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Abstract 

An invisible code is one of the useful technologies for a 

computer interaction.  In this paper, we propose a 

method to display invisible codes using LCD panels and 

to detect a polarized symbol image with a conventional 

CCD camera. 
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Fig. 1. Cooperative work of life review activity. 

 

 

1. Introduction 

 

The authors have researched multimedia system and 
support system for nursing studies on and practices of 

reminiscence therapy and life review therapy.  Since 

Butler first presented the concept of the life review in 
1963, many kinds and types of study in this field have 

appeared and developed.  However these studies 

only involve methods of its application as nursing 
intervention in order to understand patients and to 

apply theories to nursing care.  In hospice care and in 

many nursing homes, the process of thinking back on 
one's life and communicating about one's life to 

another person is called life review.  This activity is 

often assisted by aids such as videos, pictures, objects, 
archives and life story books, as shown in Fig. 1, in 

order to make an opportunity of talking.  On this 

activity of therapy, it is important to review the 
sessions after the activity for an effective therapy.  A 

therapist must keep a record of sessions for inspection 

of methods and ways of valuation on reminiscence 
and life review therapy, but it is trouble for the 

therapist to record.  To overcome this problem, we 

have developed the support system which can 
automatically write down a session report about the 

activity.  As shown in Fig. 2, the system can detect a 
media using invisible codes.  Though a picture has a 

fixed image, a movie player produces all kinds of 

contents.  The authors would like to build support 
system which can recognize contents on a video 

player as well as a media or device.  This paper 

describes a method to display an invisible code on the 
viewscreen of an LCD display. 
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Fig. 2. Invisible code display material. 
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2. How To Display Invisible Code 
 

QR Code is a kind of 2D symbology developed by 
Denso Wave in 1994. QR Code (2D Code) contains 

information in both the vertical and horizontal 

directions, whereas a bar code contains data in one 
direction only. QR Code is capable of 360 degrees, 

high speed reading. QR Code accomplishes this task 

through position detection patterns located at the three 
corners of the symbol.  This ability allows the use of 

2-dimensional codes in a wide range of applications.  

QR codes onto labels are widely used in the fields of 
distribution and logistics.   Moreover, QR Code is 

available for camera phones which enable new 

services based on QR-code (2D-barcode) input. The 
QR Code can store much information, but its symbol 

is large. 

 

(a) view of camera (b) view through infrared filter 

Fig. 3. Infrared printing. 
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(c) picture overlaid special sheet 

(b) transparent sheet embedded 
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(b) view through infrared filter 

Fig. 4. Infrared imaging using transparent sheet. 
 

 

A printing company has developed a new 
technology which makes a publication embedded with 

invisible codes, which is made by infrared reflective 

pigment or small 2D codes, which is made by 
conventional offset printing using an infrared printing 

ink such as a sample shown in Fig. 3.  The code 

symbol like a QR code consists of numerous 
intelligent small dots that can be read by a pen device.  

This pattern indicates the exact positions of the pen. 

When touching the pattern on the paper is 
automatically taken.  Every snapshot contains 

enough data to determine the exact position of the pen 

device. 
Fig. 4 shows our developed invisible code 

presenting solution.  In the life review therapy, the 
therapists utilize printed materials such as picture, 

book, magazine or photograph collection.  These 

media have already been printed without invisible 
codes.  Because the printing company needs to 

embed infrared reflective pigments into printed 

materials when they are printed, the therapists cannot 
easily use them as an infrared printing card. 

So the authors have made a transparent sheet which 

is embedded an invisible 2D code using an infrared 
printing technique.  This transparent sheet is made of 

a conventional OHP(Over Head Projector) sheet.  

The inkjet printer and laser printer output small dots 
on this sheet.  Because the printed region consists of 

the 2D code pigments and dummy dots, we cannot 

perceive the 2D code as shown in Fig. 4(b).  
Moreover the printed pigments are aligned like a 
checkered pattern.  Then we can perceive the image 

through the 2D code printed special sheet as shown in 

Fig. 4(c).  Since the black color ink passes the 
infrared light and the black toner powder absorbs the 

infrared light, the CCD camera can detect the invisible 

2D code through a infrared filter as shown in Fig. 4(d). 
Using this position data, the interactive computer 

system provides us with services such as a voice 

reading or a touch-panel-like operation on the paper.  
But this technology is realized only on the paper 

material.  The authors would like to realize an 

interaction using an invisible code on an electrical 
media like a conventional LCD display. 

 

 

3. Polarization Control Technique 
 

There are two types of polarizing filters, polarizers 

for short: linear and circular.  Fig. 5 shows the basic 

concept of polarization using the linear polarizer.  In 
this example, the linearly polarized incident light is 

vibrating vertically before encountering the polarizer, 

a filter containing long-chain polymer molecules that 
are oriented in a single direction.  Only the incident 

light that is vibrating parallel to the polarization 
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direction is allowed to pass. Therefore, since polarizer 
A is oriented vertically, it only permits the vertical 

waves in the incident beam to pass.  However, the 

vertically polarized waves are subsequently blocked 
by polarizer B because it is oriented horizontally and 

absorbs all of the waves that reach it due to their 

vertical orientation. 
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Fig. 5. Polarizer. 
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Fig. 6. 1/2 wave plate. 
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Fig. 8. TN mode. 
 

 

The 1/2(half) wave plate can be used to rotate the 
polarization state of a plane polarized light as shown in 

Fig. 6.  Suppose a plane-polarized wave is normally 

incident on a wave plate, and the plane of polarization is 

at an angle α with respect to the fast axis, as shown.  

After passing through the plate, the original plane wave 

has been rotated through an angle 2α.  Therefore, the 
incident light is horizontally polarized wave at 45 

degrees with respect to the axis, the output wave is 

vibrating vertically. 
A 1/4 wave plate is used to turn plane-polarized 

light into circularly polarized light and vice versa.  

We may do this by orienting an incident plane-
polarized wave at 45 degrees to the optical axis.  As 

shown in Fig. 7, circularly polarized light may be 

produced by passing linearly polarized light through a 
1/4 wave plate at an angle of 45 degrees to the optic 

axis of the plate.  Moreover, the mirror reverses the 

direction of circular polarization, and the reflected 
reversed circularly polarized light is converted back 

into linearly polarized light by the wave plate. 

Therefore, when a l/4 wave plate is double passed, i.e., 
by mirror reflection, it acts as a l/2 wave plate and 

rotates the plane of polarization to a certain angle, i.e., 

90 degrees, as shown in Fig. 7. 
Fig. 8 is brief illustration of a LC cell (liquid crystal 

layer).  As shown in this figure, the conventional 

LCD panel consists of a liquid crystal layer, a 
polarizer and an analyzer.   The liquid crystal layer 

can rotate the direction of polarizations as shown in 

Fig. 80.  The angle of rotation is controlled by the 
luminance gradation of input video signals as shown 

in Fig. 9.  The authors have developed 3D display 

system using this polarization control technique by the 
LCD panel1)2)3)4).  In this paper, the liquid crystal 

layer is applied to generating an invisible 2D code. 
 

 

4. Invisible Code Display 
 

The printing technology using a special pigment 

enables us to provide a publication embedded with 
invisible codes.  This technique is useful for 

developing an interaction system.  We want to make 

good use of invisible codes at an electric display as 
well as a paper.  To display visual information and to 

embed invisible additional information, the display 

panel needs to hide code symbols so as not to interfere 
with screen viewing as shown in Fig. 10.  So we 

utilize a polarized symbol image to overlap additional 
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information on the visual screen.  The polarized light 
wave has a useful characteristic to generate hidden 

images.  You know you cannot perceive digits of a 

calculator if a polarizer is removed from an LCD, i.e., 
it is impossible for human’s eyes to distinguish 

characteristics of polarization.  In our interaction 

display system using LCD panels, we utilize 
characteristics of polarization.  As shown in Fig. 11, 

our proposed display system consists of a 

conventional LCD panel, an additional liquid crystal 
(LC) layer and some optical elements. 
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Fig. 9. Characteristics of the polarization. 

 

 

 
(a) view of normal CCD camera 

 
(b) thru vertical polarizer 

Fig. 10. Invisible display unit. 

 

 
LC layers can rotate the direction of the 

polarization axis according to the applied voltage.  

The LC layer sandwiched between both polarizers 
displays visual information. This structure functions 

as an LCD panel.  Then this LCD panel emits the 

polarized light due to the existence of a surface 
polarizer (it is called an analyzer).  Moreover, the 

overlaid additional LC layer changes the direction of 

polarization from LCD outputs.  This LC layer 

generates invisible symbol patterns.  A 1/4 wave 
plate is used to turn linear-polarized light into 

circularly polarized light and vice versa as shown in 

Fig. 7.  The final LC layer and this 1/4 wave plate 
output left or right circular polarized light waves.  

This difference of rotating direction makes a binary 

symbol image.  Because humans cannot perceive 
differences of polarization, they directly watch only 

visual images on the viewscreen without perceiving 

symbol patterns as shown in Fig. 12. 
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Fig. 11. Principle of generating invisible code. 
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Fig. 12. Principle of hidden code detection. 
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