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Abstract With the rapid development of multimedia and Internet, there is a strong need for security services in order
to keep the distribution of digital multimedia work both profitable for the document owner and reliable for the cus-
tomer. The wavelet-based multimedia watermarking algorithms have received much attention in recent years, and
with the standardization process of JPEG2000 and the shift from DCT- to wavelet-based image compression methods,
watermarking schemes operating in the wavelet transform domain have become even more interesting. In this paper,
the properties of the wavelet transform benefiting image watermarking are first analyzed, and an overview of the

wavelet-based watermarking techniques available today is given. In particular, these techniques are classified and dis-

cussed. Finally, the future development of wavelet-based image watermarking is also analyzed and conjectured.
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ZRE R Internet WAELREBEARMREBELHFE
FEAXHMERESENMREANRE ATWHRFRERFR
FRANTRH . BENMBEESHTFERFHA T
FRABRRPHEEREEE TH AKX S5
BRPHEEZLAEVIHE R, BHTHFKARARAESZ
BEFERREFRABB—I A FED ., BB EH BT K
HEARBBHT . FIS . XF - BREFTRMAFEEOK
EDBRAFIZREEE S, UEFIRPUR P ER ZHEARNR
TR LT HFED, DS MR TR R T
EHBEERKGEERATSTMAE TRE P ZHERE
BT K EEFEY, LR ER T RBERATER.
EENEER AARRAEE B ReEERE BHTTRA
KEOWMARBERBAZIRA TR ERBE TR EE
BMAZHE SRR TR, REEHITKEPRN ZLEF
ERAAREGHSEE REEH FATAHSS &N
HBRGSAETUWERHAMMESRE. EXLTEP BT
NERHBHREKBERAREFER—ITHRERATFRE
B 45 7 R E JPEG2000 M N T AN, 3HE M
BHHREMEFLREL . X ET/PELHBRKEH

AT T G0k RILLKER AL B . 558 HVS HAME S
W HEFRERY W AR AT T 0%/
W, BEM M EBREGKENER T T RE.

2 ATRATFEGKENR /K T

MR R EFEREMERERHEHBES
¥R YHEE % E Daubechies £l Mallat 5[ AT 5 KA
B4BFRT CAFFSRIFOFT XEERBEET /D
BEHAHEAMER IEFHEFTERAEUTAAF
s, — R E- MR E M B AR A N AT R R
BETHRESENBRLENEASEEBATH-BMEMLERS
B X EE B TRIERMRA K EEBER TS EEHN;
ZRESBEFE.DETREE T ERAZRERES
B, EHERSBIESBREEERLLHERERAK
T EH.NALTENORTBRROA RS (HL LH,
HH) ,/MNEBH XA AR ZFRERR TFEHRKEHE
B HERAT S RBNEARTEEE L, R AR
FTHF KPR R LR FAEEEY; =2 /DS R
FE-FESFH S HVS ZFEVEFHEGBUSE . XFERD
A EFTF FFT #1 DCT — 4+ EEH T IRBEFFET
DL R R B B K EP RN B HVS FRBUR X B, X HERIE

OEFAAVSESTE (FES.6037207D) IFEHARX ST H (AHS.20032105) . KETHERST AMI TERSERRFASTX
Frit e .. THE L 58 . TERANR ATV EES BREFEERELHE,
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S 80 4R A 5 B 0 AT AR T T LA B KRR B 3t AR A K ED
B9 38 BECOT IR /N AR S5 0 B SE B HE /N B R A U8 OB AR A
ST LR B TE 5 B ESRT A B ER — X /b
WML RN BT R./DEER KRB C YN A
K ER U G T RSFABOR

3 INEIREGKEIR AN R R

/NI B R K ED S B — AR T K ED R SRR I (32
PO KB L EIME2, P D E TR AR K
EP I BB KEP M RA L E AR S E R LXK
BN R SE0 YERE = AR ELIR OB L A S A NI /NI B R
KEPHABITTRROHFR . BRETFEFRAHOKELE
B LT AT H S X/ B8 4R K EP B A N B B
RN — AT RHET T RE UK BEAME. 56 HVS K
RMURGEHRBETRENER, WD REGRKPHE AR
ARETT LTI,

#E ﬁgzk By
B P aoke s i,
___ 1

AREWEE

Al NEIEEGKE AN — TR

HRER
' 24
it (HIE)
LI X pravpryny N prpsrepey IN ppiren
L Y
BAAH e R .

Mz ANEUREIRKEP RSB 8 — AT 2

3.1 KEPB AR/ BB RS

B K ED TN B S-S E R AR D TR /N B B AR Y B ER
FENEEA AR, BREST T ANBEF—RAEE
THREFEENAKSHEREFERSAENELEARS, X
BT FHFTOEETUEERFTASTEEHMERN™E
R MK AR EERENAA T THETHIIKEER, et
NERBEEGRNFER IEMERE XA EREL ST E
B BRI Bl S AR R SR BT
T WK EP R /NG S B 258 B A B R W EAL F T2
g, — B EE Y H KN DR EESNENERRTTSE
x[15]). B AT AR B AT h BCE KRB AR B 4F L B H R A
Haar /Jn3 . Daubechies-4,Daubechies-6 88, Daubechies -7/-9/)
HEU AN AT ETFHERIZHEL — R THRH
DM TETERE ARSI EIERE.

3.2 ETF/EES T B SEAKEIEAR

SR FHAFTTHFRIRAKENTEML . & F PRI B
FEEERY K FTERMELS  XEEEH TR BFE
EEGMNERBCEE RS T HAEBRMN K SHMAER X
SERHEREHI ENEGNRE, XHFHKBHKDEER
HERATZEBHULSEVERBRGNERE, RMIZEY
BB, — R F A DCT AT STV RE 5 i
FEATIZAR, EEENRRE TN E M EYE . I f—
EENHSEREARFHNERELEMEIANNE
.U TFTRAIN BTN — R EEH kR ITHITHE.

Liang & [18]P R E T —FE T DFT MK #E
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EE ER AR IR R R RS AR R
Q#7177 DFT A, SR 5 7KEE B4 vEsuR ABIMES
ZEK Y DFT M E B+, XPKERANZERAFTHEN
B F7 EH Gaussian HEEHLFES]. i T AR ER DFT %
TR REE IR T B SR AKPEERAR
HHMEHR W ETEE T HE R, KRR BAL
BRELAEFRENHIRAE. P RPOKEPERRABERAT
BARNYILE.

Xie Z# BT —HETIHFEETHRNRIAFERXE
HBAFEML ZFERAB -3 X IR FOEARE
T -BEMANFRKERS HERRXEBE s, §8HT|
— AR IE = A R A B = R E0EE N/ ND KB MR
THEF BT — R IEEE TR KA EEBRARTE
L HEEMERREAE . R R ANKEERE—10.
1R Z T EAKE R ESRASREY, F AT
UAFAEGEER RER FREH 2N ATERES, L
Fr LS B ES BIR T A R RE H R B T IR % R
BASE A FEXXRFES BRI TS SHRB RS S,
0T MR KEPIT R BRE&ITE RS 6.

Coriv SEX 211 M T —HEFAIMERALIRHY
B HEIFRAT L, ZHEEEREEEBETSE /N
B BB OB R BRI K/NA32 X 32, IR T A ] i %
AAR L (man) = faient (Fmsn) — fran) * (1 +aw, ), ¥ K ED
w, AF 32X 32 (KB E AR H AR frw AEREERX
MO RBCEHE . AR KEME R w KA T KB A1024(32
X 32) By D BE AL L $ 49 Gaussian JF 5 KEPAIR BUR A B2
ERBAAXRMELE.

Tzovaras 5 $2 44— 2 T 50 X 3 7> FIA 7K B A B
AL 3205 Bl AR IE— NMBEN —EF PR T 4
AT, IR 1 D R B = A 28 BT = AR MK B 5 B iR E
A FEPXFEEETROERS SIS R A
B, — N FHEFOREELR. T H— N FEPH R B,
DHREBAKEE BREFEN FETREFFHHREHHR KA.
ZAETER S R AR AR T O LR K Ep R B TR B,
BEEYEAFESTHTFHERERKHNERERRTHF
FEKER , BN KEPRIARFFLE.

BT bR S Pereira 5 AR RH—FETF HVS K
RGO AR X 38K B A i, RRR R EE T 3. 5T A4
Nicchiotti & A% LU gy Rt f7 T ok, E BT —##
ETH MK A, RS R [24].

3.3 BFEABFHEXERBKEER

B ESBOATTHREAP KSHERHEET,
HERIWY—BCEBAEF KYBE, XEEARCGEFHEHEAE
ERNOERMEERFTHDSEIXER L ET/IESRY
9145 T4 KR B9 7K Bp B R IE 2 F A B AR ) B 84 5 R S i)
RO S KPBRARXBEERY P, REFTEAK
BEENEE— RS TFHOER . ARN > RERAT
HHHFEESEEA X BSWERABNETRIHEE
SEEBAKE AR LTI B AR KERAR,
BEHAHEEERKPEESSBEHERMBER. Bixk
FELEHCH TR P FEnERER. ER.LAER
HeFShHayantRs TARNYETFT I EATF
# R — B EE I EHETITER.

Dugad & 7E3[25]P 2 a9 —Fh R EEH KRB E
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G NERY PR Z TR Daubechies-8 /] i
BRaXEEHET=ZE/MNE D . REREREH T TH S
RTEE T M EBERKENBRARE FTRAN KPS &
M FHARUCEE A0 ChBE ML L A Gaussian JEH], AL R
A V.=V, +a|V X, , Hd V, RIFMKEP SN DWT Z8.V,
REFEEKRE DWT Z3L X, AR I K G ;K 6 849 4 ) R
T 7‘%’”‘4‘@@[’ Tzvﬂ%ji Tz>T1,ﬁ£¢ﬁ?ﬁﬂﬁE%=E§Eﬁ
FREEHETT DWT, e HAPRT T4 ZF V. GX e R
RER A ZK B, 8 34 B X 48 2 805 3 7 7K B 1] B AH 3 ¥k
TS RRE KRN E SFEEAGE X EHF
AFBEX NNE R RO THEF A R WK B R B E A
R .BUBETEKE,

Xia FARET —FHEFERENKPHERP, Bk
EEHITT FEH Haar NEME  REHRAR f(man)=
fGn ) taf™ (myn)w, HKEBABHT FHES Hd o £
RN TKEI BT BE s beta A3 FH R PMBLRE F Bt A
83K ED o, L DY FEHLAS T4 Gaussian FFY , 76K B & i By
BOZAERAT 0 BEENRIOT B E 3t fm g
B R EHEST—RANE BT E AR R R AT
HHRE FHKEN SRS H HH RE EH KB BEER
BEBA ERAKXWULR) WMRETHXPHAT — 18
H MARE WS T K, FMEERTHFS—BDES
B HERNEALRE. R KEE RPN BRIk,
ALl AR L EMITH.

Wang £ AEX 279 RET AR REERR)
TR BAKETE R, % KA R A0 K E R — RNl BF
L ABEBRAD - EEETHNEERRP, XA EAN
KEN FERESABMERSRS A RFOEENL. &
SHEAKEW DNERRABIGER P ZHTERFT —RE
BENEPL M TFE - Y TH EBRT LRGN
MERYHKEBEANG, FHEOWRES DX FHILEE
FREFDMERE ZIIMEBR-EH#HTTH.APEES N /D
HEBWAR. FEVNHRESBCAR A EREN—3F.
KEHRAARH Lomnd=Ff,(n,n)+aTaw . HF o HTH
sHIBMEF, T, A FHF s WUBRE, KE R EAZLAR
898 12 3 FF i R A % Su B T A KE?
BT E AT EE R KE A RS WSRO TF
HEARFN L, SRR E B it EEE
BRI R0 BRI Ir S E & H RO SR X %) 7K B
RS, BRI [30],

Hsu % AEXX[13]h 2 T —HEFE I HENRFK
BHER, ZHARBOXKPEERENGERTFELEFHSH
EXHZEHER, KA AR E AHE T ERMKPE
87 BIHE AT RBEE 7 R BT E K B 69 38 B 8% 8 Daubechies-
6151, T /& % % K &9 W] & Resolution-Reduction (RR) g 375"
¥ KPR 4 8 H & F I H 4 (RR R — R = TR
BEEATXHFNKXFES —HERNS % B HET LR
FMEEURKTHYE R EKEFBRANE K3 #
B & 8 E B2 RENLEET]E AR A B E ERR /DS
AN AT 78, REAS KHES BOFEIE LK
AZ) LH FiES, M REEE ERAR HL THP ZHTR
7E 7K B 4 ERUR B EE Y R % B B R 4 B4R R hn K B s Y R
183X ¥ —J7 T BT LA FR 1B K EP i A B DY BEALHE R A BR 5T, B
— A ET U RS RESS K MEE.E—% 1EE
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EHE T X ZEKE KT /R A BN
Fog L RS R (33].

Bt 4b s Tsekeridou ) B 3T [34 15 4 18 7B X R 7K EP4E K
[FEStE T —F G LIKET, REHZKEBRABEE /)N
BEaMOE— —_EN=Z 4T FHEAF oS ELE
Harr /NEOHREIUTZ K EPRY K /N — A T8 T EE691/4,
BAZIS ZEE A KPR B A KEN 2R £ 45
N/ IKENRIBRE T 2R A RE T TR B EBRES
BRE.ATZHAERAT AAALMUKEFEKEHRANREDSE
TR, NTOFER KRR EARAE T 3HEMBR  ESH W& .45
BRI BE ¥ S P e iy B4 ¥ . Kundur 7 0 [36 ]9 2 1 — 7t
RRW (Robust Reference Watermarking )8k, i% 8 B8 o 3t
BERGNESBE-BEAMY FHESHREMNEN A
BOAATHEIT R JE BaL 3P A0y R R AT B AL LLR A KED I
noue X 37]HEH —FHKEEEHAT LH# HL
MEKEITE.

34 EFNMEBIHEEIERSASFHIRNA
EnEEAR

[0 Bef 7 /N ARG 43 98 3 T P 4% VAR 35 T8 [ S5 A K B
EEEETLUMRE KIS £ B &b 8 “W ", BB 7T
LA 5o A S R K B 7K BT AR N B 43 3 SRl B 1% P BT SR
AL E R B, XOT LB G I K EP R A DI F b
MEEEEM TR EVENR T FSX T EA R EE, U
TRAOX BATE AM— L RETHHRITE,

J.R.Kim X8I T —RHREFHENEEN
B ET R KR, %2 FIH Box-Muller ZF#ifk 18— K
BEA N ) Gaussian 43 i R BEALIE B 3R 45 A b A K BT, K
BTN Z BT B 48 18 F BRSBTS 8 CUP R ES B
K3 REREEN FHENEHEBERE, I KT
WhAR FEENDERE FHKEEAR P, L& FE
i BETH EE T, =2V B C. A= FH PR
KEB, FHEPRTF T HARBEEEEE R KEEHEA
EXEZRRP BALRA V.=V 4oV X, HP V. ik
B0/ RE X O Gaussian A EENLE &, HEE—4
FHOELEFMF LL F8#,« 0. 04, WHFH —.=. =
BEHHEFH .2 5IE0. 1.0. 2§10. 4. KEPWWIFFA A T HEE
BHRATSHEAMENLR FNERTMERERK.F
BZAERFBRANGKEBARBERT LU R ERES.
QB E LA AR SR HNEEE . AT ZTEHFAAEE
) 5 ROBE R 7K ETR S 4L

Chae R Y —FETERKIERSTBREBM K I
RO ZHERRANKP HE ETERV/ 4K PO RERER,
TEKEP R AN Z B, 15 = EE FK B B B AT — 2 /N B
BT RP XA R Harr D, K ER 7T BB RN
AEEEGHE— T TRERP REBALIENT HEH
BEEREN S REBHKD BRSNS HRBGEITRENS,
EEEMRBCYBMIERR T THRERNEMKBDER
E¥,38 AB 1 C 4 B A B8l s{r FE8HL . 4 A.B
CHBENRBNFE=ZTRB MM A B H C (K16
{I3180) .48 AN HH M LL FHQ TR B C 2514k
X LH 0 HL 758 X B — MK BB R R SRR AR B2 % 2
R, XERKENKHERRERTFHFNSE EERH
AT RSN el LR TR ETHALR w
mn)=ch(m,n) +s(n, )BT KEP BN, HP rGr,n)H s
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(m,m) 933 J BRI IEMTE EMBR S KPEZRRERE win,
D HBAKDEHFER « AREBF . CHRETHEZLSD
BEEHBSKHHRGEEN LA ZFRKPHRBRAN
ERANSTR . ZFREEHRANEGERR . RO BT R
SLHHMREEE FREGSAFAFRIHEEE. R
PRI R A R K EN MR A TE R A1/ 4, SERR T8 138
BHIFBERAAABNESBRERNEREFESIRZR
.

Y.S. Kim 7EX (401548 1 T —Fp huAL A K ER IR A 86
ZHT ST R A B K EP A — LR BEHL Gaussian SL¥F DY w. HEH
BUBEEEGRENBA=E BAB LLFHEPKHFEHE
FHPHKEEERME AL AT AT FHFH w
MBS FHEFOBENER BT F# HL, .LH M HH, 5,
HETFHKBERNB RN ERT . EMARXH 1 n,n)=f
) tacw, flmn)ow . BHF o YETHBERB T . XTF
LLZAE3 b, — AR EFH801/100,w, 35 & FH
B ) 49 O] AL (Visual Weight) 7K B 49 88 5 SR F A9 2 it
AW GR. ZAREE—EN8EE HFHELSIA w £
TEAT A\ ZK EP 9 0] W #

3.5 T HVS HBI/NEIRREMEAN T i

AERARZZHVOTR T REANHELZE. THR
EEEBMBAETEFYEN, KXt FTEHERERMNE L,
HVS TR —H i BN EREBERES THENGR B
HVS @ ¥ BB TR . Sr i R Y . 5 [ R
SRR R RN EF P X RN A
i 2T HVS RN H NI EH#T T REMTR. 8
TH2AHRMERHERTRYL.ERE HFKPFRM—
MEBE KR AKE MR WL, T ER /B AT R B 5 B
NSRBI HEEEINERENESH
HVS R & FIKABRARE S, SHEERIEFEEE T
B A BT T 0T LU KRR BE s IR N K BP9 3R AL R A
HVS AT FKE A S 8k 2T B IND(Just Note-
ceable Difference) B (B — 1M EZHFT ML RBEETE
MREKALHE HVS EER) . ZHERH IND BE) . RR
EEBRENMNTHFHEEZHKEEENRERE. FXM
IND #yi— it 8 R [42,43].

Barni % AZESC[44]P BT —FEF HVS W EAKE
. EZFERBTX[45]F8 HVS #£8, FrR A KEP A —
PYEENLEY —EFEH o € (+1, — 1}, ' i=1,,3mn—1(H
By KN h2m X 2n) , BB ESHRABE BT R MNE R
Daubechies-67, Tk R A KHH XA B E - HE
AT HL.LH fl HH AN ARA:

I G, ) =T G, e (G, D xng

THL G, ) =T8RG, ) aw™ (i, D xun iy ;

I, =1, ) +aw™ (i, ) xopnsine,
Hep o AHFHRAKBKEN—TBH, w6, HBES HVS K
BIA XM — AR, B LR AR 7 H X e A BURBE .
KEPHBPEE RBIREER, BRE KBRS Ke
FRHHENEXRERESH KB LT RRARIEFNEE
#4550 BRI VI T /E 9K VR B SE I

Podilchuk % AZE (4612 H —FHE T EMNERA
B A K P RUAA-W) ZF TR, B4 Daubechies7/9/)
B EHAE TR AB KA —HRT T RAEHNENR
BRAKEMB AR RN HENBMEILELFS whw, e,
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wa» RFPKE ol MITE B KD TRE HVS HRIGEE T &
AER) T EA KN F IS BRI AR & FE P K TFRT
TEALE IND REMAIRL RGP ALK Y:
XewisFthswewr sy W Xowr >0,
Xiwar= )
Xewwiriro otherwise

B X s HRER R IU=1,2,3. OHF K (=1,
2D FHEPAE M RE X s MK EH R
War.r AIKEPFEF ol 3R F AR B F 4 69 IND B {8 . 7KEP
AR TR R A R S IR B SR AT KB R 5 R aA B R AR
BFaf e ARt BB FHFHXEN FHEZTER
BEHRFESEERKEAT ] Lk IMEZEITIRT 5
Sh—FETF DCT # 8B RZK B £ JA-DCT), [F Bt X4 BT 48
HE R AT RaETT T R

Kundur FEX[47]FRET —HEASRERSHA
5 HVS R KENTT R X R FHRA KO TR —
RS EHR B A R & VR R BBk SE R m A3 4L, KEp
MXMEFERBEEERIEE, LmTATUERF RGN 2
— HP M AEFRPFINER FRKEERH KNI
2Ny X 2Ny, A SRR R 3HE X R A KEP E R FT
NG KPR H A BAIE. BEHGEABALE,
He LAMNFRET MOEMEEY. $ENETTHFD
B finGnan) (k=1,2,3;1=1,2, -, L) ; KEP BRI 2357 —
BN EEA T FHER KNP H No X Noy , LT
WIEH w () 818 TGN ED BRS T AT FEET
Nux X Noy KA AFERIEL 738,88 fiu(m,n) (i=1,2,
<o, MDY ETF R AT L IRIE HVS AL iR T RLE
EHOBENME S(RETS R[4, KK THAH
KEPBRA B & MEERT .

ghilm,n)=fi.Gn, ) +70.0/ SSfi: (o, n)dwi s Gnyn)d
He g Gnan) HIRANKEBBER SR, 7, U=1, LY T —
EFBURXT RN E RN THE . HXBREN. 7=

of _max /S(frulm,m) e HIEEERRIELEE 105~
20 KEPRRMEHBE FER RANERAN T IE.
BHEMTES . FNERFURTEXREBEETRLAER
Ry B

Pereira % AZEX[23]F 8 —FHETHARMKILH B
LB X BKE AT B T TR A KB 50,1773, K
BERAN,.EETEGESEIcXIsHIFERERG, S MERE
BT —BENESBXFRBFRAT Haar MEH
Daubechies 4/hgE1), KEE B #HRABIRX8M LL FiHF,
HERAOEES,RAT — X Gaussian %I (General-
ized Guassian Model) BB EIE L KEI &MY IND RfE . %
AT ERET R LL FHP— 12X 2880 RBRTHTT
MR AT R E R RABENT IND BERH &AL K
B R RN RIS, i BRARBHRZSF RBH K.
EHEMFi#n JPEG EEMH R ERGILAE RN
% 0 Bl B R A R BB,

FERNMBHE T HVS BERH KA FTRKEL BR”
Hof B HVS #8080k E R REKPHFRBEU RA"HH
REMH  LnBE 26,27, 39 M BuE—TBELR
HTOR BREERB.

3.6 AN ERIKEDERE

MRS HI R KB T B RS H A&, LB R
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AT EEEMNRERARERE T ETPEEEE AT
RIEEHEERA TSR WK FEF AT RIFEEN
BEOBKEBAR —EEEEAR P . HEBRRLEAY
RIE & 1T JPEG200045 HE ) 51 45 , 45 & 4 BS 07 1 K Ep
BATREMZBAMBERLIES AL — PR ER
B A TRAT — AR 45555 F JPEG20004R4E 44
JKER B AR AT AR itE .

Inoue FLE X [50]HH T HF /M ERTREHRIHHE
FKEBRAFTR, FEPE RN K HiER— 1 FI
R —AE.AEFIE/HRDMEABED.XFMA
SSKF & 3 1 E MR AHIE B —F 7 i KER It
ANEIZW S  BEdEmT B F# /55 (LH,, LH,,
LH\)\(HLy,HLy, HL,) (HHy HH,, HH ) B{EfH—H R
BE T = aCous, o Coux HFT#E FHE FFIR R KRB 0. 01<
a<l0. 2, 5 HKERPE m, M FRBET THEW 2,2, Zn
(N AZREHB0 8% —4H0, 1FH W), (k=1,2,+,N)
X FE— W, BH A0, HTH Z, W RYIE—m,
EE m, MR FEZHAOR KPR ERS FHEM
BZLHBEHN EZ TR RZREFHE M, % Me<<o,
B EF R A BB R0, 0 Ma0oN R A BI 3R M1,

FE_RT R KA EAR LH, HL HH, b EE
EMT BAEEERBAET. T8 T.>T > aCu (e §
CoxBIBEES ERD  REFEBR T.<ICI<TH G, 1K
FrAEMO0, 1IFER Wk, (k=1,2,,N),5 G it fTm T
A T,, if (W()=1 and C;>0)

T,, i (W()=0and C,>0)
—T,, if (W(k)=1 and C;<C0)
=T,, if (W(k)=0 and C,<C0)

FKEI R R IR AR B FHR D FR A AL B AT £
RYC.MENENT T T /208, RRBBRAHEERN
0,FW A1,

PR T JPEG BRE4E 8 00 ke & F1 — AR ) T i
BRESHHBHEFRFHBEE BE —FHEMNTHRAF
EEMFREEEFSBETRERE MRS -7 ENT
ER R B REN BB DT RRE L5, TR A KE
MY EER ARECRHANA—BNERSE AR
HAFEFKE.

Xie Z7Exx[19]FFERE T —F 454 SPIHT /B8
KEKE EFEFH ., B MEG H EHEY,. B, &R
. MRBE c, AHRALENRHMES) TN, B
AT SPIHT 8k, A TREHRA KNG E, 2X2FERH
ORKABETHEHRAES S —LBFOAREE
KA IHARN =4 ZBERFFEHEFE Y 6oy b 1be B X
X (bay—bay) =2 B, W(B.) A1, E R0, m KRGS
FHFREEEZNMESH bit Level, 2" hBAEE. X
FHEWGB.NDAIHEE . HBEF BN, F B LI 1E
#3EiTi T Multi-bit & A B, BP X (b, —bay) 2227 B,
5 8.0, 12 LI BB .

EBCOT RIS FER—HEFRAERBISHRNET 4
) ST B0, B JPEG20004RHER 4. Su £ 3 [55,56]
g T —H#E T EBCOT RIKEPH A . & R &N K
1. — 1BEHLES, KEE B REATIRELEHDEREY
& 1348 EBCOT MG HY4E &, /K EMIR A L& FH BT ol 43 1 4
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M mAph AAKETFE s 6 PEMBA AT ST
PREYL o EABRANRBAALKXA L (o) =1,
(x2y)+ Wy (2, y) X 2% Fof Wy (2. y) HKER 15 808,
59548 fL ¥ BE MK ED BE B & X 8 bir-shift 3. K VAR #
CEHEEBIRTET EEFREEMEFHELPHEEK
FEHF2 I RZHUFFSKENFH ) AEEIE0, W5 89 R H K
B 0 SR AR — R R B R KR T B T
B4 EREEEHEGLEARTRENGESE FEETUE
B F JPEG20005 Fri 1 4470 7+ 4% 45 5540 ROT 4x 3414 F 84
KENF R AN B KR LEFEEERE . BEWETE
7KE,

Chen ¥t 7E X [57]F 8 T —# E F EBCOT f
JPEG2000/yKENF £ 1% 7 £ 5 X 56 M R £ T K EHE
EBRABMBARISERORE—E . FRXAT —H“CILE"N
BARIEARENEEEHEBA X HEERMEE G B
ATKEIART] AT R =

Grosbois % A TE X [58]F 42 H — fh7E JPEG 2000 E{§ &
FHEETETYHRKERA.FRFHEAMKE HHL.
— 1R DB F 5 {bs focicn v m IS S K EJKEIR %
AT EEX[55,56 ABRLEHFRFHMT —LEH S
BF BEBEASE L MMEEHARAR w[i]=w,[i]+e[:IX
n ) HA n (1A H &6 FEMTHE BN, « (IR —
MERBERF, AEFER N ali 1=l Mupu[51X Pac[c X Pua
(11, 3% B M., [sToT$HBE #h Fm B L5 89 /N Bt BB F
HEREF EEMXTELER SHERNANFIE s HH
B BE pue I A0, 1 ]2 ML, B ERESTER
WKW BESE, THREHPOTRIL AL c P LF—
TMHRERENRBENET I AR TR RRE
B ¥, HEE A0, 1] MM LE, A H XS TEF KA
o] WA BT JPEG2000F i M b R &), EFFIET
HWRIMSHCHBEXNT LL FHFPHBE, ISR ER b1 K
PR A

corrl]= 25 & [ 1 ms, [ 1% i [ /b,

Kb o [id=ru, [s1c]X fua[c]X fuca [ 1 KB ra, [s.c]H
M LI SHBE T 5 poc [c I prmanli 153 B A RS A B HR 1
BHEFNTREEER T, KBES pulc I pra [[IXH
HA.ZAREL —ZRFEHEFHEAH, TLRIEX
JPEG2000/F 45 5 ¥t 47 Vi B B A 7K EP 3R, Ja] B 3 8 B 4 B
BEHFRAERENEEE.

E T JPEG20005 IS HER M KR AR U LM JEE
BEEABNE, XEKETFHFRXENSFEBREXEHN
KEP T REHE A EEH THT JPEG2000/ KRB P,
ok, F B IR AR T K ER IR B A K B A, TR BEIE Y % W

.
4 HieERE
REETENJUETET/DEHEZKEPREABR TR
EHER ERTHEZHERINAKBEFRBEETS EEL
FrAMIMERNBR EEFZMNERERR I EHELR
AN ERELE JPEG2000R ML, —FM N B
IFREY R KB ERBRETHMTR.GEW
EA A e, RIVAASEET D EENERKEPHEAR
MEESEUTILIAMFESIEFOERE:
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7K ERF7 Fo o /BT U A8 938 R Y8 B R Y

HTEBRAKPFREEFRENTERESHLHRFREY
S, HEIE R T B % 4 B /)N S I O 28 A E U U AR REH
BEATAURKE AR BT XEHERENETEE
B, RESE/MESCHN BREGKEF  (BF S 24
FHEZR P BTSN E N ERUAHRBR IS
EH— P EERE.

QB AKEPHE AR

MEKENETRRLHN K HEEIES —RKE,
M EFEHREEN B TEHKEFERAIBT_RKE, €
TUBERRE—NRKEFEF HVS EKEI T RO EM, ©
FrRAMBENIEEYE SELRSE. AT AERESFE
S F_RKOFRRFRKOAEATERIBENE,
3BT/ Z A K AN EEMBE R RGN
KFEH—ITRARE L.

(3)3EN F JPEG-200055 ¥ B KD B R R

FiAliA 05 JPEG- 20005 RN FERMBB AR LER T4
B9 JPEG IR . FEEMNEZEHMHMcH BREAMEHT R
HHXFEHTHEBREEMFERTIR KBTI RUR
ROI A 4R %%, X EAFHETT AW R AR M Edd 4 . E i
BRSEFELRNANER.REBWCEHAT LS
JPEG-2000 5B F EMKEAHER. BEXEERRENF
JPEG-200044 4} t 4h ¥ , 3% 3% 1% 47 Wi & JPEG-20007E 3L bR Y
B F KB E RO TR A EX —FE MR A
— PR

WOHRNFEHRBEHHKEPERHTFR

MBETF/MERMGKD T ERXRE, T EMERE. TR
BOES/LARE S EERERF X AN RER
SEHN—IHREA.

(5)ET HVS HEM K ERHR

REBWETFHVS WEABRKDEROARELERHIT
—PHRM A B XERBNRANE S EEERELT
WRZE FEEHETARGEN  SHB MK KD F R H
#H.

EOEFBE-RPEBRBRKPERYHE

ETF Lifting Scheme % /D ECIE BN B TFER S
b, BATERAD LEH LU ¥ TR KT R BAHEF
BETIANKBEFTRESAFSITFMMER.

& % x|

1 Ferrill E, Moyer M. A survey of digital watermarking, 1999.
http://elizabeth. ferrill. com/papers/watermarking. pdf

2 BFH.AHE.DE BFKPEARRER TEHREESE
i%,2001,6(2):111~117

3 Hartung F, Kuatter M. Multimedia watermarking Techniques.
In:Proc. of the IEEE, 1999, 8(7): 1079 ~1107

4 Pitas I. A Method for signature casting on digital images. In:
Proc. of 1996 int. Conf. On Image Processing,3:215~218

5 Meerwald P, Uhl A. A survey of wavelet-domain watermarking
algorithms, SPIE Symposium, Electronic Imaging. In: Conf. on
Security and Watermarking of Multimedia Contents, San Jose,
CA, USA,2001.181~190

6 ISO/IEC JTC1/SC29/WG 1,ISO/IEC FCD 15444-1: Information
technology JPEG 2000 image coding system: Core coding system
[WG 1 N 1646R ], march 2000. http://www. jpeg. org/
FCD15444-1. htm

7 Mallat S. A theory for multiresolution signal decomposition: the
wavelet representation. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 1989,11(7):674~693

10

1

—

12

13

14

15

16
17

18

19

20

21

22

23

2

-

25

26

27

28

29

30

31

32

0000 http://iwww.cqvip.com|

Daubechies I. The wavelet transform, time-frequency localization
and signal analysis. IEEE Transactions on IT, 1990,36(5):961~
1005

Zhu W, Xiong Z,Zhang Y Q. Multiresolution watermarking for
images and video: a unified approach. In;Proc. of the IEEE Intl.
Conf. on Image Processing, ICIP*98, Chicago, IL, USA 1998.
465~~468

Langelaar G, Setyawan I, Lagendijk R L. Watermarking digital
Image and video data. IEEE Signal Processing Magazine, 2000,17:
20~43

Véhel J L, Manoury A. Wavelet Packet Based Digital Water-
marking. In:Intl. Conf. on Pattern Recognition. Barcelona, Spain-
2000,3:3417~3420

EAM B . FRER FEREHEA. L VLT B iR,
200]

Coviello C. A survey of digital watermarking for images. CSE/
EE585 Image Processing term paper,. 2002, http.//www. cse.
psu. edu/~cg585/termPaper

Hsu C T, Wu J L. Multiresolution watermarking for digital im-
ages. IEEE Transactions on Circuits and Systems 11,1998,45(8):
1097~1101

Wolfgang R B, Podilchuk C 1,Delp E J. The effect of matching
watermark and compression transforms in compressed color im-
ages. In:Proc. of the IEEE ICIP*98,Chicago.IL,USA,1998. 4~7
UEE NDEEHRSTENA. B2 HRL 1999

Cox 1], Kilian J, Leighton F T, Shamoon T. Secure spread spec-
trum watermarking for multimedia. IEEE Trans. on Image Pro-
cessing, 1997, 6(12):1673~1687

Liang J,Xu P, Tran T D. A universal robust low frequency wa-
termarking scheme. Submitted to IEEE Trans. on Image Process-
ing, 2000. http.//citeseer. nj. nec. com/correct/340428

Xie L, Arce G R. Joint wavelet compression and authentication
watermarking. In:proc. of the ICIP'98,Chicago,IL, USA,1998.
427~431

Xie L,Arce G R. Blind wavelet based digital signature for image
authentication. In: Proc. of the 9 European Signal Processing
Conf. EUSIPCO*98,Island of Rhodes ,Greece,1998. 21~24

Corvi M, Nicchiotti G. Wavelet-based image watermarking for
copyright protection. In: Scandinavian Conf. on Image Analysis
SCIA*'97,Lappeenranta,Finland, June 1997.157~163

Tzovaras D, Karagiannis N, Strintzis M G. Robust image water-
marking in the subband or discrete cosine transform domain. In:
EUSIPCO’98,- Ninth European Signal Processing Conf. 1998.
2285~2288

Pereira S, Voloshynovskiy S, Pun T. Optimized wavelet domain
watermark embedding strategy using linear programming. In SPIE
AeroSense 2000 . Wavelet Applications I, H. H. Szu,ed. . Orlando,
FL, USA, 2000. 26~28

Nicchiotti G,Ottaviano E. Non-invertible statistical wavelet wa-
termarking. In:Proc. of the 9th European Signal Processing Conf.
EUSIPCO’98,1Island of Rhodes, Greece,1998. 2289~-2292

Dugad R,Ratakonda K,Ahuja N. A new wavelet-based scheme
for watermarking images. In:Proc. of the IEEE Intl. Conf. on Im-
age Processing, ICIP’98,Chicago,IL,USA.Oct. 1998. 4~7

Xia X G, Boncelet C G, Arce G R. Wavelet transform based wa-
termark for digital images. Optics Express, 1998,3(12): 497 ~
511

Wang HJ, Su P C, Kuo C C J. Wavelet-based digital image wa-
termarking. Optics Express,1998,3(12) :491~496

Wang H J,Kuo C J. A multi-threshold wavelet coder (MTWC)
for high fidelity image compression. In:Proc. IEEE ICIP, 1997.
652~655

Su P C, Kuo C J,Wang H J. Blind Digital Watermarking for Car-
toon and Map Images. SPIE International Symposium Electronic
Imaging, 1999. 25 ~ 29

Su P C, Wang H J, Kuo C J. Digital image watermarking in re-
gions of interest. In the IS&T Image Processing, Image Quality,
Image Capture, Syustems Conference, PICS, Savannah, GA. .,
USA,1999. 295~300

Information Technology - Coded Representation of Pictures and
Audio Information -Progressive Bi-Level Image Compression,
ITU-T T. 82, May 1993

Swanson M D, Tewfik A H. A binary wavelet decomposition of
binary images. IEEE Trans. Image Processing, 1996,5(12):1637

~1650
CFeF2167)

» 207 -


http://www.cqvip.com

R E SRR TE R 6 I R B 2 1) R, A T RE X B R
BRRE BEBRRH=ZHGRERYLR.

B6 T AL R 2 Bk A R

SHE RIFRT —AETLENREDSEENE

BAERRE ERFEFHEHT ERNUFBERFE (S REH

0000 http://iwww.cqvip.com|

Hety AR ER, R T —HHFM s SHRERRE
REMZHFTHEELN LOD BN EK BER KR, 3 SHIEM
WMEEBREETEF RN AL, BT Direct3D (Direct
Graphics)BE{FEER O TR =R EH RN IRES SE S,
[ EMF P T LOD # K HEMER U RERGE DB
— 5 Direct3D SDK %8 HE.

gEXF VR

1 @, M 2RS4 BEHIEL FlkFdisit

2 BB BRREVTERKBERAEAER RAEELTHELUSETFL
a)

3 Microsoft DirectX 8.1 SDK Help Document For Visual Basic

4 Ken Perlin’s Z77. http: //mrl. nyu. edu/~perlin/

(LAEF207R)

33

34

35

36

37

38

39

40

41

42

43

44

43

46

Hsu C T, Wu J L. Image watermarking by wavelet decomposi-
tion. Academy of Information and Management Sciences Journal,
2000,3¢1):70~86

Solachidis V, Pitas I. Circularly Symmetric Watermark Embed-
ding in 2-d dft domain. In:Proc. of ICASPP’39, Phoenix, Ari-
zona, USA, 1999. 15~19

Pitas S T. Embedding self-similar watermarks in the wavelet do-
main. In Processings of the IEEE ICASSP, Istanbul, Turkey.
2000,4:1967~1970

Kundur D. Improved digital watermarking through diversity and
attack characterization. In:Proc. of the ACM Workshop on Multi-
media Security Oriando,FL, USA. 1999. 53~58

Inoue H,Miyazaki A,Katsura T. An image watermarking method
based on the wavelet transform. In: Proc. of 6th Intl. Conf. on
Image Processing. Held: Kobe, Japan,1999.24~28

Kim ] RyMoon Y S. A robust wavelet-based digital watermark
using level-adaptive thresholding. In:Proc. of the 6®* IEEE Intl.
Conf. on Image Processing, ICIP'99, Kobe, Japan, 1999, 2.226
~230

Chae J J,Manjunath B S. A roubust embedded data from wavelet
coefficients. In.Proc. of SPIE, Electronic Imaging, Storage and
Retrieval for Image and Video Database,San Jose, CA, USA,
1998, 3312.308~317

Kim Y S, Kwon O H, Park R H. Wavelet based watermarking
method for digital images using the human visual system. In.
Proc. IEEE Int. Symp. Circuits and Systems, Orlando, FL,
USA,1999,4: 80~83

Shi Y Q,Sun H. Image and video compression for multimedia en-
gineering. Boca Raton, London New Work Washington,D. C. ,
CRC Press, 2000

Carlson C R, Cohen R. A simple psychophysical model for pre-
dicting the visibility of displayed information. In.Proc. of the So-
ciety for Information Display, 1980,21: 229~245

Delaigle J F, Devleeschouwer C, Macq B, Langendijk I. Human
visual system features enabling watermarking. http://www-it. et.
tudelft. nl/~inald/pubs/Watermarking /ICME2002. pdf

Barni M, Bartolini F, Cappellini V, Lippi A, Piva A- ADWT -
based technique for spatio-frequency masking of digital signa-
tures. In:Proc. ISXT/SPIE Conf. Security and watermarking of
multimedia contents, 1999,3657.31~39

Lewis A S, Knowles G. Image compression using the 2D wavelet
transform. [EEE Trans. Image Processing,1992(1).: 244~250
Podilchuk C I, Zeng W. Image adaptive watermarking using visu-
al models. IEEE Journal on Selected Areas in Communications,

» 216 *

1998, 16(4): 525~-539

47 Kundur D, Hatzinakos D. A robust digital image watermarking
vethod vsing wavelet-based fusion. In: Proc. of the IEEE Intl.
Conf. on Image Processing, ICIP'97, Danta Barbara, California,

USA, 1997,1:544~547

48 Wilson T A, Rogers S K, Myers L. R. Perceptual-based hyper-
spectral image fusion using multiresolution analysis. Optical Engi-
neering, 1995,34(11):3154~3164

49 FHE KEA RESERERFRAR HENFRESERE,
2001,38(11):1315~1326

50 Inoue H, Miyazaki A, Yamamoto A,Katsura A. A digital water-
mark technique based on the wavelet transform and its robustness
on image comptession and transformation. [EICE Transactions,
Special Section on Cryptography and Information Security, 1999,
82(1):11~20

51 Shapirc ] M. Embedded image coding using zerotrees of wavelet
coefficients. IEEE Transactions on Signal Processing, 1993, 41
(12): 3445 ~3462

52 Gall D L, Tabatabai A. Subband coding of digital images using
symmetric short kernel filters and arithmetic coding techniques.
In: Proc. IEEE Int. Conf. On Acoustics, Speech, and Signal
Processing,1988. 761~764

53 Said A, Pearlman W. An new, fast and efficient image codec
based on set partitioning in hierarchical trees. IEEE Transactions
Circ. Sys. Video Tech., 1996, 6(3): 243~249

54 Taubman D. Report on coding experiment codeff22. EBCOT.
ISO/IEC JTC1/SC 29/WG1 N1020R, Oct. 1998

55 Su P S,Wang H J, Kuo C J. Digital watermarking on EBCOT
compressed images. In: Proc. of SPIE's 44" Annual Meeting,
Applications of Digital Image Processing XXII, 1999,3808:313~
324

56 Su P C, Wang H J,Kuo C J- An integrated approach to image wa-
termarking and JPEG-2000 compression. Journal of VLSI Signal
Processing, 2001, 27:35~53

57 Chen T S, Cheng C Y. A new scheme of image data hiding based
on EBCOT and Jpeg2000 lossy compression. http;// http.//
www. bohr. idv. tw/pdf

58 Groshois R, Ebrahimi T. Watermariking in the JPEG2000 do-
main. In:Proc. of the IEEE Workshop on Multimedia Signal Pro-
cessing,2001. 3~5

59 Kutter M, Bhattacharjee S K, Ebrahimi T. Towards second gen-
eration watermarking schemes. In IEEE-ICIP’99, Kobe, Japan,
1999, 1. 320 ~ 323

60 Sweldens W. The lifting scheme ;a construction of second genera-
tion waveles. SIAM J. Math. Anal. ,1997,29(2):511~546


http://www.cqvip.com

