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Abstract The reasons of high false-positive detection rate problem for a class of singular value decomposition(SVD)
based image watermarking algorithms were analyzed and the corresponding results were given, On this basis, a novel
watermarking algorithm based on discrete wavelet transform(DWT) and SVD was proposed. First the host image is di-
vided into non-overlap blocks and each block is applied 1-level DWT, and then SVD on the low-frequency sub-band
is made. The watermarking is preprocessed by Arnold transform and then is embedded into the singular values of the
low-frequency sub-band based on quantization method. Experiments show that the proposed algorithm can overcome the

high false-positive detection rate problem which exists in the traditional watermarking algorithm based on SVD and ro-

bust against common signal processing such as JPEG compression, filtering, and the adding of noise.

Keywords Image watermarking, Singular value decomposition, False alarm errors

1 5|

BEE AR AR AR FHEARRK CRRR, L
DR A MO AR O B — N DI R AR T R
AT BRUEXAMERE, AR THF RS, BRATR
B E R FEE T RA REFRTIEahiES, Bk, A0
FIRW T T2 SVD S # IR SVD $KEN T k. 2002
4, Liu fl Tan BSER HET SVD WEBUKENE B, %07 %
WK BN A SRR R A AT SVD Ml e A RAE ™ . Af]
WHEEEBCEE REW, —FRA RN % . R3]
R —FPET DWT 1 SVD fI/K VB, B Bk 3 8k
BOHAT 3 BB B, IR T 44T SVD 43/, BT
BELERKBNERHTRERARKERR SVD REHE
FEP . SCR[4J8R ) —FhE T4 FE SR B K EREE RS 7K Ep
RABRKERZAFRESFFRTREZ P, FIH SVD A

P L T T ERAK BN BRIE R4 P e B
FIfBeh A, AHERA RIFRAZENE, DRkt r
WHRHE. SCHRLS 42t —Fb 2k T 43R 7 S48 20 A O B0 7 2K B
Bk BZEERENEERKNERE, ARSLMAE. SR
(6153t 8RB BT n 2 BB 8 R T A
SEHER, B ESE B A MK E S5 #1T SVD 53+
FIFKEPEBR BT FEB RS H BRI A RE AT 5E K
EPEIRA . ML ESCRR S LB E R RE, RRBEX R
45 WER U TGE A ST M E R, B —E B E
X {HE, RRE LA & » REK Liu M Tan BY77 K
By BB, BEEAEERKERRIRA DI REKE
BREFREMEEHFAENR P, BAHKHERHTR
EEBRADRKEGQN T HE R D, KRR, BHR
BERMOKEIRIMEXGER. Bt BHEANZLBERARE
. E I R B, FI A AT R K ENTR B ¥ » T A SRk

AXZERREZE S B (Mzy02004) f1#3t4 # & T RMF H (B20110804, B20110807) ¥ Bl .
WRE(1954—), 5, 8% B RIF, FEB T 10 M5 B Z LB F/KED, E-mail: jiangtianfa@163. com; B#EM (1984—), 5,8+, B
B, TERRFT A INMBERRLMBEEKE; E #8980, B, ML, TEWRF FHE LRV BB KEEER,

-62.



A EA K ER B SR B 4 P AR B T AR S K ENME S BIK
DB b R RS » B R R R R K ENE S ARA K
.

LTI AR BEMRERBEEMO T RL AR FE
WREEEA, F A HAN K LRER RERHE—HES
DWT #1 SVD W FRBUKEE . Bk RIxEB#HT
1 )2 DWT 5, BxHESA T3 LL #47 SVD 0. kAR,
RAEH T %, 5 Arnold B ALALH 5 9 7K E1 BB R A 2
SVD /G A REZ . SHRRV BHENERBR T
giiy SVD EMEUK ENGE 1k R R0 14 Y FRUREL, BESRIUH aofR
SabEH

2 —3SVD B GUKENEE R RIS H

T SVD WKENEE B R H Liu M1 Tan /A, A
SRAE LRI R AT, T BB S5 BAK B BRI MR S AT 5
ARG R ESEA- T BT SVD 40 (B AL 2 e e 28 AR
BHHR , RN K PR B S TR , DR & T
SVD B BKENE B 53 4«

D AN R EBRHAT SVD 5348 , K BV EH i pE s e
(RTRE X B A i A 30 &7 R A 2

(b) EifBaboon B

(® #FBaboonBEMER
S A (e R K BT R

(e) ﬁ)\BahoonEE iv]
LenaE

AREEGEZ T, BNEE N A KPR R
I=>UsvT
{S+aW=>UwSWV$/ (@)
Iy <USwVT
SCERC2 I K BN B Tk, MR R B R
Li=>UwnSyVw* T
{D* <UwSw V& @)
W*<=(D* ~S)/a
2) X B E K ERAR S AT SVD 438, SR IG5
Tt AT KN FRESN R ERRHETRE
L. Bp:
I=USVT
W=UwSwVk
S+aSw=>Sw
Iy<USw'VT
SCHR(3,5, 6 1H AR BB B T it AR AR B RN «
{R{zéUv’{rSv’{sz” T

&)

D* <UySy V¥ €Y
W* <=(D* —UwSV¥)/a

@ FRBHRAER

. (b) ..:f"jFﬁPCPpanPé¢EBE b.
FERE B ()R K B E R

SRR Bl () R MK B R

B1 —3 SVD/KEEHEBRBER

ERE EREEA KRB EPHEE U, Ve, S
Ma. KETRAR, FREMEEH S BRI AR,
MIEXAEM Uv fl Ve ILFEETERMHFESEHER, R
A RE RS BRZERFE——XT MR, SRR E
BB ILITEM, RRRE T BRIER RRHEE & T 3% E
8. &% Uw f1 Vw FIIE RS BIC R Uy f1 VT, I
@R PW D" THE R

D* <=XUR VP Ts,: 6]
A, B Iv & RME. REERY,Uv M Sw RET D*
RIS, 50 RPGE TRIEBR Uy V'™ 785 H D BF i
WET . B, HERBUKENBEREXER, W S5EEE
B RERRER, BTENS B 5 REAKEDEREH
R E K. kR UL, XK VB R £ ) i % R 5]

BRBTMSR. FEELUSCR2]H B #7LREIE(H
S LA SCHR P B AR R A SBR[ 2] B RE AT R AD .
LI BUARHERIIE R Lena g1 [0, 255 ] X 6] 3595 43 4 1§t
7 4 LAY B R AE S # AR B8 , Peppers 1 Baboon £ 2 7k EJ B
B, 1) — B 1D FiR, HRPEBKR 512X 512, A
Baboon 5 Lena FIRAIE 1(e) Bis, ¥ B A AT ARG B
3R, 1(HEF A Baboon BB~ IEAZ4E B M AT 1 (e RBUH
JREPER, B 1(g) FE 1(h)&F| FH Peppers KB~ IE3SHE M4
AP NE 1) 1(DIRBUHKENESR .,
MEELERRMNED . ERAEBEEERE 1), ZEER
R ARKENEBO F R ENES P A E3S5E M, R B %
SM—EE 1@ BERAS—EKERESE 1) WE S
FIRBUHZERE 1() WA (B 1(@) B —IFE
s 63 o



HRAEKENR BB (A 1(D) PRBUH FEE AR (A 1(e)
BRERURA (B 1(h) . XERARFAKEMFEERENRIE
AT KERBIBARAE G IR ISR . Bk, ZKE T
TS AT X BT R — S 2oL R ot B
R8T . A, HARFARET SVD MK EEAE
ARFEEER, TEEES MR TR BEREENR
# DWT #1 SVD B BUKENE .

3 B4 DWT 0 SVD EG/kEN &%

WG F R ZIOK BB R AT, TG KR
ERERAREREEKOHERIRTFERS U Ml
Vw filE. Fit, RERTKEREENAER Us M
Vw s IR AT DA 25 ot W B R () BB, e, 3R
H—MES& DWT #1 SVD WHT K BN BE . SEHE AN
kB RIBATEBUNE G, BRI T LL FERfFRA
7K ER R DX 38, VRO R X kAT SVD 43+, 4 Arnold B HLAL
HEHKEIE & AR LL 74 SVD @A REP.
BARKIKEHR AL T

D2 7345 KENE R W IRHUE B UG B 8E Sy, K EPE
HARTSER A Amold ZB#ffT BELAAE, #F TR R KEER
iofr ot miib LRy e i)

DB BAEEERFREAERRIR/NNR 16X16 BT,
S FHIET 1 BAESRHE, BBEE 7 LL /R frik
ATKERRI T3, IR T AT SVD 434%.

W T HMAMER LL F3F SVD R MR AN ST
FE A
A(D=2G) —mod(A(D) , Q@ —Q/4,

if w(i)=1,mod(A(s),Q<=Q/4
A =1() —mod(A() ,Q +3 * Q/4,
if w()=1 mod(A(3),QD>Q/4
A(D) =A() —mod(A(?) ,Q +5 * Q/4,
if w()=0 mod(A(®),Q>=3%Q/4
AD =i —mod(A(),Q+Q/4,
if w(@)=0 mod(A(),QD<3*Q/4
A, Q RyKE Ky ik A S8 B, REW K ED B AR T B A F B
#,mod( » YRREEE,

DU A FRAEEAT SVD A8 #:, BBl A KED
Jo 8 LL 73, B DWT 28, B alE —TRER, &5
H X B R R A B B KR AKEN S BB

KERE R BT R S i AT BIRA L, i A B i it
. BB EINT .

DHE/KETMEBE I* FIEEZREMNIH M4 RE
ANEZRIHK/DA 16 X16 TR, WNE—~TFRHET 1 /DS
BRI FH LLAEARHRBUK BV R FH4F , FE XX F o i3
17 SVD 43¢ .

(6

)3T RIBBUKED
w(@®* =1, if modA(D)”* ,Q>Q/2 -
w(i)* =0, else

DFEH w(@) " EHK BN R, 35 R AH L ) 25 4 9 B
L 64 .

AR RLERAKENER.
4 SLBERSHH

FNTRAEFTRBEL MR, HA17ZE Windows XP #ER
GiFl Matlab?. 1 RET#HT TR, TRRANERERNY
512X512 [ Lena {51 Peppers B§, tE 2(a), & 2(b) B
ARe JFEIRKEIRET 32X32, A “ P RAH“IT 4R M
—ERE, NE 32, B 3(b)Fn. B 20 AR 3(a K
BRI E S, E 2(D BB AR 3(b)KENGHES. WERHR
W EE. WEILFEELER  KEMRTTBAERT. RH%
{E15UE Lk (PSNRO Sk Z W IEA it A K ERE R B E, KB R
B, PSNR #§7E 40 L L,

(WK R lenalE{gl A “HRRIRK” f Mlenall R

(A *IT” J=KipeppersB (yBREATLA: 2% B 5 S 4 TR 4R

B2 JRRE G AKEEE R

@ (b) © @ (o (g) (h) )

IIIIIH%

K O @m @m @ E @ ©
B3 JRERIKK VRIS K ER

H T HEELNBERE, 2 BIXHRAKENE B E R 5
BT ARG RE 2508 JPEG 2000 FR45 i I B g 7=
SphE, XE 20 ME 2(D) A RESFRE S8 10%.20%
~ 80% i JPEG 2000 HHUEZE, B 3(c)ME 3(DEE 2(c)
JPEG [B45 (G RE 23800 34 30%6,50 %) 4k B /5 8 B K
BN, B 3G) fE 3o & 2(DIPEG JE45 (R R A 805
F1k 30%,50 Y0 4bFE R REAI K EN R . B 3(e)—3() R
SHE 2Ce) S BIHEAT BRI A B B R B GE R R
Bk EIE SR, B 3D — 3 EXTE 2D 4k f7 h E I8
AR R AT SR B R B K ENE &R, B 3(h) —
3D XA 2(c) 4 BIBEATHIER I 7 A0 e bk 5 s b 2 f 4R B Y
JKENESR . B 3o 3(p) Xt 2(d) 2 AT HUER R 75 A
FetkuE e A B SRR E R, B 3(FE 3512
BB R ERANE 2 PRBAKEN. AU L
GRTTLUE S, BYIATFHE A B TR BN, R ik
AKEDHREE S Pt R AR B KR, B EER
15 » [ A et 308 A9 AR AL HE L BT O B R

HHRIB A0 —K SVD BB FERGUKNBEFEE
BB BT T A0, S TR R IR AR



PR 7 R BBUK B et 7 A AR AR A K RV A SR B PR E [
BILMSHRIER SR, A R ERRRE T RIEBREE
WEGRTRNE. B TRRZRER T ERR N RER
1R , J 452 7K ENGAL B B T I 55 R ERAS , T AN L R FRIX R
R, Bk EVE AR RGBT 206 BUAL B R 69
KENE B AR B4 DWT f1 SVD SR )5 & S+,
RBNABEEFEHKENNS S, B—MEKEBEAR. LhE
B, B B AR U T ALY SVD /K BN Bk 5 S B Y 1)
B, AR BB NELNE B RBE e .

2 F XM

(1] feset. Bhd, 28,5 BT =48/ BT HM HVS MK
EPREEL[T]. BRI Z2E3R . T2ERR, 2010, 43(3) :357-360

[2] Liu R,Tan T. An SVD-based watermarking scheme for protec-
ting rightful ownership [J]. IEEE Transactions on Multimedia,

2002,4(1):121-128

(3] #dkAx 2L R EE. £ TREM SVDDWT @i Eg
TKERE B[], THEYLE FIBFSE, 2010,27(2) : 718-720

4] R.Brig. ETHFESBY. PLAR ERBF KRR
1. " EEREB IR, 2004,9(4) . 506-512

[5] Shieh J-M, Lou D-C, Chang M-C. A semi-blind digital water-
marking scheme based on singular value decomposition [J].
Computer Standards and Interfaces, 2006,28;428-440

[6] Bhatnagar G, Raman B. A new robust reference watermarking
scheme based on DWT-SVD [J]. Computer Standards & Inter-
faces,2009,31:1002-1013

[7] Roman R. Comment on an SVD-based watermarking scheme for
protecting rightful ownership[ J]. IEEE Transactions on Multi-
media, 2007,9(2) : 421-423

[8] FME,WE, B/, 8 BT /IE—H FESBOBFE KR
F:(1]. T EHLY B, 2010,27(5) 1 1896-1897

(L% 527D
#3 HFHEITY
GKMP HFMKM
GCHRTH DK (N+DE+C,
BB AT 2K 2k+

Hei,n HEMBEREER,C. h—KN/BEWTE
FH.CHGCER—IHEHAWITEFH,C HITES
GO T, (OEABNBREENTHITERS.C ARRE
B — KA BHWIEIFH, K ABEHRDLRD .

MU SR IS ), HEMKM R EE it E
FEH A —EME FFAEF RS E , AR R BT S RS
Al LA GC A 8w, M E—E R E Ll GC
Hfate.

4.3 HER®

SRANEFRAFBFHERYIARR, FE£+P GC 5%
MRAZENARARFEWERALR AFHE GC UK
BNMEERAS XS E, MARSE GCFAEEHHS
WEANBEDSERE R XN THEHESE IR
aliohiiei = 8

tFEEHN R, HA S AN A KT 8 &S
FEGEBEMPONEAEFEF B TEPREHAR
HTHE TR, N KRR T4 FHiEs
FREBREEHAKER.

T T R B E8 BUR A R A A —
REFFHRTHEREN R HABER , XUHEEBBEFTTF
WA TR, METAXRENZHSH GC ZB AABRAT
FEHORAHE AR R W A REE TR T, XA IR 5T
Hn AR B S RIF R s, W BRI AK, W
R Z 2, REAR IR £ 0 H-B 8.

Boh MR A NHEREF RN —TBERSR: T
PR ES— KRR SRR . B, EF R EER R
BRH PPy, PLURER INEFH R I'H=I0 + (r
—n) s r—r)-(r—r)BIF,

ERiE AFHAEEEELABEGWITR. A50%F
SRPAFEHBUAFREETRELL A HTE BN L8
FHRMEES T GC W REHY EH RN BFE—ER
K. ZXERETH, BOHHA —MhSHRR S GC V4%
WA RAEANTHEEEY, BARR L —-FMHNAES
HREH . SHFRBABEPR AR ESBIEENSE—, &
— MR ZEMENETATHHEBRTHERTR.
R ARy GC B2 TUT 65 9k 82 45 /5 LA B 40 AR A X7 B 8
# A E WO, RS — SRR,

2 %F X W

[1] Es. M@ ohig, BB TP HEB KRB EAR [T]. /58 M4, 2003
(01):28-33

(2] X8, RGBS, &5, BoaEsd (1] DESETEN
#4,2003,24(10) :1873-1877

[3] Eskicioglu A M. Multimedia security in group communications:
Recent progress in key management, authentication, and water-
marking [J]. ACM Multimedia Systems, Special Issue on Multi-
media Security, September 2003 :239-248

[4] Harney H, Muckenhirn C. Group key management protocol
(GKMP) specification[ S, RFC2093. 1997

[5] Suvo M. Iolus: A framework for scalable secure multicasting
[1]. ACM SIGCOMM Computer Communication Review, 1997,
27(4):277-288

(6] ZEE, AT £T SHEAEREABEHN [J] 3HEH
B2,2009,36(01) : 60-64

[7] w3, 3K, BOIR. ETFEAESNAREATRENFR (11
HEHLI R, 2008,34(21):112-114

(8] MussH, JABA, AR, % FANR TR LRAREHETHE
BB LT ARAL K250 . 5 ARPHEAR , 2009, 30(08) :1119-1123

(9] BEF. ETHELXENEREEFMEHAEATEFR ]
BHAYLEL A, 2010,31(03) :35-41

[10] #FEE, #AE BRS. ~MHERNISHBEHERTR
[T, SHEHLB FBIST , 2010,27(03) : 1061-1063

L] 65 .



