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Visualizing Technique of Digital Watermarks to Audio Data

MUuNETOSHI IWAKIRIT and KINEO MATSUIt

In this paper, we propose how to embed a copyright stamp image into audio data and its
visualizing technique of watermark. When an analog audio signal is sampled and quantized,
the output codes from the quantizer are blocked by the M x N samples and the specified
bit-plane of the image is controlled by watermark. The multiplexed signals sound well for us
and thus anyone is not aware that the watermark is being simultaneously existed in the audio
data. The visual detecting scheme brings us a robust watermark for copyright protection, thus
the watermark is proof against such attacks as re-sampling, clipping, noisy channel and lossy
compression. This visualizing method would be also available for digital audio watermarking.
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Fig.1 Watermark embedding diagram.
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Fig.2 Summing-up of watermarked pixels in series of frames.
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Table 1  Sound for experiments.
Name Samples Sec
Classic 44,0832 10
Jazz 44,0832 10

Dance 44,0832 10
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Fig.3 Experimental watermarks.
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Fig.4 SNRseg to each bit-plane i for embedding.
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(a) Decoded waveform of violin sound without watermark
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(b) Decoded waveform of violin sound with watermark
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(c) Difference waveform
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Fig.5 Comparison of sound waveform.
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Fig.6 Watermarks decoded from LSB.
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Fig.7 Error effect on watermark.
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Fig.8 Watermarks decoded from clipped sound data.

09 0OODODO0OOO0
Fig.9 Influence of re-sampling.
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(a) Watermarks extracted from a single frame

(b) Watermarks extracted from multiple frames
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Fig.10 Influence of data compression by MP3.
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Table 2 Visual bit-plane of watermarks under MP3
encoding.
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