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Abstract:In view of the fact that the current robust watermarking is difficult to resist both conventional
attacks and geometric attacks,a new contourlet watermarking algorithm is proposed. In this watermark
embedding stage,the host image is transformed by discrete wavelet transform and non-subsampled cont-
ourlet transform,and the watermark is embedded into the high frequency subband with the maximum
entropy,which solves the problems that embedding the watermark in the low frequency can not resist
geometric attacks and high frequency can not resist conventional attacks such as filtering. The embedded
area is encrypted before the watermark is embedded, which improves the security of the algorithm. In the
watermark extraction stage,the watermark is geometrically corrected and extracted by using Zernike
moments, which further improves the anti-geometric attack ability of the algorithm. Finally, the algo-
rithm is evaluated by peak signal-to-noise ratio and normalized coefficient to verify the imperceptibility
and robustness of the algorithm. Simulation results show that the algorithm performs well on different
host images and watermark images. On the basis of good invisibility, the algorithm not only has good re-
sistance to conventional attacks such as filtering and noise, but also has strong robustness to geometric
attacks such as translation and rotation,and the normalization coefficient (NC) value is more than 0. 99.

Key words:image watermarking; non-subsampled contour transform; geometric correction; robustness

*

E-mail : zhengqiumei@ upc. edu. cn
5 B H#A :2021-07-01 {&1T B #A:2021-08-11
HEEWA . FF ARRF 34 (52074341,51874340) ¥ B I H



S5 30 ARk AE - R T UL A A GE DR A B 58 RS I UK BB ik

1 51

BT KBRS K CED 1 i A SR 43 O AR e 8 K
EJJ 0 A [B] Sk B A e B K B 8 2 tE R
A A5 e 3 2R A5 B K ED B i A AR B 2 TA) K ED
B EAEA P ae . AR UK et
PR S IO B b A DX R AR A KB Y
AL E AR A AT DR IE R —
(e N A= O/ QN N A e SN S R R i
T AH S 31X W 28 K B AE s 3 A7 A B L AR Bk e
20y 1)

ANSARI %5706 K Bt A B 1 3 BR 26 8 8
/NI AR H (discrete wavelet transform, DWT) 5 19
(A s O (10 i R A ES £ N <1 o 1 s
SR AT DL AT R b K BT MR S ORD R 45 F il B iR T
J7 1) U8 U 28 AN B BRI /0N DR e O BE A AL b 3R R
EAZ W I 5 B, S ECRE Wb L it e ) 2.
Brxt DWT 72 4 i = V- 58 K A8 P 09 5F S D
S0 4 R SR AL #8 B Ik A% e (non-subsampled con-
tourlet transform, NSCT) 5 DWT 45 & #H 45 & 32
T — AR G B S K BN L L 45 4 NSCT Al
DWT (9 0L a5, 5503 76 e H 4 J7 T R 90 1 34
By Ak, 5 SCERL7 38 L, B ol K ED B i A7
SE B Z 5 R AR B A AR A, LB B L4 L
Yo R 1A R TE . & X UK BT LA X R
Ry, F AT TIF 2 ok Ao, £ %
A LAG R 2 28, — 2802 T R AR s 48 B0 7K B 45
e 38 2 A EAR AR E B RRAE A R B R K ED Y
oL B 0 G ek . R BRSO 4R T — B R
Blob-Harris 5 F $2 BURRAF 5 44 8 /K BB i A X 38R 1
JKERSE B AR T SCRR L7 A8 ], A A R AR A5 f 55
DihUBE R M AE TR RE DA T i — R H 2
KERITE R R E AR, I BRI A A,
7 — KRR T ILM AL E B K Ep R k. LA ik &
FTRE K BN 5 G 0 T8 28 P F) R A8 6 X AR
A7 JUAer 8 1E BT DAAE — 58 B2 L B2 iR K BN Y B
Mo BREAAL L Z HNO Y R Zernike H X E &
AT HERE B IE . Zernike AT LUAR 5 AH 7 15 B AL &
P50 e 5 ff B2 O B3 vk SR I T A Y B E B I
drRE Ty . H I B A 1R B R B bR O
B EEVE . P, o] f IR R A 1 32 B A [R) 26 A
F iR i R0 LA Y JS . 4 RE B R A Ak K
EIE R Y EEWI RN,

LR M ARSCRE N T — R 45 A LA AL IE 7
758 DWT-NSCT K ENS % . BT AL IE R S
A P I M 25 AL R NSCT 78 8 11 °F B R 748
PR 2 ROEE TN 2 J7 1) P 9 R i, X DWT 48 #e J5 1)

« 331 -

VAL R AT NSCT A28 #e 06 £ % 3 2 07 10 42
S EN NN ki (SR 2 N v - N i R0 i S
Zernike Hi X [ {8 BE AT € ¥ £ 0 ik — 2 AL % .
S 2 W % R R LG AL AR el ¥ B 5
B

2 HEARFEE

2.1 DWT

DWT g — AN REF ST ik, RG240
e R BB AT 5 0 0 S5 4 . DW'T K 1815 40 il i
DA /N AR A 1 5 JHE v s A Al ) AR Y
SUHURRIE LA AT B AR Tl 2 R A 3T AL T
A5 R K 43 e 5 8 7K B ik A X — DX B, 7K B3R
BB B B B
2.2 NSCT

NSCTH™ & —Fi g A7 &40 ST B8 Re A I BLAR 4
b A PR P AGCRR AIE A PR AR e fR IR TR R AR I R
#3 (non-subsampled pyramid, NSP) Ff13E T AL J7 1]
V&% % 2H (non-subsampled directional filter bank.,
NSDFB) 2 #4321 . Hor NSP xf WG k47 2 R
53 fif - NSDFEB X &5 4t %8 43 #F 47 2 J7 1n] 43 fil i 15
NSCTZZ # H A V-5 A28 2 ROEEF £ 07 10 1 1Y
FE A
2.3 FTHEDH (singular value decomposition,

SVD)

SV 2 Hi 2 M AR B0 — T s 2004 o £
T L A) DIOoRe 8 [ o0 i 1 = A 5 . RN R
MXN BJEE A R o0 f#R 2 A IEASH R 1 A X
L H b 0T A O RR I AT S EL AR B . RR
A Sl A R e M Y B A2 2R Ak s e,
HAREAS KA BEE,

2.4 Zernike B

AL R Zernike Hi X} 32 21 e 5% Yo 1 B4
PEATAEIEAL B, Zernike 417 ELAT e % AN A5 M L (A I
A LIRS Zernike HA% T R 09 € % A B2 BT DL A
FH e e 1 IS 20 Zernike %648 B0 RIS 10 e 55 #A
HFEAA R
arg(A’) — arg(A) i

B =

R A EMG eSS 5 1Y Zernike 4, A N 5 IG E 4
] Zernike %, arg (. ) X3 Zernike 5 I AH I fH . m
SRy T B 67 R H o 1 BRU(EL S ) Ak A A R A AR A P L A
Lk m=2,

Xt Lena ERFEAT 157, 45°F1 75° e Btk I » i
it Zernike FAL e AR 1 s,

MFE 1 A] LIS 8 1T Zernike JH 7T DL v B Hb A
TR PR AR 32 B A T e ks A B TR A KB R BT

(@Y)



+ 332 -

MM Zernike HE7E47 EI5 ) B A B2 L AT LAAT 250 $2

Y BB - 8 Y& 20224 ¥33%

S W PUE 5% Bt g

®1 HEREARE
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Fig. 1 Embedding process of watermark
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Fig.2 Extraction process of watermark
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Tab. 2 Invisibility results

Host Watermark PSBR/dB
Lena UPC 39.0552
LOGO 38.8480
Baboon UPpC 39.0508
LOGO 38.6594
Pepper uprC 38.9935
LOGO 39.0867
Airplane UPC 38.8375
LOGO 38.6512
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Tab.3 Watermark NC values extracted

under conventional attacks

Attack Parameter NC
Contrast 20% 0.9971
Gaussian filtering 3X3 0.9995
Average filtering 3X3 0.9999
Median filtering 3X3 0.9995
Gaussian noise 0.01 0.9983
Salt and pepper noise 0.01 0.9989
Speckle noise 0.01 0.999 2
JPEG2000 10 0.9991
JPEG 80% 0.9991
Sharpen 0.8 0.9982
Histogram equalization 0.9981
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Tab.4 Watermark NC values extracted

under geometric attack

Attack Parameter NC
Crop 128 X128 0.9989
256 X256 0.9991
Rescale 0. 25 0.9995
4 0.9992
Translation 20 0.9984
80 0.9983
Rotation 5° 0.9954
45° 0.996 5
90° 0.999 2
Motion blur 0=4,1=7 0.9996

B4 7R T RIE AT BE X L A6 Zernike
HRT A R BCH 9K BN NC {EX L X Bt AT 0%
90° Ay i e e il » SRS SR IBOK ENgE AT NC (HITH3R . 45
RN Zernike X 5L PEAT LA R OE , $2 1)
JKENE) NC{EHEIT T 1. AH T JUAT AL IE A/ #9533
X0 I B Bt B RE AT T ORI B2 B 4 0

1.05T1

1.00 fre—

0.95 L -------- Before correction
QZ) 1 = After correction

090F M . e

0.85

080 1 L 1 1 1 1 1 1

30 40 50 60 70 80 90
Rotation angle

0 10 20

4 RIERTBEEEILE
Fig. 4 Comparison of algorithms before

and after correction
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Tab.5 Comparison of attack tests with other algorithms

Attack Ref. [7] Ref.[8] Ref.[9] NC

Salt and pepper noise 0.9830 0.9432 0.8350 0.9989
Gaussian noise 0.9019 0.8977 0.8930 0.9991
Gaussian filter 0.9882 0.9835 0.9190 0.9995
Median filter 0.9341 0.9891 0.9480 0.9995
Crop 0.9093 0.9226 0.9520 0.9992
Translation 0.7685 — 0.9840 0.9984

Rotation 0.7239 0.8788 0.8920 0.9955
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Fig. 5 Verification results on multiple images
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