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Abstract SVD preserves both one-way and non-symmetric properties. Based on the research and analysis of the first column
of the orthogonal matrix after SVD, we propose a block-based image adaptive watermarking scheme based on the SVD of
wavelet domain, embedding the watermark in the first column of orthogonal matrix, and selecting the best embedding
coefficients by analysing the stability of those coefficients. The threshold, which is used to modify the selected coefficients is
decided by the statistical properties of local blocks. The modification of coeffients is controlled by these two thresholds so as to
obtain the optimal tradeoff between the transparency and the robustness. A large amount of experiments show that the proposed
scheme is effective and robust to common image processing operations, especially to JPEG compression.

lar value d ition(SVD)

| 4

Keywords digital watermarking, wavelet analysis, si

)

ATKER(E S, b i Y 8 4 3% 2% #: (discrete cosine
transform, DCT )| B # /M 3 3 7 # ( discrete
wavelet transform, DWT) ), — iR T, A I8,
AT RN ESRTLENE B E AT,

5l

BEEBSFMARFEANRERR, HFEH

jill's

h—-HERERZEGSE FNMETAERPEAR
MERBABEK, MERRRTLLES ME SR
hAEkERRE LN, BREE IR P # TR
T ERERME R TE ST KSR
RE#THE WTEERFRENEERNZHE
BRI,

R BF K B R BAEAR 5 802 S8 BB ik

W3 B 8 :2005-10-17 ; 2% ) I 4§ :2006-03-09

% B {6 & & (singular value decomposition,
SVD)ER—FERARMBES HEREARE
2 BT KU R ARG S A0 2 SR R 5 6 B
AuasKBEHRAEEERE T —REFHRESD
R FE K FRE ",

BB A X LR T SVD @M KEPH R
WﬂﬁUTWE‘%:—‘%%ETﬁE{EB‘J%?ﬁEﬁE.

B EXMA HRAE965 ~ ), B, BB, 1998 ERANKETFALFM 2006 FREFNBLRETF WL ¥0, EBFHRET M

HEBRLEBE S HFAKE KB, E-mail: zhangiw@ nuist. edu. en



812 o [ % E I 4

L BVE

WAKEEMBERTRENBREHNTREERED,
REXZHM KO FEBEBTFX—%, W
Gorodetski FR B HMET SVD ARG HRER
LRI EKEPEARY , Hp—F R BB SVD H
B B KA 16 5 55 — b Ul o B AL 37 57 8 O I A BK
KEB KRR TEBEMN I RMOFEHTFRE. FotEEd
TRAHT RCBEAZER I MEAM AR RS
¥ ;Liu 1 Tan £ H T HL)R SVD FRD &y
R S hBEHLK BN S B R K ED & n B R B R K
AREEED FRAUZEEANFREEEN
FREERF,BEHNBITRIKEOHER,FAS
TIEF AR BOK PR A AT
HTZFREEEWN BMRBANEERKESRY
25, Chandra B L R H R RERRKLER
FOKEREIRER B SVD 43 % , R IG ¥ K ED i 3 R fL 7R
mBBEERNEFRET, AEFHLABT 12
RBARY GENAERESILTREENBE 4
FAEER T ¥ R LRI BRI REMSE W,
HE%E B % HK TB%, Ganic FHEX
BRI6]FsCiR[7] M2l £ DWT #1 SVD W4 &,
AHT—MEKPEEHFRY, BHFREE—S
INBERE 4TI ERERIOKE, KB LH L
REW, K DWT f1 SVD 54 HA ML B #%,
Bao il Ma ¥ Gorodetski 5 B4 BB /MR, 3#
BT REERNOETER, BB T -1EEH
BN NEE SVD TR, LREFRBFREH, ¥
DWT #1 SVD M4 & B4 SVD BRI R,

Chang % {2 i — #3554 sk SVD R, ¥
KEMERBEMBhBRERKR SVD ARESFRME
MEKFRABFARNEREES, FAHHLE
BRUEFTREERNETRE MR (MEHE) Kk
EZRGERE)NERE, LR ZRNELZT —BE
BB BRIERP T RIFHIEZERSE 1 R HS R
BZEMRXRR(FHESREENER) , EERHIE
REREE 1 FIPEFERN R, LR M 1bit KEIfF
B. RERBME, B TERELKRBME MR
MNEBZBEEREREEXEEE 15 R PHE
HRERMHES R, WBRA S ESBERN
MEEGBEE, R —FE B ENTEBRIEMERMK
R EMKEAKDEHBRENLEHFAR T4
o, MEAFEL—-LERABRESESKE,
BOEBUKE RSN, BB RN EEHRR
KM, B3} JPEG E45 %880 MR,

23038 3 % B 4R A B ARG 8 B E A R 4
1 51 B BUE RS R o LA Bk FEAH 48 R BB B i R A9
RERLRMT, G T —METEG/MEE SR
FRESBOBBERIKEA TR, 1 TE KK
ABRIEEGS/ NP R ENEEEREBES 1
FIM AR RGBS LR REREMHSRE,H
RAEGE RV RFIE BB R EBREE, A
7 ) BT A 2 ) R S 1 AW B, I L TE OO
HEPEME R Z ML TR V4E,

2 HFHEHRHK SVD 4

MEHREAEE AR —BRFRAHTUE
B~ m xn RDBEFERE, € —1 mxn KAH
pixels (LU FBA4) SLHERE A, 3 SVD SRR K

A=USV' = YUYV, (1)
i=1

HPUMVAHIH mxm Bnxn RKAWERE
f5,S = diag(A;,A,,,A,,0,-,0) KRG AHE
Be , KX AR A, B A A RE, BWE 2,
ZA,=2A,>0,r 20 S BBk,

EE REBEFEMKDAmxn WELEFAMN
BHHRENINN 020,220, , 121,22
% F R EE—HEREEK] - A

|disg(r, -0, ,,7, -0,) [<[|B-A] (2)

BT ,A BEREFENEEARTFNBE
Xt SVD KEPH R MR,

(2% SVD AA DCT.DWT %7K 2 4 f 5 1) £ A1
ENHFHESHRE U CERFER G B PEER
BN KB H: (1) #47 SVD WERE KR
BIE, ENE SR (2) SRERFRIFNE
EHE, ARENBHREDIASEREROAERE;
3) BAFRMEN RET - SVD AREHZE
(RER) AR EMBEHHEARABU, RV, hE
T ER B ILTRE , 45030, IERC B U E 1 9 [
B(UTHIEXNU,)WAMHESREAELTERL
BRER, DRRFENELENERXR,

3 MNEHFRESBABEKDAR

3.1 U, mHASRBRESS T RREREAER
i kR B R B A S AT SVD ARG
W) U, BFNEI SVD SM#JG ) U, X P& 4P



ESH

KEAHES BBDERI T RESRE BERKE TR 813

FENBERSTRERS T HEERENFE
LES el

518 1) Boat,Lena,Baboon X 3 AR N E, S
SIRELABFENRL . PF ERNIXFFEH
&5, BHNERT KEERHETREXLK, U

Lena BRG], R 1. R2 251G HTNKEER
—BAESRIERIE S B4 RRERE 8 x8
KRG FHR,HEELE RIK JPEC E4 .38 3 ¥ 4b
B, E#1T SVD ARG BB ERERENE 1 50
BU,

£1 BHSVDEHU,
Tab.1 U, of SVD decomposion on spatial domain

PR JPEG100 JPEG90 JPEG70 JPEGS0 JPEG30 JPEGI0 3 x3 d{EME¥ 1% RS
-0.35694  -0.35694  -0.35643 -0.35633 -0.35355 -0.35355 -0.35355  -0.3549 -0.34788
-0.35352 -0.35352 -0.35358 -0.35605 -0.35355 -0.35355 -0.35355  -0.35465 -0.367 14
-0.35351 -0.35351 -0.35329 -0.35492 -0.35355 -0.35355 -0.35355  -0.35436 ~0.36049

v -0.35435  -0.35436  -0.355 -0.35408 -0.35355 -0.35355 -0.35355  -0.35408 -0.3938
' _0.35239  -0.35239  -0.35444 -0.35295 -0.35355 -0.35355  —0.35355  -0.35323 ~0.36945
-0.35351 -0.35351 -0.35131  -0.35182 -0.35355 -0.35355 -0.35355  -0.3521 -0.32842
-0.35124 -0.35124 -0.35103 -0.35126 -0.35355 -0.35355 -0.35355  -0.35267 -0.32196
-0.35295 -0.35294  -0.3533 -0.35098  -0.35355 ~0.35355 -0.35355  -0.35238 -0.33374
®2 i SVD EM U,
Tab.2 U, of SVD decomposion on Wavelet Domain

Mk JPEG100 JPEG90 JPEG70 JPEG50 JPEG30 JPEGI0 3 x3 h{EBHE 1% KETRE
-0.34554  -0.34557  -0.34519 -0.347 -0.34782 -0.34596 -0.34792  -0.34684 -0.34801
-0.34928  -0.34924  -0.34997 ~0.3482 -0.34782 -0.34596  -0.34792  -0.34857 -0.32989
-0.34911  -0.34921  -0.3493 -0.35036 -0.34782 -0.34596  -0.34792  -0.34886 -0.33347
~0.34965 -0.34981 -0.34873 -0.35181 -0.34782 -0.34596 -0.34792  -0.35054 -0.35441

. -0.35407 -0.35396  -0.35406 -0.35365 -0.35273 -0.35378 -0.3591 -0.35307 ~0.35898
-0.35588  -0.35591  -0.35636 -0.35456 -0.35664 -0.35818 -0.3591 -0.35593 -0.37242
-0.36042 -0.36038  -0.36048 -0.35874 -0.36169 -0.36376 -0.3591 ~0.36054 ~0.36714
-0.36407 -0.36396  -0.36393 -0.3638 -0.36559 -0.36808 -0.3591 -0.36371 -0.36182
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