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Abstract

We proposed a blind watermarking for 3D mesh model using the patch CEGIs. The CEGI is the 3D orientation
histogram with complex weight whose magnitude is the mesh area and phase is the normal distance of the mesh from the
designated origin. In the proposed algorithm, we divide the 3D mesh model into the number of patch that determined
adaptively to the shape of model and calculate the patch CEGIs. Some cells for embedding the watermark are selected
according to the rank of their magnitudes in each of patches after calculating the respective magnitude distributions of
CEGI for each patches of a mesh model. Each of the watermark bit is embedded into cells with the same rank in these
patch CEGIL Based on the patch center point and the rank table as watermark key, watermark extraction and realignment
process are performed without the original mesh. In the rotated model, we perform the realignment process using Euler
angle before the watermark extracting. The results of experiment verify that the proposed algorithm is imperceptible and
robust against geometrical attacks of cropping, affine transformation and vertex randomization as well as topological
attacks of remeshing and mesh simplification.
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Fig. 8. The proposed algorithm of the
watermark extraction.
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Table 1. Models used in the experiment.

Model Number of | Number of File size
vertices meshes {KB]

Stanford bunny 35,947 69,451 3,626

Knots 23,232 46,464 2,364

Venus 33,591 67,178 3,009

Agrippa bust 38,000 75,394 3,335

(c) @ -
a8 9. (@b Aetst w2 (c)(d) Benedens®|
ejolaE Alst  Stanford bunny %
Knots =&

Fig. 9. Watermarked Stanford bunny and Knots model
y (@, () the proposed method and (c), (d)
Benedens' method.
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Table 2. SNR for vertices of the watermarked models by
the proposed method and the conventional
method.

Percentage of number
Method SNR [dB} of the embedding
Model meshes [%]
Proposed | Benedens | Proposed | Benedens

Stanford bunny 42.69 4277 62 22

Knots 39.87 40.77 40 19

Venus 39.12 39.12 60 20

Agrippa bust 41.88 - 58 -
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Table 3. The experimental resulis for mesh simplification

Model |Prepege of momber BERTRl | Sk (o
51.2 0 6
Stanford 249 2 2
bunny 148 8 28
99 20 34
394 0 2
Knots 296 0 4
243 2 8
425 0 14
Venus 33.0 0 16
270 8 18
455 0 -
Agrippa B2 4 ;
204 8 -

ad X He|

249%ez2 ZE0{Z
b2429%22 ZoiZl
Knots 2 (0)425%22 Z0{Zl Venus 2,
Je|2 (d )45.5%92 Z0{Z Agrippa bust =
(@) Stanford bunny model simplified to 24.9%,
{b) Knots mode! simplified to 24.29%, (c) Venus
model simplified to 39.35%, and {d) Agrippa
bust mode!l simplified to 24.29% of vertices by
using mesh simplification.
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10.

Fig. 10,

sho] SIEvkAs} AT mele) EAHY 4
gz 29 old] o3t AT ® 3% 2Tk 471N
2AH A% uge 9 iH 2o B s g
W4 gestd wdlel BAA si%e) wge vehin
o] EolH Awud Ak W) 71Ee) Wnr} )
2094 BERo| 282 & E

g ol

ki
ALz
Bl

X CEGIE 0| &

(76)

gt oA YEAY

OlMg 9f

T 4 =S Hutol ofst AE H3l
Table 4. The experimental results random noise addition.

Percentage of
Model number of sampled Pro OS(;d %eéll%dff,/ns
vertices [% (%] [%]
Stanford 50 0 6
bunny 100 4 16
50 0 0
Knots 100 2 2
50 0 4
Venus 100 6 1
Agrippa 0 0 -
bust 100 2 -

Aells A= 2200 A9
1496714 T Bo] Frekale

s etk o6

2 &A%l 1EYS ¢ & Uk 4 PUsE nds
—g— 9 105 29, o] 79 Yol § 2l v

Ol

51111*«1 7HT7]“ Fol] izl E'_‘*’C’ﬂ 1% ol$- i
A vehiAE, 9 2de) Fae <
F otk 4 s AE éJ)rOﬂ A ZQE
29} CEGL gl A 7Fx17F 2 Aol -rJH“}
oz 7)E iHt e A1 45g 7H
F AU 2l Il oste] Ko ‘:’5‘3"511113}5 4
ElvlAE &4glo] HETE AT 4 A%

AW g Aol digk Ao e AA ZxH o)
o] 50% 2 100%= APsA T2 A 7
HEN v = ox(1+ exuniform()) &} 2o] F&& 3
7FtEth o714 MRE o 001009, uniform() &
[-05 0519 W& 7 TEe 44
random function)®]t}. old] g AA=+=
ol FollA At wWgol 7
12% A% 28-S
R I

e WA=

Al

&4 (uniform
X 49 2t
71&9] WyHETt BERO] 4~
Ak AL WHAME 5
o} ME3k A oA oo &
-I%Eoﬂ AEnta2E Adskd
22| 7kA 7hE E e
Foltt. zE|u ¢H

2] o] “°‘6‘}919.Ei, l+4 PR
g e 9lE

MY

gele
ol 9

WA ‘%}ﬁc}

(4
NN

=]
=
—E—J A% 7H‘r'€ 0% A=z Agsigich oo dig
AT E VoA AHRE 7]&9] oAe 20% A=
¢ BER®] A=, o= 20% ke

A

HdEvtz 4



20051 18 HXSEI=EA M R A CI A1 &

(f)

aF 1. #E H=2E HIYE (@) Stanford bunny, ()
Agrippa bust 28, Bx|H 7} 40%E HE
=l (o) Knots & (d) Venus 2, (e) Mt ol
zickst, 9 (45°, 45°0°)2 &lXMEH Stanford
bunny 2@ R () Hch ol zHeksh, 2 (90
C45°25°%)2 3| ME Knots 2

. (@ Stanford bunny, (b) Agrippa bust model with
the additive uniform random noise (¢} Knots
and (d) Venus model cropped to 40% of
vertices, (e) Stanford bunny model rotated to
45° 45°,0°), simplified to 24.9%, and cropped
(b Knots model rotated to (90°, 45°25°),
simplified to 29.6%, and cropped.
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Table 5. The experimental results for cropping and
multiple attacks.

Model Attack Igé) O[S(;)ji %eé}gd[ey?f

Stanford Crop 0 18

bunny Crop+Simplify 2 26

Cro 0 18

Knots Crop+§51p]ify 6 32

Venus Crop 0 20
Crop+Simplify 6 32

Agnppa CTOP 0 -

bust Crop+Simplify 4 -
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