2 based on OpenGL Per-
former 3.0.2. Context is generated by ubi-UCAM based on
JAVA SDK. 1.3. Figure 14 (a) and (b) show the mean usage
of CPU and Memory on systems with non context-based and
context-based service, respectively.

As shown in Fig. 14, system with context-based ser-
vice consumes 0.9% more processing power and 12MB
more memory than the one with non context-based service.
However, overheads on system with context-based service,

CP1:239% Memory:

GIOTAHH KB

CPL;234% Memory:

GI4296( KB}

|
(b)
Fig.14  Comparison of resource usage of virtual heritage nodes between
context-based virtual heritage nede and non context-based virtual heritage
nede. {(a) Context-based virtual heritage node-CPU usage: 23.9%, Mem-

ory: 636MB. (b} Non context-based virtual heritage node-CPU usage:
23%, Memory usage: 624 MB.
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Fig.15 Examples of heterogencous distributed virtual systems. (a)
NAVER-based virtual system at_noflc ‘A’: a polarizing, filter-based passive
stereo display, keybeard and mouse. (b) CAVELIb-based virtual system
at node ‘B’: a three channel, cluster-based active stereo display, wand and
head tracker.

caused by context management, scarcely affect the system
performance to provide users with services. Instead, exploit-
ing context increased the system performance, considering
the trade-off between the overhead and the reduction of ex-
plicit operations.

For heterogeneously distributed virtual environments,
the management part of virtual environment is implemented
by NAVER and CAVELib. NAVER, based on OpenGL Per-
former, renders 3D models by using Model Loading and
Scene Graph. CAVELIib represents the same 3D models
in NAVER through an API, called pfCAVE, thus bridging
CAVELIb to OpenGL Performer. As shown in Fig. 15, one
implemented system in NAVER is installed at node ‘A’. At
this node, a polarizing filter-based passive stereo display is
an output device and a keyboard and mouse are default input
devices. The other system, implemented in CAVELIb, is in-
stalled at node ‘B’ which has a three-channel cluster-based
active stereo display and a wand (I1S900).

We did an experiment to evaluate an effect on con-
text handover while moving among distributed remote sites.
We measured the adjustment time and overhead to control
avatars of two groups for navigation: One group handed
over user’s context in personal device to new node after
moving. As a result, the group continved to handle the
avatar representing the group that they come from. The
other group operated a 3D avatar by using default input de-
vices which was static to each node. The adjustment time
is the period of time to get familiar with a new input device
at the other node. The overhead is time interval between
entering the other node and handling an avatar.

As shown in Table 2, adjustment time is 0-2 (sec) for
PDA users and 30-60 (sec) for default input-device users
while handling a group avatar with input devices. PDA users
always controlled avatars without any adjustment time be-
cause the same avatar was handed over after user’s move-
ment by exploiting user’s context in PDA. PDA deliv-
ers user’s profile (“Who™), location (*“Where™), and avatar
(“What”) to new node. In addition, nsers were already fa-
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Table 2 Comparison of adjusting time and overhead between context-
based access and non context-based access.

Adjusting time Overhead
PDA users 0-2(sec) 5-9(sec)
Default-input-

30-60(sec) 0-2(sec)
device users

miliar with the input device. However, there was overhead
for setting up network to connect PDA to ubi-UCAM lo-
cated in a node where the user was located. Fortunately, this
overhead will be removed if ad-hoc network techniques are
applied for configuration during user’s movement, Mean-
while, users of default input-device took some time to con-
trol avatars because they were not accustomed to using new
avatar and input devices, Whenever they moved to other
nodes, they tock some time for adjustment. Meanwhile,
there was no overhead because input devices were already
connected with virtual system in a node where the user
was located. Therefore, context enables users to continu-
ously manipulate their avatars and input devices after mov-
ing from one virtual system to another. Therefore, the per-
sonalized interface through context handover may play an
important role in seamlessly connecting user’s experiences
among distributed virtual environments.

5. Conclusion and Future Work

In this paper, we proposed a framework that provides per-
sonalized user interface by sharing user-centric context be-
tween real and virtual environments. By implementing
context-based virtual heritage system according to the pro-
posed framework, we have verified that personalized inter-
faces adapling to user-centric context help users to concen-
trate more on enjoyable virfual environments and to con-
tinuously interact with VR applications for increased mo-
bility. As future work, we will extend the framework to
seamiessly connect real environments with virtual environ-
ments by exchanging various contexts, i.e. users, environ-
ments, and computation.
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