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ABSTRACT

In this paper, we present a watermarking method for 3-D mesh sequences. The main idea is to transform
vertex norm with the identical connectivity index along temporal axis using wavelet transform and modify the
distribution of wavelet coefficients in temporally high (or middle) frequency frames according to watermark bit
to be embedded. All vertices are divided into groups, namely bins, using the distribution of coefficients in
low frequency frames. As the vertices with the identical connectivity index over whole frames belong to one
bin, their wavelet coefficients are also assigned into the same bin. Then, the watermark is embedded into the
wavelet coefficients of vertex norm. Due to the use of the distribution, our method can retrieve the hidden
watermark without any information about original mesh sequences in the process of watermark detection.
Through simulations, we show that the proposed is fairly robust against various attacks that are probably

concerned in copyright protection of 3-D mesh sequences.
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BB AR A0 371k A0E

o]l Mk o] & 324 w4l Af29] HElkl=E HEvH

I.MEZ

ZZ, VEHZ(network) 7|2 w3} 34 ¢
A" wlt]of(digital media)= SAR} HF, A=A 2
g3 wiES HoE ofEE flo] sFssA st
o|2 <ldll, otejA el o=E 7FAl AR} Ehehgh
H-&-S FAste] AE ARES B ReAFS
2ZA AR AzHAREe] A EElE o1k
o WA EAe] &Estka glom, olidl offr®
A2 BEE 918k 71 sWde] FE wtaw gich
AEA9l ol R3E 7]%9l tE3Kencryption) 7]
W2 &3 3Kdecryption)7} ©]Fe1z] o]Fel= sl
dolele] B35 BAS 5 gl7] widell A2 B
35 g e 53k ol Hle| T]A]
o $Jelnl)(digital watermarking) 7|92 S d]
olglel  uigk AHIE  FHEIMAME HE¢=
(watermark)2Fy. k= AR ARE 2d%ke
23 A= H S (copyright protection) %S Al
23, B2 oA (fragile) U I (semi-fragile)
etz 7|dle] = <lZ(content authentica-
tion)oJL} 1% HEX|(temper proofing) S ¢]3] gz
ARgE T glofPi B =RelxE A2l BEE
918k 7 (robust) HEImH] 7RES ohRr] = ]k

3214 FHv|4(3-D surface mesh)x= °33}e} H]
v Al 321 AMHE efuue]delx] F= A}
Sxl2 glew, FHd= dlolee] dAZ = Al
7Zbss F8E s Ak Adtelx st o)
stz ool 3xd W w4 AR23-D surface
mesh sequence)= AF=2] dlole] =77} wfg- W
gk Exlo2 qlale], T2 dlolefe] F&= el A

L I N I R !
A gleh e =719 delelE ATt

# ik D ataFile Wersion 3.0
il o utput vtk output

AECH ASCII

DATASET POLYDATA DATASET POLYDATA
FOINTS 204 float £ Gesmelry POINTS 2904 float
0045549 0.0 47 - 00004 26 -0.296 -2.413 4.978
0051767 0062957 - 0000294
004727 0.056570 - 00001 4

0-2-2.995

3181088
POLYGONS 5504 23216 & Commeclimity 3148 168 169
3161513 3244 193 194
3354241
32800 2906 2908 3185160 159
3129364 134
CELL_DATAS204 3296 295 288
POINT_DATA 2004
- 3319510 505

CELL_DATA 5804
POINT_DATA 2904

(@) A 4] Cow

# vtk DataFile Version 3.0

Il Geometry

POLYGONS 5804 23216 I/ Gonnectivity

(b) Face Alfxe] WA =z

A v W AR vlg 2 AR xS
o= 3] el A B3 il mgk "
o

H] g AlRJo]ri,

2 =rollde 32 29 vlg] AFIAE Sl
Al 7S Akl T ZHAKregular gird)
$lel shie] 9] 3heR RHE= 22 G 2
Hlt].e dlelelel= =, 3xkd w4 dlofel= dub
Ao 73 1(a)¢} #o] A7+ #EA(Cartesian co-
ordinate system)2] ZFA]H(vertex)S Xh= 713}
] H(geometrical  information)2}  AFAE w4
(triangular mesh)®] el|2 F== A4 AR
(connectivity information)® ©]Fo17] 9lc}> 7]
SRl AZA AE o] om 3R] dE ¢
S ARA Fds] 8l FAAE 2 34
(surface meshes)?] AAF AW, WA WE](normal
vector), Bl2~X(texture) AKX 2 4] (shading) 5
o] &4(attribute) 501 AHEHTE o] T A% 2 H
22 AR g A H2A 2 AAE S 9]
ujol] HEvka RS IS W primitive) &2
= AF3HA] Ytk olzlgt o] fE A HIE ¢
gk 7 HEE Hdle 2 ERe] $AA
Holl HEintzE Ablehe Wle]l A ARSEIth
BO3xel w9 w4 ARaE AReE s
25 AA(static) ™l ZHU(frame) 7H] 24
Axe] Wstel] wl, F3(isomorphic) ™41 A2~
¢} B]53(non-isomorphic) 4] A|lF2Z FEFIT)
B =rolAd AgElE 3A F8 vle] Aldas
I3 1b)-(c)} o] BE ZH A4 AHEe
FAskE, 2 AR wa] ZAEsle] ZeEE WY
oz gAeoli= AAl(object) T FEgITE Fd
As7b 22k AR stil) 3ol ALl ZH|le

# vtk DataFile Version 3.0

vtk output

ASCII

DATASET POLYDATA

POINTS 2904 float I/ Geometry
-0.161-2.736 4.716

0-2-2.995

POLYGONS 5804 23216 /| Connectivity
3181088

3148 168 169

3244 193 194

3354241

3185 160 159

3129 364 134

3296 295 288

3319510 505

CELL_DATA 5804
POINT_DATA 2904

(c) Face AlA2o] tAlviAl =&Y

a2l 1. AA w4 Cow 2 53 w4 AlF2 Face?] vtk ¥} EH
Fig. 1. vtk file format of static mesh Cow and isomorphic mesh sequence Face
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Fig. 2. Hlstogram of vector norm of wavelet co-
efficients after temporal wavelet transform for Cow
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Fig. 3. Block diagram of the watermark embedding procedures
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200 frames), Chicken (2916 vertices, 5454 faces,
396 frames)= AFE-33ich
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o] =zl Agslsdck delE3 e -2 2
2 AHg3le], F 370 Hofjde] doizIc). o] F
Al e Al Fasl] T35 T
7]' “erq'—’?) o] Aegts e WoeR
He] 221 BHlES W37 WHe R $fent
5 Aok HEvize] Ao RE I AR
dlolele] o=

Aeg A7) $l8] SNR (Signal
to Noise Ratio)S ARE3}9la, o] & B ALl 3

B 1. 3795 ol 4

Aol RS delste] PeviaE A

7 Amz gtk

SNR=10log, )
) (vl—vf) +(v;’—vy/) + (v, —wv )2)
oJ71olA, web v 7 QR wlg] ZEd s, 9

A3} she] Al w4l Zels) o] A
& oluigi), mah, A Wb AmeA 2 9

kel AEE SRk Alle] fAk=
(correlation) 5 AR2-5}itt.

S =), - 5)

Corr = 111”—:1” (€))]

7“(wm w0 ) w,— w)?
A7lellA w, = A ] Azl AbsigE HEnt
= HEolY, o & fFE 717 F &3 HEivt
= ulEeleh b = Pz vlEdde) BEg o)
staL orre [-1, 119 W$]ell &3}

T AlsA) e gl 49e] Ag A3}

Table 1. Evaluation of watermarked sequences with different strength factors in the case of no attack when embed-

ding high frequency coefficients

AlokEl by .
Model A ” " ” " ” ”

Corr bNRw SNR, ;. SNR,.« Corr,y, 51VRM SNR, ;. SNR,,.«

0.04 1.00 71.49 55.67 89.15 1.00 63.84 46.82 80.84

Cow 0.08 1.00 68.54 52.71 86.52 1.00 61.34 45.11 77.44

0.10 1.00 67.27 51.42 85.31 1.00 60.23 44.31 76.09

0.04 1.00 81.61 70.46 90.09 0.99 69.81 52.17 78.51

Dance 0.08 1.00 79.16 68.38 87.60 1.00 67.82 50.60 76.26

0.10 1.00 78.07 67.45 86.48 1.00 66.91 49.86 75.27

0.04 1.00 104.65 77.70 136.15 0.99 95.39 67.13 123.76

Chicken 0.08 1.00 102.56 75.81b) 133.09 1.00 93.48 65.27a) 119.88
0.10 1.00 101.59 74.96 131.11 1.00 92.62 64.41 118.34

a) 1™ 7 (b) FEF b)IH 7 () IF=

B 2 F2 ool

=
A =S

gefslo] Aelras

49 @

F AlsAle] 3] gl A9e 49 At

Table 2. Evaluation of watermarked sequences with different strength factors in the case of no attack when embed-

ding middle frequency coefficients

Ak 71w
Model A
Corr SNR,,, SNR ;. SNR,,.. Corr,, SNR,, SNR. | SNR, .«
0.04 1.00 63.49 45.47 84.05 0.94 58.96 40.99 75.25
Cow 0.08 1.00 60.91 4321 81.77 1.00 55.85 38.24 71.77
0.10 1.00 59.77 4220 80.74 1.00 5453 37.03 70.36
0.04 1.00 73.81 58.85 95.26 1.00 63.97 4521 86.58
Dance 0.08 1.00 72.00 57.39 93.41 1.00 61.93 4359 84.42
0.10 1.00 71.15 56.60 92.43 1.00 61.01 42.84 83.46
0.04 0.85 98.84 71.84 130.03 1.00 89.29 63.95 11425
Chicken 0.08 0.97 96.60 69.81b) 126.93 1.00 87.46 61.52a) 112.51
0.10 0.97 95.59 68.90 125.82 1.00 86.61 60.42 111.50

aZH 7 (@ A= b) 27 7 () A=
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Table 3. Evaluation of watermarked sequences with fixed
strength factor(A =0.08) and different numbers of em-
bedded bits in the case of no attack

Model M Corr SNR,,, | SNR, | SNR,.
32 1.00 69.48 54.21 87.28
64 1.00 68.54 52.71 86.52
Cow
128 1.00 68.14 52.14 85.18
256 0.96 68.19 52.17 85.70
32 1.00 79.07 66.60 87.52
Dance 64 1.00 79.16 68.38 87.60
128 1.00 79.93 68.97 88.49
256 0.99 79.22 67.89 87.70
32 1.00 101.99 76.36 131.77
. 64 1.00 102.56 75.81 133.09
Chicken
128 0.88 99.55 74.47 126.94
256 0.85 101.29 75.19 129.72
110
- @ Cow
— - — Dance
1.00 —— Chicken [

Corr

64 128 256
Number of bits

a8 9. ARIAEES A (a=0.08)3k AR] HIESE
dejste] AevtaE Akl & F 4 st 3AS
71 & Hevta s A3

Fig 9. Evaluation of watermarked sequences with
fixed strength factor (A=0.08) and different numbers
of embedded bits in the case of uniform quantization
(7 bits) attack
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Table 4. Evaluation of robustness against various attacks when embedding the watermark into temporal high

frequency coefficients

1A (AT Cow Dance Chicken

o e AR g | A | A e | e | As gy | aea
ST S (0.1 %) 1.00 1.00 1.00 0.97 1.00 0.98
W7} ARS (0.3 %) 1.00 0.95 0.97 0.98 1.00 0.98
H7b AS (0.5 %) 1.00 0.95 0.88 0.96 0.97 0.97
33} (103]) 1.00 0.91 1.00 0.98 0.44 0.51
3k3} (303]) 0.44 0.70 0.94 0.87 0.16 0.31
333} (503]) 0.41 0.56 0.72 0.72 0.19 0.09
< A3 (9 vlE) 1.00 1.00 1.00 0.97 0.94 0.81
T 8 8 ¥|E) 1.00 0.93 1.00 0.96 1.00 0.83
T FE (7 ¥E) 1.00 0.92 0.88 0.88 091 0.85
=) it (1/24=23) 0.91 1.00 0.88 1.00 0.70 0.95
=) FBE (/12243 0.84 0.87 0.85 1.00 0.59 0.95
=zl Hd e=zHE ) 0.85 0.71 0.13 0.86 0.45 0.62
A4 1°,2°,3°) 1.00 1.00 1.00 1.00 1.00 0.76
3d (15°,20°,13°) 1.00 0.88 1.00 0.65 1.00 0.51
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Table 5. Evaluation of robustness against various attacks when embedding the watermark into temporal middle

frequency coefficients

A (2ARE Cow Dance Chicken

° 1t Aord wh | FwEIH | Ak w | 3R | Ak w | eyt
215 A7 (0.1 %) 1.00 1.00 1.00 1.00 0.70 0.74
218 A7} 0.3 %) 1.00 0.99 1.00 0.97 0.83 0.75
AS A7) (0.5 %) 0.97 0.99 1.00 0.94 0.85 0.78
333} (103]) 1.00 0.90 1.00 1.00 0.49 0.62
333} (303]) 0.60 0.66 0.91 0.81 0.29 0.23
333} (503)) 0.44 0.46 0.73 0.69 0.18" 0.13
! EzlEt (9 H|E) 1.00 0.99 1.00 1.00 0.74 0.66
T FAlEl (8 H|E) 1.00 0.99 1.00 0.98 0.72 0.70
T B (7 ¥E) 1.00 0.97 1.00 0.94 0.65” 0.78
Q) o (124=4%)) 1.00 1.00 1.00 1.00 0.94 0.86
sz HE (1/12=3%) 1.00 1.00 1.00 1.00 0.94 0.85
=A%) FF (/6= 1.00 0.99 1.00 1.00 0.88 0.82
s 1°,2°,3%) 1.00 0.99 1.00 1.00 0.97 0.81
34 (15°,20°, 13°7) 1.00 0.83 1.00 0.67 0.97 0.31

Y a3 10 @) FF Y a2 10 b)) F=

N / » Y /\\\\ -
(@ =HE=kAleh HEs) 503 (b)) TSRS THIE
a8 10, S A Al HEvkas: A F
4% 713 Chicken w4 AAx
Fig. 10. Attacked Chicken mesh sequence when em-
bedding the watermark into temporal middle frequency
coefficients with A =0.08
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Appendix

T7E [0,0elA A (A-1) 3 FE2 2REEpAel
X5 7KA&= 9yl W<S(random variable) X7} it
3 73k

pX(a;): e for 0<2<1l (A-1)

y=z" , for 0<zx<1land 0<k<oo (A-2)
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Fig. A-1. Second moment of the output random variable
via histogram mapping function with different k, assum-
ing that the input variable has Laplacian distribution
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