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Abstract: How to resist combined geometric attacks effectively and improve the embedded capacity of the watermark
has always been a challenging topic in the field of digital watermarking. In view of this situation,a watermarking algorithm
that resists combined geometric attacks and has a larger embedded capacity is proposed in this paper. Firstly , feature points
from the attacked image are extracted with SURF algorithm,then they are matched with a small amount of feature points of
strong robustness, which are extracted from the original image. The matching point pairs are used to estimate the affine ma-
trix accurately and then the geometric attacks are corrected to resynchronize the embedded watermarks. Due to positioning er-
rors introduced during the attacking/correction process,some positioning watermarks are embedded in the spatial domain to
improve the accuracy of the resynchronization. Considering the excellent erasure correcting performance of LT codes, the wa-
termark bit sequence is encoded by LT-code such that the anti-cropping performance of the algorithm can be improved. The
experimental results show that the proposed algorithm not only has a larger embedding capacity, but also is resistant to the
cropping and combined attacks.
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15 51 A5 4
0.189 | 0.088 | 0.078 0.184 | 0.046 | 0.031 0.135 | 0.053 0.063 0.182 | 0.062 | 0.054
(1.007,0.01;0.01,1.012)
D
0.201 | 0.093 0.094 |0.182 | 0.055 0.047 0.198 | 0.058 0.063 0.193 | 0.065 0.056
(1.010,0.013;0.009,1.011) 0 0 0 ?
15 3 A5 46

(1.013,0.008;0.011,1.008)

0.248 | 0.109 | 0.094 |0.228 | 0.075 | 0.063 |0.206 | 0.063 | 0.047 | 0.234 |0.076 | 0.061

B3 3 AL, A SCR VLR iR A 128bits AL T,
BER 5 3CHk[ 11 ] (250 45 FAR T, e L se el Rt 2
B ARAR SCRL I iR A BB 1A%, 7E4RIE BER
BARMISMET AR LN AR AR KT, IF
HAEASCRILAE iR A2l 480Dbits B, KR BEPRFE 4K

iK1 BER, HUH WL 2 i i PR REFRE -

X BV By, A SCRE PR RE AL 57, SC B 45 SR O 2
— 55 A LA R ) BER SFXE, 5 3CHK9 Tk
AT SR AE 0 LA aR 4 B, STIRE9 T i S2 862
HOE LW = LG, PR A7 30bits. A EDT U RUE
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it 50% LT RS TOAR FE 3 /N3 BUR A BN A 23 il 03
SN s = -Lena, 480 bit
A SCAE R 1 A S . 025 " Lena, 128 bits
i i A Airplane, 480 bi
4 AMVIREN R 02} — Airplane, 128 b:::
ASCE: SCHRLY ] TIPS SRk S 1]
ik 30b @ W
480b 128b B=0 B=0.1 | g=0.2 0.1 R
374 10% 0 0 0.029 0.013 0.004 0.05
B4 20% 0 0 0.036 | 0.017 | 0.005 0
) 30% 0 0 0.048 | 0.024 | 0.010 025 0.5 0.75 leci{)zs 15 175 2
37 4] 50% 0 0 - - - (@) ’
\ . . 035
A8 36 A SO VL BT LA By A9 3 B P, X Stir- . ~=Lena, 480 bits
mark4. 0P H g RotCrop , RotScale T i #E47 T MK, X . \\\ +§:;;;rls2,§l§(l)tsb@ts
Rt R BAR /NI HE LIHCHT. RotCrop J2& 554 14N % 0.25 X —+Peppers, 128 bits
JETE S SR o # EUR 1 25 1 8B 3 3R 5T 44, RotScale S22 ] 02 N T
Boelest PR 2 A AR A L JE R B E RN TR 015
BRI, A SC B BER JEA7E 0.25 IR, i 8 %025 05 075 1 125 1s 175 2
RotScale

Fi7n. 24 RotScale (0.25,0.5) P42 B 2 504R /D,
BER A s K.
6.2.2 HMAEILAKE

FRTEAA R P T 2 i B 2 2 R, B I
drl e LB W) — A, Forh LT Beidi 5 JPEG JE 4R
BAE—EE A L. £ S F T A SR AL A TP A R H
G UG T 250 BER (246G B0 3R 5 AT HIA SO
TERT AR R 2045 ) LA e i AN A e )

LR SIS F AT A5 R AR SCHEE B A BOR B9
WU Bk i BE D, T HLBT A G JU AT Bk 9 P Be
oAl PR A A SRk sk LAy B8t 1) 7 S R R R AT T
KERf AT T, RROBOK B A S 0 e 8 i R o
A SCRE A TR AR AR B — 2D, AR

b
[€l8  7ERotCrop, Rotsc;h)eﬂl R RS R

SN AU ENE B 5B EAT LT i 4t , T 4T 57 D)
REOLS. A A SCRR R A TR IR R Y 4 )Ry L[] 4
X T2k Z2 0 22 BR KU 1A T 508 | TR BE AL i 55 SR
BEERORTE2Z. 5350 DK ENRR I Fe vp i 2 I 3 A
B EGARHE A G R IA (S B, BEA S L BUKENE
PRI, 33t S A SO R i et i b 7 A, i
JKENME BHEAT T LT #5945 , in 1 CRC &40 hs, F30% &
TURTER K ENR AR FEREAR , X 25 1 55 | AJKEN &
B8R 5355 5, — {5 1 20 B 1Y DT A% B AR AT K B AL 5
J& WA SR D EIE SR T

RS AENLARE THIRBE

ek Lena Peppers Airplane 100 1E &%
480b 128b 480b 128b 480b 128b 480b 128b
JiERE 10° + 457 (0. 8,0.8) +JPEG 90 0.335 0.228 0.319 0.231 0.346 0.238 0.342 | 0.235
FER( -13, -10) + JighE 10° + 457%(1.3,1.3) + JPEG 80 | 0.267 0.187 0.258 0.181 0.269 0.183 0.262 | 0.183
TiERE 5° + 4571 (0.8,0.9) + JPEG 90 0.295 0.202 0.279 0.192 0.285 0.193 0.293 | 0.195
ZET0(1.3,1.1) + Jighs 15° + F#(12,15) +JPEG 80 0.271 0.189 0.258 0.182 0.264 0. 181 0.265 | 0.183
(0% ,%5) + Jieks 5° 0.246 0.178 0.228 0.168 0.215 0.153 0.233 | 0.162
Y1 (5% ,%5) + 470 (0.9,0.9) 0.268 0.189 0.275 0.191 0.256 0.175 0.271 | 0.182
7578 (1.007 ) + Jig%s 20° 0.253 0.187 0.258 0.183 0.248 0.171 0.249 | 0.175
5572545 (1.010) + 47k (1.2,1.1) 0.271 0.185 0.260 0.181 0.251 0.173 0.264 | 0.182

7 #it

AR IE K BN [F) 2 i ik R 2 R IR AR A
i R e REPT RST Gl miAs REARHT — M S AL e A 21
FIUMTBGE AR, 2T I, A SC 220k 4w K BV
e 247 3 AT T LG 7 B o A B A TR 4R o 0 SEL B
DABCHE. AR SR 35 10 B3 A5 15 TR 32 2L BEAE LLR L
ANJT I :

(1) A SCHEH WL 2 TR AR IE. | ER AR AL A5 AR 7K
ERS I A S A b , 3o S R B A O S R R b T
K ENSETE BT — e U7 5 e 4 (A T LA Gt G 553 ) Sl s

(2) 725 (a3 A — 2 7K DR A2 46 38K A S A5
PEATHERR L E O, R 1K BN [R) 20 ARG RE, FEAIR T 42
BOKEN ARG A R T A, AT AR S5
A S

(3) Bk BN AT LT B4t ik A 2 2 AR 1B 15
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