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Abstract: TeamWorkStation-2 (TWS-2) is introduced to connect two sites with a desktop 
overlay service using narrowband ISDN (N-ISDN) and the CCITT H.261 standard. Based 
on the experience gained with TWS-1 use within NTT, we radically simplified the system 
architecture of TWS-2. Experimental sessions confirmed that TWS-2 is useful for 
freehand drawing and gesture-intensive design sessions even with the basic rate 
interface (2B+D). Video delay and jerkiness did not prevent users from concentrating on 
their task. We are convinced that TWS-2 has a big advantage over ordinary videophones 
as a narrowband ISDN service. 

1 Introduction 

In order to provide distributed users with a "seamless shared workspace" that every 
member can see, point to and draw on simultaneously using various personal tools, 
we designed the first prototype of Team Workstation-1 (TWS-1) in 1989 
(Ishii, 1990). TWS-1 integrates two existing individual workspaces: computers 
and desktops. Because each coworker can continue to use his/her favorite 
application programs or manual tools simultaneously in the virtual shared 
workspace, the cognitive discontinuity (seam) between the individual and shared 
workspaces is greatly reduced. We conducted many experiments using the TWS-1 
prototype in our laboratories and confirmed the advantage of translucent video 
overlay approach of TWS over previous computer-oriented approaches (Ishii and 
Miyake, 1991). 
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We wanted to conduct further evaluation of TWS in real work environments 
using the public network. However, the bulky and complicated system architecture 
of the TWS-1 prototype prevented us from moving the system out of the 
laboratory. 

To overcome this limitation, we started designing a completely new system, 
TeamWorkStation-2 (TWS-2). TWS-2 was designed to use narrowband 
ISDN (N-ISDN) Basic Rate Interface (2B+D) and the Primary Rate Interface 
(Hl/D). TWS-2 connects two sites via N-ISDN with a desktop overlay service and 
the ClearFace interface (translucent, movable, and resizable face windows over the 
shared workspace) (Ishii and Arita, 1991) using the H.261 standard for moving 
picture transmission. 
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Fig. 1 Growth of Narrowband ISDN Services in Japan 

In April 1988, NTT started an ISDN BRI (Basic Rate Interface) service (called 
INS-Net 64) in Japan using the existing metallic cables1. In June 1989, NTT 
started an ISDN PRI (Primary Rate Interface) service (called INS-Net 1500) using 
optical fiber cables2. Since the introduction of these ISDN services, the number of 
subscriber lines has grown steadily as shown in Fig. 1. 

It is reasonable to target TWS-2 toward these narrowband ISDN services, 
especially INS-Net 64, because connections are available in most big cities in 
Japan. However, the question was if TWS-2 would really be usable under the 
limited 2B+D bandwidth. To find the answer to this question, we started designing 
TWS-2 in 1990, and completed the first working prototypes in October 1992. 

INS-Net 64 service provides two 64kbps information channels (B channels) and one 16kbps 
signaling channel (D channel). Using the existing metallic cable, INS-Net 64 service 
requires only the addition of a compact DSU (Digital Service Unit). 

INS-Net 1500 service offers digital communications at 64kbps, 384kbps, and 1.536Mbps. 
This service is accessed by means of optical fiber cable and a DSU (Digital Service Unit). 
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This paper describes the design evolution from TWS-1 to TWS-2, and discusses 
the rational of the new design. We also report the initial findings of preliminary 
experiments of TWS-2 on the basic rate interface (2B+D). 

2 TWS-1 Architecture and Problems 

TWS-1 was designed in 1989 to provide small work groups (2~4 members) with a 
seamless shared workspace. The TWS-1 prototype utilized networked 
Macintosh™ computers. The system architecture of the TWS prototype is 
illustrated in Fig. 2. In order to connect distributed workstations, a video network 
(NTSC and RGB) and an input device network were developed, and integrated 
with an existing data network (LocalTalk™ network) and a voice (telephone) 
network. 

Individual Shared CCD cameras 
Screen Screen 

Input Device Network 

Fig. 2 System Architecture of TWS-1 Prototype (Ishii and Miyake, 1991) 

The video network is controlled by a video server that is based on a computer-
controllable video switcher and video effector. The video server gathers, 
processes, and distributes the shared computer screen images, desktop images, and 
face images. Overlay of video images is done by the video server. The results of 
overlaying are redistributed to the shared screens via the video network. 

Each TWS-1 terminal provides a shared screen and an individual screen. The 
shared screen supports (1) a shared drawing window for concurrent pointing, 
writing, drawing, and (2) live face windows for face-to-face conversation. Fig. 3 
shows the appearance of TWS-1, and Fig. 4 shows an example of the shared 
screen in a design session. 

The individual and shared screens of TWS-1 are contiguous in video memory. 
Therefore, just by moving the window of any application program from the 
individual to the shared screen, a user can transmit the application's window to all 
participants for remote collaboration. 
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