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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of

SO or IEC
bstablished by the respective organization to deal with particular fields of technical activity. 1SQ
echnical committees collaborate in fields of mutual interest. Other international organizations, gover
bnd non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field)of infq
echnology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

Standards adopted by the joint technical committee are circulated to national bodies for voting. Publig
an International Standard requires approval by at least 75 % of the national bedies casting a vote.

Attention is drawn to the possibility that some of the elements of this.decument may be the subject g
fights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

SO/IEC 14496-16 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information tec
Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

his fourth edition cancels and replaces the third edition‘(FSO/IEC 14496-16:2009) which has been te
revised.

SO/IEC 14496 consists of the following partssunder the general title Information technology — C
budio-visual objects:

+— Part 1: Systems

1+— Part 2: Visual

1+— Part 3: Audio

1+— Part 4: Conformarice testing

+— Part 5: Reference software

1— Part 6: Delivery Multimedia Integration Framework (DMIF)

1+— PRart’7: Optimized reference software for coding of audio-visual objects [Technical Report]

nternational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

articipate _in_the development of International Standards through technical committees

nd IEC
nmental
rmation

FThe main task of the joint technical committee is to prepare International Standards. Draft Intefnational

ation as

f patent

hnology,

chnically

bding of

{+=")Part 8: Carriage of ISO/IEC 14496 contents over IP networks

— Part 9: Reference hardware description

— Part 10: Advanced Video Coding

— Part 11: Scene description and application engine
— Part 12: ISO base media file format

— Part 13: Intellectual Property Management and Protection (IPMP) extensions
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—  Part 14: MP4 file format

— Part 15: Advanced Video Coding (AVC) file format

— Part 16: Animation Framework eXtension (AFX)

— Part 17: Streaming text format

— Part 18: Font compression and streaming

—  Par

—  Par

—  Par

—  Parn

—  Par

—  Par

—  Parn

—  Par

—  Par

t 19: Synthesized texture stream

t 20: Lightweight Application Scene Representation (LASeR) and Simple Aggregation Format{(SAF)
t 21: MPEG-J Graphics Framework eXtensions (GFX)

t 22: Open Font Format

t 23: Symbolic Music Representation

t 24: Audio and systems interaction [Technical Report]

t 25: 3D Graphics Compression Model

t 26: Audio conformance

t 27: 3D Graphics conformance

Vi
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Information technology — Coding of audio-visual objects —

Part 16:
Animation Framework eXtension (AFX)

I Scope

[his part of ISO/IEC 14496 specifies MPEG-4 Animation Framework eXtension (ARX) model for repr
bnd encoding 3D graphics assets to be used standalone or integrated in interactive multimedia prese
the latter when combined with other parts of MPEG-4). Within this model, MPEG-4 is extended with
evel synthetic objects for geometry, texture, and animation as well as dedicated compressed represer]

AFX also specifies a backchannel for progressive streaming of view-dependent information.

P Normative references
The following referenced documents are indispensable” for the application of this document. Fg
Hocument (including any amendments) applies.

SO/IEC 14496-1, Information technology — Coding of audio-visual objects — Part 1: Systems
SO/IEC 14496-2, Information technology — Coding of audio-visual objects — Part 2: Visual

SO/IEC 14496-11, Information teehhology — Coding of audio-visual objects — Part 11: Scene de
bnd application engine

B Symbols and abbreviated terms

ist of symbols andabbreviated terms.

esenting

ntations
higher-

tations.

r dated

references, only the edition cited applies. For undated references, the latest edition of the referenced

scription

AFX Animation Framework eXtension
BIFS Blnary Format for Scene

DIBR Depth-Image Based Representation
ES Elementary-Stream

IBR Image-Based Rendering

NDT Node Data Type

oD Object Descriptor

VRML Virtual Reality Modelling Language
4C 4-bits-based Coding

AC Arithmetic Coding

BPC Bit Precision Coding
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SVA
TFAN
QBCR

Shared Vertex Analysis
Triangle FAN

Quantization Based Compact Representation

The mathematical operators used to describe this part of ISO/IEC 14496 are similar to those used in the C
programming language. However, integer divisions with truncation and rounding are specifically defined.
Numbering and counting loops generally begin from zero.

Arithmetic-operators:

+

++

%

Abs( )

Logical

Il
&&

Relatio

>

operators

nal operators

Addition.
Subtraction (as a binary operator) or negation (as a unary operator).
Increment, i.e. x++ is equivalentto x = x + 1.

Decrement, i.e. x-- is equivalent to x = x - 1.

Multiplication.

Power.

Integer division with truncation of the result toward zero-Fer example, 7/4 and -7/-4 are truncated
to 1 and -7/4 and 7/-4 are truncated to -1.

Used to denote division in mathematical equations’where no truncation or rounding is intended.
Modulus operator. Defined only for positive numbers.

x x>=0

Abs (x) = {_x

x<0

Logical OR.
Logical AND.

Logical NOT.

Greater than.

Greater than or equal to.

Greater than or equal to.
Less than.

Less than or equal to.
Less than or equal to.

Equal to.
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I= Not equal to.
max [, ... ,] the maximum value in the argument list.
min [, ...,] the minimum value in the argument list.

Bitwise operators

& AND.

OR.
>> Shift right with sign extension.
K< Shift left with zero fill.

Assignment

= Assignment operator.

4 3D Graphics Primitives

#.1 Introduction

MPEG-4, ISO/IEC 14496, is a multimedia standard that ehables composition of multiple audio-visua
bn a terminal. Audio and visual objects can come from_natural sources (e.g. a microphone, a camera
synthetic ones (i.e. made by a computer); each source-is called a media or a stream. On their termina
can display, play, and interact with MPEG-4 audio-visual contents, which can be downloaded previ
streamed from remote servers. Moreover, each' object may be protected to ensure a user has f
credentials before downloading and displaying.it.

Unlike natural audio and video objects;- computer graphics objects are purely synthetic. Mixing ¢
jraphics objects with traditional audio’ and video enables augmented reality applications, i.e. app
mixing natural and synthetic objects/Examples of such contents range from DVD menus, and TV's E
Programming Guides to medical and training applications, games, and so on.

ike other computer graphics’specifications, MPEG-4 synthetic objects are organized in a scene grap
bn VRML97 [1], which~is -a direct acyclic tree where nodes represent objects and branches their pr
called fields. As each-object can receive and emit events, two branches can be connected by the me
route, which propagates events from one field of one node to another field of another node. As a
MPEG-4 mediaj.scenes may receive updates from a server that modify the topology of the scene grap

The main objective of Animation Framework eXtension (AFX) is to propose compression scheme fi
bnd animated 3D assets. This encoded version is encapsulated in an Elementary Stream, a similar a
bs theone used by audio or video in MPEG-4. The AFX compression is closely connected to the def
he-graphics primitives in the scene graph. For such reason, AFX second objective is to update th

objects
or from
S, Users
pusly or
he right

bmputer
ications
ectronic

h based
bperties,
ans of a
hy other
h.

or static
pproach
nition of
E scene

I I ol ol oL RIEQ ol £ o HRSTH 1Ll AN/ H
Jiaplit WIICTT TICLTSsdly dltu UTIIT TICTW DITo TTOUTS TUT YIapriivo Printniuves. TTUOWTVET, ATA bUIIIpIUbo'On can

also operate on other scene graph formalisms (as indicated in ISO/IEC 14496-25 a.k.a. MPEG-4 Part 25).

The place of AFX within the MPEG-4 terminal architecture is illustrated in Figure 1.

© ISO/IEC 2011 — All rights reserved


https://standardsiso.com/api/?name=b5205389f54b7e41303e893bdef78f95

ISO/IEC 14496-16:2011(E)

Figure 1

with new nodes and define the AFX streams that carry dedicated compressed object representations and &

backchd

4.2 The AFX place within computer animation framework

To undd
one wal
so on. 3
Then, s

the geometry is deformed, these models deform‘and thanks to their physics, they may produce wrinkles
Biomechanical models are used for motion, collision response, and so on. Finally, the avatar may exhibi
special pehaviors when it encounters objeetsiin its world. It might also learn from experiences: for example, if

it touch
bottom
biomech

rest of ifs body, which in turn modify geometric properties that define the hand.

DMIF
Audio DB Decode | /) A\dio CB
Audio
S -
Decod
Video DB . Video CB % . %
w @
g
oD
OD DB , >
.l O Decode
i
Decode Decoded
t AFX DB G
BIFS DB Decode | Decoded -
o BIFS BIFSey res

Figure 1 — Animation Framework eXtension (in green) and MPEG-4 Systems.

shows the position of AFX within MPEG-4 Terminal architecture,lt extends the existing BIFS treq

nnel for view-dependent features.

rstand the place of AFX within computer animation framework [35], let's take an example. Suppose
ts to build an avatar. The avatar consists of geometry elements that describe its legs, arms, head ang
imple geometric elements can be used and deformed to produce more physically realistic geometry
in, hair, cloths are added. These may be physic-based models attached to the geometry. Wheneve

s a hot surface and gets hurt, next-time, it will avoid touching it. This hierarchy also works in a top tg
anner: if it touches a hot surface, its behavior may be to retract its hand. Retracting its hand follows &
anical pattern. The speed of'the movement is based on the physical property of its hand linked to thg
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Figure 2 — Models in computer games and@mation [35].

O

1) Geometric component. These models capture the forné‘d appearance of an object. Many chpracters
in animations and games can be quite efficiently c@t olled at this low-level. Due to the prgdictable
nature of motion, building higher-level models fo@aracters that are controlled at the geomefric level

is generally much simpler.
\QQ)
2) Modeling component. These models are i extension of geometric models and add linear gnd non-
linear deformations to them. They cap transformation of the models without changing its| original
shape. Animations can be made QQ\changing the deformation parameters independently of the
geometric models. \O

3) Physical component. Thes els capture additional aspects of the world such as an objecf's mass
inertia, and how it respo@s to forces such as gravity. The use of physical models allows many
motions to be createc@’comatically and with unparallel realism.

4) Biomechanical cg}@nent. Real animals have muscles that they use to exert forces and torjues on
their own bodi we already have built physical models of characters, they can use virtual muscles
to move the\u_g/es around. These models have their roots in control theory.

on |j erception of the current situation (i.e. no memory of previous situations). Goaldirected
b@?\ﬁors can be used to define a cognitive character's goals. They can also be used tp model

@ ing behaviors.

@ Cognitive component. If the character is able to learn from stimuli from the world, it may bg able to

Aadant ite hahaviar Thaca madale ara ralatad +a Artifinial intallinAne~n fnnhnin ine
ot Pt o PCTV O 1 ST oGt T CatC OO tm it Tt CmgCcCComquCoT

5) Behav'! %omponent. A character may expose a reactive behavior when its behavior is solely based

AFX specification currently deals with the first two categories. Models of the last two categories are typically
application-specific and often designed programmatically. While the first four categories can be animated
using existing tools such as interpolators, the last two categories have their own logic and cannot be animated
the same way.

In each category, one can find many models for any applications: from simple models that require little
processing power (low-level models) to more complex models (high-level models) that require more
computations by the terminal. VRML [1] and BIFS specifications provide low-level models that belong to the
Geometry and Modeling components.

© ISO/IEC 2011 — All rights reserved 5
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Higher-level components can be defined as providing a compact representation of functionality in a more
abstract manner. Typically, this abstraction leads to mathematical models that need few parameters. These
models cannot be rendered directly by a graphic card: internally, they are converted to low-level primitives a
graphic card can render.

Besides a more compact representation, this abstraction often provides other functionalities such as view-
dependent subdivision, automatic level-of-details, smoother graphical representation, scalability across
terminals, and progressive local refinements. For example, a subdivision surface can be subdivided based on
the area viewed by the user. For animations, piecewise-linear interpolators require few computations but
require ots of data in aorder to represent g curved pa’rh Highpr-lp\/pl animation maodels represent animation
using piecewise-spline interpolators with less values and provide more control over the animation path ang
timeline

In the rgmaining of this document, this conceptual organization of tools is followed in the same spirit@n authof
will cregte content: the geometry is first defined with or without solid modeling tools, then texture-is-added to it
Objects|can be deformed and animated using modeling and animation tools. Behavioral and Cognitive modelg
can be programmatically implemented using JavaScript or MPEG-J as defined in ISO/IEC 14496-11.

NOTE Some generic tools developed originally within the Animation Framework_eXtension have beer
relocated in ISO/IEC 14496-11 along with other generic tools. This includes:

e |Spline-based generic animation tools, called Animator nodes;
e |Optimized interpolator compression tools;
e |BitWrapper node that enables compressed representation.ofexisiting nodes;

e |Procedural textures based on fractal plasma.
4.3 Geometry tools
4.3.1 Non-Uniform Rational B-Spline (NURBS)

4.3.1.1 [Introduction

A Non-Uniform Rational B-Spline (NURBS) curve of degree p > 0 (and hence of order p+1) and control points
{P} (0 <|i < n—1; n > p+1) is mathematically defined as [34], [60], [85]:

- Z N,-,p (u)w,P,
Cu)=Y R, ,(u)P, ==
i=0

n—1

—

Ni,p (w)w,

(=]

i=

The pargméter u € [0, 1] allows to travel along the curve and {R;,} are its rational basis functions. The latte
can in thrmbe expressed in terms of some positive (and not all null) weights {w}, and {N;}, the p"‘—degree
B-Spline basis functions defined on the possibly non-uniform, but always non-decreasing kno
sequence/vector of length m=n + p+1: U ={ug, U, ..., Un_1}, where 0 < u;<up1 <1V O0<i<m-2.

The B-Spline basis functions are defined recursively using the Cox de Boor formula:

1 ifu <u<u,.,;
N~ (M) i . i+12
0 0 otherwise;
u-—u, ui+p+l —u
N, = —N, . (u)+— Ny o ).
i+p  Hi ui+p+1 “HYin

6 © ISO/IEC 2011 — All rights reserved
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If ui=ui1=... = Uik, it is said that u; has multiplicity k. C(u) is infinitely differentiable inside knot spans, i.e.,
for u; < u < uj4, but only p—k times differentiable at the parameter value corresponding to a knot of multiplicity k,
so setting several consecutive knots to the same value u; decreases the smoothness of the curve at u;. In
general, knots cannot have multiplicity greater than p, but the first and/or last knot of U can have multiplicity
p+1, ie., Up=...=Up,=0 and/or Upm,1=...=Uny=1, which causes C to interpolate the corresponding
endpoint(s) of the control polygon defined by {P}, i.e., C(0) = Py and/or C(1) = P,_1. Therefore, a knot vector of

the kind U =qu, =0,....0,u,,,...,u,, , ,,1,....1=u, , - causes the curve to be endpoint interpolating, i.e., to
p+l p+l

nterpolate both endpoints of its control polygon. Extreme knots, multiple or not, may enclose,any non-
Hecreasing subsequence of interior knots: 0 < u; < u;1 < 1. An endpoint interpolating curve with\ng interior
nots, i.e., one with U consisting of p+1 zeroes followed by p+1 ones, with no other values in bétween|is a pth—
legree Bézier curve: e.g., a cubic Bézier curve can be described with four control points (of which the ffirst and
ast will lie on the curve) and a knot vector U=1{0, 0,0, 0, 1,1, 1, 1}.

t is possible to represent all types of curves with NURBS and, in particular, allveonic curves (ipcluding
parabolas, hyperbolas, ellipses, etc.) can be represented using rational functions; Unlike when using merely
polynomial functions.

Dther interesting properties of NURBS curves are the following:

« Affine invariance: rotations, translations, scalings, and shears ¢an be applied to the curve by applying
them to {P}.

e Convex hull property: the curve lies within the convexyhull defined by {P}. The control polygon| defined
by {P} represents a piecewise approximation to the.curve. As a general rule, the lower the degree, the
closer the NURBS curve follows its control polygon:

e Local control: if the control point P; is moved-or the weight w; is changed, only the portion of the curve
swept when u; < U < Upp+s is affected by the change.

o NURBS surfaces are defined as tensor products of two NURBS curves, of possibly different degrees
and/or numbers of control points:

n-1 [-1

2N N, )w, P
i=0 j=0
n-1 I-1

C(u,v) =
N[ﬂp (u)Nj.,q (v)w,.,j

i=0 j=0
The two independent.parameters u, v € [0, 1] allow to travel across the surface. The B-Spline basis flinctions
bre defined as previously, and the resulting surface has the same interesting properties that NURBS$ curves
nave. Multiplicity~of knots may be used to introduce sharp features (corners, creases, etc.) in an ofherwise
5mooth surfaee, or to have it interpolate the perimeter of its control polyhedron.

1.3.1.2-NurbsCurve

4.31.21 Node interface
NurbsCurve { #NDT=SFGeometryNode
eventin MFInt32 set_colorindex
exposedField  SFColorNode color NULL
exposedField  MFVec4f controlPoint [1
exposedField  SFInt32 tessellation 0 #1[0, )
field MFInt32 colorindex [] #[-1, ©)
field SFBool colorPerVertex TRUE
field MFFloat knot [
field SFInt32 order 4 #[3, 34]

© ISO/IEC 2011 — All rights reserved 7
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4.3.1.2.2 Functionality and semantics

The Nu

rbsCurve node describes a 3D NURBS curve, which is displayed as a curved line, similarly to what

is done with the IndexedLineSet primitive.

The order field defines the order of the NURBS curve, which is its degree plus one.

The controlPoint field defines a set of control points in a coordinate system where the weight is the last
component. The number of control points must be greater than or equal to the order of the curve. All weight

values r
of a cor
surface

The kn
plus the
same V4

Iubt bC ylcatcl t: Idal’ Ul cquai tU G, GIIGI clt :Cdbt Ul VVC;yht Illuat bU Dtl;bﬂy \chatcl t: Idrl G :f thc ch;uh
trol point is increased above 1, that point is more closely approximated by the surface. However, the
s not changed if all weights are multiplied by a common factor.

bt field defines the knot vector. The number of knots must be equal to the number of control pointg
order of the curve, and they must be ordered non-decreasingly. By setting consecutive knots to the
lue, the degree of continuity of the curve at that parameter value is decreased. If o is'the value of thg

field order, o consecutive knots with the same value at the beginning (resp. end) of the knot'vector cause thg
curve tq interpolate the first (resp. last) control point. Other than at its extremes, there.may not be more thar
0—1 consecutive knots of equal value within the knot vector. If the length of the knotxector is 0, a default kno

vector

of degrge o—1 will be obtained. A closed curve may be specified by repeating the starting control point at the
end and specifying a periodic knot vector.

The teslsellation field gives hints to the curve tessellator as to the number of subdivision steps that must bg

used to
equal td
t=0 letg

Fields
Indexe

4313

4.3.1.3.

NurbsC
ever|
expd
expd
expd
field
field
field
field

}

nsisting of o 0’s followed by o 1’s, with no other values in between, will berused, and a Bézier curve

approximate the curve with linear segments: for instance, ifthe value t of this field is greater than of
that of the order field, t can be interpreted as the abselute number of tesselation steps, whereag
the browser choose a suitable tessellation.

color, colorindex, colorPerVertex, and seticolorindex have the same semantic as fof
dLineSet applied to the control points.

NurbsCurve2D

Node interface

urve2D { #%NDT=SFGeometryNode

tin MFInt32 set_colorindex

sedField SFColorNodé color NULL

sedField MFVec3f controlPoint [

sedField  SFInt32 tessellation 0 #[0, )
MFIn32 colorindex [] #[-1, )
SEBool colorPerVertex TRUE
MFFloat knot [] # (00, )
SFInt32 order 4 #[3, 34]

4.3.1.3.]

P ““Functionality and semantics

The Nu
with 2D

rbsCurve2D is the 2D version of NurbsCurve; it follows the same semantic as NurbsCurve
control points.
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4.3.1.4 NurbsSurface

4.3.1.4.1 Node interface

NurbsSurface { #NDT=SFGeometryNode

eventin MFInt32 set_colorindex

eventin MFInt32 set_texCoordindex

exposedField  SFColorNode color NULL

exposedField  MFVec4f controlPoint 1

CA}JUDUU‘ Flciu' SFTU)\tuIUCUUI UIII IdtU?‘l‘UdU tCACUUI u' NULL

exposedField  SFInt32 uTessellation 0 # [0, )
exposedField  SFInt32 vTessellation 0 # [0 ,0)
field MFInt32 colorindex 0#[-1, )

field SFBool colorPerVertex TRUE

field SFBool solid TRUE

field MFInt32 texCoordIndex [ #-1 ,0)
field SFInt32 uDimension 4 #[3, 258]
field MFFloat uKnot 0 # (-00,00)
field SFInt32 uOrder 4 #[3, 34]
field SFInt32 vDimension 4 #[3, 258]
field MFFloat vKnot fl # (-00,00)
field SFInt32 vOrder 4 #[3, 34]

i

1.3.1.4.2 Functionality and semantics

ind IndexedFaceSet. In particular, NurbsSurface extends the definition of IndexedFace$S
mplementation does not support NurbsSurface it should still be able to display its control polyg
bet of (triangulated) quadrilaterals, which is the coarsest approximation of the NURBS surface.

The uOrder field defines the order of the'surface in the u dimension, which is its degree in the u di
plus one. Similarly, the vOrder field define the order of the surface in the v dimension.

[he uDimension and vDimension fields define respectively the number of control points in the
Himensions, which must be greater than or equal to the respective orders of the curve.

The controlPoint field defines a set of control points in a coordinate system where the weight is
component. These control points form an array of dimension uDimension x vDimension, in a sin

bf a NurbsSurface, the points need not be regularly spaced. The number of control points
limension mustbe greater than or equal to the corresponding order of the curve. Specifically, the thre

D <j< vDimension > vOrder) are obtained as follows:

The NurbsSurface Node describes a 3D NURBS sufface. Similar 3D surface nodes are ElevationGrid

bt. If an
on as a

nension

u and v

the last
ilar way

o the regular grid férmed by the control points of an ElevationGrid, the difference being that, in the case

in each
b spatial

coordinatest>(x, y, z) and weight (w) of control point P;; (NB: 0<i<uDimension >uOrder and

p[i4J].x = controlPoint[i + j*uDimension].x
PLi)J] .y = controlPoint[i + j*uDimension].y
P, 7 = ControiPointit =+ T uDIimenstIon -

P[i,j].w = controlPoint[i + j*uDimension].w

All weight values must be greater than or equal to 0, and at least one weight must be strictly greater than 0.

If the weight of a control point is increased above 1, that point is more closely approximated by the
However the surface is not changed if all weights are multiplied by a common factor.

The uKnot and vKnot fields define the knot vectors in the u and v dimensions respectively, a
semantics are analogous to that of the knot field of the NurbsCurve node.
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The uTessellation and vTessellation fields give hints to the surface tessellator as to the number of
subdivision steps that must be used to approximate the surface with (triangulated) quadrilaterals: for instance,
if the value t of the uTessellation field is greater than or equal to that of the uOrder field, t can be
interpreted as the absolute number of tesselation steps in the u dimension, whereas t equals zero lets the
browser choose a suitable tessellation.

solid is a rendering hints that indicates if the surface is closed. If FALSE, two-side lighting is enabled. If
TRUE, only one-side lighting is applied.

color, —colorindex, colorPerVertex, —set colorindex, texCoord,  texCoordlndex, and
set_textCoordIndex have the same functionality and semantics as for IndexedFaceSet and they apply
on the [control points defined in controlPoint, just like these fields apply on coord points (of “an
Indexe¢dFaceSet.

4.3.2 Subdivision surfaces

4.3.2.1 |[Introduction

Subdivigion is a recursive refinement process that splits the facets or vertices of a-pdlygonal mesh (the initia
“control |hull”) to yield a smooth limit surface. The refined mesh obtained after eagh\subdivision step is used ag
the confrol hull for the next step, so all successive (and hierarchically nested) meshes can be regarded asg
control hulls. The refinement of a mesh is performed both on its topology, as the vertex connectivity is madg
richer and richer, and on its geometry, as the new vertices are positioned in such a way that the angleg
formed by the new facets are smaller than those formed by the old facetst

Figure 3 — Nested control meshes

Figure 3 shows an example of how subdivision would be applied to a triangular mesh. At each step, one
triangle lis shaded to highlight.the correspondence between one level and the next: each triangle is broker
down into four new triangles,-whose vertex positions are perturbed to have a smoother and smoother surface.

4.3.2.1. Piecewise/Smooth Surfaces

Subdivigion schemes for piecewise smooth surfaces include common modeling primitives such as
quadrilateral free-form patches with creases and corners.

A somewhat-informal dncnripﬁnn of pint\n\nlicn smooth surfaces is gi\/nn here: for cimplir\ify r\nly surface
H Iy

without self intersections are considered. For a closed C’-continuous surface in 9%3, each point has a
neighborhood that can be smoothly deformed into an open planar disk D. A surface with a smooth boundary
can be described in a similar way, but neighborhoods of boundary points can be smoothly deformed into a
half-disk H, with closed boundary (Figure 4). In order to allow piecewise smooth boundaries, two additional
types of local charts are introduced: concave and convex corner charts, Q; and Q.
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D H Q4 Q3 Qo

Figure 4 — The charts for a surface with piecewise smooth boundary

Piecewise-smooth surfaces are constructed out of surfaces with piecewise smooth boundaries joined [ogether.
f two surface patches have a common boundary, but different normal directions along the boundary, the
esulting surface has a sharp crease.

fwo adjacent smooth segments of a boundary are allowed to be joined, producing a crease ending |n a dart

cf. [37]). For dart vertices an additional chart Q, is required; the surface near a dart can'be deformed|into this
cChart smoothly everywhere except at an open edge starting at the center of the disk;

1.3.2.1.2 Tagged meshes

Before describing the set of subdivision rules, the description of the tagged meshes is described, which the
blgorithms accept as input. These meshes represent piecewise-smoodth surfaces with features described
bbove.

The complete list of tags is as follows. Edges can be tagged @s crease edges. A vertex with incidenf crease
bdges receives one of the following tags:

o Crease vertex: joins exactly two incident crease edges smoothly.

e Corner vertex: connects two or more creases in a corner (convex or concave).

o Dart vertex: causes the crease to blend smoothly into the surface; this is the only allowed| type of
crease termination at an interior ngn-corner vertex.

g

(a) (b} (c) (d)

Figure.’5 — Features: (a) concave corner, (b) convex corner, (¢) smooth boundary/crease, (d) ¢orner
with two convex sectors.

Boundary edges are automatically assigned crease tags; boundary vertices that do not have a corner tag are
assumed to be smooth crease vertices.

Crease edges divide the mesh into separate patches, several of which can meet in a corner vertex. At a
corner vertex, the creases meeting at that vertex separate the ring of triangles around the vertex into sectors.
Each sector of the mesh is labeled as convex sector or concave sector indicating how the surface should
approach the corner.

In all formulas k denotes the number of faces incident at a vertex in a given sector. Note that this is different
from the standard definition of the vertex degree: faces, rather than edges are counted. Both quantities
coincide for interior vertices with no incident crease edges. This number is referred as crease degree.
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The only restriction on sector tags is that concave sectors consist of at least two faces. An example of a
tagged mesh is given in Figure 6.

\ l\\é
Figure § — Crease edges meeting in a corner with two convex (light grey) and one concave (dark grey
sectors$. The subdivision scheme modifies the rules for edges incident to crease vertices (e.g. e4) and
corners (e.g. ).
4.3.2.2 |SubdivisionSurface
4.3.2.2.1 Node interface
SubdivisionSurface { #%NDT=SFGeometryNode, SFBaseMeshNode
eventin MFInt32 set_colorindex
eventin MFInt32 set_coordIndex
everntin MFInt32 set_texCoordIndex
evertin MFInt32 set_creaseEdgelndex
everntin MFInt32 set_cornerVertexindex
everntin MFInt32 set_creaseVertexindex
everntin MFInt32 set_dartVertexindex
expgsedField  SFColorNode color NULL
expgsedField  SFCoordinateNode coord NULL
expgsedField  SFTextureCoordinateNode texCoord NULL
expgsedField  SFInt32 subdivisionType 0 # 0 — midpoint, 1 —
Loop, 2 — butterfly, 3 —
Catmull-Clark
expgsedField  SFInt32 subdivisionSubType 0 # 0 — Loop, 1 — Warren-
Loop
field MFInt32 invisibleEdgelndex 0 #10, )
# extended Loop if non-empty
expgsedField  SFInt32 subdivisionLevel 0 #[-1, o)
# IndexedFaceSet fields
field SFBool ccw TRUE
field MFInt32 colorindex 0 #[-1, )
field SFBool colorPerVertex TRUE
field SFBool convex TRUE
field MFInt32 coordIndex 1] #[-1, )
field SFBool solid TRUE
field MFTnt3Z texCoordIndex 1] #T-1, )
# tags
field MFInt32 creaseEdgelndex 0 #[-1, )
field MFInt32 dartVertexIndex 0 #[-1, )
field MFInt32 creaseVertexindex 0 #[-1, )
field MFInt32 cornerVertexindex 0 #[-1, )

# sector information
exposedField MFSubdivSurfaceSectorNode sectors 1

}
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4.3.2.2.2 Functionality and semantics

The SubdivisionSurface node is similar to the existing IndexedFaceSet node with all fields relating to
face normals and the creaseAngle field removed since normals are generated by the subdivision algorithm
at run-time and their behavior at facet boundaries is controlled by edge and vertex crease tagging. The control
hull is specified as a collection of polygons and must be a manifold mesh. No “dangling” edges or vertices are
permitted, and each polygon may share each of its edges with at most one other polygon. More details about
the subdivision process and rules are described in 4.3.2.2.3.

. : 5 ap d 5 v of-q9 control
null constructed from vertices listed in the coord field. The coord field contains a Coordinate npde that
Hefines the 3D vertices referenced by the coordIndex field. SubdivisionSurface uses thé indiges in its
coordindex field to specify the polygonal faces of the control hull by indexing into the coordinatgs in the
Coordinate node. An index of “-1” is used as a separator for the control hull faces. The, tast face|may be
but does not have to be) followed by a “-1” index. If the greatest index in the coordIndex field is N, then the
Coordinate node shall contain N+1 coordinates (indexed as 0 to N).“Each face |of the
SubdivisionSurface control hull shall have:

e exactly three non-coincident vertices for triangular schemes (midpoiat; Loop and butterfly);
¢ atleast three non-coincident vertices for quadrilateral schemes{{(€atmull-Clark and extended Loop);
e vertices that define a planar, non-self-intersecting polygon.

Dtherwise, the results are undefined.

fhe SubdivisionSurface node is specified in the-local coordinate system and is affected| by the
ransformation of its ancestors.

The subdivisionType field specifies the majorsubdivision scheme:
1) Midpoint (non-smoothing);
2) Loop (4.3.2.2.3.1);
3) Dyn'’s butterfly (cf. [31], [91]);
4) Catmull-Clark (4.3.2.2.3.3).

The subdivisionSubType field specifies a sub category of subdivision rules in the major subdivisjon rule.
For this specification) for subdivisionType 0 (Loop), subdivisionSubType 0 indicates Loop and 1
Varren’s Loop.

A\ subdivisionType value of zero and a non-empty invisibleEdgelndex array imply that the extended
| oop scheme (4.3.2.2.3.2) is used.

ThefinvisibleEdgelndex field is used to select co-ordinate pairs from coord to define which edges$ should
pe-tagged as invisible. Consecutive pairs of co-ordinates define an edge; this pair of vertices must bglong to
one facet as defined by the coordIndex fiel[d and may be Tinferior’ 1o the facet (e.g. in the case of a
quadrilateral, the invisible edge would be one of its diagonals). All non-triangular facets should have enough
tags to fully describe their triangulation. Note that a non-empty invisibleEdgelndex array is only allowed
when subdivisionType is 0; the results are undefined in other cases.

The subdivisionLevel field specifies the number of times the surface should be subdivided. If this field is “-
1” then the terminal should apply enough iterations of subdivision until it reaches a “visually smooth” surface.

The fields color, coord, texCoord, ccw, colorindex, colorPerVertex, convex, coordindex, solid,
and texCoordIndex have the same semantic as for the IndexedFaceSet node. These fields define the
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control hull of the subdivision surface. Textures coordinates and color information, if present, propagate from
the control hull to subsequent subdivision levels through linear interpolation.

The creaseEdgelndex field containsan indexed line set of creases, indicating where creases appear on the
otherwise smooth subdivision surface (4.3.2.1.2). As for the IndexedLineSet node, the line is defined by
successive vertex indices defined in the coord field. An index of "-1" indicates that the current crease has
ended and the next one begins. The last crease may be (but does not have to be) followed by a "-1". Crease
edges must already exist in the control hull topology (i.e. the edge must coincide with a single edge of a

polygon as defined by the coordIndex field). Note that if an edge is tagged as both invisible and a crease,
the res ||tc are-uhdefined-

From the creaseEdgelndex array, the default behavior (and appropriate subdivision rules) for vertices*orn
crease ¢dges are defined (4.3.2.1.2) as:

o |Vertices with exactly one crease edge in their neighborhood are dart vertices,
o [Vertices with exactly two crease edges in their neighborhood are crease vertices,

o |Vertices with three or more crease edges in their neighborhood are corner vettices.

However, this array may not provide a description general enough for all surfaces and three arrays are
provide:f: cornerVertexindex, creaseVertexindex, and dartVertexindex- The information provided by
these afrays completes (or overrides) the information in creaseEdgelndex:

The conerVertexindex field indicates the vertex index of corner vertices.

The crelaseVertexIndex field indicates the vertex index of crease vertices.

The dartVertexindex field indicates the vertex index of dart vertices.

Finally, the sectors field may optionally contain an arfay of SubdivSurfaceSector nodes that describg

additionpl sector information; see 4.3.2.2.3 for-.more details. Note that if both the sector and thq
invisibleEdgelndex fields are non-empty, the results are undefined.

4.3.2.2.3 Subdivision Stencils

In order| to reduce the angles betweén*adjacent triangles, the position of each new vertex introduced by thg
subdividion process is calculatedas-a function of some old vertices in the vicinity of the considered edge. Thg
position|of old vertices themselves-may be altered as well for that same purpose.

The stehcil of the subdivisionscheme refers to the set of old vertices used to compute a new vertex. The term
mask, gr the set of (averaging) rules, is used to refer to the set of values of coefficients. It determines thg
convergence of the proeess and the smoothness degree of the limit surface.

Different masks.are necessary for different types of vertices discussed in more detail in the next subclause.

4.3.2.2.3.4~ Loop subdivision

Figure 7 shows the stencils used for repositioning old vertices and inserting new ones by splitting edges in the
case of Loop’s scheme [48].

Vertex rules are used to update positions of old vertices, edge rules are used to compute positions of newly
inserted vertices.

For untagged interior and dart vertices rules shown in Figure 7(a) are used; for boundary/crease vertices rules
in Figure 7(b) are used. Positions of corner vertices are never changed.
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[he coefficient B can be chosen in different ways.

2
1 2n
L oop’s original proposal was\j = —(——(—+—cos7) J In particular, this is p=3/16 for k¥ 3, and

0 0
1 g o
8 3
7
() ® °
1 1
8 0 8
3 3 1 1 3
8 8 2 2 ittt v
1 1
8 8
(©) (d) (e)

Figure 7 — Stencils of Loop’s subdivision scheme. (a) repositioning interior old vertices}

b) repositioning boundary or crease old vertices;.(c) splitting interior edges not adjacent to bqundary
extraordinary vertices; (d) splitting boundary and crease edges; (e) splitting interior edges adjgcent to
an extraordinary (valence not 4) vertex on-the boundary/crease or corner vertex. The values of |3 and y

are defined in the text.

5 (3 1

k\8

B = 1/16 for k= 6. Warren proposed later to keep B = 3/16 for k=3, but to have simply = %k for k> 3,
which also amaounts’to 3 = 1/16 for k = 6 [84].

Edge rules. are more complex. The rule for an edge point inserted on an edge e is chosen depending on the
ag of the'edge and the tags of adjacent vertices and sectors. There are several cases:

In the absence of tags, the standard edge rules are applied (Figure 7c).

If a crease edge e is split, and no endpoint is a dart vertex, the rule shown in Figure 7(d) is used.

If one of the endpoints is a dart vertex, the standard rule (Figure 7c) is applied.

If one endpoint v is an extraordinry vertex (valence not 4) and tagged as corner or smooth crease and
the edge e is not a crease edge, we use a modified rule shown in Figure 7(e) (with weight 3/4 —y

associated with extraordinary vertex), with parameter y chosen asy(0,)=1/2-1/4cos0, . For a

crease vertex, 0, = w/k, where k is the crease degree of the vertex in the sector where the edge e
is.
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e If both endpoints are extraordinary vertices (valence not 4) and tagged as corner or smooth crease
and the edge e is not a crease edge, then the average of the masks given by the rules in 4 above is
taken.

At a corner vertex v the edge e is differentiated whether it is in a convex or concave sector. For a convex
corner, O, = a/k, where a is the angle between the two crease edges spanning the sector, for concave

corners,0, = (2n—a)/k .

€ simplest choice_of

use a/f for convex corners (respectively (2t — )/ k for concave corners) where a.is the angle betweer

edges of the control mesh bounding the sector; 0, for concave and convex corners can be also a user-defineg

Application of the stencils is followed by application of flatness modification described-in the next subclause
This mqdification is optional for all cases excluding concave corner; in which case,it'is’necessary to ensurg
tangent|plane continuity of the surface.

¢ [Flatness modification

With k defined as in previous subclause, let the vector of control points-bg. p” = {p;",p(’)", ey p,’c’il} (Figure 8).

The superscript indicates the subdivision level the subscript indicates the point number in the sector. Afte
subdivigion step in a neighborhood of a corner vertex is modified as:follows:

new

" =(1-s)p+s(ax’+ax' +a,x’)

where § is the flatness parameter. a, = (', p) ,1° 18577 are limit position and tangent masks defined in the

next subclause, and xo,x1 ,x2 are the right eigenvectors also defined in the next subclause. The valid range

of the flatness parameter is 0 <s <1 for~all vertex types except concave corner, in which case it ig

1
1-— ks <1, with lambda defined as A =1/2—1/4(cos0, —cos(n/k)). Geometrically, the modified rulg

2\
blends between control point positions before flatness modification and certain points in the tangent plane

which afe typically close to the-projection of the original control point. The limit position a of the center verte
remains{ unchanged.

T

Pa

P;rb+ 1 ><n,
m41

71

m+1
Pq pU 3

Pe

Figure 8 — Neighborhoods of a vertex on different subdivision levels. The subdivision matrix relates
the vector of control points p” to the control points on the next level pm+l . For a neighborhood of k

triangles p” = {pfl,p(’)",...,p,'c”fl}.
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The flatness modification is always applied at concave corner vertices; the default value for the flatness
parameter is 1. Better visual results are obtained for s =1—1/(4L). In other cases, s can be taken to be 0 by
default and the modification step need not be applied.

Optionally, a user-specified flatness value can be associated with any vertex and used to control how fast the
surface approaches the tangent plane.

A compliant implementation is required to support s = 0 and s = 1, but an implementation may support
arbitrary s values.

¢ Limit position and tangent masks

-or each type of vertex (interior, smooth crease, corner, dart) there are masks for computing-the limit{position
Df this vertex and two tangent vectors at this vertex. The limit position masks are denoted 1%and limit tangent

hosition masks are denoted /' and /* respectively. A subscript ¢ denotes the coefficient corresponding to the
center vertex. Once two tangent vectors are obtained by applying the masks, the normal can be computed as
he cross-product of the two. In addition we define right eigenvectors in each_case which are necegsary for
latness modification. Recall that dominant right eigenvector X" is the vector consisting of ones

Al

Untagged interior or dart vertex of degree k. In all cases i is in therange 0...k —1 and0®, =2m/}

. 1 - B3P
C1+@k/3)B° T 1+8k/3)pB

T _ .2 g1 _ g2 _
x,=x,=1[.=I7=0

1 e 2 .
x; =sinif,, x; =cosif,,

l

! :%sini@k, I :%cosiﬁk,

Smooth crease vertex of crease déegree k. Let 0, = /k

1°=2/3, 1°=1°=1/6, 1°=0, i=1...k-1
For k=1,
xl==1/3,x. &%) =2/3,x’=0,x] =1,x] =-1

I'=—11=l=1/2,1>=0,12 =1/2,17 =—1

Otherwise x' = x> =1' =0,

1. 2 . .
x; =sinif,, x; =cosif,,i=0...k

=1/2,1l =—1/2,1' =0,i=1..k
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where
1 2
—(I+cos6,) ——a
a=-2 p=-3
1 1 kC
3(———cos0 cos—>
(2 4 ) 2
sin6 coskzgsinek
6 = 1 ,mnkn G5 = coc cach
e U\JDVk \JUO% vvovk

CEarccos(cosH, —1)
Convex/concave corner vertex of crease degree k with parameter 6, . Let® = 40, .
=11’ =0,i=0...k

,_sini®, , sin(k—i)0,

P =

1 2
x|=x=0,x

- , X, - ,i=0...k
sin© sin

I'N=-1,1} =1,1'! =0,i=0...k 1
Pl=-11; =11} =0,i=1...k

4.3.2.2.3.2 Extended Loop subdivision

Extendgd Loop is an enhancement of the well-known triangle-based Loop subdivision algorithm that allows
the designer to work with quadrilateral-based models which arg_better suited to capturing the symmetries o
natural and man-made objects, while ensuring that the visualisation process can be optimised for a triangle
only rerldering pipeline. Furthermore, unlike quadrilateral-based subdivision schemes such as Catmull-Clark
extended Loop offers the model designer exact control overthe final model triangulation, which is essential fof
efficient|rendering of low polygon models.

e |[Stencils

Extending Loop to handle arbitrary meshes:requires the addition of edge visibility tags for edges that are
introduded during triangulation and are not-part of the original control hull. The introduction of edge visibility
information will clearly affect the vertexiand edge subdivision rules.
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Figure 9 — Stencils of extended Loop subdivision for repositioning interior(smooth and dart)

Figure 9 shows the extended Loop subdivision stencils.used for repositioning old vertices (as with §
| oop, corner vertices are never moved) and gsplitting edges both on the surface inter
poundaries/creases. Solid lines indicate original »«Control hull (visible) edges while dashed lines
nvisible edges. It is clear from the stencils (a), (b}and (c) that repositioning old vertices with extended
dentical to standard Loop if invisible edges arfe’ ignored, with one exception (b). If a vertex has twdg
isible edges in its neighborhood, then the ‘invisible edges are included in the calculation. If all ed
isible then the stencils are identical to standard Loop subdivision.

k\8

Figure 9a) or the valence (visible + invisible edges) if the number of visible edges is < 2 (Figure 9b).

The stencil for splitting boundary/crease edges (Figure 9f) is also identical to standard Loop, while
nterior edges depends on whether the edge in question is visible (Figure 9d — left) or not (Figure 9d
A\s with the old‘vertex repositioning stencils, the edge split stencils try to employ vertices at the “othe
isible edges*only, ignoring invisible edges completely. Identifying visible edges at each side of t
bndpoint dhivolves a clockwise and/or counter-clockwise search around the endpoint neighborhood 4
esult in-the same vertex for both sides or no visible edges in which case the endpoint is assigned

—s —Visibitity propagation

and boundary/crease old vertices and splitting interiof{(d), (e) and boundary/crease edges.

veight((Figure 9e). Again if all edges are visible, the stencils are identical to standard Loop subdivision.

a), (b)

tandard
or and
indicate
Loop is
or less
ges are

2
(s (3 1 2n
As with standard Loop subdivision, = — ——(—+—0057j J where k is the number of visible edges

splitting
— right).
end” of
he edge
nd may
the full

The visibility of the new edges needs to be determined, since it will be required on the next round of
subdivision. New edges radiate from a new point (see Figure 10), and their visibility is determined according to

the neighborhood of the point.
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Two ed
Of the @
left. If w
dividing
and is G
should |
for exan

jes will be the two halves of the original edge E - these simply keep the visibility of the original‘edge
ther four new edges, two edges will be to the right hand side of the original edge, and two more to its
e label these edges clockwise as e1, €2, €3 and e4, these connect to other new poifits created by
the original edges labeled E1, E2, E3 and E4. The visibility of the new edges is initialized to invisible
hanged to visible if the lookup of the combination of E, E1, E2, E3 and E4 in Tablex! indicates that i
e. Clearly, the visibility of each of e1, €2, e3 and e4 is not uniquely determined.by splitting E alone; e1
ple, also depends on the visibility lookup for splitting E1.

Table 1 — New edge visibility lookup table

Note that Table 1 is unchanged if we swap left and right,

Original edges New edges Original edges New edges
visible visible visible visible
E E E, E5 E,||e;, e e e, E E, E/E; E,||e, e, e; e,

v
v v v e v
v v
v v v v v | v
v v v v
v v v v v v
v A v v v
v v v v v v v | vV
v v v v | v
v v v | v v | Vv v
v v v v | v
v v v v | v v v | v
v | v v v I|Iv |V v | v
v | v v v I|Iv |V v v | v
v | v v Iiv|v v I v
v | v v v | v |V v I|Iv |V v VI iviv|vYy

we call “right” to start with.

20

so it is unimportant which side of the original edge
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¢ Vertex normal calculation

In order to perform operations such as lighting on a surface, it is necessary to determine the normal to that
surface at each vertex. This is the direction at right angles to the limit surface at that point. In order to
calculate this normal, it is necessary first to obtain two tangent vectors, t, and t,, which are directions that lie

along the surface rather than at right angles to it. Given these, a vector cross product will result in the
normal:

(b)

desired

Figure 11 — (a) interior, and (b) boundary/crease vertex.neighborhood used for normal calculation.

For interior smooth and dart vertices of valence k (Figure 11a), the tangents are defined as the Weighted
bverages of the positions of the neighborhood vertices: (v, where i €[1, Kk]):
[, =CV, +C, v, +C3v, +...+C Y,
[, =C,V, +C v, +C, vy +o.+C v oY
Wwhere:
27
C, = COS——
k
-or boundary, crease-and corner vertices (Figure 11b), each sector between pairs of boundary/crease edges
ill have a different’pair of tangent vectors that are defined as:
[ =V~
| =2vy +v, +v,, k=2
2 Vy =V, k=3
=2vy =V, +2v, +2v, —v,, k=4
W Wy, Wiy, o w iy, k>4
T . )
where, ford = k— , w; is defined as:
sin &, i=li=k
" |(2cos@-2)sin((i - 1)), 2<i<k-1
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4.3.2.2.3.3 Catmull-Clark subdivision

The Catmull-Clark scheme was described in [19]. This scheme can be applied to general polygonal meshes,
but after the first subdivision step all polygons in a mesh become quads. The masks for a mesh consisting
only of quads are shown in Figure 12 and Figure 13. The scheme produces surfaces that are c? everywhere
except at extraordinary vertices, where they are c.

1 1

4 £

1 1

4 4

(a)
) i
16 16

13

g 7 ]a
ol o
16 16

(d)
(b)

—— L 4 ‘
1 1 4 3 1
2 2 8 4 &

(© (e)

Figufre 12 — Catmull-Clark rules with k defined as in 4.3;2.1.2 (a) face rule; (b) regular edge rule (c)
boundary/crease edge rule (d) interior vertex rule f =3/2k and 5 =1/4k (e) smooth
boundary/crease vertex rule.

There afe three types of rules: vertex rules used_ {0 update old vertex positions, edge rules used to insert new
vertices|for each edge, and face rules used talinsert new vertices for each face.

L L
16 16
3
T-ro—e—v
1 A
16 16

Figure [13/~< Modified rule for odd vertices adjacent to a boundary extraordinary vertex (Catmull-Clark
scheme), the coefficient gamma is defined in the text.

The rules used only on the first step are:
e aface control point for an n-gon is computed as the average of the corners of the polygon;
e an edge control point for an untagged edge as the average of the endpoints of the edge and newly

computed face control points of adjacent faces; for a crease/boundary edge it is the average of the
endpoints;
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e The vertex rule for untagged interior and dart vertices is:

— . k-1 . .
pl"= —kk 2 p! +k—12(2p,-’ + q,’”j
i=0

where pij are k control points at level j sharing edges with pf and qf“ are face control points for faces

incident at the vertex. Note that face control points on level j+1 are used.

s For boundary/crease vertices, it Is the spline rule identical 1o the one used for the Loop sche
corner vertex positions are never changed.

After the first subdivision step the mesh consists only of quadrilaterals and the subdivision ruleslare d
n (Figure 12 and Figure 13). The vertex and face rules are essentially the same; thenmasks arg
n Figure 12. As in the case of the Loop scheme edge rules are more complex:

e Inthe absence of tags, the standard edge rules are applied (Figure 14b).

e If a crease edge e is split and no endpoint is tagged as a dart vertex ,rules of Figure 14c are |

e |f one of the endpoints is a dart vertex, the standard edge rule is Gsed (Figure 14b).

rule shown in Figure 6 is used, with parameter y choseras}(6,)=3/8—1/4cos0, . Exactl
Loop scheme, for a smooth crease vertex, 8, = 7 /&), where k is the crease degree of v in th

where e is. For a corner use 6, =/ k, where\g > 7 for concave corners and a < 7 for,
corners.

o If both endpoints are tagged as corner or:smooth crease, then the average of the masks give
rules above is taken.

Application of the stencils is followed by ‘application of flatness modification described in the next su
his modification is optional for all cases excluding concave corner; in this case it is necessary tg
angent plane continuity of the surface:

¢ Flatness modification

he flathess modification(is,similar to the one used for Loop scheme, but the vector of control point

ubdivision level thetsubscript indicates the point number in the sector.

e. The

bscribed
shown

sed.

e |f one endpoint v is tagged as a corner or smooth crease and the edge e is not a crease, a modified

like for
e sector

convex

n by the

bclause.
ensure

5 has to

nclude one more group: of points [qgl,...,q,'f_l] as shown in Figure 14. The superscript indicates the

q'in.
m

Py m-+1

4
m—41 p;n’
Py _ m
T T 7

, ﬂ |

1

Figure 14 — Neighborhoods of a vertex on different subdivision levels. The subdivision matrix

Pc

relates

the vector of control points P" to the control points on the next level 17m+1 . For a neighborhood of k

quadrilaterals p= {pf,p(')”,...,p,i"_l,q(')",...,q,i"_l}_
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The rule itself coincides with the rule for the Loop scheme:

new __
p =

(1-5)p+s(@x’ +ax' +a,x?)

where s is the flatness parameter. a, = (', p),1°,1",1? are limit position and tangent masks defined in the

0 1 2 . . . .
next subclause, and x~,x , x" are the right eigenvectors also defined in the next subclause.

The val

d ranaa of tha flatnass naramatar is () I\ 1 _for all vartax tunas axcaent concave-corner—inwhich
e—ahg —ReHat3 patraiete > —OF—aHMBEX—Y P <GP+ HeaV HIe WG

case iti

C = COS

The def;
to 1. Be

Optiona
surface

Interior

4.3.2.2 ]

In additi
corner \

can be yised to control the tangent-plane of the surface as shown in Figure 15.

Specific
vertex @

step for
used is|
prescrib

1
5 l_ﬁ < s <1, with lambda defined as

+%c2 WL%\/My2 +32¢%y — 48y +4c* +4¢% +9

T
2k
hult flatness parameter can be set to zero for all cases except concave corners, in which case it is se

ter visual results are obtained for the values close tos =1 —LX4L).

ly, a user-specified flatness value can be associated with-any vertex and used to control how fast thg
approaches the tangent plane.

Limit position and tangent masks

br dart vertex of degree k. In all cases i issifithe range0...k —1,and 0, =2n/k.

8.4 Normal control

on to the flatness modification-which insures that the surface is tangent plane continuous at concavg
ertices and provides additional shape control at other vertex types, a similar modification mechanisni

plly, if the user prescribes tangent vectors or the normal for a sector at a corner or smooth boundary
r a normal for aninterior vertex then the following modification can be applied after each subdivisior

both Loop_and Catmull-Clark surfaces, p"" = p+t((a] —a,)x' +(a}, —a,)x”)where the notatior
the same) ‘as in the subclauses describing flatness modification above, a] and a’, denote thd
ed tangents and ¢ is a user-specified parameter(0 <t <1, by default set to 1. If only the normal is

prescrib

ed-the tangents are computed as a; =a,—(a,,n)n fori=12.

The parameter ¢ determines how fast the surface approaches the prescribed tangent plane.

24
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(a) (k) (c) (d)

corner we tilt the normal for one surface sector slightly inwards. (c) Smooth surface; (d) Same
mesh but all normals vertical.

1.3.2.3 SubdivSurfaceSector

1.3.2.3.1 Node interface

SubdivSurfaceSector { #NDT=SFSubdivSurfaceSectorNode

field SFInt32 facelndex 0 #face index from coordIindex
field SFInt32 vertexindex 0 # vertex index from coord
exposedField  SFInt32 tag 0

exposedField  SFFloat flatness 0

exposedField  SFFloat theta 0

exposedField  SFVec3f normal 000

exposedField  SFFloat normalTension 0

1.3.2.3.2 Functionality and semantics
he facelndex field contains the index of the face and the vertexIndex field contains the vertex ir
respectively in the parent SubdivisionSurface node.

[he tag field indicates the type of sector (Figure 16):

Tag value Semantic
0 No corner sector

1 Convex sector

2 Concave sector

Figure 15 — Normal interpolation. (a) Surface with convex corners. (b) Prescribed directions: 3t each

control

dex the

sector is attached to. The indices.réfer to point index and face index from coord and coordindégx fields

Figure 16 — Concave corners (left) and convex corners (right).

© ISO/IEC 2011 — All rights reserved
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The flatness field contains a value between 0 and 1: 0 indicating no modified flatness, and 1 indicating
maximal flatness. This parameter is denoted s in Loop and Catmull-Clark rule definitions above (Figure 17).

% Yo Y Ya

Figure 17 — Influence of the flatness parameter.

The theta field is an angle used to control the shape of the corner; this angle is denoted §in the masi
definitions above (Figure 18).

AN A"

Bes? value

Figure 18 — Influence of.theta.

The nonmal field specifies the desired normal at the verex (Figure 19).

The nofmmalTension field is the influence of the normal between 0 and 1, 0 meaning no influence; denoted t i
the formulas for normal modification (Figure 19)¢

t=0

Figure 19 — Prescribed normals and tension parameter.

4.3.2.4 (WaveletSubdivisionSurface

4.3.2.4. Node interface

WaveletSubdivisionSurface { #NDT=%SF3DNode

exposedField SFGeometryNode baseMesh NULL

exposedField  SFFloat frequency 1.0

exposedField  SFFloat fieldOfView 0.785398 # pil4
exposedField  SFInt32 quality 1
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4.3.2.4.2 Functionality and semantics

Wavelet representation of surfaces relies on an extension of classical multiresolution analysis theory in which
operators similar to those of subdivision surfaces are used in place of traditional interval subdivision and low-
pass filtering (scaling spaces).

In this representation, a 3D mesh is received as a coarse mesh and independent sets of zero-tree encoded
wavelet coefficients, allowing adaptive and progressive reconstruction at the client side.

espect to the viewpoint. Transmission of such a model consists of two parts: a base mesh, which describes
he model at the coarsest level of detail, and series of refinements (wavelet coefficients) that can,be carried on
bne or more elementary streams (see the bitstream definition in 5.3.1.1).

he baseMesh field shall specify either a SubdivisionSurface node or an IndexedFaceSet. If baseMesh is
b SubdivisionSurface, the stream containing the mesh shall consist of a single laccess unit, and it will be
pxplicitly instantiated as a SubdivisionSurface. The structure of this SubdivisionSurface will be pr¢served,
namely deletion and insertion of new faces and/or vertices is explicitly forbidden. However, replaging the
alues of the coordinates is allowed. If baseMesh is an IndexedFaceSet, itiis‘réquired to be manifold.

NOTE Instantiating explicitly baseMesh as a SubdivisionSurfaceor IndexedFaceSet allows animating
he node.

he terminal is responsible for maintaining an internal represeftation of the mesh to be rendered condisting of
he baseMesh to which the downstream data must be applied.

The frequency field gives a preferred frequency at which the terminal shall give its state by the means of the
pack channel stream if it exists.

The quality field allows parameterizing the quality of the rendered object. The range of values for this field is
0...2] where 0 stands for low quality, 1 for narmal quality, 2 for best quality. Those values don’t havg a more
pxplicit semantic, that is, it is a hint for the.terminal.

he player sees the WaveletSubdivisionSurface node as a SubdivisionSurface or IndexedFaceSet node
container. That is, the player has aecess to the baseMesh field.

1.3.3 MeshGrid representation

1.3.3.1 Introduction

The peculiarity~of’ the MeshGrid representation [68] is that it defines the object's wireframe (see
b.g. Figure 2@3a)-by (1) describing the connectivity between the vertices located on the surface of the gbject by
b so-called. connectivity-wireframe (see Figure 20b), and (2) positioning these vertices in relation to g regular
B-D grid ‘of.points, i.e. the reference-grid (see Figure 20c).

Both\.the connectivity-wireframe and the reference-grid can be represented hierarchically, as| shown
n Eigure 20d and Figure 20e respectively for 3 levels in the hierarchy
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Y

(d) hierarchical mesh

=

& =t

(e) hierarchicalreference-system
(a) MeshGrid humanoid

Figure 20 — A MeshGrid humanoid model designed by means-of implicit surfaces.

4.3.3.1.1 The reference-grid (RG) — the reference-system of thedMeshGrid model.

The ref¢rence-grid (see Figure 20c) is the reference system upon which the MeshGrid model is built, and is
defined [by the intersection points between three sets of reference-surfaces S;,S,,S, as given by following
equation

SRIDERERY

The discrete position (u,v,w) of a reference-grid point represents the indices of the reference-surfaces
{S,.S,.B,} intersecting in that point,‘while the coordinate (x,y,z) of a reference-grid point is equal to the

coordinate of the computed intersection point.

A multifresolution model is_designed by choosing a hierarchical reference-system, the reference-surfaces
belonging to the same resolution level being displayed in the same color in the example from Figure 20e.

The refgrence systemrshould be chosen according to the topology of the object, i.e. it has higher density in (1
areas where the curvature is high, or (2) places that are deformed during the animation. For the humanoig
model of Figure.20) the reference system is adjusted for traversing the anatomical articulations (joints) of the
body, in order\{o be able to virtually split the resulting seamless connectivity-wireframe into meaningfu
anatomicalparts (such as the shoulder, elbow, wrist).

4.3.3.1.2 The connectivity-wireframe (CW) — the surface mesh.

The connectivity-wireframe (see Figure 20b) is generated by merging the contouring of the original 3D model
in each of the reference-surfaces S,,S,,S,, as given by the following equation:

ow -U[Fe(s,) Te(s).2ols, )|

in which C(S,) represents the contour obtained by the intersection with surface S,. Each vertex is located at
the intersection point between two contours.
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Subdividing the reference surfaces hierarchically, as explained in 4.3.3.1.1, results in a multi-resolution
connectivity-wireframe, in which each resolution level consists of a single seamless mesh, as shown
in Figure 20d.

4.3.3.1.3 The features

This type of representation is specific for describing objects defined as series of contours or slices, such as:
discrete 3D data sets (e.g. 3D medical images, processed range scanner data), cylindrical and spherical
projected scanner meshes based on quadrilaterals, or generic models (see Figure 21a-d).

(@) (d)

Figure 21 — The rendered surface obtained from (a) a 3D voxel'model of the brain, (b) a strugtured
light scanner quadrilateral mesh, respectively with its deformed reference-grid in overlay in (g), and
(d) a generic model.

A\ MeshGrid mesh allows view-dependent streaming (see.5.2.3) and particular animation possibilities, guch as:
hierarchical grid animation, and offset based animatioty(see 4.3.3.3).

1.3.3.2 MeshGrid

1.3.3.2.1 Node specification

MeshGrid {
eventin MFInt32 set_colorindex
eventin MFInt32 set_coordindex
eventin MF(nt32 set_normallndex
eventln MEInt32 set_texCoordIindex

exposedField

SFColorNode color NULL

exposedField SFCoordinateNode coord NULL
exposedField SFInt32 displayLevel 0
exposedField SFInt32 filterType 0
exposedEield SFCoordinateNode gridCoord NULL
exposedField SFInt32 hierarchicallLevel 0
exposedField MFInt32 nLevels 1
exposedField SFNormalNode normal NULL
exposedField MFInt32 nSlices 1
exposedField SFTextureCoordinateNode  texCoord NULL
exposedField MFInt32 vertexLink 1
exposedField MFFloat vertexOffset 0
field MFInt32 colorindex 1
field MFInt32 coordindex 0
field MFInt32 normallndex 1
field SFBool solid TRUE
field MFInt32 texCoordIndex 1
eventOut SFBool isLoading

eventOut MFInt32 nVertices

© ISO/IEC 2011 — All rights reserved
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4.3.3.2.2 Node semantics

The MeshGrid node is derived from the existing IndexedFaceSet node. The following fields have been
removed, since the triangulation of the surface is pre-defined in the decoder: ccw, convex, creaseAngle. Some
new fields are introduced, specific to the MeshGrid representation. The mesh is manifold, but can be open or
closed.

The fields of the MeshGrid node can be encoded either (1) by BIFS, or (2) as a binary stream. When encoded
as a binary stream, the following fields of the MeshGrid node will be initialized when decoding the binary
stream (see-623-236)hSHeesh els—gi g6 exQ —vertexkin
nVertiges. The isLoading flag is set to true while decoding the binary stream, respectively becomes false
when the decoding finishes. The value of isLoading flag has to be checked before updating the fields in~erdef
to makg sure that the decoder has finished modifying them. If encoded by BIFS only the vertexLink (the
descriptjon of the connectivity-wireframe) and vertexOffset (the vertices’ offsets relative to the reference
grid) fields need to be decoded, as explained in 5.2.3.3.1 and 5.2.3.3.3.

The nSJices field specifies the number of slices of the three sets {Sy,Sv,Sw} of referencéssurfaces defining
the refefence-grid at the last resolution level. The number of slices in the U direction_equals to nSlices[0]
respectively the number of slices in the V direction equals to nSlices[1], and the number of slices in the W
direction equals to nSlices[2]. The minimum number of slices in the U and V directions is “2” while in the W
direction the minimum number of slices is “1”, in which case the reference-grid is_single layer. More detail car
be foundl in 5.2.3.3.4 and B.1.2.

The nLevels field defines the number of resolution levels of the MeshGrid mesh. The number of resolutior
levels ir] the U direction equals to nLevels[0], respectively the numben of resolution levels in the V direction
equals {o nLevels[1], and the number of resolution levels in the ‘W direction equals to nLevels[2]. Morg
detail cgn be found in B.1.2.

The gridCoord field defines the reference-grid points. Thexnumber of reference-grid points can be eithe
equal [(1) to the number of reference-grid \comers or (2) to the following value
nSlices|0] x nSlices[1]x nSlices[2] . In case (1), the values represent the coordinates of the reference-grig
corners| and the decoder will generate a regular distributed reference-grid based on the coordinates of thesg
corners{ The number of corners can either be 1, 2,°4 or 8 depending on the type of model, i.e. single layer ang
cyclic, gnly single layer, or generic. In this case the gridCoord buffer is resized and its initial values arg
replaced by the computed coordinates of the grid points. In case (2) the values represent the coordinates of
the refefence-grid points. Any point from the reference-grid can be addressed by a distinct (u,v,w) discretg
position| where {u,v,w} are integer values in the range: u € {0,...,nSlices[0] -1}, v €{0,...,nSlices[1] -1}, ang
w € {0,.].,nSlices[2] — 1} . Given u thee row index, v the column index, and w the plane index, the ordering of thg
referende-grid points in the gridCoord buffer is row first, column second, and plane third. When thg
MeshGrid node is initialized ffom a binary stream, then the contents of gridCoord is ignored, and it will be
overridden with the coordinates decoded from the binary stream as explained in 5.2.3.3.2. When thg
gridCoprd field is updaied by BIFS, the coordinates of the grid points that did not change can be updated in
a hierarghical way as¢explained in 4.3.3.3.1.

The vefrtexLink\field defines the connectivities between the vertices in the connectivity-wireframe. The
decoding of the contents of this field is explained in 5.2.3.3.1. If the node is initialized from a binary stream
then thg content of vertexLink is ignored.

The vertexOffset field specifies the scalar offset for each vertex relative to a corresponding reference-grid
point. The meaning of the offset is explained in 4.3.3.3.2, while the decoding of this field is described
in 5.2.3.3.3. The value of the scalar offset lies in the range [0, 1). If the node is initialized from a binary stream,
then the content of vertexOffset is ignored, and it will be overridden with the scalar offsets decoded from the
binary stream.

The coord field is filled with the coordinates (x,y,z) of the vertices, as result of the decoding procedure

(see 5.2.3.3.1). Its contents, if any, will always be overridden. The coordinates of the vertices can be derived
from the coordinates of the reference-grid points as explained in 5.2.3.3.1.
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The coordIndex field is filled with the indices of the triangles when building the triangulation of the decoded
mesh as explained in 5.2.3.3.1.3. Its contents, if any, will always be overridden.

The nVertices field stores the number of vertices for each resolution level. This field is updated after the
decoding procedure (see 5.2.3.3.1).

The hierarchicalLevel field defines the resolution level of the reference-grid points (gridCoord field) that
may change during the animation. The usage is explained in 5.2.3.3.1.

filterType Meaning
00 Use short filter (see 5.2.3.3.1)
01 Use smooth filter (see 5.2.3.3.1)
10 Reserved
11 Reserved

The displayLevel field specifies the resolution level of the MeshGrid model to be rendered. Accepted values
bre in the range [0, maxLevel], where maxLevel is the maximum value between nLevels[0], nLeyels[1],
hLevels[2]. More detail can be found in Annex B.1.2.

The fields normal, normalindex, texCoord, tex€Coordindex, color, colorindex, and solid hHave the
same semantic as for the IndexedFaceSet node:

1.3.3.3 Animation Extensions

1.3.3.3.1 Hierarchical interpolation’of the reference-grid points

n case of a multi-resolution MeshGrid model, animating the hierarchical reference-grid can be dohe on a
nierarchical basis, more precisely any change in the coordinates of reference-grid points, i.e. the gridCoord
ield (see 4.3.3.2.1 and 4,3!3.2.2), at a certain resolution level will trigger a local update of the coordipates of
he reference-grid points belonging to a higher resolution level. The new positions of the reference-grid points
belonging to resolution level (/+1) can be computed from the new positions of the neighboring reference-grid
boints at resolution\level (/) via an interpolation method based on “Dyn’s four point scheme for curves” [30].

The position of areference-grid point P,!" (shown in Figure 22) is computed as follows:

f)21;1 = APQI;I + (_W ) [)21n—3 + (05 + W) ) [)2171—1 + (05 + W) ’ P21n+1 —w: f)21n+3)

AR =P+ (—w- Pl +(0.5+w)-P) _ +(0.5+w)-P) ., —w-P) )

n+l

where | represents the hierarchical level of the grid point, P the last position of a point, P the new position,

AP the detail computed for the last position P . The detail AP is added to the interpolated value in point P .
The weight w defines the smoothness of the limit curve, and can be specified via the filterType field of the
MeshGrid node. The weight w may have one of the following two values: w = 0 when filterType = 0 and w =
1/16 when filterType = 1. In general w is taken equal to 1/16 which corresponds to fitting a Catmull-Rom or

Cardinal spline curve through the points.
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Figure 22 — Dyn’s four point scheme for curves applied for the hierarchical MeshGrid.

rarchicalLevel field specifies the resolution level at which the grid points, i.e. the gridCoord field
ange. The interpolation of the grid points will take place only for the range of (resolution levelg
hicalLevel + 1, nLevels — 1]. If the value of hierarchicalLevel > nLevels — 1 than no interpolatior
In the third case, when hierarchicalLevel = -1, grid points may change @at, any resolution leve
eously, the points that change are detected, and the interpolation of the remaining grid points is dong
g to equation above.

ition of the vertices is updated from the grid positions as explained in.4:3.3.3.2.

P Relationship between the reference-grid points and vertices

tionship between the vertices of the connectivity-wireframe and reference-grid points is explained in
ross-section of Figure 23, in which the reference-grid is"put on top of the object’s section.

g to two different sets (see 4.3.3.1.1). Every vettex V, lying on a contour (label 2) of the object, storeq
rete position (u,v,w) — which has been derived‘during decoding — of the grid point it is attached to. Thq
are related to the reference-grid points in two different ways, as follows:

As shown in Figure 23a-b, vertex V.is:positioned in-between two grid points, one inside the object G1
to which it is attached, and one outside the object G2. The relative position of vertex V with respect tg

7

G1 and G2 is given by the scalar offset (label 3) expressed by offset = with offset € [0,1 .

GG,

Because offset indicates the fractional position between G1 and G2, any displacement of G1 or G2
(see the example-of Figure 23 (b)) is automatically reflected in an update of the coordinates (x,y,z) of

\% W:£+GIG2-oﬁet.

As illustrated in Figure 23c, vertex V is attached in this case to a grid position G belonging to a single
layer reference-grid, i.e. the number of slices is equal to 1 in one of the {u,v,w} directions. The relative

position of vertex V with respect to G is given by the scalar offset (label 3) expressed by

32

57|
offset = OﬁpAmp+0.5 with offsete[o,l), where offAmp is the maximum amplitude of the

offset defined by the offsetAmplitude variable specified in MeshGridDecoderConfig (5.2.3.2.2).
Similarly to the observation made at the previous point, any displacement of G is automatically

reflected in an update of the coordinates (x,y,z) of V: ov = O—G1 + N(oﬁ’Amp(aﬁfset —0.5)) where

—

N is the normal vector to the surface at vertex V. In this case the displacements along the normal
follow both directions as shown for the vertices with labels 4 and 5.
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grid, and the relation between the vertices (belonging to.the connectivity-wireframe and locate
surface of the object) and the grid points.

NOTE In equations above O denotes the origin of the reference coordinate system in which the re
grid is defined.

[he offsets of the vertices are stored in the(vertexOffset field of the MeshGrid node (see 4.3.3.2).

1.3.3.4 Examples
he following example loads a VRML MeshGrid node.

bhape {
appearance Appeaftance {
material Materdal” {
diffuse€olor 1.0 0.0 0.0
ambientFhtensity 0.1
}
}
geomé&tyy MeshGrid {
nSIices [ 3 3 3 ]
NLevels 1
displayLevel

Figure 23 — A cross-section through a 3D object, illustrating the contour of the object, the reference-

i at the

ference-

hicrgrchicgll ol 0

gridCoord Coordinate {
point [
-1.000000 -1.000000 -1.000000,
0.000000 -1.000000 -1.000000,

0.000000 1.000000 1.000000,
1.000000 1.000000 1.000000
]
}

vertexLink [
111, 32
2 2
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]

2 2
2 2

vertexOffset [

]

43.4

4.3.41

Morphing is mainly an interpolation technique used to create from two objects a series of intermediate objects
that change continuously, in order to make a smooth transition from the source to_the target. A straigh
extensign of the morphing between two elements —the source and the target-\consists in considering 3
collectign of possible targets and compose a virtual object configuration by _weighting those targets. Thig
collectign represents a basis of animation space and animation is performed by simply updating the weigh

vector.

collectign of target geometries.

4.3.4.2 |MorphShape node
4.3.4.2.1 Syntax
MorphShape{ #%NDT=SF3DNode,SF2DNode
expgsedField SFInt32 morphlD
expgsedField SFShapeNode baseShape
expgsedField MFShapeNode targetShapes [1
expgsedField MFFloat weights [1
}
4.3.4.2.2 Semantics
morphlD) - a unique identifier betwéen 0 and 1023 which allows that the morph to be addressed at animatiorn
run-timg.

baseShape — a Shapelnode that represent the base mesh. The geometry field of the baseShape can be any
geometly supported by 1SOIEC 14496 (e.g. IndexedFaceSet, IndexedLineSet, SolidRep).

targetShapes —a’vector of Shapes nodes representing the shape of the target meshes. The tool used for

definig

n appearance and a geometry of a target shape must be the same as the tool used for defining the
appearince and the geometry of the base shape (e.g. if the baseShape is defined by using IndexedFaceSet|
all the t } i -

0.500000
0.200000
0.200000
0.500000

MorphSpace

Introduction

The following node allows the representation of a mesh as a copmibination of a base shape and g

weights — a vector of integers of the same size as the targetShapes. The morphed shape is obtained
according to the following formula:

M =B+ (T,-B)*w,

with M

34

i=1

—morphed shape, B — base shape, T; — target shape i, W, — weight of the T,.
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The morphing is performed for all the components of the Shape (Appearance and Geometry) that have
different values in the base shape and the target shapes (e.g. if the base shape and the target shapes are
definined by using IndexedFaceSet and the coord field contains different values in the base shape and in the
target geometries, the coord component of the morph shape is obtained by using equation above applied to
the coord field. Note that the size of the coord field must be the same for the base shapes and the target
shapes).

If the shapes (base and targets) are defined by using IndexedFaceSet, a tipical decoder should support
morphing of the following geometry components: coord, normals, color, texCoord.

1.3.5 MultiResolution FootPrint-Based Representation

1.3.5.1 Introduction

MultiResolution FootPrint-Based representation is a solution to represent any set.\6f objects based on
ootprints (a set of IndexedLineSet, or for a near future, buildings, cartoons...). The-main interestg in this
rfepresentation are its progressivity, view dependency, and compression.

1.3.5.2 FootPrintSetNode

1.3.5.2.1 Node Interface

FootPrintSetNode { #NDT=%SFGeometryNode
exposedField MFGeometryNode children 1
1.3.5.2.2 Functionality and semantics

The children field specifies the list of all footprints rendered according to the current viewpoint. [This list
contains currently FootPrintNode representing.the set of footprints rendered from the current viewpojnt. This
ist can be updated at each displacement of the viewpoint in order to adapt the scene complexity to the view.

[his representation can be extended to‘be used with any object based on footprints such as bpildings,
cartoons, etc. In this case, the children-fi€ld can contain BuildingPartNode to represent buildings.

1.3.5.3 FootPrintNode
1.3.5.3.1 Node Interface

FootPrintNode { #NDT=%SFGeometryNode
exposedField ¢+ SFinteger index -1
exposedField ) SFIndexLineSet2D footprint NULL

1.3.5.3.2 Functionality and semantics

ndex: this is the index of the node corresponding to a footprint elevation at a specific level of defail. This
ndex is essential for streaming, due to the synchronization between the representation on the server and on
the client. This index will be sent to the server as a refinement request.

Footprint: this is an IndexLineSet2D describing the footprint.
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4.3.5.4 BuildingPartPrintNode

4.3.5.4.1 Node Interface
BuildingPartNode { #NDT=%SFGeometryNode
exposedField  SFinteger index -1
exposedField  SFIndexLineSet2D footprint NULL
exposedField  SFUnsigned integer buildingindex -1
exposedField  SFFloat height 0
exposedField SFFloat altitude 0
expgsedField MFGeometryNode alternativeGeometry []
expgsedField MFRoofNode roofs 1
expqgsedField MFFacadeNode facades 1
}
4.3.5.4.2 Functionality and semantics
Index: this is the index of the node corresponding to a footprint elevation at a specific level of detail. Thig
index is|essential for streaming, due to the synchronization between the representation/on the server and orj
the client (this index will be sent to the server as a refinement request).
Footprint: this is a IndexLineSet2D describing the footprint.

buildingindex: this is the index of the building to which this part is connected. A building corresponds to §

group o
Height:

Altitudéd

alternafiveGeometry: this is a geometry node corresponding to an optional object used to replace the norma

building
exampld
the foot

roofs: t
elevatio

facades

building parts having the same buildingindex.
this is the height of the building.
: this is the altitude of the building (corresponding to the floor of the prism).
This alternative geometry can be used to:swap a building with a more detailed model (used fo

 to replace a footprint elevation based model~of a monument, by a more detailed model). In this case
print-based elevation model will not be rendered, since the alternative model will be.

his is a node array allowing to describe‘complete roofs that will be reconstructed on top of the footprin
n.

this is a node array allowing-to describe in detail the modelling of the fagades corresponding to this

building|part. The size of this array corresponds to the number of facades, equivalent to the number of edges

of the pplygon defining the footprint.

4.3.5.5 |RoofNode

4.3.5.5.1 Node Interface

RoofNode . #NDT=%SFGeometryNode
expgsedField  SFinteger type 0
expasedField SFFloat height 0.0
exposedField  MFFloat slopeAngle [0.0]
exposedField  SFFloat eaveProjection 0.0
exposedField  SFint edgeSupportindex -1
exposedField SFURL roofTextureURL
exposedField  SFBool isGenericTexture TRUE
exposedField SFFloat textureXScale 1.0
exposedField SFFloat textureYScale 1.0
exposedField SFFloat textureXPosition 0.0
exposedField  SFFloat textureYPosition 0.0
exposedField  SFFloat textureRotation 0.0

36
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4.3.5.5.2 Functionality and semantics

type: this is the type of the roof. 0 — Flat Roof, 1 — Symmetric Hip Roof, 2 — Gable Roof, 3 — Salt Box roof, 4 —
Non Symmetric Hip Roof.

height: this is the height of the roof that allows cropping it. (This is not used for flat roofs).

slopeAngle: this is the angle of the roof slopes in degrees (useless for flat roofs). In the case of a Symmetric
Hip Roof, all slopes have the same angle. In the case of a Non Symmetric Hip Roof, each slope has a specific

nale
G+~

baveProjection: this is the projection of the eave (useless for flat roofs).

pdgeSupportindex: this is the index of the edge in the footprint that supports the roof (useonly for Salt Box
0ofs)

roofTextureURL: this is the URL of the texture that is orthogonally mapped onto thé&,roof
sGenericTexture: this specifies whether the texture mapped onto the roof js'generic or not. In the cpse of a
jeneric texture, the reference system is centred on the top left vertex” of the roof pan, and axed
perpendicularly to the gutter. In the case of an aerial photograph, the reference system is centred on|the first
ertex of the footprint, and axed on the world coordinate system.
extureXScale: this is the scaling of the roof texture along X-axis
extureYScale: this is the scaling of the roof texture along Y-axis
extureXPosition: this is the displacement of the texture along X-axis

extureYPosition: this is the displacement of the texture along Y-axis

extureRotation: this is an angle in radian specifying the rotation to apply to the texture.
1.3.5.6 FacadeNode

1.3.5.6.1 Node Interface

FacadeNode { #NDT=%SFGeometryNode

exposedField SFFkloat WidthRatio 1.0
exposedField SFFloat XScale 1.0
exposedField ¢ SFFloat YScale 1.0
exposedField")~ SFFloat XPosition 0.0
exposedField  SFFloat YPosition 0.0
exposedField SFFloat XRepeatinterval 0.0
exposedField  SFFloat YRepeatinterval 0.0
exposedField  SFBool Repeat FALSE
exposedField SFURL FacadePrimitive
ovpnenrﬂ:iald QI:Infngnr NbStaries Q
exposedField  MFInteger NbFacadeCellsByStorey 0
exposedField  MFFloat StoreyHeight 1.0
exposedField MFFacadeNode FacadeCellsArray 0

}

4.3.5.6.2 Functionality and semantics

WidthRatio: this corresponds to a ratio between the width of the cell compared to the width of the parent cells.
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XScale: this is a parameter allowing scaling in X-coordinate the model corresponding to the URL Fagade
Primitive (2D texture or 3D model). For texture, this scale corresponds to the real size in X-coordinate in
meters of the texture. For 3D Model, this size corresponds to the scale to apply on the model in X-coordinate.

NOTE This scale is very important as the model can be used for different buildings, and must be adjusted
to the current one.

YScale is a parameter allowing scaling in Y-coordinate the model (2D texture or 3D model). For texture, this
scale corresponds to the real size in Y-coordinate in meters of the texture. For 3D Model, this size
corresponds to the scale to apply on the model in Y-coordinate.

NOTE This scale is very important as the model can be used for different buildings, and must be adjusteg
to the clirrent one.

XPositipn: this is a parameter allowing moving in X-coordinate the model in the cell defined by the
FacadePrimitiveArray of the father node. This position can be essential to place a primitive in the-Centre of the
cell.

YPositipn: this is a parameter allowing moving in Y-coordinate the model in the cell defined by theg
FacadePrimitiveArray of the father node. This position can be essential to place a primitive in the center of the
cell.

Repeat] this is a Boolean that is TRUE if and only if the model has to be repeated all over the cell defined by
the father node.

NOTE This is essential for texture mapping, or to regularly repeat amodel of windows all over a fagade.

FacadePrimitive: this is a link to the corresponding primitive (Texture or 3D model) that have to be mapped
onto thg cell.

NbStorJes: this is the number of stories of the fagade.

NbFacddeCellsByStorey: this is an array that defines the number of cells by storey. This parameter is
essentigl to know on which storey corresponds a cell'in FagadeCellsArray.

StoriesHeight: this is an array specifying the height of each storey.

FacadefellsArray: this is an array of FacadeNode that links each cell to a facadeNode (another array of cellg,
and/or p fagade primitive like a texture or a 3D model). The size of this array is the sum of al
NbFacafdeCellsByStorey]i] , for all ifrom 0 to NbStories.

4.3.6 $Solid representation

Solid representation includes 3 geometry nodes (Implicit, Quadric and SolidRep) and extensions of the scrip
language for implementation of the Arithmetic of Forms.

4.3.6.1 |Solid modeling nodes

4.3.6.1.1 Clmplicit

4.3.6.1.1.1 Node interface

Implicit { # % NDT = SFGeometryNode

exposedField SFVec3f bboxSize 2.02.02.0

exposedField MFFloat c [] # 4 coeffs for hyperplane, 10 coeffs for
quadrics, 35 coeffs for quartics

exposedField SFBool solid FALSE

exposedField SFBool dual FALSE

exposedField MFInt32 densities [] #(1,2)

38 © ISO/IEC 2011 — All rights reserved


https://standardsiso.com/api/?name=b5205389f54b7e41303e893bdef78f95

ISO/IEC 14496-16:2011(E)

4.3.6.1.1.2 Functionality and semantics

The Implicit geometry node defines an algebraic surface represented by an implicit equation, which makes
it possible to know if an unspecified point of space is inside, on or outside the volume delimited by this surface.

bboxSize: bounding box dimension

c: coefficients of following polynomials as follows:

Tl H Lot EH thaot dof: k. 1 H fall -
TS TPt TYUAUUIT Uiat UTTiniCo d Ty T pyidiie, 1o do TUNNUWO.

CnXu+CIX1+CzXz+CsX3:0

he implicit equation of the second degree that defines quadrics, is as follows:

2 2 2 2
COXO+CIX0X1+CZX1+C3X0X2+C4X1X2+CSX2+CGXOX3+C7X1X3+CRX2X3+C<)X3:0

he implicit equation of the fourth degree that defines quartics is as follows:

4 3 4 3 4 3 4
COX0+CIXOX1+...+C4X1 +CsX0X2+"'+Cl4X2+015X0X3+"'+034X3:0

n the above equations, the point coordinates were made homogeneous by the addition of a fourth coprdinate
K.

solid indicates if the geometry is solid (TRUE) or is a surface (FALSE)
Hual indicates that a unary duality operation has to beapplied to volume initialization. Implies solid = TRUE.

Hensities has 2 values: the first value is the density code associated to the skin and the second valle is the
Hensity associated to the inside.

he surface is only created when the «node is displayed allowing its inclusion into a SolidRep node. The
brigin of the axis system is the bounding box’s center. The surface will be clipped by the bounding box. If
solid is set to TRUE, the volume will be closed and intersected with the bounding box.

f the dual field is TRUE, thewvolume is set to solid and the difference operation with bounding box will be
carried out (bounding box= implicit solid).

he use of bounding’boxes for Implicit nodes makes it possible to limit infinite surfaces.

he densities dre)used when including the primitive into a SolidRep node with solid operation. The density
alue is an Int82 and can be encoded.

s a benefit of the implicit definition, the function isOutside (Point &p) will return 3 values:

s 1 . if the point is outside the volume defined by the surface
e 0 :  if the point is on the surface
e -1 . ifthe pointis inside the volume defined by the surface
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4.3.6.1.2 Quadric

4.3.6.1.2.1 Node interface

Quadric { #%NDT=SFGeometryNode

exposedField SFVec3f bboxSize 222

exposedField SFVec4f PO -1001

exposedField SFVec4f P1 1001

exposedField SFVec4f P2 0100

expgsedf-retd SHvrecf P3 8016

expqsedField SFVec4f P4 0101

expqsedField SFVec4f P5 0011

expgsedField SFBool solid FALSE

expgsedField SFBool dual FALSE

expgsedField MFInt32 densities 0 #(1,2)
}
4.3.6.1.2.2 Functionality and semantics
The Qufadric geometry node defines a second-degree implicit surface by using 6.geometric control points.
bboxSize:bounding box dimension.
The 6 geometric control points of the quadric, in projective coordinates-are:
PO, P1:|2 points tangent to the quadric
P2, P3:|2 poles of the construction tetrahedron
P4, P5:|2 passing points of the quadric
solid: splid (TRUE) or surface (FALSE)
dual: unary duality operation to be applied to.Xolume initialization. Implies solid == TRUE.
densitigs: 2 values: the first value is.the density code associated to the skin and the second value is thg
density pssociated to the inside.
Each paqint is defined using homogeneous coordinates allowing the point to be sent to the infinity. The values
are relafive to the unitary bounding box (from —1 to +1). If the absolute value of a coordinate is greater than 1
the point is outside the bounding box.
This nofle creates an/lmplicit node of the second degree through a geometric interface. The polynomia
coefficignts will beY calculated according to the geometrical construction method using a construction
tetrahedron and-2'passing points as described in the Quadric’s construction mechanism.
The qugdric surface is only created when the node is displayed allowing its inclusion into a SolidRep node
The Ori_;n Uf thc GI\;O Oyotclll ;O thc qulld;lly bUI\yO Tl ItUI . ThU DUFI‘G\JG VV;” bU ullppcd by thc qulld;l IU bUAC :‘

solid is

set to TRUE, the volume will be closed and intersected with the bounding box.

If the dual field is TRUE, the volume is set to solid and the difference operation with the bounding box will be
carried out (bounding box — implicit solid).

A contin

The de
(see 4.3

40

uous volume deformation is implemented by moving the control points.

nsities are used when including the primitive into a SolidRep node with solid operation
.6.1.3). The density value is encoded as a 32-bit integer.
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e Quadric’s Construction Mechanism

Based on the principle of projective geometry, a geometrical construction mechanism for quadrics has been
defined in [63], [65], [52] according to Pascal’s Theorem.

In fact, the geometric control of any quadric goes via the extension to 3D of the principle for constructing
conics, using a construction triangle and a passing point. The quadric will be constructed and controlled with
the help of a "construction tetrahedron" and two passing points located in the planes defined by two particular
faces of the tetrahedron. A set of six points will thus allow us to define the quadric from two conic sections that

ntersectinsnace-attha two contact noints-on the tanasnt nlanas
LS4 +HA-sPpa SHHe-1W RHaG+PoHt R-RetaRgehRtPpalRes-

Figure 24 — Quadric’s 6 geometric control points

The sphere in the above figure is constructed with, the help of two circular sections belonging to two
perpendicular planes. The two points P2 and P3 thatserve as poles have been sent to infinity respectively
blong the Y-axis and the Z-axis (fourth coordinate equal to 0).

n general, for any quadric - projective, affine-or metric - we shall define just six control points, PO to B5, such
hat PO and P1 are two contact points on.two tangent planes to the quadric, P2 and P3 are two polgs of the
nuadric and therefore belong to the twotangent planes, and P4 and P5 are two passing points for thel quadric
jefining two conic sections of the quadric in the planes P0-P1-P2 and P0O-P1-P3.

t is possible to determine the 40 coefficients of the quadric's general equation from the previously described
quadric's geometrical construction system. (Reference: [63] — pages 100 — 114).

e Projective Coordinates System

n order to definetall ‘the quadrics with the 6 control points, it is imperative to remain in projective spgce. The
coordinates system used in projective space is that of Grassmann-Plicker (one refers then to homogeneous
coordinatesy);,.in which a point, a line and a plane respectively have 4, 6 and 4 coordinates. It|{can be
nteresting 10 make a parallel with non-homogeneous Euclidean coordinates. In this respect, one| uses a
representation of the point in 3 dimensions of the form (X, Y, Z). Adding to this triplet a fourth coordinate equal
0 1daes not modify in any way the correct operation of all geometrical procedures known as Euclid an. The

coordlnates system to an affine coordinates system, in which it becomes p033|ble to control and use the
points to infinity. Thus, an observer located in (1 1 1 0) will be positioned at infinity in the direction determined
by its Euclidean position (1 1 1 1) and the origin of the coordinates system (0 0 0 1). In addition to the
possibility of managing infinity in a natural way, this approach makes it possible to solve the problem of
representation and calculation of rational coordinates, which is fundamental to obtain perfect precision
whenever the coordinates are initially rational or brought about to become rational. Let us consider for
example the homogeneous coordinates point (1/3 5/6 0 1); it will be represented by the approximate
quadruplet (0.333 0.833 0 1) or, much better, by the quadruplet (2/6 5/6 0/6 6/6) also noted (2: 5: 0: 6).
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4.3.6.1.3 SolidRep

4.3.6.1.3.1 Node interface

SolidRep { #/NDT=SFGeometryNode

exposedField SFVec3f bboxSize 202020
exposedField SF3DNode solidTree NULL
exposedField MFInt32 densityList 1

}

4.3.6.1.3.2 Functionality and semantics

The SglidRep geometry node holds the solid tree resulting of solid operations on solid primitives.‘and/o
others §olidRep nodes, and/or other BIFS 3D geometrical nodes.

bboxSize contains the bounding box dimensions that will be used for clipping.
solidTree contains the geometry to be initialized as solid. The following nodes may,be included under 3

solidTree field: Group, Transform, Shape, Implicit, Quadric, SolidRep, Sphere, Cone
Cylinder, IndexedFaceSet, and Box.

The so
density

A Soli
Transf

Texture
exampldg

4.3.6.2
The reg
SolidR
Only the

These d
for oper

A non-ir]
solid op

The syn

SolidRe

idTree field can also be modified by solid operations applied by a seript.
|ist: set of densities to select for display . If the list is empty, the)default value will be all densities.

HRep node can be included in a Transform node. The implicit operation of the children of 3
orm node or of any grouping node is the ternary union operation.

mapping onto implicit surfaces can be done using any algorithm. The gradient algorithm [90] is arn
e of an algorithm well suited for implicit surfaces:

Scripting extensions for solid modeling operations
ult of a solid operation is always jpreserved in the solidTree field of a SolidRep node. Thg
ep node is always the root of.a solid tree. This solid tree is not processed until the display request
root of the complete tree will'be processed (and not the sub-trees).

perations are accessed, thfough script language, whose selected operators (+, -...) were overloaded
btions between Geametry nodes.

nplicit solid gegmetrical node is first of all transformed into a SolidRep node before being used as §
pration’s operand. If this geometry does not define a closed volume, it will not be considered.

tax of thexsolid operation is as follows:

psalidTree = {Geometry / Int32} < op > {SolidRep/Implicit/Quadric}

The operands are:

42

An implicit primitive (Implicit or Quadric) with “solid = TRUE” and densities;
Or a SolidRep containing a sub-solid tree;

Or a non-implicit geometry (only solid primitives are supported such as Sphere, Cylinder, Cone, Box
or closed shapes defined by IndexedFaceSet);

Or an 32-bit integer (Int32) value representing the density of the entire space (used as operand for
implicit filtering of densities)
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An only-assignment expression makes it possible to convert a non-implicit geometrical primitive into a bound

implicit solid.

The complete set of solid operations <op> is composed of general arithmetic operators, logic operators
(ternary logic) and filtering operators. A left to right evaluation of the expression is applied. The parenthesis
can be used for grouping with precedence on the left to right evaluation.

4.3.6.2.1 General arithmetic operators
Fhe—operators—betow—achieve combimations—of —sotid—forms—by Tsofatimg—or—sefectmg—certaimTegigns in a
combinatorial way by means of their densities. The densities are always positive integer.
Table 2 — General arithmetic operators
Op | Description Rules for each P(X1,X2,X3,X4) Syntax
Sadd | Arithmetic P) = P)+ P Sadd (FO, F1)
addition of the d’( ) do( ) dl( )
density of two
forms
Smul | Arithmetic P) = P)* P Smul (FO, F1)
multiplication of d,( ) do( ) dl( )
the density of two
forms
Sdif The positive Returns the difference between the densities if | Sdif (FO0, F1)
difference of two | this result is nonnegative, and 0 if the result is
forms FO and F1. | negative.
Sexp | Exponentiation of | Raises one form\to the power of another form. | Sexp (FO0, F1)
forms The density of\a point with respect to F1 serves
as exponent-to the density of the same point
with respect to FO.
Sgcd | Greatest Returns the gcd of the densities of two forms. Sgcd (FO, F1)
common divisor
Slcm | Least common Returns the Icm of the densities of two forms. Slcm (FO, F1)
multiple
Smod | Integral The Integral remainder operator calculates the | Smod (FO0, F1)
remainder integer remainder when the density of a point
with respect to FO is divided by the density of
that point with respect to F1
Ssab _[\Absolute Returns the result of the subtraction between the | Ssab (FO0, F1)
difference densities of two forms when this result is
nonnegative. Otherwise, the return is the result
opposed value.
Scub | Integral cube root | Returns the integral cube root of the density of | Scub (F0)
the form.
Ssqgr | Integral square Returns the integral square root of the density | Ssqr (F0)
root of the form.
Smax | Maximum This operator is equivalent to the ternary union | Smax (FO0, F1)
for n-ary logic
Smin | Minimum This operator is equivalent to the ternary | Smin (FO, F1)
intersection for n-ary logic.
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4.3.6.2.2 Logic operators (Ternary logic)

The forms are coded with ternary logic: the density O for the outside, the density 1 for the skin and the density
2 for the inside.

NOTE if used on an n-ary logic, the densities are taken modulo 2 to convert the value into the ternary logic.

Table 3 — Ternary logic operators

o Descriptiom T Rutes foreach P(X1;X2;X3;X4) Syntax
Suni | Ternary union of F1 Suni (FO, F1)
two forms.
Suni 0 1 2
0 0 1 2
FO 1 1 1 2
2 2 2 2
Sint Ternary F1 Sint (FO, F1)
intersection

Sint 0 1 2

FO 1 0 1 1

Sijmp | Ternary F1 Simp (FO0, F1)
implication
Simp|_© 1 2
0 2 2 2
FO 1 1 1 2
2 0 1 2
Simr | Reciprocal F1 Simr (FO, F1)
Ternary
implication Simr| O 1 2

FO 1 1 1 1

Sdua—TFernary-dual-of Sdua{F0)
the volume
Sdua
0 2
Fo 1 1
2 0
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4.3.6.2.3 Filtering/test operators

In addition a set of test functions can be applied on SolidRep nodes. These functions are used to filter
densities while keeping the filtering inside the solid tree instead of defining the densities to be considered

during display time.

Table 4 — Filtering and test operators

Filter | Description Rules Syntax
Seqf Equality filter The density of the volume that checks the | Seqf (FO, F1)
equality test, and O otherwise.
Sgtef | greater than or The density of the second volume if the density | Sgtef(FO0, F1)
equal filter of the first one is greater than or equal to the
density of the second volume, and 0 otherwise.
Sgtf Greater than The density of the second volume if the density’ | Sgtf (FO, F1)
filter of the first one is greater than the density, 6f the
second volume, and 0 otherwise.
Sltef Less than or The density of the second volume f-the density | Sltef (FO, F1)
equal filter of the first one is less than or equal t6"the density
of the second volume, and 0 othénwise.
SItf Less than filter The density of the second volume if the density | SItf (FO, F1)
of the first one is less.than the density of the
second volume, and 0.otherwise.
Sevnf | Even filter The volume density”if the density is even, and 0 | Sevnf (F0)
otherwise
Soddf | Odd filter The result\is the volume density if the density is | Soddf (F0)
odd, and)0 otherwise.
Sneqf | Difference filter Thé result is the second volume density if the | Sneqf (FO, F1)
densities are different, and 0 otherwise.
Scripts are used through Seript node. A Script node can be included as descending from any groupi
put is independent of the current coordinate system.
1.3.6.3 Examples
1.3.6.3.1 Acell primitive
Dual of ‘quarter cylinder defined by projective hexahedron

# Dual of quarter cylinder
PROTO GDlychxa [
fieldSFVec3f size 5 5 5
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field SFBool dual TRUE
11

Quadric {

PO -3 0 01
P1L 1 0 -11
P2 0100
P3 0010
P4 0100
P5 -1 01 1

bboxSize IS size
dual IS dual

A quartic defined by 35 coefficients

cube

Tangle

VRML dode:

Group
chilldren Shape {

# tangle cube

gegometry Implicit {

bboxSize 5 5 5

solid FALSE

c [
-1,0,0,0,-1,0,0,0,0,0,0,0,0,0,-1,0,
0,0,0,0,0,0,0,0,0,5,0¢5,0,0,5,0,
0,0,-10.2]

}
4.3.6.3.3 Solid operations and densities

Examplé of density use:a single model carries the characteristic of the matter and can be displayed differently

Egg white-:
density 1

Egg-yolk—
density 3

Operation:
addition

46

Full egg with
yolk inside

Cut by a box
(density 4)

Cut by a box
(density 1)

Cut by a box
(density 4)

Cut by a box
(density 4)

Densities
displayed

1,34

1,4

1,3,4

1

4
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VRML code:

# b: egg cut by a box
Group{
children [
# Primary SolidRep
DEF Le Solid3 SolidRep({
bboxSize 5 5 5
densityList [1 3 4] # choice of densities to display
dual FALSE
1

ISO/IEC 14496-16:2011(E)

DEF Le Script Script{ # Solid Tree definition
field SFNode Srepout USE Le Solid3
#primitives
field SFNode White # container
Transform {

translation 0 0 O
children [
Shape {

geometry Quadric {
PO1 001
P1L -1 0 0 1
P2
P3
P4
P5
boxSize 1 1.3 0.95
solid FALSE

o O O o
o= o
= O P O
=P O O

]
}
field SFNode Yolk # matter inside
Transform {
children [
Shape {

geometry Quadric {
PO 1 001
Pl -1 001
P2
P3
P4
P5 0 0=l
bboxSize
density 3
solid FALSE

oo ol
o
o+ o

0
0
1
1
0

.7 0.7 0.4

]
}
Pield SFNode CuttingBox # cutting tool
Transform {

translation 0.5 0 0

children [

Quadric {
PO -1 0 01
Pl 1
P2 0
P3 0
P4 0
P5 0 0
bboxSize
density 4
solid FALSE

= O Rr O
= O Rr OO
PO OO OoO-Rr
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1
}
directOutput TRUE
url "vrmlscript:
function initialize () {
Srepout.solidTree = Sdif (Sadd (White,Yolk), CuttingBox);

4.4 Texture tools
441 Depth Image-Based Representation
4.4.1.1 |Depthimage

4.4.1.1. Node interface

Depthlmage { #/%NDT=SF3DNode

expgsedField SFVec3f position 0010
expqsedField SFRotation orientation 0010
expgsedField SFVec2f fieldOfView Pl/4 Pl/4
expgsedField SFFloat nearPlane 10
expgsedField SFFloat farPlane 100
expgsedField SFBool orthographic TRUE
field SFDepthTextureNode diTexture NULL

}

4.41.1.2 Functionality and semantics

The Dejpthimage node defines a single IBR texture. When multiple Depthlmage nodes are related tq
each other, they are processed as a group, and/thus, should be placed under the same Transform node.

The diTexture field specifies the texture.with depth, which shall be mapped into the region defined in thg
Depthlmage node. It shall be onévof the various types of depth image texture (SimpleTexture of
PointTexture).

The position and orientation fields specify the relative location of the viewpoint of the IBR texture in thg
local coprdinate system. position is relative to the coordinate system’s origin (0, 0, 0), while orientation
specifiep a rotation relative)to the default orientation. In the default position and orientation, the viewer is on
the Z-axis looking down the —Z-axis toward the origin with +X to the right and +Y straight up. However, theg
transformation hierarchy affects the final position and orientation of the viewpoint.

The fieldOfView field specifies a viewing angle from the camera viewpoint defined by position ang
orientdtion fields. The first value denotes the angle to the horizontal side and the second value denotes thg
angle tq the vertical side. The default values are 45 degrees in radiant. However, when orthographic field is
set to TRUE, The TreldOfView field denotes the widih and height of the near plane and 1ar plane.

The nearPlane and farPlane fields specify the distances from the viewpoint to the near plane and far plane
of the visibility area. The texture and depth data shows the area closed by the near plane, far plane and the
fieldOfView. The depth data are scaled to the distance from nearPlane to farPlane.

The orthographic field specifies the view type of the IBR texture. When set to TRUE, the IBR texture is
based on orthographic view. Otherwise, the IBR texture is based on perspective view.

The position, orientation, fieldOfView, nearPlane, farPlane, and orthographic fields are exposedField
types, which are for extrinsic parameters. The Depthlmage node supports the camera movement and the
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changeable view frustum corresponding to movement or deformation of a DIBR object. And reference images
that are suitable to the characteristic of a DIBR model are obtained in the modeling stage. Therefore, the fields
that reflect the camera movement and the the changeable view frustum and the reference images in the
modeling stage are used to create a view frustum and a DIBR object in the rendering stage.

.-\ﬁ 1O iew g

==

viewpaoint (positon, otientati on)

\ JJ_;‘_f_ie_l_a‘om'e&;x
_—

Figure 25 — Perspective view of the Depthimage

fieldOfViewy -/

HearPlane

T feldOfiews o
viewpoint
(positon, orientation)

Figure 26 — Orthographic view of the Depthimage

1.4.1.2 SimpleTexture

1.41.2.1 Node interface

(1]

field SFTextureNode texture NULL
field SFTextureNode  depth NULL

}
4.4.1.2.2 Functionality and semantics
The SimpleTexture node defines a single layer of IBR texture.

The texture field specifies the flat image that contains color for each pixel. It shall be one of the various types
of texture nodes (ImageTexture, MovieTexture or PixelTexture).
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The depth field specifies the depth for each pixel in the texture field. The size of the depth map shall be the
same size as the image or movie in the texture field. Depth field shall be one of the various types of texture
nodes (ImageTexture, MovieTexture or PixelTexture), where only the nodes representing gray scale images
are allowed. If the depth field is unspecified, the alpha channel in the texture field shall be used as the depth
map. If the depth map is not specified through depth field or alpha channel, the result is undefined.

Depth field allows to compute the actual distance of the 3D points of the model to the plane which passes
through the

Viewpoinf and pnrnllnl tothe near rl_\lnnn and far Ir_\lanm'

dist = nearPlane + (1— ﬁ)( farPlane — nearPlane)

max

where d is depth value and dmax is maximum allowed depth value. It is assumed that for ithe points of the

model, ¢ > 0, where d=1 corresponds to far plane, d= dma corresponds to near plane.

X

This formula is valid for both perspective and orthographic case, since d is distance between the point and thg
plane. ¢, . is the largest d value that can be represented by the bits used for each’pixel:

1) |If the depth is specified through depth field, then depth value d equals to the gray scale.

2) |If the depth is specified through alpha channel in the imagé/deéfined via texture field, then the depth
value d is equal to alpha channel value.

The depth value is also used to indicate which points belong to the model: only the point for which d is
nonzerd belong to the model.

For animated Depthimage-based model, only Depthlmage with SimpleTextures as diTextures are used.
Each of|the Simple Textures can be animated in_one of the following ways:
1) |depth field is still image satisfying thé above condition, texture field is arbitrary MovieTexture

2) |depth field is arbitrary MovieFexture satisfying the above condition on the depth field, texture field ig
still image

3) [both depth and textute-are MovieTextures, and depth field satisfies the above condition

4) |depth field is<not” used, and the depth information is retrieved from the alpha channel of thg
MovieTexturedhat animates the texture field

4.4.1.3 [PointTexture

4.4.1.3. Node interface

PointTexture { #%NDT=SFDepthTextureNode

field SFInt32 width 256
field SFInt32 height 256
field MFInt32 depth 0
field MFColor color 1
field SFInt32 depthNbBits 7
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4.41.3.2 Functionality and semantics
The PointTexture node defines a multiple layers of IBR points.
The width and height field specify the width and height of the texture.

Geometrical meaning of the depth values, and all the conventions on their interpretation adopted for the
SimpleTexture, apply here as well.
Thc dcpth flU:d OPGUIfIUO (=] IIIU:t;'J:U dcpthc Uf UGUh }JU;IIt ;II thc plUqut;Ull F:GIIU, vvh;uh IO doourtit d tO be
arPlane (see above) in the order of traversal, which starts from the point in the lower left corner and\tfaverses
o the right to finish the horizontal line before moving to the upper line. For each point, the nuniber of depths
pixels) is first stored and that number of depth values shall follow.

The color field specifies color of current pixel. The order shall be the same as the depth field exgept that
number of depths (pixels) for each point is not included.

The depthNbBits field specifies the number of bits used for the original depth data: The value of depihNbBits
ranges from 0 to 31, and the actual number of bits used in the original data is-depthNbBits+1. The d,.| used in
he distance equation is derived as follows:

d — 2(depthNbBits+l) -1

max
1.4.1.4 Octreelmage

1.4.1.4.1 Node interface

Dctreelmage { #%NDT=SF3DNode

field SFInt32 octreeRésolution 256 #%b=[1,+1]

field MFInt32 octree 0 #%b=[0,255] #%q=13 8
field MFInt32 voxellmagelndex ] #%q=13,8

field MFDepthimageNode images 0

i
1.4.1.4.2 Functionality and semantics

'he Octreelmage node defines a TBVO structure, in which an octree structure, corresponding image index
prray, and a set of images exist.

The images field Specifies a set of Depthimage nodes with SimpleTexture for diTexture field; depth field in
hese SimpleTeéxture nodes is not used. The orthographic field must be TRUE for the Depthimage nodes.
-or each of SimpleTexture, texture field stores the color information of the object, or part of the objgect view
for example, its cross-section by a camera plane) as obtained by the orthographic camera whose |position
nd orientation are specified in the corresponding fields of Depthimage. Parts of the object corresponding to
lues of
bosition, orientation, and texture fields, ras (or,
eqttvatently—of-the-involved-images)—atthesa < Hde—e eb pa po aty—visiple from
an arbitrary chosen position. The orientation fields must satisfy the condition: camera view vector has only
one nonzero component (i.e., is perpendicular to one of the enclosing cube faces). Also, sides of the
SimpleTexture image must be parallel to corresponding sides of enclosing cube.

The octree field completely describes object geometry. Geometry is represented as a set of voxels that
constitutes the given object. An octree is a tree-like data structure, in which each voxel is represented by a
byte. 1 in ith bit of this byte means that the children voxels exist for the ith child of that internal voxel; while 0
means that it does not. The order of the octree internal voxels shall be the order of breadth first traversal of
the octree. The order of eight children of an internal voxel is shown in Figure 27. The size of the enclosing
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cube of the total octree is 1x1x1, and the center of the octree cube shall be the origin (0, 0, 0) of the local
coordinate system.

The voxellmagelndex field contains an array of image indices assigned to voxel. At the rendering stage, color
attributed to an octree leaf is determined by orthographically projecting the leaf onto one of the images with a
particular index. The indices are stored in an octree-like fashion: if a particular image can be used for all the
leaves contained in a specific voxel, the voxel containing index of the image is issued into the stream;
otherwise, the voxel containing a fixed ‘further subdivision’ code is issued, which means that image index will
be speC|f|ed separately for each chlldren of the current voxel (in the same recursive fashion). If the
voxellma ~W=laala 3 3 i j =

The octreeResolution field specifies maximum allowable number of octree leaves along a side ©f theg
enclosirlg cube. The level of the octree can be determined from octreeResolution using the_following
equation:

octreellevel =[log, (octreeResolution) |

:’/1: i [ 3P| @
f. | — r' A
i iﬁ/:r____ﬂi__.__. T 2

g 5
. s & et // 3 — o —

Figure 27 — The structure of octree and the order of the children

Animatipn of the Octreelmage can be performed by the same approach as the first three ways of depth
image-Hased animation described above, withythe only difference of using octree field instead of the depth
field.

4.4.2 Depth Image-based Representation Version 2

4.4.2.1 [Introduction

Version|1 of DIBR introddced depth image-based representations (DIBR) of still and animated 3D objects
Instead [of a complex pelygonal mesh, which is hard to construct and handle for realistic models, image- of
point-bgsed methods-represent a 3D object (scene) as a set of reference images completely covering its
visible qurface. This'data is usually accompanied by some kind of information about the object geometry. Tqg
that end, each_reference image comes with a corresponding depth map, an array of distances from the pixels
in the imageé plane to the object surface. Rendering is achieved by either forward warping or splat rendering
But with| V/epsion 1 of the specification of DIBR nodes no high-quality rendering can be achieved.

Version 2 nodes allow for high-quality rendering of depth image-based representations. High-quality rendering
is based on the notion of point-sampled surfaces as non-uniformly sampled signals. Point-sampled surfaces
can be easily constructed from the DIBR nodes by projecting the pixels with depth into 3D-space. The discrete
signals are rendered by reconstructing and band-limiting a continuous signal in image space using so called
resampling filters.

A point-based surface consists of a set of non-uniformly distributed samples of a surface; hence we interpret it

as a non-uniformly sampled signal. To continuously reconstruct this signal, we have to associate a 2D
reconstruction kernel 7, (1) with each sample point 2; The kernels are defined in a local tangent frame with
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coordinates u# = (#,V) at the point P, , as illustrated on the left in Figure 28 . The tangent frame is defined by
the splat and normal extensions of the DIBR structures Version 2 [94].

projective mapping u=M(x) -

tangent frame u

>

image space X

+H+++ A+
+ 4t + b+ttt

i

1.4.2.2.1

exposedField
exposedField
exposedField
exposedField
exposedField
field

exposedField
field

reconstruction kernel ri(w)

Figure 28 — Local tangent planes and reconstruction Kernels

1.4.2.2 DepthlmageV2 Node

Node interface

DepthimageV2 { #oNDT=SF3DNode

SFVec3f
SFRotation
SFVec2f
SFFloat
SFFloat
SFVec2f
SFBool

A+

y

position
orientation
fieldOfView
nearPlane
farPlane
splatMinMax
orthographic

SFDepthTextureNode diTexture

1.4.2.2.2 Functionality and)semantics

0010

0010

/4 w/4

10

100

0.1115 0.9875
TRUE

NULL

N

reconstruction kernel in image space rj(x)

The DepthimageV2 node defines a single IBR texture. When multiple Depthlmage nodes are related|to each
bther, they are processed as a group, and thus, should be placed under the same Transform node.

The diTexture, field specifies the texture with depth, which shall be mapped into the region defined in the
DepthlmageV2 node. It shall be one of the various types of depth image texture (SimpleTextufeV2 or
PointTextureV2).

The‘position and orientation fields specify the relative location of the viewpoint of the IBR texture in the local
coordinate system. position is relative to the coordinate system’s origin (0, 0, 0), while orientation spgcifies a

rotation relative to the default orientation. In the default position and orientation, the viewer is on the Z-axis
looking down the —Z-axis toward the origin with +X to the right and +Y straight up. However, the
transformation hierarchy affects the final position and orientation of the viewpoint.

The fieldOfView field specifies a viewing angle from the camera viewpoint defined by position and
orientation fields. The first value denotes the angle to the horizontal side and the second value denotes the
angle to the vertical side. The default values are 45 degrees in radians. However, when orthographic field is
set to TRUE, the fieldOfView field denotes the width and height of the near plane and far plane.
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The nearPlane and farPlane fields specify the distances from the viewpoint to the near plane and far plane of
the visibility area. The texture and depth data shows the area closed by the near plane, far plane and the
fieldOfView. The depth data are scaled to the distance from nearPlane to farPlane.

The splatMinMax field specifies the minimum and maximum splat vector lengths. The splatU and splatV data
of SimpleTextureV2 is scaled to the interval defined by the splatMinMax field.

The orthographic field specifies the view type of the IBR texture. When set to TRUE, the IBR texture is based
on orthographic view. Otherwise, the IBR texture is based on perspective view.

types, Which are for extrinsic parameters. The Depthlmage node supports the camera movement, ang

The po§ition, orientation, fieldOfView, nearPlane, farPlane, and orthographic fields are exposedField
changedable view frustum corresponding to movement or deformation of a DIBR object.

Reference images that are suitable to the characteristic of a DIBR model are obtained in the medeling stage
Therefole, the fields that reflect the camera movement and the changeable view frustum andythe referencs
images Jn the modeling stage are used to create a view frustum and a DIBR object in the rendering stage.

4.4.2.3 |SimpleTextureV2 node

4.4.2.3. Node interface

SimpleTextureV2 { #tNDT=SFDepthTextureNode

field SFTextureNode  texture NULL
field SFTextureNode  depth NUkbL
field SFTextureNode normal NULL
field SFTextureNode  splatU NWLL
field SFTextureNode  splatV NULL

}

4.4.2.3.2 Functionality and semantics
The SimpleTextureV2 node defines a single layer-of IBR texture.

The texture field specifies the flat image that contains color for each pixel. It shall be one of the various types
of textufe nodes (ImageTexture, MovieTexture or PixelTexture).

The depth field specifies the depthfor each pixel in the texture field. The size of the depth map shall be theg
same sige as the image or movie in the texture field. Depth field shall be one of the various types of texturg
nodes (|mageTexture, MovieTexture or PixelTexture), where only the nodes representing gray scale images
are alloyved. If the depth field"is unspecified, the alpha channel in the texture field shall be used as the depth
map. If {he depth map is not specified through depth field or alpha channel, the result is undefined.

Depth field allows~to compute the actual distance of the 3D points of the model to the plane which passes
through|the viewpoint and parallel to the near plane and far plane:

dist = nedrPlare—++1

U d
where d is depth value and d,., is maximum allowed depth value. It is assumed that for the points of the
model, d>0, where d=1 corresponds to far plane, d=d,,,x corresponds to near plane.

This formula is valid for both perspective and orthographic case, since d is distance between the point and the
plane. max d is the largest d value that can be represented by the bits used for each pixel:

1) If the depth is specified through depth field, then depth value d equals to the gray scale.
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2) If the depth is specified through alpha channel in the image defined via texture field, then the depth

value d is equal to alpha channel value.

The depth value is also used to indicate which points belong to the model: only the point for wh
nonzero belong to the model.

ich d is

For animated Depthimage-based model, only Depthimage with SimpleTextures as diTextures are used.

Each of the Simple Textures can be animated in one of the following ways:

1) depth field is still image satisfying the above condition, texture field is arbitrary MovieTexture

still image
3) both depth and texture are MovieTextures, and depth field satisfies the above condition

4) depth field is not used, and the depth information is retrieved from ‘the alpha channe
MovieTexture that animates the texture field

he normal field specifies the normal vector for each pixel in the texture field. The normal vector sk
bssigned to the object-space point sample derived from extruding the pixel with depth to 3-space. Thg
map shall be the same size as the image or movie in the texture\field. Normal field shall be on
arious types of texture nodes (ImageTexture, MovieTexture, or PixelTexture), where only the
epresenting color images are allowed. If the normal map is not specified through the normal field, the
can calculate a normal field by evaluating the cross-produet of the splatU and splatV fields. If ne
normal map nor the splatU and splatV fields are specified,~only basic rendering is possible.

The splatU and splatV fields specify the tangent\plane and reconstruction kernel needed for hig
point-based rendering. Both splatU and splat\/\filds have to be scaled to the interval defined
splatMinMax field.

The splatU field specifies the splatU veetor for each pixel in the texture field. The splatU vector sh
bssigned to the object-space point sample derived from extruding the pixel with depth to 3-space. Th
map shall be the same size as the,image or movie in the texture field. splatU field shall be one of theg
ypes of texture nodes (ImageTexture, MovieTexture, or PixelTexture), where the nodes either repr
color or gray scale images arevallowed. If the splatU map is specified as gray scale image the decq
calculate a circular splat by asing the normal map to produce a tangent plane and the splatU map as r
his case, if the normal map~is not specified, the result is undefined. If the splatU map is specified
mage, it can be usedin-conjunction with the splatV map to calculate a tangent frame and recon
ernel for high-quality,point-based rendering. If neither the normal map nor the splatV map is speci
result is undefined.

The splatV field specifies the splatV vector for each pixel in the texture field. The splatV vector sh
hssigned«o,the object-space point sample derived from extruding the pixel with depth to 3-space. Th
map shalkbe the same size as the image or movie in the texture field. splatV field shall be one of the
ypes ‘of texture nodes (ImageTexture, MovieTexture, or PixelTexture), where only the nodes repr

2) depth field is arbitrary MovieTexture satisfying the above condition on the depth field, texture field is

of the

ould be
normal
e of the
nodes
decoder
ther the

n-quality
by the

ould be
b splatU
various
esenting
der can
adius. In
As color
struction
fied, the

ould be
e splatV
various
esenting

calor images are allowed. If the splatU map is not specified as well, the result is undefined.

4.4.2.4 PointTextureV2 node

4.4.2.41 Node interface

PointTextureV2 { #%NDT=SFDepthTextureNode

field SFInt32 width 256
field SFInt32 height 256
field SFInt32 depthNbBits 7
field MFInt32 depth 1
field MFColor color 1
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field
field
field

}

SFNormalNode normal
MFVec3f splatU 1
MFVec3f splatV 0

4.4.2.4.2 Functionality and semantics

The Poi

ntTextureV2 node defines multiple layers of IBR points.

N |

The wi

Geomefrical meaning of the depth values, and all the conventions on their interpretation adopted._for the
SimpleTlexture, apply here as well.

The de

farPlang (see above) in the order of traversal, which starts from the point in the lower left cornepand traverseg

to theri
(pixels)

The color field specifies color of current pixel. The order shall be the same as_the“depth field except tha

number

The depthNbBits field specifies the number of bits used for the original depth data. The value of depthNbBits
ranges from 0 to 31, and the actual number of bits used in the original data is depthNbBits+1. The d,,.x used in
the distance equation is derived as follows:

d. =

max

The normal field specifies normals for each specified depth-of each point in the projection plane in the samg

order. T]

with depth to 3-space. If the normals are not specified through the normal field, the decoder can calculate 3

normal

splatU g@nd splatV fields are specified, only basic point rendering is possible. Normals can be quantized by

using th

The spl
same o

the pixgl with depth to 3-space. (f the splatV vectors are not specified the decoder can calculate a circulap
splat by| using the normals to produce a tangent plane and the length of the splatU vectors as radius. In thig

case, if
in conju

point-bgsed rendering.4f neither the normals nor the splatV vectors are specified, the result is undefined.

The spl

same ofder. ThessplatV vector should be assigned to the object-space point sample derived from extruding
the pixe|] with depth to 3-space. If the splatU vectors are not specified as well, the result is undefined.

) () el ] ) R TT) () O R 1) n "
U diiu TIceiygiit 1iciU SpTUlly ul1c WIULT alia TICIyrit UT 1T tICTALUTT.

pth field specifies a multiple depths of each point in the projection plane, which is assumed to bg
ght to finish the horizontal line before moving to the upper line. For each point, the number of depthg

s first stored and that number of depth values shall follow.

of depths (pixels) for each point is not included.

7(depthNbBim+l) -1

he normal vector should be assigned to the object-space point sample derived from extruding the pixe
field by evaluating the cross-product of {hé splatU and splatV fields. If neither the normals nor the
e SFNormalNode functionality.

tU field specifies splatU vectors for each specified depth of each point in the projection plane in the

der. The splatU vector should be assigned to the object-space point sample derived from extruding

he normals are not specified, the result is undefined. If the splatU vectors are specified, it can be useq
nction with the splatV vectors to calculate a tangent frame and reconstruction kernel for high-quality

tV field spgcifies splatV vectors for each specified depth of each point in the projection plane in thg

4.4.3 Muftitexturing

4.4.31

MultiTexture Node

4.4.3.1.1 Node Interface

MultiTexture { #6NDT=SFTextureNode
exposedField SFFloat alpha 1 #[0,1]
exposedField SFColor color 111 #[0,1]
exposedField MFInt function 1
exposedField MFInt mode 1
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exposedField MFInt source 1
exposedField MFTextureNode  texture 1
exposedField MFVec3f cameraVector 1
exposedField SFBool transparent FALSE

}

4.4.3.1.2 Functionality and semantics

MultiTexture enables the application of several individual textures to a 3D object to achieve a more complex

;cua: Uflccl/t :\Vl:u:t;TG}\tuIU wdll bc uacd do d va:uc f\JI thc tUAtuIU flc:d ;II arll Appcalallbc IIUdC.
The texture field contains a list of texture nodes (e.g., ImageTexture, PixelTexture, MovieTextufe). The
exture field may not contain another MultiTexture node.
The cameraVector field contains a list of camera vectors in 3D for each texture in thé-texture field. These
ectors point from each associated camera to the 3D scene center. The view vectorsiare used to galculate
exture weights according to the unstructured lumigraph approach from [82] for eachxénder cycle, to weight all
extures according to the actual scene viewpoint.
The color and alpha fields define base RGB and alpha values for SELECT \mode operations.
The mode field controls the type of blending operation. The availablemodes include MODULATE]|for a lit
Appearance, REPLACE for an unlit Appearance and several variations of the two. However, for view-
lependent Multitexturing the default mode MODULATE shall bedused in conjuction with the source figld value
FACTOR”. Table 5 lists possible multitexture modes.
Table 5 — Multitexture modes

VALUE MODE Description

Multiply texture color with current color
00000 MODULATE

Arg1 x Arg2

Replace current color
00001 REPLACE

Arg2

Multiply the components of the arguments, apd shift
00010 MODULATEZ2X the products to the left 1 bit (effectively multiplying

them by 2) for brightening.

Multiply the components of the arguments, apd shift
00011 M@DULATE4X the products to the left 2 bits (effectively multiplying

them by 4) for brightening.

Add the components of the arguments
00100 ADD

Arg1 + Arg2

Add-the-compenents-efthe-arguments-with-a—0.5 bias,
00101 ADDSIGNED making the effective range of values from -0.5 through

0.5.

Add the components of the arguments with a -0.5 bias,
00110 ADDSIGNED2X and shift the products to the left 1 bit.

Subtract the components of the second argument from
00111 SUBTRACT those of the first argument.

Arg1 - Arg2
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VALUE MODE Description
Add the first and second arguments, then subtract their
01000 ADDSMOOTH product from the sum.
Arg1 + Arg2 — Arg1 x Arg2 = Arg1 + (1 - Arg1) x Arg2
Linearly blend this texture stage, using the interpolated
01001 | BLENDDIFFUSEALPHA alpha from each vertex.
Arg1 x (Alpha) + Arg? x (1 = Alpha)
Linearly blend this texture stage, using the alpha-frem
01010 BLENDTEXTUREALPHA this stage’s texture.
Arg1 x (Alpha) + Arg2 x (1 - Alpha)
Linearly blend this texture stage, using the-alpha factor
01011 BLENDFACTORALPHA from the MultiTexture node.
Arg1 x (Alpha) + Arg2 x (1 - Alpha)
Linearly blend this texture stage, using the alpha taken
01100 BLENDCURRENTALPHA from the previous texture-stage.
Arg1 x (Alpha) + Arg2« {1 — Alpha)
Modulate the colaf. of the second argument, using the
alpha of thedfirst argument; then add the result to
01101 MODULATEALPHA_ADDCOLOR argument one.
Arg1.RGB“+ Arg1.A x Arg2.RGB
Similar to MODULATEALPHA_ADDCOLOR, but use
01110 MODULATEINVALPHA ADDCOLOR theinverse of the alpha of the first argument.
(1 - Arg1.A) x Arg2.RGB + Arg1.RGB
Similar to MODULATECOLOR_ADDALPHA, but use
01111 MODULATEINVCOLOR ADDALPHA |the inverse of the color of the first argument.
(1 - Arg1.RGB) x Arg2.RGB + Arg1.A
10000 OFF Turn off the texture unit
Use color argument 1
10001 SELECTARGH1
Arg1
Use color argument 1
10010 SELECTARG2
Arg2
Modulate the components of each argument (as
signed components), add their products, then replicate
the sum to all color channels, Including alpha.
This can do either diffuse or specular bump mapping
10011 DOTPRODUCT3 with correct input. Performs the function (Arg1.R x
Arg2.R + Arg1.G x Arg2.G + Arg1.B x Arg2.B) where
each component has been scaled and offset to make it
signed. The result is replicated into all four (including
alpha) channels.
10100 —
11111 Reserved for future use
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The source field determines the color source for the second argument. Table 6 lists valid values for the
source field. For view-dependent Multitexturing “FACTOR?” shall be used in conjuction with the mode field
value MODULATE.

Table 6 — Values for the source field

VALUE MODE Description

- The second argument color (ARG2) is the color from the previous renderin
000 (defautt) | [© Second argument color (ARG2) P 9

StogC(oiT T o 10T ot Stageyt

The texture argument is the diffuse color interpolated from vertex-components

001 DIFFUSE during Gouraud shading.

010 "SPECULAR" The texture a_rgument is the _ specular color interpolated from | vertex
components during Gouraud shading.

011 "FACTOR" The texture argument is the factor (color, alpha) from the MultiTexture node.

100-111 Reserved for future use

The function field defines an optional function to be applied to_the argument after the mode has been
bvaluated. Table 7 lists valid values for the function field.

Table 7 — Values for the function field

VALUE MODE Description

000 "" (default) No function is applied.

001 "COMPLEMENT" Invert the argument so that, if the result of th_e argument were teferred
to bythe variable x, the value would be 1.0 minus x.

010 "ALPHAREPLICATE" Repllcgte the alpha information to all color channels before the
operation completes.

011-111 Reserved for future use

Mode may containCan™ additional Blending mode for the alpha channel; e.g., "MODULATE,REPLACE"
specifies Color = (Arg1.color x Arg2.color, Arg1.alpha).

The number.of Used texture stages is determined by the length of the texture field. If there are fewer mode
alues, the default mode is "MODULATE".

NOTE Due to the texture stage architecture and its processing order of textures in common graphic cards, {he result
bfcgeneral texture weighting depends on the order of textures if more than two textures are used. If order-ind¢pendent
ing— i aY7aYa ings—-can-be-used i A orthe-meode-fieldand—TEACTOR” for

Beside the MultiTexture-Node that assigns the actual 2D images to the scene, contains blending modes and
transform parameters, the second component of Multi-Texturing is the MultiTextureCoordinate-Node. This
node addresses the relative 2D coordinates of each texture, which are combined with the 3D points of the
scene geometry. In Multi-Texturing, one 3D point is associated with n 2D texture points with n being the
number of views. The node syntax for MultiTextureCoordinate in X3D is as follows and can be used as is.
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4.4.3.2 MultiTextureCoordinate Node

MultiTextureCoordinate node supplies multiple texture coordinates per vertex. This node can be used to set
the texture coordinates for the different texture channels.

4.4.3.2.1 Node interface

MultiTextureCoordinate { #NDT=SFTextureCoordinateNode
exposedField MFTextureCoordinateNode texCoord 0
}

4.4.3.2.2 Functionality and semantics
Each entry in the texCoord field may contain a TextureCoordinate or TextureCoordinateGenerator node.

By defalilt, if using MultiTexture with an IndexedFaceSet without a MultiTextureCoordinate.texCoord node
texture ¢oordinates for channel 0 are replicated along the other channels. Likewise, if thene 'are too few entries
in the tgxCoord field, the last entry is replicated.

Example:

Shape

appearance Appearance {

tefture MultiTexture {
mode [ 0 0 0 O ]

gource [ 3 3 3 3 ]

fexture [
ImageTexture { url "np00.jpg" }
ImageTexture { url "npO0l.jpg" }
ImageTexture { url "np02.jpg" }
ImageTexture { url "np03.jpg" }

]
}

}

geomgtry IndexedFaceSet {

tefCoord MultiTextureCoord {
fexCoord [

TextureCoordinate
TextureCoordinate
TextureCoordinate
TextureCoordinate

P N S
“— o Y

]
}
}
}

4.5 Animation‘tools

4.5.1 Deformation tools

4.5.1.1 NonLinearDeformer

4.51.1.1 Node interface
NonLinearDeformer { #%NDT=SFGeometryNode

exposedField SFInt32 type 0
exposedField SFVec3f axis 001
exposedField SFFloat param 0
exposedField MFFloat extend 1
exposedField SFGeometryNode geometry NULL
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4.5.1.1.2 Functionality and semantics

type is the desired deformation (0: tapering, 1:twisting, 2:bending). axis is the axis along which the
deformation is performed, param the parameter of the transformation, extend its bounds, and geometry
the geometry node on which is the deformation is performed or another NonLinearDeformer node so to
chain the transformations.

Table 8 — Semantic of param and extend values for each deformation type

bl
pai alll =ALTIIV

0 tapering Radius [ relative position, relative radius ]*
1  twisting Angle [ Angle min, angle max ]
2 bending Curvature [ Curvature min, curvature max, y.min, y max ]

For tapering, extend consists of a serie of 2 values: the first is the position at which the radius shpuld be.
[his way a profile can be defined. The relative position along the axis~of-the transformation in object space:
D% at the beginning, and 100% at the end. The radius is relative te the param and is given in per¢entage.
bxtend is used similarly for the other transformations.

[ransformations are given by [11]:

e Tapering

[0 taper an object long the z-axis, x- and y-axes are.just scales as a function of z:

X, Y, Z)=(rx,ry,z) and r= f(z)

where f(z) specifies the rate of scalé-per unit length along the z-axis and can be a linear or npnlinear
apering profile or function.

e Twisting
o rotate an object through-an angle @ about the z-axis:

X,Y,Z)=(xcos&= ysinf,xsinf + ycosf,z) and 6= f(z)

where f'(z):specifies the rate of twist per unit length along the z-axis.

¢ »Bending

] a region
outS|de the bent region where the deformatlon isa rotatlon and a translatlon Barr defines a bend region along
the y-axis as: y,, <y <y, . The radius of curvature of the bend is k™' and the center of the bend is at

¥ =,. The bending angle is: € = k(y"—y,), where
ymin lf y < ymin

y = y lf ymingy<ymax
Voo AE Y2 Yo
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The deformation is given by

X = Xx
_Sine(z_k_l)—l_yo yminsygymax
Y = q=sin@(z—k")+y, +0080(y = Vi) ¥ < Voin
—sin@(z—k™)+y, +C0SO(Y = Vi) V> Vo
COS@(Z—k_1)+k_1 Y min Sygymax
Z =|4cosb(z—k)+k +smO(y—-y,.) V<Vun
cos@(z—k™)+k™ +sin@(y—-y_.) V> V..
4.5.1.2 |Free-form deformations
4.51.2.1 Node interface
FFD { #//tANDT=SF3DNode
eventin MF3DNode addChildren
eventin MF3DNode removeChildren
expgsedField MF3DNode children 0
field SFInt32 uDimension 2 #[2, 257]
field SFInt32 vDimension 2 #[2, 257]
field SFInt32 wDimension 2 #[2, 257]
field MFFloat uKnot 1] # (-00,00)
field MFFloat vKnot 1 # (-00,00)
field MFFloat wKnot i # (-00,00)
field SFInt32 uOrder 2 #[2, 33]
field SFInt32 vOrder 2 #[2, 33]
field SFInt32 wOrder 2 #[2, 33]
expqsedField MFVec4f controlPoint 1
}
4.5.1.2.2 Functionality and semantics
The node definition is the same as forNURBSSurface in 4.3.1 (except for the bounds and default values
of the Oimenison and Order fields)/and the first 3 fields are as for a Group node: they enable to define the
scene embedded in the FFD space;
A FFD node acts only on a.seene on the same level in the transform hierarchy because a FFD applies only or
vertices| of shapes. If an‘ebject is made of many shapes, there are nested Transform nodes. If we pass
solely the DEF of these.nodes, then we have no notion of what the transforms applied to the nodes are. By
passing| the DEF aof.a grouping node, which encapsulates the scene to be deformed, we can effectively
calculatge the transformation applied on a node.
EXAMPLE
# The ¢ontrol points of a FFD are animated. The FFD encloses two shapes, which are
deformed

# as the control points move.

DEF TS TimeSensor {}

DEF PI CoordinatelInterpolator4D ({
key [ .. ]
keyValue [ .. ]

}

DEF BoxGroup Group {

chil
}

62

dren [ Shape { geometry Box {} } ]
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DEF SkeletonGroup Group {
children [
..# describe here a full skeleton
]
}
DEF FFDNode FFD {
..# specify NURBS deformation volume
children [
USE BoxGroup
USE SkeletonGroup
]

ROUTE TS.fraction changed TO PI.set fraction
ROUTE PI.value changed TO FFDNode.controlPoint

1.5.2 Generic skeleton, muscle and skin-based model definition and animation

[his Subclause defines a generic animation framework for models based on skeletor's and muscles.
1.5.2.1 Generic skeleton, muscle and skin-based model definition
1.5.2.1.1 SBBone

1.5.2.1.1.1 Node interface

SBBone{ #%NDT=SFSBBoneNode, SF3DNode, SF2DNode

eventln MF3DNode addChildren

eventln MF3DNode removeChildren
exposedField SFInt32 bonelD 0
exposedField MFInt32 skinCoordindex [1
exposedField MFFloat skiCoordWeight []
exposedField SFVec3f endpoint 001
exposedField SFInt32 falloff 1
exposedField MFFloat sectionPosition []
exposedField MFFloat sectionlnner [
exposedField MFFloat sectionOuter [
exposedField SFInt32 rotationOrder 0
exposedField MFNode children [1
exposedField SFVYec3f center 000
exposedField SFRotation rotation 0010
exposedField SFVec3f translation 000
exposedField SFVec3f scale 111
exposedField SFRotation scaleOrientaton 0010
exposedkield SFInt32 ikChainPosition 0
exposedField MFFloat ikYawLimit [1
exposedField MFFloat ikPitchLimit [
exposedField MFFloat ikrollLimit []
exposedField MFFloat ikTxLimit []
exposedrield MFFioat IKTyLimit ]
exposedField MFFloat ikTzLimit [1

}

4.5.2.1.1.2 Functionality and semantics

SBBone node specifies data related to one bone from the skeleton.

The bonelD field is a unique identifier which allows that the bone to be addressed at animation run-time.

The center field specifies a translation offset from the origin of the local coordinate system.
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The translation field specifies a translation to the bone coordinate system.
The rotation field specifies a rotation of the bone coordinate system.

The scale field specifies a non-uniform scale of the bone coordinate system. scale values shall be greater
than zero.

The scaleOrientation specifies a rotation of the bone coordinate system before the scale (to specify scales
in arbitrary orientations). The scaleOrientation applies only to the scale operation.

The pogsible geometric 3D transformation consists of (in order): 1) (possibly) non-uniform scale about 'ar
arbitrany point, 2) a rotation about an arbitrary point and axis and 3) a translation.

The rotationOrder field specifies the rotation order when deals with the decomposition of the rotation in
respect with system coordinate axes.

Two ways of specifying the influence region of the bone are allowed:
e |Per vertex definition:

The skinCoordIndex field contains a list of indices of all skin vertices affected by\the current bone. Mostly, the
skin influence region of bone will contain vertices from the 3D neighborhood of the bone, but special cases of
influencg are also accepted.

The skinCoordWeight field contains a list of weights (one per vertex.listed in skinCoordindex) that measures
the confribution of the current bone to the vertex in question. Thelength skinCoordindex is equal with the
length of skinCoordWeight. The sum of all skinCoordWeight related-to the same vertex must be 1.

e |Per bone definition:
The endpoint field specifies the bone 3D end point and(is used to compute the bone length.
The sectionlnner field is a list of inner influence region radii for different sections.
The segtionOuter field is a list of outer influence region radii for different sections.

The sectionPosition field is a list of pasitions of all the sections defined by the designer.

The fall¢ff field specifies the function between the amplitude affectedness and distance : -1 for x>, 0for x*, 1

.
for x, 2for sm(zx), 3 for \/; and 4 for {/;

The twd schemes.can be used independently or in combination, in which case the individual vertex weights
take precedence.

The ikChainRosition field specifies the position of the bone in the kinematics chain. If the bone is the root of
the IK chain' then ikChainPosition=1. In this case, when applying IK scheme, only the orientation of the bone ig
changed. If the bone is last in the kinematics chain ikChainPosition=2. In this case, the animation stream has
to include the desired position of the bone (X, Y and Z world coordinates). If ikChainPosition=3 the bone
belongs to the IK chain but is not the first or the last one in the chain. In this case, position and orientation of
the bone are computed by the IK procedure. Finally, if the bone does not belong to any IK chain
(ikChainPosition=0), it is necessary to transmit the bone local transformation in order to animate the bone. If
an animation stream contains motion information about a bone which has ikChainPosition 1, this information
will be ignored. If an animation stream contains motion information about a bone which has ikChainPosition 3,
this means that the animation producer wants to ensure the orientation of the bone and the IK solver will use
this value as a constrain.
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The ikYawLimit field consists in a pair of min/max values which limit the bone rotation with respect to the X

axis.

The ikPitchLimit field consists in a pair of min/max values which limit the bone rotation with respect to the Y

axis.

The ikRolILimit field consists in a pair of min/max values which limit the bone rotation with respect to the Z

axis.

The ikTxLimit field caonsists in a pgir ofmin/max-values-which-limit the bone-translation-inthe-X-direction.

i

1.5.2.1.2 SBSegment

1.5.2.1.2.1 Node interface

SBSegment{ #NDT=SFSBSegmentNode, SF3DNode, SF2DNode

eventin MFNode addChildren

eventln MFNode removeChildren

exposedField SFString name

exposedField SFVec3f centerOiMass 000
exposedField MFVec3f momentsOfinertia [000000000]
exposedField SFFloat mass 0

exposedField MFNode children []

1.5.2.1.2.2 Functionality and seémantics

The mass field isthe total mass of the segment.

he ikTyLimit field consists in a pair of min/max values which limit the bone translation in the Y directipn.
The ikTzLimit field consists in a pair of min/max values which limit the bone translation in the Z directipn.

The SBBone node is used as a building block to describe the hierarchy of the articulated model by dttaching
bne or more child objects. The children field has the same semantic as used |in” ISO/IEC 14496(11; the
bbsolute geometric transformation of any child of a bone is obtained through_a’ composition with the bone-
parent transformation.

The name field must be present, so that the SBSegment can be identified at runtime. Each SB$egment
should have a DEF name that matches the name field for that Segment, but with a distinguishing prefix in
ront of it.

The centerOfMass field is the location within the segment of its center of mass. Note that a zero vdlue was
chosen forthe mass in order to give a clear indication that no mass value is available.

The.momentsOflnertia field contains the moment of inertia matrix. The first three elements are the fir$t row of
he.3x3 matrix, the next three elements are the second row, and the final three elements are the third row.

The children field can be any object attached at this level of the skeleton, including a SBSkinnedModel.

An SBSegment node is a grouping node especially introduced to address two issues:

The first one is to the requirement to separate different parts from the skinned model into deformation-
independent parts. Between two deformation-independent parts the geometrical transformation of one
of them do not imply skin deformations on the other. This is essential for run-time animation
optimization. The SBSegment node may contain as a child an SBSkinnedModel node (see the
SBSkinnedModel node description below). Portions of the model which are not part of the seamless
mesh can be attached to the skeleton hierarchy by using an SBSegment node;

© ISO/IEC 2011 — All rights reserved 65


https://standardsiso.com/api/?name=b5205389f54b7e41303e893bdef78f95

ISO/IEC 14496-16:2011(E)

e The second deals with the requirement to attach standalone 3D objects at different parts of the
skeleton hierarchy. For example, a ring can be attached to a finger; the ring geometry and attributes
are defined outside of skinned model but the ring will have the same local geometrical transformation
as the attached bone.

4.5.2.1.3 SBSite

4.5.2.1.3.1 Node interface

SBSite {(#%NDT=SFSBSiteNode, SF3DNode, SF2DNode

eventin MF3DNode addChildren

everntin MF3DNode removeChildren

expgsedField SFVec3f center 000

expgsedField MF3DNode children [1

expgsedField SFString name

expqsedField SFRotation rotation 0010
expqsedField SFVec3f scale 111

expgsedField SFRotation scaleOrientation 0010

expgsedField SFVec3f translation 000

}

4.5.2.1.3.2 Functionality and semantics

The cen

specifie$ a rotation of the coordinate system of the SBSite node.

The scale field specifies a non-uniform scale of the SBSite nede coordinate system and the scale values

must be

The scgleOrientation specifies a rotation of the coordinate system of the SBSite node before the scale thus

allowing

The trapslation field specifies a translation of the coordinate system of the SBSite node.

The chi

The SB

can be used by an inverse kinematics system. The second is to define an attachment point for accessories

such as
node.

SBSite
groupin
systems
only be

4.5.2.14

ter field specifies a translation offset and can be used to compute a bone length. The rotation fielg

greater than zero.

a scale at an arbitrary orientation. The scaleOrientation applies only to the scale operation.

dren field is used to store any object that can be attached to the SBSegment node.
Site node can be used forthree purposes. The first is to define an "end effector”, i.e. a location which
clothing. The third is tondefine a location for a virtual camera in the reference frame of a SBSegmen
nodes are stored within the children field of an SBSegment node. The SBSite node is a specializeq
h node that defines a coordinate system for nodes in its children field that is relative to the coordinate

of its parent node. The reason a SBSite node is considered a specialized grouping node is that it car
defined-as“a child of a SBSegment node.

i --SBMuscle

4.5.2.1.4.1 Node interface

SBMuscle{ #%NDT=SFSBMuscleNode, SF3DNode, SF2DNode

exposedField MFInt32 skinCoordIndex []
exposedField MFFloat skinCoordWeight []
exposedField SFNode muscleCurve NULL
exposedField SFInt32 musclelD 0
exposedField SFInt32 radius 1
exposedField SFInt32 falloff 1
}
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4.5.2.1.4.2 Functionality and semantics

The skinCoordIndex field consists of a list of vertex indices from the skinned model skin which are
by the “muscle”

affected

The skinCoordWeight field consists of a list of weights indicating in what measure a vertex in affected by the

“muscle”

The muscleCurve field is a NurbCurve as defined in 4.3.1.2.

he radius field specifies the maximum distance where the “muscle” will affect the skin

. T
I for x, 2 for sm(;x),Sfor Jx and 4for ¥x.

Depending on the author, the animation stream can contain one animation mechanism or a combinati
P) and 3).

weight or/and knot fields, will induce a translation on v, :

o skinCoordWeight field is specified for vertex.v , then:
Tv, = skinCoordWeight[k Tv ° ,

where k is the index of vertex v, inthe'model vertices index list;

e radius field is specified,\then

radius —d (vv;)

v, = f( )*Tv;

radius

hith 1 () _specified by the falloff field.

1.5.2.1°5 SBSkinnedModel

1.5.2.1.5.1 Node interface

he falloff field specifies the function between the amplitude affectedness and distance : -1-for x*, Q for x°,

Performing deformation consists in affecting the form of the muscleCurve by A4) affecting the positign of the
control points of the curve, 2) affecting the weight of control points or/and/3)-affecting the knot sequence.

bn of 1),

At the modeling stage, each affected vertex v, from the skin is assigned a point vic from the curvg, as the

Closest point. During animation, the translation of vl.c obtained from the update values of contrplPoint,

SBSkinnedModel{ #%NDT=SF3DNode,SF2DNode

exposedField SFString name
exposedField SFVec3f center 000
exposedField SFRotation rotation 0010
exposedField SFVec3f translation 000
exposedField SFVec3f scale 111
exposedField SFRotation scaleOrientation 0010
exposedField MF3DNode skin [
exposedField SFCoordinateNode skinCoord NULL
exposedField SFNormalNode skinNormal NULL
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exposedField MF3DNode skeleton []
exposedField MFBoneNode bones [
exposedField MF3DNode muscles [
exposedField MFSegmentNode segments []
exposedField MFSiteNode sites [
exposedField SF3DNode weighsComputationSkinCoord NULL

}

4.5.2.1.5.2 Functionality and semantics

The SBSkinnedModel node is the top of the hierarchy of Skin&Bones related nodes and contains, thg

definitio

The name field specify the name of the skinned model allowing easily identification at the animation fun-time.

The center field specifies a translation offset from the origin of the local coordinate system.

The tra

The rotation field specifies a rotation of the coordinate system.

The scale field specifies a non-uniform scale of the coordinate system. scale.values shall be greater thar

Zero.

The scaleOrientation specifies a rotation of the coordinate system before the scale (to specify scales in
arbitrany orientations). The scaleOrientation applies only to the scale operation.

The ski

The sk
conside
texture)

The sktlleton field specifies the root of the bones hierarchy.

The bo

The segments fields consist in the lists of all bones previously defined as SBSegment node.

The sites fields consist in the lists of all bones previously defined as SBSites node. The muscles fields

consist

The we

cases the static position ‘efithe articulated model defined by skinCoord and skin fields is not appropriate tq
compute the influence\region of a bone. In this case the weighsComputationSkinCoord field allowg

specifyi
during t

the posture defined by skinCoord field.

4.5.2.1.6 “SBVCAnimation

h parameters for the entire seamless model or of a seamless part of the model.

slation field specifies a translation of the coordinate system.

InCoord contains the 3d coordinates of all vertices of the seamless model.

n consists of a collection of shapes that share(the same skinCoord. This mechanism allows
ring the model as a continuous mesh and, in the, same time, to attach different attributes (like color
to different parts of the model.

es fields consist in the lists of all bongs previously defined as SBBone node.

n the lists of all bones previously defined as SBMuscle node.

ghsComputationSkinCoord field describes a specific static position of the skinned model. In many

ng the skinhed model vertices in a more appropriate static posture. This posture will be used jus
ne initialization stage and ignored during the animation. All the skeleton transformations are related tg

This node allows to group together a set of skinned models; in order to animate them the animation data is
extracted from the same resource (file or strem).

4.5.2.1.6.1 Node interface

SBVCAnimation{ #%NDT=SF3DNode,SF2DNode

exposedField MFNode virtualCharacters
exposedField MFURL url

}
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4.5.2.1.6.2 Functionality and semantics

The SBVCAnimation node is a grouping node, which allows to attach a list of virtual characters to an
animation stream.

The virtualCharacters field specifies a list of SBSkinnedModel nodes. The length of the list can be 1 or
greater.

The url field refers to the BBA stream which contains encoded animation data related to the SBSkinnedModel
nodes from the VVirtualCharacters list and is used for outhand hifefr’ngme_ The animation will he axtrac ed from
he first element of the animationURL list and if the case when it is not available the following elemerjt will be
Ised.

1.5.2.1.7 SBVCAnimationV2

1.5.2.1.7.1 Introduction
[his node is an extension of the SBVCAnimation node and the added functionality consists in streaming

control and animation data collection. The BBA stream can be controlled asta glementary media stream, and
Can be used in connection with the MediaControl node.

1.5.2.1.7.2 Syntax

SBVCAnimationV2{ #%NDT=SF3DNode,SF2DNode

exposedField MFNode virtualCharacters/ "]
exposedField MFURL url [1
exposedField SFBool loop FALSE
exposedField SFFloat speed 1.0
exposedField SFTime startTime 0
exposedField SFTime stopFime 0
eventOut SFTime duration_changed
eventOut SFBool isActive

exposedField MFInt activeUrlIndex 1
exposedField SFFloat transitionTime 0

}
1.5.2.1.7.3 Semantics

The virtualCharacters~field specifies a list of SBSkinnedModel nodes. The length of the list can be 1 or
preater.

The url field refers to the BBA stream which contains encoded animation data related to the SBSkinngdModel
hodes from thé VvirtualCharacters list and is used for outband bitstreams. The animation will be extracted from
he first element of the animation URL list and if the case when it is not available the following element will be
Ised.

[he, loop, startTime, and stopTime exposedFields and the isActive eventOut, and their effecty on the
SBYCAnmmmation2 node,aresimitarwith the ones described-by VRMtEspecifications (tSOAEC-+4772-1:1997)
for AudioClip, MovieTexture, and TimeSensor nodes and are described as follows.

The values of the exposedFields are used to determine when the node becomes active or inactive.

The SBVCAnimationV2 node can execute for 0 or more cycles. A cycle is defined by field data within the node.
If, at the end of a cycle, the value of loop is FALSE, execution is terminated. Conversely, if loop is TRUE at
the end of a cycle, a time-dependent node continues execution into the next cycle. A time-dependent node
with loop TRUE at the end of every cycle continues cycling forever if startTime >= stopTime, or until
stopTime if startTime < stopTime.
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The SBVCAnimationV2 node generates an isActive TRUE event when it becomes active and generates an
isActive FALSE event when it becomes inactive. These are the only times at which an isActive event is
generated. In particular, isActive events are not sent at each tick of a simulation.

The SBVCAnimationV2 node is inactive until its startTime is reached. When time now becomes greater than
or equal to startTime, an isActive TRUE event is generated and the SBVCAnimationV2 node becomes
active (now refers to the time at which the player is simulating and displaying the virtual world). When a
SBVCAnimationV2 node is read from a mp4 file and the ROUTEs specified within the mp4 file have been
established, the node should determine if it is active and, if so, generate an isActive TRUE event and begin
generating any ather necessary events However if a SBVCAnimation\/2 node would have become inactive a

any tim¢ before the reading of the mp4 file, no events are generated upon the completion of the read.

An actiye SBVCAnimationV2 node will become inactive when stopTime is reached if stopTime > startTime
The value of stopTime is ignored if stopTime <= startTime. Also, an active SBVCAnimationV2(hode wil
become inactive at the end of the current cycle if loop is FALSE. If an active SBVCAnimationV2 node
receiveg a set_loop FALSE event, execution continues until the end of the current cycle or uftil~stopTime (if
stopTime > startTime), whichever occurs first. The termination at the end of cycle can be overridden by 3
subseqyent set loop TRUE event.

Any set| startTime events to an active SBVCAnimationV2 node are ignored. Any.set/stopTime event where
stopTirIe <= startTime sent to an active SBVCAnimationV2 node is also ignored. A set_stopTime even
where startTime < stopTime <= now sent to an active SBVCAnimationV2“rniode results in events being
generated as if stopTime has just been reached. That is, final events, including an isActive FALSE, arg
generated and the node becomes inactive. The stopTime_changed event will have the set_stopTime value.

A SBV(AnimationV2 node may be restarted while it is active by sénding a set_stopTime event equal to thg
current fime (which will cause the node to become inactive) and a'set_startTime event, setting it to the curren
time or|any time in the future. These events will have the same time stamp and should be processed as
set_stopTime, then set_startTime to produce the correct behaviour.

The spéaed exposedField controls playback speed. It dees not affect the delivery of the stream attached to thg
SBVCAnimationV2 node. For streaming media,-value of speed other than 1 shall be ignored.

A SBVLCAnimationV2 shall display first frame if speed is 0. For positive values of speed, the frame tha
an active SBVCAnimationV2 will display-at time now corresponds to the frame at animation time (i.e., i
the animation’s local time base with frame 0-at time 0O, at speed = 1):

fmad (now - startTime, duration/speed)
If speed is negative, then the frame to display is the frame at animation time:

duration + fmod(now-<’startTime, duration/speed).
When a SBVCAhnimationV2 becomes inactive, the frame corresponding to the time at which the
SBVCAnimationV2 became inactive shall persist. The speed exposedField indicates how fast the movig

shall be| played: A speed of 2 indicates the animation plays twice as fast. Note that the duration_changed
eventOyt is'not affected by the speed exposedField. set_speed events shall be ignored while the animatior

is playing.

An event shall be generated via the duration_changed field whenever a change is made to the startTime or
stopTime fields. An event shall also be triggered if these fields are changed simultaneously, even if the
duration does not actually change.

activeUrlindex allows to select or to combine specific animation resource referred in the url[] field. When this
field is instantiated the behavior of the url[] field changes from the alternative selection into a combined
selection. In the case of alternative mode, if the first resource in the url[] field is not available, the second one
will be used, and so on. In the combined mode the following cases can occur:
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(1) activeUrlindex has one field: the resource from url[] that has this index is used for animation. When the
activeUrlindex is updated a transition between to the old animation (frame) and the new one is performed.
The transition use linear interpolation for translation, center and scale and SLERP for spherical data as
rotation and scaleOrientation. The time of transition is specified by using the transitionTime field.

(2) activeUrlindex has several fields: a composition between the two resources is performed by the terminal:
for the bones that are common in two or more resources a mean procedure has to be applied. The mean is
computed by using linear interpolation for translation, center and scale and SLERP for spherical data as
rotation and scaleOrientation.

n all the cases, when a transition between two animation resources is needed, when the transitionTime is not
vero, the player must perform an interpolation. The transitionTime is specified in miliseconds.

1.5.2.2 Generic skeleton, muscle and skin-based model animation

Animating a 2D/3D articulated model requires knowledge of the position of each model vertex at each key-
rame. Specifying such a data is an enormous and expensive task. For this reason the AFX animatior] system
employs the bone-based modeling of articulated models which effectively attaches the model vertiges to a
pone hierarchy (skeleton).Moreover, a set of curve-based muscles allow to add-docal deformation of the skin.
[his technique avoids the necessity to specify the position for each vertex;.'only the local transformation of
pach bone in the skeleton and the muscle form being animated. The Jocal bone transformation components
translation, rotation, scale, scaleOrientation and center) and the musele-curve components (contrgl points
position and weights) are specified at each frame and, at the vertex-level, the transformation is obtained by
sing the bone-vertex and muscle-vertex influence region.

[0 address streamed animation, the animation data is considered separately (independent of the model
Hefinition) and it will be specified for each key-frame.

Animating a skinned model is achieved through updates of the geometric transformation component of the
skeleton by transforming the bones and/or to the muscle curve form.

A\ general transformation of a bone, as defined by the SBBone node, involves: translation in any direction,
otation with respect to any rotation axis,-and scaling with respect to any direction. In the SBBomne node
fefinition the rotation field is defined asa-SFRotation. In order to update the orientation of a bone the| rotation
ield must by updated.

Within the animation resource'the bone rotation is represented as a decomposition with respect with three
bxes. Bijectivity of the transformation between the angle-based notation and rotation matrix or qugternion

representation is ensured.by the rotationOrder field. A triplet of angles [01,6?2,6’3] describes how a coprdinate
rame r rotates with respect to a static frame s, here, how a bone frame rotates with respect to its parept frame.
The triplet is interpreted as a rotation by 6, around an axis 4, then a rotation by &,around an axis |4,, and

inally a rotation'by €,around an axis 4,, with 4, different from both 4, and A4;. The axes are restrictgd to the

coordinate~axes, X, Y, and Z, giving 12 possibilities: XYZ, XYX, YZX, YZY, ZXY, ZXZ, XZY, XZX,
YXZ, ¥XY, ZYX, ZYZ. By considering the axis either in the bone frame (r) or its parent frame (s), there are
P4 possible values for rotationOrder.

The bone-base animation (BBA) of a skinned model is performed by frame update of the SBBone
transformation fields (translation, rotation, scale, center and scaleOrientation) and/or by updating the
SBMuscle curve control points position, control points weight or (and) knot sequence. The BBA stream
contains all the animation frames or just the data at the temporal key frames. In the last case the decoder will
compute the intermediate frames by temporal interpolation. Linear interpolation is used for translation
and scale components and linear quaternion interpolation is used for rotation and scaleOrientation
components.

Each key-frame contains two fields: an animation mask vector and an animation values vector.

The animation mask vector consists in:
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The animation values vector consists in:

A BBA
SBMu
node. T

be in the range [0 ...1023].

Two re
compre

Annex H
animatiq

45.23

The init
bones h
the skel
initial on
Animati
a) for a
transfor

parents

b) for a

a natural integer NumberOfinterpolatedFrames which indicates to the decoder the number of frames
that have to be obtained by interpolation. If zero, the decoder interprets the received frame as a
normal frame and sends it to the animation engine; if not the decoder computes
NumberOfinterpolatedFrames intermediate frames and sends them to the animation engine, as well
as the content of the received key-frame.

the number of bones animated in the current frame; the number of muscles animated in the current
frame.

ETN aalb) v il . aSBHa-stern—ea- le for [N wiraatad-ban (a] balaw—far-th o riadion.
OTC OUTNTCTOD aS  WoT asS e armmator T TTTasSKN TOT Caci T armmatC U DO e O C T UCTOWTUT TS UT STIITPoTIOTT U

SBBone animation mask.

the musclelD as well as the animation mask for each animated muscle. See below for the descriptior]
of SBMuscle animation mask.

the new values for each bone transformation component which need updating.

the new values for each muscle control point which have been translated.or change the weigh and the
new values of the knot sequence of NURBS curve.

ile or stream can contain the information related to a maximum number of 1024 SBBone and 1024
cle nodes belonging to one or more skinned models and greuped under the same SBVCAnimatior]
ne identifiers fields bonelD and musclelD must be uniquewithin an SBVCAnimation node and mus

bresentation of the animation data are supportedCby the standard: uncompressed format ang
bsed format.

describes the uncompressed animation file“format. 5.3.2 shows the syntax of the compresseq
n stream.

Animation algorithm details for BBA

al pose of an articulated model must contain a skeleton that is aligned with the mesh. Thus somg
ave a non-identity initial trapsformation. During the animation, the bone transforms are updated. Since
eton and the mesh are originally aligned, only the offset between the new bone transforms and the
es has to be applied te-the vertices.

ng the skinned madel consists then in the following steps:
| bones complte the initial transformation in the local space as the combination of the elementary
m: rotation;\translation, center, scale and scaleOrientation; all these components are expressed in thg

coordinate’system.

| ¢he*bones, compute the initial transformation in the world space as a product between the initia

transfor

¢ i £ 4l I H +h [l 1 Atk HEG T TP IR Y £, 'Y £ L1 [N L] $ P~
matuvurt UT urc vuric i ure iovdal O'JGUU diTu ure mntrdl uadrioivurTmiauult Ul uic vulic o palclll UI\'JlCOOUU L}

the world space

c) comp

ute the inverse of previous transformation

d) at each animation frame, update the local elementary transforms: rotation, translation, center, scale and
scaleOrientation

e) at each animation frame, repeat step b)
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f) at each animation frame, for all the bones multiply the transformation obtained at step e) with the one
computed at step c)

g) at each animation frame, for each pair bone/vertex, multiply the vertex with the transform obtained at the
previous step and with the corresponding weight.

4.6 Rendering tools

4.6.1 Shadows

fThe Shadow node works as a special grouping node for the author defined creation of hard and soft
shadows caused by 3D-surfaces, shadow properties and SpotLight nodes.

1.6.1.1 Syntax

Shadow {
eventln MFNode addChildren
eventin MFNode removeChildren
exposedField MFNode children 0
exposedField  SFBool enabled TRUE
exposedField  MFBool cast TRUE
exposedField  MFBool receive TRUE
exposedField  SFFloat penumbra 0

i

1.6.1.2 Semantics

hddChildren: the addChildren event appends nodes, to the grouping node's children field. Any nodeq passed
o the addChildren event that are already in the group's children list are ignored.

removeChildren: the removeChildren event*removes nodes from the grouping node's children fi¢ld. Any
nodes in the removeChildren event that are-not in the grouping node's children list are ignored.

children: contains a list of children\nodes. The children node’s surfaces are generally invisibly rgndered.
Dnly instances of 3D-surfaces are able to work as occluders and receivers for shadow creation in asgociation
bnly with SpotLight nodes.\Each children[m] and its descendants correspond to the combination of
shadow properties cast[m] and receive[m]. If it is intended, that a 3D-surface has to work as ocgluder or
eceiver, it must fulfil several prerequisites. The assigned children has to be a single instance 3D-syrface or
hn instance 3D-surface that is part of a sub-graph. A SpotLight must be associated to this 3D-surface in
he same way as.'shown in Figure 30. The light source has to illuminate the 3D-surface, for cgsting or
receiving shadows.

bnabled: the functionality of the Shadow node is enabled with the value TRUE. The functionality of the
SBhadow node is disabled with the value FALSE.

cast: assigns the capability to a 3D-surface to cast shadows onto other 3D-surfaces. With the value [TRUE a
single _instance or a branch with instances of 3D-surfaces included becomes an occluder_The field Wworks as

MFBool, so every children[m] (single node or branch) is able to have its own value of cast. The shadow
properties of a 3D-surface node instance are transmitted according the ID of MediaObject to all of those
instances of 3D-surfaces existing outside of Shadow nodes in that scene with the same ID (see Figure 30).

receive: assigns the capability to a 3D-surface to receive shadows from itself or from other surfaces. With
TRUE a single instance or a branch with instances of 3D-surfaces included becomes a receiver. The field
works as MFBool, so every children[m] (single node or branch) is able to have its own value of receive.
The shadow properties of a 3D-surface node instance are transmitted according the ID of MediaObiject to all
of those instances of 3D-surfaces existing outside of Shadow nodes in that scene with the same ID
(see Figure 30). The field works as MFBool, so every children[m] node is able to have its own value of
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receive. The shadow properties of a 3D-surface’s node instance become transmitted to all of those instances
of 3D-surfaces existing outside of Shadow nodes in that scene (see Figure 31).

penumbra: describes the geometrical extension of the related SpotLight as a sphere radius.

If Shad

grouping node

R

v v
ﬁ Sl i Q [al VA DU
D IIAUUW UlJULLAlé]IL
S —T—¢
v v
USE single node USE branch

automatically between them.

grouping Node

Figure 29 — Semantical representation

ow and SpotLight nodes own the same grouping node as parent, a shadow relationship is createc

v

grouping Node

USE Subgraph
ID={n}

DEF Subgraph
D={n}

DEF 3D ShapeJ
ID={p}

cast[m], receive[m]

cast[m], receive[m]

v
grouping Node
|
v v
Shadow SpotLight,
\penumbrak/

USE Subgraph |
D={n}

Figure 30 — Transmission of shadow properties to 3D-surfaces and light sources

The combination of multiple Shadow. nodes with one or multiple SpotLight nodes possesses severa
shadow| properties associated with Jone SpotLight node. This way a SpotLight node gets severa
penumbpra values (see Figure 31)) Additionally it can create multiple shadow properties with a single Shape
node.
grouping Node
peNUMbra , wm) penumbra
Shadow K 2 Shadow k1 | Spotl ight | | Snotl ight ‘
_ cast [m], receive [m] . cast [m], receive [m] | ' ! | | ’ 77 |
£ £
E E cast [m+1], receive [m+1]
£ £
Subgraph Subgraph Subgraph .
ID={n} ID={n} ID={p}
Figure 31 — Transmission of shadow properties to multiple 3D-surfaces and light sources
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The following rules were formulated for those cases. If a unique 3D-surface is related to the same ligh

t source

several times, the shadow properties are handled by the Boolean operation OR. All penumbra values add up

and increase the light body extension.

The occurrence of multiple associated SpotLight nodes combined with only one Shadow node simply

results in each SpotLight node creating another independent relation.

5 3D Graphics compression tools

6.1 Introduction

exture, animation) and generic (multiplexing, backchannel, ...) mechanisms.
The AFX compression tools can be used in different scenarios:
e connected to the BIFS nodes by using BitWrapper as defined in ISO/IEE 14496-11,

e connected to scene graph nodes defined by other standards than MPEG by following th
standardized in MPEG-4 Part 25 (as described in ISO/IEC 14496:25),

e in a standalone file format as defined in 5.5.1.
.2 Geometry tools

.2.1 3DMC Extension
BDMC Extension is based on 3D mesh coding (3DMC) tools introduced in MPEG-4 Visual [ISO/IEC 1
Compared to 3DMC tools, 3DMC extensionZtools incorporate vertex order and face order pr

unctionality, efficient texture mapping functionality, and new stitching operation and remove for
bperation, computational graceful degradation (CGD), and existing stitching operation.

b.2.1.1 Introduction

5.2.1.1.1 3D Mesh Object

not affect the 3D\geometry, but influence the way the model is shaded. 3D mesh coding (3DMC) e
bddresses thécefficient coding of 3D mesh object. It comprises a basic method and several options. T

resolution™3D model. The model may be triangular or polygonal — the latter are triangulated fo

[his clause includes the definition of the bitstream syntax for compressed graphics primitives (geometry,

17

B model

1496-2].
eserving
bst split

The 3D Mesh Obiject is.a-3D polygonal model that can be represented as an IndexedFaceSet in BIFS. It is
jefined by the position-of its vertices (geometry), by the association between each face and its systaining
ertices (connectivity); and optionally by colours, normals, and texture coordinates (properties). Propgrties do

ktension
he basic

BDMC extension method operates on manifold model and features incremental representation qf single

coding

purposes and are fully recovered in the decoder. Options include: (a) support for error resilience; (R) vertex
brder.and face order preserving; (c) efficient texture mapping; and (d) support for non-manifold and non-

and generalized animation parameters (BIFS Anim) are currently addressed elsewhere in this
ISO/IEC 14496.

In 3DMC extension, the compression of the connectivity of the 3D mesh (e.g. how edges, faces, and

prientable maodel The compression of application-specific geometry streams (Farp Animation Parz meters)

part of

vertices

relate) is lossless, whereas the compression of the other attributes (such as vertex coordinates, normals,

colours, and texture coordinates) may be lossy.
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5.2.1.1.2 Single Resolution Mode

The incremental representation of a single resolution 3D model is based on the Topological Surgery scheme.
For manifold triangular 3D meshes, the Topological Surgery representation decomposes the connectivity of
each connected component into a simple polygon and a vertex graph. All the triangular faces of the 3D mesh
are connected in the simple polygon forming a triangle tree, which is a spanning tree in the dual graph of the
3D mesh. Figure 32 shows an example of a triangular 3D mesh, its dual graph, and a triangle tree. The vertex
graph identifies which pairs of boundary edges of the simple polygon are associated with each other to
reconstruct the connectivity of the 3D mesh. The triangle tree does not fully describe the triangulation of the
simple g issing i ion | 1

Figure 32 — A triangular 3D mesh (A), its dual graph (B), and a triangle tree (C)

For manifold 3D meshes, the connectivity is represented in\a similar fashion. The polygonal faces of the 30
mesh are connected in a simple polygon forming a face tree. The faces are triangulated, and which edges of
the resplting triangular 3D mesh are edges of théJoriginal 3D mesh is recorded as a sequence oOf
polygon| edge bits. The face tree is also a spanning'tree in the dual graph of the 3D mesh, and the verte
graph isl always composed of edges of the originah3D mesh.

The verfex coordinates and optional properties of the 3D mesh (normals, colours, and texture coordinates) arg
quantised, predicted as a function of decoded ancestors with respect to the order of traversal, and the errorg
are entrppy encoded.

5.2.1.1.3 Incremental Representation

When a|3D mesh is downloaded over networks with limited bandwidth (e.g. PSTN), it may be desired to begin
decoding and renderingthe’ 3D mesh before it has all been received. Moreover, content providers may wish tg
control such incremental representation to present the most important data first. The basic 3DMC method
support$ this by -interleaving the data such that each triangle may be reconstructed as it is received
Incremgntal representation is also facilitated by the options of partitioning for error resilience.

5.2.1.1.4 CError Resilience for 3D Mesh Object

If the 3D mesh is partitioned into independent parts, it may be possible to perform more efficient data
transmission in an error-prone environment, e.g., an IP network or datacasting service in a broadcast TV
network. It must be possible to resynchronize after a channel error, and continue data transmission and
rendering from that point instead of starting over from scratch. Even with the presence of channel errors, the
decoder can start decoding and rendering from the next partition that is received intact from the channel.

Flexible partitioning methods can be used to organize the data, such that it fits the underlying network packet

structure more closely, and overhead is reduced to the minimum. To allow flexible partitioning, several
connected components may be merged into one partition, where as a large connected component may be
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divided into several independent partitions. Merging and dividing of connected components using
partition types can be done at any point in the 3D mesh object.

5.2.1.1.5 Vertex Order and Face Order Preserving

different

To animate or edit the content represented by IFS, one can do the operation per vertex. The authoring tool is
assumed to use a fixed vertex order in a scene for easy and efficient handling of animation and updating.
When 3DMC is used on IndexedFaceSet, this presumed order is broken for the IndexedFaceSet node. The
encoder of 3DMC changes the vertex order to maximize the compression efficiency. This causes an additional

JIUIU;CIII VV; ICTI uacu‘ Vv;til Uti ICI tUUib ti |at bi ai© a fi)\cu' VUI‘tC)\ UIUIGI . Nut Ul Iiy SD;\V:C bi 1dlTyc©o VUI‘tU)\ Ul
compression, it also changes the face order. This may not be a problem if editing or animation of,a '3

jone per face, the change of face order may have the same impact as vertex order.
These vertex and face order changes may create a lot of confusion not only at the encoder side, but

nformation with encoded bitstream and re-order the vertex and face order accordingly after deco
encoded model.

5.2.1.1.6 Efficient Texture Mapping

Efficient texture mapping would alleviate the need of having (very accurate geometry mode
bpproximation by texture map will do the trick for the user. Therefore, the accuracy of texture coord
critical in order to guarantee the quality of rendered quality of 3D models.

Near lossless or lossless compression of texture coordinate,”hence, is a very important issue to ma
The current IndexedFaceSet-based representation describes the texture coordinates in float, wh
exture coordinates in reality are discrete values in integer. To compress the texture coordinates Ig
rom the point of integer values, two kinds of schemes can be used: (1) if the texture image size is pr
nown, quantised step size for texture coordinates can be set as the inverse of the texture image si
he size of texture image is not known, the possible quantised step size can be estimated by analy
lifference values of the real texture coordinate values (or the regular intervals of ordered texture co
alues).

6.2.1.1.7 Stitching for Non-Manifold and Non-Orientable Meshes

The connectivity of a non-mahifold and non-orientable 3D mesh is represented as a manifold 3D meg
sequence of stitches. Each stitch describes the number of duplications for the vertex increase or face
bnd the actual index of-the original vertex or face and duplicated vertex (vertices) or face (faces) dy
conversion of non-manifold and non-orientable into an oriented-manifold 3D mesh and a sequence of

5.2.1.1.8 Encoder and Decoder Block Diagrams

High level™block diagrams of a general 3D polygonal model encoder and decoder are shown in Fi
They censist of a 3D mesh connectivity (de)coder, geometry (de)coder, property (de)coder, vertex/fa
de)coder, and entropy (de)coding blocks. Connectivity, vertex position, and property information are €
rom 3D mesh model described in VRML or MPEG-4 BIFS format. The connectivity (de)coder is use

der after
D model

s done per vertex, where vertex order is a problem to fix in such a case. However, if editing oranimation is

more at

he decoder side. Hence, in order to solve this issue it needs to carry original ‘vertex and fage order

ing the

|, since
nates is

ke sure.
ere the
sslessly
eviously
ve; (2) if
zing the
prdinate

hand a
ncrease
ring the
stitches.

gure 33.
ce order
xtracted
d for an

uff;bicl It I'CPIcoci ﬁ.atiun Uf thb‘ aaauuiatiun bUtVVUb‘II Cdbh fdbc dlld Itb bubtdlll;lly VUI‘thCb. Thc 9
(de)coder is used for a lossy or lossless compression of vertex coordinates. The property (de)coder is

ometry
used for

a lossy or lossless compression of colour, normal, and texture coordinate data. The vertex/face order

(de)coder is used for vertex order and face order preserving.
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Figure 33 — G@YFaI block diagram of the 3D mesh compression. A: 3D mesh encoder. B: 3D mesh

e

decoder.

35 Mesh Objec

5.2.1.2

4
t

The compressed bitstream for a 3D mesh is composed of a header data block with global information,
followed by a sequence of connected component data blocks, each one associated with one connected
component of the 3D mesh.

3D Mesh Header

CC Data #1

CC Data #nCC

nCC is the number of connected components.

78

© ISO/IEC 2011 — All rights reserved


https://standardsiso.com/api/?name=b5205389f54b7e41303e893bdef78f95

ISO/IEC 14496-16:2011(E)

If a 3D mesh is coded in error resilience mode, connected component data blocks are grouped or div
partitions.

Partition #1 Partition #2 Partition #nPT

Additionally, if the vertex and face order preserving is supported, the last connected component data

ided into

block is

followed by one or two data blocks, each one of them representing vertex order and face order information.

4 Ltk o

Larias rdar-and-f rdariaf E PN - aahad aanand £ it =y
CTTCATOTOCT AaTTa TaC T OTO CT T o atoTT CaTT oG appPoUtoanr S CUTTTPUOUTTC TS UT A OTiStroantT.

Vertex Order Face Order

Fach connected component data block is composed of three records, the Vertex Graph record, the
[ree record, and the Triangle Data record.

Vertex Graph Triangle Tree Triangle Data

per connected component) and /ocal information (per triangle). The global information is stored in th

s arranged on a per triangle basis, where theordering of the triangles is determined by the travers
riangle tree.

Data for triangle #1 Data for triangle #2 Data for triangle #nT

[he data for a given triangle.is organized as follows:

Triangle

he triangle tree record contains the structure of a triangle spanning tree which links all the trianglgs of the
corresponding connected component forming a simple polygon-The 3D mesh is represented in a triapgulated
orm in the bitstream, which also contains the information niecessary to reconstruct the original fages. The
ertex graph record contains the information necessary:\to" stitch pairs of boundary edges of thg simple
bolygon to reconstruct the original connectivity, not onlywithin the current connected component, but also to
breviously decoded connected components. The connectivity information is categorized as global infgrmation

b Vertex

[Sraph and Triangle Tree records. The local information is stored in the Triangle Data record. The triangle data

bl of the

marching edge | td—orientation | polygon_edge | coord normal color texCoord

The marching edge, td_orientation and polygon_edge constitute the per triangle connectivity informat

exture’coordinate (texCoord) information.

on. The

pther fields’contain information to reconstruct the vertex coordinates (coord) and optionally, normal, cglor, and
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5.2.1.3 Bitstream syntax

5.2.1.3.1 3D_Mesh_Object

3D_Mesh_Obiject () { No. of bits | Mnemonic
3D _MO_start _code 16 uimsbf
3D_Mesh_Object_Header()
do {
3D Mesh Object Layer()
} while (nextbits_bytealigned() == 3-D_MOL_start_code)
}
5.2.1.3.2 3D_Mesh_Object_Header
3D Mesh Object Header() { No. of bits Mnemonic
Cecw 1 bslbf
Conyex 1 bslbf
Solig 1 bslbf
creageAngle 6 uimsbf
coordl header()
normal_header()
colon _header()
texCpord_header()
3DM[C_extension 1 bslbf
if (3DMC_extension == ‘1’)
3DMC_extension_header()
}
5.2.1.3.3 3D_Mesh_Object_Layer
3D Megh Object Layer () { No. of bits | Mnemonic
3D _IMOL_start_code 16 uimsbf
moll id 8 uimsbf
if (mol_id == 0)
3D Mesh Object Base lLayer()
else
3D _Mesh_Object Extension_Layer()
}
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3D_Mesh_Object Base Layer() { No. of bits Mnemonic
do {
3D MOBL start code 16 uimsbf
mobl_id uimsbf
while ('bytealigned())
one bit 1 bslbf
qr_stari()
if (3D _MOBL _start code == “partition_type 0”) {
do{
connected component()
gf _decode(last_component, last component_context) viclhf
} while (last_component == ‘0’)
}
else if (3D_MOBL _start_code == “partition_type_1") {
vg_number=0
do {
vertex_graph()
vg_number++
gf decode(has_stitches, has_stitches_context) viclgf
gf decode(codap last vg, codap last vg context) viclhf
} while (codap_last vg == ‘0’)
}
else if (3D MOBL start code == “partition_type.2%) {
if(vg_number > 1)
gf decode(codap vg id) viclhf
gf decode(codap left bloop idx) viclhf
gf_decode(codap_right_bloop_idx) viclhgf
gf_decode(codap_bdry_pred) viclgf
triangle tree()
triangle data()
}
} while (nextbits bytealigned().== 3D_MOBL _start code)
if (has_stitches)
stitching()
]
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5.2.1.3.5 coord_header

coord_header() { No. of bits Mnemonic
coord binding 2 uimsbf
coord_bbox 1 bslbf
if (coord_bbox == ‘1") {
coord_xmin 32 bslbf
coord_ymin 32 bslbf
coord_zmin 32 bslbf
coord_size 52 bsIDT
}
coord quant 5 uimshbf
coofd_pred_type 2 uimsbf
if (cpord_pred_type=="tree_prediction” ||
coord pred type=="parallelogram_prediction”) {
coord nlambda 2 uimsbf
for (i=1; i<coord nlambda; i++)
coord lambda 4-27 simsbf
}
}
5.2.1.3.6 normal_header
normal_lheader() { No. of bits Mnemonic
normal_binding 2 uimsbf
if (nprmal_binding != “not_bound”) {
normal bbox 1 bslbf
normal_quant 5 uimsbf
normal_pred type 2 uimsbf
f (normal_pred_type=="tree_prediction”||
normal_pred type=="parallelogram  prediction”) {
normal_nlambda 2 uimsbf
for (i=1; i<normal_nlambda; i+%)
normal_lambda 3-17 simsbf
}
}
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5.2.1.3.7 color_header

color_header() { No. of bits Mnemonic
color_binding 2 uimsbf
if (color_binding != “not_bound”) {
color_bbox 1 bslbf
if (color _bbox == ‘1) {
color rmin 32 bslbf
color_gmin 32 bslbf
color_bmin $¥4 bsIb
color_size 32 bslbf
}
color quant 5 uimsbf
color_pred_type 2 uimsbf

if (color_pred_type=="tree_prediction” ||
color_pred_type=="parallelogram_prediction”) {

color nlambda 2 uimsbf
for (i=1; i<color_nlambda; i++)
color_lambda 4-19 simgbf

5.2.1.3.8 texCoord_header

{exCoord header() { No. of bits Mngmonic
texCoord binding 2 uimsbf
if (texCoord_binding != “not_bound”) {

texCoord_bbox 1 bslbf
if (texCoord bbox == ‘1) {
texCoord umin 32 bslbf
texCoord_vmin 32 bslbf
texCoord_size 32 bslbf
}
texCoord quant 5 uimsbf
texCoord_pred_type 2 uimsbf

if (texCoord_pred - type=="tree_prediction” ||
texCoor@-pred_type=="parallelogram_prediction”) {

texCoerd nlambda 2 uimsbf
for(i51; i<texCoord_nlambda; i++)
texCoord_lambda 4-19 simgbf
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5.2.1.3.9 3DMC_extension_header

3DMC_extension header() { No. of bits Mnemonic
do {
function_type 4 uimsbf

if (function_type == “Order_mode”)

Order mode header ()
else if (function type == “Adaptive_quant texCoord mode”)
Adaptive quant texCoord mode header()

else 1f (function_type == Mulfiple_attribute_mode”)

multiple| attribute mode header()

} while(function_type != “Escape mode”)

}

5.2.1.3.10 Order_mode_header

Order mpde header () { No. ‘ofbits Mnemonic
vertgx_order flag 1 bslbf
if(veftex_order flag )

Jertex _order per CC flag 1 bslbf
face|order flag 1 bslbf
if(fage_order flag)

face order per CC flag 1 bslbf

}
5.2.1.3.11 Adaptive_quant_texCoord_mode_header
Adaptive| quant_texCoord mode header () { No. of bits Mnemonic
texCpord quant u 16 uimsbf
texCpord quant v 16 uimsbf
}
5.21.3.12 multiple_attribute_mode_header
multiplg_attribute mode header(){ No. of bits Mnemonic
number of texCoord 5
for R to number_of-texCoord viclbf
texCoold_header()
number of otherAtir 8
for [1 to number of otherAttr

otherAtir_header()

}

84
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otherAttr_header() { No. of bits | Mnemonic
otherAttr_binding 2 uimsbf
otherAttr_dimension 8
if (otherAttr binding != “not_bound”) {
otherAttr _bbox 1
if (otherAttr bbox == ‘1’) {
for (i= &; i < otherAttr dimension; i++ )
otherAtlr_min(i) 52 DsIDT
otherAttr_size 32 bslbf
}
otherAttr quant 5 uimspf
otherAttr_pred_type 2 uimspf
if (otherAttr_pred_type=="tree_prediction” ||
otherAttr_pred_type=="parallelogram_prediction”) {
otherAttr nlambda 2 uimspf
for (i=1; i<otherAttr _nlambda; i++)
otherAttr lambda 4-19 simspf
}
}
}
6.2.1.3.14 connected_component
connected component() { No. of bits | Mnemonic
vertex graph()
gf decode(has_stitches, has_stitches context) viclgf

triangle tree()

triangle data()
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5.21.3.15 vertex_graph

vertex_graph() { No. of bits | Mnemonic
gf decode(vg_simple, vg simple context) viclbf
depth =0
code last="1
openloops =0
do {
do {
if(code_last== 1)1
gf decode(vg_last, vg last context) viclbf
if (openloops > 0) {
gf_decode(vg_forward_run, vg_forward_run_context) viclbf
if (vg_forward_run == ‘0’) {
openloops--
if (openloops > 0)
gf_decode(vg_loop_index, viclbf
vg_loop_index_context)
break
}
}
}
gf_decode(vg_run_length, vg_run_length_context) viclbf
gf_decode(vg_leaf, vg_leaf_context) viclbf
if (vg_leaf == ‘1’ && vg_simple == '0") {
gf_decode(vg_loop, vg_loop_context) viclbf
if (vg_loop == '1")
openloops++
}
while (0)
f (vg_leaf == ‘1’ && vg _last == ‘1’ && code-last == ‘1’)
depth--
f (vg_leaf == ‘0’ && (vg_last == ‘0’ ||.code last == ‘0’))
depth++
code last = vg_leaf
} while (depth >=0)
}
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triangle tree() {

No. of bits

Mnemonic

depth =0

ntriangles = 0

branch_position = -2

do{

gf decode(tt_run_length, tt run length context)

viclbf

ntriangles += tt_run_length

qf_decode(Ht_leaf, it leal _context)

viclf

f

if (tt_leaf == ‘1) {

depth--
}

else {

branch_position = ntriangles

depth++

}

} while (depth >= 0)

if (3D_MOBL _start _code == “partition_type 2")

if (codap_right bloop idx — codap left bloop idx — 1 > ntriangles) {

if (branch_position == ntriangles — 2) {

if decode(codap_branch_len, codap branch_len_context)

viclh

)

ptriangles -= 2

else

ntriangles--

5.2.1.3.17  triangle_data

friangle_data(i) {

No. of bits

Mnemonic

gf_decode(triangulated, triangulated_context)

viclh

f

depth=0

root_triangle()

for (i=1; i<ntriangles; i*+)

triangle(i)

© ISO/IEC 2011 — All rights reserved

87



https://standardsiso.com/api/?name=b5205389f54b7e41303e893bdef78f95

ISO/IEC 14496-16:2011(E)

5.2.1.3.18 root_triangle

root_triangle() { No. of bits |Mnemonic
if (marching_triangle)
gf_decode(marching_pattern, viclbf

marching pattern _context{marching_pattern])

else {

if (3D_MOBL_start_code == “partition_type 2")

if (tt_leaf == ‘0’ && depth==0)

[—_qf_decode(td_orientation, td_orientation_coniext) VICIDT
if (tt leaf =='0)
depth++
else
depth--
}
if (3D_MOBL_start_code == “partition_type 2”)
if (triangulated == ‘0")
gf_decode(polygon_edge, viclbf

polygon_edge_context[polygon_edge])

roof_coord()

roof_normal()

roof_color()

for (i =1; i<= number_of texCoord; i++)
root_texCoord(i)

for (i = 1; i<= number_of otherAttr; i++)
root_otherAttr(i)

5.21.3.19 root_coord

root_cogrd() { No. of bits | Mnemonic

if (3D MOBL_start code == “partition_type,2”) {

f (visited[vertex_index] == 0) {

root_coord sample()

f (visited[vertex_index] == O}

coord_sample()

coord_sample()

}
}
elsg {
root_coafd)sample()
coord.sample()
coord ‘sample()
}
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root_normal() {

No. of bits

Mnemonic

if (normal_binding != “not_bound”)

if (3D_MOBL_start_code == “partition_type_2") {

if (normal_binding != “bound_per_vertex” ||
visited[vertex_index] == 0) {

root_normal_sample()

if (normal_binding != “bound_per_face” &&

(mormat—bimdingt="bound_per_vertex*1{
visited[vertex_index] == 0)) {

normal_sample()

normal_sample()

}

else {

root normal sample()

if (normal_binding != “bound_per face”) {

normal_sample()

normal_sample()

.2.1.3.21 root_color

oot _color() {

No. of bits

Mnemonic

if (color_binding != “not_bound”)

if (3D_MOBL_start_code == “partition.fype 27) {

if (color_binding != “bound_per_vertex’ ||
visited[vertex_index] == 0) {

root_color_sample()

if (color_binding !'=*bound_per face” &&
(color_binding, != “bound_per_vertex” ||
visited[vertex index] == 0)) {

color sample()

coler 'sample()

}

else {

root” color sample()

if (color binding != “bound per face”) {

color_sample()

color_sample()
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5.21.3.22 root_texCoord

root_texCoord() {

No. of bits | Mnemonic

if (texCoord_binding != “not_bound”)

if (3D_MOBL_start_code == “partition_type_2") {

if (texCoord_binding != “bound_per vertex” || visited[vertex_index] ==

)4

root texCoord sample()

== O){

if (texCoord_binding!= “bound_per_vertex” || visited[vertex_index]

Texcoord_sample()

texCoord sample()

else {

root texCoord sample()

texCoord_sample()

texCoord_sample()

5.2.1.3.]

P3  root_otherAttr

—

pot_otherAttr() {

No. of bits

if (otherAttr_binding != “not_bound”)

if (3D_MOBL_start_code == “partition_type_2") {

if (otherAttr_binding != “bound_per_vertex” ||

visited[vertex_index] == 0) {

root_otherAttr sample()

if (otherAttr_binding!= “bound_per \vertex” ||
visited[vertex_index] == 0) {

otherAttr_sample()

otherAttr sample()

}

else {

root_otherAttrssample()

otherAttr_sample()

otherAttrCsample()

5.2.1.3.]

P4 root_otherAttr_Sample

foot’ otherAttr sample() {

No. of bits

for (i=0; i<otherAttr_order; i++)

for (j=0; j<otherAttr_quant; j++)

gf_decode(otherAttr_bit, zero_context)
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otherAttr sample() {

No. of bits

for (i=0; i< otherAttr_order; i++) {

j=0

do {

gf_decode(otherAttr_leading_bit,
otherAttr_leading_bit_context[2*j+i])

j++

Twhile (jSotherAllr_quant && OtherAllr_feading _bit == 0')

if (otherAttr leading bit == ‘1) {

gf decode(otherAttr_sign_bit, zero context)

do{

gf decode(otherAttr_trailing_bit, zero context)

} while (j<otherAttr quant)

5.2.1.3.26  triangle

triangle(i) {

No. of bits |Mnemonic

if (marching_triangle)

gf_decode(marching_edge, marching_edge _contextimarching_edge]) viclbf
else {
If (3D _MOBL _start code == “partition_type, 21)
if (tt_leaf == ‘0’ && depth==0)
gf decode(td_orientation, td_orientation _context) viclbf
if (tt_leaf == ‘0)
depth++
else
depth--
}
if (triangulated == ‘0’) viclbf

gf_decode(polygon_edge,
polygon_édge context[polygon_edge])

coord()

normal()

color()

for (i=1; is='wumber_of texCoord; i++)

texCoord(i)

for (i1} i<= number_of otherAtir; i++)

otherAttr(i)
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5.2.1.3.27 coord

coord() { No. of bits | Mnemonic

if (3D_MOBL_start_code == “partition_type_2") {

if (visited[vertex_index] == 0)

if (no_ancestors)

root coord sample()

else

coord sample()

}
elsg {
f (visited[vertex_index] == 0)
coord_sample()
}

5.2.1.3.28 normal

normal(] { No. of bits | Mnemonic

if (nprmal_binding == “bound_per_vertex”) {

f (3D_MOBL_start code == “partition_type 2”) {

if (visited[vertex_index] == 0)

if (no_ancestors)

root normal sample()

else

normal_sample()

else {

if (visited[vertex_index] == 0)

normal_sample()

} elde if (normal_binding == “bound_per-face”) {

f (triangulated == ‘1’ || polygon_edgé == ‘1’)

normal_sample()

} elge if (normal_binding == “bound” per_corner”) {

f (triangulated == ‘1’ || palygon_edge == ‘1’) {

normal_sample()

normal_sample()

hormal_sample()
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5.21.3.29 color

color() { No. of bits | Mnemonic

if (color_binding == “bound_per_vertex”) {

if (3D_MOBL_start_code == “partition_type_2") {

if (visited[vertex_index] == 0)

if (no_ancestors)

root_color sample()

else

color_sample()

}
else {
if (visited[vertex_index] == 0)
color_sample()
}

} else if (color_binding == “bound_per face”) {

if (triangulated == ‘1’ || polygon_edge == ‘1’)

color_sample()

} else if (color_binding == “bound_per corner”) {

if (triangulated == ‘1’ || polygon_edge == ‘1") {

color_sample()

color_sample()

}

color_sample()

5.2.1.3.30 texCoord

fexCoord() { No. of bits [ Mngmonic

if (texCoord_binding == “bound_pervertex”) {

if (3D_MOBL_start_code ==partition_type 2") {

if (visited[vertex_index}.== 0)

if (no_ancestors)

root_texCoord sample()

else

texCoord _sample()

}
else {
if {visited[vertex_index] == 0)
texCoord sample()
}

} else if (texCoord_binding == “bound_per corner”) {

if (triangulated == ‘1’ || polygon_edge == ‘1") {

texCoord_sample()

texCoord sample()

}

texCoord sample()
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5.2.1.3.31 root_coord_sample

root_coord sample() { No. of bits | Mnemonic
for (i=0; i<3; i++)
for (j=0; j<coord quant; j++)
gf decode(coord_bit, zero context) viclbf
}
5.2.1.3.32 root_normal_sample
root_nofmal_sample() { No. of bits | Mnemonic
for (=0; i<1; i++)
for (j=0; j<normal_quant; j++)
gf decode(normal_bit, zero context) viclbf
}
5.2.1.3.33 root_color_sample
root_colpr sample() { No. of bits | Mnemonic
for (j=0; i<3; i++)
for (j=0; j<color_quant; j++)
gf_decode(color_bit, zero_context) viclbf
}
5.2.1.3.34 root_texCoord_sample
root texCoord sample() { No. of bits | Mnemonic
for (j=0; i<2; i++)
for (j=0; j<texCoord quant; j++)
gf decode(texCoord_bit, zero-'context) viclbf
}
5.2.1.3.35 coord_sample
coord_spmple() { No. of bits | Mnemonic
for (j=0; i<3; i++) {
=0
do {
gf «decode(coord_leading_bit, coord_leading_bit_context[3*j+i]) viclbf
j+F
while (j<coord quant && coord leading bit == ‘0’)
f{coordteadingbit=—="4<%
gf decode(coord_sign_bit, zero context) viclbf
do {
gf decode(coord_trailing_bit, zero context) viclbf
} while (j<coord quant)
}
}
}
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normal_sample() { No. of bits | Mnemonic
for (i=0; i<1; i++) {
=0
do {
gf decode(normal_leading_bit, normal leading bit context][j]) viclbf
j++
} while (j<normal quant && normal_leading bit == ‘0’)
i (normal_leading_bi == 1)1
gf decode(normal_sign_bit, zero context) viclhf
do{
gf_decode(normal_trailing_bit, zero_context) viclhf
} while (j<normal_quant)
}
}
1
J
5.2.1.3.37 color_sample
color sample() { No. of bits | Mngmonic
for (i=0; i<3; i++) {
j=0
do{
gf decode(color_leading_bit, color leading:bit context[3*j+i]) viclhf
j++
} while (j<color quant && color leading_bit's="0)
if (color_leading bit == ‘1") {
gf_decode(color_sign_bit, zero_context) viclhf
do {
gf_decode(color_trailing_bit, zero_context) viclhf
} while (j<color_quant)
}
}
1
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5.21.3.38 texCoord_sample
texCoord _sample() { No. of bits | Mnemonic
for (i=0; i<2; i++) {
j=0
do {
gf_decode(texCoord_leading_bit, viclbf
texCoord leading bit context[2*j+i])
j++
while {(J<texCoord_guant && texcoord_leading_bit == ‘0')
f (texCoord_leading_bit == ‘1’) {
gf_decode(texCoord_sign_bit, zero_context) viclbf
do {
gf_decode(texCoord_trailing_bit, zero_context) vlelbf
} while (j<texCoord_quant)
}
}
5.2.1.3.39 stitching
stitching() { No. of bits | Mnemonic
has| vertex_increase 1 bslbf
has| face_increase 1 bslbf
if (has_vertex_increase) {
h vertex_ stitches bitsPerV uimsbf
for(inti = 0; i< n_ vertex_ stitches; i++){
n_duplication_per_ vertex_stitches bitsPerV uimsbf
for(intj = 0; j < n_duplication per vertexistitches; j++) {
vertex_index bitsPerV uimsbf
}
}
if (has_face_increase){
h face stitches bitsPerF uimsbf
for(inti = 0; i < n_face_stifches; i++){
n_duplication per/face_stitches bitsPerF uimsbf
for(intj = 0; j <h~duplication_per face_stitches; j++){
face indéx bitsPerF uimsbf
}
}
}
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3D _Mesh Object Extension Layer() { No. of bits | Mnemonic
if(vertex_order flag ) {
if(vertex_order per CC flag)
vertex _order per CC header()
vertex_order()
}
if(face_order flag) {
if(face_order_per_CC_Tlag)
face order per CC header()
face order()
}
]
p.2.1.3.41  vertex_order_per_CC_header
ertex_order per CC header () { No. of bits | Mngmonic
for(i=0;i<nCC;i++) {
nVOffset 16 uimsbf
for (j=0;j<nVOffset;j++)
{
vo_offset 24 uimsbf
firstVID 24 uimsbf
}
}
1
)
5.2.1.3.42 face_order_per_CC_header
face_order per CC header () { No. of bits | Mnedmonic
for(i=0;i<nCC;i++) {
nFOffset 16 uimsbf
for (j=0;j<nFOffset;jt+)
{
fo_offset 24 uimsbf
firstFID 24 uimgbf
}
}
1
)
5.2.1:3.43  vertex_order
vertex_order() { No. of bits [ Mnemonic
for(i=0;i<nCC;i++) {
for(bpvi=init_bpvi; bpvi >0; bpvi --)
for(j=DecodingVertices;j>0;j--)
vo_decode( vo_id,bpvi) bpvi uimsbf
}
}
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5.21.3.44 face_order

face order () { No. of bits | Mnemonic

for(i=0;i<nCC;i++) {

for(bpfi =init_bpfi; bpfi >0; bpfi --)

for(j=DecodingFaces;j>0;j--)

fo_decode(fo_id, bpfi) bpfi uimsbf
}
}
5.2.1.3.45 Visual bitstream semantics
5.21.346 3D Mesh Object
5.2.1.3.47 3D_Mesh_Object
3D_MOJ| start_code: This is a unique 16-bit code that is used for synchronization pUrpose. The value of this
code is plways ‘0000 0000 0010 0000’
5.21.3.48 3D_Mesh_Object_Header
ccw: This boolean value indicates if the vertex ordering of the decoded faces follows a counter clock-wisg
order.
convex| This boolean value indicates if the model is convex.
solid: This boolean value indicates if the model is solid.
creaseAngle: This 6-bit unsigned integer indicates thé.crease angle.
3DMC_extension: This boolean value indicates if one or more of the 3DMC extension functionalities (verte
order ard face order preserving and efficient texture mapping) are used.
5.21.3.49 3D_Mesh_Object_Layer
3D_MOL _start_code: This is a(unique 16-bit code that is used for synchronization purposes. The value of
this codg is always ‘0000 0000-6011 0000’.
mol_id:[ This 8-bit unsignedinteger specifies a unique id for the mesh object layer. Value 0 indicates a base
layer. The first 3D_Mesh) Object_Layer immediately after a 3D_Mesh_Object Header must have mold_id=0
and subisequent 3D_Mesh_Object_Layer's within the same 3D_Mesh_Object must have mold_id>0.
5.2.1.3.50 3D_Mesh_Object_Base_Layer
3D_MOBLstart_code: This is a code of length 16 that is used for synchronization purposes. It also indicates
three different partition types for error resilience.
Table 9 — Definition of partition type information

3D_MOBL_start_code | partition type Meaning

‘0000 0000 0011 0001’ | partition_type_0O One or more groups of vg, tt and td.

‘0000 0000 0011 0011* | partition_type 1 One or more vgs

‘0000 0000 0011 0100° | partition_type_2 One pair of tt and td.
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mobl_id: This 8-bit unsigned integer specifies a unique id for the mesh object component.

one_bit: This boolean value is always true. This value is used for byte alignment.

last_component: This boolean value indicates if there are more connected components to be decoded. If
last_component is ‘1’, then the last component has been decoded. Otherwise there are more components to

be decoded. This field is arithmetic coded.

codap_last_vg — This boolean value indicates if the current vg is the last one in the partition. The value is

alsa if thare are maore vgs to be decoded-in-the pgrﬁﬁnn_

codap_vg_id: This unsigned integer indicates the id of the vertex graph corresponding to the current simple
bolygon in partition_type 2. The length of this value is a log scaled value of the vg_number of vg dlecoded
rom the previous partition_type 1. If there is only one vg in the previous partition_type 1.

codap_left_bloop_idx: This unsigned integer indicates the left starting index, within the"bounding lopp table
Df a connected component, for the triangles that are to be reconstructed in a partitiony The length of this value
s the log scaled value of the size of the bounding loop table.

codap_right_bloop_idx: This unsigned integer indicates the right starting.index, within the bound|ng loop
able of a connected component, for the triangles that are to be reconstrlcted in a partition. The length of this
alue is the log scaled value of the size of the bounding loop table.
codap_bdry_pred: This boolean value denotes how to predict geometry and photometry information|that are

n common with two or more partitions. If codap_bdry_pred _is 1", the restricted boundary prediction mode is
ised, otherwise, the extended boundary prediction mode is used.

5.2.1.3.51 coord_header

coord_binding: This 2 bit unsigned integer indicates the binding of vertex coordinates to the 3D mesh as
specified in the following table.

Table 10 —= Admissible values for coord_binding

coord_binding Binding

00 Forbidden

01 bound_per_vertex
10 Forbidden

11 Forbidden

coord/bbox: This boolean value indicates whether a bounding box is provided for the geometfy. If no
pounding box is provided, a default bounding box is used. The default bounding box is de

5 — —

coord_xmin, coord_ymin, coord_zmin: These floating point values indicate the lower left corner of the
bounding box in which the geometry lies.

coord_size: This floating point value indicates the size of the bounding box.

coord_quant: This 5-bit unsigned integer indicates the quantisation step used for geometry. The minimum
value of coord_quant is 1 and the maximum is 24.
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coord_pred_type: This 2-bit unsigned integer indicates the type of prediction used to reconstruct the vertex
coordinates of the mesh as specified in the following table.

Table 11 — Admissible values for coord_pred_type

coord_pred_type prediction type

00 no_prediction

01 farhidden

10 parallelogram_prediction
11 reserved

coord_nlambda: This 2-bit unsigned integer indicates the number of ancestors used to predict geometry. Thg
only admissible value of coord_nlambda is 3 (as specified in the following table).

Table 12 — Admissible values for coord_nlambda as a function of coord_prediction type

coord_pred_type | coord_nlambda

00 not coded

10 3

coord_lambda: This signed fixed-point number indicates‘the weight given to an ancestor for prediction. Thg
number|of bits used for this field is equal to coord_quant + 3. The 3 leading bits represent the integer part
and the [coord_quant remaining bits the fractional part.

5.2.1.3.52 normal_header

normal| binding: This 2 bit unsigned integer indicates the binding of normals to the 3D mesh. The admissible
values 3are described in the following-table.

Table 13 — Admissible values for normal_binding

normal_binding binding

00 not_bound

01 bound_per_vertex
10 bound_per_face
11 bound_per_corner

normal_bbox: This boolean value should always be false (‘0’).

normal_quant: This 5-bit unsigned integer indicates the quantisation step used for normals. The minimum
value of normal_quant is 3 and the maximum is 31.

normal_pred_type: This 2-bit unsigned integer indicates how normal values are predicted. The following
table shows the admissible values.
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Table 14 — Admissible values for normal_pred_type

normal_pred_type

prediction type

00

no_prediction

01

tree_prediction

—_
o

parallelogram_prediction

-
-

ol
1cotivou

he following table shows admissible values as a function of normal_binding.

Table 15 — Admissible combinations of normal_binding and normalxpred_type

normal_binding

normal_pred_type

not_bound

not coded

bound_per_vertex

no_prediction, parallelogram_/prediction

bound_per_face

no_prediction, tree_prediction

bound_per_corner

no_prediction, tree_prediction

unction of normal_pred_type.

Table 16 — Admissible values-for normal_nlambda as a function of normal_prediction tyg

normal_pred type

normal_nlambda

no_prediction

not coded

tree prediction

1,2,3

parallelogram_prediction 3

hormallambda: This signed fixed-point indicates the weight given to an ancestor for prediction. The
pf bits 'used for normal_lambda is (normal_quant-3)/2+3. The 3 leading bits represent the integer part,
hormal_quant remaining bits the fractional part.

hormal_nlambda: This 2-bit unsigned integer indieates the number of ancestors used to predict pormals.
Admissible values of normal_nlambda are 1,-2;and 3. The following table shows admissible valu

esS as a

e

number
and the

5.2.1.3.53 color_header

color_binding: This 2 bit unsigned integer indicates the binding of colors to the 3D mesh. The following table

shows the admissible values.
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color_bbox: This boolean indicates if a bounding box for colors is given. If no bounding boxcs-provided, 3§
bounding box is used. The default bounding box is defined as color_rmin=0, ¢olor_gmin=0

default

Table 17 — Admissible values for color_binding

color_binding Binding

00 not_bound

01 bound_per_vertex
10 bound_per_face
11 bound_per_corner

color_bmin=0, and color_size=1.

color_r
the bou

color_slize: This floating point value gives the size of the color bounding box.

color_quant: This 5-bit unsigned integer indicates the quantisation step used for colors. The minimum valug
| quant is 1 and the maximum is 16.

of color|

color_pred_type: This 2-bit unsigned integer indicates how colors' are predicted. The following table shows

the adm

The foll

issible values.

Table 18 — Admissible values for color_pred_type

min, color_gmin, color_bmin: These floating point values give the position of.the lower left corner o
nding box in RGB space.

color_pred_type | prediction type

00 no-prediction

01 tree_prediction

10 parallelogram_prediction
11 reserved

wing table . shows admissible values as a function of color_binding.

Table 19 — Admissible combinations of color_binding and color_pred_type

102

color hinrling

—color_pred_type

not_bound

not coded

bound_per_vertex

no_prediction, parallelogram_prediction

bound_per_face

no_prediction, tree_prediction

bound_per_corner

no_prediction, tree_prediction
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color_nlambda: This 2-bit unsigned integer indicates the number of ancestors used to predict normals.
Admissible values of color_nlambda are 1, 2, and 3. The following shows admissible values as a function of

normal_pred_type.

Table 20 — Admissible values for color_nlambda as a function of color_prediction type

color_pred_type color_nlambda
no_prediction not coded
tree_prediction 1,2,3
parallelogram_prediction 3

color_lambda: This signed fixed-point indicates the weight given to an ancestor foriprediction. The ny
pits used for this field is equal to color_quant + 3. The 3 leading bits represent the integer part,
hormal_quant remaining bits the fractional part.

5.2.1.3.54 texCoord_header

exCoord_binding: This 2 bit unsigned integer indicates the binding of texture coordinates to
mesh.The following table describes the admissible values.

Table 21 — Admissible values for texCoord_binding

texCoord_binding | Binding

00 not-bound

01 bound_per_vertex
10 forbidden

11 bound_per_corner

exCoord_bbox: Thi9 boolean value indicates if a bounding box for texture coordinates is give
exCoord_umin=0, texCoord_vmin=0, and texCoord_size=1.

exCoord, umin, texCoord_vmin: These floating point values give the position of the lower left corn
bounding box in 2D space.

mber of
and the

the 3D

n. If no

pounding box is“provided, a default bounding box is used. The default bounding box is defijned as

er of the

exCoord_size: This floating point value gives the size of the texture coordinate bounding box.

texCoord_quant: This 5-bit unsigned integer indicates the quantisation step used for texture coordinates. The

minimum value of texCoord_quant is 1 and the maximum is 16.

texCoord_pred_type: This 2-bit unsigned integer indicates how colors are predicted. The following table

shows the admissible values.
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Table 22 — Admissible values for texCoord_pred_type

texCoord_pred_type prediction type

00 no_prediction

01 forbidden

10 parallelogram_prediction
11 reserved

The follpwing table shows admissible values as a function of texCoord_binding.

Table 23 — Admissible combinations of texCoord_binding and texCoord_pred_type

texCoord_binding | texCoord_pred_type

not_bound not coded

bound_per_vertex no_prediction, parallelogram_prediction

bound_per_corner no_prediction, tree_prediction

texCoord_nlambda: This 2-bit unsigned integer indicates<the number of ancestors used to predict normals
Admissiple values of texCoord_nlambda are 1, 2, and.3: The following table shows admissible values as &
function| of texCoord_pred_type.

Tabje 24 — Admissible values for texCoord_nlambda as a function of texCoord_prediction type

texCoord_pred_typé texCoord_nlambda
not_prediction not coded
tree_prediction 1,2,3
parallelogram_prediction 3

texCoord_lambda: This signed fixed-point indicates the weight given to an ancestor for prediction. The
number|of bits‘tsed for this field is equal to texCoord_quant + 3. The 3 leading bits represent the integer par|
and the [texCoord_quant remaining bits the fractional part.

5.2.1.3.55 3DMC_extension_header

function_type: This 4-bit unsigned integer indicates the function type supported in 3DMC extension. The
following table shows the admissible values for function_type.
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Table 25 — Admissible values for function type

function_type_code function_type

0000 Order_mode

0001 Adaptive_quant_texCoord_mode
0010 Multiple_attribute_mode
0011~1110 Reserved

1111 Escape code

5.2.1.3.56 Order_mode_header
vertex_order_flag: This boolean value indicates whether the vertex order is provided or not.

vertex_order_per_CC_flag: This boolean value indicates whether the.vertex orders are coded at th
connected component or not.

face_order_flag: This boolean value indicates whether the facecrder is provided or not.

face_order_per_CC_flag: This boolean value indicates whether the face orders are coded at thg
connected component or not.

5.2.1.3.57 Adaptive_quant_texCoord_mode_hedader

exCoord_quant_u: This 16-bit unsigned integer indicates the value of quantisation step size for

I(X).
exCoord_quant_v: This 16-bit unsigned-integer indicates the value of quantisation step size for direg
5.2.1.3.58 multiple_attribute_mode_header

humber_of_texCoord: This_5 bit unsigned integer gives the number of texture coordinates per vertex
humber_of_otherAttr: This 8 bit unsigned integer gives the number of additional attributes per vertex
5.2.1.3.59 otherAttr_header

btherAttr~binding: This 2 bit unsigned integer indicates the binding of texture coordinates to the 3
he following table describes the admissible values.

e unit of

unit of

lirection

tion v(y).

D mesh.

Table 26 — Admissible values for otherAttr_binding

otherAttr_binding Binding

00 not_bound

01 Bound_per_vertex
10 Forbidden

11 Bound_per_corner
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otherAttr_order: This 8-bit unsigned integer gives the order of the other attribute.

otherAttr_bbox: This boolean value indicates if a bounding box for texture coordinates is given. If no
bounding box is provided, a default bounding box is used. The default bounding box is defined as
otherAttr_min(i)=0 otherAttr_size=1.

otherAttr_umin, otherAttr_vmin: These floating point values give the position of the lower left corner of the
bounding box in 2D space.

otherAftr_quant: This 5-bit unsigned integer indicates the quantisation step used for texture coordinates:, The
minimurn value of otherAttr_quant is 1 and the maximum is 16.

otherAftr_pred_type: This 2-bit unsigned integer indicates how colors are predicted. The following tableg
show thg its admissible values, and admissible values as a function of otherAttr_binding, respéctively.

Table 27 — Admissible values for otherAttr_pred_type

otherAttr_pred_type prediction type

00 no_prediction

01 Forbidden

10 parallelogram_prediction
11 Reserved

Table 28 — Admissible combinations 'of otherAttr_binding and otherAttr_pred_type

otherAttr_binding otherAttr_pred_type

not_bound not coded
bound_per_yertex no_prediction, parallelogram_prediction
bound_(per”_corner no_prediction, tree_prediction

otherAftr_nlamhda: This 2-bit unsigned integer indicates the number of ancestors used to predict normals
Admissiple values of otherAttr_nlambda are 1, 2, and 3. The following table shows admissible values as 3
function| of atherAttr_pred_type.

Table 29 — Admissible values for otherAttr_nlambda as a function of otherAttr_prediction type

otherAttr_pred_type otherAttr_nlambda
not_prediction not coded
tree_prediction 1,2,3
parallelogram_prediction 3
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otherAttr_lambda: This signed fixed-point indicates the weight given to an ancestor for prediction. The
number of bits used for this field is equal to otherAttr_quant + 3. The 3 leading bits represent the integer part,
and the otherAttr_quant remaining bits the fractional part.

5.2.1.3.60 connected component

has_stitches: This boolean value indicates if stitches are applied for the current connected component (within
itself or between the current component and connected components previously decoded) This field is
arithmetic coded.

5.2.1.3.61  vertex_graph

yg_simple: This boolean value indicates if the current vertex graph is simple. A simple vertex graph does not
contain any loop. This field is arithmetic coded.

vg_last: This boolean value indicates if the current run is the last run starting from-the current bfanching
ertex. This field is not coded for the first run of each branching vertex, i.e. when the“skip_last variablg is true.
When not coded the value of vg_last for the current vertex run is considered to be false. Thig field is
brithmetic coded.

vg_forward_run: This boolean value indicates if the current run is achew run. If it is not a new run, it is a
previously traversed run, indicating a loop in the graph . This field is arithmetic coded.

vg_loop_index: This unsigned integer indicates the index of rundo which the current loop connects. Its unary

representation (see next table) is arithmetic coded. If the vafiable openloops is equal to vg_loop_index, the
railing ‘1’ in the unary representation is omitted.

Table 30 — Unary representation of the vg_loop_index field

vg_loop_index unary representation
0 1

1 01

2 001

3 0001

4 00001

5 000001

6 0000001

openloops-1 openloops-1 0’s

vg_run_length: This unsigned integer indicates the length of the current vertex run. Its unary representation
(see next table) is arithmetic coded.
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Table 31 — Unary representation of the vg_run_length field

vg_leaf| This boolean value indicates if the last vertex of the current-run is a leaf vertex. If it is not a lea

vg_run_length unary representation
1 1

2 01

3 001

4 0001

5 00001

6 000001

7 0000001

8 00000001

N n-1 0's followed by 1

vertex, if is a branching vertex. This field is arithmetic coded.

vg_loop: This boolean value indicates if the leaf of the current rdn/connects to a branching vertex of the graph

indicatirlg a loop. This field is arithmetic coded.

5.2.1.3.62

branch| position: This integer variable is used ta.Store the last branching triangle in a partition.

tt_run_length: This unsigned integer indicates’the length of the current triangle run. Its unary representatior

triangle_tree

(see next table) is arithmetic coded.

Table 32 —£ Unary representation of the tt_run_length field

108

tt_run_length | unary representation
1 1

2 01

3 001

4 0001

5 00001

6 000001

7 0000001

8 00000001

N n-1 0's followed by 1
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tt_leaf: This boolean value indicates if the last triangle of the current run is a leaf triangle. If it is not a leaf
triangle, it is a branching triangle. This field is arithmetic coded.

triangulated: This boolean value indicates if the current component contains triangles only. This field is
arithmetic coded.

marching_triangle: This boolean value is determined by the position of the triangle in the triangle tree. If
marching_triangle is 0, the triangle is a leaf or a branch. Otherwise, the triangle is a run.

marching_edge is false, it stands for a march to the left, otherwise it stands for a march to the right:\Jhis field
s arithmetic coded.

bolygon_edge: This boolean value indicates whether the base of the current triangle is an‘edge that should
be kept when reconstructing the 3D mesh object. If the base of the current triangle is-not kept, the|edge is
liscarded. This field is arithmetic coded.

codap_branch_len: This unsigned integer indicates the length of the next branchto be traversed. The length
Df this value is the log scaled value of the size of the bounding loop table.

5.2.1.3.63  triangle

d_orientation: This boolean value informs the decoder the traversalorder of tt/td pair at a branch. This field
s arithmetic coded. The following table shows the admissible values.

Table 33 — Admissible values for td_orientation

td_orientation | traversal order

0 right branch first

1 left branch first

Visited: This variable indicates_ if the current vertex has been visited or not. When codap_bdry_pred is ‘1’,
isited is true for the verticesVisited in the current partition. However, when codap_bdry_pred is ‘0’, Visited is
rue for the vertices visited-in-the previous partitions as well as in the current partition.

vertex_index: This yariable indicates the index of the current vertex in the vertex array.
ho_ancestors:(This boolean value is true if there are no ancestors to use for prediction of the current yertex.

coord_bit: Fhis boolean value indicates the value of a geometry bit. This field is arithmetic coded.

coordleading_bit: This boolean value indicates the value of a leading geometry bit. This field is afithmetic
Coded.

coord_sign_bit: This boolean value indicates the sign of a geometry sample. This field is arithmetic coded.

coord_trailing_bit: This boolean value indicates the value of a trailing geometry bit. This field is arithmetic
coded.

normal_bit: This boolean value indicates the value of a normal bit. This field is arithmetic coded.

normal_leading_bit: This boolean value indicates the value of a leading normal bit. This field is arithmetic
coded.
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normal_sign_bit: This boolean value indicates the sign of a normal sample. This field is arithmetic coded.

normal_trailing_bit: This boolean value indicates the value of a trailing normal bit. This field is arithmetic
coded.

color_bit: This boolean value indicates the value of a color bit. This field is arithmetic coded.

color_leading_bit: This boolean value indicates the value of a leading color bit. This field is arithmetic coded.

color_trailing_bit: This boolean value indicates the value of a trailing color bit. This field is arithmetic coded.
texCoord_bit: This boolean value indicates the value of a texture bit. This field is arithmetic coded;

texCoord_leading_bit: This boolean value indicates the value of a leading texture bit. This field is arithmetiq
coded.

texCoord_sign_bit: This boolean value indicates the sign of a texture sample. This field/is arithmetic coded.

texCoord_trailing_bit: This boolean value indicates the value of a trailing texture bit. This field is arithmetiq
coded.

otherAIr _bit: This boolean value indicates the value of a otherAttr bit. This field is arithmetic coded.

otherA
coded.

r_leading_bit: This boolean value indicates the value of a I€ading otherAttr bit. This field is arithmetic

otherAIr_sign_bit: This boolean value indicates the sign of a otherAtir sample. This field is arithmetic coded

otherA
coded.

r_trailing_bit: This boolean value indicates the value of a trailing otherAttr bit. This field is arithmetic

5.2.1.3.64 stitching

has_vertex_increase: This boolean value indicates if the vertex increase is occurred during the conversion of
non-origntable/non-manifold model intevan oriented-manifold model and stitching information.

has_fade_increase: This boolean/value indicates if the face increase is occurred during the conversion of
non-origntable/non-manifold,model into an oriented-manifold model and stitching information.

n_vertejx_stitches: This\bitsPerV-bit unsigned integer specifies how many vertex stitching operations arg
needed |to reconstructoriginal non-orientable/non-manifold model. The value of bitsPerV is set to [log, nV |

where A4V means-the total number of vertices.

n_duplication”per_vertex_stitches: This bitsPerV-bit unsigned integer specifies the number of duplication ir
vertices|for-gach vertex stitch operation. The value of bitsPerV is set to [log, nV |, where nV’ means the tota

number of vertices.

vertex_index: This bitsPerV-bit unsigned integer specifies a unique index of the vertex order. The value of
bitsPerV is set to [log, nV |, where nV means the total number of vertices.

n_face_stitches: This bitsPerF-bit unsigned integer specifies how many face stitching operations are needed

to reconstruct original non-orientable/non-manifold model. The value of bitsPerF is set to [log, nF |, where
nF means the total number of faces.
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n_duplication_per_face_stitches: This bitsPerF-bit unsigned integer specifies the number of duplication in

faces for each face stitch operation. The value of bitsPerF is set to [log, nF |, where nF means
number of faces.

face_index: This bitsPerF-bit unsigned integer specifies a unique index of the face order. The
bitsPerF is set to [log, nF |, where nF means the total number of faces.

5.2.1.3.65 vertex_order_per_CC_heaer

the total

value of

Component.

vo_offset: This 24-bit unsigned integer indicates the offset value needed to reconstruct the vertex ord
init of IndexedFaceSet.

ising vo_offset as its offset value.

5.2.1.3.66 face_order_per_CC_heaer

Component.

Linit of IndexedFaceSet.

ising fo_offset as its offset value.

5.2.1.3.67 vertex_order

alue of bpvi and DecodingVertices are explicitely described in 5.9.3.1.8.

5.2.1.3.68 face_order

fo_id: This bpfi-bit unsigned integer specifies a unique index of the face order based on th
bf bpfi and DecodingFaces are explicitely described in 5.9.3.1.9.
5.2.1.4 Thedecoding process

6.2.1.41 3D Mesh Object Decoding

VOffset: This 16-bit unsigned integer indicates the number of offset values within the given legnnected

er at the

firstVID: This 24-bit unsigned integer indicates the first vertex index within the given' connected component

hFOffset: This 16-bit unsigned integer indicates the number of offset values within the given connected
fo_offset: This 24-bit unsigned integer indicates the offset yalue needed to reconstruct the face order at the

firstFID: This 24-bit unsigned integer indicates the first face index within the given connected component

vo_id: This bpvi-bit unsigned integer sspecifies a unique index of the vertex order based on the input
ndexedFaceSet. The value of init_bpvi-is set to |_10g2 nV-|, where nV is the total number of vertiges. The

e input

ndexedFaceSet. Thevalue of init_bpfi is set to [log, nF' |, where nF is the total number of faces. The value

| el P 1 H 1L Q ol ol H P Y G- Y H U | o HO 24 1
e TOPUIUYILAl OUTyTTy UTLUUUCT TS CUTTIPUSTU UT TIYTTUITIAll T TITOUUITS, do STTUOWIT ITT T'Tyuic o5, TidlTITly.

An arithmetic decoder, which reads a section of the input stream and outputs a bit stream.

A vertex graph decoder, which reads a section of the bit stream and outputs a bounding loop look-up table.

A triangle tree decoder, which reads a section of the bit stream and outputs the length of each run
size of each sub-tree of the triangle tree.

A stitch decoder, which reads a section of the bit stream and outputs stitching information.
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A vertex order decoder, which reads a section of bit stream and outputs a sequence of vertex orders.

A face order decoder, which reads a section of bit stream and outputs a sequence of face orders.

An order fixer operator, which takes the output data produced by the vertex graph decoder, the triangle tree
decoder, the triangle data decoder, the vertex order decoder, and the face order decoder, and applies the

rearrange operation according to the decoded vertex and face order information.

A triangle data decoder, which reads a section of the input bit and outputs a stream of triangle data. This

stream ef-triangle-data-contains-the-geometrand-the proverties-associated-with-each-triangle.
g I J Ll o 1)

When g 3D mesh bitstream is received, the control information including partition types and the headef
information including properties are obtained through the demultiplexer. The remaining bitstream is.'fed intg
the aritimetic decoder.

Arithmetic
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Vertex Graph
Decoder

o partition_type 0

———n

K

(o

) 4

Triangle Tree
Decoder

o partition_type_2

VYV

K
T
I
I
I
| partition_type_1
T
I
I
I
I
T
]

r——————=-

run lengths and subtree sizes

has_stitches v

Stitch
——— Decoder

o
\4

stitching information

3D Mesh
Bitstréam Demux vertex_order “flag v
-1

: Vertex Order

fo!
—= Decoder

Y

|
|
T_

face_order_flag y Vvertex order

-——=="

I
I : Face Order
— _©

——— Decoder

Y

y face order

I Iidllgle Udld L) UIUIEI ReConstrucied
Decoder Fixer 3D mesh

Figure 34 — Block diagram of the Topological Surgery decoder
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5.2.1.4.2 Start codes and bit stuffing

A start code is a two-byte code of the form ‘0000 0000 00xx xxxx’. Several such codes are inserted into the
bitstream for synchronisation purposes. To prevent any wrongful synchronisation, such codes shall not be
emulated by the data. This is guaranteed by the insertion of a stuffing bit ‘1’ after each byte-aligned sequence
of eight 0’'s. The decoder shall skip these stuffing bits when parsing the bit stream. Note that the arithmetic
coder is designed such as to never generate a synchronisation code. Therefore the bit skipping rule needs not
be applied to the portions of the bit stream that contain arithmetic coded data.

The connectivity of a 3D mesh is represented as a Simple Polygon (triangulated with a single boundgry loop)
vith zero or more pairs of boundary vertices identified, and with zero or more internal edges labglled as
bolygon edges. When the pairs of corresponding boundary edges are identified, the edges’of the resulting
reconstructed mesh corresponding to boundary edges of the Simple Polygon form the /Vertex Graph. The
correspondence among pairs of Simple Polygon boundary edges is recovered by the-decoding procgss from
he structure of Vertex Graph, producing the Vertex Loop look-up table. The Vertex<Graph is represgnted as
i) a rooted spanning tree, (ii) the Vertex Tree, and (iii) zero or more jump edges. The Simple Pqglygon is
epresented as (i) a rooted spanning tree, (ii) the Triangle Tree, which defines an order of traversal of the
riangles, (iii) a sequence of marching patterns, and (iv) a sequence of polygen” edges. The marching patterns
bre used to reconstruct the triangles by marching on the left or on the right along the polygon bounding loop,
starting from an initial edge called the root edge. The polygon edgestare used to join or not to join {riangles
sharing a marching edge to form the faces of the mesh. As the triangles of the simple polygon are \yisited in
he order of traversal of the Triangle Tree, simple polygon boundary edges are put in correspondeng¢e using
he information contained in the Vertex Loop look-up table, and.so, reconstructing the original connectiyvity.
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Figure 35 — Topological Surgery representation of a simple mesh.
A: for a simple mesh) the vertex graph is a tree.
B: when a simple mesh is cut through the vertex tree, the result is a simple polygon.

C: each edge of the vertex tree corresponds to exactly two boundary edges of the simple polygon.
D: the friangle tree spanning the dual graph of the simple polygon. In the general case, the face forest
is first constructed spanning the dual graph of the 3D mesh. The vertex graph is composed of the
remaining edges of the 3D mesh. If the 3D mesh has polygonal faces, they are subsequently
triangulated by inserting virtual marching edges, converting the face forest into a triangle forest with

one triangle tree per connected component.

The gepmetry and property data are quantised and predicted as a function of ancestors in the order of
traversql of the triangles. The corresponding prediction errors are transmitted in the same order of traversal
interlaced with the corresponding marching and polygon_edges, so that, as soon as all these triangle data arg
received, the deceder can output the corresponding triangle.

At a high {evel, the Topological Surgery decoder performs the following steps:

Decode header information
for each partition {
if (partition type is 0) {
for each connected component {
decode vertex graph and construct bounding loop table
decode triangle tree and construct table of triangle tree run lengths
for each triangle in simple polygon {
decode marching field and polygon field, and reconstruct connectivity of
triangle
decode and reconstruct vertex coordinates and properties

}
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}
else if (partition type is 1) {
for each vertex graph {
decode vertex graph and construct bounding loop table
}
}
else if (partition type is 2) {
decode partition header information
decode triangle tree and construct table of triangle tree run lengths
for each triangle in simple polygon {
decode marching field, orientation field, and polygon field, and reconstruct
Cfonnectivity of triangle
decode and reconstruct vertex coordinates and properties

}

b.2.1.4.4 Header decoder

The header information is divided into three parts. The first part contains information about the hi
shading properties of the model, and the second defines the properties that are-bound to the mesh. 1
bart contains information about the extension properties.

5.2.1.4.5 High level shading properties

[hese are the ccw, solid, convex, creaseAngle fields defined-in{an IndexedFaceSet node. The crea
s quantised to a 6-bit value and is reconstructed as 2*pi*creaseAngle/63.

5.2.1.4.6 Property bindings and quantiser scales

There are four kinds of properties: vertex coordinates (coord), normals (normal), colors (color) and
coordinates (texCoord). Properties can be bound to the mesh in four different ways: no binding, pe
per face and per corner. Not all combinations of bindings are valid. The following table lists t
combinations. The binding of each property is obtained from coord_binding, normal_binding, color]
bnd texCoord_binding, respectively.

Table 34 — List of valid combinations of properties and bindings

gh level
he third

5e angle

texture
[ vertex,
he valid
| binding

no-binding per vertex per face per corner
coord forbidden valid forbidden forbidden
normal valid valid valid valid
color. valid valid valid valid
texCoord valid valid forbidden valid

For each property for which there is a binding, i.e. the binding field does not contain the no binding value, the
following information is further decoded: a bounding box, a quantisation step, a prediction mode, a list of
coefficients used for linear prediction. The decoding process for the vertex coordinates is further described
below. The same decoding process applies to the other properties.

The presence of a bounding box is given by the field coord_bbox. The bounding box is a cube represented
by the position of its lower left corner and the length of its side. For geometry these parameters are given by
coord_xmin, coord_ymin, coord_zmin and coord_size. If no bounding box is coded, as default bounding
box is assumed. The default bounding box has its lower left corner at the origin, and a unit size.
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The next field coord_quant indicates the number of bits to which each coordinate is quantised to. The
coord_pred_type field indicates the prediction mode. It should always be equal to ‘10’.

The coord_nlambda field indicates the number of coefficients used for linear prediction. It can take one of
three values, namely ’01°, “10°, and ‘11’. coord_nlambda-1 number of values are then read from the
coord_lambda field. The last coord lambda value is computed so that the sum of all the coord_nlamda value
is equal to one. This field indicates the weight given to an ancestor for prediction. The floating point value of a
coefficient is given by the decoded signed integer divided by 2 to the power coord_quant. The last coefficient
is never transmitted and is defined to be 1 minus the sum of all other coefficients.

There are some restrictions for the normal property: the normal_bbox field is always false, and thg
normal] quant value must always an odd number.

5.2.1.4. Extension Properties

5.2.1.4.3 Order mode

There ig vertex order and face order preserving mode. The presence of the vertex orders is given by the field
vertex_prder flag and the next field vertex_order_per_CC_flag field indicates whether the vertex orders arg
coded at the unit of IndexedFaceSet or connected component.

The presence of the face orders is given by the field face_order flag and the next field
face_onder_per_CC_flag field indicates whether the face orders are coded at the unit of IndexedFaceSet of
connected component.

If the vértex orders are encoded at the unit of connected component, there are nVOffset, vo_offset, ang
firstVID| fields defined in vertex_order_per CC_header. The AVOffset field indicates the number of offse
values within the given connected component, The vo_offset(field indicates the offset value and the next fielg
firstVID| indicates the first vertex index within the given connected component using vo_offset as its offse
value.

If the face orders are encoded at the unit of connected component, there are nFOffset, fo_offset, ang
firstFID| fields defined in face_order per CC ,header. The nFOffset field indicates the number of offse
values within the given connected component TFhe fo_offset field indicates the offset value and the next field
firstFID| indicates the first face index withinsthe given connected component using fo_offset as its offse
value.

The dedoding process for the vertex and face orders is further described below.
5.2.1.4.9 Adaptive quantisation for texCoord mode
These are the texCoord_quant_u and tex_Coord_quant_v fields defined in

Adaptiveé _quant_texCoord_mode header. texCoord_quant_u indicates the value of quantisation step size fof
direction u(x) and-texCoord_quant_v indicates the value of quantisation step size for direction v(y).

5.2.1.4.10 Partition type

There arethree partition types to COnvey Vertex graph(vg), triangte tree(tt), and triangte data(td). The partitio
type specifies admissible combinations of these three pieces of data in the bitstream. See Figure 36.
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sc | vg tt td | last_compo vg tt td last_component
nent
(a)
sC vg last_vg vg last_vg
(b)
ST todap_vy_id— teftfcodap_TighTcodap_bdry — tt codap_brarc td
t bloop_idx pred h_len

(c)

Figure 36 — Types of data partition : (a) one or more group of vg, tt and td included in a part
(b) one or more vgs included in a partition. (c) the partition has one pair-of tt and td.

5.2.1.4.11 connected component partition (partition_type_0)
[his partition indicates the bitstream with one or more sequence of connected component consisting ¢

ast_component field. The following partition may be either type 0 of 1.

6.2.1.4.12 vertex graph partition (partition_type_1)
[his partition indicates the bitstream with one or more sequence of vertex graph. The end of the vertg

bartition.

5.2.1.4.13 tt/td pair partition (partition_type 2)

[his partition indicates the bitstream with ©ne pair of triangle tree and triangle data. The tt/td pair p3
cCharacterized by the vertex graph id{.visiting indices, and boundary prediction mode. These varia
jiven fields codap_vg_id, left/codap_right_bloop_idx, and codap_bdry_pred. codap_vg_id field i
b vertex graph corresponding to the tt/td pair. It is used to get the bounding loop information from th
graph. codap_left_bloop_idx:and codap_right_bloop_idx fields indicate the left and right starting |
he bounding loop. They are-also used to decide if a vertex in the partition is already visited in the

when the vertex is shared with previous partitions. If the partition ends at a branch, codap_branch_le
hdded to the bitstream. Any type of partition may follow the tt/td pair partition.

6.2.1.4.14 Restricted boundary prediction mode (codap_bdry_pred=0)

he restricted boundary prediction mode does not duplicate vertices between partitions. Since the
predicted in the previous partitions may not be available, prediction is done only with the available

tion.

f vertex

graph, triangle tree, and triangle data. The end of the connected compenent sequence is determined by the

x graph

sequence is determined by the last_vg field. The partition following the vertex graph partition shall be ft/td pair

rtition is
bles are
ndicates
e vertex
points of
brevious

partition. codap_bdry_pred field indicates if the vertices on the boundary of the partition should be gecoded

h field is

vertices
vertices

whieh' are predicted in the current partition. If the previous partitions are lost, the triangles at the bodindaries
Wﬁ—mﬁﬁeﬂ—dﬁcﬁhﬁﬂﬁm—mﬁﬂﬂmmmm—m—at i itt ailable.

However, the vertices predicted in the current partition may be reconstructed and decoding can continue.

The following process is applied for the prediction with a subset of all ancestors. Let the current method for

prediction with 3 ancestors (a,b,c) be d’ = f(a,b,c). Then the equation is d = d’ + e and the value e is e
However, when the ancestors are visited in the previous partitions, the prediction method is as follows.
if (all ancestors (a, b, and c) are not available) then d’ = 0
else if (only one ancestor, say t, is available) then d’ =t
else if (two ancestors, say t; and t,, are available) then

if (both ancestors are edge distance 1 from current vertex) then
d’ = (t; + ty)/2
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else if
else d’

(t; is edge distance 1 from current vertex) then d’ = t;
=t2

else d’ = f(a,b,c).

5.2.1.4.15 Extended boundary prediction mode (codap_bdry_pred=1)

When this mode is selected, the decoder assumes that every vertex is not visited in the previous partition.
Thus, after the three vertices of the root triangle are predicted, the vertices in the rest of the triangles in the

partition

will have all three ancestors for prediction.

5.21.4.

The ver]
table.

For meq

any loops and is hence a tree. The field vg_simple, if set, indicates that the graph contains no loop. Somg

fields bd

Each vertex run is characterized by several variables, namely length, last, forward, 100p and loop index. These
variables are given by the fields vg_run_length, vg_last, vg_forward_run,\vg loop and loop_index

vg_fo

these thiree fields are not coded.

The prqcess to reconstruct the vertex loop uses an auxiliary loop\queue variable, initially empty. Wher

vg_loo
from the

not codéd when the loop queue is empty. loop_index is coded by its unary representation. When the index is

equal tg

Therefofe when there is a single element in the queue, loop_index is not coded.

The end

this purpose. It is decremented each time vg_last-is set and incremented each time vg_leaf is not set. Thg

depth id
variable

6 Vertex Graph Decoder

ex graph decoder reconstructs a sequence of vertex runs. It then constructs the Vertex Loop look-uq

hes that have simple topology and that do not have a boundary, the vertex graphdees not contair

low are skipped when vg_simple is set.

ard_run, vg_loop and loop_index contain information relative to leops. When vg_simple is true

is set the current run is put into the loop queue. When vg_forward_run is not set a run is pulled ou
queue. loop_index determines the position of the pulled-out run in the queue. vg_forward_run i

the number of elements in the queue minus 1, the:railing bit of its unary representation is not coded

of the graph is determined by the vg_last and vg_leaf fields. An auxiliary depth variable is used for

initialised to zero at the beginning of\the graph. The end of the graph is reached when the depth
becomes negative.
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e

N g

D E F

Figure 37 — Steps to build the bounding loop from the vertex graph.
A: vertex graph decomposed into vertex tree (green) and jump edges (red).
B: extended vertex treelis created by cutting jump edges in half.
C: the extended vertex tree has two leaves for each jump edge.
D: build the extended vertex tree loop.
E: connect the start and end of each jump edge.
F: resulting boundary loop.

ertex numbers are assigned according to a depth-first traversal of the graph. The bounding loop|look-up
able is constructed by going around the graph and for each traversed vertex recording its number.

6.2.1.4.17 Triangle Tree Decoder

[he trianglestree decoder reconstructs a sequence of triangle runs. For each run it generates a run length and
he size of its sub-tree.

he<triangle tree is a sequence of triangle runs. For each run a length tt_run_length and a boolean flag
t-teaf is given. A branching run is a run for which tt_leaf is false and a leaf run a run for which tt_leaf is true.
he decoder stops decoding the sequence of runs when the number of decoded Ieaf runs is superior to the
number of branching runs. In the syntax a variable depth is used that counts the number of branching runs
minus the number of leaf runs. This implies that the total number of runs is always an odd number.
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C: The

Optio

bits is used to indicate which internal edges of the simple polygon c¢arrespond to original internal

The tt_|

If the lemgth of each run is correctly decoded and does not Qe virtual triangles, then the sum of the length o

all runs
(assumi

Howeve
when dd

There &

codap_right_bloop_idx - codap_| loop_idx - 1. Otherwise there are no virtual triangles. If there are
virtual tfiangles and the third-last t le is a branching triangle, the last two triangles in the partition are thg
virtual tiangles. Other wise only ﬁg ast triangle is virtual.

5.2.1.4.

There i
model in

Q
A B C '\Q;l’

Vol 4

Figure 38 — Representing a simple polygon as a table of triangle runs: O.)\O

A: depth-first order of traversal of the triangle tree starting from the root edg\??ﬁreen).

each triangle is classified by a 2-bit code as leaf (0), advance-right (1), advance-left (2), or

branching (3).

sequence of 2-bit codes is partitioned into runs ending in branchin
is encoded as a (tt_run_length,tt_leaf) pair, plus a sequence of

ally, in the case of 3D meshes with polygonal faces, an additio

quenc_e of polygon_edge

edges of the mesh, and which ones to virtual iQternaI edges.

R

af flag is also used for the computation of the length o@ run.

must be equal to the length of the bounding Io@ constructed by the vertex graph decoder minus 2
hg that the bounding loop is correctly reconst&@ed).

r, if a run is partitioned, the triangle treé@tstream contains one or two virtual leaf triangles. Hence
coding triangle data, the triangle dataébrresponding to the virtual leaf triangles shall not be decoded.
N\

re one or two virtual triangles q;)the number of triangles in the current partition is less tharj

O.

8 Stitch Decod %

an increas Qw number of vertices or/and faces after conversion of non-orientable/non-manifolg
to an ori% -manifold model and stitching information as described in the following figure.

e

)
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o ; =35

@ @

Figure 39 — A non-manifold 3D mesh (A) and converted manifold meshes (B)

The stitch decoder reconstructs the stitching information “to reconstruct the original non-orienta
manifold model. The following pseudo-code summarizes*the operation of the Stitch decoder: if the
has_stitches flag is true, then Stitch decoder decodes-stitching information from the bitstream.

f the boolean value has_vertex_increase is_{tue, then vertex increase related stitching inform
ecoded; An unsigned integer n_vertex_stitchées is decoded associated with the number of vertex

ble/non-
boolean

ation is
stitching

nformation; For each vertex stitching information, the unsigned integer n_duplication_per_vertex_

bssociated with the actual index of the original vertex and duplicated vertex index.

pach face stitching information, the unsigned integer n_duplication_per_face_stitches is
Hescribing the number of(duplications, and multiple unsigned integer face_index are decoded associg
he actual index of the(original face and duplicated face index.

// reading stitch information from the bitstream
int bhi®SPerV = representBit (totalVertices);

intkitsPerF = representBit (totalFaces);
&£y (ibstrm.getBit (has vertex increase)== false) return false;
»f (ibstrm.getBit (has face increase)== false) return false;

titches

s decoded describing the number of duplieations, and multiple unsigned integer vertex_index are gecoded

If the boolean value has_face_increase is true, then face increase related stitching information is decoded;
An unsigned integer n_face_stitches is decoded associated with the number of face stitching information; For

ecoded
ted with

1t (has vertex increase) {
ibstrm.getMBitInt (bitsPerV, n vertex stitches);

for(int 1 = 0; 1 < n vertex stitches; i++){
ibstrm.getMBitInt (bitsPerV, n duplication per vertex stitches);
for(int j = 0; J < n duplication per vertex stitches; j++){

ibstrm.getMBitInt (bitsPerV, vertex index);
vertexStitch.push back(vertex index);
}
vertexStitch.push back(-1);
}
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if (has_face increase) {

ibstrm.getMBitInt (bitsPerF, n face stitches);

for(int 1 = 0; 1 < n_face stitches; i++) {
ibstrm.getMBitInt (bitsPerF, n duplication per face stitches);
for(int j = 0; J < n_duplication per face stitches; j++){

ibstrm.getMBitInt (bitsPerF,

face index);

faceStitch.push back(face index);

}
faceStitch.push back(-1);

}

Table 35 — Example of the encoded data

Flelds

Encoded data
(integer)

Encoded data (bits)

has vertex_increase

1

1

has face increase

0

0

=}

| vertex_stitches

2 (2=5 and '1=6)

010 (bitsPerv=3=1022 7

n[ duplication_per_vertex_stitches

2 (2=5)

010 (bitsPerv=3=11022 7 )

vertex_index

2 (original vertex index)

010 (bitsPerv=3=11022 71,

vertex_index

5 (copied vertexindex)

101 (bitsPerv=3=19¢2 7]

n_duplication_per_vertex_stitches

2 (11=6)

010 (bitsPerv=3=11022 7 )

vertex_index

1 (original vertex index)

001 (bitsPerv=3=11022 7|

vertex_index

©-(copied vertex index)

110 (bitsPerV=3" [log, ﬂ)

Using decoded stitching information, the original non-manifold/non-orientable model can be reconstructed by
deleting|the copied vertices and repfacing the incidence of copied vertices with the incidence of original vertex

5.2.1.4.19 Vertex Order Decoder

The veriex order decoder-reconstructs a sequence of vertex order, vo_id, based on the input IndexedFaceSej.
Note that this sequence./is empty if there is no vertex order information. If this sequence is not empty, the
contained in
3D_Mesgh_Object. Extension_Layer. The header for the presence of vertex order, which is a boolean flag

decodef decodesi,.the sequence of

vertex

order

vertex_lprder_flag, is defined in the Order_mode_header.

information

which is

the
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// vertex order decoder
int nV = number of vertices of the current connected component;

initial state
init bpvi = bpvi=bitsToRepresent (nV);

// vertexVector: for containing not decoded vertex indices
vector <int> vertexVector;

// initialize vertexVector to all vertex indices

// compute the number of bits(bpvi) required to decode the vertex order in the

for(int g = 0; g < nV; g++)
vertexVector.push back(q);

// for bpvi from init bpvi to 1 : last vertex order is not transmitting

for (i=init bpvi;i>0;i--) {

// compute the distinguishable unit for decoding current bpvi bits mniquely
DecodingVertices = nV- pow (2, (bpvi-1));

// delList : for containing decoded vertex indices
int* dellList = new int[DecodingVertices];

// compute remaining vertices after decoding the current\d&iStinguishable unit
nV=nV-DecodingVertices;
for (j=nv;3>0;3--) {

vo decode (vo_id, bpvi);

}

// sort the dellist
gsort (dellList, delCnt, sizeof (int), compare);

// update vertexVector by deleting decoded vo_id
for(g = 0; g < delCnt; gt+)
vertexVector.erase (vertexVector.begin® + dellist[qg] - q);

}

// last vertex order is calculated by the remaining one in the vertexVector
gVertexIndex.push back (vertexVector[0]);

Figure 40 — vertex order decoder pseudo-code

5.2.1.4.20 Decoding the symbol of the vertex order

consecutive vertex indices in the range O, ..., (V-1).

roidvvo decode (unsigned int vo_id, bpvi) {
ibstrm.getMOBitInt (bpvi, VertexIndex):

\fter reading the bpvi bits from the bit stream, the vertex order is calculated as follows: If bpvi is §
nit_bpvi, bpvi is transformed into unsigned integer value and this unsigned integer value becomes th
brder. If bpvi is'/not same as init_bpvi, bpvi is transformed into unsigned integer value but this unsigneq
alue is not\the vertex order. The vertex order is the (unsigned inter value)-th value among the rg

ame as
e vertex

integer
maining

if (bpvi==init bpvi) {
vo_id=vertexIndex
}
else {
// vertexVector[VertexIndex] is the (VertexIndex)-th vo id that does not decoded
vo_id = vertexVector [VertexIndex];
}
gVertexIndex.push back(vo id);
//vo_id add to dellist for updating vertexVector
delList[delCnt++] = vo_ id;
}
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If the vertex order is coded at the unit of connected component, the calculated vertex order using the
aforementioned function should be transformed into the final vertex order represented at the unit of
IndexedFaceSet. Otherwise, if the vertex order is coded at the unit of IndexedFaceSet, the calculated vertex

order wil

| be the final vertex order.

To transform the calculated vertex order represented at the unit of connected component into the final vertex
order represented at the unit of IndexedFaceSet, following method can be used:

void vo

_transform into IFS(unsigned int vo_ id) {

// ass
vertex |

for (i=

for (j=0; j<nVOffset;j++) {
if( (vo_id >= firstVID[]j]) && vo_id < firstVID[j+1]))

}

}

5.2.1.4.21 Face Order Decoder

The fack order decoder reconstructs a sequence of face order, fo_id, based on the input IndexedFaceSet
Note that this sequence is empty if there is no face order information. Ifothis sequence is not empty, the

decoder
3D_Meq

face_ornder_flag, is defined in the Order_mode_header.

me the firstVID and vo offset was given after decoding the
order per CC header

;i<nV; i++) {

final vo id = vo_id + vo_offset[]j];

decodes the sequence of face order informatioff. which is contained in thg
h_Object_Extension_Layer. The header for the presencelobf“face order, which is a boolean flag
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// face order decoder
int nF =
// compute the number of bits (bpfi)
initial state

init bpfi = bpfi=bitsToRepresent (nF)

// faceVector:
vector <int> faceVector;

number of faces of the current connected component;

for containing not decoded face indices

required to decode the face order in the

’

for(int g = 0; g < nF; g++)
faceVector.push back(q) ;

// initialize faceVector to all face indices

// for bpfi from init bpfi to 1

last face order is not

transmitting

for (i=init bpfi;i>0;i--)

{

// compute the distinguishable unit for decoding current bpvi bitig uniquely
DecodingFaces = nV- pow (2, (bpfi-1));

// dellList for containing decoded face indices
int* dellList = new int[DecodingFaces];

// compute remaining faces after decoding the current~distinguishable unit
nF=nF-DecodingFaces;
for (j=nF;j>0;j--) {
fo decode (fo_id, bpfi);
t

// sort the dellist

gsort (dellList, delCnt, sizeof(int), compare);
// update faceVector by deleting decoded fo id
for(g = 0; g < delCnt; g++)
faceVector.erase (faceVector.begin\)

}

+ dellist[qg]l - q);

// last face order is calculated by the remaining one in faceVector
gFaceIndex.push back (fageVector[0]);

Figure 41 — face order decoder pseudo-code

6.2.1.4.22 Decoding-the symbol of the face order

A\fter reading the bpfi bits from the bit stream, the face order is calculated as follows: If bpfi is same as|init_bpfi,
ppfi is transformed into unsigned integer value and this unsigned integer value becomes the face ordgr. If bpfi
s not sameyas init_bpfi, bpfi is transformed into unsigned integer value but this unsigned integer valye is not
he face-order. The face order is the (unsigned inter value)-th value among the remaining consecufive face

ndiees’in the range O, ..., (F-1).

oTd—fo decodetursTgred—Trt—fo o, bpf i

ibstrm.getMOBitInt (bpfi, Facelndex);

if (bpfi==init bpfi) {

fo id=FaceIndex

}

else {

// faceVector[FaceIndex] is the
fo_id = faceVector[Facelndex];

(FaceIndex)-th fo id that does not decoded

}
gFaceIndex.push back(fo id);
// add fo id to dellList for updating faceVector
delList[delCnt++] = fo id;
}
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If the face order is coded at the unit of connected component, the calculated face order using the
aforementioned function should be transformed into the final face order represented at the unit of

Indexed

FaceSet. Otherwise, if the face order is coded at the unit of IndexedFaceSet, the calculated face order

will be the final face order.

To transform the calculated face order represented at the unit of connected component into the final face
order presented at the unit of IndexedFaceSet, following method can be used:

void fo transform into IFS(unsigned int fo id) {

// assyme the firstFID and fo offset was given after decoding the face order per CC header
for (i=Q; i<nF;i++)
{

for (j=0; j<nFOffset;j++)

{

iF( (fo id >= firstFID[j]) && fo_id < firstFID[j+1]))
final fo id = fo id + fo offset[]j];

}
}
}
5.2.1.4.23 Triangle Data Decoder
The triahgle data decoder operates in three steps. It first decodes a hedder, then a root triangle, which is
followed by a sequence of triangles. Note that this sequence is empty ifithere is a single triangle in the curren
connected component.
The hegder is a boolean flag triangulated that indicates if all faces in the connected component are triangles
If this flag indicates true, the polygon_edge field is not coded(
The dec¢oding of a root triangle and of a non-root triangle are the same with the following exception. The
polygon_edge field is never coded for a root triangle ¢f'a connected component, and the number of property
sampleg may differ.
Two fie|ds indicate connectivity information for the current triangle: marching_edge and polygon_edge

marching_edge is not coded for branching and leaf triangles. polygon_edge is not coded for the root triangle

or if the
for the r

The nun
vertices
previous
are no g

triangulated flag is set true. However in a partition of partition_type 2, the polygon_edge is coded
pot triangle if the triangulated-field is set false

nber of per vertex property-samples may differ depending on the boundary prediction mode and visiteq
If the boundary prediction mode is restricted, then the two starting points are already visited in the
partition and only~one root sample is coded. However, if the remaining vertex is also visited, therg
amples coded. Af\the boundary prediction mode is extended, the root triangle always has all 3 samples.

Table'36 — Number of samples to decode in a root triangle for each binding

Bjnding # samples Detail

Nbne 0

per vertex 0,1,0r3 1 root and 2 non-root samples
per face 1 1 root sample

per corner 3 2 root and 1 non-root samples

126

© ISO/IEC 2011 — All rights reserved


https://standardsiso.com/api/?name=b5205389f54b7e41303e893bdef78f95

ISO/IEC 14496-16:2011(E)

For non-root triangles, the triangle data decoder decodes zero or one sample for each property bound per
vertex. If the opposite vertex of the current triangle has been visited before, the value of the sample is already
known and does not need to be decoded again. If the opposite vertex of the current triangle has never been
visited before, then a sample is read. The bounding loop look-up table and the sizes of subtrees of the triangle
tree are necessary to determine whether the opposite vertex of the current triangle has been visited previously.
The boundary prediction mode is necessary to determine whether to consider the visited vertices within the
partition or including every vertices visited in the previous partitions.

Table 37 — Number of samples to decode in a non-root triangle for each binding.
The number of samples may be conditioned.

Binding # samples Condition

None 0

per vertex Oor1 vertex never.visited
per face Oor1 polygon_edge is set
per corner Tor3 polygon_edge is set

he traversal order is fixed in basic topological surgery. However, in order to change traversgl order,
d_orientation field is coded at a branching triangle on thesmain stem of the triangle tree in the partition. In
bther words, if the number of previously decoded branching.triangles is equal to that of leaf triangles within the
current partition, i.e. the depth value is zero, the td_orientation field is coded.

5.2.1.4.24 Decoding a root sample

A root sample is the first decoded sample in a oot triangle. If there are several samples in a root triar{gle only
he first sample is a root sample. The remaining samples in the root triangle are non-root samples.

The coord_quant bits of each coerdinate of a root geometry sample are received starting with the most
significant.

6.2.1.4.25 Decoding a non-root sample

A\ coordinate of a non-root geometry sample is composed of coord_quant bits, plus a sign bit. The coprdinate
s coded bit by bit starting from the most significant. The leading O’s, if any, and the leftmost 1, if any, are
coord_leading_bit's are coded using an adaptive probability estimation model. If not all coord_leading_bits
are 0's a coord_sign_bit is coded. Finally coord_quant minus the number of coord_leading_bits
coord_trailing_bits are coded using a fixed probability model.

B*coord=quant probability estimation models are defined to code the coord_leading_bit figld. The
bropahility model is selected according to the bit position and to the coordinate number.

The decodedvatue s ot the—actuatvatue—of the—sampte, but—acorrectionm that Trasto be—apptied to the
prediction to obtain the reconstructed sample. The reconstructed sample is equal to the sum of the prediction
and of the decoded value. The computation of the prediction is described below.

It may happen that a reconstructed value is outside the bounding box, in which case a masking operation is
carried out to insure that the final reconstructed value is indeed inside the bounding box. The masking
operation depends on the quantisation step coord_quant. The coord_quant less significant bits of the
reconstructed value are kept as is, and all other (more significant) bits are cleared.

The same structure applies to the other properties.
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5.2.1.4.26

Property Prediction

For increased coding efficiency, the value of a property is coded relative to a prediction. This Subclause
describes the computation of the prediction for each type of binding. The following two tables describe all the
valid combinations of property binding, property type, and prediction type.

Table 38 — Valid property bindings for each property type

binding meaning coord normal color texCoord
DO not encoded X X X

D1 per vertex X X X X

10 per face X X

11 per corner X X X

Table 39 — Valid combinations of prediction type and property binding

pred_type nlambda binding

no_prgdiction not coded bound_per_vertex; bound_per_face, or bound_per_corner
tree_prediction 1 bound_per_face’or bound_per_corner
parallejogram_prediction | 3 bound_per vertex

For tree|

and parallelogram prediction, the predigtion of the properties in the current triangle are always based
on the Values in the previous triangle in the triangle tree. The prediction is weighted by the lambda coefficientg

decoded by the header decoder.

Ve

Cc3

Fc
Ccl Cc2

Val Va2

Cal Ca2

Fa

128

WV

Va3

Figure 42 — Prediction of property values.
The value at the current vertex Vc is predicted from the values at ancestor vertices Va1, Va2 and Va3.
The value at the current face Fc is predicted from the value at ancestor face Fa.
The value at the current corner Cc1 is predicted from the value at ancestor corner Ca1.
The value at current corner Cc2 is predicted from the value at ancestor corner Ca2.
The value at current corner Cc3 is predicted from the value at current corner Cc1.
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5.2.1.4.27 Tree prediction

If the property is bound per face, the prediction of Fc is equal to Fa. If the current triangle is the root of the

triangle tree, Fc is not predicted.

If the property is bound per corner, the prediction of Cc1 is equal to Ca1, the prediction of Cc2 to Ca2,

and the

prediction of Cc3 to Cc1. If the current triangle is the root of the triangle tree, Cc1 is not predicted, Cc2 is

predicted by Cc1, and Cc3 by Cc1.

5-2:14-28Parattetogranprediction

not predicted, Va2 is predicted by Va1, and Vc by Va1.

b.2.1.4.29 Inverse quantisation

There are three inverse quantisation procedures. The first one applies tocgeometry, colors and
coordinates. The second applies to normals and the last one applies to texture’coordinate.

Siven a quantised geometry sample (gx, qy, gz), the reconstructed geometry sample (x,y,z) is obtaine

coord xmin + coord_size*xq/ ((1<<coord quant)-1)
coord ymin + coord size*yq/ ((l<<coord quant)-1)
coord zmin + coord_sj_ze*zq/ ((1<<coord quant)-1)
he procedure for colors and texture coordinates is the same:

K
s
T

There is a special inverse quantisation procedure for hormals. Normals are always quantised to
humber of bits normal_quant. The 3 most significant bits of normal_quant indicate the octant the no
n, and the remaining bits define an index within the octant.

f the property is bound per vertex, the prediction of Vc is equal to lambda1*Va1l + lambda2*Va2 +
ambda3*Vag3. If the current triangle is the root of the triangle tree, Va1 and Va2 must be encoded toq, Va1 is

texture

] as:

an odd
rmal lies

Figure 43 — The quantisation of normals is based on
the hierarchical subdivision of the unit octahedron.
Left: unit octahedron.

Middteunit-octahedronafteronesubdivision:
Right: unit octahedron after two subdivisions.
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Figure 44 — Numbering of the triangles within an octant. Note that the top corner corresponds to |z|=1
the leftmost corner to |x|=1 and the rightmost corner to |y[=7.

Given a
follows:

N
[Tl
[N
—

If the €
procedy
Given g

1 << ((normal quant - 3)

+ y0*y0;
(x0 & 1)*2.0/3.0;
0 >> 1) & (nbins - 1);

oat)x0 + skew;
oat)y0 + skew;
oat)nbins - x - y;

/sqgrt (x*x + y*y + z*z);
) ? —-X*n : X*n;
) ? -y*n : y*n;
) ? —-z*n : z*n;

obtained as:

qu
av

texCooxd quant u
texCoord quant v

5.2.1.4.]

BO_Arithmetic decoder

n index i, and the 3 sign bits sx, sy and sz, the normal (x,y,z) caf be analytically reconstructed as

ins - ceil(sgrt(nbins*nbins - 1i));

fficient texture mapping of 3DMC extension is supported, there is the third inverse quantisation
re for texture coordinates, which uses two values, texCoord_quant_u and texCoord_quant_v
quantised texture_coordinates sample (qu, qv), the reconstructed texture coordinates sample (u,v) ig

This Subclause describes the QF-coder for arithmetic decoding. C++-style routines are provided. The
arithmetic decoder relies on a set of variables that are described in the table below.
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Register | Description

A size of current interval

C current arithmetic code

count number of renormalisations before reading next
byte

SymbDpol value Oor decoded symbpol

Qe probability estimate for least probable symbol

MPS value of most probable symbol

he registers Qe and MPS are dependent upon a context. For each context, there is a state variable i
he Qe and MPS registers.

b.2.1.4.31 Initialisation

he arithmetic coder reads data from the input on a per byte basis. Therefore the stream pointer shall
bligned before initialising the arithmetic decoder.

n the initialisation process, all variables are initialised to preper values. 2 bytes are read from the inpu
nto register C.

roid gf start() {
A = 0x00010000;
C = 0x00010000;
count = 0;
sw_renorm decode () ;

5.2.1.4.32 Decoding a symbol
/Vhen a binary symbol is décoded, the interval is split into two. The half in which C lies determines t
Df the bit. The interval is then reduced to the corresponding half. If the size of the new interval is sma

Dx80000000, then the linterval is renormalised and the probability estimator updated.

roid gf decodelint *symbol, QState *state) {
*symbol =state->MPS;

A -= statées>Qe;
if (C&s'h) |
ife A & 0x80000000)
return;

*symbol "= A < state->Qe;

ncluding

be byte

[ stream

e value
ler than

}

else {
*symbol %= A >= state->Qe;
cC=C-A;
A = state->Qe;

}
state->update (*symbol) ;
renorm_decode () ;
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5.2.1.4.33 Renormalisation

In the re

normalisation step, the size of the interval is doubled until it reaches at least 0x80000000. Each time

the size of the interval is doubled a bit is consumed. When no more bit is available for consumption in the less
significant bits of the register C, a new byte is retrieved from the stream.

void gf renorm() {
do {
if (count == 0) {
int b = get byte();
-= Oxff << 8;
+= b << 8;
count = (b == 0) 2 7 : 8;
}
coynt--;
C F C << 1;
A F A << 1;
} while (! (A & 0x80000000)) ;

}

5.2.1.4.34 Probability estimation

A major

estimatipn is defined by a Markov Model. Each state of the model defines a probability of the LPS, a next statg
if the currently coded symbol is the MPS, a next state if the currently coded.symbol is the LPS, and a flag tha
indicates if the value of the MPS should be changed if the currently eoded symbol is the LPS. The Marko
model tp be used is defined in Table 40. It is named FA-JPEG for REast“Attack JPEG, and has been designed

such as

A fixed
probabil

The next table lists the probability estimation used for\each of the fields.
The mogels are global and initialised to index = 0,"MPS = 0 before the first connected component.
The context of order 1 models is reset befdre'each component.

The stafe is updated every time the rénormalisation procedure is called.

Taple 40 — List of fields that are arithmetic coded and their associated probability estimation

ty of the fields that are arithmetic coded benefit from adaptive probability estimation. This adaptivg

to minimize the number of states.

probability of the LPS and a fixed MPS are defined; for the fields for which there is no adaptivg
ty estimation.

Field probability estimation context
last_cgmponent FA-JPEG last_component_context
codap|last_vg FA-JPEG codap_last_vg_context
codap | vgAd FA-JPEG zero_context
codap feft bioopidx FA-IPEG ZETO_COoNntext
codap_right_bloop_idx FA-JPEG zero_context
codap_bdry_pred FA-JPEG zero_context
vg_simple FA-JPEG vg_simple_context
vg_last FA-JPEG vg_last_context
vg_forward_run FA-JPEG vg_forward_run_context
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Field

probability estimation

context

vg_loop_index

FA-JPEG

vg_loop_index_context

vg_run_length FA-JPEG vg_run_length_context
vg_leaf FA-JPEG vg_leaf context

vg_loop FA-JPEG vg_loop_context
ttrom—fergth FA-IPEG ttrom—fength—comtext
tt_leaf FA-JPEG tt_leaf _context
codap_branch_len FA-JPEG codap_branch_len‘.c¢ontext
triangulated FA-JPEG triangulated_‘context

marching_edge

FA-JPEG, order 1, initial context = 1

marching. edge_context[0..1]]

td_orientation

FA-JPEG

tdwarientation_context

polygon_edge

FA-JPEG, order 1, initial context = 1

polygon_edge_context[0..1]

coord_bit

fixed Qe = 0x5601, MPS =0

zero_context

coord_leading_bit

FA-JPEG, 3*coord_quantcontexts

coord_leading_bit_context[0f.3*co
ord_quant-1]

coord_sign_bit

fixed Qe = 0x5601, MPS =0

zero_context

coord_trailing_bit

fixed Qe = 0x5601, MPS =0

zero_context

normal_bit

fixed Qe = 0x5601, MPS =0

zero_context

normal_leading_bit

FA-JPEG, normal_quant contexts

normal_leading_bit_context[p..nor
mal_quant-1]

normal_sign_bit

fixed Qe = 0x5601, MPS =0

zero_context

normal_trailing_bit

fixed Qe = 0x5601, MPS =0

zero_context

color_bit

fixed Qe = 0x5601, MPS =0

zero_context

color_leading.<bit

FA-JPEG, 3*color_quant contexts

color_leading_bit_context[0.|3*colo
r_quant-1]

color_sign’ bit

fixed Qe = 0x5601, MPS =0

zero_context

color_trailing_bit

fixed Qe = 0x5601, MPS =0

zero_context

texCoord_bit

fixed Qe = 0x5601, MPS =0

zero_context

texCoord_leading_bit

FA-JPEG, 2*texCoord_quant
contexts

textCoord_leading_bit_context[0..2
*texCoord_quant-1]

texCoord_sign_bit

fixed Qe = 0x5601, MPS =0

zero_context

texCoord_trailing_bit

fixed Qe = 0x5601, MPS =0

zero_context
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Table 41 — The Fast Attack JPEG (FA-JPEG) Markov model to estimate probabilities. For each state,
we define the probability of the LPS, the next state in the event of an MPS, the next state in the event
of an LPS, and a switch MPS flag in the event of an LPS

State Probability of LPS | Next state if MPS | Next state if LPS | Switch MPS if LPS
0 0x5601 1 1 yes
1 0x3401 2 6 no
y, 01864 3 g Ao
K Ox0ac1 4 12 no
4 0x0521 5 29 no
g 0x0221 38 33 no
d 0x5601 7 6 yes
1 0x5401 8 14 no
§ 0x4801 9 14 ho
g 0x3801 10 14 no
10 0x3001 11 17 no
11 0x2401 12 18 no
12 0x1c01 13 20 no
13 0x1601 29 21 no
14 0x5601 15 14 yes
15 0x5401 16 14 no
16 0x5101 17 15 no
17 0x4801 18 16 no
18 0x3801 19 17 no
19 0x3401 20 18 no
40 0x3001 21 19 no
1 0x2801 22 19 no
32 0x2401 23 20 no
23 0x2201 24 21 no
24 0x1c01 25 22 no
25 0x1801 26 23 no
26 0x1601 27 24 no
27 0x1401 28 25 no
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State Probability of LPS | Next state if MPS | Next state if LPS | Switch MPS if LPS
28 0x1201 29 26 no
29 0x1101 30 27 no
30 Ox0ac1 31 28 no
31 0x09c1 32 29 no
32 UxUoca’l 39 S0 no
33 0x0521 34 31 no
34 0x0441 35 32 no
35 0x02a1 36 33 no
36 0x0221 37 34 ho
37 0x0141 38 35 no
38 0x0111 39 36 no
39 0x0085 40 37 no
40 0x0049 41 38 no
41 0x0025 42 39 no
42 0x0015 43 40 no
43 0x0009 44 41 no
44 0x0005 45 42 no
45 0x0001 45 43 no

65.2.2 Wavelet Subdivision Surfaces

6.2.2.1 Downstream-syntax

[his is the syftax of the WaveletSubdivisionSurface downstream.

6.2.2.1:4>"WMDecoderConfig

62:2.1.1.1 Syntax

class WMDecoderConfig extends AFXExtDescriptor :
bit (1) hasScaleCoeff;
if (hasScaleCoeff)
int (5) NbBpSC;

int (5) NbBPX;
int (5) NbBPY;
int (5) NbBPZ;
int (2) Wtype;
bit (1) 1lift;

int (4) NbLevels;
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float (32) Xmax;

float (32) Ymax;

float (32) Zmax;
}

5.2.2.1.1.2 Semantics

hasScaleCoeff: this is a flag with value 1 if and only if the scale coefficients are transmitted (otherwise they
are supposed to be added to the base mesh vertices).

NbBpSC: this is the number of bits on which the scale coefficients will be read.

NbBPX| NbBPY, NbBPZ: these are respectively the numbers of bitplanes on which are encoded’ the
magnitude of the first second and third component of the wavelet coefficients, an extra bit being netessary tdg
encode ftheir sign.

Wtype: [this is an integer representing the wavelet type. 0 corresponds to midpoint subdivision, 1 to Loop's
scheme} 2 to Dyn's butterfly scheme, and 3 is reserved for future use.

lift: this|is a flag with value 1 if and only if the high pass filters are lifted [78].
NbLevells: this is the number of subdivision levels of the mesh.

Xmax, Ymax, Zmax: these are 32 bits floating point values representing the symmetric quantization intervals
for the |first, second and third coordinate respectively. These values‘are chosen so that, e.g., the firs
C(NJLTB1 Xonent of all wavelet coefficients belong to [-Xmax, +Xmax], @hd” are therefore mapped to [-2NbBPX+1
2 -]

5.2.2.1.2 Wavelet_Mesh_Object

52.2.1.21 Syntax

class Wavelet Mesh Object {

bit (1) isInBand;

if (lisInBand)

WMDecoderConfig WMDecoderConfig}

bit (1) WMOL;
bit (1) isInLocalCoordinates;
if (WMOL && WMDecoderConfig.hasScaleCoeff)
Wavelet Mesh Object Scalle Coeff Coefficients;
ReadZzT ZeroTree;

}
5.2.2.1.2.2 Functionality and semantics

WMOL.:|a boolean with value 0 if and only if the current stream is a base layer.

isinLocplCoordinates: this is a flag with value 1 if and only if the decoder must reconstruct the mesh
considang the wavelet coefficients in local frames.

ZeroTree: this is the SPIHT encoded representation of one or more bitplanes.

The decoding of the wavelet coefficients can start even if no base layer is received. It is then considered that
the scale coefficients are all zero and the hierarchy is the default one.

5.2.2.1.3 Wavelet_Mesh_Object_Scale_Coeff

This is the class containing the scale coefficients.
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5.2.2.1.3.1 Syntax

class Wavelet Mesh Object Scale Coeff ({
int 1i;
for (i=0 ; i< Nb_sc ; i++) {
int (WMDecoderConfig.NbBpSC) Sc[i];
}

5.2.2.1.3.2 Semantics

Nb_sc: is the number of scaling coefficients, known as the number of vertices in the base mesh.

5c: is an array containing the scale coefficients related to the vertices of the base mesh in:the same order
han in its description.

6.2.2.1.4 ReadZT

5.2.2.1.4.1 Syntax

rlass ReadZT {
int FT, LT, 1, 3, k;

int (5) LengthNbBits;

int (5) FBP;

int (5) LBP;

bit (1) X;

bit (1) Y;

bit (1) Z;

bit (1) isPartial;

if (isPartial) { // Partial transmission
int(16) ztId;
FT = ZtId;
LT = FT + 1

} else { // Full transmission
FT = 0;

LT = NumTree;
}
for (j=FBP; J<=LBP ; j++) \{
for (i=FT; i<LT; i++) {
if (X) |
int (LengthNbBits) BPLength;
for (k=0 ;\kxBPLength ; k++) {
bit (1) Bx[i][j][k];
}
}
if (W) )
it (LengthNbBits) BPLength;
for (k=0 ; k<BPLength ; k++) {
bit (1) Bylil[J]1[kl;
}
}
if (Z2) |
171T \LeDgEHL\IDDlES) be_.engtn,
for (k=0 ; k<BPLength ; k++) {
bit (1) Bz[i]1[j][k];

}

5.2.2.1.4.2 Semantics

NumTree: this is the number of trees, known as the number of edges in the base mesh.
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LengthNbBits: this is the number of bits on which BPLength is read.

isPartial: this is a flag with value 0 if and only if the totality of the zerotrees are transmitted.

XY, Z

these are three flags with value 1 if bitplanes relative to the first, second and third components follow.

Ztld: this is the number of the currently sent or refined zero-tree.

BPLength: this is the length of the current bitplane.

comp0||1ent: this is a two-bits variable indicating which table (Bx, By or Bz) is updated.

FBP: th

significgnt bitplane) and strictly lower than NbBPX, NbBPY or NbBPZ, depending on the compenent being

read.

LBP: th
lower th

Bx, By,
wavelet
current

NOTE
also allo

The ded

5.2.2.2

When s
be read

5.2.3 MeshGrid stream

5.2.3.1

The Me
parts w
parts of
MeshGr
separaty
referend
relative

Due to i

is is the number of the first bitplane to read. Its value must be greater than or equal to.0,{mos

s is the number of the last bitplane to read. Its value must be greater than or equalto’FBP and strictly
an NbBPX, NbBPY or NbBPZ, depending on the component being read.

Bz: these are three 3-tables of bits used for encoding the first, second and third components of thg
coefficients. The first entry is the number of the zero-tree. The second)one is the number of thg
bitplane received. The third one is the number of the received bit in this plane.

Decoding separately each component as independent zero-trees erablés reception of normal meshes [37]. |
Vs reception in different channels or decoding in separate threads.

oding process is explained in Annex A.

Upstream syntax (for backchannel)

becified as an upstream in corresponding ES déscriptor, the WaveletSubdivisionSurface stream has tg
according to the AFX Generic Backchannel syntax (see 5.5.2).

Overview

5hGrid stream has a modular structure consisting of a sequence of parts. There are several types of
th different semantics,~each one identified by a unique tag. All part types are optional, and severa
the same type can be present in the stream, but their order is not imposed. The following parts of thg
id stream are encoded at each resolution level, either as one single region of interest (ROI) or i
b ROls, if view-dependent decoding is needed: (1) a connectivity-wireframe description, (2) 3
e-grid descripfion, and (3) a vertices-refinement description (i.e. refining the position of the vertices
fo the reference-grid — the offsets).

s regular nature, it is straightforward to divide the reference-grid into ROls, and to encode the surfacg

locally i

N each of these ROIs. As illustrated in Figure 45, single ROl mode can be mixed with multiple ROIs

mode (v

138

iovwi-daenendent-made)for different rasolutionlevels.
I8W-aepehaehRtoaetor-aHereRrtresoibdtHoR18Ve s
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(@) (b) (c) (d) (e)

Figure 45 — Different resolution levels of a multi-resolution MeshGrid can be coded as one 1
(view-independent coding) or split into several ROl (view-dependent coding).

b.2.3.2 The Bitstream structure

nesh

The description of the stream is parsed in the MeshGridDecoderConfig class defined in 5.2.3.2.2. The
MeshGrid stream is parsed in the MeshGridStream class. The stream is organized as a succegsion of
resolution level descriptions, starting from level 0 to (totalNumLevelsMesh-1), where totalNumLevelsMesh
represents the total number of resolution levels of the mesh, and is computed- in"the MeshGridDecodgrConfig
Class.
The mesh description part consists of a header, the MeshDescriptor; and a body consisting of three parts: the
mesh connectivity coding (parsed in the MeshConnectivity class);the vertices’ reposition bit plang coding
parsed in the VertexRefine class) and the vertices’ refinement cading (parsed in the VertexRefine class). The
grid description part consists of a header, parsed in the GridDescriptor class, and a body, parsef in the
GridCoefficients class. In case the number of resolutionslevels of the grid (fotalNumLevelsGrid defined in
Annex B.1.3) is lower than the number of resolution levels of the mesh (totalNumLevelsMesh), the first N
resolution level descriptions of the stream will only centain the mesh description part, with N defined as the
Jifference between fotalNumLevelsMesh and fotalNumLevelsGrid. In case totalNumLevelsGrid is larger than
otalNumLevelsMesh, the resolution ‘0’ description of the stream contains one mesh description and |N| grid
Hescriptions.
The constituent parts in the MeshGrid stream must be decoded in the following order: for any resolutjon level
Df the mesh, the MeshDescriptor has {o/be parsed before retrieving any ROI for that resolution level. Decoding
he ROIs implies decoding the mesh)connectivity, which may be followed by parsing the vertices’ repgsition or
refinement. Similarly, the grid decoding consists of parsing the header of the grid followed by the decoding the
grid tiles.
5.2.3.2.1 Global Constants
const unsigned intLEVEL_BITS = 6; Number of bits allocated for storing the number

of resolution levels
const unsignéd int REFINE_BITS = 6; Number of vertices' refine bits
const unsigned int FILTER_BITS = 4; For specifying the type of filter used for coding

the grid.
const unsigned int RO| BITS = 6; Number of bits defined for a field specifying the

length in bits allocated for the number of ROIls

fields for each {u,v,w} direction (nROIs)
const unsigned int MIN_ROI_SIZE = 6; The minimum ROl size is 5
const unsigned int FIELD_BITS = 6; Number of bits for coding the log2 of the

threshold. Used as well for storing the number of

bits allocated for the scale values (gridScale) for

each of the {x,y,z} wavelet coefficients.
const unsigned int MIN_SCALE = 1; The minimum scale value is 1 (gridScale)
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const unsigned int QUANT_BITS = 6;

const unsigned int GRID_BITS = 5;

const unsigned int VERTS_BITS = 5;

The number of bits for storing the number of
quantization bits of the {x,y,z} coordinates of the
grid corners

Number of bits defined for a field specifying the
length in bits allocated for the counters holding
the size of the encoded wavelet coefficients for
each {u,v,w} direction

Number of bits defined for a field specifying the

Ipngfhin hits allocated for the counters hnkﬁng

const unsigned int MIN_SPLIT_SIZE = 9;
const unsigned int MIN_DEC_SIZE = 3;

const unsigned int GENERIC_MESH =0

const unsigned int TRI_MESH = 1
const unsigned int QUADRI_MESH = 2
const unsigned int HEXA MESH = 3

const unsigned int
READ_REPOSITION BITS =2

5.2.3.2.2 MeshGridDecoderConfig

5.2.3.2.2.1 Syntax

class NeshGridDecoderConfig extends AEXExtDescriptor:

the size of the encoded connectivity-wireframe
and refine bits

The minimum cube size that can be further split
The minimum cube size that consists of several
sub-bands

The encoded mesh is generic, meaning that the
triangulation may contain triangles,
quadrilaterals, pentagons, hexagons and
heptagons

The encoded mesh contains only triangles
The encoded mesh contains only quadrilaterals
The encoded mesh-contains only hexagons

No default value specified for the reposition bits

bit (8) tag=1l{

// the max number of resolution (levels

unsilgned int totalNumLevelsMegsh;

// num
// of the reference-grid.
FixedUVW nLevelsMesh(LEVEL_BITS);
totalNumLevelsMesh =

// numlper of slices
// cortesponding €e~the last resolution
ParsdbleUVW nSlices;

// numlper of \ROIs (regions of interest)
// corfesponding to the last resolution
ParsgdbleUVW nROIs;

(reference surfaces)

er of resolution levels )Jspecified for each u,v,w direction

max (nLevelsMesh.u, max (nLevelsMesh.v, nLevelsMesh.w));

in the u,v,w directions
level

in the u,v,w directions
level

// flags

bit (1) hasConnectivityInfo;
bit (1) hasRefineInfo;

bit (1) hasRepositionInfo;
bit (1) hasGridInfo;

// reserved

bit (8) attributes = 0;

// multilayer

bit (1) hasMultilayer;

if (hasMultilayer) {
140
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ParseValue nLayersunsigned int (LAYER BITS) nBitsLayer;
unsigned int nBitsLayer = ceil (log2 (nLayers)) + 1;

}

// type of homogeneous mesh

unsigned int (2)

meshType;

if (meshType == QUADRI MESH) {

if (hasConnectivityInfo) {

// connectivity bits and uniform quads splitting flags
bit (1) sameBorderOrientation;

}

}

}

b1t (1) unirormsoplltT;

else {
unsigned int sameBorderOrientation = 1;
unsigned int uniformSplit = 1;

if (nSlices.w == 1)

ParseValue offsetAmplitude;
/ the choices for cyclic and folded mesh
bit (3) cyclic folded;

// number of refine bits vertex
RefineVertexDescriptor refine;

// filter type for grid coding
unsigned int (FILTER BITS) filterType;

// scale values for the x,y,z encoded grid coordinates
// minimum scale factor is MIN SCALE
ScaleXYZ gridScale(FIELD_BITS);

// the grid corners
GridCorners gridCorner (nSlices, cyclic folded);

b.2.3.2.2.2 Semantics

The MeshGridDecoderConfig, class initializes the MeshGrid decoder. It (1) parses the resolution levels of the
mesh (nLevelsMesh) for the {U ,V,W} directions with acceptable values for nLevelsMesh.u, nLevelsMesh.v

and nlLevelsMesh.w, lying jin the range [1, 63], (2) computes the maximum number of resolution levels
otalNumLevelsMesh, (parses (3) the number of slices (nSlices) {Sy,Sv,Sw} and (4) the number pf ROIs

nROIs) corresponding to the last resolution level of the reference-grid in the {U,V,W} directions. The

bcceptable values-for {nSlices.u, nSlices.v, nSlices.w} and {nROIs.u, nROIs.v, nROIs.w} lie in the range [1,
P63 -1]. Furtherit'reads 6 flags defined in Table 42.

Table 42 — Meaning of the flags

Flag

Meaning

nasConnectivitylnto

Boolean flag:

1. When set to ‘1’ it indicates that the parts identified by the MGMeshinfoTag,
MGMeshConnectivityROInfoTag and MGMeshConnectivitylnfoTag tags can be
present in the stream at any resolution level description.

2. When set to ‘0 it implies that the parts identified by the
MGMeshConnectivityROInfoTag and MGMeshConnectivityinfoTag tags are not
present in the stream. If the value of the hasRefinelnfo flag is ‘1’, then the part
identified by the MGMeshlInfoTag tag can be present in the stream only for the first
resolution level description. If the meshType parameter defined in Table 43 has the
value ‘2’ then a default quadrilateral mesh is generated as explained in 5.2.3.3.5.
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hasRefinelnfo

Boolean flag:

1. When set to ‘1’ it indicates that the parts identified by the MGMeshinfoTag,
MGVerticesRefinementROlInfoTag and MGVerticesRefinementinfoTag tags can be
present in the stream at any resolution level description. If the value of the
hasConnectivityInfo flag is ‘0’ these parts can only be available for the first resolution
level description, as explained in 5.2.3.3.5.

2. When set to ‘O it implies that the parts identified by the
MGVerticesRefinementROlInfoTag and MGVerticesRefinementinfoTag tags are not

prncnnf inthe stream.The Ir_\arf identified hy the l\/I(?.I\/InehInfnTng fng canhbe presen

in the stream at any resolution level description only if the value of the
hasConnectivityInfo flag is set to ‘1°.

hasReppsitioninfo

Boolean flag:

1. It can be set to ‘1’ only if the hasConnectivitylnfo flag is also ‘1. When equal to ‘1
it indicates that the parts identified by the MGMeshinfoTag
MGVerticesRepositionROlInfoTag and MGVerticesRepositionInfoFag tags can be
present in the stream at any resolution level description except.the last resolutior
level.

2. When set to ‘O it implies that the parts identified by the
MGVerticesRepositionROlInfoTag and MGVerticesRepesitioninfoTag tags are no
present in the stream. The part identified by the MGMeshInfoTag tag can be presen
in the stream at any resolution level description)only if the value of one of the
following two flags is set to ‘1’: hasConnectivitylhfo, hasRefinelnfo.

hasGridlnfo

Boolean flag:

1. When set to ‘1’ it indicates thatthe parts identified by the MGGridinfoTag
MGGridCoefficientsROlInfoTag anddMGGridCoefficientsInfoTag tags can be preseng
in the stream at any resolution level description.

2. When set to ‘0’ it implies* that the parts identified by the MGGridinfoTag
MGGridCoefficientsROlInfeTag and MGGridCoefficientsinfoTag tags are no
present in the stream. In(this case the reference-grid points are uniformly distributed
and their coordinates.lare computed as a linear interpolation between the eight grig
corners parsed by-GridCorners in the MeshGridDecoderConfig class.

attributgs

A 8-bit flag reserved for future use.

hasMultjLayer

Boolean flag:

1. If set-to ‘1’ it indicates that the model consists of several surface layers. Thg
identifiers for the surface layers are encoded on nBitsLayer bits.

25,*When set to ‘0’ then either the model consists of one surface layer or ng
distinction between the surface layers is made.

uniform$plit

Boolean flag:

1. When set to ‘1’ it indicates that the stream contains a quadrilateral mesh allowing
to obtain the connectivity-wireframe for the higher resolution levels by uniformly
splitting each quad recursively into four sub-quads, as illustrated in Figure 61. The

parts—identified—by the—mGMeshinfoTag, WGMeshConmectivityROtnfoTag—amd
MGMeshConnectivityInfoTag tags are present in the stream only at the first
resolution level description.

2. When set to ‘0O the parts identified by the MGMeshinfoTag,
MGMeshConnectivityROInfoTag and MGMeshConnectivityInfoTag tags can be
present in the stream at any resolution level description.

Further the MeshGridDecoderConfig class parses (5) the type of the mesh (meshType) as explained

in Table 43.
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Table 43 — Encoding of the mesh type (meshType)

Value Meaning

0 GENERIC_MESH: Non-homogeneous mesh that may
consist of polygons ranging from triangles to heptagons.

1 TRI_MESH: Homogeneous triangular mesh

2 QUADRI_MESH: Homogeneous guadrilateral mesh

3 HEXA_MESH: Homogeneous hexagonal mesh

f meshType is quadrilateral (QUADRI_MESH) than (6) a 1-bit flag (sameBorderQrientation) defines the
number of bits used to store the connectivity links between the vertices, as explained in 5.2.3.3.1.1, and
jefined in Table 44, and (7) another 1-bit flag (uniformSplit) indicates the type of ‘multiresolution as explained
n 5.2.3.3.5 and Table 42. If the number of slices (nSlices) in any W direction is_equal to ‘1’, i.e. the reference-
grid consists of one layer of points, then (8) the variable length variable offsetAmplitude defines the maximum
alue of the offsets as explained in 4.3.3.3.2.
Table 44 — Encoding of the sameBorderOrientation flag
Value Meaning
0 2-bits are used to,encode a connectivity link between
two vertices; it is the'general case.
1 1-bit is used_to“encode a connectivity link between two
vertices; .ityis a particular case which may occur for
homogeneous quadrilateral meshes.
Further the MeshGridDecoderConfig class parses (9) the cyclic_folded mode variable defined in Table 45
hat specifies the cyclic behaviour 'of the mesh, as explained in 5.2.3.3.1.3, (10) the description of the pertices’
refinement bits (refine), (11)“the type of filter used in the wavelet transform (filterType), encqded on
FILTER_TYPE bits, (12) the scaling factor for the {x,y,z} grid coefficients (gridScale), encoded on FIEUD_BITS
its, (13) the {x,y,z} coordinates of the 8 corners of the reference-grid (gridCorner).
Table 45 — Encoding of the cyclic_folded mode variable
Bits | Value | Meaning
000 | O NON_CYCLIC: general case non-cyclic non-
folded mesh.
001 [1 CYCLIC_U: cyclic mesh in the "U” direction.
011 |3 CYCLIC_UV: cyclic mesh in the “UV” direction.
101 | 5 FOLDED_SINGLE: cyclic mesh in the *“U”
direction and folded in the “V” direction at the
end corresponding to the first index, i.e.
index = 0. Notice that for the “V” direction the
index varies between index 1 [0,nSlices[1]- 1].
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Bits | Value | Meaning
1M1 |7 FOLDED_BOTH: cyclic mesh in the “U” direction
and folded in the “V” direction at both ends, i.e.
index = {0,nSlices[1]} .
010 | 2 Reserved
100 | 4 Reserved
110 | 6 Reserved
Bits | Value | Meaning
000 | O NON_CYCLIC: general case non-cyclic non-
folded mesh.
001 |1 CYCLIC_U: cyclic mesh in the “U” direction.
011 |3 CYCLIC_UV: cyclic mesh in the “UV” direction.
101 | 5 FOLDED_SINGLE: cyclic mesh in the “U”
direction and folded in the “V” direction at the
end corresponding to the first index, i.e.
index = 0. Notice that for th&/“V” direction the
index varies between indexI\[0,nSlices[1]- 1].
1M1 |7 FOLDED_BOTH: cyclic-mesh in the “U” direction
and folded in the “V/” direction at both ends, i.e.
index = {0,nSlices(1]} .
010 | 2 Reserved
100 | 4 Resgerved
110 | 6 Reserved
5.2.3.2.3 MeshGridStream
5.2.3.2.3.1 Syntax
aligned (8) expandable(228—l) class MeshGridStream
{
MeshlGrid€ommand|[] commandUnits;
}

5.2.3.2.3.2 Semantics

The MeshGrid stream is an array of MeshGridCommand units.
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abstract aligned(8) expandable(Z”—l) class MeshGridCommand : bit (8) tag=0

{

// empty. To be filled by classes extending this class.
}
523242 Semantics
[his is an abstract base class for the different types of command units of the MeshGrid stream~This|class is
bxtended by the classes identified by the class tags defined in Table 46.
Table 46 — MeshGrid command table
Tag value | Tag name Description
0x00 Forbidden
0x01 MGinfoTag Tag for the MeshGrid stream coding information.
0x02 MGMeshlInfoTag Tag for the “mesh coding information fdqr a
specified mesh resolution level.
0x03 MGGridInfoTag Tag fof. grid coding information for a specified|grid
resolution level.
0x04 MGMeshConnectivityROlInfoTag Tag for mesh connectivity information fgr a
Specified mesh resolution level and regiong of
interest (ROISs) list.
0x05 MGMeshConnectivitylnfoTag Tag for mesh connectivity information fdqr a
specified mesh resolution level.
0x06 MGVerticesRepositionROlInfoTag Tag for vertices’ reposition bits (single bit-plane)
for a specified mesh resolution level and regjons
of interest (ROISs) list.
0x07 MGVerticesRepositioninfoTag Tag for vertices’ reposition bits (single bit-plane)
for a specified mesh resolution level.
0x08 MGVerticesRefinementROlInfoTag | Tag for refinement bit-planes (the offset) for a
specified mesh resolution level and regions of
interest (ROIs) list.
0x09 MGVerticesRefinementinfoTag Tag for refinement bit-planes (the offset) for a
specified mesh resolution level.
0x10 MGGridCoefficientsROlInfoTag Tag for wavelet coefficients for a specified |grid
resolution-level and tiles list.
0x11 MGGridCoefficientsinfoTag Tag for wavelet coefficients for a specified grid
resolution level.
0x12 MGGridCornersinfoTag Tag for the grid corners.
0x13- Reserved for ISO use
OxFE
OxFF Forbidden
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5.2.3.2.5 MGLevelDescriptor

5.2.3.2.5.1 Syntax

abstract class MGLevelDescriptor extends MeshGridCommand: bit (8) tag=0

{

// read the variable length counter sizeOfInstance
unsigned int (LEVEL BITS) resolutionLevel;
bit (4) flags;

}

5.2.3.2.5.2 Semantics

This is dn abstract class that serves as a base class for the MeshGrid stream unit classes. MGLevelDescriptof
reads (1) the resolution level (resolutionLevel) of the MeshGrid stream unit, and (2) a flag (flags) (defined in

Table 1
function

changes is displayed in Figure 46.

5.2.3.2.6 MGMeshDescriptor

5.2.3.2.6.1" “Syntax

Figure 46 — Exploiting the functionality provided by the flags field for efficient morphing.

1) that specifies how to handle the decoded MeshGrid stream unit. An example~(exploiting the
plity provided by the flags field) showing the morphing of a MeshGrid model allowing for topologica

Table 47 — Values of flags

Bits Meaning

0000 If first bit is ‘0’ then the received data is an update to existing data.

0001 If first bit is *1’ then the received data réplaces any existing data.
Remaining 3 bits are reserved.

R\
N

class MGMeshDescriptor (MeshGridDecoderConfig mgd) extends MGLayerDescriptor: bit (8)
tag=MGMeshInfoTag

{

bool blastlLevel = resolutionlLevel.value == mgd.totalNumLevelsMesh - 1;
bool bReposition = mgd.hasRepositionInfo && !bLastLevel;
bool bRefine = mgd.hasRefinelInfo && (mgd.refine.bFull || bLastLevel);
MeshDescriptor mdl [ [resolutionLevel.value]] (mgd.hasConnectivityInfo, bReposition,
bRefine) ;
}
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5.2.3.2.6.2 Semantics

The MGMeshDescriptor class parses the mesh coding information for a specified mesh resolution
layers.

5.2.3.2.7 MGLayerDescriptor

5.2.3.2.7.1 Syntax

level and

bit (8) tag=0 y\
// read the variable length counter sizeOfInstance .(1/
if (mgd.hasMultilayer) NSD’

ParselIndices identifier (mgd.nBitsLayer) ;

b?‘
5.2.3.2.7.2 Semantics N

Fhis is an abstract class that serves as a base class for the @shGrid stream unit

pf identifier.number is ‘0’ then the contents of the MeshGrid sk@am unit is generic for all
ayers. Figure 48 illustrates an example of a MeshGrid model consisting of several surface layers.

o

Figure 47 §‘MeshGrid model consisting of several surface layers.

®)

6.2.3.2.8 MGGridCorn

.

5.2.3.2.8.1 Syn@3\%

~rlass MGGri@@rners extends MeshGridCommand (MeshGridDecoderConfig mgd): bit (8)
L ag=MGGzrj rnersInfoTag

// ad the coordinates of the grid corners
K{ Corners gridCorner (mgd.nSlices, mgd.cyclic folded);

bbstract class MGLayerDescriptor extends MGLevelDescriptor (MeshGridDecoderConfig ngc

—

classes.

MGLayerDescriptor reads an identifier of the surface layer the MeshGrid am unit refers to. When the value

surface

5.2.3.2.8.2 Semantics

The MGGridCorners class parses the grid corners (gridCorner) as explained in 5.2.3.2.24.
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5.2.3.2.9 MGGridDescriptor

5.2.3.2.9.1 Syntax

class MGGridDescriptor extends MGLevelDescriptor: bit(8) tag=MGGridInfoTag
{

GridDescriptor gdl[[resolutionLevel.valuel] ();

}

5.2.3.2.9.2 Semantics

The MGGridDescriptor class parses the grid coding information for a specified grid resolution level.

5.2.3.2.10 MGMeshConnectivityROIDescriptor

5.2.3.2.10.1 Syntax

class NGMeshConnectivityROIDescriptor (MeshDescriptor mdl) extends MGLayerDescriptor:
bit (8) |tag=MGMeshConnectivityROIInfoTag
{
PargeIndices roi (mdl[resolutionLevel.value] .nBitsIndex);
MeshlConnectivity
mc ([ [regolutionLevel.value]] (mdl[resolutionLevel.value] .nBitsConnectivity, roi.number,
roi.index) ;

}
5.2.3.2.10.2 Semantics

This clags parses the mesh connectivity bits for specified layers, regions of interest (roi) and mesh resolutior
level (relsolutionLevel).

5.2.3.2.11 MGMeshConnectivityDescriptor

5.2.3.2.11.1 Syntax

class NGMeshConnectivityDescriptor (MeshDescriptor mdl) extends MGLevelDescriptor: bit (8)
tag=MGNeshConnectivityInfoTag
{
MakegIndices index (mdl[resolutionLevel.value] .nROIS) ;
MeshConnectivity mc[[resélutionLevel.value]]
(mdl[rg¢solutionLevel.value} snBitsConnectivity,mdl [resolutionLevel.value] .nROIs,
index.value) ;

}
5.2.3.2.11.2 Semantics

This class parses‘the mesh connectivity bits for all layers, all regions of interest (identified by their indiceg
(index))| and miesh resolution level (resolutionLevel).

5.2.3.2.T2 MGVerticesRepositionROIDescriptor

5.2.3.2.12.1 Syntax

class MGVerticesRepositionROIDescriptor (MeshDescriptor mdl, MeshConnectivity mc) extends
MGLayerDescriptor: bit(8) tag=MGVerticesRepositionROIInfoTag
{
ParselIndices roi (mdl[resolutionLevel.value] .nBitsIndex);
VertexRefine vrep|[ [resolutionLevel.value]] (mdl[resolutionLevel.value].nBitsReposition,
roi.number, roi.index,
mc [resolutionLevel.value] .bMeshPresent) ;
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5.2.3.2.12.2 Semantics

This class parses the vertices’ reposition bit-plane for specified layers, regions of interest (roi) and mesh
resolution level (resolutionLevel).

5.2.3.2.13 MGVerticesRepositionDescriptor

5.2.3.2.13.1 Syntax

Flass MGVerticesRepositionDescriptor (MeshDescriptor mdl, MeshConnectivity mc) extends
MGLevelDescriptor: bit (8) tag=MGVerticesRepositionInfoTag

MakeIndices index (mdl[resolutionLevel.value] .nROIs);

VertexRefine vrep|[[resolutionLevel.value]] (mdl[resolutionLevel.value].nBitsReposiftion,
mdl [resolutionLevel.value] .nROIs, index.value,
mc[resolutionLevel.value] .bMeshPregent) ;

b.2.3.2.13.2 Semantics

[his class parses the vertices’ reposition bit-plane for all layers, all regions of interest (identified |by their
ndices (index)), and mesh resolution level (resolutionLevel).

5.2.3.2.14 MGVerticesRefinementROIDescriptor

5.2.3.2.14.1 Syntax

tlass MGVerticesRefinementROIDescriptor (MeshbDescriptor mdl, MeshConnectivity mc) exflends
MGLayerDescriptor: bit(8) tag=MGVerticesRefinéementROIInfoTag

unsigned int (REFINE BITS) startBitPlane;

unsigned int (REFINE BITS) endBitPlane;

ParselIndices roi (mdl[resolutionLevel.value] .nBitsIndex);

VertexRefine vref[[resolutionLevel.value]] (mdl[resolutionLevel.value] .nBitsRefine|,
roi.number, roi.index,
mc[resolutionlLevel.value] .bMeshPresent]) ;

b.2.3.2.14.2 Semantics

[his class parses the vertices’ refinement bit-planes, starting with startBitPlane and ending with endBitPlane,
or specified layers,regions of interest (roi) and mesh resolution level (resolutionLevel).

5.2.3.2.15 MGVerticesRefinementDescriptor

5.2.3.2.15:1 Syntax

Flass MGVerticesRefinementDescriptor (MeshDescriptor mdl, MeshConnectivity mc) extends
MGIevelDescriptor: bit (8) tag=MGVerticesRefinementInfoTag

{

MakeIndices index (mdl[resolutionLevel.value] .nROIs);

VertexRefine vref[[resolutionLevel.value]] (mdl[resolutionLevel.value].nBitsRefine,
mdl [resolutionLevel.value] .nROIs, index.value,
mc[resolutionLevel.value] .bMeshPresent) ;

5.2.3.2.15.2 Semantics

This class parses all the vertices’ refinement bit-planes for all layers, all regions of interest (identified by their
indices (index)), and mesh resolution level (resolutionLevel).
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5.2.3.2.16 MGGridCoefficientsROIDescriptor

5.2.3.2.16.1 Syntax

class MGGridCoefficientsROIDescriptor (GridDescriptor gdl) extends MGLevelDescriptor:
bit (8) tag=MGGridCoefficientsROIInfoTag
{

unsigned int (FIELD BITS) startBitPlane;

ParselIndices tile(gdl[resolutionLevel.value].nBitsIndex) ;

GridCoefficients gc[[resolutionLevel.value]] (gdl[resolutionLevel.value].counter,
gdl[resolutionLevel.value] .nBitsCounter,
tile.number, tile.index);

5.2.3.2.16.2 Semantics

This class parses parts of the component streams, i.e. three binary streams each of them \corresponding tq
one of the {x,y,z} wavelet encoded coordinates of the grid points, for specified tiles (tile) and grid resolution]
level (rgsolutionLevel). The start bitplane (startBitPlane) is specified and it is the same for each componen
stream. [The number of bytes received for each component stream and the corresponding wavelet coefficientg
are parded by the GridCoefficients class.

5.2.3.2.17 MGGridCoefficientsDescriptor

5.2.3.2.17.1 Syntax

class NGGridCoefficientsDescriptor (GridDescriptor gdl)Nextends MGLevelDescriptor: bit (8)
tag=MG¢ridCoefficientsInfoTag
{

MakelIndices index (gdl[resolutionLevel.value].totalNumTiles) ;

GridCoefficients gc[[resolutionlLevel.value] ]w\gdl[resolutionLevel.value].counter,
gdl[resolutionLevel.value] .nBRitsCounter,
gdl[resolutionlLevel.value].totalNumTiles,
index.value) ;

5.2.3.2.17.2 Semantics

This clajss parses parts of the component streams, i.e. three binary streams each of them corresponding tq
one of the {x,y,z} wavelet encodéd-Coordinates of the grid points, for all the tiles,identified by their indiceg
(index),and grid resolution leveh(resolutionLevel). The number of bytes received for each component strean
and the [corresponding wavelet coefficients are parsed by the GridCoefficients class.

5.2.3.2.18 MeshDescriptor

5.2.3.2.18.1 Syntax

// Meslh Déscription for level
aligned (8) class MeshDescriptor (bool hasConnectivity, bool hasReposition, bool hasRefine)

{

// some member variables
unsigned int nBitsIndex, totalNumROIs;

// compute the number of slices and number of ROIs at resolutionLevel
(MGLevelDescriptor)
// from nROIs, nLevels and nSlices specified in MeshGridDecoderConfig (mgd)
ComputeNrSlices nSlices(mgd.nSlices, mgd.nLevels, resolutionLevel);
ComputeNrROIs nROIs (mgd.nROIs, mgd.nLevels, resolutionLevel);
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if (hasReposition) {
// retrieve the reposition bits flag
bit (2) repositionBits;

if (hasConnectivity) {
// number of bits for the ROI indices fields
nBitsIndex = (int) floor (log2 (nROIs.totalNumROIs) + 1);
// number of bits for the counter fields
unsigned int (VERTS BITS) nBitsConnectivity;
}

if (hasReposition && repositionBits == READ REPOSITION BITS) {
unsigned int (VERTS BITS) nBitsReposition;
}

if (hasRefine) {
unsigned int (VERTS BITS) nBitsRefine;
}

5.2.3.2.18.2 Semantics

computes (1) the number of slices (nSlices) and (2) the number ofcROIs (nROIs) for each {u,v,w} d
Further, if the hasReposition flag is set to ‘1’ (the hasRepositioninfo-flag from the MeshGridDecoderG
set to ‘1’ and the specified mesh resolution level is not the last)it reads (3) a 2-bit flag (repositionBit4
ndicates the default value of the vertices’ reposition bits or their presence in the stream as given in T
Vhen a default value is specified, the reposition bits are not present in the stream for the specified rqg
evel.

Table 48 — Encoding of the repositionBits flag

Value Meaning

0 No répesition bits encoded, all have default value 0.

1 No reposition bits encoded, all have default value 1.

2 No default value, the reposition bits are present in the stream.
3 Reserved

-urther, if thelhasConnectivity flag is set to ‘1’ (the hasConnectivitylnfo flag from the MeshGridDecod
s set to ‘1°)\'the MeshDescriptor class (4) computes the number of bits (nBitsIndex) in which the in
he ROlsare stored, and (5) parses the number of bits (nBitsConnectivity) used for storing the Ig
bytes)-of the coded mesh connectivity. If the hasReposition flag is set to ‘1’ and no default value is g
or-the' vertices’ reposition bits (repositionBits), then (6) the number of bits (nBitsReposition) used fo

The MeshDescriptor class parses the coding information for a specified mesh resolution level,

It first
irection.
onfig is
), which
able 48.
solution

brConfig
dices of
ngth (in
pecified
- storing

héAdength (in bytes) of the coded vertices’ reposition information is retrieved. If the hasRefine flag is

‘1’ (the

hasRefinelnfo flag from the MeshGridDecoderConfig is set to ‘1’ and it is the last resolution level or the full

refine flag has been specified), then (7) the number of bits (nBitsRefine) used for storing the length (i
of the coded vertices’ refinement information is parsed.

5.2.3.2.19 GridDescriptor

5.2.3.2.19.1 Syntax

// Grid Description for level
aligned (8) class GridDescriptor () {
// some member variables
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n bytes)

151


https://standardsiso.com/api/?name=b5205389f54b7e41303e893bdef78f95

ISO/IEC 14496-16:2011(E)

unsigned int nBitsIndex, totalNumTiles;

// compute the number of slices and Tiles at resolutionLevel (MGLevelDescriptor) from
// nROIs, nLevels and nSlices specified in MeshGridDecoderConfig (mgd)
ComputeNrSlices nSlices(mgd.nSlices, mgd.nLevels, resolutionLevel);

ComputeNrROIs nTiles (mgd.nROIs, mgd.nLevels, resolutionLevel);

// number of bits for the ROI indices fields
nBitsIndex = (int) floor(log,(nTiles.totalNumROIs) + 1);

// the threshold

Threlshold threshold;

// allocate an array keeping the number of bytes per Tile

// i

PointXYZ counter[nTiles.totalNumROIs];

for
c

// 1

Parg

5.2.3.2,

The Gri
of sliced
threshol
tile indid
parses

storing the length (in bytes) for each {x,y,z} coded grid tile.

5.2.3.2.]

5.2.3.2.]

class N
index[]

{

unsi

// g
for
b

// 9

for

B b

t will be initialized in GridCoefficients

(i = 0; 1 < nTiles.totalNumROIs; i++) {
pbunter[i] = {0,0,0};

lumber of bits for the counter fields (it can be 0)
ableXY7Z nBitsCounter(GRIDiBITS);

9.2 Semantics

dDescriptor class parses the grid header for a given resolutiondevel. It first computes (1) the numbef
(nSlices) and (2) the number of tiles (nTiles) for each {u;v;w} direction. Further, it (3) parses th¢
d (threshold) for each {x,y,z} coded grid tile, (4) computes.the-number of bits needed for specifying thg
es, (5) allocates the array which stores the number ofcbytes of coefficients received per tile, and (6
h GRID_BITS bits value (nBitsCounter), representing,the number of bits allocated for the counters

P0 MeshConnectivity

20.1 Syntax

leshConnectivity (unsigned int)nBitsCounter, unsigned int numberOfROIs, unsigned int

)
gned int i = 0;

et ROIs lookup
(i = 0; i < numbé&r@fROIs; i++) {
it (1) bMeshPregent[[index[i]]];

et the counters for the ROIs

(1 = 0aNL/ < numberOfROIs; i++) {

ht counter[[index[i]]] = 0;

f (BMéshPresent[index[i]] == 1) {

int (nBitsCounter) counter[[index[i]l]];

}
// g

for

et the ROI coding bits
(1 = 0; i < numberOfROIs; i++) {

unsigned int count;
for (count = 0; count < counter[index[i]]; count++) {

152

unsigned int (8) data;
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5.2.3.2.20.2 Semantics

The MeshConnectivity class parses the mesh connectivity data for a set of ROls at a specified resolution
level. It reads, for each ROI (identified by the index), a 1-bit flag (bMeshPresent), which, if true, means that the
mesh is passing through the ROI. Further, if bMeshPresent is true the MeshConnectivity class reads
nBitsCounter bits representing the length (in bytes), specified by the counter, of the coded connectivity
information. The connectivity information is stored in buffer data. The decoding of the connectivity information
is explained in 5.2.3.3.1.

5.2.3.2.21.1 Syntax

tlass VertexRefine (unsigned int nBitsCounter, unsigned int numberOfROIs, unsigned int
index[], bit bMeshPresent[])

unsigned int i = 0;

// get the counters for the ROIs
for (i = 0; 1 < numberOfROIs; i++) {
int counter[[index[1]]] = 0;
if (bMeshPresent[index[1]] == 1) {
int (nBitsCounter) counter[[index[i]1]1];
}
}

// get the vertices’ reposition/refine bits
for (i = 0; 1 < numberOfROIs; i++) {
unsigned int count;
for (count = 0; count < counter[index[i(’}; count++) {
unsigned int (8) data;

}

b.2.3.2.21.2 Semantics

The VertexRefine class parses the-‘vertices refine/reposition data for a set of ROls at a specified rgsolution
evel. It checks if the mesh is present in the ROI (identified by the index) by testing the bMeshPresent flag,
which is initialized by the/MeshConnectivity class. Further, if the bMeshPresent evaluates to tfue, the
VertexRefine class reads nBitsCounter bits representing the length (in bytes) of the| coded
reposition/refinement information. The reposition/refinement information is stored in buffer data. The decoding
pf the reposition/refinement information is explained in 5.2.3.3.3.

b.2.3.2.22 GridCoefficients

5.2.3.2,22:1 Syntax

Flas's GridCoefficients (PointXYZ counter[], ParsableXYZ nBitsGrid, unsigned int
humberOfTiles, unsigned int index[])

{

unsigned int i1 = 0;

// get the counters for the tiles and update the total counters
// in case the grid coefficients are read progressively
for (i = 0; 1 < numberOfTiles; i++) {
CounterXYZ frameCounter|[[index[i]]] (nBitsGrid) ;
counter[index[i]] += frameCounter[index[i]];

}

// read the coefficients and append them to the existing ones
// in case the grid coefficients are read progressively
for (i = 0; 1 < numberOfTiles; i++) {
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unsigned int count;

// read the coded coefficients of the 'x' coordinates
for (count = 0; count < frameCounter[index[i]].x; count++)

unsigned int (8) dataX;

// read the coded coefficients of the 'y' coordinates
for (count = 0; count < frameCounter[index[i]].y; count++)

unsigned int (8) datayY;

// read the coded coefficients of the 'z' coordinates

fpr (count = 0; count < frameCounter[index[i]].z; count++)

5.2.3.2.22.2 Semantics

The GridCoefficients class parses the grid coefficients data for a set of ROlIs at a specified>resolution level. |

reads fa

{x,y,z}, from the coded grid information. The decoding of the grid information is explaihed in 5.2.3.3.2. The grid

coefficig

5.2.3.2.23 RefineVertexDescriptor

5.2.3.2.23.1 Syntax

// num
class §

if (hasRefinelInfo) {

O~

~ .

o

elsq

upsigned int bFull = 0;
uphsigned int nBits = 0;

5.2.3.2.23.2 Semantics

The RefineVertexDescriptor class reads (1) the 1-bit flag (bFull) indicating the presence of vertices

refinemd
represe

5.2.3.2.]

it (1) DbFull;

hsigned int (REFINE BITS) nBits;

unsigned int (8) dataZ;

r each tile (identified by the index) the length (in bytes), specified in frameCounter for each coordinatg

nts are stored in the buffers dataX, dataY, dataZ.

er of refine bits vertex
efineVertexDescriptor {

full refine at each level

number of refine bits should be larger than 0
otherwise the hasRefineInfo flag,.hould be 0

{

ent information coded for each resolution level of the mesh, and (2) REFINE_BITS bits valug
nting the iumber of quantization bits of the vertices’ offsets (nBits).

P4 ‘GridCorners

5.2.3.2.24.1 Syntax

class GridCorners (PointUVW nSlices, BYTE cyclic folded) {
unsigned int (QUANT BITS) nBits;

// c

unsi
if |

heck for single layer and cyclic/folded
gned int numCorners = 8;
nSlices.w == 1)

numCorners /= 2;

if |

cyclic folded == CYCLIC U)

numCorners /= 2;

else

154

if (cyclic folded == CYCLIC UV)
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for (idx = 0; idx < numCorners; idx ++) {

// the x coordinate

bit (1) sgn; // the sign
unsigned int (nBits) // the value
if (sgn == 1) value[idx].x = —-tmp;
else value[idx].x = tmp;

// the y coordinate

bit (1) sgn; // the sign
unsigned int (nBits) // the value

// the z coordinate
bit (1) sgn;
unsigned int (nBits)

b.2.3.2.24.2 Semantics

5.2.3.2.25 ScaleXYZ

5.2.3.2.25.1 Syntax

// the actual-‘fi€lds

unsigned in&(nBits) x;
unsigned intAnBits) vy;
unsignedsint (nBits) z;

b.2.3.2.25.2 Semantics

if (sgn == 1) value[idx].
else value[idx].

if (sgn == 1) value[idx].
else value[idx].z

/ group the x,y,z directiens

flass ScaleXYZ (unsigned™int count)
// count and nBits @ghotld be larger than 0
unsigned int (couns) NBits;

-tmp;
tmp;

the sign
the value

-tmp;
tmp;

The GridCorners class retrieves the coordinates {x,y;z} of the eight corners of the grid. It reads (1) a
DUANT_BITS bits value (nBits) indicating the numbet’ of bits allocated for the value fields. For each of the
X,¥,z} coordinates of the corners, it reads (2) a 1-bit-sgn, which, when equal to ‘1’, indicates that the fpllowing
alue is negative, and (3) a nBit value (value), representing the absolute coordinate value.

The ScaleXYZ class parses the scaling factors for decoding the wavelet coefficients of the {X,y,z} coordinates
of the reference-grid points. It reads nBits bits for each coordinate {x,y,z}. The scaling values are used to scale
down the decoded wavelet coefficients by means of integer division, before applying the wavelet

reconstruction (see 5.2.3.3.2.1) of the reference-grid coordinates.
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5.2.3.2.26 PointXYZ

5.2.3.2.26.1 Syntax

class PointXY7Z {
// the actual fields
int x, vy, z;

}

5.2.3.2.26.2 Semantics

The Po
read val

5.2.3.2.]

5.2.3.2.]

class §
unsi
unsi
unsi

}

5.2.3.2.27.2 Semantics

The Pa

referenge-grid.
5.2.3.2.28 PointUvVW

5.2.3.2.28.1 Syntax

class FointUVW ({
// the actual fields
unsigned int u, v, w;

}

5.2.3.2.28.2 Semantics

The Poi

from thqg stream.
5.2.3.2.29 FixedUVW

5.2.3.2.29.4 Syntax

ntXYZ class is a structure grouping the coordinates {x,y,z} of the reference-grid points. It dogs“no
ues from the stream.

P7 ParsableUVW

P7.1 Syntax

arsableUVW () {

gned int u = ParseValue();
gned int v = ParseValue();
gned int w = ParseValue();

FsableUVW class reads three variables {u,v,w} that arelrelated to the {U,/,w} directions of thg

htUVW class is a strueture grouping the positions {#,v,w} in the reference-grid. It does not read values

// group the u,v,w directions

class FixedUVW (unsigned int nBits) {
unsigned int (nBits) wu;
unsigned int (nBits) v;
unsigned int (nBits) w;

}

5.2.3.2.29.2 Semantics

The FixedUVW class reads three variables {u,v,w} that are related to the {U,V,w} directions of the
reference-grid.
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5.2.3.2.30 ParsableXYZ

5.2.3.2.30.1 Syntax

class ParsableXYZ (unsigned int nBits) {
unsigned int (nBits) x;
unsigned int (nBits) vy;
unsigned int (nBits) z;

}

5.2.3.2.30.2 Semantics

The ParsableXYZ class reads three variables {x,y,z} that are related to the coordinates of the(referenge-grid.

b.2.3.2.31 CounterXYZ

6.2.3.2.31.1 Syntax

/ group the x,y,z coordinates

Flass CounterXYZ (ParsableXYZ nBits) {
// the actual fields

unsigned int x, vy, z;

x =y =1z =0;

// number of bits allocated for the x,y,z fields;{ I can be '0'
if (nBits.x > 0) {

// coding of the x coordinate

bit (1) bGridCoded;

if (bGridCoded == 1) unsigned int (nBits.x), x;
}

if (nBits.y > 0) {

// coding of the y coordinate

bit (1) bGridCoded;

if (bGridCoded == 1) unsigned Int (nBits.y) vy;
}

if (nBits.z > 0) {
// coding of the z co@xdinate
bit (1) bGridCoded;
if (bGridCoded =="1)"unsigned int (nBits.z) z;

b.2.3.2.31.2 Semantics

[he CounterXYZ class reads the counters storing the length (in bytes) of the coded grid tiles for eagh of the
x,y,z} gridvcoordinates. If the nBits value is equal to ‘0’, the counters {x,y,z} are set to ‘0’; otherwise, for each
coordinate, the CounterXYZ class reads (1) the 1-bit flag (bGridCoded), indicating, when ‘0’, that|no grid

coefficients have been coded, thus no counter ({x,y,z}) is present; otherwise, the class retrieves the (2) nBits
bits“’caunters. ({v,y, 7}) cfnring the Inngfh (in hyfne) of the coded grirl tiles

5.2.3.2.32 Threshold

5.2.3.2.32.1 Syntax

class Threshold {
// the actual fields
unsigned int x, vy, z;
x =y =1z =0;
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// the threshold for the coded x coordinate
unsigned int (FIELD BITS) t;
if (£t !'= 0) x =1<< (t - 1);

// the threshold for the coded y coordinate
unsigned int (FIELD BITS) t;
if (£t !'= 0) y =1<< (t - 1);

// the threshold for the coded z coordinate
unsigned int (FIELD BITS) t;
if (¢t !'= 0) z =1 << (£t - 1);

5.2.3.2.32.2 Semantics

For each of the {x,y,z} coded coordinates, the Threshold class reads, for each sub-band, the, log, of the
threshold value (tg. If tis equal to ‘0’, the corresponding threshold {x,y,z} is ‘0’. Otherwise, the threshold is
computéd as 2/ " (see 5.2.3.3.2.2).

5.2.3.2.33 Parselndices

5.2.3.2.33.1 Syntax

class ParseIndices (int nBitsIndex)

{
unsilgned int i = 0, jJ = 0, k = 0;

// the number of elements in the indices list.
unsijgned int (nBitsIndex) number;

for |(i = 0; i < number; 1i++) {
bit |[(1) isIndexed;
if (isIndexed) {

unsigned int (nBitsIndex) index[[k+H#N7 // index of the unit

}else {
unsigned int (nBitsIndex) start; // start index of the unit
unsigned int (nBitsIndex) county; // number of indices in the range
for (j = 0; j < count; j++)~{
index[[k++]] = start + j;

}

// assign the total pumber of units.
number = k;

5.2.3.2.33.2 Semaiitics

The Parselndices class retrieves a list of units that can be independently read, given a set of explicitly
defined |indices, and/or units that can be successively read, given a range of consecutive indices. First, i
reads the-dumber of elements in the indices list (number). A list element is the index of a unit (index), if thg
flag isindexed is set to ‘1’; otherwise, the Parselndices class retrieves the start index (start) of a range of
indices, followed by a number (count) specifying the number of indices in the range. The indices are stored in
index array.
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5.2.3.2.34 ParseValue

5.2.3.2.34.1 Syntax

class ParseValue

{
unsigned int length
unsigned int number

do {

DIt DNEXTBYTE,
number <<= 7;
bit (7) wvalue;
number |= value;
length += 8;

}

while (bNextByte);

5.2.3.2.34.2 Semantics

The ParseValue class parses a variable length integer. The result is returned in number and the ny
pbytes read in length.

b.2.3.2.35 Makelndices

5.2.3.2.35.1 Syntax

rlass MakeIndices (int number)

unsigned int i1 = 0;
unsigned int value [number];

for (1 = 0; 1 < number; i++) {
value[i] = 1i;

}

5.2.3.2.35.2 Semantics

he Makelndices class creates a list of consecutive indices. There is no stream access in this class.
5.2.3.2.36 MGDescriptor

6.2.3.2.36.1_Syntax

Flass MGDéscriptor extends MeshGridCommand: bit (8) tag=MGInfoTag

7Y ‘read the variable length counter sizeOfInstance
MeshGridDecoderConfig decoderConfig;

5.2.3.2.36.2 Semantics

mber of

The MGDescriptor class parses the coding information of the MeshGrid stream. This part is mandatory to be
present at the beginning of the stream when the MeshGrid stream is carried in the buffer field of the

Bitwrapper node during the in-band scenario, as explained in ISO/IEC 14496-11.
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5.2.3.2.37 ComputeNrROIs

5.2.3.2.37.1 Syntax

class ComputeNrROIs (PointUVW nMaxROIs, PointUVW nLevels, unsigned int resolutionLevel)
{

// compute the total number of resolution levels (totalNumLevels) and

// for each {U,V,W} direction find the difference between totalNumLevels

// and current resolution level (resolutionLevel)

unsigned int totalNumLevels = max(nLevels.u, max(nLevels.v, nLevels.w));

PoinftUVW levelDiff = min(totalNumLevels - resolutionLevel - 1, nLevels - 1);

// dompute the nROIs in the {U,V,W} directions

unsijgned int u = DevideByTwoEven (nMaxROIs.u, levelDiff.u);
unsijgned int v DevideByTwoEven (nMaxROIs.v, levelDiff.v);
unsilgned int w = DevideByTwoEven (nMaxROIs.w, levelDiff.w);

unsijgned int totalNumROIs = u * v * w;

5.2.3.2.37.2 Semantics

The ComputeNrROls class computes the number of ROIs of a lower resolution’ level given the number of
ROIs (nROIs) at a higher resolution level and the level difference (levelDiff).<There is no stream access in this
class.

5.2.3.2.38 ComputeNrSlices

5.2.3.2.38.1 Syntax

class (omputeNrSlices (PointUVW nSlices, PointUVW nLevels, unsigned int resolutionLevel)
{
// dompute the total number of resolution\levels (totalNumLevels) and
// flor each {U,V,W} direction find the @ifference between totalNumLevels
// and current resolution level (resolWtionlevel)

unsilgned int totalNumLevels = max (hfievels.u, max (nLevels.v, nLevels.w));
PointUVW levelDiff = min(totalNumLevels - resolutionLevel - 1, nLevels - 1);
unsilgned int u = DevideByTwoOdd (nSlices.u, levelDiff.u);

unsijgned int u = DevideByTwoOdd (nSlices.v, levelDiff.v);
unsilgned int w = DevideByTweOdd(nSlices.w, levelDiff.w);

5.2.3.2.38.2 Semantics

The ComputeNrSlices-class computes the number of slices of a lower resolution level given the number of
slices (@Slices) at-achigher resolution level and the level difference (levelDiff). There is no stream access in
this class.

5.2.3.2.39-DevideByTwoEven

5.2.3.2.39.1 Syntax

class DevideByTwoEven (int number, int times)

{

unsigned int val = (number >> times);

}
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5.2.3.2.39.2 Semantics

The DevideByTwoEven class performs the division of an even number by two to power times. There is no
stream access in this class.

5.2.3.2.40 DevideByTwoOdd

5.2.3.2.40.1 Syntax

Flass DevideByTwoOdd (int number, int times)

unsigned int val = ((number + (1 << times) - 1) >> times);

5.2.3.2.40.2 Semantics

The DevideByTwoOdd class performs the division of an odd number by two to\power times. There is no
stream access in this class.

b.2.3.3 Decoder

The connectivity-wireframe is coded using a new type of 3D extensian of Freeman chain-code. The reference-
grid is a vector field defined on a regular discrete 3D space, and the coordinates (x(u,v,w),y(u,v,w),Z(u,v,w)),
bre compressed using an embedded 3D wavelet-based multi-reselution intra-band coding algorithm.

The decoder of the MeshGrid bitstream consists of three parts: (1) the connectivity-wireframe decoder, (2) the
reference-grid decoder, and (3) the vertices’ refinement decoder.

5.2.3.3.1 Connectivity-Wireframe Decoder

he connectivity-wireframe description is stored’in the vertexLink field of the MeshGrid node (see 4.5.3.2.2),
bnd defines the connectivity vectors, between the vertices of the mesh as illustrated in Figure 48|for one
reference-surface through a 3D object,.and for the entire 3D object in Figure 49. A connectivity vector (label 7)
has three constraints: (1) given a starting vertex Vp, a connectivity vector -L- from Vp will be located ingide one
bf the reference-surfaces S; or Sj.passing through Vp, (2) a connectivity-vector will connect two vevrices Vp
and V), that are lying the closest to each other at the same side of the object’s surface, (3) the orientafion of a
connectivity vector inside reference-surface S, e.g. from vertex Vp to V), is defined by a counter-clockwise
CCW) or a clockwise (CW)-scanning direction around a central point inside the object. The CCW gcanning
irection is imposed when'the vertices Ve and V) linked by the connectivity vector, are located on the external
surface of the object: Respectively, the CW scanning direction is imposed when the vertices Vp and V) are
ocated on the internal’surface of the object.

There will be‘two connectivity-vectors (-Lys- and -Ly,-) going from vertex V to other vertices (outgoiphg), one
connectivity \vector being located inside reference-surface S;, while the other one is located inside reference-
surface. S Similarly, vertex V will be referred to by two incoming links (-Lp4+- and -Lp,-) from two other Vertices.
he 4\neighboring vertices with V are named P4, P,, N; and N, (see Figure 49), and are connected with V via -
| p7-, ~Lpo-, -Lns- @nd -Lyp-. Vertex Ny (respectively N,) follows vertex V on curve C; (respectively C,), and
rertex P, (respectively P;) precedes vertex V in curve C, (respectively C,) for the imposed gdcanning
orientation.
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8 — A cross-section through a 3D object, illustrating the scanning direction, which is CCW for
ernal surface and CW for an internal surface. The connectivity vectors\have the orientation of
the scanning direction.

Connectivity

gure 49 — The connectivity-wireframe of a

icrete object, and the(corresponding border

s. It illustrates the relative positions between
two connécted vertices.

Figure 50 — The 6 discrete orientations of
the faces of the border voxel, labeled as:
Front, Back, Left, Right, Up, Down.

ces {1, 2}-efithe connectivity vectors (-L;-) and (-L,-) are chosen in such a way that the cross produc
by the. following equation returns a normal vector oriented outwards the surface of the object at the
of vertex V:

— N[ — \
1 Ep1 ] B2 — Bp2)

According to the equation above Table 50 illustrates the correct identification of the -L;- and -L,- connectivity

vectors
scannin

attached to vertices located on one of the 6 discrete border faces (see Figure 50), given the imposed
g orientation for a connectivity path C: i.e. CCW for external, respectively CW for internal surfaces. In

order to satisfy the above equation the connectivity vectors of two consecutive vertices may change their
ordering (L;— L, and L,— L;). The exclamation marks from Table 50 indicate cases that are not possible.

The connectivity-wireframe has been coded using a new type of Freeman chain code extended to 3D, which
is a typical coding method for the discrete space. For the MeshGrid representation, the discrete space is

represe
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nted by the discrete (u,v,w) positions of the reference-grid to which the vertices are attached to.
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The relative discrete border direction of two consecutive vertices along any scanning direction C; or C,
(see Figure 49) may have only three different orientations, and therefore are coded on two bits only, having
the meaning shown in Table 49 (b).

Table 49 — Encoding of the relative border direction (orientation) of two consecutive vertices in (a) for
the particular case when the vertices have the same discrete border direction, and in (b) the general
case. The encoding of the discrete border direction of the starting vertex is given in (c)

Bits | Meaning Bits | Meaning Bits | Meaning
0 same discrete 00 same discrete border 000 reserved
border orientation — orientation — case V1 and
case V1 and V2 V2
1 broken connectivity 01 consecutive discrete 001 Back face
(open meshes) border directions are
rotated 90° CCW — case
V3 and V4
10 consecutive discrete 010 Front face

border directions are
rotated 90° CW — case V5
and V6

11 broken connectivity (open 011 Left face
meshes)

100 Right face

101 Bottom fage

111 Top face

(@) (b) (c)

A fourth value is added to indicate broken connectivities in open meshes.

Yet, in the particular case’when the mesh is homogeneous quadrilateral, which is defined when |variable
meshType, initialized\in the MeshGridDecoderConfig class as explained in 5.2.3.2.2, yields the value
NUADRI_MESH, and-the sameBorderOrientation flag is set, then all the vertices are located on the same
iscrete border orientation with respect to the {u,v,w} direction of the reference-grid. In this case 1 bit|suffices
0 encode the‘éonnectivity between two consecutive vertices, as illustrated in Table 49 (a).

Further, «Table 50 illustrates the relation between the discrete position of two connected vertices gnd their
liscreteborder direction.

Although there are four connectivity-vectors for each boundary vertex in the connectivity-wireframe, pnly the
outgoing connectivity vectors (-Lys- and -Ly,-) need to be present in the stream.

The decoding of the connectivity-wireframe requires that the starting vertex Vs of the connectivity-description
(see 5.2.3.3.1.1) be defined as an absolute reference to the grid, i.e. an absolute position (u,v,w) and discrete
border direction. As shown in Table 49 (c), the discrete border direction requires 3 bits to be encoded. Each of
the indices (u,v,w) defining the position of Vs can be encoded on n-bits, where n (n,,n,,n,) depends on the
largest ROI size which is szDefROI; + 1, as explained in B.1.3:

ng = |loga(szDefROI; +1)| +1, d € {u,v,w}
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5.2.3.3.1.1 Decoding the Connectivity bits

The decoding of a multi-resolution connectivity-wireframe consists basically in decoding sequentially each
single-resolution connectivity-wireframe apart. A single-resolution connectivity-wireframe is encoded on ROI
basis, be it a single ROI or several. The connectivity-wireframe from each ROl can be decoded in random
order in view-dependent decoding scenarios. The coded connectivity-description from each ROI may consist
of one or several patches. Each patch contains (1) a starting vertex identified by its discrete position (u,v,w)
and discrete orientation (border direction), (2) followed by a sequence of relative connectivity symbols
computed between an ancestor and its outgoing S|bI|ngs The traversal from the ancestor to the S|bl|ngs is

automalically when all the outgoing connectivities of the sibling vertices have been consumed inside the RO
In order|to avoid coding twice the connectivity of the vertices at the border in between two adjacent ROls, the
domain|of the ROI is [min, max) for each of the {u,v,w} directions. For the last ROl in any direction
d e {u,y,w}, the domain of the ROl is [min, max] in direction d.

For each resolution level L the ROIs are coded in ascending order as given by the following fermula:

i+ jxnROIs; + k x (nROIs}; + nROIs; ), with i € [0,nROIs; -1, je[0,nROIs; —1], k-e[0,nROIs,, —1]. First
i is incrgmented, followed by j, and next by k.

FIFO Buffer
7 |8

—1> [(1[|2]3[4)5]6 9 |10
2|3|4}5)6 |7 9 |10
3|4 |5 6|78 10
éx"678910
N

81910

Figure 51 — Coding the LSD with a FIFO buffer

The degoding scenario fer.a’ patch illustrated by the example from Figure 51 is as follows: Retrieve the
discrete| position and diserete direction of the 1% vertex (starting vertex Vs) and store it in a FIFO. Consumg
the first|vertex from the-FIFO, retrieve the connectivity symbol leading to vertex 2 (reached via the outgoing
link -Ly{-) and the ‘connectivity symbol leading to vertex 3 (reached via outgoing link -Lyy-), compute thg
discrete| positions of the vertices 2 and 3, and store both vertices 2 and 3 in the FIFO. Next pop vertex 2 fron
the FIFQ, retrieve the two connectivity symbols leading to vertices 4 and 5, compute the discrete positions of
the ve |ces 4 and 5 and insert them in the FIFO. In case the retrieved symbol leads to an outgomc

the ROI, the visited vertex Vo will not be put in the FIFO. When consuming vertex 3 from the FIFO, retrieve
the next two connectivity symbols leading to vertex 5 and 6, but insert in the FIFO only vertex 6, since vertex 5
has already been visited. The decoding scenario of a patch will stop when all vertices in the FIFO are
consumed. Due to this implicit stopping criterion, only one byte-counter specifying the total length of all the
coded patches belonging to the ROI is sufficient. For the other patches of the ROI, the same scenario is
repeated.
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5.2.3.3.1.2 Deriving the discrete positions of the vertices

In Table 50, the column header of the table has the labels of the border directions related to a vertex playing
the role of an ancestor, while the row header displays the same border directions, but related to a sibling
vertex. The table gives all the possible combinations between the directions of the ancestor vertex and the
sibling vertices. Combinations that are not possible have been shown with an exclamation mark. For any
direction of the ancestor vertex, there are always only three valid border directions (with different
combinations) for the sibling vertices.
= relative
rom the

o the ancestor’s vertex (only the position coordinate in the reference-grid of the sibling that differs
hncestor’s position is shown), and the connectivity vector from the sibling back to the ancestor.

Table 50 — Relation between the discrete border directions of two connected vertices and Teir
discrete coordinates (u,v,w). Notice the change of indices of the connectivity-vectors betw
adjacent vertices such that the normal vector points outwards

en
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5.2.3.3.1.3 The Cyclic Mode

The choice of the reference-grid as described in 4.3.3.1.1 depends on the type of mesh that needs to be
represented; it can range from uniform to highly irregular distributions of the grid points. In addition, the
topology of the reference-grid can be defined as open, closed or folded. The closed reference-grid is designed
by setting the grid points of the last reference-grid plane to the same coordinates as the corresponding grid
points of the first reference-grid plane, in the “U” direction, or in two directions (“U” and “V”) simultaneously.
The folded reference-grid is can be cyclic in the “U” direction and connected in the “V” direction, i.e. half of the
grid points of the first (respectively last) reference-grid line are connected to the corresponding points of the
other hg i ine i

A connectivity-wireframe is cyclic when the connectivity vectors between the vertices span from the vertices
located [on the last (respectively first) reference-grid planes to those located on the first (respectivelylast
referenge-grid planes. A connectivity-wireframe is folded when it is cyclic in the “U” direction and conhected i
the “V” direction, i.e. the connectivity-vectors from the vertices located on the first (respectively-last) foldeg
referende-grid line span to corresponding vertices on the folded line.

The cydic/folded mode of a mesh is specified by the cyclic_folded variable from the MeshGridDecoderConfig
class. As illustrated in Table 45, there is one non-cyclic mode, 4 cyclic/folded modes. A cyclic, respectively
folded, Ivesh should be attached to a closed, respectively folded, reference-grid. Whemn the mesh is cyclic, the

connectjvity-wireframe decoder will position each vertex that would normally be attached to the last reference
grid plame on the first reference-grid plane, in order to avoid the duplication of th€se vertices. In addition, wher
a meshlis folded, one vertex from each pair of duplicated vertices, i.e. pairs.of vertices located on the foldeq
referenge-grid lines, is removed.

An example of a multi-resolution model cyclic in a single direction; in two directions and folded is showr
in Figure 52, Figure 53 and Figure 54 respectively.

Note hawever, that even when the cyclic_folde mode flag-is.set to non-cyclic, it is still possible to decode &
cyclic of folded connectivity-wireframe defined on top of either an open, closed or folded reference-grid, but i

this situation the decoder will not take care of overlapping*vertices.
W e
I
r'
h L)

VAZN\
\&7 \M7 \~7

Figure 52 — Example of a multi-resolution mesh cyclic in one direction, and its corresponding
reference-grid.
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(@) (b) (c)

Figure 53 — Example of a multi-resolution mesh cyclic in two directions.

Figure 54 — Different views of a folded mesh.

5.2.3.3.1.4 Rules for deriving the surface primitives from the connectivity-wireframe

The polygonal representation of aMeshGrid model consists in triangulating the connectivity-wireframe, which
can be seen as a union of connectivity circuits. A connectivity circuit corresponds to the shortest path) formed
Dy navigating from a starting«vertex v to its neighbors following the connectivity vectors and back tp vertex
Vs .
n order to unambigueusly identify the shape and the orientation of a connectivity circuit CC, such [that the
fight surface primitive’can be inserted, a set of connectivity rules should be designed. There are five ftypes of
brimitives: trianglés) quadrilaterals, pentagons, hexagons and heptagons, which can be identified by means of
connectivity rules. As an example, a set of connectivity rules is given for the triangle primitive, Fjgure 55
showing thergraphical cases, while Table 51 giving the connectivity conditions. The connectivity vectors drawn
n Figure$5 use the same color convention as in Figure 50 and in Table 50. A complete set of rules fgr all five
ypes ofprimitives is described in [68].

(@) (b) (c) (d)

Figure 55 — Images for the connectivity cases corresponding to the triangle primitive.
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5.2.3.3.

The ge
defined
progres

wavelet|coder, called Cube Splitting, which is the 3D extension of the SQP (Squaré Partitioning) algorithm
describgd in [56]. This coding/decoding approach supports quality, resolution scalability, and RO
coding/decoding [2], [55], [56].

5.2.3.3.2.1 describes the particular type of filters and down-samplingfup-sampling operations used for thg
wavelet|decomposition and reconstruction, while the Cube Splitting algorithm is described in 5.2.3.3.2.2.

5.2.3.3.2.1 The 3D Wavelet Decomposition

The sa
coordin

For the

directions. Twae-wavelet filters are supported, and the choice of the filter is specified by the filterType flag
explaingd inr 5:2.3.2.2. Conform to the block scheme [51] shown in Figure 56, the two analysis low-pass ang
band-pdss wavelet filters are respectively:

H(n)=

H(n)

tes of the 3D reference grid.
Decomposition Reconstruction
H Losf—4lf—> T2 H
IN Aj-l+1f— > 121;[+1f—>
G V2 D,/ —> T2 G

C 14496-16:2011(E)

Table 51 — Connectivity cases for the triangle primitive

Case Rule

(a) N1N2=N2

(b) N2N1=N1

(c) N1N1=P2 or NIN1N1=V
(d) N2N2=P1 or N2N2N2=V

2 Reference-Grid Decoder
neral representation of the Reference-Grid description is a vector field (x(u,v,W)sy(u,v,w),z(u,v,w)

on the regular discrete 3D space (u,v,w). Each component is coded separately, by means of &
bive multi-resolution algorithm based on a combination of a 3D wavelet transferm and an intra-bang

e 3D-wavelet decomposition is applied independently to each of the x(u,v,w), y(u,v,w), z(u,v,w

Figure-56— Wavelet decomposition and reconstruction of a 1D signal.

3D wavelet\decomposition, the same analysis and synthesis 1D filters are used for each of the u, v,

{1ln=0}, G(n)={-0.5,1,-0.5|n=-1,0,1}, for filterType = 0, (eq1)

{1 | n= 0} , G(n):{%6707_%6715_%65()’%6'” :_3a_27_170>1a293} , for fllterType = 1, (eq2)

The synthesis low-pass and band-pass wavelet filters are:

H(n)=

168

{0.5,1,0.5|n=-10,1, G(n)={1|n =0}, for filterType = 0, (eq3)
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A ={= Y09 L% .0 Y In=-3,-2-10.12,3} | G(n)={1|n =0}, for filterType = 1. (eqd)

The wavelet filters are the same as the filters used for the hierarchical interpolation of the reference-grid points
explained in 4.3.3.3.1.

Further, in Figure 56, A?f(n) and D,f(n) are the discrete approximation and the detail signals respectively at

the resolution 2/,—L < j <—1 of the input signal f, where L is the number of decomposition levels, and
Alf(n)=f(n).

The low-pass filter H and the band-pass filter G are applied on the even and odd samples_réspedtively of
AJ‘.’Mf(n) and the synthesis filters / and G are applied on the even and odd samples respectively of the low-
pass and band-pass components A'f(n) and D;f(n).

The grid can be decoded at any resolution j if and only if the corners of the:grid are stored in any
Ajf’f,—sz<O. There are some situations in which this constraint is net satisfied with the ¢lassical

mplementation of the pyramidal algorithm [51] discussed above. The wavelet.analysis/synthesis filters given
Dy (eg2) and (eg4) shall only be used when the constraint is satisfied for@ll'decomposition levels Aj‘.’f(n): the
ength of the discrete approximation signal A}’f is odd. To solve this problem, a customized implementation of
he pyramidal algorithm involves, in some situations, non-uniform dawn-sampling and up-sampling operations

see Figure 57(b,c)), coupled with analysis/synthesis filters that are different than the H,G ,H,G given by
eq1) and (eq3).

Lo[1]2[3]4[5[e[7]8]  [ofn]2[3]4]5]c[7{3] [o[i]2[3]4]s]e[7[8[9f10[t] 1 (n)

Ve L e\ | s

[OTeTaTeT8 i [3[5[7] [OI2T&Te®1[3[5]7[8] [OTZATeT8Tm[1[3]5[71o 0] J=-1!
LA LB | S
| | |
| | |

[o]a]8]2]6]1]3]5]7] (of4]ol2]6]1[3]5]7]8] [oT4fa 268 1[3][5]7]9]i0] j=-2
|y |y N
: 1 1 : 1 1 A 1 1

[o]8]4]2]6]1]31517] [oJol4]2]6]1]3]5]7]8] [ofuaf 42 6] 1[1[3]5]7]9]t0] j=-3
[ 1 [ 1 [ 1
@ (b) (c)

Figure 57 —~Graphical illustration of the wavelet decomposition for odd and even-length sigpals.

A\s long-as‘the length of the discrete approximation signal A;’f is odd (see Figure 57(a)), there is no|need to

perform a non-uniform down-sampling operation, and the classical pyramidal algorithm can be usgd. If at
s0me resolution level r,—L <r <0 the length of A’f is even, then apart from the common situation |n which

G given by (eq3) is used, the analysis band-pass filters G\i\wG\fM have to be used as well, and non-uniform
down-sampling has to be applied for the last samples. This operation has to be repeated for all the resolution
levels p,—L < p <r. The filter coefficients of G\L\H’G\i\n depend on the length of the discrete approximation
signal Agf (whether it is an odd or an even number) and on the resolution level p . The additional filters used
to derive  the detail D, .f starting from the discrete approximation A;’ f are
G,(n)={-¢c,,01-¢c |n=-2-101 , G;(n)={-c,10,—¢,|n=-10,12} if the length of AJf is even,

and G, (n) ={-c5,1—¢; |[n =-10,1} if the length of AJf is odd. The constants c,,...,c, verify the relations
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¢, =1-C,,¢, =1-¢,, ¢, =20, and ¢, =1-¢, The constants c,,c; are given by ¢, =C; = x(n)/y(n), where

x(n) satisfies the recurrence x(n)=x(n-1)+2"", and y(n) satisfies the recurrence y(n)=y(n-1)+2""

if the length of ASf is even, respectively y(n)=y(n-1)+2" if the length of AJf is odd, with

x(0)=1

,y(0)=3 and n=r—p.

5.2.3.3.2.2 Intra-band wavelet coding algorithm

The cod
with the

coding glgorithm [56] to 3D. The coding of the coefficients is done bit-plane by bit-plane in a depth-firs
strategy

Concep

pass anfd a refinement pass. A cube C is said to be significant for a certain threshold T if:

MAX

c(u,v,w)eC

When 4
symbol
the follo

During

respecti
size S'i
the size

Spen :L
A =4
A

Left

Right

If a cubx}has been found significant at a previeus bit-plane, no SGN symbol is written in the stream. When thg

algorith
already
into the
threshol
sign (+,
written.

=A+ SLeft’ BRight = ARigm + SRigth -1.

fficients generated Dy the wavelet transtorm undergo a scaling (see 5.2.3.2.25) betore they are codeq
Cube Splitting algorithm. The cube splitting algorithm is the straightforward extension of the SQFR

With each bit-plane (b=0 is the lowest bit-plane), a threshold T, is associated with T,=2"
ually, there are two coding passes for each bit-plane (except for the first bit-plane): a Significance

c(uv,w)=T)

cube C is found non-significant, the NSG symbol is written into the bitstream. Otherwise, the SGN
s written and the cube is further split into 8 sub-cubes, visited in terms ofithe (u,v,w) reference axes ir
wing order: (0,0,0), (1,0,0), (0,1,0), (1,1,0), (0,0,1), (1,0,1), (0,1,1), (1, 5

he splitting, each dimension is divided into two intervals. Let{A be the smallest coordinate value
vely B the highest coordinate value for a certain dimension-{ujv,w} of the cube. The corresponding
N that dimension is equal to S =B - A+1. The min values. (A;ex, Arignt), max values (Bies, Brignt), and
5 (Sterr, Srignt) Of the intervals can be computed as:

S+1)/2|, Spgu =[S/2),
, BLeft = ALeft + SLeft -1

reaches the voxel level (i.e. no further splitting is possible), it first checks whether the voxel was
significant for higher bit-planes, If this is the case, the refinement symbol (BIT1 or BITO) will be writter
stream. Otherwise, the algerithm will determine whether the voxel is significant for the curren
d value. If this is the case; the significant symbol SGN is written and is followed by the symbol for the
) of the voxel-value. If-both the previous cases are not valid, the non-significant symbol NSG will be
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Figure 58 — Graphical representation of the significance and refinement coding passes

[he«canvention used in the MeshGrid stream for coding the symbols is shown in the following table:
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Symbor——]

Threshold =2

1) Significance pass
Output

SGN $GN + SGN +NSG
NSG NSG SGN + NSG SGN +
NSG,NSG NSG NSG NSG NS¢
NSG

Coefficients (u,v,w) to be refine
(0,0,0);(1,0,0); (1,0,1) ; (1,11

Threshold =1

2) Refinement + significance
pass

Output

BIT1 BITO SGN + SGN — SGN
BITO SGN + BIT1 NSG NSG
NSG NSG NSG NSG NSG

I

F

SGN

NSG

BIT1

BITO

+
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5.2.3.3.3 Vertices-Refinement Decoder

The vertices are located at the intersection positions between the grid-lines and the object contour, at a
certain ratio (the offset) in between two reference-grid points (see 4.3.3.3.2). The offset (see Figure 23) has a
default value of 0.5, but can be modified by the refinement description to fit a known position. The ratio can
vary between [0,1).

The refi

The sig

nement description consists of two parts: (1) the inter-resolution refinement bit (/RR), and (2) the offset.

ificance of the IRR is shown in I:lnllr'n 50 \When rinr-nrhnn the next hlnhnr resolution Icnn:xl som

vertices
position
change.
the verti

For a s

in the p|
higher |
and (3)

will be two IRR bits necessary to encode the repositioning value of vertex v, since two additional slices will be
inserted between the slice at indices (nSlices, —2) and (nSlices, —1) . This_Jparticular case has beer
explaingd in 5.2.3.3.2.1, with a graphical example in Figure 57.

The IR
(reposit
default

resolutiq
the IRR

For any
(see 5.2

If the nd
bits are
(bFull e
bits will
order ag

may change their current discrete grld position (u,v,w), and migrate towards a nelghbormg grid
belonging to the higher resolution level. As a result of the migration, one of the {u,v,w} indices wil
The migration occurs along the grid line in the direction of the border. As illustrated in Figure'59, only
ces with bit values larger than 0 will migrate.

ecified resolution level (/) the default number of IPR bits for each vertex is one. For anyvertex v(u,v,w
prticular case that (1) the number of slices (nSlices,) of any direction d e {u,v,w}of the immediatg
bvel (1+1) is a even number, (2) the grid position of vertex v in direction d is equal to (nSlices, —2)
the discrete border direction of vertex v is oriented towards the positive axis-of.direction d, then therg

R bits are necessary for all resolution levels, except for the last resolution level. A 2-bit flag
onBits explained in 5.2.3.2.18) is present at each resolution\level (except last) specifying whethef
values are set for the IRR bits. If default values are specified, no IRR bits are encoded for tha
n level. Otherwise, the IRR bits are present in the stream,*A default value of 0 or 1, indicates that al
bits are 0 or 1, respectively.

ROI, the coding order in the stream of the IRR bits is the same as the order of the decoded verticeq
.3.3.1.1) of the ROI.

mber of quantization bits for the offset (hBits explained in 5.2.3.2.23) is larger than 0, then the offse
present in the stream. Otherwise they:are not available. If the full refine flag is set in the bitstream
xplained in 5.2.3.2.23), then the offset bits are coded for each resolution level. Otherwise, the offse
only be coded for the last resolution’level. The offset bits are stored bit-plane by bit-plane in the samg
the decoded vertices (see 5.2:13.3.1.1).

| e
LIS
d A

Figure
vertic

g
N\

/]

/

59 — Demonstration of vertex migration via the Inter-Resolution Refinement bits. The labelled
es from the lower resolution Mesh-Description (left image) will migrate (some of them) to new

reference-grid positions in the next higher resolution level (right image). For the sequence of vertices
abcdefgh, the refinement bits are: 00110110, which means that vertices a, b, e, and h will not migrate
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while the others do.
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5.2.3.3.4 ROI decoding for view-dependent functionality

As described in the beginning of 5.2.1, the MeshGrid models are encoded at each resolution level in separate
region of interests (ROIls), such that random decoding of the ROls is possible to allow view-dependent
scenarios.

The mesh description is encoded in the “spatial-domain” representation of the MeshGrid model, while the grid
description is encoded in the “wavelet-domain” representation of the MeshGrid model. In a view-dependent
scenario some parts of the model, which are identified in the “spatial-domain”, have to be decoded with a
'\ighnr prinrif\ll than the others Therefore 2 hnrrncpnndnnr‘n has to be determined between the “spatia|-
jomain” ROIs (SROIs) and the “wavelet-domain” ROIs (WROIs) such that the appropriate grid descfiption is
lecoded for the mesh description inside the SROIs. The correlation between a SROI defined\at g4 certain
resolution level and its WROlIs is illustrated in Figure 60.

° ° o ° IR EEEEEEEEED eobeo0eo0e
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Figure 60 — A slice through the 3D reference-grid illustrating: (1) the distribution of the grid-p(Lints in
the spatial domain (a, b, c) (resolution I, I+1, I+2) and in the wavelet domain (d, e, f), (2) th
correspondence between a ROI defined at different resolutions in the spatial domain and {ts
corresponding WROIs in the wavelet domain.

For each resolution leyel of the wavelet-decomposed reference-grid, the WROIs that are related to th
spatial domain SROtare grouped together and encoded as on tile. Therefore, for any resolution lev

e same
Bl L and

Hirection de{U,V,W} the number of tiles ( nTiles; ) are equal to the number of ROIs (

Corresponding/ SROIs and tiles yield the same index idx§ € [O, nROIsﬁ —1] when encoded in the bi
[he tiles are‘coded with the Cube Splitting algorithm, described in 5.2.3.3.2.2, in the same ascending

ROIsE ).
tstream.
brder as

he SR@Is'Using the following formula:

i % x nROIs), + k x (nROIs} x nROIs;,)

with i € [O, nROIsLL, —1], je [O, nROIs,f —1], ke [O, nROIsVLV —1]. First, i is incremented, followed by ; , and
next by k.
The number of ROls is stored in the nROIs field of the MeshGridDecoderConfig class (see 5.2.3.2.2) and the

approach to compute the number of ROlIs for the lower resolution levels and to uniformly distribute these ROls
is explained in B.1.3.
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5.2.3.3.5 Decoding Quadrilateral MeshGrid

According to the sameBorderOrientation flag from the MeshGridDecoderConfig class (see 5.2.3.2.2)
quadrilateral meshes can be classified into: (1) type1 (generic) — sameBorderOrientation equals ‘0’ — when the

vertices

may have different discrete border directions (see Figure 50), and (2) type2 — sameBorderCOrientation

equals “1’ — when all the vertices have the same discrete border direction.

For the type2 quadrilateral MeshGrid the uniformSplit flag from the MeshGridDecoderConfig class can have
the value “1’, which means that any higher resolution level quadrilateral mesh can be obtained from a lower

resoluti

nlevel mesh bv uniformly solittina _each auad recursively into four sub-auads as illustrated
J PA L ~J | 7 |

in Figure 61. In addition if the hasConnectivityinfo flag from the MeshGridDecoderConfig class has the valug
‘0’ — meaning that there is no connectivity-wireframe stored in the stream — then a default type2 quadritatera

connect
sameBa

The refd
the nun
equal tg
refereng

each reference-grid point belonging to the first layer of points i.e. the layer with.the property that all the
containgd reference-grid points have one of the indices {u, v, w} equal to ‘0’, and positioning these vertices or]

the refe

the refefence-grid is single layer, the default type2 quadrilateral connectivity-wireframe shall be obtained by
attaching a vertex to each reference-grid point. The coordinates of the vertices can be computed as explaineg
in 4.3.33.2.

When tH

type2 quiadrilateral MeshGrid with hasConnectivitylnfo flag set ‘0%, then the offsets (see 5.2.3.3.3) are specified
only for [the first resolution level of the mesh. The order of the 6ffsets in the stream is the same as the indexing

order of]

to the layer is kept constant). The reference-grid points are indexed by incrementing two of the {u, v, w

indices

corresponding to any higher resolution levels is computed as the average value of the offsets corresponding
to the neighbour vertices’ belonging to a lower resolution level. Namely, given Vi, V,, V3 and V, four vertices

belongir

line of level / is computed as the average Vvalue of the offsets of V, and V., respectively the offset of vertex V
g to level I + 1 located on a grid line of level | + 1 is computed as the average value of the offsets of
3 and V4.

belongir
V']! V2;

vity-wireframe shall be constructed for the first resolution level. In this case the uniformSplit’ ang
rderQOrientation flags are set to ‘1’.

rence-grid corresponding to the type2 quadrilateral MeshGrid with hasConnectivityinfo)flag set ‘0’ has
ber of slices — nSlices from the MeshGridDecoderConfig class — in one of the directions {u,v,w} either
‘2" — a double layer reference grid —, or equal to ‘1’ — a single layer reference grid:For a double laye
e-grid the default type2 quadrilateral connectivity-wireframe shall be obtained by attaching a vertex tg

ence-grid lines connecting the corresponding grid points from the firstlayer to the second layer. Wher

e hasRefinelnfo flag from the MeshGridDecoderConfig class (see 5.2.3.2.2) is set to ‘1’ and there is 3

the reference-grid positions within the layer where the vertices are attached (the index corresponding

in the order: U direction first, V direction second, and W direction third. The offset of each vertey

g to resolution level I (see Figure 61),\the offset of a vertex V belonging to level / + 1 located on a grig

Figure 61 — Example of a multi-resolution mesh with the connectivity-wireframe obtained by

174

uniformly splitting each quad recursively into four sub-quads.
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Figure 62 — Computation of the offsets for the type2 quadrilateral MeshGrid.

b.2.4 MultiResolution FootPrint-Based Representation
5.2.4.1 Downstream syntax
[his is the syntax of the downstream MultiResolution FootPrint-based Representation.

5.2.4.1.1 FootPrintSetDecoderSpecificinfo

5.2.4.1.1.1 Syntax

tlass FootPrintsDecoderConfig extepnds AFXDecoderSpecificInfo {
EDLInt<16> FPObjectType
EDLINnt<32> MaxNbFootPrints

EDLINt<6> FootPrintNbBRits
EDLFloat Step

BDLINnt<6> NbBitsMetrigExrror
BDLFloat MinX

EDLFloat MaxX

EDLFloat MinY

EDLFloat MaxY

EDLInt<1> DEFRdUsed

Ewitch (FPObj€etType)

{
case \(I: FPBuildingDecoderConfig FPBuildingDSI

}

b24.1.1.2 Semantics

FPObjectType: This is an integer specifying the type of the multiresolution footprint-based representation (0
for classic footprints, but extended types could be considered.)

MaxNbFootPrints: this is the number of footprints in the footprint-based representation.

FootPrintNbBits: this is the number of bits used to decode the footprint indices. Its value is the lowest integer
superior or equal to to 10g2 (MaxNbFootprints).

Step: this is the smallest spatial subdivision.
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NbBitsMetricError: this is the number of bits on which to encode the metric error (32 or 64 bits)
MinX: this is the minimum X-coordinate of the model

MaxX: this is the maximum X-coordinate of the model

MinY: this is the minimum Y-coordinate of the model

MaxY: this is the maximum Y-coordinate of the model

DEFIDUsed: If DEFIDUsed is TRUE, then the ID used during the Bifs encoding is used as reference
Otherwise, the string defname is used.

NOTE for future extension, depending of the object type (buildings, cartoons...) other parameters could\be’added tq
this decdder configuration. For current simple footprints, these parameters are enough to configure the deceder.

5.2.41.2 FPBuildingDecoderSpecificlnfo

5.2.4.1.2.1 Syntax

class FPBuildingDecoderConfig {
SDLFlogt MinAltitude;

SDLFlodt MaxHeight;

SDLInt46> NbBitsZBuilding;

SDLInt46> NbBitsNbStories;

SDLInt46> NbBitsStoreyHeight;
SDLInt46> NbBitsFacadeWidth;

SDLInt46> NbBitsNbFacadeCellsByStorey;
}

5.2.4.1.2.2 Semantics

MinAltitude: this is the minimum altitude of the set-of footprint-based elevations.

MaxHeight: this is the maximum height of the(set of footprint-based elevations.

NbBitsZBuilding: this is the number of bits used to encode the altitude and height of buildings.
NbBitsNbStories: this is the number/of bits used to specify the number of stories by fagade element
NbBits$toreyHeight: this is-the’number of bits used to specify the height ratio of each storey.
NbBitskacadeWidth: this-is the number of bits used to specify the width ratio of each fagade element.

NbBitsNbFacadeCellsByStorey: this is the number of bits used to specify the number of cells per storey.

5.2.41.3 FootPrintSet Message

5.2.41.3.1 The FootPrintSet Message is intended o carry all the set base and refinement information for the
design of footprint sets.

5.2.4.1.3.2 Syntax

FootPrintSetMessage {
int (32) NbFootPrints
For (int i=0; i<NbFootprints; i++)
FootPrintMessage FootPrint;
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5.2.4.1.3.3 Semantics

NbFootprints: this is an integer giving the number of FootPrintMessage that have to be read in the stream.
5.2.4.1.4 FootPrint Message

A Footprint message is intended to carry a base or refinement information for the design of footprint sets.

52.4.1.41 Syntax

rlass FootprintMessage {
int (FPNbBits) index
bit (1) type
FPNewVertices FPNV
int (6) IndexNbBits
if (type) |
int (10) offspring
for (i=0; i<offspring; i++) {
int (FPNbBits) locallIndex
float (NbBitsMetricError) MetricError
IndexFootprintSet IFPS
switch (FPObjectType) {
case 1l: FPBuildingParameters FPBP
}
}
}
else {
float (NbBitsMetricError) MetricError
int (8) NbRings
for (int i=0; i<NbRings-1; i++) {
int (IndexNbBits) FirstVertexIndex
switch (FPObjectType) {
case 1l: FPBuildingParameters, FPBP
}

5.2.4.1.4.2 Semantics

MetricError: this is the geometric error between the original model and the simplified model used by the client
o decide if this node has to’be refined.

ndexNbBits: this.is the number of bits used to decode the vertices indexes. Its value is the lowesi integer
superior or equalto’/1og2 (FootPrintsDecoderConfig.MaxIndex).

ndex: this.is’the index identifying the current footprint.

[ype:this is a Boolean with value O if the current message describes a primary footprint, and 1 if this is a
refinement.

FPNV: this is a class describing the new vertices used to refine the current footprint.
Offspring: this is the number of children of the current footprint.

locallndex: this is the index identifying the i-th child of the current footprint.

IFPS: this is a class listing the indices of vertices of the footprint.

NbRings: this is the number of rings in the new footprint.
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FirstVertexIindex: this is the index in the new vertices array of the first vertex for each ring (there is no index
for the first ring, since it is always equal to 0).

FPBP: this is a class describing the parameters corresponding to the new building based on footprint.
5.2.4.1.5 FPNewVertices

5.2.4.1.5.1 Syntax

class FPNewverctices
{
int (6) |coordtype
int (16) nbNewVertices
for (if0; i<nbnewvertices; i++) {
if (type == 0 || step == -1.0){
flgat (32) DeltaX
flgat (32) DeltaY
}
elsg{
bgdol SignDeltaX
usigned int (coordtype-1) AbsDeltaX
bgdol SignDelta¥Y
usigned int (coordtype-1) AbsdeltaY
}
t
}

5.2.4.1.5.2 Semantics

coordType: this is the number of bits to encode the vertex coordinates.
nbNewVYertices: this is the number of vertices describediin the rest of the class.
DeltaX,|DeltaY: these are the 2D coordinates of the newly added vertex,

SignDeltaX, SignDeltaY: these specifiy whether-deltaX and deltaY are positive or not.

AbsDeltaX, AbsDeltaY: these are the 2D'absolute value coordinates of the newly added vertex, expressed in
a refergnce system based on the barycentre of the parent footprint vertices. The actual position of the new
vertex is obtained by multiplying AbsDeltax*SignDelatX by the Step (defined in the DecoderSpecificlnfo)
and adding the coordinates of the"barycentre of the parent footprint vertices.

The dedoding process is expased in Annex J.
5.2.4.1.6 IndexFootprintSet

5.2.4.1.6.1 Syntax

class IndeéxFootprintSet

{

int (67 TToVertexIarces
for (int i=0; i<nbVertexIndices; i++) {
int (IndexNbBits) index
}
}

5.2.4.1.6.2 Semantics

nbVertexindices: this is the number of indices in the rest of the class. nbVertexindices=nbVertices in the
footprint + Nulber of rings-1.

index: this is the index of the i-th vertex. If index=-1, a new ring starts.
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5.2.4.1.7 FPBuildingParameters

5.2.4.1.71 Syntax

class FPBuildingParameters

{

int (FPNbBits) buildingIndex

if (step!=-1.0) {
int (NbBitsZBuilding) altitude
int (NbBitsZBuilding) height

Else
float (32) altitude
float (32) height

For (int 1=0; i<nbFacades; i++) {
FPFacade facades

int (6) nbRoofs
For (int i1i=0; i<nbRoofs; i++){
FPRoof roof

int (8) nbSwapNodes
For (int i=0; i<NbSwapNodes; i++) {
if (DEFIDUse)
int (32) nodeId
else(
int (8) nbChar
for (int j=0; j<nbChar; J++)
char defname[]]

b.2.4.1.7.2 Semantics
buildinglndex: this is the index of the building to which this part is connected.

altitude: if step is different from -1.0, the altitude of the building is encoded using a integer. The actual altitude
s given by

Decoded=altitude’Step.

height: if step is different from -1.0, the height of the building is encoded using a integer. The actual height is
pjicven by:

DecodedHeight=height*Step.

extureRL.: this is the URL of the texture to be applied on the side of the footprint-based elevation.

rbSwapNoedes—thisis-thenumberofnodestthe-scenregraphusedto-swap-the-block-correspond i#ig to the
ootprint-based elevation.

Nodeld: this is the index of a node in the scene graph used to swap the block corresponding to the current
footprint-based elevation for a more defined model.

NOTE This footprint-based model swap for a more detailed model is essential if one may need to add a good
detailed model that can be represent using a footprint-based representation. For example, one needs to replace the
footprint-based model of specific buildings like monuments (used as reference points for the user during the navigation) by
a more detailed model that can be representing by a footprint-based elevation.

nbRoofs: this is the number of roofs that are superimposed on top of the footprint elevation.
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roof: this is the description of each roof that are superimposed on the top of the footprint elevation.

nbfacades: this is the number of facades of the building, equivalent to the number of edges of the polygon

defining by the footprint, i.e. equal to nbVertexindices.

facades: this is the description of each facade model that are mapped on each face of the footprint elevation.

5.2.4.1.8 RoofBitStream

5.2.4.1.8.1 Syntax

class FPRoof {
int (|3) roofType
switlch (roofType)
{
cpse 0 : //Flat Roof

cpse 1 : // Symmetric Hip Roof
float roofHeight

float roofSlopeAngle
float roofEaveProjection
cpse 2 : // Gable Roof
float roofHeight

float roofSlopeAngle
float roofEaveProjection
case 3 : // Salt Box Roof
float roofHeight

float roofSlopeAngle
float roofEaveProjection

cpse 4 : // Non Symmetric Hip Roof
float roofHeight

float roofSlopeAngle[nbWalls]
float roofEaveProjection

if (DEFIDUse)
ipt (32) nodelIdAppearance

ipt (8) nbChar
for (int j=0; j<nbChay; F++)
char defnameAppearance [7]

boo]] IsGeneric

int (2) projectienTextureMode

switlch (projeetionTextureMode) {
cpse 0 : JAVGeneric metric texture
cpse 1 /7 Generic texture

float-'XScale

£loat YScale

cpse/2 : // Real texture

int (indexNbBits) roofEdgeSupportIndex

float XSCale

float YScale

float XPosition

float YPosition

float rotation

float roofEaveProjection

180
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5.2.4.1.8.2 Semantics

roofType: this is the type of the roof : 0 — Flat; 1 — Symmetric Hip; 2 — Gable; 3 — Salt Box; 4 — Non

Symmetric Hip
roofHeight: this is the height of the roof. If -1.0, the height is not defined; else, the roof is cropped.

roofSlopeAngle: this is the angle of the roof slopes.

roofEdgeSupportindex: this is the index of the edge of the polygon defining the footprint eleva
supports the roof.

nodelDAppearance or defnameAppearance: this is a reference to a Appearance node;correspondin
exture that is orthogonally mapped on the roof. nodeldAppearance is used if DEFIDUsed is tn
-ootprintDSI) else defnameAppearance

sGeneric this specifies whether the texture mapped on the roof is generie (value 1), or obtained
perial photograph (value 0). If the roof texture is generic, the reference system is centred on the bo
ertex of each roof pan, and aligned on the gutter. In the case of a non-generic texture, the reference
s centred on the first vertex of the footprint, and aligned along the world’coordinate system.

brojectionTextureMode: this is the mode used to map the téxture on the roof. It specifies whe
Hifferent parameters XScale, YScale, XPosition, YPosition, and rotation are used.

XScale: this is the scaling the roof texture along X-axis
YScale: this is the scaling the roof texture along Y-axis
KPosition: this is the displacement of the textufe along X-axis
¥Position: this is the displacement of the<dexture along Y-axis

rotation: this is an angle in radian specifying the rotation to apply to the texture.
6.2.4.1.9 FacadeBitStream

5.2.4.1.9.1 Syntax
tlass FPFacade

int (NbBitg9FdcadeWidth) WidthRatio
int (72)\»MappingMode

Switch )(MappingMode)

{

Case 0:

ion that

g tof the
ue (see

from an
ttom left
system

ther the

Case 1-

float (32) XScale
float (32) YScale

Case 2:
float (32) XScale
float (32) YScale
float (32) XPosition
float (32) YPosition
Case 3:
float (32) XScale
float (32) YScale
float (32) XPosition
float (32) YPosition
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}

float (32) XRepeatInterval
float (32) YRepeatInterval

Bool Repeat

int (
if (

2) FacadePrimitiveType
DEFIDUse)

int (32) nodeIdFacadePrimitiveNode
else

{

int (8) nbChar
for (int j=0; j<nbChar; j++)

¢

int (

Hh

5.2.4.1.9.2 Semantics

XScale:

YScale:

XPositi

YPositipn: this is the translation on Y-coordinate applied over the model defined by FacadePrimitiveModel
Repeat] if this field has value 1 the texture or model on the fagade is repeated.

FacadePrimitiveType: specifies'the’type of primitive:

0: nothing

1: textune

2: 3Dmadel.

nodeldiFacadePrimitiveNode or defnameFacadePrimitiveNode: this is a rerefence to the node in the scene

graph c

har defnameFacadePrimitiveNode [7j]

INbBitsNbStories) NbStories
(int 1=0; i<NbStories; 1i++)
l oat (NbBitsStoreyHeight) StoreyHeight

(int 1=0; i<NbStories; 1i++)

ht (NbBitsNbFacadeCellsByStorey) NbFacadeCellsByStorey
br (int j=0; Jj< NbFacadeCellsByStorey; Jj++)

FPFacade FacadeCell

this is the scale on X-coordinate applied over the model defined by FacadePrimitiveModel
this is the scale on Y-coordinate applied over theimodel defined by FacadePrimitiveModel

bn: this is the translation on X-coordinate applied over the model defined by FacadePrimitiveModel

brresponding to the Facade primitive. nodeldFacadePrimitiveNode is used if DEFIDUsed is true (se€

Footpri

NbStori

[ImYaIAWN| AdafunarmalbacadalPrimaitivalNad
I.I.l\)l} CIoC UtTiiidaimicr auautTtr TinimtuavervNuuc.

es: this is the number of stories of the facade.

NbFacadeCellsByStorey: this is the number of cells for the corresponding storey.

StoreyHeight is the height of the corresponding storey.

NbFacadeCells: this is the number of cells on the fagade. It's equal to the sum of NbFacadeCellsByStorey for
each storey.
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StoreyWidth: this is the width in meter of the corresponding cell.

FacadecCell: this is a fagade node corresponding to the cell.

5.2.4.2 Upstream syntax (for backchannel)

When specified as an upstream in corresponding ES descriptor, the MultiResolution Footprint Set stream has

to be read according to the AFX Generic Backchannel syntax (see 5.5.2).

b.2.5 Scalable Complexity 3D Mesh Coding

b.2.5.1 Overview

Scalable Complexity 3D Mesh Coding (SC3DMC) specifies a way to fine tune the, trade-off
compression efficiency (size of the compressed binary stream) and computationalresources (C

[riangle FAN (TFAN). The main idea is that, in some application scenarios|_especially the ones i
mobile devices with reasonable network connections, the minimization @f{bitstream size may ng
mportant as that of computational resources.

b.2.5.2 SC3DMC Bitstream structure

The SC3DMC stream describes any triangular mesh represented as an IndexedFaceSet, with §
multiple attributes defined per vertex or per triangle. The_ bitstream is composed of two main com
cf. Figure 63):

- The header: describing general information gbout the coded mesh.

- The data stream: describing the connectivity and the geometry information of the mesh.

SC3IDMCStreamHeader | coordIndéx | coord |normallndex| normal —

texCoordIndex |tex€oord | colorindex | color | otherAttributelndex| otherAttribute

Figure 63 — SC3DMC stream structure.
The SC3DMCStream is encapsulated in an AFX stream and has the following AFX object code:

Table 52 — AFX object code for SC3DMC

memory) needed in both encoder and decoder by choosing among three parametérized 3D mesh
echniques: Quantization-Based Compact Representation (QBCR), Shared Veftex Analysis (SV

between
PU and
coding
A) and
nvolving
t be as

ingle or
ponents

AFX object code Object Associated node Type V
of

alue

bitwrapper

0x0C Scalable complexity Based IndexedFaceSet 2
Representation

When used in a BIFS scene, the value of the field "type" is 2.
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5.2.5.3

SC3DMC Bitstream syntax and semantics

5.2.5.3.1 SC3DMCStream class

5.2.5.3.1.1 Syntax

Class SC3DMCStream{
SC3DMCStreamHeader header;
SC3DMCStreamData data;

}
5.2.5.3.
header;

data: Th
5.2.5.3.]

5.2.5.3.1
class S(

ung
bit
flog
bit
bit
bit
bit
bit
bit
bit
bit

ung
ung
ung
ung
ung

.2 Semantics
This is the header buffer of SC3DMC.

is is the data buffer of SC3DMC.
P SC3DMCStreamHeader class

P.1 Syntax
C3DMCStreamHeader{

igned int (32) streamSize;
8) encodingMode;

t (32) creaseAngle;

1) cew;

1) solid;

1) convex;

1) colorPerVertex;

1) normalPerVertex;

1) otherAttributesPerVertex;
1) isTriangularMesh;

1) markerBit // always set as 1

igned int (32) numberOfCoord,;

igned int (32) numberOfNofmal

igned int (32) numberOfTexCoord;
igned int (32) numberOfColor;

igned int (32) number®@fOtherAttributes;

umberOfOtherAttributes >0)
umberQfCoord>0) {

unsigfied int (32) numberOfCoordIndex;
bit(8)XQPforGeometry;

unsigned int(8) dimensionOfOtherAttributes;

}
if (n

184

umberOfNormar=0){
unsigned int (32) numberOfNormallindex;
bit(8) QPforNormal;

umberOfColor>0) {
unsigned int (32) numberOfColorindex;
bit(8) QPforColor;
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if (numberOfTexCoord>0) {
unsigned int (32) numberOfTexCoordindex;
bit(8) QPforTexCoord;
unsigned int (32) TexCoordWidth;
unsigned int (32) TexCoordHeight;

}

if (numberOfOtherAttributes >0) {
unsigned int (32) numberOfOtherAttributesindex;
for(i=0;i< dimensionQfQOtherAtiributes:i++) {

bit(8) QPforOtherAttributesi];

}
}
if (numberOfCoord>0) {
for(i=0;i<3;i++) {
float(32) quantMinGeometryfi];
float(32) quantRangeGeometryli];
}
}
If(numberOfNormal>0)
for(i=0;i<3;i++) {
float(32) quantMinNormal[i];
float(32) quantRangeNormal[i];
}
}
If(numberOfColor>0){

for(i=0;i<3;i++) {
float(32) quantMinColor]i];
float(32) quantRangeColorfi];

}
!
If(numberOfTexCoord>0){

for(i=0;i<2;i++) {
float(32) quantMinTexCoord]i];
float(32) quantRangeTexCoord[i];

}
If(numberOfOtherAttributes>0)

for(i=0;i< dimensionOfOtherAttributes;i++) {
float(32) quantMinOtherAttributes]i];
float(32) quantRangeOtherAttributesi];

5.2.5.3.2.2 Semantics
streamSize: A 32-bit unsigned integer describing the size in bytes of the current SC3DMC stream.

encodingMode: A 8-bit unsigned integer indicating the encoding method for the connectivity information
(cf. Table 53).
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Table 53 — SC3DMC encoding modes

encodingMode Method
0 QBCR
1 SVA
2 TFAN
3-255 ISO reserved

creaseAngle: A 32-bit float indicating the IFS creaseAngle parameter which controls the default norma
generation process.

ccw: 1-bit flag describing the IFS ccw parameter, which indicates whether the vertices are ordered-in 3
counter{clockwise direction when the mesh is viewed from the outside.

solid: 1tbit flag describing the IFS solid parameter which indicates whether the shape encloses)a-volume.

convex| 1-bit flag describing the IFS solid parameter which indicates whether all faces”in the shape arg
convex [should be always 1 for triangular meshes).

colorPégrVertex: 1-bit flag describing the IFS colorPerVertex parameter which (indicates whether the colorg
are defiped per vertex.

normalPerVertex: 1-bit flag describing the IFS normalPerVertex parameter which indicates whether thg
normals{ are defined per vertex.

otherAttributesPerVertex: 1-bit flag describing whether the other:attributes are defined per vertex.
isTriangularMesh: 1-bit flag describing whether the mesh istriangular (should be always 1).
markerBit: Always set as 1.

numberOfCoord: A 32-bit unsigned integer indicating the number of position coordinates.
numberlOfNormal: A 32-bit unsigned integerindicating the number of normal coordinates.
numbefOfTexCoord: A 32-bit unsigned integer indicating the number of texture coordinates.
numberOfColor: A 32-bit unsignéd integer indicating the number of color coordinates.
numberOfOtherAttributes:(A,32-bit unsigned integer indicating the number of the other attributes.

dimensjonOfOtherAttributes: A 32-bit unsigned integer indicating the dimension (i.e., number of attributes
of the other attributes:

numberOfCoordindex: A 32-bit unsigned integer indicating the number of faces associated to the position
coordingtest

QPforGeometry A 8-bitdataindicatingquantization parameter forgeommetry

numberOfNormalindex: A 32-bit unsigned integer indicating the number of indices associated to the normals.
QPforNormal: A 8-bit data indicating quantization parameter for normals.
numberOfColorindex: A 32-bit unsigned integer indicating the number of indices associated to the colors.

QPforColor: A 8-bit data indicating quantization parameter for color.
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numberOfTexCoordindex: A 32-bit unsigned integer indicating the number of indices associated to the

texture coordinates.
QPforTexCoord: A 8-bit data indicating quantization parameter for texture coordinate.
TexCoordWidth: A 32-bit unsigned integer indicating the width size of the texture image.

TexCoordHeight: A 32-bit unsigned integer indicating the height size of the texture image.

pther attributes.
component of the other attributes.

quantMinGeometry[]:1 by 3 array containing 32 bit floating data indicating migimim values (
jeometry quantization.

nuantRangeGeometry []: 1 by 3 array containing 32 bit floating data indicating range values for eq
Ised for geometry quantization.

nuantMinNormal[]: 1 by 3 array containing 32 bit floating data indicating minimum values used fo
uantization.
or normals quantization.

nuantMinColor[]: 1 by 3 array containing 32 bit floating data indicating minimum values used f
juantization.

nuantRangeColor[]:1 by 3 array containing 32hit floating data indicating range values for each axes
colors quantization.

nuantMinTexCoord[]: 1 by 2 array containing 32 bit floating data indicating minimum values used fo
coordinates quantization.

HuantRangeTexCoord[]:1 by ‘2 array containing 32 bit floating data indicating range values for ea
ised for texture coordinates quantization.

uantMinOtherAttribates[]: 1 by numberOfOtherAttributes array containing 32 bit floating data in
minimum values used for other attributes quantization.

nuantRangeOtherAttributes[]:1 by numberOfOtherAttributes array containing 32 bit floating data in
range values,for other attributes quantization.

b.2.5.3.3. SC3DMCStreamData class

d to the

QPforOtherAttributes[]: A 1 by numberOfOtherAttributes array indicating quantization parameter for each

sed for

ch axes

normal

nuantRangeNormal[]: 1 by 3 array containing 32 bit floating-data indicating range values for each axes used

or color

used for

[ texture

ch axes

dicating

dicating

5.2:5.3.3.1 Syntax

class SC3DMCStreamData({
if(encodingMode = 0)
IntArrayDecoder (numberOfCoordindex*3, 1) decodedCoordindex;
if(numberOfNormalindex != 0)

if (normalPerVertex == 1)
IntArrayDecoder (numberOfNormalindex*3, 1) decodedNormalindex;
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else
IntArrayDecoder (numberOfNormalindex, 1) decodedNormalindex;
}
if(numberOfColorindex != 0)
{

if (colorPerVertex == 1)
IntArrayDecoder (numberOfColorindex*3, 1) decodedColorindex;
else

—IntArrayDecoder (numberOfColorindex, 1) decodedColorindex;
numberOfTexCoord != 0)

e

IntArrayDecoder (numberOfOTexCoordindex*3, 1)
decodedTexCoordindex;

}
If(numberOfOtherAttributelndex = 0)

if (otherAttributesPerVertex == 1)

IntArrayDecoder (numberOfOtherAttributesindex* 3, 1) decodedOtherAttributesindex;
else

IntArrayDecoder (numberOfOtherAttributesindex, 1) decodedOtherAttributesindex;

(numberOfCoord!= 0)
FloatArrayDecoder (numberOfCoord, 3, 0) decodedCoord;

(numberOfNormal != 0)
FloatArrayDecoder(numberOfNormal, 3, 0) decededNormal;
(numberOfColor I=0)
FloatArrayDecoder (numberOfColor, 3, 0).;decodedColor;
If (numberOfTexCoord !=0)
FloatArrayDecoder (numberOfTexCoord, 2, 1) decodedTexCoord;

(numberOfOtherAttributes = 0)
FloatArrayDecoder (numberQfQtherAttributes, dimensionOfOtherAttributes, 0)
decodedOtherAttributes

}

els¢ if (encodingMode == 1)

{
SVAlndexDecoder (numberOfCoord, numberOfCoordindex) decodedCoordindex;

if(numberOfNormalindex != 0)

SVAlIndexDecoder (numberOfNormal, numberOfNormalindex) decodedNormalindex;

}

if(numberOfColorindex != 0)
{

SVAIndexDecoder (numberOfColor, numberOfColorindex) decodedColorindex;
}
If(numberOfTexCoord != 0)

SVAIndexDecoder (numberOfTexCoord, numberOfTexCoordIndex)
decodedTexCoordindex;

}
If(numberOfOtherAttributelndex = 0)

SVAlndexDecoder (numberOfOtherAttributes, numberOfOtherAttributesindex)
decodedOtherAttributesindex;
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}

If(numberOfCoord!= 0)
FloatArrayDecoder (numberOfCoord, 3, 0) decodedCoord;

If (numberOfNormal !=0)
FloatArrayDecoder(numberOfNormal, 3, 0) decodedNormal;
If (numberOfColor !=0)
FloatArrayDecoder (numberOfColor, 3, 0) decodedColor;
If (numberOfTexCoard !=0)
FloatArrayDecoder (numberOfTexCoord, 2, 1) decodedTexCoord,;

If (numberOfOtherAttributes != 0)
FloatArrayDecoder (numberOfOtherAttributes, dimensionOfOtherAttributes, 0)
decodedOtherAttributes

else if (encodingMode = 2)

{
TFANIndexDecoder(3, numberOfCoord, numberOfCoordIndex, triangleQrderPres, 0)
decodedCoordindex;
if(numberOfNormallindex != 0)
if (normalPerVertex == 1)
TFANIndexDecoder(3, numberOfNormal, numberOfNormalindex, 1, 1)
decodedNormalindex;
else
IntArrayDecoder(numberOfNormalindex;4) decodedNormalindex;
}
if(numberOfColorindex != 0)
if (colorPerVertex == 1)
TFANIndexDecoder(3,.numberOfColor, numberOfColorindex, 1, 1) decodedColorindex;
else

IntArrayDecoder(numberOfColorindex, 1) decodedColorindex;
}
[f(numberOfTexCoord {=\0)

TFANIndexDecoder(3, numberOfTexCoord, numberOfOtherAttributesindex, 1, 1)
decodedTexCoordindex;

}
If(numberOfOtherAttributeIndex != 0)

if(otherAttributesPerVertex == 1)
TFANIndexDecoder(3, numberOfOtherAttributes, numberOfOtherAttributesindex, 1, 1
decodedOtherAttributesindex;

else
IntArrayDecoder(numberOfOtherAttributesindex, 1) decodedOtherAttributesindex;

}
If(numberOfCoord!= 0)
FloatArrayDecoder (numberOfCoord, 3, 0) decodedCoord;

If (numberOfNormal !=0)
FloatArrayDecoder(numberOfNormal, 3, 0) decodedNormal;
If (numberOfColor !=0)
FloatArrayDecoder (numberOfColor, 3, 0) decodedColor;
If (numberOfTexCoord !=0)
FloatArrayDecoder (numberOfTexCoord, 2, 1) decodedTexCoord,;
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}

f (numberOfOtherAttributes != 0)
FloatArrayDecoder (numberOfOtherAttributes, dimensionOfOtherAttributes, 0)
decodedOtherAttributes

5.2.5.3.3.2 Semantics

A detai
4.2.5.2.
in Anne

decodedCoord: A bitstream of type FloatArrayDecoder describing the reconstructed coord array,whose sizg
is numberOfCoord by 3.

decodedCoordindex: A bitstream of type IntArrayDecoder or SVAIndexDecoder or THREANIndexDecodef

describi

decodedNormal: A bitstream of type FloatArrayDecoder describing the reconstrictéd normal array whoss
size is numberOfNormal by 3.

decodedNomalindex: A bitstream of type IntArrayDecoder or SVAIndexDecoder or TFANIndexDecodef

describi
number

decodedTexCoord: A bitstream of type FloatArrayDecoder .describing the reconstructed texcoord array
whose gize is numberOfTexCoord by 2.

decodedTexCoordindex: A bitstream of type IntArrayDecoder or SVAIndexDecoder or TFANIndexDecode

describi

decodefColor: A bitstream of type FloatArrayDecoder describing the reconstructed color array whose size ig

number

decodedColorindex: A bitstream of type’ IntArrayDecoder or SVAIndexDecoder or TFANIndexDecodey

describi
number

decodedOtherAttributes: A reconstructed otherAttributes array whose size is numberOfOtherAttributes by

dimensi

decodedOtherAttributesindex: A bitstream of type IntArrayDecoder or SVAlndexDecoder of

TFANIn
number

5.2.5.3.4 “FloatArrayDecoder Class

8.2 and 4.2.5.2.18.3, respect’ively. The QBCR, SVA and TFAN encoding processes aré deééribéc
N, Annex O and Annex P, respectively.

hg the reconstructed coordindex array whose size is 1 by numberOfCoordindex*3.

ng the reconstructed noramlindex array whose size is either 1 by numberOfNormallndex*3 or 1 by
DfNormallndex.

g the reconstructed texcoordIndex array whose'size is 1 by numberOfTexCoordindex*3.

DfColor by 3.

ng the reconstructed colorindex “array whose size is either 1 by numberOfColorindex*3 or 1 by
DfColorindex.

bnOfOtherAttributest

HexDecoder-,describing the reconstructed otherAttributesindex array whose size is either 1 by
DfOtherAftributesindex*3 or 1 by numberOfOtherAttributesindex.

5.2.5.3.4.1 Syntax

Class FloatArrayDecoder(numberOfData, dim, quantizationMode)

IntArrayDecoder (numberOfData, dim) quantizedFloatArray;
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quantizedFloatArray: A stream of type IntArrayDecoder describing a quantized float array.An inverse
quantization process should be applied to quantizedFloatArray in order to generate the float array. The

inversion quantization procedure depends on the quantization mode as follows:

Table 54 — Quantization modes

Quantization Mode

Quantization method

o | oo It

C1V H- A | OR\ouian
LLAALLE B T Tt

A4 LASA=A= 1

PoTRE-TAY
oot

nbins = 1 << ((normal_quant - 3) / 2);

y0 = nbins - ceil(sgrt(nbins*nbins - i));

x0 =i+ y0*y0;

skew = (x0 & 1)*2.0/3.0;

X0 = (x0 >> 1) & (nbins - 1);

x = (float)x0 + skew;

= (float)yO + skew;
(float)nbins - x - y;

1.0/sqrt(x*x + y*y + z*z);

sX) ? -X*n : xX*n;

sy) 7 -y*n:y*n;

< XN X 3 N<

(

(

(sz) ? -z*n : z*n;
texture_image_width *input
texture_image_height *input

5.2.5.3.5 IntArrayDecoder class

5.2.5.3.5.1 Syntax
Class IntArrayDecoder (numberOfdata, dim)

Bit(4) predictionMode;
Bit(4) binarizationMode;
If (binarizationMode ==

Bit(8) QP;
for(i=0;i< numberOfdata *“dim;i++)

bit (QP) nData; // simple QBCR
}

}
else if (binarizationMode == 1) // BPC
{
If(prediction = 1)
Iif (predictionMode==3)
bit (5) prefixSize
for(i=0;i< numberOfdata *dim;i++)

{

bit(1-7) predictor

) && (predictionMode ==

)/l FL

BPDecoder(prefix_size) nDifData

If (predictionMode==1 || predictionMode==4)

}
}
else if (binarizationMode == 2) // 4C

for(i=0;i< numberOfdata *dim;i++)
If (predictionMode==3)

bit(3) predictor;

© ISO/IEC 2011 — All rights reserved
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bit (1) terminationBit
while (terminationBit)

{
bit(3)  threeBitsFL;
bit(1)  terminationBit;
}
}
else
{
do
{
bit(3)  threeBitsFL;
bit(1)  terminationBit;
while (terminationBit)
}
}
}
else¢ if (binarizationMode == 3) // AC
{
unsinged int (32) streamSizeAC;
for(i=0;i< numberOfdata *dim;i++)
{
If (predictionMode==3) ACDecoder(8) predictor
ACDecoder(1<<QP) nValue
ACDecoder(2) hasnext
If (predictionMode==1 || predictionMode==4)  ACBecoder(1) nSign
}
}
els¢ if (binarizationMode == 4) // AC/EGk
{
unsinged int (32) streamSizeAC;
unsinged int (8) K
unsinged int (8) M
for(i=0;i< numberOfdata *dim;i#+)
{
If (predictionMode==3) ACDecoder(8) predictor
ACDecoder(M+1) nDifData
if (nDifData~== M+1) ACExpGolombDecode(K) nDifDataEGk;
}
}
!
5.2.5.3.5.2_ ‘Semantics

QP: A 8-bit unsigned integer indicating the number of bits used for the FLbinarization.

predictionMode: A 4-bit unsigned integer indicating the prediction strategy to be applied as illustrated
in Table 55.
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Table 55 — SC3DMC prediction modes.

PredictionMode

Prediction mode

0

Default(No prediction)

1

Differential prediction: predicted value is
just before the current value

XOR prediction

Adaplive linedar prediction. a dlitererit
predictor is defined for each
encoded value.

Circular Differential prediction:
Differential prediction using circular
method

TFAN-based Parallelogram prediction:
the predicted value associated to the
current vertex is obtainéd-by applying the
parallelogram prediction rule while
considering only-the neighbors in a
triangle fan.

Reserved for ISO purposes

binarizationMode: 4-bit integer indicating the binarization )mode as illustrated in Table 56.

Table 56 — Binarization mode

binarizationMode Function
0 Default(Fixed Length Binarization)
1 Bit Precision Coding (BPC)
2 4-bits-based Coding (4C)
3 Arithmetic Coding (AC)
4 Mixed Arithmetic Coding and Exponential
Golomb Code
5~15 ISO reserved

hData;"An unsigned integer value which corresponds to an index or a quantized value.

bredictor: A 3-bit value indicating the predictor to be applied. It is defined only for prediction modes

cf. Table 995). The predictors defined for the prediction mode 3 are detailed in Table 57.

Table 57 — Adaptive predictors: all possible configurations

(P[i] represents the predictor associated with the i-th value T[i] to be decoded).

predictor Value Applied rule
0 No prediction
d=1...7 Delta prediction: P[i] = T[i-d*dim]
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The value of dim depends on the type of data as illustrated in Table 58.

Table 58 — Value of variable dim with respect to type of the data

prefixS

stream

M: A 8bit unsigned integer describing the interval of values described by the arithmetically encoded

represe

arithmelic decoder. Otherwise, an additional part is decoded with an Exponential Golomb code representation
K: A 8-hit unsigned integer describing the order of the Exponeftial Golomb code representation.

nDifDataEGk: Unsigned integer describing the EGk part.of the AC/EGkK code.

NOTE

adding the quantities nDifData and nDifDataEGk.

The TFAN-based Parallelogram prediction mode: (i.e. PredictionMode equals 5) is defined only for thg
TFAN mode (i.e. encodingMode equals 2). It can be applied only to the geometry/attributes information. Here
the invarse prediction stage exploitsithe already decoded connectivity information (cf. Annex Q). Severa
situatior)s are distinguished in the following.

For vert|ces coordinates, the-coordindex connectivity is used.

a.

194

nDifDar: An unsigned integer obtained by BCP or 4C or AC decoding.

Data Type Value of dim
Coord 3
normal 3
texCoord 2
Color 3
otherAttributes tmOfOtherAttributes
coordindex 1

normalindex
texCoordIndex
colorindex
otherAttributesindex

Al

ze: 5-bit data indicating the bit size read for the BPC Decoder.

izeAC: A 32-bit unsigned integer indicating how many bytes are usedfor AC.

ntation. More specifically, if a decoded value ranges in thednterval [0, M] it is decoded only with the

For the AC/EGK binarization mode (binarizationMode = 4), the residual error value is obtained by

For texture coordinates, if the texCoordindex connectivity is not empty then it is used, otherwise the
coordIindex connectivity is considered.

For colors.wor normals or other attributes, distinguished two cases are as follows:
=" Colors/normals/other attributes are defined per vertex: if the

colorindex/normallndex/otherAttributesindex connectivity is not empty then it is used
otherwise the coordindex connectivity is considered.

- Colors/normals/other attributes are defined per triangle: only the prediction mode 1 is
possible. There is no need to connectivity information to decode the geometry.
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5.2.5.3.6.1 Syntax
Class ExpGolombDecode (K)
{

do

{
Bit(1) b=AC.decode(bModel);

ISO/IEC 14496-16:2011(E)

Hp==t
{

K++;

}
}

while (b!=0);
while (K--)

Bit(1) b=AC.decode(bModel);
}

b.2.5.3.6.2 Semantics

0 0.5 to both symbols 0 and 1.

NOTE Refer to Annex T for more details on the EGk decoding process.

5.2.5.3.7 BPDecoding class

5.2.5.3.7.1 Syntax

Class BPDecoder(prefixSize)
"

bit(prefix_size) prefixVal;

if (prefix_val>2){
bit(prefix_val-1) nPayload;
}

6.2.5.3.7.2 Semantics
brefixVal A'prefix value indicating the bit length used for BP decoding.

hPayload: A variable used to compute the decoded value as follows:

b: A 1-bit decoded using the AC with the static binary probability’model bModel.

Here, the probabilities are set

decoded value = BPLTable[preflixvVal[FnPayload,

where BPLTable is initialized in the creation phase.

5.2.5.3.8 SVAIndexDecoder class

5.2.5.3.8.1 Syntax
SVAIndexDecoder (numberOfindex, numberOfData)

{
if(entropytype == 1) // BPC case

© ISO/IEC 2011 — All rights reserved
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bit (1) FDMode;

if(FDMode == 0)
bit (1) FDValue;

bit(5) prefixSize;

for (i=0;i<3;i++){ // first face..
BPDecoder(prefix_size) nData;

}
If (FDMode == 0){

for (i=1;i<numberOQfindex;i++)¥{ // second fo last face

bit(1-5) nType
switch(nType)
case 0: // mode O
bit(1-2) nPosition;
bit(1) nSign;
BPDecoder(prefix_size) nDiflndex;
bit(1) nSign;
bit(1-2) nRotation;
break;
case 1: //mode 1
for (j=0;j<3;j++)
BPDecoder(prefix_size) nDiflndex;
bit(1) nSign;
}
break;
case 2: //mode 2
bit(1-5) nPosition;
for(j = 0; j< 2; j++)
BPDecoder(prefix_size) nDiflndex;
bit(1) nSign;

}
bit(1-2) nRotation;
break;
case 3: //mode 3
for (j=0;j<3:;j++){
BPDecoder(prefix" size) nDiflndex;
bit(1) nSign;
}
break;
case 4: //mode-4
bit(1) nSign;
bit(1:2)'nRotation;
break;

}
}
} else{ YAFDMode ==

for(i=1;i<numberOfindex;i++){ // second to last face...

bit(1-5) nType
switch(nType){

case 0: // mode 0
bit(1-2) nPosition;
BPDecoder(prefix_size) nDiflndex;
bit(1) nSign;
bit(1-2) nRotation;
break;
case 1: //mode 1
for (j=0;j<3;j++){
BPDecoder(prefix_size) nDiflndex;
bit(1) nSign;
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break;
case 2: //mode 2
bit(1-5) nPosition;
for(j = 0; j< 2; j++)
BPDecoder(prefix_size) nDiflndex;
bit(1) nSign;

}
bit(1-2) nRotation;
break;
case 3: //mode 3
for (j=0;j<3;j++){
BPDecoder(prefix_size) nDiflndex;
bit(1) nSign;

}

break;

case 4: //mode 4
bit(1-2) nRotation;
break;

}

}
else if (entropytype == 2) // AC case..
{
unsinged int code (32)_bytes;
Adaptive_Data_Model mModel(1024);
Adaptive_Data_Model mhasnext (2);
Adaptive_Data_Model mSign (2);
Adaptive_Data_Model mType (5);
Adaptive_Data_Model mFD (2);
Adaptive_Data_Model mPos (3);
Adaptive_Data_Model mRotate (3);
Arithmetic_Codec acd(code_bytes;code buffer);
acd.start_decoder();
for (i=1;i<numberOfindex;i++){,// second to last face...
ACDecoder(mType)(nType
switch(nType){
case 0: // mode:0
ACDecoder(mPos) nPosition;
ACDecoder(mFD) faceDirection;
ACDecoder(mModel, mhasnext) nDiflndex;
ACPecoder(mSign) nSign;
ACDecoder(mRotaion) nRotation;
break;
case 1: //mode 1
for (j=0;j<3;j++){
ACDecoder(mModel, mhasnext) nDiflndex;
ACDecoder(mSign) nSign;

}
break;
case 2: //mode 2
ACDecoder(mPos) nPosition;
for(j = 0; j< 2; j++}
ACDecoder(mModel, mhasnext) nDiflndex;
ACDecoder(mSign) nSign;

}

ACDecoder(mRotaion) nRotation;
break;

case 3: //mode 3
for (j=0j<3;j++X
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ACDecoder(mModel, mhasnext) nDifIndex;
ACDecoder(mSign) nSign;

}

break;

case 4. //mode 4

ACDecoder(mFD) faceDirection;

ACDecoder(mRotaion) nRotation;

break;

}
5.2.5.3.8.2 Semantics

nType: Current face type for vertex index analysis as illustrated in Table 59.

Table 59 — Type and representation

Type Representation
0 1

1 01

2 001

3 0001

4 00001

nPositipn: Position information for vertex index analysis as illgstrated in Table 60.

Table 60 — Position-and representation

nPosition Representation
0 0

1 10

2 11

nDifCoordindex: Coordindex difference between current and previous face

nRotatipn: Rotation information’specifying the number of needed rotations.

Table 61 — Rotation and representation

nRotation Representation
0 0

1 10

2 11

FaceDirection: Face direction information specifying whether the current face should be inverted (i.e.
FaceDirection equals 1) or not (i.e. FaceDirection equals 0).

5.2.5.3.9 TFANIndexDecoder class

5.2.5.3.9.1 Syntax

class TFANIndexDecoder(dim, nV, nT, preserveTrianglesOrder, preservePermutations) {
TFANIndexDecoderNTFans(nV) nTFans;
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TFANIndexDecoderDegrees degrees;

TFANIndexDecoderCases cases;
TFANIndexDecoderVerticesIndices verticesIndices;
TFANIndexDecoderOps ops;

if (vertexOrderPres == 1) IntArrayDecoder(nV, 1) vo;

if (preserveTrianglesOrder == 1) IntArrayDecoder(nT, 1) fo;

if (preservePermutations == 1) IntArrayDecoder(nT, 1) permutations;

Him: Parameter indicating the dimension of the connectivity array to be decoded (should be either1 on
nV: Parameter indicating the number of vertices for the connectivity array to be decoded.
NT: Parameter indicating the number of triangles for the connectivity array to be decoded.

nTFans: Bitstream of type TFANIndexDecoderNTFans describing for each vertex*the number of its
riangle fans..

Hegrees: Bitstream of type TFANIndexDecoderDegrees describing for'each triangle fan the numb
riangles.

cases: Bitstream of type TFANIndexDecoderCases describing for each triangle fan its tog
configuration. Refer to Annex P for a description of the TFAN-encoding process and a detailed specifi
he 10 topological configurations (or cases) considered by the TFAN codec.

verticesindices: Bitstream of type TFANIndexDecoderVerticesIndices describing for each triangle
ndices of the vertices composing it. Refer to Annex:P for a description of the TFAN encoding process.

i.e., it should be created by the decoder) or-an old one (i.e., it has already been created). Refer to
or a description of the TFAN encoding process.

vo: Bitstream of type TFANIntArrayDecoder describing for each vertex its original order (i.e., positig
priginal IFS).

fo: Bitstream of type TFANIntArrayDecoder describing for each triangle its original order (i.e., positig
priginal IFS calling face order).

bermutations: Bitstream of type TFANPermutationDecoder describing for each triangle the permutati
bpplied to its vertices to obtain the original order. For instance, if the original triangle was (8, 19, 12)
Jecoded one s (12, 8, 19) the value decoded should be 1. In the general case, if the decoded triangle
B(1), a(2)) and the decoded permutation is p (0 < p < 2), then the original triangle was (a((0 - p +
(1-p+3)%3), (2-p+3) % 3)).

b.2.5:3.10 TFANIndexDecoderNTFans class

3).

incident

er of its

ological
cation of

fan the

bps: Bitstream of type TFANIndexDecoderOps<describing, for each vertex of a triangle fan, if it is a pew one

A\nnex P

n in the

n in the

bn to be
and the
is (a(0),
B) % 3),

5.2.5.3.10.1 Syntax

class TFANIndexDecoderNTFans(nV) {
unsigned char(8) maxNTFans;
unsigned int(32) streamSize;
for (intv=0; v<nV;v++){
nbrTFans|v] = aithmetic_decoder.decode();
}

}
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5.2.5.3.10.2 Semantics
nV: Parameter indicating the number of vertices for the connectivity array to be decoded.

maxNTFans: A 8-bit unsigned integer indicating the maximal number of triangle fans per vertex. This value is
exploited to initialize the statistics model of the arithmetic encoding.

streamSize: A 32-bit unsigned integer describing the size in bytes of the arithmetic encoded stream for the
numbers of triangles fans.

nbrTFaps: An array of integers of dimension nV indicating for each vertex the number of triangle fans inciden
to it.

5.2.5.3.11 TFANIndexDecoderDegrees class

5.2.5.3.11.1 Syntax

class TFANIndexDecoderDegrees{
unsigned int (32) nDegrees;
unsigned int (32) maxDegree;
unsigned int (32) streamSize;

for (int v = 0; v < nDegrees; v++) {
degrees|[v] = arithmetic_encoder.decode();
}

}
5.2.5.3.11.2 Semantics
nDegregs: A 32-bit unsigned integer describing the number of degrees to be decoded.

maxNTFans: A 8-bit unsigned integer indicating the maximal number of triangle fans per vertex. This value ig
exploitef] to initialize the statistics model of the-arithmetic decoder.

stream$ize: A 32-bit unsigned integer describing the size in bytes of the arithmetic encoded stream for thg
degreesd.

degrees: An array of integers of dimension nDegrees indicating the dimension of each triangle fan.
5.2.5.3.12 TFANIndexDecoderCases class

5.2.5.3.12.1 Syntax
class TFANIndexDecoderCases {
unsigned int(32) streamSize;

for (int v'= 0; v < nDegrees; v++) {
cases|v] = arithmetic decoder.Decode();
}

}

5.2.5.3.12.2 Semantics

streamSize: A 32-bit unsigned integer describing the size in bytes of the arithmetic encoder stream for the
TFAN topological configurations.

cases: An array of integers of dimension nDegrees indicating for each triangle fan its topological configuration.

NOTE nDegrees is recovered when decoding the TFANIndexDecoderDegrees.
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5.2.5.3.13 TFANIndexDecoderVerticesIndices class
5.2.5.3.13.1 Syntax

class TFANIndexDecoderVerticesIndices {
unsigned int (32) nVerticesIndices;
IntArrayDecoder(nVerticesIndices, 1) decodedVerticesIndices;

}

b.2.9.3.13.2 Semantics

nVerticesIndices: A 32-bit unsigned integer describing the number of vertices indices to be decoded.

HecodedVerticesIndices: Array of integer of dimension nVerticesindices describing the vertices indicgs.
5.2.5.3.14 TFANIndexDecoderOps class

5.2.5.3.14.1 Syntax

class TFANIndexDecoderOps {
unsigned int (32) nOps;
if (NnOps > 0) {
unsigned int (32) streamSize;
for (intv=0; v < nOps; v++) {
ops[v] = arithmetic_decoder.Decode();
}

}

b.2.5.3.14.2 Semantics

nOps: A 32-bit unsigned integer describing.the number of operation values to be decoded.

streamSize: A 32-bit unsigned integer’describing the size in bytes of the arithmetic encoded stream for the
bperation stream.

bps: An array of bits of dimension nOps indicating for each vertex of a triangle fan if it should be crgated by
he decoder or not.

6.2.5.3.15 TFANPérmutationDecoder class

6.2.5.3.15.1 /Syntax

class TFANPermutationDecoder(nT) {
unsigned int (32) streamSize;

for (intt=0;t<nT; v++){
perm[t] = arithmetic_encoder.decode();
}

}

5.2.5.3.15.2 Semantics

streamSize: A 32-bit unsigned integer describing the size in bytes of the arithmetic encoded stream for the
permutations.

perm: An array of integer of dimension nT indicating for each triangle the permutation to be applied to its
vertices to obtain the original order.
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5.2.5.4

5.2.5.4

Decoding process

.1 Overview

This clause specifies the decoding process that the decoder shall perform to recover 3D mesh data from the
encoded bitstream. As shown in Figure 64, the decoding process includes a switch which indicates the
algorithm used in the encoding process. After bitstream decoding, it is sent to the compositor to reconstruct
3D mesh data. In this document, only triangular meshes are considered.

GEQMETLry
Decoding

¥
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Decoding Decoding
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Decoding

XCZTmMO

Geometry
Decoding

o
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Decoding ° Decoding Decoding mesh

Connectivity

Decoding

5.2.5.4.2 QBCR Decoding

The QBCR decoder handles the geoemetry and properties (i.e. coordinate, color, normals, texture coordinate
and otherAttributes) and their associated indices (i.e. coordIndex, colorindex, normalindex, texture coordindex,

and ot

attributes an additional inyerse quantization procedure.

Let T be either the index array or the quantized geometry and properties array to be decoded. Let N be the
number|of elements/of T and dim their dimension. Figure 65 illustrates an example of an array of quantizeg

positio
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Figure 64 —SC3DMC Decoder structure

herAttributesindex) in-aunified manner. The only difference consists in applying to the geometry ang

n{coordinates. Let us note that all the elements of T are non-negative integers.
dim=3
T
T XD YD ZD X1 Y1 Z1 X2 Y2 Z2 Xa Y3 23 Xd Ynl an XS XN—1 YN—1 ZNr1

Pfo [1 J2 Ja Ja 5 [6 [7 |8 [o JooJar [z [1a]i5 ] [ana[ana]am]

The index / varies between 0 and 3N-1

Figure 65 — Example of a flat representation of an array of quantized position coordinates.
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If no prediction was applied (i.e. prediction mode 0) the decoder retrieves the array T by directly interpreting
the FL representation of each element.

For the prediction modes 1, 2 and 4, the decoder retrieves first the prediction residual errors E[i] by
interpreting associated binary representation. The decoded residuals E[i] are non-negative integers. They are
remapped to signed integers e[i] by applying the following function:

elil = E[il/2, if (E[i]%2==0) (1)

ofil = (E[i]+1)/2 othenrwise
17 =111 177 =7 T

The original table T is finally obtained by applying the inverse prediction stage detailed in Annex Q,

~or the prediction mode 3, the decoder exploits a similar strategy. However, here additional infgrmation
escribing for each value its associated predictor is decompressed. The different predictors associgted with
bach mode are detailed in Table 55 and Table 57.

et P[i] be the predictor associated with the index i. If P[i] corresponds to the “no prediction” mode (predictor
number 0 in Table 55) then TJ[i] equals EJi]. Otherwise, equation (1) is applied-te_E[i] in order to retrieve signed
residual error efi], which is predicted by using P[i].

[he inverse quantization which uses three different ranges, range[0] =.V[0] -v,,,[0] range[1] = vy[1] -v}[1] and
range[2] = vy[2] -vi,[2] is as follows:

T[i]
27 1

*range[i%3]% v, [i%3]

where v,,[0], vii[1], vis[2] are minimum values of eagh’axis and vy[0], vi[2], vi[3] are maximum valugs of the
K, ¥y an z axis.

5.2.5.4.3 SVA Decoding

5.2.5.4.3.1 Geometry decoding

After entropy decoding, circular difference decoding is followed.
® Cc=e+p
® if(c’'>My)thenc =c -Mqy-1;
® celseif{ci<0) then c =c+My+1;

where, ¢’ s\the currently reconstructed value and p is the previously reconstructed value. My and e. are

maximumsymbol’ and entropy decoded difference value. The final step is inverse quantization that|is same
bs that-ef the QBCR case.

E S E AN Lia el ol H
J.£.J:.%.J.4 IMTUTA UTLUUITTY

In order to decode the index (geometry index, normal index, color index and texture coordinate index) the
following processes need

5.2.5.4.3.3 Entropy decoding

The first step is entropy decoding. Basically, BPC decoding as described in Annex R or AC is applied, except
for the mode, the position and the direction.

For mode and position decoding, table based decoding as described in Table 53 and Table 60 are carried out.
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In case of face direction, first one bit is read, FDMode that indicates whether all the face directions are the
same or not. When FDMode says that all are same, read one more bit (FDValue) for direction. In other case,
read one bit by one bit for the direction.

5.2.5.4.3.4 Vertex index analysis

After entropy decoding, circular differential decoding is applied onto vertex indices reconstructed by the BPC
decoder. Now all the information transmitted from the encoder are collected. Based on the mode, the following
decoding process is followed.

® | Mode 0: One unshared position is given, thus two shared indices are copied from the previous face
The one unshared vertex is reconstructed form VID (Vertex Index Difference) decoded in gireulap
manner. When the face direction is one, the decoded face is inverted. The rotation flag is also-giver]
and rotate the decoded face rotation times.

® | Mode 1: Three indices are decoded from VIDs in circular manner.

® | Mode 2: One shared position is given, and copy the previous index of shared, position. The other twg
indices are reconstructed from VIDs decoded in circular manner. The rotation-flag is also given ang
rotate the decoded face rotation times.

® | Mode 3: Three indices are decoded from VIDs in circular manner.

® [ Mode 4: In this case, three vertex indices are copied from the previous indices. When the facg
direction is one, the decoded face is inverted. The rotation flag is also given and rotate the decodeq
face rotation times.

5.2.5.4.3.5 Properties decoding

For normal vector decoding, 4 modes are introduced.
® | BPC decoding, differential decoding and inverse quantization are processed in the order named
® | AC decoding, differential decoding-abd inverse quantization are processed in the order named
® | BPC decoding, XOR decoding and inverse quantization are processed in the order named
® | AC decoding, XOR deceding and inverse quantization are processed in the order named

The XOR decoding is as follows:

D, =V, ®V,

1 1—

where 0, V;.1, V;, ®.are decoded value, previous value, current value and XOR (Exclusive OR), respectively.

In case |of-color, the same method described in 3DMC color decompression, but color index, is used. In case
of texturle ibed | i e ' i i

5.2.5.4.4 TFAN Decoding

The TFAN decoder reconstructs the mesh connectivity by successively decoding a set of triangle fans. Let us
note that the mesh vertices are traversed in the order defined by the encoder. Figure 66 describes the
pseudo-code of the TFAN decoding algorithm.
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At the iteration j , the non-decoded triangle fans (Tﬂ(j))ne{le(j)}

reconstructed as follows. First, the ordered list L(j) of the neighboring vertices of v, with a higher

incidents to the vertex j are

index is

computed and the number of triangles fans N(j) is decoded. The triangle fans are then generated in the

order of their encoding. In order to reconstruct the triangle fan 7F (), the decoder reads from th
stream the following elements :

- The degree d(j,n) of the triangle fan,

e binary

- The FIFO S(j,n) indicating the set of the visited vertices, and
- The FIFO of indices I(j,n) .

bdded successively in the order of their encoding. Let w;.' (k) be the vertex number!%-of the current

an. In order to determine if it is a new vertex or an already decoded one, the TFAN decoder extracts
FIFO S(/j,n) one bit s’ (k) associated to the vertex w' (k).

fs7(k)=0, then w}(k) is a new vertex. It is then created by assigning it an index equal to its
brder. This index is then added to the triangle fan 7F, () and at the end the list L( ) . The traversal
inally incremented by 1.

f s7(k)=1, the vertex w’ (k) is identified as already decoded. In order to determine its index, the
extracts the first element ) (k) of the FIFO I(j,@) . If u;(k)>0, the index of the vertex W
pbtained by reading the element 1 (k) of L€y) . Otherwise (ie., 4;(k)<0), the index of W
/ — 47 (k) . In both cases the vertex index is-added to 7F, (/) .

.

Algorithm : TFAN Decoder
Objective: Decode the connectivity-of a triangular mesh

Ipput: V(NG jeqpy » (G, )" (S (m))' N0 (1 (G, m)) st

,,,,, jell W} (.0}

Qutput: List of triangles

f" < {}
NisitOrder&=Yl

The triangle fan TF, () is initialized with a sequence containing only the vertex j. The other vertjces are

triangle
from the

raversal

order is

decoder
;?(k) is
;?(k) is

fory e{l,...V}
If (j== visitOrder) {
visitOrder++

}
L(j) < F .ComputeOrderedListOfVisitedNotDecodedNeighbors()

Read(N()))
For ne{l,...,N(j)}
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Read(d(j,n))
Read(S(j,n))
Read(/(j,n))
TE,(j) < {J}

For ke {l,....1+d(j,n)}

s; (k) <= S(j,n).PopFirst()
If (57 (k) ==0){
TF, (j) .PushBack(visitOrder )

L(j,n) .PushBack(visitOrder)

visitOrder++
} Else {

w; (k) < 1(j,n).PopFirst()
If (44 (k)>0)
TF, (j) .PushBack(L(,u}“ (k)))

Else

TF, () PushBack(j - 4! (k) )

Figure 66 — Pseudo-code of the TFAN decoder

5.3 Texture tools
5.3.1 Depth Image-Based Representation
5.3.1.1 [Octree Compression

5.3.1.1. Overview

The Ocfréelmage node in Depth Image-Based Representation defines the octree structure and their projecteq
textures.Each texture, stored in the images array, 1S defined through Depthimage node with Simple T exture.
The other fields of the Octreelmage node can be compressed by octree compression.

5.3.1.1.2 Octree

5.3.1.1.2.1 Syntax

class Octree ()

{
OctreeHeader ();
aligned bit (32)* next;
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while (next == 0x000001C8)

{
aligned bit (32) octree frame start code;
OctreeFrame (octreelLevel) ;
aligned bit (32)* next;

5.3.1.1.2.2 Semantics

Fhe—compressed—streanT of the—octreecontains—amoctreetreader—and—onme—or more—octree—fram
breceded by octree_frame_start_code. The value of the octree_frame_start_code is always 0x00
Mhis value is detected by look-ahead parsing (next) of the stream.

5.3.1.1.3 OctreeHeader

6.3.1.1.3.1 Syntax

Flass OctreeHeader ()
unsigned int (5) octreeResolutionBits;
unsigned int (octreeResolutionBits) octreeResolution;

int octreelLevel = ceil (log(octreeResolution)/log(2));

unsigned int (3) imageNumBits;
unsigned int (imageNumBits) numOfImages;

5.3.1.1.3.2 Semantics

[his class reads the header information for the octree compression.

bctreeResolution field of Octreelmage nodé) This value is used to derive the octree level.

node. This value is used for the arithmetic coding of image index for each voxel of the octree. If the
mageNumBits is 0, then the image index symbols are not coded in OctreeFrame().

6.3.1.1.4 OctreeFrame

5.3.1.1.4.1 Syntax

Flass Octreé€Frame (int octreelevel)

if (imageNumBits==0) parentImage=255;
elsg parentImage=0;
o ™(int curLevel=0; curLevel < octreelLevel; curLevel++)

{

for (int voxelTndex=0: voxelTInde nVoxelsTnCnrlevel ; oxelTIndex++4)

, each
D001C8.

The octreeResolution, whose length is.\defined by octreeResolutionBits, contains the \jalue of

The numOflmages, which is imageNumBits long, describes the number of images used in the Octrgelmage

value of

{
int voxelSym = ArithmeticDecodeSymbol (contextID);
if (parentImage == 0)
{
curIlmage = ArithmeticDecodeSymbol (imageContextID);
}
}
}
for (int voxelIndex=0; voxelIndex < nVoxelsInCurLevel; voxelIndex++)
if (parentImage == 0)
curImage = ArithmeticDecodeSymbol (imageContextID);
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5.3.1.1.4.2 Semantics

This class reads a single frame of octree in a breadth first traversal order. Starting from the 1** node from the

level O,

after reading every voxels in the current level, the number of voxels (nVoxelsIinCurLevel) in the next

level is known by counting all the 1's in each voxel symbol. In the next level, that number of voxels will be read
from the stream.

For decoding of each voxel, an appropriate contextID is given, as described in 5.3.1.1.6.

The par

ntlmaae and mwlmann are—internal-variableswithin—each—\voxel-ineach-level—The r\||r|mann isth
T

image i
previous

the vox¢l image index information, the imageNumBits will be 0. In this case, the parentimage for every,voxe

shall be

If the im
(curlma
non-zer
index (d
and vox|
imageN

the voxel image indices are not used. If the imageNumBits has non-zero valuej-then the parentimage of every

voxel is

After dd

image index value assigned by the parent voxel yet. (zeros in leaf nedes can be interpreted by renderer in ar

arbitrary

The ord
number

5.3.1.1.

In this |
syntacti
the arra

5.3.1.1.

This fur
contextl

int Ari
{
unsi
unsi
int

dex for the current voer in the current level. The parentimage is the image index of the parent in the
level, of the current voxel (the curlmage of the parent voxel). When the bitstream does not contair

initialized to 255. Otherwise, the initial value of the parentimage for every voxel shall be 0.

age index for the parent voxel (parentimage) is not defined, then the image index for, the Current voxe
je) is also read from the stream, using the context for image index, defined by imageContextID. If g
b value is retrieved (the image index is defined), then this value will also be copied to every imags
urlmage) of its children voxels in the following levels. In case of the root voxel) where curLevel is (
elindex is 0, the value of parentimage depends on the value of imageNumBits.in OctreeFrame(). If the
LmBits is 0, then the parentimage of every voxel is a non-zero dummy Value. This is the case wherg

by default 0.
coding every voxel, the image index will be assigned to every leaf node of the octree that has ng
way).

er of the reference images (streams) is essential: image indices for voxels assume the streams arg
bd in a fixed order.

b Adaptive Arithmetic Decoding

ubclause, the adaptive arithmetic codertused in octree compression is described, using the C++ styld
C description. aa_decode() is the fungction which decodes a symbol using a model specified through
y cumul_freq[] and shall be used as-described in the Annex G of ISO/IEC 14496-1:2010.

5.1 ArithmeticDecodeSymbol

ction prepares the appropriate cumul_freq[] to be used for aa_decode function, depending on the
D. PCT is an array.ef-probability context tables, as described in 5.3.1.1.6.

thmeticDecgde8ymbol (int contextID)

gned in€ MAXCUM = 1<<13;
gned ot ImageMAXCUM = 256;
*p,Ladlsym, maxcum;

if
{
P

allsym
maxcum

}

else
{
p

cortextID '= imageContextID)

256;

= PCT[contextID];
= MAXCUM;

= TexturePCT;

allsym = numOfImages + 1;
maxcum = ImageMAXCUM;

}
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int cumul freqlallsym];
int cum=0;
for (int i=allsym-1; 1i>=0; i--)
{
cum += pl[i];
cumul freqg[i] = cum;
}
if (cum > maxcum)
{
cum=0;
for (int i=allsym-1; i>=0; i--)

{

PCT[contextID] [i] = (PCT[contextID][i]+1)/2;
cum += PCT[contextID][i];
cumul freq[i] = cum;

}
}

return aa decode (cumul freq);

5.3.1.1.5.2 Decoding Process

The overall structure of decoding process is described in 5.3.1.1.4. It shows, how one obtains the TBV(
rom the stream of bits that constitute the arithmetically encoded (compressed) TBVO model.

A\t each step of decoding process we must update the context number (i.e. the index of probability talj
he probability table itself. The probabilistic model is the unighyof all probability tables (integer arr3
blement of i-th probability table, divided by the sum of its eleménts, estimate the probability of occur|
he j-th symbol in i-th context.

The process of updating the probability table is as follesws. At the start, probability tables are initializeg
bll the entries are equal to 1. Before decoding a, symbol, the context number (ContextID) must be
ContextID is determined from previously decoded data, as indicated in 5.3.1.1.6.1 and 5.3.1.1.6.2
WVhen ContextID is obtained, the symbol is decoded using binary arithmetic decoder. After that, the pr|
able is updated, by adding adaptive stepdo the decoded symbol frequency. If the total (cumulative
able elements becomes greater tham the cumulative threshold, then the normalization is pg
see 5.3.1.1.5.1).

5.3.1.1.5.3 Context modeling:of‘image symbol

mage symbol is modeled with only one context (i.e. only one probability table is used). The size of this
bqual to number numQfimages plus one. At the start, this table is initialized to all “1’-s. The maximum

o the highly variable*stream of index numbers.

6.3.1.1.5.4 ‘Context modeling of voxel symbol

D voxels

le), and
ys). j-th
rence of

so that
chosen.
below.
bbability
sum of
rformed

table is
allowed

entry value is set to 256. The adaptive step is set to 32. This combination of parameter values allows @dapting

ransformation may be applied to these arrays, transforming the corresponding symbols into each oth

r.

here.are 256 different voxel symbols, each symbol representing a 2x2x2 binary voxel array. 3D or%hogonal

Consider a set of 48 fixed orthogonal transforms, that is, rotations by 90*n (n=0,1,2,3) degrees about the

coordinate axis, and symmetries. Their matrices are given below, in the order of their numbers:

Orthogonal Transforms [48]=

{

|

o o —
o — o
- o o
- =
o - o
S o ~-
o o -
- o o
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0 0 1 00 -1 010 0 1.0y (0 =10y (0 01 0 01 00 -1
010 100 -1 00,0 O 1,100, |-100,[O0 1O0,|-100
100 010 0 01){-100) {0 01 010 (-100) 010

0-10)(00-1) (0 0 1) (0 0 1) (0 0 =1} (1 0 0y (1 0 0) (-1 0 0

1thjo1 oL fo-1o,|1 0ool|o-1o0|l]0o-10,]00 1,]0-10
100 1oo)lt oo lo-10l10o0o)loo1)lo-10 (001
10 0)(100)(-100) (01 0) (01 0)(0-10)(-100 (00 —I
00 -1, (01 o oo-1][oo-t,][10o0f]0oo0=-t1L]|0 01|10 0
01 0)loo-1Jlo1o/ltoo)loo-1)l1ooflo-10(0-10

0 01 0 1) (0 0 -1y (0 =1 0) (0O -1 O 100 10 0y (100
-1 00 -10} [-10 0} 0 0 I, |1 0 O} [0 0 —1} [0 -1 0} [0 0 —1}
0 -10 \fp1 0 0){0-10){-1 00 00-1)10-10)100-1){0-10
0 0 -1 0O~ (-1 0 0) (0 ~-10)(0~-10)(010 010)(-100
0-10 1 0} 0 -1 0] 00 —1} -1 0 O] [0 0 —l] [l 0 0] [0 1 0}
-10 0 1 0 0 00-\-10o0){00-1)\-100 00-1)100-1

}

There afe 22 sets of symbols — called classes, - such that 2 symbols are connected\by such a transform if ang
only if they belong to the same class. The coding method constructs PCT’s~(probability context tables) as
follows:|ContextID of a symbol equals either to the number of class to which its parent belongs, or to §
combined number (parent class, current voxel position in the parent voxel)This allows to reduce the numbey
of conteixts greatly, and the time needed to gain meaningful statistics.

For eagh class, a single base symbol is determined (see Table\62), and for each symbol, the orthogona
transforn that takes it into the base symbol of its class is precomputed (in actual encoding/decoding process
look-up [table is used.). After the ContexID for a symbol is determined, the transform, inverse (i.e. transposeq
matrix) {o the one taking its parent into the base element is:applied.

Table 62 — An example of base symbol for each class

Class Example of-base Class order
symbol (Number of elements)

0 0 1

1 1 8
2 3 12
3 6 12
4 7 24
5 15 6
6 22 8
7 23 8
8 24 4
9 25 24
10 27 24
11 30 24
12 31 24
14 61 24
15 63 12
16 105 2
17 107 8
18 111 12
19 126 4
20 127 8
21 255 1
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The context model depends on the number N of already decoded symbols:

For N < 512 there is only one context. The probability table is initialized to all “1’-s. The number of symboils in
the probability table is 256. The adaptive step is 2. The maximum cumulative frequency is 8192.

For 512 < N < 2560 (=2048+512), 1-context (in the sense that context number is single parameter, number of
the class) model is used. This model uses 22 PCT’s. ContextID is the number of the class to which the parent
of the decoded node voxel belongs. This number can always be determined from the lookup table with base
symbol and orthogonal transform, because the parent is decoded earlier than the child. Each of the 22 PCT’s

a ~Tala he P o pre a age e _numbero anlala Aeacn propab =lall= a' daphve

¢d using

nverse orthogonal transform defined above.

When 2560 symbols are decoded, the decoder switches to 2-context (in the sense that the context ndmber is
now composed of the two parameters as explained below). This model uses 176 (=22*8, i.e. 22 classes by 8
positions) PCT’s. ContextID here depends on the parent class and the position of the gurrent node voxel in the
barent nodevoxel. Initial probability tables for this model depend only on its context, but not position:|for all 8
bositions PCT is a clone of the PCT obtained for the given class at the previous stage. The number of
5ymbols in each probability table is 256. Adaptive step is 4. The maximum cumulative frequency is algo 8192.
After symbol is decoded it is also transformed using the inverse orthogonal<iransform, as is in the previous
model.

n the animated case, initial context model for every frame otherithan the first one is inherited from the
previous frame.

b.3.2 PointTexture stream

5.3.2.1 Overview

The PointTexture compression is a tool to compress the PointTexture node efficiently. The decoder gtructure
pf the PointTexture compression is shown in Figure 67. The PointTexture decoder consists of header decoder
and node decoder. The header information. is' decoded in the header decoder and is used in node decoder.
The PointTexture decoder receives the arithmetic coded bitstream and restores the PointTexture ndde. The
Hecoded PointTexture node specified in,;4.4.1.3 has the depth information and the color information.

PointTexture Node Decoder
Adjustable

InPercentOfDecoding

Compressed ; Entropy Tree Node Voxel Data Decoded
Bitstream | Decoder [’| Decoder [ Rec(gr?tsrt?ﬁctor_’ Reconstructor | : ['| PointTextufe
i PointTexture Header Decoder ;
—V nWidth/nHeight/nDepthNbBits -—

5.3.2.2 PointTexture class

5.3.2.21 Syntax

class PointTexture ()

{
PointTextureHeader ();
PointTextureTreeNodes ()
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5.3.2.2.2 Semantics

This is a top class for reading the compressed bitstream of PointTexture. PointTextureHeader is the class for
reading header information from the bitstream. PointTextureTreeNodes is the class for reading tree node
information progressively from low to high resolution.

5.3.2.3 PointTextureHeader class

5.3.2.3.1 Syntax

class PointTextureHeader ()

{

}

5.3.2.3.2 Semantics

nBitSizeOfWidth: This value indicates the bit size of nWidth.
nWidth] This value indicates the width of the PointTexture.
nBitSizeOfHeight: This value indicates the bit size of nHeight.
nHeight: This value indicates the height of the PointTexture.
nDepthNbBits: This value indicates the number of bjtsiused for representing the original depth data. Thg
value ofinDepthNbBits ranges from 0 to 31, and the nimber of bits used in the original data is nDepthNbBits A

1.

nPercentOfDecoding: This value indicates:the percent of the tree nodes to be decoded. If the value is the
maximujm (100), the lossless decoding is penformed. Otherwise, the lossy decoding is performed.

5.3.2.4 |PointTextureTreeNodes class

5.3.2.4. Syntax

class PointTextureTreeNodes ()

{

nNumbefOfTreeNodes{ = initializeOctree (nWidth, nHeight, nDepthNbBits);
nNumbe#Limit =/mNumberOfTreeNodes * nPercentOfDecoding / 100;
pushQ(¢9); //A 0¥ root

nCount |= 0,

while (nCdunt < nNumberLimit)

{

unsigned int (5) nBitSizeOfWidth;
unsigned int (nBitSizeOfWidth) nWidth;
unsigned int (5) nBitSizeOfHeight;
unsigned int (nBitSizeOfHeight) nHeight;
unsigned int (5) nDepthNbBits;

unsigned int (7) nPercentOfDecoding;

if (isQueueEmpty () == true) // break if queue is empty
break;

nIndex = popQ();
nCount++;

nSOP = decodeAAC (contextSOP) ;

if (nSOP == 0) // Split node decoding

{
nRegionRed = decodeAAC (contextRedOfRegion) ;
nRegionGreen = decodeAAC (contextGreenOfRegion) ;
nRegionBlue = decodeAAC (contextBlueOfRegion) ;
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for (nChild = 1; nChild <= 8; nChild++) // 8 children nodes
{

nBOW = decodeAAC (contextBOW) ; // black or white

if(nBOW == 0) // 0: white node

nCount += getCountOfTreeSize (nIndex*8+nChild) ;
else // 1: black node
pushQ (nIndex*8+nChild) ;
}
}
else // PPM node decoding
{

getRegion (nIndex, nStartX, nStartY, nStartZ, nEndX, nEndY, nEndZ);
for(k = nStartZ; k < nEndZ; k++)

{
for(j = nStart¥Y; j < nEndY; j++)

{
for (i = nStartX; i1 < nEndX; 1i++)

{
nIndexOfContext = getIndexOfContext (i, j, k);
nVoxel = decodeAAC (contextTreeNodes [nIndexOfContext]);
if (nvoxel == 1) // 1: black node

{
nDeltaRed = decodeAAC (contextColorDifference)\

nDeltaGreen = decodeAAC (contextColorDifiference) ;
nDeltaBlue = decodeAAC (contextColorDifference);

}
}

nCount += getCountOfTreeSize (nIndex) - 1;

b.3.2.4.2 Semantics
hNumberOfTreeNodes: This value indicates the number of the tree nodes in an octree.

nitializeOctree: This function initialize the resolution values with nWidth, nHeight and nDepthNbBits and gets
he number of the tree nodes in the-ectree.

nNumberLimit: This value ifdicates the limit of the tree nodes to be decoded.
bushQ: This function inserts a value into a queue.

nCount: This valdejindicates the current number of decoding tree node.
sQueueEmpty: This function checks whether the queue is empty or not.

hIndex®This value indicates the index of the tree node to be decoded.

bopQ: This function extracts a value from the queue.

nSOP: This value indicates whether the tree node is split node or PPM(Prediction by Partial Matching) node. If
the value is 0, it means split node. Otherwise, it means ppm node.

decodeAAC: This function performs the AAC(Adaptive Arithmetic Coder) decoding with a given context.
nRegionRed: This value indicates the red color range in a voxel region.
nRegionGreen: This value indicates the green color range in a voxel region.

nRegionBlue: This value indicates the blue color range in a voxel region.
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nChild:

nBOW:

This value indicates the index of the 8 children nodes decoding the split node.

This value indicates whether the child node is black or white.

getCountOfTreeSize: This function calculates the number of sub-tree nodes from a tree node.

getRegion: This function calculates the volume region (starting x, y, z and ending x, y, z) from an index of the
tree node.

nStartX;-n

nEndX,

nindex(

getindeixOfContext: This function gets the index of the tree node context from x, y, z values.

nVoxel;
nDeltaR
nDeltadQ

nDeltaH
5.3.2.5

5.3.2.5.

As shoy
decoder
many tre

5.3.2.5.]
From th

nDept

nEndY, nEndZ: These values indicate the ending points of the volume region.

DfContext: This value indicates an index of the tree node context from x, y, z values.

This value indicates whether the voxel node is black or white.
bed: This value indicates the differentiated value of the red color in a voxel,
sreen: This value indicates the differentiated value of the green color,in.a‘voxel.

lue: This value indicates the differentiated value of the blue colot/in a voxel.
Decoding Process

Overview

vn in Figure 67, there are two parts to decode-PointTexture. Those are header decoder and nodg
. The header decoder is to get the resolution information of PointTexture and the percent value how
be nodes to decode. And the node decoding)process is comprised of the following steps:

Entropy decoding
[Tree node decoding
Adjustable octree reconstruction

\Voxel data reconstruction

P Header Decading

e NDepthNbBiIts, the real range of the depth can be obtained as follows.

h=2 nDepthNbBits + 1

The reg

olution of PointTexture is nWidth x nHeight x nDepth. From the resolution values, the adjustablg

octree ¢

214

an De obtained. I'he aqgjustable oclree nhas the Tive labels as Tollows:

Table 63 — Five labels for adjustable octree nodes

Labels Comments

Split: The node is subdivided into 8 nodes

White: The node consists of all white voxels

Fill black: The node consists of, or is approximated by, all black voxels
PPM: The voxel values within the node are encoded by the PPM
algorithm

Empty: The node has no voxel space

v|m|s|»

m
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To explain the adjustable octree easily, the adjustable quad trees are adopted and used. Figure 68
and Figure 69 show the examples of the adjustable octrees. In the figures, the white voxels are represented
by the white boxes and the white circles with W labels. And the non-white voxels are represented by the color
boxes and the circles with B labels. If a node has children of S/W/B/P/E labels, the label of the node is S. If a
node is to be decoded by PPM(Prediction by Partial Matching) decoding, the label is P. The empty nodes are
represented by the dotted boxes and the dotted circles with E labels. Given a resolution, the full octree nodes
and the empty nodes can be recognized and be found out. The decoder need not receive any bitstream or
information for empty nodes, because it is possible to know the locations of all empty nodes with only the
resolution information. In the adjustable octree, the parent node is subdivided into 8 children nodes regularly
as equal as possible Subdividing a parent node the subdivision order of 8 children nodes is front left-top,
ront right-top, front left-bottom, front right-bottom, rear left-top, rear right-top, rear left-bottom, andidar right-
pottom. In X, y, z axes, the length of each axis is divided into two sub-parts equally if possible:If(it is not
possible to divide equally, the length of one sub-part is one voxel longer than the length of the other qub-part.
-or example, Figure 68 shows that it is divided unequally in x-axis as 2 column voxels and 1‘celumn voxel, but
t is divided equally in y-axis as 2 row voxels and 2 row voxels.

Figure 68 — Example of adjustable octree in the resolution of 3x4.
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5.3.2.5.3 Entropy Decoding

The Po

informafion. To read the bitstream, the context-based adaptive arithmetic decoder is used as the entropy
decoder [39]. The bitstream structure for compressed PointTexture is shown in Figure 70.

The number of the tree nodes (NNumherOfTreeNodes) can be obtained by the initalizeOctree function which
make the initial full octree nodes withtinitializing white (0) values excluding the empty nodes in the resolution

of nWid
Node-2,

If the nPercentOfDecoding-is 100 (maximum value), all nodes will be decoded losslessly. Otherwise, the tree

nodes W

The hed
tree nod
the tred
in Figurg

216

=

WOOOWWWOOWE O W

oehey,

Figure 69 — Example of adjustable octree\in the resolution of 5x7.

ntTexture decoder receives the bitstreammand decodes the header information and the tree nods

th x nHeight x nDepth. If-the number of the tree nodes is N, all nodes to be decoded are Node-1
Node-3, ..., Node-N.

ill be decoded @s)much as nNumberOfTreeNodes x nPercentOfDecoding / 100.

der information contains the above resolution values and the percent of decoding. Each information of
e is composed of two parts as SOP and DIB in Figure 70 (b). SOP is one bit flag, which indicates tha

node™is split node or ppm node. If the node is split node, the bitstream structure is showr
b 70, (c). Otherwise, the bitstream structure of ppm node is shown in Figure 70 (d).
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(a) | Header Information.“l Node-1 | Node2 [ ... | Node-N |
(b) |.“.;°,OP(“S” orP) JDIB (Detailed. InformatlonBlts)
(©) If “S” IMeanColor |Chl|Ch2|Ch3|Ch4|Ch5|Ch6|Ch7|Ch8i
(d) If “p” | Depth Information PPM Bits | Color Bits

Figure 70 — Example of the bitstream structure for compressed PointTexture.

5.3.2.5.4 Tree Node Decoding

Siven an octree resolution, the number of all tree nodes, N can be calctlated and obtained. W
ecoder received the bitstream of the tree nodes from root node to leaf nodes, it must know the d
brder in the tree nodes. A modified BFS (Breadth First Search) using ‘@ priority order queue can be
he decoding order. If the decoder use a pure original breadth first ‘'search, then the progressive deg
not possible, but the only sequential decoding is possible. So, modified BFS that is a modified BFS
priority order queue is proposed and adopted to decode and,'show the progressive PointTextureg
children’s nodes, every first child node of the parent node 4s higher than the other child node of th
nodes. Every second child node is higher than the node from the third to the eighth. Every eighth child
most low than the other child node of the parent node in‘the priority. According to the children’s priorit
barent node, the current decoding node can be notified to the decoder. Figure 71 shows an examp
jecoding order for the tree nodes in Figure 68. In the figure, the empty E nodes are skipped and ig
he decoding order. Figure 72 shows another example of the decoding order for the tree nodes in Figu

Figure.71 — Example of the decoding order for the tree nodes in Figure 69.

hen the
ecoding
ised for
oding is
using a
. In the
e parent
node is
y from a
e of the
hored in
re 69.

Figure 72 — Example of the decoding order for the tree nodes in Figure 70.
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Figure 73 shows the block diagram of the tree node decoder. The decoding procedure is as follows. First, the
decoder reads the SOP and finds out whether the tree node is split node or ppm node. Second, the decoder
reads the DIB(Detailed Information Bits) and finds out where the voxels are and which colors are in each voxel.
There are two cases, split node and ppm node. In case of split node, all color values of the children voxels are
temporarily set to the average/mean color. These color values are updated when new sub colors of the
children are decoded/received. In case of PPM node, the depth information of the voxel region is
reconstructed using PPM decoding and the color information is also reconstructed using AAC(Adaptive
Arithmetic Coder) decoding and the inverse-DPCM.

Qplif node decoder

Mean Color | | Children Label
Decoder Decoder

SOP
Selector PPM node decoder

Voxel PPM Voxel Color
Decoder Decoder

Figure 73 — Block diagram of tree node decoder.

In SOP [Selector, the decoder reads the 1 bit flag, which indicates whetherthe node is the split node or PPNV
node. If[the value is 0, it means split node. Otherwise, it means ppm néde. In case of split node, the node is
decoded as shown in Figure 70(c). Firstly, the average/mean R, G) B color values are decoded with the
adaptivg arithmetic decoder. Next, the children labels are also decoded with the adaptive arithmetic decoder
The child label can be black (1) or white (0). If the label is white; all children nodes of the node are whitg
nodes. |f the label is black, then the sub children nodes of the label are temporarily regarded as all black
nodes. The sub children’s nodes and colors can be known\in detail when the next sub node of each label id
decoded/reached.

In casg of PPM node, the node is PPM decoded using the previous decoded voxel values as
context.|Figure 74 is an example of context. Voxels-are represented as circles or squares. Gray circles meang
decode$ black voxels and white circles means decoded white voxels. Question marked circles are no
decoded voxels. A question marked black\square shown in Figure 74(b) is the voxel to be decoded. Tq
decode [the voxel as 0 or 1, ten neighboring voxels are used as context excluding three voxels which arg
marked [with “X’. Similar to the raster_scan order, ‘0’ is the previous decoded white circled voxel and ‘1’ is the
previous$ decoded gray circled voxel,* The ten bits are used as the context of the squared voxels. In thig
example, the context of the squared voxels is ‘0111000011°. Using this context, the black squared voxel is
decoded by the context-based adaptive arithmetic decoder.

XOo®@ 0O0@
00X OH?®
XO0O @0o®

XO111XX00 0011 >0111000011

(a) depth = k -1 (b) depth = k (c) context
Figure 74 — Example of context: a voxel represented by a question marked black square in (b) is the

voxel to be decoded and voxels represented by white circles and gray circles in (a) and (b) are used to
make a context excluding three voxels which are marked with ‘X’.
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- = - . .

SO COR®
XHO0000XX00 0000 ->0000000000

(a) depth =k —1 (b) depth =k (c) context

Figure 75 — Example of context: voxels represented by dotted circles in (a) and (b) are notre)
voxels and a voxel to be decoded in (b) is located at a corner actually.

\fter decoding the voxel/depth information, the R, G, B color values of the black voxels within the n
ecoded with the adaptive arithmetic decoder and the inverse-DPCM. The inverse-DRCM of color infq
s performed using the following equations.

nRed = (255 - nDeltaRed) + nRedPrevious , if nDeltaRed > 255
nRed = nDeltaRed + nRedPrevious , if nDeltaRed < 255

nGreen = (255 - nDeltaGreen) + nGreenPrevious , if nDeltaGreen >.255

NnGreen = nDeltaGreen + nGreenPrevious , if nDeltaGréen'< 255
nBlue = (255 - nDeltaBlue) + nBluePrevious , if nDeltaBlue > 255
NBlue = nDeltaBlue + nBluePrevious , ifnDeltaBlue < 255

The values of nDeltaRed, nDeltaGreen, nDeltaBlue are the decoded values after reading and deco
bitstream of color bits. The values of nRedPrevious, nGreenPrevious, nBluePrevious are the

Which are supposed to be had.

6.3.2.5.5 Adjustable Octree Reconstruction

n the tree node decoding, the labeled adjustable octree reconstruction is also performed. Figure 76

simple example of the adjustable octree reconstruction in the resolution of 3x4. Figure 76 (b)(d)(f) s
reconstruction process.in the decoder side. On the other hand, Figure 76 (a)(c)(e) shows the con
brocess in the encoder side. In Figure 76 (b)(d)(f), blue line box means the current decoding node ar
ine box means~the decoding children nodes. In Figure 76 (b), the decoding node is split node

jecoding children nodes are B, B, W and B. In Figure 76 (d), the decoding node is PPM node

lecoding children nodes are W, B, B and B. In Figure 76 (f), the decoding node is split node and the d
children nedes are W and B. In this case, E nodes are not decoded. They can only be recognized ar
Dy the-resolution information.

tisted

ode are
rmation

ding the
brevious

Hecoded values of nRed, nGreen, nBlue«'The values of nRed, nGreen, nBlue are the final decoded values

shows a
how the
struction
d green
and the
and the
ecoding
d found
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Figure 76 — Example of the adjustable octree construction/reconstruction.
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5.3.2.5.6 Voxel Data Reconstruction

After reconstruction of the labeled adjustable octree, it is converted into the voxel data. The resolution of the
voxel data is nWidth x nHeight x nDepth. After reconstruction of the voxel data, it can be converted into the
PointTexture easily. The PointTexture node has the depth information and the color information to represent

the reconstructed 3D objects. With the labeled octree and the efficient bitstream structure, the progressive
decoding is possible.

5.4 Animation tools

b.4.1 Bone-based animation

[his tool compress a temporal sequence of bone(s) transforms.
65.4.1.1 Bone-Based Animation stream definition

6.4.1.1.1  Overview

A\ BBA object is formed by a temporal sequence of BBA object planes as depicted below:

BBA object:

BBA Object
Plane 1

BBA Object
Plane 2

BBA Object
Plane n

Alternatively, a BBA object can be formed by a temporal sequence of BBA object plane groupgq (called
segments for simplicity), where each BBA object plane-group itself is composed of a temporal sequence of 16
BBA object planes, as depicted in the following:

BBA object:
BBA Object BBA Object |\ BBA Object
Plane Group 1 Plane Group Plane Group n
BBA object plane group:
BBA Object BBA Object Vo BBA Object
Plane 1 Plane 2 Plane 16

When the alterhative BBA object bitstream structure is employed, the bitstream is decoded by DC
BBA object decoding in the same manner as for the FBA stream. Otherwise, the bitstream is decode
rame-based BBA object decoding.

A\ BBA‘Object plane contains the update values for Skin&Bones components (SBC) which can be tran

T-based
d by the

slations,

rotation angles, scale factors in an arbitrary direction - for bones, control points translation, contrg

| points

reulat £ 'y 1 4 £ 1 pu | HP S £ 4l 4 ry o £ |
VCIYITS TAdULUT S, RTTULS = TUT TTTUSUIT S, AdlTU WTIYTTIS UT UTT dI'yTUuUITTICoTIcS = TUT TTTUTPTITY .

5.41.1.2 bba_object

5.4.1.1.2.1 Syntax

class bba object {
bit (23) * next;
if (next==0)
bit (32) bba object start code;
do{
bba object plane bbaObPlane() ;
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bit (23) * next;
}Jwhile (! ((next==0)&& (next!=bba object plane start code)));

5.4.1.1.2.2 Semantics

In the bba object, a start code is sent to enable resynchronization. The first 23 bits are read ahead, and
stored as the integer next.

If next is O (in other words, the first 23 bits if the bba_object plane are 0), the first 32 bits of the bba object

Sha” be raad and intarnratad ac A ctart coda that nracadac tha 1 e 4
FeaaahRatHterpreteaasSa-Statt-6oaetHatpreceaesthe——oae—oe1S =

bba object start code is equal to 000001EA in hexadecimal.
5.4.1.1.3 bba_object_plane

5.4.1.1.3.1 Syntax

class Bba object plane() {
bba [object plane header();
bba [object plane data();

}

5.4.1.1.3.2 Semantics

The bbq object plane is the access unit of the BBA stream. It gcontains the bba object plane header
which gpecifies timing, and the bba object plane data, which, contains the data for all nodes (bones
muscleg and morphs) being animated.

5.4.1.1.4 bba_object_plane_header

5.4.1.1.4.1 Syntax

class BPba object plane header() {
bit (433) * next;
if (next==0)
bif (32) bba object plane start, code;
bit (1) isIntra;
if (4sIntra) {
bif (1) isFrameRate;
if| (isFrameRate)
FrameRate rate;
bif (1) isTimeCode]
if| (isTimeCode)
nsigned intA48) timeCode;

}

bit (1) hasSkipFrames;

if (hasSkipframes)
SklpFxames skip;

5.4.1.1.4.2 Semantics

In the bba object plane header, a start code may be sent at each intra or predictive frame to enable
resynchronization. The first 23 bits are read ahead, and stored as the integer next.

If next is O (in other words, the first 23 bits if the bba object plane are 0), the first 32 bits of the
bba object plane shall be read and interpreted as a start code that precedes the bba_object plane.

If the boolean isintra is TRUE, the current animation frame contains intra-coded values, otherwise it is a
predictive frame.
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In intra mode, some additional timing information is also specified. The timing information shall obey the

syntax of the Facial Animation specification in ISO/IEC 14496-2. Finally, it is possible to skip a nu
bba_object plane by using the Frameskip syntax as specified in ISO/IEC 14496-2.

bba_object _plane_start code = 000001EB in hexadecimal.
5.41.1.5 FrameRate

5.4.1.1.5.1 Syntax

mber of

tlass FrameRate {

unsigned int (8) frameRate;
unsigned int (4) seconds;
bit (1) frequencyOffset;

5.4.1.1.5.2 Semantics
Frame rate is an 8-bit unsigned integer indicating the reference frame rate of the' sequence.

seconds iS @ 4-bit unsigned integer indicating the fractional reference frame rate. The frame rate is cq
bs follows:

frame rate = (frame_rate + setonds/16).
Frequency offset is a 1-bit flag which when set to ‘1’ indicates that the frame rate uses the NTSC fr
pffset of 1000/1001. This bit would typically be set when frame rate = 24, 30 or 60, in which d

resulting frame rate would be 23.97, 29.94 or 59.97;respectively. When set to ‘0’ no frequency
bresent, i.e. if (frequency_offset ==1), frame rate<='(1000/1001) * (frame_rate + seconds/16).

5.4.1.1.6  SkipFrame

6.4.1.1.6.1 Syntax

rlass SkipFrame {

int nFrame = 0;
do {

bit (4) number of~frames to skip;

nFrame = number ‘of frames to skip + nFrame;
} while (number of frames to skip == 0bl11ll);

b.4.1.1.6.2 Semantics

humbexr,of frames to skip iS equal to 15 (pattern “1111”) then another 4-bit word follows allowing

ip.10.29 frames (pa_ttern “11111110”) to be specified. If the 8-bits pattern equals “11111111”, then an

mputed

bquency
ase the
pffset is

humber Of /frames to skip is a 4-bit unsigned integer indicating the number of frames skippedl. If the

h skip of
other 4-

pitS word shall follow and so on, and the number of frames skipped is incremented by 30. Each 4-bit p

attern of

‘1111’ increments the total number of frames to skip with 15.
5.4.1.1.7 bba_object_plane_data

5.4.1.1.7.1 Syntax

class bba object plane data() {
bba_object_plane_mask bbaobplmsk () ;
bba object plane values bbaobplvls();
}
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5.4.1.1.7.2 Semantics

bba_object_plane_data class contais information about the animation mask (class bba_object_plane_mask)
and the animation values (class bba_object_plane_values).

5.4.1.1.8 bba_object_plane_mask

5.4.1.1.8.1 Syntax

class Bba object plane mask() {

bit (%) NumberOfInterpolatedFrames; // NIF
if (1sIntra) {

bif (5) bba quant;

bit (3) pow2quant;

bit (3) noOfControllerTypes;

bit (10) NumberOfBones; //NSBB

bif (10) NumberOfMuscles;//NSBM

bif (10) NumberOfMorphs;//NMF

for (bone=0;bone<NumberOfBones;bone++) {
it (10) Boneldentifier; //IDB
one mask bnmask () ;

for (ms=0;ms<NumberOfMuscles;ms++) {
it (10) MuscleIdentifier; //IDM
it (6) NumberControlPoints; //NCP
it (6) NumberKnots; //NK

Muscle mask msmask() ;

fof (mf=0;mf<NumberOfMorphs;mf++) {
it (10) MorphIdentifier; //IDMF
it (6) NumberOfWeights; //NW
morph mask mfmask () ;
}
}
}

5.4.1.1.8.2 Semantics

NumbenOfinterpolatedFrames (NIF) - 5-bit unsigned integer indicating the number of frames that have to be
interpolated between the current frame* and the received frame. If 0 (zero) the decoder pass the decodeq
frame tq the animation engine.

bba_quant - a 5-bit unsigned‘integer used as the index to a bba_scale table for computing the quantisatior]
step sizg of SBC values for predictive and DCT coding. If bba_object_coding_type is predictive, the value of
bba_scple is specified in\the following list:

bba_scale [0-31]=¥0, 1,2, 3,5,7,9, 11, 14, 17, 20, 23, 27, 31, 35, 39, 43, 47, 52, 57, 62, 67, 72, 77, 82, 88
94, 1004 106, 1133120, 127};

If the bhja-object_coding_type is DCT this is a 5-bit unsigned integer used as the index to a bba_scale tablg
for computing D si AFFi i A . o A
following list:

bba_scale [0 -31]={1,1,2,3,5,7,8, 10, 12, 15, 18, 21, 25, 30, 35, 42, 50, 60, 72, 87, 105, 128, 156, 191,
234, 288, 355, 439, 543, 674, 836, 1039}

pow2quant — a 3-bit unsigned integer used as an exponent for computing the quantisation step size of SBC
values.

The quantisation step is obtained as g=bba_scale[bba_quant]*2*pow2quant;

noOfControllerTypes — a 3 bits integer indicating the number of controller types in the BBA stream.
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NumberOfBones (NSBB) - a 10-bit unsigned integer indicating the number of bones animated by the current
frame.

NumberOfMuscles (NSBM) - a 10-bit unsigned integer indicating the number of muscles animated by the
current frame.

NumberOfMorphs (NMF) — a 10 bits integer indicating the number of morph objects that are animated in the
current frame.

bonelD

Muscleldentifier (IDM) a 10-bit unsigned integer indicating a muscle identifier; must correspond with a
musclelD field from a SBMuscle node from the scene graph.

NumberControlPoints (NCP) A 6-bit unsigned integer indicating the number of control points of thg muscle
Curve.

NumberKnots (NK) A 6-bit unsigned integer indicating the number of elements in the knot seqyence of
muscle curve.

Morphldentifier — a 10 bits unique identifier that indicate what morph-is currently animated; this value must
be identical with the MorphlD field from the MorphShape Node.

NumberOfWeights — a 6 bits integer indicating the number thé weights of the current morph objects.
.4.1.1.9 bone_mask

5.4.1.1.9.1 Syntax

Class bone mask() {
bit (1) IsTranslation changed;
bit (1) marker bit;
if (IsTranslation changed) {
bit (1) IsTranslationOnX chawnged;
bit (1) IsTranslationOnY changed;
bit (1) IsTranslationOnZ changed;
}
bit (1) IsRotation changed;
bit (1) marker bit;
Lf (IsRotation changed) {
bit (1) isQuaterriion ;
if (!isQuatefsrion) {
bit (1).\IsRotationOnAxisl changed;
bit (I IsRotationOnAxis2 changed;
bity(7?) IsRotationOnAxis3 changed;
else({
(1) IsRotationOnQx changed;
bit (1) IsRotationOnQy changed;
(1)
(1)

IsRotationOnQz changed;
TsRotationOnQw_changed;

}
bit (1) IsScale changed;
bit (1) marker bit;
if (IsScale changed) {
bit (1) IsScaleOnX changed;
bit (1) IsScaleOnY changed;
bit (1) IsScaleOnZ changed;
}
bit (1) IsScaleOrientation changed;
bit (1) marker bit;
if (IsScaleOrientation changed) {
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(1) IsScaleOrientation AxisX changed;
bit (1) IsScaleOrientation AxisY changed;
(1) IsScaleOrientation AxisZ changed;
(1) IsScaleOrientation Value changed;
}
bit (1) IsCenter changed;
bit (1) marker bit;
if (IsCenter changed) {
bit (1) IsCenterOnX changed;
bit (1) IsCenterOnY changed;
bit (1) IsCenterOnZ changed;

}
}

5.4.1.1.9.2 Semantics

isTfanslation_changed 1 bit flag indicating, for the current bone, if at least'\Ghe of the
translation components is affected in the currentframe

isTranslationOnX_changed 1 bit flag indicating, for the current bone, (if the translation on
X axis is affected in the current frame

IsTganslationOnY_changed 1 bit flag indicating, for the current-bone, if the translation on
Y axis is affected in the currentframe

isTfanslationOnZ_changed 1 bit flag indicating, for the €urrent bone, if the translation on
Z axis is affected in the‘gurrent frame

isRoptation_changed 1 bit flag indicating;for the current bone, if at least one of the
rotation components is affected in the current frame

isRptationOnAxis1_changed 1 bit flag indicating, for the current bone, if the rotation in
respect with the first axis is affected in the current frame

isRptationOnAxis2_changed 1. bit*flag indicating, for the current bone, if the rotation in
respect with the second axis is affected in the current frame

isRptationOnAxis3_changed 1 bit flag indicating, for the current bone, if the rotation in
respect with the third axis is affected in the current frame

isS¢ale_changed 1 bit flag indicating, for the current bone, if at least one of the
scale components is affected in the current frame

isS¢aleOnX_changed 1 bit flag indicating, for the current bone, if the scale on X
axis is affected in the current frame

isS¢aleOnY\ changed 1 bit flag indicating, for the current bone, if the scale on Y
axis is affected in the current frame

isscahg)nz=changed 1 Nfﬂngindhnﬁng,ﬁwfhp current baone_if the scale an Z
axis is affected in the current frame

isScaleOrientation_changed 1 bit flag indicating, for the current bone, if at least one of the
scaleOrientation components is affected in the current frame

isScaleOrientationAxisX_changed 1 bit flag indicating, for the current bone, if the
scaleOrientation on X axis is affected in the current frame

isScaleOrientationAxisY_changed 1 bit flag indicating, for the current bone, if the
scaleOrientation on Y axis is affected in the current frame
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1 bit flag indicating, for the current bone, if the
scaleOrientation on Z axis is affected in the current frame

1 bit flag indicating, for the current bone, if the
scaleOrientation angle value is affected in the current frame

1 bit flag indicating, for the current bone, if at least one of the
center components is affected in the current frame

b ag-ihdicating—for-the-current-be n X
axis is affected in the current frame
isCenterOnY_changed 1 bit flag indicating, for the current bone, if the center gn Y
axis is affected in the current frame
isCenterOnZ_changed 1 bit flag indicating, for the current bone,/if the center gn Z
axis is affected in the current frame
According to the received mask, the decoder sets-up the so-called “bone elementary mask” which contains 16
Dits corresponding to: translation in X, translation in Y, translation in Z, rotation about first axis, rotatiogn about
second axis, rotation about third axis, scale factor along X, scale factor along Y, scale factor along Z,
scaleOrientation axis X, scaleOrientation axis Y, scaleOrientation axis.Z,scaleOrientation angle valueg, center
Heplacement in X, center deplacement in Y, center deplacement in Z:\If one of the components is updpted the
blementary mask for it will be 1 (one); if not is 0 (zero).
f in the SBBone node the bone is defined as the end<effector of a kinematics chain, the trgnslation
component from the animation stream is used as the desired location of the end-effector. The rest of the bone
ransformation from the animation stream, if it exists, is.,ignored.
5.4.1.1.10  Muscle_mask
5.4.1.1.10.1 Syntax
flass muscle mask () {
bit (1) IsControlPoints Posfition changed;
bit (1) marker bit;
if (IsControlPoints Position changed) {
for (cp=1;cp<=NCP;cp%*+) {
bit (1) marker bit;
bit (1) IsControlPoint onX changed[cp];
bit (1) IsCont¥olPoint onY changed[cp];
bit (1) Is€ontrolPoint onZ changed[cp];
}
}
bit (1) IsCentrolPoints Weight changed;
bit (1){ marker bit;
if (E¥s€ontrolPoints Weight changed) {
for (cp=1;cp<=NCP;cp++) {
bit (1) marker bit;
bit (1) TsControlPoi nt weight [cp]:
}
}
bit (1) IsKnot changed;
bit (1) marker bit;
if (IsKnot changed) {
for (k=1;k<=NK;k++) {
bit (1) marker bit;
bit (1) IsKnot changed[k];
}
}
}
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5.41.1.10.2 Semantics

isControlPoints_Position_changed 1 bit flag indicating, for the current muscle, if at least one
of the curve control points position is affected in the
current frame

isControlPoints_onX_changed[cp] 1 bit flag indicating, for the current muscle, if control point
index cp perform a translation on X axis in the current
frame

isQontrolPoints_onY_changed[cp] 1 bit flag indicating, for the current muscle, if control point
index cp perform a translation on Y axis in the current
frame

isQontrolPoints_onZ_changed[cp] 1 bit flag indicating, for the current muscle, if control point
index cp perform a translation on Z axis in the” current
frame

isQontrolPoints_Weight_changed 1 bit flag indicating, for the current muscle, if at least one
of the curve control points weigh is\affected in the current
frame

isJontrolPoints_weight_changed[cp] 1 bit flag indicating, for thé. current muscle, if for the
control point index cp achew weigh is transmitted in the
current frame

isnot_changed 1 bit flag indicatingy-for the current muscle, if at least one
of the elements from the knot sequence is affected in the
current frame

isknot_changed[k] 1 bit flag,indicating, for the current muscle, if for the knot
element index k a new value is transmitted in the current
frafme

According to the received mask, the decoder:set up the so-called “ muscle elementary mask” which contains &
variable| number of bits corresponding to translation on X for the first control point of the curve, translation or
Y for the first control point of the curvejtranslation on Z for the first control point of the curve, and so on for al
the points, followed by the mask [for control points weigh and the mask of knots. As for the bones, if &
componient is updated by the currentframe the “muscle elementary mask” will be 1 (one); if not is 0 (zero).

54.1.1.11 morph_mask

5.4.1.1.11.1 Syntax

class forph maski() {
for [w=1l;wsNW;w++) {
bit (l)\ marker bit;
bit (I)) IsWeight changed[w];

}
}

5.41.1.11.2 Semantics

IsWeight_changed — a vector with the same dimention as the weights field from the MorphShape node
indicating if the weight of a target shape is changed in the current animation frame.

228 © ISO/IEC 2011 — All rights reserved


https://standardsiso.com/api/?name=b5205389f54b7e41303e893bdef78f95

ISO/IEC 14496-16:2011(E)

5.41.112 Dbba_object_plane_values

5.41.1.12.1 Syntax

class bba object plane values() {
if (isIntra){
bit (1) bba object coding type;
if (bba object coding type==0) {

bit (1) bba is i new max;
bit (1) bba is i new min;
bit(l) bba 1s p new max;
bit (1) bba is p new min;

bba new minmax bbamnmx () ;
bba i frame bbaifr();

}else
bba i1 segment bbaisg();

}else(

if (bba object coding type==0)
bba p frame bbapfr();

else
bba p segment bbapsg();

6.4.1.1.12.2 Semantics
Bba_object_coding_type  1-bit integer indicating which)coding method is used. Value O (zgro)
means the coding methodis “predictive coding”, value 1 (one) means
that the encoding method is DCT

Bba_is_i_new_max 1-bit flag which when set to ‘1’ indicates that a new set of maxinpum
range values for ['frame follows these 4, 1-bit fields

Bba_is_i_new_min 1-bit flag ‘which when set to ‘1’ indicates that a new set of mininpum
range Values for | frame follows these 4, 1-bit fields

Bba_is_p_new_max 1=bit flag which when set to ‘1’ indicates that a new set of maxinpum
range values for P frame follows these 4, 1-bit fields

Bba_is_p_new_min 1-bit flag which when set to ‘1’ indicates that a new set of mininpum
range values for P frame follows these 4, 1-bit fields

f Bba_is_i_new_maxis not specified the default value of 1860 is used.
f Bba_is_i_new.min is not specified the default value of -1860 is used.
f Bba_is{_p 'new_max is not specified the default value of 600 is used.

f Bbalis_i_new_max is not specified the default value of -600 is used.

5.4.1.1.13 bba_new_minmax

5.4.1.1.13.1 Syntax

class bba new minmax () {
if (bba is i new max) {
for (sbc=1;sbc<=NUM SBCs;sbc++) {
bit (1) marker bit;
if (sbc_mask[sbc])
bit (5) bba i new max[sbc];
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if (bba is i new min) {
for (sbc=1;sbc<=NUM SBCs;sbc++) {

bit (1) marker bit;

if (sbc _mask[sbc])

}

bit (5) bba i new min[sbc];

if (bba is p new max) {
for (sbc=1;sbc<=NUM SBCs;sbc++) {

bit (1) marker bit;

if (sbc_mask([sbc])

bit (5) bba p new max[sbc];

if |
fof

]

54.11.

bk

bk

bk

bk

NUM_S

NUM

with cbn

shc_ma
mask”, 1

1 SBCs = > ¢, + Y(3*NCP, + NCP, +NK, )+ > NW,,

ba is p new min) {
(sbc=1;sbc<=NUM SBCs;sbc++) {

it (1) marker bit;

f (sbc mask([sbc])

bit (5) bba p new min[sbc];

3.2 Semantics

a_i_new_max[one_shc] 5-bit unsigned integer used to scale the maximum value of the
arithmetic decoder used in the JtAframe for the current
Skin&Bones component (SBC)

a_i_new_min[one_sbhc] 5-bit unsigned integer used to“scale the minimum value of the
arithmetic decoder used<in“the | frame for the current
Skin&Bones component (SBC)

a_p_new_max[one_sbc] 5-bit unsigned integef’used to scale the maximum value of the
arithmetic decoder' used in the P frame for the current
Skin&Bones component (SBC)

a_p_new_max[one_sbc] 5-bit unsigned integer used to scale the minimum value of the
arithmetic’ decoder used in the P frame for the current
Skin&Bones component (SBC)

BCs is the number of SBC in the current frame and is computed as :

NSBB NSBM NMF

bn=1 ms=t mf =1

16,if  isQuaternion =0
= is the maximum number of the components for a bone transform.

17,if ~isQuaternion =1

sk contains NUM_SBCs elements and is obtained by concatenation of all the “bones elementary
he“muscles elementary mask” and the "morphs elementary masks", affected in the current frame.

5.4.1.1.14 bba_i_frame

5.4.1.1.141 Syntax

class bba i frame() ({

for
if

(sbc=1;sbc<=NUM SBCs;sbc++) {

(sbc mask([sbc])

aa_decode aad(isbc _Q[sbc], isbc cum freqlsbc]);
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5.4.1.1.14.2 Semantics

The SBC are quantized and coded by a predictive coding scheme. For each parameter to be coded in the
current frame, the decoded value of this parameter in the previous frame is used as the prediction. Then the
prediction error, i.e., the difference between the current parameter and its prediction, is computed and coded
by arithmetic coding. This predictive coding scheme prevents the coding error from accumulating. The

arithmetic decoding process shall be as specified in Annex G of ISO/IEC 14496-1:2010.

The SBCs have the same precision requirement. Two information are used to obtain the quantisation step :

he hba qnnnf which is an index pnrnmn‘rnr ranges from 0 to 31 andis anindextoashc rl_\rnrl scale t

43,47,52,57, 62, 67, 72, 77, 82, 88, 94, 100, 106, 113, 120, 127},

bnd the pow2quant which is en parameter ranges from 0 to 8.

ollows:

EBC_QUANT = sbc pred scale table [bba quant]
L £ (SBC_QUANT)

step = 2”pow2quant * SBC QUANT

else

hstep = 1

The dequantized SBC’(t) is obtained from the decoded coefficient SBC”(t) as follows:

nt sbc_pred scale table [32]={0, 1, 2, 3, 5, 7, 9, 11, 14, 17, 20, 23, 27, 31, 35, 39;

The value of (SBC_QUANT = sbc_pred_scale table [bba_quant]) == 0 has a_spécial meaning, it is
ndicate lossless coding mode, so no dequantisation is applied. The quantisation stepsize is obt3

EBC’ (t) = gstep * SBC’’ (t)
Coded > Arithmetic ] > Inverse
Data Decoding Quantization .Qf
Frame
Delay

Figure 77 — SBC predictive coding.
5.4.1.1.15 <©bba_p_frame

65.4.1.1:45.1 Syntax

CYass bba p frame() {

P> SBC(1)

for (she=1;sboc=NUM SBCs:shotd) |
if (sbc _mask[sbc])
aa_decode aad(psbc _diff[sbc], psbc _cum freqg[sbc]);
}

}
5.4.1.1.15.2 Semantics

See 5.4.1.1.14.2.
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5.4.1.1.16 Dbba_i_segment

5.4.1.1.16.1 Syntax

class bba i segment () {
for (sbc=1;sbc<=NUM SBCs;sbc++) {
if (sbc_mask[sbc]) {
decode i dc didc(dc _Qlsbc]);
decode ac dac(ac_Q[sbc]);
}
}
}

5.4.1.1.16.2 Semantics

The bitgtream is decoded into segments of SBCs, where each segment is composed of a tempaornal sequencs
of 16 SBCs object planes. The block diagram of the decoder is the following:

DC SBCs
Huf fman Inverse S .| Thvérse
» Decoding » Quantization [ >Y > DCT —
X
Memory
Buffe®
AC
Huffman Run-Length Inverse
—Decoding » Decoding > “Quantization

Figure 78 — Block diagram of.the DCT-based SBCs decoding process.

The DCJl-based decoding process consists af the following three basic steps:
o |Differential decoding the DC eeefficient of a segment.
e [Decoding the AC coefficients of the segment
e |Determining the 16.SBCs values of the segment using inverse discrete cosine transform (IDCT).

A uniform quantisation-step size is used for all AC coefficients. The quantisation step size for AC coefficients
is obtained as follews:

gstep[1] ~\sbc scale[bba gquant] * 2”pow2quant ;
with
static int sbc scale [32] = { O, 1, 2, 3, 5, 7, 8, 10, 12, 15, 18, 21, 25, 30, 35, 42,

50, 60, 72, 87, 105, 128, 156, 191, 234, 288, 355, 439, 543, 674, 836, 1023 };
The quantisation step size of the DC coefficient is one-third of the AC coefficients.

The DCT-based decoding process is applied to all SBCs. The DC coefficient of an intra coded segment is
stored as a 16-bit signed integer if its value is within the 16-bit range. Otherwise, it is stored as a 31-bit signed
integer. For an inter-coded segment, the DC coefficient of the previous segment is used as a prediction of the
current DC coefficient. The prediction error is decoded using a Huffman table of 512 symbols. An "ESC"
symbol, if obtained, indicates that the prediction error is out of the range [-255, 255]. In this case, the next
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16 bits extracted from the bitstream are represented as a signed 16-bit integer for the prediction error. If the
value of the integer is equal to -256*128, it means that the value of the prediction error is over the 16-bit range.
Then the following 32 bits from the bitstream are extracted as a signed 32-bit integer, in twos complement
format and the most significant bit first

The AC coefficients, for both inter and intra coded segments, are decoded using Huffman tables. The run-
length code indicates the number of leading zeros before each non-zero AC coefficient. The run-length ranges
from 0 to 14 and proceeds the code for the AC coefficient. The symbol 15 in the run length table indicates the
end of non-zero symbols in a segment. Therefore, the Huffman table of the run-length codes contains 16
:ymhle The values of non-zero AC coefficients are decoded in a way. similar to the dpr*nrlin~ of DC

brediction errors but with a different Huffman table.

5.4.1.1.17 bba_p_segment

5.4.1.1.17.1 Syntax

Class bba p segment () {
for (sbc=1;sbc<=NUM SBCs;sbc++) {
if (sbc _mask[sbc]) {
decode p dc dpdc(dc Qlsbc]);
decode ac dac(ac_Ql[sbc]);
}
}

5.4.1.1.17.2 Semantics

See 5.4.1.1.16.
5.4.1.1.18 decode_i_dc

65.4.1.1.18.1 Syntax

Class decode i dc(dc qg) {

bit(16) dc_g;

if (de_g ==-256*128)
bit (32) dc_g;

b.4.1.1.18.2 Semanties

See 5.4.1.1.16.
5.4.1.1.19 .decode_p_dc

5.4.1.4,19.1 Syntax

C14ss decode p dc(dc g diff) {
dc g diff; decode Huffman
dc g diff=dc g diff-256;
if (dc_g diff==-256)

bit (16) dc_g diff;
if (dc_Q == 0-256%128)

bit (32) dc_g diff;

}
5.41.1.19.2 Semantics

See 5.4.1.1.16.
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541.1.20 decode_ac

5.4.1.1.20.1 Syntax

class decode ac(ac_gll) {
this=0;
next=0;
while (next<15) {
bit (4) count of runs;

if

1
elq
1
1

q

1

5.4.1.1.]

See 54

5.4.1.2
The Bor

The BIf
ISO/IEQ

class H
bit (H
Node[
swit

caf
brd
caf
brd
caf
brd
caf
brd
def
Inj

(count of runs == 15)
ext = 16;
e {

ext=this+l+count of runs;

or (n=this+1;n<next;n++)
ac_q[il[n]=0;

it (8) ac gli] [next];

f (ac_gl[i] [next]==256)
decode i dc didc(ac g[i] [next]);
1lse

ac_g[i] [next]-=256;

his=next;

0.2 Semantics

1.1.16.

Bone-Based Animation stream encapsulation within BIFS-Anim
e-based Animation (BBA) stream is connected to-an SBVCAnimation node (see 4.5.2.1.6).

FS-Anim specific classes, ElemantaryMask and AnimationFrameData from 9.3.5.5 and 9.3.8.6 of
14496-1:2010, respectively, are updated‘as follows:

lementaryMask () {
IFSConfiguration.nodeIDbits)~hodelD;
pdateField node = GetNodekrdmID (nodelD) ;
h (node.nodeType) {

e FaceType:

ak;

e BodyType:

ak;

e IndexedFaceSef2DType:

ak;

e SBVCAnimationType:

ak;

ault:

tialEteldsMask initMask (node) ;

}

class AnimationFrameData (AnimationMask mask) {

int 1i;

for (i=0; i<mask.numNodes; i++) {
if (mask.isActivel[i]) {
NodeData node = mask.animNode[i]
switch (node.nodeType) {
case FaceType:
FaceFrameData fdata; [ fdata ]

br

eak;

case BodyType:

Bo

234

dyFrameData bdata; [bdata]
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break;
case IndexedFaceSet2DType:
Mesh2DframeData mdata;
break;
case SBVCAnimationType:
bba_object_plane_data(); // see subclause 5.4.1.1.3
break;
default
int j;
for (j=0; j<node.numDYNfields; Jj++) {
if (node.isAnimField[]j])
hnimationField AField(node.field[node.dyn2all[j]],mask.isIntra);
}
}
}
}

65.4.2 Frame-based Animated Mesh Compression (FAMC) stream

5.4.2.1 Overview

FAMC is a tool to compress an animated mesh by encoding on a time-basis the attributes (position, jnormals
..) of vertices composing the mesh. FAMC is independent on the~manner how animation is ¢btained
deformation or rigid motion). The data in a FAMC stream is structured in segments of several framgs. Each
segment can be decoded individually. Within a segment, a temporal prediction model, called skifning, is
represented. The model is used for motion compensation inside’ the segment. The FAMC bitstream gtructure
s illustrated in Figure 79.

Anir/nation
O
I < % [ I B |

>

AnimationSegment

‘HH‘Hmhmhmﬁmhmhmﬁ‘“‘th

AnimationSegmentHeader AnimationSegmentData

Figure 79 — FAMC bitstream structure.

Each decoded animation frame updates the geometry and possibly the attributes (or only the attributes) of the
3D graphic object that FAMC is referred to.

An animation segment contains two types of information:

e A header buffer indicating general information about the animation segment (number of frames,
attributes to be updated...).

e A data buffer containing:
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o The skinning model used for 3D motion compensation consists in a segmentation of the 3D
mesh into clusters and is specified by:

» the partition information, i.e. the segmentation of the 3D object vertices into clusters,

» a set of animation weights connecting each vertex of the 3D object to each cluster
and

= the motion data described in terms of a 3D affine transform for each cluster and for

each animation frame

o The residual errors per vertex equal with the difference between the real value and the, ons
predicted by the skinned motion compensation model, that are encoded with one of theg
following combination

= a Discrete Cosine Transform performed on the entire animation segment (referred in
this document as DCT)

= an integer-to-integer Wavelet Transform performed on the entire animation segmen
(referred in this document as Lift).

» Layer based decomposition (referred in this document.as LD)
= DCT followed by LD

= Lift followed by LD

The prefiction residual errors may correspond to geometric and/or attribute data.

Figure 79 illustrates the FAMC decoding process.
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Figure 80 — FAMC decoding process.

he following sections describe in detail the structure of the FAMC stream.

5.4.2.2 FAMC inclusion in the scene graph

FAMC is associated with an_IhdexedFaceSet by using the BitWrapper mechanism with value of fi
bquals to 2.

5.4.2.3 FAMC class

5.4.2.3.1 Syntax

Flass FAMCERNimation({
doy
FAMCAnimationSegment animationSegment;
bit (32)* next;
}

eld fype

willle (NeXT==rANMNCANIMNMatIOoNsednelltotaltLode])

5.4.2.3.2 Semantics

FAMCAnimationSegmentStartCode: a constant that indicates the beginning of a FAMC animation segment.

FAMCAnimationSegmentStartCode = 00 00 01 FO.
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5424

5.4.2.41

FAMCAnimationSegment class

Syntax

class FAMCAnimationSegment ({
FAMCAnimationSegmentHeader header;
FAMCAnimationSegmentData data;

}

5.4.2.4.2 __Semantics

FAMCAnimationSegmentHeader: contains the header buffer.

FAMCAnhimationSegmentData: contains the data buffer.
5.4.2.5| FAMCAnimationSegmentHeader class

5.4.2.5. Syntax

class |FAMCAnimationSegmentHeader ({
unsilgned int (32) startCode;
unsilgned int (8) staticMeshDecodingType
unsijgned int (32) animationSegmentSize
bit (4) animatedFields;
bit (3) transformType;
bit (1) interpolationNeeded;
bit (2) normalsPredictionStrategy;
bit (2) colorsPredictionStrategy;
bit (4) otherAttributesPredictionStrategy;
unsilgned int (32) numberOfFrames;
for(int £ = 0; f < numberOfFrames; f++) {

uhsigned int (32) timeFrame[f];

(
(
(
(

}
}

5.4.2.5.2 Semantics
startCope: a 32-bit unsigned integer equals to FAMCAnimationSegmentStartCode.

staticMpshDecodingType: a 8-bit unsigned integer indicating if the static mesh is encoded whithin the FAM(
stream and which decoder should be used. The following table summarizes all possible configurations.

Table®64 — First frame decoding type: all possible configurations

firsfFrameDecodingType value First frame decoding type

0 The first frame is not encoded within the FAMC
stream and should be read directly from the BIFS
stream.

1-7 Reserved for ISO purposes

animationSegmentSize: a 32-bit unsigned integer describing the size in bytes of the current animation
segment.

animatedFields: a 4-bit mask indicating which fields are animated. The following table summarizes all
possible configurations.
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Table 65 — Animated fields: all possible configurations

B1 B2 B3 B4
Coordinates Normals Colors Other attributes
0 . s . .
animated animated animated animated
1 Coordinates Normals not Colors not Other attributes not
not animated | animated animated animated

transformType: a 3-bit mask indicating the transform used for encoding the prediction residual errors. The

ollowing table summarizes all possible configurations.

Table 66 — Transform type: all possible configurations

transformType value Method used
0 Lift

1 DCT

2 LD

3 Lift + LD
4 DCT+ LD
5

6

7

Reserved for ISO(purposes
Reserved for IS@)purposes
Reserved foriSO purposes

humberOfFrames: a 32-bit unsigned integer indicating thexumber of frames to be decoded in the
Bnimation segment.

nterpolationNeeded: one bit indicating if, after decoding, animation frames have to be interpolated
il the animation frames are obtained from direct decoding.

hormalsPredictionStrategy: a 2-bit mask indicating the prediction strategy for normals. The followi
summarizes all possible configurations.

Table 67 — Normals prediction strategy: all possible configurations

normalsPredictionStrategy value Prediction used

0 Delta

1 Skinning

2 Tangential skinning
3 Adaptive

Note: the prediction is computed with respect to the reference static mesh as defined in the scene grap

colorsPredictionStrategy: a 2-bit mask indicating the prediction strategy for colors. The followi
summarizes all possible configurations.

current

If zero,

ng table

h.

ng table

colorsPredictionStrategy value Prediction used

0 Delta

1 Reserved for ISO purposes
2 Reserved for ISO purposes
3 Reserved for ISO purposes

Note: the prediction is computed with respect to the reference static mesh as defined in the scene graph.

otherAttributesPredictionStrategy: a 4-bit mask indicating the prediction strategy for other attributes. The

following table summarizes all possible configurations.
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NOTE

Table 69 — Other attributes prediction strategy: all possible configurations

otherAttributesPredictionStrategy value Prediction used

0 Delta

1 Reserved for ISO purposes
2 Reserved for ISO purposes
3 Reserved for ISO purposes

the prediction is computed with respect to the reference static mesh as defined in the scene graph.

timeFere: an array of 32-bit unsigned integer of dimension numberOfFrames indicating the abselutg
renderirlg time (in milliseconds) for each frame .

NOTE

numberDfOtherAttributes are instantiated when decoding the static mesh.

5.4.2.6

5.4.2.6.

class §

if (animatedFields & 1) {
FAMCSkinningModel skinningModel;

}

FAMJAllResidualErrors allResidualErrors;

}

5.4.2.6.2 Semantics

skinningModel: contains the skinning model used for motion compensation. This stream is decoded only if

vertices

allResidualErrors: contains the residual errors for:all animated attributes (coordinates, normals, colours...).

5.4.2.7

5.4.2.7.

class 1
FAM(
FAM(J
FAM(
FAM(
if

F
}
}

GlobalTranslatiopbecoder globalTranslationCompensation;
AnimationPartitionDecoder partition;
AffineTrasnfoxmsDecoder affineTransforms;
AnimationWedghtsDecoder weights;
normalsPredictionStrategy ==3) {

numberOfVertices, numberOfNormals, numberOfColors, dimOfOtherAttributes

FAMCAnimationSegmentData class

Syntax

AMCAnimationSegmentData {

coordinates are animated.

FAMCSkinningModel class

Syntax

AMCSkinningModel {

\MCVerteXinfoDecoder (4, numberOfVertices)normalsPredictors;

5.4.2.7.]

P — Semanties

The FAMCSkinningModel class describes the skinning model used for motion compensation. It refers to the
following classes:

240

FAMCGIlobalTranslationDecoder class decoding the global translations applied the animated model.

FAMCAnimationPartition class decoding the segmentation of the mesh vertices into clusters with
nearly the some affine motion.

FAMCAffineTransforms class decoding the affine motion of each cluster at each frame.
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¢ FAMCAnimationWeights class decoding the animation weights of the skinning model.

o FAMCVertexinfoDecoder class decoding which predictor the decoder should uses for normals. This
stream is defined only when normalPred equals 3 (adaptive mode).

5.4.2.8 FAMCGlIlobalTranslationDecoder

54281 Syntax

rlass FAMCGlobalTranslationDecoder {
FAMCInfoTableDecoder globalTranslationCompensationInfo;
FamcCabacVx3Decoder2 myGlobalTranslationCompensation (1, numberOfFrames) ;

b.4.2.8.2 Semantics

The FAMCGIlobalTranslationDecoder class decodes the DCT compressed jitranslations applied to the
bnimated model for motion compensation. In order to recover the original translations values the decoder
heeds to un-quantize the integer table decoded by the class globalTranslationCompensation by us|ng data
Hecoded by the class FAMClInfoTableDecoder. An inverse DCT transform\should then be applied tq the un-
uantized real values.

b.4.2.9 FAMCIinfoTableDecoder class

5.4.2.9.1 Syntax

tlass FAMCInfoTableDecoder(
unsigned int (8) numberOfQuantizationBits;

float (32) maxValueDl;
float (32) maxValueD2;
float (32) maxValueD3;
float (32) minValueDl;
float (32) minValueD2;
float (32) minValueD3;
unsigned char (8) number@fPécomposedlLayers;
for (int layer = 0; layer < numberOfDecomposedLayers; layer++) {

unsigned int (32) ‘numberOfCoefficientsPerLayer;

}

65.4.2.9.2 Semantics
humberOfQuantizationBits: a 8-bit unsigned integer indicating the number of quantization bits used.

maxValueXia' 32-bit float indicating the maximal value of the Dimension 1 of the encoded three-dimgnsional
real vectors!

maxValueY: a 32-bit float indicating the maximal value of the Dimension 2 of the encoded three-dimgnsional
[ealvectors.

maxValueZ: a 32-bit float indicating the maximal value of the Dimension 3 of the encoded three-dimensional
real vectors.

minValueX: a 32-bit float indicating the minimal value of the Dimension 1 of the encoded three-dimensional
real vectors.

minValueY: a 32-bit float indicating the minimal value of the Dimension 2 of the encoded three-dimensional
real vectors.
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minValueZ: a 32-bit float indicating the minimal value of the Dimension 3 of the encoded three-dimensional
real vectors.

numberOfDecomposedLayers: a 8-bit unsigned char indicating the number of sub-tables composing the
encoded table.

numberOfCoefficientsPerLayer: a 32-bit unsigned integer indicating the number of coefficients for each
layer.

5.4.2.10 FAMCCabacVx3Decoder2

5.4.2.10.1 Syntax

FAMCCalpacVx3Decoder?2 ( int V, int F ){
floalt (32) delta;
// read exp-golomb order EGk and unary cut-off
unsilgned int (3) EGk;
unsilgned int (1) cutOff;

EGkH+;
cutgff++;

// gtart the arithmetic coding engine
cabagc.arideco start decoding( cabac. dep );

// decoding of the significance map
CabgcContext ccCbp;

CabgcContext ccSigl64];

CabalcContext ccLast[64];
cabagc.biari init context( ccCbp, 64 );

for( int 1 = 0; i < 64; i++ ){
cpgbac.biari init context( ccSig[i], 64 );
cpbac.biari init context( ccLast[i}y 64 );

booll sigMap[V] [F][3];
int |cellSize = ( F 4+ 63 ) / 64;
for( int v = 0; v < V; v++ )¢
for( int ¢ = 0; ¢ < 3;-&4++ ) {
if ( cabac.biari decode symbol( cabac. dep, ccCbp ) ) {
for( int k = 0 k' < F; k++ ) {
sigMap [v]{k][c] = cabac.biari decode symbol( cabac. dep, ccSiglk/cellSize] );
if( sigMapiv] [k]l[c] && k + 1 < F ) {
if (\cabac.biari decode symbol( cabac. dep, cclLast[k/cellSize] ) ) {
for( int 1 = k + 1; 1 < F; 1i++ ){
sigMap[v][i][c] = 0O;
t
break;
}
}
€lse 1f( K T == F ) {
sigMap[v] [k+1] [c] = 1;
}
}
}
else{
for( int k = 0; k < F; k++ ){
sigMap[v] [k]l[c] = 0;

}
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for( int i = 0; 1 < cutOff; i++ ) {
cabac.biari init context( ccUnary([i], 64 );
}
int absValues[V] [F][3];
for( int v = 0; v < V; v++ ) {
for( int ¢ = 0; c 3; c++ ) {
for( int k = 0; k < F; k++ ) {
if ( sigMap[v] [k] [c] ){
int i;
for( i = 0; i < 16; i++ ){
int unaryCtx = ( cutOff - 1 < i ) ? ( cutOff - 1) i;
if( 0 == cabac.biari decode symbol( cabac. dep, ccUnary[unaryCtx] )
break;
}
}
if( i == 16 ) {
absValues|[v] [k] [c] += 17 + cabac.exp golomb decode ég’prob( cabac. d
EGk ) ;

}
else{
absValues|[v] [k] [c]

}

1+ 1i;

}

else({
absValues[v] [k] [c] = 0;
}
}
}
}
// decode signs
int values[V][F][3];
for( int v = 0; v < V; v++ ) {
for( int ¢ = 0; ¢ < 3; c++ ) {
for( int k = 0; k < F; k++\)7{

values|[v] [k] [c] absVatues[v] [k] [c];
1f( sigMap[v] [k] [ch )M
if ( cabac.biari\decode_ symbol eq prob( cabac. dep )
values[v] kk] {c] *= -1;

}

}

// decode.predictors
const int{PRED QUANT BITS
int pred(V]I[3];
int_predDim[V] [3];
intypreviousDim[3];

2;

) {

pxed[0] [0] = O;
Pred[0][1] = O;
pred[0] 2] = U;
previousDim[0] = 1;
previousDim[1l] = 1;
previousDim[2] = 1;

CabacContext ccSkip;
CabacContext ccPred;
CabacContext ccPredDim;

cabac.biari init context( ccSkip, 64 );
cabac.biari init context( ccPred, 64 );
cabac.biari init context( ccPredDim, 64 );
for( int v = 1; v < V; v++ ) {

for( int ¢ = 0; ¢ < 3; c++ ) {

if ( cabac.biari decode symbol( cabac. dep, ccSkip ) ){

© ISO/IEC 2011 — All rights reserved

243


https://standardsiso.com/api/?name=b5205389f54b7e41303e893bdef78f95

ISO/IEC 14496-16:2011(E)

pred[v] [c] = pred[v-1]I[c];
if ( pred[v][c] ){

predDim[v] [c] = predDim[v-1][c];
}
else({
predDim[v] [c] = 0;
}
}
else{
pred[v] [c] = cabac.unary exp golomb decode( cabac. dep, ccPred, 2 );

if ( predlv][c] ){
int predDimRes = cabac.unary exp golomb decode( cabac. dep, ccPredDim, 2 );
predDimRes <<= PRED_QUANT_BITS;
if( predDimRes ) {
const int largestAllowedPredDim = F + ( 1 << PRED QUANT BITS ) - 1;
if( previousDim[c] + predDimRes > largestAllowedPredDim ) {
predDimRes *= -1;
}
else 1if( previousDim[c] - predDimRes >= 0 ) {
if ( cabac.biari decode symbol eq prob( cabac. dep ) ){
predDimRes *= -1;

}

}
}

predDim[v] [c] = predDimRes + previousDim[c];
previousDim[c] = predDim([v] [c];

}

else{
predDim[v] [c] = 0;

}

// €nd the arithmetic coding engine
cabagc.biari decode final( cabac. dep );

5.4.2.10.2 Semantics
delta: reciprocal value of the quantization step size.

sigMap|[VI][FI[3]: array of 3 * V * F bits; indicating the non-zero predicted spectral coefficients of x-, y- and z
compongent.

EGk: order of the Exp-Golombbinarization.

cutOff: [number of CABAC context models for the unary part of the concatenated unary/ k-th order Exp
Golomb|binarization.

absValdies[V][E][3]: array of 3 * V * F integer values, indicating the absolute values of the predicted spectra
coefficignts ofix=; y- and z-component.

I IHEHRYL arravof 3 * \/ * E intanor valiiaoc indicatina tha vyaliiac of tha nradintad cnactral cnafficiant
values[VHF}3}—array-of-3-*\* F integervalues—indicating-the-values-of-thepredicted-spestral-coefficients

including signs of x-, y- and z-component.

pred[V][3]: an array indicating the index of the coefficient used for prediction of the current coefficient of x-, y-
and z-component.

predDim[V][3]: the number of the samples that are used for predicting of x-, y- and z-component.

The FAMCCABACDecoder class decodes a (V x F) array of three dimensional vectors of integer values.
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In order to obtain the original values the decoder should inverse the prediction stage as described in the
following pseudo-code:

// Inverse prediction
for( int v = 1; v < V; v++ ) {
for( int ¢ = 0; ¢ < 3; c++ ) {
for( int d = 0; d < predDim([v]; d++ ) {
if (pred[v]!'!= 0)
values|[v] [d] [

——

c] += values|[v-pred[v][c]][d][c];

5.4.2.11 FAMCAnimationPartitionDecoder

5.4.2.11.1 Syntax

Flass FAMCAnimationPartitionDecoder {
unsigned int (32) numberOfClusters;
unsigned int (32) compressedPartitionBufferSize;
FAMCVertexInfoDecoder myFAMCVertexInfoDecoder (numberOfClugters, numberOfVertices)|;

5.4.2.11.2 Semantics

humberOfClusters: a 32-bit integer indicating the number of mation clusters.
compressedPartitionBufferSize: a 32-bit unsigned integer indicating the size of the compressed partjtion.
The FAMCAnimationPartition class decodes the segmentation of the mesh vertices into clusters with nearly
similar affine motion. It consists of a one dimensional array of integer of length numberOfVerticgs which

pssigns to each vertex v a cluster number\partition[v]. Annex G included an informative exampl¢ of the
bncoding process.

b.4.2.12 FAMCVertexinfoDecoder class

5.4.2.12.1 Syntax

Flass FAMCVertexInfoDedoder (nC, nV) {

// start the arithmetic coding engine
cabac.arideco start decoding( cabac. dep );
cabac.biari (Init context (cabac. ctx, 61);

int numberOfBits = (int) (log((double) nC -1)/log(2.0)+ 1.0);
int occutence = 0;

int curxéntSymbol = 0;

int wn=' 0;

while( v < nvV ) {
currentSymbol = 0;
for (int pb = numberOfBits - 1; pb >= 0; pb--) {
J'.llt }JJ‘_thBJ‘.tPlGLlC - x,al)ctx,.Lul_o.J_L_dcpudc_a_yulbul_ckd_yJ_ub \L(ll}(lk, -_LJCLJ’ 12
vertexIndex += (bitOfBitPlane * (1<<pb));
}

occurenceMinusOne = cabac.unary exp golomb decode (cabac. dep, cabac. ctx, 2);
for (int i =0; i < occurenceMinusOne+1; i++) {

partition[v] = vertexIndex;

v++

}
}
// end the arithmetic coding engine
cabac.biari decode final( cabac. dep );
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5.4.2.12.2 Semantics
bitOfBitPlane: one bit corresponding to the bit of the binary representation of vertexindex.
occurenceMinusOne: the number minus one of consecutive verticexIndex elements in partition.

FAMCVertexIinfoDecoder class decodes, by calling an arithmetic decoder, an array of size numberOfVertices
(noted partition). The elements of this array are integers, which are in the range 0, ..., numberOfinfoType -1.

5.4.2. 13— FAMCAffimeTransformsDecoder class

54.2131 Syntax

class FAMCAffineTransformsDecoder {
FAMCInfoTableDecoder affineTransformsInfo;
FamcCabacVx3Decoder2 myAffineTransforms (4*numberOfClusters, numberOfFrames) ;

}
5.4.2.13.2 Semantics
The FAMCAffineTransformsDecoder class decodes a DCT compressed yertex trajectories. In order tg
recover [the original trajectories the decoder needs to un-quantize the integer’table contained in the class

myAffingTransforms by exploiting the information decoded by the class affineTransformsinfo. An inverse DCT
transforin should then be applied to the un-quantized real values.

Let Aik be the affine transform associated with the cluster k at frame t. In homogeneous coordinates, A;k ig

given by:
atk blk Ctk xtk
ko k ko k
Ak _ dr €, fz Vi
¢ kopkojko k
gt t lt Zt
0 0 0 1 |

where the coefficients (a,b),c/\d},e’, £*, g, hf,i") describe the linear part of the affine motion an

(xF, ¥} zF) the translational €dmponent.

Instead [of decompressing”the affine transforms assigned to each cluster, the decoder decodes for each
cluster K the trajectories- M 1(k,t), M2(k,t), M3(k,t), M4(k,t) of four points defined as follows:

{dxl {0 —l {0 1
0 d 0
M1k, EIR*, M2(k,0) = M1(k,0)+ 5 M3(k,0) = M1(k,0) + Oy MAk,0)=MI1(k0)+ -
z
0 0 0

M(k,t)= A," xM1(k,0),M2(k,t)= At" xM2(k,0),M3(k,t) = At" xM3(k,0), M4(k,t) = At" x M 4(k,0).
In order compute the sequences of (A,k) the decoder simply apply the following linear equation:

AF =[M1(k,0)M 2(k,0)M 3(k,0)M 4k, 0)] " x[ M1k, )M 2(k, )M 3(k,t)M 4(k, )] .
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5.4.2.14 FAMCAnimationWeightsDecoder class

5.4.2.14.1 Syntax

class FAMCAnimationWeightsDecoder {
unsigned int (8) numberOfQuantizationBits;
float (32) minWeights;
float (32) maxWeights;
unsigned int (32) compressedWeightsBufferSize;

start the arithmetic coding engine
cabac.arideco start decoding( cabac. dep );
// decoding retained vertices
for (int v = 0; v < numberOfVertices; v++) {

filter[v] = cabac.biari decode_ symbol (cabac. dep, cabac. ctx);

}

// decoding clusters adjacency
for(int k = 0; k < numberOfClusters; k++) {
int nbrNeighbours = cabac.unary exp golomb decode (cabac. dep; cabac. ctx, 2);
for(int n = 0; n < nbrNeighbours; n++) {
for (int bp = numberOfBits-1; bp>= 0; bp--) {
bool bitOfClusterIndex = cabac.biari decode symbol &g prob (cabac. dep);

}

// decoding weights

for (int bp = numberOfQuantizationBits -1; bpx="0; bp--) {
For (int v = 0; v < numberOfVertices; v++) {
int vertexCluster = partition(v];
if ( filter([v] == 1) {

for (int cluster =0; cluster < adjlvertexCluster].size(); cluster++) {
bool bitOfVertexClusterWeight= cabac.biari decode symbol (cabac. dep,

// end the arithmetic coding engine
cabac.biari decode final (.cabac. dep );

5.4.2.14.2 Semantics

veights.
compressedWeightsBufferSize: a 32-bit unsigned integer indicating the compressed stream size.

minWeights and maxWeights: two 32-bit float indicating the minimal and the maximal valueg
bpimation weights.

humberOfQuantizationBits: a 8-bit unsigned integer indicating the number of quantization bits yised for

of the

filter: an array with dimention equals to the number of vertices indicating if a vertex has associated animation

weights. If not, the vertex is associated to a single cluster.
The numberOfBits is obtained from the numberOfClusters as follows:

numberOfBits = (int) (log((double) numberOfClusters-1)/log(2.0)+ 1.0);
nbrNeighbours: an integer indicating the number of neighbors for the current cluster.

bitOfClusterindex: one bit corresponding to the current bitplane of the current cluster index.
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bitOfVertexClusterWeight: one bit corresponding to the current bitplane of the current weight.

The principle of skinning animation consists in deriving a continuous motion field over the whole mesh, by
linearly combining the affine motion of clusters with appropriate weighting coefficients. A skinning model

predicts the position ;2; of a vertex v at frame t using the following formula:
numberOfClusters
A v k v
Zf = :E:ah [£1Z1

k=1

where @, is a coefficient that controls the motion influence of the cluster k over the vertex v. A,k represents
the affine transform associated with the cluster k at frame t expressed in homogeneous coordinates,

The oplimal weight vector @" :(a),: )ke{ is computed at the encoder side and sent to the

1,..., numberOfClusters}

decoder. The @, =0 when k is not a neighbour of the cluster that v belongs.

The dedoding process is composed of three steps:

o |Vertices selection decoding. First, the CABAC context is initialized ‘with value 61. Then, the one
dimensional array filter of size numberOfVertices is decoded “by using the CABAC function
biari_decode_symbol.

¢ [Clusters adjacency decoding. The CABAC context is initialized with value 61. For each cluster k, the
number of its neighbours is decoded by using the CABAC function unary_exp_golomb_decode. Then
the index of each neighbour is decoded by using the CABAC function biari_decode_symbol_eq_prob
Each index is represented by its binary representation@n numberOfBits bits.

e |Weights decoding. The CABAC context is initiglized with value 2. The weights are decoded bit-plang
per bit-plane using the CABAC function biari.decode_symbol. In order to retrive the values of weights
the quantization process needs to be reversed.

5.4.2.18 FAMCAIlIResidualErrors

5.4.2.181 Syntax

class FAMCAllResidualErrors\{
switch| (transformType) {
case|0 : // Lifting
case|l : // DCT
if| (animatedFiellds & 1)
FAMCInfoTableDecodér coordResidualErrorsInfo;
if| (animatedRields & 2)
FAMCInfoTableBégoder normalResidualErrorsInfo;
if| (animatedFields & 4)
FAMCInfoTébleDecoder colorResidualErrorsInfo;
if | (@himatedFields & 8)
FAMCInroTabIeDeCOJer OCNEerACCIriIbUCESRESIdUalErrorsinio;
do{
if (animatedFields & 1)
FAMCCabacVx3Decoder2 coordErrorsLayerLift (numberOfVertices, numberOfCoefficientsPerLayer) ;
if (animatedFields & 2)
FAMCCabacVx3Decoder2 normalErrorsLayerLift (numberOfNormals, numberOfCoefficientsPerLayer) ;
if (animatedFields & 4)
FAMCCabacVx3Decoder2 colorErrorslLayerLift (numberOfColors, numberOfCoefficientsPerLayer) ;
if (animatedFields & 8)
FAMCCabacVx3Decoder2 otherAttributesErrorslLayerLift (numberOfOtherAttributes,
numberOfCoefficientsPerLayer) ;
bit (32)* next;
}
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while (next==FAMCAnimationSegmentStartCode) ;
break;

case 2: // LD
FAMCLDDecoder allErrorsLD (numberOfVertices, numberOfFrames, animatedFields);
break;

case 3: // Lift + LD
FAMCLDDecoder allErrorsLiftLD (numberOfVertices, numberOfFrames,animatedFields);
break;

case 4: // DCT + LD
FAMCLDDecoder allErrorsDCTLD (numberOfVertices, numberOfFrames, animatedFields);
break;

5.4.2.15.2 Semantics

coordResidualErrorsinfo: a FAMCInfoTableDecoder class decoding the informatioh. heeded to initialize the
Hecoding process for coordinates residual errors.

hormalsResidualErrorsinfo: a FAMCIinfoTableDecoder class decoding thé information needed to |jinitialize
he decoding process for normals residual errors.

colorResidualErrorsinfo: a FAMCInfoTableDecoder class decoding the information needed to initialize the
lecoding process for colours residual errors.

btherAttributesResidualErrorsinfo: a FAMCInfoTableDecoder class decoding the information needed to
nitialize the decoding process for other attributes residual-errors.

coordErrorsLayer: a FAMCCabacVx3Decoder2 class decoding a sub-table of integer of dimension
humberOfVertices x numberOfCoefficientsPerLayer

normalErrorsLayer: a FAMCCabacVx3Decedéer2 class decoding a sub-table of integer of dinension
numberOfNormals x numberOfCoefficientsPerLayer.

colorErrorsLayer: a FAMCCabacVx3Decoder2 class decoding a sub-table of integer of dimension
humberOfColors x numberOfCoefficientsPerLayer.

btherAttributesErrorsLayer:a FAMCCabacVx3Decoder2 class decoding a sub-table of integer of diension
numberOfOtherAttributes x ‘numberOfCoefficientsPerLayer.

allErrorsLD: a FAMCLDDecoder class decoding LD prediction errors (as an array of integers of diménsion 3
K numberOfVertices =x numberOfFrames) and auxiliary data, which are needed for reconstrution of
coordinates, normals, colors, and other attributes.

alIErrorsLifttD: a FAMCLDDecoder class decoding LD prediction errors of lifting coefficients (an farray of
ntegers-of/dimension 3 x numberOfVertices x numberOfFrames) together with auxiliary data, which are
needed.for reconstruction of lifting coefficients corresponding to coordinates, normals, colors, and other
bttributes. With a subsequent inverse lifting transform coordinates, normals, colors, and other attribyites are
pbtained.

allErrorsDCTLD: a FAMCLDDecoder class decoding LD prediction errors of DCT coefficients (an array of
integers of dimension 3 x numberOfVertices x numberOfFrames) together with auxiliary data, which are
needed for reconstruction of DCT coefficients corresponding to coordinates, normals, colors, and other
attributes. With a subsequent inverse DCT coordinates, normals, colors, and other attributes are obtained.

Each decoded layer with transformType 0 or 1 contains a subset of the spectrum coefficients, arranged from
low frequency (layer 0) to high frequency (layer n). After decoding a layer, the tables for each component
(coordinates, normals, colors, other attributes) are concatenated. The values of a layer superior to the current
one are assumed to be zero.
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To recover the original values the decoder applies:
¢ Aninverse Lift transform followed by an un-quantization when transformType is Lift,
¢ An un-quantization followed by an inverse DCT when transformeType is DCT.

The coordinate residual errors are decompressed and stored as set of vectors

(8 vy ve{l,...,numberOfCoord }
t Jtei2,...,numberOfCoordKeys |

expressed in homogeneous coordinates. The decoder computes the position Zi of a vertex v at,frame t by
applying the following formula:

numberOfClusters
v o_ v k v v
= | el Ayt +e
k=1

where ¥, is the position of vertex v at the first frame, Atk is the affine transform\associated with the cluster k
at framI t expressed in homogeneous coordinates, @, : the weight of cluster k at vertex v, y,: the globa

motion ¢f frame ¢, &’ : coordinate residual errors of vertex v at frame ¢

The normal residual errors are decompressed and stored as set of\wectors

( 1 ve{l,...,numberOfCoord}
nt te{2,...,numberOfCoordKeys}

expresspd in homogeneous coordinates. The decoder computes the normal N/ of a vertex v at frame t by
applying on of the following equations

N, = N/ +n, if normalsPredictionStrategy=0

S

mberOfClusters

sz — Z a),: Atkva + ntv if\normalsPredictionStrategy=1
k=1
v UIxW -
N = T 1.+ % if normalsPredictionStrategy=2
I,
where
numberOfClusters berOfClust
k k v numbery, usters
a)v At U Z a)kAkW”
UV — k=1 v k=1 C
' - k gk W= 3
ZCUVA[ UV waAtka (Uv WV NV)
k=1 k=1 , > 2717 is the orthonormal basis of /R,

N/ is the normal of vertex v at the first frame and 1, is the normal residual errors of vertex v at frame t .

The colour residual errors are decompressed and stored as set of vectors
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( v )ve{l,...,numberOfCoord}
¢, te{2,...,numberOfCoordKeys |

The decoder computes the colour C, of a vertex v at frame t by applying equation
C'=C/ +c/
(R
where C,’ is the colour of vertex v at the first frame and ¢, =| G, | is colour residual errors of vevltex v at

Bv

t

rame t.

he other attributes decoding is identical to normal decoding.
65.4.2.16 FAMCLDDecoder class

5.4.2.16.1 Syntax

Flass FAMCLDDecoder (nV, nF, fields) {
bit (1) newlLayeredDecompositionNeeded;
bit (1) layeredDecompositionIsEncoded;
bit (6) bitsNotDefined;

if (newLayeredDecompositionNeeded) {
unsigned int (32) numberOfDecomposedLaye®@s;
if (layeredDecompositionIsEncoded) {
FAMCLayeredDecompositionDecoder myFAMCLayeredDecompositionDecoder
(numberOfDecomposedLayers, nV);
}
}

unsigned int (32) numberOfEncddedlayers;

if (animatedFields & 1) f1X0at (64) coordsQuantizationSteplD;

if (animatedFields & 2) float(64) normalsQuantizationStepLD;

if (animatedFields & 4)\float (64) colorsQuantizationStepLD;

if (animatedFields & 8» float (64) otherAttributesQuantizationStepLD;

for (int frameNumbetDec=0; frameNumberDec<nF; ++frameNumberDec) {
FAMCLDFrameHeaderDecoder myFAMCLDFrameHeaderDecoder;

hasCoordsPredBits =
((coordsPnedictionModelD == 3) || (coordsPredictionModelD == 4)) 2 1 : 0;

hasNormal §PredBits =
((nermalsPredictionModelD == 3) || (normalsPredictionModelD == 4)) 2 1 : 0O;

hasColorsPredBits =
((colorsPredictionModelD == 3) || (colorsPredictionModelD == 4)) 2 1 : Q:

hasOtherAttributesPredBits =
((otherAttributsPredictionModelD == 3) || (otherAttributesPredictionModelD == 4)) ? 1
0;

unsigned int (32) compressedFrameSizelD;
for (int layerNumber=0; layerNumber<numberOfEncodedLayers; ++layerNumber) {
if (animatedFields & 1)
FAMCCabacVx3Decoder
resCoords (numberOfVerticesInLayer[layerNumber], hasCoordsPredBits);
if (animatedFields & 2)
FAMCCabacVx3Decoder
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resNormals (numberOfVerticesInLayer[layerNumber], hasNormalsPredBits);
if (animatedFields & 4)
FAMCCabacVx3Decoder
resColors (numberOfVerticesInLayer[layerNumber], hasColorsPredBits);
if (animatedFields & 8)
FAMCCabacVx3Decoder resOtherAttributes (numberOfVerticesInlLayer[layerNumber],
hasOtherAttributesPredBits) ;
}
}
}

5.4.2.16.2 Semantics

newlLayeredDecompositionNeeded: one bit indicating if in the current segment a new ‘layered
decomposition is needed. In such case (newlLayeredDecompositionNeeded equals 1) the\Cdecodeq
decomposition becomes the current decomposition, which is used in the current and following segments.

layeredDecompositionlsEncoded: one bit indicating if a layered decomposition is encoded in the bit-stream
If not, tHe layered decomposition is determined using the deterministic algorithm presentediin Annex |.

bitsNotPefined: 6-bits with not defined semantics. Reserved for ISO purposes.

numberOfDecomposedLayers: a 32-bit unsigned integer indicating the number of layers created during
layered decomposition. This may be different from the number of layers that are present in the bitstream.

numberOfEncodedLayers: a 32-bit unsigned integer smaller or equal' than numberOfDecomposedLayers
indicatirl]g the number of layers encoded in the stream.

coordsQuantizationStepLD: a 64-bit float specifying the quantization step for coordinates.

normal$QuantizationStepLD: a 64-bit float specifying the quantization step for normals.
colorsQuantizationStepLD: a 64-bit float specifying-the quantization step for colors.
otherAttributesQuantizationStepLD: a 64-bit\float specifying the quantization step for other attributes.
compressedFrameSizeLD: a 32-bit unsigned integer indicating the size of the compressed frame.

resCoofds: a FAMCCabacVx3Decoder class decoding a table of integers of dimensior
numberfVerticesInLayer[layerNumber] x 3 corresponding to quantized prediction errors of coordinates. If
hasCoofdsPredBits equals 1 @dditionally an array of bits of size numberOfVerticesinLayer[layerNumber] is
decodedl.

resNormals: a FAMCCabacVx3Decoder class decoding a table of integers of dimension
numberfVerticesinLayer[layerNumber] x 3 corresponding to quantized prediction errors of normals. If
hasNormalsPredBits equals 1 additionally an array of bits of size humberOfVerticesInLayer[layerNumber] is
decodedl.

resColqrs:y "a FAMCCabacVx3Decoder class decoding a table of integers of dimensior
numberOfverticesintayerftayerNumber]—x—3—corresponding toquantized prediction —errors —of cofors. 1
hasColorsPredBits equals 1 additionally an array of bits of size numberOfVerticesIinLayer[layerNumber] is
decoded.

resOtherAttributes: a FAMCCabacVx3Decoder class decoding a table of integers of dimension
numberOfVerticesInLayer[layerNumber] x 3 corresponding to quantized prediction errors of other attributes. If
hasOtherAttributesPredBits equals 1 additionally an array of bits of size
numberOfVerticesInLayer[layerNumber] is decoded.

The FAMCLDDecoder class describes vertex coordinates, normals, colors, and other attributes of an
animation segment. The process of obtaining this data is described below.
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The FAMCLDDecoder class decodes a new layered decomposition maximally once per animation segment
(if newlLayeredDecompositionNeeded equals 1). Thereby, either data is decoded
(layeredDecompositionlsEncoded equals 1) and used together with the mesh connectivity to describe a
layered decomposition, or a new layered decomposition is determined based only on connectivity
(layeredDecompositionlsEncoded equals 0). The process of deriving a layered decomposition is described in
detail in Annex I.

The layered decomposition Id[][] is used for guiding the process of predictive reconstruction of 3D coordinates
using decoded quantized prediction errors.

For each frame (frameNumberDec) a frame header is decoded. Thereby the following values are _degoded or
computed:  frameType, frameNumberDis, refFrameNumberOffsetDisO, refFrameNumberOffsetDis1,
coordsPredictionModelD, normalsPredictionModeLD, colorsPredictionModel'D;, and
ptherAttributesPredictionModeLD.

Subsequently, quantized 3D prediction errors of coordinates, noted
resCoord[frameNumberDis][layerNumber][c] with ¢=0, ..., numberOfVerticesInlayer[layerNumbgr] are
Hecoded for each layer in a frame. Here, the value numberOfVerticesIinLayer[layerNumber] is obtaired from
he current layered decomposition.

Furthermore, depending on the prediction mode value for coordinates (coordsPredictionModelLD), which is
Hecoded frame-wisely, each resCoords[frameNumberDis][layerNumber}[C] gets a distinct prediction type noted
coordsPredType[frameNumberDis][layerNumber][c] as specified in the following table.

Table 70 — The correspondences between predictionModeLD
values and prediction.types predType

coordsPredictionModeLD value\ coordsPredType value\ Predictor name
normalsPredictionModeLD value normalsPredType value\
colorsPredictionModeLD value colorsPredType value\

otherAttributesPredictionModeLD value otherAttributesPredType value\

0 0 Delta
1 1 Linear
2* 2 Non-linear
3* 1or2 Linear or non-linear, adapti
4 Oor1 Delta or linear, adaptiv
5-15 Not defined -
NOTE For normals, colors and other attributes prediction modes 2 and 3 are not allowed.
If coordPredictionModelLD=0,1,2 then

coordsPredType[frameNumberDis][layerNumber][c]=coordPredictionModelLD for all ¢ and layers of a frame
with frame number frameNumberDis.

If coordPredictionModeLD =3 ,4, two values are possible for coordsPredType. In this case value
hasCoordsPredBits is equal to 1 and the FAMCCabacVx3Decoder decodes additionally to quantized residuals
also an array of bits coordsPredBits[frameNumberDis][layerNumber][c], which is used to derive definite
prediction types.
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If  coordsPredictionModelLD=3 then coordsPredType[frameNumberDis][layerNumber][c] =1 if
coordsPredBits[frameNumberDis][layerNumber][c] == and
coordsPredType[frameNumberDis][layerNumber][c] =2 if coordPredBits[frameNumberDis][layerNumber][c]

If coordsPredictionModelLD=4 then coordsPredType[frameNumberDis][layerNumber][c] =
coordPredBits[frameNumberDis][layerNumber][c].

After decoding quantized prediction errors of coordinates of a layer in a frame (resCoords[][]) and assigning
predicti n—types (r\nnrr‘leprnrlTypn[][])’ qn:mﬁ7nr1 prnrlir‘finn errors of normals (rncl\lnrmale[}[])’ colors
(resColgrs[][]), and other attributes (resOtherAttributes[][]) are decoded. Similar to resCoords[][] .alsq
resNormals[][], resColors[][], and resOtherAttributes[][] get prediction types normalsPredTypell[]
colorsPredType [][], and otherAttributesPredType [][] assigned).

Finally, for  each quantized prediction error resCoords[frameNumberDis][layerNumber][c]
resNormals[frameNumberDis][layerNumber][c], resColors[frameNumberDis][layerNumberj[c], ang
resOthefAttributes[frameNumberDis][layerNumber][c], a corresponding value is reconstructed-as follows:

for (ipt frameNumberDec=0; frameNumberDec<numberOfFrames; ++frameNumberDec) {

frameNumberDis = frameNumberDec2DisList [frameNumberDec];
for |[(int layer=0; layer<numberOfEncodedLayer; ++layer) {
for (int c=0; c<numberOfVerticesInlayer|[layer]; c++) {

// reconstruct coordinate corresponding to vertex ld[layer][c].to

}
for (int c=0; c<numberOfVerticesInlLayer|[layer]; c++) {
// reconstruct normal corresponding to vertex ld[¥ayér][c].to

}
for (int c=0; c<numberOfVerticesInlLayer|[layer]; c%%) {
// reconstruct color corresponding to vertex*dd[layer] [c].to
}
for (int c=0; c<numberOfVerticesInLayer[layex]; c++) {

// reconstruct other attributes corresponding to vertex ld[layer][c].to

}

Here, the frameNumberDec2DisList is obtained from data decoded by the FAMCLDFrameHeaderDecode
class. Jee Annex J for a detailed description-of the reconstruction process of coordinates, normals, colors
and other attributes.

Finally, gll coordinates, normals, colors“and other attributes of an animation segment are decoded.
5.4.2.171 FAMCLayeredDecompositionDecoder class

5.4.2.17.1 Syntax

class FAMCLayeredbPecompositionDecoder (L,V) {
unsilgned in%(32) compressedPartitionBufferSize;
FAM(QVertexinfoDecoder MyFAMCVertexInfoDecoder (L, V);
unsilgned \dnt (32) compressedSimplificationBufferSize;

for |(dnt" layer=L-1; layer>=1l; --layer) {
F M(“Qw'mp'lw'{:w' ationMaodalD dexr msz—‘AMI"Qw'mp'lw'Fw' ationModalD dexr

(numberOfVerticesInLayer[layer]);
}
}

5.4.2.17.2 Semantics

compressedPartitionBufferSize: a 32 bit unsigned integer indicating the compressed stream size of the
partition in layers.

compressedSimplificationBufferSize: a 32 bit unsigned integer indicating the compressed stream size.
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The FAMCLayeredDecompositionDecoder class decodes a sequence of simplification operation

s. Each

simplification operation is represented as a couple (vertexindex, mode), both values are unsigned integers.

First, the FAMCVertexinfoDecoder class decodes an array (noted partition) of integers of size V. Each

element partition[v] of the array is in the range 0,...L-1 and indicats the assignement of vertex v
partition[v].

to layer

The array of integers numberOfVerticesInLayer is obtained from the decoded array partition. The derivation

process is illustrated with the following pseudo code:

int numberOfVerticesInLayer[L];
For (v=0; v<V; ++v) {
numberOfVerticesInlLayer [partition[v]]++;

The FAMCSimplificationModeDecoder decodes an array simplificationMode[layer][c].6f simplificatio
or layer=L-1,...,1 and c=0,..., numberOfVerticesInLayer[layer]-1. The following pseudo code illustr.
bn array of simplification operations (noted vssop) is obtained from the arrays partition and simplificatig

Etruct SimplificationOperation/{
int vertexIndex;
int mode;

’

rector< vector<SimplificationOperation> > vvsop (L) ;
For (int v=0; v<V; ++v) {

SimplificationOperation sop;

sop.vertexIndex = v;

vvsop [partition([v]].push back(sop);

For (int layer=L-1; layer>=1l; --layer) {
for (int c=0; c<numberOfVerticesInlayer [¥ayer]; ++c) {
vvsop[layer] [c] .mode = simplificatdonMode[layer][c];

}

By reorganizing the data contained in partition and simplificationMode, the simplification operations

(vvsop[layer] [c].vertexIndex,~vvsop[layer] [c].mode)
or layer=1,...,L-1 and c=0,..,, humberOfVerticesInLayer[ layer ].are obtained. The procedure for buil
ayer decomposition from simplification operations is described in Annex I.

5.4.2.18 FAMCSimplificationModeDecoder class

6.4.2.18.1 Syntax

Flass FAMCSimplificationModeDecoder (V) {
// start the arithmetic coding engine
cabac.arideco start decoding( cabac. dep );
¢abac.biari init context (cabac. ctx, 61);
for (int c=0; c<V; ++c) {

modes
es how
nMode:

ding the

simpliricationMode|[C] = cabac.unary exp golomb decode (capbac. dep, cabac. CTX,

}
// end the arithmetic coding engine
cabac.biari decode final( cabac. dep );

5.4.2.18.2 Semantics
simplificationMode: an arithmetic encoded integer indicating a simplification mode.

The FAMCSimplificationModeDecoder class decodes an array of size V of unsigned integers.
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5.4.2.19 FAMCLDFrameHeaderDecoder class

5.4.2.19.1 Syntax

class FAMCLDFrameHeaderDecoder {
signed int (8) frameNumberOffsetDis;

unsigned int (2) frameType; //I, P, or B-frame

unsigned int (7) refFrameNumberOffsetDecO;

unsigned int(7) refFrameNumberOffsetDecl;

unsigned int (4) coordsPredictionModelD;
(4
(4
(4

unsilgned int normalsPredictionModelD;

unsilgned int colorsPredictionModelD;

unsijgned int otherAttributesPredictionModelD;
}

5.4.2.19.2 Semantics

frameNumberOffsetDis: an 8-bit integer used to compute the current frame number in display order (noted
frameNumberDis).

frameNdimberDis=frameNumberPrevDis+frameNumberOffsetDis,

where FrameNumberPrevDis is the frame number in display order of the last’decoded frame. For the firs
decoded frame of a segment frameNumberPrevDis equals 0.

frameType: a 2-bit integer indicating the frame type of the currentlysdécoded frame: 0=I-frame, 1=P-frame
2=B-fraine.

refFrameNumberOffsetDec0: a 7-bit integer used to computé<a’reference frame number in decoding ordef
(noted refFrameNumberDec0). refFrameNumberDecO is computed only for P and B frames as follows:

refFrameNumberDecO=frameNumberDec - refFrameNumperOffsetDecO.

refFrameNumberOffsetDec1: a 7-bit integer used to‘compute a second reference frame number in decoding
order (npted refFrameNumberDec1). refFrameNumberDec1 is computed only for B frames as follows:

refFrameNumberDec1=frameNumberDec =refFrameNumberOffsetDec1.

coordsPredictionModeLD: a 4-bit integer specifying the prediction mode used for predicting coordinates.
normal$PredictionModeLD: a 4-bit-integer specifying the prediction mode used for predicting normals.
colorsHredictionModeLD: a 4-bit integer specifying the prediction mode used for predicting colors.

otherAttributesPredictionModeLD: a 4-bit integer specifying the prediction mode used for predicting
otherAttributes.

During decoding the'list frameNumberDec2DisList is updated as follows:

frameNymbgrBec2DisList [frameNumberDec]=frameNumberDis

NOTE o afErameNumb
refFrameNumberOffsetDec1 only frames which are within the last 128 decoded fram
reference frames.

es can be used

as

5.4.2.20 FAMCCabacVx3Decoder

5.4.2.201 Syntax

class FAMCCabacVx3Decoder (V, B) {
// decoding the significance map
unsigned int (8) sigMapInitProb;
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// start the arithmetic coding engine
cabac.arideco start decoding( cabac. dep );
cabac.biari init context (cabac. ctx, sigMapInitProb);
for (int v=0; v < V; ++v) {
for (int d = 0; d < 3; d++){
sigMap[v] [d] = cabac.biari decode symbol (cabac. dep, cabac. ctx);

}

//decoding signs
for (int v = 0; v < V; v++){

for (int d = 0; d < 3; d++){
if (sigMapl[v][d] == 1) {
negative[v] [d] = cabac.biari decode symbol eq prob (cabac. dep);

}

// end the arithmetic coding engine
cabac.biari decode final( cabac. dep );
//decoding abs values

unsigned int (8) absInitProb;

unsigned int (8) numberOfAbsValuesBitPlanes;

// start the arithmetic coding engine
cabac.arideco start decoding( cabac. dep );

cabac.biari init context (cabac.ctx, absInitProb);
for (int pb = numberOfAbsValuesBitPlanes - 1; pby»= 0; pb--) {
for (int v = 0; v < V; v++){
for (int d = 0; d < 3; d++){
if (sigMapl[v][d] == 1)
if (cabac.biari decode symbolycabac. dep, cabac. ctx)) {
values|[v] [d] += (1<<pb);
}
if (pb == 0) {
values[v] [d] ++;
values|[v] [d] = (negativel[v][d]) ? -values|[v][d] : values|[v][d];

}

// end the arithmetic coding engine
cabac.biari decdde final( cabac. dep );

if (B==1){
//decoding prediction modes
unsign€d int (8) predModeInitProb;
// sstéart the arithmetic coding engine
cakac.arideco start decoding( cabac. dep );
cabac.biari init context (cabac. ctx, predModeInitProb):;
for (int v=0; v < V +4v) {
bits[v] = cabac.biari decode symbol (cabac. dep, cabac. ctx);

1

// end the arithmetic coding engine
cabac.biari decode final( cabac. dep );

5.4.2.20.2 Semantics

sigMaplInitProb: a 8-bit integer indicating the initial value for a CABAC context for significance map decoding.

signMap: an arithmetic encoded array of size V x 3 of bits indicating the non-zero values.
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negative: an arithmetic encoded array of size V x 3 of bits indicating negative and positive values
(negative=1).

absInitProb: a 8-bit integer indicating the initial value for a CABAC context for absolute values decoding.

numberOfAbsValuesBitPlanes: an 8-bit integer indicating the number of bit-planes to decodde for decoding
of absolute values.

values: an arithmetic encoded array of size V x 3 of integers values.

predMJdeInitProb: a 8-bit integer indicating the initial value for a CABAC context for decoding of bits
(decod€gd only if parameter B equals 1).

bits: an|array of size V of bits (decoded only if parameter B equals 1).

The FAMCCabacVx3Decoder class decoded an array of size V x 3 of integers. If B equals {‘an array of sizg
V of bity is decoded as well.

5.5 Generic tools

5.5.1 Nultiplexing of 3D Compression Streams: the MPEG-4 3D Graphics_stream (.m3d) syntax

When cpded 3D compression objects are carried without MPEG-4 System,-the 3D object elementary streams
follow the syntax below. The syntax provides for the multiplexing of muitiple elementary streams into a single
bitstrea

The 3D[LCObjectSequence defines container that is used to carry the 3DCObjectSequence header and the
3DCObject. The 3DCObjectSequenceHeader defines the idéntification of profile and level for this bitstreamn
and thg user data defined by users for their specific, applications. For example, it can contain scene
information for the contained bitstream.

The 3DCObject defines container that is used_ to carry the 3DCObject header and the 3D compresseq
bitstream: 3D Mesh Compression (3DMC), Interpolator Compression (IC), Wavelet Subdivision Surface
(WSS) and Bone-based Animation (BBA). In{the 3DCObject header, the user data also can be defined by
users for their specific applications forl 3D compression object. The 3DCObject header contains the
“3dc_object_verid” which indicates the version number for the tool list of 3D compression object types. And
“3dc_object_type start code” indicates what 3D compression object type stream is carried and itg
corresppndence decoder. (i.e. “3dc-object type_ start code == Simple_3DMC”, the 3DMC decoder decodeg
the confained bitstream). For.-other types of 3D compression objects, one container per 3D compressior
object i used.

. 3DCObjectSequence .
3DCObjectSequence Header 3bCobject
—=
- -

———— 1
- - 1

1 3Dcobject | 3pcobject 1 | 3PCOPIEt | 3peopjecta | ... | 3PCObIECt | spcopject n

_]eC Header 1 Header 2 Header n
1 1 1 1 / 1
1 1 1 1 / 1
] 1 ] 1 / 1
] 1 1 1 / 1
Simple_3DMC Simple_PI Simple_BBA

Figure 81 — Syntax of the MP43D stream
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5.5.1.1 3DCObjectSequence

5.5.1.1.1 Syntax

class 3DCObjectSequence () {
bit (32) 3dc _object sequence start code;

bit (8) profile and level indication;
bit (32) *next;
while (next == user_ start code) {

user data();

do {
3DCObject () ;
bit (32) *next;
}while (next != 3dc_object sequence end code );

bit (32) 3dc _object sequence end code;

b.5.1.1.2 Semantics

Bdc_object_sequence_start_code: The 3dc_object_sequence_start_code<is the bit string ‘000001A0 in
hexadecimal. It initiates a 3D Compression session.

brofile_and_level_indication: This is an 8-bit integer used to signal the profile and level identificatjon. The
meaning of the bits is given in Table 71.

Table 71 — FLC table for profile "and_level_indication

Profile/Level Code

Reserved 00000000
Core Profile/Level 1 00000001
Core Profile/Level 2 00000010
Reserved 00000011
Reserved 11111111

Bdc_object_sequence_end_code: The 3dc_object_sequence_end_code is the bit string ‘0000Q1A1’ in
nexadecimal. It terminates a 3D Compression session.

5.5.1.2 _3DCObject

5.5.1.221  Syntax

bl i3S o ]‘\f"‘ﬁhj n+l\{
bit (32) 3dc_object start code ;
bit (1) is_3dc_object identifier;
bit(3) 3dc_object verid;
bit(4) 3dc_object priority;

bit (32) *next;
while (next == user start code) {
user data();

}
bit (32) *next;
if (next == “Simple 3DMC”) ({
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bit (32) simple 3dc object type start code;

3D Mesh Object() ;

else if (next == “Simple WSS”) {

bit (32) simple WSS object type start code;

Wavelet Mesh Object();

else if (next == “Simple CI”) {

bit (32) simple CI object type start code;

CompressedCoordinateInterpolator () ;

}

elsg if (next == “Simple OI"”) {

bit (32) simple OI object type start code;
CpmpressedOrientationInterpolator ()

elsg if (next == “Simple PI”) {

bit (32) simple PI object type start code;

CpmpressedPositionInterpolator ();
elsg if (next == “Simple BBA”) ({

bt (32) simple BBA type start code;

bba object ();

}

5.5.1.2.2 Semantics

3dc_object_start_code: The 3dc_object_start_code is the bit string-'000001A2’ in hexadecimal. It initiates 3

3D Comjpression object.

is_3dc_[object_identifier: This is a 1-bit code which set to ‘1’;indicates that version identification and priority

is specified for the 3D Compression object.

meanin

3dc_obJ1ect_verid: This is a 4-bit code which identifiesthe version number of the 3D Compression object. Itg

is defined in Table 72. When this field does™not exist, the value of 3dc_object_verid is ‘0001’

Table 72 —Meaning of 3dc_object_verid

3dc_object_verid Meaning
0000 reserved
0001 Object Types listed in Table 73
0010-1114 reserved

Table 73 list the tools-included in each of the Object Types. The current object types can be extended wher

new too|s or functionalities will be introduced.
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Table 73 — Tools for 3D Compression Object Types

3D Compression Object Types

AFX Tools Simple Simple Simple Simple Simple Simple
3DMC Cl PI Ol WSS BBA
3D Mesh Compression (3DMC) X

- Basic

Coordinatelnterpolator{GhH X

PositionInterpolator (PI)
Key Preserving X
Path Preserving

DrientationInterpolator (Ol)
Key Preserving X
Path Preserving

Wavelet Subdivision Surface (WSS)
IndexedFaceSet for base mesh

BBA
Only Bones

Bdc_object_priority: This is a 3-bit code which specifies the“priority of the 3D compression object.| It takes
yalues between 1 and 7, with 1 representing the highest pfiority and 7, the lowest priority. The value of zero is
reserved.

Bdc_object_type_start_code: It is the bit string of.32 bits. The first 24 bits are ‘0000 0000 0000 00p0 0000
D001’ in binary for resynchronization. The last 8:bits represent the one of the values in the ‘A6’ tq ‘AB’ to
ndicated object types defined in Table 74. According to the last 8 bits in “3dc_object_type_start_cogde”, the
corresponding decoder is called and the ecompressed stream is decoded. If more object types are|defined
n Table 73, the added object types are reflected in Table 74.

Table 74 — Meaning of start code value

3dc_object_type_start_code code (hexadecimal)
Reserved A5

Simple-3DMC A6

Simple ClI A7

Simple PI A8

Simple Ol A9

Simple WSS AA

Simple BBA AB

Reserved AC through FF
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5.5.1.3 user_data

5.5.1.3.1 Syntax

class user data()
{
bit (23) * next;
while (next != 0) {
bit (8) wuser data bits;
bit (23) * next;

}
5.5.1.3.2 Semantics

user_data_start_code: The user_data_start_code is the bit string ‘000001A4” in hexadecimal..ltidentifies the
beginning of user data. The user data continues until receipt of another start code.

user_data: This is an 8 bit integer, an arbitrary number of which may follow one another, User data is defineg

by users for their specific applications. In the series of consecutive user_data bytes {here shall not be a string
of 23 or[more consecutive zero bits.

5.5.2 AFX Generic Backchannel

5.5.2.1 | Usage of the backchannel.
The badkchannel can be used by the following tools: VTC textures, WaveletSubdivisionSurfaces, MeshGrid.

In the fist case, i.e. VTC textures, the backchannel will be anelementary stream of stream-type ‘visual’ (0x04
and with an ObjectTypelndication 0x20.

In the case of WaveletSubdivisionSurfaces and MeshGrid, the backchannel is an elementary stream of strean
type ‘scene description’ (0x03) with an OTI 0x05:The AFXConfig contains the appropriate code to make thg
distinctipn between AFX tools (see ISO/IEC 14496-1:2010 Amendment 4).

Each bgckchannel is related to a downstream elementary stream carrying the data associated with each tool.

This mgans that AFX tools share the same bitstream syntax but each instance has a separate elementary
stream.

The messages carried in dnAccessUnit of a backchannel consist of a list of BackChannelCommands as
specifiefl below. The syntax of an access unit is defined as follows.

5.5.2.2 BackChannel Access Unit.

5.5.2.2. Syntax

class BacKChannelAccessUnit {
BackChannelCommand[0..255] backchannelCommands;

}

5.5.2.2.2 Semantics

An access unit in the back channel is an array of BackChannelCommands.
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5.5.2.3 BackChannelCommand

5.5.2.3.1 Syntax

abstract aligned(8) expandable (228-1) class BackChannelCommand : bit (8) tag=0 {
// empty. To be filled by classes extending this class.
}

5.5.2.3.2 Semantics

[he possible values of BackChannelCommand tag and their interpretation is given in Table 75.

Table 75 — List of Class Tags for Backchannel Commands

Tag value | Tag name

0x00 Forbidden

0x01 GlobalParametersTag

0x02 NavigationParametersTag
0x03 ToolGenericBackChannelTag

0x04-0xBF | Reserved for ISO
(backchannel command tags)
0xCO0-OxFE | User private

OxFF Forbidden

5.5.2.3.3 General bitstream syntax
he bitstream is an array of BackChannelCommands:
The server decodes all backchannelcommands 6fthe access unit which it can parse, otherwise it skipg

The configuration of the stream describes the list of tags are mandatory in the bitstream as well as th
bre optional (i.e. that a server may parse). Other backchannel commands will be skipped by a ¢
server.

b.5.2.3.4 Definitions

5.5.2.3.4.1 Client/Server-driven scenario’s

/Vhen considering-view-dependent 3D transmission, two possible scenarios occur. Either the client tr
cache status and,asks the server for the not-yet-transmitted information, either it is the server that
Client's cache status back and calculates out of this which additional information to transmit for the
iewpoint. Said in other words: the control about what to transmit and what is already available is eith
py the client (first scenario), either by the server (second scenario). The scenarios are therefor
respeectively client-driven and server-driven.

them.

pse that
bmpliant

hcks the
pjets the
current
er done
b called

n"a client-driven scenario, neither the viewpoint, nor the cache status have to be transmitted, si

nce this

information is used by the client only.

In the server-driven scenario, both the viewpoint and cache status have to be transmitted to the server

5.5.2.3.4.2 Unit

A unit is a generic term that for each tool may have one or several meanings depending on the co
follows:

For wavelet subdivision surface: units represent hierarchical trees corresponding to small regions of t
mesh.
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For VTC two contexts exist:

A unit represents a Texture Unit that can be extracted from a packet in VTC’s error resilience mode.

A unit represents an ROI corresponding to a block in the spatial domain of size 2°°***x?¢*** pixels. In
the wavelet domain this corresponds to 9 trees (for each Y, U and V color component: the low-high,
high-low and high-high subimage tree) or 3 trees (when only the Y component applies). The
numbering of these ROls is row-wise, starting with number 1 as shown in the following picture:

For Megd

5.5.2.3.

5.5.2.3.

class
bit (8)
SEVe
SFF1
SEFF]
SFF]
}

5.5.2.3.

Field off

ROl ROl ROI ROl
nr1 nr2 nr3 nr4

ROI ROI ROI ROI
nr5 nr6 nr7 nr8

ROI ROI ROI ROI
nr9 nr 10 nr 11 nr12

ROI ROI ROI ROI
nr13 nr 14 nr15 nr 16

hGrid two contexts are available:

In mesh related commands (MESH_HEADER , MESH_"CONNECTIVITY, VERTICES_REPOSITION
and VERTICES_REFINEMENT) a unit represents afegion of interest (ROI).

In grid related commands (GRID_HEADER and’GRID_COEFFICIENTS) a unit represents a tile.
b GlobalParameters

b.1 Syntax

lobalParameters extends.BackChannelCommand:
tag = GlobalParametepsTag {

c2f FieldOfView;

ocat NearPlane;

ocat FarPlane;

ocat Visibility®dmit;

b.2 Semarntics

view:these are the horizontal and vertical angles of the view pyramid.

NearPlane: this is the distance to the near plane of the viewing pyramid, i.. a plane parallel to the projectior

plane and at distance NearPlane to the observer. Every point on the same side as the observer is supposed
to be non visible.

FarPlane: this is the distance to the far plane of the viewing pyramid, i.e. a plane parallel to the projection
plane and at distance FarPlane to the observer. Every point beyond is non visible.

Visibilit

yLimit: this is a float indicating a distance to the observer beyond which the scene does not have to

be displayed. This might be useful, e.g. for simulating fog.
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5.5.2.3.6 NavigationParameters

5.5.2.3.6.1 Syntax

class NavigationParameters extends BackChannelCommand:
bit (8) tag = NavigationParametersTag {

SFVec3f Position;

SFRotation Direction;

}
552362 Semantics

Position: this is the observer position in the coordinate system of the node corresponding to the trapsmitted
bbject.

Direction: this is the observer orientation in the coordinate system of the node corresponding to the
ransmitted object.

b.5.2.3.7 ToolGenericBackChannel

5.5.2.3.7.1 Syntax

rlass ToolGenericBackChannel extends BackChannelCommand:
bit (8) tag = ToolGenericBackChannelTag {
bit (1) isClientDriven;
if (!isClientDriven) {
bit (2) cacheMode;
}
ListOfUnits 1istOfUnits|[];

b.5.2.3.7.2 Semantics

sClientDriven: 1-bit flag specifying if equal to ‘1’ that the backchannel is in client-driven scenario and
conveys client requests. If the value is.equal to ‘0’ the backchannel is in server-driven scenario and the client
sends status information to the server. The requests and status information are specific for each tool
bxtending the generic ToolGenericBackChannel class.

cacheMode: 2-bit value spetifying the type and format of the status information send in the server-driven
scenario. The following table’ shows the possible values and meanings of cacheMode. In DELTA_|ICACHE
mode the status information contains details about received units that have been totally or partially digcarded.
Both the RECEIVED~-CACHE and FULL_CACHE modes reflect the same type of cache information, however
ising a different fermat. In RECEIVED_CACHE mode the units are explicitly identified by an index. The status
nformation expressed using this format is compact if consecutive units in the clients cache have the same
quality” parafneters and thus can be grouped together by means of Parselndices class. In the opposite case
when conseeutive units in the client’s cache have different “quality” parameters, it is more efficient to $end the
status information in FULL_CACHE mode by iterating and querying the entire range of units.

cacheMode Meaning

0x0 DELTA_CACHE: Delta cache status, I.e. received units that have
been partially or totally discarded.

0x1 RECEIVED_CACHE: Cache status, i.e. information only about
the received units.

0x2 FULL_CACHE: Full cache status, i.e. information about the
entire range of units.

0x3 Reserved
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listOfUnits: Specifies an array of commands that have to be processed simultaneously, in order to have a
consistent decoding process at the client. In particular, if a Region of Interest (ROI) has to be decoded at a
given quality, all data that contributes to this ROI (through data dependencies) should be decoded properly.
This may require several, successive commands, each pertaining to specific information to be decoded at a
specific quality.

5.5.2.3.8 ListOfUnits

5.5.2.3.8.1 Syntax

abstrag¢t aligned(8) expandable(2”—l) class ListOfUnits (bool isClientDriven, unsigned &nt
cacheMgde) : bit(8) tag=0 {

// gmpty. To be filled by classes extending this class.

}

5.5.2.3.8.2 Semantics

This is @an abstract base class for the different types of command units in the backchannel*stream. This class

is extenfed by the classes identified by the class tags defined in the following table.

Table 76 — List of Class Tags for Descriptors derived from-ListOfUnits

Tag|value | Tag name Description

0x0 Forbidden

0x0{ ListOfVTCUnitsTag Tag for MAFC units

0x0P ListOfWaveletTreesTag Tag for WaveletSubdivisionSurface units

0x08 MGFullStreamTag Tag.for the entire MeshGrid stream.

0x04 MGMeshDescrTag MeshGrid stream tag for the mesh coding
information at specified mesh resolution level.

0x0% MGGridDescrTag MeshGrid stream tag for grid coding
information at specified grid resolution level.

0x06 MGMeshConnectivityDescrTag MeshGrid stream tag for mesh connectivity
information at specified mesh resolution level.

0x0y MGVerticesRepositionDescflag MeshGrid stream tag for vertices’ reposition
bits (single bit-plane) at specified mesh
resolution level.

0x08 MGVerticesRefinementDescrTag MeshGrid stream tag for refinement bit-
planes (the offset) at specified mesh
resolution level.

0x09 MGGridCeefficientsDescrTag MeshGrid stream tag for wavelet coefficients
at specified grid resolution level.

0x10 MGGfidCornersDescrTag MeshGrid stream tag for the grid corners.

0x1]1-OxFE | Reserved for ISO use

OxFF Forbidden

5.5.2.3.9 “OGetValue

5.5.2.3.9.1 Syntax

class GetValue (BYTE nBits)

{

int (nBits)

noBits;

int (noBits) value;
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5.5.2.3.9.2 Semantics
The GetValue class parses a variable length integer value. The result is returned in value.

5.5.2.3.10 Parselndices

5.5.2.3.10.1 Syntax

class ParselIndices (BYTE nBits) {
Unsigned int 1 = U, J = U, K = 0;

// the number of elements in the indices list.
GetValue number (nBits) ;

for (i1 = 0; 1 < number.value; i++) {
bit (1) isIndexed;
if (isIndexed) {

GetValue unit[[k++]] (nBits); // index of the unit

} else {
GetValue start (nBits); // start index of the unit
GetValue count (nBits); // number of indices in\the range
for (j = 0; j < count.value; j++) {
unit[[k++]] = start.value + j;

}
}

// assign the total number of units.
number.value = k;

5.5.2.3.10.2 Semantics

Parse a list of units that can be read one by-one with an index and/or units that can be read as a sug¢cessive
fange.

humber: The initial parsed value represents the number of elements in the indices list. A list element can be
he index of a unit (unit), or the\start index (start) of a range of indices followed by a number |(count)
specifying the number of indices, in the range. The final value of number is to the total number of units from the
Linit array.

sindexed: Flag, for which if equal to ‘1’ specifies that the following list element is an unit index; otherwise it
specifies that the follewing two values represent the start index of a unit (start) and the number of indices in
he range (count).

init: Array of Size number consisting of indices of units.

6.5.2.3.11  ListOfVTCUnits

p.5:2.3.11.1 Syntax

class ListOfVTCUnits extends ListOfUnits (bool isClientDriven, unsigned int cacheMode) :
bit (8) tag = ListOfVTCUnitsTag {

bit (1) isROI;

int 1,3 = 0;

if (isROI)

{

if (isClientDriven) {

int (5) firstWantedLevel;
int (5) lastWantedLevel;

int (5) firstWantedBitplane;
int (5) lastWantedBitplane;
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}

}

ParseIndices ROI (5);
else if (cacheMode == DELTA CACHE || cacheMode == RECEIVED CACHE) {
int (5) lastCachedLevel;
int (5) lastCachedBitplane;
ParseIndices ROI (5);
else { // server-driven & cacheMode == FULL CACHE
GetValue numberOfROIs (5);
for (j=0; Jj<numberOfROIs.value; j++) {

bit (1) isInCache;

if (isInCache) {

int (5) lastCachedLevel;

}
5.5.2.3.

In VTC,
and bitp|

isROI: this bit indicates the type of units used by the\ecommand. If true, ROl numbers are used with specifieq

wavelet
uniquely
layer (i.
bitplane

In the
(firstWg

one command. When isROl is false, TUs are grouped together in one command.

firstWari
that the
(which i

firstWa
asks for
to lastC

int (5) lastCachedBitplane;

f (isClientDriven || cacheMode == DELTA CACHE || cacheMode == RECEIVED)CACHE) {
ParselIndices TU(5);
else { // server-driven & cacheMode == FULL CACHE
GetValue numberOfTUs (5);
for (j=0; Jj<numberOfTUs.value; Jj++) {
bit (1) isInCache;
}
1.2 Semantics

the quality of decoded texture regions can be set by.selecting the number of decoded wavelet levels
lanes.

levels and bitplanes. If false, texture unitsy(TU) are used. The numbering of the TUs implicitly ang
indicates the corresponding texture region location in spatial domain at a certain spatial/resolutior]
. number of wavelet levels) and SNRlayer (i.e. number of bitplanes), therefore wavelet levels ang
5 do not have to be specified.

client-driven scenario and,-Wwhen isROI is true, several ROIs with the same “quality” requestg
ntedLevel, lastWantedLevel, firstWantedBitplane, lastWantedBitplane) are grouped together ir

tedLevel, lastWantedLevel: these are the wavelet decomposition levels (ranging from first to last
client asks forgin-order to increase the resolution-driven quality from previously cached informatior
5 equivalent to/lastCachedLevel).

htedBitplane, lastWantedBitplane: these are the bitplanes (ranging from first to last) that the clien
, in order to increase the SNR-driven quality from previously cached information (which is equivalen
bchedBitplane).

In the server-driven scenario when the cache mode is DELTA CACHE or RECEIVED_CACHE and when
isROI is true, several ROIs with the same “quality” status (lastCachedLevel, lastCachedBitplane) are
grouped together in a command. When isROl is false, TUs are grouped together in one command.

lastCachedLevel: this is the last wavelet decomposition level that is cached at the client side.

lastCachedBitplane: this is the last bitplane that is cached at the client side.
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In the server-driven scenario when the cache mode is FULL_CACHE and isROl is true, iterate for all ROls
(numberOfROIs). For each ROI, the isInCache flag specifies with ‘1’ that cache status information
(lastCachedLevel, lastCachedBitplane) is available; conversely if islnCache flag is ‘0’ then the
corresponding ROI is not present in the cache. When isROI is false iterate for all TUs. For each TU, the
isinCache flag specifies with ‘1’ that the TU is available; conversely if isinCache flag is ‘0’ then the
corresponding TU is not present in the cache.

5.5.2.3.12 ListOfWaveletTrees

D.0.2.3.12.1 Syntax

Flass ListOfWaveletTrees extends ListOfUnits (bool isClientDriven, unsigned ints‘cachdgMode) :
pbit (8) tag = ListOfWaveletTreesTag {
int i = 0;
if (isClientDriven) {
GetValue numWaveletCoefficients (5);
int (5) firstWantedBitplane;
int (5) lastWantedBitplane;
ParselIndices tree(5);
} else if (cacheMode == DELTA CACHE || cacheMode == RECEIVED{ECACHE) {
GetValue numWaveletCoefficients (5);
int (5) lastCachedBitPlane;
ParselIndices tree(5);
} else { // server-driven & cacheModel == FULL CACHE
GetValue numberOfTrees (5);
for (i=0; i<numberOfTrees.value; i++) {
bit (1) isInCache;
if (isInCache) {
GetValue numWaveletCoefficients (5);
int (5) lastCachedBitPlane;

6.5.2.3.12.2 Semantics

The units for WaveletSubdivisionSurfaces are trees used in the SPIHT representation of the |[wavelet
coefficients.

NumWaveletCoefficients? this is the number of wavelet coefficients. If isClientDriven valle is 1,
numWaveletCoefficients is understood as the number of coefficients the client needs for tree number i. If
sClientDriven valgetis 0, numWaveletCoefficients is understood as the number of coefficients|that the
Client cache contains for ROI number i (if isClientDriven value is 1) or number TreeNb (if isClientDriven
alue is 0 and isCacheDelta value is 1).

firstWantedBitplane: this is the number of the first requested bitplane.

astWantedBitplane: this is the number of the last requested bitplane.

astCs dB ahe- 2 g — — - ke number
of bitplanes present in the cache for each tree contained in tree; if cacheMode value is FULL _CACHE, this is
the number of bitplanes present in the cache for tree number i.

tree: if isClientDriven has value 1, this is the sequence of trees to which NumWaveletCoefficients,
firstWantedBitplane and lastWantedBitplane refer. Otherwise this is the sequence of trees to which
NumWaveletCoefficients and lastCachedBitplane refer.

NumberOfTrees: this is the total number of trees for the object.

IsInCache: this is a flag with value 1 if and only if cache information for tree number i is following.
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5.5.2.3.13 MGFullStreamCommand

5.5.2.313.1 Syntax

class MGFullStreamCommand extends ListOfUnits (bool isClientDriven, unsigned int
cacheMode) : bit (8) tag= MGFullStreamTag {

// empty
}

5.5.2.3.13.2 Semantics

For both client-driven and server-driven scenarios request the entire stream in one step. This command is
equivalgnt with grouping in one request several commands issued for each resolution level of the|mesh
respectively grid, but it is far more compact.

5.5.2.3.14 MGLevelCommand

5.5.2.3.14.1 Syntax

abstrag¢t class MGLevelCommand extends ListOfUnits(bool isClientDriyen,» unsigned int
cacheMgde) : bit (8) tag=0
{

// yead the variable length counter sizeOfInstance
unsijgned int (LEVEL BITS) resolutionLevel;

5.5.2.3.14.2 Semantics

This is gn abstract class that serves as a base class for MeshGrid related command units. MGLevelCommand
parses the resolution level (resolutionLevel) of the unit.

5.5.2.3.15 MGLayerCommand

5.5.2.3.15.1 Syntax

abstra¢t class MGLayerCommand extends MGLevelCommand (bool isClientDriven, unsigned int
cacheMgde) : bit (8) tag=0
{

// rlead the variable lendth counter sizeOfInstance
ParsleIndices identifier{nBitsLayer);

5.5.2.3.15.2 Semantics

This is gn abstracetclass that serves as a base class for MeshGrid related command units. MGLayerCommand
parses [an identifier of the surface layers the MeshGrid stream unit refers to. When the value of
identifief.number is ‘0’ then the request is is generic for all surface layers.

5.5.2.3.16 MGMeshDescriptorCommand

5.5.2.3.16.1 Syntax

class MGMeshDescriptorCommand extends MGLayerCommand (bool isClientDriven, unsigned int
cacheMode) : bit (8) tag= MGMeshDescrTag {

// empty
}
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5.5.2.3.16.2 Semantics

For both client-driven and server-driven scenarios request mesh coding information for a specified mesh
resolution level (resolutionLevel).

5.5.2.3.17 MGGridDescriptorCommand

5.5.2.3.17.1 Syntax

Flass MGGridDescriptorCommand extends MGLevelCommand (bool isClientDriven, unsigned int
tacheMode) : bit (8) tag= MGGridDescrTag {
// empty

6.5.2.3.17.2 Semantics

~or both client-driven and server-driven scenarios request grid coding information ata specified grid rgsolution
evel (resolutionLevel).

5.5.2.3.18 MGMeshConnectivityCommand

5.5.2.3.18.1 Syntax

rlass MGMeshConnectivityCommand extends MGLayerCommand(bool isClientDriven, unsigned int
facheMode) : bit (8) tag= MGMeshConnectivityDescrTad ){
if (isClientDriven ||

cacheMode == DELTA CACHE || cacheMode =% RECEIVED CACHE) ({
ParseIndices roi (ROI_BITS);
} else { // server-drivenN& cacheMode == FULL CACHE

GetValue numberOfROIs (ROI BITS) ;
for (j = 0; j < numberOfROIs.valuej™j++) {
bit (1) isInCache;

b.5.2.3.18.2 Semantics

The mesh connectivity information for specified regions of interest (ROIs) and mesh resolutipn level
resolutionLevel) is requested in client-driven mode, respectively the corresponding cache status ig sent in
server-driven mode. The ROls are given explicitly in client-driven scenario, or in server-driven scenafios with
DELTA CACHE ,and’ RECEIVED_CACHE operation modes. In server-driven scenario FULL [CACHE
bperation mode~all possible ROIs (numberOfROls) are iterated, and for each ROI the isInCag¢he flag
specifies if ‘“1¢that the connectivity description is available at the client site, and if ‘0’ it indicates the opposite.

5.5.2.3.19 MGVerticesRepositionCommand

6.5:2.3.19.1 Syntax

class MGVerticesRepositionCommand extends MGLayerCommand (bool isClientDriven, unsigned int

cacheMode) : bit(8) tag= MGVerticesRepositionDescrTag {
if (isClientDriven ||
cacheMode == DELTA CACHE || cacheMode == RECEIVED CACHE) ({
ParseIndices roi (ROI_BITS);
} else { // server-driven & cacheMode == FULL CACHE

GetValue numberOfROIs (ROI BITS) ;
for (j=0; j<numberOfROIs.value; j++) {
bit (1) isInCache;
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5.5.2.3.19.2 Semantics

The vertices’ reposition bit-plane for specified regions of interest (ROIs) and mesh resolution level
(resolutionLevel) is requested in client-driven mode, respectively the corresponding cache status is sent in
server-driven mode. The ROls are given explicitly in client-driven scenario, or in server-driven scenarios with
DELTA CACHE and RECEIVED CACHE operation modes. In server-driven scenario FULL CACHE
operation mode all possible ROIs (numberOfROIs) are iterated, and for each ROI the isinCache flag
specifies if ‘1’ that the vertices’ reposition bit-plane is available at the client site, and if ‘0’ it indicates the
opposite.

5.5.2.3.20 MGVerticesRefinementCommand

5.5.2.3.20.1 Syntax

class NGVerticesRefinementCommand extends MGLayerCommand (bool isClientDriven, ufisigned ing
cacheMgde) : bit (8) tag= MGVerticesRefinementDescrTag {
if (isClientDriven) {
bit (REFINE BITS) firstWantedBitPlane;
bit (REFINE BITS) lastWantedBitPlane;
ParseIndices roi (ROI_BITS) ;
} ellse if (cacheMode == DELTA CACHE || cacheMode == RECEIVED CACHE) ({
bit (REFINE BITS) lastCachedBitPlane;
ParseIndices roi (ROI_BITS);
} ellse { // server-driven & cacheMode == FULL)CACHE
GgtValue numberOfROIs (ROI BITS) ;
for (j=0; Jj<numberOfROIs.value; j++) {
bit (1) isInCache;
if (isInCache) {
bit (REFINE BITS) lastCachedBitPlane;

5.5.2.3.20.2 Semantics

For spetified regions of interest (ROIs) and mesh resolution level (resolutionLevel), the vertices’ refinemen
bit-planes, starting with firstWantedBitPlane and ending with lastWantedBitPlane, are requested in client:
driven scenario, respectively the corresponding last bit-plane available in the cache (lastCachedBitPlane) is
sent in the server-driven scenario.(The ROls are given explicitly in client-driven scenario, or in server-driver
scenarigs with DELTA_CACHE._and RECEIVED_CACHE operation modes. In server-driven scenarig
FULL_CQACHE operation mode) all possible ROIs (numberOfROIs) are iterated, and for each ROI the
isinCache flag specifies if 1" that the connectivity description is available at the client site, and if ‘0’ i
indicatep the opposite.

5.5.2.3.21 MGGridCoefficientsCommand

5.5.2.3.21.1, \Syntax

class MGCfidCoefficientsCommand tendsMCLevelCommandlbool—isClientDriven —unsigned—int
=

cacheMode) : bit (8) tag= MGGridCoefficientsDescrTag {

if (isClientDriven) {
bit (FIELD BITS) firstWantedBitPlane;
bit (FIELD BITS) lastWantedBitPlane;

ParseIndices tile(ROI_BITS);

} else if (cacheMode == DELTA CACHE || cacheMode == RECEIVED CACHE) {
bit (FIELD BITS) lastCachedBitPlane; a
ParseIndices tile(ROI_BITS);

} else { // server-driven & cacheMode == FULL CACHE
GetValue numberOfTiles (ROI_BITS);
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for (j = 0; j < numberOfTiles.value; j++) {
bit (1) isInCache;
if (isInCache) {
bit (FIELD BITS) lastCachedBitPlane;
}

}

5.5.2.3.21.2 Semantics

At any grid resolution level (resolutionLevel) for any encoded tile (tile, numberOfTiles) therea

coordinates of the grid points. In client-driven scenario, the grid coding bitplanes, |/starti

iles (tile) are explicitly specified using Parselndices. In server-driven scenario FULL\CACHE operatio

nformation is available at the client site, and if ‘0’ it indicates the opposite.
5.5.2.3.22 MGGridCornersCommand

6.5.2.3.22.1 Syntax

tlass MGGridCornersCommand extends ListOfUnits (bo@dD ¥sClientDriven, unsigned int
FacheMode) : bit (8) tag=MGGridCornersDescrTag

// empty

b.5.2.3.22.2 Semantics

n client-driven scenario request, respectively in server-driven scenario send, the coordinates of the re
grid corners.

b AFX object codes

AFXExtDescriptor described in ISO/IEC 14496-1 is an abstract class used as a placeholder for an
DecoderSpecificlnfo,defined in Table 77.

Table 77 — DecoderSpecificinfo for AFX streams

re three

binary streams, called component streams, each of them corresponding to one of the {x,y,z} wavelet ¢ncoded

ng with

firstWantedBitPlane and ending with lastWantedBitPlane, are request to the server.“In server-driven
scenario, the client sends the last bit-plane available in the cache (lastCachedBitPlane). In clieft-driven
scenario, and in server-driven scenarios with DELTA CACHE and RECEIVED _CACHE)operating modes, the

n mode,

pll the tiles (numberOfTiles) are iterated, and for each tile the isinCache flag specifies if ‘1’ thgt cache

ference-

optional

AFX stream DecoderSpecificlnfo
MeshGrid See 5.2.2.2.
WaveletSubdivisionSurface See 5.1.1.1.

Other AFX streams None

The tag field in the AFXExtDescriptor refers to a specific node compression scheme as defined in Table 78.
Each node compression scheme is used to decode the bistream composed of associated node. If associated

node is same and bitwrapper is used in buffer scenario, the type value of bitwrapper is needed.
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Table 78 — AFX object code

AFX object code | Object Associated node Type value
of
bitwrapper

0x00 3D Mesh Compression IndexedFaceSet 0

0x01 WaveletSubdivisionSurface WaveletSubdivisionSurface |0

0x02 MeshGrid MeshGrid 0

0x03 Coordinatelnterpolator Coordinatelnterpolator 0

0x04 rientationinterpolator rientationlnterpolator 0

0x05 Positioninterpolator Positioninterpolator 0

0x06 Octreelmage Octreelmage 0

0x07 BBA SBVCAnimation 0

0x08 PointTexture PointTexture 0

0x09 3D Mesh Compression Extension IndexedFaceSet 1

0x0A FootPrint Based Representation FootprintSetNode 0

0x0B FrameBasedAnimatedMeshCompression | - -

0x0C Scalable complexity Based IndexedFaceSet 2

Representation

7 3D|Graphics Profiles

7.1 Inftroduction

A 3D graphics profile defines the set of tools that a product.or application compliant with that profile mus
implement. In MPEG-4 there are defined several profile dimensions. The ones of interest for 3D graphics are
"Scene [Graph", "Graphics" and "3D Compression" dimgnsions. The first two refers to nodes in the sceng
graph gnd the last refers to compression tools. A .profile is defined inside a dimension. One product o
applicatjon can be compliant with only one profile in-aidimension but it can combine several profiles belonging
to differ¢nt dimensions.

7.2 "Graphics" Dimension
7.21 MPEG-4 X3D Interactive Graphics Profiles and Levels

7.2.1.1 |List of tools/functionalities

The X3P Interactive Graphics profile represents a collection of nodes to allow implementation of a low
footprin{ engine (e.g. a‘Java applet or small browser plugin) and is intended to address limitations of softwarg
renderefs. This set offiodes matches with the nodes related to graphics within the set of nodes being used as
an Interactive profitetwithin the X3D standard’s development.

The follpwing\graphics nodes are supported within this profile: Appearance, Box, Color, Cone, Coordinate
Cylinder, CElevationGrid, IndexedFaceSet, IndexedLineSet, Material, PointSet, Shape, Sphere and

TextureEeordinate-

7.2.1.2 Comparison with existing profiles
The X3D Interactive Graphics profile is based on X3D level 1 Interactive Profile [95], and adds the following

MPEG-4 features: BIFS-commands for streaming and Quantization for compression efficiency. No other
profile in MPEG-4 addresses 3D (only) environments.
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7.2.1.3 X3D Interactive Graphics Profile @ Level 1 Definition

In the following table, definitions for level 1 of the X3D Interactive Graphics profile are given.

Table 79 — Level 1 of Web3D Interactive Graphics profile

Node Minimum System Support

Appearance textureTransform not supported.

Background groundAngle and groundColor not supported.
texture treated as background image FALSE. stretchToFit not
supported.
backURL, frontURL, IleftURL, rightURL, topURL are. not
supported.
One skyColor.

Box Full support

Color 15,000 colors.

Cone Full support

Coordinate 65,535 points.

Cylinder Full support

Directional Light

IndexedFaceSet

IndexedLineSet

Ambientintensity not supported.

Not scoped by parent Group or Trapsform.
set_colorindex not supported.
set_normallndex not supported.

ccw not supported.

normal not supported.

Only convex indexed face sets supported. Hence, convex is not
supported.

For creaseAngle, only 0 and pi radians supported.
normallndex not-supported.

10 vertices per face. 5000 faces. 65,535 indices in any indgx
field.

Face list shall be well-defined as follows:
1. Each face is terminated with -1, including the last face in the
array:

2.~ Each face contains at least three non-coincident vertices.
3. A given coordIndex is not repeated in a face.

4. The vertices of a face shall define a planar polygon.

5. The vertices of a face shall not define a self-intersecting
polygon.

set_colorIndex not supported.
set_coordindex not supported.
ccw not supported.

15,000 total vertices.

15,000 indices in any index field.

Material Ambientintensity not supported.
shininess not supported.
SpecularColour not supported.
A Material with emissiveColour not equal to (0,0,0), diffuseColor
equal to (0,0,0) is an unlit Material.
One-bit transparency; transparency values >= 0.5 transparent.
PointLight Ignore radius.
Ignore ambientintensity.
Linear attenuation.
PointSet 5000 points.
Shape Full support.
Sphere Full support
SpotLight Ignore beamWidth. Ignore radius.

TextureCoordinate
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Table 80 specifies further restriction to the fields of the nodes listed in Table 79. These tables can be used for
both the Profile and the Level definitions.

Table 80 — Functionality limitation and minimum system requirement

Node Restrictions
All lights 8 simultaneous lights.
Names for DEF/PROTO/field 50 utf8 octets.
Allurl fields. 10 UURL s
SFBool Full support.
SFColor Full support.
SFFloat Full support.
SFimage 256 width. 256 height.
SFInt32 Full support.
SFNode Full support.
SFRotation Full support.
SFString 30,000 utf8 octets.
SFTime Full support.
SFVec2d 15,000 values.
SFVec2f 15,000 values.
SFVec3d 15,000 values.
SFVec3f 15,000 values.
MfFColor 15,000 values.
MFFloat 1,000 values.
MFInt32 20,000 values.
MFNode 500 values.
MJFRotation 1,000 values.
MF String 30,000 utf8 octets per string, 10 strings.
MFVec2d 15,000.values.
MFVec2f 15,000 values.
MFVec3d 15,000 values.
MFVec3f 15,000 values.
NOTE The X3D interactive_Profile is a common compatibility point with We3D’s X3D Interactive Profile
The follpwing tools are supported in MPEG, but not in Web3D’s profile: QuantizationParameter, Node Update
Scene Update and Route,Update.
7.2.2 MPEG-4 "Basic AFX" Graphics Profiles and Levels
7.2.21 List of tools/functionalities
The Basic AFX Graphics Profile represents a collection of nodes 1o allow progressive and adaptive

transmission over networks of large 3D environments and / or complexe 3D shapes. It includes the following
nodes: Appearance, Background, Color, Coordinate, DirectionallLight, ElevationGrid, IndexedFaceSet,
IndexedLineSet, Material, PointLight, Shape, SpotLight, TextureCoordinate, TextureTransform,
ProceduralTexture (V.5), SBVCAnimation, SBVCSkinnedModel, SBBone, SBSegment, SubdivisionSurfaces,
WaveletSubdivisionSurfaces and FootPrint.
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7.2.2.2 Comparison with existing profiles

The Basic AFX Scene Graph profile represents a collection of nodes to allow progressive and adaptive

transmission over networks of large 3D environments and / or complexe 3D shapes.

The existing X3D’ profile does not provide compression tools.

7.2.2.3 Basic AFX Graphics Profile @ Level 1 and 2 Definition

T the fottowingtabte; defimitions fortevettof the-3DMuttiresofutiom Graphics profite are giver:

Table 81 — Level 1 & 2 of Basic AFX Graphics profile

Node Maximum values for content related parameters
Level 1 Level 2

Appearance Ignore TextureTransform. Full features supported:

Color 216 colors* 232 colors*

Coordinate 216 points* 232 points*

DirectionalLight Not scoped by parent Group or Scoped by parent Group or Transform
Transform.

IndexedFaceSet Only triangle face supported. Full features supported.

A given coordIndex is not
repeated in a face.
Ignore set_colorindex.
Ignore set_normallndex.

IndexedLineSet Ignore set_colorindex. Full features supported.
Ignore set_coordindex.
Material Ignore Ambientintensity. Full features supported.

Ignore Shininess.
Ignore SpecularColor.

PointLight Ignore radius. Full features supported.
Ignore Linear attenuation.

Shape Full features support. Full features supported.

SpotLight Ignore beamWidth. Full features supported.

Ignore-radius.
Ignore-kinear attenuation.

TextureCoordinate  216.coordinates* 232 coordinates®
WaveletSubdivision (12 bitplanes per coordinate 24 bitplanes per coordinates
Surfaces 4 levels of subdivision 10 levels of subdivision
FootPrint Full features supported. Full features supported.

[ indicates maximunyector size.

he following/table specifies further restriction to the fields of the nodes listed above. These two Ta
be used for beth the Profile and the Level definitions.

bles can
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Table 82 — Functionality limitation and minimum system requirement

Node Restrictions (Maximum values)

All lights 8 simultaneous lights.

Names for DEF/field 50 utf8 octets.

All url fields 10 URLs. URN's ignored.
Support relative URLs where relevant.

SFBool Full support.

SFColor Full support.

SFFloat Full support.

SFimage 256 width. 256 height.

SFInt32 Full support.

SFNode Full support.

SFRotation Full support.

SFString 30,000 utf8 octets.

SFTime Full support.

SFVec2f 15,000 values.

SFVec3d 15,000 values.

SFVec3f 15,000 values.

MfFColor 15,000 values.

MFFloat 1,000 values.

MFInt32 20,000 values.

MFNode 500 values.

M[FRotation 1,000 values.

MJFString 30,000 utf8 octets perstring, 10 strings.

MFVec2f 15,000 values.

MFVec3d 15,000 values.

MFVec3f 15,000 values.

7.3 "S§cene Graph" Dimension
7.3.1 MPEG-4 X3D Interactive Scene Graph Profile and Levels

7.3.1.1 |List of tools/functionalities

The X3D Interactive Scene Graph profile represents a collection of nodes to allow implementation of a low:
footprin{ engine (e.g..a Java applet or small browser plugin) and is intended to address limitations of software
renderefs. This set'of nodes matches with the nodes related to scene description within the set of nodes being
used as|a Interaetive profile within the X3D standard’s development.

The follpwing scene graph nodes are supported in this profile: Background, DirectionalLight, PointLight ang
SpotLight:

7.3.1.2 BIFS nodes for support of Audio and Visual objects

If this profile is used in combination with an Audio and/or a Visual Profile, the required nodes are inferred from
these Audio/Video Profiles respectively.

If this profile is used in combination with an Audio Profile: Sound, AudioClip,

If this profile is used in combination with a Visual Profile ImageTexture MovieTexture.
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7.3.1.3 Comparison with existing profile

No other profile in MPEG-4 addresses 3D-only interactive environments. The existing ‘Complete’ profile is a

much larger set of tools.

7.3.1.4 MPEG-4 X3D Interactive Scene Graph Profile @ Level 1 Definition

In the following table, definitions for level 1 of the X3D Interactive Scene Graph profile are given.

Node
Anchor

ColorInterpolator

CylinderSensor
Group

Inline
Navigationinfo

PlaneSensor

ProximitySensor
Scalarlnterpolator
SphereSensor
Switch
TimeSensor
TouchSensor
Transform
Viewpoint
WorldInfo

Node Updates
Scene Updates
Route Updates

Coordinatelnterpolator

OrientationInterpolator

PositionInterpolator

QuantizationParameter

Table 83 — Level 1 of X3D Interactive Scene Graph profile

Minimum Browser Support
addChildren not supported.
removeChildren not supported.

Ignore parameter.

Full support.

15,000 coordinates per keyValue.

Full support.

AddChildren not supported. removeChildren not supported.
Full support.

avatarSize not supported.

speed not supported.

Ignore visibilityLimit

Full support.

Full support.

Full support.

Full support.

Full support.

Full support.

Full support.

Ignored if cyclelnterval < 0.01 second.
hitNermal_changed not supported
addChildren not supported. RemoveChildren not supported.
Ignore fieldOfView.

Full support

Full support

Full support

Full support

Full support

The X3D Interactive-Graphics profile is based on X3D level 1 Interactive Profile, and adds the f
MPEG-4 featuresCBIFS-commands for streaming and Quantization for compression efficiency.

able 84 specifies other aspects of functionality that are supported by this profile. Note that genen
refer onlyto, those specific nodes listed in Table 83.

pllowing

al items
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Table 84 — Functionality Limitations and Minimum System Requirements

Node Minimum System Support
All groups 500 children. Ignore bboxCenter and bboxSize.
All interpolators 1000 key-value pairs.
Names for DEF/PROTO/field 50 utf8 octets.

All url fields 10 URLs

SFBool Full support.

SHHesat Fut-stpport

SFimage 256 width. 256 height.
SFInt32 Full support.

SFNode Full support.

SFRotation Full support.

SFString 30,000 utf8 octets.

SFTime Full support.

SFVec2d 15,000 values.

SFVec2f 15,000 values.

SFVec3d 15,000 values.

SFVec3f 15,000 values.

MFFloat 1,000 values.

MFInt32 20,000 values.

MFNode 500 values.

MfFRotation 1,000 values.

MJF String 30,000 utf8 octets per;string, 10 strings.
MFVec2d 15,000 values.

MFVec2f 15,000 values:

MFVec3d 15,000 values.

MFVec3f 15,000 values.

7.3.2 MPEG-4 "Basic AFX" Scene Graph Profile and Levels

7.3.2.1 [List of tools/functionalities
The Bapic AFX Scene Graph profile represents a collection of nodes to allow progressive and adaptivg

transmigsion over networks of large 3D environments and / or complexe 3D shapes. It contains the same se
of node$ as the X3D Scene Graph Profile, plus the Bitwrapper node.

7.3.2.2 [Comparison with existing profiles

The Bapic”’AFX Scene Graph profile represents a collection of nodes to allow progressive and adaptivg
transmigsion over networks of large 3D environments and / or complexe 3D shapes.

The existing ‘X3D’ profile does not provide compression tools.

7.3.2.3 "Basic AFX" Scene Graph Profile @ Level 1 Definition

In the following table, definitions for level 1 of the Basic AFX Scene Graph profile are given.
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Table 85 — Level 1 of Basic AFX Scene Graph profile

Maximum values for content related parameters

Node

Coordinatelnterpolator
Group

NavigationInfo

Level 1

Full features supported.
Ignore AddChildren,
Ignore removeChildren
Ignore AvatarSize,
Ignore speed,

Ignore type,

Level 2

Full features supported.
Full features supported.

Full features supported.

OrientationInterpolator
PositionInterpolator
Scalarinterpolator
TouchSensor
Transform

Viewpoint

WorldInfo
QuantizationParameter
Scene Updates
ROUTE

Tgnore visibilityCimit
Full features supported.
Full features supported.
Full features supported.
Full features supported.
Ignore AddChildren,
Ignore removeChildren
Ignore FieldOfView,
Ignore description

Full features supported.
Full features supported.
Full features supported.
Full features supported.

Full features supported.
Full features supported.
Full features supported.
Full features supported.

Full features supported.

Full features supported.

Full features supported.
Full features'supported.
Full features supported.
Full features supported.

he following table specifies other aspects of functionality that ate supported by this profile. Note that{general
tems refer only to those specific nodes listed in the table above,

Table 86 — Functionality Limitations and Minimum System Requirements

Node Minimum System Support
All groups 500 children. Ignore bboxCenter and bboxSize.
All interpolators 1000 key-value pairs.
Names for DEF/field 50)utf8 octets.
All url fields 10 URLs. URN's ignored.
Support relative URLs where relevant.
SFBool Full support.
SFFloat Full support.
SFImage 256 width. 256 height.
SFInt32 Full support.
SFNode Full support.
SFRotation Full support.
SFString 30,000 utf8 octets.
SFTime Full support.
SFVec2f 15,000 values.
SFVec3d 15,000 values.
SFVec3f 15,000 values.
MFFloat 1,000 values.
MFInt32 20,000 values.
MFNode 500 values.
MFRotation 1,000 values.
MFString 30,000 utf8 octets per string, 10 strings.
MFVec2f 15,000 values.
MFVec3d 15,000 values.
MFVec3f 15,000 values.
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7.4 "3D Compression” Dimension

The 3D

Compression Dimension is defined on the same level as OD, Video, Audio, Graphics, Scene Graph,

MPEG-J and Text dimensions and is signalized as indicated in ISO/IEC 14496-1.

3DCompressionProfileLevellndication is defined in the following table.

Table 87 — 3DCompressionProfileLevellndication Values

V'a=uc PI Uf;:c LGVG:
Dx00 Reserved for ISO use -
PDx01 Core L1
PDx02 Core L2
PDX03 3D Multiresolution L1
DX04 3D Multiresolution L2

Dx0A-0Ox7F reserved for ISO use -

PDx80-0xFD user private -

DxFE no 3D Compression profile specified -

DxFF no 3D Compression capability required -

NOTE Usage of the value OXFE may indicate that the content described by this descriptor does not
comply to any conformance point specified in this international standard.

741 "

The "Cd
Subdivig

7.411
The "Cd
minimur

(e.g. md

The "Cqg

Core 3D Compression" Profile and Levels

re 3D Compression" profile combines the 3D Mesh Comptession, Interpolation Compression, Wavelet
ion Surface, and Bone Based Animation tools for efficient-3D resource transmission and storage.

List of Tools/Functionalities
re 3D Compression" profile represents a collection of compression tools to allow implementation of
h functionalities for compact transmission.and storage of 3D object under a constrained environmen
bile), where the processing power and-memory size can be very limited.

re 3D Compression" profile contains’the following 3D Compression object types:

The Simple 3DMC object type provides high compression and error resilience for static triangle 30
models.

The Simple CI objectitype compresses the Coordinate Interpolator animation.

The Simple Plobject type compresses the Position Interpolator animation. It can support both Key
Preserving and Path-Preserving mode.

The Simple Ol object type compresses the Orientation Interpolator animation. It can support both Key
Preserving and Path-Preserving mode.

282

The Simple WSS object type represents, in a compressed form, the details for subdivision of 3D mesh.
This tool is used for level of detail management and animation. It only allows IndexedFaceSet as a
base mesh.

The Simple BBA object type compresses the skeleton animation based on bone transforms and
connected to a skin mesh model. This object type does not support Muscle.
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Table 88 — 3D Compression Object Types

AFX Tools

3D Compression Object Types

Simple Simple Simple Simple Simple Simple
3DMC Cl PI Ol WSS BBA
3D Mesh Compression (3DMC) X
- Basic
Coordinatelnterpolator{GhH X
PositionInterpolator (PI)
Key Preserving X
Path Preserving
DrientationInterpolator (Ol)
Key Preserving X
Path Preserving
Wavelet Subdivision Surface (WSS) X
IndexedFaceSet for base mesh
BBA X
Only Bones
The "Core 3D Compression" includes the object types as illustrated in Table 88.
Table 89 — "Core 3D Compression” Profile
“3D Compression” Object-Types
Simple Simple Simple Simple Simple Simple
3DMC Cl Pl Ol WSS BBA
pore 3D | X X X X X X
Compression Profile
y.4.1.2 Comparison with Existing Profiles and object types
The Core 3D CompresSion Profile is the first profile defined in the "3D Compression" profile dimension
y.4.1.3 Profile Level Definition
A\ccording_to~target device and applications, we defined two levels as listed in Table 90, Table 91
and Table.92. The level 1 is for the mobile device without H/W graphics accelerator. Thus, it is suitable simple
bpplication such as 3D Background, 3D GUI, 3D Pre-Viewer and 3D Avatar. On the other hand, the lgvel 2 is
or the' mobile device supported by H/W graphics accelerator. Thus, the level 2 is suitable for the 3D Game
ppplication in addition to the application in level 1.
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Table 90 — Levels and data constraints

Level

Data Constraints

Level 1

- Number of triangles in a scene < 500

- Number of objects in a scene < 30

- Number of bones attachable to an object < 10

- Number of bones affecting a vertex < 2

- Number of vertex in Coordinate Interpolator = 0

Level 2

- Number of triangles in a scene < b000

- Number of objects in a scene < 100

- Number of bones attachable to an object < 30

- Number of bones affecting a vertex < 4

- Number of vertex in Coordinate Interpolator > 0

Table 91 — Levels and functionalities constraints

Level

Functionality Constraints

Level 1

- Triangle only

- colorindex and texCoordIindex not supported (coordindex values are used instead)
- The vertices of a face shall not define a self-intersecting polygon

- A given coordIndex is not repeated in a face

- Ignore normal and normallndex

- The color and texCoord cannot be supported at the same time

- Only base mesh supported

Level 2

- Triangle only

- Full support of colorindex, normallndex, texcoordindex

- The vertices of a face shall:nét define a self-intersecting polygon
- A given coordIndex is not repeated in a face

- Color and Texture can be blended

- Only base mesh supported

Table92 — Levels and player constraints

Level

Player.Constraints (Informative Recommendation)

Level 1

- Size of Texture memory <1 M

“Number of light < 1

- DirectionalLight

- Material: ambientIntensity, diffuseColor, emissiveColor
- Transparency

- Flat and Gouraud shading

- Texture Blending not supported

Level 2

Qion ~f T [V

Mblra A A 4
Size-ofFexture-memoery<4-M
- Number of light <8
- Directional Light, PointLight and SpotLight
- Material: ambientIntensity, diffuseColor, emissiveColor, shininess, specularColor
- Transparency
- Flat and Gouraud shading
- Texture Blending
- Texture Filtration
- Perspective correction
- Total Decoding Time < 10sec
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7.4.2 3D Multiresolution Compression Profile and Levels

7.4.2.1 List of Tools/Functionalities

The 3D Multiresolution Compression profile combines the 3D Mesh Compression, Interpolation Compression,
Wavelet Subdivision Surface, and Bone Based Animation tools for efficient 3D resource transmission and
storage.

7.4.2.2 List of Tools/Functionalities

The "3D Multiresolution Compression" profile represents a collection of compression tools
mplementation of minimum functionalities for compact transmission and storage of 3D object
constrained environment (e.g. mobile), where the processing power and memory size can benery limi

The "Multiresolution Compression" profile contains the following 3D Compression object \types:

allow
nder a
ed.

The Simple 3DMC object type provides high compression and error resilience for static triangle 3D

models.
The Simple CI object type compresses the Coordinate Interpolator-animation.

The Simple Pl object type compresses the Position Interpolater animation. It can support b
Preserving and Path-Preserving mode.

The Simple Ol object type compresses the Orientation Interpolator animation. It can support b
Preserving and Path-Preserving mode.

The Main WSS object type represents, in a compressed form, the details for subdivision of 3
This tool is used for level of detail management and animation.

pth Key-

bth Key-

D mesh.

The Simple FootPrint object type represents in a compressed form the multiresolution of 2D and a half

data.

The Simple BBA object typercompresses the skeleton animation based on bone transfofms and

connected to a skin mesh model. This object type does not support Muscle.

© ISO/IEC 2011 — All rights reserved

285


https://standardsiso.com/api/?name=b5205389f54b7e41303e893bdef78f95

ISO/IEC 14496-16:2011(E)

Table 93 — 3D Compression Object Types

AFX Tools

3D Compression Object Types

Simple Simple Cl |Simple
3DMC Pl

Simple [Main

Ol

Simple
BBA

Simple

WSS Footprint

3D Mesh Compression (3DMC)
Basic

X

Coordinatelnterpolator (CI)

Positionnterpolator (PI)
Key Preserving
Path Preserving

Orientationinterpolator (Ol)
Key Preserving
Path Preserving

avelet Jubdivision Surface
(WSS)

IndexedFaceSet or 3DMC for
base mesh

Backch@nnel enabled

BBA
Only Bones

Footprirft-based Coding
Bckchannel enabled

X

The "30 Multiresolution Compression" includes the object typestasrillustrated in the following table.

Table 94 — "3D Multiresolution*Compression” Profile

3D Compression Object Types
Simple Simple CI  [Simple [Simple [Main Simple  [Simple
3DMC PI Ol WSS |BBA Footprint
3D Mult|resolution Compression
Profile X X X X X X

7.4.2.3

The exigting ‘Core 3D_Profile’ is targeted for mobile applications and contains much simpler tools.

7.4.2.4

According t6 target device and applications, two levels are defined as listed in the following tables. Level 1 is
for moblle-devices, while the level 2 is targeted at workstations or dedicated hardware.

Comparison with Existing Profiles and object types

Profile Level Definition
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Table 95 — Levels and data constraints

Level Data Constraints
Number of triangles in a scene < 5000
General |Number of objects in a scene < 100
16.16 FixedPoint, 8-bit and 16-bit Integer
BBA Numberof bores attacabietoamobject <30
Number of bones affecting a vertex < 4
Level 1
Number of triangles in the base mesh < 500
WSS Number of bitplanes < 10
Number of levels of details < 4
Footprint Number of buildings < 500
Tree depth <4
Arbitrary number ef\triangles in a scene
General . : ;
Arbitrary numben of objects in a scene
Level 2
BBA Number, of bones attachable to an object < 300
Number of bones affecting a vertex < 10
Table 96 = Levels and functionalities constraints
Level Data Constraints
Triangle only
Full support of colorindex, normallndex,
texcoordindex
General |The vertices of a face shall not define a self-
Level 1 intersecting polygon A given coordindex is not
repeated in a face
Color and Texture can be blended.
Footprint |. »
and WSS Back Channel” not supported
Eull stinnaort of colorlndex narmallndex
Full support of colorlndex—normalindex;

texcoordIndex

The vertices of a face shall not define a self-
intersecting polygon

Level 2 A given coordindex is not repeated in a face
Color and Texture can be blended.

General

Footprint

and WSS: “Back Channel” supported
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Table 97 — Levels and player constraints

Level Player Constraints (Informative Recommendation)

Size of Texture memory <4 M

Number of light <8

Directional Light, PointLight and SpotLight

Material: ambientintensity, diffuseColor, emissiveColor, shininess, specularColor
Transparency

Flat and Gouraud shading

Texture Blending

Texture Filtration

Perspective correction

Total Decoding Time < 10sec

Level 1

Unlimited size of texture memory

Arbitrary number of lights

Directional Light, PointLight and SpotLight

Material: ambientintensity, diffuseColor, emissiveColor, shininess, specularColor
Lgvel 2 Transparency

Flat and Gouraud shading

Texture Blending

Texture Filtration

Perspective correction

8 XMT representation for AFX tools

8.1 AFX nodes

The XMT syntax for all the nodes defined in thisdnternational Standard shall be as specified in the xsd filg
attached to ISO/IEC 14496-11.

8.2 AFX encoding hints

8.2.1 WaveletSubdivision encoding hints

8.2.1.1 |Syntax

The syntax is described in-the xsd file attached to ISO/IEC 14496-11.

8.2.1.2 |Semantics

The <BitWrapperWaveletSubdivisionEncodingHints> allow the source and/or target formats to be described
so that When*encoding is required the author can control various parameters of the encoding process whersg
supported-by-the-encoder-

8.2.2 MeshGrid encoding hints

8.2.2.1 Syntax

The syntax is described in the xsd file attached to ISO/IEC 14496-11.
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8.2.2.2 Semantics

The <BitWrapperMeshGridEncodingHints> allow the source and/or target formats to be described so that
when encoding is required the author can control various parameters of the encoding process where
supported by the encoder.

8.2.3 Octreelmage encoding hints

8.2.3.1 Syntax

he syntax is described in the xsd file attached to ISO/IEC 14496-11.

B.2.3.2 Semantics

The <BitWrapperOctreelmageEncodingHints> allow the source and/or target formats o be described so that
when encoding is required the author can control various parameters of thepencoding proces$ where
supported by the encoder.

B8.2.4 PointTexture encoding hints
B.2.4.1 Syntax
The syntax is described in the xsd file attached to ISO/IEC 14496411.

B.2.4.2 Semantics

The <BitWrapperPointTextureEncodingHints> allow the source and/or target formats to be described so that
when encoding is required the author can control various parameters of the encoding proces$ where
supported by the encoder.

8.2.5 BBA encoding hints

B.2.5.1 Syntax

The syntax is described in the.xsd file attached to ISO/IEC 14496-11.

B.2.5.2 Semantics

The <BBAEncodingklints> allow the source and/or target formats to be described so that when engoding is
required the auther-Can control various parameters of the encoding process where supported by the emcoder.

8.3 AFXencoding parameters

B.34. \WaveletSubdivisionEncodingParameters

8.3.1.1 Syntax

The syntax is described in the xsd file attached to ISO/IEC 14496-11.

8.3.1.2 Semantics
NbBpSC: stores the number of bits on which to encode the scaling coefficients minus one.

NbBPX: stores the number of bits on which to encode the first component of the waelet coefficients.
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NbBPY: stores the number of bits on which to encode the second component of the waelet coefficients.
NbBPZ: stores the number of bits on which to encode the third component of the waelet coefficients.
Wtype: stores the type of subdivision scheme used in the low pass filtering.

lift: indicates whether the high pass filtering is lifted or not. This is an integer type.

isinLocalCoordinates: indicates whether the wavelet coefficients are expressed in local or global coordinates.

LengthNbBits: indicates the number of bits used to represent the number of bits used to encode the length of
the bitplanes. This is an integer type.

isPartiall indicates whether the transmission is in full mode or bitplane by bitplane. This is an integer type.
8.3.2 MeshGridEncodingParameters

8.3.2.1 |Syntax

The syntax is described in the xsd file attached to ISO/IEC 14496-11.

8.3.2.2 [Semantics

nLevely§: specifies the maximum number of resolution levels (in the {d,vyw} directions of the reference-grid) of
the encpded model. If no value is specified, the encoded model will\preserver the number of resolution levels
of the ofiginal MeshGrid model.

nSlicesf specifies the maximum number of slices (in~the {u,v,w} directions of the reference-grid
corresppnding to the last resolution level of the encoded\model. If no value is specified, the encoded mode
will preserver the number of slices of the original MeshGrid model.

sizeRO|: specifies the optimal size of the region(of interest (ROI). It is used to split the original model intg
ROIs when encoding. If no value is specified for sizeROI, the model is encoded at each resolution level as
one entity. The number of ROIs at the highestresolution level of the model is computes as explained in C.3.

hasCorjnectivitylnfo: specifies if truexthat the connectivity should be encoded. If no value is specified, thd
value from the original mesh is congidered.

hasRefinelnfo: specifies if true that the vertices’ offsets should be encoded. If no value is specified, the value
from thq original mesh is considered.

ositionInfo: specifies if true that the vertices’ inter-level refinement information should be encoded. If
is specified, thé value from the original mesh is considered.

the value fram¢the original mesh is considered.

meshType:
value from the original mesh is considered.

sameBorderOrientation: suggests to encode (if possible) the particular mesh in a more compact way. If no
value is specified, the value from the original mesh is considered.

uniformSplit: suggests to encode the particular mesh only at the first resolution level (only if the

hasConnectivitylnfo flag is set as well). If no value is specified, the value from the original mesh is
considered.

290 © ISO/IEC 2011 — All rights reserved


https://standardsiso.com/api/?name=b5205389f54b7e41303e893bdef78f95

ISO/IEC 14496-16:2011(E)

offsetAmplitude: specifies the amplitude of the vertices’ offsets when the model is defined on a single-layer
reference-grid. If no value is specified, the value from the original mesh is considered.

cyclicMode: suggests the cyclic mode of the mesh, in case the mesh can be adapted. If no value is specified,
the value from the original mesh is considered.

fullRefine: specifies if “true” that the vertices’ offsets should be encoded at each resolution level.

nRefineBits: specifies the number of bits to quantize the vertices’ offsets.

filterType: specifies the type of filter used for the wavelet transform, and may yield one of the follewing two
alues: “SHORT_FILTER” and “SMOOTH_FILTER”. If no value is specified, the value from thecoriginal mesh
s considered.

nQuantBits: specifies the number of bits to quantize the reference-grid coordinates.

gridCR: specifies the compression ratio of the lossy compressed stream compared to the “ndn-lossy”
bncoded stream. The compression will affect only the precision of the coordinates of the reference-grid, the
connectivity is always encoded lossless.

maxError: specifies the maximum acceptable error between the lossy encoded model and the original model.
B.3.3 PointTextureEncodingParameters

B.3.3.1 Syntax

he syntax is described in the xsd file attached to ISO/IEC/14496-11.
8.3.3.2 Semantics

codingPercentType : indicates the percent-ar the level of compression for depth values and color Values in
he PointTexture. The value 100 indicates.lossless coding. Otherwise, it is lossy coding.

8.3.4 BBAEncodingParameters

B.3.4.1 Syntax

[he syntax is described.in-the xsd file attached to ISO/IEC 14496-11.

8.3.4.2 Semantics

method: indicates if the encoding method is predictive frame based or DCT-based. The field can have values
PRED" or<DCT"

brediction: indicates the prediction method used for encoding. The field can take one of the values} "Intra”,
Predicted", "bestFit" or "Pbetweenl". If "Intra", then the current AU must be encoded as an Intrg AU. If

Dradictad" than tha ~tirrant ALl mtict ha anendad Ao A neadictiva ALl If "hactE " than tha ancndar ust take
TretrCtea—/menttHe-Correit o HhosSt P ERcoataaSsapreacuvyerro—H—oest e te-Encoaert

the decision for encoding as an independent AU or a predicted one, while minimizing the amount of data
needed for encoding. If "Pbetweenl", then the encoding sequence is obtained by one | AU followed by zero or
more AUs.

IMax: contains the new values for maximal values used for encoding the Intra AU. This field can be specified
only into an Intra AU, and is used until a new IMax is received. If no IMax is specified the values are those
defined in 5.4.1.1.12.2.

IMin: contains the new values for minimal values used for encoding the Intra AU. This field can be specified
only into an Intra AU, and is used until a new IMin is received. If no IMin is specified the values are those
defined in 5.4.1.1.12.2.
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PMax: contains the new values for maximal values used for encoding the Predictive AU. This field can be
specified only into an Intra AU, and is used until a new PMax is received. If no PMax is specified the values
are those defined in 5.4.1.1.12.2.

PMin: contains the new values for maximal values used for encoding the Predictive AU. This field can be
specified only into an Intra AU, and is used until a new PMin is received. If no Pmin is specified the values are
those defined in 5.4.1.1.12.2.

Encoding_framerate: indicates the frame rate of the BBA animation.

ggs: indicates an index used for computing the global quantization as defined in 5.4.1.1.14.2 and 5.4.1.1.16:2

p2qgs: |ndicates an order used for computing the global quantization as defined in 5.4.1.1.14.2
and 5.4]1.1.16.2.

8.4 AFX decoder specific info
8.4.1 WaveletSubdivision decoder specific info

8.4.1.1 [Syntax

The synttax is described in the xsd file attached to ISO/IEC 14496-11.

8.4.1.2 |Semantics

NbBpSC: stores the number of bits on which to encode the scaling coefficients minus one.

NbBPX] stores the number of bits on which to encode the first component of the waelet coefficients.
NbBPY] stores the number of bits on which to encode.the second component of the waelet coefficients.
NbBPZ] stores the number of bits on which to encode the third component of the waelet coefficients.
Wtype: jstores the type of subdivision scheme'used in the low pass filtering.

lift: indicates whether the high pass filtering is lifted or not. This is an integer type.
isinLocplCoordinates: indicates\whether the wavelet coefficients are expressed in local or global coordinates.

LengthNbBits: indicates the-number of bits used to represent the number of bits used to encode the length of
the bitplanes. This is an-integer type.

isPartidl: indicates Whether the transmission is in full mode or bitplane by bitplane. This is an integer type.

8.4.2 MeshGrid decoder specific info

8.4.2.1 'Syntax
The syntax is described in the xsd file attached to ISO/IEC 14496-11.
8.4.2.2 Semantics

nLevels: specifies the maximum number of resolution levels (in the {u,v,w} directions of the reference-grid) of
the encoded model.

nSlices: specifies the maximum number of slices (in the {u,v,w} directions of the reference-grid)
corresponding to the last resolution level of the encoded model.
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hasConnectivitylnfo: specifies if true that the connectivity description is encoded in the bitstream.
hasRefinelnfo: specifies if true that the vertices’ offsets are encoded in the bitstream.

hasRepositioninfo: specifies if true that the vertices’ inter-level refinement information is encoded in the
bitstream.

hasGridInfo: specifies if true that the reference-grid coordinates are encoded in the bitstream.

Attributesiroserved
Feserved-

meshType: specifies the type of the encoded mesh.
sameBorderOrientation: specifies if true that the particular mesh is stored in a more compact way.

LiniformSplit: specifies if true that the particular mesh is only encoded at the first reselution level (only if the
hasConnectivitylnfo flag is set as well).

bffsetAmplitude: specifies the amplitude of the vertices’ offsets when the model is defined on a single-layer
reference-grid.

cyclicMode: specifies the cyclic mode of the mesh.
fullRefine: specifies if “true” that the vertices’ offsets are encoded at each resolution level.
nRefineBits: specifies the number of bits to quantize the vertices’ offsets.

filterType: specifies the type of filter used for the wavelet transform, and may vyield one of the following two
Values: “SHORT_FILTER” and “SMOOTH_FILTER?:

gridScale: specifies the scaling factors used when quantizing the grid coordinates.
hQuantBits: specifies the number of bits*used to quantize the reference-grid coordinates.

gridCorners: stores the scaled values of the quantized reference-grid corners.

B.5 XMT for Bone-based-Animation

KMT for BBA represents the textual format for the animation data when using bones, muscles and motph.
8.5.1 BBA

B.5.1.1 Syntax

he syntax is described in the xsd file attached to ISO/IEC 14496-11.

B8.5.1.2 Semantics

BBA_header: specifies the header of the BBA animation data. Their components are specified in 8.5.2

BBA_body: specifies the body of the BBA animation data. Their components are specified in 8.5.4
8.5.2 BBA_header

8.5.2.1 Syntax

The syntax is described in the xsd file attached to ISO/IEC 14496-11.
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8.5.2.2 Semantics

BBA_encoding: specifies the encoding information for the BBA animation data. Their components are
specified in 8.5.3

BBA_version: specifies the version of the BBA animation data.
BBA_name: specifies the name of the BBA animation data.

BBA_frameF

8.5.3 BBA_encoding
8.5.3.1 |Syntax
The syntax is described in the xsd file attached to ISO/IEC 14496-11.

8.5.3.2 [Semantics

encodingType: specifies how the encoder parameters are specified : if "perAU"(then the encoder parameters
are indiyidually specified for each AU; if "perFile", then the encoding parameters)are the same for all tha dat3
to be encoded.

BBAEnNngodingParameters: specifies the encoding parameters. This type is defined in 8.3.4.
8.5.4 BBA_body

8.5.4.1 |Syntax

The syntax is described in the xsd file attached to ISO/AEC 14496-11.

8.5.4.2 [Semantics

BBA_frame: specifies the BBA animation.data for one frame. The elements of the BBA frame are described
in 8.5.5

8.5.5 BBA_frame

8.5.5.1 |Syntax

The syntax is described'in the xsd file attached to ISO/IEC 14496-11.

8.5.5.2 [Semantics

BBA_frrnmeMask: specifies the mask of one animation frame. The elements of the BBA frame are describeq
in 8.5.6

BBA_frameValues: specifies the values of one animation frame. The elements of the BBA frame are
described in 8.5.10

8.5.6 BBA_frameMask

8.5.6.1 Syntax

The syntax is described in the xsd file attached to ISO/IEC 14496-11.
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8.5.6.2 Semantics

NIF: specifies the numbers of frame to interpolate between the current frame and the one currently received.
NCT: specifies number of controller types.

NSBB: specifies number of bones to be animated in the frame currently received.

NSBM: specifies number of muscles to be animated in the frame currently received.

NSBMF: specifies number of morphs to be animated in the frame currently received.
BoneMask: specifies the animation mask for a bone. This element is described in 8.5.7.
MuscleMask: specifies the animation mask for a muscle. This element is described in 8(5.8.

MorphMask: specifies the animation mask for a morph. This element is described iny8.5.9.
B.5.7 BoneMask

8.5.7.1 Syntax

The syntax is described in the xsd file attached to ISO/IEC 14496-11-

B.5.7.2 Semantics

DB: specifies the ID of the current bone

sT: specifies if the current bone is translated.

sTX: specifies if the current bone is translated on X.

sTY: specifies if the current bone is translated on Y.

sTZ: specifies if the current bone is-translated on Z.

sR: specifies if the current bone is rotated.

sQ: specifies if the rotation of the current bone is specified by using quaternions.

sRAXx1: specifies-ifithe current bone is rotated with respect to the first axis. The rotation order is spegified by
he rotationOrder.field of the SBBone node. This field is used when isQ=0.

sRAXx2: specifies if the current bone is rotated with respect to the second axis. The rotation order is gpecified
by the retationOrder field of the SBBone node. This field is used when isQ=0.

sRAXx3: specifies if the current bone is rotated with respect to the third axis. The rotation order is spegified by
he rotationOrder field of the SBBone node. This field is used when isQ=0.

isRQx: specifies if the X component of the quaternion of the current bone is updated This field is used when
isQ=1.

isRQy: specifies if the Y component of the quaternion of the current bone is updated This field is used when
isQ=1.

isRQz: specifies if the Z component of the quaternion of the current bone is updated This field is used when
isQ=1.

© ISO/IEC 2011 — All rights reserved 295


https://standardsiso.com/api/?name=b5205389f54b7e41303e893bdef78f95

ISO/IEC 14496-16:2011(E)

isRQw: specifies if the W component of the quaternion of the current bone is updated This field is used when
isQ=1.

isS: specifies if the current bone is scaled.
isSX: specifies if the current bone is scaled on X.

isSY: specifies if the current bone is scaled on Y.

iSSZ- Spnnifiae ftha currant hone-is sealad on Z
. SciHeSHRe-GHHeRt+BoRe1s-S56a186-0R—%4=

isSO: specifies if the scale orientation field of the current bone is updated.

isSOX: [specifies if the X component of the scale orientation field of the current bone is updated.
isSOY: [specifies if the Y component of the scale orientation field of the current bone is updated.
isSOZ: specifies if the Z component of the scale orientation field of the current bone is updated.
isSOA: [specifies if the angle component of the scale orientation field of the current'‘borie is updated.
isC: spgcifies if the center of the current bone is updated.

isCX: specifies if the center of the current bone is updated on X.

isCY: specifies if the center of the current bone is updated on Y.

isCZ: specifies if the center of the current bone is updated on Z,
8.5.8 MuscleMask

8.5.8.1 [Syntax

The synttax is described in the xsd file attached-to ISO/IEC 14496-11.

8.5.8.2 |Semantics

IDM: spgcifies the ID of the current muscle.

NCP: specifies the number.6f the control points that are updated in the current frame for the current muscle.
NK: spdcifies the number/of the knots that are updated in the current frame for the current muscle.

MM: specifies a.binary vector indicating which control point and which knot are updated in the current frame
for the qurrent muscle.

8.5.9 MorphMask

8.5.9.1 Syntax

The syntax is described in the xsd file attached to ISO/IEC 14496-11.

8.5.9.2 Semantics
IDMF: specifies the ID of the current morph.

NT: specifies the number of weights that are updated in the current frame for the current morph.
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MFM: specifies a binary vector indicating which weight is updated in the current frame, for the current morph.
8.5.10 BBA_frameValues

8.5.10.1 Syntax

The syntax is described in the xsd file attached to ISO/IEC 14496-11.

8.5.10.2 Semantics

BoneAnimationValue: specifies the updated values of the current bone, with respect to the BoneMask.
MuscleAnimationValue: specifies the updated values of the current bone, with respect to theyMuscleMask.

MorphAnimationValue: specifies the updated values of the current bone, with respectto-the MorphMask.
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Annex A
(normative)

Wavelet Mesh Decoding Process

A.1 Oyerview

The typical Wavelet Mesh decoding process is summarized in the following block diagram:

Base Synthesis
Mesh | filters
Reconstructed
3D Wavelet
S Mesh
BD Wavelet Planes ZT Decoder
Mesh extraction
Bitstream > > B

Figure A.1 — The typical Wavelet Mesh-decoding process.
This Supclause provides a constructive definition of the ;decoded mesh in function of previous variables read
in the bitstream. The way the mesh is rebuilt is not normative.

NOTE 1 In the next subclauses, decoded mesh will denote a class of meshes having the same geometry
The chaqice for topology for reconstructing such’a mesh is not normative and is left to the decoder.

NOTE 2 this allows the decoder to adapt to a particular hardware setting. For example if the terminal has @
good graphic card but poor CPU power; it may be advantageous to use algorithms producing facets faster, bu
possibly with a richer topology than the minimum needed.

A.2 Base mesh

The mesh reconstrugtion can only begin after transmission and decoding of the base mesh.

A.3 Definitions and notations

Let M, denote the base mesh, which is supposed to be entirely transmitted before the wavelet coefficients
stream starts being decoded.

Let M; denote the mesh obtained after j iterations of midpoint subdivision of each facet of M,.

Scaling/wavelet coefficients can be indexed by vertices of the reconstructed mesh, and the level of subdivision
at which they occur. Hence, we will denote any coefficient ¢ indexed by level j and vertex v as ¢.,.

The offspring O(c) of a coefficient c is the set of coefficients {c0, c1, c2, c3} as in the following figure:
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Eigur — initi ing

The arrows denote the vertices associated to the coefficients, the triangulation figuring,\the
subdivision of two adjacent facets. For level 1 hierarchy, the order of the children indices.is”given
ollowing rule: Cy and C; lie on the same level 0 edge as C; C; lies on the first level 0 facet'eontaining
pase mesh description. This orientation is kept for all the other levels of the same‘hierarchy. Th
spanned by the level 1 vertices is ordered according to the order of appearance of the,corresponding ¢
he base mesh facet list.

The descent D(c) of a coefficient c is the transitive closure of the relation “is affspring of”.

-or any 3-vector or 3-vector-valued function ¢, let ¢,, ¢,, and ¢, denotesrespectively the first, second 3
component of c.

-or any 3-column matrix or 3-column matrix-valued function c,let c,, c,, and c, denote respectively
5econd and third column of c.

A.4 Bitplanes extraction

Vhile receiving the Wavelet Mesh bitstream, thevdecoder stores in memory the contiguous bits relg
given bitplane in a given zero-tree. Such a\storage can be figured as follows, for each table Bx,
fepresenting the three components of the wavelet coefficients:

irst Zero-tree:

Sorting bits + signs

Sorting bits + signs Refinement bits

Sorting bits + signs Refinement bits

Sorting bits * signs Refinement bits

midpoint

by the
Cinthe
e forest
edges in

nd third

the first,

ted to a
By, Bz

SBecond Zero-tree:

Last Zero-tree:

Sorting bits + signs

Sorting bits + signs Refinement bits

Sorting bits + signs Refinement bits
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Sorting

bits + signs Refinement bits

NOTE

the zero-tree decoder is thus completely independent of the bitstream interpretation process and

can be run in a separate thread.

This structure corresponds to the entries of table B: BJi][j][k] is stored in the i-th zero-tree space, at line j and

column

A.5 Zeéro-tree decoder

Algorith
Bz, usi
WMDec
wavelet

A.6 S

We des
wavelet
will con
accordir

The top
topology

The ge
describeé
vertices

Then th

Jj+l1

Il
2

over j=

coordinates, is detailedvin the following section. T is the synthesis filter matrix: for Loop wavelets, thesg

matrice

obtained by the following algorithm:

1)

2)

3)

300

Ay

m |l of [67] is applied as is with previous definition of offspring and descent, on each table Bx, By ang
hg values NbBPX, NbBPY, NbBPZ (number of bitplanes for each component) defined in
oderConfig, and variables explicited above, for recovering respectively three lists“Lx, Ly and Lz of
coefficients 27(dy/, d,/, d/);; used in the following Subclause for reconstruction

/nthesis filters and mesh reconstruction
cribe here the standard, non-algorithmic mesh reconstruction process using the above decoded/stored
coefficients. The scope of adaptivity will thus be restricted to the,transmission: no normative directives
5train the way the client selects the data contained in his cache for partially reconstructing the mesh
g to frame-rate, LoD management etc.

ology (facets configuration) of the fully reconstructed mesh is semi-regular: it corresponds to the
of M,

bmetry (vertices position in space) of the.thésh can be recovered using the decoding procesg
bd in [49]. Explicitly, let (c%); be the sum(of the decoded scale coefficients and the corresponding
of the base mesh.

b positions ¢’; of respective vertices.v; at level j can be recovered by iterating the following relations:

wj(faiij)} ace {x,y,Z},

D), ..., Jmax-1. Function f, which is a basis change transformation from local coordinates to globa

are detailed-in [45]. For butterfly and midpoint subdivision the application of these matrices can bq

Set‘the current mesh CM as the base mesh and set the current level j to 0

For each wvertex i of CM, add szsesidsj to wvertex i position cij+1, with

6 sin(z/3)
W, =—1ift - —————"— i peing the valence of vertex i, and Si the set of vertices as
8n, sin(2z/n,)

in Figure A.3.
Operate one subdivision step on CM, using butterfly (as in the Subdivision Surfaces 4.3.2) or midpoint

subdivision (i.e. butterfly with w parameter set to 0), according to Wtype. Vertices created in this
process will be said to be odd. Every other vertex will be said to be even.
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4) For each odd vertex k in CM, add dkj to its position ckj+1.

5) ifjis different of NumberOfLevels-1, increment j and go to step 2.

011(E)

In this algorithm, the wavelet coefficients are assumed to be in global coordinates, i.e. after possible

application of function fin case isInLocalCoordinates has value 1.

Figure A.3 — The set S; of vertices of M., associated to vertex i is figured by the black dof
Continued lines represent triangles in M;. Dotted lines represent triangles in M;.,.

A.7 Basis change

f isinLocalCoordinates value is 0, fis the-identity. Otherwise, for j>0, f(d}) is defined as follows:

et S; denote the mesh having the same connectivity as M; but whose vertices have ¢’ as coordinates { vertex i
bf Sj has ¢’; as coordinates.
L et A=[b, c] be the edge of Mjef which vertex i in M;.; is the midpoint. Let N, U, V; be the vectors defined as
ollows:
f there exist two different facets in S; containing A, then N; is the normalized average of the normals fo these
wo facets. Otherwise; it is the normal to the only facet of S; having A as an edge.
U = be /HbcH
‘/i Z=NiX Ui
1
Aydy
Then f(d’)=(f.()), (@), f.d)=| .|,
Ad]
where A, is the matrix (N; U; V;) composed with column vectors N;,U; and V.
301
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Annex B
(normative)

MeshGrid Representation

B.1 The hierarchical multi-resolution MeshGrid

B.1.1

In the
referend

found im a lower level are available in all higher levels that follow. However, each. level will alter theg

connect
colored
again in
position

The hie
system
in the rg
consists
referend
surfaces
extra re
referend

uilding MeshGrid multi-resolution levels

ulti-resolution MeshGrid representation both the connectivity-wireframe (see FiguréB.1) and thg
e-grid (see Figure B.2) have a hierarchical structure. The hierarchical structure enforces that verticeg

vity between the existing vertices, e.g. vertex v/ is connected on level | with-vertex v/ via the blug
line; this connection is replaced in level [+1 by another line (green color) todvertex v'*', and replaced

level +2 by the red line that connects it to vertex v;*z . Note that the level*of a verptex indicates the
in the hierarchy when it first appears.

rarchical MeshGrid model imposes the following constraint on thé reference-system: the reference
pf any level is a super-set of the reference-system of the lower.Jevels. Figure B.2 shows the changes
ference-system when generating a hierarchical MeshGrid with\3 levels: the first level in Figure B.2(a

of 3 reference-surfaces colored in blue, the second level in Figure B.2(b) has in addition othef
e-surfaces (colored in green), and the third level in Eigure B.2(c) contains besides the reference

of the previous levels also other reference-surfaces’;colored in red. Each higher level will add ar
erence-surface in between two existing reference-surfaces from the previous levels, while keeping thg
e-surfaces of the previous levels.

Figure B.1 <&~ The hierarchical connectivity-wireframe of the MeshGrid representation
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@ ) @ O

Figure B.2 — The changes in the reference-system when generating a hierarcb@%l MeshGrid with 3
evels: the first level in (a) consists of 3 reference-surfaces shown in blue ¢ &s the second levgel in (b)

has in addition other reference-surfaces that are shown in green color; the third level in (c)
contains besides the reference-surfaces of the previous levels other r ce-surfaces shown in red
color.

OV
L

B.1.2 Relation between the resolution level of the mes& the number of reference-

surfaces
QO

Fhe number of resolution levels nlLevels is sp @d for each direction de{U,V,W} in the

MeshGridDecoderConfig class (see 5.2.3.2.2). e’ total number of resolution levels is equal to:
totaINumLeveIs:max(nLevels.u,max(nLeveIs.v,nb@els.w)), where max returns the maximum absolute
balue between two numbers.

\Q)

Siven a “global” resolution level globallLe @ the mesh, which is defined in the range [0, tofalNumLeyels — 1],
he direction-dependent resolution IeveLL efined as:

levelDiff,, levelDiff, > (()\ .
evel, = where levelDiff, = globalLevel, — (totalNumLevels —nLevels,)

0, le velD:ﬁi@ 0’

The displaylevel field (t.xé MeshGrid node (see 4.3.3.2.1 and 4.3.3.2.2) has to be specified as a|“global’
resolution level. 6
N

The number o rence-surfaces (nSlices!,) at direction-dependent resolution level /, can be deried from
he numbe&@~ reference-surfaces ( nSlices; ) at direction-dependent resolution level L, , as illustrated

n 5.2.3@.

?\

Relation between the resolution level of the grid and the number of reference-sufrfaces

For the reference-grid, the total number of resolution levels (fotalNumLevelsGrid) is computed based on the
maximum number of decomposition levels as follows.

The number of decomposition levels for each direction d € {U, V,W} can be computed using the following

SDL code that accepts as input the number of slices stored in the nSlices field of the
MeshGridDecoderConfig class (see 5.2.3.2.2):

class DecLevel (int nSlices) {
unsigned int nDecLevels = 0;

while (nSlices > MIN_DEC_SIZE) {
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++nDeclLevels;
nSlices = (nSlices + 1)/2;
}
}

The maximum decomposition level (maxDecLevel) can be computed using the following SDL code:
class MaxDecLevel (PointUVW nSlices) {

// the actual fields
unsigned int value;

// dg¢composition level of the slices number in direction u, v, w
DeclLgvel decLevelU (nSlices.u):;
valug¢ = declevelU.value;

DecLgvel decLevelV (nSlices.v);
if (¥alue < decLevelV.value)
valjue = decLevelV.value;

DecLg¢vel decLevelW (nSlices.w);
if (yalue < decLevelW.value)
value = declevelW.value;

}

The totgdl number of resolution levels of the grid is defined as: totalNumLevelsGrid = max(maxDecLevel —1,1).

B.1.4 Region Of Interest (ROIl): Computation of the ROIs size and position

The number of regions of interest (nROIss ) at the highest resplution level (L= N, - 1, where N, is the

number|of resolution levels of the model) for each direction_ @ {U,V,W} is specified by the nROIs field of
the MeghGridDecoderConfig class (see 5.2.3.2.2). Further, the ROIs at the highest resolution level shall bg
distributed as explained in B.1.4.1. For all lower resplution levels (0 <L <N, —1) the number of ROI{

(nROIsS|) shall be computed as shown in 5.2.3.2.37, and their distribution shall be computed as illustrateg
in B.1.4)2.

NOTE the explanations below are generic for any direction d € {U, V,W}, and the formulas given in thg
following subclauses have to be computed for each direction independently.

B.1.4.1| Distribution of the ROIs’at the highest resolution level
Given the number of ROIS\(11ROIs" = 2F, with k= [0,R") — see C.3) and the number of slices (nSlices") a

the highest resolution level (L = N, - 1), the default size of the ROIs (defSzROI') is computed as:

de

~

nSlices*
SzROF= —
nROIs

In the particular case when nSlices" is a multiple value of defSzROI", the size of each ROI (szROI" ) is equal
to defSizeROI and the start position of ROI idx ( posROIL, , with 0 < idx < nROIs" ), is computed as:

szROI%, = defSzROI*

. L
nSlices
L

posROI’, =idx-szROI, = idx-defSzROI = idx -
nROIs
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In the general case nSlicest is not a multiple value of nROIs" and therefore the size of the ROIs will vary:
szROI" € {defSzROI, defSzROI +1}

In the general case, in order to obtain a quasi uniform distribution of the ROls, the size of each ROI and their
position can be computed as described below:

bf each ROI idx (0 < idx < nROIs").

remNumSlices" = nSlices” — defSzROI - nROIs*

remNumSlices"
nROIs*
previncr = round (idx - incr)

incr =

currincr = round ((idx +1) - incr)
szROI ., = defSzROI + currincr — previncr
posROI . = idx - defSzROI + previncr

where the operator round does the rounding of a number.

o avoid any rounding errors due to the limited precision-of floating point numbers, the equations above can
be written using integer mathematics as follows:

remNumSlices" = nSlices" — defSzROI - nROIs"

L
halfNumROls = nROIs

idx - remNumSlices®_% halfNumROlIs
nROIs*

(idx +1) - rémNumSlices" + halfNumROIs
nROIs*

szROI ., = defSZROI + currIncr — previncr
posROI, <idx - defSzROI + previncr

previncr = {

currincr = {

vhere and |_vJ returns the integer part of v.

Il £, l £, 4l l 4 ' laall i ol t 4 4l H pu | HH £ 4l I Yall . h' h t
S TUTNTTMUIAdS TTUTTT T TdoU TUUAQUUTT oSTidil VT USTU TU VUITIPULT LT SIZT allu PUSIUUIT UT UTC TNUTS at Ul |g es

resolution level of the mesh.

B.1.4.2 Distribution of the ROIs at the lower resolution levels
In order to allow a seamless display of the contents belonging to ROls of different resolution levels, there must

be established an appropriate correspondence between the ROIs positions and the sizes of different
resolution levels. Hence the ROls of different resolution levels shall be hierarchically nested.
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Between the number of ROIs of a resolution level L (nROIst) and the number of ROIs of the immediate
higher resolution level L+ 1 (nROIst*!) are possible the following ratios:

(a) nROIs*", if nROIs"" =1

nROIs" = ,
(b) nROIs*" /2, if nROIs"" =2*

nROIs" shall be kept the same as nROIst*! (case (a)) only when nROIs‘*'=1. Otherwise (case (b))

nROIst = nROIs" /> _ie the number of ROIs shall be divided by two with each lower resolution level_such
that szROI" € {deszRO] ,defSzROI + 1}.

The siz¢ and position of each ROI at any resolution level (L) based on the distribution of the RQOIs"at thg
highest resolution level (N, - 1) can be computed with an iterative approach, as described below:

The ratip ( ratio* ) between the number of ROIs of consecutive resolution levels (L + 1 andyL):can be used tq

derive the size (szROIL, ) and position ( posROIL, ) of each ROI (with 0 < idx < nROIs" ) of resolution leve
(L) with respect to corresponding ROIs ( j, k) of resolution level (L + 1).

nROIs*"

i = (idy - ratio®) and k = (j + ratio® —1) with ratio* = ,
Jj=( ) (J ) ROISE

posRAIL, = {_p 0sROL" +1 J
ide

posROI" £5zROI" —1
and endPosROI :{ e g ,

2

szROI}, = endPosROI,, — posROI, +1

endPosROIL, is the end position of ROI (idx ) and LVJ returns the integer part of v. Finally, to estimate the

size and position of each ROI at any resolution.level (L ) with respect to the corresponding ROls at the highes}
resolutign level (N, - 1) directly, one can generalize the equation above and obtain:

nROIs™"

i = (idx - ratio*) and k = (j + ratio®=1) with ratio* = ————,
J=( ) (J ) ROLS:

R ]NL*1+ R INLfl_l

posROI N G2 — 1J

posROL, = i‘ S0

szROI = endPosROI, — posROI}; +1

The indices. (Y, k ) are computed for the highest resolution level.

B.2 Scalability Modes

B.2.1 Scalability types

The MeshGrid multi-resolution representation allows three types of scalability modes such as: (1) mesh
resolution scalability, i.e. adapting the number of transmitted vertices, (2) shape precision i.e. adaptive
reconstruction of the reference-grid positions, and (3) vertex position scalability, i.e. increasing the precision of
known vertex positions with relation to the reference-grid (the value of the offset). Each of these scalability
modes is possible at the level of the ROI used for coding the MeshGrid (see 5.2.1).
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B.2.2 The mesh resolution scalability

The mesh resolution scalability is illustrated in Figure B.3 for three different resolutions of an object. Different
mesh resolutions represent different connectivity-wireframe descriptions of the same object (see B.1). The first
row of images shows a shaded surface of its polygonal representation with the outline of the connectivity-
wireframe drawn on top of the shaded surface, while the second row of images display the object as a
wireframe of the polygonized representation.

Figure B.3 — Scalability: the mesh.resolution is increasing from left to right.

B.2.3 The scalability in shape precision

The scalability in shape precision _is\supported by the reference-grid. The reference-grid contains the
escription about the volume of the gbject, the vertices of the connectivity-wireframe being attached|to it, as
pxplained in 4.3.3.3.2. This implies-that the 3D distribution of the vertices for a certain mesh resolutjon level
the connectivities are kept unchanged), is given by the distribution of the reference-grid points o which
ertices are attached to.

The minimal descriptian‘for a reference-grid consists of the coordinates of the eight corners of the reference-
grid that in general. déefine a non-regular deformed box. For this minimal description the obtained reference-
grid is uniformly distributed (see Figure B.4 (a), (c)).
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