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ABSTRACT


Shared Space is an interface concept for intuitive three dimensional computer supported collaborative work (CSCW) which combines Augmented Reality (see-through Virtual Reality) techniques with traditional CSCW principles. Shared Space allows users to see each other at the same time as three dimensional virtual images superimposed on the real world. This facilitates a high bandwidth of communication between users as well as intuitive 3D manipulation of the virtual images. We present an application of the Shared Space concept that demonstrates collaborative web browsing and personal information spaces.�


1. BACKGROUND


Most CSCW interfaces have been designed to support only two-dimensional interaction. In shared virtual environments (VE) computers can provide the same type of collaboration that people have in face-to-face interactions, such as communication by object manipulation, speech and gesture. Work on multi-participant virtual environments such as the DIVE[1] project and Greenspace[2] suggests that collaborative work is indeed intuitive in a VE. However, most current multi-user VE systems are fully immersive, separating the user from the real world. �


Current research suggests that for CSCW interfaces to be successful they should have several characteristics. First, they must allow the users seamless access to their traditional tools and work practices in addition to those provided by the CSCW interface [3]. This approach is know as the "Open Workspace" paradigm [4]. The computer should be integrated into the existing workspace rather than isolating the user from the workspace. Clearly the open workspace paradigm is at odds with immersive virtual environments. Second, CSCW interfaces will not be used if they provide the same experience as face-to-face communication; they must provide capabilities that enable users to go "beyond being there". Hollan and Stornetta [5] argue that rather than using new media to imitate face-to-face collaboration, researchers should be considering what new capabilities the media offers that satisfy the needs of communication so well that people will use it regardless of physical proximity. Powerful CSCW interfaces can be created by matching the benefits of new technology to the deficiencies of face-to-face collaboration. For example, with unmediated face-to-face communication it is difficult to capture an archival record of a conversation. However this is possible with the addition of computer-based video or audio recording devices that make automatic transcripts.


Augmented Reality (AR) satisfies both of these requirements by allowing the overlay of three-dimensional virtual images onto the real world. Schmalsteig et al. [6] identify five key characteristics of collaborative AR environments:


Virtuality: Objects that don't exist in the real world can be viewed and examined.


Augmentation: Real objects can be augmented by virtual annotations.


Cooperation: Multiple users can see each other and cooperate in a natural way.


Independence: Each user controls his own independent viewpoint. 


Individuality: Displayed data can be different for each viewer. 


These attributes allow the creation of AR interfaces which combine the advantages of both virtual environments and the Open Workspace paradigm, and enhances face-to-face communication. The Shared Space concept is to use see-through head mounted displays with body tracking to allow multiple users in the same location to work in both the real and virtual world simultaneously, facilitating CSCW in a seamless manner. This has several advantages over fully immersive virtual environments, including:


Participants can use familiar real world tools to manipulate the virtual objects, increasing the intuitiveness of the interface.


Participants can refer to notes, diagrams, books and other real objects while viewing virtual objects. 


Participants can see each other's facial expressions, gestures and body language, increasing the communication bandwidth. 


The entire environment doesn't need to be modeled, reducing the graphics rendering requirements. 


2. THE APPLICATION


Our research has focused on the application of the Shared Space approach to wearable information spaces. Small wearable computers are beginning to be developed for commercial and industrial applications where mobility and hands-free operation are important[7]. They typically have a small lightweight head mounted display to enable users to access their own portable information spaces[8]. Currently such information spaces do not support 3D object viewing and manipulation, or collaboration between multiple users. Wearable computing is a promising application area for collaborative AR interfaces since wearables are used in areas with high potential for collaboration and need for enhancement of the real environment, and head mounted displays are the dominant display device.�


We have developed a three dimensional Web browser that enables multiple users to collaboratively browse the World Wide Web. Users see each other and virtual web pages floating in space around them. Potential applications include information delivery to mobile workers in medical, military or manufacturing fields, as well as day-to-day information sharing by the average web user.�


In our interface users wear see-through stereoscopic head mounted displays and their head orientation is tracked using a Polhemus Fastrak electro-magnetic sensor. The interface is designed to be completely hands-free; pages are selected by looking at them and, once selected, can be attached to the users viewpoint, zoomed in or out, iconified or expanded, or additional links loaded. Speaker independent continuous speech recognition software is used to allow users to load and interact with web pages using vocal commands. To support this, an HMTL parser parses the web pages to extract their HTML links and assign numbers to them. In this way users can load new links with numerical commands such as "Load link one". The voice recognition software recognizes 46 phrases with greater than 95% accuracy and doesn't require any training. A switched microphone is used so that participants can carry on normal conversation when not entering voice commands. Each time a new page is loaded a new browser object is created and a symbolic graphical link to its parent page is displayed to facilitate the visualization of the web pages. Figure 1.0 shows users interacting with the interface and figure 2.0 shows the user's view. The effect is a body-centered information space that the user can easily and intuitively interact with. The Shared Space browser supports multiple users who can communicate about the visible web pages using natural voice and gesture.�
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Figure 1.0 The Shared Space Interface�
�
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Figure 2.0 The participants view�
�
Two important aspects of the interface are gaze awareness and information privacy. Users need to know which page they are currently looking at as well as the pages their collaborators are looking at. This is especially difficult when there are multiple web pages close to each other. To address this problem, each web page highlights when a user looks at it. Each page also has a unique gaze icon attached to it for each user that highlights to show which users are looking at the page. In this way users can tell where their collaborators are looking. The interface also supports public and private information spaces. When each web page is loaded it is initially visible only to the user that loaded it. Page visibility can be changed from private to public with vocal commands; users can only see the public web pages and their own private objects. The gaze icons also indicate the public/private visibility status of each page.�


Shared Space takes advantage of human's highly tuned spatial memory. Even though the head mounted displays only have a 30 degree field of view, the ability to track head orientation and place objects at fixed locations relative to the body effectively creates a 360 degree circumambient display. This overcomes the display size limitations of other wearable systems which don't incorporate head tracking. 


One of the challenging issues with augmented reality is image registration, particularly having images appear fixed with respect to the real world; so called world-stabilized information. In this interface we use only head orientation information to position virtual web pages, creating an inside-out body-stabilized information space. Since objects are not attached to real world locations the registration requirements are not as stringent. Objects are initially placed far enough away that they appear at the same orientation for both users, so they are gazing or gesturing in the same direction when referring to the same object. �


In initial experiments, users found the interface intuitive, and communication with the other participants seamless and natural. Collaboration could be left to normal social protocols rather than requiring mechanisms explicitly encoded in the interface. They were able to easily spatially organize web pages in a manner that facilitated rapid recall, and toggle page visibility between public and private to collaboratively review web-based information. �


FUTURE WORK 


Our initial focus has been to prototype and evaluate the Shared Space user interface. Ultimately we envision this interface in fully portable, wearable systems. Future studies will incorporate wireless tracking and networking technology and belt pack computers to test a completely wearable version of our interface. We also want to explore the area of information filtering further. Users should be able to specify their own information filters to determine which public objects they want to see and, if many users are interacting, group viewing privileges should be able to be set. Further information about our work can be found at the web site: http://www.hitl.washington.edu/projects/shared_space/ �
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