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XEI A MRIE. DWT-SVD M4 H A it AB B K ENEL [T]. i EE L ETE ¥R ,2012,17(6) :644-650.

DWT-SVD igie EB# NEEEWKENE

ot R 35

WL TR R 1E B S W TR0, i 310018

B = SIAFRASOREE N —Fh DWT-SVD S 5 6 B K BN, HUf fif B e i MR AT BRSCAGIE . % i
IR G SEREAT DWT A/ ISR 45 70 AN T % ) T8, XS - BRfEAT SVD 38 1% AR & P AT b K a7 5
(AR RN ) FERFAE K BB, SR 5K e 2 1) A R ARRAE /K B P 7)o & e A AU 5 R A i P15/ D D AR At
FAF A FHA K A7 A, BT 2EAT SVD A BORT IDWT 772 A Sk BRSS9k BA R AR o] Ik Fn2e 4k
I Hild 455 A AR K B S0 ATE S BUA UK ER PSR B e B AR . SEBR 2 R I, 5k BoAT Bl i R L
N R AR AR A e R B U | PP (B IR B ) JPEG FRAR ARG Ty i iR 1

REIAL: BT OKED; BALKED s AR 5 H iR ABOR ; B

Perfectly blind self-embedding robust quantization-based watermarking
scheme in DWT-SVD domain

Ye Tianyu
College of Information & Electronic Engineering, Zhejiang Gongshang University, Hangzhou 310018, China

Abstract: A perfectly blind robust quantization-based watermarking scheme in DWT-SVD ( discrete wavelet transformation-
singular value decomposition ) domain is proposed by introducing the self-embedding technology. It can accomplish
copyright authentication only resorting to the attacked image. The original image is conducted with DWT, and its low
frequency wavelet band is split into non-overlapping blocks. Afterwards, each block is conducted with SVD. A feature
watermark sequence is derived through judging the numerical relationship between the two biggest singular values of
adjacent blocks. Moreover, the chosen feature watermark sequence is self-embedded into each block’ s biggest singular
value from the original image’ s low frequency wavelet band based on the Principle of odd-even quantization. Finally, a
watermarked image is obtained after SVD synthesis and IDWT. The proposed algorithm has good invisibility and security,
and achieves perfectly blind detection by combining self-embedding feature watermark sequence and blindly extracting
authentication watermark sequence. Experimental results show that the proposed algorithm has strong robustness towards
adding Gaussian noise, adding salt and pepper noise, Gaussian low-pass filtering, median filtering, cropping, JPEG
compression, and hybrid attacks.

Key words: digital watermarking; quantization-based watermarking; perfectly blind detection; self-embedding

technology; robustness
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(a) iR JE IR B BUR AT LA haar /N R B (1
2 2 DWT, 55 2 JU/NBARSI T I 2 x 2 F3R
LU= A AR R AE K ERF 31 . Logistic YR B 5 14 47
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FH. AWA BRRE K ED T 51 1K B 1024
bit, JFAA A FAR 9E 47 LA haar /N R L0 1 4
DWT, 25 1 G/ NE ARSI 5 43 %I B 8 x 8 FHL LU
H it AR AF K ¥ %1, Lena ., Goldhill , Baboon 3
R R By LA 2P AR Sy 55, 77 A AR B 5 7K EP &
B W 1—P& 3 v (b)), 5 AR G KR 2
(] 1 U {15 W LG (PSNR) 4331 Oy 41. 482 7 dB
41.1139 dB 40.828 2 dB, Ikt A L&k HAE B
TR AT WA

JCH i, AP 1—P 3 1 (b) 4R H g W R W
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(a) Jdh
B 1 R4S & KED Lena E{%

Fig. 1  Original and watermarked Lena images

(b) #r7kE

(a) JR4f

K2 JE#RS & KED Goldhill K14
Fig.2 Original and watermarked Goldhill images

(b) Fr7KEN

” &
3 JRhEY % /KED Baboon B4

Fig.3 Original and watermarked Baboon images
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2.2 MINEEHMEXEER “WORI WS SR GE T 3 RIEMRE WOR W
T 1—R3 7B 50 3 IR AE AR v isf Al NC Ry, PRI AS SCOR 0 G 26 iy 6 B i
PIANAFDKENFSI Z [ NC, MRAER 1—R 3 1) - BORE R,

#£1 Lena MiFEHETRER

Table 1 Experimental results of robustness against attacks for Lena image

AL SCHR[2] SCHR[3]
Yot e A UG FE 23 ) L . A K ER S A7k B
W’iFﬂW" Wﬂ:.ﬂwl Wﬂ]W" J/?E:I'Iﬂ/(ﬂl:j J/i:nﬂ/(ﬂlﬁ‘
PR K Ep PRI K B
o BMER 0,772 0.000 1 0.984 4 0.986 2 0.998 3 0.946 2 0.8482
IR e . .
Y H 0, 77254 0.000 3 0.962 3 0.974 8 0.987 8 0.898 6 0.8326
. L I 75 2% 13k 0. 003 0.950 5 0.968 9 0.9799 0.9309 0.9169
whE
s 75 2% 1 >k 0. 005 0.928 5 0.9550 0.9721 0.8974 0.8860
RGN BRA/NN3 x3,0 =0.5 0.929 1 0.9905 0.936 6 0.8990 0.764 4
(I AR I/N A 3 x 3 0.9535 0.990 5 0.959 5 0.8410 0.9135
54 £ Ef1/16 0.9225 0.958 4 0.966 5 0.7705 0.9585
v diy 1/16 0.928 3 0.968 3 0.9558 0.760 3 0.9534
JhE TR 50 0.960 8 0.960 8 1.000 0 0.888 8 0.9407
JPEG %45 J Rl 40 0.9526 0.9534 0.999 1 0.8181 0.9010
JER NN 30 0.9281 0.9336 0.993 1 0.7655 0.876 4
JPEG 70 + Hu.0>B51] 1/16 0.909 1 0.948 7 0.9567 0.7053 0.9221
AT JPEG70 + 3 x 3 d{H ki 0.948 8 0.978 4 0.970 1 0.8222 0.898 1
ah JPEGT0 + 3 x3 flo = 0.5 11 0.9199 0.9758 0.9354 0.8521 0.756 6
e ETAVRE U8
Fz2 Goldhil HIFEHEMEIHER
Table 2 Experimental results of robustness against attacks for Goldhill image
AR SCHk[2 ] SCHK[3 ]
S S
EGES Bk B Waw WRW Wawe | KES EEkES
MK ED FEM K ER
o PO, F72E5 0,000 1 0.9729 0.9740 0.9990 0.960 2 0.846 1
T I i T Mg . .
Y{E R 0,757 224 0.000 3 0.9556 0.964 8 0.986 4 0.906 9 0.8259
. L. MRSk 0.003 0.9419 0.963 8 0.976 0 0.9306 0.9122
D L S
Mg 75 25 B >k 0. 005 0.9037 0.9322 0.964 7 0.8832 0.8629
B E R RN 3 x3,0 =0.5 0.9325 0.9927 0.9396 0.88638 0.7186
L R [ER/)3]) BRI 3 x 3 0.9198 0.9716  0.9445 0.8276 0.8403
Sy £ bfl1/16 0.917 8 0.954 1 0.968 2 0.764 0 0.9477
- F1r> 1/16 0.9207 0.968 2 0.9467 0.733 8 0.9393
JER KTk 50 0.928 1 0.928 1 1.0000 0.9000 0.914 8
JPEG [E45 JiE Rk 40 0.901 6 0.902 5 0.999 0 0.8492 0.903 3
JEE Nk 30 0.879 8 0.886 1 0.9937 0.7892 0.8262
JPEG 70 + .05 1/16 0.876 5 0.9174 0.946 7 0.7339 0.9259
. JPEG 70 + 3 x 3 Hi{HIEN 0.9124 0.9516 0.9508 0.8206 0.8254
LEES JPEG 70 + 3 x 3 =0.5 K
*ox Ho =0 1 0.8836 0.9510 0.9261 0.857 8 0.7115

i BT 1R D 90
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%3 Baboon HINEEHMELILER
Table 3 Experimental results of robustness against attacks for Baboon image
AR SCHik[2] SCHR[3 ]
Yl Wit 25 N A . A7k E & Ak Ep &
PRI K ED PRI 7K ED
o PMER O, 752224 0.000 1 0.988 8 0.9899 0.9990 0.978 0 0.9433
I e B Mg .
Y{E R 0, )52 0.000 3 0.9655 0.976 7 0.988 8 0.9343 0.908 1
. L. MRSl 0.003 0.9727 0.9859 0.986 8 0.9411 0.9396
I E
I 75 45 & 54 0. 005 0.9374 0.9707 0.966 6 0.9120 0.9114
BN R A/NN3 x3,0 =0.5 0.9192 0.9899 0.9273 0.7720 0.6059
A BRI AR/ A3 x 3 0.9177 0.9735 0.9305 0.778 2 0.743 6
s £ Efa1/16 0.9374 0.968 1 0.968 0 0.766 2 0.966 2
> Fuls 1/16 0.9295 0.970 1 0.9556 0.7555 0.9610
JE R TR 50 0.9787 0.9787 1.0000 0.9010 0.950 4
JPEG [E45 Jia Rl 40 0.9714 0.9714 0.998 0 0.860 1 0.9145
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AT JPEG 70 + 3 x 3 H{HJETR 0.901 4 0.962 4 0.905 1 0.783 6 0.7428
(T4 JPEG70+ 3 x3 flo = 0.5 0.9050 0.9828 0.9182 0.7740 0.6055
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