s == =y = 7S - ¥ s e oo == = =0 =

2007 £ 3 J] ACTA AUTOMATICA SINICA March, 2007

— AT KT MP3 £ 4589 F /K EN&E Sk
FrEfE past Rt

B OE R MRRMEN S NIREECES SUK BV, SR DU 1) JBIRANRAR R R R A
WHRARNE , 425 T S HUKEN BT BGTRE ) 2) 7800 FI A BB/ INE A e (Discrete wavelet transform, DW'T) [1 %43 FF 4R
FE A 5% 48 (Discrete cosine transform, DCT) [FAg & RARFE, BGE 18U KED BB ACH s 3) 454 Wi HEfcRe 1 5 &
N E B, S w1 U KEN AN AT AN 4) LAORUEAS rTIBR S0 PR AN A 1R () B 47T 0 T4, SOl 180y /K BN E
W PrESIR Y], Frid h BRI A B A A AN, I B R A . A B RS | IR IED . BEAL
BYD) TG B A B (AR R, RSN O Ml 1) MP3 A BT AR MR ) U R R4 T).

KA BCPOKED, By, MP3 R4, B K

HENES TP391

A Robust Adaptive Digital Audio Watermarking Scheme
Against MP3 Compression

WANG Xiang-Yang! 2 YANG Hong-Ying! ZHAO Hong!

Abstract In this paper, a robust adaptive digital audio watermarking scheme in the hybrid domain is presented. The
features of the proposed algorithm are as follows: 1)More robust synchronization codes and a new embedded strategy
are adopted to resist the attack effectively. 2)The multi-resolution characteristics of discrete wavelet transform(DWT)
and the energy-compression characteristics of discrete cosine transform(DCT) are combined to improve the transparency
of digital watermark. 3)The adaptive quantization steps are identified according to human auditory masking. 4)The
algorithm can extract the watermark without the help of the original digital audio signal. Experimental results show that
the proposed watermarking algorithm is imperceptible and robust against various signal processings such as re-sampling,
re-quantifying, noising adding, low pass filtering and cropping. Especially, our audio watermarking scheme is remarkably
effective in resisting MP3 compression.
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Table 1 The watermark detection results for various attacks

TREE TR
22.05kHz 11.025kHz 8kHz

TORAE s BYUIUT By D) )

Mp3 Mp3 Mp3 Mp3 Mp3 Mp3

10% 10% 320k 256k 112k 64k 48k 32k

Xk NC  1.0000 0.9996 0.3733 0.3773

[8] BER 0 0.0002  0.4983 0.4939

iy PSNR 37.5415 37.3409 37.5850

A3x NC 1.0000 1.0000 1.0000 0.9232
¥k BER 0 0 0 0.0645 0.1414 0.0443

PSNR 37.8174 37.4785 37.6815

0.4954 0.0435 0.4833 0.4817 0 0

0.3702 0.9161 0.3851 0.3739 1.0000 1.0000 0.9948 0.3619 0.3638 0.3667

0.0029 0.5010 0.4932 0.5215

22.8633 20.8454 27.9397 13.9636 20.7441 37.3108 37.3107 36.8539 36.3864 35.3564 35.8408

0.8978 0.9612 1.0000 1.0000 1.0000 1.0000 1.0000 0.9528 0.9748 0.9304

0 0 0 0 0 0.0273 0.0144 0.0527

22.8996 20.8620 28.0767 13.9789 20.7483 37.7747 37.9777 36.9516 36.5663 35.7669 35.8712
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