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Abstract. In recent years, projectors are undergoing a transformation as they 
evolve from static output devices to portable, or communication systems. 
However, the projection images appear distorted unless the projector is 
precisely aligned to the projection screen. Generally many projection-based 
systems are corrected for oblique projection distortion using calibration 
methods (e.g., warping function). Computing a warping function uses fiducials 
or a special pattern projected to the screen. These methods are unable to 
automatically calibrate in real-time especially when a projector is moving. In 
this paper, we proposed an automatic calibration system in real-time. Our 
system makes up of a function to correct images that are only based on the 
degree angle of a mirror set up in front of the projector without attaching 
fiducials to the screen. Therefore the system can be used to display regardless 
of screen condition in parallelepiped room. This operation process is very 
simple and fast. Therefore our system provides a function of correcting movies 
during the movement of the projector (27.3fps). An advantage of the proposed 
method is the system can be easily applied to ubiquitous computing like 
interactive presentation or game. 

Keywords: ubiquitous display, real-time calibration, projector systems, compu-
tervision. 

1   Introduction 

The three-dimensional (3D) environment or real-world needs a new set of interface 
components: new devices, new techniques, and new metaphors. Some of these new 
components may be simple refinements of existing components; others must be 
designed from scratch. Many researchers study 3D user interface (UI) for the 3D 
interaction in realistic interactive environment or 3D environment. 

A necessary component of any 3D UI is the hardware that presents information to 
the user. This is called 3D output interface or display, present information to one or 
more of the user’s senses through the human perceptual system. 

Many different approaches to displays [1] which are Display Walls (Tiled Display), 
Steerable Projector Camera Systems (Everywhere Display) and Mobile Projectors are 
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being investigated, ranging from display walls and steerable projectors to new display 
materials. There are many approaches to address geometric calibration. Table 1 shows 
an overview of the calibration method for ubiquitous displays.  

Display Walls (i.e., Rear-Projected Display and Front Projected Display Walls) 
appear to offer large scale high resolution display, a solution to the small display area 
problem. However, these systems are not suitable for the future office as the tiled 
display systems are employing to take up a large floor space, time consuming for 
calibration and they are fixed, not portable because the projected pattern image is 
needed for calculating calibration method of the Display Wall [3-8].  

Steerable Projector Systems surfaces can dynamically change if its projection 
becomes occluded and also creates the potential for novel display types such as user 
following displays [9-12]. Everywhere Display1 is an environment developed by 
Pinhanez [9]. This system is to couple a LCD/DLP projector to a motorized rotating 
mirror and to a computer graphics system that can correct the distortion caused by 
oblique projection. The Steerable Projector System can not correct the distortion in 
real-time, because the calibration parameters of the virtual 3D surface are determined 
manually by simply projecting a special pattern and interactively adjusting the scale, 
rotation, and position of the virtual surface in the 3D world.  

Table 1. A Comparison of Display Technologies for Ubiquitous Display 

Image Calibration Method 
Display 

Display 
Technolo

gy 
Mobility Calculation 

Method 
Device 

Requirement 
Processing 

Time 
Traditional 
Computer 
Monitors 

CRT 
and 

LCD 
Fixed - - - 

Rear-Projected 
Display Walls 

[3-5] 
Projection Fixed 

Off-line 
(automatic) 

With Camera 
Not  

Real-Time 

Front Projected 
Display Walls 

[6-8] 
Projection 

Mobile, 
ad-hoc 

creation 

Off-line 
(automatic) 

With Camera 
Not  

Real-Time 

Steerable 
Projected 

Display Walls 
[9-12] 

Projection 

Fixed  
but  

steerable 
image 

Off-line 
(manual or  

semi-automatic) 

With Camera 
and Marker 

Not  
Real-Time 

Mobile  
Projectors 

[13-14] 
Projection Portable 

On-line 
(automatic) 

With Camera 
and Marker 

Real-Time 

Our System Projection Steerable 
Projected 

On-line 
(automatic) 

No Real-Time 

Mobile Projector System [13-14] is a project developing a mobile projector-camera 
system that fit into a large toolbox. Despite this achievement the system still relied on 
a connected main cable for powering the video projector. However, the promise of 
Laser and LED projectors that can run for hours on batteries heralds a new era in 

                                                           
1 Steerable Projector Camera System was initially developed by Pinhanez at IBM. 
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mobile display technology. Raskar [13] describes object augmentation using a hand-
held projector2. This system does object recognition by mean of markers attached to 
the object of interest. The markers are “piecodes”, colored segmented circles. These 
markers are used to compute camera pose (location and orientation) and hence the 
oblique projection is calibrated. Mobile Projector is determined automatically in real-
time during a change of location and orientation of projector by marker because the 
marker is used to compute camera pose (location and orientation) and hence the 
oblique projection is calibrated. However, this system can not calibrate in projection 
space which is not attached to a marker. Generally, many calibration methods for 
oblique projection needs a camera and projector pose (location and orientation). 

1. The method cannot automatically calibrate in real-time, like when projector 
is moving. 

2. The method needs some device like markers or camera. 
3. The method cannot offer to play movies because the system spends a lot of 

time on the step of geometric calibration.(10fps and less)   

In this paper, we propose an automatic calibration system in real-time without 
attaching fiducials to the screen. Our idea is make up similar virtual camera with a 
field of vision to real-project with a field of projection. The system’s operation 
process is very simple and fast. So our system provides a function of correcting 
movies during the movement of the projector (27.3fps). And our system has a camera 
for automatic focus function and catch up with user. Automatic focus function finds 
best degree of definition. And user tracing function makes projector follow the user 
during presentation. An advantage of the proposed method is the system can be easily 
applied to ubiquitous computing like interactive presentation or game. 

2   Projector-Based System for Real-time Automatic Calibration 

The real-time geometric calibration system is mounted up on a side of the 
parallelepiped(Fig. 1). The system project images which user prefers on any five sides 
of the display wall, except on the side which the system is mounted.  

 

Fig. 1. Sketch of our system 

                                                           
2 Raskar at the Mitsubishi Electric Research Labs (MERL) popularized the idea of handheld 

projector-camera system. 
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2.1   Overall System Architecture 

The real-time geometric calibration system is composed of a DLP projector and an 
inexpensive mirror. The projector is fixed, but the mirror is unfixed. The first is 
connected to the display output of a computer that performs geometric calibration. 
And the second is controlled by serial communication message which is send by the 
computer. The Fig. 2 shows the construction of a proposed system. 

 

       (a)                                               (b)  

Fig. 2. Construction of the system: (a) simplification, (b) real picture 

Our system is made into three parts; image processor, projector and mirror 
controller. First is image processor that makes distorted images to rectilinear images, 
second is projector that projects images to screens like walls and tabletops, and the 
third is mirror usage which, you can control the throwing course that user wants.  
Fig. 3 shows the architecture of a proposed system. 

 

Fig. 3. The real-time geometric calibration system architecture 
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This system takes 2 steps. The second step is the Automatic Calibration using 3D 
virtual space. In the first step, our system receives a wireless message from user, and 
controls the mirror which sets on projector by remote control to every direction like 
left, right, up and down. And the mirror controller captures its direction coordinates 
and sends it to image processor by serial communication. In the other step, a virtual 
camera in 3D space is moved and correctly rendered image using graphics processing 
unit(GPU).  

2.2   Image Processing 

Our real-time geometric calibration system is based on simple principle. This 
principle is that projected image seems to be distorted in general but looks rectilinear 
when three stipulations are satisfied (Fig. 4). 

1. The Projector’s incidence and the camera’s vision have the same angle. 
2. The Projector and the camera are the same position.  
3. They are the same direction. 

In other words, this means that if projected image is rectilinear, source image is 
distorted when the three stipulations are satisfied. At the time, the distorted source 
image becomes corrected image in this case. In this way, our system makes corrected 
images using 3D virtual camera. The Fig. 5 certainly shows the principle of image 
processing of the system 

 

(a)                            (b)                             (c)                            (d) 

Fig. 5. The principle of image processing:(a) photography of rectilinear image, (b) photo-
graphed image,(c) projection the image, (d) corrected image 

The Fig. 5(a) is a scene that offline-rectilinear image is being taken by camera. At 
this time, photographed image is shown in Fig. 5(b). If the image is projected by 
projector, you should get corrected image on the screen (Fig. 5(c,d)). The real-time 
geometric calibration system using this method makes processed image like in  
Fig. 5(b) by moving the virtual camera like real condition.  

Fig. 6 shows the image processing of the system to process image from original 
image. First, our system captures a frame image of moving pictures by DirectShow 
9.0(Fig. 6(a)). DirectShow is the Microsoft’s newest and most exciting multimedia 
application builder. The rectangle object in 3D virtual space is covered with the 
captured frame image. Figure 6(b) shows camera located in front of the object.  This 
is similar to real situation. The next step is to move the view point in 3D cyberspace 
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(a)                     (b)                       (c)                      (d)                       (e) 

Fig. 6. Image processing of the system: (a) Rectangle object in 3D cyberspace, (b) object 
mapped image, (c) moving the view point, (d) projection and (e) corrected image 

like a mirror which is controlled by user (Fig. 6(c)). At this point, rendered image is 
the same as the picture which is photographed to offline rectangle image with real 
camera. Finally, the rendered image is projected to the screen by the projector and 
finally we will get the processed image (Fig 6(d, e)). At this moment, the mirror 
which user controls is able to move in all directions like up, down, left, right. If the 
mirror shows a movement, camera in 3D virtual space moves the base to the starting 
point(x:0, y:0, z:0)  too. 

 

Fig. 7. The rotation of view point centered on the object(0,0,0) 

2.3   Receipt of a Remote Control Message / Control of a Mirror 

The real-time geometric calibration system is mounted up and fixed on a wall. User 
controls mirror which is in front of the projector and selects screen like wall, tabletop 
and ceiling. At this time, remote control is used. User can rotate the mirror as one 
pleases and save several directions that is used frequently. NEC Format is the most 
popular and is organized as three parts; first part is leader code which identify that the 
signal is a remote control message. Second part is customer code. This code has the 
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information of a manufacturing company. The last part is data code that has the 
command of the system (Fig. 8). 

 

Fig. 8. NEC Format 

There are three algorithms which are widely known; port-piling method, port-
interrupt method and timer sampling method. The first method checks the existence 
and nonexistence of signal on occasion and piles data information when port changed. 
If the change in port outbreaks, interrupt is made and checks the signal. This is the 
second method. The last is a method that checks remote control message on certain 
period of time and compares received signal with saved value. The algorithm have 
several merits and demerits(Table. 2). 

Table 2. Comparison of three algorithms 

Algorithms Merits / Demerits 

Merits: Easy computing 
Port-piling 

Demerits: inaccurate translation 

Merits: Correct translation 

Port-interrupt Demerits: Susceptibility of noises 

(Interrupts which are needless are producted.) 

Merits: Correct translation 
Timer sampling  

Demerits: Hard computing 

The proposed system uses the method that has merits of Port-interrupt method and 
Timer sampling method. This is to validate the information to be correct or otherwise. 
The proposed method goes after Port-interrupt method until remote control message is 
detected, and changes algorithm to Timer sampling method. It prevents the 
occurrence of an interrupt needlessly. As the signal disappears, the method returns to 
Port-interrupt method. The proposed system is the most efficiently. Because received 
signal is correct and computing is easy. The real-time geometric calibration system 
act by checked message using the proposed method (Table. 3). 
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Table 3. Commands Data code for movement of mirror 

Data code Movements 

0000 0000 Up 

1000 0000 Down 

1100 0000 Right 

0100 0000 Left 

3   Results 

We have built a system that includes an XGV (800x600) projector, a Atmega128 to 
control the a mirror (200x300) and a Pentium 4 PC with SIGMACOM TV Video 
Capture WDM Device. Table 2 shows performance of the proposed system. Our 
system uses general features in Microsoft DirectShow instead of computing the 
warping matrix. So it is very simple and quick. Total processing time consists of to be 
supplied frame image at 0.0334-second intervals, and the warping image is made at 
0.0031-second intervals. Therefore, the warping process is required for a frame image 
at 0.0365-second intervals. 

Table 4. Performance of the proposed system 

 Input frame image Rendering 
Total processing 

time 

Processing 
Time (s) 

0.0334 
(29.92 fps) 

0.0031 
0.0365 

(27.39 fps) 

4   Conclusion 

The existing systems can not automatically calibrate in real-time during the motion of 
the projector, because warping function for real-time calibration requires the special 
object (e.g., maker, fiducials) on a projection surface and it is determined to manual 
by simply projecting a special pattern. However, our system provides a real-time 
automatic calibration for oblique projection distortion. Our system projects image at 
once without the special object attached to the projection screen. This system has 3 
advantages. The first advantage is to provide a correcting image during the motion of 
the projector. The second advantage is to process rapidly so that motion picture can be 
played without cutoff. The last advantage is automatically performing all process. 
Therefore, the proposed system is that it can be easily applied to ubiquitous 
computing. 
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#100             #200              #300             #400 

Fig. 9. 

Fig. 9 shows result images of the real-time geometric calibration system. The 
proposed system corrects the distortion caused by oblique projection. As the projector 
moves, the correcting image is continuously showed on plane surface (Fig. 9). 
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