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Abstract 
A transparent display is a display that allows people to 
see through it from either the front or the back. In this 
paper, we propose a one-way pseudo transparent 
display technique that allows users in front of a monitor 
to see through the screen. 
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Introduction 
When using a computer, a vertical display is a common 
device for a user to receive visual feedback from a 
computer. One development trend of these vertical 
displays is to provide a larger viewable area and a 
higher definition image. However, these displays create 
a boundary between the user and the space behind 
them. When the size of the display grows larger, more 
space is blocked as well. This limits the user’s 
perception of the space. This project is to create a 

Copyright is held by the author/owner(s). 
TEI’11, Work-in-Progress Workshop 
Jan 23, 2011, Madeira, Portugal. 

Andy Wu 
GVU Center 
Georgia Institute of Technology 
TSRB, 85 5th St. NW 
Atlanta, GA 30332 
andywu@gatech.edu 
 
Ali Mazalek 
GVU Center 
Georgia Institute of Technology 
TSRB, 85 5th St. NW 
Atlanta, GA 30332 
mazalek@gatech.edu 
 

 

133



  

pseudo transparent display that allows a user to see 
through the monitor and see the scene behind it. 

Inspiration 
The size of monitors has increased dramatically 
recently. Accordingly, the view blocked by these 
conventional nontransparent displays has also become 
larger. A transparent display links the space behind the 
screen with the user in front of the screen by providing 
a visual connection between them [6]. 

People are fascinated about transparent display 
technologies. A mature transparent display technology 
has not been available until the recent release of the 
OLED technology [7]. Yet it is still inaccessible to most 
people. Therefore, some people create their own 
transparent desktops on their computers (see figure 
1). A transparent desktop is in fact a modified still 
desktop photograph that seamlessly connects the 
background scene with the computer desktop image. 

  

figure 1. This is a demonstration of a transparent desktop 
created manually. The left figure shows the objects behind the 
laptop as a desktop image. Oops, who moved the crane? The 
trick is exposed when someone moves an object away from the 
scene. 

One can simply create a transparent desktop by taking 
a shot of the scene without the monitor and making it 
the desktop background after some photo editing. 
Since this desktop image is static, the user cannot see 
what really happens behind the screen. Furthermore, a 
user cannot see the spatial relationship between the 
two opposite sides of the screen when she moves her 
head. 

The idea of transparent displays has been exploited in 
several science fiction movies using futuristic settings 
[1, 5, 8]. In the movie scene, users can see through 
the transparent display and look at objects behind it. 
Others can also see through the transparent display 
from its back and see the user’s face.  

Harrison et al. [3] created a pseudo-3D effect for video 
conferencing that provides a different spatial 
experience when conversing with someone. The idea is 
to let the user sitting in front of a video camera have 
the freedom to explore the space of the remote person 
she chats with. The video camera that transmits the 
image to the remote side also tracks the user’s face. 
His setup allowed a pseudo-3D experience using only a 
single generic webcam at each end. Harrison also 
implemented a Lean and Zoom system [4] that 
magnifies the screen proportionally based on the user’s 
position. Both these two projects used face tracking to 
process the image to be shown on the screen. 

Design 
The goal of this project is to create a pseudo 
transparent display that simulates the effect of a real 
transparent display. When a user moves her head to 
the right of the screen, she sees the left part behind 
the screen more. In similar fashion, she sees more of 
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the rear right part of the screen when she moves her 
head to the left. The displayed image should change 
when she moves forward and backward as well. 

front camera

rear camera

 

figure 2. When the user moves her head, the displayed image 
changes according to the position of her head. The rear camera 
acquires the scene behind the screen and the front camera 
locates the user’s head. 

To create the effect of a transparent display, the 
system has to acquire the background image and 
adjust the displayed image according to the position of 
the user’s head in real-time. Therefore, a camera 
should be placed in front of the screen to capture the 
head movement of the user while a second camera with 
a wide-angle lens is placed in the back of the screen. 
The rear camera captures a high-resolution picture and 
crops the wanted part to show on the screen based on 
the user’s head position. Unlike the commercial 
transparent displays or the displays created by special 
effects in science fiction movies that have two-way 
transparency, this project provides one-way 
transparency--only the user in front of the screen can 
see through the screen. In other words, this setup 

offers better privacy to the user sitting in front of the 
screen than the two-way transparent display. 

Implementation 
This project requires heavy real-time image processing. 
To quickly prove this concept, the first system was 
developed using Quartz Composer [2], a visual 
programming language designed for processing and 
rendering graphical data. Quartz Composer can export 
its compositions as screen savers or native OS X 
applications. 

The rear camera  
Ideally, the rear camera has to capture a high-
resolution picture of a very wide area, so that the 
system can crop and resize the image to be shown on 
the screen. Also, it needs to have a high frame rate to 
reflect the reality behind the screen in real-time. 
However, to prove the concept quickly, this system 
uses a webcam with that reaches 30 frames per second 
at a 640 x 480 resolution. To improve the view angle of 
the camera, a fish-eye lens with a 120-degree view 
angle was installed to replace the original camera lens. 

Face tracking 
To determine the displayed image, a front camera is 
used to locate the user’s head in three dimensions. This 
prototype uses the OpenCV’s Haar Cascade classifier 
[9] to identify and track faces. It gives the X, Y and Z 
positions of a user’s head. 

The displayed image 
The displayed image is a smaller part of the original 
image determined by the geometric relationship 
between the user and the screen as shown in figure 3. 
When the user moves away from the screen, the view 
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angle created by her eyes and the screen is narrower. 
Analogously, the view angle becomes wider when she 
moves forward to the screen. Because the distortion of 
the image, the original captured image has to be 
calibrated before further processed. 

screen

background image

 

figure 3. When the user moves her head, the displayed image 
changes according to the position of her head. 

Limitations and Challenges 
Some of the limitations and issues encountered so far 
are worth discussing here. Most of them are because of 
the rear camera’s limited performance and 
characteristics. 

Recreating a 3D scene 
Mapping the 3D space behind the screen to a 2D image 
plane loses lots of information of the real world. For 
example, one might see the left and right sides of a 
cube placed on the table by moving her head laterally. 
However, when this cube is placed behind the screen in 
our system, one can only see the side captured by the 

camera (see figure 4). This problem is caused by the 
depth-difference between objects. In reality, when one 
moves laterally, closer objects move faster than objects 
in the distance. However, in this system, the displayed 
image is created from a rear still camera. As a result, 
we cannot recreate the real scene from this limited 
pixel information. This effect becomes a serious issue 
when several objects appear in the scene at different 
distances. 

background image

rear camera 
blind area

front camera 
blind area

object (a cube)

 

figure 4. The blue and red areas are the blind areas of the 
cameras. One issue of the current setup is that when the user 
looks at the monitor from the position shown in the figure, she 
expects to see the left side of the cube. However, the rear 
camera captures only the front facet of the cube. Therefore, 
the system creates an incorrect image. 

Blind areas 
Even though the rear camera uses a wide-angle fish-
eye lens, it only captures a 120-degree view. When an 
object is placed right behind the screen, the camera is 
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either blocked by the object or cannot see the object at 
all. The latter condition happens often when the user 
grabs one side of the monitor and adjusts its angle--
she cannot see her fingers at all. The front camera has 
a limited view as well (see figure 4). When the user 
moves far away from the camera’s field of view, the 
system stops working. 

Performance 
The resolution of the camera and the computing power 
affect this application a lot. Since computer screens 
today have much higher resolutions than most 
cameras, to generate convincing high definition 
streaming images is difficult. The one-way pseudo 
transparent display is a concept to link the user with 
the space occluded by the monitor visually. Currently, 
the frame rate of the system is about 25 to 30 fps. 

Staying focused 
To obtain clear images, a camera has to stay focused 
on its targets. When there are multiple objects located 
at different distances from the camera, the camera can 
only focus on one of them. Hence, part of the image is 
blurred. On the other hand, humans’ eyes, which are 
the most complex cameras, adjust the focal lengths 
quickly. Looking at multiple objects in the 3D real world 
is common to us. As a result, generating lifelike 
streaming images that can cheat our eyes is 
challenging. 

Summary and Future Work 
The one-way pseudo transparent display opens a 
channel to see objects behind the screen from the 

user’s location. It changes the displayed image 
according to the user’s head position. It also has less 
privacy concerns than the commercial two-way 
transparent displays. 

Possible improvement of the system 
Several of the facing challenges and limitations are 
caused by the limited functionality of the rear camera. 
To overcome these issues, we can use two cameras to 
create a higher resolution stereo image and a larger 
field of view. This also helps solve the “missing sides” 
problem of a cube. Another way to resolve this issue is 
to use a Pan Tilt Zoom (PTZ) camera. The PTZ camera 
pans and tilts when the user moves laterally. It zooms 
when the user moves longitudinally. 

The front camera has a larger blind area than the rear 
camera. However, in general, a user stays inside the 
camera view most of the time. Thus, one regular front 
camera should be sufficient to track the user’s head 
movement. 

Other potential applications 
The proposed idea is to let users see through the 
screen. Yet, it has more implicit applications. This 
technique creates a more realistic image than a regular 
streaming video. Therefore, it can be used to create 
digital windows in rooms that do not have real 
windows. We can also create more realistic 
photographs for digital photo frames. In other words, 
the scene from the digital window or the photo in the 
digital photo frame changes according to the viewer’s 
position.
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