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Abstract; A novel digital watermarking algorithm based on wavelet transform and singular value decomposition method
was put forward, which is resistant to a variety of attacks and has a strong robustness. At first, two levels wavelet
transformation was carried out on original image. Then, singular value decomposition was carried out on low frequency
sub-band to get singular value from original watermark. Finally, the watermark was embed with weight method, in
which the weighting coefficients were obtained from large amounts of MATLAB simulation experiments. The experimen-
tal results showed that the algorithm has strong robustness against any angle rotation attacks, salt & pepper, speckle,
Gaussian and Poisson noise attacks, various filtering attacks, and JPEG compression attacks.
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Tab. 2 Test result of rotation attack

S SN Y S f/(°)  NC  PSNR |fal/(°)  NC  PSNR
GI3%, SKHIKA JPG\am JPi Wﬁiﬁ%ﬂiﬁ@ﬁﬁ]\?ﬁ 0.1 1.000  295.3 10 0.902 17.51
JPEG YH STV EARRNENARER TS Quality, 0.3 0.994  45.52 30 0.843  12.07
SBEIM 100 2l 10 3B)8, 2T 5 10123 JPEG2000 0.4 0.994  42.77 40 0.800 11.71
Wi?l%ﬁﬂj,ﬁi%ﬁ@%%ﬁ& Compression Ratio SBE 0.5 0.993  40.68 45 0. 805 11.84
M 10% T 100% | 7 109% . SSIREEBIZE 1,NC 1 0.995  35.09 50 0.811  11.93

L 2 0.990  29.49 60 0.850 12.29
S 4 ok
B, BN AEDR, - 3 0.980  26.24 90 1,000 301.7
3 sk
%1 JPEG EHLEMikESR 4 0.970 23.97 | 180  1.000 293.5
Tab.1 Test result of JPEG compression attack 5 0.961 22.29 270 1,000  291.8
I+ NC PSNR ||[E45%/%  NC PSNR
100 1.000 73.02 10 0.994  62.01
90 1.000  71.26 20 0.994  64.34
80 0.998  74.10 30 0.993  66.42
70 0.998  78.43 40 0.991  65.56
60 0.998  72.03 50 0.986  63.90
50 0.996  70.14 60 0.987  59.73
40 0.998  76.53 70 0.981  58.56 —— —— ———
30 0.997 81,60 %0 0.973 3. 65 a JiEhh2 b ek c BEFE10°  d BEFE20° e TiEHE90
20 0.996  68.50 90 0.968  58.97 K7 ekt
10 0.998  67.31 100 0.964  61.53 Fig. 7 Rotation attack test
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Tab.3 Test result of filter attack
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YIH gD 0.969 46.07 [3,3] N/A
B4 (E 0.887 40.76 r=3 N/A
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Fig. 8 Filter attack test
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Tab.4 Test result of scaling attack

47N % NC PSNR || AR/ % NC PSNR
95 0.989  18.88 110 0.994  63.88
96 0.993  20.55 120 0.995  45.31
97 0.993  23.55 130 0.987 25.91
98 0.993  25.62 140 0.972 25.78
99 0.994  30.29 150 0.957 25.48
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Fig. 9 Scaling attack test
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Tab. 5 Test result of Gaussian attack

S EE NC PSNR 5 EE NC PSNR
0.001  0.998 61.20 | 0.006  0.991  48.36
0.002  0.997 58.19 | 0.007  0.987 47.14
0.003  0.997 55.27 | 0.008  0.984  46.37
0.004  0.997 49.91 | 0.009 0.979 43.12
0.005  0.995 48.51 || 0.010  0.971  45.50
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Tab. 6 Test results of salt & pepper attack

S EE NC PSNR SR EE NC PSNR
0.001  1.000 67.94 | 0.006  0.997 55.09
0.002  0.999  63.31 | 0.007 0.997 54.80
0.003 0.998 61.71 || 0.008  0.997 52.67
0.004  0.998 60.78 || 0.009  0.997 50.94
0.005  0.998 57.55 || 0.010  0.997 51.54

R7T HMYRERHMRER
Tab.7 Test result of speckle attack

S EE NC PSNR R NC PSNR
0.001  0.999 62.25 || 0.006 0.996 48.28
0.002  0.998 55.02 || 0.007 0.996 47.15
0.003  0.997 54.26 || 0.008  0.996 45.54
0.004  0.997 53.25 || 0.009  0.996 45.68
0.005  0.997 50.97 || 0.010  0.995 44.65

BRI 3 MR WG, BNIRFE R TGS
PSNR /972.410,NC /90.9999 , BRILE 10, SR*K
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