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ABSTRACT
Many works have been done that expounds on the advantages paper has over the computer for sketching and communicating design ideas.  In addition to being drawn upon, paper can also be folded, cut, ripped, and crumbled.  LightCast is a tangible user interface that utilizes a projector, interactive table, and camera to preserve the nuances of physical action and the strengths of the digital medium.  By leveraging traditional craft tools with electronic technologies, we have created an engaging creativity support tool for graphic centered design.
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INTRODUCTION
Designers have often pointed out that computer/mouse are imprecise and limits their ability to work and think fluidly.  Paper+pen is familiar to users and supports rapid exploration of design alternatives.  Many creativity support tools, like Ambiguous Intention, focuses on paper+pen as a more natural interface for brainstorming design [1].  

We argue that focusing on writing/sketching interaction is limiting, especially for graphic centered endeavors such as cover design.  Such creative pursuits require a breadth of toolsets and capabilities beyond sketching.  

Paper can also be an active artistic/design element; it be folded, ripped, cut, and crumble.  Paper comes in different color, weight, and texture.  We feel that the superposition of projected light on top of paper can create many different types of graphical effects such as overlay, layering, etc. 
LightCast is a tangible user interface (TUI) that preserves user interaction with traditional craft tools while adding digital functionality like capture to enables the users to rapidly explore and create compelling graphic layouts.
Related Work
The DigitalDesk showed that there is an innovative interaction space by projecting digital image onto paper; by detecting and responding to user inputs, the system augments paper with certain digital capability.   Wellner concludes that “the interaction style supported by this desk is more tactile than ‘direct manipulation’ with a mouse” [2].  While DigitalDesk emphasized functionality, LightCast seeks to explore the usage of a similar system as creativity support tool. 
The Designer’s Outpost, a TUI system that supported paper and white board interaction augmented by a camera system, agreed with our intuition that “working physically supports collocated collaborative work processes” [3].  
By levering tangibility, physical motion, and collaboration, a tangible user interface can be a powerful creativity supporting tool 
Implementation
We see LightCast as a tool for individual or group designers for brainstorming and communicating graphic centered design layout work such as cover design, advertisement, etc.  
LightCast uses a projector to project a digital image onto the Mitsubishi DiamondTouch [4].  The DiamondTouch can detect touch positions via capacitive coupling between the table surface and receiver pads; DiamondTouch can support one to four users.  The position sensitivity of the DiamondTouch makes it easy to section areas as button interfaces to the computer to support basic digital graphic toolset.  The table is covered into black paper so clearly see an image; users must place white/colored paper underneath the projected light.  A digital camera, controlled from the table, can capture the entire workspace thereby transitioning a digital+physical design into digital for saving and transmission.  In effect, this creates the visual history of the design process.
USER-TESTING
Comparative user testing was conducted on four individuals and one 2-person group.  Users were asked to design album covers using both LightCast and MS Paint using either a mouse or a Wacom tablet.  Paint was chosen because of its low learning threshold.  The usage orders were randomized.  
The results are encouraging.  Given the same time constraint, users either created more or same number of designs using LightCast and using the computer.   All users concluded that LightCast is superior for ideation.  Most also felt that their designs created using LightCast were more creative than those using the computer.  
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It was observed that when designing collaboratively on the computer, one user predominately controls the input interface.  Users often need to tap or point at the monitor to illustrate certain point.  Attentions are diverted sometime from the monitor to establish communicate with the other person.  Using LightCast, users can choose to sit on opposite ends of the table.  Both users can operate on the image simultaneously; communication and action seem to blend much more fluidity. One user would start an action (e.g. cutting paper) and without verbal prompt, the other would follow up on the action. 
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The camera allows to the user to “save” their current design by taking a high resolution photo of the entire workspace.  Users can incorporate physical objects as part of their design process or try out photographic techniques such as motion blurring.  The unexpected appearance of a capture often prompted additional variations on the design as seen in Figure 3.
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conclusion

We would like to add thumbnail browsing so that the users do not have to linearly scroll through a set of images.   The camera capture is extremely sensitive to ambient light and captures tend to grow progressively darker and more blurry with each iteration.  Image processing techniques should be explored to solve this problem. Longitudinal user studies is planned to see how well LightCast supports time-lapsed design and asynchronous, non-collocated collaboration.  
Through LightCast, we have shown that a tangible user interfaces which supports natural physical interaction with traditional craft tool, rapid iterative design processes, and collocated, synchronous collaboration is an engaging creativity support tool. 
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Figure 1. Projected image and paper makes it easy to explore color and position variation.





Figure 3. The capture of the projected image and the designer’s hand  inspired the designer to introduce a similar design elements into the next variation.








Figure 2. Multiple users can actively work on the same design simultaneously, actions are more synchronized.
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