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Abstract For many digital image and video watermarks, geometric distortions are one of the weaknesses. Even slight

rotation, scaling and translation ean destroy the synchronization and invalidate the detection of blind watermarks. In this

paper, we present a novel yideo watermarking scheme that inserts a watermark intrinsically resistant to these distortions by

exploiting the charactetistice of the motion vector. We find that the relative relationship between characteristics of the

motion vector cannot be altered with the geometric distortions easily. So the position and direction of watermark are

determined aceording to the average values of the magnitude aund direction of motion vectors. In addition, another advantage

of the novel watermarking scheme is that the original videc is nol needed in watermark detection process. Expenmental

results show that the scheme is rather robust to the common geometric distortions including rotation, scaling and cutling.
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Haitsma #1 Yao FF#2 | T HiJLfof B i 9 4R 4K
53, BUZK E VT B L 40 4 , 3 LB WL B e 1%
BEFHEDY, BEARRAELNRELAS R TR
R0 B T 3007 3 A R T A R AL IR i
BR, 8 F AR R 5 B R Uk T B 4K B
ABRAME, RAE AR IR0 IR 4
SHBEER, B, X7 KA SR A MERE
MEERARN . Wessely 447 TIEFR B A
i A REs R B B FRBUK ALK et i
RHHE" BREEVAKGTRLLEARE
o MM A XM ER L BHT —RETEFHK
BRI B KRS R, ERZ TR, KD
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2 EHXBEKNES

PR, REERNIFERM R B GRE
A 1] 2 HE b B 7R 4L, BP X AR AT AL B, X RS I
MEMXRURBEYE, B, TUEXARAE
B R B BAS BR AL I R BLUS (K EpF] 45 (9 T B
e BESHNT:

(1) A EABSE MR 53R PP 51 o, 76 4R /> B 6 [i] )
B, & MEBMILEEREMFE ., #lm,—4
B {2 4 ( group of picture, GOP) 41, 7E 0. 5s f) B 8] fe]
Rapy, A 12 ~ 15 WU 4R X, AR - B e
( european broadcasting union, EBU) A M E, — 4
ﬂ(Eﬂﬁfj\&(watemarking minimum segment, WMS)
2o 1s gyt a] o] B, K294 24 ~ 30 B %, BEFL
LR, TR i — 4> GOP/WMS 1, B4 Bl f1R
RBE R EZA NI EREEF BN,

(2) A TE-BHRAN T, SETFENRNE
HREGR BRI S, F i, H TR 8
RBHREEZEF R ], Rk E K E AR EHR P

Wt BRI BMEHRELEAD, WETRRAZ
S BME N E RS KM ENH B E.

(3) By B BN — BB ) i 9550 o i 47
REEEAS, AAEREHNRE, MXARRG
RHERMILFRATRES

(4) BT -5 RHIEILAIBE (T o %
FHMA SRS ) A S SE M R 00 s
EsiEE shul, Wi, h R 2 B NEH KR
FERDEEE, 4—BBAREATE EERE
FRREFILE B R B O HEEX TR,

& ERTR X F LA 4 RS 50K ED 0, 7T 45 B
BHREREHMEHEBREEER.

3 KEBIBASHN

3.1 RXMFEHEHER
EKEBRA SR ZH, BT R P
4 Wi [8] 49 i5 37 %% B ( motion vector, MV), i A 8
Fuks i R R B, X DL S Ry B TR
FERLHR, CRARE- S HATRBREEAS,
RERES—MP RN EANBEHXEBRTE
BEE AN THEHERE V", ATEHRE
HAREEALN. EEEXNEs AR HEEd@
A, FE, FEHE VO B RS KB
MPHREHNE, IB8B -1 ERENITBEE R,
Ve w1 L B 8] 48 i S 289 3 18 3 — B 0 450 o 75
% P HEHER V", NTH LA TRY
AR RAIRE, M REFCTEEPLMEFR
BRUEFHE, BN, 2 TRNG, HERBH
ERMPEBRKOE T, — Bk, BP 6 90560 i 52
Bl s E Bk, RRA LB NRERFEN.
Mt E R EREREER, MTHTFKDR
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EH—EE, REEREE, KA TMPEG-4
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(D ZMAELEHEBENHAEREFEX, X
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EFRAMPEG-4Ea G B HRERIME
AR EEIMNHEERE LB SLREFEE—&
fhi 22 , LI i 25 0 2 0T AR 2 40, U5 T O SE TR B E
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Fig.1 Deviation of block pesition{in Foreman)
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Fig.2 Watermark template
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(2) FE4 — W0 IR 150P 0 (X 5, 6 B0 B AR
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BHER VS X R BRI V" £ 8 B
LHOR B 8] n IR AR e B P Ry 3E
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91

FAES - ETEHKEGHILAH R KDTF 1685

YO RN RS, EREARR ¢() #2
Bo LB, ERE VUREKEOER M,
BRI B ARG HE M e F 5 R 4 A EEH T
B, 51 B DCT 2 #, RGRE DC R AMM K
AP R B Z T R AR KENER W,
BELRQ) ~(4) HARRBFF A,

4 XWEREHW
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TR B 2 200 o, Vectra #5530 46 /& 0 140 Wi, B
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Fig.3 Examining average motion veclor in video after

geometric attacks( rotation and cropping)

MEITUFE, FHEHRERA LRBRT
E g hese M B A4k, T B R A E T 8iah .8

WE AL | ~ 2pixels T,
F1REOKEE TG R B R, KT LM KE

ASERMUBNTEMEERER. BRAKBESE

BINE Fe A By ey (NP PR PR A3 1 BT 4 BT OR o

£l ERPRYRSHNAIRINEE
Tab.1 Watermark detection percentage after

rotation and cropping attacks

SR EC) KA B (% )
Foremun Vectra
0 100 100
5 100 100
10 100 100
15 100 100
20 100 100
25 100 100
30 100 100
35 100 100
40 100 100
45 100 100

T

(a) Foreman 3 4 W 8ESE 30°)

(b) Vectra % 5 Wi (#i%% 15°)

B4 BAKDERBERNELH
Fig.4 Watermarked frames] { Foreman 4“ frame rotated by 30°,

Vectra 5" frame rotated 15°)
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TR P, R AR R 53R CIF(352 x
288) 1 SIF(352 x 240) Wi #h#% =, R A1 B R
200 o, M FERY , E—WiER A Lhit BKEIEE . HE
BRERLBIRT 1 0, T R TR, LA
HERHRDMNERERER—B.

VY RBENEENRE, - WX MY
48 A5 b5 8 e T 7 £k 0 oty £ LK B 0 T N B H
B A S FrR (LA Foreman 3TN H]) . B P
¥ 32 7 A0 400 15 4 T T S ) 4 e b 908, 2
E B4R ,0.8 FARBEKHKEMEELSE T
FEE®RE 0.8, Kb, FRELBSKS, FH s
(XYY 4 934(1)0.9:1.0:(2)0.9:1.1;(3)1.0:0.8;
(4)1.0:1.1;(5)1.2:1.5;(6)1.3: 1.0}, B 5(a)
ErAMREVYHESRBEAESENELLRE, B
S(b)RFHEFHEHREREESBNBEME,
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Fig.5 Exsmining average motion vector in video{ Foreman)

after geometric attacks{ scaling and eropping}

MBS ATAE &, FREsh K BIIEETAE
# b RWT 45 B ek R AL, T A BE ) sl e 2°
HEEN. BEFHEHRBHIINMEELE KD
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Tah.2 Watermark detection percentage after
scling and cropping attacks

M RMKEPREE (%)

FH LA Foreman Vectra  Coastguard  Stefan
(CIF) {CIF) (CIF) (SIF)
0.75:0.7% 100 95 100 90
0.80:0.80 100 9% 100 926
0.85:0.85 100 95 100 90
0.90:0.90 100 97 100 98
0.95:0.95 100 99 100 97
1.00:1.00 100 100 100 100
1.05:1.05 100 97 100 100
1.10:1.10 100 97 100 100
1.15:1.15 100 90 100 100
1.20:1.20 100 85 100 100
1.25:1.28 100 85 100 100
i.30:1.30 160 85 100 100
1.40:1.40 00 82 100 100
1.50:1,50 100 80 100 100
1.00:1. 10 100 98 100 96
1.20:1.50 100 84 100 97
1.30:1.00 96 87 100 84
1.00:0.80 100 94 100 85
0.90:1.00 . 100 99 100 98
0.90:1.10 100 98 100 93

o

{b) Yectra
{3 H,X:¥=0.8:0.8)

(a) Foreman

(H4M,K:¥=1.4:1.4)

(c)} Coastguard
(F28,X:Y=1.0:0.8)

B6 HRAKEFEHN MRS ARG LH

Fig.6 Watermarked frames(scaling and cropping attacks)
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(4510 W, X:Y=1.2:1.5)
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