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ABSTRACT 
ClearBoard is a shared drawing medium that supports gaze 
awareness.  Its flexibility and functionality are enhanced 
by its use of digital video processing.  This paper 
introduces the basic idea of the technique, and examples of 
flexible configurations. An experiment suggests that 
offsetting the cameras from the screens do not seriously 
degrade gaze awareness.  Further possibilities including 
the expression of proximity and extensions to virtual 
windows are also described.   
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INTRODUCTION 
ClearBoard[3] is a shared drawing medium based on the 
metaphor of transparent glass board placed between two 
parties.  The glass board works as the drawing surface to 
share ideas, as well as a video window through which we 
see our partner. It was among the first techniques to bring 
the importance of gaze awareness to our notice. 

Among the many implementation approaches possible, 
ClearBoard-1 adopted the drafter-mirror architecture; a 
single video camera is used to capture the drawings and the 
user.  The trapezoidal distortion of the drawing surface, 
which occurs when capturing the surface at an angle, was 
offset by a counter distortion; the image is projected at an 
angle.  

ClearBoard-2 offers enhanced utility since it allows 
computer drawings to be digitally shared.  In 
ClearBoard-2, the distortion was not offset but minimized 
by the camera and screen arrangement because the 
consistency of the drawing was assured by computer 
supported drawing.   

Despite its simplicity, the drafter-mirror architecture was 
not easy to implement because it requires precise optical 

alignment to effectively offset the distortion.  Along with 
the absence of high-speed public networks, these 
difficulties have been preventing ClearBoard from 
becoming a reality.    

The recent availability of high performance PCs, 
inexpensive digital video cameras, and flat-panel displays 
has raised the possibility of overcoming these difficulties.  
This paper presents the design of a digitally powered 
ClearBoard, and its potential.   

CLEARBOARD BY DIGITAL VIDEO PROCESSING 
In this implementation, the display screen can be set at any 
angle.  A half-silvered mirror is attached to the screen.  
The camera should be located so that it captures the four 
corners of the ClearBoard application window, i.e. the 
shared drawing surface, and the reflection of user’s face 
within the window.  The drawing surface in the image is 
distorted due to perspective.  This distortion is represented 
by the simple affine transformation described in (1).   

X=(ax+by+c)/(px+qy+r), Y=(dx+ey+f)/(px+qy+r)  (1) 

By assigning the coordinates of the four corners of the 
drawing surface to those of the application window, the 
parameters can be obtained as the solution of a 
simultaneous equation. (Figure 1) 

 
Figure 1: System in use and affine transformation: 
the shape of drawing surface is restored, and the 
user is drawing on the image.   
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By applying a counter transformation to the video, the 
drawing surface is restored to its original shape.  This 
process does not require much CPU power, it occupies only 
10% of the CPU time of a 2.8GHz Pentium4.  This leaves 
a lot of room for expanding the functionality.   

FLEXIBILITY  
Unlike the ClearBoard-1, the only restriction of this 
implementation is that the camera must capture the drawing 
surface; if the arrangement is changed, the system is easy to 
re-calibrate.  This flexibility is a major advantage; users 
can set the camera on the bookshelf, on the desktop (Figure 
2), or even from a diagonal direction.  In actual use, 
ceiling lights reflected by the half-mirror can prevent users 
from seeing the displayed image.  The flexibility of the 
arrangement provides many ways of avoiding this.  For 
instance, setting the screen upright is a useful approach.  
The camera can be set just in front of the keyboard between 
the arms; it seldom is an obstacle.  

  
Figure 2: Examples of flexible camera and screen 
arrangement  

 
GAZE AWARENESS  
Is the benefit of enhanced flexibility offset by degradation 
in gaze awareness? We carried out an experiment to 
compare two camera settings: orthogonal and diagonal 
(approximately 30 degrees from orthogonal).   

As targets, dots arranged in a 7 by 5 matrix were displayed 
on the screen.  Facial images of a user looking at one of 
the dots were displayed on a remote screen, and the 
subjects, 11 employees of our office, were asked to report 
which dot the person in the image was looking at.  
Displacement between the target and the reported position 
was measured in units of dot pitch.  The targets were 
chosen randomly.   

In the orthogonal camera setting, the average displacement 
was 1.42; it was 1.45 in the diagonal setting,.  This result 
does not prove that gaze awareness is never degraded, but 
suggests that the degradation is small in most cases. 

POTENTIAL ENHANCEMENTS  
Proximity Expression 
As is often discussed, proximity plays an important role in 
interpersonal communications [2].  By changing the 
distance of the camera to the screen and zooming the 
captured image appropriately, this system can change the 

appearance of the user while maintaining the size of 
drawings; this provides a sense of proximity.  (Figure. 3).   

 
Figure 3: Expression of Proximity 
 

 
Figure 4: Multi-directional display 
 

Multi-directional Display  
By switching between multiple cameras at different 
directions based on the users’ viewing angle (Figure 4), the 
system can establish a medium similar to the Virtual 
Window[1].  Video processing maintains the shape of the 
drawing surface and provides the sense of looking through 
the glass board.  

Other issues 
The small drawing surface was not a problem to support 
gaze awareness, but most of its surface is covered by the 
hands when the user is drawing on it.  The use of 
computer drawing tools, larger size displays, or both will 
solve this problem.  

The issues of gaze awareness and proximity are related.  
ClearBoard somehow provides the sense of distance 
between the partner and the drawings.  Without this 
information, it is hard to tell where the partner is looking at.  
The effective expression of depth in an image is an 
interesting ongoing issue.    

CONCLUSION  
Digital video processing is used to enhance the flexibility 
of ClearBoard.  Many issues are left unsolved, but digital 
processing paves the way for exploring these issues.  
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