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Geometric Multiple Watermarking Scheme for Mobile 3D Content
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ABSTRACT

This paper presents multiple watermarking method for the copyright protection and the prevention
of illegal copying of mobile 3D contents. The proposed method embeds an unique watermark and a WCA
watermark into the spatial and encryption domains of mobile 3D content based on anonymous
Buyer-Seller watermarking protocol. The seller generates an unique watermark and embeds it into the
distribution of vertex data of 3D content object. After receiving the encrypted watermark from WCA,
the seller embeds it into the encrypted vertex data by using operator that satisfies the privacy homo-
morphic property. The proposed method was implemented using a mobile content tool, PowerVR MBX
and experimental results verified that the proposed method was capable of copyright protection and pre—
venting illegal copying, as the watermarks were also accurately extracted in the case of geometrical
attacks, such as noise addition, data accuracy variation, and data up/down scaling.
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offl HH el juiA A wolE B.(v,) Wl
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o o] ASIMLE A B B Fo vhstel
5% B4 gEsne o A48 ted 2o

X

By (V) = By (v, 42 xu?) (18)
O FUBY AolA AWE, vz vE
W8 2Wate HolE AR 74 9k 4o Hges
A HErtazE A5lE dlolE A
D,\,L{x{;=\{; f~2'><wf.l j&[ik.,lk—f-]vu'g}} (19)
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oate] R sE ¢, =INT(, /Ar+05)

w,, =0, ifg %2 =0
{w;: =1, ifZii%Z =1 (20)
Ny

w, -1NT(27U} o/ Ny +05) 21
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Aol W3k eSS WA itlnstance el of 4
= Osnit0S, OsDoInitAPI InitView 57 3.4
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E 29 55 2330t Auye] F3dE o,
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it View
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[ Guitippeation |
Wi — Lo tessumes
| Qelixt }»W” Trenehe Render
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[16] 7}uke] EvilSkull, Mouse, Polybumptiead,
Vase 2l tisld etz 71¥S A48tk
Zt me) AA, FIF, FAHSF € HEva A
ESFE I 1948 goen, E 18 AFHRY
PolybumpHeadE A 213F Uz EdeX= o5
AeiotaE Z7) o Agd) A4Ee 2 4 At
2 2FdAE 98 ASAY BREE HAE o]R
HE k=2 E 1008 E /g8t o| & WCA HElviA
2 AMEEIE R, 7 BY AA 9 HAH AtolZ X
o utel Evia HESLE AA s, olE ©Y 9
Hulag ARgstgt. 2uld 3D Fdx 2y 4 9
Hulag RdEe 19 9A e 2ot

5.2 d|7tMd EIt AF

AukAQl 2D FAANFAH A E A4 32 A=
& 7+ glhgkel i3 PSNR(Peak signal-to-noise
ratio)E #4383 e vk 3D 2XF HxE 1A
He 2do] visiMe oleh 2 ARz B34 HAx
o] A go] otk et B AgXs HErta9
H7kA & 81sE7) skl #AH Ak Al B

E 1.2 Aol A28 22 AA|, Ealas, SXET I
AelE flEjola vl

£ | 2a | 229 [WCAR] ZAA
way | a4 | E3 3 goz | e | snwo
EFAT  geswes| 4B

Skull | 838 [583 | 66 | - | 4050
BvilSkull | Jaw | 346 | 175 | - | 100 | 6886
A |88(53| 66 | 0

Head |1078] 605 | 62 | - | 3842

Hand

10 | 362 | 210 100 | 7104
Mouse gg’;g w2 22| - | 100 | 7219

Body | 332|189 | - | 100 | 1375

Object | 760 | 410} 39 - 26.37
A 1297211,799) 128 300

Polybump| Head 611531 17 100 | 33.80

Head Low
Glass | 480 | 287 - 100 | 69.03
Vase Silver |23521133% | 90 - 40.76

A 756 | 440 | 17 200




Sl Buyer-Seller 2IE0I2 Z2E2 Dl DHIQ 30 2EIX0| JIotEs (1S B0 218 253

(©) (@
07 9. 2ot FEx 3l HOi=E 2Elxe| A i Za

— = —
of:
=

a) EvilSkullzt (b) fI&{0i3%E EvilSkull,
(c) Mouse®t (d) HE{ol=E Mouse
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2d AH 0,9 EAH V; = {glksL, N} ol B
SNR, =

2

RL nal Rsi na
SNR; = 10log,, (—2"%) = 20log, o (<)
R’zoisc (22)

= 20log,, (

where lv, —M,|= \/(IA —a P+ -y (5 —2),

w,— v = (2, — 2 )+ (y, — 4 )2 + (2, ~ 2, )7

o ol Zt HAAY v, = (z,402,) 9 A 0,9] 53
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