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ABSTRACT

In this paper, we propose a new watermarking technique for copyright protection of stereo image. The proposed technique embeds
watermark to the region which corresponds to occlusion of the disparity map to be extracted by the proposed stereo matching and the
frequency coefficient with the appropriate value. We use discrete wavelet transform for frequency transform tool. The proposed algorithm
consists of stereo matching, watermark rearrange, mark space selection, and watermark embedding/extracting. We tested the experiment about
4 stereo images which are from Middlebury site. We embedded the watermark to 4 stereo images and extracted it from the images after
attacks. We also visually analyzed the watermark embedding images in 3D TV environment.
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procedure{Watermark_Mix}
input: m original watermark
output: m mixed watermark
begin
initialize LFSR with a key;
for i=1 to m {
LFSR(i)=(Zo' “*Zj, Zj 'Zk.l);
w(Xi, Yi)=Wi,
}
end(Watermark_Mix)
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Fig. 9 Rearrangement algorithm for watermark data
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procedure{ Watermark_Embedding}
begin
initialize LFSR with a key;
i=0;
for (i=1 to m){
if LFSR;(j)= "1’ then
if (LSB([abi(u, v)/b)]="0") then
if (wi=0) then
embed w; by Eq.(8);
else
embed w; by Eq.(9);
if (LSB([as(u, v)/b])="1") then
if (w=0) then
embed w; by Eq.(9);
else
embed w; by Eq.(8);
=L
else
L)
end {Watermark_Embedding}

O3 12, flE{ota og 41eE
Fig. 12 Watermark embedding algorithm
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procedure {Watermark_Extraction}
begin
initialize LFSR with the cipher key;
i=0;
for (i=1 to m){
if (LFSR(j)="1") then
if ([(ab(u,v)’+b /[2)/b)]=even number) then
wi”’= 0 by eq. (10);
else
wi”” =1 by eq. (10);
iniagH
else
=it )
initialize LFSR with the cipher key;
for (i=1 to m){
LFSR()=(zo' **zj-1, zj **Zx-1);
wi=wi” (%, yi); }
form to m random sequence
End {Watermark_Extraction}

a3 14, f/E{ot3 F=F extraction algorithm& 12| &
Fig. 14 Watermark extraction algorithm
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Fig. 15 Watermark embedding results; scaling factor
of (a) 20, (b) 40, (c) 80, and (d) 160

E 1o= B 2E @A HEnaE AFd g o]
PSNR A ¥} & YEPATh F 19 32 0] 7he) A A g
AFFH B 7HA] 34E 3¢ o] % PSNR 2#E
RF e 1600 2h gk E A7 A | o] F
o A3} o] HAg30dB o]/ @& ZHEE g A
ojt}, T4 L nloto ARl FARES 1 et 3L, UNkA
A FAAY FAol A LA = 3= Gaussian
JPEG ¢+, 59l 9 A% 59 5& A9k 987t
A7t gol A H ol A G Aol olv] Bt



2H UL G £Fd B AF AE 71

® 1. 9otz

A}
=

Table. 1 PSNR result after w.

% PSNR Z 1}
watermarking embedding

Attack | Amount | WM | cones | teddy |tsukuba | venus
20 | 47914 | 50.56 | 48.127 | 49.413
40 | 4198 | 44.61 | 42.947 | 43752
No i 80 | 36.261 | 38.828 | 37.808 | 38.331
160 | 31.663 | 34.199 | 32.242 | 33.357
20 | 29.421 | 30.511 | 33.775 | 29.535
40 | 29.425 | 30.517 | 33.761 | 29.532
! 80 | 29.416 | 30.516 | 33.715 | 29.51
160 | 29.332 | 30.464 | 33.309 | 29.401
20 | 23.674 | 24.799 | 26.497 | 24.28
Gaussian 3 40 | 23.673 | 24.799 | 2649 | 24279
Noise 80 | 23.671 | 24.798 | 26.499 | 24.274
160 | 23.656 | 24.789 | 26.503 | 24.254
20 | 21.981 | 22.895 | 24.086 | 22.739
40 | 21.981 | 22.895 | 24.075 | 22.738
> 80 | 21.979 | 22.895 | 24.079 | 22.734
160 | 21.97 | 22.889 | 24.087 | 22.718
20 | 29.592 | 30.758 | 33.703 | 30.717
40 | 29.531 | 30.717 | 33.502 | 30.666
0 80 | 29.101 | 30.416 | 32.391 | 30.354
160 | 27.744 | 29.419 | 30.018 | 29.119
20 | 35812 | 36.614 | 39.724 | 36.478
4 40 | 35211 | 36.208 | 38.603 | 36.003
80 | 33.365 | 34.872 | 35.887 | 34.554
IPEG 160 | 30.328 | 32.327 | 31.59 | 31.654
20 | 40.045 | 40.741 | 43.244 | 40.582
40 | 38.427 | 39.632 | 40.724 | 39.306
8 80 | 34.99 | 36.956 | 36.968 | 36.503
160 | 30.965 | 33.349 | 31.913 | 32.477
20 | 47.079 | 49.132 | 47.613 | 48.311
40 | 41.742 | 44.196 | 42.717 | 43.401
12 80 | 36.169 | 38.711 | 37.736 | 38.19
160 | 31.539 | 34.073 | 32.198 | 33.253
20 | 38.159 | 39.101 | 42.643 | 38.111
Blur i 40 | 37.761 | 38.826 | 41.309 | 37.81
80 | 36.353 | 37.821 | 38.888 | 36.807
160 | 33.608 | 35.662 | 34.61 | 34.458
20 | 31.861 | 33.038 | 36.435 | 32.148
40 | 30934 | 3235 | 35.032 | 31.541
Sharpen -
80 | 29.141 | 30.931 | 32.051 | 30.123
160 | 27.405 | 29.769 | 28.611 | 28.066
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Fig. 16 Attack results (a) Gaussian noise (3) (b) JPEG
compression (maximum) (c) blurring (d) sharpening
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Table. 2 The watermark extracting ratio after attack

Attack | Amount | WM | cones | teddy |tsukuba | venus

20 | 18.039 | 16.118 | 4.496 | 6.865

40 | 13.135 | 9.868 | 3.417 | 7.323

80 | 12.785 | 8.224 25 15.561

160 | 35.026 | 26.316 | 80.576 | 36.842

20 | 33.976 | 38.816 | 34.532 | 14.188

Gaussian 40 | 338 | 38.816 | 33.094 | 13.959

Noise 80 | 33.45 | 39.145 | 32.734 | 13.272

160 | 34.151 | 39.474 | 32.914 | 12.586

20 | 34.501 | 40.132 | 38.13 | 14.874

40 | 33.625 | 39.803 | 37.59 | 14.417

80 | 33976 | 39.474 | 37.95 | 14.188

160 | 34.501 | 39.145 | 37.77 | 13.73

20 | 29.072 | 22.367 | 52.518 | 13.272

40 | 47.285 | 39.803 | 77.698 | 31.121

80 | 85.464 | 80.592 | 89.029 | 69.565

160 | 99.124 | 97.697 | 96.403 | 94.279

20 | 50.438 | 52.303 | 83.273 | 42.563

40 | 92.469 | 89.474 | 95.863 | 88.101

80 100 100 99.46 | 99.771

160 | 100 100 | 98.381 | 100

JPEG
20 | 84.764 | 83224 | 95.324 | 82.609

40 100 100 99.82 100

80 100 100 99.82 100

160 | 100 100 99.82 100

20 100 100 100 100

B 40 100 100 100 100

80 100 100 100 100

160 | 100 100 99.82 100

20 | 26.62 | 23.684 | 67.626 | 27.442

40 | 94.746 | 98.026 | 98.022 | 97.712
Blur -

80 |99.825 | 100 100 | 99.771

160 | 100 100 100 100

20 | 17.688 | 10.855 | 30.935 | 11.442

40 | 25.219 | 25.658 | 51.439 | 35.011

Sharpen -
80 | 62.872 | 65.79 | 72.482 | 69.794

160 | 100 100 | 85.791 | 99.542
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Fig. 17 Visual recognition experiment using 3D TV
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Fig. 18 The visual recognition test for various test
stereo images using 3D TV (in case of 40)
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