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Digital Watermarking Scheme to Audio Data by Frequency Hopping
Method and Modified Discrete Cosine Transform

MuNETOSHI IWAKIRIT and KINEO MATSUIt

This paper presents a digital watermark scheme for high quality audio data. It is con-
sistituted with frequency hopping by random key sequence and embedding of watermark by
the modified discrete cosine transform. The watermark signal is uniformly spread over the
whole window frame when it is embedded to sound, and the watermarked noise is suppressed
in very low level. Therefore, the sound quality is attained more than 40dB in the segmental
SN ratio by our scheme. The frequency hopping scheme brings us a robust watermark for
copyright protection, thus the watermark is proof against such attacks as bandpass filtering,
amplification and lossy compression.
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Watermark embedding diagram.
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Fig.2 MDCT window to signal interference.
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Fig.3 Watermark embedding rule.
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Fig.4 Detection rate by random pattern p;.
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Fig.5 Influence on watermark by bandpass filtering.
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Fig.7 SNRseg to M (a = 10b = 10).
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Fig.8 SNRgeg to b(M = 10240a = 1).
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(b) Decoded waveform of piano sound with watermark
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Fig.9 Comparison of sound waveform.
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Table 2 Influence on watermark by amplification.

a | 0.50 | 0.75 1.25 1.50
e 1.00 | 1.00 1.00 1.00
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Table 3 Influence on watermark by bandpass filtering.

Band[kHz] | Classic | Jazz | Dance
1.0 ~ 21.0 0.87 0.87 0.87
2.0 ~ 20.0 0.84 0.82 0.83
3.0~ 19.0 0.77 0.77 0.75
4.0 ~ 18.0 0.73 0.75 0.74
5.0 ~17.0 0.70 0.69 0.70
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Influence on watermark by MP3 compression.
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Fig.12 Influence on spectrograph by MP3 compression.
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