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on Local Coordinate System
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Abstract Watermarking of 3D models is one of hot research topics in the field of watermarking. The difficuities for 3D
model watermarking are robustness and blind detection. To achieve robustness, implement blind detection and make the
detection result unambiguous, this paper proposes a new blind 3D model watermarking algorithm for triangular meshes. The
scheme embeds the watermark, which is readable character string rather than meaningless pseudo-sequence, by medifying
the location of vertices in their local coordinate system. The original model is not required for detecting watermarks.

Experimental results show that the algorithm has good visual quality and is resilient against attacks such as translation,
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rotation, scaling, model cropping and vertex permutation.

Keywords digital watermarking, 3D model, triangular mesh, copyright protection

1 3]

il

R, MERBRF R E BEARTF B BF K
ERBAR R T BHE AT — MR RR, BRI
KEBFR TAEE e 50 \RE MBI L, WX 3 4
MEDKEIHR RS . RERAKEHEESR
BRAER, AERKAT SN EKRDEERK
BN, R EERTKENN BRGNS, MElENAR
B, EEBKNAEERKELHMANME. H5b,K

HENAEMERSERORRE+2EE, RN R
HUBRBMERESAHKDOEE, 8 &ANRNE
PR ERRMAYT | i —#HHRGER (08 1),
XIKE REA 1bit K15 88, B LUFK R ol KK B 5
17 AT K ER R A B R A AT B B 8 R ) B AR B
fFRMERUBERRFRHOE G H ., BRI
JKER AT KK EREE SE A o

SEBOKE FHKEPMBBK EPAH I, 3 AR
RKEFHEUTHAHE I ERUBAERE KR
AHE. REKNARRERE . CSCMEREMN

ESTH ERERPEEEMAE (60473111) ;¥ ILH A RAPFHSTH (M603178)

0K A 38 :2005-03-09 ; % [B] H § :2005-11-14
B—{EE " IR (1974 ~
{8 %2, E-mail; sss@ cad. zju. edu. cn

), 3B P, 2006 SERWTKFEHBVBESHAS W20, TERTH RIS RIEFBLER



#2m

WHHRE. —HETRBLEFRANI EERNTFKDERE 289

FRERE, KPR RRE XA R RS m. AR
BT A M BTN AR RR S, X
RAFBEZHWER CESEREENRE. F
AU = £ WA R AT R 5T

HRIAEAMWTSEAANRE, BEBR
BIHESIIRT | X 75 1) 3 ZE A ALk A P B2 /K ER 3 3
BRERNUBRE B, mEBE T HME R AK
E S, P O O R E (R R B9 K B (RGB {])
ATKED, R R FFRAE S AL E (7 .50 B [RBF )
A RMEAZBEBMAIIMBENFLT 3 4%
AR R, RREE o oA R A AU B ik
AJKER, BT AE et 0 R 3% B, X R 25
3HMEDKENR AEERMBERZ -,

BEIEEMMEBAREFRXERES,
i e LA EHET IS H E4 EX
B BT R AR 3 BRI A AT AT 20 2R , A X K Ef
BTRE SRR K BEH AL BT R . FERE
45 ERH RS RERAE &R ML
% BT EHOHBR WEFLE LMK
T 3 R KBRS R

1997 4E ,Ohbuchi £5 1 WM T 3 BRI K ED
RIS, IR T =AM T | Y E AR L
@y Benedens it E 3 SM R M ER Y
BREAKEERY ™, Yeung i T —FhHEFH
3HEMEUKEIE ., Praun S ARHBKE THME
ERBEWMT SUKENERRERFNEEE, BRI
KENRBEFEB MK, mEBRIEKEDEREN A
FIBEAMTH AT LA T —MIEFHRTRAE",
FREF Guskov AR E F5I 3 #REHATE
SPESBIEBEBHRAKDH T EBRETR,
Mao 3 1 [ 455 7 o 485 A 37 B9 TR AU R 8k A K ER Y 5
A Sun B EHHILA SR 3 AR KEE
B RREERN Ee ks,

1998 4F ,Kanai £ it T —# R A/ B BB = F)
P A B AR B K Ep B35, 2001 4F Ohbuchi 48 i}
T—FETRENIE SR 3 AHAET
KEpEEY, BREARHOETFRESHIK=
AMBERF KRS BRKERBTEERRBE
U Uccheddu Bttt T Kanai BB, TR TEHE
W BARRATEKE, B RE AT RAURRE,

FREE 3 FREAB T KEERE, BT K
EPM B A, BRIk, SR TERN,
HEB THRIFME BT, BB KA T8 &% B8

HHCBRELE B AREARF R WFA &

2 HEWEERRE

XFF 3 @A, W LR RILAE R MR RE
RERERRAKE . @ TFRERBASUBHRME
BB FRIRAKED . AR AULAE BRIRA
AKED, — AR B E— I BEAE N — MR AT, B 1
HBR v, BH—FEEHARK— T ERAZTT,

Bl AETEERBLTRR

Fig.1 Embedding primitive and the local coordinate system
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Fig.2 Iso-partitions in radius and circumference directions

RATKENFFS] w B95E i HodE w (i) M7 EE R «

r, = Bro
(6 AR )
o= {@(Ho.s)
m
1/6 Nk AKE
B = {1/2 w(i) =0
5/6 w(i) =1

R v, BT o £ BE B R0 BURY AL 4R, T LA
HEBTA v RAKEBEHAE 0, A 3 Fix,
TEBRAKENRS , 2% 2 v, RA KRR ERIEN
6 B A R, B AAT AR B K (5 ) st AT /K ERAE

B3 i AKEIRE BSOS MBS s B

Fig.3 Positions of vertices before and after embedding
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Fig.5 Experimental results

F1 XRARANMBUBRLRER
Tab.1 Experimental results with different models

HE
Venus Head Eight

A 7K ER NoCopy NoCopy

TR 10002 766
HMAUSHK =R K 20000 1536

L] 0 2

379 NoCopy NoCopy

k3 NoCopy NoCopy
ARG ERM | WAEK NoCopy NoCopy
Bk ER TWEEF NoCopy NoCopy

341 20% NoCopy NoCopy

34 50% NoCopy 7077py

W7 RAREERK

F1MERGTHEREMEYEK FB 0
BHOFHATSAFRESEANTIAKB R
HRR T 5 V) Bk, 75 BY 47 LG 61 4 1R 6 4 6L
T, F A B TR SRR B TR BORE | IR 9 TH
MBS, 7] LA DA I i K D B SRR

HTFAREERESRETRERFLITRTH
137 B S Hk A K ENAE BB, BT LATE B A 0 6 32 T 380
HTRARER T, BT A R S5 5E TR
BAUEL, BBRR HRKNTAEE , 5%k E
BE TERGHMMER, SEERMMGHEEM
W, AR KEN , AR EE B RGER#T
BEEN,AETUEEECMNFTENARITE,

5 & #

2 3038 i 6 R R T R TE R BB AL AR R P B A
B RT3 AR TKEERE Bkl
PR HLI00 P # A R AL 4, X A AR B ) 5
REAMBAFKRER, BRARKDEE TR
BOAARRNERANE. RUKEN BEATE
BB R AR, T B RE B R TT T8 T s (AR By 4T
MBRAFERE . ZRGERBIETHENEGENE
L N ¢ 8

$ % 3U ik ( References)

1 Xia Yu, Lang Rong-ling, Cao Wei-bing, et al. Studies of information
hiding detection in images[ J]. Journal of Computer Research and
Development, 2004, 41(4) . 728 ~736. [ B8 BBk ¥ , W i %.
ETEGNEBREONMEEAMERAEARFRGR(I]. HHEMN
W5 KR, 2004, 41(4) ;728 ~736. ]

2 Zhang Xin-yu, Peng Wei, Zhang San-yuan, et al. Review of
watermarking techniques for 3D polygonal models [ J]. Journal of
Computer-Aided Design & Computer Graphics, 2003, 15(8) : 913 ~
920. [kHF, L%, k=% 3D MBERFKOHRER(I].
RV BRIT SEBEER, 2003, 15(8): 913 ~920. ]

3  Ohbuchi R, Masuda H, Aono M. Embedding data in 3D models

[A]. In: Proceedings of the European Workshop on Interactive

Distributed Multimedia Systems and Tel nication Services’ 97
{C], Darmstadt, Germany, 1997; 1 ~10.

4  Ohbuchi R, Masuda H, Aono M. Watermarking three-dimensional
polygonal models [ A]. In: Proceedings of the ACM International
Conference on Multimedia’97[ C], Seattle, USA, 1997 261 ~272.

5 Benedens 0. Geometry-based watermarking of 3D models[ J]. IEEE
Computer Graphics and Applications, 1999, 19(1) : 46 ~55.

6 Benedens 0. Two high capacity metho(is for embedding public

watermarks into 3D polygonal models[ A]. In: Proceedings of the



g2

WHES:—HETRBLIRMN EEE T KOEE

293

10

11

12

Multimedia and Security-Workshop at ACM Multimedia [ C ],
Orlando, Forida, 1999 95 ~99.

Benedens O. Watermarking of 3D-polygon-based models with
robustness against mesh simplification[ A]. In. Proceedings of SPIE
[C], San Jose, CA, USA, 1999, 3657 329 ~340.

Benedens O, Busch C. Towards blind detection of robust watermarks
in polygonal models{ A]. In: Proceedings of EUROGRAPHICS[C],
Interlaken, Switzerland, 2000, 19(3) : C199 ~ C208.

Yeung M, Yeo B-L. Fragile watermarking of three-dimensionalobjects
[A]. Inm;
Processing[ C], Chicago, IL, USA, 1998, 2.442 ~446.

Praun E, Hoppe H, Finkelstein A. Robust mesh watermarking[ A].
In: Proceedings of SIGGRAPH[ C], Los Angeles, CA, USA, 1999:
69 ~76.

YuZ Q, Ye HS, Kwok L F. A robust watermarking scheme for 3D
triangular mesh models[ J]. Pattern Recognition, 2003, 36 (11)
2603 ~2614.

Yin KK, PanZ G, ShiJ Y, et al. Robust mesh watermarking based
p ing(J]. Computers & Graphics, 2001,

Proceedings of International Conference on Image

on multi 1

25(3): 409 ~420.

13

14

15

16

17

18

Mao X, Shiba M, Imamiya A. Watermarking 3D geometric models
through triangle subdivision[ A]. In; Proceedings of SPIE[ C], San
Jose, CA, USA, 2001 253 ~260.

Sun S S, Pan Z G, Li L, et al. Robust 3D model watermarking
against geometric transformation [ A ]. In: Proceedings of CAD/
Graphics[ C], Macao, 2003 ; 87 ~92.

Kanai S, Date H, Kishinami T. Digital watermarking for 3D polygons
using multiresolution wavelet decomposition[ A]. In: Proceedings of
International Workshop on Geometric Modeling[ C], Tokyo, Japan,
1998 ; 296 ~307.

Ohbuchi R, Takahashi S, Miyazawa T, et al. Watermarking 3D
polygonal meshes in the mesh spectral domain[ A]. In: Proceedings
of Graphics Interface[ C], Ottawa, Canada, 2001;: 9 ~17.

Li L, Zhang D, Pan Z G, et al. Watermarking 3D mesh by spherical
parameterization[ J]. Computers & Graphics, 2004, 28(6): 981 ~
989.

Uccheddu F, Corsini M, Barni M. Wavelet-based blind watermarking
of 3D models[ A]. In; Proceedings of the Workshop on Multimedia
and Security[ C], Magdeburg, Germany, 2004 143 ~ 154,



