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Abstract. This paper describes a projection based information display system, 
which can make a user see three-dimensional (3D) object with naked eyes. The 
proposed system is based on Intelligent Space and a projector mounted mobile 
robot which is called Ubiquitous Display. Human can perceive a 3D structure 
from 2D retinal images by using diverse cues. As adopted psychological cues, 
the proposed system makes that a user can perceive 3D object by seeing oblique 
anamorphosis projected on where the user is facing. Through this, the user can 
get information more realistically and experience augmented reality which the 
real and virtual objects coexist without optical devices such as glasses, head-
mounted display. Moreover, by using Ubiquitous Display in Intelligent Space, 
ultimately human centered active information display can be feasible.  
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1   Introduction 

The main goal of our research is creating a new active information display system to 
achieve a human centered information transfer method. In usual cases, people should 
approach information sources which are located around our living environment such 
as bulletin boards, artificial signs, local maps, etc. They are the most common ways of 
transferring information, but there are lots of problems in such methods. The first 
problem is that human should move to certain place to get information. The second is 
that there is no guarantee of acquiring necessary information. The third is that it takes 
a long time to renew information. As for these problems, it is thought that the 
problems are caused by “passive information display”; a user approaches information. 
However, to the contrary, if information approaches a user, the above-mentioned 
problematical point can be solved. 

The most familiar method without above mentioned problems is a mobile device 
based information display, that a user carries a cellular phone, a potable digital 
assistant (PDA) and head mount display (HMD)[1]. However, this method also has 
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several problems such as; a user should carry a mobile device always; in case of 
cellular phone or PDA, its small screen cannot display enough information at once; in 
case of using HMD, users may get stress on using it because of its weight, dizziness, 
blocking user's sight and so on. Another method is to use a steerable projector [2, 3]. 
This method is able to display information on various locations by pan and tilt 
mechanism or mirror. Since the projector is able to display various information, 
renewing information is not a time consuming job in this method any more. But, even 
if it has pan-tilt actuator, a display area is limited. And also, it needs very precise 
calibration. 

So, to cope with these problems, we proposed a new active information display 
method based on Intelligent Space and a projector mounted mobile robot [4]. The 
proposed system is able to afford a user with relevant information by projecting it on 
where the user is facing, so that the user does not need to move for seeking 
information. And, as the proposed system provides information according to the 
user’s requests, the user is able to obtain necessary information. And also, renewing 
information is very easy. 

Moreover, the proposed system makes that a user can perceive a three-dimensional 
object by seeing image projected on where the user is facing. Through this, the user 
can get information more realistically and experience augmented reality which the 
real and virtual objects coexist without optical devices such as glasses, head-mounted 
display. 

The human visual system interprets depth in two-dimensional retinal images using 
both physiological and psychological cues. There are a variety of depth cues, but they 
can be generally categorized into three classes: oculomotor, monocular, and binocular 
[5]. As the binocular disparity between the two eyes is a very important cue for the 
perception of 3D object, most of 3D displays are based on it. Therefore, a main 
consideration is how a system can provide a different image for each eye [6]. But, in 
this paper, our approach is based on psychological cues and all psychological cues are 
monocular.  

The proposed system adopts a method to alter perspective representation of 3D 
object according to a user’s viewpoint. By projecting a computer-generated image 
which is made by oblique anamorphosis techniques, a user can see 3D object 
superimposed on the real world with naked eyes. 

Section 2 of this paper provides more details of the proposed system. And section 3 
describes a 3D object display method by oblique anamorphosis techniques. Result of 
experiments is described in section 4. Finally, we summarize our results and discuss 
the performance of the proposed system in section 5. 

2   Human Centered Active Information Display 

The proposed active information display system is based on Intelligent Space and 
Ubiquitous Display. Ubiquitous Display is a pan and tilt mechanism based projector 
mounted mobile robot, referred in this paper simply as UD-1. As it is shown in Fig. 1, 
Intelligent Space recognizes location and facing angle of human with its sensors. The 
information which the human wants is also recognized by Intelligent Space. Based on 
gathered data, the information to be presented is decided by Intelligent Space. And  
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Fig. 1. Human, Ubiquitous Display and Intelligent Space 

location of the projector mounted robot and angles of the mounted projector are 
decided based on where to display the information. With this combined system, an 
active information display system is achieved and all the problems are overcome.  

2.1   Intelligent Space  

In this section, Intelligent Space, which is deeply related system with the proposing 
system in this paper, is introduced. Intelligent Spaces are rooms or areas that are 
equipped with sensors, which enable the space to perceive and understand what is 
happening in them. In Intelligent Space, a human is watched by distributed sensors 
connected via network which are called a Distributed Intelligent Network Device 
(DIND) [7]. By installing this DIND into the whole space, it can recognize objects 
inside the space easily and it can perform information exchange and sharing by 
mutual communication through the network. The main purpose of Intelligent Space is 
the accomplishment of human-centered systems. 

As stated above, Intelligent Space recognizes location and facing angle of human, 
and information which the human wants. In previous work [8], we have set up 
Intelligent Space as shown in Fig. 2. And we proposed a method for search a position 
of human by using multiple cameras in Intelligent Space. And also, we have 
developed a 3D head pose estimation algorithm that can be used to generate a 3D face 
shape from 2D face shapes and estimate head pose by fitting a 2D shape to a 3D 
shape based on Active Appearance Models (AAMs). Furthermore, we have developed 
a speech recognition module using an open source real-time large vocabulary 
recognition engine (Julius) and directional microphone with pan-tilt actuator. With 
collaboration of other DIND in Intelligent Space, a microphone can lean toward a 
human face using position and head pose information of the person. 
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Fig. 2. A set-up of Intelligent Space 

2.2   Ubiquitous Display (UD-1) 

As shown in Fig. 3, UD-1 is composed of five parts; a projector, a pan-tilt 
mechanism, a power supply, a mobile robot and a computer.  

The UD-1 has following features in comparison with fixed place pan and tilt 
mechanism projector. 

 

• Ubiquitous Display Feature. The limitation of information displaying area 
disappears and information can be displayed on various places. 

• Seamless Display Feature . Information can be displayed continuously in a wide 
area. 

• Adaptable Display Feature. Since Intelligent Space monitors human, UD-1, and 
other obstacles, it is able to cope with varying situations 

• Interactive Display Feature. Since Intelligent Space works as a smart interface, 
information can be provided according to the state of a user. 

 

 

Fig. 3. A Ubiquitous Display (UD-1) 
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3   3D Object Display Based on Oblique Anamorphosis 

In Fig. 4, a procedure of 3D object display based on anamorphosis is shown. Through 
this process, a user can see 3D object superimposed on the real world without optical 
devices such as glasses, head-mounted display. 

 

 

Fig. 4. 3D object display using anamorphosis 

Intelligent Space visualizes information whether their forms are texts or graphics. 
And, UD-1 transfers information by projecting images visualized by Intelligent 
Space. Therefore, Intelligent Space has to consider geometrical relations between 
projector and projected plane or a user to display undistorted images. In Fig. 4, “2D 
fixed shape image” is a process for this. 

3.1   Anamorphosis 

An "anamorphosis" is a distorted projection or perspective; especially an image 
distorted in such a way that appears in its true shape when viewed from a certain point 
[9, 10]. It has been studied by artists and architects since the early fifteenth century. 
There are two main types of anamorphosis : oblique (perspective) and catoptrics 
(mirror). The oblique anamorphosis is a sort that we will be concerned to create depth 
effects in this paper. Like transform equations described in [9], an anamorphosis is 
based on precise mathematical and physical rules to construct two dimensional 
representations of three dimensional objects. However, anamorphic images which are 
used in this paper are made according to simple rules depicted in Fig. 5. 

3.2   Fixed Shape Display 

When information is projected on walls or floors, the projected image changes its 
shape from the original image based on geometrical relation between surface of wall 
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Fig. 5. Simple rules for drawing anamorphic images 

or floor and projector. Let P is input image of the projector of UD-1 and let R is a 
projected image on a surface then their relation is as follows. 

 

PRR P≅ H  (1) 

( ):  PR Homography matrixH   

 

By utilizing ( ) 1

PR

−
H , it is transformable between an input image and a projected 

image. To cope with movement of UD-1 as well as rotation of the projector, we 
extended a virtual surface method presented in [11]. 

Usually 6 DOFs are considered enough to express a posture of an object in 
environment. However in case of UD-1, to project an image on a surface, there are 11 
DOFs. Followings are the 11 DOFs. 
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• Posture of UD-1  : ( , , )robot robot robotx y φ  

• Pan-tilt mechanism  : ( , )pan tiltθ θ  

• Image  : ( , , , , , )roll pitch yawx y z ϕ ϕ ϕ  

 

These parameters can be optimized by evaluation function J in (2). 
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• Examples of rules 
- to prevent deforming image 
- to set projection distance 
- to prevent occlusion of projection 

 

 
More details were described in [12]. 

4   Experiments 

To verify usefulness of the proposed system, experiments were performed under two 
conditions: 1) projecting on the floor, 2) projecting on the wall. The following are 
results of experiments. 

To display a real object, we take pictures as shown in Fig. 6. And then, UD-1 
project anamorphic images of picture selected according to a user’s viewing point. 
The result is depicted in Fig. 7. And Fig. 8. shows results of projection of 3D 
computer graphics. Table 1 summarizes a survey of four subjects. As shown in Table 
1, in case of projection on floor, it is difficult for subjects to perceive 3D object at a 
close range, but in case of projection on wall, the opposite results are produced. 

 

 

Fig. 6. Capturing a finite number of image 
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Fig. 7. Results of experiment (anamorphic images of picture) 

 

Fig. 8. Results of experiment (anamorphic images of 3D computer graphics) 

Table 1. Results of a survey (mean values) 

Distance 
Place 2m 4m 6m 8m 

Floor 2.75 3.50 4.00 5.00 

Wall 4.50 3.50 4.00 2.75 

�  Levels of perception : 1(can’t see) ~ 5(can see). 



 Anamorphosis Projection by Ubiquitous Display in Intelligent Space 217 

5   Conclusion 

In this paper, we described anamorphosis projection by Ubiquitous Display in 
Intelligent Space. The proposed system makes that a user can perceive 3D object by 
seeing oblique anamorphosis projected on where the user is facing. Experimental 
results showed that the proposed system works reasonably well. And, as the proposed 
system applies anamorphic images, it is able to induce a user to move a place that the 
user can perceive 3D object. Therefore, further studies are required to achieve an 
interactive system. 
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