
Active CyberCode: A Directly Controllable 2D
Code

Abstract
Many augmented reality (AR) applications which
overlay computer graphics on a real image have been
developed. One of the limitations of such applications is
that a user has to control CG objects, invoked by a
realworld condition, using a traditional input device like
a keyboard or mouse. We developed a directly
controllable 2D code called Active CyberCode. A user
can give commands by putting his/her finger on a
printed button beside the code. The code has fixed and
variable parts, and the variable part is recognized as
the same as the fixed part. It allows a computer to
recognize commands without the need for expensive
methods like finger recognition. 
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Introduction
Mobile computing devices with cameras are now widely
available. There are many cellular phones equipped
with cameras on the market, and some of them also
recognize printed two dimensional (2D) code in order to
retrieve information. Such an information retrieval
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application is considered as a productization of past
human-computer interaction researches such as
NaviCam[4]. This trend will also bring augmented
reality (AR) applications like one mentioned in [3] to
the market.

On the other hand, computer games has also been
adopting realworld-oriented user interfaces. For
example, combinations of computer games and trading
cards have appeared. A player puts his/her deck of
cards into the slot or onto a panel of the game console.
The machine recognizes the cards and the game starts.
In a case of SEGA's "World Club Champion Football"
[5], a player can control the team formation by moving
the cards on the panel. AR will also be taken up by
computer games.

Existing AR applications utilizing 2D codes often allow
users to control them only by traditional computer user
interfaces, like keyboards or stick-pointers, once a
character or information has appeared on or around a
2D code in a camera image. EnhancedDesk[2] senses
the position of the user's hands or fingers, and
recognizes gestures in order to manipulate images
invoked by 2D codes, projected on to a table. Such
recognition, however, costs much and is hard to make
robust for various environments. The football game
mentioned above also only allows the positions of the
cards to be controlled. 

We propose an extension of CyberCode[3], named
Active CyberCode, which has a variable part for direct
manipulations by fingers or other objects. A user can
control a character or information invoked by a 2D code
by "pushing" printed buttons. The variable part is
recognized as an extended part of a code so that it

costs almost the same as a normal CyberCode and is
robust.  

Active CyberCode
In this section, the recognition algorithm of CyberCode
is first brieflty introduced. After that an extension to
Active CyberCode is described. For more details of
CyberCode, please see our preceding paper [3].

figure 1. Structures of a normal CyberCode. 

CyberCode to Active CyberCode
To recognize CyberCode, a captured image is binarized
and candidate areas are extracted. If the black-and-
white cell pattern in a candidate area represents a
correct bit pattern, encoded as some error detectable
codes, the area is recognized as a correct CyberCode.
Normally, in an encoded data, one cell corresponds to
one bit.  A “candidate area” is characterized by one bar
(a long black rectangular blob), and four corner blobs
(black and short ones). The positions of the cells are
specified in the coordinates formed by the four corners.
Practically, the cells can be placed outside of the
trapezium formed by the four corners. We call the bar
and the four corners the “guide part'' and the cell area
the “data part” (figure 1).

To extend CyberCode to Active CyberCode, we add a
variable data part to the data part. We call the original
data part the fixed data part. The variable data part
should be placed outside of the guide part, because
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fingers or other objects obstruct the variable part. A
CyberCode cannot be recognized if the guide part is
obstructed. The variable data part should not be far
from the guide part, because the chance of an error
increases according to the distance from the guide part,
and it may be hard for users to recognize the relation
between the variable data part and the others.
Considering these features, we put the variable data
part in the surrounding area of the guide part.

The variable data part consists of black and white cells,
that is, the same as the fixed part. For the variable
part, a pair of black and white cells, or three or more
cells including both represent one bit, rather than one
cell representing one encoded data bit. The reason is
that the color of an object that controls the variable
part cannot be expected as black nor white. Our
recognition algorithm checks the pattern of cells for
each bit, and regards the bit as changed if the pattern
is modified.

figure 2. Active CyberCode, and a finger hides one of the buttons.

Figure 2 shows the simplest pattern for representing
one bit, a black and white pair of cells. Four buttons are
placed under the fixed part. When a user places his/her
finger on a button, the pair of cells may be recognized

as black and black, or white and white, according to the
color of the finger and lighting conditions. The cells may
possibly be recognized as "not changed" if, for example,
a fingernail is painted. Using a more complex pattern of
cells can reduce the possibility of such an accidental
situation (figure 3). On the other hand, complex
pattern can affect robustness; a smaller size of cells
makes recognition less robust.

figure 3. Example of Complex Patterns.

An application designer should choose the pattern in
the variable data part while also considering some other
features. One important issue is the number of bits. If
buttons are laid out densely, it may be hard for users to
push one button without affecting neighboring buttons.
Resolution of the camera available is also an important
factor. 

To help users to understand functions of buttons easily,
a designer should put some information near the
buttons. Annotations or instructions can be placed in
the surrounding area of each button. Some information
can also be placed on the button itself (unless it
confuses the binarization process). In addition, shapes
of buttons can be customized for each button's
purpose. 

Implementations
We developed a recognition library of an Active
CyberCode and example applications on Windows. The
code design is based on the one shown in Figure 2,
which includes 33 cells as the fixed data part
(containing 24 bit data and error detection bits) and 4



pairs of cells as the variable data part. The fixed data
part is totally compatible with a normal CyberCode. 

The variable data part is valid only if all the part
appears on a captured camera image. The Active
CyberCode library returns 1 for each bit in the variable
data part only when the part is valid and the pattern of
the corresponding cells is modified. We also use the
terms 'the button is activated' for this condition.
Technically, the difference between the libraries for an
Active CyberCode and a normal CyberCode is very
small. That is, the Active CyberCode library processes
some extra cells the same as processing cells in the
fixed data part. The number of cells to be processed
affects the cost little. As a result, the Active CyberCode
library performs at almost the same speed as the
normal CyberCode library, which is good enough for a
realtime AR application with a PC and a web camera. 

figure 4. Example AR Application.

The application shown in figure 4 displays a CG object
on the 2D code. The leftmost and rightmost buttons
make the object turn left or right. If a user presses
both buttons at a time, the object jumps up. The
middle buttons changes the object into another object.
Note again that the user only has to show a card with
the printed code to the camera and manipulate the card

directly, without manipulating computing devices. In
the case of a football game like the one mentioned in
the introduction, the user may control not only a
formation but also give orders like 'be defensive' or 'be
offensive' to each player on the field. 

figure 5. Large Code, Controlled by a User's Foot.

A code can be any size (needless to say, the camera
should be further away for larger code, in order to
capture the whole code in its range). For example, an
A1-size Active CyberCode sheet allows a user to control
the by his/her feet or hands (figure 5). 

figure 6. AR Photo Album

Figure 6 shows an AR photo album application. A photo
is displayed over the code, and the buttons are for
selecting other photos. This application was exhibited at
Sony ExploraScience (Tokyo, Japan), July 16 to 24,
2005. Many poeple ranging from small children to elder



persons tried it. Some visitors felt that the application
was hard to control at first (mainly because buttons are
somewhat large, so  the user has to press it by his/her
hand rather than fingers). After some short practice,
everyone enjoyed it though. 

This application may be useful for video conferencing. A
user can show photos on his/her storage to the other
attendees by showing a printed code to them. Photos
can also be shared without using this technique (for
example, by sending an email or using the web), but
with this technique, the user can directly handle his/her
photos by his/her hand. In addition, photo data can be
transmitted separately from video images so that high-
quality photo images can be overlaid to the video
images on the receiver's side. This feature is quite
different from using a portable display to show the
photos through a video camera. Movies can also be
shown over the 2D code and played, stopped, rewound
and so on with the buttons. Flip boards in a TV program
may be another suitable applications.

For More Robust Recognition
The most troublesome problem for Active CyberCode is
shadow. Because the user's hands and fingers come
near to the code, Active CyberCode should be more
robust than normal 2D codes. For example, when the
user press a button of a code by his/her finger, a light
may cast its shadow on the next button and the next
button may be activated. 

Except in an environment with a point light, brightness
values of pixels of white cells and black cells are very
different, even in a shadow (Figure 7). Considering this
observation, we expect that the combination of a
moving average method and surrounding white cells by

dark colors will increase robustness. We designed a
revised code (as in Figure 8) and confirmed its
robustness. It is a simple but effective way to improve
robustness. Another method we tried is to take the
difference in brightness into consideration when
recognizing black and white in a pair of cells.

figure 7. Brightness Values in a Captured Camera Image

figure 8. Revised Design

Possible Variation
In the previous section, we assumed that buttons were
placed in a variable data part. Another possibility is to
make a slider of a dense group of black and white cells
(Figure 9). In this case, the center of the modified cells
specifies the input value. 



figure 9. CyberCode with a “Slider”

Related Work
XAX[1] is an interactive system using fax. It utilizes a
2D code for recognizing a faxed form. The code
specifies a type of the form, so the system knows
where the check boxes and other input fields to
recognize are on the sheet. It recognizes various user
inputs, helped by the code recognition, but these two
recognition processes are separated. On the other
hand, Active CyberCode recognizes the fixed data part
and user's inputs at once. 

Field Mouse[6] is an input devise combining a barcode
reader and a normal mouse. It recognizes a barcode
and the mouse movement after detecting the barcode.
The fixed data (barcode) and the variable data (mouse
movement) are input on the same field, but the
recognitions are separated. In addition, it is not suitable
for an application such as overlaying CGs on a video
image.

Conclusions
An extended 2D visual code—called Active CyberCode—
that allows users to control the code's condition directly
were developed. It is based on CyberCode with an

added variable data part by which the user modifies
patterns by his/her finger or other objects. The extra
data is recognized as a part of a 2D code so that the
recognition is simple, fast and robust. A user can
control an AR application by "pushing" buttons on a
printed code. We are going to improve the robustness
and to develop more applications. 
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