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Abstract

Anticipating ubicomp (for ubiquitous computing) net-
worked applications and information spaces, we have in-
tegrated various multimodal (auditory, visual, haptic) 1/0
devices into a virtual reality groupware system. We have
deployed a Java-equipped mobile phone capable of inter-
acting with this virtual environment groupware suite, in-
terfaced through a “servent,” a server/client hybrid HTTP
< TCP/IP gateway.

Key words: mobile computing, CVE (collaborative virtual
environments), groupware, CSCW

(computer-supported collaborative work), hand-held in-
terface.

1. Multimodal Groupware Architecture

We have designed and implemented an architecture
and framework [MSC01] [KC01b] [KCNHO1] to support
a collaborative virtual environment (CVE), allowing dis-
tributed users to share multimodal virtual worlds. Our
CVE architecture is based upon a client/server model, and
its main transaction shares the state of virtual objects
and users (avatars) by N-unicast of position parameters
(translation, rotation, and zoom) to client peers in a ses-
sion. There is no server caching of state and changed
parameters are immediately redistributed. The main fea-
tures of our CVE clients are multimodal communication,
platform independence, and easy network connectivity, as
components are built with Java (and JMF [Java Media
Framework'] [GT99], including Java3D? [SRD97] [Pal01]
[Bar01] [WGO02], J2ME and Swing®). CVE client com-
ponents implement connection to the server based on a
unified protocol, and are easily linked to Java-based in-
terfaces. The protocol has a simple interface, provid-
ing ¢/S communication methods like get() and set(),
as shown in Fig. 1, so client developers need not concern
themselves with network communication issues. Easily at-
tachable components enable connection between various
kinds of heterogeneous clients, as shown in Fig. 2, so the
integrated client suite can display and manipulate vari-

1java.sun.com/products/java—media/jmf/
2java.sun.com/products/java-media/3D/
3java.sun.com/products/jfc/tsc/

ous multimodal information through the internet. There
are several well-developed protocols supporting VR-style
groupware [SZ99] [CSMO01], so the novelty of our system
lies in its support for heterogeneous clients; our framework
emphasizes breadth of client capability.

The CVE suite integrated by this framework includes
these clients (listed in clockwise order of appearance in
Fig. 2 below, starting from the bottom-left) [CMO01] in var-

ious stages of development and integration:

o Internet Chair, sensing and driving azimuth of a swivel
seat, with force-feedback via servomotor [Coh99] [Coh00]
[KCAO00] [Coh01], including display of transaural au-
dio through nearphones, (for “near earphones”) mounted
straddling the chair’s headrest, presenting unencum-
bered binaural sound with soundscape stabilization for
multichannel sound image localization;

e Helical Keyboard [KC01la] [NCO01b] (shown in bottom
left of Fig.3), to visualize the helical structure of a
musical scale, animated in realtime by a GUI or MIDI
controllers or events (sequencers);

e “Hero” mobile hearing telerobot,* autonomous or pi-
loted, with camera and 4 microphones [HOS97] [HSTT99]
[YCHYO1];

e Java3D models— including a robot (Fig.4), vehicle
(Fig.5), and Internet Chair (Fig.6)— featuring exo-
centric, egocentric, and stereoscopic perspective dis-

plays and control widgets;

photographs) browser [BMC01] (bottom right of Fig. 3),

for multi-window, multi-monitor, or stereographic panoramic

displays;

PSFC (Pioneer Sound Field Controller® in the Uni-
versity of Aizu Multimedia Center’s Synthetic World
Zone [3D Theater,” shown in Fig. 7]) [AMY 98] proxy
[HMCO1], controlling spatialization of audio sources

through a DSP-driven hemispherical speaker array;
e Spiral Spring (Swivel Seat) Soundscape-Stabilized GUI
[CS00] (top right of Fig. 3), modeling the Internet Chair

4yww.u-aizu.ac.jp/~j-huang/Robotics/robotics.html
5

byww.u-aizu.ac .jp/ “mcohen/spatial-media/PSFC/
Twuww.mmc-aizu.pref.fukushima.jp/mmc/system/sys7.
html

VR4U2C QTVR® (QuickTime Virtual Reality for panoramic

www.apple.com/quicktime/products/qt/overview/qtvr.html



Client Application
CVEClient CVEClientIF
Client application (conforms to protocol and)
implements this interface (abstract superclass).
setPosition(x,y, 2, roll, pitch, yaw) || getPosition(x, y, z, roll, pitch, yaw)

setLocation(x, y, 7) getLocation(x, y, z)
setOrientation(roll, pitch, yaw) getOrientation(roll, pitch, yaw)
setExtraParam(name, value) getExtraParam(name, value)

Fig.1: Client Implementation
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Fig.2: CVE architecture: groupware suite



Fig.4: Java3D Telerobot Model

with chromastereoptic visualization, and capable of di-
rectionalizing virtual sound sources, recorded or cap-
tured in realtime;

e 2.5D dynamic map [MSCO01] (top left of Fig.3), dis-
playing and controlling iconic planar translation and
rotation; and

e mobile phone (NTT DoCoMo iAppli) proxy, elabo-

rated following.

2. Mobile Telephone Interface

We have designed and implemented a mobile tele-
phone interface [NCO01a] for use in our CVE. Programmed
with J2ME (Java 2 Platform, Micro Edition,®) a dynamic
map application runs on an (NTT DoCoMo) iAppli mo-
bile phone (“keitas”: ¥4 ®Ef), as shown in Fig. 8. Fea-
turing selectable icons with one rotational and two trans-
lational degrees of freedom, like the 2.5D map shown in
Fig. 3, the interface is used to control avatars in a chatspace.
The Sony model of the 503-series iAppli units features
a thumb jog wheel, which can be used as a continuous
controller to manipulate such icons in a teleconference.
The user interface is further extended with musical and
vibrational cues. We hope to eventually deploy full tele-
conferencing with spatial audio via such a mobile phone®
[Rob99] for full CTI (computer-telephone integration), but
unfortunately voice communication is currently disabled
during such iAppli sessions, so a second phone must be
used for teleconferencing.

2.1 Integrating with CVE clients

The interface is integrated with other CVE clients through

a “servent” (server/client hybrid) HTTP<>TCP/IP gate-

8java.sun.com/j2me/
9java.sun.com/products/jtapi/

Fig.5: Java3D Vehicle Model

Fig.6: Java3D Internet Chair Model
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Fig. 3: Multiclient session snapshot of one user’s display of collaborative virtual environment, including (counter-
clockwise from top right): soundscape-stabilized (swivel-seat) spiral spring, which can directionalize (lateralize)
a mixel in near-realtime from a resident file or captured audio stream; 2.5D dynamic map, in which icons can
translate and rotate; Helical Keyboard, and VR,U;C QTVR browser, with multiwindow, multimonitor, or
stereographic panoramic display. All of these clients interoperate as groupware, synchronizable locally or over
the internet.



Fig.7: Synthetic World Zone at the University of Aizu Multimedia Center, featuring PSFC

way (or “protocol analyzer”) developed with Jakarta Tom-
cat.!® Through the servent’s servelets, via an Appache
server, the mobile phone is integrated with our heteroge-
neous groupware suite, interacting with all the other kinds

of clients.

Data communication between the “.con” iAppli mo-
bile phone interface and servent is made via HTTP request.
As the mobile phone is capable only of client pull (and
no server push), exchanges are initiated from the mobile
phone, regardless of whether the request is to send or re-
ceive updates. The servent works as client in the group-
ware suite, receiving data from the mobile phone and pass-
ing it along to the server for multicasting to other clients.
Updates which the servent receives from other clients via
the server is stored (only the newest data is cached) and
sent to the mobile phone upon receiving a request from
it.

3. Future Projects

Eventually mobile telephony will feature high-fidelity
stereo audio capability, as suggested by Fig.9. We also
anticipate leveraging our system against emerging inter-
net standards XML and MPEG-4'? (for object-oriented mul-
timedia, including audio streaming and spatialization).
We are especially interested in broadband mixed real-
ity /virtuality systems [MK94] (also known as, or related

to, annotated, augmented, enhanced, hybrid, mediated,

10jakarta.apache. org
Hyww.cselt.it/mpeg
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Fig.8: Jade emulator showing “ccon” iAppli interface



or virtualized reality systems), which blur sampled and
synthesized data, especially realtime media streams.

onclusion

We are now evaluating the usefulness and potential of
our CVE, as extended by mobile interaction. Test appli-
cations will include multimedia chat spaces (social) and
conferencing (business), as well as VR-style distance learn-
ing, gaming, and music. Our system is multiuser (sup-
porting multiple simultaneous users in realtime interac-
tivity), multimedia (driving graphical, auditory [stereo,
transaural, and speaker-array spatial audio], musical, and
video displays), multimodal (providing visual [WIMP/GUI
plus perspective representation], auditory, haptic and force-
feedback interaction), and multiperspective (including or-
thographic [2.5D map], stereographic panoramic [QTVR],
and perspective [Java3D] visual displays).
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