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Purpose

Compatibility between the uncompressed-domain watermarking
and the AA C-compressed-domain watermarking

Editing Detection
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Other aspects of our research project:
(1) Robust and transparent watermark
(2) Blind detection
(3) Multiple-bit embedding
(4) Frequency-domain Spread Spectrum

» WMDetAAC

AAC : MPEG2 Advanced Audio Coding




Problem

The detection MDCT frames are not necessarily
Identical to the original MDCT frames.
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MDCT : Modified Discrete Cosine Transform




Basic Concepts of the Method

 UseMagnitudes for Watermarking

 UseTwo-Dimensiona Pseudo-Random Array




@® Use Magnitudes for Watermarking

Magnitude changes can be observed in both the uncompressed
domain and the AA C-compressed domain.

e Embedding introduces statistical non-uniformity to the
magnitude distribution of the content.

« Detection observes the non-uniformity using correlation
calculation.

“Magnitudes’ are defined as:

— Amplitudes of the complex DFT coefficients
for the uncompressed domain

— Absolute values of the MDCT coefficients
for the AAC-compressed domain




AAC Watermark Embedding

[ The quantized MDCT coefficients are modified. ]
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x : MDCT coefficient
Xq : quantized MDCT coefficient
Q*': dequantization

e Re-quantization unnecessary
« Deguantization reguired to calculate watermark signal

Decode the quantized MDCT coefficients
Dequantize the MDCT coefficients

Determine how many coefficients are to be modified
Change the quantized coefficients
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Frequency

@ Two-Dimensional Pseudo Random Array

Step O Divide the time-

Tile frequency domain of the

R // content to tirles

Ba1l|sS |B2/Ba Step 1 Assign a bit or a
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The magnitudes are modified according to the array.

— Increased in the tiles with a positive sign.
— Decreased in the tiles with a negative sign.

The array has aregularity in itslist of the numbers.

— The opposite signs are used for the first two frames and the last two frames in each tile




@ Two-Dimensional Pseudo Random Array

Step O Divide the time-
frequency domain of the
¢ content to trles

+1 -1 +1 -1 Step 1 Assign a bit or a

-1l +1 =11 +1 synchronization signal
to each tile

Step 2 Multiply the two-
dimensional pseudo-
random array

Frequency

e The magnitudes are modified according to the array.

— Increased in the tiles with a positive sign.
— Decreased in the tiles with a negative sign.

* Thearray hasaregularity initslist of the numbers.

— The opposite signs are used for the first two frames and the last two frames in each tile
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@ Two-Dimensional Pseudo Random Array
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Step O

Step 1

Step 2

| 12 Frame | ndexoEEP 3

Divide the time-
frequency domain of the
content to trles

Assign a bit or a
synchronization signal
to each tile

Multiply the two-
dimensional pseudo-
random array
Calculate signs that
determines magnitude
modification In each
frame

e The magnitudes are modified according to the array.

— Increased in the tiles with a positive sign.
— Decreased in the tiles with a negative sign.

* Thearray hasaregularity initslist of the numbers.

— The opposite signs are used for the first two frames and the last two frames in each tile




Frames and Signs for Embedding

Example of signs used for a subband
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* The frames overlap with the adjacent frames

by a half window.




Detection

e Calculatesthe correlation between the pseudo-
random numbers and the difference of the
logarithmic magnitudes

e Synchronize at the strongest frame

_ : wt,b(log Ptb—0g Pt+2,b)
assignedtile

2
J assigzlled tiIe{?Dt,b( I0gP; -10gP2p) }
X . Detected Watermark Strength

@b . Pseudo-Random Number

Pw : The average magnitude in the first frame of atile
Piop: The average magnitude in the third frame of atile
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Preliminary Experiment

Magnitude Modification and Observation

IS it possible to observe magnitude changes

made in the different domain?

Magnitude Modification
— The magnitudes of the coefficients are modified by +10% in either domain.
— A simple checkerwise pattern is used.

Unmodified Contertp

MagMdfy
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Magnitude Observation

— The transform windows are displaced by
trimming the beginning part of the

content before the observation.

— The logarithmic magnitudes with and
without magnitude modification are

compared.
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Nagnitude Modification in the AAC-Compressed Domal
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Magnitude Modification in the Uncompressed Domain
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Robustness Test

Lls It possible to detect watermark in the different

domain?

*64-bit message embedded in 30-second music pieces

*Message encoded in 448 signal bits

—Cyclic Redundancy Check (CRC) parity bits

—Turbo Coding
—Repetition

*The correct detection rate (CDR) of the message observed.

48 kbps 64 kbps 96 kbps -
SNR of PCM watermark | -- -- -- 23.9dB
SNR of AAC watermark | 19.3 dB 22.0 dB 26.6 dB -
SNR of AAC encoding 18.1dB 23.4 dB 29.9dB -




Robustness of Watermark Embedded
In the Uncompressed Domain
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Robustness of Watermark Embedded
In the AAC-Compressed Domain
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Conclusion
WMEmbPCM _GW > WMDetPCM

Uncompressed Domain | AAGENC/|
AAC-compressed Domain AACDec

WMEMbAAC ¥ \ :| WMDEtAAC
e God

— Watermark detection regardless of the original embedding domain

Method
— Modifying and observing the absolute values of the recovered MDCT coefficients
— Two-dimensional pseudo-random array with regularity initslist of the numbers

Experimental Results
— 80 —100% correct detection for PCM embedding and AAC detection
— 50— 100% correct detection for AAC detection after re-compression

Future work
— Acoustic quality
— Robustness against other audio processing
— Performance




