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leftmost vertex of the convex hull around the contour as the 
point of reference (e.g., right index fingertip). Fingers are 
rendered translucently (i.e., “ghost fingers”) to provide the user 
with direct visual feedback without occluding display space. 
Figure 2 and 3 respectively illustrate a simple 2D GUI control, 
and a simple 3D object manipulation (e.g., picking and moving 
around based on the image plane technique [13]). 
  

 
Figure 2. 2D GUI control 

 
Figure 3. 3D object manipulation 

 
Figure 4. Back of mobile 

display w/ IR sensor & emitters 

 
Figure 5. TOF depth camera 
on the stationary display setup 

The first prototype demonstrated the feasibility of our reaching-
behind approach, but confines the interaction to mostly 2D space. 
Therefore, we utilize a depth camera [15] (Figure 5) in our 
second implementation. Because the camera is facing away from 
the user and sees only his hand, we don’t need to detect body 
parts as in [14]. Moreover, in the case of a static display, to 
avoid a recognition step, we assume a static background and 
filter it out in a method similar to z-buffer. After a data frame is 
filtered based on amplitude (discard pixels with weak signal) 
and “background-ness”, the remaining pixels form a point cloud, 
and statistical filtering is applied to eliminate isolated outliers 
[16]. The resulting points are clustered based on distance, and 
only the largest cluster is kept. We approximate the cluster via 
an oriented box whose orientation and size is calculated using 
Principal Component Analysis. Finally, to enable collision based 
interaction methods, we add two spheres on the opposite sides of 
the box. Figure 6 shows the point cloud generated by the hand, 
as well as virtual objects (stack of dices, in Ogre3D) before and 
after a collision with the hand. 

  

Figure 6. Point cloud and 3D dices, before (left) and after (right) 
collision with hand; the point cloud bounding box is rendered 
transparently. 

5 “IN-LINE MEDIATION” WITH FACE TRACKING 
A crucial component for our system is face tracking. By 
spatially aligning the user’s eyes, the display, and the rendered 
virtual objects, the device becomes a 3D in-line mediator 
between the user and the virtual content. Our system detects the 
user's face from a front-facing Webcam (Figure 5) using 
OpenCV [11] libraries, and renders content through an 
asymmetric view frustum. This results in visual coherency 
where virtual objects are perceived as stationary in the device 
space, regardless of user movements relative to the device. That 
makes it easier to manipulate objects, and adds to spatial cues by 
providing motion parallax. 
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