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Abstract. Mobile computing devices with cameras have become widely available, and applications
that use printed 2D codes have become popular. One of the limitations of 2D codes is their recognition
range. Restrictions of camera angle and resolution, for example, bind that range within somewhat
narrow limits. To overcome those limitations, we propose compound 2D codes, Fractal Codes, with
a self-similar layout and structured IDs. Because smaller codes are embedded inside larger ones
repetitively, some of them can be recognized even when cameras get very close to compound codes.

1. Introduction

Camera devices for personal or smaller computers are now widely available, and processing power of
small computers is getting higher. Reading printed 2D code with cameras is also becoming popular.
An AR (augmented reality) game in which virtual monsters can be invoked on physical cards with 2D
codes is going to be released as a consumer product in near future[1]. Using 2D codes is a suitable
approach for producing AR applications for consumers because it does not require special sensing
devices like gyrometers or magnetic trackers.

2D codes also have some weaknesses. The range at which they can be recognized is one of those
weaknesses. When a camera is held so close to a code that the camera only captures a part of the code,
the code cannot be recognized. If a camera is too far away the apparent image of the code pattern
is too minute for the camera’s resolution, and the code cannot be recognized. This range limitation
prevents users from viewing an AR game field freely e.g., having overview of the entire field at a long
range, or moving to only one character somewhere in the field and watching that character’s actions.

We propose a structured code complex, named Fractal Codes, to overcome this range limitation. A
special design arrangement based on an existing 2D code enables us to place codes in a self-similar
layout, and IDs systematically assigned to the codes allow us to retrieve the relative position of an
individual code in the code complex so that a system can recognize an appropriate coordinate from
any single code within the complex. When a camera is held too close to a code complex, a smaller
code can be recognized, and if a camera is too far away, a larger code can be found.

2. Self-Similar Layout for 2D Codes

We use CyberCode[3] as the base system for Fractal Codes. CyberCode contains a guide part that
consists of a bar and four corner dots, and a data part (Figure 1 left). The data part consists of some

�Interaction Laboratory, Sony Computer Science Laboratories, Inc. 3–14–13 Higashi-Gotanda, Shinagawa-ku, Tokyo,
141–0022, Japan email: aya@csl.sony.co.jp



Figure 1. CyberCode and Fractal Codes (up to the third layer)

cells. The positions of the cells are specified in the coordinates formed by the four corner dots. The
layout of the cells can be flexible, but cannot obstruct the guide part. We can design a code that has
free space inside it, and embed smaller codes there.

We tried various candidates and finally decided on the design shown in Figure 1 (right). The layout
of a single code is presented in Figure 2(a). Its data part is near the contour made by the four corners
of the guide part. Some cells in the data part are connected to the guide bar, but they do not affect
detection of the guide bar. The data part contains 36 data cells and 24-bit IDs are encoded in them.
Here, we define some terms for the following description of The largest code in a code complex is
designated as a first-layer code. Second-layer codes are smaller than the first-layer codes and larger
than the other codes, and so on.

The second-layer codes are laid-out as shown in Figure 2(b), if the code in Figure 2(a) is the first-layer
code. The ratio of sizes is 1/3. A part of the third-layer codes, which is placed within the second-layer
codes, is arranged in the same way as the second-layer codes were arranged inside the first-layer code
(Figure 2(c)). In addition to this, the third-layer codes are deployed between the second layer codes
as seen in Figure 2(d). As a result, the third-layer codes are almost uniformly spread inside of the
first-layer code, except for the center and outer parts. We can layout infinite layers by repeating these
processes in a code complex. However, the length of the ID limits the actual number of layers in a
Fractal Code.

A basic idea for assigning IDs is that a relative position of a �-th-layer code to its upper layer code
should be represented by the �-th digit of an ID. We can assign the first position for first-layer codes,
the second position for second-layer codes, and so on. For example, a first-layer code’s ID is 1. If we
count the second-layer codes in Figure 2(b) as 1, 2, 3, 4 from the upper left to the right, their IDs are
11, 21, 31, and 41. The third-layer codes inside the second-layer code have IDs 111, 211, and so on.
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Figure 2. Structure of Fractal Codes

This system of regular assignments of IDs enables a simple recursive algorithm for retrieving the
position of a code relative to the whole code complex. For example, when a code is detected and a
digit of its ID for the second layer is 1, its local coordinates can be transformed into the coordinates
of the upper-layer code by translating (3/7, 3/7) (a unit is the size of the square made by the four
corners) after 180-degree rotation. In the same way, any local coordinates detected from a code in
a code complex can be transformed into the global coordinates of the whole code complex; thus, a
system can overlay the CG (Computer Graphics) appropriately.

3. Implementation and Evaluation of Fractal Codes

The algorithm for detecting a Fractal Code is almost identical to that for CyberCode. This fact leads
to a performance of detection is almost the same as that for CyberCode. After an ID is retrieved, it is
analyzed and the coordinates are transformed as described in the previous section.

Figure 3 shows screen shots of a prototype application. The application runs on a PC with a Pentium
4 CPU and a USB camera capable of capturing 640�480 pixel images. From left to right, the camera
was moving closer to a code complex printed on paper. Screen shots in the upper row show positions
of detected IDs represented by white quadrangles. In the leftmost and the next, the application
detected a first-layer code. Further, the third screen shot shows detection of a second-layer code,
and a third-layer code was detected in the rightmost one. The lower row shows a fortress resembling
one from the Middle Ages of Europe that is overlaid on the code complex from the same angles as
in the left column. In the top screen shot, one can only see the round shape of the fortress. As the
camera approaches, chains hanging the cover over a cannon can be seen in detail.

We experimented with a three-layer code complex printed on an A4-sized paper. The size of a first-
layer code is 168 mm, a third layer code is about 19 mm. Lighting condition were those our office
in daytime (a window without direct sunlight, fluorescent and halogen lights). In this experiment,
the shortest stable recognition distance was about 4 cm and the longest distance was about 170 cm.
The range (the ratio of longest/shortest recognition distances) is about 42. We next tested a four-
layer code complex on an A3-sized paper. The size of a first-layer code is 254 mm, the fourth layer
code is about 9 mm. The result is that the shortest distance is about 2 cm and the longest distance
is about 250 cm, then the range is about 125. A code can be recognized continuously in all the in-
between distance, although blurring sometimes causes recognition failure during movement. We also
measured the range of the original CyberCode under the same circumstance. A 22 mm�30 mm code
was recognized from about 10 cm distance to about 60 cm distance, then the range was about 6. Here,
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Figure 3. Screen Shots of Prototype Application

we confirmed the extremely wider range of Fractal Codes.

4. Related Work

Virtual studio systems[2] have been developed that use cross-ratios. A cross-ratio is invariant under
2D projection so that a carefully designed pattern having a series of cross-ratios allows position
detection from images when only part of it is captured. With such a system, cameras can move
somewhat closer and farther away but their recognition range is narrower than that of Fractal Code.
Systems that translate cross-ration must have databases to translate the cross-ratios into position
information. In addition, virtual studio systems are mainly for broadcasting studios so that they are
not suitable for the low-quality cameras, that are popularly used for game consoles.

5. Conclusion

In this paper, we introduced compound 2D visual codes with a self-similar layout and regularly
assigned IDs, named Fractal Codes. Small codes are spread inside a larger code repetitively so that a
camera can recognize some of the codes from a far position and up to a very close position. A part
of a detected ID represents its relative position and orientation to a whole code complex; therefore,
identical coordinates can be retrieved from any code in the code complex. In our experiments, the
ratio of longest/shortest recognition distances was about 125 for a four-layered code complex.
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