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¥ 31914 MPEG 3DGC(3D Graphics Compression)A] 8.
g4 ABZAISO/IEC 14496-16 AFX(Animation
Framework eXtension)% Animation¥} B8 ¥ %35k v)3)
7ledet 7 FRtelA 9] bone-based, Rl 22 71
B o) de] ZHF g%, A2 Bdy el mden
Bl 9#9) A&l F B ES HEoA R oy
dlojdo] 7Fsst =S 3he 23 ofyulo)A, 7] = of
Ydo)de] gl dia Ar, PA W8F<2l Frame-
based Animation Compression T3] A3Et} vlxjeto g,
olZdt 4= B AN 453 D HIE 2EYS UF
SHMultiplexing)ated A)7¢3= m3d BlolE £l ths) 2
s},

I. Introduction

3D ZefFof tigt FAlo] obAIHA] CAD, 3D juwo]
A, 7884, Helnltlo} ZhE, A7 3DAIY, 998}, 3D
AA G, o5, FAEE A1BHolE, dEEdHER}
T ekst BolollA 3D 7l&o| g5 glr) 0%
Al 3D 1219 dlojelr} da] AME-goll whe} 1995 §7 1|
oA} 20 2 MPEG-4 SNHC(Synthetic and Natural
Hybrid Coding) % &%0o] AJ25) 0™ MPEG-4 Visual,
AFX, GFX 5 T}t 3D B8 7hso] gt} 2005 109

NiceH|BoME FF FHH0E F8taA 3 9g &
=gy 7] 98 SNHC 159 o]2& 3D Graphics
Compression 3DGC) 2.2 WA} T}

1999\ R ¥ MPEG4 Visual FE([1J)A GF o]
% (Face animation), 2D Mesh =, View-Dependent
Coding7]%:0] Z3HEI1L, 2000961 BF Aieold
(Body animation)¥ 3D AA] 29 $+%(3D Mesh Coding)
2Jo} MPEG4 Visual 2t7) } Aol 7} =3},

e AA 2d g ofye) yHo)ld B 95,
S daA a1 ol 2908 sleol it 272 200
J AFX(Animation Framework eXtension)[2]¢] AJ2}Eo)
2004\ ISO/IEC 14496-16 ®F3Fo] a5}, 20051 7€ ¢
+ Multi-texture, Morphing® 3D Graphics Profiles-0} F7}
HAFX Amendment 12] FDAM(Final Draft of Amend-
mentiflo] &5 v} 22)3 Amendment1# 7]E AFX 2
Ho] shtz T Ho| AFX version2Z} &7+t ©]F 2007
3 1Y 3DMC extension, Foot-print based Representation’s
o] &7} Amendment 19} thg FDAMZ} 2 R} (7], A A
< " ZH Y o] HiolelE +53H= Frame-based
Animated Mesh Compression © 2 WD(Working Draft){1117}
718 F0 2 2008'd 49 FDAMO] g o Folc},

oje} tlEo] erjo/mtiesl 20/3D o] htel %
Hollx A= o] I e B HE]n| o7} 7158 MPEG
Application Enginedl] th3t 72 JAVAY] 7]¥kS &
GFX(Graphical Framework eXtension)[3] E&o| zlsj=it}
GFXE 2005'd 7€ 14496-213%7242] FCD(Final Committee
Drafty& A7} R32, 2006 18 A8 of|A] FDIS(Final Draft of

April - 2007_67



Zx{| _ MPEG AFX : im0} & 7|2

International Standard)7} )1t} 3D Graphics Compression
257 SEE BES A9 AR (R I 2

(E 1) 20074 18 7|& MPEG-4 AFX E&st ZI8i si&
CD | FCD | FDIS
Pt | Project ¥ 3 CiP| WD [PDAM|FPDAM FDAM
- |DCOR COR
4 | Amd.16 |[MPEG~J GFX conformance 06/04| 06/10 | 07/04
4 | Amd 21 |GeOelry and Shadow 06/07|06/10| 07/04| 07/10
conformance
5 | Amd.1j |MPEG-J GFX reference 06/01/06/04| 06/07| 07/04
software
5 | Ama.13 | Geometry and Shadow 06/07|06/10| 07704 07/10
reference software
16 | Amd.1 [Geometry and Shadow 05/04|06/04| 06/07 { 07/01
16| Amgy | rame-based Animated 07/0107/07| 07/10 | 08/04
Mesh Compression

(23 D& AFXe] AAZFH MY RS I3 2ol A
A 6y d R BHe}

1

68_

718} @lE(Geometric models): 32+ 2 o] e} 2
g 5 A3}, Low-levelollA] ofuH[o] ot A
o) AHE-E= A HE Sl B3l key-framingo|ut 2 7Y
] Ho|E| & Fo Y H|o] & 3}A| it

. 2 dg] 2d(Modeling models): Geometric model®] &

Fo 2 Ay 32 H| A MY (Deformation)s-S tIg

O g W o 4

i

(ot
9

, 49 e w3} glo] R4l Transformation
I}, Geometric Edlah A1 MY sz
S}AA o] o] 7153tk

S @l (Physical models): Z4%] 9] A7} o] &2
3e 7WA Y, £81 22 9 3o vks 4= 3l
Al g}, Physical model& AME8HA A 07 Hzhd
T AYrlo]de B8 & gith, ahekA, S5 it
¥k Deformable body, Rigid-articulated body$} 2+
&5l AFg-Et,

T oE o 3o

it

A &3 2 (Biomechanical models): AA] AES-2-

T5S VAL Qlo] BAEE 71EeE AL AU HIE
H(Torque)E H3E 7+ ok, A A& 2L of2g
REE A3t

. ¥+ = dl(Behavioral models): @A) 35}l chgh whahg-

(Reactive behavior)d} 28 53-8 Aok}, uk 2142
Stimulus-response TF3]2 o]&3] T+ 5 9,

FSM(Finite-States Machines)©] & ARE-Ft},

. 1A] 2el(Cognitive models): ¢1FA%53 B]|$=3F 7id

©% 9 AYE71D Word=RE A3 B &
¢ % o, 1 e} Asdoe Yapl & 4
ik,

Terminal

!

Animation Frarnework eXtension - AFX ‘effects’

(O 1) ARX 7 FH5
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oede) 1B FHEE 7gke 2 71F 3¢l el RE 44
dd 2 3D opaleHAvatan)E THETHIL 7R, 71 WA
o, 2, ve] 58 vEV] A% 718 AR HeF Aol
o oo] 75t BRE S d472E & 4 A ¥F
(Deformed) 8 4+ =& RAYH T 9|7, v, 23} 22
Bol 2do) 7]8t AR o RE A ¢ ot 7 Tlet AR
o gl Lo £ 7k E'_‘iﬂ:lE E2H SA4 7t
2} Zol "y Hol FE7} 22 EHE =+ Aot 138
3 FHdold oY FE TF Etﬂ?}ﬂ 23l A 93 =

ofd HF e 5= otk clE Sl ot mAR B
e PRIk, £4¢ ¢ Rolx theHE o] =A
$ W W A Ro m o2 7b4 39 AARE o
9 WA £N2 TEE A2 = o ek ol
B AR BRE BR um o] Y& Lo ek, 4
A 93l Helel et £2 e} 2 Ssh BEL
g Relet. 7 £3ele]) Suk Bol 92 F2H2 B4
o ek geb Rolal, £ Aofata e 7R 5
48 W8 Aolet,

do] A2 = 3o}, o] FA B E oprtele 7P I

o114 3ol Q= A4 mdT g

5de $§ 22

N ojH E}—E— A JE A (nteracion)3hA B2 & IFd wet 23, 7 -8 T2 I thaf FZ{stE 7
o] Yastu 2 AFXeIME FofetA] et

S 5EF 95 5L EYY 5 ok w8 FYonrY

Parametric curve and
surface representations

Delivering smooth shapes with a high level deformation control

Subdivision Surfaces

Simplification and progressive transmission of large scale models

MeshGrid Surface

Depth Image-Based

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

Representation

3D photorealistic display of objects from a set of images

Depth 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 by linear interpolation of several target shapes with a base
shape in order to obtain precise deformations and smooth animation.

Solid Modeling

Deformers

Bone-Based Animation

Combining simple 3D primitives for a compact and exact analytical
representation of manufactured and architectural models

Modeling and animation of generic articulated 3D objects
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(F 2>& A AFXIA AlF3hs B 7]&d g
g|2Eo|thg], A 3D 2y ndg FAEE A 7)R
A2l 7184 Ed(Geometry) e 2l g, ) &g
g2 vrlon 2t Fde) Fold 2ed) a4 i =
A& 7)&3H4t. .

B T A= ISO/IEC 14496-16 AFX9l Q& 71& 2
Animation®l] #HE 71| Fol i3l 713}, A 24
A= ALY o]l de] FHF ¢ 23 ofumo]
A, 7) ZH Y o] el 2o tis) AR} a8,

EA 218852 Frame-based Animation Compression T3}

SBSkinnedModel

A, viAgto g o3l A4F ES AEShe] &3l
3D H|E 2E S 53l Multiplexing)dted A8 m3d
to]e] F ool tha) Atuic)

. Animation 7]& £3F

2.1 Bone-tased Animation

Face/body animation& Humanoid7} o}d generic

skelelon bones muscles

segments sites - skin.

vooeo 3

skinCoord

oo

Listof Listof Listof .
SBSegmpnt. SBSite - Shape ~—Shape

SBBone - SBMuscle

Listof

]

Lo

SBBone SBBone SBSite ... SBMuscle .. SBSegment ...
SBBone SBMuscte --———— SBBone
SBBone SBMuscle SBSite SBSegment

(28 2) “sBSkinnedModel” scene graph AISRZ

(a) Bone

(b) SS skin

(c) Finalty rendered SS Skin

(28 3) Skinz} Bones9 of
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articulated 3D objects® &35l dllH7} o yufo]io]
7V53l5E Skind} Skinoll 92 € Boned] F2&. ofjuiv|o]
AL BE83H= 7142 H-Anim 2001 [9) 720 A3} %
t}. Virtual Character (VC)E E83}7] A8 BIFSAlE
SBSkinnedModel ==& g2l 0.0, (19 3)7 2o] 49
=o] qlct.

Skinned 222 2.29) unique IDE 7}A]3L Y& “skin” o
3 EA)H(vertices)Z o F1A glt}. ofyuo}d FF
skin A}]¢) seam(@7)& 71517) 9130, sking AHe 2
£ shapel 22 BAHS 2= YLES THIG,
Skinned FLelo] efuiuo}d BF & skeleton® 2 o] =M,
skeleton SBBone == EHHE boneEe] ASTEE
T390}, Bone AlEFTZ AdolA uniquedt parentE 23l
ew, s & o] 7l9] chidem$ 7HAAL 1& 5
v}, Children& %U}HE bone (SBBone), muscle(SBMuscle),
AhA 3D $)X|(SBSite), 3D object 1E = =(SBSegment)7}
259,

2.1.1 Animation Parameter Encoding

MPEG-4 EZ=0)|4] FBA (Face and Body Animation)Z &%
& predictive®} DCT-based®] #3581 WS ATt &,
(1% 99} o] Y= Rottion F-2] oy djo] A z}z}
HE 333} s}

Frame |

gt rA e
Binary file

(a) OiF 7|8t 2535}

2.1.2 SBVCAnimationV2

o] kB3 7]&d] 9J& SBVCAnimation?] FHEEZ &
Egjq Alo] o] F7}=%}. BBA 2EHE elementary
media 2E &0 2 Aojd 4 3L, MediaControl =29 2
o] AL 5 9lnt,

2.2 MorphSpace‘

dukA o 2 B3 (Morphing)ole} 31, F 7o BE &, &
2 ndi el RYSHE 4P A& F REES
TEol REE dyuo)de] 7hEdeE = Aojt.
AFXOME 22 299 o2 FAE Bl 927 E o
o A&l 27 BdES W= Ro] Jhssith (3d
S)ol BEo] F7t i i RS e o o2 BEld}
717} T} & Weighting Factor® 2= thre] B9-S S350
2R AWl B e o AR50t 22 0 S
< AT 3o

2.3 Interpolator Compression

AFX9] interpolator compression & o-¢- &-2-2¢] o]
§ ¢&2 A2sn 9o, 3747 B9 coordinate,
orientation, position interpolator® A&t} Interpolator
compressione key preserving mode®} path preserving
mode F 79 ¢= B =7} Utk Interpolator encoders

Segment #n

Segment
!

Binary file

(b) DCT 7|8t B 535}

(2@ 4) ofLimjojM Zke) BE 3 YA
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MET t Hayor

(18 5) Morphing: (a) Ct&2f AA T (b) B2 2

ol (28 6)olr Kol A 2ol interpolator analyzer,
Key& Key Value encoder 18] L entropy coder® 73 ¥¢]
le}. Interpolator analyzers= 92} interpolator®] key2] 4=}
keyZt& £4331, o] A7} Key & Key Value encoderd]]
A5 o] §h5o) FY L.

283 upReto 2 binary arithmetic 298 33k
entropy coderoll ¢J3 bitstreamo] A HT}h AFXS] A2
interpolator compression (13 7)2] A eA BZo]
VRMLY} vl@ 3t HA 50119 4FHES HAFTH,
advanced BIFS 2R R #H4 30%014 4 E o4& e
s Hojgot

Original
Interpolator

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

2.4 Frame-vased Animation Compression

Skinned 714} o w|o} o]} Key Frame oy mle]/d3}
2] o) 2 Yol AF3He GeomenyE ZET e AlBEL
o gt& wiloltt 11, &, A7 & oz A R
314 2 o 2 vt} Geometry HoJEIE 7+ ofyr
ol FH3H= A% AR 5 e 07d 19¢
o] A-g¢02 wD7} Edct. o] W o] AAXE
Skinning 74+ 2el2 FH3IL 7t segmentel] 3= &
2}o] WIE]E 3D affine transform© 2 E#3F F residual 3t
& temporal DCTH wavelet© & 2 &3l Wi olot.

(2¥ 8)& oiynro|d A|B2Z v ZFUrtc} Anima-

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

Key Encoder

Interpolator
¢ | Analyzer

Key&KeyValue Header Encoder

Entropy
Coder

KeyValue Encoder

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

............................. =

Encoded
Bitstream

(23 6) Interpolator encoder &
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(a) Original VRML (b) Interpolator Compression (50:1) (c) Advanced BIFS coding
(22 7) Interpolation &&9] of

o tionSegmentZ 7}A3 §10. ™, AnimationSegmentt
A”'7a“°" Headers} A4 djo[E| R o|Foizich, o7, Wl A& 2

g[jl \> l I’“ Qe IFS(IndexedFaceSet)E geometry329} o}U)2} atribute

« Header: animation®l] 3t AR JBZ =g
3L aefsfof & atribute T FRE Zk31 3ot

* Data:
- 3D motion compensationS 93} AMREHE AR E 7}

AnimationSegmentHeader AnimationSegmentData A ‘,{l'q- %—,segment o o3t Y IFSW} Z+ vertex 9]
animation weight & ZH=t},

-] Z Y] Z clusterd] &2 Hlo|E]E 3D affine

(23 8) Animation stream structure

. Near-lossiess
Compression
o\o ———_————T—Wavebt’1
mode

Residual stream o | lossy Prediction
(geometry/attributes) ;—I residuals

Partition -1
data LAD I ’
Skinning-based
Animation l—_AD N 3D motion <
weights L= compensation'
Motion v 3D affine
AD T-DCT ;
stream coefficients

Decoded

First-frame mesh dynamic mesh

(3™ 9) The skinning~based decoder and the individual bitstreams
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transform® 2 EJ3}31 o] Fk-S temporal DCTE 3.
A Y HolE &zttt
-DCT 2-& integer-to-integer wavelet ¥{3 0 8 2353}

g} prediction residual error 4& ZH=t},

2 E Multiplexing of 3D Compression
Streams: the MPEG-4 3D Graphics
stream (.m3d) syntax

AFXe] Zef=of 3= 3D 5 SEFS MPEG4 Al

< AA ‘mpd FHE AZE = YA MPEG4 Al2H)
Qo] 2k 3o HAEHE A% 3D 2d elementary
stream(ES) ‘m3d 2= EROE A E) (28 1002
o2 719 3D ¢F 2EPE0] hte] 3DCObjectSequence
2 FAEE A& HoE

3DCObjectSequencet= 3DCObjectSequence Header2}

3DCObject® T €}, 3DCObjectSequence Headerdll&
‘m3d” HE 2~Ed o) & profile_and_level_indication7}
o] =2l Hulo digt FRE Aot} A=
Core Profile/Level 13} Core Profile/Level 20| A 2] o] o)t}
User dataolli= 54 Applicationg $J3]) AF8A7) Y2le] b
ole]& A F 3ir}. <& £°] 3D Game g WEIL 7]
N ARS-EIE 7 BlS §FE3IA A8l A9 A Scene
7 2dof i AR T TFAE 4 Qiot

3DCObjec= 3DCObject header 2} 3D Compression Profile

oA A2]3F 3D Mesh Compression (3DMC), Interpolator

Compression (IC), Wavelet Subdivision Surface (WSS),
Bone-based Animation (BBA) £¢] 3D ¢}& R|EAEZS
Ay,

3DCObject Headerol| %= User data®d & o] 1o} Object
Sequenceol] W&t o|F 5 2+ 3D 4% Bl dig E4 A

E 9L ot “3dc_object_verid” ol 3D compression
object type®] & #2Ed thet ¥jH JEE Yer} 12
a1, “3dc_object_type_start_code” = ™ 3D compression
object type streamo] A% =0} §lEA] o]d] Fe= T
Ho g AR E et O F/ Fx 988 28 5 jlgY
oh& 3dc_object_type_start_coded]] thgk gro g2 o] ghol
3DMC HIEAE S 9u]3h= gk 7FA2L glthd 3DMC
HEC} gl MEAE Y e BE T,

=2

) .

m, 2

AFXE AT, ool Qe A Ho] 7hadt 2R
I9E AT LA FEnYe] Zy e e g A HY
t}, 2004'd ISO/IEC 14496-162] o] vh o]z H5:31A|
e 71EE0l &7MH0] H 200593 7Y IR ME
Amendment 1o} th3F FDAMo] ¢85t} A 3319 =d
Qh=o] gkt 1A} R 9, Foot-print based representation
202 AMD29YA EF3l7 $E8531, Frame-based

3DCObjectSequence
Header

3DCObjectSequence

3DCObject

-
-
-
-
-
-
-
-
-
-

3DCObject

teader 3DCObject 1

3DCObject

3DCObject
Header 2

3DCObject

3DCObject 2 Ao

3DCObject n

Simple_3DMC

1
1
1
!

-~
-~

Simple_P1 Simple_BBA

(223 10) Syntax of the MP43D stream
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(1] ISO/IEC 14496-2, Coding of Audio-Visual Objects: Part
2: Visual, January 2001,

(21 ISO/IEC 14496-16, Coding of Audio-Visual Objects: Par
16: Animation Framework eXtension (AFX), December
2003,

(3] ISO/IEC 14496-21, Coding of audio-visual objects, Part
21: MPEG-J Graphics Framework extension (GFX), July
2005,

[4] Web3D Consortium - Open Standards for Real-Time 3D
Communication, 21 April 2003, http://www, web3d, org

(51 ISO/IEC 14496-16, Coding of Audio-Visual Objects: Par
16: Animation Framework eXtension (AFX), December
2003,

[6] Text of ISO/IEC 14496-16/FDAMI1 (Morphing &
Textures), ISO/IEC JTC1/5C29/WG11 N7400, July 2005,
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e/

[71 WD 3.0 of 14496-16/AMD2 (Geometry & Shadow),
ISO/IEC JTC1/SC29/WG11 N7625, October 2005,

8] 3D Graphics Compression FAQ 17.0, ISO/IEC
JTC1/SC29/WG11 N8735, January 2007,

[91 H-anim, http://www.h-anim.org/

(101 Text of ISO/IEC 14496-16/FDAM1 (Morphing &
Textures), ISO/IEC JTC1/SC29/WG11 N7400, July 2005,

(117WD 1.0 of ISO/IEC 14496-16:2006/AMD2 (Frame-based

Mesh  Compression), ISO/IEC

JTC1/SC29/WG11 N8732, January 2007,

Animated

O

% 199244 ~ 1996 812 grarisial SESAN L
o 1996 ~ 19984 BEAS AR HREMR

19984 ~ 2003 SIS HEEMS

20034 ~ X MMEE |29 Computing & inteligence LAB

HEoH

2005 ~ il ISOEC JTC1/SC29WG11 MPEG4 Part 16

) Co-Chair and Editor of Ad Hoc on AFX
200611 ~ Bix| B 242 3D &8 Z2 Game WGRH

24}t : 30 Graphics, Video Coding
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