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Abstract. In this peper, we propose “I-NEXT; An Interactive Networked Expression eXperience Tesibed” in which
users can express their intensions or emotions interactively in the networked virtual environment through a 3D
vision-hased user interface, The proposed NEXT allows multiple users in the distance to interoct with not only
themselves but alse vidual objects in the networked virtual envirenments. For interactive EXPIELEI0N CXPErence over
networks, I-NEXT is compesed of three key components; SpaceSensor (3D vision based user interface for
comfortable expressions), VEManager (networked virnual environment management) and the networking interface
(delivery of evenls and'or messages of intcractioms for real-time nferactionst. Deteiled explanations and
implementation are presenied,

L. Introduction

With the rapid progress of technologies in the areas of computers and communications, the
future computing environments will support “seamless suppert from ubiguitous computers and
pervasive networking”, that is, users could do just-in-time access to any {(invisible) computers at
anytime and anywhere [1][2]. Consequently, this environment will require users to interact with
computers through more natural and comfortable interfaces. In addition, it will be an important
issue to deliver the user’s intensions or emotions over the network.

Many research activities have been reported on emotional expression. For instance,
“Computing Culture” group in MIT Media Lab. has actively reported on the cultural
applications for physically embodied media [3]. Franuhofer IGD in German and Media Lab. in
Ireland have also actively stdied the creative and innovative human computer interfaces (HCl)
[4][5]. Furthermore, ATR in Japan has started to build the networked edutainment
environments [6]. However, these activities are yet premature for users to express their
intensions or emotions with a comfortable user interface, and to interact in real-time with each
other in the distance as well as virtual objects or virtual environment (VE). Therefore, it is
necessary to build a new type of testbed that provides users with a comfortable user interface
for natural expression and real-time interactions over the network [71[8].

In this paper, we propose “I-NEXT: An Interactive Metworked Expression eXperience
Testbed”, which allows users to express their intentions or emotions interpctively in the
networked VE through a 3D vision-based user interface. For the interactive expressions in I-
NEXT, it exploits users’ dynamic gestures which are tracked by the 3D vision-based user
interface. Based on the dynamic gestures, the interactive expressions are clnssified into either
implicit or explicit ones. In explicit interactions, users directly manipulate virtual objects
themselves, e.g., scratching or moving virtual objects. For implicit interactions, however, users
make ceriain gestures using their arms or parts of body. According to the users' gestures, VE is
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changed imeractively, e.g., the color tones of background scene or objects. Furthermore, the
explicit and implicit interactions between users in the distance are expressed in real-ime over
the network. Consequently, users are able to experience the interactive expressions and share
the experience over the network in real- time through I-NEXT.

This paper is organized as follows. In section 2, we explain the uverall siructuse and cach
component of the proposed [-NEXT. In section 3, we show the experimental results and
conclude in section 4.

2. I-NEXT

I-NEXT is composed of SpaceSensor (a 3D vision-based user interface), VEManager
{networked virtual environment management), and the networking interface (delivery of events
and/or messages of users interactions), Figure 1 illustrates the conceptual system architecture of
[-NEXT. In SpaceSensor, it tracks users’ dynamic gestures and sends the tracked position data
into VEManager. At the same time, it sends other data into VEManager, that is, which region of
SpaccSensor is collided by the user. In VEManager, it controls the delivered events and
messages from a local user and a remote user in order to make them consistent and concurrent.
In Networking Interface, it guarantees the real-time transmission of messages and interactions
in the networked VE.
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Figure 1. I-NEXT Components and Conceptual Architecture

2.1 SpaceSensor; 3D Vision-based User Interjace

SpaceSensor is proposed to overcome the constrainis of the traditional user interfaces
{keyboard, mouse, data glove, ete.} in VE. It provides users with a natural way to express theie
intentions or emotions without using any complicated facilities, i.e. the users can express
themselves using their dynamic gestures [7]. For the implementation of SpaceSensor, i has
separate the user from the background scene and track the user’s gestures with the segmenke
user by exploiting 3D information from a 3D camera. For the user scgmentation, we Us< the
background subtraction algorithm which copes with the difficulties of the separation o
from his/her natural background scene due to complex backgrounds and the interfierence ¥
lighting sources such as cast shadows around the user [9]{10](11][12]. The used backgro*
subtraction technique can replace expensive blue screens and/or chroma-keying devices. Fis®
7 illustrates the used background subtraction algorithm along with the segmented result.
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Figure 2. The background subtraction algerithm.

After acquiring the segmented user information from background and 3D position
information of the user through a 3D camera, we need to design SpaceSensor in order to track
the gestures of the user as accurately as possible while allowing the user to move around
more naturally. The design of the proposed SpaceSensor focuses on tracking of natural
movements of the user by making it dynamically follow the user, instead of fixing the
SpaceSensor at a certain location. Furthermore, it is augmented into a reachable space from
the movements of the user in order to recognize the geswres of the user comectly. To
implement the proposed SpaceSensor, we first caleulate the center position of the user (H,)

a5 follows,
H. =;—,gﬂ,[” (1)

where D, represents the 3D position information of the user which is acquired from the user
separation procedure. N is the number of 3D points which corresponds to the number of the
segmented user’s pixels. From Equation (1), we can compute necessary information to
implement SpaceSensor as the following equation.

Slh.t\k = Sn.-.,,w = Sw,m = L]| Top Dr.m-um {2’

where Sian, Steighn and Shpes represents Widrh, Height, and Depth of SpaceSensor which is
based on the point of a user's center, respectively, Dy, and D represent the top and

¥. Boriom
bottom points of regions being occupied by the user, respectively. The Equation (2) is based
on “Lepnardp da Vinei: The Vitruvian man™ [13]. From Equation (1) and (2), the proposed
SpaceSensor is augmented around the user who is segmented from the background as shown
in Figure 3,

(3} Arangement of SpaceSensor (b} Augmentalion of SpaceSenosr {c) Visuahzation of SpaceSensor

Figure 3, The Arrangment and Augmentation of SpaceSensors around a user.
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As shown in Figure 3(a) and 3(b), 55{1,...,8} represents the regions of SpaceSensoar,
Thuough 55{1,...,8}, users manipulate virtual objects directly for explicit interactions as well
as make gestures for implicit interactions. In the design of SpaceSensor, it has to exploit 3D
position information in order to overcome the disadvantages of 2D vision-based systems. As
shown in Figure 3(a) and 3(b), we can use not only top, bottom, left, and right position
information of the user, but also depth information, i.e., front and back of the user. Using
this arrangement of SpaceSensor, it can track users’ dynamic gestures because it only
examines the touched S5{1,...8} by users. It can replace complex gesture tracking or
recognition algorithms, SpaceSensor is applicable to the new type of a user interface in VE
beeause it enables users to move as namral as possible.

2.2VEManager: An Interactive Virtual Environment Managenient

VEManager integrates the gesture information of a local user and a remote user through
SpaceSensor and controls a virtual environment to make interactions in real-time over the
network, There have been many sdies about networked VE which supports interactions for
multiple users [14][15]. Very few attempts have been made on the management of the layow
of VE and the cffective analysis of interaction information for multiple users,

In I-NEXT, VEManager takes responsibilities of providing consistent VE to both the locl
and the remote users as well as reflecting interaction information into VE concurrently and
adequately, The proposed virmual environment is designed as shown in Figure 4, where it
maximizes the region of the shared VE.

{2} SpaceSensor Cameras Allocations {b) Virtual Camerss Allocations

Figure 4. SpaceSensor Cameras and Virtual Cameras Allocations.

As shown in Figure 4, the coliaborative area in VE is calculated as follows, where useis
interact with virtual objects for explicit interactions.

o 3
Sip =4 [Bn Blr+ 50k
A=
where 5, represents the collaborative area in VE.
From Equation (3}, we can compute the maximum collaborative area (5, ).
(41
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From the Equations (3) and (4), the position of camera for maximum collaborative arcit
2/3 of the length [, which represents measurable depth range of the camera.



Since we concentrate on the events and messages in the limited area of VE, we can reduce
the computation time of precessing information as well s exchange information efficiently
through the network.

2.3 Nerworking Interface: Supporting Real-time Interactions

In the networked VE for real-time interactions, Networking Interface enables to share the
state information of users and the same VE information. There are many relevant examples to
support real-time interactions, such as CAVERN, BrickNet, NPSNET, WAVE, MASSIVE-3,
and so on [16][17].

In I-NEXT, the architecture of Metworking Interface is composed of two elements: One is
distributing the shared data and the other is sharing information of the states of users and a
given VE. For supporting two requirements, Networking Interface is implemented by a
client/server model which makes it easfer to keep consistencies and relatively easier to
implement. We exploit the function of shared database in QUNTA library, which is a cross
platform adaptive networking toolkit used in the applications requiring intensive bandwidth
and/or in delivering interactive data [18).

Figure 5 illustrates the architectures of two servers for supporting real-time interactions:
One is 1D/Contents server which issues ID and distributes contents to clients, The other is
Shared Memory server which transmits shared state information to clicnts.
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Figure 5. Network Interface Configoration and Shared Data Formats.

As shown in Figure 5(a), ID/Content server manages 1Ds of virtual objects and file paths
through contents database. Index Management stores and controls data read from the
database in the memory, Contents Downloading Management allows multiple users to
download files, and ID Management delivers 1D of contents. Shared Memory server is a kind
of centralized file repository model which saves shared state information into a file. This
'ransmits the states information of avatars (57 bytes) and objects (37 bytes) by using frequent
State regeneration without writing data into the files.

3. Implementations and Experimental Resulis

To experience the interactive cxpressions over the network, we implemented an application
OF the propased I-NEXT. The configruations of hardware and software are represented in
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Figure 6. In hardware configuration, we deployed 3 workstations (Dell™ 650) for a server
and a client, 31 camera (Digiclops™™) for 3D vision based user interface, Ethernet card for
nctworking interface, HMD/Tracker for immersion, and MIDI device for playing
sound/music. In software configuration, we designed them as the wiy of haidwa
configurations in order to exploit the characteristics of I-NEXT. Moreover, we developed [-
MEXT based on VR Juggler toolkit, and we used QUNTA library in the networking
interface [19][20]. The relationship of each component is shown in Figure 6(a). We used
SpaccSensor for the user interface. In SpaceSensor, it tracks the users” gestures of users and
it makes users’ gestures information for interactions and/or expressions. Afier SpaceSensor
acquired user’s gestures information, it is delivered to VEManager through IPC{Interprocess
Communication), In VEManager, alter it integrates and analyzes the gestures of both local
and remote users, it updates the states of VE with the integrated and analyzed information
and finally renders the whole VE scene. In the network configuration, it consists of 155
Mbps (ATM) KOREN (Korea Advanced Research Network) line between KJIST and [CU,
a dedicated 2 Mbps (EI) line between [CU and DML, The latency is 20.2 ms. and available
bandwidth is 1 Mbps.
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Figure 4. I-NEXT conflgurations

Figure 7 shows the result of the application using -NEXT. We experimented the
application in “ubiHome” (ubiquitous computing home testbed in KJIST) because we
assumed the proposed I-NEXT could be used in the future home environment in order to help
sharing a family love.

(b} Collaborative Area in VE {c) User B [client)

Figure 7. An Application of [-NEXT
This application was demonstrated in [CU DML exhibition in June, 2003, Through the
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exhibitions, the application attracted many media artists and designers. As shown in Figure ©
two users in the distance are able to participate in the same VE over the network. In the ¥ L
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they can interact with each other implicitly and/or explicitly through the avatars. For explicit
interactions, user A and user B have to be in the colloborative area as shown in Figure T{b).
In this area, they are able to scratch the hidden layer on the virtual object as shown in Figure
7(a) and 7(c). For impheit interactions, user A and user B make the specific aestures. In the
case of user A, he tries to change the background scene by moving his right arm from front to
back. In the case of user B, he tries to give a special effect in VE by moving his left arm from
pottom to top. As shown in Figure 7(b), we designed virtual space as 6m x 6m in order to
measure the correspondences between real world and virmal world, where 1 square
represents lm x Im. According to the Equation (3) and (4), users are located 4m from the
virtual and real camera,

In this experiment, the participants were able to express their intentions interactively in
real-time over the network. In the explicit interaction, however, they had a difficulty
scratching the hidden layer on the virtual object due to the restriction in the resolution of the
3D camera. When users are in 3m-5m from the 3D camera, the minimum and maximum
error is 0.04m and 0.07m, repectively. On the contrary, in the implicit interaction, the
participants are enough to express their intentions through SpaceSensor. Therefore, we need
to improve the accurracy of SpaceSensor to provide mteractive expressions.

4, Discussions

In this paper, we proposed -NEXT where users can express their intensions or emotions
interactively in the networked VE through 3D vision-based user interface. I-NEXT enables
users to express their intentions or emotions by the comfortable 3D vision-based user
interface. Furthermore, it enables users to interact with virtual objects/environment and other
users in real-time over the network. [-NEXT is designed to help developers or artists to test
new types of expressions or interactions over the network. We hope that I-NEXT will provide
a new type of testbed for the networked expressions and interactions through the 3D vision
techniques. We are currently working on emotion analysis module of the I-NEXT, VE
sructure for consistent virtual environment management, e1c.
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