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A Robust Adaptive Digital Audio Watermarking Scheme

Against MP3 Compression

WANG Xiang-Yang1, 2 YANG Hong-Ying1 ZHAO Hong1

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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Â0HC

2

∣

∣

∣
=

L2/2H−1
∑

t=M×N

∣

∣a0
2(t)

HC
∣

∣

M × N

4 êiY<�J��©?Ø�g·A·Ü�êiÑªY<�{áu_Y<�{§=uÿêiY<&Ò�ØI��©Ñª1N©
4.1 ÓÚè�uÿùp¤�9�ÓÚèuÿ§́ �uÿI� (��Ǒ L1)¤CX�ÑªêâãS´Ä¹k¤i\�ÓÚè&E©Ùó�Ú½Ǒµ

1)Uì1 3 !ó�Ú½§g·A(½ÑþzÚ� S∗
1©
2)Uì1 2.2 !ó�Ú½§©OO�Ñªêâã (=I�¤CXÜ©) 
 n×m�æ�� PA∗(m)�²þ� PA∗(m)

PA∗(m) = {pa∗(m)(i) = a∗(i + m × n),

0 ≤ i < n, 0 ≤ m < Lsyn}

3)J�ÓÚè&E F ′©J�üÑǑ
F ′ = {f ′(m) =

—

PA∗(m)
.

S∗

1

�

mod 2, 0 ≤ m < Lsyn}

4)Ǒ
k�;�bÓÚy�u)§�©æ^
Ï&+��vÓÚèÅ '��{(½ÓÚè§=XJ¤J�Ñ�ÓÚè F ′ Ú�ÓÚè F ���Ó§K�Ǒ®uÿ�¤i\�ÓÚè&E©
4.2 Y<&Ò�J�ùp¤�9�Y<&ÒJ�§´�lÓÚè��Ñªêâã (-TÑªêâãǑ A0∗

2 §Ù�ÝǑ
L2)SJ�Y<&E©Ùó�Ú½Ǒµ



3Ï ����µ�«�-|MP3Ø �ÑªY<�{ 251

1)Uì1 3 !ó�Ú½§(ÜÑªêâã A0∗

2SNg·A(½ÑþzÚ� S∗
2©

2)éÑªêâã A0∗

2 ?1H ? DWT§���ÅXê
A0∗

H

2 ,D0∗
H

2 ,D0∗
H−1

2 , · · · ,D0∗
1

2

3)éCq©þ A0∗
H

2 � DCT C�
A0∗

HC

2 = DCT (A0∗
H

2 ) = {a0∗

2 (t)HC , 0 ≤ t < L2

/

2H}

4)J�Y<&E§J�úªǑ
W ′ = w′(i, j) =

⌊

a∗(t)HC/

S∗
2

⌋

mod 2

(0 ≤ i < M, 0 ≤ j < N, t = (i − 1) × N + j)

5)é¤J�Ñ�Y<&EW ′ ?1_�Ï\�§B�����Y<ã�
W ∗ = {w∗(i, j), 0 ≤ i < M, 0 ≤ j < N}I�`²�´§du�©éÓÚè9Y<&Eæ^
Ì�i\üÑ§�êiY<uÿL§òJ�Ñõ���Y<ã� W ∗

r (r = 1, 2, · · · , R)©Ǒd§I?�ÚUì “õê�K” O�Ñ�ª�êiY<
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5 ¢�(J�(ØǑ
�y�©êiÑªY<�{�p�5§�©?1
uÿ5UÿÁ!|�ÂUåÿÁ�¢�§¿�©z [8] �{?1
é'©¢�¥§¤À^��©1N´æ�ªÇǑ 44.1 kHz§©EÇǑ 16 'A§�ÝǑ 9.75 ��ü(�êiÑª&Ò©�ÅC�æ^
~�� Daubechies-1 �ÅÄ©�ÅC�?êÀ�Ǒ H = 2§¿À^
è�Ǒ 16  �n�è
1111100110101110 �ǑÓÚ&Ò©duæ^�Y<3aúþ´�À�§¤±J��Y<&EéN´EO©L 1 �Ñ
�©�{Ú©z [8] �{�|�ÂUåéì(J (�)¤J�Ñ�Y<ã�!êiY<�8�z�'Xê NC Ú�ýÇ BER!êiÑª�

¸�&D' PSNR)©�©JÑ
�«­è�g·A·Ü�êiÑªY<�{§T�{U
ÏLÀ��Ǒ­è� 16  n�è�ǑÓÚIP!(ÜêiÑªSNg·A(½þzÚ�!òÓÚèi\�õ�æ���ÚOþ����§òêiY<&Ò3·Ü�Si\��©êiÑªS©Ó�§�ý¢��L²§�©¤JÑ�ÑªY<�{Ø=äk���Ø�a�5§
�éU\D(!­#æ�!­#þz!�Å}��Ñª?n��Âþäk���­è5©AO/§T�{éu�ǑÊÏ�MP3 Ø �Âäk4r�-|Uå (
Ù´pØ 'e) ©d	§�©�{�äkO�{ü!N´¢y!Ä�Y<��I�©1NÑª�A:§ù��Or
Ù^u MP3 ÑW�¬���o�¢^5©L 1 êiY<éÜ©~5�Â�-|Uå
Table 1 The watermark detection results for various attacks��Â ­þz ­æ� ­æ� ­æ� pdD( }�
¡ }�¥m Mp3 Mp3 Mp3 Mp3 Mp3 Mp3

22.05kHz 11.025kHz 8kHz 10% 10% 320k 256k 112k 64k 48k 32k©z NC 1.0000 0.9996 0.3733 0.3773 0.3702 0.9161 0.3851 0.3739 1.0000 1.0000 0.9948 0.3619 0.3638 0.3667

[8] BER 0 0.0002 0.4983 0.4939 0.4954 0.0435 0.4833 0.4817 0 0 0.0029 0.5010 0.4932 0.5215�{ PSNR 37.5415 37.3409 37.5850 22.8633 20.8454 27.9397 13.9636 20.7441 37.3108 37.3107 36.8539 36.3864 35.3564 35.8408�© NC 1.0000 1.0000 1.0000 0.9232 0.8978 0.9612 1.0000 1.0000 1.0000 1.0000 1.0000 0.9528 0.9748 0.9304�{ BER 0 0 0 0.0645 0.1414 0.0443 0 0 0 0 0 0.0273 0.0144 0.0527

PSNR 37.8174 37.4785 37.6815 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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