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Adaptive Watermarking Scheme Based on Relationship in LWT Domain

XIONG Xiang-guang
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ABSTRACT: The work aims to propose a new adaptive image watermarking algorithm based on relationship in lifting
wavelet transform (LWT) domain in order to improve the imperceptibility and the ability against attacks of watermarked
image. Firstly, the watermarking signal was preprocessed to enhance its security, and then the carrier image was divided
into non-overlapping blocks and the 2-level LWT was performed on each block. Secondly, according to the selected thre-
shold, the absolute difference value of the selected coefficients, and the brightness and texture masking of each block, the
watermarking signal was embedded by adaptively adjust their relationship of the selected coefficients. Finally, the wa-
termarked image was obtained by LWT. In the watermarking extraction, the original carrier image was not required. A lot
of simulation experiments showed that the proposed algorithm had better imperceptibility and it also had a strong robust-
ness against conventional signal processing and part of Adobe Photoshop CS6 software processing. Compared with simi-
lar watermarking technologies, the proposed algorithm had a better capability against attacks. The proposed algorithm can
meet the needs of application of image copyright protection.
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Fig.1 Flow chart of watermarking embedding
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If Flag==0 && W, ==0

If Dif<K
LH,(1,2)=LH,(1,2)+(Dif+K+o,+A)/2
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LH,(2,1)=LHy(1,2) — (Dif+K+o,+A,)/2
End
End
If Flag==1&& Wy==1
If Dif<K
LH,(1,2)=LH,(1,2) — (Dif+K+o+A,)/2
LH2(2, I)ZLHz(z, 1 )+(Dif+K+Gk+Ak)/2
End
End
If Flag==1&& Wi, ==0
LH2(1,2) = LH2(1,2)+(Dif+K+Gk+Ak)/2
LH2(2,1) = LH2(2,1) - (Dif+K+Gk+Ak)/2
End
If Flag==0 && Wi == 1
LH,(1,2) = LHy(1,2) — (Dif+K+o+AL)/2
LH2(2,1) = LH2(2,1)+(Dif+K+Gk+Ak)/2
End
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Fig.2 Flow chart of watermarking extraction
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Fig.3 Experimental results of transparency
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Tab.1 Robustness results

1% S 2 Aeghukdc  MURMES  JPEGIE4R s BRI BikihZ BB
PSNR 35.82 25.21 34.18 10.83 12.55 12.52
NC _ 0.97 0.90 0.99 0.99
Lena g . =
PRI K ED R 1% ﬁ ‘? ﬁ:"& ﬁ +
7}( EIT 7k Bl 3}( g2
PSNR 26.84 17.49 16.82
NC _ 0. 98 0.99 0.98
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Tab.2 Experimental results against common image processing attacks

o SCHR[L] SCHR8] SCHR[10] SCHR[12] SCHR[13] $E AL
PSNR NC PSNR NC PSNR NC PSNR NC PSNR NC PSNR NC
T8 33.57  0.98 33.66 098 3453 094 3399 0.68 34.04 091 3411 094
AEGN IR 3533 1.00 3535 1.00 36.44 096 3579 0.72 3559 094 3581  0.96
38 i 36.94 098 3696 099 37.97 098 3742 0.85 3743 098 3752  0.99
B B I 33.04  0.99 33.00 0.99 3269 097 3322 0.74 3296 094 3286  0.98
iy S0 20.03 056 1998 049 19.65 071 19.98 058 1997 0.65 1998  0.72
PR W 2534 0.80 2534 0.80 2485 088 2524 0.74 2522 088 2524  0.89
e A 2551 0.84 2548 084 2513 086 2548 0.67 2550 0.78 2548  0.88
JPEG 44 (50) 3426 1.00 3430 1.00 33.58 097 3436 0.67 3430 0.83 3418  0.96
JPEG 45 (60) 34.68 1.00 3473 1.00 3432 097 3486 0.69 3489 090 3462 0098
JPEGE4A (70) 3530  1.00 3510 1.00 35.07 098 074 3542 3525 096 3526  0.99
JPEG 4 (80) 3589 1.00 3585 1.00 3557 098 078 36.06 3592 098 3587  0.99
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Tab.3 Experimental results against brightness, contrast, exposure and distortion attacks
S SCHER[L] SCHR[8] SCHR[10] SCHR[12] SCHR[13] B
PSNR NC PSNR NC PSNR NC PSNR NC PSNR NC PSNR NC
seBNS, XTEERO 1876 033 18.86 033 1883 098 19.14 0.89 18.69 0.99  18.64  0.99
SEENO, XTELEMI0 1752 067 1798 056  17.67 098 17.94 0.87 1742 098 1737  0.99
SRS, XEEHRS 1862 038 1868 037 1865 098 1896 0.88 1852 0.98  18.50  0.99
SEEENL0, XTHEON10 1939 041 1946 039 1842 098 19.67 0.88 1933 098 1932  0.99
BEG A1 7.08 047 719 049 1123 098 752 088 696 098 6.90 0.99
e A +1 1838 0.53 1839 0.54 18.06 094 1842 0.85 1841 094 18.08 098
£ At 13.90 0.53 14.00 0.50 1438 0.64 14.09 0.61 1399 0.65 1038  0.65
YIS it 17.78 0.55 17.88 0.54 17.96 0.98 1827 0.88 17.67 0.99 11.54  0.99
F4 MBEL. L, EMESUBTLEERER
Tab.4 Experimental results against pixelated, stylized, blur and sharpening attacks
S SCHR[L] SCHR[8] SCHR[10] SCHR[12] SCHR[13] P20 Ak
PSNR NC PSNR NC PSNR NC PSNR NC PSNR NC PSNR NC
B2k Bk 1686 0.55 1699 0.55 17.61 090 16.75 0.66 16.83 0.88 1092  0.92
1§24k B3 1558 0.57 1574 052 16.89 0.18 1555 049 1556 0.50  9.71 0.50
Rtk R 18.68 0.45 18.81 044 1887 0.87 19.13 0.69 1859 0.79 1234  0.82
Rkt ¥k 1724 052 1735 0.54 17.42 061 17.71 058 17.14 071 1134  0.78
B A 1628 0.54 1639 0.54 17.30 0.18 16.15 0.62 1628 085 10.56  0.89
RN 16.99 053 17.15 0.53 17.83 092 16.88 0.67 1689 086 10.83  0.89
Bitbih & 1827 055 1826 0.54 1792 0.98 1825 087 1826 0.98 12.54  0.99
etk 18.15 0.54 18.14 0.55 17.75 0.98 18.13 088 18.13 0.97 1252  0.99
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