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Abstract Generally, a digital watermark should have an ability to resist various attacks such as shifting, clipping,
or extraction. These attacks cause a serious synchronization problem in the decoding sequence of the digital water-
mark. In this paper, we propose a 2-dimensional error correcting code with 2D self-synchronization capability for
digital watermark. The proposed code is constructed by combining two cyclic codes that have a self-synchronization

capability. This code has robustness against not only unsynchronization attacks such as clipping and picking but

also additional noise. We can apply the code for steganography and 2D barcode besides digital watermark.
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Fig.1 Structure of proposed code.
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Fig.2 Encoding algorithm.
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Fig.3 Decoding algorithm.
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Fig.4 Various alterations.
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Table 1 Parameter of cyclic code over GF(26).
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Table 3 Results of decoding after overwrite.
bEEAE| 1| 2 | 3
B | 0.01 |100 | 100 | 100
E| 0.02 | 100|100 | 100
R | 0.03 |100 100 | 100

x4 HEWO (1)
Table 4 Results of decoding after picking (Line).

REMOAE | 1 2 3

B| 001 [100| 100 | 98/92
E| 002 |100| 100 |100/90
R| 0.03 |100|100/96 | 98/82

£ 5 REWMOBEITHT 2E5E (F)
Table 5 Results of decoding after picking (Column).

HREMOAL | 1 2 3

B| 0.01 |100|100/98 |100/84
E| 002 |100| 100 | 98/80
R| 0.03 |100 |100/98 | 100/74

£ 6 YOO BECHT B1E5R
Table 6 Results of decoding after clipping.

IO HL O fEK (%) | 70 | 75 | 80 | 85 | 90

B 0.01 100 | 98/98 | 100 | 100 | 100

E 0.02 100 | 98/98 | 100 | 100 | 100

R 0.03 100 | 98/98 | 100 | 100 | 100
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