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*oF E O 10 %

A D=diag (6102 10,). KR F R E A E &K 8 X8 7. 4 Lena [

2 JPEG E45xf U #1V 55 B 1) % i

G AR AT i T A L0 TPEG i 45 » i 153 R dn &1 2,
IRIG PR IEL 2 3 TN AR ) 8X8 T4k K 1 M

K14 512 X512 i 256 JKJE G Lena E{Z, F20 0B T G Lena 85 55 84> 7 Bk SVDJ5 15 3]

B A 4 B JPEG H 45 XU ATV 46 B 59 52 10 . 8 Lena

W2 FRERETH 10 H#H JPEG E4 & Lena
B 1 Lena Fig. 2 Lena after JPEG compression with quality
Fig.1 Lena factor equal to 10
F1 [R%A Lena £ 8 T SVD BFEIM U 4EMF
Table 1 U matrix of the 8" block after SVD from the original Lena

1 2 3 4 5 6 7 8
—0.3579 —0.2650 —0.004 9 —0.041 3 0.894 4 —0.003 3 —0.001 1 0.002 0
—0.357 9 —0.2650 —0.004 9 —0.041 3 —0.226 9 —0.8359 —0.2214 —0.027 3
—0.357 9 —0.2650 —0.004 9 —0.041 3 —0.2239 0.1331 0.549 4 0.655 9
—0.357 9 —0.2650 —0.004 9 —0.041 3 —0.222 9 0.483 8 —0.7092 0.114 9
—0.357 9 —0.2650 —0.004 9 —0.041 3 —0.2207 0.222 3 0.3822 —0.745 5
—0.347 1 0.3310 0.097 5 0.872 1 —0.000 0 0. 000 0 0. 000 O —0.000 0
—0.344 0 0.515 6 0.670 6 —0.407 6 0.000 O —0.000 0 —0.000 0 —0.000 0
—0.347 7 0.523 0 —0.7353 —0.254 7 0. 000 O —0.000 0 —0.000 0O 0.000 O

F2 Fih Lena 8 NFHRSVD BFEINV ERK
Table 2V matrix of the 8" block after SVD from the original Lena

1 2 3 4 5 6 7 8
—0.397 0 0.293 0 —0.012 7 0.286 6 0.660 2 0.438 6 —0.1335 —0.167 9
—0.396 4 0.2657 —0.234 1 —0.016 1 0.194 8 —0.516 0 0.309 8 0.563 1
—0.397 7 —0.620 6 0.475 0 0.431 5 —0.0215 —0.153 4 —0.068 5 0.127 3
—0.366 0 —0.2777 —0.103 0 —0.575 3 0.222 0 —0.3255 —0.039 8 —0.539 1
—0.339 3 —0.156 4 —0.079 4 —0.170 4 —0.279 8 0.539 6 0.674 8 0.017 0
—0.320 1 0.430 8 0.593 8 —0.400 5 —0.2830 0.097 9 —0.292 0 0.155 2
—0.307 0 —0.199 8 —0.574 6 —0.042 1 —0.286 7 0.220 0 —0.580 2 0.258 1
—0.285 2 0.362 4 —0.140 4 0.457 5 —0.485 7 —0.250 6 0.051 4 —0.507 0

*£3 REBEFAH 10 B JPEG E4E/5H Lena 55 8 A~ FH SVD 5B 2 U 5EF4
Table 3 U matrix of the 8" block after SVD from Lena after JPEG compression with quality factor equal to 10

1 2 3 4 5 6 7 8
—0.353 6 0.935 4 0. 000 0 0. 000 0 0. 000 O 0. 000 0 0. 000 0 0. 000 0
—0.353 6 —0.133 6 0.925 8 0. 000 0 —0.000 0 0.000 0 —0.000 0 0.000 O
—0.353 6 —0.133 6 —0.154 3 0.9129 —0.000 0 0. 000 0 0. 000 0 —0.000 0
—0.353 6 —0.1336 —0.154 3 —0.182 6 0.894 4 0.000 0 —0.000 0 —0.000 0
—0.353 6 —0.133 6 —0.154 3 —0.182 6 —0.2236 0.866 0 —0.000 0 —0.000 0
—0.353 6 —0.1336 —0.154 3 —0.182 6 —0.223 6 —0.2887 0.816 5 —0.000 0
—0.353 6 —0.133 6 —0.154 3 —0.182 6 —0.223 6 —0.288 7 —0.408 2 —0.707 1
—0.353 6 —0.133 6 —0.154 3 —0.182 6 —0.223 6 —0.2887 —0.408 2 0.707 1
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x4 REETFH 10 B JPEG E4EH Lena 5 8 )~ FH SVD FHREIM V 5K
Table 4 V matrix of the 8" block after SVD from Lena after JPEG compression with quality factor equal to 10

1 2 3 1 5 6 7 8

—0.4037  0.1953  —0.0540  0.1806  —0.4320 —0.0253  —0.6864  —0.3241
—0.3955  0.1913 0.320 9 0.543 3 0.186 0 0.290 7 0.023 0 0.537 8
—0.3817  —0.3890  0.6294  —0.3863  0.290 6 0.0405 ~ —0.1057  —0.2455
—0.3625  0.1753 0.054 9 0.1730  —0.2798  0.0151 0.7056  —0.478 1
—0.3406  0.4515  —0.4407  —0.4108  0.4625 0.3148  —0.0178  —0.062 4
—0.3213  —0.7050  —0.5393  0.2848 0.155 2 0.047 2 0.0213  —0.0317
—0.3076  0.1488  —0.0567  —0.0234  0.1913  —0.8962  0.042 2 0.194 8
—0.2994  —0.1420  —0.0818 —0.4926 —0.5844  0.0923 0.129 7 0.523 5

BU MV R 2 3 MK 4 2550 T JPEG K44 w, =03

JG i Lena BIR55 8 A~ 18 SVD /52 U f1V else
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H AL A7 7 7] 2 1B i NC B
Fig. 5 NC among the original zero-watermark sequence

from Lena, Peppers, Barbara and random gaussian

{0,1}sequences
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5.2 MBUEEHEMIR

Fr — IR e s R AR e A 8 B e, A% iR B R 4R
B 2 K By 91 5 H D 4 2R K BB 31 2Z 8] ) NC {H
HB Ry 1L XA SO AT P S e T S, S 2R
RUAL G F R AR OF- W A BN MR R JPEG R 48, K
AR S M S 5 2 L3k 5.

%fF Lena,Peppers fl Barbara = g F 1% , B 4«
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81 =25 1 8, =25. W] LA & B, A S 1k A8 45 Fh Ok
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Table 5 Experimental results for robustness against attacks

NC between the original zero-watermark from the original image and the zero-watermark extracted from the attacked image

Attack type and parameter

Resampling Smoothing Adding noise JPEG compression
. Gaussian . . Salt&.
First lessen | ) Median Gaussian Quality factor
Image Algorithm to 50% , O\TVpdbb filter noise pep.per
filter . . noise
then . (window  (mean is .
. (window o . (noise
magnify o size is 0, variance densitvi
o o o S 5 5
to 200% se s 3X3) is 0.001) CHSTYLS ™ 20 25
3X3.0=1) 0.005)
This algorithm 0.943 2 0.983 2 0.988 5 0.977 3 0.966 0 1.0000 1.0000 0.9711
F—norm 0.932 9 0.902 4 0.958 5 0.9315 0.9415 0.9967 0.9956 0.9236
Algorithm -
Peppers Spectral
form 0.953 6 0.926 6 0.973 4 0.941 3 0.8959 0.996 7 0.9951 0.88414
norm
Ref [ 8]
L—norm 0.975 2 0.964 8 0.977 9 0.939 7 0.8926 0.9958 0.9956 0.809 4
This algorithm 0.944 5 0.888 9 0.937 5 0.988 7 0.9605 1.0000 0.9833 0.97138
F-norm 0.808 1 0.787 3 0.853 7 0.960 4 0.9207 1.0000 0.9991 0.916 6
Algorithm
Barbara Spectral
form 0.915 9 0.898 1 0.917 0 0.948 7 0.896 6 1.0000 0.9995 0.8953
norm
Ref [8]
L-norm 0.938 7 0.929 6 0.932 4 0.938 6 0.8938 1.0000 1.0000 0.8270
This algorithm 0.948 4 0.913 9 0.965 7 0.968 4 0.947 4 0.9739 0.9825 0.9279
F-norm 0.925 0 0.899 6 0.988 3 0.959 0 0.9823 1.0000 0.9985 0.913 8
Algorithm
Spectral
form 0.948 4 0.927 9 0.952 1 0.944 9 0.8899 1.0000 0.9987 0.8850
norm
Ref [ 8]
L-norm 0.9635 0.954 3 0.970 3 0.935 1 0.897 1 1.0000 1.0000 0.8312
1 NC of the
.ena
first layer,S 0.892 6 0.852 6 0.862 1 0.847 5 0.8653 0.948 0 0.898 2 0.848 6
Algorithm Watermark
form
Ref [4] NC of the
second
| , 0.921 5 0.870 8 0. 866 4 0.736 2 0.8510 0.9109 0.8333 0.767 2
ayer's

watermark
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A Robust Zero-Watermarking Algorithm Using Variance in Singular Value
Decomposition Domain

YE Tian-yu
(College of Information & Electronic Engineering » Zhejiang Gongshang University , Hangzhou 310018, China)

Abstract: Those existing robust watermarking algorithm in singular value decomposition domain always
inserts an watermark into singular values from singular value matrix. A robust zero-watermarking
algorithm based on variance was proposed, using two orthogonal matrices deriving from singular value
decomposition. The image was split into non-overlapping blocks, and each block was transformed with
singular value decomposition. The zero-watermark sequence was produced by judging the numerical
relationship between variance of each element’s square from the first column of U matrix and V matrix. It
has perfect invisibility, since no modification has been made to the original image. Its robustness towards
resampling, smoothing, noise adding and JPEG compression is tested. The experimental results show that
it has strong robustness towards those above attacks.

Key words: Digital watermarking; Zero-watermarking; Singular value decomposition; Variance;

Orthogonal matrix





