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Abstract: Most previous DWT-based watermarking algorithms belong to either private watermarking algorithms
or fragile watermarking algorithms, but there are few DWT-based robust public watermarking techniques for
copyright protection. By taking full advantage of the masking characteristics of the human visual system, first a
IND (just noticed difference) threshold matrix based on block is given in this paper, and then a robust
image-adaptive public watermarking technique operating in DWT domain is presented. Firstly, the 8x8 blocks of the
original image are rearranged into a 1-D Hilbert sequence in Hilbert scanning order. Then two neighboring blocks
are selected from the Hilbert sequence of the host image blocks in turn, and 1-level DWT is applied to the two
chosen blocks. Finally, a corresponding detail subband is chose from three detail subbands of the two neighboring
blocks at a time, respectively. A binary watermark with visually recognizable patterns is embedded into the host
image by modifying the polarity of the average value of the two corresponding subbands. The embedded watermark
is invisible to human eyes and adapted to the original image by exploiting the HVS masking characteristics. The
experimental results show that the proposed algorithm is effective and robust to common image processing
operations and some geometric distortions such as cropping, pinching, pixel-shift, and so on, especially, it receives
better robustness under signal enhancement operations. So a conclusion can be made that the proposed technique is
practical.
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P oY G0 L AT 6 HORAKEP SR AR E A RA RN R b i e ek b ke B AT B G,
P 6 ek B B 4E % IND(just noticed difference),#t 42t T —F 2 F DWT &9 &4 KPR K HiEE 4
Je R B 5% 8x8 iz Hilbert 124600 /7 He7,A 5 £ R B 155 $e 4y Hilbert /77 LI F A8 48 3k 5 A 24T — &
DWT, 45 6% 43 IND B8 38 R 3% B3 2 B AR AR S &t L 4 0 F 4 MMEX 4 Ko X A A B & b
HNTKEP AN TRKEP B ARAF 69 0 K EP NGRS R B R AFAEAR B 3E 49 F) B, KPP A9 4R IR LA K 80 T
BB Heoh, F e s AR i Akt LB AR, AMESE R FE. REBSLFIUTERA
B 5 0 Gt A A RAZ T3 IR R L T U R R R K EP 69 JE A AR IR T VAL B iR R R A AR R A 4.

KR BRI E AT R PR A R A & %o Hilbert 4248

REE D ES: TP309 SCEAARIRED: A

Hr K B Dy — i A e i 7 RO R AR T B U AR SR AR B TN 2 G I i i 4 A
B IT AR — AN — DG B K EN R AR AR 46— SRR IE B I ME . Btk et
1T 7K B2 B 1 5 B B 1 2 — X P i 8 X — T JE B A& AR 2 — 3 78 0 A N 2SR &R 48 (human visual
system) (115 MR 1 U R /NI AR 3 1K) R A (0 -5 SRR MR AT 55 HVS B MR T A LR 455 1 AR LA, T B
4 JPEG2000 Fll MPEG-4 H /N A 3 1 SR 5 o 96 T ZE M A (545 DWT 387K B0 B0y AT T [ (1 1 e, ke i
Z IR R IT AR AL DWT UK BV VL FIESR.

WL A TIRZEE T DWT 7K LS 0 3L ok 22 504 8 T A6 K ERE->Tak B fifg 7k B o7 i et )
A LR )4 A FF K ED VR EI AR D SCRR[2138 T — AN ET DWT IIBRIE /K B A 5, 5 I T i 5% S 4
T K B B AR LK BRI 7 S I, — PR AT /K B T Z€ Podichuk 7F SCER[3]H R T — A TN
R A (1 AR 138 R K B 545, R P A B A 78 SR ff 52 K BT N ASE B R N 30 55 L A7 A B S B /K BV . 3¢
HR[4] LA — 2 S AR G 7K B TR /DN 95 7% e 1) J22 2k 46 R0 Tl — 7K B s 528 4 N 810 A [i) PR A0 26, 7 v A0S
RN 22 7K B 5 T AR ARG AIETS 23 1k N 38820 IR AS JEL AR IR 7K BT R AN B i 29 i P45, HL HAX BE PR 4R LL ) 2.69
(1) JPEG F4i SCHR[STHEH T —Fh T 2 40 MR (MK OV B0, DA — A G /K B0 B AN R] 43 2R (R 7K BT N
E) R EHGAH N2 FE R 2 v RE T — B TR JPEG R4, (H7E 7K EVAS I s A7 75 K Bh - B UG SRR [8]h ik T
— BRI T UL AR /N e 1) B K B S AR )Nk R B0 TR P (R AN ] 1 AS ] 5 b A RV ik N 7K B
15 I A B T S IR S R (A (A0 S b 9 2 FF K B SCR (93 o 78 43 2 1B 45 UG - SURE R S
5B T — PR TR K EDHE R v 5507 3%, 5 e 5 T BB R 30, 38 th 77—l B K RS I U7 48, JEK Ep S —
LR BEATLIT 51, 2L 7K B A 30t BUR S K BRI A7 A8 5 4, 10 AS 2 DU B9 7K EP e E B0 00 S PR P AN i 2R TS N
TESCHR[10] 4t T — P T 2 2 HF R R B0 /K B R RAR L 7K BN BOAS 75 2 D [ (R e R B B — AN
FiE BB F, AR R R 56 4 S50 E /K D4R I 5K 2 46 AR SCBR[ LT 38 H T —Fh 3k T 2 /AN 19 4 JF /K B892, A
TR AR BEAR A 1 2 18 N S D0 2R GRHE e 2, B2 th oA e 4 HH Bt [ 20 ks (9 52 46 4 A

AR T — M E I T DWT BI5GB &N A TFKERHEAR R DL — 1R = SO A BHE K
BV 75 78 93 2% 16 HVS FERcRe 1k (0 250 FL 25 T — Mg S0 AF G V'S HFE AR 20 (0 35 T P15 o0 B 1 e 75 [ i v 5
J7 ik R VAR T Hilbert 130> ) BEAR G b (5 F P45 25 18] Jad 5 RS 0V A0 A, 7 45 4 45 DL 30 11 F) S Ttk
T AN TR 5 R A PGS B ) Hilbert J7 81 P B AR AR 23 BN 9 A8 4 5 #8508 B 41 1 T i S8 4B 2 TR TR K 2 6
R, LU B R b RN K BUE 5, ELIE SEEL T K B L SR 4 SRR B 1 R A O B b AR e T K B 3% A
PE 55 Bl Pk B P 0 T8 1 R A SRR AR RO B . BE T . BRE AL A T U B A B I b

1 NESEEBENAFKIEX

L1 R HEINDITE
ST ARUEZK BRI AT R4 1 3 B P 5 P AR 2 10 I /K B B 92 SOV T 4 2% 1 4 2 N HIR ML B ik
R T A S 9 R T e ) 11 SR 75 B A INDjust noticed difference) it 5 =B T HVS [ LU JLASFEREM:
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(1) RN AN i) 278 2 X358 PR e 75 6 A0 A0SR P AN ), 308 0 0 v 458 B i Ay AUURK 7 v 48 A FEE AR 56 1) Y BB o
Weber LU {475 6 48 0.02, I A i 2 BE 5 AN 5 1 Sl 8 vk 1 e, ) 1 7 /U S)(Si v  RATTAS 9 1B 0 X A
LM b R T AR E K U ith 2, HORE R BURE fe AN L )AL BT IR A B, EAE

oz D PG b 6T N AT A (u,v), BRISME R ave(u,v), BEA [F] 538 BE 0T W 75 PRI HE 55 R+ 0
£2 2% (u,), W eo(u,v) T FH 28 (D) R
=]
O o _ _ 2
N (B=0.0Dave ) =1V 6 05 it ave(u,v) <1,
| 1, gray scale I " 112
Fig.1 Contrast sensitivity o(u,v) = 0.02, , if [, <ave(u,v)<1,. M
BT XL R g (B=0.0lavew ) =1 o605 e ave(u,v)> 1,
(255-1,)*

(2) NHE S EIAGTE 0 X 75 452 A0 I 1T ke 0B X W 75 25 g A 00K o~ I AL 28 /I 1R 5% ISP 3 DX, T 0 (1L 8K
{1055 I PG S0 DX, BRATT R e e 22 i P45 23 B PR SO B A 35 0 Al B B, IRAECA H (u,v), 9 38 5 SCBEX6E 7K B
TR N T RE T 18 25 RS, FRAT 1K L () — A B X [ [a,b] |,

b—a

H(u,v)= Py TT—— [H'(u,v) —min(H")] + a, 2)

H(u,v) BV R 5 20 B 25 2505 K-
HT BTH(),2) 85387, 5 8x8 43t B, I ] VM 75 [ {5 W] 2 7 by L3R 1 10 1) e .
T'(u,v)=0,v) H(u,v). 3)
R PR AUE 7K B R N 58 B2 1R AT 48, DU Ptk A\ 7K ED B A B B AN BT WA, B 77 (u,v) VA — A B X ] [e,d] b, B
33 e A R & 8x8 43 B B, (I F AT I 75 1] B, L =X (4):
rmﬂoznmﬂri:;muﬂfr%mw—nmmrm+c. )
(3) Y4BT R A — BN AR W 543 3 4 ST EIME LLOKFFIEE 1577 17 33 0 I 19 745 ) s LHOK P 7 1)
AR, 3 T ) O v 8 BB . HLOK S J7 ) 2 el , 3 B ) o AR89 )« HHOK SV F 3 E 7 38
e 2 1)) RS AN [5) 5 10 AS (] J2 2k B v v 0 i P A ) e 7 A S Sl R e T X 45° 75 Il ) e AT
W 74 SR ORI HH )V AR A2 1(1=0,1,2) A8 [8) J7 [ 745 0k 8 75 (10 6 5 5 724 S(1,0) , 0. {LH, HL, HH } ,

S(,0) "]t F At
R .. 1.00, [=0
S(1,0) = 032, [=1"% 5)

1, else

0.16, [=2

XRE, UG oy P 28— /N R4 5 5 4015 77 DO A b m] 2 Vi 7 B 0] R A 2R (6) kR,
J(u,v,1,0) = I'(u,v)- S(,06). (6)

T Fad B 5 e AT S, A (6) I T S IS J (u,v,1,0) 5 R8T FG 2 HAS [ 538 BE (0t L B 4 36 2500
AN [7) 0B 1) 5 i 200 7 A B N AL 2R G0 AN [ 43 3 6« R[] Dy 1o 5 P R A A 7 7K BT N T 5 11 T 4
TRAIKED [ i AN AT WA, I 157K B R N 58 BE 5 D PRIBORR AR AR I 2. 6 A0 70 DR UE 7K B i 525 1 1 1) T 42 1 7K B i
JE B BRI AR SCRIE I SRR T I RIE. BT
1.2 JKEDHRNEE

M SCHR (2158 HA /N I8 35 PR AG 7K BN R NG 55, A B F S0 [ W L AT 8 0 (1 3 W ek 0 48 e 1k, AR SO B 4 TR R
155 8x8 JrH— 2 /N AR T 3 AN AN A HEAT K ED IR N /K BB N 5% DL (6) 14 M 75 B A J (u, v,1,6) by LR,
SEVE I FEA BUAEUR: 1 S0 K IR 06 TR 15 4% 8x8 43 BLd% Hilbert 3148 W HE S, 4% J5 48 i P % 8x8 43R Hilbert /7541
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TG IO AR BB 43 P43 BIEAT — 22 DWTT, 15 45 45 % 43 Je IND B3, 00 52 AN [ 5 32t 8 6 1 A 48 B 3 A% 1 40 745 -2ty
P T (0 R/ 56 2R LA 58 BRI B I8 BB IR N [N, O 17 3k — 20 3 s S 8 P 1k, DU A A S B AR R iR AN 2 A
IR ETRRAR, LK B N BATT 8 R TR e P 01 7k JLE AT VR ek 1 1 K 0 N A HE [l G P 2 T,

Key —>|Pseudo—Rand0m sequence

Original
image W(ij) Wi P(i) Wi
Convert watermark % Watermark modulation I¢> ol
into 1-D signal § _g
8x8 blocks of - - 573 9 Watermarked
the original Rearrange 8x8 blocks Select two neighboring Apply DWT o £ @ ol E - -
gina Lo X N || tothetwo L | = Ll IS Ll image
image [ of original image in || blocks from the Hilbert b block / ] g0
Hilbert scanning order sequence of original image chosen blocks

Fig.2 Block diagram of watermark embedding
K2 JKEVRANER]

IKEMRAN AR AR 3 AN D3R8 R

(1) KEME S AR EH HKDEBHEF[KENGES wRERHATHRMKE LN —4fn&E
WL W={W\()|W1(i) € {0,1},0<i<mxn},mxn A 7K EVEMG RN 3658 K B R 48 (1 S vk 55 22 41k, 7T B % 4 key
FH R 5 A il — A AR P,P={P(i)|P(i)€ {0,1},0<i<mxn},tH P XP7KENES Wy b AT TR ), 15 2045
WNIKENME S W, W,()=b(i)D®W,(i),0<i<mxn,iX B, @7 F /R B (LT 7).

(2) 7KENMF 5 ik \.C.Gostman Fl M.Lindenbaum 1iF ] T Hilbert £k /& B3 414 i 26 v R 0% 5 4 Hb fR e
[ Jod 30 408 4 1 11 i £ Hilbert 7141 B 0% 50 7 b AR 45 BG4 1) Sy 3 A DG HE D 2 AT oK SR B8 T(MxN=8) 4%
8x8 7y Hi, JF ¥ % 8x8 P4k Hilbert 940 /7 HE 51,45 3 2 Bl 8x8 4r Pty Hilbert % 51 )7 4 Hb,

Hb:{Hb(r),r:o,l,...,Mlzng—l} RGN B 5 43 B ) Hilbert /541 Hb itk B AH4E 8x8 L Hb(27)

b2+ 1) AR AR5 AR A5 7 I3 PR 15 B0 R B ey (t,v) S BIHE S By 1 B REE AT B2
40t BN B B UL 52 H TR By A1 B 46 4030 T4 T 45 K4 B T4 DY A DL, (U
FRASH Dy A D), P4 22k (6)40 HY I S0 75 B J v, 1,0) 3 AR 55 R P 0 7 404 T 44 2
6 109 K/ ke 5 B A K ED A 5

PRI o 40t 12/ A6 4 40 40745 5 2R 53 A 15 50 PR R OB 53 A B HARL A4, T 1 BT T 5 o P 40
TN TR HOR S G AN T4 458 B0 2 VF K ZU BRI TR T,

DY (i, )+ S
20, Gy j) = @) ,tefl2) )
> 32 i, 6 pf o)
=0 j=0
RSN T B IE5r B 07 BT, T RUAITIE B A7, ) 3208 4, ) SLp 4K B 5 1
T
G Dy b S HI LI Dy b RIS Y, YD) > Y, 2 D) IR R D
T
SO Dy NI REG TR D, T R Y YD, Y YD) A

- Uy, v,1,0) + J(uy,v,,1,0)}

5 SEVEAN 0 AR ] s R
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Voo - o (udif)
D|(i, j) =D, (i, j)+ 4,(i, j) -5 } it W,(0)=1Hdif <. Hihdif =3 3D\, /)~ 3 3 Dy j)

DG, j) = D, (i, j) =2y (i, j)- L2

' (®)
D{(i, /) =D\ (i, )~ 4 (i,j)-@}

Ui W) =0, Hdif < . Foridif = (i )~ Yo,
DL = Do)+ 20 Gy gl [ I WO = OB < a. JRf = 0.5, D)= 2. 2, D107y

v PLE A
O 4w, (¢) =18}
tn%zzog 7)- ZZD (i, j) = b, WAt %, E'WEZZD@ - ZZD (i, J) 2 AT

ﬁn%ZZD (i, )- ZZD (i, j) < pith, F

SEDi6.)-ZEiN =TT DG bz dt) "’)zzu - {ZZD( - dr) ZZﬂza,f')}

—ZZD(ZJ) ZZD (u>+( )ZZ{MU)MO N

dlf+(ﬂ zdlf) .

FﬁuﬁZZD;(i,j)—ZZD; (i, J) = (0T

(2) FRLATE, 4, (1) = O A3 D30, )~ 3 3 Di (i ) = s .
TR T 75K ER SIS, ] 405 BEHE A 6 52 KA 5, LG A 0 1%

(3) AT Lot AR B ) TP AT — 2 DWT S As e, B4 S0 N K B G 1'% S22 LA 442 4
PR A7 7 A TR R DR /N 98 R N KB T AS BRI /N R 82 TR I o0 3R 2 DA 16145 2 B Hilbert 7571

HH AR A B 2z 18] AT ARG 18 S5 P8 S P T JEG /0 e R ) 2 ) ) e A K SR T T e A A B /N e AR R
H AT L] G AR AN KB AN 22 5 DR /N 3 B0 R IR 5028 AT R T /K D AN 2 5 . 4R, 5K(6) HH 1Y)

5 53 B8 A4 7 (1) 1 5 75 BT T (e, v, 1,0) R (7) P ARG T/ B R B B A7, (i) BLARAIE T 7K B
155 1R W5 ) B e AT R UIE 7 70 A B AN T 2605 1 3 T P 7K 0 i B2 Tk B8 K 158, 22 WOAS 7K BN (£
b2 W5 T K BN P e
1.3 KEMERERE X

K S BEEUIEAR 1 A 7K BB N (1 336 3o 2

(1) B4k BN RN 25 SR (2) fff o2 P AH A8 (71 B 5 23 B 1) Hilbert 7 51 AHAR) By F1 B, LA K H—XT N2 4

WA DL, R DL, (MR RGN Dy A D, )T th T2 mum 4K EV SR, maum = XN

w2 8x8x2xmxn
Loif 30,602 Y YD, )
W!(s,t)= .1 . W , 0<s<num, t=0L12,...mxn—l. )
0, if D> D)<Yy D,G))
i
(2) SRJGE M num AIKERRA R KBS 5 W),

num—1
i Z W/ (s z)>’””"
W/(t) = , t=0,12,...,mxn—1. (10)

0, else
(3) TIHZE A key(5 K EDAR N I AH [F)) 48 B VR ol 77 21 26 sk (R S 7 40 P xd ) ik 47 i 7, BY
(1) =W/(t)® P(t) ,+=0,1,2,...,mxn—1.
(@) SR AT T 6 W, Wit e —4i 5B W, W ={ W' (i,)),0<i<m,0<j<n}, W' (i,)€{0,1}, W' Rk &
H B 7K ENE 5 B8 A SCHR[4,5,10, 11T AHARUA: ¥ D002 A b 2 2 8 00, 56 B K EDAN IS 2 0 . 2 IE (7 2l 1 ), 4%
SCR AU B EET AF/K ER RARABLE 2 2R S 0 52 /K B B 8 MV IR vE (R 7 o w IRB AE ).
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22 HOW G, )

NC(nomalized correlation) = — (11)

mxn
2 EXBEREEST

D7 B DL — 1 32x32 1f) A MG 7K EnCn ] 3 Jrom). X)L B L 43 I 2 20%,80,150;50(2) 1, b
I3 VEUE A 1A 8;20(4) e,d 53 EAE S 48,1282 (7) 1, SBUE K 1.5+ BB 73 & — 2 /N AR 5 1 3 A4
T F A RN num(num=6) A 7K B RCAS A SC I 5256 [k TPEG A5 608 15 43 A1/ s 47 4148 & 7F Photoshop6.0 | 5¢
), BT 45 H R () — S B B S g 2 SR R bt s e Re o A

G/
U

Fig.3 Watermark
3 KETH £

(a) Original image (b) Watermarked image (c) Absolute difference between the
original image and the watermarked one,
magnified by a factor 30
(a) BB (b) FKENE B (c) FRENB T JF P IR ZE 1) 2% E

JBUK 30 % 5 #1114
Fig.4 Some examples of the proposed watermarking approach
4 ARICEHIEIKETRA K — 28552451
WEEL 4 LB LSRR 160 K ETV G I 5 R 8 0 2 30 33K 5 2 0 W A K D EL A TR RS T I,
PRI, A5 PR 5 R N K RS P8 2 22 BB (LB RHEDROR 30 %) T LAFE HH 7K BN 5 BE AE SUBE X LIRS 5
DRI g 58 B XK A P 51 XM v 5 5 B2 DX R 222555 28 DK BT N 5 B FL A 3 1 19 1R B B Ak A
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SCAE R H A — BERR AE DR B R (512x512x8)EAT T 7K EIVHR AN AN ] WL SIZ56: I AT 1 AR A (R 38 R (S 3 46 R A
1A ) UE W] T ASCER A R th TASCHI S 78 0 T T HVS b, 5 /K B 45 PSNR {R 1 42 n] ASEAIR
WA FEME B W] 5% R I
Table 1 Experimental results of watermark invisibility on some standard gray images
R LERRUE AR LT A EDAN ) LA S 6 & 2R

Image Boat Lena Barbara Houses Bridge Couple
PSNR (dB) 38.387 4 39.118 4 39.109 6 35.076 5 36.824 6 38.348 4

R T BATVER X i A K B ) “boat” R BEAT — e Mot vk e SE 5
5(a)~(e) 43 A X2 7K Bl G AT 3 TR 1k 90,80,70,60,50 9 JPEG Fi 47 Ji $2 B H f 7K B, P 52 7K BV AR
B 43 5304 1,0.9961,0.9004,0.7734 F1 0.7031.7] WA VL RE 4% — FE 4

Y B4 B

1) u-
(@) (b) ©
Fig.5 The extracted watermarks from the watermarked image after JPEG compression

B 5 A/KENEBZ JPEG E4 5 HEE0H 7K En
6(a)~(e) 7> ) A2 Hik N 7K Bl G ) “boat” MR & IR 45 L o0 2,4,6,8,10 [F) /N i 45 (3X LK ] ACDSee [
LuraWave i {1 J5 32 B 7K B 45 S FLMABUE 23 51 52 1,0.9980,0.9482,0.7393,0.7090.

G7 G %z” R 7
ul LU e 5
(a) (b) (©) (d) (e)

Fig. 6 The extracted watermarks of wavelet compressed version of the watermarked image
6 IRAIKENEMR G /N s 4 e SR IR /K B &5 2R
(@) 1% 7K B B “oat™ 48~ 1 8 IS HE MUK K EN &5 3 NC B 0.9697; 15 7(b)~(e) M 433 2 4 3 B iz
MR BRI 5% E T L 0% ST L 4% KR ER 8 75 IS TR UK B W K ER NC B 530
0.7930,0.9424,0.8896,0.7861.

(a) (b) (© (d
Fig.7 Smooth filtering and noise addition
7 P UE B S N S
8(a). Il 8(b)2 ik A K ENEMRBEAT 3 IR BUALHI 3 IRIA S BAL 5 TS IOK BN S IOK B 45 S AHAUE #8 ik
1B 8(c)~(e) 7l i ) 25 7K BT B SE it L7 P B 7« RFEEBERS 58 50%. 2 EHG 5 50%48 4 Ja $ UK BT M &K
B AL G AR AR G, 36 NCAEABAR 5,70 900 A 0.9990,1, 151X Uk S T % 5 484 5 B ify J LT AN 23 5% Wi A ST 53000 7K BTG
IEFSE I 8(D) 2 2e 16 (2 AR B S S I K BV 45 3 T 82 45 R 58 42 IE R (NC=1).
G7 G7 G7 G/ G7 G7
] ] ] U ] ]

(a) (®) () (@ (e ®
Fig.8 The extracted watermarks from signal enhanced version of the watermarked image

8 L5 4 sE AL TS FRIN MK O B
9(a) Bk 2 B K BN MG 22 1 A 1/4 389y, R UK EN(NC=1); B 9(b) K25 7K BN B 5 45 7N 25 400x400,4% Ji
TR JE RN G PR IR T /K EN(VC=0.7393). 18 9(c)~ & 9(d) 2 5t HBEAT 10%57 FE /BRI 10% 1) e 5 H #h
J& TR BUK B K BT v R, NC B4 51 2 0.7705 F10.7939.
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GUZ Fﬁ
(a) (d)

Fig.9 The extracted watermarks after different operations: Cropping, resampling, pinching
Ko Z3ay. 5 E R AL S SR A IR
K 10(a)~(d) & & /K BT “boat™ 43 B 2 T T WAL AL 2 R 3. 4 BAEFKT AL 2 15858 4 B F 5 FHRIK
(7K Bty EBCHE £ 7K B PG 5 B T % (K1,NC B3 700k 0.9805,0.7725,0.9639,0.7832. 75 4k 28 K-« e B[Rl N 4%
fr 2 BRFR(NC=0.9189), KFRAL 2 RF/FEEBAL 4 RRERINC=0.73T3)LLKK-FRAL 4 B3/ EEBAL 2 B
(NC=0.7578)AEBE 5 S IR 7K EVAL L 25 RATI R 3 vl 11,

T Wa T GZ| i G.7
EO N V- B
(@) (b) (© (d) ©

Fig.10 The extracted watermarks after pixel-shift
10 BEBALE SR KK E &R
BRAERR 2 P T A SCRE S R RN — S P AR LU
Table 2 Performance comparison between the proposed approach and reference [11]

R 2 AL S ORI PEREEL AL

. . Synchronization 50% contrast . sy
Image-Adaptive Complexity attacks enhancement Sharpening Color dithering
The proposed (Take into (Hilbert Pinching, 3 times 16-color
algorithm in account HVS) DWT) LO’W rotation-distortion, NC=1 sharpening, dithering,
this paper Yes pixel-shift NC=1 NC=1

Approach . 2 times 32-color
described in No (Mul;;;za;elet) No NC=0.9206 sharpening, dithering,

reference [11] & NC=0.9989 NC=0.9869

3 H#XRiE

FI AT 9% T /N K 7K B SR 2 (E R B X RROBL DRI 15 22 T K NSRBI 2 AR SCHESE 93 558 HVS
FERr VR (SR b, 2 TRl PR 20 B 0 i R S B A IND T 5559, 9 45 5 A8 T Hilbert 3948, 580 T —
FHEET-7r B DWT 88 B I 2 T /K BV AR Rld 0L Sk b, 2t T S0 45 R R LSt Bt MR e B, 5
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