........................................................................................................

ObEgt SR (MMBEVIEH, ARYY)

LME

3D 2@ o] gt walo] Eotx WA
CAD, 3D ofjudold, M@ A, Hem|t] o]
ZHE, AT 3D7ﬂcl, %3}, 3DYA DA,
og FAEH AlEHolH, AHHAUER
of & ThY¥E HopolA 3D Tlgo] &
451 9t o]gA 3D 1Y dHolert d
2] AMgEl wet 19959 57 ulhellA A
£ 02 MPEG-4 SNHC(Synthetic and
Natural Hybrid Coding) 15§ &-5°] AZH)
t}. o]% 1999 WHEF MPEG—4 Visual H
Aol A g2 ofyvjlo] A (Face animation),
2D Mesh ¢}, View—Dependent Coding7]
&o] ZE L, 2000oll= E5 ofyH o]
ABody animation)¥} 3D A =9 =
(3DMC, 3D Mesh Coding)¥}4]o] MPEG—4
Visual BjA20) F7}1 g A},

a8y A 2l GEER obdgt oy
ol mdl 4%, hop BAH Be 5 19
) 7]4o] gt 272 20004 AFX(Animation
Framework eXtension)2o] A|Zr&]o] 2004
ISO/IEC 14496—16 E&<2to] ¢4=50tc}, 2005

| 7doll=
7}EIAFX Amendment 12] FDAM (Final
Draft of Amendment)°] &2 i, A
3DMC extension,
Representation5-0] 7} Amendment 29|
3t WD(Working Draft)7} X8 o]t} o]
ot gjEo] 2] 2/Ht) 28} 2D/3D LH o)
shte] AHeA e o] JHYEE HE
njtjoj7} 7} 3 MPEG-J Application
Engineo] thgt @2 JAVAO] 7|¥HE &
GFX(Graphical Framework eXtension)® 3
Zo| A Fo|t}, GFXE 200549 7€ FA
14496-21 FE Z19) FCD(Fihal Committee
Drafy A2, 2006 19 u|goA FDIS
(Final Draft of International Standard)7} &
o oltt,

I8 12 AFXY AAAA Y FAEER
2R3 o] A 6 AR 2Rt

Multi—texture, Morphing%-°]

Foot-print based

1. 713} #¥(Geometric models): 3}
290 Yot oy 5& Fee
Low—levelo| x| ofjymjojdojit Ao
AHEEl= A E &l sl key—framing
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Teminal ]

/b

/

/ Biomechmuical <:jﬂﬂ
/ ! Phymcs <:IUI
/_/ Madeling g‘;:m
) {_// Geofuetry B

Animation Framework eXtension — AFX “effects”

(ag 1) AFX e 2Ns

oluf A A HlolHE F

g sHA| gt
2, 2498 14 (Modeling models):
Geometric model®] Ao 2 X§ 52
4] A3 HE(Deformation)s=& HE
el L FHY Bzt Qlol =mdY
Transformation-& 3t} Geometric 2
= EYZQ ¥Y gt e E |3 A
ool o] 7hs3ltt,

3. 22 »g(Physical models): ZHA| Q] &
Y3} Zo] B BHL AW, F
08 A Ud WEL I ¢
D} Physical model

2 e A e EE 4
‘21‘3}. L P 2
Deformable body, Rigid—articulated
body %} 22 3-8l AH&H

4. A 93t »d(Biomechanical models):
AR BEES T8E AT Aol B

oz P WAY ¥EY
(Torque) BT % Ak A I3t
mEe oleist AEL Yela,

5. ¥k-& wdl(Behavioral models): @A Ak
o}l th3t ¥FAF&-(Reactive behavior)

o o]

o)

L8

2_7]

o E Z]O0 =
3 2e B4 Ao

=

=
)

CuAge

Ly

¢

Stimulus—response +21& 0]—8—6}] T3
3 4+ % +d, FSM(Finite—States
Machines)7} F2 AFg-FH T
6. 1A 2 d(Cognitive models):
T =T fgez vk 73D
World 25 8] 213 53 358 4 o
o, 3 A7 Aoz PFsiA

gt 011:}-

AEA%

oHde 7| FAH=E 7|vte R 71 &
¢ FHEEE A9 HHEE 3D opulel(Avatar)
2 BECa s, A3 B oo, %,
M 32 wE7] Y% st AR HeE
Aol o] 715 Aue FY WALS F 5
A 3 (Deformed)d & =T 2]
2, 9%, o2, %3} e e mdo] 78t
AR g A £ Ut 7 7|3F HE
Weo] dold B2l 7|u mals BHel
Sl nhe Lol WSl 783 Ve S
Sk, el 2ot 9]

v 3E 52 THsl 4 A A5 =Y
o) A& % 9}, ol3A AHH oplEle
M T4 ofE T A EEA

(Interaction)d| A A2 5= Y= EWHI PJF

A g
W, o] Y52 &of thrhE, A gskHel
geio] net £& Bt A2 WSk P52
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20059 9¥ TXRFX] H32H HZ |

A Aol 1§89 =t 2o 92
9 2249 4o wet gebd Aol &
2 BeJsku gl 7R E4L W
2 Rolet,

o)FolA Agiel 9 A =Y ¥
wue $8 eIy net 2w 7§
& =z dis) Hxsta 71¢o] Bas

o2 AFXO| A& A elstA] gt

F 112 FA) AFXOA A F8t= dEZ<
7)&ol gt gjaEeltt, 374 3D 1 2
dg FAste 7HF 712 7k R
(Geometry)¥E] =d= =l A o8} =
A2 eglon zh gl Fod sent
o) Oigt B3-S 718t

(HE 1) AFX 7]|& 2|2E

% T == l oA
CEE] ‘
Parametric  cwve  and | Delivering smooth shapes with a high N
surface representations level deformation control \ o
w0

y o3

Subdiviston Swfaces

Simplification and progressive
transmission of large scale models

MeshGrid Suface

Representing generic models
preserving volume information, and
offering versatile maniputation
features

Depth
Representation

Image-Based

1]

3D photorealistic display of objects
from a set of images

Depth

Version 2

Image-Based
Representation

High-quality rendering of image- and
point-based objects

Multi-Texture

Provide multiple textures for natural
appearance  together with view-
adaptive real-time weighting

Morphing space

Combining Ly linear interpolation of
several target shapes with a base shape
in order to obtain precise deformations
and smooth animation. - L

Solid Modeling

Combining simple 3D primitives for a
compact and  exact  analytical
representation of manufactwred and
archiitectural models

EEEEL

Deformers

Enabling  conticlled non  rigid

displacements

]

Bone-Based Animation

Modeling and animation of generic| r °
articulated 3D objects e
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GFX& HHEE HEn|t o7} 7H58te
& Javad] 7|92 & MPEG] & &%t A
ojtt, @t GFX & AoldL EF
Mobile¥} 22 Embedded SystemojjA] AR&
2 £ 2 1Y 29} ZFo] Lower—level &
L OpenGL ESE Higher—level 2 JSR-
184 (M3G) APIE 22 Proprietary$t
Rendering A2-& 83t = 9= +2E 7}

R ER A

1 Application (GFXlet}

[C7] tewn (santto terminan
(Scenegraph) L M3G m:::gs [C) Jeva (nteminai)

| JSR-239 roprietary| | BTStEry [ nativa g terminan
e f rasterizer G""’,

OpenGL ES | Engine

MPEGY ! Rendering APIs

(3% 2) GFXe| x| 8B

WPEG-JIGFX
i RD LY

& IoMe A Bdol n2EHIT Y
MPEG|| 2] 3D 13| 7] tieh ARt
AR 1 Aol g dor izt g
3| @A 2237} S AFXO| SHE
o, A T A= 1A AP AFX 9
ZF 71eo) AiE oldE 571 A 4 71ed
2 AAs] AdmE, A M A AFXe] 7]
ST 2 5 Aol il A&

O

4t dm oo e

o

Il.AFX Jl&

1. Geometry Model

1) 3D W4 &5

3DMC+= 19 39 Y&} Q)& Topological
Surgeryoll 7|9HE T2 Qlon] md QpSE
obUe @x A @9 Y (ncremental
rendering), non—manifold 2d X|9  error

L o

resilience, Progressive W|$|¢}t 22 7158

(a2 3) Topological SurgeryZ|dt 3D O3] =

« QFZ: VRML ASCH 2] thH] 30~40u}
N F2ELS UL % Ak

+ 2212 A FY(Incremental rendering):
A% M= AEYS BEAAY 29T
0 RE HE AEHS Wokx tig &
e glo] Afe RETE A
of Jejgo] 7heste] ti7] Al
% 9let,

» Nonmanifold 2@ X]{: Stitchingo]et
= 1A -& B3 nonorientable &
nonmanifold 2@ 9] =S XYt}

« o ZQ1A(Error Resilience) @ &%
HE AEY0] 087 Uk 11 HE AE
e WA g3, 2H57F Qe &l
QM= o7t 7hsdt

« A2 #t] ¥ (progressive transmission):
WaRpete] A 2lof we} Level-Of -Detail

= A ¥

2) Shaping Objects
UukA © 2 VRML(Virtual Reality Modeling
Language)©]| 4 2] 3D Z4A]|+= IndexedFaceSet
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e FHHE T2 v4 FHE 299
T}, AFXo| A= NURBS“®S  Subdivision
Surface® MeshGrid”7} Qlo] 2] o4 &
o}l 2} Curved Surface®} GridE |2 3D 1
P rde FET 4= 9t} Subdivision
surfacex & 422 Loop®e} Catmull—
Clark®& A ¥3}31 Normal control £<&
Edge sharpness®} 72 218 AR5 £ 7))
AE Wi E A-Fstc}, Extended Loop &1
2Z& Quadrangulated ®|4|7} 23g o,
Azt FogA d8 = YA stof 19 4

= Extended Loop 4T &L HAFLy|,
I8 4@)9 22 QuadE o] Foj2H Azt
FIE T3 I8 4b)e 2ol 7 RS
AR ol A4 NS A gt
Subdivision& dfo] 42 & 751.}3:5 :L%]
4(0)=2 AAA Q) CurvatureES 2
°‘*°®-1§5=M%ﬂﬂﬁét%—
Normal& F%1& 4 ¢-& SubdivisionZ
o]}, Hierarchical subdivision B2 1¥
61} Zro] wavelet 7|¥& Alg-sto] Hz 2o
2 ZF gpdof| RAIZE ARE 718 5= A
gt

(12 4) extended

Loop Subdivision
surfaces: (a) Quad (b} Triangulation
o=z MAMSt invisible edges (¢)
subdivision Zx}

Modelingofl AHg-5&= £ T2 7[Ho=

MeshGrid7gt= 7] &0] Ut A7) A&

(a8 5) Normal Z&& $t Subdivision
surfaces

(a3 6) Hierarchical subdivision surfaces

Reference gride}il d}= 321Q AzF =9}
Connectivity wireframeo]g}til 3}= QA4
HHE 72T Grid 728 BYe FHsH=
ook, watA 19 73 Zo] Multi-
resolution®]t} ofjUjmfojdo} AFAAHA] o]

Fold + Q=2 & 4 ot

(a2 3) MeshGrid deformations

AFXO| A SolidEdle]| 3t FHE 7153}
of 18 83t Zro| t}eFet Volumetric QANS:
Za By nule gAE & w olr,]. a9
83} 9= o]F A A3} Solid YL Ha
_é_r/]..ho)
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©

(O3 8 Y=E 7%l Solid 2@ mglo] ik
(a) two separate spheres, (b)
intersecting spheres, (c) overlapping
spheres.

(18 9) Solid 2H9| o

Multiresolution urban representation”|<
< HEYA 7|Hto| A AE 2ol Hi= 33}
d vEAolde FRE it} AHezges &
+5A Bl Ao B Z3H(flying-
over) YH|A|o]do] 7ttt Zolt}, o]
71golA ARgshe A9 A ddlz22= A

@

2} Refine® AHO 2 HRAHo0R HAZE 4
Auck, 27 103} Zo] YELA /9=
(bandwidth) 7} Thatr] ol whe} 2350
2 F&3h= Scalability 7]%5°] Q1AL A[F9
w2t S S22 view—dependence 7|
5ol AUt E3, folEAVINIe R 75} A
st EaH R E YR 75l Sl

(2% 10) OE st Al B

3) Texturing models
AFXo]| A &= Fractal plasmacf] 7|4t
Procedural texture®E] HE] €AZ

K
(Multi—texturing), ©|9}A] 7|qg} g
_‘

o

(Image—based rendering) 5 ElAXE A
3= MZ2-F E°| 9t Procedural Texture
L He geee 2502 1Y 1@t

Zo| Thopd Avte] HARE ANY & 9

b)
(O3 1) HAX 2EE: (a) Procedural Texture (b) Multi-Texture
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2005% 98 FXIFLIX] HE2A How 1L |

o}, 7123 /@<L Fractal Plasmas A|A
452 U5lola 225
24 3) SubdivideA|Z] & E)AF | 2714 Q)

T L CIRNTEY

Zio] o|ujA] 7j¥t W FH(Depth Image-—
based Rendering)2 17 12(a)2} Zro] o4
o} 22 7)sh Auglel e WlA HE
3 AA G To) WE o] ARE o) &
stof 33ke) AkE Ao 0% 1Y
12(b)2} o] 1 3149 FAE Ag & &

33,

%)= DIBR version 27} /\&= gt}

(a8 12) Depth image—based rendering: (a)
DIBR (b) DIBR Ver 2

E3 29 133} Zho] 3319 Ao FAlA
= o7l Al Aol 2-AE ¥+ A
€ 7I€®= oH, dA) Amd2o] =)

2. AFX animation tools

AFX o]#A 9] Visual ToolZ 4] FBA(Face

and Body Animation) 7]&°] A9t o)A

S A 2o A E o= thekdt
(Bone)7|%t ofymo] d& X AT 4= YTt
w}2bA] AFXo] A= Bone—based Animation
(BBA) & A3} Skeleton 7|5k ofji]uj|o]
Ae A9 4= Utk Ak o g skin v
1ol Boneo] AZE I Boneo] & o|H
Skin% oo wet ¥gd 4= Qlth, BBAE= A
A g8 E24 <l7HETl o}y 2} SkeletonS
Zk1 Q= oheFet FEol i AHSE o A
c}, Skin B2 7Y 144 7t A4 #
9t olu 2} Subdivision Surface@} 72+ B3+
g 2do] ARgE 4 Utk &8 Skeleton]
2o o] ulg} subdivision® skin® 7
o] oo} d Hr,

(3™ 14) Skeleton ofiLmjo|M :

(a) Skeleton
structure, (b) subdivision® ALEst
skin, (c) 2|5 subdivision H& skin

TR A0 B ARG R ofymolde
Key—frame7|4t ofujmjo] o] We) AT
U=, olE FRES /‘J‘%}’] FoisiAl o]
oF 22 oyrejdol & - HA dlolH
g Wy MABC, oA
PositionInterpolator, Coordinatelnterpolator,
OrientationInterpolator®} 22 Key—frame
718t offymfjo]dof] diet f=5o] FF ofrt
AFXO| A& o2t ofiyHiold HlolHof o
3 20~30:19] &= E-8S Hola Yok 2
Y 15= 3DMCZE ¥ 29 40112 =3}
il Coordinatelnterpolator ofjuw|o]Ad djo]
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EHE 1712 ¢=3 272 Visual Quality+=
[e]

Y2} v AS & 5 A

(18 15) 3DMC % Coordinate Compression

2o (2FE): Hl 2 (REFR) =9

570l 27t RUSS WEOIA B
»

wlolde] FHssES S ol

S5 WEE Aol 7hestrt. 11 16004 B

cREdg e Y a8

@ Miow
o
ol
)
o
o
H

N
)
o
i
Q9
=
=
aQ
Fry
S
Q
Q
=
I
P~
rr
0

33,
2o =

2}
_’;:

)
o
fo
ol
)
e
tu
x
o
)
i)
o2 &
> rO i
2 9
fd
o
o

A4t 2 3

o &

o

(3@ 16> Morphing: (a) Ctp2 AA 24 (b) E}
L

DIBR %X %9 PointTexture =E7} S+
g o= 33 Mol Point= 33+ 2E
& BRT webd 1 o] Wristel 95
7140] RHEA| WasiT), neka AFX oA
PointTexture Node©] o3t ¢}=7140] =
Yl 7 Poince) 4 grol dig ALRBAE o
£33t A=stel Yl 2719 40%71A] A7)
£ £ 7 AUtk E3 F21F A (Progressive)

o) 7Hssh] mEel, 13 17914 B
AAY WA Bo] Fps it

ok

(22 17) PointTexture Y=

3. 3D Compression Profile

AFXo|= 3D 239 do|eof Al A
9 AL 93t 3D Compression 23}

7 Fdg Aok, ® 29} ol 6719 7]
el Bo| Y 2tzte] BHL thg

2t

B o ope o

— Simple 3DMC: Progressivel} Stitch 7|
= A E2E w4 2o st
o2 44e &

— Simple CI: Coordinate Interpolatoref 1]
ool g A,

— Simple PI: Position Interpolator ofju]w)
o]AE 4&3}1 Key-Preserving}

Path—Preserving 27}A] R EZ X3}
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2005\ 9¥ TxkFetex] H32@ Ho% |

— Simple OI: Orientation Interpolator oj4
o] S &3t 3l Key—Preserving@h
Path—Preserving 2714 BEE 2|93t}

— Simple WSS: 33} 2dl 9] LOD(Level-
Of-Detail)-Z A €3}, o, 7|2 Hl4l=
IFsHe)e] want st

— Simple BBA: W2 A% Skeleton of
Umlolde Agei) & 28e X195}

A gkt

lil. Conclusion and future work

AFXE HE ", ofiyuojd, dEE o] 7h
S8 $4T2IYL U2 WA Beloly
of ZEdYer AA HUo. 20044
ISO/IEC 14496-169] EZo| 1} ol Tz
S| B2 71esol 715 22 20059 74
u| g o] A+ Amendment 19} tj3t FDAMo] &
2R A 33 29 459 g 19

A+ A|Y Foot-print based representationg-

(¥ 2) Tools for 3D Compression Object Types

3D Compression Object Types

AFX Tools Simple | Simple | Simple | Simple | Simple | Simple
3DMC 1 PI o1 ‘WSS BBA

3D Mesh Compression (3DMC)
® Basic

CoordinateInterpolator {CT) X

PositionInterpolator (PI)
®  Key Preserving x
®  Path Preserving

L8 BFI7} AL Y Foltt,

OrientationInterpolator (OT)
®  Key Preserving x
®  Path Preserving

‘Wavelet Subdivision Surface (WSS)
®  IndexedFaceSet for base nmesh X

SBA X 1
o Without Muscle

mutel ghato] Asky] wet Ak AAX 2

= 87539 3D AlY, 3D oulE, 3D GUI
o Zre AMH|A7Y 7HESHA it

mube) Be FAFY Bt HY andd 3

Aol Y, B W3} 2L Y=Y Y=
o] Algte g 3D BdE ME E A4l Slof
Fzo] BEHQ slsolh Wk mHd 4
gdEoAe §& Z2IHE AT Core
Profileg Ao o|AL t}21} o] 6 5.
7i €] Object typeS Zt=t},

{(® 3) Core 3D Compression Profile 6
3D Compression Object Types
Profites Simple Simple Simple Simple Simple Simple
3DMC C1 PI [e)¢ WSS BBA
Core profile X X X x X x

7.
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