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Zero-Watermarking Algorithm with Strong Robustness
Based’on'Low-Frequency Singular Mean Value

QI Xiangming ,ZHANG Jing, TAN Xingi
(‘College of Software,Liaoning Technical University , Huludao, Liaoning 125105, China)

[ Abstract] To enhang¢e thewrobustness as well as the transparency ofsthe ‘watermarking algorithm while keeping the false
alarm rate at a low level,this paper proposes a zero-watermarking ,algorithm, based on low-frequency singular mean value.
The algorithm acquires stable low-frequency regions of carrier images with Discrete Wavelet Transform (DWT). On this
basis,the low-frequency component at a better level is obtained with”Discrete Shearlet Transform ( DST) to construct a
stable feature region. Block Discrete Cosine Transform ( DCT) is performed on the region,and the singular value matrix is
calculated. The feature matrix is built by comparing the average singular values of the block and the whole. The XOR
operation is performed on the feature matrix and, the, watefmark to obtain the zero-watermarking image. The algorithm
improves the security of watermarking images with| Arnold encryption, and uses Radon transform to correct carrier images
before extracting the watermark,so as to enhance'the robustness of the algorithm. To test the algorithm ,compression,noises,
wave filtering and geometric attacks are, performed on images of different textures. Experimental results show that the
proposed algorithm has a strong robustness,with normalized cross correlation function values all breaking 0. 98 and partly
reaching 1,while the transparency is” goodyand the false alarm rate is kept at a low level.

[ Key words] Discrete Shearlet Transform ( DST) ; block Discrete Cosine Transform ( DCT) ; Arnold transform ; Singular
Value Decomposition( SVD) ; Raden transform ; zero-watermarking
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7 x7 0.983 4 22.376 9 1.000 0 20.116 0 0.985 4 24.125 4
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%6 JLALEH/EH NC #1 PSNR &
Barbara Baboon Lake
Yt 7R Ptk
NC PSNR NC PSNR NC PSNR
§ 4N 0.5 R HOR 2 15 1.000 0 35.448 4 1.000 0 32.797 60 1.000 0 40.000 1
A /N 0.25 G HK 4 45 1.000 0 35.717 0 1.000 0 33.029 10 1.000 0 40.268 5
It A1 e e 5° 0.980 7 10.863 2 0.978 6 10.728 80 0.980 6 10.800 3
MR A1 e A 45° 0.988 9 7.742 6 0.977 7 6.612 90 0.989 0 7.108 7
MR 41 % 90° 1.000 0 10.149 3 1.000 0 12.661 50 1.000 0 8.452 3
Jie e Mty N ke e 135° 0.988 9 7.668 7 0.977 7 6. 646 50 0.989 0 6.945 8
IR 41 % 270° 1.000 0 10.149 3 1.000 0 12.661 50 1.000 0 8.452 3
NS e A 315° 0.988 9 7.936 6 04977 7 6.551 20 0.989 0 7.123 6
MBS e e 355° 0.980 7 11.468 8 0.975/6 10.928 00 0.980 6 11.0250
W ZE I f 1/4 1.000 0 14.998 8 1.000 0 15.871 80 1.000 0 14.702 4
W AT f 1/4 1.000 0 14.849 00 13000 0 17.402 50 1.000 0 15.772 1
B B
W R 1/4 1.000 0 10. 155760 1.000,0 9.872 10 1.000 0 8.828 9
B A7 1/4 1.000 0 9.975 19 1.000 0 9.989 67 1.000 0 9.8133

4.4 XLLIRIE

Jl Lake FI Plane [#14% , 73 1] 5 SCHK [ 7518 ] 1955
T AN SE UG 25 R AT X FE SR , S0 UE S5 5R Gask T MR8
JIt 7R o SCHR (7 ]330 3 30 BOTT 1) 1 e 5 19 230 B 5l =p
SEAE k5 i A K B . SCHRA 18 ] AL SR I A2
e, X R EAT /NI e, B DHARRUE A7 0 DR I A%
e, AT SVD g3 fige , R B KA e 18 #4) 3 i ik R
W o X LE SR AIE 45 SR R W1, A SCH L R B 2 A T 3
BRL7,18 JH 3k, b P4 21 52 J &

x7 AXEREX#EH[TIEEN NCEXTLE
il R SRk [7 ] H A CEE
HUER 75 (0. 014) 0.977 1 1.000 0
T W (0..001) 0.994 6 0.997 2
JE 45 (40) 0.990 7 1.000 0
FE4(30) 0.990 2 0.997 2
P IE B (3,3) 0.990 7 0.983 3
PIME I (4,4) 0.960 4 0.978 0

®8 ANHEESNE[IS]EEM NCEX

G WIEN SCHR[18 ) 5k AR
HUEL I (0.01) 0.993 0 0.994 5
5 47 1 4 (0.001) 0.975 7 1.000 0
WYl % Ef1/4) 0.998:3 1.000 0

JE4i (10) 09962 6 0.988 9

JERE (1°) 0.912 6 0.981 3

g (3,3) 0.981 8 0.997 2

5 HRiE

ARSCHR Y — i R 1 K BNk o RS A
HI/ NI A FB T I BT D) I A AR A AR E R AR X
Jai I A e 8 T 5 A8 48 A A S5 L 2 fifp AR A B AR
SE WY EBRHAIE , 38 2o e 52 73 B A S (B3 (B9 88 1A ar

S (EL R R 1) R /0N g s A R I g G S BT TR A
ol S8 N K ENF i o A SCTE A i 7K BN il i Arnold
s B v oK BN B2 A, I TR BOKED i A ]
Radon A2 4 A9 TE AR B (5000 9 50 & Pt LR 46
SRR RTTIER 4 Tl LB 9 5 PR B TR I
RERS PR UE I 3%, oy T L TORGE R A K B B, it
A RS W 5 A S I AT T — T Y
SeB, T — K et H BOk A S £ 5 k E
Tk .
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