WE

B KEHARR—FE AR BRI AP SRR L2 R HA, BEA
RERAFRERN— A EENY, CLSHEFRERRAMLRREERSE.
TESL D, BFEKEBAREE AR MR ER . e
BB P RSOR BRI IR B . B R T E S
SRR P HARTERRR TR ER, BT R AN EE
X TRARAAERBRQEE . A LR EET. SESRERse
A AR A BT U . A S T R T IR T A E B A
B, BRI B Bk IR A K EN L e

R M EKEBART T LB RMONTE, SERTANHERYHRY
BB R, UREFAKEHARE R RA LE A : KEIAR, KE
Mo IR BRI A ETBAEAT T A AR, ST —HE%—LSB 5%,
B SR 4 SR T R R

AL TR SRR T A RASAROFRHFE. 2Rk
EER L, 4B ET AMAEESR (DCT) MEFKEEERET HH ST
# (DWT) HISFAKENEEHEAT T iR A7

FEET DCT MEFKENE S L, ¥R T —H DCTMARE R, #Filid
SIS B T KEE B . IR, AR T —HETERNEN
BIERUKEMIASE:, % A ASUSERE 4R DCT 44, RERGAAE
E Rk TR . S A A BN A KB RKR R, BB A
PRGHRER, URFHEFEEEEATINENSH, EXFRHNEEER
REREUK EN R R R B AT . ZEHICE B e T 2R e B S e 10 KR o

EET DWT BT KENEE L, EhEIT —F DWT SREEE, 38
SRR RIS T SRR R IR A AR T — T
PR DCT ML A M FA RS, B2 NEESR DCT 8
RO, SRANE BRI R . S R R AR R K BB R R R, L
RPN, BABEAR: AR M R AR B



BERERNAR XN T ABRANEERRRNRER.

KEF
KEHRAN: ABEEHR: ATRENE, HHESUFTRNME; KEXSH

I



Abstract

Digital watermarking is an effective method to protect the copyright of the digital
products and to maintain the securities of the data. It’s an important offset of the
information hiding. Digital watermarking has been regarded by the corporations and
the researchers. In our lives, it has been used widely in the copyright protection,
juggles prevention in the business, hiding the symbol of the audio and video data or
the registering of juggles. In this thesis, we will pay more attention to the embedding
methods of the digital watermarking information in the DCT-domain and the
DWT-domain. We introduce two methods of embedding watermarks and hope the
new methods will be more robust.

In this thesis, we give the details of the digital watermarking technelogy, such as
the research history. the research actuality and the main parts of the arithmetic—
creation of the watermarks and embedding of the watermarks. Then we introduce the
knowledge of the spatial digital image domain. By achieving the famous method—
LSB (Least Signification Bit) and the results of the robust detection, we indicate the
advantages and the shortcomings of this method.

The main parts of this thesis is the embedding methods in the frequency digital
image domain. in this parts, we give the particular knowledge of digital watermark@ng
in the DCT-domain and the DWT-domain.

In the DCT-domain, we achieve a typical method and detect the robust. The
shortcoming of this method is concluded through the results. We, then, introducea
new methed which combine the DCT and the SOM to prompt the shortcoming and
can embed the watermarks based on the detail of the image. Comparing the quality of
the image and the robust on the withstanding of attacks which we get by the two
methods, we conclude that the arithmetic in this thesis is more affective.

In the DWT-domain, we achieve a typical method and detect the robust. By
researching the shortcoming of this method, we introduce a new method which

combine the wavelet packet transform and the DCT. Comparing the quality of the
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image and the robust on the withstanding of attacks which we get by the two

methods, we conclude that the arithmetic in this thesis is more affective.

Keyword:
watermarking embedding, wavelet packet transform, neural network, SOM,

watermarking attacking
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Figure 2-1 The frame of digital watermarking processing system

2.1.1 KEMER2BIERL

HEKNERRFFKEMESENE - SXRFE. HEUKENFFIEYE
M iZ B TS A BEHLEE (Unpredictable Randomness). BT AZEVH3 R4ixt
LERFRE R, SOKEANEHLHE, KR ZAT 5% AR .
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i {(x,y) mod 1}, M EH—MERAZeEXWF:
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b) &1 2 REREHEALES

b} The encrypted watermark afier double Arnold transforms
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¢) The encrypted watermark after five Amold transforms
M 2-2 FHHKEHE SR ET Amold FHREHMEALRFS
Figure 2-2 The original watermark and the encrypted watermark by the Amold transform
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3.2 B3
3.2.1 KENMSSMLE

FXHRRNBRERGRN

256 K EEE S Lena (512x512), WHE 3-1 Fizk:

3-1 B {EEHR Lena

_ Figure 3-1 The original image
AR WA B S BRI KEE BT KENRATENH. 0l

3.2 fiaR:

a) 7KEI— (128x128 I —{EER)
a) The first watermark (128128 Black & White image)

wEL
X
BJUT
b) KEIZ (64x64HI{ERER)
b) the second watermark ( 64 x 64 Black & White image)
® 32 A EAGEANKEHER

Figure 3-2 The two watermarks
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BR EEMCTE Bk AR

KH Amold #4530 A KETEGMHTEE AR 58 S KERNER), K
£ RNE 3-3 iR

a) S EAABETIKE—

a) The encrypted watermark (the first)

Bebely T R

b) Zi BALAEE K=
b) The encrypted watermark (the second)
33 S EAAEERAKDER
Figure 3-3The two encrypted watermarks
RS EALAEE, KOEREEER “BHARE" RENRFTAEEER.

3.2.2 JKEPERAFAIREN

LSB H W 3K BEHT AR R, #8487 REKBESHRI RS
HIEEGH XN, REAKEESRERGERMHNERENRIEL, HFE
HAEHAR. B 3-4 ARAKNESABRARGENSENARMEREINS
KENER, FERIEWREINE 3-1 5w,

% 3-1 ATLAEE], FKENERASEERROFARAARMNSKTEREY
FEREE RGN EATRE TR, FEiKmRERAZHEA L.

KEPHGREGL R R KA FRRG UL AL, BVRAL AR ENRY R LSB 41, At
17— Uk FIREE S IR B Amnold 5%k, MK E HAETER.
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SR R TEW S FLR X

34 AXKEESABREEGAFMERANGHES
(a) - (h) REBILE—ARBERAL

& 3-1 RRBHRAKEMEB/E RS 5 b BERAERE
K ER i 1 2 3 4 5 6 7 8
fEuEH | 44.0983 | 37.9228 | 31.9599 | 25.9754 | 19.9946 | 13.4057 | 7.7236 | 0.6848

3.3 KN EEE RN

FKEPRIE R RARIMA RIKET A Btk BRI B, MHERIRII— R
P T R . I B B R K B MR (A AT AR P A R e S B
HMEREN. RAPHELE; BEIEREAN T XRRKENTUERR Y &R 4L
i, EREEHEEREEM.

[ 3-5 3 EHKEME B EGHET S MG ERIHNKHER.

a) Ak & 0 Bl R 4R B RO K ED I

a) The watermarking image with the salt pepper noise and the watermark extracted



b) AR 1 R R SR A B
b} The watermarking image with the gauss noise and the watermark extracted
B 3-5 XEHKEE B EG T i T 5 IR MK EpEHg

Figure 3-5 The watermarking image with noises and the watermarks extracted
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i LEAskE, ROTUBHN TSR SHKOEELEERRER,
e iR, EFEREEREE, —LRRRNEREREE. BREEHIEE
RSP AR T B EKEIRA BRI

3.4 FENE

AEFENME T EEEGKEDEAR. HENTRERKEBANTRIVREE
TTHE, TEMETILHE RO REGKNEER. ZERRT —H s
HEGKNFE—LSB ik, HFWEEMERERT T K. B LREREH
iR, THAKHMESEEREREE, SRR, BRENEREE, H—L&
S B R AR F b, A T E R RSB EGUK R A L.
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BHE DCT FRBFFEBATHA

FME DCT FHRIBHFERKEIHEAR

LA AR R T K ERA T AR R S R HER SR, R
TR BUMEREGE. A, EFRAKERATFEPERRE, TEHE
B BB AR R R IR TIUK R . FER BRI EES, BEfiky
SEHEIT MRS, RSB RE (nEERE) BiERG
RIE-ERSY (Eanxd B GEATH0 . AT EEREMFEMIH R LIE, X
Lo X R R R R R KRG Bk, B BERKEER
BB T BN ERRE, PNAEANKE, KEMNBRASERAT L, mH
EREAE BEARBAREFARENGEL, EEREFDRTR, SRR
WHAKE, KEIREEERE. BT, AT RNERELSEERATREE, A
T EFR A ERABBAERFHREF.

RHSKMBANEEN EER AR WEESGEW,; TRLIFIHALMEM
Ttk A RMEMEENY, SEMRERE. 2EEENH DCT MEFAE
HARIE.

4.1 BEHIRZE#HR

B3I (Discrete Cosine Transform) f8iFR DCT. {EAEL K EXTFRE
B REFRET, BHKEER S MR —H =
EX, DCT Z#HBATEIMTRFTHELREE, BRETLRMERTEH.
DCT ZF AR R 3 1 B ARE LT Toeplitz 455 (REGERM R BB EF S T MLk
FATEE— AL LR T RBAE) MAFIENE, T Toeplitz P XAIT A%
EEREBESHMAREE, ¥ DCT FEHEINARETTERE SR E
He, R DCT BB 5 TERTFESAERICEPGESEI, BEike H ajER
BT EHEENMA, Bh—RIVH XE GG H E AR (JPEG. MPEG.
H261 %) WEERW. ET JPEG E4EHRHERKE i AFIER BURE/K ENHEHT
JPEG E@RUhiige ), B DCT BMERFKANABEHATZI T ERWE
.
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R TA RFETEHLFRR L

4.1.1 —HEYRLTREN

—BEREEHFT x=(x, x, ... x,,) MEEKEEE AD-DCD) &
XA

& (Zi-i-l),u;'r]
X =a,) x cos ~—F" (4-1)
M ﬂg i [ 2N
AR (IDCT) EXLA:
N-1 .
x; =ZaFX u cos{—-—(m +l),u ”:| (4-2)
o 2N

A ERa, = Vi m=0
J2IN =1 2, .., N-1

4.1.2 “HBHEZLTHNENY

CHEREERS x={x,, 0<i<N,-1, 05k<N,-LHIBEHEK{EER
(2D-DCT) EXH:

Xy = aﬂavzz.xi,, cos N N

i=0 k=0

N-1N-1 ] 7 T
[(21 +ur cos[ Qi+ (4-3)

N AR (2D-DCT) EXA:

2N

Xz = ZZaﬂava co (2 + Dpm cos[(Zk;A?m (4-4)

R (43 FEHa,, o HENXSK (4-2) HAL

THEHARTETEREEEREANEEFRETIRDHEARY
b, T ASRAERRENR, BEIERETRNRTTEEREN R
¥, EREEERRBPERERNE. FFFIHEHN DCT UK AR
WZREHRUERA T HFTKRASEAR . STREGKEHALE, BERRAEE
B (DCT) MEGKEIX L4 A — 27 R E T AR EN RS,
Rk X 5% AMEG LR JPEG RE, BMARTI ZMNEN, #T DCT
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EPIE DCT A B RANER

R FKEHEARE B KEEATHRES. BEAN, TEAERRIRN.
4.2 JL#PE AT DCT T ¥ =BG /K ENE £

AT DCT HEERE Cox F™RHM—FMET DCT THAT BUKEH
Ko CRHEESTHHABEIFFIIMA R ESH DCT TREURBEERY
iR, BRI TERT SRR (55) MAXMES (HVS). HERE YRk
WHEEBERE FH#TENR BRFERAKRAIRY:

x; = x, +aw, (IIEHEN) (4-5)
x, =x,(l+aw,) (FeiEAEN) (4-6)

HEMTREAT DAL, BEATERAR. ER B EET. B
FREERER.

Podilchuk”$& t T 7] B &n A BN (¥ 7 ik . L3k Pl AR BE ALY 2 1 ) IND(Just
Noticeable Difference) 7 BERK & E 0 EEZKKE{E S HE KRR
RE, AR K EME S MM AR IS . XF DCT R¥, SCERFEA Waston
& X HVRRGARRY . AR T F AR SR R R R R X L HE R, X 8 X8 HY
DCT H2{ T SEGARMHERE A . RIE R ER S R0 E 5 B s R FK
ERFPRRIAROCHE, BEATHEAT A ETR 3.

Tao %POEL ER AEURIEEIN RN R B ER LIRM T —FEEN
DCT KEEAR . ik BHRHEAT 48, HAM HVS WRERER. Ul
SORHRISOE SN LA 6 MREIEP, KERAZIZR DCT B, HA
BEREERNART B ENMHEE . Barni ZPHEH B —FFH HVS Blkis
TEH-T DCT BIK B, fhofs B4R B4 4T DCT 22 ¥k, H3F DCT R Zig-Zag
AMEFHIA—ERE, XMEPE L AMREFHNRBEFHTERLAK
B, ZKENAR I ™) LU BB K ERFI AT BEZE AL A DCT 2 847A] MR ke — B {E
TI#EAT o

B — 2B A R K B SR R 5 5| A B DCT B F BGKERE,
WMET SR EERRBHEFKEPSARP, BT Mg EHKEBARP %,
AR T RIFHANR
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RETERF T FRLEMRX

4.3 BEEZTH

LM T —H DCT BB FKENRAR S, BEERE Cox HHMER.L
BT TRk AR AREE B EE ST R KRG BRI
HERGD, ERALETHAAZMESE (HVS) BeRELUNRE. 2k
B RL, CUABIBRAKEM B . AEERAMRAENZNEAEL. 2
KETE RS RS, KA Amold ZEHext fr R A BI7K B B AT B AL

4.3.1 KEPBAE X

FHEMEIVER A 4-1 PUR:

HHEK L, B4 ] DCTERER [, REEH

. KEIfER
A

!
i¥ DCT #F#:

KEPER |y ERE

B KENE BHY
- B#&

B 4-1 JUE DCT 3T K EP SR
Figure 4-1 The frame of the classic algorithm in tl;e DCT-domain
1. B{&43R DCT:
hEEEEEN — R ESXREE —E RS, ENR R
s, BEHBOEABNETERN K ABER. £K,y) 0sx,y <8, K

thk =0 K ~1, WEX 7,(x,y )#47 DCT %8k, BEF,[,v).

2. REEH
RHEHMEREFRPHARES. 3 THRIERADER DCT REEH B
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$B% DCT ¥ F BRKEHA

AT, PERAKERESMARER DCT RGP RARET. XEEMN
EMARFET TREN SR, NEAEHRBAEE, dEEBRMERFER
BESSIBERRE. ERMAS RS KK EE R REL L B 3w b
EARKREGEREERL THREE.

%t 8X8 H) DCT REuZ FRIMNE EARA T AFES, WEHFIBF i 4-2
FiR. ZEFZiT DCT BHRENERS, K LANRECYEBRNERARE, 308
ZEASSEEGREN TR, M4 FANRECIRBRNEARYE, ZRENE
B, RBBALEAKE, B, EEHELES, BROEHAREIESE.
EHIEBRALRNESE L, BEH DCT RHMPEARLE, LIEIKER
BA. BEEPERRLEEN DCT RENZFEIFHFINE 6 (LR, HKE
IR R R K /N L R A K ENE BT E -
12|67 15)16]28]29

3| 5| 81417127 {30]43

4 [9[13]18 2631|4244

10 (1219 25]32]41}45] 54

1112024733140 | 46| 53|55

2112313413947 |52/56]61

22 (3538|4851 |57 |60;62

36 | 37149150 (58|59 6364
42 DCT A M2 FRHFIE

Figure 4-2 The figure of the DCT coefficient arranged by the zigzag

3, KEMERHA
KETW K EG ST EELLE, HETHREEERN—MER LYFR,

BIw={x, 0<i<L-1}, L=IK, HPIABRERFZAMAEDTFIIHKE.
K ER BRI T INER A B BRI DCT RE T

F;(u.,v.)={Ft(u:,v:)+ax,., l:ks:‘<l-(k+l), (,v)es, .
F*(u SV ), otherwise
Hob s, BHINEE, HEFE,Y)OFHSR. o DENEE, RERERY

B EETE
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LRI RSP T4t

A3

4, i DCT &#
&jE, X DCT WA AR ENEREHT DCT RTH, BIASKNNEL
H:

f”(ér,y)= QIDCT{FA(H',V')} (4-8)

4.3.2 JKENMSBRYER

ARERRIUS I EAHRER, ENYEIRBGT R P & B R B R A
bk ENE BN S LR AR FHR A L REAIZE 0L, S0t Ak R T 8

x;.=(;~k(ugv~)_ﬂ(u-,v')]/a, lk<i<h@+), (Wv)es, 49

ZIEHRBUMFEA T (W' ={, 0<isL-1]) #FaHFE, BET—
KEALEE, BERRHHADER.

4.3.3 EWHR

GHIEATR AR AR G 3-1 Bl Lena BR, BTRA KB N E
32 iR —EEE.
Zd EREETHERE, BRKNEKEERNEEDE 4-3 Fiz

i
b

: TNNE ; e A
a) SKEP—HHd B4R (SNR=30. 021)

a) The image with the first watermark (SNR=30.021)

26



SEUE DCT FHBH T E G EEAR

b)Y &/KEMEE=HIER (SNR=33.651)
b) The image with the second watermark (SNR=30.021)
B 4-3 SKEEBHEE (RAREa=20)
Figure 4-3 The image with watermarks
F 4-4 AFEARRARE TEABGIRAKE—FRMH B HRERLL, DRAN
AR TRV FAKEEGAESRL, (RPBRAREa: 5—40)

40

W &'}\n.ﬁ E M R
) 4-4 St B ERREE RIRIAKET BB ERE GRE—)

Figure 44 The SNR of the image with the first watermark and the watermark extracted
B 4-5 HEAFBABRE TRAERRBAKED G BRERL, YRER
BARE TR FAKEREGMERL, KP#RAERe: 5—40)

ik

FZHBEETERARES, FAERALETERBARNIERSE, &K
B (¥4t B B B B 6 (R R B R R A HEAR B R R M SIS 1IE B B R Az
ZE K EMR N FBR B, BB R AR N R — B RN, ZERARBERANERT,

EARIREH (MK BN R B LR, (B8 KENR T BRI E tEE, Bl
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R TR T2 b

£ T T v ——

Gl T 30

o PYEERE HH A9 K ED B R AT (R

- .
= of 1
=
- T
Exf .

13 A -

e
5.7
I T T - )
)% K aipha

B 4-5 St EGUE L AR I K EN B (R . (/KED =)

Figure 4-5 The SNR of the image with the second watermark and the watermark extracted

4.4 v DOT A= B &K ENE %

AICRM T —FF DCT B e, ZHEEFAABRENENAES. 5%
figeds, HEEEBRHTIE. REFFKE, BRARRBREHKEDREEL, K5
BB’

4.41 ATHEZRMEMEKEE

ATAHLMEE, EFR ANN (Artificial Neural Network), EXFIFR#E ML, &
STEFE AR ) . A B RS S T RS MO — T B A 3 B AL RIS, 3o
ST R R IR U S AR TT 45 M LA R B L I i X
P A 5 ARARRMR 2RI 8 0 RERE A RN (S B RS R I
BE, RAMA—FHhR. RLER,

B ENS, FERERRSEB NS, BT i
MTrfEas PR R SR, NEERRERFEAFEE. X8, FHEEIHE
ALZBREERAN T HEH AR EH RS ML T, EMENETR, 5
WS LERE 00, EBNFREIENSTERNEMMZ L,
FURMBRHATIT ST ERLE. RREIL THERBE 7 450 E N
Rt
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B B 0039 Y 4% AREL 7 3% f MeCulloch and Pitts (1943 55) ZE M09 71
R ER MBS T REERE— “MP BIE”, MATHIEINE ‘4
BTG Call-or-none)” BYJFE, #4702 1A] HITER R 75 20 R A DEEr R R4 h o ¢ it
AP A2 YBEASNSMNRRRETSRE. § MPREEREES, A
ITHEMEDEHIT HHFEL, wEmss. BENTH. Hopfield Mk, H
HRRTERRS, (Self-Organizing Map). BP M4t (Back-Propagation Network), LA
RIEEPEME (Probabilistic neural networks, PNN) 5%,

4.4.2 T2 BRIBEER

HETRMBMEMSNERT R, B—ME 2 M mAM— sk
getEi, THUAERBEANBESS. B46 21T Hj ML —MEL

SHTEE-HETHHyAMNIMRAANME S, %, -, xy BRRTLRTA:

y:u' :Zwrxi"'sj (4-10)
: |
y=1) (4-11)

Hrbw, AEERE, s, ARBES. A )AERRE HTLURERASHG
TR BT IR

B 4-6 WETLEHE
Figure 4-6 The structure of the neural unit
WG RRHAREERRE. EREARRK. ERIBGERE. XITRAE
FRIE{EIAE S, Log-Sigmoid f£i£ R, Tan-Sigmoid ZIBFEEL. FRERL LR
RS, B4-7a) -)) HRHHTEEENEREENTER.
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a) BEFBRY

a) Linear Transfer Function

74
............ hal:
o1 " _Z
T
b) IEREEHRES

b) Positive Linear Transfer Function

c) TEREEHRE

d) Hard-Limit Transfer Function

d> xiFFEE R R A

d) Symmetric Hard-Limit Transfer Function
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e) Sigmoid f5iBE %

¢) Log-Sigmoid Transfer Function

0 E ' >
0833 | +0.833
) BEER

f> Radial Basis Function

g) Satlin &%

g) Satlin Transfer Function

h) Satlins 515 H

h) Satlins Transfer Function
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i) Tan-Sigmoid %1% ¥

i) Tan-Sigmoid Transfer Function

i) ZRERK

§) Triangular Basis Transfer Function
B 47 EMERREERENTER
Figure 4-7 Transfer Function Graphs
FEERAREMS T INBEXR, TEARE. ZENEREEEN,
R RN SRR MG . BEMERE RMNBGRER. sTnE
P4 s Al BT MBS SIS, TOIEF M 4R f0k S el A ATRY
PP E U R NS MEHRE, BiAEiiciZfmiR.

4.4.3 #HEZRMERINIS

R 2 RS A K BRI ER TS, X,
GEERRNE—EFRALER, BdEHIEERS AR ERRENLRE. B
SISGE RS, HBRSEEH AR KRR BNRE . WESHMLE
BT L P SRR B R AR

VIR AR B4 o RIS M 7. BB B ERI%
KRR E— AR RN —A BFRE, MR RE, CRAMARRE
ATV . ERBETERMEN SR B TN R, TR—FHEZ)
RA ML,
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HEE DCT FHEHF A EAMEA

AL MENAEER RS, HP KRN Hebb P ZRHEMEEATTHR K
Hebb #HEA— M ZRBENZIEEZ P RENE, KEARUNE: BS54
YRR BB — S EM A TR 2 4 T RER, BEEINAERN 2
g, HafRrme:

w,(n+1)=w,(n)+mxx, (4-12)
R w, (n) A AR ATAHETT x, B x, FEREILBE: w,(n+1) RAREEEN
MU pEEIEERE: (HBIAWERNRLE FNXER e
TEREANEZ —: x, A A RETHEHE. A Hebb SN A& LA
RS IIGEE, mEASRmE BP HESRS,

4.4, 4 BURMIFIERR SRS R L

e HE A MR 15 S 478 4945 &5, TKohonen T 1981 SFERE T A MEHER
—— B A ST AR (Self Organizing Feature Map, SOM). 5 ALUETH:
SEREARNEARRSE, FiGhiHFA BALHER (Self OrganizingMap,
SOM).

Kohonen A NS ABE T : B—, KINHMETRRELSHE AR,
ERENMHEFAR. £, REEPFNHESEESE, KEREESREMAR
MEEKIR, SAKBAHEREREIINEE, kg, Wik, BES. &
=, KB Eitnar2ene, BaEARERNRET, PEHEZEAR
28, REEMTEXRSIR, BRESRER, MAREERIIRREHAEH, Bl
Hohee. WRARGXAER, HEMeg RN ERERTRA.

ARG RIS T A ERTEARRM AR, EARHMNA: BURHE
BRI EAL, SHEA RS LA R ANEEM RS, XEdE
WE TR AR MM IR, BT XWTE RN SR T RAR
B, AUERRXAATEFRA “BETER". MERsd, SERNE TN
Sz AT LML EAR, NIEEAELRESNLRE, BENBEART
FTRISE BRALEH

SOM HESa] UL — EFESIR R R, W 4-8 Fim
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b2 I!kk%’]‘%@ﬂ:%&ﬁbt

X1 X3 X5

B 4-8 SOM (1 4EpE 7R
Figure 4-8 SOM two-dimensional model
THREFNHEREHANENTZFREAR. RABER—EN#LET. BFE
ROGMWHET. MAENRETMEFEMNE TENMIHEER. —gH5|
REZUKHLE. EERFIESET, TURBMEDR, §/MRHMHETHE
MBIEHSH AL THE, BUBEHHETH=Z2E R HETE. X TH
#Zj, ERBRNMESTLAL RS

1,=YW,X, (4-13)
Heh x, ROPRANG S, W, RWAMET SMHAWAT j < FEBRRE. Xt

I jRIB, ERRE Y, MEST RN TR S ERT:

@ L+ Yy, - -¢(F;) (4-14)

dr &

S s, RRMET j RN TTE: n RRE, SHRRRMEESH
B, oY JRERKESE, MBETHR, SAEAMEHLSE,

BT Y RIS TR BN, ERENENEL, BTREE
B EAMEEE R, 7, 0ARE AR R, RUEMERSS, Bt

MIEHMA, HETHDREE BENEL, X—IRRENERMS 5¥ I
. LT HEMARNSMIRAN . DL EREEERR, —RENTS
BERR:
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%Eﬂﬁ DCT &*&ﬁﬁ?ﬁéﬁﬂkﬂlﬁ*

v, . Y.X-BYW (4-15)
& BY W, i
Ehw, R ERRRE, W=, XRBARE,

X=(x,X,,, X,V @, pREMTEREH.
SOM #E, H—MRRBMEFFI W, B UEERHENEN—FA
Ry, EREFNBAFY X FENMMRE. SOM BAE BEN AL W, &

WERLRRT —HETFRE, T RRHEP W — S 7 AR A AR
KR4 HILRAASHIEE . BTHZ, SOM B A WA HEME TN RRRTLE
R DA BRI SR

SOM M2 Bk TR AR, BULILIRE T A R R AR AR B
AAR. BRITRMET R EER bR B AT R ORESTC .
BURBY QAU RN LB T B BT AR R DU . T —
W, N SOM M RATIHFMABAIGT — K ARRETITE, HERR
AL AR R BT, BAEERME A, THA SIS HXHE
STHLE .

1. BRI HE AL

BHBNERE X = (X, Xy, X, ), HF SOM ML HMIBEMET ),
WHERARRRW, =, 7, W, ] j=12-n. BNEL X RRERW,
ICRBREARE NARRR, B XTW,3%R. WEXTW KR, WBd =%
2 F RERTER| Y -7, | B, BAESTLRERELLHETC, AT
LR

P
(x-mg=Elx ) )

Ko w, Aiait C AR E, BHRTUEAKLEBER. v R rrE
REMABR X MBI, #REW, ZF, BaUEE N, SHANHET
R A% B AR,
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:itaI:li{k’—?I?ﬁi#ﬁﬁ%K

2, MERERBHEAR
R REMR, T U TRER:

Y, =iWﬁX,. (4-17)
ERRET BELS ¥R, 2RHEPRBEHTRUT:

00, 0) ol O ) 418
K %(t);%ﬁﬁ)\ﬁ%ﬁifﬂﬁtﬂﬁ%ﬁj TERS (] ¢ AL REL, () RBHE IR r R4k
RIS EE, ¥ ()RR R, X, () REGANWBITLIEN, r
RHERE.
i&NCJ%UW%iC%%E\E‘J%—ﬁé%ﬁE HEHMHMETNES. N K
W, FEwHSamEl 1, EEXBRZA, FERLIKNEDN 0. BE:

L
y ()= 7N (4-19)
! 0 JjelN,

MBELERE H 1, MBREAARETERS:

e O A WD

Py o ieN
7 J c

B N, M B B R TR, AN T LA EEE R L, BEALR

(4-20)

SRR L, BER AR, N URLMET C AROm G
BEWE,, BREESTUASECK, BN, ={C).

e SRS, MRS ()RR A FEIEE, 251 R B B AN TR
B, BEAWBATSE, Fit, RIETEIIREAUAE.

4. 4.5 BT 5HEPUSERET 42 M40 0CT Bk EpRAE L
B HERME 4-9 PiR:
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#uEe || o8 L, perds BTS2

REEH SOMF B#

KEMER
KEVER | EEREER s

v
¥ DCT A5 #

AR EME B
B

B 4-9 BT B A LUFHEBLE S ML H DCT BB FKENFEIER
Figure 4- The frame of the DCT-domain digital watermarking algorithm based on the SOM

B iR IR S A DCT SUKENFEEIER, BITTES]
G R AER A B R AR B R HHT DCT B JEHET THERM, RRUE—
HASEEE R, P EMEN SOM BN RE. FIF SOM WEAR, ¥
Pext ik R B GEUBTER, EKERAEES, RERBHERITRAERA
AR FAEME B X — A E T AKHE B R AT ORI AN R SRR 2K ED,
BEEBNBRAM BN, BETHENSEE: B HERRNSERBATLUMER
FHRER, BETKEOEEARES,

4.4,5. 1 45{FZE

AR IREUN R, AEEREALNIE RS (Human Visual System, HVS)
BRI ATANAMFERR, G ROBEEBRET DCT 28, Z/EH AR
XAMEERE R, HERZRIFTERBERABHEMET.

1. ZEEFBUREE (Luminance Sensitivity): B EHRTHESHBMMES. #
ANZSHBET ST RRENE OGS, RERREATEARXDMT:

L = Focs (4-21)

Xoc
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Hob X0, KB LHBAEREN DOT SRENEREN, X WFHRET
DCT 5 ME R AR M F 1.

2. SEPURE (Frequency Sensitivity): AIRXTT AN [l 8522 1 1F 3% I ek 41
fe. —RERUL, MR THRAR NS HSmasha. RIAM IPEG &
WF AN ERNFRGURE, JPEG BLFEWE 4-10 Fiir:

1611 [10{ 16|24 )40 | 51| 61

12 12114119126 |58 | 60 | 55

14113 16244057 | 69| 56

1417|2225 (518780 62

181221371561681101%110: 77

24 13555764 (81 (10 11 92

49 164178 87|10 12|12 ]101

72162195198 111110} 101 99
B 4-10 JPEG EALFE

Figure 4-10 The JPEG quantification table
3. SEBUBE (Texture Sensitivity): BMAFSHEEWLUHERGLESR
FEEMREETER. TIFaEEREN, A JPEG BHEN > HERE
DCT REGHTTEWN, BEANERNERZERONER. REHRERTEER
B, FFHEENZROEGRE. TEARWT T

T, = Acc{Round [ X, (x, y)jf} (4-22)
Ox,y)

Ko dee H—RINEB, ARTERPFBRENOML. Round[R]HIEE R B

RS, 0X IPEG BILE. X, (xy)AhH rREHE DCT £,

4, {ERBSUEE (Entropy Sensitivity): HHIE AN TFHEEERE, BERKE
REERGEEFEEN —TEERRE. £ HVS #EH, BHHE AR T iR

(4-23)

E, = Zpk (x,y)- log P (x,y)
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%FE% DCT &&ﬁﬁ?%ﬁﬂ( EBLAR

X (%)
HeF p,(x,y)= S X, Gor)’

RS EERSTERE x = (x5, %,.%,), EFx, x,, x, x S5RE
TR, MRERE., gOEEEE. BREENE. SERERERL R
iz B Re i A K ETR SR RS K B iZRBIEABENENMARERA
# SOM , JEit SOM K EHR. BENKEINBREFITSE, HAE—
ERATRRRERKEMER. TEES BRI A=HFITHE.

4.4.5 2 RGER

BABREER Lena(512xS12)ATAHR, HH(Bx8)MEk. ZFERE—Ik

ERETEHAEER, HRUEF-HERIMMFENE (BERERRE. 408
SURRE. WREUREE) . ISR BIES SOM FHE M4 B M BRI B M 2
HATIIGR, REILSEE HHE RS BERN S SRR ERTO SRR, 5
EE-BEBPREIEAN. ,

B 4-11 FIRAEFR=EBHET, 2dHLRNENES, SOMBERERN
fEHA.

470 ) [T T [T 1 12

B 4-11 VG ERETH _gNmE
Figure 4-11 two-dimensional distribution of the neural unit after trained
Hef, “¥” RAGEMEMENFEHETH I ME.
1. X FKE—
SR AREBRAFRBEHAN GEREXBE—RMal=10, FITEN
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@2=30, B=%Ka2=20), BENLGRME 412 Fiw:
F" e,

AN e
a) E/KENR4E B (SNR=28.5148) b) HREUH FIKED B (SNR=25.6752)
a) The image with watermark (SNR=28.5148) b) The extracted watermark (SNR=25.6752)
B 412 HAKH—ERANERUERTHAKEER
Figure 4-12 The image with the first watermark and the extracted watermark
EHE A RERIUKED, RN E KBRS L AR 4-1 BT7R:
F4-1 HEEHRANRERDKDERAFRKL

Table 4-1 The SNR of the watermarks extracted at the fixed strength

BRATREE 5 10 15 20 25 30 35 40

i R | -9.136 | -0.5845 | 4.836 | 6.811 | 6.41 | 5.522 | 4.734 | 4108

AEAE N, MEREZHRAREREUKE, MWRIERETEE. Hit, B&S
FMBERA AT, BRTERFENEZEE.
FAERETRERARE (BABERa=20), AEFZEXRARK SN
B R R RN EGRENXR. EFRNE 413, 414, 4-15 Fir:
g9
ZHESHRBANEESHEESRERRNERREXRME, RITTUESD
BEE IR AR, MBS MEE TR, MRIERNERUERRKHF
FHE, XRBERSALE-IREHRAEE, RMNEE—RBARY, R
ERHER AR R BREGFRNNFE, RIBEHENTER: B—RBARE
2435 S0, RATE @l =30, Mhiiat 46 R 8t SNR1 = 28.8785 , {REVERR
B SNR2=289829 . E-HMABRBEEBMELMA, RITMa2=10, KifEH
1§ 7 & SNR1=31.0873 , 1R ER R E SNR2 = 24.7984 . B =RI|ABEI
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RIUE DCT SHRFHFRPKHEA

T =
Eaun

a) iR RERL L
a) The SNR of the output image

E)] E] L]

‘ES 10 "

D =
3T

b) EEE R LR HL

b The SNR of the extracted watermark

B 4-13 E—RENBESHUEGRERERBGRAREXRGLZ

Fig\ire 4-13 The relationship between the SNR of the output image and extracted watermark with

the first embedding strength
qns -
kL
A
L
2 =
55
5 £a
=5 4 z
a ] .
DE
Z, R * o w1 E T

X 25 F) 2‘5
CIN'T ANA

b) R EREWE ek
b) The SNR of the extracted watermark

a) HiLERERLESE
a) The SNR of the output image |
Bl 4-14 BoEBRABESHHBERERRNMERERANHE
Figure 4-14 The relationship between the SNR of the output image and extracted watermark with

the second embedding strength
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b4 8
ES 1LU ‘Iﬁ 1] = x 0 155 o 15 x 2; k- o0
rett #AU
) HNERERLRLE b RERERER RS
a) The SNR of the output image b) The SNR of the extracted watermark

B 4-15 BERBABRE S HRFAERERERDEX R HL
Figure 4-15 The relationship between the SNR of the output image and cxtracted watermark with
the third embedding strength
2. XFAKEN

BT ARABRARRBENAR (EEFE—Lal=10, BTHEH
@2=30, B=APa2=20), BERWERNE 4-16 Fiox:
i

B3
! o ; BJUT
a) EKERRIAMH MR (SNR=30.229) b) $RE S KK ETE ‘(SNREZT. 6341)
a) The image with watermark ( SNR=30.229) b) The extracted watermark ( SNR=27.6341)
B 4-16 #HAKE R 200 E G LR RE h ¥ K Bl B R
Figure 4-16 image with the second watermark and the extracted watermark
FHRE B RARERIUKE, RS FKEE&EFREAME 42 Fiy.
ALEH, WREESHRAEERIOKE, WHRIGRATEA.
BERLTFEBRNRE (RARERe=20), NER=LBARESHH
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SV DCT BHAETEE A HHA

BerERENEEREN<ER. &RIE 417, 418, 419 Fizm:
# 4-2 TN R BR SR

Table 4-2 The SNR of the watermarks extracted at the fixed strength

BRAME 5 10 15 20 25 30 35 40

R | -10.449 | -1.801 | 4.4026 | 8.322 | 8.599 | 7.4066 | 6.2454 | 5.3412

E n
k-l
o 'lh 1‘5 x é k-] a v 0 5 7;] E‘ x 40
281 3 © AR
a) HERERLihE b) REEREMREE
a) The SNR of the output image b) The SNR of the extracted watermark

B 4-17 F—AHARFSNHEREERRNEGRE RIS
Figure 4-17 The relationship between the SNR of the output image and extracted watermark with
the first embedding strength

H |i1 1‘5 I.é)‘uﬁ = 1&}\“5
a) il ERUISRR LR b) REEREMR L
a) The SNR of the cutput image b) The SNR of the extracted watermark

M 4-18 oK ANBRESRHEGRERRNERRE RS
Figure 4-18 The relationship between the SNR of the output image and extracted watermark with

the second embedding strength
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JER T A TEMAERIRY

" i A ' " L
H 10 15 il 5 x S 4 n k3 40

[ 38 1. ] * zﬂuuaﬁ
a) ¥l BB ER b) REERERLHE
a) The SNR of the output image b) The SNR of the extracted watermark

Bl 4-19 EERBABESHHERASXERERABXRER
Figure 4-19 The relationship between the SNR of the output image and extracted watermark with
the third embedding strength
Zi:

BECHRBABESRHERRERRNERREXRELE, RITTUER
BEE A SREE (M, i E A R T RN, iR E &K AR
AR, FHHARABET AN, #dEHRFERRDEGHE MEER TR,
R T TR KRARE . BRTRE —RRARE, RNEET A
BRERERBNERAREABNITE, RINBHOTEHR: B RRABER
ol =15, HETEH EG R SNR1 = 34,1174, HBERFIE SNR2=23.8204 .
RN 02 =20, UKETHEEGFE SVRL=33.6549, RUEKRAE
SNR2=246014 . B=XHABRE N a3=25, EMWMHEBRE
SNR1=32.5892, iEE(ERAE SNR2 = 255153

e KH—EBNKEZ R BRAR RN ERRERREER, R
FIRTLAE H: BEEHRANKEMS BAR, BAREHEHEN.

4.5 FMELSESEMEALE

W T B FER IR SR, RFREENH B EHTIGE, Sk
B E R . ERTR S Yk bR JPEG B HE, MR AR EERS T RIS
KIKENE R ER R,



IS DCT R HEH T BEAHR

1 A B T R A, SRECH B K BN R B R 43 TR
(R R RARE o =20, BOEEETRE S FHRABE Hal=10,
EoRRABE L 2=30, BSRHABE L a3=20) |

F 4-3 AR S SRR A K BN

Table 4-3 The SNR of the walermark extracted from the image with salt & pepper noise

B A CEE)D

R
SN 0 0.01 0.02 0.03 0.04 0.05 0.06

JKED | MEIEH: | 28.077 | 20.056 | 13.7 | 8.694 | 5306 | 3.025 | 0.213

- gofEd: 25675 20361 ) 14.81 | 10.09 | 8.257 | 5.386 | 2.451

KER | MEEHE |23.684 | 16277 | 10.878 [ 6.533 [2.88 |[-1.52 |-3.45

- i EY: 27634 2049 | 13.723| 93 | 6.643 | 3.68 | 1.432

2. MEKEAKEGAETE R AL, REHAKEBREEDR 4-4 Fix:
(R AREEFRARE o =20, SUAEEPRER —LRARE al=10,
WIRBABE N a2=30, BEZRRABENRa3=20)
F 44 TN FE RN 7 S SRR ! K ENELRUR B

Table 4-4 The SNR of the watermark extracted from the image with gauss noise

SNR EgE (hE)

0 0.01 0.02 0.03 0.04 0.05 0.06

KEp | muElEyE | 28077118673 | 11.204 | 5.446 | 3.082 | 1.056 | -2.677

— it 12567518910 12.837 | 9039 | 5611 | 227 | 1.141

KED | mEEd: [23.684 | 1462 [8746 [3.92 [0.831 |-2.721 |-3.97

- gt 12763418634 1166 | 871 | 4835 | 1.95 | 0992

3. REKENERIHT IPEG B ¥k, IR MKEN BB B INE 4-5 B

(A RN RE o =20, BB F BE B —JRNBE S al =10,
BORBABENa2=30, BSHFEABENRNa2=20)
gibs

WA R 4-3. % 4-4. T 4-5 PHEEE, FIUAHNTSR: BTE4ER

REE RS RS 19 DCT A F B BKEMRAEE, WLREREBENETEE
MR AR, I EBNEA. SEAMEFARRSEEGNRE, A
AT REREUK R B AR E . B RS e M L, WLLE A
Frit g R Rt BT R BB R,
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% 4-5 IPEG W SREUH sk BRI R E

Table 4-5 The SNR of the watermark exiracted after JPEG attacked

SNR ik {24
0% 1% 2% 3% 4% 5%
HRIS | 26.895 | 26117 | 24.765 | 23273 | 21.612 | 20.018
= 6% % 8% 9%, 10% 11%
KEI— 19.059 | 17.728 | 16467 | 15235 | 14.497 | 13.774
0% 1% 2% 3% 4% 5%
BOHEE | 26523 | 25.641 | 25.156 | 24523 | 22959 | 21.212
% 6% 7% 8% 9% 10% 11%
20.009 | 19393 | 1879 | 17.922 | 16.787 | 15.966
0% 1% 2% 3% 4% 5%
BRI | 23.599 | 23478 | 2297 | 22.612 | 21.873 | 21.198
7S 6% % 8% 9% 10% 11%
KEI= 20.681 | 19.83 | 18.851 | 17.689 | 17.042 | 16.476
0% 1% 2% 3% 4% 5%
B | 26.553 | 25.685 | 24.612 | 23.383 | 22.708 | 22.172
& 6% 7% 8% 9% 10% 11%
21.201 | 20.937 19.1 18.349 | 17.835 | 17.007

4.6 KRG

FEEEMAT DCT BHRHEREAENE L.

Bk, KENAT DCT BHA—LEBAR, IFFENATJLRE LA DCT
A B,

ok, ABAEHEATRE DCT BEFEBEKEE, FMEARES
W EGEEUR SRR R RBILRET TR B, BiTLRs
RAEH T RS

F=, RERYT—HETRERERN DCT BRAKFRIGKEEE, #
i\ TR 5 R B DA R 5 SRR K B R R B AT T R IR
St ) B A e PR B TR R K BN P (R B AT T
Bk, 4 SR 2 S R A B T AN B K TR K D

BJ5, AEMEHIEERT T SRR . MFHEES BN L BT
bR, EATRAGE, JPEG E4Bd. HUERE S Mk el E B R
. BABNNTES: REFREOETHSRER DCT B HKFEEK
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SR DCT EREE T MK NEAR

B BE E R AN SR B K ENAR R FE0 Bk i AR XL L B 7R A ek A1 JPEG
EAEBHE — e i, EHaRENTAREE.
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BHEEF DWT 8% 7 ERKEEA

£RE DN FHREHFEBAKENNREA

H 1986 LR, AIEAHHER., FESNHNHR—ENEYE. B
—HFEE TR, DMNEEREREI ARG E L B E O S e~ AN E
KE, AESIW. BHLE, Zr98ERE A3 R ERNBoT MRH#H k
arfEHE R, & 20 R A ARBEERR RS — BHEREMT. HiiS
1. &FEHEERBERN/ DI ESCERN SRS, BN EE
AmTA.

e X P AN Sl EE bk Sl 1) o nd S I - BN S e
FERRER. HTERRKRETHRMNESRAR, ERRSADET M EIREE
HWeEWIRRFRE—MRE, ATERNEBRLTENLFEW, JPEG &
MR B T —RFIS XS ik, (AR, XA —FERIT RSN EA TE
RMEILT BB, g, BRUNERRNA IR RECREERESN
gef. Eik, LSWiRFHE R ERFE—IPEG2000 ML) MPEGT E4F iR
TR T AR e BT FEAHARAE R i 3 K O B0 v L R 4 M v 5 3%
HERE N, MERIERERBGERGR . RN IR & 5 R 4 5
BRES, feiEN ARMIASE BEE KRR AR L2 SN2 00k
1T, MEABRRBEFEKPEECER A AR A SR EENH AT,

5.1 BRUMNEIR
5.1.1 ZENETHRMEN

Lt R AR P R R E LA N R LR R R EFESE N
EXEFHY, SEATFRESHON . MEFRESMT, HRNAT®Ry
Preksb s st BRAER S, AT R ERESE SHEHERAMEER, &
Bt AERE T RE, BEARENREN B (STFT). Gabor #:
MRS, KEFBEE: #2EFEIHN—H “PF0", X HO”
AESMAEHELE, XN T~ HIET B, &I R A RA S e s R
AES ML E, XY T IET IR R, @I R AR A S R RS R
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:1!: ?Iﬂk#lﬁﬁl;ﬁﬁi

B OmBEA D, WEFRAMR EHFREEES&. STFT Al Gabor TR
FHE S M SRR SR A T, ’&T’Eﬁﬁ%ﬂ%—-#ﬁ‘] AR ELE BEN
RS AR 5, M= Eﬁﬁﬂﬁﬁl‘ﬁﬁﬁﬂﬁﬁlﬁlﬁ PRGEEARA 2t Y 38 BT B )
&

{SLH AT —MME SRR A MR R E R, B e —R et
AR RS B, DESTIE—ANES B R B RN ChNERRED ()
SUBMMEREN—RFNE, BRHNERDERBROERY. BHEDMEE
BT, TEmEaFRL(R)RLR)EE L. L(R) RN AT E )

(LRREMEFN, RB/REZEALY, ERBEETLFEYD, &
#()e LR), W[ ]/ <+ (5-1)
(R RIRREEARRETE (BREEND, B
A7) e 22(R), W[ /() de <+ (5-2)
BTN EBREX. Mvp()e F(R), ERMEIIHERy(w)iHE:

C, r%—dw<w (5-3)
WFR () R—ADER Y, S RS RRY (BINBESD, &
W,,,(:)=Lw[’;'3) (a=0,beR) (5-4)
B IR

A6 w () E BT 24 a 7 b MR /N /DI (wavelet) Z BT BAFR 2 /N7

Rigtaxaii, AEFERMEE. ZRUBZA “B” BRIEERNFEN 0, R
fAESIE. Bk, BN ELN:

W {a.b)= [ ()., )t (5-5)

f(r):ﬁ:ﬁ[fjwf(a,bm(r)d_:f—b (56)

Koy O E T, () 3.
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5.1.2 BREUMNETH (DWT) BIENX

Xt RESHaMPBE R0 T LAHESE My, , (VFNEE R W, (a,5) B
o %, RESHa MTBESE b MEHAARS R a =a/Fb = kajb,, 0
BNy, () TRR R

' y/j_,(t)=a:;w(agjt-kbo) (5-7)
TR N REBR AT

w0, 6)= (O ) = [ O T)ar (5-8)

=S w06k, 0 (59

Jjewk=—o

RF, (HARRE: cREGFSEXMER, METR (4-6) PHC.
5.1.3 HHPESH

Mallat # 3 E YRS P 10 2 RERRAGI AR DT, |'ETHEA
W% A HESHT 4 (multiresolution analysis, MRA), LEAERK L(R)F
BIERH £ () RFN—RIIMBLLEM, TEFETN AR 23R (BRRED.
Wi BT &5 2(R) F—RIITFER, ;me Z) R—MER olt) h—E

A MRA:

Q¥ v, cV,, VmeZfl.cV,cV,cV,cVcl,c..;

@EtE: (), < (@}, closd U V,,]:L2 (R):

gt eV, o f(2)eV,,., YmeZ;

DT fO)ev, < flt-27"k)ev,, VkeZVmeZ:

G FEl), # ol -n)ne Z) RTERV, {)—4 Riesz 3
K, RBTREEEE ZR-2HEH.
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HAHOROTR, ERHE g, (V=22 002" —nyneZ, RV, EHHH
HEERE, mT{,} AR C(RPERHR, BER,, (hmneZ} RaetH

C(RFHIETE, AR e() s REAMTHERTRRERY.

T MRA ., W VEV,, PR EXHZHAZ W, , 0
W, L1v, BV, =V, eW,, ANSFW BEERBETMNER, B
Wo LW,,men, B f()eW, = f2"t)eW, . HEHEOROH L (R)= W,
Hrh W, HIR L (R) M ER R B RS (o), BB (- n)ne Z)
W W, MR TE S, MEBE ., (hnez}m L2 (R) MiREETE.

BT o) eV, VBV, HIFEERHE V2p(2t - nhne 2}, HBFFER—HER
¥FTl{h, neZtel?(2), 18

olt)= \/Eéh,,go(z: —n) (5-10
REFFIHHE AR A
h, ={pleh29(21 - n)) = V2 [ ot) {21 - mhat | (5-11)
2

5.1.4 Bl #ER/NESTRE

PNERGERTERGSTHEABERELEGETEZ MRS H, HERST
BEARAZE. FRMEGTFERE. BRELPFEREESEIALMNMRNE: K
¥, FH. MASRRE, REHSE USLSESF. N—BEERR, PpEE
BB T R TS RSO ME. B 51 %0 T X Lena BRI RN BSHE.
ELbf (LL) REEFRERFEOEREEL RAETHET, HLREET

KEFEEE. EEFAEEREEFRENATRER. REN, LH,RREHN

BRAFFNEE. BEFARREEERBNETER, HH,RATHRKF
MEEF HELTHRBEENATER. ARNLBLRE TS RRRNRS
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BHE DWT EREHT ERADEA

PE 5-1 Lena & — B/ E E R REH
Figure 5-1 Two-Layer wavelet decomposing of Lena and the decomposing structure
Efad MMERRE AR EBEMNEEEES FEESNEEARES,
ERNE BB AR S RRRFRNEE, RNERGRNERZEED TR
4, MAKF. BERFAKHTMERNED: KFE. EEANARBIRLTT
REGEAKE. EEMNAREIMNLEERS, RERVRKT mfeE. SR
STTUFRELZEERR, KFP. EENN AL URIERTI .

5.2 DWT iR A BBk ENEAR

5.2.1 DWT s BBk ENRARBIHESR

- DWT ZHBEBKNEEA LA A KEBRA . KERR RAD FAE.
R L AR 5-2 flf 5-3 kfm, B BEHSR7F KA UARE
RHE®KSE.

#48 KENER
BEEGR DWT WA IDWT EKEER
> - > >

A 52 PEEERRKERAEZER

Figure 5-2 The frame of the DWT-domain watermark embedding algorithm
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B 5-3 DEEERKERI (RED BHRER
Figure 5-3 The frame of the DWT-domain watermark extracting (detecting) algorithm
ME ERTELE RSB E], D EKETHR AR A R MNR R P #ATH . AT
B, DMERIRE, DRRER. KENEINERE UL RK M EHRLS W
FKENRGRIMERE, KNSRI AT .,

5.2.2 JLERE J0 49 DWT Io3is Bk ED B 3:

FHEAA— DWT BB R EN
1. BTEFETHHE
BEHTIRERKBAERE T REBRORIESREILS BRIORN

. B EON— A IR B S BB AR EE R N R

s, o TAERT BB AT ERAEENE, ER TR KISy R

AN T D ST B R . T I SO 2 B A e R B AR T

s, BEARERESELNER P RERMRE— B TR I T

B, FHEETEBSTEEARES, SKIRARTESR DCT AR, T

T EEESR R N S AR RN R B I O M R R

BRSBTS, —ANNTELUEKER, §—KHNETRLERE, HARR

REARMBAT 8, LUREAS0RT Lk,

2. WA EAEE
TR B R RSN, A SRR R B

S, KERMRKEET 0, AERS—BARNTRGHSNLEELNE

B ARA N, SEREENIR. XS A 7 R R

RIREAGSIGE A REREY, BTSSP, s BREGR

R R .

WA B R S AR A KE, i B REGR KA
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HRENANRERTIN, UEEEERETRATZHMER, AR BEY
LAENTFIME, aMBEMTHKTR. £—£8ED, REMNEZEHHE
HOANTRR B0 LT 2

I’ = maxjc;’l} | (5-12)

ZITRERER LAMRE. FRA O NTHMNREENENRRNERE .

Tsekeridon®FI MR B BB £ S S, B ESRNBE—EME_E
Y405 2 B PR — R AEEF BAAUKED, WRERZRLA RE G, R
HAEMKAEREERGEGMWURT, TUXKELKOMESLSR.
Kundu* @3 & AR RN R —2HEEP =AY EHA T o ERHN
WRERR, MHRA—FZEKE. HE—AEFH=DREHITHF, XPEg
BT BALDURAKED . Davoine™ W SR 4B EA W A B BIA AR X,
FEAKBRSHEMEEAKENEERYE. BSIMRENBEEFHSBHTE
W, FHARKEEERH—A K. BFARRBTNZENZBCHH— 3T
B, MRBESEENERHEEIMXEBD BERYHM XMITERAER
BRREN. BRESCEE ARNERENEEN DWT 45, KKH
BB B GNE RN R, R ERA KK B EIRE, I
ST K EPR BRI

3, MARBRERENXR

JPEG2000 F1 EBCOT W E=E %t B #5 & : @i xd BHR A ML 4 B A 4w hg 2R
BrE R EERR B, A TER JPEG2000 MRLE, HAARRE T
GRAD AT ML B AR MK EMRAELE

RN ET B RRBFK IS A FF1E B Wang I Sul*). Wang
MBS RETZ IR EHERD, So WAFSRIERFKRARREEE, %
2 JPEG2000 BUREAR R RRL. FRFEMOKENSEETE BT f4 5 T4
Wi RS AR LD B LR AT A . 7K B R A IR B 7 B R ) B B AT R
TEAEEET, BORERRET DUBES b 7K BT B FHB BT AT 28 — R it
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A B R MR RGO ED S R SR S 5-4 B
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KENE BHRA
KEEE [ EHRER
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EIKEME R
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B 5-4 Bk R ENEE
Figure 5-4 The classic algorithm in DWT-domain
1. DWT ##:
I THEBAMAKNMNERES (0 JIPEG) EERBAIEENE, AR
A BEREEERGSE B TR (DWD MEI_BESHRF TGN,
A 5-5 s

AN
L3 ™~

i, | & - LH,

VN
HI, HH,

55 BaMES FEENR

Figure 5-5 The structure of the multidecomposition

e, E4REMROBEES, BESTHLLEE T REEEOBRIHE
(58, WLH,. HL,FHH, B LL, MEARGEER, BTRW LA, HL, A HH,
BEAYTE—E8L88 (LH,. HLAHE) BHEEE. EUMETRS
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fif bty B (B R op AT AR R PN R 55 BRI &, EEARRE Y,
WS BT/ RER T /MR R i % A7 B 3/ R B
KA A, ERRTHENE PRI R E KD RSP E, mi A
St IO 67 B R/ R O A H AT P L

2. FKETHEA

FEHANLE b, R LL HERAREHTH, HEARMEF BN

TR, RN EHABRMEEHTH, H DWT REMNERD, FREHEA
RIRAYKEN, Bk, KRN ER, #FLH, . HL,. HH,. LH M HL,

YK ET AR T . RS TH P, HEERKHREGRTE R UBRAKEE
B

3. ¥ DWT FF#

23y DWT ZREHHTES, KEEEBRAR T HEE ST . MBRET
HDWT B, BEABIKOFELNER.

4, FKEDEIHREL .

KEEBEREABATENESE. ARFENRIGIENEE KGR
B, EIZEREETHERARERGNRGKOEENSZE.

5.4 LIER

RS AR GWE 3-1, KEPBKRINE 3-2.

EREBNEET, STKERAEES, BHERNE 5-6 Fix

R ERARENT R RA T B AR, DB E R
SURATECR, BRI e M 5 31 40 ik, 18 57 AAERABAGRE FRIAR
R RE T fR B A K I — 5 it R B LG, LR AR PN SR TR
K ED BB R, (P BABEa: 5—40). B 58 HEFRRARE
T E B A TR 2 BB A K B TG O R L, LA R AR
B FARRU HK RSB, (HPRARE o 5—40)
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2) SR —MHHES (SNR=3278) b FAHHHHLER (SNR=37.128)
a) The image with the first watermark ~ b) The image with the second watermark
5-6 FKEMERMES (EABREa=15)

Figure 5-6 The image with watermark (the embedding strength: « =15)

45 T T et v =

a ~ A2k BNt BT o i ok H
- RWRH AR M EY Tk
. )
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£
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g ST I

gi“ﬂji
B 5.7 B BRRERRRGKGBRER (A

Figure 5-7 The SNR of the output image and the extracted watermark (with the first watenmark )

5 0 k]

DB
#A3 H alpha
B3 Bl BRRERRRYKOBGRR (FKEID
Figure 5-8 The SNR of the output image and the extracted watermark (with second watermark)
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a) The traditional wavelet structure b)) The structure of wavelet packet decomposition
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Figure 5-9 The traditional wavelet structure aud the structure of wavelet packet decomposition
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Table 5-1 The SNR of the extracted watermark (with salt & pepper noise)

R s (CERED
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Table 5-2 The SNR of the extracted watermark (with gauss noise)

SNR SigE (FE)
0 001 | 002 | 003 | 004 | 005 | 0.06
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Figure 5-19 Cutted image with the watermark
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a) The extracted watermark from the image cutted quarter patts through the improved algorithm
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b) The extracted watermark from the image cutted quarter parts through the classic algorithm
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¢) The extracted watermark from the image cutted quarter parts through the improved algorithm
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d) The extracted watermark from the image cutted quarter parts through the classic algorithm
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e) The extracted watermark from the image cutted one of 16 equal parts through the improved

algorithm
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f) The extracted watermark from the image cutted one of 16 equal parts through the classic
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g) The extracted watermark from the image cutted one of 16 equal parts through the improved
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1) The exiracted watermark from the image cutted one of 16 equal parts through the classic
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Table 5-3 The SNR of the extracted watermark from image attacked by the JPEG compression

SNR 48
0% 1% 2% 3% 4% 5%
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% 6% 7% 8% 9% 10% 11%
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0% 1% 2% 3% 4% 5%
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# | 6% 7% 8% 9% 10% 11%
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0% 1% 2% 3% 4% 5%
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* 6% T% 8% 9% 10% 1%
KEI= 19.007 | 17.316 | 16.345 | 15307 | 14.105 | 13.107
0% 1% 2% 3% 4% 5%
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% 6% 7% 8% 9% 10% 11%
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