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Audio Watermarking Using Quantization Index Modulation on
Significant Peaks in Frequency Domain
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This paper describes an audio watermarking using Quantization Index Modulation (QIM) on significant peaks in
frequency domain, The audio signal is broken up into L samples length frames with non—overlapping and rectangular
window, The zero—crossing rate of each frame is calculated for decision whether it is proper to be watermarked or
not, If the frame is legitimate, frequency magnitude response is computed by discrete Fourier transform, For the
QIM, we set the quantization step size based on maximum value of frequency magnitude response and select n
significant peaks with w samples around them in frequency domain, totally n<(w+1) samples, Finally, watermark
embedding is performed, Decoder extract watermarks based on Euclidean distance, that is a blind detection, The
proposed method is robust against many attacks of watermark benchmark,

Keywords.: Audio watermarking, Significant peak, Frequency domain, Quantization index modulation, Watermark

embedding, Blind detection, Quantization step size
ASK subject classification: New Media (13.4)
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Table 1. Attacks for robustness test.
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Amplitude Compression Quantization bit : 16 bit to 8 bit STEP2000
BPF Cut-off freq. : 100 Hz, 6 kHz SDMI
Codecs MPEG-1 Audio Layer3 SDMI
Crop Cut and replace time : 2s -
Down Sampling Sampling freq. : 44.1 kHz to 16 kHz STEP2000
Echo Delay: 100 ms, Feedback Coeff.: 0.5 SDMI
FFT_Invert FFT size : 1024 samples StirMark
FFT_RealReverse FFT size : 1024 samples StirMark
Invert - StirMark
LPF Cut-off freq. : 10 kHz StirMark
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Noise Addition White noise, S/N : -40 dB STEP2000
Normalize Maximum value StirMark
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Resampling Sampling freq. : 48 kHz to 44.1 kHz SDMI
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Table 2. Comparison of robustness test.

N Proposed Time
cm e Classic1 | Classic2| Pop Voice | Guitar | Piano |Classic1 |Classic2| Pop Voice | Guitar | Piano
Amplitude
Cormpression 0 0 0 0 0 0 0.92 0 0 1.86 0 0
BPF 0.25 1.10 515 517 2.24 0 4885 | 4951 | 4957 | 4811 | 50.24 | 47.88
Codecs 2.1 10 2.0 10.34 0 0 4138 | 4567 | 4873 | 3584 | 52.19 | 52.81
Crop 0.15 0 0 0 0 0 0 0 0 0 0 0
Down
Sampling 4909 | 4111 | 4226 | 3448 | 3370 | 34.12 | 4590 | 46.15 | 2478 | 17.92 292 13.38
Echo 2467 | 17.77 | 1237 | 12.09 | 16.85 7.69 4879 | 46.15 | 51.68 | 5094 | 51.21 | 51.40
FFT_Invert 0 0 0 0 0 0 50.42 | 45.19 | 5042 | 4339 | 50.24 | 52.81
FFT_
RealReverse 29.16 30 2371 | 2413 | 1910 | 2115 | 1126 | 1634 | 11.76 | 1415 | 19.02 9.85
Invert 0 50.01 | 48.07 | 5420 | 61.31 | 56.09 | 43.66
LPF 0 5.82 27.40 | 13.02 7.54 487 20.42
LSBZero 0 0 0 0 0 0 0 0 0 0 0 0
Noise
Addition 0 0 0 0 0 0 0 0 0 0 0 0
Normalize 0 0 0 0 0 0 40.88 | 35.09 | 49.15 | 27.35 | 51.21 | 38.02
Nothing 0 0 0 0 0 0 0 0 0
Resampling 0 0 0 0 0 0 0 0 0
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