2004. 10. 13.
T QA

G i
S W4 ik

o

W

Aks AT AlE 200
A Azteid o] A Vs
- Azedel 55 2 44

- Argo] Ay 9 45
Azt 4d 2 4548
O ul

o =2

355




Quality
a .
8 200218 ~ 200644
a ~ 20014 .
2
T
\4
T
v
aurv
g g

Interactivity

e ]

CELET |
it i

[#X: NTRM, 20083]

ALZXI0NH edU=

Gt 2000 Melols

s MUlA N3




7% B (29

=

s B ATTEST DRMEE E6f 34E TV
. EwEe IS X

o| =

+ CMU, NASA: 3R & ZTHSOI A
S8t IHYN =

- MIT: EGN 8200% CIAEY 0l Jls 3

» ROIFA LCD AHUR SH 2UE 4ES

<S84 8208 Z2YE
« ZCAIE BRETV Ol N
- 4801712 3NE Y

TR

Falepr|ee, e
SR, 220, AS0, HAl

- AN AF Y WS IS
o DIOHA MY MEXHE Jim

|28 OAE8H0! Vg

AN, LG, BADIY

-« 3R StolSH 3TV, AHA AL

B IXRTV S A MH] LCD 2UE Ma o
. 3 ~ RAMSY BX NYS

357



220100 Mol ¥ d

00 MG Me

|
El i o
gt ’gﬂ;‘ L esgﬂSg ’ > ans By
FEES |
EE] ! |
. | NEd Bax
‘ 2R }_., ! HE/TiS
Ead 0B/ B l 5

e e ﬂi_ﬁ,_y e e

cag GAE aRea
txgy 258
saws
N8R TA/ARY
HASY QIEIEOIA Hed 8e [ 2HE UME;J;CG
TN A W =

d2 WES
&2 na LKL AR ARK
SR et

358




gatg Av A28 2z [l

AV Aquisitton

Format comcrsion

l__’_’_— Raw Vn;l’cn Data
Cauncra parameters

Data
<% (h AVwith CG.
A e \'\b Modeling, etc.)
] Excoding Application Speetfic
(Corp (I Upcomtpressed
. g
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Dehvery » Viewpoint selection
» Display type selcetion
\ \i » Listering point & sound
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* Mesh-based Approach
- T 8 4 vertex, edge, face
— Polygonal or Triangular Meshes
— Rendering of Surfaces with Photometric Information
— Progressive Mesh, Level of Details(LOD)

» Voxel-based Approach
— Voxel(volumetric element) vs. Pixel(picture element)
— T4 8 4 3-D array of voxels(uniform grid)
— Octree vs. Quadtree
— Pyramid &3] 71 ¥ ¥4 2 =(progressive mode)

Mesh-based 3-D Modeling l

Connectivity Information
(Identifier List of Vertices)

Vertex Position
(3D Floating Vectors)
Cr= (v, v, v}

IR RAVE]

Vl ={xl’yl’zl}

i,j,k : Vertex Index
for Each Triangle

Photometry Information
-Normal Vectors

- Colors

- Texture Values
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Why Compression? I

» Surfaces of a 3D model are described by very dense triangular
meshes in most applications (1 million vertices'model)

« Storage, Manipulation, Transmission and Rendering need
large memory, bandwidth, processing time and resources.

iy

Geometry data contains a large amount of data
(32bits x 3 = 96 bitsvertex)

5 il

. J
Data Compression
3219 Bl 25 5 i
T 2= 7] S
— 4 Geometry Geometry
Information Encoder
Spanning Tree
3DModel | . o Bitstream
o 3D Model Connectivity Connedivity System -
. Analyzer Information Encoder Mx
Spanning Tree
L, Photometry | | Phoomary | .
Information Encoder
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Topological Spanning
Surgery Tree 34

Entropy
Cading

Topological Surgery

g

(a) 3D Model (b) Cut Model
ROQTQ
¢ ’\ run node ——~—;~—-

-~ branch node .‘.
i
7<; leaf node /A V

(¢) Vertex Spanning Tree

(d) Triangle Spanning Tree




Surface Peeling I

Cutting strategy should be effective to minimize
the number of triangle and vertex runs

Coding of Spanning Trees H

Adaptive
Arithmetic
Coding
Viun  :10 1101010 — 0 =
9 Vleaf : 0 11 1 _
Vchild : 01 _
#0’s # s Total
Vrun # runs # vertex + # loop - # runs # vertex + #loop
4) (9+0-4=5) ©9)
Vleaf # runs - # leaf #leaf #runs
(4-3=1) 3) )
Vchild # runs - #leaf | 2%4 leaf - # runs + # loop- | # leaf + # loop- 1
(4-3=1) (2*3-4+0-1=1) 3+0-1=2)
Loopstart # leaf - 1 # loop # leaf + # loop - 1
(3-1=2) 0) 3 +0-1=2)
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* Bounding Box Approach
Input Value
XY.Z
( _L Bounding-Box Predicti Huffman .
Quantization iction Coding
« Problems

- Large Quantization Errors
- Vertex Merging Problem

G
T
115

Geometry Compression

Original Model
M1
4y | Root Verte . . .
» oriex Prediction [—| Quantization Entr?py
Coding Coding

I

+ Coding
- First Vertex
- Previous Root
- Previous Vertex
*No Codmmg

|+ Vertex Spanning Tree
- LMSE Prediction
» Triangle SpannmgTree

* Dual Graph

i Looping Strip

- Parallelogram Predicit kjn

- Polygon Predicition

+ Optimal Quantization
« Bit Plane Coding

« Successve Quantization

« HuffmanCoding
« Adaptive Anthmetic

Coding

* QM Coding
* QF Coding
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Linear Prediction “

Use the father-son relationship defined by the
vertex spanning tree to trace all ancestors

Find prediction coefficients by LMSE method

 Perform linear prediction

P P P
Xp = Zﬂ’xixn—i 3¢ =Zlyjy"—i Z, =Z/]’zizn—i
i=l i=l i

Obtain prediction errors A
Ax" :xn—.f” Ay,, =V, _)’},, Azn =z,-2,

Parallelbgram Prediction l

* Basic Assumptions
— Three ancestors form a parallelogram with predicted vertex
— Lie on the same plane

» Problems
— Use a single adjacent triangle = located at a biased position
— Vertex on a curved surface may not be predicted effectively




Joint Prediction im

» Average Predictor
— Use all neighboring vertices that precede the current one
— Average of parallelogram prediction values

» Dihedral Angle Predictor
— Estimates the dihedral angle between two triangles.

<Average prediction> <Angle prediction>

G ||
Error Metric H

n
mean _error = %Z (dist, (i) + dist, (i)

i=l

Where,

A: Original Model

B: Reconstructed Model

n: Number of Vertex

dist (i): Distance between vertex i of A and closest vertex of B
dist,(i): Distance between vertex / of B and closest vertex of A
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» Normal Vector

— Average Prediction

— 6-4 Subdivision Quantization
» Texture

— Average Prediction
» Color

— Mapping Table

- DPCM

Average Predictor

&
T
II!I

» Basic Assumptions

_htn +n, _hEthLtf
n——s—-— f:———:;———

ny, 1y, 1y, 0y, s cecoded value n, f: unknown value

Prediction Rule
R=n+n—n+n -n

Prediction Residual

=(0,46,A¢)

M=n-5i=(1,6,4)-(6,8)




ColQr Coding ﬂ

* Properties of Color

— Limited precision of the coloring system

— A small set of colors recurring frequently over vertices
* Purpose

— High coding gain for frequently recurring colors

y G 39,072 vertices
painted with
O only 401 different colors
< HUMIDITY> <COW >
* ° ;’ 3 .r
Adaptive Color Coding Hl
Ordered o Mappirg Table
(R".]pGl.g) outpyt
SB(:I::Er QM Coder e

N

off

DPCM

Midhred
1 Unifom
Quartizaton

FirstOrder
Predicior
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Progressive Mesh Il

 Incremental Representation of 3-D Models

Distance
from the viewer

 66666s

+ Fully-detailed mesh when the mode is close to the viewer
« Coarse approximation as the object recedes away from the viewer
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« Incremental Rendering

25% 50% 75% 100%
Received Packet Ratio

* Error Resilience

3-D Animation Model Coding l

Motion Vectors

» Time
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— MPEG-4 SNHC/AFX
— MPEG-4 3DAV Coding




