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-Abstract

This paper presents a watermarking algorithm in the discrete wavelet transform domain using evolutionary algorithm.

The proposed algorithm consists of wavelet~domain watermark insertion and genetic algorithm-based watermark
extraction. More specifically watermark is inserted to the low-frequency region of wavelet transform domain, and
watermark extraction is efficiently performed by using the evolutionary algorithm. The proposed watermarking algorithm is

robust against various attacks such as JPEG and JPEG2000 image compression and geometric transformations.
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for( i, jisOto N8 ){
if (Cij >=T) then {
C;>>5 C; <5
Ci= Cij + Wip2

}
Else {
Cj>>4, Cj<<4
Ci= Cij + Wix2
}
}

Where, C is a wavelet coefficient of Qriginal image,
T is coefficient threshold,
W is a logo image( Wijef0,1}, 1,j=0763).
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procedure.
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for( i, jis 0to N/8){
if (Cij>=T) then{(
if Cij modf > 24+2 then Wi =1
else Wi; =
}
Else (C7; < T) {
if Cij mod Z’ > P+2' then W7 =1
else W7; =0

}

Where, C”is a wavelet coefficient of watermarked,
T is coefficient threshold,
W~ is a extracted watermark.
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Table 2. PSNRs and NCs of watermark embedded

images at JPEG2000 compression.

JPEG2000 Lena Lake Boat
Rate |PSNR| NC |[PSNR| NC |PSNR| NC
0.50 49.87 1 4813 | 0.999 | 4857 { 0.999
0.45 4854 | 0.998 | 48.13 | 0.974 | 48.13 | 0.999
0.40 4813 | 0.997 | 45.12 | 0.972 | 48.13 | 0.973
0.35 48.13 | 0.968 | 43.36 | 0.961 | 45.12 | 0.978
0.30 4512.1 0.969 | 41.14 | 0.973 | 42.11 | 0.894
0.25 43.36 | 0.968 | 39.68 | 0.858 | 40.35 | 0.892
0.20 41.14 | 0903 | 37.34 | 0.773 | 33.59 | 0.857
0.15 39.68 | 0.854 | 35,58 | 0.692 | 36.99 | 0.731
0.10 37.72 | 0.773 | 33.36 | 0.601 | 34.91 | 0.667

F 3 fEoi3rl AelE olo|x|e] JPEG ¢l T
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Table 3. PSNRs and NCs of watermark embedded

images at JPEG compression.

JPEG Lena Lake Boat

Quality |PSNR| NC |PSNR| NC |PSNR| NC
10 43.36 1 42.11 1 42.11 1
8 3968 | 0998 | 3667 | 0.999 | 37.72 | 0.992
6 3910 | 0988 | 3558 | 0.9%9 | 36.99 | 0991
4 3667 | 0015 | 3351 | 0917 | 3471 | 0.917
2 3415 | 0.832 | 3097 | 0.830 | 31.80 | 0.823
0 3211 | 0622 | 29.27 | 0614 | 30.00 | 0622
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Table 4. PSNRs and NCs of watermark embedded

images at filtering attacks.
o Lena Lake Boat
Filtering
PSNR | NC {PSNR| NC |PSNR| NC
Gausian | 2652 [0.808] 2699 | 0.854 | 25.80 | 0.892
Sharpen | 1867 |0.735| 15.13 | 0639 | 1623 | 0671

Median(3x3) | 26.23 |0.873| 2628 | 0.811 | 25.19 | 0.8

Median(5x5) | 2240 {0.738 | 21.81 | 0.710 | 21.27 | 0.696
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Table 5. Experimental results for the geometric
attacks.
. NC
Geometric attacks Tera Lake Boat
Translation (0.5 pixel) 0.978 0.993 0.963
Translation (1 pixel) 0.933 0.987 0.939
Translation (10 pixel) 0977 0.981 0.976
Translation (30 pixel) 0.941 0.954 0.937
Rotation(30%) 0.711 0.719 0.704
Rotation(45”) 0.699 0.689 0.693
Rotation(90°) 0.988 0.965 0.968
Rotation(180°) 0.970 0975 0.984
" Cropping(10%) 0.903 0.891 0.908
Cropping(20%) 0.839 0.856 0.837
Cropping(30%) 0.791 0.827 0.802
Cropping(40%) 0.746 0.767 0.751
Cropping (509} 0.727 0.712 0.723
. NC
Geometric attacks Goldhill | Drop | Peppers
Translation (0.5 pixel) 0.981 0.987 0.994
Translation (1 pixel) 0.992 0.989 0.988
Translation (10 pixel) 0.979 0.986 0.980
Translation (30 pixel) 0.942 0.961 0.953
Rotation(30°) 0.730 0.778 0.718
Rotation(45°) 0.697 0.762 0.691
Rotation(90%) 0.979 0.986 0.963
Rotation(180°) 0973 0.984 0.986
Cropping(10%) 0.846 0.829 0.860
Cropping{(20%) 0.818 0.792 0.834
Cropping(30%) 0.769 0.773 0772
Cropping(4096) 0.778 0.754 0.759
Cropping (509) 0.724 0.718 0.717
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