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ABSTRACT 
The performance of remote visual communication systems 
can be enhanced by providing gaze awareness; one user can 
perceive what the other party is looking at. To support gaze 
awareness, we need the user’s face images and 
environment images. However, no current portable video 
system provides an intuitive combination of face and 
environment image. This paper proposes the concept of 
perspective layering to achieve this goal. Cameras are used 
to capture the user's face image and what he is looking at, 
and the streams are then displayed on "layered boards" at 
the partner's terminal. A prototype system demonstrates the 
potential of this concept. 
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INTRODUCTION 
We are becoming rapidly familiar with the portable video 
camera and the latest generation of video phones, as well as 
their limitations. Since they provide a single view of either 
the user or his surroundings, they fail to support gaze 
awareness [1], an information modality that provides 
enhanced communication.  
While equipping each handset with two cameras is relative 
simple, combining the images in an effective manner is 
more difficult. TV programs often superimpose the 
newscaster over the main video stream. This technique is 
effective only because the newscaster has no spatial 
relationship to the main story.  
Gaze awareness, however, demands a strong association 
between the user's gaze direction and the user's 
environment. Our solution is to synthesize a 3D structure of 
view and face image planes. Its background and description 
are given below. 

VIDEO CAPTURE SYSTEM 
Two cameras are fixed on the same optical axis as shown in 

the prototype device of Fig.1. The user’s face and view 
images are captured at the same time when the system is 
held comfortably in the hand. In the prototype system, the 
images (full frame rate VGA images) are transferred via 
IEEE 1394 to a computer.  

         
 

 

IMAGE ASSOCIATION APPROACHES 
Fused images 
The first level of image association is the direct naïve 
implementation shown in Fig. 2. The users' face image is 
overlaid by the environment image which is quite 
transparent. Unfortunately, the two images become mixed 
and are not easy to separate; this means that the partner 
receives very little useful information with regard to gaze 
awareness.  It is obvious that some form of visual 
differentiation is needed. 

 
 

 

 

Figure 1 : Camera system that captures
user’s face image and user’s view image 

Figure 2 : Direct overlay approach 
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Separate Images 
One method of differentiating two overlaid images is to 
perturb each in a different direction. For example, the face 
image can be moved up and down slowly while the 
environment image is moved left and right slowly. The 
extent of movement is small so the association is retained. 
Another differentiation technique is to use different 
aspects: the face image can be 4:3 while the environment 
image takes a panoramic aspect. However, even with 
perturbation, the direct overlay approach is too complicated 
for most users. We created the following spatial model to 
achieve easy recognition. 
Model for image differentiation  
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The proposed model is illustrated in Fig. 3. User A sees 
two image planes at a time: the User B’s face image and his 
view space image as environment. This enable User A to 
see what User B is looking at while talking each other. To 
make comprehension easier, we paste the images on layer 
boards that float in a 3D space. The arrangement of image 

planes is designed by taking the way of spatial perception 
into consideration (Fig. 4.). A floor is drawn on which the 
boards cast shadows. The environment board is slightly 
transparent and has a frame while the face board is more 
transparent to better indicate distance from the viewer 
[2][3]. In this model, the environment image, user B’s 
view, is the reverse of the view seen directly by user A. 
This discontinuity is unavoidable and is not a serious 
problem. User A can guess the gaze point of user B by the 
image plane while the environment images is the reverse of 
the view. The simple layer display approach, user A's eye 
point shares the same axis as the two image boards, is not 
perfect since the environment board blocks the face board. 
To solve this problem, we offset user A’s viewpoint and so 
create a perspective view of the boards as shown in Fig. 5. 
This design permits user A to easily guess the gaze point of 
user B while providing excellent visual differentiation. 

  
 
 
CONCLUSION AND FUTURE WORK 
We have introduced a model that allows face and 
environment images captured by two cameras held by the 
partner to be effectively combined and displayed so that we 
can receive the communication mode of gaze awareness.  
To make the system described here more attractive, we will 
investigate the impact of moving the image boards in 
synchronization with the user's camera. We will also 
evaluate the proposed model in terms of image incongruity 
and gaze awareness. 
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Figure 4 : Proposed layer display arrangement 

Figure 3 : The model of face-to-face communication
by using user’s view images Figure 5 : Layer display of user’s face image and

user’s view image 
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