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A Watermarking Algorithm for Vector Graphics Using Curve Partition
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Abstract This paper discusses a watermarking method towards keeping robustness and high accuracy of vector graphics.
The graphics is treats as a set of curves in the embedding algorithm, and each curve is divided into several shorter curves
under a given threshold. And then a watermark bit combined with user certificate is embedded into each segment around the
node for every cutting curve. To extract the watermark, it also divides up the watermarked graphics according to the division
of the original graphics. Then, it extracts the watermark bit from each curve with the inverse procedure of the embedding
process. Finally, the method calculates the similarity between the original watermark bits and the extracted ones from the
watermarked graphics, and determines whether the watermark exists or not. The experiment results showed that the method
not only guarantees the accuracy of vector graphics but also prossesses good robustness, such as it gives 1. 00 similarities
under no attack or only geometric transformation with the map; the anti-cropping ability gives 0.9 even for the graphics
cropped 2/3. And it also has the ability of anti-compression of D-P approach and the experiment curve of the similarity
threshold given which helps to control the anti- attack ability of watermark and set parameters for an automatic procedure of
watermark detection.
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2.1 KENANEE
2.1.1 gy &l
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22.281 79) (113.202 559,22. 281 82) HAH R SR T .

P,:(113.202 587,22.282 154) dr, = (113.202 038 —113.202 184) x1 x1 x 1

JF H, % A K BB HU AT R A% i 2 B i AL BT DA = —0.000 146

1{2Al =2, dy, = (22.281 393 -22.281 367) x1 x1 x 1
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| ||
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TEBAARAT SN Sy 591 50T, B bW 1% 2 RE 8
58 R M B B R A BRUAR K ED o SR, 23 DB
TR AR 22, SE PRI 5 B0 AR B 3k LU ] 100%
12 6 B SR OK B M I A I 45 2R, J5 3 AR
AU RECA RN 1, AP AT 1, A5 3 SR
FRALE R B 0.911 5, 77 7E 1T 9% iR 22, I
JEHLIEL city_10. svg il 2 K H 84> i B 45 2% ith 48
S, il 23 B i B 2 BB D T2 SR A Br L B
%, & MK EN I3 A AN 2, HLR A WU D SO AL
BAK.

F1 6MER/KENERBNER

Tab.1 Detected results of 6 watermarked graphics

WE R ﬁf%ﬂﬁﬁ ﬁf%ﬂ{ﬁ K ERAH
ittt 2k % ith 2k % (D43

1 GD. svg 512 14 908 0.998 3

2 bndecity. svg 448 7 649 0.998 3

3 city_10. svg 1372 1725 0.9115
4 sgl_riv_rank_8. svg 3933 5 863 1.0
5 sgl_riv_rank_5. svg 671 1021 1.0
6 city_14. svg 22 317 1.0

3.2 JLABE TRIKEDAE T

JUfap it 52 95 72 LA I8 GD. svg Sy i), Xof Hedix
A TK ED P EAT e e B8 F0 46 T 55 3 Rl JL AR 78 JE £
E P00 G A7 7K ED B2 BORIAR A BE AR I o #h T svg
XTI T AR 22 T 1) #5845 42 2 F) T transform o %0 52
L, W% ERAEAS 2 L 5 K B IR B A A G (E, AR
ESR R NI QTN SN E I S G SO O i
GD. svg HYBE AL AL AR 1) 45 F- # 500 000 A4~ AL, P L
i P g v T B E % 300 B8, I AR X T R0 46 1
85% o IR I BT £ UK B A4 AR ABLRE 35 0. 996 527,
UL b 3R LA 728 e B A i 3 A Y LA X i A 23 X6 7K
Ep {5 S HCA R
3.3 HEWEHETHKENED

O ik P71 46 A2 B s T 2o R o R BT R
WOLRIERAE . UL, R i A K EDAE B P39 4R e
AW EE , ASCBE T 7 BT IGE B, L
R AJKEN g GD. svg i 53 5l it 47 T L 1 i
S, Hoh P15 B K BT, HG A 0 LRI B3t 9
25 o B AR Ik A SR AT A BE T A5 B 19 45

i 2 X P 1 v 8 e 1 3 S R AT K B i HROR AR B
JERTTE R M, N3 2 AT LA . 2 87 30 o o 1
1/2 LhE I B 41 BOK BN AR S A 52 B 4 1A 01 1k 24

&

P4

£

P8

FL OKERE 7 Ao R Bt B (PL S 58 B K BRI )
Fig. 1 The 7 kinds of cropping mode for watermarked
graphics (P1 is the complete graphics)

AL E] 90% DL b5 BY R d £ 173 DL E R WA
F50% AR PSRN, Gl A 3.6
Hh I B A 14 D7 0k T SRR R BE A7 TR M K B R A
FAAE
®2 JKENE GD.svg £ 7 MBERWE THHRNER
Tab.2 Detected results of GD. svg under
the 7 kinds of cropping mode

BRI ABOKE

S bk B 1 ]

BTl B AR - - IK BV AL
P1 249 462 0 1152 0.996 527
P2 249 462 124 416 591 0.928 934
P3 249 462 132 076 885 0.945 762
P4 249 462 210 076 191 0.643 979
P5 249 462 203 051 150 0.48
P6 249 462 105 198 641 0.906 396 2
P7 249 462 2 096 1 140 0.989 473 6
P8 249 462 169 053 377 0.909 814 3

3.4 MIEMEENKRE

S T 28 A T AK 7 3T - vk 4 50k (DP)
B o SE UG AT T B i, AT T I sk Ep
AP 4ABE A1, I 5 SCHK [ 10 ] o BT £ Hi i 78 a5 /9
IKENSR L BEAT LB . SEIR AR A R K R 18] GD. svg,
FEA B R R(E T IE R R R BB R 2 22,
RIFEIELEIY 3 AN25 G, o o 18] 45 fi 8 P 3 285 o
(1) 7 2 18 B4 2 1 R R 22 WA o JE] A 45 R ]
FEAR 4 530 235 FSCRR [ 10 ] AP 9 3096 AA SO
HEXT GD. svg ik A K B (A SCH- i 1 e e i 1 0 13t
B0 4 JKEMERRREN 1152 47) , I E AR 1
BAfE T, 3 7 B R REAT A 10 R 4, #5230 A KBNS
Bo I3 G g SCR 45 R ] M, SCHk [ 10 ] 3k
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T A A5 s — bR Tl 243 B R TRK BB 1521

A K BN B e 246 19 (L 19 39 O, Hs 444 o o g 3
IR S 00 9 A A A R o i AR A, AR SR 9 R A UK
Epmih T 1T HERe 4R AR, BA B i 4 ik

JE 48 BB R E) 0.3 1mF, 73 £8 45 0. 644 10 YK B
S

x3 NBHIWIEEZS5FAXEEIREREANLEER
Tab.3 Comparison on anti-compression between the

two algorithms in literature [10] and this paper

B 245 4 ) 45 R JK VA L)

W SCER[10 3, ARSCEE SCIR[10]5803% ASCHE %
0. 02 83 503 2790 0. 455 37 0.718 75
0. 04 102 170 4 487 0.290 73 0.708 33
0.08 114 349 7 852 0.165 78 0. 680 55
0.16 121 996 14 033 0.090 65 0.661 46
0.20 123 659 17 124 0.073 70 0.659 72
0.30 125 753 25 550 0.053 30 0.644 10

3.5 mEAENEESH

FEAR SR 7K BN i A S 3 o, 2K iR A R 5
LR ILATIT B 45 A5 % A RE 0, 1% 48 T B /N 02 7 X
R A K BN R RS B2 AT 82, L oK B AT B4 4T s 45 A
PSR IGE BE A I 7 SEH A LA GD. svg
), AN AR RE 0 B9 R/ x HE 8 B K B IETIE A
BT T 29 50% J B FEIE 14T K B A SR B AR AU
BEIR ., R EW (N 4 FiR ), B M 0 X5
B A K EDE 280 1B 4G JL - JC 52 i, T X 3 5
i AR AN R o W, AR 0 B s Uk
A 4 0 b RS A R S o B 6 R, BT

x4 RERONKINEERNRTATEE NN
Tab. 4 Infection of the angle # to watermarked

detection under cropping attacks

TEH% f B 0 TR T B
(9NE) AL 45 Rk AR
0 0.996 53 56 158 0.945 76
0.12 0.998 26 56 156 0. 948 02
0.24 0.996 53 56 154 0.945 76
0.36 0.998 26 56 155 0.943 5
0.48 0.996 53 56 155 0.948 02
0.6 0.996 53 56 156 0.945 76
0.72 0.998 26 56 158 0.950 28
0.84 0.996 53 56 158 0.945 76
0.96 0.996 53 56 159 0.943 5
1.08 0.998 26 56 159 0.945 76

JE. 45 e 77 B, {E b ETRS B 40825 BOR s [ Z TR AR o
W, T 7 o FH rH AR i i T % R R SRS M R R 6 1Y
K/No AR, 0 MK /N &R E T AR &, 1]
MR RS BE TR SR e 2. BT 2, 00E 0 AR
/N, B 2 R ik IR0 B ) BRSO RO K
ENfE B HERE M52
3.6 HMEBREMNTE

Wb TR AR SO 7K R I B SR R B 1 e
FA A %A 2K 3R 7R WK B B (8] A AHARLEE o LA T
R 8 TR B K B A T B A 0 X6 52 2 T BB AZ 4 4%
T e it ) 7K B BT, A vl fE R R A B K BRI EE .
o4 - 32 328 By BBk 1Y 7K BN EDE Hh 4 B0 K B R
AT BE HE K ED B — 8 43, 2 HUR — /N A3, AR
FA) G 000 5 3 107 RE e KR B ARG 100 358 40 4 UK R 5 52
8 55 7K B X N 5 43 B4 AF AL o

SR T P 4y oK B AR BRI [R) A D) ) A e
JK ERARARLEE 186 1) J7 5 4 o A 0 5 1 o2 FH 1
A3 AT MR A B RN A2 ik R A K ER A B 3 Ol BE ALY
1), W) T A A AT R B K D S R R Bl AL A K
AR AR DL BE R B B . MR Re W MR,
DA B J7 158 0 BB S 5 K B Y 9 K B G
A, 32086 UL R GD. svg R il , B8 ik A I 2K ER N
W EEEL K ED g W' W K B R L, 3 O A Y K
BE LR W, X AR K BE SR 1 999 A HIL K ER
FERL(Wi) 38 W5 W, Wi fAEALE , 24 100 4>
AEALEE ,ms R fe K3, 46 5 J& 1 BUK[R] A9 18 B X B
1) ms [ KN,

RS5 AEKEHKES 999 4 BEHLKED B & K HE M E
Tab.5 The maximum similarity for the extracted

watermark and other 999 random ones at different length

L 25 50 100 200 400 800 1 000

ms 0.5 0.499 0.39 0.28 0.23 0.21 0.198

SEPR B, 7K AR B BE AN K /DN T 32 B 5
Tl 19 K BN IR 36 A7 ROK BP AL s 4>, 2 G 52 B Bz
MAE . Bk, % 08 B i 4 B /I 2 A 5 K K B
5 B B ¥ e 7E 25 F) 1 000 Z [a] . 7EXF L b i
Kol FEAT AR AEL AL B, T AR 0 4 — A 7K B JBE X
P8 A B RE 15 {8 HE — 2% 10 {5 ) 2k ( threshold curve)
WA 2 B, AT AR K EAG DN I, DA AN ] < B 4 7K B
FREAMLIERENS% .
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