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Abstract: Watermark robustness to geometric attacks is still an open problem. This paper presents a new multi-bit
image watermarking scheme that can resist Rotation, Scaling, Translation (RST), cropping as well as common
signal processing attacks. The proposed scheme achieves watermark synchronization using Scale-Invariant Feature
Transform (SIFT). The watermark is designed in a cirque pattern and it is embedded in spatial domain using
odd-even quantization. An odd-even detector is designed to extract the watermark. Simulation results show that

the proposed scheme achieves good image quality and it is robust to geometric attacks as well as traditional image

compression, filtering operations.

Key words: Image watermarking; Geometric attacks; SIFT features; Odd-even quantization

1 3|F

BT IR BB IE R 2 WA il BEAT BRSO 7 1) — Fb A7
MFBN . Vr% O 1 BHGOKEN LU RGARTT R R4, 8
PR T I, ANREIRIURERE . 40, PR (RST), B9
PIEE LBty o JURTEdib 7K EVR GER S A T /K BN 5 475
RAFFETBIG S, (RN E CEREZRN. FOUTBEEE G
REREEVEH 7 A e (1) X LA Bty FA A AR 45
HRAZKER B0 5 ()N — N EAMRIBER A T 5 A ) LA A 46
20 (3) M R PR AE ACHEAT K EN RIS 70 o B
AL K AT 2K B[ 202 5 —AXOK B SRR AL, R4
KT A

M PG AL i 3R AT 7 B KD [R] 20 ZESRAE I 46 T 4R A 32
Tk B G A 3 S SR IBCR A i, JFEATUCHE, A DL AR A
RATEATKENF] 2P« Bas 254 ] Harris #1409 45% A S5 46 115
AN Pty F G RIRE =, PR AE R AT = F o), 7k

2007-06-25 W #, 2007-10-31 &[]
5% 863 X135 H (2006AA01Z127), 5 H ARl 34 (60572152)
FIHE H i 5 54 (20060701004) %5 Bl A3

W TG, 7 AR TR AT K B AR, %07
VEIIBTAET Harris BEAE O FR 10 A LRI, LRI
BB AT % o BRI, K BT A RIRIBUR A i = i T A
(REFHUUEHT. Tang 27 FH 56 BF I /N B R 8 A0 T4 (4L
PR O E 2, SR RBURR R B B, 6347 4,
75 DET S K D, %77 V05K I e A RS R 4 B
i TR TR 0 A0 S 4 AT AR T 1
RN AR, BN R AL 2 S HUK
EPR I I . 2 21 SCIR[O) P 4R th 1 S8R TR A G
A (SIFTYHEAT K EME SRS, KRS 5 B Zernike K2k
B SLIEREAE P MO LTI, BRI K B 5 75
PRI T Zernike 5, wEACHAIRN B .

AR T RO LT R K B . Sk
A SR BT STRT 197K B )5 R T3 2 () A4 1 LR
TR ER NI 5L A MObRET RST Bedli, J=i
BT LA Bt BB R RO A

2 ET SIFT $HERBIKENRE S

2.1 SIFT
SIFT 1 Lowe T 2004 4F42 110, SIFT HEAE %t B 5



%13

RIS T A R A I T LA Mt (RO BN ST 135

(RITERE » ARTE VRS FATANENE, JF FLRFAIE A R DL e AR
RSy o JPIULTE B LU AP (1) RS ) B (B A
D, FERFAE R T AERL B AL s (2) & Bt L BRI IR
Ky (B)WRFIE BT s (4) 268 STFT $AiL 1A

W 1R, R R B RS A AR IR 3 e S
FHR PG RO ) o K RO = ) P AR QB PO R (AT ek, (15
B F 22 (DoG) EE . 5 DoG & P4 — i 5 L I 8
AN EUOBARAR IR TR RO BR mp X A B AR 2% 9 A )UEAT LE
B ABIRT /N TIX 26 A0, W2 A IR AT

EEGISEE

B 1 MBI RUE A5 5 i 22 (DoG) Bl 1

Y LB A R AL T B & Bl s, FIH
Hessian AR ILE %

Dzz Dzy
H = (1)
DT‘J Dy"./
DNV AIE R AR E IR R ke
D, +D,) ?
S = ( Tr + yy)2 (lr + 1) (2)
D,.D, — D, r

Horpr r FORFFE H R BN S M2 e, D, D, A
D, 53 Ml 3o FRUBE A3 ] UG 1 4L

T T IR AE AR ) 5 P g R AR g ) R Db R AE R
(377 o B BA 27 1) by AR R i o 204 LR R Pk
AR AN 128 i (KL )R AL ) R AT AR (R R
(Distinctiveness), R THHESIMILEL. FE401% SIFT Ak
PRI A WSk [10]
2.1 KEDEIZHE

HI T STFT $54E 5 BAT RST AN, ASCRI A HlE 477K
EpfFE . HHI T SIFT febl) ok MR UTICER i, SRIRRs
TR H % . g1, IR 512x512 K/ S RS
Ik 1000 AMFEAE AL, HIX SRR 25 A RIE /K EN D . B
AN SIFT FHE s R — AN RUBE, AH R REERIN RO AR
ST UG S B AR OB I AR A 25 T 2o BRIk, X AR
A PR PRI B 0 BT AT RFAE A, 1 58 25 BRI 8 RUBE R/ NRIER
DR IRAFAIE 55, A S0 PP SR (KRR i RUE I i 1 81

LERR AN i, 87 Skt SRR SR SIFT A A, IO
RANGE T B )1 Sy PR A, AR LT 71 Do G o BBk
AN, T DoG R HUH B R I AE A, B AR AR

(Pyypo) » XN o, MR 30 A A5 T (R RFAE X 35K
(@ —p) +(@y—p) = (ko) (3)
A R (4 AE s DoG BBk, Holiak
(3) s 5 (1 0T X358 5 22 i 11 DX A T8 (R R AIE o X BT AT 11
RHAE ROIEAT BIRERAE, (193] T R an EMG h 1 ELAR S 1
TERFAEDR S0 [AJEN, 47 SRE P PRI SO AIE ast PR AIE i 1 S 25
H key BEATORAF, T AE/K BRI BEAT R0 . 181 2 Brosohy
M 512x512 K/ Lena EHG SR BUERAEX 8, Hrh 2
kBB A 10,

B2 F TR ET RN IR R B AIE X 3

FERTI I, B 0 52 B PR BRI STFT il i, R4
A key BEAT/KENIZ o S A bl A A PR f Al 4T3
328 Ot 2 0 e 1 AR U S PO AE RS E 1 AT
DCFE, R D E 3 PR s A 5 (3) B N T /K ENIR DX
o 3 Fras A IR0 T7 SN Lena F§ [ 52 Hoiti F
PSR R 8 DX

HIE 3 R, AN Js s P 4N 52 ety B 45 b S ) Jd F X
AR R B, DR, MRS G SR, AR LA
i R R A, IR K ETRA 21 3R B X
BRA, WKENE Soxt ER Bt R St

(a) Bkl % (b)

£

(e) liE§k 30° P {%

(d) 30%JPEG Nl 1% (F) 4itii 0.8 fis (%

3 AL SR PR R i X Jsk



136 TS5 1FE

S 4

31 %

3 AKXKENE L
3.1 JKEPER A

4 7KEHRAKER] o 0 J5U46 UG E e Al SIFT FHAE
A JERIES 2 AR AR AR I RFIE IR 3, KB S
Hi RN BX SR XA . AR A IKENT B4 w = {w,,
Wy, Wy, wy b o FARIRNIN, B SER A B DK 45550 31 i ]
5 FroRi Rl L F R T, (R EFRANEL th /K ERRL £ N 5E

Q R REA IR

PRI
B B A

Fi ki 1%

kg ] ke |

Q S KK

4 JREHRAHE P

©

K5 B 2 %)

AR, Bk bR R OB R RO, TR R
br (z,y) B HA AR, B
puy =P, 0, = axctan(y/s) ()
ot p RoRIARAR VAT, O R WA BRI ¢ A
X3 CR, " LAKIR A

CRF{(:E, )

PRI T BN 10 7K B A 74 A Oy py 2 40
MR N IR F AT B, HRMMESCh “4” R
BB BIRR . BARERERD, SeRIH R RS S MR R
Iz, y)RFF “0” B “17:

0, # kA< I(z,y)<(k + DA, K k=0, £2 44,
Q(%y)—‘

R R
i-1)-2<p <i- =2l i=123--,N(5
-5 <, <t ®)

1, #F kA<LI(z,y)<(k + 1A, HA k= 41,43, £5,---

(6)
o A BB G RBATRUBSINE, BT
R E IR, NATAHE S B AR ZE (B AL T Y. 0 £ 40 DX T] (1)
(2, R, ARG R ARG K T T FR R BE AT 2

BEFFR CR, BN IR EIAL N w, , B 5ER AR5
CR, "PiE— MR AL e 75 -

I(Zy) A M)

Horp 1) FOR T . OB SR R R AL T AL X R
), BERNBESERFHE:
—r(2,y) +0.54, 4 Q(z,y) = w,
u(w,y)=1—r(z,y) + L.5A, ¥ Q(z,y) = w, H r(z,y) > 0.5A
“r{r,y)— 05, % Qrg) = w, B () < 0.5A

(8)

T‘(Ia y) = [(I7 y) -

WG, BEURIBERM T (z,y) N
() = I(2,y) + u(z,y) )
AT X IBAT RN ERAE, (F 15 2R K
BN
3.2 JKEN4RER
6 A/KENERIBAE R, xf 2 X B, E5eR SIFT
FRAE 5, IR 2 Key S5 KD SREAT R 25 . XH4E—A4
0 BT X3, AT 5 BN I FRAH [0 [ BR X 3 03 1)
SRS WA — AR R DR 3 P (45 22 R X (6) v b R e
FFCRREAE A 0 FBEANEON NUM, » BREUE N 1 MERER
AN NUM,, R AR IBOKED
. [0, # NUM, , > NUM, ,
P = (10)
L, # NUM, , > NUM, ,

P STFT $54E |,

PR i) (1)
1] B R (X

A g I T (X A

w R 2

ALY K E

|J!iifkfllH AL E |——| Pk |

6 ZKENFEHUHE

P IFR R (10) A AR LS o FoJo vh B JRUR /K ED w FI4E
IKED w’ I — A R R (NC)
D DO
DINRECN) SR
T —AME B DR 35 ] # AT DU E —ANKEME S, &
WA NC B H S5 K —AME Ry d50 5 IR 7K BRI 46 3
4 KBHER5ITHE
SE R 512x512 RK/MRKEEEIR, 145 Lena,
Peppers, Baboon, Girl, House %5, {ik AZKEI R 16 bit,
B EA K A=6 .

(11)




%13

A LA H T A R B T LT St G OK BN 137

4.1 JKEDAH] I 1%

B 7 KK E AR . N ] DU H R S S ok
BN MR AE LA A I B 1K 2 5], Lena, Baboon %7K ER
J& BUEEAE {5 B LE (PSNR) 4351 4 40.32dB F 40.86dB. 525
HEE& Y PSNR B ARLE 40dB LA L. nl 0L, ASCHEILGE
PAHR =BG E

(b) IAEDEE
7 BRI

(a) 2 () K 60 faft) 2= {1 1%

4.2 KENEHEM

S R I K B BB Sy AT TR R T A B,
JPEG FE48, " aukiss, mlmgrs, DLEJUTBGE, Wlei,
A PR, YIS SRBUKENRARLEE W 1 FTs.

F 1 KEDERZLE R IR BUKED RIFE IR

Bali ey &

Lena Baboon Peppers
50% JPEG K45 1 0.7500 0.8750
3x3 A IEN 1 1 1
R e 7 0.9375 0.9375 0.8750
JiEF 10° 1 1 1
g 30° 1 1 1
JiEs% 60° 1 1 1
JiE% 90° 1 1 1
e 5o+ 81 ) 1 1 1
s 15°+811) 1 1 1
ek 45°+851) 1 1 1
41X 0.6 £ 0.9375 0.8125 0.8750
HHI 0.8 i 1 0.8750 1
G 1.2 1% 1 1 1
G 1.5 1% 1 1 1
A NP 20 5% 1 1 1
A7 R 40 55 1 1 1
HLBIY) 10% 1 1 1
L BIY) 25% 1 1 1
JiEe 20°+45 1 0.8 £% 1 1 1
JiEe 40°+45 i 1.5 £% 1 1 1

M 1T LUR Y, A ORI RE R IS ST 15 5 kb 2
Bt RST . R By U5 U Bt o BOAR IR, W 455 L
Brli Gt U AR F AR YE, H B T RK BT RN
e T oA et I B B DX T A R S AT, T B BRI 4845
FRARF B EA G ECRR), SRS T SR AT
BRI 2% BE A% R B3R UK ED o AR SCSTVE REBS DT T RS R Y
B F A A 7K B AR N2 1 B G 00 o s DX S AT 15 K
PO TG A PR D 7K B R N DX AT i BN B4 P
18R A 2 TS S DX A 2 RS P A AR TR ) B PL I
B Ik 2 DR A AR SCHE K BN IR E T R R T X 3, LA
G HATHEREAARYE o o St v Tl (e e i Bk« By D) Bk
AFB T, RedERf oA ER UK ED, K ENHIARUEE S, 1.
XA B, A EBIBORIN, REsE AP BUKED, 4 EG4E /N
w, FAAEGEER, SRBUKEN ARG, X% s
SR, JPEG HEGHAIZ I 7S 206 A SO RIS s K
UREI, R ED AR AL # A2 LAWK ENA7AE . X Baboon
B, TR SHEZ MR, LK O & A,
FHEFRMEGERZE L, Hhh, ARk L
AT, WEsE eIy, Fesmaesss . Sk g
BN BIAR,

5 HRIE

AT Tl (1 BE R SR BT LA et 11 B 45K B A
15 BIEIAZOAE TR SIFT REAE sk AT /K B S 10 RS,
DU LT w A A A e I AR A R K iR N . th T SIFT
R R AN e, A8 PR IIANRTE,  PIOKETIRA
D EAT LT AN o KK BN 5 LBl PR A B
B EIR SR FR X b WGRUE T 7K ED B SR PTA A LA Bty e S
W25 RRYA AP B B R E BRI T, fegt
PARCE: C:UE SN SN ) O B AN LR 7 Y R B P Y Y3
a4, DEWL, TR AERRLIAE S AT

2 % x w
[1]  Cox I J and Miller M L. The first 50 years of electronic
watermarking. EURASIP Journal on Applied Signal

Processing, 2002, 9(2): 126-132.

[2] Licks V and Jordan R. Geometric attacks on image

watermarking systems. IEEE Multimedia, 2005, 12(3): 68-78.
[3]  Oruanaidh J J K and Pun T. Rotation, scale and translation

invariant spread spectrum digital image watermarking.

Signal Processing, 1998, 66(3): 303-317.

[4]  FEHR, B T UMAERIIRIT RST Bok AT Bk ED.

AL 50 B 2R, 2007, 29(4): 76-80.

Sang Mao-dong and Zhao Yao. Moment based multibit

digital image watermarking resisting to RST attacks. Journal

of Electronics & Information Technology, 2007, 29(4): 76-80.
[6] Zhang L, Qian G B, and Xiao W W, et al. Geometric



138

LI I IS S i

31 %

(6]

[7]

(8]

(9]

(10]

invariant blind image watermarking by invariant Tchebichef
moments. Optical Express, 2007, 15(5): 2251-2261.

Pereira S and Pun T. Robust template matching for affine
resistant image watermarks. [EEE Trans. on Image
Processing, 2000, 9(6): 1123-1129.

Bas P, Chassery J M, and Macq B. Geometrically invariant
watermarking using feature points. IEEE Trans. on Image
Processing, 2002, 11(9): 1014-1028.

Tang C W and Hang H M. A feature-based robust digital
image watermarking scheme. IEFEE Trans. on Signal
Processing, 2003, 51(4): 950-959.

Li L D, Guo B L, and Shao K. Geometrically robust image
watermarking using scale-invariant feature transform and
Zernike moments. Chinese Optics Letters, 2007, 5(6):
332-335.

Lowe D G. Distinctive image features from scale-invariant

keypoints. International Journal of Computer Vision, 2004,

60(2): 91-110.

[11] Kundur D and Hatzinakos D. Digital watermarking for
telltale tamper proofing and Authentication. Proc. IEEE,
1999, 87(7): 1167-1180.

[12] Yu G J, Lu C S, and Liao H Y M. Mean-quantization-based
fragile watermarking for image authentication. Optical
Engineering, 2001, 40(7): 1396-1408.

ZEIE Y, 1982 4, TR, WS I A G BE L RN

Al BT KED.
B B, 1962 4Rk, HIR, WARRSIN, U PRI

BRI S B TR (ICIE) BTk, WFFT 4 #h
Mg FIGALELL EBOE AR A

Farle: Y, 1984 A, WA, BRSO RDOMAE B e, EIBR

e
=



