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ctrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are members of
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established by the respective organization to deal with particular fields of technical activity. ISO and IEC

technical-committees-collaborate infields of mutual-interest - Other international nrnani7nﬁnnc,
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tech

Interpational Standards are drafted in accordance with the rules given in the ISO/IEC Diréctives, H
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Stanflards adopted by the joint technical committee are circulated to national bedies for voting. P
an International Standard requires approval by at least 75 % of the national bodies casting a vote.

Atter

rights. ISO and IEC shall not be held responsible for identifying any ar all such patent rights.
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This ffourth edition cancels and replaces the third edition(ISO/IEC 14496-16:2009) which has beg
revisged.
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audi¢-visual objects:

and ’tﬂon-governmental, in liaison with 1ISO and IEC, also take part in the work. Tn the field o

ology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

main task of the joint technical committee is to prepare International Stahdards. Draft

tion is drawn to the possibility that some of the elements of this doediment may be the subj

EC 14496-16 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information
ommittee SC 29, Coding of audio, picture, multimedia and hypermedia information.
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Information technology — Coding of audio-visual objects —

Part 16:

An

imation Framework eXtension (AFX)

1
This
and
(the
level

AFX

2
The
refer
docu
ISO/
1ISO/

ISO/
and

List g

AFX
BIFS

Scope

part of ISO/IEC 14496 specifies MPEG-4 Animation Framework eXtension (AFX) model for
bncoding 3D graphics assets to be used standalone or integrated in interactive multimedia g
atter when combined with other parts of MPEG-4). Within this model, MPEG-4 is extended
synthetic objects for geometry, texture, and animation as well as dediCated compressed repr

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

Normative references
ences, only the edition cited applies. For undated references, the latest edition of thg
ment (including any amendments) applies.

EC 14496-1, Information technology — Coding of audio-visual objects — Part 1: Systems
EC 14496-2, Information technology:— Coding of audio-visual objects — Part 2: Visual
EC 14496-11, Information technology — Coding of audio-visual objects — Part 11: Scene
bpplication engine

Symbols and abbreviated terms
f symbols andiabbreviated terms.

Animation Framework eXtension

Blnary Format for Scene

following referenced documents are indispensable for the application of this documen.

representing
resentations
with higher-
esentations.

For dated
2 referenced

b description

DIB
ES
IBR
NDT
oD

Depth-inrage BasedRepresentation
Elementary Stream

Image-Based Rendering

Node Data Type

Object Descriptor

VRML Virtual Reality Modelling Language

4C
AC
BPC

© IS0

4-bits-based Coding
Arithmetic Coding

Bit Precision Coding

/IEC 2011 — All rights reserved


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

ISO/IEC 14496-16:2011(E)

SVA Shared Vertex Analysis
TFAN Triangle FAN
QBCR 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:

+ Additior:
- Subtraction (as a binary operator) or negation (as a unary operator).
++ ncrement, i.e. x++ is equivalentto x = x + 1.

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

. } Multiplication.

*k

A Power.

/ nteger division with truncation of the result toward zero. Fer example, 7/4 and -7/-4 are trun¢ated

0 1 and -7/4 and 7/-4 are truncated to -1.

o

+ Jsed to denote division in mathematical equations:where no truncation or rounding is intended.

% Modulus operator. Defined only for positive aumbers.

x x>=0

Aos() s ={ "

x<0
Logical operators
Il | ogical OR.
&& | ogical AND.
! | ogical NOT.
Relational dperators
> [Sréater 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.

2 © ISO/IEC 2011 — All rights reserved
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Not equal to.
[, ...,] the maximum value in the argument list.
, ...,] the minimum value in the argument list.
ise operators

AND.

OR.

16:2011(E)

>>
<<

Assi

4

4.1

MPE
on a
syntf
can
streq
credd

Unlik
grap
mixiri
Prog

Like
on V|
calle
routg
MPE

The
and

gnment

Shift right with sign extension.

Shift left with zero fill.

Assignment operator.

BD Graphics Primitives

Introduction

G-4, ISO/IEC 14496, is a multimedia standard that-enables composition of multiple audio-Vj
terminal. Audio and visual objects can come from natural sources (e.g. a microphone, a can

display, play, and interact with MPEG-4 audio-visual contents, which can be downloaded
med from remote servers. Moreover, each object may be protected to ensure a user |
entials before downloading and displaying, it.

e natural audio and video objects;*computer graphics objects are purely synthetic. Mixi
nics objects with traditional audio’ and video enables augmented reality applications, i.e.
g natural and synthetic objects:-Examples of such contents range from DVD menus, and TV
ramming Guides to medigalrand training applications, games, and so on.

pther computer graphics specifications, MPEG-4 synthetic objects are organized in a scene
RML97 [1], which(is)a direct acyclic tree where nodes represent objects and branches the
d fields. As each_object can receive and emit events, two branches can be connected by the
, which propagates events from one field of one node to another field of another node.
G-4 medid,scenes may receive updates from a server that modify the topology of the scene

main—abjective of Animation Framework eXtension (AFX) is to propose compression sche
hnimated 3D assets. This encoded version is encapsulated in an Elementary Stream, a simi

as t

isual objects
nera) or from

etic ones (i.e. made by a computer); each source'is called a media or a stream. On their terminals, users

breviously or
as the right

hg computer
applications
's Electronic

graph based
r properties,
means of a
\s any other
graph.

me for static
lar approach

definition of

one used hy audio or video in MPEG-4_The AEX anprneeinn is r‘lnenly connected to thg

the graphics primitives in the scene graph. For such reason, AFX second objective is to update the scene
graph when necessary and define new BIFS nodes for graphics primitives. However, AFX compression 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.

© IS0

/IEC 2011 — All rights reserved
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Figure 1 — Animation Framework eXtension (in green) and MPEG-4'Systems.

Figure 1 shdws the position of AFX within MPEG-4 Terminal architecture. It extends the existing BIFS tree
with new noges and define the AFX streams that carry dedicated compressed object representations gnd a
backchannel for view-dependent features.

4.2 The AFX place within computer animation framework

To understapd the place of AFX within computer animationframework [35], let's take an example. Suppose
one wants tq build an avatar. The avatar consists of georoetry elements that describe its legs, arms, head and
so on. Simple geometric elements can be used and deformed to produce more physically realistic geometry.
Then, skin, hair, cloths are added. These may be physic-based models attached to the geometry. Whenever
the geometry is deformed, these models defortn<and thanks to their physics, they may produce wrirkles.
Biomechanigal models are used for motion, collision response, and so on. Finally, the avatar may ekhibit
special behgviors when it encounters objectsuin its world. It might also learn from experiences: for example, if
it touches a hot surface and gets hurt, nexf-time, it will avoid touching it. This hierarchy also works in a tpp to
bottom manner: if it touches a hot surface, its behavior may be to retract its hand. Retracting its hand follqws a
biomechanidal pattern. The speed of the movement is based on the physical property of its hand linked tp the
rest of its bofly, which in turn modify geometric properties that define the hand.

4 © ISO/IEC 2011 — All rights reserved
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O

Figure 2 — Models in computer games and Q&ﬁation [35].

&

1) Geometric component. These models capture the forrréhd appearance of an object. Marly characters
in animations and games can be quite efficiently trolled at this low-level. Due to th¢ predictable
nature of motion, building higher-level models f racters that are controlled at the gepmetric level

is generally much simpler.
N\

2) Modeling component. These models are sn\extension of geometric models and add lingar and non-
linear deformations to them. They cap%’gtransformation of the models without changing its original
shape. Animations can be made@ hanging the deformation parameters independently of the

geometric models. %2)

Q\

Physical component. These els capture additional aspects of the world such as an gbject’s mass
inertia, and how it res to forces such as gravity. The use of physical models gallows many
motions to be created atically and with unparallel realism.

%
~

4) Biomechanical c Onent. Real animals have muscles that they use to exert forces ang torques on
their own bod|§3 we already have built physical models of characters, they can use viftual muscles
to move ther@ es around. These models have their roots in control theory.

fdxl
~

Behavi component. A character may expose a reactive behavior when its behavior is [solely based
on '{)Jerception of the current situation (i.e. no memory of previous situations). Goal-directed
iors can be used to define a cognitive character's goals. They can also be usgd to model

ing behaviors.

6) Cognitive component. If the character is able to learn from stimuli from the world, it may be able to
adapt its behavior. These models are related to artificial intelligence techniques.

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 lots of data in order to represent a curved path. Higher-level animation models represent animation
using piecewise-spline interpolators with less values and provide more control over the animation path and

timeline.

In the remaiing of this document, this conceptual organization of tools is followed in the same spirit'an a
will create content: the geometry is first defined with or without solid modeling tools, then texture.is iadded
Objects can pe deformed and animated using modeling and animation tools. Behavioral and Gognitive m

can be prog

NOTE S
relocated in

[ ]
e Opti
BitW

e Prod

4.3 Geom

4.3.1 Non-

ammatically implemented using JavaScript or MPEG-J as defined in ISO/IEC 14496-11.

bme generic tools developed originally within the Animation Framework>eXtension have
SO/IEC 14496-11 along with other generic tools. This includes:

Spline-based generic animation tools, called Animator nodes;

mized interpolator compression tools;
rapper node that enables compressed representation.of/exisiting nodes;
edural textures based on fractal plasma.

etry tools

Uniform Rational B-Spline (NURBS)

4.3.1.1 Introduction

A Non-Unifo
{P}(0<i<n

'm Rational B-Spline (NURBS) curve of degree p > 0 (and hence of order p+1) and control g
—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

uthor
toit.
bdels

been

oints

The parame

er u e {0, tiattowstotravetatong thecurve and <Ry are its ratiorat-basisfunctions—The

atter

can in turn be expressed in terms of some positive (and not all null) weights {w}, and {N;}, the pth—degree
B-Spline basis functions defined on the possibly non-uniform, but always non-decreasing knot

sequence/vector of length m=n + p+1: U ={uy, uy, ..

.,um_1},whereOSu,-Su,»+1S1VOSiSm—Z.

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

N () 1 ifu, <u<u,;
o (u
0 0 otherwise;
u—u; Uy —U
N, = N, )+ . Ny o ).

i+p  Hi i+p+l — Wiyl

© 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

interpolate both endpoints of its control polygon. Extreme knots, multiple or not, may enclose any non-

decr aeing enhcnqnnnr\n of interiorknots—0 L.',f bhrt 1—An nndpninf infarpnloﬁng ocurnze it no interior

knots, i.e., one with U consisting of p+1 zeroes followed by p+1 ones, with no other values in between, is a pth—
degree Bézier curve: e.g., a cubic Bézier curve can be described with four control points (oftwhich the first and
last will lie on the curve) and a knot vector U={0, 0, 0,0, 1, 1, 1, 1}.

It is |possible to represent all types of curves with NURBS and, in particular, all-.conic curvés (including
parabolas, hyperbolas, ellipses, etc.) can be represented using rational functions{junlike when using merely
polynomial functions.

Other interesting properties of NURBS curves are the following:

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

4 Convex hull property: the curve lies within the convex hull 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:

4 Local control: if the control point P; is moved ar the weight w; is changed, only the portion of the curve
swept when u; < U < Upp+q is affected by, therchange.

4 NURBS surfaces are defined as tenSor products of two NURBS curves, of possibly diffefent 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 functions
are defined as previously, and the resulting surface has the same interesting properties that NURBS curves
have. Multiplicity. of knots may be used to introduce sharp features (corners, creases, etc.) in an otherwise
smooth surface, or to have it interpolate the perimeter of its control polyhedron.

4.3.1.2. NurbsCurve

4.3.1.2.1 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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43122 F

unctionality and semantics

The NurbsCurve node describes a 3D NURBS curve, which is displayed as a curved line, similarly to what
is done with the IndexedLineSet primitive.

The order fi

eld 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 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 surface. However the

surface is nd

The knot figld defines the knot vector. The number of knots must be equal to the number of centrol p

plus the ord
same value,
field order,
curve to inte|
o0—1 consecy
vector consi

t changed It all weights are multiplied by a common factor.

er of the curve, and they must be ordered non-decreasingly. By setting consecutive knots t
the degree of continuity of the curve at that parameter value is decreased. If o is'the value ¢
D consecutive knots with the same value at the beginning (resp. end) of the knatyvector caus
rpolate the first (resp. last) control point. Other than at its extremes, there may not be more
tive knots of equal value within the knot vector. If the length of the knot vector is 0, a default
5ting of o O’s followed by o 1’s, with no other values in between, will be used, and a Bézier

oints
b the
f the
e the
than
knot
curve
t the

st be
AN or

5 for

of degree o1 will be obtained. A closed curve may be specified by repeating the starting control point 3
end and spefifying a periodic knot vector.
The tessellption field gives hints to the curve tessellator as to the number of subdivision steps that mu
used to appfroximate the curve with linear segments: for instance, if the value t of this field is greater th
equal to tha of the order field, t can be interpreted as the abselute number of tesselation steps, whereas
t =0 lets the|browser choose a suitable tessellation.
Fields colofr, colorindex, colorPerVertex, and seticolorindex have the same semantic a
IndexedLineSet applied to the control points.
4.3.1.3 NurbsCurve2D
4.3.1.3.1 Node interface
NurbsCurve2D { #/6NDT=SFGeometryNode

eventin MFInt32 set_colorindex

exposedfrield  SFColorNode color NULL

exposedfField MFVec3f controlPoint [

exposedfField  SFInt32 tessellation 0 # [0, )

field MFInt32 colorindex [] #[-1, )

field SEBool colorPerVertex TRUE

field MFFloat knot [] # (00, )

field SFInt32 order 4 #[3, 34]
}
4.3.1.3.2 Functionality and semantics
The NurbsCurve2D is the 2D version of NurbsCurve; it follows the same semantic as NurbsCurve
with 2D control points.
8 © ISO/IEC 2011 — All rights reserved
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.4 NurbsSurface

.4.1 Node interface

NurbsSurface { #NDT=SFGeometryNode

eventin MFInt32 set_colorindex

eventin MFInt32 set_texCoordindex

exposedField  SFColorNode color NULL

exposedField  MFVec4f controlPoint 1

exposedField  SFTextureCoordinateNode texCoord NULL

exposedField  SFInt32 uTessellation 0 # [0, )

ekposedField  SFInt32 vIessellation 0 #[0 ,0)

field MFInt32 colorindex 0#[-1, )

field SFBool colorPerVertex TRUE

field SFBool solid TRUE

field MFInt32 texCoordIndex [ #1-1 ,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 (I # (-00,00)

field SFInt32 vOrder 4 #[3, 34]
}
4.3.1.4.2 Functionality and semantics
The NurbsSurface Node describes a 3D NURBS surface. Similar 3D surface nodes are EleyationGrid
and IndexedFaceSet. In particular, NurbsSurface extends the definition of IndexedFa¢eSet. If an
implementation does not support NurbsSurface, it should still be able to display its control polygon as a
set of (triangulated) quadrilaterals, which is the.¢oarsest approximation of the NURBS surface.
The pOrder field defines the order of thelsurface in the u dimension, which is its degree in the|u dimension
plus pne. Similarly, the vOrder field define the order of the surface in the v dimension.
The uDimension and vDimension fields define respectively the number of control points in|the u and v
dimensions, 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 the last
component. These coritrol points form an array of dimension uDimension x vDimension, in a similar way
to the regular grid formed by the control points of an ElevationGrid, the difference being thaf, in the case
of a|NurbsSurface, the points need not be regularly spaced. The number of control points in each
dimension must®e greater than or equal to the corresponding order of the curve. Specifically, the|three spatial
coordlinates \(x; y, z) and weight (w) of control point P;; (NB: O0<j<uDimension > uyOrder and
0 <jk vDimension > vOrder) are obtained as follows:
Pli, T X ——ControtPointit + J UDIMENSIon -
P[i,j].y = controlPoint[i + j*uDimension].y
P[i,J].z = controlPoint[i + j*uDimension].z
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 surface.
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, and their
semantics are analogous to that of the knot field of the NurbsCurve node.

© IS0
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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, texCoordindex, and
set_textCoordIndex have the same functionality and semantics as for IndexedFaceSet and they apply
on the con i i i ] i i i f an
IndexedFaceSet.

4.3.2 Subdivision surfaces

4.3.2.1 Introduction

Subdivision |s a recursive refinement process that splits the facets or vertices of a_polygonal mesh (the |nitial
“control hull”) to yield a smooth limit surface. The refined mesh obtained after each subdivision step is used as
the control hull for the next step, so all successive (and hierarchically nested)‘meshes can be regardgd as
control hulls] The refinement of a mesh is performed both on its topology, as)the vertex connectivity is made
richer and richer, and on its geometry, as the new vertices are positienéd in such a way that the angles
formed by the new facets are smaller than those formed by the old facets,

Figure'3 — Nested control meshes

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

4.3.2.1.1 Piecewisé Smooth Surfaces

Subdivision | sehemes for piecewise smooth surfaces include common modeling primitives such as
quadrilateral|free=-form patches with creases and corners.

A somewhat informal description of piecewise smooth surfaces is given here; for simplicity, only surfaces

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.

10 © ISO/IEC 2011 — All rights reserved
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D H Q1 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 together.
|f tW L oui'fauc patuhcc hGVC a CUITimutnt buuudaly, but d;ffclcl It IIUIIIIG: d;lcut;\n 1o G:UI IH thc b Undary, the

resulting surface has a sharp crease.

Two |Jadjacent smooth segments of a boundary are allowed to be joined, producing a crease ending in a dart
(cf. [B7]). For dart vertices an additional chart Q, is required; the surface near a dart cantbé deformed into this
char{ smoothly everywhere except at an open edge starting at the center of the disk:

4.3.21.2 Tagged meshes

Befofe describing the set of subdivision rules, the description of the tagged meshes is describgd, which the
algofithms accept as input. These meshes represent piecewise-smooth surfaces with featurgs described
abowve.

The complete list of tags is as follows. Edges can be tagged as\crease edges. A vertex with indident crease
edges receives one of the following tags:

4 Crease vertex: joins exactly two incident crease €dges smoothly.

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

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

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

Fiqure 5 — Features: (a) concave corner, (b) convex corner, (¢) smooth boundary/crease,|(d) corner

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.

© ISO/IEC 2011 — All rights reserved 11
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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.
\ |

Figure 6 — 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 (elg: 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
eventin MFInt32 set_texCoordlndex
eventin MFInt32 set_creaseEdgelndex
eventin MFInt32 set_cornerVertexIndex
eventin MFInt32 set_creaseVertexindex
eventin MFInt32 set_dartVertexindex
exposedfField  SFColorNode color NULL
exposedfField  SFCoordinateNode coord NULL
exposedfField  SFTextureCoordinateNode texCoord NULL
exposedfField  SFInt32 subdivisionType 0 # 0 — midpoint, 1 —
Loop, 2 — butterfly, B —
Catmull-Clark
exposedfield  SFInt32 subdivisionSubType 0 # 0 — Loop, 1 — Warren-
Loop
field MFInt32 invisibleEdgelndex 0 #10, )
# extended lloop if non-empty
exposedfField  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 MHRE32 coorchndex [] +# [—1 . w)
field SFBool solid TRUE
field MFInt32 texCoordIndex 1] #[-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

}

12 © ISO/IEC 2011 — All rights reserved
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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.

The SubdivisionSurface node represents a 3D shape formed through surface subdivision of a control
hull constructed from vertices listed in the coord field. The coord field contains a Coordinate node that
defines the 3D vertices referenced by the coordindex field. SubdivisionSurface uses the findices in its
coordindex field to specify the polygonal faces of the control hull by indexing into the céord|nates in the
Coardinate node. An index of “-1” is used as a separator for the control hull faces. The-last face may be
(but gdoes not have to be) followed by a “-1” index. If the greatest index in the coordindexfield is N, then the
Coardinate node shall contain N+1 coordinates (indexed as 0 to N).“Each face of the
SubldivisionSurface control hull shall have:

4 exactly three non-coincident vertices for triangular schemes (midpoint,"Loop and butterfly);

at least three non-coincident vertices for quadrilateral schemes{(Catmull-Clark and extended Loop);

4 vertices that define a planar, non-self-intersecting polygon.
Otherwise, the results are undefined.

The [SubdivisionSurface node is specified in.thé local coordinate system and is affected by the
transformation of its ancestors.

The subdivisionType field specifies the major’subdivision scheme:
1) Midpoint (non-smoothing);

) Loop (4.3.2.2.3.1);

Do

[%)

) Dyn'’s butterfly (cf. [31], [91]);
4) Catmull-Clark (4.3.2:2.3.3).

The pubdivisionSubType field specifies a sub category of subdivision rules in the major subgdivision rule.
For this specification,/for subdivisionType 0 (Loop), subdivisionSubType O indicates [Loop and 1
Warren’s Loop.

A sybdivisionType value of zero and a non-empty invisibleEdgelndex array imply that the extended
Loop scheme (4.3.2.2.3.2) is used.

The mvisibleEdgetndexfieldisusedtosetectcoordimate pairs fromrcoordtodefimrewhichredges should
be tagged as invisible. Consecutive pairs of co-ordinates define an edge; this pair of vertices must belong to
one facet as defined by the coordindex field and may be “interior’ to 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 results are undefined.

From the crgaseEdgeimdex array, the defauttbehavior (andappropriate subdivision rates)for verticas on
crease edgep are defined (4.3.2.1.2) as:

e Vert|ces with exactly one crease edge in their neighborhood are dart vertices,

¢ Vert|ces with exactly two crease edges in their neighborhood are crease vertices,

e Vert|ces with three or more crease edges in their neighborhood are corner vertices.
However, thjs array may not provide a description general enough for all surfaces and three array$ are
provided: cgrnerVertexindex, creaseVertexindex, and dartVertexindex: The information providgd by
these arrays|completes (or overrides) the information in creaseEdgelndex.
The cornerVertexindex field indicates the vertex index of corner vertices.
The creaseNertexIindex field indicates the vertex index of crease‘vertices.
The dartVertexIndex field indicates the vertex index of datt-vertices.
Finally, the sectors field may optionally contain an array of SubdivSurfaceSector nodes that describe

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

4.3.2.2.3 Subdivision Stencils

In order to reduce the angles between/adjacent triangles, the position of each new vertex introduced by the
subdivision process is calculated as a function of some old vertices in the vicinity of the considered edge| The
position of old vertices themselves may be altered as well for that same purpose.

The stencil gf the subdivision- scheme refers to the set of old vertices used to compute a new vertex. The[term
mask, or the set of (averaging) rules, is used to refer to the set of values of coefficients. It determinep the
convergencg of the process and the smoothness degree of the limit surface.

Different magks are necessary for different types of vertices discussed in more detail in the next subclaus

DU

4.3.2.2.3.1 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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(b) r

extraordinary vertices; (d) splitting boundary and crease edges; (e) splitting interior edges
xtraordinary (valence not 4) vertex on the boundary/crease or corner vertex. The values of § and y

an e

The

Loop

p=1

whic

Edgq
tag o
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1 ’ 0
8 3
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1
(a) ®t 8
1 1
8 0 8
3 3 1 1 3
8 8 2 2 ral
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8 8
(c) (d) (e)

bpositioning boundary or crease old vertices;)(c) splitting interior edges not adjacent {

are defined in the text.

coefficient B can be chosen in different ways.

g 1(5 (3 1 2xY _ o
's original proposal was™f = z g— —+—cos7 . In particular, this is g =3/16 fo

/16 for k = 6. Warren proposed later to keep B = 3/16 for k=3, but to have simply p =
N also amounts'to B = 1/16 for k = 6 [84].

rulessare more complex. The rule for an edge point inserted on an edge e is chosen depe
f the.edge and the tags of adjacent vertices and sectors. There are several cases:

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

o boundary
adjacent to

r k=3, and

33k for k>3,

nding on the

e |nthe 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.

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

© IS0

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 wei

ght3/4—-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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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 .

For concave corners, one may use 0, > m/k and for convex corners 6, < m/k. The simplest choice of

0,is 3m/(2
use o/ k fo
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control mesh bounding the sector; 0, for concave and convex corners can be also a-user-de
hanging in the ranges specified above.

is to
veen

fined

f the stencils is followed by application of flathess modification described in.the next subcl
htion is optional for all cases excluding concave corner; in which case it i$ necessary to e
e continuity of the surface.

hess modification

m

d as in previous subclause, let the vector of control points be p” = {p;",p(’)",...,pkfl} (Figd

ript indicates the subdivision level the subscript indicates the point number in the sector.
tep in a neighborhood of a corner vertex is modified-as follows:

5)p+s(ax’ +ax' +a,x’)

ne flatness parameter. a, = (', p) ,1° %17 are limit position and tangent masks defined i

se, and xo,x1 ,x2 are the right eigenvectors also defined in the next subclause. The valid 1

£ 1, with lambda defined assA’=1/2 —1/4(cos0, —cos(n/k)) . Geometrically, the modifieq

een control point positions before flatness modification and certain points in the tangent p
pically close to the(projection of the original control point. The limit position a  of the center v
hanged.
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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

16

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.

o Limit position and tangent masks

For each type of vertex (interior, smooth crease, corner, dart) there are masks for computing'the [limit position
of this vertex and two tangent vectors at this vertex. The limit position masks are denoted [%-and|limit tangent

positjon masks are denoted / "and I* respectively. A subscript ¢ denotes the coefficient-correspgnding to the
centegr vertex. Once two tangent vectors are obtained by applying the masks, the narmal can be computed as
the gross-product of the two. In addition we define right eigenvectors in each ¢ase which are necessary for
flatngss modification. Recall that dominant right eigenvector X" is the vector censisting of ones

Untagged interior or dart vertex of degree k. In all cases i is in the.fange 0...k — 1 and0, =2n/k.

. 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,,

! :%sini@k, I :%cosiﬁk,

l

Smooth crease vertex of crease degree k. Let 0, = /k
1°=2/3, I'=01=1/6, 4520, i=1...k-1
For k=1,

xi==1/3,x £ =2/3,x2 =0,x] =1,x; =1

I'=—1 1= =1/2,1> =0,12 =1/2,17 =—1

Othenwise x' = x> =1' =0,

T .. 2 _ : T
x; =sinif,, x; =cosif,,i=0...k

10=1/2,1) ==1/2,1' =0,i=1...k
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where
l(1+cos9,{) 2—a
a=-2 p=-3
1 1 k€
3(=——cos0 cos—>
g% 2
: cosﬁsinek
sin0, 2
G =—— Gy =—"——
1—-cos6, cos{—cos0,
€ =arccos(cosB, —1)

Convek/concave corner vertex of crease degree k with parameter 0, . Let® = 0, .

=11 =0,i=0...k

x=a]=0,xt =300 o _sink =08, o
' sin© sin

I'=-1f1,=1,1'=0,i=0...k—1

I2=-11;=11'=0,i=1...k

4.3.2.2.3.2

Extended Lqop is an enhancement of the well-known triangle-based Loop subdivision algorithm that a
the designen to work with quadrilateral-based models which areybetter suited to capturing the symmetri
man-made objects, while ensuring that the visualisation process can be optimised for a triapgle-

natural and

Extended Loop subdivision

only rendering pipeline. Furthermore, unlike quadrilateral-based subdivision schemes such as Catmull-Clark,

extended Lo
efficient rend

e Sten
Extending L

introduced d
information

pp offers the model designer exact control over the final model triangulation, which is essential for
ering of low polygon models.

bop to handle arbitrary meshes\requires the addition of edge visibility tags for edges that are
uring triangulation and are.nof-part of the original control hull. The introduction of edge visjbility
vill clearly affect the vertex and edge subdivision rules.

18
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(d) ®
ure 9 — Stencils of extended Loop subdivision for repositioning interior(smooth and
and boundary/crease old vertices and splitting interior (d), (e) and boundary/crease

e 9 shows the extended Loop subdivision stencils_uséed for repositioning old vertices (as W
, corner vertices are never moved) and ‘splitting edges both on the surface
daries/creases. Solid lines indicate original ‘centrol hull (visible) edges while dashed li
ble edges. It is clear from the stencils (a), (b)and (c) that repositioning old vertices with exte
ical to standard Loop if invisible edges are ignored, with one exception (b). If a vertex hag
e edges in its neighborhood, then thelinvisible edges are included in the calculation. If 3
e then the stencils are identical to stanidard Loop subdivision.
: . 1

ith standard Loop subdivisior), f = —| ——

o

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

1

5 271
+—CcoS—
k

3

2
j J where k is the number of

stencil for splitting boundary/crease edges (Figure 9f) is also identical to standard Loop, W
or edges depends on whether the edge in question is visible (Figure 9d — left) or not (Figur
ith the old‘vertex repositioning stencils, the edge split stencils try to employ vertices at the “
e edges-ohly, ignoring invisible edges completely. Identifying visible edges at each side
oint involves a clockwise and/or counter-clockwise search around the endpoint neighborhd
t.in‘the same vertex for both sides or no visible edges in which case the endpoint is assi

16:2011(E)

art) (a), (b)
dges.

ith standard
nterior and
hes indicate
nded Loop is
two or less
Il edges are

isible edges

b).

hile splitting
e 9d — right).
bther end” of
of the edge
od and may
gned the full

ision.

ht (Figurn Qn) Agnin ifall ndgnQ are \/ieihln, the stencils are identical to standard | o0op. subdiy

Visibility propagation

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.

© ISO/IEC 2011 — All rights reserved
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Figure 10 — New edges created when splitting an edge in two.

Two edges
Of the other
left. If we la
dividing the

and is chang
should be. G
for example,

vill be the two halves of the original edge E - these simply keep the visibility of the original §
four new edges, two edges will be to the right hand side of the original edge, and two,more
pel these edges clockwise as e1, €2, e3 and e4, these connect to other new points ‘creatg
briginal edges labeled E1, E2, E3 and E4. The visibility of the new edges is initialized to inv
ed to visible if the lookup of the combination of E, E1, E2, E3 and E4 in Table1 indicates that it
learly, the visibility of each of e1, e2, €3 and e4 is not uniquely determined by splitting E alon
also depends on the visibility lookup for splitting E1.

Table 1 — New edge visibility lookup table

pdge.
to its
d by
sible

e; el,

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,||le, e, e; ey

v
v v v Y v
v v
v v v v v | v
v v v v
v v v v v v
v v v v v
v v v v v v v | vV
v v v v | v
v v v | v v | Vv v
Ve 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

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

we call “right” to start with.

20

so it is unimportant which side of the original edge

© ISO/IEC 2011 — All rights reserved


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

ISO/IEC 14496-

¢ Vertex normal calculation

16:2011(E)

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 desired
normal:

Fi

For

n=t xt,

vk

(b)

L= e, v, tevy+aa ey,
t, =[c,v, + v, +e vy +. e v GV
where:
7T
¢, =|cos—
k
For oundary, crease and corner vertices (Figure 11b), each sector between pairs of boundary/c
will Have a different’pair of tangent vectors that are defined as:
L=V, =
f =2vy +v, +v,, k=2
, Vy =V, k=3
2] —2v -y 20, 420, v, k=4
W Wy, Wiy, o w iy, k>4
T . )
where, for@ = —— , w; is defined as:
k-1
sin @, i=li=k
" |(2cos@-2)sin((i - 1)), 2<i<k-1

© ISO/IEC 2011 — All rights reserved

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

interior smooth and dart vertices of valence k (kigure 11a), the tangents are defined as the weighted
averages of the positions of the neighborhood vertiées'(v; where i €[1, k]):

rease edges

21
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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.

i 1
4 ri
L ]
i 1
4 4
¥
(a) k
A 4
5 76
¥
3 3 -
3 s k
e e
16 15
(d)
(b)
—— L 4 ‘
1 1 4 3 4
2 z 8 i F

Figure 13 — 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 rile 5 =3/2k and 5 =1/4k (e) smooth
boundary/crease-vertex rule.

There are thyee types of rules: vertex rules used-i0 update old vertex positions, edge rules used to inser{ new
vertices for gach edge, and face rules used to'insert 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-2 . 1 (& . .
1 1
plt==——pl+=| 2 p +a
k k™ \'S

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.

e For boundary/crease vertices, it is the spline rule identical to the one used for the Loop scheme. The
corner vertex positions are never changed.

Afterfthe first subdivision step the mesh consists only of quadrilaterals and the subdivision rules dre described
in (Rigure 12 and Figure 13). The vertex and face rules are essentially the same; theymasks$ are shown
in Figure 12. As in the case of the Loop scheme edge rules are more complex:

4 In the absence of tags, the standard edge rules are applied (Figure 14b).
4 If a crease edge e is split and no endpoint is tagged as a dart vertex ,rules of Figure 14c are used.
4 If one of the endpoints is a dart vertex, the standard edge rule is,used (Figure 14b).

4 If one endpoint v is tagged as a corner or smooth crease and)the edge e is not a creas¢, a modified
rule shown in Figure 6 is used, with parameter y chosen‘as¥(6,) =3/8—1/4cos 8, . Exactly like for

Loop scheme, for a smooth crease vertex, 8, = 7 /k , where k is the crease degree of v|in the sector

where e is. For a comner use 6, =/ k, where a > 7 for concave corners and & < 7 for convex
corners.

4 If both endpoints are tagged as corner orismooth crease, then the average of the masksjgiven by the
rules above is taken.

Application of the stencils is followed by application of flatness modification described in the next subclause.
This |modification is optional for all cases excluding concave corner; in this case it is necessary to ensure
tangént plane continuity of the surface.

4 Flatness modification

The flatness modification.is.similar to the one used for Loop scheme, but the vector of control points has to
include one more group" of points [qgl,...,q,'f_l] as shown in Figure 14. The superscript ipdicates the
subdjvision level the 'subscript indicates the point number in the sector.

q'in.
m
Py q ;n, +1
1 m
P ;77 * P1 m
p {n, +1 90

1

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

Pc

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:

p"r=>0-s)p+ S(aoxo + alxl + azxz)

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

next subclau

se, and xo,xl,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

. 1 . .
caseitis 1 <1 S wittrtfambdadefined-as
20
1 1, 1 2 2 4 2
M= —y+—|c? +—1/64y% +32c7y — 48y + 4c* +4c% +9
2 8 16
and
/s
C=COS—
2k

The default {
to 1. Better \

Optionally, a
surface appr

e Lim

Interior or dg

4.3.2.234

In addition tq
corner vertic
can be used

Specifically,
vertex or a1

step for bot

used is the

latness parameter can be set to zero for all cases except concave corners, in which case it
isual results are obtained for the values close tos =1—1/A41).

user-specified flatness value can be associated with any vertex and used to control how fas
paches the tangent plane.

t position and tangent masks

rt vertex of degree k. In all cases i is:if‘'the range 0...k —1,and0, =2n/k .

Normal control

b the flatness modification which insures that the surface is tangent plane continuous at con
es and provides additional shape control at other vertex types, a similar modification mechg
to control the tangentplane of the surface as shown in Figure 15.

ormal for aninterior vertex then the following modification can be applied after each subdiy

same“as in the subclauses describing flatness modification above, a; and a’, denote

s set

t the

cave
nism

if the user prescribes tangent vectors or the normal for a sector at a corner or smooth boundary

ision

h Loop-and Catmull-Clark surfaces, p"”' = p+t((a] —a,)x' +(a}, —a,)x’)where the notation

the

prescribed tangents and ¢ is a user-specified parameter0 <¢ <1, by default set to 1. If only the nornpal is

prescribed, 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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(<l (d)

4.3.2.3 SubdivSurfaceSector

4.3.2.3.1 Node interface
SubdivSurfaceSector { #NDT=SFSubdivSurfaceSectorNode
field SFInt32 facelndex
field SFInt32 vertexindex
ekposedField  SFInt32 tag
ekposedField  SFFloat flatness
ekposedField  SFFloat theta
ekposedField SFVec3f normal
ekposedField SFFloat normalTension

4.3.2.3.2 Functionality and semantics

The

sectq

respectively in the parent SubdivisionSurface node.
The tag field indicates the'type of sector (Figure 16):

Tag value

0

facelndex field contains the index of the face and the vertexindex field contains the ve
r is attached to. The indices\refer to point index and face index from coord and coord

ire 15 — Normal interpolation. (a) Surface with convex corners. (b) Prescribed directiol'ls: at each
er we tilt the normal for one surface sector slightly inwards. (c) Smooth surface.'(d) S
mesh but all normals vertical.

me control

0 # face index from coordindex
0 # vertex index from coord

0

0

0

000

0

ex index the
ndex fields

Semantic

No corner sector

Convex sector

o 4
wulitavtc SCU Ul

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: O indicating

no modified flatness, and 1 indicating

maximal flatness. This parameter is denoted s in Loop and Catmull-Clark rule definitions above (Figure 17).

% Y Ya

The theta fleld is an angle used to control the shape of the corner;
definitions afpove (Figure 18).

Figure 18 — Influence of theta

The normal ffield specifies the desired normal at the verfex (Figure 19).

The normalTension field is the influence of the narmal between 0 and
the formulas|for normal modification (Figure 19):

4.3.2.4 WayelétSubdivisionSurface

A WA

Best value

Figure 19 — Prescribed normals and tension parameter.

y

this angle is denoted @, in the mask

1, 0 meaning no influence; denoted ¢ in

4.3.2.4.1 Node interface

WaveletSubdivisionSurface { #NDT=%SF3DNode

exposedField SFGeometryNode baseMesh
exposedField  SFFloat frequency
exposedField  SFFloat fieldOfView
exposedField  SFInt32 quality

}

26
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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.

The WaveletSubdivisionSurface node is used to represent adaptively multi-resolution polygonal models. It
allows representing at any moment a 3D-model at a resolution that depends on the distance of the object with

respgcttotheviewpoimt—Transmissiomof suchramodetconsists oftwo parts—a base mest;,whi
the model at the coarsest level of detail, and series of refinements (wavelet coefficients) that can
one ¢r more elementary streams (see the bitstream definition in 5.3.1.1).

ch describes
be carried on

The paseMesh field shall specify either a SubdivisionSurface node or an IndexedFaceSet. If baseMesh is

as

expli
namé
value

NOT
the n

The
the b

The
back

The
[0...9
expli

The

bdivisionSurface, the stream containing the mesh shall consist of a single @¢cess unit, 3
Citly instantiated as a SubdivisionSurface. The structure of this SubdivisionSurface will b
bly deletion and insertion of new faces and/or vertices is explicitly forbidden. However, 1
s of the coordinates is allowed. If baseMesh is an IndexedFaceSet, it.is required to be man

E
ode.

Instantiating explicitly baseMesh as a SubdivisionSurface or IndexedFaceSet alloy

erminal is responsible for maintaining an internal representation of the mesh to be rendered
aseMesh to which the downstream data must be applied.

channel stream if it exists.
puality field allows parameterizing the quality of the rendered object. The range of values fq

] where 0 stands for low quality, 1 for nérmal quality, 2 for best quality. Those values don’t
Cit semantic, that is, it is a hint for the.ferminal.

container. That is, the player has access to the baseMesh field.

aind it will be
e preserved,
eplacing the
fold.

Vs animating

consisting of

frequency field gives a preferred frequency at which the terminal shall give its state by the means of the

r this field is
have a more

player sees the WaveletSubdivisionSurface node as a SubdivisionSurface or IndexedFaceSet node

4.3.3 MeshGrid representation

4.3.3.1 Introduction

The | peculiarity)of* the MeshGrid representation [68] is that it defines the object's wir¢frame (see
e.g. Figure 20a) by (1) describing the connectivity between the vertices located on the surface of the object by

a so;
3-D ¢

calledsconnectivity-wireframe (see Figure 20b), and (2) positioning these vertices in relation
yrid of points, i.e. the reference-grid (see Figure 20c).

to a regular

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

© IS0

/IEC 2011 — All rights reserved
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h'd

(d) hierarchical mesh

=

& =t

~/T

(e) hierarchical reference-system

a) MeshGrid humanoid

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

he reference-grid (RG) — the reference-system of the/MeshGrid model.

e-grid (see Figure 20c) is the reference system.upen which the MeshGrid model is built, g
ne intersection points between three sets of reference-surfaces S,,S,,S,, as given by follg

&;&;%}

b position (u,v,w) of a reference-grid point represents the indices of the reference-suri
intersecting in that point;”while the coordinate (x,y,z) of a reference-grid point is equal t

f the computed intersection point.

the same resalution level being displayed in the same color in the example from Figure 20e.
e system-should be chosen according to the topology of the object, i.e. it has higher density

ure 203 'the reference system is adjusted for traversing the anatomical articulations (joints) g

nd is
wing

aces
b the

ution model is ,designed by choosing a hierarchical reference-system, the reference-surfaces

n(1)

the curvature is high, or (2) places that are deformed during the animation. For the humanoid

f the

erdo be able to virtually split the resulting seamless connectivity-wireframe into mean

ngful

anatomical p

arts{suchas the shoutder, etbow, 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 intersecti

28

on 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).

(@) (b) (c) (d)

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

A MgshGrid mesh allows view-dependent streaming (se&(5.2.3) and particular animation possibilifies, such as:
hierdrchical grid animation, and offset based animation\(see 4.3.3.3).

4.3.3.2 MeshGrid

4.3.3.2.1 Node specification

© ISO/IEC 2011 — All rights reserved

MeshGrid {
epventin MFInt32 set_colorindex
epentin MFInt32 set_coordindex
epentin MFEInt32 set_normallndex
epentin MEInt32 set_texCoordIindex
ekposedField SFColorNode color NULL
ekposedField SFCoordinateNode coord NULL
ekposedField SFInt32 displayLevel 0
ekposedField SFInt32 filterType 0
ekposedField SFCoordinateNode gridCoord NULL
ekposedField SFInt32 hierarchicallLevel 0
ekposedField MFInt32 nLevels 1
exposedfietd SHNormmatNode mormat NUttE
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
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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
as a binary
stream (see
nVertices.
when the de
to make sur

description ¢

grid) fields n

The nSlices field specifies the number of slices of the three sets {Sy,Sy,Su} of reference=surfaces de

the referenc
respectively

direction equ

direction the

be found in §

The nLevel
levels in the

equals to nl
detail can bsg

The gridCo
equal (1)
nSlices[0] x

corners, and

corners. The
cyclic, only

replaced by
the referenc
position, wh
w €{0,...,nS
reference-gr
MeshGrid n(
overridden

gridCoord
a hierarchicg

The vertex
decoding of
then the con

the MeshGrid node can be encoded either (1) by BIFS, or (2) as a binary stream. When encoded
stream, the following fields of the MeshGrid node will be initialized when decoding the binary
5.2.3.2.36): nSlices, nLevels, gridCoord, coord, coordindex, vertexOffset, vertexLink,
The isLoading flag is set to true while decoding the binary stream, respectively becomes false
frrg-fim i ' fmprder

e that the decoder has finished modifying them. If encoded by BIFS only the vertexLin
f the connectivity-wireframe) and vertexOffset (the vertices’ offsets relative to the'referg
bed to be decoded, as explained in 5.2.3.3.1 and 5.2.3.3.3.

ining

[0],
ne W
he W
| can

b-grid at the last resolution level. The number of slices in the U direction equals to nSlice
the number of slices in the V direction equals to nSlices[1], and the number of slices in
als to nSlices[2]. The minimum number of slices in the U and V directions is “2” while in t
minimum number of slices is “1”, in which case the reference-grid is single layer. More deta
.2.3.3.4and B.1.2.

ution
ction
More

is field defines the number of resolution levels of the MeshGrid mesh. The number of reso
U direction equals to nLevels[0], respectively the number of resolution levels in the V dirg
Levels[1], and the number of resolution levels in the{W direction equals to nLevels[2].

found in B.1.2.

brd field defines the reference-grid points. Theyhumber of reference-grid points can be gither

to the number of reference-grid >corners or (2) to the following alue:
nSlices[1]x nSlices[2] . In case (1), the values represent the coordinates of the referencg-grid
the decoder will generate a regular distributed reference-grid based on the coordinates of these
number of corners can either be 1, 2,4 or 8 depending on the type of model, i.e. single layef and
single layer, or generic. In this case the gridCoord buffer is resized and its initial values are
the computed coordinates of the-grid points. In case (2) the values represent the coordinates of
b-grid points. Any point from”the reference-grid can be addressed by a distinct (u,v,w) discrete
bre {u,v,w} are integer values in the range: u € {0,...,nSlices[0] -1}, v €{0,...,nSlices[1] -1} | and
ices[2] —1} . Given u the row index, v the column index, and w the plane index, the ordering of the
d points in the gridCoord buffer is row first, column second, and plane third. When the
de is initialized from a binary stream, then the contents of gridCoord is ignored, and it will be
vith the coordinates decoded from the binary stream as explained in 5.2.3.3.2. When the
field is updated by BIFS, the coordinates of the grid points that did not change can be updated in
| way as(éxplained in 4.3.3.3.1.

The
eam,

| ink_field defines the connectivities between the vertices in the connectivity-wireframe.
the\.contents of this field is explained in 5.2.3.3.1. If the node is initialized from a binary stn
ent 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
(see 5.2.3.3.
from the coo

30

field is filled with the coordinates (x,y,z) of the vertices, as result of the decoding procedure
1). Its contents, if any, will always be overridden. The coordinates of the vertices can be derived
rdinates of the reference-grid points as explained in 5.2.3.3.1.

© ISO/IEC 2011 — All rights reserved


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

ISO/IEC 14496-16:2011(E)

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.

The filterType field defines the type of filter used for the hierarchical interpolation of the reference-grid points
during the animation.

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
are in the range [0, maxLevel], where maxLevel is the maximum value between nLevels[0], hLevels[1],
nLeyels[2]. More detail can be found in Annex B.1.2.

The [fields normal, normalindex, texCoord, texCoordindex, color, colorindex, and solid have the
same semantic as for the IndexedFaceSet node.

4.3.3.3 Animation Extensions

4.3.3.3.1 Hierarchical interpolationof the reference-grid points

In c3se of a multi-resolution MeshGrid model, animating the hierarchical reference-grid can bg¢ done on a
hierdrchical basis, more precisely any change in the coordinates of reference-grid points, i.e. the gridCoord
field (see 4.3.3.2.1 and 4.3.3.2.2), at a certain resolution level will trigger a local update of the cgordinates of
the reference-grid poinis.belonging to a higher resolution level. The new positions of the referenge-grid points
belonging to resolutien‘level (/+1) can be computed from the new positions of the neighboring re¢ference-grid
points at resolution.lével (/) via an interpolation method based on “Dyn’s four point scheme for curves” [30].

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

PHl = APZIZI + (_W ) [)21n—3 + (05 + W) ) [)2171—1 + (05 + W) ’ P21n+1 —w: f)21n+3)

2n

APZIZI = 1)2121 + (_W P)2ln—3 + (05 + W) ’ P2ln71 + (05 + W) ’ PZInH —w: P2ln+3)

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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I+1
P

2n- 1 2n+1

1
P

2n-2

1+1
P

2n+2

2n-3 2n+3

Fig

The hierarc|
may changq

ire 22 — Dyn’s four point scheme for curves applied for the hierarchical MeshGrid.

hicalLevel field specifies the resolution level at which the grid points, i.e. the gkidCoord
. The interpolation of the grid points will take place only for the range of resolution |

[hierarchicalLevel + 1, nLevels — 1]. If the value of hierarchicalLevel > nLevels — 1 than no interpo

occurs. In t
simultaneou
according to

The position

43.3.3.2 R

The relation
the 2D cross

Any refereng
belonging to
the discrete
vertices are
o Asf¢
tow

4

q

G1

ne third case, when hierarchicalLevel = -1, grid points may change at’any resolution
5ly, the points that change are detected, and the interpolation of the remaining grid points is
equation above.

of the vertices is updated from the grid positions as explained in"4,3.3.3.2.

elationship between the reference-grid points and vertices

5hip between the vertices of the connectivity-wirefrafne ‘and reference-grid points is explain
-section of Figure 23, in which the reference-grid is‘put on top of the object’s section.

e-grid line / (label 1) is the result of the intersection between two reference-surfaces S; an
two different sets (see 4.3.3.1.1). Every vertex V, lying on a contour (label 2) of the object, s
bosition (u,v,w) — which has been derived during decoding — of the grid point it is attached to
related to the reference-grid points in two different ways, as follows:

hown in Figure 23a-b, vertex V is-positioned in-between two grid points, one inside the obje

7
nd G2 is given by the scalar offset (label 3) expressed by offset :‘ with offset €

GG,

Because offset indicates the fractional position between G1 and G2, any displacement of G1 ¢

(see
V: d

As il

the example:of Figure 23 (b)) is automatically reflected in an update of the coordinates (x,y

W:£+G1G2-offset.

usirated in Figure 23c, vertex V is attached in this case to a grid position G belonging to a si

field,
pvels
ation
level
done

ed in

d S,
fores
The

ct G1

hich it is attached, and one outside the object G2. The relative position of vertex V with respgct to

[0,1).

r G2
z) of

ngle-

ative

layek

rafarance-arid i o the numhar of slicas-is saualta 1 in ona of thae f11 v w diractions The re
Feiefeh gHa—-8—Re-Rtmbel-oi-s+ . gua—+te——-0h HREe-UWa-GH HORS—-R6

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

offset

GV
éAmero'S 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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Figlire 23 — A cross-section through a 3D object, illustrating the contour of the object, the

grid

NOT]
grid i

The

4.3.3

The

Shap|
aj
m

(@) (b)

and the relation between the vertices (belonging to the connectivity-wireframe and lo
surface of the object) ahd the grid points.

E In equations above O denotes the origin of the reference coordinate system in which th
s defined.

.4 Examples
ollowing example loads a'VRML MeshGrid node.

e {

pearance Appeatrance {
hterial Material {
diffuseCelor 1.0 0.0 0.0
ambiefitintensity 0.1

}

conétry MeshGrid {
A8lices [ 3 3 3 ]

bffsets of the vertices are stored in thelvertexOffset field of the MeshGrid node (see 4.3.3.2).

reference-
cated at the

e reference-

nleovelg 1

displayLevel
hierarchicallLevel O
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

[

0.500000
0.200000

0.200000
0.500000

4.3.4 MorphSpace

4.3.4.1 Introduction

Morphing is
that change

extension of
collection of|

collection re
vector. The

collection of farget geometries.
4.3.4.2 MorphShape node
4.3.4.21 Syntax
MorphShapg{ #%NDT=SF3DNode,SF2DNode
exposedfrield SFInt32 morphlD
exposedfrield SFShapeNode baseShape
exposedfrield MFShapeNode targetShapes [1
exposedfrield MFFloat weights [1
}

4.3.4.2.2 Semantics

morphlID - a
run-time.

baseShape
geometry su

targetShape
definig an aj

Mmainly an interpolation technique used to create from two objects a series of intermediate ok
continuously, in order to make a smooth transition from the source \torthe target. A str
the morphing between two elements —the source and the target- consists in consideri
possible targets and compose a virtual object configuration by ayeighting those targets.
presents a basis of animation space and animation is performed\by simply updating the w
following node allows the representation of a mesh as a combination of a base shape 4

unique identifier between 0 and 1023 which allows that the morph to be addressed at anim

pported by)ISOIEC 14496 (e.g. IndexedFaceSet, IndexedLineSet, SolidRep).

s & ‘a’vector of Shapes nodes representing the shape of the target meshes. The tool use€

jects
aight
ng a
This
eight
nd a

ation

— a Shape{node that represent the base mesh. The geometry field of the baseShape can bg any

d for

g the

appearance and the geometryof the base shape (e.g. A if the baseShape |s deflned by usmg IndexedFaceSet

all the target

shapes must be defined by using IndexedFaceSet).

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,

i=1

with M —morphed shape, B — base shape, T; — target shape i, W; — weight of the T,.

34
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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.

4.3.5 MultiResolution FootPrint-Based Representation

4.3.5
Multi

footp
reprd

4.3.5

4.3.5.2.1 Node Interface

FooltPrintSetNode { #NDT=%SFGeometryNode

()

}

4.3.5.2.2 Functionality and semantics

The

contains currently FootPrintNode representing‘the set of footprints rendered from the current vie

list c
This
cartg

4.3.9.3 FootPrintNode

4.3.9.3.1 Node Interface

FooftPrintNode {\ #NDT=%SFGeometryNode

e
e

}

.1 Introduction
Resolution FootPrint-Based representation is a solution to represent any set(of* objeci

rints (a set of IndexedLineSet, or for a near future, buildings, cartoons...). The*main intg
sentation are its progressivity, view dependency, and compression.

.2 FootPrintSetNode

kposedField MFGeometryNode children 1

children field specifies the list of all footpfints rendered according to the current viewpg

An be updated at each displacement of-the viewpoint in order to adapt the scene complexity
representation can be extended to“be used with any object based on footprints such
ons, etc. In this case, the children-ield can contain BuildingPartNode to represent buildings.

kposedField«.\'SFInteger index -1
kposedField— SFIndexLineSet2D footprint NULL

4.3.q.3.2 Functionality and semantics

s based on
rests in this

int. This list
wpoint. This
to the view.
hs buildings,

Index: this is the index of the node corresponding to a footprint elevation at a specific level of detail. This
index 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
exposedField
exposedField
exposedField
exposedField
exposedField
exposedfield

exposedfield

}

SFinteger index -1
SFIndexLineSet2D footprint NULL
SFUnsigned integer buildinglndex -1
SFFloat height 0
SFFloat altitude 0
MFGeometryNode alternativeGeometry []
MERoofNode roofs []
MFFacadeNode facades 1

4.3.5.4.2 Functionality and semantics

Index: this i
index is essq
the client (th

s the index of the node corresponding to a footprint elevation at a specific-1evel of detail.
bntial for streaming, due to the synchronization between the representatiop<on the server ar
s index will be sent to the server as a refinement request).

Footprint: tV[is is a IndexLineSet2D describing the footprint.

buildingind
group of buil

Height: this
Altitude: thi

alternatived
building. Thi
example to
the footprint;

roofs: this id
elevation.

facades: this
building part
of the polygg

4.3.5.5 RodfNode

43.551 N

RoofNode

x: this is the index of the building to which this part is connécted. A building corresponds
ding parts having the same buildingindex.

s the height of the building.
5 is the altitude of the building (corresponding to the floor of the prism).

eometry: this is a geometry node corresponding to an optional object used to replace the n¢
S alternative geometry can be used to swap a building with a more detailed model (use]
eplace a footprint elevation based modetof a monument, by a more detailed model). In this
based elevation model will not be rendered, since the alternative model will be.

a node array allowing to describe‘complete roofs that will be reconstructed on top of the foo

is a node array allowing*to describe in detail the modelling of the fagades corresponding t
The size of this array.corresponds to the number of facades, equivalent to the number of ¢
n defining the footprint.

ode Interface

This
d on

rmal
d for
case,

tprint

b this
dges

{#NDT=%SFGeometryNode

exposedField
exposedField
exposedField
exposedField
exposedField
exposedField
exposedField
exposedField
exposedField
exposedField
exposedField
exposedField

36

SFinteger type 0
SFFloat height 0.0
MFFloat slopeAngle [0.0]
SFFloat eaveProjection 0.0
SFint edgeSupportindex -1
SFURL roofTextureURL
SFBool isGenericTexture TRUE
SFFloat textureXScale 1.0
SFFloat textureYScale 1.0
SFFloat textureXPosition 0.0
SFFloat textureYPosition 0.0
SFFloat textureRotation 0.0

© ISO/IEC 2011 — All rights reserved


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

ISO/IEC 14496-16:2011(E)

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
angle.

eaveProjectionmthisTsthe projectiomof theeave {usefess for ftatToofs):

edgeSupportindex: this is the index of the edge in the footprint that supports the roof (use ‘only| for Salt Box
roofs)

rooffextureURL.: this is the URL of the texture that is orthogonally mapped onto th&roof
isGenericTexture: this specifies whether the texture mapped onto the roof is generic or not. In the case of a
generic texture, the reference system is centred on the top left vertex of the roof par, and axed
perpendicularly to the gutter. In the case of an aerial photograph, the reference system is centrefd on the first
vertax of the footprint, and axed on the world coordinate system.
textyreXScale: this is the scaling of the roof texture along X-axis
textyreYScale: this is the scaling of the roof texture along Y-axis
textureXPosition: this is the displacement of the texture along X-axis

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

textureRotation: this is an angle in radian specifying the rotation to apply to the texture.

4.3.9.6 FacadeNode

4.3.5.6.1 Node Interface

FacadeNode { #NDT=%SFGeometryNode

ekposedField SFKFloat WidthRatio 1.0
ekposedField  SFFloat XScale 1.0
ekposedField. \"\SFFloat YScale 1.0
ekposedField- SFFloat XPosition 0.0
ekposedField SFFloat YPosition 0.0
ekposedField SFFloat XRepeatinterval 0.0
ekposedField  SFFloat YRepeatinterval 0.0
ekpoesedField SFBool Repeat FALSE
exposedField SFURL FacadePrimitive
exposedField  SFinteger NbStories 0
exposedField  MFInteger NbFacadeCellsByStorey 0
exposedField  MFFloat StoreyHeight 1.0
exposedField MFFacadeNode FacadeCellsArray 1

}

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

to the current one.

This scale is very important as the model can be used for different buildings, and must be adjusted

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

NOTE T
to the curren

XPosition:
FacadePrim
cell.

YPosition:
FacadePrim
cell.

Repeat: thig
the father ng

NOTE T

FacadePrim
onto the cell

to the scale to apply on the model in Y-coordinate.

his scale is very important as the model can be used for different buildings, and must be adj

Jsted

t one.
this is a parameter allowing moving in X-coordinate the model in the cell defined by
tiveArray of the father node. This position can be essential to place a primitive in the.céntre ¢

this is a parameter allowing moving in Y-coordinate the model in thencell defined by
tiveArray of the father node. This position can be essential to place a primitive in the center

de.

itive: this is a link to the corresponding primitive (Texture or 3D model) that have to be ma

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

NbFacadeC
essential to

now on which storey corresponds a celliin FagadeCellsArray.

StoriesHeigI-t: this is an array specifying the height of each storey.

FacadeCell
and/or a fq
NbFacadeCs

4.3.6 Solid

Solid repres
language for

Array: this is an array of FagadeNode that links each cell to a facadeNode (another array of
cade primitive like a texture or a 3D model). The size of this array is the sum ¢
llsByStoreyli] , for all i from O to NbStories.

representation

bntation includes 3 geometry nodes (Implicit, Quadric and SolidRep) and extensions of the
implementation of the Arithmetic of Forms.

nis is essential for texture mapping, or to regularly repeat a-model of windows all over a fagade.

the
f the

the
f the

is a Boolean that is TRUE if and only if the model has to be repeated all over the cell defingd by

pped

pllsByStorey: this is an array that defines the number of cells by storey. This parameter is

cells,
f all

script

4.3.6.1 SOHF modeling nodes

4.3.6.1.1

43.6.1.1.1

Implicit

Node interface

Implicit { # % NDT = SFGeometryNode

38

exposedField
exposedField

exposedField
exposedField
exposedField

SFVec3f bboxSize 2.02.02.0

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

SFBool solid FALSE

SFBool dual FALSE

MFInt32 densities [] #(1,2)
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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:

The implicit equation that defines a hyperplane, is as follows:

aXyre X te. X.te: X5=0

The |mplicit equation of the second degree that defines quadrics, is as follows:

2 2 2 2
CoX0+C1X0X1+C2X1+C3X0X2+C4X1Xz+C5X2+C(,X0X3+C7X1X3+CSX2X3+C9X3: y

The |mplicit 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

In the above equations, the point coordinates were made homogeh€ous by the addition of a fourfh coordinate
Xs.

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

densgities has 2 values: the first value is the density code associated to the skin and the second value is the
densijty associated to the inside.

The purface is only created when the nede is displayed allowing its inclusion into a SolidRep node. The
origim 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.

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

The bise of bounding(boxes for Implicit nodes makes it possible to limit infinite surfaces.

The densities_dre-used when including the primitive into a SolidRep node with solid operation| The density
valug is an Int32 and can be encoded.

As albenefit of the implicit definition, the function isOutside (Point &p) will return 3 values:

o 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

exposedField SFVec4f P3 0010

exposedField SFVec4f P4 0101

exposed(fField SFVec4t P5 00T1

exposedfield SFBool solid FALSE

exposedfield SFBool dual FALSE

exposedfrield MFInt32 densities 1 #(1,2)
}
4.3.6.1.2.2 |Functionality and semantics
The Quadrjc geometry node defines a second-degree implicit surface by using,8 geometric control poin
bboxSize:bgunding box dimension.

The 6 geometric control points of the quadric, in projective coordinates are:

PO, P1: 2 po|
P2, P3: 2 po|
P4, P5: 2 pa
solid: solid
dual: unary

densities: 2
density asso

Each point i
are relative t
the pointis g

This node ¢
coefficients
tetrahedron

nts tangent to the quadric

es of the construction tetrahedron

ssing points of the quadric

TRUE) or surface (FALSE)

juality operation to be applied to.olume initialization. Implies solid == TRUE.

values: the first value is.the’density code associated to the skin and the second value i
ciated to the inside.

defined using homogeneous coordinates allowing the point to be sent to the infinity. The v
p the unitary bounding box (from —1 to +1). If the absolute value of a coordinate is greater th
utside the bounding box.

reates an Implicit node of the second degree through a geometric interface. The polyn
will e “calculated according to the geometrical construction method using a constry
hnd ,2-passing points as described in the Quadric’s construction mechanism.

ts.

5 the

hlues
an 1,

bmial
ction

The quadric surface is only created when the node is displayed allowing its inclusion into a SolidRep node.
The origin of the axis system is the bounding box’s center. The surface will be clipped by the bounding boxe. If
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 continuous volume deformation is implemented by moving the control points.

The densities are used when including the primitive into a SolidRep node with solid operation

(see 4.3.6.1.

40

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
intersect in space at the two contact points on the tangent planes.

Figure 24 — Quadric’s 6 geometric control points

The [sphere in the above figure is constructed with_the help of two circular sections belorn
perpendicular planes. The two points P2 and P3 that'serve as poles have been sent to infinity,
along the Y-axis and the Z-axis (fourth coordinate.equal to 0).

ging to two
respectively

to P5, such
poles of the
r the quadric

In gg
that
quad
defin|

neral, for any quadric - projective, affine-or metric - we shall define just six control points, P(
P0 and P1 are two contact points on.two tangent planes to the quadric, P2 and P3 are two
ric and therefore belong to the two tangent planes, and P4 and P5 are two passing points fo
ing two conic sections of the quadric in the planes P0-P1-P2 and P0-P1-P3.

Itis
quad

possible to determine the~10 coefficients of the quadric's general equation from the previougly described

ric's geometrical construction system. (Reference: [63] — pages 100 — 114).
L

Projective Coordinates System

der to defingxall'the quadrics with the 6 control points, it is imperative to remain in projective space. The
linates system used in projective space is that of Grassmann-Pllicker (one refers then to hpmogeneous

In or
coor

coor
interg
reprd

esting to make a parallel with non-homogeneous Euclidean coordinates. In this respect,
séntation of the p0|nt in 3 dimensions of the form (X, Y, Z). Adding to this triplet a fourth coo

linates);in which a point, a line and a plane respectively have 4, 6 and 4 coordinatep.

It can be
one uses a
dinate equal

Hoao nat mandifiy 1n v vy tha ~anrrant Anaratinns ~AF Al A~ atrinal N~ A e~ e | VALY | =y Ildean The
CGOCSTOTTHOGTTy 1t ully vvuy eSO C et opCatoT—or—ant 3\.’u|||\.’u|uu| PTotCturrCs KREOWHR-aS—+=tC .

to 1
first 3 coordinates will indifferently represent integers or decimal numbers, provided that the fourth coordinate
remains equal to 1. By particularizing the fourth coordinate and giving it a 0 value, one goes from a Euclidean
coordinates system to an affine coordinates system, in which it becomes possible 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
exposedField
exposedField

}
4.3.6.1.3.2

The Solid
others Soli

bboxSize c(

solidTree
solidTree
Cylinder,

The solidT
densityList:

A SolidRe
Transforn

Texture map
example of g

4.3.6.2 Scri
The result ¢
SolidRep
Only the roo

These operd
for operation

A non-implic
solid operati

The syntax @

:

SFVec3f bboxSize 2.02.02.0
SF3DNode solidTree NULL
MFInt32 densityList 0

Functionality and semantics

ep geometry node holds the solid tree resulting of solid operations on solid primitives a
Rep nodes, and/or other BIFS 3D geometrical nodes.

ntains the bounding box dimensions that will be used for clipping.

field: Group, Transform, Shape, Implicit, Quadric, SolidRep, Sphere, C
ndexedFaceSet, and Box.

ree field can also be modified by solid operations applied by a-script.

set of densities to select for display . If the list is empty, theydefault value will be all densities

p node can be included in a Transform node:)The implicit operation of the children
) node or of any grouping node is the ternary unien operation.

ping onto implicit surfaces can be done using any algorithm. The gradient algorithm [90]
n algorithm well suited for implicit surfaces,

pting extensions for solid modeling operations

f a solid operation is always-preserved in the solidTree field of a SolidRep node.
hode is always the root of-a solid tree. This solid tree is not processed until the display req
of the complete tree will'be processed (and not the sub-trees).

tions are accessed-through script language, whose selected operators (+, -...) were overlo
s between Geometry nodes.

t solid geometrical node is first of all transformed into a SolidRep node before being used
bn’s operand. If this geometry does not define a closed volume, it will not be considered.

f the solid operation is as follows:

nd/or

tontains the geometry to be initialized as solid. The following nodes may‘be included undler a

bne,

of a

S an

The
uest.

aded

as a

SolidRep.sol

The operand

Ora

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

S are:

An implicit primitive (Implicit or Quadric) with “solid = TRUE” and densities;

SolidRep containing a sub-solid tree;

or closed shapes defined by IndexedFaceSet);

impli

42

cit filtering of densities)

Or a non-implicit geometry (only solid primitives are supported such as Sphere, Cylinder, Cone, Box

Or an 32-bit integer (Int32) value representing the density of the entire space (used as operand for
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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

The operators below achieve combinations of solid forms by isolating or selecting certain regions 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, K1)
addition of the d’( ) do( ) dl( )
density of two
forms
Smul | Arithmetic P) = P)* P Smul (FO, K1)
multiplication of d,( ) do( ) dl( )
the density of two
forms
Sdif The positive Returns the difference between the densities if | Sdif (FO, 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“{o the power of another form. | Sexp (FO0, K1)
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, K1)
common divisor
Slcm | Least common Returns the Ilcm of the densities of two forms. Slcm (FO, K1)
multiple
Smod | Integral The Integral remainder operator calculates the | Smod (FO, 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 (F0, 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

Op Description Rules for each P(X1,X2,X3,X4) Syntax
Suni —Ferrarrdnien-of F4 Suni-(Fo;FH——
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

Simp || Ternary F1 Simp (FO0, F1)
implication
Simp| -0 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
2 0 1 2
Sdua | Ternary 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 U 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, A1)
filter of the first one is greater than the density of'the
second volume, and 0 otherwise.
Sltef Less than or The density of the second volume . ifthe density | Sitef (FO, F1)
equal filter of the first one is less than or equalhfo the density
of the second volume, and 0 otherwise.
SItf Less than filter The density of the second \olume if the density | SItf (FO, F1)
of the first one is less~than the density of the
second volume, and Q)otherwise.
Sevnf | Even filter The volume density'if the density is even, and 0 | Sevnf (FO
otherwise
Soddf | Odd filter The resultiis the volume density if the density is | Soddf (FO
odd, and’0 otherwise.
Sneqf | Difference filter ThéDresult is the second volume density if the | Sneqf (FO{ F1)
densities are different, and 0 otherwise.
Scrigts are used through Script node. A Script node can be included as descending from any grouping node
but is independent of thescurrent coordinate system.
4.3.6.3 Examples
4.3.6.3.1 Acell primitive
Dualfof\quarter cylinder defined by projective hexahedron

# Dual of quarter cylinder
PROTO GDlychxa [
fieldSFVec3f size 5 5 5

© ISO/IEC 2011 — All rights reserved 45


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

ISO/IEC 14496-16:2011(E)

field SFBool dual TRUE

11

Quadric {

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

P5 -1 01 1

dual IS

bboxSize IS size

dual

Tangle cube

VRML code:

Group {
childrer
# tangle c
geome
bb

so

c

}

quartic defined by 35 coefficients

Shape {

hbe

try Implicit {
xSize 5 5 5
|id FALSE

-1,0,0,0,-
0,0,0,0,0
2

0,0,-10.2]

(@
~ 0~
[eNe]
~ 0~
[eNe]
~ 0~
[eNe]
~ 0~
o O
~ ~
O O
~, ~
gro
¥ o~

4.3.6.3.3 Solid operations.and densities

Example of ¢

lensity use;“a single model carries the characteristic of the matter and can be displayed differ

Eggw

nite;

densit

Egg yolk :
density 3

Operation:
addition

1

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)

Densit

displayed

ies 1,3,4

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
}
DEF Le Script Script{ # Solid Tree definition
field SEFNode er:pmﬂf IISE Te SolidR

ISO/IEC 14496-16:2011(E)

#primitives B
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%
bboxfize
density 3
solid FALSE

oo ol
o
o - o

0
0
VN
1
0.7 0.7 0.4
]

}
f1eld SFNode CuttingBox # cutting tool

Transform {
translation 0.5 0 0
children [

Quadric {

PO -1 0 0 1

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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directOutput TRUE
url "vrmlscript:
function initialize () {

Srepout.solidTree = Sdif (Sadd (White,Yolk), CuttingBox);
}
}

]
}
4.4 Texture-teols
441 Depth Image-Based Representation
4.41.1 Depthlmage
441.1.1 Node interface
Depthimage { #/%NDT=SF3DNode

exposedfrield SFVec3f position 0010

exposedfield SFRotation orientation 0010

exposedfield SFVec2f fieldOfView Pl/4 Pl/4

exposedfrield SFFloat nearPlane 10

exposedfrield SFFloat farPlane 100

exposedfrield SFBool orthographic TRUE

field SFDepthTextureNode diTexture NULL
}
4.41.1.2 Functionality and semantics
The Depthlmage node defines a single IBR texture. When multiple Depthlmage nodes are relatgd to
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 ip the
Depthlmage node. It shall be one of the various types of depth image texture (SimpleTextune or
PointTexture).
The positign and orientation)fields specify the relative location of the viewpoint of the IBR texture ih the
local coordinjate system. position is relative to the coordinate system’s origin (0, 0, 0), while orientdtion
specifies a rptation relative:to the default orientation. In the default position and orientation, the viewer s on
the Z-axis Idoking 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
orientationfietds—hefirst-ralte-denotesthe-at |3=c to-the-horizontat-side-and-the-second-value-denot the

angle to the vertical side. The default values are 45 degrees in radiant. However, when orthographic field is
set to TRUE, the fieldOfView field denotes the width and height of the near plane and far 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.

wo R plany

o near plane

viewpoint (positon, ot ertati o)

\ JJ_;‘_f_ie_l_a‘om'e&;x
_—

Figure 25 — Perspective view of the Depthimage

fieldOfViewy -/

fieatPlane

T feldOfiews o
viewpoint
(positon, orientation)

Figure 26 — Orthographic view of the Depthimage

4.41.2 SimpleTexture

4.4 1.2.1+—Node-interface

SimpleTexture { #NDT=SFDepthTextureNode
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

viewpoint and parallel to the near plane and far plane:

dist = near]

where d is (
model, d > 0

This formula

plane. d .

1)

2) If the¢ depth is specified through alpha channel in the imagé defined via texture field, then the ¢
valug d is equal to alpha channel value.
The depth Jalue is also used to indicate which points bglong to the model: only the point for which

nonzero belq

For animate

Each of the §imple 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
2) depth field is arbitrary MovieTexture satisfying the above condition on the depth field, texture fig
still image
3) both|depth and texturejare MovieTextures, and depth field satisfies the above condition
4) depth field is<pet used, and the depth information is retrieved from the alpha channel o
MovjeTexture that animates the texture field

L)( farPlane — nearPlane)

max

Plane + (1 —

where d=1 corresponds to far plane, d= dma corresponds to near plane.

X

s the largest d value that can be represented by the bits used for each pixel:

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

ng to the model.

I Depthlmage-based model, only Depthlmage with SimpleTextures as diTextures are used.

4.41.3 PoirI\tTexture

epth value and dmax is maximum allowed depth value. It is assumed that for the points g

is valid for both perspective and orthographic case, since d is distance between the point an

f the

d the

epth

dis

pld is

[ the

Node interface

PointTexture { #%NDT=SFDepthTextureNode

4.41.31
field
field
field
field
field

}

50

SFInt32 width 256
SFInt32 height 256
MFInt32 depth 0
MFColor color 1
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.

The depth field specifies a multiple depths of each point in the projection plane, which is assumed to be
farPlane (see above) in the order of traversal, which starts from the point in the lower left corner and traverses
to theTight to Tinish the horizontal line before moving 1o the upper line. For each point, the numper of depths
(pixels) is first stored and that number of depth values shall follow.

The kolor field specifies color of current pixel. The order shall be the same as the depth field except that
numiper 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|depthNbBits
ranges from 0 to 31, and the actual number of bits used in the original data is,depthNbBits+1. Thel dn.x Used in
the distance equation is derived as follows:

d — 2(depthNbBits+l) -1

max
4.4.1.4 Octreelmage

4.4.1.4.1 Node interface

Octreelmage { #NDT=SF3DNode

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

field MFInt32 octree 1 #%b=[0,255] #%q=13 §
field MFInt32 voxellmagelndex ] #%q=13,8

field MFDepthimageNode images 0

4.41.4.2 Functionality and semantics

The Pctreelmage node'defines a TBVO structure, in which an octree structure, corresponding|image index
array, and a set of images exist.

The |mages field.specifies a set of Depthimage nodes with SimpleTexture for diTexture field; depth field in
thes¢ SimpleTexture nodes is not used. The orthographic field must be TRUE for the Depthilmhage nodes.
For each of SimpleTexture, texture field stores the color information of the object, or part of thg object view
(for ¢xample, its cross-section by a camera plane) as obtained by the orthographic camera whose position
and priéntation are specmed in the corresponding fields of Depthlmage Parts of the object corresponding to
he values of
position, orlentatlon and texture fields, is performed so as to minimize the number of cameras (or,
equivalently, of the involved images), at the same time to include all the object parts potentially visible 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 specified separately for each children of the current voxel (in the same recursive fashion). If the
voxellmagelndex is empty, then the image indices are determined during rendering stage.

The octreeResvtutionfietd—spetifiesmaximumattowableTumberof octree—teavesatong—=a—sideof the
enclosing cube. The level of the octree can be determined from octreeResolution using the jfollqwing
equation:

octreeLevel =[log, (octreeResolution) |

:’/1: i [ 3( 1] /A
f. | — r' A
i iﬁ/:r____ﬂi__.__. Oy 2

g 5
. s & et // 5 — o —

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

Animation of the Octreelmage can be performed by the same approach as the first three ways of depth-
image-based animation described above, with)the 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 introduced depth image-based representations (DIBR) of still and animated 3D objects.
Instead of a|complex-pélygonal mesh, which is hard to construct and handle for realistic models, image- or
point-based |methadsrepresent a 3D object (scene) as a set of reference images completely covering its
visible surfage. This data is usually accompanied by some kind of information about the object geometry. To
that end, ea¢h’reference image comes with a corresponding depth map, an array of distances from the pixels
in the imageptametotheobjectsurfaceRendering s achieved by either forward-warpimgorsptat rendering.
But with Version 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 s

plat and normal extensions of the DIBR structures Version 2 [94].

projective mapping u=My(x)
>»
image space x

tangent frame u

++F+t++r At F
++ A+t
++++++ A+t
+++++ A+t

N S S H S S S B H

N
5

reconstruction kernel in image space rj(x)

reconstruction kernel ri(w)

Figure 28 — Local tangent planes and reconstruction’kernels

ated to each

efined in the
extureV2 or

4.4.2.2 DepthimageV2 Node
44221 Node interface
DepthimageV2 { #%NDT=SF3DNode

ekposedField SFVec3f position 0010

ekposedField SFRotation orientation 0010

ekposedField SFVec2f fieldOfView n/4 n/4

ekposedField SFFloat nearPlane 10

ekposedField SFFloat farPlane 100

field SFVec2f splatMinMax 0.1115 0.9875

ekposedField SFBool orthographic TRUE

field SFDepthTextureNode diTexture NULL
}
4.4.22.2 Functionality and semantics
The PepthlmageV2 node defines a single IBR texture. When multiple Depthlmage nodes are re
other, they are processed as a group, and thus, should be placed under the same Transform nodg.
The diTexture-field specifies the texture with depth, which shall be mapped into the region d
DepthlmageV2 node. It shall be one of the various types of depth image texture (SimpleT
PointTextureV2).
The

e in the local

coordinate system. position is relative to the coordinate system’s origin (0, 0, 0), while orientation specifies 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

trans

formation 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.

© IS0
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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.

The position, orientation, fieldOfView, nearPlane, farPlane, and orthographic fields are exposedField

types, whicl—are—for—extrimsic—parameters—TheDepthtmage node—supports—the—camera—moverment; and
changeable yiew frustum corresponding to movement or deformation of a DIBR object.
Reference imhages 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 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
4.4.2.3 SimpleTextureV2 node
4.4.2.3.1 Node interface
SimpleTextureV2 { #tNDT=SFDepthTextureNode

field SFTextureNode  texture NULL

field SFTextureNode  depth NULL

field SFTextureNode normal NULL

field SFTextureNode  splatU NULL

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 {ypes
of texture nodes (ImageTexture, MovieTexture or PixelTexture).
The depth fleld specifies the depth for each pixel in the texture field. The size of the depth map shall bg the
same size ag the image or maqvie-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 i§not specified through depth field or alpha channel, the result is undefined.
Depth field allows 1o compute the actual distance of the 3D points of the model to the plane which pgsses
through the yiewpeint and parallel to the near plane and far plane:

l_ﬂ
d 1

dist = nearPlane + ( ]( farPlane — nearPlane).

max

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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If the depth is specified through alpha channel in the image defined via texture field, then the depth

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

non

zero belong to the model.

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:

The
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map

vari

repre

can

norm

The
point
splat

The
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map
types
color
calcl

this
ima

kerng
resul

The

ass

map
typed

1)

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

)

depth field is arbitrary MovieTexture satisfying the above condition on the depth field, t¢
still image

A
4

oY

both depth and texture are MovieTextures, and depth field satisfies the above tondition

'

MovieTexture that animates the texture field

hormal field specifies the normal vector for each pixel in the textufe field. The normal vect
ned to the object-space point sample derived from extruding the-pixel with depth to 3-space
shall be the same size as the image or movie in the texture-field. Normal field shall b
us types of texture nodes (ImageTexture, MovieTexture\or PixelTexture), where only
senting color images are allowed. If the normal map is not'specified through the normal field,
Calculate a normal field by evaluating the cross-product of the splatU and splatV fields. |
al map nor the splatU and splatV fields are specified, only basic rendering is possible.

id

(o

isplatU and splatV fields specify the tangent.plane and reconstruction kernel needed for
-based rendering. Both splatU and splatVfields have to be scaled to the interval de
MinMax field.

splatU field specifies the splatU vector for each pixel in the texture field. The splatU vect
ned to the object-space point sampte derived from extruding the pixel with depth to 3-spacs
shall be the same size as the image or movie in the texture field. splatU field shall be one g
of texture nodes (ImageTexture, MovieTexture, or PixelTexture), where the nodes either
or gray scale images are allowed. If the splatU map is specified as gray scale image the
late a circular splat by using the normal map to produce a tangent plane and the splatU map
case, if the normal map is not specified, the result is undefined. If the splatU map is speci
e, it can be used(in “conjunction with the splatV map to calculate a tangent frame and rg
| for high-quality_point-based rendering. If neither the normal map nor the splatV map is g
t is undefined.

id

9

splatV field specifies the splatV vector for each pixel in the texture field. The splatV vect
nedtothe object-space point sample derived from extruding the pixel with depth to 3-spacs
shall'be the same size as the image or movie in the texture field. splatV field shall be one g

ig

xture field is

depth field is not used, and the depth information is retrieved from the alpha channel of the

or should be
The normal
e one of the

the nodes
the decoder

F neither the

high-quality
ined by the

br should be
. The splatU
f the various
representing
decoder can
as radius. In
fied as color
construction
pecified, the

br should be
. The splatV
f the various

representing

of texture nodes (ImngnTnyhlrn7 I\/Ir\\/itaTn-\(hlrn7 or DianTnyhlrn), where nnly the nodes

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

4.4.

4.4.

Poi

©IS

2.4 PointTextureV2 node

2.41 Node interface

ntTextureV2 { #NDT=SFDepthTextureNode

field SFInt32 width 256
field SFInt32 height 256
field SFInt32 depthNbBits 7
field MFInt32 depth 1
field MFColor color 1
O/IEC 2011 — All rights reserved
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field
field
field
}
44242 F

SFNormalNode normal
MFVec3f splatU 1
MFVec3f splatV 0

unctionality and semantics

The PointTextureV2 node defines 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,fi
SimpleTexture, apply here as well.

the

The depth field specifies a multiple depths of each point in the projection plane, which is assumed {o be
farPlane (see above) in the order of traversal, which starts from the point in the lower left corner and travéerses

to the right tp finish the horizontal line before moving to the upper line. For each point, thethumber of d
(pixels) is firgt 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 excep

number of d

The depthN
ranges from
the distance

d 2 (dep

max

The normal
order. The n
with depth t
normal field
splatU and
using the SH

The splatU
same order.
the pixel wit
splat by usirn
case, if the n
in conjunctid
point-based

The splatV
same order.

pths (pixels) for each point is not included.

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

NbBits+1) _ 1

field specifies normals for each specified depth'of each point in the projection plane in the §
brmal vector should be assigned to the object-space point sample derived from extruding the
3-space. If the normals are not specified through the normal field, the decoder can calcul
by evaluating the cross-product of -the splatU and splatV fields. If neither the normals ng
platV fields are specified, only basic point rendering is possible. Normals can be quantize
NormalNode functionality.

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

pths

that

bBits
ed in

fame
pixel
hte a
r the
d by

h the

h depth to 3-space._[f\the splatV vectors are not specified the decoder can calculate a ci
g the normals to preduce a tangent plane and the length of the splatU vectors as radius. |
ormals are not specified, the result is undefined. If the splatU vectors are specified, it can be
n with the splatV vectors to calculate a tangent frame and reconstruction kernel for high-q
rendering.df*neither the normals nor the splatV vectors are specified, the result is undefined.

The splatU vector should-be assigned to the object-space point sample derived from extrIding

icular

this
used
Liality

ield specifies splatV vectors for each specified depth of each point in the projection plane i

the pixel with

4.4.3 Multitexturing

4.4.3.1 MultiTexture Node

44311

Node Interface

MultiTexture { #6NDT=SFTextureNode

h the

The splatV vector should be assigned to the object-space point sample derived from extr]nding

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

visual effect. MultiTexture can be used as a value for the texture field in an Appearance node.

The [texture field contains a Tist of texiure nodes (e.g., ImageTexiure, PixelTexture, MovieTexture). The
textufre field may not contain another MultiTexture node.
The pameraVector field contains a list of camera vectors in 3D for each texture in the texture|field. These
vectars point from each associated camera to the 3D scene center. The view vectors.are used to calculate
texture weights according to the unstructured lumigraph approach from [82] for eachrender cycle,| to weight all
textufres according to the actual scene viewpoint.
The color and alpha fields define base RGB and alpha values for SELECTFmode operations.
The mode field controls the type of blending operation. The available*modes include MODULATE for a lit
Appgarance, REPLACE for an unlit Appearance and several variations of the two. However, for view-
dependent Multitexturing the default mode MODULATE shall be;uséd in conjuction with the sourge field value
“‘FACQTOR”. 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, and shift
00010 MODULATEZ2X the products to the left 1 bit (effectively] multiplying

them by 2) for brightening.

Multiply the components of the arguments, and shift
00011 MQ@DULATE4X the products to the left 2 bits (effectively] multiplying

them by 4) for brightening.

Add the components of the arguments
00100 ADD

Argd+=Arg2

Add the components of the 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

© ISO/IEC 2011 — All rights reserved
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VALUE MODE

Description

01000 ADDSMOOTH

Add the first and second arguments, then subtract their
product from the sum.

Arg1 + Arg2 — Arg1 x Arg2 = Arg1 + (1 - Arg1) x Arg2

01001 BLENDDIFFUSEALPHA

Linearly blend this texture stage, using the interpolated
alpha from each vertex.

Arg1 x (Alpha) + Arg2 x (1 — Alpha)

] innarly blend this texture angn, ||Qing the qlphn from

01010 BLENDTEXTUREALPHA

this stage's texture.
Arg1 x (Alpha) + Arg2 x (1 - Alpha)

01011 BLENDFACTORALPHA

Linearly blend this texture stage, using the alpha factor
from the MultiTexture node.

Arg1 x (Alpha) + Arg2 x (1 - Alpha)

01100 BLENDCURRENTALPHA

Linearly blend this texture stage, using the alpha taken
from the previous texturestage.

Arg1 x (Alpha) + Arg2 x)(1 — Alpha)

01101 MODULATEALPHA_ADDCOLOR

Modulate the color of the second argument, using the
alpha of the-first argument; then add the resujt to
argument one:

Arg1.RGB*+ Arg1.A x Arg2.RGB

01110 MODULATEINVALPHA_ADDCOLOR

Similar to MODULATEALPHA_ADDCOLOR, but|use
theinverse of the alpha of the first argument.

(1 — Arg1.A) x Arg2.RGB + Arg1.RGB

01111 MODULATEINVCOLOR_ADDALPHA

Similar to MODULATECOLOR_ADDALPHA, but|use
the inverse of the color of the first argument.

(1 - Arg1.RGB) x Arg2.RGB + Arg1.A

10000 OFF

Turn off the texture unit

10001 SELECTARG{

Use color argument 1
Arg1

10010 SELECTARG2

Use color argument 1
Arg2

10011 DOTPRODUCT3

Mool lot F rs £ o 4
wviouuialc urc CUITIPUTTITTIS Ul caull dlyulllclll (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
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

w The second argument color (ARG2) is the color from the previous rendering
000 (default) stage (DIFFUSE for first stage).

m m Hretextare argumet Hs-the—diffase—cotot ;IItUIpU:GtUd from—vertex ,Omponents
001 DIFFUSE during Gouraud shading.
010 "SPECULAR" The texture a_rgument is the _ specular color interpalated ffom vertex

components during Gouraud shading.

011 "FACTOR" The texture argument is the factor (color, alpha) fromythe MultiTexture node.
1001111 Reserved for future use

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

Table 7 — Values for the'function field

VALUE MODE Description
000 "" (default) No functions applied.
001 "COMPLEMENT" Invert the “argument so that, if the result of the argument were referred

to by:the variable x, the value would be 1.0 minus x.

Replicate the alpha information to all color channels | before the

010 "ALPHAREPLICATE" .
operation completes.

0111111 Reserved for future use

Modé may contain ‘an additional Blending mode for the alpha channel; e.g., "MODULATE,REPLACE"
specjffies Color = {Arg1.color x Arg2.color, Arg1.alpha).

The humber.of'used texture stages is determined by the length of the texture field. If there are|fewer mode
valugs, the default mode is "MODULATE".

NOTE Due to the texture stage architecture and its processing order of texfures in common graphic cdrds, the result
of general texture weighting depends on the order of textures if more than two textures are used. If order-independent
texture mapping is required, the proposed settings can be used, i.e. MODULATE for the mode field and “TFACTOR” for
the source field.

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.

44.3.21

Node interface

MultiTextureCoordinate { #NDT=SFTextureCoordinateNode

exposedField

}

MFTextureCoordinateNode

texCoord

44322 F

unctionality and semantics

Each entry in the texCoord field may contain a TextureCoordinate or TextureCoordinateGenerator noge.

By default, iff
texture coorq
in the texCo

Example:

Shape {
appearan
textur
mode
sour
text
Im
Im
Im
Im
]
}
}
geometry
texCoo
texC
Te
Te
Te
Te
]
}
}
}

[ 0000
fe [ 3 3 3
re [

hgeTexture
bgeTexture
hgeTexture
bgeTexture

bord [

]
3

e e

4.5 AnimTtion tools

fe Appearance {
b MultiTexture {

]

url
url
url
url

ktureCoordinate
ktureCoordinate
ktureCoordinate
ktureCoordinate

IndexedFaceSet ({

P N

"np00.jpg"
"np0l.jpg"
"np02.jpg"
"np03.jpg"

d MultiTextureCoord {

[NEFENEIENES

—— o o o

using MultiTexture with an IndexedFaceSet without a MultiTextureCoordinate texCoord pode,
linates for channel O are replicated along the other channels. Likewise, if there are too few entries
prd field, the last entry is replicated.

4.5.1 Deformation tools

4.5.1.1 NonLinearDeformer

45111

Node interface

NonLinearDeformer { #%NDT=SFGeometryNode
exposedField
exposedField
exposedField
exposedField
exposedField

60

SFInt32
SFVec3f

SFFloat
MFFloat
SFGeometryNode

type

axis
param
extend
geometry

001

(]
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

Type param Extend

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 should be.
This |way a profile can be defined. The relative position along the axis.ef the transformation in gbject space:
0% at the beginning, and 100% at the end. The radius is relative to"the param and is given in| percentage.
extend is used similarly for the other transformations.

Trangformations are given by [11]:

4 Tapering

To tdper an object long the z-axis, x- and y-axes are\just scales as a function of z:

(X,V,Z)=(rx,ry,z) and r= f(2)

-

where f(z) specifies the rate of scale per unit length along the z-axis and can be a linear [or nonlinear
tapefring profile or function.

4 Twisting
To rgtate an object through*an angle & about the z-axis:

(X,V,Z) =(xces@— ysinf,xsinf + ycosf,z) and 6= f(z)

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

4 " Bending

A global linear bend along an axis is a composite transformation comprising a bent region and a region
outside the bent region where the deformation is a rotation and a translation. 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 = x
—sin@(z—k™")+y, Viin SV S Vina
Y = -sinf(z—-k")+y,+cosO@(y—y,.) V<V
—sin@(z—k™")+y, +cos0(y —V,) V> Vo
cosO(z—k™)+k™ Viin V= Vina
Z = JcosO(z—k™)+k +sinO(y—-y...) V<V
cgSOZ—FK JTk FsmO0y V) V> Vo

4.5.1.2 Fre¢-form deformations
4.5.1.2.1 Node interface

FFD { #%NDT=SF3DNode

eventin MF3DNode addChildren

eventln MF3DNode removeChildren

exposedfrield 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 [ # (-00,00)
field MFFloat wKnot | # (-00,00)
field SFInt32 uOrder 2 #[2, 33]
field SFInt32 vOrder 2 #[2, 33]
field SFInt32 wOrder 2 #[2, 33]
exposedfield MFVec4f controlPajnt 1

}
4.5.1.2.2 Functionality and semantics

The node définition is the same as forNURBSSurface in 4.3.1 (except for the bounds and default values
of the Dimenison and Order fields) and the first 3 fields are as for a Group node: they enable to defing the
scene embeflded in the FFD space:

A FFD node|acts only on a scene on the same level in the transform hierarchy because a FFD applies orlly on
vertices of shapes. If ansebject is made of many shapes, there are nested Transform nodes. If we [pass
solely the DEF of these{hodes, then we have no notion of what the transforms applied to the nodes arg¢. By
passing the|DEF ofla’ grouping node, which encapsulates the scene to be deformed, we can effec}ively
calculate the transformation applied on a node.

EXAMPLE

# The control 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 {
children [ Shape { geometry Box {} } 1
}
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DEF SkeletonGroup Group {

children [

..# describe here a full skeleton

1
}

DEF FFDNode FFED {

..# specify NURBS deformation volume

children [

USE BoxGroup

USE SkeletonGroup

]

ISO/IEC 14496-16:2011(E)

ROUTE TS.fraction changed TO PI.set fraction
ROUT[E PI.value changed TO FFDNode.controlPoint

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

This [Subclause defines a generic animation framework for models based on skeletons and muscl

4.5.2.1 Generic skeleton, muscle and skin-based model definition

4.5.2.1.1 SBBone

4.5.2.1.1.1 Node interface

SBBpne{ #%NDT=SFSBBoneNode, SF3DNode, SF2DNode

epentln MF3DNode addChildren

epentin MF3DNode removeChildren
ekposedField SFInt32 bonelD 0
ekposedField MFInt32 skinCgordindex []
ekposedField MFFloat skin€oordWeight []
ekposedField SFVec3f éndpoint 001
ekposedField SFInt32 falloff 1
ekposedField MFFloat sectionPosition []
ekposedField MFFloat sectionlnner [
ekposedField MFFloat sectionOuter [
ekposedField SFInt32 rotationOrder 0
ekposedField MFNode children [1
ekposedField SEVec3f center 000
ekposedField SFRotation rotation 0010
ekposedField SFVec3f translation 000
ekposedField SFVec3f scale 111
ekposedFijeld SFRotation scaleOrientaton 0010
ekposedField SFInt32 ikChainPosition 0
ekposedField MFFloat ikYawLimit [1
ekposedField MFFloat ikPitchLimit [
e/\puscd Held MFHeat tkrothimit [ ]
exposedField MFFloat ikTxLimit []
exposedField MFFloat 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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tion 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 o

rientations). The scaleOrientation applies only to the scale operation.

The possible geometric 3D transformation consists of (in order): 1) (possibly) non-uniform scale about an

arbitrary point; 2y aTotatiomabout amarbitrary pointandaxisand-3) a transtatom————————————————— ]
The rotationOrder field specifies the rotation order when deals with the decomposition of the ‘rotatipn in
respect with |system coordinate axes.
Two ways of| specifying the influence region of the bone are allowed:

e Per Vertex definition:
The skinCogrdIndex 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
influence arg also accepted.
The skinCogrdWeight field contains a list of weights (one per vertex listed in skinCoordindex) that measures
the contribufion of the current bone to the vertex in question. Thedlength skinCoordindex is equal with the
length of skinCoordWeight. The sum of all skinCoordWeight related/to the same vertex must be 1.

e Per pone definition:
The endpoint field specifies the bone 3D end point and:is used to compute the bone length.
The sectionlpner field is a list of inner influence region radii for different sections.
The sectionQuter field is a list of outer influence region radii for different sections.
The sectionRosition field is a list of positions of all the sections defined by the designer.
The falloff figld specifies the fupction between the amplitude affectedness and distance : -1 for x>, 0for k%, 1

. T

for x, 2 for ;1n(3 x), 3 for \/; and 4 for {/;
The two schemes-ean be used independently or in combination, in which case the individual vertex wdights
take precedgnce!
The ikChainPosition field specifies the position of the bone in the kinematics chain. Tf 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 is
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 consists in a pair of min/max values which limit the bone translation in the X direction.
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kTyLimitfietdconsistsima pairof minfmax vatues whittr fimit the-bormetranstatiomrimthe~y
kTzLimit field consists in a pair of min/max values which limit the bone translation in the\Z di
SBBone node is used as a building block to describe the hierarchy of the articulated model

or more child objects. The children field has the same semantic as used(in" ISO/IEC 14
ute geometric transformation of any child of a bone is obtained through a composition wi

nt transformation.

1.2 SBSegment

1.2.1 Node interface
pgment{ #%NDT=SFSBSegmentNode, SF3DNode, SF2DNode
ventin MFNode addChildren
ventln MFNode removeChildren
kposedField SFString name
kposedField SFVec3f centerOfMass 000
kposedField MFVec3f momentsOfinertia [000000000]
kposedField SFFloat mass 0
kposedField MFNode children [
1.2.2 Functionality and semantics

name field must be present, so that the SBSegment can be identified at runtime. Each
d have a DEF nameithat matches the name field for that Segment, but with a distinguish
of it.

mass field is.the-total mass of the segment.

centerOfMass field is the location within the segment of its center of mass. Note that a ze
en forthe mass in order to give a clear indication that no mass value is available.

rection.
rection.
by attaching

1496-11; the
th the bone-

SBSegment
ing prefix in

o value was

The

e first row of

the 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 S

BSegment 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;
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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
eventln MFE3DNode addChildren
eventin MF3DNode removeChildren
exposedlrield SFVec3f center 000
exposedlrield MF3DNode children [1
exposedfrield SFString name
exposedfield SFRotation rotation 0010
exposedfield SFVec3f scale 111
exposedfrield SFRotation scaleOrientation 0010
exposedfield SFVec3f translation 000
}
4.5.2.1.3.2 |Functionality and semantics
The center field specifies a translation offset and can be used to compute a bone length. The rotation
specifies 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 v

must be greater than zero.

The scaleO
allowing a sq

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

The children field is used to store any objeet that can be attached to the SBSegment node.

The SBSite
can be used
such as clot
node.

SBSite nodg

ientation specifies a rotation of the coordinate system of the SBSite node before the scale
ale at an arbitrary orientation. The scaleOrientation applies only to the scale operation.

node can be used for three purposes. The first is to define an "end effector”, i.e. a location
by an inverse kinematics system. The second is to define an attachment point for access
ning. The third is to define a location for a virtual camera in the reference frame of a SBSeg

s are storéd-within the children field of an SBSegment node. The SBSite node is a specizc

grouping no
systems of i

only be defined’as-a child of a SBSegment node.

e that defines a coordinate system for nodes in its children field that is relative to the coord
parent hode. The reason a SBSite node is considered a specialized grouping node is that

field

hlues

thus

vhich
ories
ment

lized
inate
t can

4.5.2.1.4 SBMuscle

452141

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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.1.4.2 Functionality and semantics

The skinCoordIndex field consists of a list of vertex indices from the skinned model skin which are affected

by th

e “muscle”

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

“mus

cle”

The muscleCurve field is a NurbCurve as defined in 4.3.1.2.

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

The

1 for

Perfq

control points of the curve, 2) affecting the weight of control points or/and;3)*affecting the kn

Depd
2) arn

At th

closd

nding on the author, the animation stream can contain one animation mechanism or a comb
d 3).

e modeling stage, each affected vertex v, from the skin is asSigned a point vic from the ¢

st point. During animation, the translation of v, obtaified from the update values of ¢

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

Tv

wher

Tv.

1

with

4.5.2

S

skinCoordWeight field is specified for vertex\v, , then:
= skinCoordWeight[k FTv.¢
e k is the index of vertex v, in the-model vertices index list;

radius field is specified, then

radius —d (v(,v;")

YD v
radius

£ () specified by the falloff field.

.1¢5, SBSkinnedModel

Falloff field specifies the function between the amplitude affectedness and distance : -1 for ¥, 0 for x?,
. T

x, 2 for sm(;x), 3 for /x and 4 for ¥x.

rming deformation consists in affecting the form of the muscleCurve by 1),affecting the position of the

bf sequence.
ination of 1),

urve, as the

ontrolPoint,

4.5.2.1.5.1 Node interface

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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MF3DNode skeleton []
MFBoneNode bones []
MF3DNode muscles []
MFSegmentNode segments []
MFSiteNode sites [1
SF3DNode weighsComputationSkinCoord NULL

Functionality and semantics

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

definition pa

The name fi

ameters 1or the entire seamless model or or a seamiess part or the moael.

bld specify the name of the skinned model allowing easily identification at the animatiori.run-ti

The center
The transla
The rotatior]

The scale fi
zero.

The scaleO
arbitrary orig

eld specifies a translation offset from the origin of the local coordinate system.

]ion field specifies a translation of the coordinate system.

field specifies a rotation of the coordinate system.

eld specifies a non-uniform scale of the coordinate system. scalé<values shall be greater

rientation specifies a rotation of the coordinate system before the scale (to specify scal
ntations). The scaleOrientation applies only to the scale éperation.

The skinCoord contains the 3d coordinates of all vertices of the,seamless model.

The skin ¢
considering

texture) to di
The skeleto
The bones f]

The segmer

The sites fi

bnsists of a collection of shapes that share.the same skinCoord. This mechanism a
he model as a continuous mesh and, in the;same time, to attach different attributes (like
fferent parts of the model.

h field specifies the root of the bones higrarchy.
elds consist in the lists of all bones previously defined as SBBone node.
ts fields consist in the lists.ef.all bones previously defined as SBSegment node.

plds consist in the lists' of all bones previously defined as SBSites node. The muscles

consist in th

lists of all bones previously defined as SBMuscle node.

me.

than

Bs in

lows
color,

ields

The weighsComputationSkinCoord field describes a specific static position of the skinned model. In fnany
cases the stptic positionefithe articulated model defined by skinCoord and skin fields is not appropriz

compute th

influence<region of a bone. In this case the weighsComputationSkinCoord field a

specifying the skinned’model vertices in a more appropriate static posture. This posture will be used
during the injtialization stage and ignored during the animation. All the skeleton transformations are relat|
the posture defired by skinCoord field.

te to
lows

just
ed to

45216 S

BVCAnimation

This node allows to group together a set of skinned models; in order to animate them the animation data is

extracted fro

4.5.21.6.1

m the same resource (file or strem).

Node interface

SBVCAnimation{ #%NDT=SF3DNode,SF2DNode

exposedField
exposedField

}
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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 VirtualCharacters list and is used for outband bitstreams. The animation will be extracted from
the first element of the animationURL list and if the case when it is not available the following element will be
usedr

4.5.2.1.7 SBVCAnimationV2

4.5.21.71 Introduction
This |node is an extension of the SBVCAnimation node and the added functiohality consists jn streaming

control and animation data collection. The BBA stream can be controlled as ‘a.elementary media| stream, and
can bbe used in connection with the MediaControl node.

4.5.21.7.2 Syntax

SBVLCAnimationV2{ #%NDT=SF3DNode,SF2DNode

ekposedField MFNode virtualCharacters: 7]
ekposedField MFURL url [1
ekposedField SFBool loop FALSE
ekposedField SFFloat speed 1.0
ekposedField SFTime startTime 0
ekposedField SFTime stopTime 0
epentOut SFTime duration_changed
epventOut SFBool isActive

ekposedField MFInt activeUrlIndex 1
ekposedField SFFloat transitionTime 0

}
4.5.2.1.7.3 Semantics

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

The url field refers to the BBA stream which contains encoded animation data related to the SBSkinnedModel
nodds from the/virtualCharacters list and is used for outband bitstreams. The animation will be extracted from
the first element of the animation URL list and if the case when it is not available the following eléement will be
used|.

The loop, startTime, and stopTime exposedFields and the isActive eventOut, and their effects on the
SBVCAnimationV2 node, are similar with the ones described by VRML specifications (ISO/IEC 14772-1:1997)
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 other necessary events. However, if a SBVCAnimationV2 node would have become inactive at
any time before the reading of the mp4 file, no events are generated upon the completion of the read.

ime.
e will
node
ne (if

An active SBVCAnimationV2 node will become inactive when stopTime is reached if stopTime > startl
The value of stopTime is ignored if stopTime <= startTime. Also, an active SBVCAnimation\V2“nod
become inagtive at the end of the current cycle if loop is FALSE. If an active SBVCAnimationV2
receives a spt_loop FALSE event, execution continues until the end of the current cycle or until-stopTin

stopTime >
subsequent

Any set_sta
stopTime <
where start
generated a

generated and the node becomes inactive. The stopTime_changed event will have the set_stopTime val

A SBVCAniIn
current time
time or any
set_stopTim

The speed 4
SBVCANnin

A SBVCAT
an active SH
the animatio

fmod (n

If speed is n

tartTime), whichever occurs first. The termination at the end of cycle can beoverridden
et _loop TRUE event.

tTime events to an active SBVCAnimationV2 node are ignored. Any.set* stopTime event W
Time < stopTime <= now sent to an active SBVCAnimationV2\noede results in events |

5 if stopTime has just been reached. That is, final events, including an isActive FALSH

nationV2 node may be restarted while it is active by sending a set_stopTime event equal t
(which will cause the node to become inactive) and,a.set_startTime event, setting it to the c|
time in the future. These events will have the same time stamp and should be processsq
b, then set_startTime to produce the correct behaviour.

xposedField controls playback speed. It does not affect the delivery of the stream attached t
nationV2 node. For streaming media,.alue of speed other than 1 shall be ignored.

imationV2 shall display first frame if speed is 0. For positive values of speed, the framg
BVCAnimationV2 will display-at time now corresponds to the frame at animation time (i.
N’s local time base with frame 0-at time 0, at speed = 1):

bw - startTime, duration/speed)

egative, then the-frame to display is the frame at animation time:

duratio

When a SBVCAnimationV2 becomes inactive, the frame corresponding to the time at which

SBVCAni

shall be played{ A speed of 2 indicates the animation plays twice as fast. Note that the duration_cha

+ fmod(nowr-istartTime, duration/speed).

ationV2 became inactive shall persist. The speed exposedField indicates how fast the n

by a

here

= startTime sent to an active SBVCAnimationV2 node is also ignored. A set_stopTime ¢vent

being
, are
Le.

b the

rrent
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p the
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e., in
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eventOut is not affected by the speed exposedField. set_speed evenis shall be ignored while the animation
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.

In all the cases, when a transition between two animation resources is needed, when the transitionTime is not

zero
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.2 Generic skeleton, muscle and skin-based model animation

ating a 2D/3D articulated model requires knowledge of the position of each model vertex

b. Specifying such a data is an enormous and expensive task. For this reasop,the AFX anim
oys the bone-based modeling of articulated models which effectively attaches the model

hierarchy (skeleton).Moreover, a set of curve-based muscles allow to add*local deformatio
technique avoids the necessity to specify the position for each vertex, only the local trang
bone in the skeleton and the muscle form being animated. The loeal’bone transformation
Slation, rotation, scale, scaleOrientation and center) and the muscle-curve components (¢
on and weights) are specified at each frame and, at the vertex-level, the transformation is
the bone-vertex and muscle-vertex influence region.

ddress streamed animation, the animation data is censidered separately (independent ¢
tion) and it will be specified for each key-frame.

ating a skinned model is achieved through updates of the geometric transformation comp
ton by transforming the bones and/or to the muscle curve form.

neral transformation of a bone, as defined by the SBBone node, involves: translation in 3
on with respect to any rotation axis,“and scaling with respect to any direction. In the S
tion the rotation field is defined as a"'SFRotation. In order to update the orientation of a bon
must by updated.

n the animation resource the bone rotation is represented as a decomposition with respe
Bijectivity of the transformation between the angle-based notation and rotation matrix o

sentation is ensured:by the rotationOrder field. A triplet of angles [01,492,6’3] describes how
b 1 rotates with réspect to a static frame s, here, how a bone frame rotates with respect to its
riplet is interpreted as a rotation by 6, around an axis 4, then a rotation by &,around an

y a rotation'by 6,around an axis 4,, with A4, different from both 4, and 4,. The axes are reg

linate“axes, X, Y, and Z, giving 12 possibilities: XYZ, XYX, YZX, YZY, ZXY, ZXZ,
, YXY, ZYX, ZYZ. By considering the axis either in the bone frame (r) or its parent frame

at each key-
ation system
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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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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.

the bonelD as well as the animation mask for each animated bone. See below for the description of

SBBone animation mask.

of S
The animatiq
[ )

new

A BBA file o
SBMuscle

the rlnuscIeID as well as the animation mask for each animated muscle. See below for the descr
BMuscle animation mask.

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

the mew values for each muscle control point which have been translated ¢r change the weigh an

n values vector consists in:

values of the knot sequence of NURBS curve.

r stream can contain the information related to a maximum nGmber of 1024 SBBone and
nodes belonging to one or more skinned models and grouped under the same SBVCANnIm

ption

d the

1024
ation

node. The identifiers fields bonelD and musclelD must be uniqueswithin an SBVCAnimation node and must
be in the range [0 ...1023].

Two represgntation of the animation data are supportediby the standard: uncompressed format| and
compressed|format.

Annex E degcribes the uncompressed animation file™format. 5.3.2 shows the syntax of the comprgssed
animation stream.

4.5.2.3 Animation algorithm details for BBA

The initial ppse of an articulated modél:must contain a skeleton that is aligned with the mesh. Thus $some
bones have b non-identity initial transfermation. During the animation, the bone transforms are updated. $ince
the skeleton|and the mesh are ofiginally aligned, only the offset between the new bone transforms ang the
initial ones hias to be applied tothe vertices.

Animating the skinned medel-consists then in the following steps:

a) for all bohes compute the initial transformation in the local space as the combination of the elemeptary
transform: rgtation, franslation, center, scale and scaleOrientation; all these components are expressed in the

parents coof

dinate’system.

b) for all the bones, compute the initial transformation in the world space as a product between the initial
transformation of the bone in the local space and the initial transformation of the bone's parent expressed in
the world space

¢) compute th

e inverse of previous transformation

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

scaleOrienta

tion

e) at each animation frame, repeat step b)

72
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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

The Shadow - -node works as a special-grouping-node for the author defined creati
shadows caused by 3D-surfaces, shadow properties and SpotLight nodes.

4.6.1.1 Syntax

Shadow {
epentin MFNode addChildren
epentin MFNode removeChildren
ekposedField MFNode children 0
ekposedField  SFBool enabled TRUE
ekposedField  MFBool cast TRUE
ekposedField  MFBool receive TRUE
ekposedField  SFFloat penumbra 0

}

4.6.1.2 Semantics

addChildren: the addChildren event appends nodés.to the grouping node's children field. Any npdes passed
to th¢ addChildren event that are already in the greup's children list are ignored.

remg@veChildren: the removeChildren event*removes nodes from the grouping node's childrgn field. 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 invisihly rendered.
Onlylinstances of 3D-surfaces are able to work as occluders and receivers for shadow creation in association
only |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 ag occluder or
receiver, it must fulfil several prerequisites. The assigned children has to be a single instance 3D-surface or
an instance 3D-surface-that is part of a sub-graph. A SpotLight must be associated to this 3D-surface in
the $ame way assshown in Figure 30. The light source has to illuminate the 3D-surface, fqr casting or
receiving shadows:

enalled: the:functionality of the Shadow node is enabled with the value TRUE. The functignality of the
Shariow 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 works 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.
grouping node
v ¥
@ Shadow ? SpotLight
[
2 v
USE single node | [  USE branch
Figure 29 — Semantical representation
If Shadow jand SpotLight nodes own the same grouping node as parent, a shadowrelationship is cregated
automatically between them.
grouping Node
v v
grouping Node USE %u:b{gnr}aph m grauping Node
cast[m], receive[m] ¢ ‘ ‘
DEF Subgraph r, |  castim), receneim Shadow , SpotLight,
\penumbrak/
DEF 3D ShapeJ USE Subgraph |
ID={p} ID={n}
Rigure 30 — Transmission of shadow properties to 3D-surfaces and light sources
The combingtion of multiple Shadow,*nodes with one or multiple SpotLight nodes possesses segveral
shadow properties associated wjth .one SpotLight node. This way a SpotLight node gets several
penumbra palues (see Figure.31)."Additionally it can create multiple shadow properties with a single Shape
node.
penumbra
penumbra \
= ! TN
casts[:]a(rjegzitek[m] caftl’[}:]drngglﬂm] ‘ SpOtLight' ‘ ‘ Spotight i+1 ‘
E ' 3 ‘
E E cast [m+1], receive [m+1]
E £
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 light 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

5.1

Introduction

This
textu

The

5.2

5.21

clause includes the definition of the bitstream syntax for compressed graphics primitive
re, animation) and generic (multiplexing, backchannel, ...) mechanisms.

AFX compression tools can be used in different scenarios:
connected to the BIFS nodes by using BitWrapper as defined in ISO/IEC|14496-11,

connected to scene graph nodes defined by other standards than MPEG by followin
standardized in MPEG-4 Part 25 (as described in ISO/IEC 14496425),

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

3DMC Extension

3D

M
Com‘Fared to 3DMC tools, 3DMC extension\fools incorporate vertex order and face orde
funcfonality, efficient texture mapping functionality, and new stitching operation and removg

oper

5.21

5.21

The

defin
vertiq
not 8
addr

Extension is based on 3D mesh coding (3DMC) tools introduced in MPEG-4 Visual [ISO/IE

btion, computational graceful degradation (CGD), and existing stitching operation.
.1 Introduction

.1.1 3D Mesh Object

BD Mesh Object is~a~3D polygonal model that can be represented as an IndexedFaceSet
ed by the positionof its vertices (geometry), by the association between each face and i
es (connectivity), and optionally by colours, normals, and texture coordinates (properties). R
ffect the 3D.geometry, but influence the way the model is shaded. 3D mesh coding (3DM
bsses thé efficient coding of 3D mesh object. It comprises a basic method and several optior]

5 (geometry,

g the model

FC 14496-2].
I preserving
forest split

n BIFS. It is
s sustaining
Properties do
C) extension
s. The basic

3DMC extension method operates on manifold model and features incremental representati

resolEtion 3D model. The model may be triangular or polygonal — the latter are triangulatef for coding
purppses”and are fully recovered in the decoder. Options include: (a) support for error resiliende; (b) vertex
order and face order preserving; (c) efficient texture mapping; and (d) support for non-manifold and non-
orientable model. The compression of application-specific geometry streams (Face Animation Parameters)
and generalized animation parameters (BIFS Anim) are currently addressed elsewhere in this part of
ISO/IEC 14496.

pn of single

In 3DMC extension, the compression of the connectivity of the 3D mesh (e.g. how edges, faces, and 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 polygon. The missing information is recorded as a marching edge.

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 3D

mesh are cg
the resulting
polygon_edd

graph is always composed of edges of the originak3D mesh.

The vertex ¢
quantised, p

nnected in a simple polygon forming a face.tree. The faces are triangulated, and which edg
triangular 3D mesh are edges of the-original 3D mesh is recorded as a sequeng
e bits. The face tree is also a spanning*tree in the dual graph of the 3D mesh, and the v

pordinates and optional properties of the 3D mesh (normals, colours, and texture coordinateg
redicted as a function of decoded ancestors with respect to the order of traversal, and the €

es of
e of
ertex

) are
rrors

are entropy ¢ncoded.

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 anfl rendering’the 3D mesh before it has all been received. Moreover, content providers may wish to
control such| incremental representation to present the most important data first. The basic 3DMC method
supports this by.-interleaving the data such that each triangle may be reconstructed as it is recdived.

Incremental fepresentation is also facilitated by the options of partitioning for error resilience.

5.2.1.1.4 Error 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 different
partition types can be done at any point in the 3D mesh object.

5.2.1.1.5 Vertex Order and Face Order Preserving

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
problem when used with other tools that share a fixed vertex order. Not only 3DMC changes vertex order after
compression, it also changes the face order. This may not be a problem if editing or animation of a 3D model

is dgne per veriex, where vertex order is a problem fo fix in such a case. However, if editing or
donq 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
the decoder side. Hence,

infor
enco

5.21

Effici
appr
critic

Near
The

textu
from
know
the s

diffeence values of the real texture coordinate values (or the regular intervals of ordered textur

valud

5.21

The
sequ
and
conv

in order to solve this issue it needs to carry original "vertex anc
ation with encoded bitstream and re-order the vertex and face order accordingly after ¢
ded model.

.1.6 Efficient Texture Mapping

ent texture mapping would alleviate the need of having (very accurate geometry n
bximation by texture map will do the trick for the user. Therefore, the accuracy of texture ¢
Bl in order to guarantee the quality of rendered quality of 3D<models.

lossless or lossless compression of texture coordinate; hence, is a very important issue tg
current IndexedFaceSet-based representation describes the texture coordinates in floaf
re coordinates in reality are discrete values in integer. To compress the texture coordinat
the point of integer values, two kinds of schemes can be used: (1) if the texture image size
n, quantised step size for texture coordinatés can be set as the inverse of the texture imag
ize of texture image is not known, the possible quantised step size can be estimated by &

s).

.1.7  Stitching for Non-Manifold and Non-Orientable Meshes

connectivity of a non-manifold and non-orientable 3D mesh is represented as a manifold 3D
ence of stitches. Each.stitch describes the number of duplications for the vertex increase or fi

he actual index of-the original vertex or face and duplicated vertex (vertices) or face (face
ersion of non-manifold and non-orientable into an oriented-manifold 3D mesh and a sequenc

.1.8 Encoder and Decoder Block Diagrams

animation is

but more at
face order
ecoding the

hodel, since
pordinates is

make sure.
, Where the
bs losslessly
is previously
e size; (2) if
nalyzing the
e coordinate

mesh and a
ace increase
5) during the
p of stitches.

level block diagrams of a general 3D polygonal model encoder and decoder are shown

(de)aoc

consist of a 3D mesh connectlwty (de)coder geometry (de)coder property (de)coder vert
are extracted

n Figure 33.
x/face order

from 3D mesh modeI descrlbed in VRML or MPEG -4 BIFS format The connectlwty (de)coder is used for an
efficient representation of the association between each face and its sustaining vertices. The geometry
(de)coder is used for a lossy or lossless compression of vertex coordinates. The property (de)coder is 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 —

N

e

ral block diagram of the 3D mesh compression. A: 3D mesh encoder. B: 3D mgsh

decoder.

5.2.1.2 3D Mesh Object

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

partit

ions.

Partition #1

Partition #2 Partition #nPT

Additionally, if the vertex and face order preserving is supported, the last connected component data block is
followed by one or two data blocks, each one of them representing vertex order and face order information.
Vertex order and face order information can be applied to all the components of a bitstream.

Vertex Order Face Order

Each
Tree

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

the Triangle

Vertg

x Graph Triangle Tree Triangle Data

The
corrg
form
vertg
polyd
previ

(per
Grap

friangle tree record contains the structure of a triangle spanfing tree which links all the trig
sponding connected component forming a simple polygon.The 3D mesh is represented in g
in the bitstream, which also contains the information neeessary to reconstruct the origing
x graph record contains the information necessary~to stitch pairs of boundary edges o
on to reconstruct the original connectivity, not only/within the current connected componen
ously decoded connected components. The connectivity information is categorized as globg
connected component) and /ocal information (per triangle). The global information is stored
h and Triangle Tree records. The local information is stored in the Triangle Data record. The

ngles of the
triangulated
| faces. The
f the simple
t, but also to
/ information
n the Vertex
triangle data

is arfranged on a per triangle basis, where the‘ordering of the triangles is determined by the traversal of the
triangle tree.

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

The data for a given triangle is organized as follows:

mardhing edge | td(orientation | polygon_edge | coord normal color texCoord

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

othe

fields’contain information to reconstruct the vertex coordinates (coord) and optionally, norm

al, color, and

text

e coordinate (texCoord) information.
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5.2.1.3 Bitstream syntax

5.2.1.3.1 3D_Mesh_Object

3D _Mesh Object () {

No. of bits | Mnemonic

3D _MO_start _code

16 uimsbf

3D_Mesh_Object_Header()

do {

3D_Mesh_Object_Layer()

} while (nextbits_bytealigned() == 3D_MOL _start_code)

5.21.3.2 3D_Mesh_Object_Header

3D Mesh Ohject Header() { No. of hifs Mnemorpic
Cecw 1 bslbf
Convex 1 bslbf
Solid 1 bslbf
creaseAngle 6 uimsbf
coord hejader()
normal_hleader()
color_header()
texCoord| header()
3DMC_extension 1 bslbf
if (3DMC| extension == ‘1’)

3DMC_extension_header()
}

5.2.1.3.3 3D_Mesh_Object_Layer

3D Mesh Opject Layer () {

No. of bits | Mnemanic

3D_MOL_ start_code 16 uimsbf
mol_id 8 uimsbf
if (mol_id == 0)
3D Mesh Object Base.SLayer()
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 8 uimsbf
while ('bytealigned())
one bit 1 bslbf
gf start()
if (3D MOBL start code == “partition type 0”){
do{
connected component()
gf _decode(last_component, last component_context) viclbf
Hwhile (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) viclbf
gf decode(codap last vg, codap last vg context) viclbf
} while (codap_last vg == ‘0’)
}
else if (3D MOBL start code == “partition_type/2%{
if(vg_number > 1)
gf decode(codap vg id) viclbf
gf decode(codap left bloop idx) viclbf
gf decode(codap right bloop idx) viclbf
gf_decode(codap_bdry pred) viclbf
triangle tree()
triangle data()
}
Hwhile (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 32 bslbf
}
coord_qguyiant 5 uimshbf
coord_pted_type 2 upmsbf
if (coord| pred_type=="tree_prediction” ||
coorfd pred type=="parallelogram prediction”) {
coord nlambda 2 uimsbf
for (iE1; i<coord_nlambda; i++)
coord lambda 4-27 simsbf
}
}

5.2.1.3.6 normal_header

normal_header() { No. of bits Mnemdnic
normal_binding 2 uimsbf
if (normgl_binding != “not_bound”) {
nornpal_bbox 1 bslbf
nornpal_quant 5 uimsbf
nornpal_pred_type 2 uimsbf

if (ngrmal_pred_type=="tree_prediction”||
normal_pred_type=="parallelogram -prediction”) {

hormal_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 32 bslbf
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 simsbf

5.2.1.3.8 texCoord_header

texCpord header() { No. of bits Mnemonic
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” ||
texCoord. pred_type=="parallelogram_prediction”) {

texCoord’ nlambda 2 uimsbf
for(i=1; i<texCoord_nlambda; i++)
texCoord_lambda 4-19 simsbf
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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 if (function_type == “Multiple attribute_mode”)
multiple attribute_mode header()
} while(functjon type != “Escape mode”)
}
5.2.1.3.10 Order_mode_header
Order _mode |header () { No. of bits Mnemorpic
vertex_ornder flag 1 bslbf
if(vertex_prder flag )
vertekx _order per CC flag 1 bslbf
face ordér flag 1 bslbf
if(face_order flag)
face |order per CC flag 1 bslbf
}
5.2.1.3.11 Adaptive_quant_texCoord_mode_header
Adaptive _qugnt_texCoord _mode header () { No. of bits Mnemorpic
texCoord| quant u 16 uimsbf
texCoord| quant v 16 uimsbf
}
5.2.1.3.12 | multiple_attribute_mode_header
multiple_attfibute mode header(){ No. of bits Mnemonjc
number| of texCoord 5
for 2 to humber_of-texCoord viclbf
texCoord_hgader()
number_of |otherAttr 8
for 1 to humber of otherAttr
otherAttr_he¢ader()

}
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5.2.1.3.13 otherAttr_header

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++ )

otherAttr_ min(i) 32 bslbf
otherAttr_size 32 bslbf
}
otherAttr quant 5 limsbf
otherAttr_pred_type 2 limsbf

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

otherAttr nlambda 2 Llimsbf
for (i=1; i<otherAttr _nlambda; i++)
otherAttr lambda 4-19 simsbf

5.2.1.3.14 connected_component

connected _component() { No. of bits ||Mnemonic
vertex graph()
df decode(has_stitches, has_stitches context) viclbf
triangle tree()
tfiangle 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") {
gf decode(vg_last, vg last context) viclbf
if (openloops > 0) {
gf_decode(vg_forward_run, vg_forward_run_context) vielbf
if (vg_forward_run == ‘0’) {
openloops--
if (openloops > 0)
gf_decode(vg_loop_index, viclbf
vg_loop_index_context)
break
}
}
e
if_decode(vg_run_length, vg_run_length_context) viclbf
if_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++
e
} while (0)
if (vg leaf == ‘1" && vg_last == ‘1’ && codeslast == ‘1’)
epth--
if (vg leaf == ‘0’ && (vg_last == ‘0’ ||.code last == ‘0))
lepth++
codg 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
gf decode(tt_leaf, tt_leaf context) viclbf
if (it leaf == ‘1) {
depth--
}
else {
branch_position = ntriangles
depth++
}
Hwhile (depth >= 0)
if (3D_MOBL _start code == “partition_type 2")
if (codap_right_bloop idx — codap left bloop_idx — 1 > ntriangles) {
if (br@nch_position == ntriangles — 2) {
gf d¢code(codap_branch_len, codap branch len context) viclbf
ntriangles -= 2
}
else
ntriangles--
}
}
5.2.1.3.17 triangle_data
triangle_data(i) { No. of bits [[Mnemonic
gf_decode(triangulated, triangutated_context) viclbf
depth=0
rpot_triangle()
for (i=1; i<ntriangles;d+#)
triangle(i)
}
87
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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)

gf decode(td_orientation, td orientation context) viclbf
if (tt leaf ==‘0")
depth++
else
depth--
}
if (3D_MOBL_start_code == “partition_type 2")
if (trilangulated == ‘0’)
qf_decode(polygon_edge, viclbf

polygon_edge_context[polygon_edge])

root_coord()

root_nofmal()

root_colpr()

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_coord()|{ No. of bits | Mnemagnic

if (3D _MOBL_start code == “partition_type) 2”) {

if (visited[vertex_index] == 0) {

foot coord sample()

if (vigited[vertex_index] == 0) {

coord_sample()

coord_sample()

}

}

else {
root | coord; sample()
coorg.sample()
coord_sampie(]

}
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5.2.1.3.20 root_normal
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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” &&
(normal_binding != “bound_per_vertex” ||
visited[vertex_index] == 0)) {

normal_sample()

normal_sample()

}

else {

root normal sample()

if (normal_binding != “bound_per face”) {

normal_sample()

normal_sample()

5.2.1.3.21 root_color

root |color() {

No. of bits

Mnemonic

if (color_binding != “not_bound”)

if (3D_MOBL_start_code == “partition_type_2”) {

if (color_binding != “bound_per_vertex’||
visited[vertex_index] == 0) {

root_color_sample()

if (color_binding !'=fbound_per face” &&
(color_binding-!= “bound_per_vertex” ||
visited[vertex index] == 0)) {

color sample()

color,\sample()

}

else {

root color sample()

if (color_binding != “bound per face”) {

color_sample()

ealorcamnlinfl

COTOT—SarTPrey
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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] == 0) {

root texCoord sample()

if (texCoord_binding!= “bound_per_vertex” || visited[vertex_index]

== O) {
texCoord sample()
texCoord sample()
}
}
else{
foot_texCoord_sample()
{exCoord sample()
{exCoord sample()
}

5.2.1.3.23 | root_otherAttr

root_@therAttr() { 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_pervertex” ||
visited[vertex_index] == 0) {
otherAttr_sample()
otherAtir_sample()

}
}
else {
root_otherAttr_sample()
otherAttr_sample()
otherAttr (sample()
}

5.2.1.3.24 | root_otherAttr_Sample

'root_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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5.2.1.3.25 other_Attr_sample

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++
} while (j<otherAttr quant && otherAttr leading 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)

5.21.3.26 triangle

triangle(i) { No. of bits | NInemonic
if (marching_triangle)

gf_decode(marching_edge, marching_edge_contextimarching_edge]) viclbf
else {

If (3D _MOBL _start code == “partition_type_ 2%)
if (tt_leaf == ‘0’ && depth==0)

gf decode(td_orientation, td_orientation_context) viclbf
if (tt_leaf == ‘0)
depth++
else
depth--
e
5
if (triangulated == ‘0’) viclbf

gf_decode(polygon: edge,
polygon edge context[polygon_edge])

coord()
pormal()

color()

for (i=1; ir="number_of texCoord; i++)

texCoord(i)

for (i=1}; i<= number_of otherAttr; 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()

}
else {
if (visited[vertex_index] == 0)
coord_sample()
}

5.2.1.3.28 | normal

normal() { No. of bits | Mnemgnic

if (normgl_binding == “bound_per_vertex”) {

if (3[)_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()
}

} else if (normal_binding == “bound_per face”) {

if (tripngulated == ‘1’ || polygon_edge == ‘1’)

pormal_sample()

} else if (normal_binding == “bound-per_corner”) {

if (tripngulated == ‘1’ || pelygon_edge == ‘1°) {

pormal_sample()

pormal_sample()

}

normal_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

texCpord() { No. of bits [[Mnemonic

if (texCoord_binding == “bound_per ~vertex”) {

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 (friangulated == "T"]] polygon_edge == "T") {

texCoord sample()

texCoord sample()

}

texCoord sample()
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5.2.1.3.31 root_coord_sample
No. of bits | Mnemonic

root_coord sample() {
for (i=0; i<3; i++)
for (j=0; j<coord quant; j++)
gf decode(coord_bit, zero context) viclbf

root_normal_sample
No. of bits | Mnemg@nic

5.2.1.3.32

root_normal [ sample() {
for (i=0; [<1; i++)
for (jF0; j<normal_quant; j++)
if decode(normal_bit, zero context) viclbf

root_color_sample
No. of bits | Mnemagnic

5.2.1.3.33

root_color spmple() {
for (i=0; [<3; i++)
for (jEO; j<color_quant; j++)
if decode(color_bit, zero_context) viclbf

root_texCoord_sample
No. of bits | Mnemd@nic

5.2.1.3.34

root texCoold sample() {
for (i=0; [<2; i++)
for (JEO; j<texCoord quant; j++)
if decode(texCoord_bit, zero, context) viclbf

5.2.1.3.35 | coord_sample
No. of bits | Mnemgnic

coord _sample() {
for (i=0; [<3; i++) {

=0
do {

if «decode(coord_leading_bit, coord_leading_bit_context[3*j+i]) viclbf

e
} while (j<coord_quant && coord_leading_bit == 0)
viclbf

if (coord_leading_bit == ‘1") {
gf decode(coord_sign_bit, zero context)
viclbf

do {
gf decode(coord_trailing_bit, zero context)
} while (j<coord quant)

© ISO/IEC 2011 — All rights reserved

94


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

ISO/IEC 14496-16:2011(E)

5.2.1.3.36 normal_sample

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’)

if (normal_leading_bit == ‘1’) {

gf decode(normal_sign_bit, zero_context) viclbf
do{
gf_decode(normal_trailing_bit, zero_context) viclbf

} while (j<normal_quant)

5.2.1.3.37 color_sample

color] sample() { No. of bits ||Mnemonic
for (i=0; i<3; i++) {
j=0
do{
gf decode(color_leading_bit, color leading/bit context[3*j+i]) viclbf
j++

} while (j<color quant && color leading bit=="‘0")

if (color_leading bit == ‘1") {

gf_decode(color_sign_bit, zero_context) viclbf

do {

gf_decode(color_trailing, bit, zero_context) viclbf

} while (j<color_quant)
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5.2.1.3.38 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 quant && texCoord leading bit == ‘0’)
if (texCoord leading bit == ‘1) {
if decode(texCoord_sign_bit, zero_context) viclbf
Ho {
gf_decode(texCoord_trailing_bit, zero_context) viclbf
} while (j<texCoord_quant)
}
}
}
5.2.1.3.39 stitching
stitching() { No. of bits | Mnemonic
has_vertex_increase 1 bslbf
has_facg_increase 1 bslbf
if (has_vertex_increase) {
n_vartex_stitches bitsPerV uimsbf
for(ipti = 0; i < n_vertex stitches; i++){
p_duplication_per_vertex_stitches bitsPerV uimsbf
for(intj = 0; j < n_duplication_per_vertex. stitches; j++) {
vertex_index bitsPerV uimsbf
]
}
}
if (has_face_increase){
n fape stitches bitsPerF uimsbf
for(ipti = 0; i < n_face_stitches; i++){
h_duplication_per (face stitches bitsPerF uimsbf
for(intj = 0; j < n._duplication_per_face_stitches; j++){
face index bitsPerF uimsbf
e
}
}
}
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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 flag)
face_order per CC header()
face order()
}
}
5.2.1.3.41 vertex_order_per_CC_header
vertelx_order per CC header () { No. of bits ||Mnemonic
for(i=0;i<nCC;i++) {
nVOffset 16 uimsbf
for (j=0;j<nVOffset;j++)
{
vo_offset 24 uimsbf
firstVID 24 uimsbf
}
}
}
5.2.1.3.42 face_order_per_CC_header
face |order per CC header () { No. of bits | [Mnemonic
for(i=0;i<nCC;i++) {
nFOffset 16 uimsbf
for (j=0;j<nFOffset;j++)
{
fo_offset 24 uimsbf
firstFID 24 uimsbf
}
}
}
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
}
}
© ISO/IEC 2011 — All rights reserved 97



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

ISO/IEC 14

496-16:2011(E)

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
5.2.1.3.46 | 3D Mesh Object
5.2.1.3.47 | 3D_Mesh_Object
3D_MO_start_code: This is a unique 16-bit code that is used for synchronization purpose. The value of this
code is alwals ‘0000 0000 0010 0000’
5.2.1.3.48 | 3D_Mesh_Object_Header
ccw: This bpolean value indicates if the vertex ordering of the decoded faces follows a counter clockiwise
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 the crease angle.
3DMC_extension: This boolean value indicates\if one or more of the 3DMC extension functionalities (vertex
order and fage order preserving and efficient.texture mapping) are used.
5.2.1.3.49 | 3D_Mesh_Object_Layer
3D_MOL_start_code: This is a_unique 16-bit code that is used for synchronization purposes. The vallie of
this code is always ‘0000 0000(0011 0000’.
mol_id: Thig 8-bit unsigned-integer specifies a unique id for the mesh object layer. Value 0 indicates a |pase
layer. The fifst 3D_Mesh~0Object_Layer immediately after a 3D_Mesh_Object Header must have mold _jid=0,
and subsequent 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_MOBL_start_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 O 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
false if there are more vgs to be decoded in the partition.

codgp_vg_id—This urmsigred-imteger ndicates theid-of thevertex grapihrcorrespording totheTurrent simple
polygon in partition_type 2. The length of this value is a log scaled value of the vg_number of| vg decoded
from|the previous partition_type 1. If there is only one vg in the previous partition_type 1.

codgp_left_bloop_idx: This unsigned integer indicates the left starting index, within the’bounding loop table
of a connected component, for the triangles that are to be reconstructed in a partition;” The length|of this value
is 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 bgunding loop
tablel of a connected component, for the triangles that are to be reconstructed in a partition. The length of this
valug 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

in common with two or more partitions. If codap_bdry_pred is™, the restricted boundary predigtion mode is
used, 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 gedametry. If no
bounding box is provided, a default bounding box is used. The default bounding box is defined as
coord_xmin=0, coord_ymin=0, coord_zmin=0, and coord_size=1.

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 forbidden

16 paralelogram—prediction
11 reserved

coord_nlambda: This 2-bit unsigned integer indicates the number of ancestors used to predict geometry| The
only admissiple 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_lamhda: This signed fixed-point number indicates“the weight given to an ancestor for prediction| The
number of bjts 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 jinteger indicates the binding of normals to the 3D mesh. The admigsible
values are dgescribed in the following table.

Table 13 — Admissible values for normal_binding

nermal_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

10 parallelogram_prediction
11 reserved

The following table shows admissible values as a function of normal_binding.

Table 15 — Admissible combinations of normal_binding and normal- pred_type

normal_binding normal_pred_type

not_bound not coded

bound_per_vertex | no_prediction, parallelogran prediction

bound_per_face no_prediction, tree_prediction

bound_per_corner | no_prediction, tree_prediction

normal_nlambda: This 2-bit unsigned integer indicates the number of ancestors used to pregict normals.
Adm|ssible values of normal_nlambda are 1,2,"and 3. The following table shows admissible|values as a
function of normal_pred_type.

Table 16 — Admissible values-for normal_nlambda as a function of normal_prediction type

normal_pred: type normal_nlambda
no_prediction not coded
tree_prediction 1,2,3

parallelogram_prediction 3

The number

normal<lambda: This signed fixed-point indicates the weight given to an ancestor for prediction.
i i i i part, and the

of bi — — =
normal_quant remaining bits the fractional part.

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

default bounding box is used. The default bounding box is defined as color_rmin=0, celor_gm

color_bmin

color_rmin,

the bounding box in RGB space.

color_size:

color_quan

of color_quapt is 1 and the maximum is 16.

color_pred_|type: This 2-bit unsigned integer indicates how colors' are predicted. The following table s
the admissible values.

The followin

102

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

This boolean indicates if a bounding box for colors is given. If no bounding box-is provid
=0, and color_size=1.

color_gmin, color_bmin: These floating point values give the position ofithe lower left cor

his floating point value gives the size of the color bounding box,

: This 5-bit unsigned integer indicates the quantisation step“used for colors. The minimum

Table 18 — Admissible values for color_pred_type

color_pred_type | prediction type

00 no-~prediction

01 tree_prediction

10 parallelogram_prediction
11 reserved

j tablesshows admissible values as a function of color_binding.

color_binding 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.

colo
bits

normal_quant remaining bits the fractional part.

5.21

texCloord_binding: This 2 bit unsigned integer indicates the\hinding of texture coordinate
mesh.The following table describes the admissible values.

texC

bounlding box jstprovided, a default bounding box is used. The default bounding box is

texC

texC
boun

texC

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

I_lambda: This signed fixed-point indicates the weight given to an ancestor for'prediction. TH
ised for this field is equal to color_quant + 3. The 3 leading bits represent the integer {

.3.54 texCoord_header

Table 21 — Admissible valuesfor texCoord_binding

texCoord_binding | Binding

00 not bound

01 bound_per_vertex
10 forbidden

11 bound_per_corner

oord_bbox: This’boolean value indicates if a bounding box for texture coordinates is

oord_umin=0, texCoord_vmin=0, and texCoord_size=1.

ding/box in 2D space.

e number of
art, and the

5 to the 3D

given. If no
defined as

oord_umin, texCoord_vmin: These floating point values give the position of the lower left forner of the

oord_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.

© IS0

/IEC 2011 — All rights reserved

103


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

ISO/IEC 14496-16:2011(E)

Table 22 — Admissible values for texCoord_pred_type

texCoord_pred_type prediction type

00 no_prediction

01 forbidden

10 parallelogram_prediction
11 reserved

The following table shows admissible values as a function of texCoord_binding.

Taple 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_njlambda: This 2-bit unsigned integer indicates*the number of ancestors used to predict normals.
Admissible alues of texCoord_nlambda are 1, 2, and-8” The following table shows admissible values|as a
function of t¢xCoord_pred_type.

W

Table 24 — Admissible values for texCoord_nlambda as a function of texCoord_prediction typ

texCoord_pred_type texCoord_nlambda
not_prediction not coded
tree_prediction 1,2,3
parallelogram_prediction 3

texCoord_|
number of bi =
and the texCoord_quant remaining bits the fractional part.

mbda: This signed fixed-point indicates the weight given to an ancestor for prediction.| The

F 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

5.21

vertéx_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 qertex orders are coded

conn
face|

face)
conn

5.21

texC
u(x).

texC

5.21

function_type_code function_type

0000 Order_mode

0001 Adaptive_quant_texCoord_mode
0010 Multiple_attribute_mode
0011~1110 Reserved

1111 Escape code

.3.56 Order_mode_header

ected component or not.

| order_flag: This boolean value indicates whether the face. order is provided or not.

ected component or not.

.3.57 Adaptive_quant_texCoord_mode_header

oord_quant_u: This 16-bit unsigned integer indicates the value of quantisation step size

oord_quant_v: This 16-bit unsigned integer indicates the value of quantisation step size for

.3.58 multiple_attribute .mode_header

num

5.21

num[er_of_texCoord: This 5 bit unsigned integer gives the number of texture coordinates per vg

er_of_otherAttr:Fhis 8 bit unsigned integer gives the number of additional attributes per v

.3.59 otherAttr_header

at the unit of

| order_per_CC_flag: This boolean value indicates whether the face orders are coded gt the unit of

for direction

direction v(y).

rtex.

brtex

otherAttr-binding: This 2 bit unsigned integer indicates the binding of texture coordinates to the 3D mesh.

The

ollowing table describes the admissible values.

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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105


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

ISO/IEC 14496-16:2011(E)

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.

otherAttr_size: This floating point value gives the size of the texture coordinate bounding box.

otherAttr_qpant—This5-bitunsigmed-integer-indicates the quantisation step used for texture toordimates) The
minimum value of otherAttr_quant is 1 and the maximum is 16.

otherAttr_pred_type: This 2-bit unsigned integer indicates how colors are predicted. The following tables
show the its pdmissible 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_vertex no_prediction, parallelogram_prediction
bound_per_corner no_prediction, tree_prediction

otherAttr_n|lambda: This 2-bit unsigned integer indicates the number of ancestors used to predict norfnals.
Admissible yalues of otherAttr_nlambda are 1, 2, and 3. The following table shows admissible values|as a
function of otherAttr—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

vg_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 currept branching
vertex. This field is not coded for the first run of each branching vertex, i.e. when the-skip_last vatiable is true.
When not coded the value of vg_last for the current vertex run is considered to be false. [This field is
arithimetic coded.

vg_fprward_run: This boolean value indicates if the current run is asnéw run. If it is not a ney run, it is a
previpusly traversed run, indicating a loop in the graph . This field is arithmetic coded.

vg_lpop_index: This unsigned integer indicates the index of ruh.to which the current loop connegts. Its unary

reprgsentation (see next table) is arithmetic coded. If the variable openloops is equal to vg_loop_index, the
trailing ‘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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vg_leaf: Thi
vertex, it is &

vg_loop: Th

Table 31 — Unary representation of the vg_run_length field

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

indicating a loop. This field is arithmetic coded.

5.2.1.3.62

branch_podition: This integer variable is used to_store the last branching triangle in a partition.

tt_run_leng

triangle_tree

(see next taljle) is arithmetic coded.

108

Table 32 —Unary representation of the tt_run_length field

5 boolean value indicates if the last vertex of the current®run is a leaf vertex. If it is not g leaf
branching vertex. This field is arithmetic coded.

s boolean value indicates if the leaf of the current fun Connects to a branching vertex of the graph,

th: This unsigned integer indicates’ the length of the current triangle run. Its unary representation

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: This boolean value indicates the marching edge of an edge inside a triangle run. If
marching_edge is false, it stands for a march to the left, otherwise it stands for a march to the right. This field
is arifhmeticcoded:

polygon_edge: This boolean value indicates whether the base of the current triangle is af‘edg¢ that should
be kept when reconstructing the 3D mesh object. If the base of the current triangle is-not’ kept] the edge is
discarded. This field is arithmetic coded.

codgp_branch_len: This unsigned integer indicates the length of the next branch1o be traversed. The length
of this value is the log scaled value of the size of the bounding loop table.

5.2.1.3.63 triangle

td_orientation: This boolean value informs the decoder the traversal-order of tt/td pair at a brangh. This field
is 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 indicatestifithe current vertex has been visited or not. When codap_bdry_pred is ‘1’,
visitgd is true for the vertices visited in the current partition. However, when codap_bdry_pred is|'0’, visited is
true for the vertices visitediin the previous partitions as well as in the current partition.

vertex_index: This variable indicates the index of the current vertex in the vertex array.

no_gncestors:(This boolean value is true if there are no ancestors to use for prediction of the curfent vertex.

coord_bit:“This boolean value indicates the value of a geometry bit. This field is arithmetic coded

coord \leading bit: This boolean value indicates the value of a leading geometry bit. This field|is arithmetic
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_sign_

bit: This boolean value indicates the sign of a color sample. This field is arithmetic coded.

color_traili

texCoord_bijt: 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 arith

coded.
texCoord_s

texCoord_ti
coded.

otherAttr _h

otherAttr_lgading_bit: This boolean value indicates the value of al€ading otherAttr bit. This field is arith

coded.
otherAttr_s

otherAttr_tn
coded.

5.2.1.3.64 stitching

has_vertex|
non-orientab

has_face_in
non-orientab

n_vertex_sfitches: This ‘bitsPerV-bit unsigned integer specifies how many vertex stitching operation

needed to rg

where nV means-the total number of vertices.

g_DRITt ThiIS Doolean value Indicates e value oI a tralling COIor DIL. ThIS TIeld 1S aritnmetic COQ

gn_bit: This boolean value indicates the sign of a texture sample. This field is arithmetic cod

ailing_bit: This boolean value indicates the value of a trailing textUre-bit. This field is arith

it: This boolean value indicates the value of a otherAttr bit.This field is arithmetic coded.

gn_bit: This boolean value indicates the sign of.a otherAttr sample. This field is arithmetic cg

ailing_bit: This boolean value indicates the value of a trailing otherAttr bit. This field is arith

lincrease: This boolean value’indicates if the vertex increase is occurred during the conversi
le/non-manifold model into an oriented-manifold model and stitching information.

crease: This boolean value indicates if the face increase is occurred during the conversi
le/non-manifold model into an oriented-manifold model and stitching information.

construct original non-orientable/non-manifold model. The value of bitsPerV is set to ﬂog2

n_duplicati

metic

ed.

metic

metic

ded.

metic

on of

bn of

5 are
nV—|,

vertices for each vertex stitch operation. The value of bitsPerV is set to [log, nV’ |, where nV means the total
number of vertices.

vertex_index: This bitsPerV-bit unsigned integer specifies a unique index of the vertex order. The value of

bitsPerV is s

etto [log, nV |, where n¥ 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.

110
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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 the total

number of faces.

face_index: This bitsPerF-bit unsigned integer specifies a unique index of the face order. The value of
bitsPerF is set to [log, nF |, where nF means the total number of faces.

5.21

.3.65 vertex_order_per_CC_heaer

nVOffset: This 16-bit unsigned integer indicates the number of offset values within the given connected

compenent:

Vvo_(d
unit (

firstYID: This 24-bit unsigned integer indicates the first vertex index within the given connecteq

ffset: This 24-bit unsigned integer indicates the offset value needed to reconstruct theverte
f IndexedFaceSet.

order at the

i component

using vo_offset as its offset value.

5.2.1.3.66 face_order_per_CC_heaer

nFOffset: This 16-bit unsigned integer indicates the number of offset values within the giveh connected
component.

fo_offset: This 24-bit unsigned integer indicates the offset value needed to reconstruct the face| order at the
unit ¢f IndexedFaceSet.

firstkID: This 24-bit unsigned integer indicates the fitst face index within the given connecteq component
using fo_offset as its offset value.

5.2.1.3.67 vertex_order

vo_ifl: This bpvi-bit unsigned integer specifies a unique index of the vertex order based ¢n the input
IndexedFaceSet. The value of init_bpvi is set to |_10g2 nV-|, where nV is the total number of yertices. The
value of bpvi and DecodingVerticestare 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 gn the input
IndexedFaceSet. The.value of init_bpfi is set to ﬂog2 nF—\ where nF is the total number of facels. The value
of bgfi and DecodingFaces are explicitely described in 5.9.3.1.9.

5.2.1.4 The-decoding process

5.2.1.41"_3D Mesh Object Decoding

The Topological Surgery decoder is composed of eight main modules, as shown in Figure 34, namely:

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 and the
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 of triangle data contains the geometry and the properties associated with each triangle.

When a 3D
information i
the arithmeti

3D Mesh
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—»
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Figure 34 — Block diagram of the Topological Surgery decoder
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3D mesh
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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.

5.21

.4.3 The Topological Surgery decoding process

The
with
polyg
reco
corrg
the S
(i) a
reprg
trian
are
starti
shari
the g

the ipformation contained in the Vertex Loop look-up table, and(so, reconstructing the original con

connectivity of a 3D mesh Is represented as a Simple Polygon (triangulated with a single bo
zero or more pairs of boundary vertices identified, and with zero or more internal edges
on edges. When the pairs of corresponding boundary edges are identified, the edges of
nstructed mesh corresponding to boundary edges of the Simple Polygon form the .Vertex
spondence among pairs of Simple Polygon boundary edges is recovered by the decoding |
tructure of Vertex Graph, producing the Vertex Loop look-up table. The Vertex Graph is rej
rooted spanning tree, (ii) the Vertex Tree, and (iii) zero or more jump edges. The Simpl
sented as (i) a rooted spanning tree, (ii) the Triangle Tree, which defines an order of tra
jles, (iii) a sequence of marching patterns, and (iv) a sequence of polygon_edges. The marc
sed to reconstruct the triangles by marching on the left or on the right“along the polygon bg
ng from an initial edge called the root edge. The polygon edges.are used to join or not to
ng a marching edge to form the faces of the mesh. As the triangles of the simple polygon
rder of traversal of the Triangle Tree, simple polygon boundary edges are put in correspor

undary loop)
labelled as
the resulting
Graph. The
brocess from
presented as
b Polygon is
versal of the
hing patterns
unding loop,
oin triangles
bre visited in
dence using
nectivity.
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VERTEX TREE ,ROOT 4 POLYGON

N>

4  TRIANGLE
TREE

Figure 35 — Topological Surgery representation of a simple mesh.
A: for a simple mesh; the vertex graph is a tree.
B:|lwhen a simple mesh is cut through the vertex tree, the result is a simple polygon.
C: each efge of the vertex tree corresponds to exactly two boundary edges of the simple polygaon.
D: the triar:PIe tree spanning the dual graph of the simple polygon. In the general case, the face fgrest
is first cgnstructed 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 geometfry and property data are quantised and predicted as a function of ancestors in the order of
traversal 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 datp are
received, thg decoder can output the corresponding triangle.

At a high level, 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
connectivity of triangle

decode and reconstruct vertex coordinates and properties

{

{

ISO/IEC 14496-

}

5.2.1.4.4 Header decoder

The header information is divided into three parts. The first part contains information about t
shadjng properties of the model, and the second defines the properties that are*bound to the me

part contains information about the extension properties.

5.2.1.4.5 High level shading properties

These are the ccw, solid, convex, creaseAngle fields defined in an IndexedFaceSet node. The

is qupntised to a 6-bit value and is reconstructed as 2*pi*creaseAngle/63.

5.2.1.4.6 Property bindings and quantiser scales

Therg are four kinds of properties: vertex coordinatés (coord), normals (normal), colors (color
coordlinates (texCoord). Properties can be bound-to the mesh in four different ways: no binding
per face and per corner. Not all combinations of bindings are valid. The following table lig
comlIinations. The binding of each property*is obtained from coord_binding, normal_binding, d
exCoord_binding, respectively.

and

Table 34 — Kist of valid combinations of properties and bindings

16:2011(E)

e high level
sh. The third

crease angle

and texture
, per vertex,
5ts the valid
olor_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 the

normal_qu
5.21.4.7 H

52148 (

There is verlex order and face order preserving mode. The presence of the vertex orders:is given by the

vertex_orde
coded at the

The preser
face_order |
connected ¢

If the vertex
firstVID fielq
values withir
firstVID indi
value.

If the face

firstFID fielgs defined in face_order per CC _.header. The nFOffset field indicates the number of

values withir]
firstFID indi
value.

The decodin

5.2.1.4.9 Adaptive quantisation for texCoord mode

~

These g
Adaptive_qu

direction u(x

llt vaiuc Illubt aivvayo dall UL.IIL.II IIUIIIIUUI .
xtension Properties

rder mode

r flag and the next field vertex_order_per_CC_flag field indicates whethéer the vertex order
unit of IndexedFaceSet or connected component.

ce of the face orders is given by the field face_order flag and the next
per_CC_flag field indicates whether the face orders are coded at the unit of IndexedFace§
bmponent.

orders are encoded at the unit of connected component, there are nVOffset, vo_offset
Is defined in vertex_order_per_CC_header. The nVOffset field indicates the number of
the given connected component, The vo_offset\field indicates the offset value and the next
cates the first vertex index within the given connected component using vo_offset as its

prders are encoded at the unit of cophected component, there are nFOffset, fo_offset,
the given connected component;The fo_offset field indicates the offset value and the nexf

cates the first face index within 'the given connected component using fo_offset as its

j process for the vertex and face orders is further described below.

re the texCoord_quant_u and tex_Coord_quant_v fields defined
ant texCoord _mode _header. texCoord_quant_u indicates the value of quantisation step siz
and-texCoord_quant_v indicates the value of quantisation step size for direction v(y).

field
5 are

field
et or

and
ffset
field
pffset

and
pffset
field
pffset

e for

521410 P

riiti $
artition-type

There are three partition types to convey vertex graph(vg), triangle tree(tt), and triangle data(td). The partition

type specifie
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s admissible combinations of these three pieces of data in the bitstream. See Figure 36.
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sC vg last_vg vg last_vg
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sc codap_vg_id | left/codap_righ | codap_bdry tt codap_branc td
t bloop_idx pred h_len
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partifion.
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This

characterized by the vertex graph id{_visiting indices, and boundary prediction mode. These

giver
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partif
wher
adde

5.21

The

Figure 36 — Types of data partition : (a) one or more group of vg, tt and td included in a

(c)

(b) one or more vgs included in a partition. (c) the partition has one pair-of tt and

.4.11 connected component partition (partition_type_0)

partition.

d.

partition indicates the bitstream with one or more sequence of connected component consis’LLng of vertex

N, triangle tree, and triangle data. The end of the connected component sequence is deter
component field. The following partition may be either type Ocor-1.

.4.12 vertex graph partition (partition_type_1)

partition indicates the bitstream with one or more sequlence of vertex graph. The end of the
ence is determined by the last_vg field. The partition following the vertex graph partition sha

.4.13 tt/td pair partition (partition_type_2)
partition indicates the bitstream withyone pair of triangle tree and triangle data. The tt/td pg

fields codap_vg_id, left/codap_right_bloop_idx, and codap_bdry_pred. codap_vg_id fi
tex graph corresponding to the tt/td pair. It is used to get the bounding loop information fro
n. codap_left_bloop_idx.and codap_right_bloop_idx fields indicate the left and right star{
ounding loop. They are also used to decide if a vertex in the partition is already visited in
ion. codap_bdry (pred field indicates if the vertices on the boundary of the partition should
the vertex is shared with previous partitions. If the partition ends at a branch, codap_branc
d to the bitstream. Any type of partition may follow the tt/td pair partition.

.4.14 Restricted boundary prediction mode (codap_bdry_pred=0)

restricted boundary prediction mode does not duplicate vertices between partitions. Since

pred

cted in the prn\/im 1S pnrﬁfinnc may. not be n\milnhlp’ prndinfinn is done nnly with the avail

ined by the

vertex graph

| be tt/td pair

ir partition is
ariables are

eld indicates
m the vertex

ing points of

the previous

be decoded

h_len field is

the vertices
ble vertices

which are predicted in the current partition. If the previous partitions are lost, the triangles at the boundaries
may not be reconstructed due to the fact that the vertices from the previous partitions are not available.
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

predi

if (
else
else
if

is encoded.

ction with 3 ancestors (a,b,c) be d’ = f(a,b,c). Then the equation is d = d’ + e and the value e
However, when the ancestors are visited in the previous partitions, the prediction method is as follows.
all ancestors (a, b, and c) are not available) then d’ = 0
if (only one ancestor, say t, is available) then d’ = t
if (two ancestors, say t; and t,, are available) then
(both ancestors are edge distance 1 from current vertex) then

d’

© IS0

(t; + ty) /2
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else if (t; is edge distance 1 from current vertex) then d’' = t,
else d’' = t,

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.

5.2.1.4.16 Vertex Graph Decoder

The vertex ¢
table.

For meshes

any loops and is hence a tree. The field vg_simple, if set, indicates that the graph contains no loop. S

fields below

Each vertex
variables ar
vg_forward|

these three fields are not coded.

The procesq
vg_loop is S
from the queé
not coded w
equal to the
Therefore w

The end of {
this purpose
depth is initi
variable bec

raph decoder reconstructs a sequence of vertex runs. It then constructs the Vertex Loop. l0q

that have simple topology and that do not have a boundary, the vertex graph dees not co

are skipped when vg_simple is set.
run is characterized by several variables, namely length, last, forward,/loop and loop index. T]
b given by the fields vg_run_length, vg_last, vg_forward_run{ vg_loop and loop_in

| run, vg_loop and loop_index contain information relative tooops. When vg_simple is

to reconstruct the vertex loop uses an auxiliary loop (Queue variable, initially empty.
et the current run is put into the loop queue. When vg-forward_run is not set a run is pulle
bue. loop_index determines the position of the pulied/out run in the queue. vg_forward_r
hen the loop queue is empty. loop_index is coded by its unary representation. When the ing
number of elements in the queue minus 1, thetrailing bit of its unary representation is not cq
nen there is a single element in the queue, loop_index is not coded.

he graph is determined by the vg_last and vg_leaf fields. An auxiliary depth variable is usg
It is decremented each time vg_lastiis set and incremented each time vg_leaf is not set
alised to zero at the beginning of the graph. The end of the graph is reached when the ¢
bmes negative.

k-up

ntain
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hese
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true,

Vhen
d out
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ded.
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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 tree\is 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: connéct the start and end of each jump edge.
F: resulting boundary loop.

Vertex numbers are assigned according to a depth-first traversal of the graph. The bounding Joop look-up
tablelis constructed by @oing around the graph and for each traversed vertex recording its number.

5.2.1.4.17 Triangle Tree Decoder

The friangle tree decoder reconstructs a sequence of triangle runs. For each run it generates a run length and
the size af ifs sub-tree.

The |id||gic tree—is—= Sequence of tlidllgic rons—Foreachruma icngﬁl ﬁ_lun_iength and—a-boolean flag
tt_leaf 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.
The decoder stops decoding the sequence of runs when the number of decoded leaf 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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B

A ;\\

A: depth-first order of traversal of the triangle tree starting from the root

B: eac

C: The seq

islencoded as a (tt_run_length,tt_leaf) pair, plus a sequence of
Optionally, in the case of 3D meshes with polygonal faces, an additio
bits is usied to indicate which internal edges of the simple polygon espond to original intern
edges of the mesh, and which ones to virtual qQ nal edges.
& O
The tt_leaf f run.

If the length
all runs mus
(assuming th

However, if
when decod

There are (
codap_righ
virtual triang
virtual triang

5.2.1.4.18 Stitch Decod@.

There is an
model into a

&)

Figure 38 — Representing a simple polygon as a table of triangle runs. N
e green).
%‘ e-left (2), or

leaf triangles. Each

h triangle is classified by a 2-bit code as leaf (0), advance-right (1), a
branching (3).
lence of 2-bit codes is partitioned into runs ending in branch

ag is also used for the computation of the length on

of each run is correctly decoded and does noti@ﬁe virtual triangles, then the sum of the leng
t be equal to the length of the bounding logp; constructed by the vertex graph decoder min
at the bounding loop is correctly reconstr d).

a run is partitioned, the triangle trefggltstream contains one or two virtual leaf triangles. H
ng triangle data, the triangle dati'éor esponding to the virtual leaf triangles shall not be deco

ne or two virtual triangl ﬂ(\){‘\the number of triangles in the current partition is less
_bloop_idx - codap_le oop_idx - 1. Otherwise there are no virtual triangles. If thers
es and the third-last triangle is a branching triangle, the last two triangles in the partition ar|
es. Other wise onlb last triangle is virtual.

O

increas Qﬁe number of vertices or/and faces after conversion of non-orientable/non-ma
N ori -manifold model and stitching information as described in the following figure.
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inforation; For each vertex stitching informiation, the unsigned integer n_duplication_per_vert
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If th
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Figure 39 — A non-manifold 3D mesh (A) and converted manifold meshes (B)

stitch decoder reconstructs the stitching information<{to reconstruct the original non-or
fold model. The following pseudo-code summarizes the operation of the Stitch decoder: if
stitches flag is true, then Stitch decoder decodes-stitching information from the bitstream.

b boolean value has_vertex_increase is_true, then vertex increase related stitching ir
ded; An unsigned integer n_vertex_stitches is decoded associated with the number of ve

coded describing the number of duplications, and multiple unsigned integer vertex_index
ciated with the actual index of the ariginal vertex and duplicated vertex index.

b boolean value has_face_.increase is true, then face increase related stitching information
hsigned integer n_face_stitches is decoded associated with the number of face stitching infq
face stitching information, the unsigned integer n_duplication_per_face_stitches
ribing the number ofiduplications, and multiple unsigned integer face_index are decoded as

ctual index of the. original face and duplicated face index.

// readiwg- stitch information from the bitstream
int bitsPerV = representBit (totalVertices);

entable/non-
the boolean

formation is
rtex stitching
ex_stitches
are decoded

is decoded;
rmation; For
is decoded
sociated with

int-bitsPerF = representBit (totalFaces);
MV (ibstrm.getBit (has vertex increase)== false) return false;
1t (1bstrm.getBit (has_face increase)== false) return false;

if (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
Fields E:fe‘;‘ﬁ;' data Encoded data (bits)
has_vertex_increase 1 1
has_face increase 0 0
n_vertex_stitches 2 ('2=5 and “1=6") 010+(bitsPerV=3 "~ [log, 7]
n_duplication_per_vertex_stitches 2 ('2=5)) 010 (bitsPerV=3"~ [log, 7—|)
vertex_index 2 (original vertex indéX) | 010 (bitsPerV=3~ [log, 7—|)
vertex_index 5 (copied vertexindex) | 101 (bitsPerv=3" [log, 7-|)
n| duplication_per_vertex_stitches 2 ("1=6’) 010 (bitsPerV=3"~ [log, 7—|)
vertex_index 1 (original vertex index) | 001 (bitsPerv=3~ [log, 7]
vertex_index 6(copied vertex index) | 110 (bitsPerv=3" [log, 7-|)
Using decoded stitching information, theoriginal non-manifold/non-orientable model can be reconstructe
deleting the topied vertices and replacing the incidence of copied vertices with the incidence of original ve

5.2.1.4.19 Vertex Order Decoder

The vertex drder decodefireconstructs a sequence of vertex order, vo_id, based on the input IndexedFag
Note that thls sequeneg. is empty if there is no vertex order information. If this sequence is not empty
decoder decodes™the sequence of vertex order information which is contained in
3D_Mesh_Object Extension_Layer. The header for the presence of vertex order, which is a boolean

d by
rtex.

eSet.
, the
the
flag

vertex_order.flag, is defined in the Order_mode_header.

122 © ISO/IEC 2011 — All rights reserved


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

ISO/IEC 14496-16:2011(E)

// vertex order decoder

int nV = number of vertices of the current connected component;

// compute the number of bits(bpvi) required to decode the vertex order in
initial state

init bpvi = bpvi=bitsToRepresent (nV);

// vertexVector: for containing not decoded vertex indices
vector <int> vertexVector;

// initialize vertexVector to all vertex indices
for(int g = 0; g < nV; g++)
vertexVector.push back(q) ;

the

// 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 auniduely
DecodingVertices = nV- pow (2, (bpvi-1));

// delList : for containing decoded vertex indices
int* dellList = new int[DecodingVertices];

nV=nV-DecodingVertices;
for (j=nv;3>0;3--) {
vo decode (vo_id, bpvi);

}

// sort the dellist
gsort (dellList, delCnt, sizeof (int), compareh;

// 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 vertexVectod
gVertexIndex.push back (vertexVector[0]);

// compute remaining vertices after decoding the current~distinguishable ur]i

Figure 40 — vertex order decoder pseudo-code

5.2.1.4.20 Decoding the'symbol of the vertex order

After| reading the bpvi bits from the bit stream, the vertex order is calculated as follows: If bpv
init_bpvi, bpvi is transformed into unsigned integer value and this unsigned integer value becom:
ordef. If bpvi is hot same as init_bpvi, bpvi is transformed into unsigned integer value but this uns
valug is pot the vertex order. The vertex order is the (unsigned inter value)-th value among tH
consgcutive vertex indices in the range O, ..., (V-1).

is same as
s the vertex
gned integer
e remaining

void vo decode (unsigned int vo id, bpvi) {
ibstrm.getMOBitInt (bpvi, VertexIndex) ;
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 will 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) {

// assume the firstVID and vo offset was given after decoding the
vertex order_per CC _header

=01j<nVOffset;j++) {

fig

5.2.1.4.21 Fjace Order Decoder

hV; 1i++) {

vo id >= firstVID[Jj]) && vo id < firstVID[j+1]))
hal vo id = vo_id + vo_offset[]J];

The face orgler decoder reconstructs a sequence of face order, fo_id, based‘on the input IndexedFacgSet.

Note that th
decoder d
3D _Mesh_O
face_order |

s sequence is empty if there is no face order information.4f)this sequence is not empty, the
ccodes the sequence of face order information ™ which is contained in| the
bject Extension_Layer. The header for the presence’,of-face order, which is a boolean flag
flag, is defined in the Order_mode_header.
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// face order decoder
int nF = number of faces of the current connected component;

// compute the number of bits(bpfi) required to decode the face order in the
initial state
init bpfi = bpfi=bitsToRepresent (nF) ;

// faceVector: for containing not decoded face indices
vector <int> faceVector;

// initialize faceVector to all face indices
for(int g = 0; g < nF; g++)
faceVector.push back(q) ;

// 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 bits uniquely
DecodingFaces = nV- pow (2, (bpfi-1));

// delList : 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(y + dellist[g] - q);

}

// last face order is calculated by the remaining one in faceVector
gFaceIndex.push back (faceViector[0]);

Figure 41 — face order decoder pseudo-code

5.2.1.4.22 Decoding the symbol of the face order

After|reading the bpfi bits from the bit stream, the face order is calculated as follows: If bpfi is samp as init_bpfi,
bpfi is transformed into unsigned integer value and this unsigned integer value becomes the face|order. If bpfi
is not sameas init_bpfi, bpfi is transformed into unsigned integer value but this unsigned integer value is not

the face-sorder. The face order is the (unsigned inter value)-th value among the remaining congecutive face
indicessin-the range n, s (I: 1)_

void fo decode (unsigned int fo id, bpfi) {
ibstrm.getMOBitInt (bpfi, Facelndex);
if (bpfi==init bpfi) {

fo id=FaceIndex

}

else {
// faceVector[FaceIndex] is the (FaceIndex)-th fo id that does not decoded
fo_id = faceVector[Facelndex];

}
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
IndexedFaceSet. 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) {

// assume the firstFID and fo offset was given after decoding the face order per CC header

for (1i=0; i<
{
for (3=0;
{

1f( (

fif

}
}

5.2.1.4.23 T

The triangle

hE; 1++)
j<nFOffset;j++)

fo id >= firstFID[J]) && fo id < firstFID[j+1]))
hal fo id fo id + fo offset[]j];

riangle Data Decoder

data decoder operates in three steps. It first decodes a header, then a root triangle, whi

followed by @ sequence of triangles. Note that this sequence is empty ifithére is a single triangle in the cU

connected c

The header

bmponent.

s a boolean flag triangulated that indicates if all faces’in the connected component are trian

If this flag indlicates true, the polygon_edge field is not coded:

The decodin

g of a root triangle and of a non-root triangle are the same with the following exception

polygon_edge field is never coded for a root triangle 0f a connected component, and the number of pro

samples ma

Two fields i

differ.

hdicate connectivity information. for the current triangle: marching_edge and polygon_¢

ch is
rrent

gles.

The
perty

dge.

marching_edge is not coded for branching.and leaf triangles. polygon_edge is not coded for the root triangle

or if the tria
for the root t

The number

hgulated flag is set true. Hawever in a partition of partition_type 2, the polygon_edge is ¢
iangle if the triangulated.field is set false

of per vertex property-samples may differ depending on the boundary prediction mode and v

vertices. If the boundary prediction mode is restricted, then the two starting points are already visited i

previous paf
are no samp|

tition and only.one root sample is coded. However, if the remaining vertex is also visited,
es coded. Af the boundary prediction mode is extended, the root triangle always has all 3 san

Table 36 — Number of samples to decode in a root triangle for each binding

pded

sited
n the
there
hples.

Binding # samples Detail

None 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
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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.

—Bimding #sampies Comdition
None 0
per vertex Oor1 vertex never visited
per face Oor1 polygonyedge is set
per corner 1or3 polygon_edge is set

The [traversal order is fixed in basic topological surgery. Héwever, in order to change trayersal order,
td_orientation field is coded at a branching triangle on the-main stem of the triangle tree in the partition. In
other words, if the number of previously decoded branching-triangles is equal to that of leaf triangles within the
currgnt 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 root triangle. If there are several samples in a root|triangle only
the first sample is a root sample. The remaining samples in the root triangle are non-root samples

The |coord_quant bits of each coordinate of a root geometry sample are received starting wlith the most
significant.

5.2.1.4.25 Decoding a non-root sample

A coprdinate of a non-rfoot'geometry sample is composed of coord_quant bits, plus a sign bit. The coordinate
is coded bit by bit_starting from the most significant. The leading O’s, if any, and the leftmost {, if any, are
coord_leading_hit's‘are coded using an adaptive probability estimation model. If not all coord_leading_bits
are [’'s a coord:_sign_bit is coded. Finally coord_quant minus the number of coord_leading_bits
coornd_trailing/bits are coded using a fixed probability model.

3*coprd._quant probability estimation models are defined ode the coord_leading_bit field. The

The decoded value is not the actual value of the sample, but a correction that has to be applied 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
00 not encoded X X X
01 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_predictipn not coded bound_per_vertex;,bound_per_face, or bound_per_corper
tree_prediction 1 bound_per_faee or bound_per_corner
parallelogram_prediction | 3 bound_per vertex
For tree and|parallelogram prediction, the prediction of the properties in the current triangle are always based
on the valuep in the previous triangle in the triangle tree. The prediction is weighted by the lambda coeffigients
decoded by the header decoder.
Ve
Cc3
Fc
Ccl Cc2
Val Va2
\Cal Ca2 /
Fa
Ca
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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.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

predi

5.2.1

cted by Cc1, and Cc3 by Cc1.

.4.28 Parallelogram prediction

If th
lamb
not p

5.21

Ther
coor

Give

— N X

he

Ther
num

b property is bound per vertex, the prediction of Vc is equal to lambda1*Va1l + lam)
da3*Va3. If the current triangle is the root of the triangle tree, Va1 and Va2 must be encede
redicted, Va2 is predicted by Va1, and Vc by Va1.

.4.29 Inverse quantisation

b are three inverse quantisation procedures. The first one applies toygeometry, colors
linates. The second applies to normals and the last one applies to texture.coordinate.

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)
brocedure for colors and texture coordinates is the same;

b is a special inverse quantisation procedure for hormals. Normals are always quantise
per of bits normal_quant. The 3 most significant.bits of normal_quant indicate the octant th

in, and the remaining bits define an index within the octant.

da2*Va2 +
d too, Va1l is

and texture

h a quantised geometry sample (gx, qy, 9z), the reconstructed geomeétry sample (x,y,z) is obthined as:

d to an odd
e normal lies

Figure 43 — The quantisation of normals is based on
the hierarchical subdivision of the unit octahedron

Left: unit octahedron.
Middle: unit octahedron after one subdivision.
Right: unit octahedron after two subdivisions.
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Figure 44 —

Given an indlex i, and the 3 sign bits sx, sy and sz, the normal (x,y,z) can be analytically reconstructg

follows:

the efficig
procedure f
Given a qua
obtained as:

qu/tex
qv/tex

Numbering of the triangles within an octant. Note that the top corner,corresponds to
the leftmost corner to |x|=1 and the rightmost corner to |y|=1.

< ((normal quant - 3) / 2);
- ceil (sgrt (nbins*nbins - 1));
D*v0;
& 1)*2.0/3.0;
1) & (nbins - 1);

x0 + skew;
y0 + skew;
nbins - x - y;

Ft (x*x + y*y + z*z);
-X*n : x*n;
-y*n : y*n;
-z*n : z*n;

pr texture coardinates, which uses two values, texCoord_quant_u and texCoord_qua

Coord )quant u
Ceefrd quant v

z|=1,

d as

nt texture mapping’ of 3ADMC extension is supported, there is the third inverse quantisation

nt_v.

htised texture:coordinates sample (qu, qv), the reconstructed texture coordinates sample (u,v) is

5.2.1.4.30 Arithmetic decoder

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

symbol | value of decoded symbol

The
the C

5.2.1

The
align

In thq

into flegister C.

void|
A
C
fele
SW|

}

5.21

Whe
of th
0x80

void|
*s

if]

Qe probability estimate for least probable symbol

MPS value of most probable symbol

egisters Qe and MPS are dependent upon a context. For each context, there'is a state varia
De and MPS registers.

.4.31 Initialisation

brithmetic coder reads data from the input on a per byte basis.-Therefore the stream pointer
ed before initialising the arithmetic decoder.

b initialisation process, all variables are initialised toproper values. 2 bytes are read from the

gf start () |

= 0x00010000;

= 0x00010000;

unt = 0;

| renorm decode () ;

.4.32 Decoding a symbol

h a binary symbol is decoded, the interval is split into two. The half in which C lies determir
e bit. The interval isithen reduced to the corresponding half. If the size of the new interval is
000000, then the-interval is renormalised and the probability estimator updated.

gf decode,int *symbol, QState *state) ({
ymbol =-state->MPS;
—-= state=>Qe;

(Crna) |
i (A & 0x80000000)

ble including

shall be byte

input stream

es the value
smaller than

return;

}
el

}
st
re

*symbol "= A < state->Qe;

se {

*symbol %= A >= state->Qe;
cC=C-A;

A = state->Qe;

ate->update (*symbol) ;

norm_decode () ;
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5.2.1.4.33 Renormalisation

In the renormalisation 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();

C -= 0Oxff << 8;
C += b << 8;
count =[|(b == 0) ? 7/ 8;
}
count-t;
C =0C g< 1
A = A £< 1;
} while [(! (A & 0x80000000));

}
5.2.1.4.34 Probability estimation
A majority of the fields that are arithmetic coded benefit from adaptive probability estimation. This addptive
estimation is|defined by a Markov Model. Each state of the model defines a prabability of the LPS, a next|state
if the currenfly coded symbol is the MPS, a next state if the currently coded-symbol is the LPS, and a flag that
indicates if the value of the MPS should be changed if the currently ceded symbol is the LPS. The Markov
model to be [used is defined in Table 40. It is named FA-JPEG for Fast-Attack JPEG, and has been designed
such as to minimize the number of states.

A fixed probability of the LPS and a fixed MPS are definéd-for the fields for which there is no addptive
probability estimation.

The next tabje lists the probability estimation used for,each of the fields.
The models pre global and initialised to index = 0y'MPS = 0 before the first connected component.
The context pf order 1 models is reset befere each component.

The state is pdated every time the renormalisation procedure is called.

Table 40 — List of fields that are arithmetic coded and their associated probability estimation

Field probability estimation context
last_compgnent FA-JPEG last_component_context
codap_last| vg FA-JPEG codap_last_vg_context
codap_vg_I¢ FALREG zere—context
codap_left_bloop_idx FA-JPEG zero_context
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

tt_run_length FA-JPEG tt_run_length_context

tt_I¢af FA-JPEG ft_Teaf_context

codap_branch_len FA-JPEG codap_branch_len_context
FA-JPEG triangulated rcontext

trialrgulated

marlching_edge

FA-JPEG, order 1, initial context = 1

marching)edge contex{[0..1]

td_o¢rientation

FA-JPEG

td,_orientation_context

polygon_edge

FA-JPEG, order 1, initial context = 1

polygon_edge_context[(..1]

coord_bit

fixed Qe = 0x5601, MPS =0

zero_context

coord_leading_bit

FA-JPEG, 3*coord_quant.contexts

coord_leading_bit_contgxt[0..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

norfal_bit

fixed Qe =10x5601, MPS =0

zero_context

norfal_leading_bit

FA-JPEG, normal_quant contexts

normal_leading_bit_corftext[0..nor
mal_quant-1]

normal_sign_bit

fixed Qe = 0x5601, MPS =0

zero_context

normal_trailing_bit

fixed Qe = 0x5601, MPS =0

zero_context

colgr_bit

fixed Qe = 0x5601, MPS =0

zero_context

colgr_leading <bit

FA-JPEG, 3*color_quant contexts

color_leading_bit_context[0..3*colo
r_quant-1]

color signa_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
2 0x1801 3 9 no
3 OxOact % 12 TTO
4 0x0521 5 29 no
5 0x0221 38 33 no
6 0x5601 7 6 yes
7 0x5401 8 14 no
8 0x4801 9 14 no
9 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
20 0x3001 21 19 no
21 0x2801 22 19 no
22 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 0x08a1 33 30 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

5.2.2 Wavelet Subdivision Surfaces

5.2.2.1 Downstream syntax

This |s the syftax of the WaveletSubdivisionSurface downstream.

5.2.2.13 ~WMDecoderConfig

52.21.1.1 Syntax

class WMDecoderConfig extends AFXExtDescriptor :

bit (1)
if

hasScaleCoeff;
(hasScaleCoeff)

int (5) NbBpSC;

5) NbBPX
5) NbBPY
5) NDbBPZ
2) Wtype
1) 1lift;
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, Nb|BPY, NbBPZ: these are respectively the numbers of bitplanes on which are encodeg

magnitude o
encode their|

Wtype: this
scheme, 2 td

lift: this is a

NbLevels: this is the number of subdivision levels of the mesh.

Xmax, Ymaj
for the first,
component
2NbB X_1].

5.2.21.2 W

5.2.21.21

class Wave
bit (1) i
if (isIn
WMDec|

bit (1)
bit (1) i
if (WMOY
Wavel
ReadZT 4

}

5.2.2.1.2.2

WMOL.: a bdg

f the first second and third component of the wavelet coefficients, an extra bit being necessa
sign.

is an integer representing the wavelet type. 0 corresponds to midpoint subdivision, 1 to L
Dyn's butterfly scheme, and 3 is reserved for future use.

lag with value 1 if and only if the high pass filters are lifted [78].

K, Zmax: these are 32 bits floating point values representing.the symmetric quantization intg
second and third coordinate respectively. These values. are chosen so that, e.g., the

Javelet_Mesh_Object

Syntax

et Mesh Object {
sInBand;
Band)
bderConfig WMDecoderConfigy
MOL;
sInLocalCoordinates;
&& WMDecoderConfig.hasScaleCoeff)
et Mesh Object S&ale Coeff Coefficients;
eroTree;

Functionality and semantics

olean with value 0 if and only if the current stream is a base layer.

bf all wavelet coefficients belong to [-Xmax, +Xmax],/and are therefore mapped to [-2NbBDX

the
ry to

DOp'S

rvals
first

isinLocalC

considering the wavelet coefficients in local frames.

ZeroTree: this is the SPIHT encoded representation of one or more bitplanes.

nesh

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 cl

136

ass 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.

Sc: i an array containing the scale coefficients related to the vertices of the base mesh in‘thgd same order
thanf|in its description.

5.2.2.1.4 ReadZT

5.2.21.41 Syntax

clas|s ReadZT {

iht FT, LT, i, §, 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 Z2tId;
LT = FT + 1

}else { // Full transmis&ion
FT = 0;

LT = NumTree;

H

r (j=FBP; j<=LBP ; j++) N
for (i=FT; 1i<LT; i++t1 N
if (X) |
int (LengthNbBits) BPLength;
for (k=0 ;SRk<BPLength ; k++) {
bit (N Bx[1][J][k];
}
}
if (Y
int (LengthNbBits) BPLength;
for (k=0 ; k<BPLength ; k++) {
bit (1) Bylil[J]1[kl;
}

i
if (2) {
int (LengthNbBits) BPLength;
for (k=0 ; k<BPLength ; k++) {
bit (1) Bz[i][]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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LengthNbBi

ts: 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.

X, Y, 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: t

component:

his is the length of the current bitplane.

this is a two-bits variable indicating which table (Bx, By or Bz) is updated.

FBP: this is
significant b
read.

LBP: this is

lower than NbBPX, NbBPY or NbBPZ, depending on the component being read.

Bx, By, Bz:
wavelet coe
current bitpla

NOTE D
also allows re

The decodin

5.2.2.2 Upstream syntax (for backchannel)

When specif
be read accq

5.2.3 Mesh

5.2.3.1 Overview

The MeshGilid stream has a modular structure consisting of a sequence of parts. There are several typ

parts with d
parts of the

MeshGrid sfream are encoded at each resolution level, either as one single region of interest (ROI)

separate R(
reference-gr]
relative to th

the number of the first bitplane to read. Its value must be greater than or equal ton0 (I
tplane) and strictly lower than NbBPX, NbBPY or NbBPZ, depending on the component |

he number of the last bitplane to read. Its value must be greater than or equal{to FBP and s

these are three 3-tables of bits used for encoding the first, second and third components g
ficients. The first entry is the number of the zero-tree. The secahd-one is the number g
ne received. The third one is the number of the received bit in this\plane.

pcoding separately each component as independent zero-trees enables reception of normal meshes [
ception in different channels or decoding in separate threads.

O process is explained in Annex A.

ed as an upstream in corresponding ES descriptor, the WaveletSubdivisionSurface stream h
rding to the AFX Generic Backchannel.syntax (see 5.5.2).

Grid stream

fferent semantics/each one identified by a unique tag. All part types are optional, and s¢
Eame type can bie present in the stream, but their order is not imposed. The following parts

DIs, if view~dependent decoding is needed: (1) a connectivity-wireframe description,
d description, and (3) a vertices-refinement description (i.e. refining the position of the ve
e referénce-grid — the offsets).

Due to its re

most
being

rictly

f the
f the

B7]. It

as to

es of
veral
f the
or in
2) a
tices

ular nature. it is straightforward to divide the reference-grid into ROls. and to encode the su

ace

locally in each of these ROIs. As illustrated in Figure 45, single ROl mode can be mixed with multiple ROIs
mode (view-dependent mode) for different resolution levels.

138
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(@) (b) (c) (d) (e)

Figure 45 — Different resolution levels of a multi-resolution MeshGrid can be coded as one mesh

(view-independent coding) or split into several ROI (view-dependent coding).

5.2.3

The

MeshGrid stream is parsed in the MeshGridStream class. The stream is organized as a s

resol
reprg

clasq.

The

.2 The Bitstream structure

description of the stream is parsed in the MeshGridDecoderConfig class defined in 5.

2.3.2.2. The
iccession of

ution level descriptions, starting from level 0 to (fotalNumLevelsMesh-1),where totalNumLevelsMesh

sents the total number of resolution levels of the mesh, and is computed. in the MeshGridDe

mesh description part consists of a header, the MeshDescriptoryand a body consisting of thn

coderConfig

ee parts: the

mesh connectivity coding (parsed in the MeshConnectivity class)~the vertices’ reposition bit plane coding

(pard
grid

Grid
Annd
resol

ed in the VertexRefine class) and the vertices’ refinement ¢oding (parsed in the VertexRefin
description part consists of a header, parsed in the GridDescriptor class, and a body, p|
Coefficients class. In case the number of resolution~lgvels of the grid (fotalNumLevelsGr
x B.1.3) is lower than the number of resolution levels of the mesh (fotalNumLevelsMesh
ution level descriptions of the stream will only contain the mesh description part, with N dg

diffe

totalNumLevelsMesh, the resolution ‘0O’ description of the stream contains one mesh description
descriptions.

The gonstituent parts in the MeshGrid stream must be decoded in the following order: for any re
of th¢ mesh, the MeshDescriptor hasto)be parsed before retrieving any ROI for that resolution lev
the ROIs implies decoding the mesh-connectivity, which may be followed by parsing the vertices’
refingment. Similarly, the grid decoding consists of parsing the header of the grid followed by the

grid files.

5.2.3.2.1 Global Constants

consf unsigned int.LEVEL_BITS = 6; Number of bits allocated for storing the number
of resolution levels

const unsigned int REFINE_BITS = 6; Number of vertices' refine bits

const unsigned int FILTER_BITS = 4; For specifying the type of filter used for coding

ence between totalNumLevelsMesh and totalNumLevelsGrid. In case totalNumLevelsGrid i

tha arid
tHe-gHG-

const unsigned int ROI_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)

© IS0
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const unsign

const unsign

const unsign

ed int QUANT_BITS = 6; The number of bits for storing the number of
quantization bits of the {x,y,z} coordinates of the

grid corners

ed int GRID_BITS = 5; 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

ed int VERTS_BITS = 5; Number of bits defined for a field specifying the
length in bits allocated for the counters holding

the size of the encoded connectivity-wireframe

const unsign

const unsign

const unsign

const unsign
const unsign
const unsign

const unsign
READ_REP

ed int MIN_SPLIT_SIZE = 9;
ed int MIN_DEC_SIZE = 3;

The minimum cube size that can be further split

The minimum cube size that consists of several
sub-bands

ed int GENERIC_MESH =0 The encoded mesh is generic, meaning that the

triangulation may contain triangles,
quadrilaterals, pentagons, hexagons and
heptagons

ed int TRI_MESH = 1
ed int QUADRI_MESH =2
ed int HEXA_MESH = 3

ed int
DSITION_BITS =2

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

5.2.3.2.2 MeshGridDecoderConfig

5.2.3.2.2.1

class Mesh
// the n
unsigned

// number

// of the
FixedUVW
totalNum

// number
// corresp

Parsable

// number

Syntax

FridDecoderConfig extends AFXExtDescriptor:
ax number of resolution Wevels
int totalNumLevelsMeshy

bit (8) tag=1l{

bf resolution levels ,specified for each u,v,w direction
reference-grid.

nLevelsMesh(LEVEL_BITS);

[[evelsMesh maxX (nLevelsMesh.u, max (nLevelsMesh.v, nLevelsMesh.w));

pf slices{dreference surfaces) in the u,v,w directions
bnding to) the last resolution level
JVW nStices;

b£\ROIs (regions of interest) in the u,v,w directions

// corresp

3o - ) 2 - e 2 2
ITOTITY CO  ClIe IrasSCt reooructolrl rever

ParsableUVW nROIs;

// 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;

bit (1) uniformSplit;

}

// the choices for cyclic and folded mesh
bit |(3) cyclic folded;

//| number of refine bits vertex
RejffineVertexDescriptor refine;

//| filter type for grid coding
unjsigned int (FILTER BITS) filterType;

//| scale values for the x,y,z encoded grid cQb¥dinates
//| minimum scale factor is MIN SCALE
SclaleXYZ gridScale(FIELD_BITS);

//| the grid corners
GrfidCorners gridCorner (nSlices, cyclie folded);

}

5.2.3.2.2.2 Semantics

FTse {
unsigned int sameBorderOrientation = 1;
unsigned int uniformSplit = 1;

| £ (nSlices.w == 1)

ParseValue offsetAmplitude;

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, nllevelsMesh.v

and |nLevelsMesh.w, lyingin the range [1, 63], (2) computes the maximum number of resdlution levels
totalNumLevelsMesh, parses (3) the number of slices (nSlices) {Sy,Sv,Sw} and (4) the numper of ROls

(nRQIs) corresponding to the last resolution level of the reference-grid in the {U,V,W} directions. The
acceptable values-for {nSlices.u, nSlices.v, nSlices.w} and {nROIs.u, nROIs.v, nROIs.w} lie in the range [1,

263 {1]. Furthen)it reads 6 flags defined in Table 42.

Table 42 — Meaning of the flags

Flag

Meaning

hasConnectivitylnfo

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
present in the stream. The part identified by the MGMeshlInfoTag tag can be present
in the stream at any resolution level description only if the value of the

1o o RTINS - | H b A
NasVUINTITULUVILYTITU Tiay 15 STLU U 1.

hasRepositigninfo

Boolean flag:

1. It can be set to ‘1’ only if the hasConnectivityInfo flag is also ‘“1°’. Whenlequal [to ‘1’
it indicates that the parts identified by the MGMeshinfgTag,
MGVerticesRepositionROlInfoTag and MGVerticesRepositionInfoTag tags can be
present in the stream at any resolution level description exceptithe last resolution
level.

2. When set to ‘O it implies that the ,parts identified by | the
MGVerticesRepositionROlInfoTag and MGVerticesRepesitioninfoTag tags arI not
present in the stream. The part identified by the MGMeshInfoTag tag can be prgsent
in the stream at any resolution level description, only if the value of one of the
following two flags is set to “1’: hasConnectivityInfo, hasRefinelnfo.

hasGridInfo Boolean flag:
1. When set to ‘1’ it indicates that(theé parts identified by the MGGridinfgTag,
MGGridCoefficientsROlInfoTag and\MGGridCoefficientsInfoTag tags can be present
in the stream at any resolution level-description.
2. When set to ‘0’ it impliés that the parts identified by the MGGridinfgTag,
MGGridCoefficientsROlInfeTag and MGGridCoefficientsinfoTag tags are| not
present in the stream. In@his case the reference-grid points are uniformly distriputed
and their coordinates ‘are computed as a linear interpolation between the eight grid
corners parsed by ‘GridCorners in the MeshGridDecoderConfig class.

attributes A 8-bit flag reserved for future use.

hasMultiLayer Boolean flag:
1. If set*to ‘1’ it indicates that the model consists of several surface layers| The
identifiers for the surface layers are encoded on nBitsLayer bits.
2.°When set to ‘0’ then either the model consists of one surface layer gr no
distinction between the surface layers is made.

uniformSplit Boolean flag:

1. When set to ‘1’ it indicates that the stream contains a quadrilateral mesh allgwing

to—obtainthe—connectivity-wireframe for thehigher resolutionlevels by—uniformly
splitting each quad recursively into four sub-quads, as illustrated in Figure 61. The
parts identified by the MGMeshinfoTag, MGMeshConnectivityROInfoTag and
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 quadrilateral mesh

3 HEXAMESH:Homegeneous-hexagenalmesh

If meshType is quadrilateral (QUADRI_MESH) than (6) a 1-bit flag (sameBorder@rientation)
number of bits used to store the connectivity links between the vertices, as explained in 5.2
defined in Table 44, and (7) another 1-bit flag (uniformSplit) indicates the type of‘multiresolution
in 5.2.3.3.5 and Table 42. If the number of slices (nSlices) in any W direction is\equal to ‘1’, i.e. th
grid ¢onsists of one layer of points, then (8) the variable length variable offsetAmplitude defines t

valudg

Furth

that specifies the cyclic behaviour of the mesh, as explained in 5.2.3.3.1.3, (10) the description of
refinement bits (refine), (11) the type of filter used in the wavelet transform (filterType),
FILTER_TYPE bits, (12).the scaling factor for the {x,y,z} grid coefficients (gridScale), encoded on

bits,

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 4o encode a connectivity link between two
vertices; itlis a particular case which may occur for
homogeneous quadrilateral meshes.

er the MeshGridDecoderConfig class parses (9) the cyclic folded mode variable defineg

13) the {x,y,z} codrdinates 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-

16:2011(E)

defines the
3.3.1.1, and
As explained
e reference-
e maximum

in Table 45
the vertices’
encoded on
FIELD BITS

£l

ala sl o
TUTUCTUTITCSIT,

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_jthe “U”

direction and folded in the “V” dirgction at the
end corresponding to the first index, i.e.
index = 0. Notice that for thé “V” direction the
index varies between indeX1)[0,nSlices[1]- 1].

1M1 |7 FOLDED_BOTH: cyclicymesh in the “U” direction
and folded in the ¥, direction at both ends, i.e.
index = {0,nSlices{1]} .

010 | 2 Reserved
100 | 4 Reserved
110 | 6 Reserved

5.2.3.2.3 MeshGridStream

5.2.3.2.3.1 [Syntax

aligned (8) expandable(228—l) class MeshGridStream
{

MeshGridCommand[] commandUnits;

}
5.2.3.2.3.2 Semantics

The MeshGrid stream is an array of MeshGridCommand units.
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5.2.3.2.4 MeshGridCommand

52.3.2.41 Syntax
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abstract aligned(8) expandable(228—1) class MeshGridCommand : bit (8) tag=0

{
// empty.
}

5.2.3.2.4.2 Semantics

To be filled by classes extending this class.

Thisxmmmﬁasﬁﬂmﬂﬁemmvmmmmmmmis class is
extemded 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 MeshGfid stream coding information.

(0x02 MGMeshlInfoTag Tag for the~mesh coding information for a
specified mesh’resolution level.

0x03 MGGridInfoTag Tag forcgrid coding information for a spegified grid
resolution level.

0x04 MGMeshConnectivityROlInfoTag Tag for mesh connectivity information for a
specified mesh resolution level and regions of
interest (ROISs) list.

(0x05 MGMeshConnectivitylnfoTag Tag for mesh connectivity information for a
specified mesh resolution level.

0x06 MGVerticesRepositionROlInfoTag Tag for vertices’ reposition bits (single hit-plane)
for a specified mesh resolution level and regions
of interest (ROISs) list.

(Qx07 MGVerticesRepositioninfoTag Tag for vertices’ reposition bits (single bit-plane)
for a specified mesh resolution level.

0x08 MGVerticesRefinementROlInfoTag | Tag for refinement bit-planes (the offse¢t) for a
specified mesh resolution level and regions of
interest (ROIs) list.

(0x09 MGVerticesRefinementinfoTag Tag for refinement bit-planes (the offs¢t) 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

© ISO/IEC 2011 — All rights reserved
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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 an alystract class that serves as a base class for the MeshGrid stream unit classes. MGLevelBescfiptor
reads (1) thm resolution level (resolutionLevel) of the MeshGrid stream unit, and (2) a flag (flags)|(defined in
Table 11) that specifies how to handle the decoded MeshGrid stream unit. An example (€xXploiting the
functionality |provided by the flags field) showing the morphing of a MeshGrid model allowing for topolqggical
changes is displayed in Figure 46.

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.

Figure 46 — Exploiting the functionality provided by the flags field for efficient morphing.

5.2.3.2.6 MGMeshDescriptor

52.3.2.6.1 Syntax

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) ;
}

146 © ISO/IEC 2011 — All rights reserved


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

ISO/IEC 14496-

5.2.3.2.6.2 Semantics
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The MGMeshDescriptor class parses the mesh coding information for a specified mesh resolution level and
layers.

5.2.3.2.7 MGLayerDescriptor

5.2.3.2.7.1 Syntax

abstract class MGLayerDescriptor extends MGLevelDescriptor (MeshGridDecoderConfig mgd) :
bit (8) tag=0

{

}

5.2.3

/

if

This

MGL
of g
layer

5.2.3

5.2.3

clas|
tagH|

}

/
G

read the variable length counter sizeOfInstance h:\
F (mgd.hasMultiLayer) ()
ParselIndices identifier (mgd.nBitsLayer) ; ng/
Q)'\
.2.7.2 Semantics b?)
is an abstract class that serves as a base class for the I\/ﬁéshGrid stream

entifier.number is ‘0’ then the contents of the MeshGrid s unit is generic for
s. Figure 48 illustrates an example of a MeshGrid model consi@l@ of several surface layers.

N
S,

ayerDescriptor reads an identifier of the surface layer the MeshGrR&G&’am unit refers to. WHh

—QﬁéshGrid model consisting of several surface layers.

S

.2.8 MGGridCor@%’
.2.8.1 Syn@g

S MGGrM@)arners extends MeshGridCommand (MeshGridDecoderConfig mgd): bit (8)
MGGzi) rnersInfoTag

Figure 47

d the coordinates of the grid corners

o o 3 E 3 E el
LIUCULIICTL S YL LUCULIITL (IIIYU.IIoL1ITES, HNMIyU . CYyCLIC LTULIUTU) ,

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

class MGGridDescriptor extends MGLevelDescriptor:

{

GridDesc

}

5.2.3.2.9.2

Syntax
bit (8) tag=MGGridInfoTag

riptor gdl[[resolutionLevel.value]] ();

Semantics

The MGGridnaer\rir\I‘nr clase narcges thg arid codina information faor 2 snacified-arid rasolution leval
HPte—-crasS—Ppat tHe-gHa GHRg-HHeHaHORHoa-SpeGciHea-gHa HHHOR18V-81-

5.2.3.2.10 l\l.GMeshConnectivityROIDescriptor

5.2.3.2.101

class MGMe
bit (8) tag
{
ParselInd
MeshConrj
mc|[[resolu
roi.index)

}
5.2.3.2.10.2

This class p

Syntax

EhConnectivityROIDescriptor (MeshDescriptor mdl) extends MGLayehDescriptor:

FMGMeshConnectivityROIInfoTag

ices roi(mdl[resolutionLevel.value] .nBitsIndex);
ectivity
fionLevel.value]] (mdl[resolutionLevel.value] .nBitsCognectivity, roi.number,

Semantics

brses the mesh connectivity bits for specified layers, regions of interest (roi) and mesh reso

level (resolutionLevel).

5.2.3.2.11 MGMeshConnectivityDescriptor

5.2.3.2.111

class MGMe
tag=MGMesh
{
MakeInd]
MeshConrj
(mdl [resol
index.valu

}
5.2.3.2.11.2

This class p

Syntax
shConnectivityDescriptor (MeshDescriptor mdl) extends MGLevelDescriptor: bit(
ConnectivityInfoTag

ces index (mdl[resolutionLevel.value] .nROISs) ;
ectivity mc[[reseltionLevel.value]]
htionLevel.value]).nBitsConnectivity,mdl [resolutionLevel.value] .nROIs,

)

b

Semantics

arses-the mesh connectivity bits for all layers, all regions of interest (identified by their in

ution

Hices

(index)), an

mesh resolution level (rpcnlufinnl p\/pl)

5.2.3.2.12 MGVerticesRepositionROIDescriptor

5.2.3.2.121

class MGVerticesRepositionROIDescriptor (MeshDescriptor mdl,
MGLayerDescriptor:

{

Syntax

MeshConnectivity mc)

bit (8) tag=MGVerticesRepositionROIInfoTag

ParselIndices roi (mdl[resolutionLevel.value] .nBitsIndex);
VertexRefine vrep|[ [resolutionLevel.value]] (mdl[resolutionLevel.value].nBitsReposition,

148

roi.number, roi.index,
mc [resolutionLevel.value] .bMeshPresent) ;

extends
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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

class MGVerticesRepositionDescriptor (MeshDescriptor mdl, MeshConnectivity mc) extends
MGLevelDescriptor: bit (8) tag=MGVerticesRepositionInfoTag
{

M@keIndices index (mdl[resolutionLevel.value] .nROIs);
VeértexRefine vrep|[[resolutionLevel.value]] (mdl[resolutionLevel.value] .nBitsReposition,
mdl [resolutionLevel.value] .nROIs, index.valpe,

mc[resolutionLevel.value] .bMeshPreseént) ;

5.2.3.2.13.2 Semantics

This|class parses the vertices’ reposition bit-plane for all layers, all regions of interest (identified by their
indices (index)), and mesh resolution level (resolutionLevel).

5.2.3.2.14 MGVerticesRefinementROIDescriptor

5.2.3.2.14.1 Syntax

clasls MGVerticesRefinementROIDescriptor (MeshDescriptor mdl, MeshConnectivity mc)| extends
MGLalyerDescriptor: bit (8) tag=MGVerticesRefinementROIInfoTag

isigned int (REFINE BITS) startBitPlane;

hsigned int (REFINE BITS) endBitPlane;

brseIndices roi (mdl[resolutionLevel.value] .nBitsIndex);
brtexRefine vref[[resolutionLevel.value]] (mdl[resolutionLevel.value] .nBitsRefine,
roi.number, roi.index,
mc[resolutionlLevel.value] .bMeshPrekent) ;

< gcc

5.2.3.2.14.2 Semantics

This [class parses the-vertices’ refinement bit-planes, starting with startBitPlane and ending with endBitPlane,
for specified layers, regions of interest (roi) and mesh resolution level (resolutionLevel).

5.2.3.2.15 MGVerticesRefinementDescriptor

5.2.3.2415:1 Syntax

class MGVerticesRefinementDescriptor (MeshDescriptor mdl, MeshConnectivity mc) extends
MGLevelDescriptor: 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

class MGGridCoefficientsROIDescriptor (GridDescriptor gdl)
tag=

bit (8)
{

unsigned int (FIELD BITS)

Syntax

extends MGLevelDescriptor:
MGGridCoefficientsROIInfoTag

startBitPlane;

ParselIndices tile(gdl[resolutionLevel.value].nBitsIndex) ;

GridCoefficients gc[[resolutionLevel.value]]

5.2.3.2.16.2

This class p
one of the {
level (resolu
stream. The
are parsed b

5.2.3.2.17 MGGridCoefficientsDescriptor

5.2.3.2.171

class MGGr
tag=MGGrid
{
MakeInd]
GridCoef

5.2.3.2.17.2

This class p
one of the {
(index),and

and the corrg

5.2.3.2.18 MeshDescriptor

5.2.3.2.181

(gdl[resolutionLevel.value] .counter,
gdl[resolutionLevel.value] .nBitsCounte
tile.number, tile.index);

y

Semantics

bprses parts of the component streams, i.e. three binary streams each of them correspondi
,¥,Z} wavelet encoded coordinates of the grid points, for specified tiles (tile)yand grid reso
fionLevel). The start bitplane (startBitPlane) is specified and it is the same>for each compd
number of bytes received for each component stream and the corresponding wavelet coeffig
y the GridCoefficients class.

Syntax

i dCoefficientsDescriptor (GridDescriptor gdl) eéxtends MGLevelDescriptor:
CoefficientsInfoTag

bit(

ces index(gdl[resolutionLevel.value].t@talNumTiles) ;

ficients gc[[resolutionlLevel.value]](/(gdl[resolutionLevel.value].counter,
gdl[resolutionLevel.value] .nBitsCounte
gdl[resolutionlLevel.value].totalNumTil
index.value) ;

Semantics

arses parts of the component streams, i.e. three binary streams each of them correspondi
X,y,Z} wavelet encoded coordinates of the grid points, for all the tiles,identified by their in
grid resolution level (resolutionLevel). The number of bytes received for each component st
psponding waveletcoefficients are parsed by the GridCoefficients class.

Syntax

g to
ution
nent
ients

r!
ks,

ng to
dices
ream

// Mesh Description for level

aligned (8)
{

// some

unsigned int nBitsIndex,

class MeshDescriptor (bool hasConnectivity, bool hasReposition,

member variables
totalNumROIs;

// compute the number of slices and number of ROIs at resolutionLevel
(MGLevelDescriptor)

// from

ComputeNrSlices nSlices (mgd.nSlices,
ComputeNrROIs nROIs (mgd.nROIs,

150

nROIs, nLevels and nSlices specified in MeshGridDecoderConfig
mgd.nLevels, resolutionLevel);

mgd.nLevels, resolutionLevel);

(mgd)

bool hasRefine)
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}

The

Furth
is se
the H
byteq

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)

ISO/IEC 14496-16:2011(E)

unsigned int (VERTS BITS) nBitsReposition;

if (hasRefine) {
unsigned int (VERTS BITS) nBitsRefine;

5.2.3.2.18.2 Semantics

MeshDescriptor class parses the coding information for a specified mesh resolution
computes (1) the number of slices (nSlices) and (2) the number of ROIs (nROIs) for each {u,v{w} direction.

Table 48 — Encoding of the repositionBits flag

evel. It first

nBits), which

bd resolution

Further, if the hasReposition flag is set to ‘1’ (the hasRepositioninfoflag from the MeshGridDecoplerConfig is
set t0 ‘1’ and the specified mesh resolution level is not the last):it reads (3) a 2-bit flag (repositio

indichtes the default value of the vertices’ reposition bits or their presence in the stream as given in Table 48.
Wheh a default value is specified, the reposition bits are 1ot ‘present in the stream for the specifi

level

Value Meaning

0 No rep@sition 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

er, if the"hasConnectivity flag is set to ‘1’ (the hasConnectivitylnfo flag from the MeshGridDecoderConfig
t to ‘“19—the MeshDescriptor class (4) computes the number of bits (nBitsindex) in which the indices of
ROIs\are stored, and (5) parses the number of bits (nBitsConnectivity) used for storing t
)ofthe coded mesh connectivity. If the hasReposition flag is set to ‘1’ and no default valu

e length (in
is specified

for the vertices’ reposifion bits (repositionBits), then (6) the number of bifs (nBifsReposition) used for storing
the length (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 (in bytes)
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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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
Threshold threshold;

// allodg
// it wi
PointXY4
for (i F

count|

}

// numbd
Parsablqg

5.2.3.2.19.2

The GridDe:
of slices (n§
threshold (th
tile indices,

parses a GH
storing the Ig

ate an array keeping the number of bytes per Tile
11 be initialized in GridCoefficients
counter [nTiles.totalNumROIs];
0; 1 < nTiles.totalNumROIs; i++) {
er(i] = {0,0,0};
r of bits for the counter fields (it can be 0)

XYZ nBitsCounter (GRID BITS);

Semantics

scriptor class parses the grid header for a given resolution:evel. It first computes (1) the nu
lices) and (2) the number of tiles (nTiles) for each {u,viw} direction. Further, it (3) parse
reshold) for each {x,y,z} coded grid tile, (4) computes theé number of bits needed for specifyin
5) allocates the array which stores the number ofdytes of coefficients received per tile, an
RID_BITS bits value (nBitsCounter), representing.the number of bits allocated for the cou
ngth (in bytes) for each {x,y,z} coded grid tile.

5.2.3.2.20 MeshConnectivity

5.2.3.2.20.1

class Mesh
index[])

{

unsigned

// get H
for (i A

bit (1
}

// get f
for (i F
int ¢

Syntax

Connectivity (unsigned int-nBitsCounter, unsigned int numberOfROIs, unsigned

int 1 = 0;

OIs lookup
0; 1 < numberQfROIs; i++) {
) bMeshPresent[[index[1]]1];

he counters for the ROIs
0s41) < numberOfROIs; i++) {
ourter [ [index[i]]] = 0;

1 ‘

mber
5 the
g the
d (6)
nters

int

if (b

4 loi ] k] s 3
eSHrresen e IS X T T/ 1

int (nBitsCounter) counter|[[index[i]l]];

}

// get the ROI coding bits
for (i = 0; i < numberOfROIs; i++) {
unsigned int count;

for (

count = 0; count < counter[index[i]]; count++) {

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 VertexRefine

5.2.3.2.21.1 Syntax

clas|s VertexRefine (unsigned int nBitsCounter, unsigned int numberOfROIs, (Unsigned int

indelx[], bit bMeshPresent[])

{

}

5.2.3.2.21.2 Semantics

The NertexRefine class parses. the vertices refine/reposition data for a set of ROIs at a specifi
levelf It checks if the mesh is'present in the ROI (identified by the index) by testing the bMesh
which is initialized by the -MeshConnectivity class. Further, if the bMeshPresent evaluates
VertexRefine class reads nBitsCounter bits representing the length (in bytes) of
reposition/refinement information. The reposition/refinement information is stored in buffer data. T]
of the reposition/refinement information is explained in 5.2.3.3.3.

5.2.3.2.22 GridCoefficients

5.2.3.2,22.1 Syntax

upsigned 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];

}

/Y get the vertices’ reposition/refine bits

r (1 = 0; 1 < numberOfROIs; i++) {

unsigned int count;

for (count = 0; count < counter[index[iNY; count++) {
unsigned int (8) data;

}

h

pd resolution
Present flag,
to true, the
the coded
he decoding

class GridCoefficients (PointXYZ counter[], ParsableXYZ nBitsGrid, unsigned int
numberOfTiles, 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

for (count = 0; count < frameCounter[index[i]].z; count++)

unsigned int (8)

dataz;

5.2.3.2.22.2

The GridCo
reads for ea
{x,y,z}, from

coefficients are stored in the buffers dataX, dataY, dataZ.

5.2.3.2.23 R

5.2.3.2.23.1

// number
class Refi
if (hasH
// fu

bit (1

// nu
// ot

unsig
}
else {
unsig
unsig

5.2.3.2.23.2

The Refine)
refinement i
representing

Semantics

bfficients class parses the grid coefficients data for a set of ROls at a specifiedresolution le
Ch tile (identified by the index) the length (in bytes), specified in frameCounter for each coord
the coded grid information. The decoding of the grid information is explained in 5.2.3.3.2. Thg

efineVertexDescriptor

Syntax

bf refine bits vertex
heVertexDescriptor {
efineInfo) {

11 refine at each level
) bFull;

ber of refine bits should be lanrnger than 0
herwise the hasRefineInfo flag Ghould be 0
ned int (REFINE BITS) nBits;

hed int bFull =
hed int nBits

0;
0;

Semantics
VertexDescriptor class reads (1) the 1-bit flag (bFull) indicating the presence of ver]

hformation’ coded for each resolution level of the mesh, and (2) REFINE_BITS bits
the number of quantization bits of the vertices’ offsets (nBits).

el. It
inate
b grid

ices’
alue

5.2.3.2.24 G

5.2.3.2.241

class GridCorners (PointUVW nSlices, BYTE cyclic folded)

unsigned

ridCorners

Syntax

{

int (QUANT BITS) nBits;

// check for single layer and cyclic/folded

unsigned int numCorners = 8;
if (nSlices.w == 1)
numCorners /= 2;
if (cyclic_ folded == CYCLIC U)
numCorners /= 2;
else if (cyclic folded == CYCLIC UV)
154 © ISO/IEC 2011 — All rights reserved


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

}

ISO/IEC 14496-16:2011(E)

numCorners /= 4;

unsigned int idx;
PointXYZ value[numCorners];

for (idx = 0; idx < numCorners; idx ++) {
// the x coordinate
bit (1) sgn; // the sign
unsigned int (nBits) tmp; // 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) tmp; // the value
if (sgn == 1) value[idx].y = —-tmp;
else value[idx].y = tmp;

// the z coordinate

bit (1) sgn; // the sign
unsigned int (nBits) tmp; // the value
if (sgn == 1) value[idx].z = —-tmp;
else value[idx].z = tmp;

5.2.3.2.24.2 Semantics

The |GridCorners class retrieves the coordinates {x,ysz} of the eight corners of the grid. It

QUA

{x,y,2} coordinates of the corners, it reads (2) a 1-bit'sgn, which, when equal to ‘1’, indicates that
valug is negative, and (3) a nBit value (value), representing the absolute coordinate value.

5.2.3.2.25 ScaleXYZ

5.2.3.2.25.1 Syntax

// group the x,y,z directiouns
clas|s ScaleXYZ (unsigned.int count) {

}

5.2.3:2.25-2- Semanties

//| count and nBits_should be larger than 0

unjsigned int (count)hsnBits;

//| the actual«fi€lds

unjsigned ing@MBits) x;
unjsigned #n€ (nBits) vy;
unjsigned\inat (nBits) z;

NT_BITS bits value (nBits) indicating the number*of bits allocated for the value fields. For

reads (1) a
each of the
the following

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 PointXYZ-class—is—a—strusture—grouping-the—coerdinates—poyzl-ofthereference-gridpeints—i-dess not

read values from the stream.
5.2.3.2.27 ParsableUVW

5.2.3.2.27.1 [Syntax

class ParsgbleUVW () {
unsigne@l int u = ParseValue();
unsigne@ int v = ParseValue();
unsignefl int w = ParseValue();

}
5.2.3.2.27.2 |Semantics

The ParsableUVW class reads three variables {u,v,w} that afe related to the {U,V,w} directions of the
reference-grid.

5.2.3.2.28 PointUVW

5.2.3.2.28.1 [Syntax

class PoinfUVW ({
// the agtual fields
unsigned| int u, v, w;

}
5.2.3.2.28.2 [Semantics

The PointUWW class is a structure grouping the positions {«,v,w} in the reference-grid. It does not read values
from the strgam.

5.2.3.2.29 FlixedUVW

5.2.3.2.29.1 'Syntax

// 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 reIJerence-grid.

5.2.3.2.31 CounterXYZ

5.2.3.2.31.1 Syntax

// group the x,y,z coordinates

clasls CounterXYZ (ParsableXYZ nBits) {
//] the actual fields
unjsigned int x, vy, z;
xFy=12z=0;

//| number of bits allocated for the x,y,z fields; A% can be '0'
if] (nBits.x > 0) {

// coding of the x coordinate

bit (1) bGridCoded;

if (bGridCoded == 1) unsigned int (nBits.x), Xx;

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 cgdrdinate

bit (1) bGridCoded;

if (bGridCoded ==11) unsigned int (nBits.z) z;
}

}

5.2.3.2.31.2 Semantics

The CounterXYZ class reads the counters storing the length (in bytes) of the coded grid tiles fof each of the
{x,y,2} grid-coordinates. If the nBits value is equal to ‘0’, the counters {x,y,z} are set to ‘0’; otherwjise, 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 counters ({x,y,z}) storing the length (in bytes) of the coded grid 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 << (£ - 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, g

threshold value (¢

computed as

5.23.233 P

5.2.3.2.331

class Pars

{

2“‘12 (see 5.2.3.3.2.2).

arselndices

Syntax

bIndices (int nBitsIndex)

unsigned int i = 0, jJ = 0, k = 0;
// the rfumber of elements in the indices list.
unsigned int (nBitsIndex) number;
for (i f 0; i < number; 1i++) {
bit (1) |isIndexed;
if (ijsIndexed) {
ungigned int (nBitsIndex) index[[k+#]]% // index of the unit
} else {
ungigned int (nBitsIndex) start; // start index of the unit
ungigned int (nBitsIndex) county // number of indices in the range
for (j = 0; j < count; J++) {
indlex[ [k++]] = start + j;
}
}
}
// assign the total pumber of units.
number F k;
}
5.2.3.2.33.2 |Semantics
The Parsel

r[dices class retrieves a list of units that can be independently read, given a set of exp
defined indiCeS,and/or units that can be successively read, given a range of consecutive indices. Fi

f the

. If tis equal to ‘0’, the corresponding threshold {x,y,z} is ‘0’. Otherwise, th@ threshold is

licitly

rst, it

reads the number of elements in the indices list (number). A list element is the index of a unit (index), if the
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.

158

© ISO/IEC 2011 — All rights reserved


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

5.2.3

5.2.3

clas

{

ISO/IEC 14496-

.2.34 ParseValue

.2.34.1 Syntax

s ParseValue
unsigned int length = 0;
unsigned int number = 0;

do {

bit (1) bNextByte;
number <<= 7;

—

5.2.3

The
byteq

5.2.3

5.2.3

The Makelndices class ereates a list of consecutive indices. There is no stream access in this cla

5.2.3

5.2.3

clas

{

.3.2.35.1 Syntax

DIT(7) varue;
number |= value;
length += 8;

hile (bNextByte):;

.2.34.2 Semantics

ParseValue class parses a variable length integer. The result is retdrned in number and th
read in length.

.2.35 Makelndices

s MakeIndices (int number)

signed int i = 0;
lsigned int value[number];

r (i = 0; 1 < number; i++) {
hlue[i] = 1i;
.2.35.2 Semantics

.2.36 MGDescriptor

.2.36.1_Syntax

s MGDescriptor extends MeshGridCommand: bit (8) tag=MGInfoTag

16:2011(E)

e number of

/

read the variable length counter sizeOfInstance

MeshGridDecoderConfig decoderConfig;

}

5.2.3.2.36.2 Semantics

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.

© ISO/IEC 2011 — All rights reserved

159


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

ISO/IEC 14

496-16:2011(E)

5.2.3.2.37 ComputeNrROIs

5.2.3.2.371

class ComputeNrROIs

{

// compute the total number of resolution levels

Syntax
(PointUVW nMaxROIs, PointUVW nLevels,

(totalNumLevels) and

// for each {U,V,W} direction find the difference between totalNumLevels

// and current resolution level
unsigned int totalNumLevels

(resolutionLevel)
max (nLevels.u, max(nLevels.v,

nLevels.w));

unsigned int resolutionLevel)

PointUVW levelDiff = min(totalNumLevels - resolutionLevel - 1, nLevels - 1);
// compyte the nROIs in the {U,V,W} directions
unsignedq int u = DevideByTwoEven (nMaxROIs.u, levelDiff.u);
unsigned int v = DevideByTwoEven (nMaxROIs.v, levelDiff.v);
unsigned int w = DevideByTwoEven (nMaxROIs.w, levelDiff.w);
unsigned 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 numb

ROIs (nROIg) at a higher resolution level and the level difference (levelDiff).(There is no stream access i
class.
5.2.3.2.38 QomputeNrSlices
5.2.3.2.38.1 |Syntax
class ComphteNrSlices (PointUVW nSlices, PointUWW nLevels, unsigned int resolutionLeve
{
// compyte the total number of resolution\levels (totalNumLevels) and
// for gach {U,V,W} direction find the @difference between totalNumLevels
// and qurrent resolution level (resclutionLevel)
unsigned int totalNumLevels = max (nfevels.u, max (nLevels.v, nLevels.w));
PointUVlW levelDiff = min(totalNumLevels - resolutionLevel - 1, nLevels - 1);
unsigned int u = DevideByTwo@ddi(nSlices.u, levelDiff.u);
unsigned int u = DevideByTwoOdd (nSlices.v, levelDiff.v);
unsigned int w = DevideByTwoOdd(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 numi

slices (nSlic
this class.

bs) at-a higher resolution level and the level difference (levelDiff). There is no stream acce

er of
h this

er of
Ss in

5.2.3.2.39 DevideByTwoEven

5.2.3.2.39.1

class DevideByTwoEven (int number,

{

unsigned int val

}

160

Syntax

int times)

(number >> times);
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.2.39.2 Semantics
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The DevideByTwoEven class performs the division of an even number by two to power times. There is no

strea

5.2.3

5.2.3

clas

{

u

}
5.2.3

The
streg

5.2.3

The
grid
are @

The
refer

5.2.3

The
and
refer
has 1
of th
and
conn
(ccy
direg
surfg
locat

Ther
conn|
surfg

m access in this class.

.2.40 DevideByTwoOdd

.2.40.1 Syntax

s DevideByTwoOdd (int number, int times)

hsigned int val = ((number + (1 << times) - 1) >> times);

.2.40.2 Semantics

DevideByTwoOdd class performs the division of an odd number by two te\power times.
m access in this class.

.3 Decoder

Connectivity-wireframe is coded using a new type of 3D extensigh of Freeman chain-code. Th
s a vector field defined on a regular discrete 3D space, and ‘the coordinates (x(u,v,w),y(u,v|
ompressed using an embedded 3D wavelet-based multi-resolution intra-band coding algorith

Hecoder of the MeshGrid bitstream consists of three parts: (1) the connectivity-wireframe deg
bnce-grid decoder, and (3) the vertices’ refinementdecoder.

.3.1 Connectivity-Wireframe Decoder
connectivity-wireframe description is stored’in the vertexLink field of the MeshGrid node (sé¢
defines the connectivity vectors, between the vertices of the mesh as illustrated in Figur
bnce-surface through a 3D object, and for the entire 3D object in Figure 49. A connectivity ve
hree constraints: (1) given a starting vertex Vp, a connectivity vector -L- from V- will be locate
b reference-surfaces S; or Sipassing through Vp, (2) a connectivity-vector will connect tw
Vy that are lying the closest.to’each other at the same side of the object’s surface, (3) the or

V) or a clockwise (CW/) scanning direction around a central point inside the object. The C(
tion is imposed whensthe vertices Vp and V) linked by the connectivity vector, are located on
ce of the object. Respectively, the CW scanning direction is imposed when the vertices V|
£d on the internal surface of the object.

e will be(two connectivity-vectors (-Lys- and -Ly,-) going from vertex V to other vertices (ot
ectivityvector being located inside reference-surface S;, while the other one is located insid
ce’S»~Similarly, vertex V will be referred to by two incoming links (-Lps- and -Lp,-) from two o

There is no

e reference-
w),z(u,v,w)),
m.

oder, (2) the

be 4.3.3.2.2),
e 48 for one
ctor (label 7)
d inside one
b vertices Vp
entation of a

ectivity vector inside reference-surface S, e.g. from vertex Vp to V), is defined by a counter-clockwise

LW scanning
the external
L and V) are

tgoing), one
e reference-
her vertices.

The

1 heighboring vertices with V are named P4, P,, N; and N, (see Figure 49), and are connecte

H with V via -

Lps-, -Lpo-, -Lns- and -Lyo-. Vertex N, (respectively N,) follows vertex V on curve C; (respectively C,), and
vertex P; (respectively P,) precedes vertex V in curve C; (respectively C,) for the imposed scanning

orien
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Figure 48 — A cross-section through a 3D object, illustrating the scanning direction, which is CCW for
an externgl surface and CW for an internal surface. The connectivity vectors have the orientation of
the scanning direction.

Connectivity

VJ
V. Vs
Figure 49 — The connectivity-wireframe of a Figure 50 — The 6 discrete orientations of
discrete object, and the ‘corresponding border the faces of the border voxel, labeled as:
voxels. Itfillustrates the relative positions between Front, Back, Left, Right, Up, Down.

two connected vertices.

The indices {1, 2}-0f the connectivity vectors (-L+-) and (-L,-) are chosen in such a way that the cross prgduct
defined by the/following equation returns a normal vector oriented outwards the surface of the object gt the

position of vertex V:

N = (LN1 _LP1)><(LN2 _LPZ)

According to the equation above Table 50 illustrates the correct identification of the -L;- and -L,- connectivity
vectors attached to vertices located on one of the 6 discrete border faces (see Figure 50), given the imposed
scanning 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
represented 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 orfentation — orfentation —case vtand
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 Frontfface

border directions are
rotated 90° CW — case V5

and V6
11 broken connectivity (open 011 Left face
meshes)
100 Rightface
101 Bottofn face
111 Top face
(a) (b) c)

A fodrth 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- i’ the MeshGridDecoderConfig class as explained in 5.2.3.2.2, yields the value
QUADRI_MESH, and-the sameBorderOrientation flag is set, then all the vertices are located pn the same
discrete border orientation with respect to the {u,v,w} direction of the reference-grid. In this case {1 bit suffices
to encode the'tconnectivity between two consecutive vertices, as illustrated in Table 49 (a).

Further, Table 50 illustrates the relation between the discrete position of two connected vertides and their
discretetborder direction.

Although there are four connectivity-vectors for each boundary vertex in the connectivity-wireframe, only 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 siblings. The traversal from the ancestor to the siblings is
based on a first-in-first-out (FIFO) approach, as illustrated in Figure 51. The patch coding/decoding stops
automatically when all the outgoing connectivities of the sibling vertices have been consumed inside the ROI.
In order to apoid-coding-twice-the-connectivity-of-the-vertices-atthe-borderin-between-two-adiacent-RE4s, the
domain of the ROI is [min, max) for each of the {u,v,w} directions. For the last ROl in any ,dirgction

d e {u,v,w} |the domain of the ROl is [min, max] in direction d.

For each respolution level L the ROIs are coded in ascending order as given by the following formula:

i+ jxnROIg; + k x (nROIs}; + nROIs, ), with i € [0,nROIs; -1, je[0,nROIs; -1], k.&l0,nROIs,, —1]. First,
i is incremented, followed by j, and next by k.

FIFO Buffer
1) (4) —> [1]2]3|4[5]6 |7 |8 |9 |10
2|3 |4|5)6|7 |8 |9 [10
3) (s) 3|Egote |78 |o (10
567 (8]0 |10
8 |9 |10
6) \‘i/
10 )—
v

Figure 51 — Coding the LSD with a FIFO buffer

The decoding scenario for_a patch illustrated by the example from Figure 51 is as follows: Retrieve the
discrete posftion and discréte direction of the 1% vertex (starting vertex Vs) and store it in a FIFO. Congume
the first vertex from_the“FI/FO, retrieve the connectivity symbol leading to vertex 2 (reached via the outgoing
link -Lys-) and theseonnectivity symbol leading to vertex 3 (reached via outgoing link -Ly,-), compute the
discrete positions.of the vertices 2 and 3, and store both vertices 2 and 3 in the FIFO. Next pop vertex 2|from
the FIFO, refrievé the two connectivity symbols leading to vertices 4 and 5, compute the discrete positions of
the vertices 4 and 5, and insert them in the FIFO. In case the retrieved symbol leads to an outgoing
connectivity vector pointing to a vertex V, that was already visited before, or to a vertex V,, that lies outside
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.

For each valid case, the table gives also the position (u,v,w) in the reference-grid of the sibling vertex relative
to the ancestor’s vertex (only the position coordinate in the reference-grid of the sibling that differs from the

anC tUI ,O pUD;tiUII ;b thVVI I), dl Id thC CuUI IUbt;V;ty VCbtUI fIUIII thc blb:ll Iy bdb:’\ tU thc dl IbCDtUI .
Table 50 — Relation between the discrete border directions of two connected vertices gnd their
discrete coordinates (u,v,w). Notice the change of indices of the connectivity vectors hetween
adjacent vertices such that the normal vector points outwards
-LN1- | -LN2 - | -LN1 - | -LN2- | -LN1- | -LN2 - | -LN1 - | -LN2 -(:)LN1 - | -LN2 - | -LN1} | -LN2 -
XA
v -1 P w +1
v-l i wH L same\(i same | L
: ! ! ! LU+ Q! ! ! u+1
E o
-LP1- | -LP2- ; -LP1 - §{P1 N -LP2 - -LP2 -
a VR |
w-1 ' v+1 . same | N ! ' same
| | i ! 4 u-1 0! u-1 ! ! :
| -LP1- | -LP2-_ P2- | -LP2-. | LP1- LP1-
Y
. P U ! , b w -1 .
same ! NS w-1 | u+1 P same| !
L ! TV o+ | ! il ] v +1 ]
P2 LP2- | LP1- : -LP2- LP1- | -LP1}
u-1 . i . i i w +1
_________ | same u-1 w1 i same |
v -4 Tl ! i 1 ol ' ! ' v -1 ]
LP1- C1LP1- | LP1-  LP2- "1P2- | P2
u-1i ] : V]
_________ same | same | L ju1 v+
! w1 ! ! ! L w1 : | !
CLP1- | LP1- LP2- LP2- | LP1- | LP2- |
: u+t v -1 ' : ' '
‘same | N ! same v-l o u+
] ' W -1 ] w -1 ] 1 ' ] o '
(LP2- | -LP2- | LP1- | L P1 - § P14 LP2-
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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 half by

folding the line in the middle.

A connectivi
located on t
reference-gr
the “V” direq
reference-gr

The cyclic/fg
class. As illl
folded, mesh
connectivity-
grid plane or
a mesh is fo
reference-gr

An example
in Figure 52,

Note howev
cyclic or fold
this situation

H 4 H L 1 4l i 4 Jo ok 4l s £ il
y-wWiHCTIAlITIC 1o LyUIL WIITTT UTC CUTTTITULUVIly VEULUTS UTUWWETITT T VOTULTS SspdlT TTUTTT UI1T Vo

he last (respectively first) reference-grid planes to those located on the first (respectively

tion, i.e. the connectivity-vectors from the vertices located on the first (respectively last) f
d line span to corresponding vertices on the folded line.

I[ded mode of a mesh is specified by the cyclic_folded variable from the MeshGridDecoderC
strated in Table 45, there is one non-cyclic mode, 4 cyclic/folded modes;<A cyclic, respec
should be attached to a closed, respectively folded, reference-grid. WWhen the mesh is cyclig
the first reference-grid plane, in order to avoid the duplication of these vertices. In addition,
Ided, one vertex from each pair of duplicated vertices, i.e. pairs_of vertices located on the f
d lines, is removed.

of a multi-resolution model cyclic in a single directian, in two directions and folded is s
Figure 53 and Figure 54 respectively.

br, that even when the cyclic_folde mode flag.is\set to non-cyclic, it is still possible to decq

the decoder will not take care of overlapping vertices.

tices
last)

d planes. A connectivity-wireframe is folded when it is cyclic in the “U” direction and cannected in

blded

onfig
ively
, the

wireframe decoder will position each vertex that would normally be attached to the last refergnce-

vhen
blded

nown

de a

ed connectivity-wireframe defined on top of either an open, closed or folded reference-grid, but in

' .
(b) (c)

(@)

Figure 52 — Example of a multi-resolution mesh cyclic in one direction, and its corresponding
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reference-grid.
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5.2.3

The polygonal representation of a.MeshGrid model consists in triangulating the connectivity-wire

can |
by n
Vs.
In or]
right
primi
conn|
show

(@) (b) (€)

Figure 53 — Example of a multi-resolution mesh cyclic in two directions)

(a) (b) (c)

Figure 54 — Different views of a folded mesh.

.3.1.4 Rules for deriving the surface primitives from the connectivity-wireframe

be seen as a union of conneétivity circuits. A connectivity circuit corresponds to the shortest

der to unambiguously identify the shape and the orientation of a connectivity circuit CC, {
surface primitive-can be inserted, a set of connectivity rules should be designed. There are
tives: trianglésy quadrilaterals, pentagons, hexagons and heptagons, which can be identified
ectivity rules” As an example, a set of connectivity rules is given for the triangle primitiy

type

in Fi*ure 55'use the same color convention as in Figure 50 and in Table 50. A complete set of rul

ing the“graphical cases, while Table 51 giving the connectivity conditions. The connectivity v

ofprimitives is described in [68].

frame, which
path formed

hvigating from a starting vertex v to its neighbors following the connectivity vectors and back to vertex

uch that the
five types of
by means of
e, Figure 55
bctors drawn
es for all five

(@) (b) (c) (d)

Figure 55 — Images for the connectivity cases corresponding to the triangle primitive.
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Table 51 — Connectivity cases for the triangle primitive
Rule

Case

(@) N1N2=N2
(b)
(c)

(d)

N2N1=N1

N1N1=P2 or NINTIN1=V

N2N2=P1 or N2N2N2=V

5.23.3.2 R

The genera
defined on
progressive
wavelet cod
described i
coding/deco

5.2.3.3.2.1 d
wavelet decq

5.2.3.3.2.1

The same 3
coordinates

—> A

For the 3D W
directions. T

eference-Grid Decoder

multi-resolution algorithm based on a combination of a 3D wavelet transform and an intra-|
br, called Cube Splitting, which is the 3D extension of the SQP (Square Partitioning) algo|
N
Hing [2], [55], [56].

bf the 3D reference grid.

Decomnosition Reconstruction
H VoAl f—> T2 H

/] &—> 41/
G V2 D,/ —> T2 G

representation of the Reference-Grid description is a vector field (x(u,vsw)y(u,v,w),z(u
he regular discrete 3D space (u,v,w). Each component is coded separately, by means

[56]. This coding/decoding approach supports quality, resolution scalability, and

escribes the particular type of filters and down-sampling/up-sampling operations used fo
mposition and reconstruction, while the Cube Splitting algorithm is described in 5.2.3.3.2.2.

The 3D Wavelet Decomposition

D-wavelet decomposition is applied independently to each of the x(u,v,w), y(u,v,w), z(U

Figure-56:— Wavelet decomposition and reconstruction of a 1D signal.

avelet:-decomposition, the same analysis and synthesis 1D filters are used for each of the u
wa wavelet filters are supported, and the choice of the filter is specified by the filterTyps

explained in

5.:273.2 2. Conform to the block scheme [51] shown in Figure 56, the two analysis low-pas4

band-pass wavelet filters are respectively:

H(n)={1In

H(n)={1n

=0}, G(n)={-0.5,1,-0.5|n=-10,1}, for filterType = 0, (eq1)

=0}, GO0 ={ Y5.0- Y 6:1= Y 6:0. Yl n =-3,-2.-1,0,1.2.3]  for filterType = 1, (eq2)

The synthesis low-pass and band-pass wavelet filters are:

A(n)=1{05,

168

1,0.5|n=-10,1}, G(n)={1]n =0}, for filterType = 0, (eq3)

v,w))

of a

band
rithm

ROI

r the

LV, W)

vV, w
flag
and
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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

Af(n)=F(n).

The
Al f

Jj+1
pass|

Ow-pass filter H_and the band-pass filter G_are applied on the even and odd samples re
(n) and the synthesis filters / and G are applied on the even and odd samples respective

spectively of
y of the low-
and band-pass components A’f(n) and D,f(n).

The
A%F,
impldg
by (€
lengf
the p

(see
(eq1

As Id

grid can be decoded at any resolution j if and only if the corners of thé) grid are si
—L < j<0. There are some situations in which this constraint is noft| satisfied with {

mentation of the pyramidal algorithm [51] discussed above. The wavelet analysis/synthesis
g2) and (eg4) shall only be used when the constraint is satisfied fop-alLdecomposition levels
h of the discrete approximation signal A}’f is odd. To solve this preblem, a customized implg
yramidal algorithm involves, in some situations, non-uniform.down-sampling and up-samplin

Figure 57(b,c)), coupled with analysis/synthesis filters that are different than the H,G, H
and (eq3).
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gure 57 —Graphical illustration of the wavelet decomposition for odd and even-length

ng as’the length of the discrete approximation signal A;’f is odd (see Figure 57(a)), there i
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& used. If at

some resolution level r,—L <r <0 the length of A’f is even, then apart from the common situation in which

G given by (eq3) is used, the analysis band-pass filters GF,MG@H 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 GG

ERE ‘f,‘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
the detail D, .f the approximation A;’ f

and G, (n) ={-c5,1—¢; |[n =-10,1} if the length of AJf is odd. The constants c,,...,c, verify the relations

to  derive starting  from discrete are
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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)=1y(0)=3 and n=r—-p.

5.2.3.3.2.2

Intra-band wavelet coding algorithm

The coefficients generated by the wavelet transform undergo a scaling (see 5.2.3.2.25) before they are coded
with the Cube Splitting algorithm. The cube splitting algorithm is the straightforward extension of the SQP

coding algofithm [56] to 3D. The coding of the coefficients is done bit-plane by bit-plane in a depth-first

strategy. W
Conceptually
pass and ar|

(c(u,

When a cub
symbol is wr
the following

MAX

c(u,v,w)eC

During the {
respectively
size S in thg
the sizes (S|

Sier = L(S +
ALeft =A B
ARighl =A+3

If a cube has
algorithm re
already sign
into the strd
threshold va
sign (+,-) of
written.

th each bit-plane (b=0 is the lowest bit-plane), a threshold T, is associated with, T
, there are two coding passes for each bit-plane (except for the first bit-plane): arsighific
efinement pass. A cube C is said to be significant for a certain threshold T if:

v,w)zT)

e C is found non-significant, the NSG symbol is written into the bitstream. Otherwise, the
tten and the cube is further split into 8 sub-cubes, visited in terms gfthe (u,v,w) reference ax
order: (0,0,0), (1,0,0), (0,1,0), (1,1,0), (0,0,1), (1,0,1), (0,1,1), (1,4,9).

plitting, each dimension is divided into two intervals. Let, A’be the smallest coordinate V

t dimension is equal to S =B—-A+1. The min values-(A e, Arignt), Max values (Bies, Bright)
Lr, Sright) Of the intervals can be computed as:

1)/2J' SRight = LS/ZJ,

Lett — ALeft + SLeft -1
B

Right

Left? = ARigm + SRigth -1.

been found significant at a previous bit-plane, no SGN symbol is written in the stream. Whe
bches the voxel level (i.e. novfurther splitting is possible), it first checks whether the voxe
ficant for higher bit-planes.lfithis is the case, the refinement symbol (BIT1 or BITO) will be w
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Slice 3
Slice 2
Slice 1
Slice 0
Wavelet coefficients Highest bit plane
3 200 1200 .0 0 0 Threshold =2
1100 1 3 00 0 0 0
1) Significance pass
0 000 O0OTU OO 0 0 0O 0 Output
0000 O0OTU OO 0 0 0O 0
. . . SGMNSEN + SGN +NSG
. S(I)lceOO . gllce1 Slice 0 NSG NSESGN + NSG SAN +
0 00 0000[|00O0TO NSG.NSG NSG NSG NSG NSG
0 0 00O O0OOTPO 0000 000 0 Coefficients (u,v,w) to be refined:
0000 0O0O00O 0000|000 of) ©00:(100:(01:(11
Slice 2 Slice 3 -
Slice 2 Slice 3
Wavelet coefficients Next bit plane Threshold =1
2) Refinement + significance
3200 1200 [1]o]Jo o [f]0]o o bass
1100 1300 [0 0 [t]t]o o
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Output
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0 00 0,©0 00O 0 000 OOV OO
Slice 2 Slice 3 Slice 2 Slice 3
Figure 58 — Graphical representation of the significance and refinement coding passes.
The convention-used-inthe MeshGrid stream for r\nr‘ling the cymhnlc is shown-in-the fnlln\l\ling table

Symbol Bit value
SGN 1
NSG 0
BIT1 1
BITO 0
+ 1
- 0
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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 refinement description consists of two parts: (1) the inter-resolution refinement bit (/RR), and (2) the offset.

The significance of the IRR is shown in Figure 59. When decoding the next higher resolution level, some
vertices may change their current discrete grid position (u,v,w), and migrate towards a neighboring grid

position belg
change. The
the vertices

For a specifi
in the partic
higher level
and (3) the ¢
will be two /1
inserted bet
explained in

The IRR bi
(repositionB

ngmyto—thehigher resotutiomtevet—Asa Tesuttof themigratiom,omeof the <o, v;wiindice
migration occurs along the grid line in the direction of the border. As illustrated in Figure 59,
ith bit values larger than 0 will migrate.

bd resolution level (/) the default number of IPR bits for each vertex is one. For anyvertex v(u
llar case that (1) the number of slices (nSlices, ) of any direction d e {u,v,w}~6f the imme
I+1) is a even number, (2) the grid position of vertex v in direction d is equal to (nSlices,
iscrete border direction of vertex v is oriented towards the positive axis,of’direction d, then
RR bits necessary to encode the repositioning value of vertex v, since-two additional slices w
ween the slice at indices (nSlices, —2) and (nSlices, —1) . This particular case has
5.2.3.3.2.1, with a graphical example in Figure 57.

s are necessary for all resolution levels, except for the“last resolution level. A 2-bit
fs explained in 5.2.3.2.18) is present at each resolution(level (except last) specifying wh

default valugs are set for the IRR bits. If default values are specified, no IRR bits are encoded for

resolution le
the IRR bits

For any ROI
(see 5.2.3.3.

If the numbsg
bits are preq
(bFull explai
bits will only
order as the

vel. Otherwise, the IRR bits are present in the stream:/A default value of 0 or 1, indicates th
are 0 or 1, respectively.

, the coding order in the stream of the /RR bits is the same as the order of the decoded ve
1.1) of the ROI.

r of quantization bits for the offset (nBits explained in 5.2.3.2.23) is larger than 0, then the
ent in the stream. Otherwise they, are not available. If the full refine flag is set in the bitst
hed in 5.2.3.2.23), then the offset bits are coded for each resolution level. Otherwise, the
be coded for the last resolution level. The offset bits are stored bit-plane by bit-plane in the s
decoded vertices (see 5.2.3:3.1.1).
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Figure 59 — Demonstration of vertex migration via the Inter-Resolution Refinement bits. The labelled
vertices 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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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
higher priority than the others. Therefore, a correspondence has to be determined between the “spatial-
domain” ROls (SROIs) and the “wavelet-domain” ROls (WROIs) such that the appropnate gr|d descrlpt|on is

decogted—for LIICIIIUDIIqubIIpLIUIIIIIDIUU the—SROts—he—corretationbetweenr—a—SROt—definedy at a certain
resolution level and its WROlIs is illustrated in Figure 60.
@ @ 9 (&) @ 0o @ 0O @ 0 @ 0" @ ooeo0eepeo
o000 00OQCOOOOCOOOONDO®O
orocrococelrorororo|loeceoeoenececepeo
o000 0Q0O0OOCGOCOOOONDOO
@ @ (O EUNCRENN ] NN NNCREN JN N NoN RO NeX N NoN NN NoN NoJ
eeo00000000000pOO
0" 0070000000 0CRQOR®OCOO®OOOR®GOOOOODPOO
o000 00OCOOOOOOODPOO
&) @ @ @ o||®@ " 0 @ 0 @ 0 @ 0O 0|00 ODOGOOGOOOGOOOOOGOOOODO®O
(a) (b) (c)
' eoo0co000e0000000 0000000000000 0O0O [00O0 00000 X XK
oooooooooooooo 0000000000000 0000 000000000 oooo:oo
0000000000200 000Q9 000O®QO0O0CO0CI0COPQOPQO®PO0PQO® 0OOCOOOOOOOIeeeOO®PDOO
C000CO0O0O0COCOCIOO0OCGOGOOOGO®E® [¢] (exeNe] [o)e]foRe] [ NN N N N N N ljcNoNeNoNe]l [oNoNoNoI [ N NN N N N N
0000000000000 O®O®O® 0O00000O0COCOINCO0OO®O®OE® OOCOOO0OOOCCOCIONCGEOOGOONPOE®
0000000000000000000000000000000000 o000 epoo
00000000 COCOCOOCOOOO OOCOOGOOOGIOOIOEOOOOOOO o000 00O®O oPpoeo
0000000000000 0Q000COC OOCOOCOOOOOOCOOOPOOOPOCO® OCCOOCOOONOCOGIOCOEQOOOPOEDPDOYO
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(d) (e) (f)

Figuire 60 — A slice through the 3D reference-grid illustrating: (1) the distribution of the gr{d-points in
the spatial domain (a, b, c) (résolution |, I+1, 1+2) and in the wavelet domain (d, e, f), (R) the
correspondence between a ROl defined at different resolutions in the spatial domain and its
corresponding WROIs in the wavelet domain.

For gach resolution levelof the wavelet-decomposed reference-grid, the WROIs that are related|to the same
spatial domain SROI are grouped together and encoded as on tile. Therefore, for any resolution level L and
diredtion de{U,V,W} the number of tiles ( nTiles; ) are equal to the number of ROIY ( nROIs) ).
Corrgsponding ‘SROIs and tiles yield the same index idx§ € [O, nROIsﬁ —1] when encoded in t:Ee bitstream.
The tiles are.coded with the Cube Splitting algorithm, described in 5.2.3.3.2.2, in the same ascending order as

the SROIs-Using the following formula:

i+ jxnROIs); + kx (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 — sameBorderOrientation
equals “1’ — when all the vertices have the same discrete border direction.

For the type
the value ‘1’

2 quadrilateral MeshGrid the uniformSplit flag from the MeshGridDecoderConfig class can have
, which means that any higher resolution level quadrilateral mesh can be obtained from a lower

resolution level mesh by uniformly spliting each quad recursively into four sub-quads as illustrated

in Figure 61.

In addition if the hasConnectivityInfo flag from the MeshGridDecoderConfig class has the value

‘0’ — meanin
connectivity-
sameBorder]

The referend
the number
equal to 2’ 1
reference-gr
each referer
contained re|
the referenct
the referenc
attaching a
in 4.3.3.3.2.

When the ha
type2 quadri
only for the f
order of the
to the layer
indices in th
correspondir
to the neigh
belonging to
line of level

belonging to
V1, V2, V3 an

teral
and

9 that t: ICIT ib o bUIIIIUbt;V;ty-VV;ICfIdIIIC DtUIUd ;II t: 1< Dtlcdlll - thcu d u'cfauit ty}.)cz quadl“c
wireframe shall be constructed for the first resolution level. In this case the uniformSpli
DOrientation flags are set to ‘1°.

e-grid corresponding to the type2 quadrilateral MeshGrid with hasConnectivityinfe flag set ‘q’ has
bf slices — nSlices from the MeshGridDecoderConfig class — in one of the directions {u,v,w} gither
L a double layer reference grid —, or equal to ‘1’ — a single layer reference grid)For a double layer
d the default type2 quadrilateral connectivity-wireframe shall be obtained by attaching a vertex to
ce-grid point belonging to the first layer of points i.e. the layer with the property that all the
ference-grid points have one of the indices {u, v, w} equal to ‘0’, and positioning these verticgs on
b-grid lines connecting the corresponding grid points from the first fayer to the second layer. When
b-grid is single layer, the default type2 quadrilateral connectivity-wireframe shall be obtaingd by
ertex to each reference-grid point. The coordinates of the vertices can be computed as explained

sRefinelnfo flag from the MeshGridDecoderConfig class (see 5.2.3.2.2) is set to ‘1’ and ther¢ is a
ateral MeshGrid with hasConnectivitylnfo flag set ‘0% then the offsets (see 5.2.3.3.3) are spegified
rst resolution level of the mesh. The order of the offsets in the stream is the same as the indgxing

reference-grid positions within the layer where the vertices are attached (the index corresponfding
is kept constant). The reference-grid paints”are indexed by incrementing two of the {u, V, w}
e order: U direction first, V direction second, and W direction third. The offset of each vertex

g to any higher resolution levels is computed as the average value of the offsets corresponding
bour vertices’ belonging to a lower resolution level. Namely, given Vj, V,, V3 and V, four veftices
resolution level / (see Figure 61),\the offset of a vertex V belonging to level / + 1 located on a grid
is computed as the average Vvalue of the offsets of V; and V,, respectively the offset of vertex V'
level | + 1 located on a grid\line of level | + 1 is computed as the average value of the offsgts of
d V.

Figure

174

(@)

(b)

61 — Example of a multi-resolution mesh with the connectivity-wireframe obtained by
uniformly splitting each quad recursively into four sub-quads.
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Figure 62 — Computation of the offsets for the type2 quadrilateral MeshGrid.

5.2.4 MultiResolution FootPrint-Based Representation

5.2.4.1 Downstream syntax

This fs the syntax of the downstream MultiResolution FootPrint-based Representation.
5.2.41.1 FootPrintSetDecoderSpecificinfo

5.2.4.1.1.1 Syntax

clasls FootPrintsDecoderConfig extends AFXDecoderSpecificInfo {
SDLINnt<16> FPObjectType
SDLInt<32> MaxNbFootPrints

SDLInt<6> FootPrintNbBRits
SDLE[loat Step

SDLInt<6> NbBitsMetrié¢Error
SDLF|loat MinX

SDLFloat MaxX

SDLF[loat MinY

SDLFloat Max Yl

SDLInt<1> DERIdUsed

switjch (FPObjéctType)
{
case. FPBuildingDecoderConfig FPBuildingDSI
}
}

5.2.4.1.1.2 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, t

NOTE

5.241.2 F

5.2.4.1.21

class FPBu
SDLFloat
SDLFloat
SDLInt<6>
SDLInt<6>
SDLInt<6>
SDLInt<6>
SDLInt<6>

}

5.2.4.1.2.2
MinAltitude
MaxHeight:

NbBitsZBui

NbBitsNbStories: this is the number-of bits used to specify the number of stories by fagade element

NbBitsStoreyHeight: this isithe’number of bits used to specify the height ratio of each storey.

NbBitsFaca

NbBitsNbFz

52413 F

fo
this decoder g

€ Stling detname 1s used.

I future extension, depending of the object type (buildings, cartoons...) other parameters could, be adg
onfiguration. For current simple footprints, these parameters are enough to configure the decoder.

PBuildingDecoderSpecificinfo

Syntax

i 1ldingDecoderConfig {
MinAltitude;

MaxHeight;

NbBitsZBuilding;
NbBitsNbStories;
NbBitsStoreyHeight;
NbBitsFacadeWidth;
NbBitsNbFacadeCellsByStorey;

Semantics
this is the minimum altitude of the set-of footprint-based elevations.
this is the maximum height of the(Set of footprint-based elevations.

ding: this is the number of bits used to encode the altitude and height of buildings.

deWidth: this:is the number of bits used to specify the width ratio of each fagade element.

cadeCellsByStorey: this is the number of bits used to specify the number of cells per storey|.

0otPrintSet Message

ed to

5.2.4.1.3.1 The FootPrintSet Message is intended to 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

class FootprintMessage {
ht (FPNbBits) index
Lt (1) type
PNewVertices FPNV
ht (6) IndexNbBits
E (type) |
int (10) offspring
for (i=0; i<offspring; i++) {
int (FPNbBits) locallIndex
float (NbBitsMetricError) MetricError
IndexFootprintSet IFPS
switch (FPObjectType) {
case 1l: FPBuildingParameters FPBP

HeE- T O

}
}

0]

| se {
float (NbBitsMetricError) MetricError
int (8) NbRings
for (int i=0; i<NbRings-1; i++) {
int (IndexNbBits) FirstVertexIndex
switch (FPObjectType) {
case 1: FPBuildingParametersNFPBP
}

}
5.2.4.1.4.2 Semantics

MetrjcError: this is the geometric error between the original model and the simplified model used|by the client
to decide if this node has'to be refined.

IndekNbBits: this is the number of bits used to decode the vertices indexes. Its value is the Igqwest integer
superrior or equahto*log2 (FootPrintsDecoderConfig.MaxIndex).

Indek: this«is‘the index identifying the current footprint.

Type: 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 FPNewVertices

{

int (6) coofdtype

int (16) nbNewVertices

for (i=0; j<nbnewvertices; i++) {
if (typg == 0 || step == -1.0){

float (B2) DeltaX
float (B2) DeltaY

}
else{
bool pignDeltaX
unsighed int (coordtype-1) AbsDeltaX
bool pBignDeltaY
unsighed int (coordtype-1) AbsdeltaY
}
t
}

5.2.4.1.5.2 [Semantics

coordType:|this is the number of bits to encode the vertex coordinates.

nbNewVertit[es: this is the number of vertices described in the rest of the class.
DeltaX, Delt@Y: 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 reference system based on the bapyeentre of the parent footprint vertices. The actual position of the| new
vertex is obfained by multiplying AbsBDeltax*SignDelatX by the Step (defined in the DecoderSpecific|nfo),
and adding the coordinates of the barycentre of the parent footprint vertices.

The decoding process is exposed in Annex J.
5.2.4.1.6 IndexFootprintSet

5.2.4.1.6.1 [Syntax

class IndexFoo Il.bJJ.Jl.lJ.‘l_SC t
{
int (16) nbVertexIndices
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 i=0; i<nbRoofs; i++) {
FPRoof roof

int (I8) nbSwapNodes
for |(int 1i=0; i<NbSwapNodes; i++) {
if] (DEFIDUse)
int (32) nodeId
ellse({
int (8) nbChar
for (int j=0; j<nbChar; Jj++)
char defname[]]
}
}
}

5.2.41.7.2 Semantics
buildinglndex: this is the index of the building to which this part is connected.

altityde: if step is different from\31:0, the altitude of the building is encoded using a integer. The atual altitude
is giyen 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
gicvén by:

DecodedHeight=height*Step.

textureURL.: this is the URI of the texture to be applied on the side of the footprint-based elevati

nbSwapNodes: this is the number of nodes in the scene graph used to swap the block corresponding to the
footprint-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 FPRoO
int (3) A1
switch
{

case

case
fl
fl
fl
case
fl
fl
fl
case
fl
fl
fl
inf
case
fl
fl
fl

}
if (DEF]
int (3]
else
{
int (8
for (
ch
}

bool ]
int (2) ¢
switch
case
case

bf  {
ocofType
roofType)

0 : //Flat Roof

1 : // Symmetric Hip Roof

at roofHeight

at roofSlopeAngle

at roofEaveProjection

P : // Gable Roof

at roofHeight

at roofSlopeAngle

at roofEaveProjection

3 : // Salt Box Roof

at roofHeight

at roofSlopeAngle

at roofEaveProjection
(indexNbBits) roofEdgeSupportIndex
4 : // Non Symmetric Hip Roof
at roofHeight

at roofSlopeAngle[nbWalls]
at roofEaveProjection

DUse)
) nodeIdAppearance

) nbChar
[int §=0; j<nbChar,\j++)
r defnameAppearance [J]

sGeneric
rojectienlextureMode
projectionTextureMode) {

0 : ///\ Generic metric texture
1 &,/ Generic texture

fl

atv¥XScale

float YScale

case

2 : // Real texture

float XSCale

float YScale

float XPosition

float YPosition

float rotation

float roofEaveProjection
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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.

roofEaveProjection: this is the length of the roof eave projection

roof|
supports the roof.

nod¢IDAppearance or defnameAppearance: this is a reference to a Appearance node correspd
texture that is orthogonally mapped on the roof. nodeldAppearance is used if DEFIDUsed
FootprintDSI) else defnameAppearance

evation that

nding tof the
is true (see

IsGeneric this specifies whether the texture mapped on the roof is generi¢c (value 1), or obtained from an
aerigl photograph (value 0). If the roof texture is generic, the reference system is centred on thg bottom left
vertex of each roof pan, and aligned on the gutter. In the case of a non<generic texture, the reference system

is ceptred on the first vertex of the footprint, and aligned along the world ‘c€6ordinate system.

projectionTextureMode: this is the mode used to map the textdre on the roof. It specifies
different parameters XScale, YScale, XPosition, YPosition, androtation are used.

XScale: this is the scaling the roof texture along X-axis

YScale: this is the scaling the roof texture along Y-axis

XPosition: this is the displacement of the texture along X-axis

YPosition: this is the displacement of thetéxture along Y-axis
I

rotafion: this is an angle in radian specifying the rotation to apply to the texture.

5.2.4.1.9 FacadeBitStream

5.2.4.1.9.1 Syntax

clas|s FPFacade

{
iht (NbBirsFacadeWidth) WidthRatio

int (3j2)\MappingMode

Syitah ytMappingMode)

{

whether the

Case (-

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 (2) FacadePrimitiveType
if (DEFIDUse)

int (3
else
{
int (8
for (
char

}

2) nodelIdFacadePrimitiveNode

) nbChar
int j=0; j<nbChar; Jj++)
defnameFacadePrimitiveNode [7]

int (NbB]
For (inf
{

float

}
For (inf
{
int (N
For (

{
FP

}

}

5.2.4.1.9.2
XScale: this
YScale: this
XPosition: t
YPosition: t
Repeat: if th
FacadePrim
0: nothing

1: texture

2: 3Dmodel.

tsNbStories) NbStories
1i=0; i<NbStories; 1i++)

(NbBitsStoreyHeight) StoreyHeight
1i=0; i<NbStories; 1i++)

bBitsNbFacadeCellsByStorey) NbFacadeCellsByStorey
int j=0; j< NbFacadeCellsByStorey; Jj++)

'acade FacadeCell

Semantics

is the scale on X-coordinate applied over the model defined by FacadePrimitiveModel
is the scale on Y-coordinate applied over the‘model defined by FacadePrimitiveModel
his is the translation on X-coordinate. applied over the model defined by FacadePrimitiveModg¢l
his is the translation on Y-coordinate applied over the model defined by FacadePrimitiveModg¢l
s field has value 1 the texture’or model on the fagade is repeated.

itiveType: specifies the'type of primitive:

nodeldFacadePrimitiveNode or defnameFacadePrimitiveNade: this is a rerefence to the node in the

ene

graph corresponding to the Facade primitive. nodeldFacadePrimitiveNode is used if DEFIDUsed is true (see

FootprintDSI

NbStories: t

) else defnameFacadePrimitiveNode.

his 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)

16:2011(E)

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).

5.2.5 Scalable Complexity 3D Mesh Coding

5.2.51 Overview
Scalable Complexity 3D Mesh Coding (SC3DMC) specifies a way to fine tune the [trade{off between
compression efficiency (size of the compressed binary stream) and computational ‘resources (CPU and
memory) needed in both encoder and decoder by choosing among three parameterized 3D mesh coding
techniques: Quantization-Based Compact Representation (QBCR), Shared \Vertex Analysis| (SVA) and
Triarlgle FAN (TFAN). The main idea is that, in some application scenarios|\&specially the ones involving
mobile devices with reasonable network connections, the minimization of bitstream size may not be as
impofrtant as that of computational resources.
5.2.52 SC3DMC Bitstream structure
The [SC3DMC stream describes any triangular mesh represented as an IndexedFaceSet, wjth single or
multiple attributes defined per vertex or per triangle. The ‘bitstream is composed of two main |components
(cf. Rigure 63):

4{ The header: describing general informationcabout the coded mesh.

4 The data stream: describing the connectivity and the geometry information of the mesh.

SCBDMCStreamHeader| coordindéx |coord [normallndex| normal -—
texCoordindex |texCoord | colorindex |color | otherAttributelndex| otherAttribute
Figure 63 — SC3DMC stream structure.
The BC3DMCStream is encapsulated in an AFX stream and has the following AFX object code:
Table 52 — AFX object code for SC3DMC
AFEX-objectcode Object Associated-node Type value
of
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;

}

5.2.5.3.1.2 Bemantics

header: Thig

data: This is

is the header buffer of SC3DMC.

the data buffer of SC3DMC.

5.2.5.3.2 5C3DMCStreamHeader class

5.2.5.3.2.1 Byntax

class SC3DMCStreamHeader{

unsignef int (32) streamSize;
bit (8) epcodingMode;

float (32
bit (1) c

) creaseAngle;
W

bit (1) solid;

bit (1) convex;

bit (1) colorPerVertex;

bit (1) nprmalPerVertex;

bit (1) otherAttributesPerVertex;
bit (1) is|TriangularMesh;
(

bit (1) m

arkerBit // always set as 1

unsignef int (32) numberOfCoord;
unsignefd int (32) numberOfNormal
unsignefd int (32) numberOffiexCoord;
unsignef int (32) numberQ@fColor;

unsignef int (32) numberOfOtherAttributes;

if (numberOfOtherAdtributes >0)
unsigned int(8) dimensionOfOtherAttributes;

if (numberOfCgord>0) {
unsighéd int (32) numberOfCoordIndex;
bit(&)-@PferGeometry;

}

if (numberOfNormal>0) {
unsigned int (32) numberOfNormallindex;
bit(8) QPforNormal;

}

if (numberOfColor>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< dimensionOfOtherAttributes;i++) {
bit(8) QPforOtherAttributesi];

)
J

f (numberOfCoord>0) {

for(i=0;i<3;i++) {
float(32) quantMinGeometryfi];
float(32) quantRangeGeometryli];

f(numberOfNormal>0)
for(i=0;i<3;i++) {
float(32) quantMinNormal[i];
float(32) quantRangeNormal[i];
}

f(numberOfColor>0){

for(i=0;i<3;i++) {
float(32) quantMinColor]i];
float(32) quantRangeColorfi];

}
f(numberOfTexCoord>0){

for(i=0;i<2;i++) {
float(32) quantMinTexCoord]i];
float(32) quantRangeTexCoord[i];

f(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 normal

generation p

rocess.

ccw: 1-bit fl
counter-cloc

solid: 1-bit fl

convex: 1-b
convex (sho

colorPerVer

are defined per vertex.

normalPerV
normals are

otherAttriby
isTriangula
markerBit: 4
numberOfC

numberOfN

numberOfTexCoord: A 32-bit unsignediinteger indicating the number of texture coordinates.

numberOfC

numberOfOtherAttributes: A 32-bit unsigned integer indicating the number of the other attributes.

dimension(

of the other attributes.

numberOfC

ag describing the IFS ccw parameter, which indicates whether the vertices are ordered
Kwise direction when the mesh is viewed from the outside.

ag describing the IFS solid parameter which indicates whether the shape encloses ‘@ volume

ild be always 1 for triangular meshes).
tex: 1-bit flag describing the IFS colorPerVertex parameter which-indicates whether the ¢
ertex: 1-bit flag describing the IFS normalPerVertex parameter which indicates whethe
defined per vertex.

tesPerVertex: 1-bit flag describing whether the othef. attributes are defined per vertex.
Mesh: 1-bit flag describing whether the mesh is ttiangular (should be always 1).

\lways set as 1.

pord: A 32-bit unsigned integer indicating the number of position coordinates.

prmal: A 32-bit unsigned integerindicating the number of normal coordinates.

plor: A 32-bit unsigned.integer indicating the number of color coordinates.

fOtherAttributes: A 32-bit unsigned integer indicating the dimension (i.e., number of attrib|

pordindex: A 32-bit unsigned integer indicating the number of faces associated to the po

coordinates.

n

it flag describing the IFS solid parameter which indicates whether all facesin the shap¢ are

olors

r the

utes)

Bition

QPforGeom

etry: A 8-bit data indicating quantization parameter for geometry.

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:

186

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.

numberOfOtherAttributesindex: A 32-bit unsigned integer indicating the number of indices associated to the
other attributes.

QPfgrOtherAttributes[]: A 1 by numberOfOtherAttributes array indicating quantization paname
component of the other attributes.

quar
geon

quar
used

quar
quarn

quar
forn

quar
quarn

quar
color

quar
coor

quar
used

quarn
minir

quar
rang

hetry quantization.

tRangeGeometry []: 1 by 3 array containing 32 bit floating data indicating range values fq

brmals quantization.

tMinColor[]: 1 by 3 array containing 32 bit fleating data indicating minimum values ug
tization.

tRangeColor[]:1 by 3 array containing 32 bit floating data indicating range values for each g
S quantization.

tMinTexCoord[]: 1 by 2 array containing 32 bit floating data indicating minimum values usq
linates quantization.

tRangeTexCoord[]:1 by 2\array containing 32 bit floating data indicating range values fq
for texture coordinates -quantization.
hum values used.for other attributes quantization.

tRangeOtherAttributes[]:1 by numberOfOtherAttributes array containing 32 bit floating dg
b values.for other attributes quantization.

5.2.q.3.3 SC3DMCStreamData class

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;

© ISO/IEC 2011 — All rights reserved

ter for each

tMinGeometry[]:1 by 3 array containing 32 bit floating data indicating minimum values used for

r each axes

for geometry quantization.

tMinNormal[]: 1 by 3 array containing 32 bit floating data indicating minimum values used for normal
tization.

tRangeNormal[]: 1 by 3 array containing 32 bit floating data indicating range values for eaq

h axes used

ed for color

xes used for

d for texture

r each axes

tMinOtherAttributes[]: 1 by numberOfOtherAttributes array containing 32 bit floating dgta indicating

ta indicating
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else
IntArrayDecoder (numberOfNormalindex, 1) decodedNormalindex;

}

if(numberOfColorindex != 0)
{ if (colorPerVertex == 1)
IntArrayDecoder (numberOfColorindex*3, 1) decodedColorindex;
eISTntArrayDecoder (numberOfColorindex, 1) decodedColorindex;
hz(numburOchward =0y

{

IntArrayDecoder (numberOfOTexCoordindex*3, 1)
decodedTexCoordindex;

}
If(numberOfOtherAttributelndex = 0)

{
if (otherAttributesPerVertex == 1)

IntArrayDecoder (numberOfOtherAttributesindex* 3, 1) decodedOtherAttributesindex;
else
IntArrayDecoder (numberOfOtherAttributesindex, 1) decodedOtherAttributesindex;

}

If(numberOfCoord!= 0)
FlgatArrayDecoder (numberOfCoord, 3, 0) decodedCoord;

If (numberOfNormal != 0)

FloatArrayDecoder(numberOfNormal, 3, 0) decodedNormal;

If (numberOfColor 1=0)

FloatArrayDecoder (numberOfColor, 3, 0).decodedColor;

If (numberOfTexCoord !=0)

FloatArrayDecoder (numberOfTexCaord, 2, 1) decodedTexCoord;

If (numberOfOtherAttributes != 0)
FloatArrayDecoder (number©fOtherAttributes, dimensionOfOtherAttributes, 0)
decodedOtherAttributes
else if (¢ncodingMode == 1)
SVAIndexDecoder (numberOfCoord, numberOfCoordindex) decodedCoordindex;

if(numberOfNormalindex != 0)

SVAlIndexDecoder (numberOfNormal, numberOfNormalindex) decodedNormalindex;

if(numberOfColorindex 1= 0)

SVAIndexDecoder (numberOfColor, numberOfColorindex) decodedColorindex;
}
If(numberOfTexCoord != 0)

SVAIndexDecoder (numberOfTexCoord, numberOfTexCoordIndex)
decodedTexCoordindex;

}
If(numberOfOtherAttributelndex = 0)

SVAlndexDecoder (numberOfOtherAttributes, numberOfOtherAttributesindex)
decodedOtherAttributesindex;

188 © ISO/IEC 2011 — All rights reserved


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

ISO/IEC 14496-16:2011(E)

}

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,;

If (numberOfOtherAttributes != 0)
FloatArrayDecoder (numberOfOtherAttributes, dimensionOfOtherAttributes, Q)
decodedOtherAttributes

blse if (encodingMode = 2)

TFANIndexDecoder(3, numberOfCoord, numberOfCoordIndex, triangleOrderPres, 0)
decodedCoordindex;

if(numberOfNormallindex != 0)
if (normalPerVertex == 1)
TFANIndexDecoder(3, numberOfNormal, numberOfNormalindex, 1, 1)

decodedNormalindex;
else

}
if(numberOfColorindex != 0)

IntArrayDecoder(numberOfNormalindex;{1) decodedNormalindex;

if (colorPerVertex == 1)

TFANIndexDecoder(3, numberOfColor, numberOfColorindex, 1, 1) decodedColgrindex;

else
IntArrayDecoder(numberOfColorindex, 1) decodedColorindex;

}
If(numberOfTexCoord = .0)

TFANIndexDecoder(3, numberOfTexCoord, numberOfOtherAttributesindex, 1, 1)
decodedTFexCoordindex;

}
If(numbenOfOtherAttributelndex = 0)
if (otherAttributesPerVertex == 1)

TFANIndexDecoder(3, numberOfOtherAttributes, numberOfOtherAttributesindex,
decodedOtherAttributesindex;

else

1,1)

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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If (nu

}

5.2.5.3.3.2

mberOfOtherAttributes != 0)
FloatArrayDecoder (numberOfOtherAttributes, dimensionOfOtherAttributes, 0)
decodedOtherAttributes

Semantics

A detailed description of the QBCR, SVA and TFAN decoding processes is presented in 4.2.5.2.18.1,
4.2.5.2.18.2 and 4.2.5.2.18.3, respectively. The QBCR, SVA and TFAN encoding processes are described

in Annex N,

decodedCo
is numberOf

decodedCo
describing th

decodedNo
size is numb

decodedNo
describing th
numberOfN(d

decodedTe)
whose size i

decodedTe)
describing th

decodedCo
numberOfCd

decodedCo
describing t
numberOfCq

ATNTTEX O and ATNEX P, TESPECHVELY:

brd: A bitstream of type FloatArrayDecoder describing the reconstructed coord array-whos¢g
Coord by 3.

prdindex: A bitstream of type IntArrayDecoder or SVAIndexDecoder or TFANIndexDeq
e reconstructed coordindex array whose size is 1 by numberOfCoordindex*8.

rmal: A bitstream of type FloatArrayDecoder describing the reconstructed normal array w
erOfNormal by 3.

malindex: A bitstream of type IntArrayDecoder or SVAIndexDecoder or TFANIndexDed
e reconstructed noramlindex array whose size is either 1 by’numberOfNormalindex*3 or
rmallndex.

(kCoord: A bitstream of type FloatArrayDecoder ,describing the reconstructed texcoord
5 numberOfTexCoord by 2.

kCoordIndex: A bitstream of type IntArrayDecoder or SVAIndexDecoder or TFANIndexDeq
e reconstructed texcoordindex array whose.size is 1 by numberOfTexCoordIindex*3.

or: A bitstream of type FloatArrayDecoder describing the reconstructed color array whose s
lor by 3.

orindex: A bitstream of type IntArrayDecoder or SVAIndexDecoder or TFANIndexDec
ne reconstructed colorindex® array whose size is either 1 by numberOfColorindex*3 or
lorindex.

decodedOt

dimensionO{OtherAttributes.

decodedOtherAttributesindex:
TFANIndexDecoder\describing the reconstructed otherAttributesindex array whose size is either
numberOfOtherAttributesindex*3 or 1 by numberOfOtherAttributesindex.

erAttributes: A _reconstructed otherAttributes array whose size is numberOfOtherAttribute

A Dbitstream of IntArrayDecoder or SVAlndexDecode

type

size

oder

hose

oder
1 by

array

oder

ze is

oder
1 by

5 by

or
1 by

5.2.5.3.4

5.2.5.3.4.1

FloatArrayDecoder Class

Syntax

Class FloatArrayDecoder(numberOfData, dim, quantizationMode)

IntArray

190

Decoder (numberOfData, dim) quantizedFloatArray;
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5.2.5.3.4.2 Semantics
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

0 result = quantMin + (1<<QP)*quantRange*input
nbins = 1 << ((normal_quant - 3) / 2);
yo=Tbms=ceittsgritrmbims mims—=1));
x0 =i+ y0*y0;
skew = (x0 & 1)*2.0/3.0;
X0 = (x0 >> 1) & (nbins - 1);
x = (float)x0 + skew;
(float)y0 + skew;
(float)nbins - x - y;
1.0/sqrt(x*x + y*y + z*z);
(sx) ? -x*n : x*n;
(sy) ?-y'n:y™n;
(sz) ? -z*n : z*n;
texture_image_width *input
texture_image_height finput

< XN X 3 N<

5.2.5.3.5 IntArrayDecoder class

5.2.5.3.5.1 Syntax

Class IntArrayDecoder (numberOfdata, dim)
{
Bit(4) predictionMode;

Bit(4) binarizationMode;

f ((binarizationMode == 0) && (predictionMode == 0)) // FL

Bit(8) QP;
for(i=0;i< numberOfdata-*dim;i++)

bit (QP) nData; // simple QBCR
}

blse if (binarizationMode == 1) // BPC

If(prediction = 1)
If (predictionMode==3) bit(1-7) predictor
bit (5) prefixSize

forli—0N. naabaeerOfdata-*dina- 1 1\
TUI1 \I U,1 nmurmrmueTruiudia Ui, rt '}

BPDecoder(prefix_size) nDifData
If (predictionMode==1 || predictionMode==4) bit(1) nSign
}

}
else if (binarizationMode == 2) // 4C
for(i=0;i< numberOfdata *dim;i++)
If (predictionMode==3)

bit(3) predictor;
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bit (1) terminationBit
while (terminationBit)

{
bit(3)  threeBitsFL;
bit(1)  terminationBit;
}
}
else
{
do
{
bit3—threeBitsF=
bit(1)  terminationBit;
while (terminationBit)
}
}
}
else if (pinarizationMode == 3) // AC
{
unginged int (32) streamSizeAC;
for(j=0;i< numberOfdata *dim;i++)
{
If (predictionMode==3) ACDecoder(8) predictor
ACDecoder(1<<QP) nValue
ACDecoder(2) hasnext
If (predictionMode==1 || predictionMode==4)  AC€Decoder(1) nSign
}
}
else if (pinarizationMode == 4) // AC/EGk
{
unginged int (32) streamSizeAC;
unginged int (8) K
unginged int (8) M
for(j=0;i< numberOfdata *dim;i++)
{
If (predictionMode==3) ACDecoder(8) predictor
ACDecoder(M+1) nDifData
if (nDifData == M+1) ACExpGolombDecode(K) nDifDataEGk;
}
}
!

5.2.56.3.5.2 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)

Differential prediction: predicted value is
just before the current value

2 XOR prediction

1

3 Adaptive linear prediction: a different
predictor is defined for each
encoded value.

4 Circular Differential prediction:
Differential prediction using circular
method
5 TFAN-based Parallelogramyprediction:

the predicted value assogiated to the
current vertex is obtained’by applying the
parallelogram prediction rule while
considering only’the neighbors in a
triangle fan.

6-15 Reserved for ISO purposes

binafizationMode: 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

nDalla: An unsigned integer value which corresponds to an index or a quantized value.

predictor: A 3-bit value indicating the predictor to be applied. It is defined only for prediction modes 3 and 4
(cf. Table 55). 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

Data Type Value of dim
Coord 3
normal 3

texCoord 2

Color 3
otherAttributes dimOfOtherAttributes
coordindex 1
normallndex 1
texCoordIndex 1
colorindex 1
otherAttributesindex 1

prefixSize: $-bit data indicating the bit size read for the BPC Decoder.

nDifData: Ap unsigned integer obtained by BCP or 4C or AC decoding.

streamSizefC: A 32-bit unsigned integer indicating how many bytes are used\for AC.

M: A 8-bit unsigned integer describing the interval of values deséribed by the arithmetically encpded
representatipn. More specifically, if a decoded value ranges in the interval [0, M] it is decoded only with the
arithmetic dgcoder. Otherwise, an additional part is decoded with an'Exponential Golomb code representation.

K: A 8-bit unisigned integer describing the order of the Exponéntial Golomb code representation.

nDifDataEGk: Unsigned integer describing the EGk part.of the AC/EGkK code.

NOTE For the AC/EGK binarization mode (binarizationMode = 4), the residual error value is obtaingd by

adding the quantities nDifData and nDifDataEGKk:

The TFAN-based Parallelogram prediction mode: (i.e. PredictionMode equals 5) is defined only for the
TFAN mode|(i.e. encodingMode equals:2). It can be applied only to the geometry/attributes information. IHere,
the inverse [prediction stage exploits.the already decoded connectivity information (cf. Annex Q). Several

situations ar¢ distinguished in

the follewing.

For vertices poordinates, the/coerdindex connectivity is used.

a. For texture coordinates, if the texCoordindex connectivity is not empty then it is used, otherwisg the

Ccoor

b. For

dindex connectivity is considered.

Colors.or normals or other attributes, distinguished two cases are as follows:

194

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 ExpGolombDecode class

5.2.5.3.6.1 Syntax

Class ExpGolombDecode (K)

{
do

{
Bit(1) b=AC.decode(bModel);
if (b==1)
{

}

}
while (b!=0);

H++;

’

while (K--)

Bit(1) b=AC.decode(bModel);

5.2.5.3.6.2 Semantics

b: A [1-bit decoded using the AC with the static binary probabilityy model bModel. Here, the probaljlities are set
to 0.5 to both symbols 0 and 1.

NOTIE 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

Clasjs BPDecoder(prefixSize)

{
bit(prefix_size) prefixVal;
f (prefix_val>2){
bit(prefix_val-1) nPayload;
.
}

5.2.5.3.7.2 Semantics

prefixVal:A-prefix value indicating the bit length used for BP decoding.

decoded value = BPLTable[prefixVal]+nPayload,

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
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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){

} el

196

for (i=1;i<numberOfindex;i++){ // second to last face...

bit(1-5) nType

bhliaTviaall

switehtrype)t
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++X
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: //mode4
bit(1) nSign;
bit(1-2) nRotation;
break;

}

}
5e{, _ FDMode ==
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++){
BPE leHprefix—size)nDiflndex:
bit(1) nSign;

}

break;

case 4: //mode 4
bit(1-2) nRotation;
break;

}
blse 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;
ACDecoder(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=0;j<3;j++){
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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

nPosition: Rosition information for vertex index analysis as illustrated in Table 60.

Table 60 — Position‘@nd representation

nPosition Representation
0 0

1 10

2 11

nDifCoordIndex: Coordindex difference between current and previous face

nRotation: 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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ISO/IEC 14496-

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;

.3.9.2 Semantics

16:2011(E)

dim:

nV: F

nT: A

nTF3ns: Bitstream of type TFANIndexDecoderNTFans describing for each vertex’the number g

trian

degrn
trian

Parameter Indicating the dimension of the connecuvity array 1o be decoded (should be ennen
Parameter indicating the number of vertices for the connectivity array to be decoded.

Parameter indicating the number of triangles for the connectivity array to be decoded:

jle fans..

ees: Bitstream of type TFANIndexDecoderDegrees describing foreach triangle fan the n
les.

cas

s
con%;uration. Refer to Annex P for a description of the TFAN encoding process and a detailed sp
the 1[0 topological configurations (or cases) considered by the TFAN codec.

verti
indic

ops:
(i.e.,
for a

vo: H

ceslIndices: Bitstream of type TFANIndexDecoderVerticesindices describing for each trig

. Bitstream of type TFANIndexDecoderCases describing for each triangle fan its

bs of the vertices composing it. Refer to Annexi®R.for a description of the TFAN encoding prog
Bitstream of type TFANIndexDecoderOps.describing, for each vertex of a triangle fan, if it
it should be created by the decoder) oftan old one (i.e., it has already been created). Refe
description of the TFAN encoding process.

Bitstream of type TFANIntArrayDecoder describing for each vertex its original order (i.e., p

origi

fo:
origi

permutations: Bitstream of type TFANPermutationDecoder describing for each triangle the perm

appli
deco
a(1),
(-

al IFS).

itstream of type TFANIntArrayDecoder describing for each triangle its original order (i.e., p
al IFS calling face order).

d to its verfices to obtain the original order. For instance, if the original triangle was (8, 19
ded oneis\(12, 8, 19) the value decoded should be 1. In the general case, if the decoded trig
a(2)) and'the decoded permutation is p (0 < p < 2), then the original triangle was (a((0 -
p *8)%3), ((2-p +3) % 3)).

1o0r3).

f its incident

umber of its

topological
ecification of

ngle fan the
ess.

S a new one
r to Annex P
psition in the

Dsition in the

utation to be

12) and the
ngle is (a(0),
p + 3) % 3),

5.2.5.3.10 TFANIndexDecoderNTFans class

5.2.5.3.10.1

Syntax

class TFANIndexDecoderNTFans(nV) {
unsigned char(8) maxNTFans;
unsigned int(32) streamSize;
for (intv=0; v<nV;v++){

}
}

© IS0

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.

nbrTFans: An array of integers of dimension nV indicating for each vertex the number of triangle fans incident
to it.

5.2.5.3.11 TFANIndexDecoderDegrees class

5.2.5.3.11.1| Syntax

class TFAN|ndexDecoderDegrees{
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
nDegrees: A 32-bit unsigned integer describing the number of degrees to be decoded.

maxNTFang: 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 decoder.

streamSize: A 32-bit unsigned integer deseribing the size in bytes of the arithmetic encoded stream fdr the
degrees.

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 TFAN|ndeXxDecoderCases {
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;

}

5.2.5.3.13.2 Semantics

nVerticesIndices: A 32-bit unsigned integer describing the number of vertices indices to be decodled.

decqgdedVerticesIndices: Array of integer of dimension nVerticesIndices describing the vertices indices.
5.2.5.3.14 TFANIndexDecoderOps class

5.2.5.3.14.1 Syntax

clas§y TFANIndexDecoderOps {
nsigned int (32) nOps;
if((nOps > 0) {
unsigned int (32) streamSize;
for (intv=0; v < nOps; v++) {
ops[v] = arithmetic_decoder.Decode();
}

c

}
}

5.2.5.3.14.2 Semantics

nOps$: A 32-bit unsigned integer describingdhe number of operation values to be decoded.

streamSize: A 32-bit unsigned integer’describing the size in bytes of the arithmetic encoded sfream for the
operation stream.

ops:|An array of bits of dimension nOps indicating for each vertex of a triangle fan if it should be created by
the decoder or not.

5.2.5.3.15 TFANPermutationDecoder class

5.2.8.3.15.1 Syntax

clasg TEANPermutationDecoder(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.

XCZTmMO

|

5.2.5.4.2 (QBCR Decoding

Geometry
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Figure 64 ——SC3DMC Decoder structure

The QBCR decoder handles the geometry and properties (i.e. coordinate, color, normals, texture coordipate,

and otherAttributes) and their associated indices (i.e. coordindex, colorindex, normallndex, texture coord]
and otherAtfributesindex) in(atunified manner. The only difference consists in applying to the geometry
attributes an|additional inverse quantization procedure.

Let T be either the index array or the quantized geometry and properties array to be decoded. Let N b
number of elementsof T and dim their dimension. Figure 65 illustrates an example of an array of quar

ndex,
and

B the
tized

position coovldinates. Let us note that all the elements of T are non-negative integers.

dim=3
T XD YD ZD X1 Y1 Z1 X2 Y2 Z2 x3 Y3 Z3 Xd Yll le XS XN—1 YN—1 ZN71
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)

eli] = - (E[i]+1)/2, otherwise.

The prigimattabte—T isfimatty obtaimed by applying theinverse prediction stage detaitedmAmmex Q.

For the prediction mode 3, the decoder exploits a similar strategy. However, here additiona| information
descfibing for each value its associated predictor is decompressed. The different predictors asgociated with
each| mode are detailed in Table 55 and Table 57.

Let /[i] be the predictor associated with the index i. If P[i] corresponds to the “no-prediction” mope (predictor
number 0 in Table 55) then T[i] equals E[i]. Otherwise, equation (1) is applied,to*E][i] in order to refrieve signed
residual error efi], which is predicted by using PJi].

The |nverse quantization which uses three different ranges, range[0] =\vi[0] -v,,[0] range[1] = vi[l] -v,[1] and
range[2] = vul2] -v[2] is as follows:

T[i]
27 1

*range[i%3]4 v, [i%3]
where v,,[0], vi,[1], vix[2] are minimum values of eachyaxis and vy[0], vi2], vi[3] are maximum YValues of the
X, y an z axis.

5.2.84.3 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 -My-1;

else if{¢’<0) then c'=c +My+1;

where, ¢’ s the currently reconstructed value and p is the previously reconstructed value. My and e, are
“maximum-symbol’ and entropy decoded difference value. The final step is inverse quantization [that is same
as thiat\of the QBCR case.

5.2.5.4.3.2 Index decoding

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 cifjcular
mahner. When the face direction is one, the decoded face is inverted. The rotation flag is alsogiven
and rotate the decoded face rotation times.

® Modge 1: Three indices are decoded from VIDs in circular manner.

® Moge 2: One shared position is given, and copy the previous index of shared position. The other two
indices are reconstructed from VIDs decoded in circular manner. The rotationflag is also given and
rotgte the decoded face rotation times.

® Modge 3: Three indices are decoded from VIDs in circular manner.

® Mogde 4: In this case, three vertex indices are copied from«he previous indices. When the|face

dirgction is one, the decoded face is inverted. The rotation,flag is also given and rotate the decpded
face rotation times.

5.2.5.4.3.5 Properties decoding

For normal Vlector decoding, 4 modes are introduced.
® BPC decoding, differential decoding and inverse quantization are processed in the order named
® AQ decoding, differential decoding.and inverse quantization are processed in the order named
® BPC decoding, XOR decoding:and inverse quantization are processed in the order named
® A( decoding, XOR decoding and inverse quantization are processed in the order named

The XOR decoding is as follows:

D, =V, ®V,

1 1—

where D, V,.4 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 texture, the same method described in 3DMC texture decompression, but texture coordinate index, is used.

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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116{17...71\/(]')}

incidents to the vertex j are

reconstructed as follows. First, the ordered list L(j) of the neighboring vertices of v, with a higher 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 the binary

strea

m the following elements :

- The degree d(j,n) of the triangle fan,

- The FIFO S(j,n) indicating the set of the visited vertices, and

- The FIFO of indices I(j,n) .

The friangle fan TF (j) is initialized with a sequence containing only the vertex j . The other|vertices are
adddd successively in the order of their encoding. Let w;.' (k) be the vertex number k “of the cufrent triangle
fan. In order to determine if it is a new vertex or an already decoded one, the TFAN decoder extracts from the
FIFQ S(/,n) one bit s (k) associated to the vertex w' (k).
If s7{k)=0, then wi (k) is a new vertex. It is then created by assigning it an index equal toits traversal
ordef. This index is then added to the triangle fan TF (j) and at theend the list L(j) . The travgrsal order is
finally incremented by 1.
If s7{k) =1, the vertex w' (k) is identified as already décoded. In order to determine its index,|the decoder
extrgcts the first element (k) of the FIFO I(jm) . If 1;(k)>0, the index of the vertex wi(k) is
obtajned by reading the element (k) of L(j) . Otherwise (ie., u;(k)<0), the index pf wi(k) is
J — A7 (k) . In both cases the vertex index is:added to 7F, ().
Algotithm : TFAN Decoder
Objegtive: Decode the connectivity of a triangular mesh
Input) Vs (NG ey G5 (SCLm) S M Gy
Output: List of triangles
{
Fa{}
visitQrden=,1
For je{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()

f (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

5.3.1.1.1 Qverview

The Octreelmage node in Depth Image-Based Representation defines the octree structure and their projected
textures. Each texture, stored in the images array, is defined through Depthimage node with SimpleTexture.
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

16:2011(E)

The compressed stream of the octree contains an octree header and one or more octree frame, each
preceded by octree_frame_start_code. The value of the octree_frame_start_code is always 0x000001C8.

This value is detected by look-ahead parsing (next) of the stream.
5.3.1.1.3 OctreeHeader

5.3.1.1.3.1 Syntax

clasls OctreeHeader ()

upsigned int (5) octreeResolutionBits;
ufhsigned int (octreeResolutionBits) octreeResolution;
inht octreelLevel = ceil (log(octreeResolution)/log(2));

upsigned int (3) imageNumBits;
upsigned int (imageNumBits) numOfImages;

5.3.1

This [class reads the header information for the octree compression.

The
octreg

The humOflmages, which is imageNumBits long, describes the number of images used in the

.1.3.2 Semantics

octreeResolution, whose length is\defined by octreeResolutionBits, contains th
eResolution field of Octreelmage node’ This value is used to derive the octree level.

e value of

Dctreelmage

nodg. This value is used for the arithmetic coding of image index for each voxel of the octree. If|the value of
imageNumBits is 0, then the jmage index symbols are not coded in OctreeFrame().
5.3.1.1.4 OctreeFrame
5.3.1.1.4.1 Syntax
clasls OctreeErame (int octreelevel)
{
if (imageNumBits==0) parentImage=255;
else parentImage=0;
fors(int curlevel=0; curlevel octreelevel; curleveltd)
{
for (int voxellIndex=0; voxelIndex < nVoxelsInCurLevel; voxelIndex++)
{
int voxelSym = ArithmeticDecodeSymbol (contextID);
if (parentImage == 0)
{
curlmage = 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 0, after reading every voxels in the current level, the number of voxels (nVoxelsInCurLevel) 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 parentimage and curlmage are internal variables within each voxel in each level. The curlmage is the
image index for the current voxel in the current level. The parentimage is the image index of the parent, in the

previous lev
the voxel im
shall be initig

If the image
(curlmage) i
non-zero va
index (curlm
and voxellnd
imageNumB
the voxel im
voxel is by d

After decodi
image index
arbitrary way

The order of
numbered in

53115 A

In this subcl
syntactic de

the array cumul_freq[] and shall be used as‘described in the Annex G of ISO/IEC 14496-1:2010.

5.3.1.1.51 |

This function prepares the appropriate cumul_freq[] to be used for aa_decode function, depending o

context|D. P

int Arithm
{
unsigned
unsigned

et of thecurmrentvoxet{thecurtmageof the parent voxet—Whemthebitstreamdoes ot ©
hge index information, the imageNumBits will be 0. In this case, the parentimage for every
lized to 255. Otherwise, the initial value of the parentimage for every voxel shall be 0,

ndex for the parent voxel (parentimage) is not defined, then the image index for the-current
5 also read from the stream, using the context for image index, defined by imageContextiD
ue is retrieved (the image index is defined), then this value will also be copied to every i
age) of its children voxels in the following levels. In case of the root voxel, where curLeve
ex is 0, the value of parentimage depends on the value of imageNumBits'in OctreeFrame().
ts is 0, then the parentimage of every voxel is a non-zero dummyalue. This is the case w
hge indices are not used. If the imageNumBits has non-zero value,'then the parentimage of ¢
fault O.

ng every voxel, the image index will be assigned to everyleaf node of the octree that h3
value assigned by the parent voxel yet. (zeros in leaf nedes can be interpreted by renderer

).

the reference images (streams) is essential:cimage indices for voxels assume the stream
a fixed order.

daptive Arithmetic Decoding

huse, the adaptive arithmetic coder used in octree compression is described, using the C++
scription. aa_decode() is the funetion which decodes a symbol using a model specified thr

ArithmeticDecodeSymbol

CT is an arraytof.probability context tables, as described in 5.3.1.1.6.

pticDecgdeSymbol (int contextID)

int MAXCUM
int ImageMAXCUM

1<<13;
256;

int *p,

1tain
voxel

voxel
.Ifa
nage
is 0
f the
here
bvery

S no
in an

b are

style
pugh

n the

alMsym, mawcnme

if
{

P

p

allsym
maxcum

}

else

{

P T

allsym
maxcum
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(contextID != imageContextID)

CT[contextID];
256;

[
= MAXCUM;

exturePCT;
numOfImages + 1;
ImageMAXCUM;
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int cumul freqlallsym];
int cum=0;

for

{

}

if

{

(int i=allsym-1; 1i>=0; i--)

cum += pl[i];
cumul freqg[i]

cum;
(cum > maxcum)

cum=0;
for (int i=allsym-1; i>=0; i--)
{
PCT[contextID] [1] (PCT [contextID] [1]1+1)/2;

16:2011(E)

}
5.3.1
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cum += PCT[contextID][1i];
cumul fregl[i] cumy;

}

bturn aa decode (cumul freq);

.1.5.2 Decoding Process

pverall structure of decoding process is described in 5.3.1.1.4. It shows_how one obtains the ]
the stream of bits that constitute the arithmetically encoded (compressed) TBVO model.

ch step of decoding process we must update the context nuriber (i.e. the index of probabilit
robability table itself. The probabilistic model is the union:of all probability tables (integen
ent of i-th probability table, divided by the sum of its elements, estimate the probability of o
th symbol in i-th context.

brocess of updating the probability table is as follows. At the start, probability tables are initig
e entries are equal to 1. Before decoding a.symbol, the context number (ContextlD) mus
extID is determined from previously decoded data, as indicated in 5.3.1.1.6.1 and 5.3.1.
h ContextID is obtained, the symbol is decoded using binary arithmetic decoder. After that, th
is updated, by adding adaptive stepcto*the decoded symbol frequency. If the total (cumulg
elements becomes greater thanithe cumulative threshold, then the normalization i
5.3.1.1.5.1).

.1.5.3 Context modeling of image symbol

e symbol is modeled.with only one context (i.e. only one probability table is used). The size o
| to number numQflmages plus one. At the start, this table is initialized to all “1’-s. The maxir
value is set to 256. The adaptive step is set to 32. This combination of parameter values all
p highly variable stream of index numbers.

.1.5.4_Context modeling of voxel symbol

[BVO voxels

y table), and
arrays). j-th
ccurrence of

lized so that
be chosen.
1.6.2 below.
e probability
tive) sum of
5 performed

D

f this table is
num allowed
ws adapting

Ther

bafe 256 different voxel symbols, each symbol representing a 2x2x2 binary voxel array. 3

D orthogonal

transformation may be applied 10 these arrays, transforming the corresponding symbols into each other.

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
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0 0 1 00 -1 010 0 1.0y (0 =10y (0 01 0 01 00 -1
010 10 0L[-100 0 01 |-1 00, [-100 0 10, |-100
100 010 0 01){-100) {0 01 010 (-100) 010

0 -10)(00-1y(0 0 1)(0 0 1) (0=l (1 00 (1 020 (-10°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 0 1) (0 0 1) (00— (010 (0-10) (10 0)(100) (00
-1 00L|0 -1 T 0 0[]0 0 I, [T 0 0[]00 -I[[0-T 0,00
0 -10) (-1 0 0-10)(-100 0o0-1)lo-10)0-1)0-10
00 -1y (0 0]\ (<10 0)(0-10)(0-10)(010)(010)(-100
0o-10[lo10l|o-10l|oo-|-10o0l]00-1L|-100||010
10 0)\-100ff (o o-1f/{-100)loo-1)l-100)(0o0-1){00-

}

There are 22 sets of symbols — called classes, - such that 2 symbols are connected by such a transform if and
only if they pelong to the same class. The coding method constructs PCT’s.{probability context tables) as
follows: CortextID of a symbol equals either to the number of class to which its parent belongs, or|to a
combined ndmber (parent class, current voxel position in the parent voxel)~This allows to reduce the number
of contexts dgreatly, and the time needed to gain meaningful statistics.

For each class, a single base symbol is determined (see Table62), and for each symbol, the orthogonal
transform that takes it into the base symbol of its class is precamputed (in actual encoding/decoding progess,
look-up table is used.). After the ContexID for a symbol is determined, the transform, inverse (i.e. transposed
matrix) to 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
13 60 6
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:

16:2011(E)

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
is initialized by the PCT from previous stage. The number of symbols in each probability table is 256. Adaptive
step is 3. The maximum cumulative frequency is also 8192. After symbol is decoded, it is transformed using
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previ
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h 2560 symbols are decoded, the decoder switches to 2-context (in the sense that thel(contg
composed of the two parameters as explained below). This model uses 176 (=22*8; i.e. 22
ons) PCT’s. ContextID here depends on the parent class and the position of the current node
nt nodevoxel. Initial probability tables for this model depend only on its contexti~put not posi
ons PCT is a clone of the PCT obtained for the given class at the previous stage. Th
ols in each probability table is 256. Adaptive step is 4. The maximum cumulative frequency
symbol is decoded it is also transformed using the inverse orthogopal transform, as is in

B|.

e animated case, initial context model for every frame other.than the first one is inheri
ous frame.

PointTexture stream

.1 Overview

PointTexture compression is a tool to compress the PointTexture node efficiently. The deco
b PointTexture compression is shown in Figure 67. The PointTexture decoder consists of hed
hode decoder. The header informationis decoded in the header decoder and is used in ng

ded PointTexture node specified in4.4.1.3 has the depth information and the color informatio

PointTexture Node Decoder

xt number is
classes by 8
b voxel in the
tion: for all 8
e number of
s also 8192.
the previous

ed from the

der structure
der decoder
de decoder.

PointTexture decoder receives the_arithmetic coded bitstream and restores the PointTextule node. The

Nn.

nWidth/nHeight/nDepthNbBits
InPercentOfDecoding

Compressed | | Entropy | || Tree Node | | A%Lg:ggle |_,| Voxel Data .| Decpded
Bitstream 1| -SBeécoder Decoder Reconstructor Reconstructor | i | | PointTexture
i PointTexture Header Decoder

Figure 67 — Block diagram of decoder for PointTexture compression.

5.3.2.2 PointTexture class

5.3.2.2.1

clas

{

PointTextureHeader

Syntax
0

s PointTexture

() s

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

class PointTextureHeader

Syntax

0

{
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

}

5.3.2.3.2
nBitSizeOf\}
nWidth: Thi
nBitSize OfH
nHeight: Th
nDepthNbB
value of nDg

1.

nPercentOf
maximum (1

int (5) nBitSizeOfWidth;

int (nBitSizeOfWidth) nWidth;

int (5) nBitSizeOfHeight;

int (nBitSizeOfHeight) nHeight;

int (5) nDepthNbBits;

int (7) nPercentOfDecoding;

Semantics

Vidth: This value indicates the bit size of nWidth.

b value indicates the width of the PointTexture.
eight: This value indicates the bit size of nHeight.
s value indicates the height of the PointTexture,
ts: This value indicates the number of bits“used for representing the original depth data,

pthNbBits ranges from 0 to 31, and the number of bits used in the original data is nDepthNbE

Decoding: This value indicates\the percent of the tree nodes to be decoded. If the value i
PDO), the lossless decoding is pérformed. Otherwise, the lossy decoding is performed.

5.3.2.4 PointTextureTreeNodes class

5.3.2.41

class Poin
{
nNumberOfT
nNumberLim
pushQ (0) ;
nCount

0

Byntax

F TextureTréeNodes

()

FeeNodes initializeOctree (nWidth, nHeight, nDepthNbBits);
€ nNumberOfTreeNodes * nPercentOfDecoding / 100;
/7 0/ root

The
Bits +

5 the

while (nCount < nNumberLimit)

{

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 (contextColorDifference) ;
nDeltaBlue = decodeAAC (contextColorDiff&€rence);

}
}

nCount += getCountOfTreeSize (nIndex) - 1;

5.3.2.4.2 Semantics
nNumberOfTreeNodes: This value indicates the number of the tree nodes in an octree.

initiglizeOctree: This function initialize-the resolution values with nWidth, nHeight and nDepthNbBits and gets
the number of the tree nodes in the octree.

nNumberLimit: This value indicates the limit of the tree nodes to be decoded.
pushQ: This function inserts a value into a queue.
nCount: This valae\indicates the current number of decoding tree node.

isQueueEmpty: This function checks whether the queue is empty or not.

nInde: This value indicates the index of the tree node to be decoded.

popQ: 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: This

nBOW: This

value indicates the index of the 8 children nodes decoding the split node.

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, nStartY, nStartZ: These values indicate the starting points of the volume region.

nEndX, nEn@dY, NENAZThese vaiues indicate the ending points of the volume regionm. .|

nindexOfCqg
getindexOf(
nVoxel: This
nDeltaRed:
nDeltaGree

nDeltaBlue:
5.3.2.5 Dec

5.3.2.5.1

As shown ir
decoder. Th

many tree nq

o Entr
o Tree
o

Adju

5.3.2.5.2
From the nD
nDepth = 3

Vox¢l data reconstruction

ntext: This value indicates an index of the tree node context from x, y, z values.
Context: This function gets the index of the tree node context from x, y, z values.
value indicates whether the voxel node is black or white.

This value indicates the differentiated value of the red color in a voxel,

n: This value indicates the differentiated value of the green color,in\a-voxel.

This value indicates the differentiated value of the blue coler ina voxel.
pding Process

Dverview

Figure 67, there are two parts to decode PointTexture. Those are header decoder and
b header decoder is to get the resolution information of PointTexture and the percent value
des to decode. And the node decoding,process is comprised of the following steps:

bpy decoding
node decoding

stable octree reconstruction

Header Decoding

epthNbBits, the real range of the depth can be obtained as follows.

nDépthNDbBits + 1

node
how

The resolution of PointTexture is nWidth x nHeight x nDepth. From the resolution values, the adjustable
octree can be obtained. The adjustable octree has the five labels as follows:

Table 63 — Five labels for adjustable octree nodes

La

bels 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

v|m|s|»

PPM: The voxel values within the node are encoded by the PPM
algorithm

m

Empty: The node has no voxel space

214
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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,
front right-top, front left-bottom, front right- bottom rear left-top, rear right-top, rear left-bottom, and rear right-

la PRIV lanat b oo dividad—int ra b arta PPN | TR SN bl
tt it t
(0] A 1\, y, r= AT S, T ICThigtT OT Sach—adS—1S—ahHae e Rto—two—SHD |qu S uquull_y LLJ yuoalul | |S no

possjble to divide equally, the length of one sub-part is one voxel longer than the length of the ot1er sub-part.
For gxample, Figure 68 shows that it is divided unequally in x-axis as 2 column voxels and_1"eolumn voxel, but
it 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

The PointTd
information.
decoder [39]

The number
make the ini
of nWidth x
Node-2, Nod

If the nPerce
nodes will bd

The header
tree node is

S ® S W)
DO OM®HD»DOO®»B® S W

Figure 69 — Example of adjustable octreetin the resolution of 5x7.

Entropy Decoding

xture decoder receives the bitstreanmp>and decodes the header information and the tree
To read the bitstream, the context:based adaptive arithmetic decoder is used as the en
. The bitstream structure for compressed PointTexture is shown in Figure 70.

of the tree nodes (NNumberOfTreeNodes) can be obtained by the initalizeOctree function
tial full octree nodes withvinitializing white (0) values excluding the empty nodes in the reso
nHeight x nDepth. If\the number of the tree nodes is N, all nodes to be decoded are No
e-3, ..., Node-N.

ntOfDecoding\is 100 (maximum value), all nodes will be decoded losslessly. Otherwise, the
decoded @s-much as nNumberOfTreeNodes x nPercentOfDecoding / 100.

nformation contains the above resolution values and the percent of decoding. Each informati
composed of two parts as SOP and DIB in Figure 70 (b). SOP is one bit flag, which indicateq

node
fropy

vhich
ution
de-1,

tree

on of
that

the tree no

jenis split node or ppm node. If the node is split node, the bitstream structure is s

nown

in Figure 70

216

(c). Otherwise, the bitstream structure of ppm node is shown in Figure 70 (d).
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5.3.2
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(a) | Header Information.“l Node-1 | Node-2 [ ... | Node-N |
(b) I.“;,OP(“S” or “P:")‘“ DIB (Detailed Informat1onB1ts)
(©) If “S” IMeanColor |Chl|Ch2|Ch3|Ch4|Ch5|Ch6|Ch7|Ch8i
@) TP Deptirinformation PPM Bits i Cotor Bits

Figure 70 — Example of the bitstream structure for compressed PointTexture.

.5.4 Tree Node Decoding

N an octree resolution, the number of all tree nodes, N can be calculated and obtained. \When the

der received the bitstream of the tree nodes from root node to leaf\nodes, it must know t
in the tree nodes. A modified BFS (Breadth First Search) using\a. priority order queue can
ecoding order. If the decoder use a pure original breadth first ‘search, then the progressive
ossible, but the only sequential decoding is possible. So, modified BFS that is a modified
ty order queue is proposed and adopted to decode and\.show the progressive PointTe
fen’s nodes, every first child node of the parent nodeds higher than the other child node
s. Every second child node is higher than the node from'the third to the eighth. Every eighth
low than the other child node of the parent node.inhe priority. According to the children’s p
nt node, the current decoding node can be notified to the decoder. Figure 71 shows an ex
ding order for the tree nodes in Figure 68. In the figure, the empty E nodes are skipped ar
ecoding order. Figure 72 shows another example of the decoding order for the tree nodes in

Figuré 71— Example of the decoding order for the tree nodes in Figure 69.

he decoding
be used for
decoding is
BFS using a
kture. In the
bf the parent
child node is
riority from a
ample of the
d ignored in
Figure 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.

Split node decoder
Children Label

Mean Color

In SOP Selg
node. If the
decoded as
adaptive arit
The child la
nodes. If thd
nodes. The
decoded/req

In case of
context. Figy
decoded blg
decoded vo
decode the
marked with
previous de

example, the¢ context of the squared voxels is ‘0111000011°. Using this context, the black squared vo

decoded by

Decoder Decoder

SOP
Selector

PPM no

Voxel PPM
Decoder

de decoder

Voxel Color
Decoder

Figure 73 — Block diagram of tree node decoder.

ctor, the decoder reads the 1 bit flag, which indicates whethet.the node is the split node or
value is 0, it means split node. Otherwise, it means ppm node: In case of split node, the ng
shown in Figure 70(c). Firstly, the average/mean R, G{B color values are decoded wit
hmetic decoder. Next, the children labels are also decoded with the adaptive arithmetic dec
bel can be black (1) or white (0). If the label is white/ all children nodes of the node are
 label is black, then the sub children nodes ofithe label are temporarily regarded as all
sub children’s nodes and colors can be known:in detail when the next sub node of each la
ched.

PPM node, the node is PPM de¢oded using the previous decoded voxel value

PPM
de is
n the
bder.
white
black
pel is

-

D

as
eans

re 74 is an example of context. Voxels-‘are represented as circles or squares. Gray circles m
els. A question marked black 'square shown in Figure 74(b) is the voxel to be decode
voxel as 0 or 1, ten neighboring voxels are used as context excluding three voxels whic
‘X’. Similar to the raster scah order, ‘0’ is the previous decoded white circled voxel and ‘1’ i
coded gray circled voxel. The ten bits are used as the context of the squared voxels. In

he context-based(adaptive arithmetic decoder.
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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
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make a context excluding three voxels which are marked with ‘X’.
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eam of color bits. The values of nRedPrevious, nGreenPrevious, nBluePrevious are
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.5.5 Adjustable Octree.Reconstruction

b tree node decodings. the labeled adjustable octree reconstruction is also performed. Figurg
e example of the adjustable octree reconstruction in the resolution of 3x4. Figure 76 (b)(d
nstruction processrin the decoder side. On the other hand, Figure 76 (a)(c)(e) shows the
bss in the enceder side. In Figure 76 (b)(d)(f), blue line box means the current decoding nog
box meanshthe decoding children nodes. In Figure 76 (b), the decoding node is split n
ding children nodes are B, B, W and B. In Figure 76 (d), the decoding node is PPM n
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I information
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he previous
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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

deco

5.4

5.4.1

This

5.41

5.4.1
A BB

BBA

Alter|

ding is possible.

Animation tools

— Bone-hased animation

tool compress a temporal sequence of bone(s) transforms.

.1 Bone-Based Animation stream definition

1.1 Overview

A object is formed by a temporal sequence of BBA object planes as depicted below:

object:

BBA Object BBA Object oA BBA Object

Plane 1 Plane 2 Plane n

hatively, a BBA object can be formed by a temporal sequence of BBA object plane gn

segments for simplicity), where each BBA object plane group itself is composed of a temporal se

pups (called
juence of 16

BBA |object planes, as depicted in the following:
BBA|object:

BBA Object BBA Object | BBA Object

Plane Group 1 Plane Group 2 Plane Group n

BBA [object plane group:

BBA Object BBA Object | BBA Object

Plane 1 Plane 2 Plane 16

When the alterhative BBA object bitstream structure is employed, the bitstream is decoded by DCT-based

BBA
fram

object decoding in the same manner as for the FBA stream. Otherwise, the bitstream is de
p-based BBA object decoding.

coded by the

A BB

translations,

A ﬂhJipr"r plnnp contains the ||pd2’rp values for Skin&Bones r‘nmpnnpnfq (QR(‘) which can he

rotation angles, scale factors in an arbitrary direction - for bones, control points translation, control points
weights factors, knots - for muscles, and weights of the target meshes — for morphing.

5.41

5.4.1

clas
bi
if

do

1.2 bba_object

.1.2.1 Syntax

s bba object {
t(23)* next;
(next==0)

bit (32) bba object start code;

{

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
shall be read and interpreted as a start code that precedes the bba object.

bba object|[start code IS equal 10 UUUUUTEA In hexadecimal.
5.4.1.1.3 bba_object_plane

5.4.1.1.31 Byntax

class bba pbject plane() {
bba objgct plane header();
bba objgqct plane data();

}

5.4.1.1.3.2 Bemantics

The bba_object plane is the access unit of the BBA stream. It cohtains the bba object plane header,
which specifies timing, and the bba object plane data, whighyeontains the data for all nodes (bones,
muscles and morphs) being animated.

5.4.1.1.4 Dbba_object_plane_header

5.4.1.1.4.1 Byntax

class bba pbject plane header() {
bit (23) *| next;
if (next§=0)
bit (32) bba object plane staxf-code;
bit (1) ipIntra;
if (isIntra) {
bit (1)| isFrameRate;
if (isFrameRate)
FramgRate rate;
bit (1)|isTimeCode;
if (isfimeCode)
unsigned int (18) timeCode;
}
bit (1) hasSkipFrames;
if (hasSkipErames)
SklpFr mes a}\Jl.yr

}
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 number of

bba

object plane by using the Frameskip syntax as specified in ISO/IEC 14496-2.

bba_object _plane_start code = 000001EB in hexadecimal.

5.4.1

5.41

clas

.1.5 FrameRate

.1.5.1 Syntax

s FrameRate {

u
u
b

5.41

fram

seCcq
as fo

freq
offse
resul
presq

5.4.1

5.41

clas
i
d

—

}

5.41

numb|

hsigned int (8) frameRate;
hsigned int (4) seconds;
Lt (1) frequencyOffset;

.1.5.2 Semantics
e rate is an 8-bit unsigned integer indicating the reference frame rate of.thé sequence.

nds is a 4-bit unsigned integer indicating the fractional reference frame rate. The frame rate
lows:

frame rate = (frame_rate + geconds/16).

uency offset is a 1-bit flag which when set to ‘1’ indicates that the frame rate uses the NT§
t of 1000/1001. This bit would typically be set when” frame rate = 24, 30 or 60, in wh

ting frame rate would be 23.97, 29.94 or 59.97\respectively. When set to ‘0’ no freque
ent, i.e. if (frequency_offset ==1), frame rate*=/(1000/1001) * (frame_rate + seconds/16).
.1.6  SkipFrame
.1.6.1 Syntax
s SkipFrame ({
't nFrame = 0;
{
bit (4) number ofgframes to skip;
nFrame = numbexr of frames to skip + nFrame;
while (number~of/ frames to skip == 0bllll);

.1.6.2 Semantics

er,6f)frames _to skip is @ 4-bit unsigned integer indicating the number of frames sk

is computed

C frequency
ch case the
ncy offset is

pped. If the

numb|

x{gf frames to_skip is equal to 15 (pattern “1111”) then another 4-bit word follows allow

ing a skip of

up to Z9 frames (pattern "TTTTTTT0") T0 be specified. It the 8-bits pattern equals 1111111717, then another 4-
bits word shall follow and so on, and the number of frames skipped is incremented by 30. Each 4-bit pattern of
‘1111’ increments the total number of frames to skip with 15.

5.4.1

5.4.1

clas
bb
bb
}

1.7 bba_object_plane_data

.1.7.1 Syntax

s bba object plane data() {
a_object_plane_mask bbaobplmsk () ;
a 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 (5) NumberOfInterpolatedFrames; // NIF
if (isInfra) {
bit (5)|bba quant;

bit (3) | pow2quant;

bit (3) | noOfControllerTypes;
bit (10} NumberOfBones; //NSBB
bit (10} NumberOfMuscles;//NSBM
bit (10} NumberOfMorphs;//NMF

for (bpne=0;bone<NumberOfBones;bone++) {
bit (L0) BoneIdentifier; //IDB
bone|[mask bnmask() ;

}
for (mp=0;ms<NumberOfMuscles;ms++) {
bit (L0) MuscleIdentifier; //IDM
bit (p) NumberControlPoints; //NCP

bit (p) NumberKnots; //NK
muscle mask msmask() ;

}

for (mf=0;mf<NumberOfMorphs;mf++) {
bit (L0) MorphIdentifier; //IDMF
bit (p) NumberOfWeights; //NW
morph mask mfmask () ;

}
}
}

5.4.1.1.8.2 Bemantics

NumberOfinterpolatedFrames (NIF) - 5:bit unsigned integer indicating the number of frames that have {o be
interpolated |between the current frame and the received frame. If 0 (zero) the decoder pass the decpded
frame to the janimation engine.

bba_quant { a 5-bit unsigned integer used as the index to a bba_scale table for computing the quantigation
step size of SBC values for predictive and DCT coding. If bba_object_coding_type is predictive, the valpe of
bba_scale i$ specified in the following list:

bba_scale [P-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, 100, 106}, 113,120, 127};

If the bba_object_coding_type is DCT this is a 5-bit unsigned integer used as the index to a bba_scale table
for computing the quantisation step size of DCT coefficients. The value of bba_scale is specified in the
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.

Boneldentifier (IDB) a 10-bit unsigned integer indicating a bone identifier; must correspond with a bonelD
field from a SBBone node from the scene graph.

Musc¢leldentifier (IDM) a 10-bit unsigned integer indicating a muscle identifier; must correspond with a
musg¢lelD field from a SBMuscle node from the scene graph.

NumberControlPoints (NCP) A 6-bit unsigned integer indicating the number of control-points of the muscle
curve.

NumberKnots (NK) A 6-bit unsigned integer indicating the number of elements in the knot pequence of
musg¢le curve.

Morphldentifier — a 10 bits unique identifier that indicate what morph,iis”currently animated; thi$ value must
be identical with the MorphlD field from the MorphShape Node.

NumberOfWeights — a 6 bits integer indicating the number the'weights of the current morph objefts.
5.4.1.1.9 bone_mask

5.4.11.9.1 Syntax

clas|s bone mask () {

bijt (1) IsTranslation changed;

bijt (1) marker bit;

ifl] (IsTranslation changed) {
oit (1) IsTranslationOnX chaunged;
it (1) IsTranslationOnY ,chranged;
oit (1) IsTranslationQmn%\changed;

bijt (1) IsRotation changed;

bijt (1) marker bit;
if (IsRotation changed) {

bift (1) isQuaterndion ;

if] (!isQuate®wnion) {
bit (1) SFsRotationOnAxisl changed;
bit (1) _JIsRotationOnAxis2 changed;
bit¥I) IsRotationOnAxis3 changed;
telsle
Bi#t (1) IsRotationOnQx changed;
D1t (1) IsRotationOnQy changed;
bit (1) IsRotationOnQz changed;
bit (1) IsRotationOnQw 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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bit (1) IsScaleOrientation AxisX changed;
bit (1) IsScaleOrientation AxisY changed;
bit (1) IsScaleOrientation AxisZ changed;
bit (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 Bemantics

isTranslation_changed

isTranslationOnX_changed

IsTranslationOnY_changed

isTranslationOnZ_changed

isRotatipn_changed

isRotatipnOnAxis1_changed

isRotatipnOnAxis2_changed

isRotatipnOnAxis3_changed

isScale changed

isScaleQnX_changed

isScaleOnY_ changed

1 bit flag indicating, for the current bone, if at leastone of th
translation components is affected in the current,frame

W

1 bit flag indicating, for the current bone, if the translation of
X axis is affected in the current frame

1 bit flag indicating, for the currentboene, if the translation on
Y axis is affected in the currentframe

1 bit flag indicating, for the<current bone, if the translation on
Z axis is affected in the current frame

W

1 bit flag indicating/for the current bone, if at least one of th
rotation components is affected in the current frame

1 bit flag.indicating, for the current bone, if the rotation in
respect with the first axis is affected in the current frame

1 bit*flag indicating, for the current bone, if the rotation in
respect with the second axis is affected in the current frame

1 bit flag indicating, for the current bone, if the rotation in
respect with the third axis is affected in the current frame

1 bit flag indicating, for the current bone, if at least one of th
scale components is affected in the current frame

A%

1 bit flag indicating, for the current bone, if the scale on
axis is affected in the current frame

1 bit flag indicating, for the current bone, if the scale on
axis is affected in the current frame

isScaleOnZ_changed

isScaleOrientation_changed

isScaleOrientationAxisX_changed

isScaleOrientationAxisY_changed

226

1 bit flag indicating, for the current bone, if the scale on Z
axis is affected in the current frame

1 bit flag indicating, for the current bone, if at least one of the
scaleOrientation components is affected in the current frame

1 bit flag indicating, for the current bone, if the
scaleOrientation on X axis is affected in the current frame

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

1 bit flag indicating, for the current bone, if the center on X
axis is affected in the current frame

iLCenterOnY_changed

isCenterOnZ_changed

1 bit flag indicating, for the current bone, if thejcenter on Y
axis is affected in the current frame

1 bit flag indicating, for the current bone;. if the center on Z
axis is affected in the current frame

Accdrding to the received mask, the decoder sets-up the so-called “bone elementary mask” which contains 16
bits ¢orresponding to: translation in X, translation in Y, translation in Z, rotation about first axis, rotation about
second axis, rotation about third axis, scale factor along X, scale facter along Y, scale fagtor along Z,
scalgOrientation axis X, scaleOrientation axis Y, scaleOrientation axisZ;'ScaleOrientation angle yalue, center
deplacement in X, center deplacement in Y, center deplacement in-Z._If one of the components is| updated the

elementary mask for it will be 1 (one); if not is 0 (zero).

If in|the SBBone node the bone is defined as the end-effector of a kinematics chain, thg translation
component from the animation stream is used as the desired location of the end-effector. The res} of the bone

trangformation from the animation stream, if it exists, is.ignored.

5.4.1.1.10 Muscle_mask

5.4.1.1.10.1 Syntax

clasjs muscle mask() {

bijt (1) IsControlPoints Positidn changed;

bijt (1) marker bit;

if| (IsControlPoints Pogition changed) {

for (cp=1;cp<=NCP;cp++) {
bit (1) marker bik;

}

bit ([l) IsControlPoints Weight changed;

bijt (1) marker bit;

if|] (@sControlPoints Weight changed) {

oY (cp=1:cp<=NCP:cp++) {

bit (1) IsContrgrPoint onX changed[cp];
bit (1) IsCofhtyrolPoint onY changedcp];
bit (1) IsCGontrolPoint onZ changed[cp];

bit (1) marker bit;

bit (1) IsControlPoint weight[cp]l;

}
}
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

isControlPoints_onY_changed[cp] 1 bit flag indicating, for the current muscle, if control point
illulU)K Cp pUIrUIIII d i.ldllbidi.iull Ol \II d)\ib iII i.ilU CUlTceri
frame

isControlPoints_onZ_changed[cp] 1 bit flag indicating, for the current muscle, if contral poin
index cp perform a translation on Z axis in the’ currenf
frame

isControlPoints_Weight_changed 1 bit flag indicating, for the current musele, if at least one
of the curve control points weigh is-affected in the currenf
frame

isControlPoints_weight_changed[cp] 1 bit flag indicating, for the_current muscle, if for thg
control point index cp a hew weigh is transmitted in the
current frame

isKnot [changed 1 bit flag indicating,/for the current muscle, if at least ong
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 curren
frame

According tol the received mask, the decoder:set up the so-called “ muscle elementary mask” which contdins a
variable number of bits corresponding to translation on X for the first control point of the curve, translatign on
Y for the firsf control point of the curve; ttanslation on Z for the first control point of the curve, and so on for all
the points, followed by the mask for-control points weigh and the mask of knots. As for the bones| if a
component is updated by the current frame the “muscle elementary mask” will be 1 (one); if not is 0 (zero).

5.4.1.1.11 | morph_mask

5.4.1.1.11.1]| Syntax

class morph mask() {
for (w=1lpw<EGNW; w++) {
bit (1) -markerbTts
bit (1) 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.
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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 (1) bba is p new max;
bit (1) bba is p new min;

bba new minmax bbamnmx () ;
bba i frame bbaifr();
}else
bba i1 segment bbaisg();
}ellse
if (bba object coding type==0)
bba p frame bbapfr();
else
bba p segment bbapsg();

5.4.1.1.12.2 Semantics
Bba_object_coding_type  1-bit integer indicating whichycoding method is used. Value |0 (zero)
means the coding method is “predictive coding”, value 1 (one]) means
that the encoding methed is DCT

Bba_is_i_new_max 1-bit flag which when set to ‘1’ indicates that a new set of maximum
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 minimum
rangevalues 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 maximum
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 minimum
range values for P frame follows these 4, 1-bit fields

If Bba_is_i_new_max’is not specified the default value of 1860 is used.
If Bba_is_i_new_min is not specified the default value of -1860 is used.

If Bba_is__p>new_max is not specified the default value of 600 is used.

If Bb

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

bit (1) marker bit;
if (sbc _mask[sbc])
bit (5) bba i new min[sbc];

}

if (bba is p new max) {

for

bit (1) marker_bit;
if (sbc_mask([sbc])
bit (5) bba p new max[sbc];

}

if (bba is p new min) {

(sbc=1;sbc<=NUM SBCs;sbc++) {

(sbc=1;sbc<=NUM SBCs;sbc++) {

for (s
bit(
if (

bi

}
5.4.1.1.13.2

bba_i_|
bba_i_|
bba_p
bba_p

NUM_SBCs

NUM _SB

|
with cbn = {}

) marker bit;
sbc_mask [sbc])

Semantics

new_max[one_sbc]

new_min[one_sbc]

| new_max[one_sbc]

| new_max[one_sbc]

NSBB NSBM

bn=1 ms=l

6,if
7,if,

sbc_mask ¢

isQuaternion =0

1sQuaternion =1

bc=1; sbc<=NUM_ SBCs; sbc++) {

L (5) bba p new min[sbc];

5-bit unsigned integer used to scale the maximum value of the
arithmetic decoder used in the K\frame for the current
Skin&Bones component (SBC)

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)

5-bit unsigned integer'used to scale the maximum value of the
arithmetic decoder used in the P frame for the current
Skin&Bones camponent (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)

is the number of SBC in the\current frame and is computed as :

NMF

Cs= Y c,, + Y 3*NCP, +NCP, +NK, )+ D NW,,

mf =1

is the maximum number of the components for a bone transform.

ontains NUM SBCs elements and is obtained hy concatenation of all the “hones elem

mask”, the “muscles elemgntary mask” and the "morphs elementary masks", affected in the current frame.

54.1.1.14

5.4.1.1.141

bba_i_frame

Syntax

class bba i frame() ({

for

if (sbc _mask[sbc])

aa_decode aad(isbc_Q[sbc],

230

(sbc=1;sbc<=NUM SBCs;sbc++) {

isbc _cum freqlsbc]);

tary
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.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 :
the bba_quant which is an index parameter ranges from 0 to 31 and is an index to a shc_pred_scale_table :

43, 47,52, 57, 62, 67, 72, 77, 82, 88, 94, 100, 106, 113, 120, 127};
and the pow2quant which is en parameter ranges from 0 to 8.
The palue of (SBC_QUANT = sbc_pred_scale table [bba_quant]) == 0 has a special meaning,|it is used to
indichte lossless coding mode, so no dequantisation is applied. The quantisation stepsize is|obtained as
folloys:
SBC RUANT = sbc pred scale table [bba quant]
if (|SBC_QUANT)
gstep = 2"pow2quant * SBC_ QUANT
else
gstep =1
The dequantized SBC’(t) is obtained from the decoded coefficient SBC”(t) as follows:
SBC’|(t) = gstep * SBC’'' (t)
Coded > Arithmetic ] > Inverse
Data Decoding Quantization .Qf P> SBL(t)
Frame
Delay
Figure 77 — SBC predictive coding.
5.4.1.1.15 _(bba_p_frame
5.4.1.135:1 Syntax
class bba p frame() {
for (sbc=1;sbc<=NUM SBCs;sbc++) {
if (sbc _mask[sbc])
aa_decode aad(psbc _diff[sbc], psbc _cum freqg[sbc]);
}
}
5.4.1.1.15.2 Semantics
See 54.1.1.14.2.
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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 bitstream is decoded into segments of SBCs, where each segment is composed of a temporal sequence
of 16 SBCs ¢bject planes. The block diagram of the decoder is the following:

DC SBCs
Huf fman Inverse S | Anverse
» Decoding » Quantization [ >Y > DCT —
X
Memory
Buffer
AC
Huffman Run-Length Inverse
—Decoding » Decoding > ‘Quantization

Figure 78 — Block diagram of the DCT-based SBCs decoding process.

The DCT-based decoding process consistsiof‘the following three basic steps:
o Diffgrential decoding the DC ¢oéfficient of a segment.
e Decoding the AC coefficients of the segment
e Detgrmining 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 coeffidients
is obtained gs follows:

gstep[i] F 'sbc scale[bba quant] * 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
symbols. The values of non-zero AC coefficients are decoded in a way similar to the decoding of DC
prediction errors but with a different Huffman table.

5.41.1.17 bba_p_segment

5.4.1.1.17.1 Syntax

clas|s 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 $.4.1.1.16.
5.4.1.1.18 decode_i_dc

5.4.1.1.18.1 Syntax

clasjs decode i dc(dc_q) {
bijt (16) dc_g;
iff (de_g ==-256*128)
it (32) dc_ gy
}

5.4.1.1.18.2 Semantics

See b.4.1.1.16.

5.4.1.1.19 ~decode_p_dc

5.4.1.1.19.1 Syntax

class 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.

© ISO/IEC 2011 — All rights reserved 233


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

ISO/IEC 14496-16:2011(E)

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 (count of runs ==

next = 16;

else {

15)

nextfthis+l+count o

for (h=this+1l;n<next
ac|gl[i] [n]=0;

bit (g) ac gl[i] [next

f runs;
;n++)

1

if (fpc_gli] [next]==256)
degode i dc didc(ac g[i] [next]);

else
ac[g[i] [next]-=25
thisfnext;

5.4.1.1.20.2| Semantics

See 5.4.1.1.]16.

6;

5.4.1.2 Bone-Based Animation stream encapsulation within BIFS-Anim

The Bone-bgsed Animation (BBA) stream is connected tgzan SBVCAnimation node (see 4.5.2.1.6).

The BIFS-Ahim specific classes, ElemantaryMaskiand AnimationFrameData from 9.3.5.5 and 9.3.816 of
ISO/IEC 144096-1:2010, respectively, are updatedas follows:

class ElemgntaryMask () {

bit (BIFSfonfiguration.nodeIDbits(

NodeUpdateField node =

switch (hode.nodeType)
case FaceType:
break;
case BpdyType:
break;

nodelD;

GetNodeExomID (nodelD) ;

{

case IhdexedFaceSet2DType:

break;

case SBVCAnimationType:

break;
default:

InitialFi€ldsMask initMask (node) ;

}

class AnimationFrameData
int i;
for (i=0;
if (mask.isActivel[i]) {
NodeData node =
switch (node.nodeType)
case FaceType:
FaceFrameData fdata;
break;
case BodyType:
BodyFrameData bdata;

234

i<mask.numNodes;

(AnimationMask mask) {

i++)

{

[ fdata

[bdata]

mask.animNode [1]

]
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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])

AnimationField AField(node.field[node.dyn2all[]j]],mask.isIntra);

}

}
}
}
}

5.4.2 Frame-based Animated Mesh Compression (FAMC) stream

5.4.21 Overview

FAM(E: is a tool to compress an animated mesh by encoding on a time ©asis the attributes (position, normals
...) of vertices composing the mesh. FAMC is independent on the *manner how animation| is obtained
(defgrmation or rigid motion). The data in a FAMC stream is structured in segments of several ffames. Each
segment can be decoded individually. Within a segment, a temporal prediction model, called| skinning, is
reprgsented. The model is used for motion compensation inside the segment. The FAMC bitstream structure

is illystrated in Figure 79.

Ani r/nation
I < 4‘\0 "= = N

>

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.

The Tesiduaterrors per vertex equat withthedifferencebetweenmthe Teat vatue—amd—t| one
predicted by the skinned motion compensation model, that are encoded with one ‘of the
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 segment
(referred in this document as Lift).

» Layer based decomposition (referred in this document'as’LD)
= DCT followed by LD

= Lift followed by LD

The prediction residual errors may correspond to geometric and/or attribute data.

Figure 79 illystrates the FAMC decoding process.
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partition c adjacency information
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Compressed N Animation weights
animation weights §
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Compressed N - Affine transforms
affine transforms -
and global motion | © 8 )
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decompressed by using DCT

o |
Delta prgdiction

Residual.errors
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‘ Inverse lifting ‘ Unquantization ‘
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‘ Inverse lifting ‘ ‘ IDCT ‘ ‘ Unquantization

Residual errors
decompressed by using|LD

Figure 80 — FAMC decoding process.

The 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 dndexedFaceSet by using the BitWrapper mechanism with value |of field fype
equdls to 2.

5.4.2.3 FAMC class

5.4.2.3.1 Syntax

clas|s FAMEAnimation{

do{
FAMCAnimationSegment animationSegment;
T t32) TexX Ty

}
while (next==FAMCAnimationSegmentStartCode) ;

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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5.4.2.4 FAMCAnimationSegment class

5.4.2.41 Syntax

class FAMCAnimationSegment ({
FAMCAnimationSegmentHeader header;
FAMCAnimationSegmentData data;

}

5.4.2.4.2 Semantics

FAMCAnimatimﬁegmentHeadm. containstheheaderbuffer:

FAMCAnimationSegmentData: contains the data buffer.
5.4.2.5 FAMCAnimationSegmentHeader class

5.4.2.51 Syntax

class FAMCAnimationSegmentHeader ({
unsigned int (32) startCode;
unsigned int (8) staticMeshDecodingType
unsigned int (32) animationSegmentSize

bit (4) dnimatedFields;

bit (3) fransformType;

bit (1) dnterpolationNeeded;

bit (2) normalsPredictionStrategy;

bit (2) golorsPredictionStrategy;

bit (4) atherAttributesPredictionStrategy;

unsigned int (32) numberOfFrames;
for(int |f = 0; f < numberOfFrames; f++) {
unsigned int (32) timeFrame[f];
}
}

5.4.2.5.2 Bemantics
startCode: a 32-bit unsigned integer equals to FAMCAnimationSegmentStartCode.

staticMeshDecodingType: a 8-bitwnsigned integer indicating if the static mesh is encoded whithin the FAMC
stream and \hich decoder shodld*be used. The following table summarizes all possible configurations.

Table 64 — First frame decoding type: all possible configurations

firstFrameDecodingType value First frame decoding type

0 The first frame is not encoded within the FAMC
stream-and-should be read directly from the BIES
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
following 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 ISQ purposes
Reserved forSO purposes

numperOfFrames: a 32-bit unsigned integer indicating the/number of frames to be decoded in the current
animation segment.

interpolationNeeded: one bit indicating if, after decoding, animation frames have to be interpolated. If zero,
all the animation frames are obtained from direct decoding.

normalsPredictionStrategy: a 2-bit mask .indicating the prediction strategy for normals. The following table
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|graph.

colofsPredictionStrategy: a 2-bit mask indicating the prediction strategy for colors. The following table
sumrlnarizes all possible configurations.

Table 68 — Color prediction strategy: all possible configurations

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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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.

timeFrame: an array of 32-bit unsigned integer of dimension numberOfFrames indicating the absolute

rendering tinfe (in milliseconds) for each frame .

NOTE n
numberOfOt

5426 F/

5.4.2.6.1

class FAMC
if (anin
FAMCS|
}
FAMCAIL1H
}

5.4.2.6.2

skinningM
vertices coo

allResiduall

5.4.2.7 F/

5.4.2.71

class FAMC
FAMCGlol
FAMCAnNin
FAMCAf ]
FAMCAnNin
if (norn
FAMCV]
}

imberOfVertices, numberOfNormals, numberOfColors, dimOfOtherAttrib

herAttributes are instantiated when decoding the static mesh.
AMCAnimationSegmentData class

Byntax

hAnimationSegmentData {
atedFields & 1) {
kinningModel skinningModel;

esidualErrors allResidualErrors;

Bemantics

el: contains the skinning model used for motion compensation. This stream is decoded o
dinates are animated.

AMCSkinningModel class

Syntax

EkinningModel ({

alTranslationDecbder globalTranslationCompensation;
ationPartitdonbDecoder partition;
neTrasnfoxmsDecoder affineTransforms;
ationWedghtsDecoder weights;

alsPredictionStrategy ==3) {
ertexInfoDecoder (4, numberOfVertices)normalsPredictors;

}

Errors: contains the residual errors foréll animated attributes (coordinates, normals, colours.|.).

utes,

nly if

5.4.2.7.2

Semantics

The FAMCSkinningModel class describes the skinning model used for motion compensation. It refers to the
following classes:

near

240

ly the some affine motion.

FAMCAffineTransforms class decoding the affine motion of each cluster at each frame.

FAMCGIlobalTranslationDecoder class decoding the global translations applied the animated model.

FAMCAnimationPartition class decoding the segmentation of the mesh vertices into clusters with
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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

class FAMCGlobalTranslationDecoder {
FAMCInfoTableDecoder globalTranslationCompensationInfo;
FamcCabacVx3Decoder2 myGlobalTranslationCompensation (1, numberOfFrames)|;

5.4.2.8.2 Semantics

The |[FAMCGlobalTranslationDecoder class decodes the DCT compressed translations applied to the
animated model for motion compensation. In order to recover the original trafslations values [the decoder
needs to un-quantize the integer table decoded by the class globalTranslationCompensation by using data
decoded by the class FAMCIinfoTableDecoder. An inverse DCT transform should then be appli¢d to the un-
quantized real values.

5.4.29 FAMCIinfoTableDecoder class

5.4.29.1 Syntax

clas|s FAMCInfoTableDecoder(
hsigned int (8) numberOfQuantizationBits;

u
float (32) maxValueDl;
float (32) maxValueD2;
float (32) maxValueD3;
float (32) minValueDl;
float (32) minValueD2;
float (32) minValueD3;

unsigned char (8) numberOfDecomposedlLayers;

for (int layer = 0; layer < numberOfDecomposedLayers; layer++) {
unsigned int (32)sndmberOfCoefficientsPerLayer;

}

}

5.4.29.2 Semantics
numperOfQuantizationBits: a 8-bit unsigned integer indicating the number of quantization bits used.

maxValueX:~a 32-bit float indicating the maximal value of the Dimension 1 of the encoded threetdimensional
real yectors.

maxValueY: a 32-bit float indicating the maximal value of the Dimension 2 of the encoded three-dimensional
real vectors.

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.

© ISO/IEC 2011 — All rights reserved 241


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

ISO/IEC 14496-16:2011(E)

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.

The FAMCInfoTableDecoder stream describes the information needed to initialize the decoding of a table
encoded as numberOfDecomposedLayers sub-tables.

5.4.2.10 FAMCCabacVx3Decoder2

5.4.2.10.1 SPyntax

FAMCCabacVk3Decoder?2 ( int V, int F ) {
float (34) delta;
// read|exp-golomb order EGk and unary cut-off
unsigned int (3) EGk;
unsigned int (1) cutOff;

EGk++;
cutOff++;

// starfl the arithmetic coding engine
cabac.afideco start decoding( cabac. dep );

// decoding of the significance map

CabacCorjtext ccCbp;

CabacContext ccSigl[64];

CabacCortext ccLast[64];

cabac.bjari init context( ccCbp, 64 );

for( iny 1 = 0; i < 64; i++ ){
cabac|.biari init context( ccSig[i],\&4 );
cabac|.biari init context( ccLast[i], 64 );

}

bool sigMap|

int cell]Size

for( inf] v =
for( int ¢ =

] ]
= + 63 ) / 64y
0; v < V; v++ ) \{

0; c < 3;¢cH+ ) |

if[ cabac.biari dec@de symbol( cabac. dep, ccCbp ) ) {
for( int k = O K < F; k++ ) {
sigMap[v] [kJ[c] = cabac.biari decode symbol( cabac. dep, ccSiglk/cellSizef );
if( sigMapi v] [k]l[c] && k + 1 < F ) {
if (\&abac.biari decode symbol( cabac. dep, cclLast[k/cellSize] ) ) {
for( int 1 = k + 1; 1 < F; 1i++ ){
sigMap[v][i][c] = 0O;
t
break;
j;
}
else if( k + 2 == 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] [kl lc] ){
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_ €g-prob( cabaf. dep,
EGk |);
}
else{
absValues|[v] [k][c] = 1 + 1i;
}
}
else(
absValues|[v] [k] [c] = O;
}
}
}
}
/{ 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+Hh\"{
values|[v] [k] [c] = absMalues|[v] [k][c];
if( sigMap[v] [k] [c] *f
if ( cabac.biari-"decode_ symbol eq prob( cabac. dep ) ){
values [v] fkN[c] *= -1;
}
}
}
}
}
/Y decode fpredictors
cpnst int PRED QUANT BITS = 2;
int predivl][(3]1;
int predDim[V] [3];
int\previousDim([3];
pred[U][0] = U;
pred([0][1] = O;
pred[0][2] = O;
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, ) ;
for( int v = 1; v < V; v++ ) {
for( int ¢ = 0; ¢ < 3; c++ ) {
if ( cabac.biari decode symbol( cabac. dep, ccSkip ) ){
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}

pred[v] [c] = pred[v-1][c];
if ( pred[v][c] ){
predDim[v] [c] = predDim[v-1][c];

else{

}
else({
predDim[v] [c] = 0;
}
pred[v] [c] = cabac.unary exp golomb decode( cabac. dep, ccPred, 2 );

if ( pred[v][c] ){
int predDimRes = cabac.unary exp golomb decode( cabac. dep, ccPredDim, 2
predDimRes <<= PRED QUANT BITS;

);

}
}
// end {
cabac.bi

}
5.4.2.10.2
delta: recipr

sigMap[V][H
component.

EGk: order d

cutOff: num
Golomb bing

absValues]|\

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;

}

he arithmetic coding engine
ari decode final( cabac. dep );

Semantics

pcal value of the quantization step size.

f the Exp-Golomb binarization.

ber of CABAC context models for the unary part of the concatenated unary/ k-th order
rization,

V1IF1[3]: array of 3 * V * F integer values, indicating the absolute values of the predicted sp

coefficients ¢

f X-7 y- and z-component.

1[3]: array of 3 * V * F bits/ indicating the non-zero predicted spectral coefficients of x-, y- ahd z-

Exp-

Tctral

values|[V][F][3]: array of 3 * V * F integer values, indicating the values of the predicted spectral 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 FAMCC

244

ABACDecoder 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

5.4.211.1 Syntax

clas|s FAMCAnimationPartitionDecoder {
uhsigned int (32) numberOfClusters;
ufsigned int (32) compressedPartitionBufferSize;

FAMCVertexInfoDecoder myFAMCVertexInfoDecoder (numberOfClustekrs, numberOfVertiges);

5.4.211.2 Semantics
numperOfClusters: a 32-bit integer indicating the number of motion clusters.

compressedPartitionBufferSize: a 32-bit unsigned integer indicating the size of the compressed

partition.

The FAMCAnimationPartition class decodes the segmentation of the mesh vertices into cluster$ with nearly

similar affine motion. It consists of a one dimensional array of integer of length numberOfVe
assigns to each vertex v a cluster numben partition[v]. Annex G included an informative ex3
encoding process.

5.4.2.12 FAMCVertexinfoDecoder:class

5.4.212.1 Syntax

clas|s FAMCVertexInfoBRecoder (nC, nV) {
/Y start the arithmetic coding engine
cabac.arideco start decoding( cabac. dep );
cpbac.biari (imit context (cabac. ctx, 61);
ift numberOfBits = (int) (log((double) nC -1)/log(2.0)+ 1.0);
iht occutente = 0;
int currentSymbol = 0;
iht A =2 0;
while v < nvV ) {

for (int pb = numberOfBits - 1; pb >= 0; pb--) {
int bitOfBitPlane = cabac.biari decode symbol eq prob (cabac. dep);
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.

occurenceM

inusOne: 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 FAMCAffineTransformsDecoder class

5.4.2.13.1

class FAMC
F
F

}
5.4.2.13.2

The FAMCA
recover the
myAffineTra
transform sh

Let A be th
given by:

S 0 8

where the d
k k k
(x,¥,,2,)

Instead of d
cluster k the

Syntax
h\ffineTransformsDecoder {

A\MCInfoTableDecoder affineTransformsInfo;
brncCabacVx3Decoder?2 myAffineTransforms (4*numberOfClusters, numberOfFrames) ;

Bemantics

\ffineTransformsDecoder class decodes a DCT compressed vertex trajectories. In ord
original trajectories the decoder needs to un-quantize the integer table contained in the
nsforms by exploiting the information decoded by the class affineTransformsinfo. An inverse
ould then be applied to the un-quantized real values.

e affine transform associated with the cluster k at frame t. In homogeneous coordinates,

k k k k]
s bt Ct xt

k k k k
t el‘ fl yl‘
k k -k k

h' i z

0 0 1

k

“ 5, gl h*,i") describe the linear part of the affine motion

—_ k k Lk k
oefficients (a, ,b; ,c;vd; e

the translational.component.

ecompressing ‘the affine transforms assigned to each cluster, the decoder decodes for
trajectories M 1(k,t), M2(k,t), M3(k,t), M4(k,t) of four points defined as follows:

er to
class
DCT

U is

t

and

each

x| 0] 0

0
M1(k,0) e IR*, M2(k,0) = M1(k,0) + .

dy

0 0 0

M1(k,t) = A" x M1(k,0), M 2(k, ) = A" x M 2(k,0), M3(k, 1) = A° x M 3(k,0), M 4(k,t) = A* x M4(k, 0).

In order com

pute 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, )] .

246

0
M30k,0)= MGk, 0)+| * |, M4(k,0) = MI(k,0)+
y4
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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 );

/J decoding retained vertices
for (int v = 0; v < numberOfVertices; v++) {
filter[v] = cabac.biari decode_ symbol (cabac. dep, cabac. ctx);

/Y decoding clusters adjacency
r(int k = 0; k < numberOfClusters; k++) {

h

for(int n = 0; n < nbrNeighbours; n++) {
for (int bp = numberOfBits-1; bp>= 0; bp--) {

decoding weights
r (int bp = numberOfQuantizationBits -1; bp>=(0; bp--) {
for(int v = 0; v < numberOfVertices; v++) {
int vertexCluster = partition(v];
if ( filter([v] == 1) {
for (int cluster =0; cluster < adj[vertexCluster].size(); cluster++)

Fh o~

cabalc. ctx);
}
}
}

~ —

end the arithmetic coding engine
bbac.biari decode final(cabac. dep );

Q

5.4.2.14.2 Semantics

numperOfQuantizationBits: a 8-bit unsigned integer indicating the number of quantization |

weigpts.

compressedWeightsBufferSize: a 32-bit unsigned integer indicating the compressed stream siz

minWeidh and
animation weights.

int nbrNeighbours = cabac.unary exp golomb decode (cabac. dep,\)cabac. ctx, 4

bool bitOfClusterIndex = cabac.biari decode symbol,*eq prob (cabac. dep

bool bitOfVertexClusterWeiglit= cabac.biari decode symbol (cabac. def

its used for

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

sy v k v
Z} = :E:ah [£1Z1
k=1

where CO]: iga—coefficient-that-controts—the-motion-influenceof the—clusterkover-the-vertex—v- At represents
the affine transform associated with the cluster k at frame t expressed in homogeneous coordinates.
The optimal| weight vector @" :(a),: )ke{1 . numberOfClusters) is computed at the encoder side and)'sent t¢ the
decoder. Th¢ @, =0 when k is not a neighbour of the cluster that v belongs.
The decoding process is composed of three steps:

e Vert|ces 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 furction
biarif decode_symbol.

e Clusters adjacency decoding. The CABAC context is initialized with value 61. For each cluster k, the
numper of its neighbours is decoded by using the CABAC.function unary_exp_golomb_decode. Then,
the ihdex of each neighbour is decoded by using the CABAC function biari_decode_symbol_eq_prob.
Each index is represented by its binary representation:on numberOfBits bits.

e Weights decoding. The CABAC context is initialized with value 2. The weights are decoded bit-plane
per bit-plane using the CABAC function biarindecode_symbol. In order to retrive the values of weights,
the quantization process needs to be reversed.

5.4.2.15 F/

5.4.2.15.1

class FAMC
switch (tr

case 0

case 1
if (an
FAMCInfoTa
if (an
FAMCInfoTa
if (an

AMCAIIResidualErrors

Syntax

\11ResidualErrorsid

bnsformType) |

// Lifting

// DCT

imatedFields & 1)

bleDecoder coordResidualErrorsInfo;
i mated@F+elds & 2)

bleDegoder normalResidualErrorsInfo;

| mdtédFields & 4)

FAMCInfoTa
if

leDecoder COlLOrKesidualbErrorslinlioy

(animatedFields & 8)

FAMCInfoTableDecoder otherAttributesResidualErrorsInfo;

do{
if

if

if

if

(animatedFields & 1)

FAMCCabacVx3Decoder2 coordErrorsLayerLift (numberOfVertices,
(animatedFields & 2)

FAMCCabacVx3Decoder2 normalErrorsLayerLift (numberOfNormals,
(animatedFields & 4)

FAMCCabacVx3Decoder2 colorErrorslLayerLift (numberOfColors,
(animatedFields & 8)

numberOfCoefficientsPerlLayer

FAMCCabacVx3Decoder2 otherAttributesErrorslLayerLift (numberOfOtherAttributes,
numberOfCoefficientsPerLayer) ;

bit (3
}

248

2)* next;

numberOfCoefficientsPerLayer) ;

numberOfCoefficientsPerLayer) ;

)
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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 information heeded to|initialize the
decoding process for coordinates residual errors.

normalsResidualErrorsinfo: a FAMClInfoTableDecoder class decoding the\information needed to initialize
the decoding process for normals residual errors.

colofResidualErrorsinfo: a FAMCInfoTableDecoder class decodingthe information needed to|initialize the
decoding process for colours residual errors.

otherAttributesResidualErrorsinfo: a FAMCInfoTableDecoder class decoding the informatiop needed to
initialize the decoding process for other attributes residual.errors.

coordErrorsLayer: a FAMCCabacVx3Decoder2 class decoding a sub-table of integer of dimension
numberOfVertices x numberOfCoefficientsPerLayer:

normalErrorsLayer: a FAMCCabacVx3Decoder2 class decoding a sub-table of integer df dimension
numberOfNormals x numberOfCoefficientsPerLayer.

colofErrorsLayer: a FAMCCabacVx3Decoder2 class decoding a sub-table of integer of dimension
numberOfColors x numberOfCoefficientsPerLayer.

otherAttributesErrorsLayer:\a FAMCCabacVx3Decoder2 class decoding a sub-table of integer pf dimension
numberOfOtherAttributes x numberOfCoefficientsPerLayer.

allErrorsLD: a FAMELDBDecoder class decoding LD prediction errors (as an array of integers of|dimension 3
x nymberOfVertices x numberOfFrames) and auxiliary data, which are needed for reconstruction of
coordlinates, normals, colors, and other attributes.

allErrorsLiftbD: a FAMCLDDecoder class decoding LD prediction errors of lifting coefficients|(an array of
integers: 'of) dimension 3 x numberOfVertices x numberOfFrames) together with auxiliary data, which are
needed‘for reconstruction of lifting coefficients corresponding to coordinates, normals, colort, and other
attributes. With a subsequent inverse Tifting fransform coordinates, normals, colors, and other attributes are
obtained.

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:

An inverse 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

(&)

expressed in
applying the

numberQ,
A
where y,’ i

at frame t ¢

motion of fra

..numberOfCo ord }
5, iumberOfCo ordKeys }

homogeneous coordinates. The decoder computes the position Zi of a vertex v at frame
following formula:

Clusters

PR kv v
Ny Ax +7,+¢

1

the position of vertex v at the first frame, Atk is the affine transform/associated with the clus
kpressed in homogeneous coordinates, @, : the weight of cluster k at vertex v, y,: the ¢

e t, &, : coordinate residual errors of vertex v at frame t

The normal residual errors are decompressed and stored as set,of vectors

(1) e

expressed ir

1,...,numberOfC00rd}
D,...,numberOfCoordKeys }

homogeneous coordinates. The decoder computes the normal N/ of a vertex v at frame

applying on ¢f the following equations
N, =N +p, if normalsPredictionStrategy=0
numberdfClusters
N’ = 2: o) Atkva +n if hormalsPredictionStrategy=1
Khi
s U -
N, = +——1—— &, -if normalsPredictionStrategy=2
U'xWw’
[o >,
where
numberOfClusters berOfClust
k k v numbery, usters
a)v At U a)fAtkW”
v — k=1 v =
R SN R
) A UV a)kAka
Z A NS NCINTARYS

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

250

t by

ter k

lobal

t by

is the orthonormal basis of IR’
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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 vertex v at
B/

frame t.

The pther attributes decoding is identical to normal decoding.
5.4.216 FAMCLDDecoder class

5.4.216.1 Syntax

clas|s FAMCLDDecoder (nV, nF, fields) {
bit (1) newlLayeredDecompositionNeeded;
bit (1) layeredDecompositionIsEncoded;
blt (6) bitsNotDefined;

if (newLayeredDecompositionNeeded) {
unsigned int (32) numberOfDecomposedLayérs;
if (layeredDecompositionIsEncoded) {
FAMCLayeredDecompositionDecoder myFAMCLayeredDecompositionDecoder
(numperOfDecomposedLayers, nV);

}

signed int (32) numberOfEncddedlLayers;
(animatedFields & 1) float’(64) coordsQuantizationStepLD;
(animatedFields & 2) f£loat (64) normalsQuantizationStepLD;
(animatedFields & 4 filoat (64) colorsQuantizationStepLD;
(animatedFields & «8) float (64) otherAttributesQuantizationStepLD;

e e =

1

for (int frameNumberDec=0; frameNumberDec<nF; ++frameNumberDec) {
FAMCLDFrameHeaderDecoder myFAMCLDFrameHeaderDecoder;

hasCloordsPredBits =
(kcoordsPreédictionModelD == 3) || (coordsPredictionModelD == 4)) 2 1 : 0;

hasNorma@lsPredBits =

(knbrmalsPredictionModelD == 3) || (normalsPredictionModelLD == 4)) 2?2 1 : 0;
hasColorsPredBits =
((colorsPredictionModelD == 3) || (colorsPredictionModelD == 4)) 2 1 : 0;

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

newlLayered
decompositi
decompositi

layeredDecq
If not, the lay

bitsNotDefi

numberOfD
layered decd

numberOfE
indicating thq

coordsQuantizationStepLD: a 64-bit float specifying the quantization step for coordinates.

normalsQuantizationStepLD: a 64-bit float specifying the quantization step for normals.

colorsQuan

otherAttribt

compressedFrameSizeLD: a 32-bit unsighed integer indicating the size of the compressed frame.

DecompositionNeeded: one bit indicating if in the current segment a new, lay
bn is needed. In such case (newlLayeredDecompositionNeeded equals 1) the “\dec
bn becomes the current decomposition, which is used in the current and following segments.

bmpositionlsEncoded: one bit indicating if a layered decomposition is encodethin the bit-str
ered decomposition is determined using the deterministic algorithm presented’in Annex |.

ned: 6-bits with not defined semantics. Reserved for ISO purposes.
pcomposedLayers: a 32-bit unsigned integer indicating the number of layers created d

mposition. This may be different from the number of layers that'‘are present in the bitstream.

e number of layers encoded in the stream.

tizationStepLD: a 64-bit float specifying.the quantization step for colors.

tesQuantizationStepLD: a 64-bit float specifying the quantization step for other attributes.

ered
pded

eam.

uring

hcodedLayers: a 32-bit unsigned integer smaller or equal than numberOfDecomposedLayers

resCoords:| a FAMCCabacVx3Decoder class decoding a table of integers of dimenpsion
numberOfVdrticesInLayer[layerNumber] x 3 corresponding to quantized prediction errors of coordinates. If
hasCoordsPredBits equals 1_additionally an array of bits of size numberOfVerticesInLayer[layerNumber] is
decoded.

resNormalsf a FAMCCabacVx3Decoder class decoding a table of integers of dimension
numberOfVgrticesinLayer[layerNumber] x 3 corresponding to quantized prediction errors of normals. If
hasNormalsPPredBits equals 1 additionally an array of bits of size numberOfVerticesInLayer[layerNumbegr] is
decoded.

resColors: a FAMCCabacVx3Decoder class decoding a table of integers of dimension

numberOfVerticesInLayer[layerNumber] x 3 corresponding to quantized prediction errors of colors. If
hasColorsPredBits equals 1 additionally an array of bits of size numberOfVerticesIinLayer[layerNumber] is

decoded.

resOtherAtt

ributes:

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

numberOfVerticesInLayer[layerNumber] is decoded.

size

The FAMCLDDecoder class describes vertex coordinates, normals, colors, and other attributes of an
animation segment. The process of obtaining this data is described below.

252
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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 decoded or
computed—frameType—frameNumberbis;—refframeNumberOffsetbist;,—refframeNumberOffsetDis1,
coordisPredictionModelLD, normalsPredictionModeLD, colorsPredictionModel D, and
othefAttributesPredictionModelLD.

Subgequently, quantized 3D prediction errors of coordinates noted
resCpord[frameNumberDis][layerNumber][c] with ¢=0, ..., numberOfVerticesliliayer{layerNumber] are
decoded for each layer in a frame. Here, the value numberOfVerticesInLayer[layerNumber] is optained from
the qurrent layered decomposition.

Furthermore, depending on the prediction mode value for coordinates/(ceordsPredictionModelyD), which is
decoded frame-wisely, each resCoords[frameNumberDis][layerNumbef][C] gets a distinct predictign type noted
coor@lsPredType[frameNumberDis][layerNumber][c] as specified in the following table.

Table 70 — The correspondences between predictionModeLD
values and predictiontypes 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, agaptiv
4 Oor1 Delta or linear, adapti
515 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.

© ISO/IEC 2011 — All rights reserved 253


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

ISO/IEC 14496-16:2011(E)

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
prediction types (coordsPredType[][]), quantized prediction errors of normals (resNormals[][]), colors
(resColors[][]), and other attributes (resOtherAttributes|[][]) are decoded. Similar to resCoords[][] also
resNormaIs[ [], IVDCU:UIO[][], and—resOtherAttr |'uutca[][] get plUd;bt;Ull types IIUIIIIa:DPIvdTy[. e[][],

colorsPredType [][], and otherAttributesPredType [][] assigned).

Finally, for  each quantized prediction error  resCoords[frameNumberDis][layerNumber][c],
resNormals[frameNumberDis][layerNumber][c], resColors[frameNumberDis][layerNumber}fc], and
resOtherAttr{butes[frameNumberDis][layerNumber][c], a corresponding value is reconstructéd‘as follows:

for (int frameNumberDec=0; frameNumberDec<numberOfFrames; ++frameNumberDec) {

frameNumberDis = frameNumberDec2DisList [frameNumberDec];
for (infl layer=0; layer<numberOfEncodedLayer; ++layer) {
for (int c=0; c<numberOfVerticesInlayer|[layer]; c++) {

//|reconstruct coordinate corresponding to vertex ld[laver][c].to

}
for (int c=0; c<numberOfVerticesInlLayer|[layer]; c++) {
//|reconstruct normal corresponding to vertex ld[layer][c].to

for (int c=0; c<numberOfVerticesInlayer|[layer]; €++) {
//|reconstruct color corresponding to vertexNdd[layer][c].to

for (int c=0; c<numberOfVerticesInLayer[layérd,; c++) {
//|reconstruct other attributes correspomnding to vertex ld[layer][c].to

}

Here, the frameNumberDec2DisList is obtained:*from data decoded by the FAMCLDFrameHeaderDegoder
class. See Annex J for a detailed description-of the reconstruction process of coordinates, normals, colors,
and other atfributes.

Finally, all cgordinates, normals, colors-and other attributes of an animation segment are decoded.
5.4.2.17 FAMCLayeredDecompositionDecoder class

5.4.2.171 Byntax

class FAMClLayeredbe€compositionDecoder (L,V) {
unsigned int (82) compressedPartitionBufferSize;

FAMCVerflekdfnfoDecoder MyFAMCVertexInfoDecoder (L, V);
unsigne int (32) compre NQ{mrﬂiFih:#imnDnFForQ{ I~

for (int layer=L-1; layer>=1l; --layer) {
FAMCSimplificationModeDecoder myFAMCSimplificationModeDecoder
(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 operations. 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 to layer
partition[v].

The array of integers numberOfVerticesInLayer is obtained from the decoded array partition. The derivation
process is illustrated with the following pseudo code:

int numberOfVerticesInlLayer|[L];
for L —ﬁ; Y7’- L \{

niimberOfVerticesInlLayer [partition[v]]++;

}

The FAMCSimplificationModeDecoder decodes an array simplificationMode[layer][c] 6fsimplifi¢gation modes
for Igyer=L-1,...,1 and c=0,..., numberOfVerticesInLayer[layer]-1. The following pseudo code illlistrates how
an arfray of simplification operations (noted vssop) is obtained from the arrays partition and simpliffcationMode:

struct SimplificationOperation({
int vertexIndex;
int mode;

}i

vectjor< 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<numberOfVerticesInlayegxr[layer]; ++c) {
vvsop[layer] [c] .mode = simplificatdionMode[layer][c];

By rgorganizing the data contained in partition and simplificationMode, the simplification operation

[

(vvsjpop[layer] [c] .vertexIndeX,,*vvsop[layer] [c] .mode)
for Igyer=1,...,L-1 and c=0,... humberOfVerticesInLayer[ layer ].are obtained. The procedure for building the
layer decomposition from simplification operations is described in Annex |.

5.4.2.18 FAMCSimplificationModeDecoder class

5.4.2.18.1 Syntax

clasls FAMESimplificationModeDecoder (V) {

/Y start the arithmetic coding engine

cabdolarideco start decoding( cabac. dep );

cabac.blarl 1nit context(cabac. CtxX, ol);

for (int c=0; c<V; ++c) {
simplificationMode[c] = cabac.unary exp golomb decode (cabac. dep, cabac. ctx, 2);

}

// 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;
unsigned int(4) normalsPredictionModelD;
unsigned int (4) colorsPredictionModelD;
unsigned int (4) otherAttributesPredictionModelD;
}
5.4.2.19.2 Bemantics
frameNumberOffsetDis: an 8-bit integer used to compute the current frame number in display order (1
frameNumberDis).
frameNumberDis=frameNumberPrevDis+frameNumberOffsetDis,

where Fram

decoded frame of a segment frameNumberPrevDis equals 0.

frameType:
2=B-frame.

refFrameNumberOffsetDec0: a 7-bit integer used to computé.a reference frame number in decoding

(noted refFrd

refFrameNu

eNumberPrevDis is the frame number in display order of the last.decoded frame. For thq

a 2-bit integer indicating the frame type of the currently decoded frame: 0=I-frame, 1=P-fr

meNumberDec0). refFrameNumberDec0 is computed only for P and B frames as follows:

hnberDecO=frameNumberDec - refFrameNunperOffsetDecO.

oted

first

game,

brder

refFrameNumberOffsetDec1: a 7-bit integer used to:compute a second reference frame number in decoding

order (noted

refFrameNumberDec1). refFrameNumberDec1 is computed only for B frames as follows:

refFrameNu

coordsPredictionModeLD: a 4-bit integer'specifying the prediction mode used for predicting coordinates

normalsPredictionModeLD: a 4-bit integer specifying the prediction mode used for predicting normals.

colorsPredi

otherAttribu
otherAttribut

During deco

berDec1=frameNumberDec — refFrameNumberOffsetDec1.

tionModeLD: a+4-bit integer specifying the prediction mode used for predicting colors.

tesPredictionModeLD: a 4-bit integer specifying the prediction mode used for pred
S,

jing the' list frameNumberDec2DisList is updated as follows:

cting

frameNumbe

LDec2Digl st [Fr::mal\'(nm%nrﬁan] =frameNumberDig

NOTE

due

to the usage of 7-bit integers for refFrameNumberOffsetDec0

and

refFrameNumberOffsetDec1 only frames which are within the last 128 decoded frames can be used as
reference frames.

5.4.2.20 FAMCCabacVx3Decoder

5.4.2.201 Syntax

class FAMCCabacVx3Decoder (V, B) {
// decoding the significance map

unsigned int (8)

256

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 (sigMap[v][d] == 1) {
negative[v] [d] = cabac.biari decode symbol eq prob (cabac. dep);

end the arithmetic coding engine
bbac.biari decode final( cabac. dep );
decoding abs values

Lsigned int (8) absInitProb;

hsigned int (8) numberOfAbsValuesBitPlanes;

C S ~NQ

~

start the arithmetic coding engine
bbac.arideco start decoding( cabac. dep );

Q

cabac.biari init context (cabac.ctx, absInitProb);
for (int pb = numberOfAbsValuesBitPlanes - 1; pb »= 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 symbol(cabac. dep, cabac. ctx)) {
values|[v] [d] += (1<<pb);
}
if (pb == 0) {
values[v] [d] ++;

~

end the arithmefic coding engine
bbac.biari decede’ final ( cabac. dep );

Q

if (B==1){

//decoding prediction modes

unsigned int (8) predModeInitProb;

// ,start the arithmetic coding engine
cabac.arideco start decoding( cabac. dep );
cadbac.biari init context (cabac. ctx, predModeInitProb);

values|[v] [d] = (negative([v][d]) ? -values[v][d] : values|[v][d];

for (int v=0; v < ++v) {
bits[v] = cabac.biari decode symbol (cabac. dep, cabac. ctx);
}
// 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.

predModelnitProb: a 8-bit integer indicating the initial value for a CABAC context for decoding of bits

(decoded on

ly if parameter Bequats -

bits: an array of size V of bits (decoded only if parameter B equals 1).

The FAMC(abacVx3Decoder class decoded an array of size V x 3 of integers. If B equals 1"an’array o
V of bits is decoded as well.

5.5 Generic tools

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

When coded
follow the sy
bitstream.

The 3DCOb
3DCObject.

3D compression objects are carried without MPEG-4 System;_the 3D object elementary str¢
ntax below. The syntax provides for the multiplexing of multiple elementary streams into a s

ectSequence defines container that is used to carry the 3DCObjectSequence header an
The 3DCObjectSequenceHeader defines the identification of profile and level for this bitst

and the use¢r data defined by users for their specific_applications. For example, it can contain s

information f

The 3DCOb
bitstream: 3
(WSS) and
users for th
“3dc_object |
“3dc_object |
corresponde
the containg
object is use

3DCObject]

3DCObject

258

pr the contained bitstream.

ject defines container that is used to“carry the 3DCObject header and the 3D compre
D Mesh Compression (3DMC), Interpolator Compression (IC), Wavelet Subdivision Su
Bone-based Animation (BBA). In(the 3DCObject header, the user data also can be defing
eir specific applications for\ 3D compression object. The 3DCObject header containg
verid” which indicates the:version number for the tool list of 3D compression object types.
type _start code” indicates what 3D compression object type stream is carried an
hce decoder. (i.e. “3dc_object _type start code == Simple_3DMC”, the 3DMC decoder deg
d bitstream). Forother types of 3D compression objects, one container per 3D compre
d.

3DCObjectSequence

Header 3DCObject

Sequence

size

bams
ingle

i the
ream
cene

ssed
rface
d by

the
And,
0 its
odes
5sion

-
-
-
-
-
-
-
-
-
-
-

3DCObject
Header 1

3DCObject
Header 2

3DCObject

3DCObject 1 Header n

3DCObject 2 3DCObject n

Simple_3DMC Simple_PI Simple_BBA

Figure 81 — Syntax of the MP43D stream
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.1 3DCObjectSequence

.11 Syntax

s 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 {

1y

}
5.5.1

3dc |
hexa

3DCObject () ;

bit (32) *next;

vhile (next != 3dc_object sequence end code );
| £ (32) 3dc_object sequence end code;

.1.2 Semantics

object_sequence_start_code: The 3dc_object_sequence_start_code is the bit string ‘Q
decimal. It initiates a 3D Compression session.

profile_and_level_indication: This is an 8-bit integer used to signalthe profile and level ident

mea

3dc |
hexa

5.5.1

5.5.1

hing of the bits is given in Table 71.

Table 71 — FLC table for profitetand_level_indication

Profile/Level Code

Reserved 00000000
Core Profile/Level 1 00000001
Core Profile/Level 2 00000010
Reserved 00000011
Reserved 11111111

object_sequence_end_code: The 3dc_object sequence_end_code is the bit string ‘0
decimal. It terminates a 3D Compression session.

.2 _3PCObject

00001A0’ in

fication. The

DOO01AT in

clas

21 Syntax

s 3DCObject () {

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)

3D Mesh Object() ;

else if

bit (32)

else if

bit (32)

simple 3dc_object type start code;

(next == “Simple WSS”) {

simple WSS object type start code;
Wavelet Mesh Object();

(next == “Simple CI”) {

simple CI object type start code;

CompressedCoordinateInterpolator () ;

}

else if

bit (32)
Compr

}

else if

(next == “Simple OI”) {

simple OI object type start code;

ssedOrientationInterpolator () ;

(next == “Simple PI”) {

bit (3R) simple PI object type start code;

Compr

}

else if

bit (3

bba opject ();

}
}

5.5.1.2.2

3dc_object

Semantics

3D Compression object.

essedPositionInterpolator ();

(next == “Simple BBA"”) ({
) simple BBA type start code;

start_code: The 3dc_object_start_code is the bit string ‘000001A2’ in hexadecimal. It initiafes a

is_3dc_objgct_identifier: This is a 1-bit code which set to ‘1Aindicates that version identification and priority

is specified for the 3D Compression object.
3dc_object verid: This is a 4-bit code which identifies_the version number of the 3D Compression obje
meaning is defined in Table 72. When this field doestnot 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

0010-1111 reserved
Table 73 list[the tools included in each of the Object Types. The current object types can be extended
new tools or[fupctionalities will be introduced.

260
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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 (ClI) X

Positionlnterpolator(PH
- Key Preserving X
- Path Preserving

Orientationinterpolator (Ol)
- Key Preserving X
- Path Preserving

Wavelet Subdivision Surface (WSS)
- IndexedFaceSet for base mesh

BBA
- Only Bones

3dc_|object_priority: This is a 3-bit code which specifies the“priority of the 3D compression oljject. It takes
valugs between 1 and 7, with 1 representing the highest prigrity and 7, the lowest priority. The value of zero is
resefved.

3dc_object_type_start_code: It is the bit string of‘32 bits. The first 24 bits are ‘0000 0000 000p 0000 0000
0001 in binary for resynchronization. The last 8<bits represent the one of the values in the ‘A6’ to ‘AB’ to
indichted object types defined in Table 74. According to the last 8 bits in “3dc_object_type_start_code”, the
corrgsponding decoder is called and the compressed stream is decoded. If more object types are defined
in Tdble 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.(tjidentifies 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 defined

by users for ftheir specific applications. In the series of consecutive user_data bytes there shall not be a $tring
of 23 or more consecutive zero bits.

5.5.2 AFX Generic Backchannel

5.5.2.1  Usage of the backchannel.
The backchgnnel can be used by the following tools: VTC textures, WaveletSubdivisionSurfaces, MeshGiid.

In the first case, i.e. VTC textures, the backchannel will be an‘elementary stream of stream-type ‘visual’ ((x04)
and with an DbjectTypelndication 0x20.

In the case gf WaveletSubdivisionSurfaces and MeshGrid, the backchannel is an elementary stream of stfeam
type ‘scene fescription’ (0x03) with an OTI 0x05.The AFXConfig contains the appropriate code to makg the
distinction between AFX tools (see ISO/IEC 14496-1:2010 Amendment 4).

Each backchannel is related to a downstream elementary stream carrying the data associated with each tool.

This means [that AFX tools share the Same bitstream syntax but each instance has a separate elemeptary
stream.

The messades carried in an_AccessUnit of a backchannel consist of a list of BackChannelCommands as
specified below. The syntax'of an access unit is defined as follows.

5.5.2.2 BackChannel Access Unit.

5.5.2.2.1 Byntax

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

The possible values of BackChannelCommand tag and their interpretation is given in Table 75.

16:2011(E)

5.5.2
The
The
The

are
serv

5.5.2

5.5.2

Whe
cach
clien
view
by tf

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

.3.3  General bitstream syntax

bitstream is an array of BackChannelCommands:
server decodes all backchannelcommands of the access unit which it can parse, otherwise it

configuration of the stream describes the list of tags are mandatory in the bitstream as well
ptional (i.e. that a server may parse). Other backchannel commands will be skipped by
r.

.3.4 Definitions

.3.4.1 Client/Server-driven scenario’s

h considering view-dependent 3D transmission, two possible scenarios occur. Either the clig
e status apd“asks the server for the not-yet-transmitted information, either it is the server
's cache status back and calculates out of this which additional information to transmit fo
pboint. Said in other words: the control about what to transmit and what is already available i
e client (first scenario), either by the server (second scenario). The scenarios are the

resps

skips them.

hs those that
a compliant

nt tracks the
hat gets the
r the current
either done
refore called

petively client-driven and server-driven.

In a client-driven scenario, neither the viewpoint, nor the cache status have to be transmitted, since 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 context as
follows:

For wavelet subdivision surface: units represent hierarchical trees corresponding to small regions of the base
mesh.
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For VTC two

A un

contexts exist:

it represents an ROI corresponding to a block in the spatial domain of size 2®"®sx?e"es

A unit represents a Texture Unit that can be extracted from a packet in VTC’s error resilience mode.

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 MeshGri

In m
and

In g
5.5.2.3.5

5.5.2.3.5.1

class Glob
bit (8) tag
SEVec2f
SFFloat
SFFloat
SFFloat
}

5.5.2.3.5.2

ROI ROI ROI ROI
nr 1 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

d two contexts are available:

esh related commands (MESH_HEADER , MESH CONNECTIVITY, VERTICES_REPOSI
VERTICES_REFINEMENT) a unit represents axegion of interest (ROI).

id related commands (GRID_HEADER and:GRID_COEFFICIENTS) a unit represents a tile.
GlobalParameters

Byntax

bl Parameters extends BackChannelCommand:
GlobalParametergTag {

FieldOfView;

NearPlane;

FarPlane;

Visibility®dynit;

Bemantics

NON

Field of vie\

= $l tha kb H +ol A P 1 ] £ 4 H il
- o0 AarC Uic TIUTIZUTIdAD AiTu voTuodal difyiCo UT 1T VICVW PyTdairiia.

NearPlane: this is the distance to the near plane of the viewing pyramid, i.e. a plane parallel to the projection
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.

VisibilityLimit: this is a float indicating a distance to the observer beyond which the scene does not have to

be displayed
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5.5.2

5.5.2

clas
bit(

ISO/IEC 14496-

.3.6 NavigationParameters

.3.6.1 Syntax

s NavigationParameters extends BackChannelCommand:
8) tag = NavigationParametersTag {

SFVec3f Position;
SFRotation Direction;

}
5.5.2

Position—this—istt | ot " " | " |

objeq

Dires
transg

5.5.2

5.5.2

clas
bit(
b

if

}
L
}

5.5.2

.3.6.2 Semantics

t.

mitted object.

.3.7 ToolGenericBackChannel

.3.7.1 Syntax

s ToolGenericBackChannel extends BackChannelCommand:
8) tag = ToolGenericBackChannelTag {

|t (1) isClientDriven;

[ (!isClientDriven) {

bit (2) cacheMode;

| stOfUnits 1istOfUnits([];

.3.7.2 Semantics

isClientDriven: 1-bit flag specifying if egual to ‘1’ that the backchannel is in client-driven
conveys client requests. If the value is equal to ‘O’ the backchannel is in server-driven scenario g
sends status information to the sertér. The requests and status information are specific f
extending the generic ToolGenericBackChannel class.

cach
scen
mods
Both
using

inforfnation expressed using this format is compact if consecutive units in the clients cache ha

“q ua
wher
statu

g

3

eMode: 2-bit value specifying the type and format of the status information send in the
ario. The following table: shows the possible values and meanings of cacheMode. In DEL
b the status information contains details about received units that have been totally or partial
the RECEIVED/CACHE and FULL_CACHE modes reflect the same type of cache informat
a different format. In RECEIVED_CACHE mode the units are explicitly identified by an inde

16:2011(E)

transmitted

ction: this is the observer orientation in the coordinate system of the node .corresponding to the

cenario and
nd the client
br each tool

server-driven
TA_CACHE
y discarded.
on, however
K. The status
ve the same
pposite case
t to send the

ity” parafmeters and thus can be grouped together by means of Parselndices class. In the o
consecutive units in the client’s cache have different “quality” parameters, it is more efficien
s 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

abstract aligned(8) expandable(228—l) class ListOfUnits (bool isClientDriven, unsigned int

cacheMode) | : bit (8) tag=0 {
// empty. To be filled by classes extending this class.
}
5.5.2.3.8.2 Bemantics
This is an alpstract base class for the different types of command units in the backchanheVstream. This flass
is extended by the classes identified by the class tags defined in the following table.
Table 76 — List of Class Tags for Descriptors derived fromListOfUnits
Tag valye | Tag name Description
0x00 Forbidden
0x01 ListOfVTCUnitsTag Tag for VTG units
0x02 ListOfWaveletTreesTag Tag for,WaveletSubdivisionSurface units
0x03 MGFullStreamTag Tag for the entire MeshGrid stream.
0x04 MGMeshDescrTag MeshGrid stream tag for the mesh coding
information at specified mesh resolution level.
0x05 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.
0x07 MGVerticesRepositionDescftTag MeshGrid stream tag for vertices’ repositioh
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 MGGridCaefficientsDescrTag MeshGrid stream tag for wavelet coefficients
at specified grid resolution level.
0x10 MGGfidCornersDescrTag MeshGrid stream tag for the grid corners.
0x11-0OxFE | Reserved for ISO use
OxFF Farbidden

5.5.2.3.9 GetValue

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) {

u

Q@

o~

o]

5.5.2.3.10.2 Semantics

Pars
rang

num
the i
spec]
unit

isIng
spec
ther

unit:

5.5.2

nsigned int i = 0, jJ = 0, k = 0;

16:2011(E)

The number of elements 1n the indices list.
btValue number (nBits);

r (1 = 0; 1 < number.value; i++) {

It (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 im the range
for (j = 0; j < count.value; j++) {
unit[[k++]] = start.value + j;
}

/ assign the total number of units.
hmber.value = k;

a list of units that can be read one by:ane with an index and/or units that can be read as

WD

pber: The initial parsed value represents the number of elements in the indices list. A list ele

fying the number of indices;in the range. The final value of number is to the total number of U
array.

exed: Flag, for which if equal to ‘1’ specifies that the following list element is an unit index
fies that the following two values represent the start index of a unit (start) and the number
bnge (count);

Array of'size number consisting of indices of units.

.3.41 ListOfVTCUnits

h successive

ment can be

hdex of a unit (unit), or the start index (start) of a range of indices followed by a number (count)

nits from the

otherwise it
of indices in

5.5.2

clas
bit(

3.11.1 Syntax

s ListOfVTCUnits extends ListOfUnits (bool isClientDriven, unsigned int cacheMode) :

8) tag = ListOfVTCUnitsTag {

bit (1) isROI;
int i,3 = 0;
if (isROI)

{

if (isClientDriven) {

int (5) firstWantedLevel;
int (5) lastWantedLevel;

int (5) firstWantedBitplane;
int (5) lastWantedBitplane;
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ParselIndices ROI (5);

} else if (cacheMode == DELTA CACHE || cacheMode == RECEIVED CACHE) {
int (5) lastCachedLevel;
int (5) lastCachedBitplane;

ParselIndices ROI (5);

els

}

e { // server-driven & cacheMode == FULL CACHE

GetValue numberOfROIs (5);

for (j=0; Jj<numberOfROIs.value; j++) {
bit (1) isInCache;
if (isInCache) {
int (5) lastCachedLevel;
int (5) lastCachedBitplane;
}
}
}
}
else
{
if (ipClientDriven || cacheMode == DELTA CACHE || cacheMode == RECEIVED,CACHE) {
ParselIndices TU(5);
} else { // server-driven & cacheMode == FULL CACHE
GetValue numberOfTUs (5);
for (3j=0; Jj<numberOfTUs.value; Jj++) {
bit (1) isInCache;
}
}
}
}
5.5.2.3.11.2| Semantics
In VTC, the puality of decoded texture regions can be set by.selecting the number of decoded wavelet Ievels
and bitplaneg.
isROI: this hit indicates the type of units used by the.command. If true, ROl numbers are used with spegified
wavelet levels and bitplanes. If false, texture units;(TU) are used. The numbering of the TUs implicitly and
uniquely ind|cates the corresponding texture region location in spatial domain at a certain spatial/resolution
layer (i.e. ndmber of wavelet levels) and SNR)layer (i.e. number of bitplanes), therefore wavelet levelg and
bitplanes do[not have to be specified.
In the clienf-driven scenario and when isROIl is true, several ROIs with the same “quality” requests
(firstWantedLevel, lastWantedLevel, firstWantedBitplane, lastWantedBitplane) are grouped togetHer in
one commarjd. When isROl is false, TUs are grouped together in one command.
firstWantedlevel, lastWantedLevel: these are the wavelet decomposition levels (ranging from first to|last)
that the client asks for{in~order to increase the resolution-driven quality from previously cached information
(which is equiivalent to lastCachedLevel).

firstWantedBitplane, lastWantedBitplane: these are the bitplanes (ranging from first to last) that the

asks for, in

rdef to increase the SNR-driven quality from previously cached information (which is equiV

Client
alent

to lastCache

dBitplane).

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

5.5.2.3.12.1 Syntax

clasls ListOfWaveletTrees extends ListOfUnits (bool isClientDriven, unsigned int, dacheMode) :
bit (I8) tag = ListOfWaveletTreesTag {
ipt i = 0;
if (isClientDriven) {
GetValue numWaveletCoefficients (5);
int (5) firstWantedBitplane;
int (5) lastWantedBitplane;
ParselIndices tree(5);
else if (cacheMode == DELTA CACHE || cacheMode == RECEIVED /€ACHE) {
GetValue numWaveletCoefficients (5);
int (5) lastCachedBitPlane;
ParselIndices tree(5);
else { // server-driven & cacheMode. == FULL CACHE
GetValue numberOfTrees (5);
for (i=0; i<numberOfTrees.value; i++) {
bit (1) isInCache;
if (isInCache) {
GetValue numWaveletCoefficients (5);
int (5) lastCachedBitPlane;

[

—

—

}
5.5.2.3.12.2 Semantics

The [units for WaveletSubdivisionSurfaces are trees used in the SPIHT representation of [the wavelet
coefijicients.

NumWaveletCoefficients: this is the number of wavelet coefficients. If isClientDriven| value is 1,
numWaveletCoefficients is understood as the number of coefficients the client needs for tree number i. If
isCljentDriven valle)is 0, numWaveletCoefficients is understood as the number of coefficients that the
clienf cache contains-for ROl number i (if isClientDriven value is 1) or number TreeNb (if isClientDriven
valug is 0 and is€CacheDelta value is 1).

firstWantedBitplane: this is the number of the first requested bitplane.

lastCachedBitPlane: if cacheMode value is DELTA_CACHE or RECEIVED_CACHE, this is the 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

5.5.2.3.13.1

class MGFullStreamCommand extends ListOfUnits (bool isClientDriven,

Syntax

unsigned int

cacheMode) : bit (8) tag= MGFullStreamTag {
// empty

}

5.5.2.3.13.2 Semantics

For both cli
equivalent
respectively

5.5.2.3.14

5.5.2.3.14.1

abstract c
cacheMode)

{
// read
unsigned

5.5.2.3.14.2

This is an al

parses the rgsolution level (resolutionLevel) of the unit.

5.5.2.3.15

5.5.2.3.15.1

abstract c¢
cacheMode)

{
// read
ParselInd

5.5.2.3.15.2

This is an aQ
parses an

MGLayerCommand

rid, but it is far more compact.
GLevelCommand

Syntax

ass MGLevelCommand extends ListOfUnits (bool isClientDrivény
bit (8) tag=0

unsigned int

the variable length counter sizeOfInstance
int (LEVEL BITS) resolutionLevel;

Semantics

stract class that serves as a base class for MeshGrid related command units. MGLevelCominand

Syntax

|l ass MGLayerCommand extends MGLevelCommand (bool isClientDriven,
bit (8) tag=0

unsigned int

the variable length counter sizeOfInstance
ices identifier (BitsLayer) ;

Semantics

nand
e of

straet class that serves as a base class for MeshGrid related command units. MGLayerComr
dentifier of the surface layers the MeshGrid stream unit refers to. When the valy

identifier.nun

nber is ‘0’ then the request is is generic for all surface layers

5.5.2.3.16 MGMeshDescriptorCommand

5.5.2.3.16.1

class MGMeshDescriptorCommand extends MGLayerCommand (bool isClientDriven,
cacheMode) :

Syntax

unsigned int

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

class MGGridDescriptorCommand extends MGLevelCommand (bool isClientDriven, unsigned int
cacheMode) : bit(8) tag= MGGridDescrTag {
/Y empty

}
5.5.2.3.17.2 Semantics

For hoth client-driven and server-driven scenarios request grid coding information at@ specified gtid resolution
level|(resolutionLevel).

5.5.2.3.18 MGMeshConnectivityCommand

5.5.2.3.18.1 Syntax

clasls MGMeshConnectivityCommand extends MGLayerCommand (bool isClientDriven, unsijgned int
cachieMode) : bit (8) tag= MGMeshConnectivityDescrTag, {

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.valu&fNj++) {
bit (1) isInCache;

5.5.2.3.18.2 Semantics

The |mesh connectivity information for specified regions of interest (ROIs) and mesh resplution level
(resolutionLevel) is requested in client-driven mode, respectively the corresponding cache stafus is sent in
server-driven mode. Fhe/ROls are given explicitly in client-driven scenario, or in server-driven s¢enarios with
DELTA CACHE and” RECEIVED CACHE operation modes. In server-driven scenario FULL CACHE
operation modeyall possible ROIs (numberOfROIs) are iterated, and for each ROI the islhCache flag
specffies if ‘“1’rthat the connectivity description is available at the client site, and if ‘0’ it indicates the opposite.

5.5.2.319- MGVerticesRepositionCommand

5.5.2.3.19.1 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

5.5.2.3.20.1

class MGVe
cacheMode)
if

Parse

} else |
bit (R

Parse

} else
GetVa
for (
bif
if

5.5.2.3.20.2

For specifieq
bit-planes, s
driven scend
sent in the 4
scenarios W
FULL_CACH
isInCache f
indicates th¢

5.5.2.3.21

5.5.2.3.21.1

class MGGridCoefficientsCommand extends MGLevelCommand (bool isClientDriven,
cacheMode) :

if
bit (F
bit (F
Parse

} else if

bit (F
Parse
} else {
GetVa

272

(isC]
bit (R
bit (R

(isClientDriven)

MGVerticesRefinementCommand

Syntax

FticesRefinementCommand extends MGLayerCommand (bool isClientDriven,
bit (8) tag= MGVerticesRefinementDescrTag {

ientDriven) {

FFINE BITS) firstWantedBitPlane;

FFINE BITS) lastWantedBitPlane;

ndices roi (ROI BITS);

f (cacheMode == DELTA CACHE ||

FFINE BITS) lastCachedBitPlane;

Tndices roi(ROI _BITS);

// server-driven & cacheMode == FULL~CACHE
lue numberOfROIs (ROI BITS) ;
=0, j<numberOfROIs.value;

(1) isInCache;
(isInCache) {
bit(REFINE_BITS)

unsigned

cacheMode == RECEIVED CACHE) ({

j+H) |

lastCachedBitPlane;

Semantics

regions of interest (ROIs) and mesh resolution level (resolutionLevel), the vertices’ refing
farting with firstWantedBitPlane and ending with lastWantedBitPlane, are requested in g

erver-driven scenario, The ROls are given explicitly in client-driven scenario, or in server-d
ith  DELTA_CACHE.\and RECEIVED_CACHE operation modes. In server-driven sce
IE operation mode’all possible ROIs (numberOfROls) are iterated, and for each RO
ag specifies if “4’ that the connectivity description is available at the client site, and if
opposite.

MGGridCoefficientsCommand

|_Syntax

int

ment
ient-

rio, respectively the corrésponding last bit-plane available in the cache (lastCachedBitPlane) is

riven
nario

the
‘0 it

bit (8) tag= MGGridCoefficientsDescrTag {
{
IELD BITS) firstWantedBitPlane;
IELD BITS) lastWantedBitPlane;
Indices tile (ROI_BITS);
(cacheMode == DELTA CACHE | |
IELD BITS) lastCachedBitPlane;
Indices tile(ROI_BITS);

// server-driven & cacheMode
lue numberOfTiles (ROI_BITS);

cacheMode == RECEIVED CACHE) ({

FULL CACHE

unsigned int
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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) there are three

binar
coor

y streams, called componernt sirearms, each of them corresponding to one of the {X,y,Zy wav
linates of the grid points. In client-driven scenario, the grid coding bitplanes, g

firstWantedBitPlane and ending with lastWantedBitPlane, are request to the servefr)In

scengrio, the client sends the last bit-plane available in the cache (lastCachedBitPlane). In
scengrio, and in server-driven scenarios with DELTA CACHE and RECEIVED CACHE operatin
tiles [tile) are explicitly specified using Parselndices. In server-driven scenario FULL~CACHE ope
all the tiles (numberOfTiles) are iterated, and for each tile the isinCache flag-specifies if “1

infor
5.5.2

5.5.2

clas
cach|
{

/
}

5.5.2

In cli
grid

ation is available at the client site, and if ‘0’ it indicates the opposite.
.3.22 MGGridCornersCommand

3.22.1 Syntax

s MGGridCornersCommand extends ListOfUnits (bogl “¥sClientDriven, unsigned ing
eMode) : bit(8) tag=MGGridCornersDescrTag

empty

.3.22.2 Semantics

bnt-driven scenario request, respectively in server-driven scenario send, the coordinates of th
Corners.

6 AFX object codes

AFX
Decq

ExtDescriptor deseribed in ISO/IEC 14496-1 is an abstract class used as a placeholder fo
derSpecificlnfo defined in Table 77.

Table 77 — DecoderSpecificinfo for AFX streams

blet encoded
tarting with
server-driven
client-driven
) modes, the
ration mode,
’ that cache

e reference-

r an 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.

© IS0
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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 OrientationInterpolator OrientationInterpolator 0

0x05 Positioninterpolator Positioninterpolator 0

0X06 Cbtl UC:IIIG&U Cbtl CU:IIIG&C G

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 Introd
A 3D graphi
implement. |
"Scene Gray
graph and t

uction

cs profile defines the set of tools that a product or application compliant with that profile
h MPEG-4 there are defined several profile diménsions. The ones of interest for 3D graphic
h", "Graphics" and "3D Compression" dimensions. The first two refers to nodes in the s
he last refers to compression tools. A profile is defined inside a dimension. One produ

must
5 are
cene
ct or

application g
to different d

an be compliant with only one profile in @ dimension but it can combine several profiles belofging
mensions.

7.2 "Graphics" Dimension

7.2.1 MPEG-4 X3D Interactive Graphics Profiles and Levels

7.2.1.1 List|of tools/functionalities
The X3D In
footprint eng
renderers. T
an Interactiv

teractive Graphics profile represents a collection of nodes to allow implementation of a|low-
ine (e.g. alJava applet or small browser plugin) and is intended to address limitations of soffjware
his set of. nodes matches with the nodes related to graphics within the set of nodes being us¢d as
e profile within the X3D standard’s development.

ate,
Sphere and

The followin
Cylinder, ElevationGrid,
TextureCoordinate.

g graphics nodes are suppaorted within this profile: Appearance Box Caolor Cone Coordi
IndexedFaceSet, IndexedLineSet, Material, PointSet, Shape,

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, leftURL, 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 Transform.

set_colorindex not supported.

set_normallndex not supported:

ccw not supported.

normal not supported.

Only convex indexed fa¢e sets supported. Hence, convex
supported.

For creaseAngle,©only 0 and pi radians supported.
normallndex not'supported.

10 vertices perrface. 5000 faces. 65,535 indices in any
field.

Face list'shall be well-defined as follows:

1. Each face is terminated with -1, including the last face
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-interg
polygon.

set_colorIndex not supported.

set_coordindex not supported.

ccw not supported.

15,000 total vertices.

15,000 indices in any index field.

is not

index

in the

ecting

Material Ambientintensity not supported.
shininess not supported.
SpecularColour not supported.
A-Material-with-emissiveColournet-equatbto{(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

© ISO/IEC 2011 — All rights reserved

Ignore ambientintensity.
Linear attenuation.
65,535 coordinates.
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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.
All url fields 10 URLs.
SFBool Full support.
SFColpr Full support.
SFFlogt Full support.
SFIimgge 256 width. 256 height.
SFInt32 Full support.
SFNode Full support.
SFRotation Full support.
SFStripg 30,000 utf8 octets.
SFTine Full support.
SFVed2d 15,000 values.
SFVeg2f 15,000 values.
SFVeg3d 15,000 values.
SFVeq3f 15,000 values.
MFColor 15,000 values.
MFFlojat 1,000 values.
MFInt32 20,000 values.
MFNogde 500 values.
MFRotation 1,000 values.
MFStrjng 30,000 utf8 octets per string, 10 strings.
MFVe¢2d 15,000walues.
MFVeg2f 15,000 values.
MFVe¢3d 15,000 values.
MFVeg¢3f 15,000 values.
NOTE The X3D interactive-Profile is a common compatibility point with We3D’s X3D Interactive Profile.
The following tools are supported in MPEG, but not in Web3D’s profile: QuantizationParameter, Node Update,
Scene Update and Route Update.
7.2.2 MPEG-4 7Basic AFX" Graphics Profiles and Levels

The Basic AFX Graphics Profile represents a collection of nodes to 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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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

In the following table, definitions for level 1 of the 3D Multiresolution Graphics profile are given.

*ind

The
beu

Node
Appearance
Color
Coordinate
DirectionalLight

IndexedFaceSet

IndexedLineSet

Material

PointLight

Shape
SpotLight

TextureCoordinate
WaveletSubdivision

Surfaces
FootPrint

Table 81 — Level 1 & 2 of Basic AFX Graphics profile

Maximum values for content related parameters

Level 1

Ignore TextureTransform.

216 colors*
216 points*

Not scoped by parent Group or

Transform.

Only triangle face supported.
A given coordIndex is not
repeated in a face.

Ignore set_colorindex.
Ignore set_normallndex.
Ignore set_colorindex.
Ignore set_coordindex.
Ignore Ambientintensity.
Ignore Shininess.

Ignore SpecularColor;

Ignore radius.

Ignore Linear attenuation.
Full features support.
Ignore beamWidth.

Ignore radius.

Ignore;Linear attenuation.
246, coordinates*

12 bitplanes per coordinate
4 levels of subdivision

Full features supported.

cates maximum vector size.

followingrtable specifies further restriction to the fields of the nodes listed above. These twg
sed forboth the Profile and the Level definitions.

Level 2

Full features supported.

232 colors*

232 points*

Scoped by parent Group or Trans

Full featdres supported.

Full features supported.

Full features supported.

Full features supported.

Full features supported.
Full features supported.

232 coordinates®

24 bitplanes per coordinates
10 levels of subdivision

Full features supported.

form.

Tables 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.

SFIimgge 256-wigth—256treight:

SFInt32 Full support.

SFNode Full support.

SFRofation Full support.

SFString 30,000 utf8 octets.

SFTime Full support.

SFVeq2f 15,000 values.

SFVeq3d 15,000 values.

SFVeq3f 15,000 values.

MFColor 15,000 values.

MFFloat 1,000 values.

MFInt32 20,000 values.

MFNoge 500 values.

MFRotation 1,000 values.

MFString 30,000 utf8 octets perstring, 10 strings.

MFVeg2f 15,000 values.

MFVe¢3d 15,000 values.

MFVeg¢3f 15,000 values.
7.3 "Scene 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 af low-
footprint engine (e.g.\a/Java applet or small browser plugin) and is intended to address limitations of software
renderers. This set of nodes matches with the nodes related to scene description within the set of nodes Ieing
used as a Inferactive profile within the X3D standard’s development.

The following scene graph nodes are supported in this profile: Background, DirectionalLight, PointLight and
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.

Table 83 — Level 1 of X3D Interactive Scene Graph profile

The
MPE

Tablg
refer

Node
Anchor

ColorInterpolator
Coordinatelnterpolator
CylinderSensor

Group

Inline

Navigationinfo

OrientationInterpolator
PlaneSensor
PositionInterpolator
ProximitySensor
Scalarlnterpolator
SphereSensor

Switch

TimeSensor
TouchSensor
Transform

Viewpoint

WorldInfo
QuantizationParameter
Node Updates

Scene Updates

Route Updates

Minimum Browser Support
addChildren not supported.
removeChildren not supported.

Ignore parameter.

Full support.

15,000 coordinates per keyValue.

Full support.

AddChildren not supported. removeghildren not support
Full support.

avatarSize not supported.

speed not supported.

Ignore visibilityLimit

Full support.

Full support.

Full support.

Full support.

Full support.

Full suppaort.

Full support.

Ignored if cyclelnterval < 0.01 second.
hitNermal_changed not supported
addChildren not supported. RemoveChildren not suppor
Ignore fieldOfView.

Full support

Full support

Full support

Full support

Full support

X3D Interactive\. Graphics profile is based on X3D level 1 Interactive Profile, and adds
G-4 features:.BIFS-commands for streaming and Quantization for compression efficiency.

p 84 speeifies other aspects of functionality that are supported by this profile. Note that g
onlytothose specific nodes listed in Table 83.

ed.

he following

eneral items
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279


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

ISO/IEC 14496-16:2011(E)

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.
SFFloat Full support.
SFimage 256 width. 256 height.
SFInt32 Full support.
SFNode Full support.
SFRotation Full support.
SFStripg 30,000 utf8 octets.
SFTime Full support.
SFVed2d 15,000 values.
SFVeg2f 15,000 values.
SFVeg3d 15,000 values.
SFVeq3f 15,000 values.
MFFlojat 1,000 values.
MFInt32 20,000 values.
MFNode 500 values.
MFRotation 1,000 values.
MFString 30,000 utf8 octets perstring, 10 strings.
MFVec2d 15,000 values.
MFVeg¢2f 15,000 values!
MFVe¢3d 15,000 values.
MFVe¢3f 15,000 values.
7.3.2 MPEG-4 "Basic AFX" Scene Graph Profile and Levels
7.3.2.1 List|of tools/functionalities
The Basic AFX Scene Graph profile represents a collection of nodes to allow progressive and addptive
transmission over networks of large 3D environments and / or complexe 3D shapes. It contains the samg set
of nodes as the X3D Scéne Graph Profile, plus the Bitwrapper node.
7.3.2.2 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.

7.3.2.3 "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

Coordinatelnterpolator
Group

NavigationInfo

OrientationInterpolator

Level 1

Full features supported.
Ignore AddChildren,
Ignore removeChildren
Ignore AvatarSize,
Ignore speed,

Ignore type,

Ignore visibilityLimit
Full features supported.

Level 2

Full features supported.
Full features supported.

Full features supported.

Full features supported.

The
itemg

PositionInterpolator
Scalarinterpolator
TouchSensor
Transform

Viewpoint

WorldInfo
QuantizationParameter
Scene Updates
ROUTE

ollowing table specifies other aspects of functionality that are\Supported by this profile. Note
refer only to those specific nodes listed in the table above.

Table 86 — Functionality Limitations and Minimum System Requirements

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.

Node Minimum System Support
All groups 500 children. Ignore bboxCenter and bboxSize.
All interpolators 1000 key-value pairs.
Names for DEF/field 50Qutf8 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.
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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ompression"” 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

Value Profile Level
0x00 Reserved for ISO use -
0x01 Core L1
0x04 Core L2
0X04 3D Multiresolution L1
0X04 3D Multiresolution L2
0x0A-0x7F reserved for ISO use -
0x8(-0xFD user private -
OxFE no 3D Compression profile specified -
OxFH 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.

7.41

The "Core 3
Subdivision

7.41.1 List
The "Core 3
minimum fur
(e.g. mobile

The "Core 3

The
mod

The

The
Pres

"Cor¢ 3D Compression" Profile and Levels

D Compression" profile combines the 3D Mesh Compression, Interpolation Compression, W4
Burface, and Bone Based Animation tools for efficient 3D resource transmission and storage.

of Tools/Functionalities

D Compression" profile represents a collection of compression tools to allow implementati
ctionalities for compact transmission.ahd storage of 3D object under a constrained environ
, where the processing power and-memory size can be very limited.

D Compression" profile contains the following 3D Compression object types:

Simple 3DMC object type provides high compression and error resilience for static triang|
els.

Simple Cl objecttype compresses the Coordinate Interpolator animation.

Simple Phobject type compresses the Position Interpolator animation. It can support both
erving.and Path-Preserving mode.

The

velet

bn of
ment

e 3D

Key-

Sithple Ol object type compresses the Orientation Interpolator animation. It can support both

Key-

Preserving and Path-Preserving mode.

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.

connected to a skin mesh model. This object type does not support Muscle.
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The Simple BBA object type compresses the skeleton animation based on bone transforms and
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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 (ClI) X
Positionlnterpolator(PH
- Key Preserving X
- Path Preserving
Orientationinterpolator (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” Objech Types

Simple Simple Simple Simple Simple Simple

3DMC Cl PI Ol WSS BBA
Corel 3D
Compression Profile X X X X X X
7.4.1.2 Comparison with Existing Profiles and object types
The Core 3D Compression Profile is the first profile defined in the "3D Compression" profile dimerjsion.
7.4.1.3 Profile Level Definition
Accarding «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
application such as 3D Background, 3D GUI, 3D Pre-Viewer and 3D Avatar. On the other hand, fhe level 2 is
for the mobile device supported by H/VW graphics accelerator. Thus, the level Z is suitable for the 3D Game
application in addition to the application in level 1.
© ISO/IEC 2011 — All rights reserved 283
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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 < 5000
- 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 instgad)
- The vertices of a face shall not define a self-intetsecting 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, texcoordIindex

- The vertices of a face shall not define a self-intersecting polygon
- A given coordIndex is not-fepeated in a face

- Color and Texture can\be blended

- Only base mesh supported

Table-92 — 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

Taovira-Rlandinarnat-ornnactad
FTTAWUTT DITTIUNTTY TIUL SUPPUTLICU

Level 2

- 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

284
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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 to

Is to allow

impldg
cons

The

mentation of minimum functionalities for compact transmission and storage of 3D obj
frained environment (e.g. mobile), where the processing power and memory size can bge.very]

Multiresolution Compression" profile contains the following 3D Compression objecttypes:

The Simple 3DMC object type provides high compression and error resilience for stati
models.

The Simple CI object type compresses the Coordinate Interpolator{animation.

The Simple Pl object type compresses the Position Interpofator animation. It can suppg
Preserving and Path-Preserving mode.

The Simple Ol object type compresses the Orientation taterpolator animation. It can supp
Preserving and Path-Preserving mode.

The Main WSS object type represents, in a campressed form, the details for subdivision
This tool is used for level of detail managenient and animation.

The Simple FootPrint object type represents in a compressed form the multiresolution of 2
data.

The Simple BBA object type~compresses the skeleton animation based on bone tra
connected to a skin mesh model. This object type does not support Muscle.

ect under a
limited.

b triangle 3D

rt both Key-

brt both Key-

of 3D mesh.

D and a half

hsforms and
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Table 93 — 3D Compression Object Types

AFX Tools

3D Compression Object Types

Simple
3DMC

Simple ClI

Simple
PI

Simple [Main
Ol WSS

Simple
BBA

Simple
Footprint

Basic

3D Mesh Compression (3DMC)

X

Coordinateln

terpolator (Cl)

Positioninterpolator (PI)

Key Presery

g

Path Presenving

Orientationlr
Key Presen

terpolator (Ol)
ing

Path Preserving

(WSS)
IndexedFacs
base mesh

Backchanne

avelet Subdiyision Surface

Set or 3DMC for

enabled

BBA
Only Bones

Footprint-ba
Bckchannel

ed Coding
bnabled

X

The "3D Mul

Table 94 — "3D Multiresolution Compression" Profile

Liresolution Compression" includes the object typesastillustrated in the following table.

3D Compression Object Types

Simple
3DMC

Simple ClI

Simple
PI

Simple [Main
Ol WSS

Simple
BBA

Simple
Footprin

3D Multiresd
Profile

lution Compression

7.4.2.3 Comparison with Existing Profiles and object types

The existing

7.4.2.4 Prof

ile llevel Definition

‘Core 3D Profile’ is targeted for mobile applications and contains much simpler tools.

According t

b n (] - (] - i 5 1 1 ('l Nl (] Led b ) Lall - i | 1
Aalrget ucvite driu applitdluris, (WU IEVEIS diT UCTITICU a5 TIS1SU 1T U1 TONOWITTY 1dUICS. LEV

for mobile devices, while the level 2 is targeted at workstations or dedicated hardware.
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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 Number of bones attachable to an object < 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

Number of buildings < 500

Footprint Tree depth < 4

Arbitrary number of.triangles in a scene

General Arbitrary number 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.

F°9t£'j'£‘£ “Back Channel” not supported

alia vwoo

Full support of colorindex, normallndex,
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)

Level 1

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 4

Unlimited size of texture memory

Arbitrary number of lights

Directional Light, PointLight and SpotLight

Material: ambientintensity, diffuseColor, emissiveColor, shininess,'specularColor
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 xs

attached to ISO/IEC 14496-11.

8.2 AFX gncoding hints

8.2.1 WavgletSubdivision encoding hints

8.2.1.1 Syntax

The syntax i$ described’in:the xsd file attached to ISO/IEC 14496-11.

8.2.1.2 Semantics

The <BitWra pmeavplptSllhdivicinnFnr‘ndingHintq> allow the source and/or target farmats to bhe desc

d file

ibed

so that when encoding is required the author can control various parameters of the encoding process where
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

The syntax is described in the xsd file attached to ISO/IEC 14496-11

8.2.3.2 Semantics

The gBitWrapperOctreelmageEncodingHints> allow the source and/or target formats)to-be descfibed so that
when encoding is required the author can control various parameters of thecencoding process where
suppported by the encoder.

8.2.4 PointTexture encoding hints
8.2.4.1 Syntax
The syntax is described in the xsd file attached to ISO/IEC 14496-M.

8.2.4.2 Semantics

The gBitWrapperPointTextureEncodingHints> allow the source and/or target formats to be descfibed so that
when encoding is required the author can control” various parameters of the encoding prgcess where
suppported by the encoder.

8.2.5§ BBA encoding hints

8.2.5.1 Syntax

The syntax is described in the(xsd file attached to ISO/IEC 14496-11.

8.2.5.2 Semantics

The KBBAEncodingHints> 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.

8.3 | AFX encoding parameters

8.3.1—WavetetSubdivisionEncodingParameters
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 bitplaneq:

isPartial: ind
8.3.2 Mesh

8.3.2.1 Syn

The syntax i

8.3.2.2 Sen|

nLevels: sp
the encoded
of the origina

nSlices: s(
correspondir
will preserve

sizeROI: sp
ROIs when
one entity. T

hasConnec
value from th

hasRefineln
from the orig

hasReposit
no value is s

hasGridinfo

tax

NS 1S an integer type.

cates whether the transmission is in full mode or bitplane by bitplane. This is an integef.type.

GridEncodingParameters

5 described in the xsd file attached to ISO/IEC 14496-11.

antics

bcifies the maximum number of resolution levels (in the {u;w,w} directions of the reference-gr
model. If no value is specified, the encoded model will preserver the number of resolution |
| MeshGrid model.

ecifies the maximum number of slices (in’\the {u,v,w} directions of the reference
I the number of slices of the original MeshGrid model.

bcifies the optimal size of the region(of interest (ROI). It is used to split the original mode
encoding. If no value is specified_for sizeROI, the model is encoded at each resolution leyv

he number of ROls at the highestresolution level of the model is computes as explained in C

ivityInfo: specifies if true-that the connectivity should be encoded. If no value is specified
e original mesh is considered.

fo: specifies if trué that the vertices’ offsets should be encoded. If no value is specified, the
inal mesh is considered.

onlnfo: specifies if true that the vertices’ inter-level refinement information should be encod
pecified,'\the value from the original mesh is considered.

. .specifies if true that the reference-grid coordinates should be encoded. If no value is sped

d) of
bvels

grid)

g to the last resolution level of the encoded-model. If no value is specified, the encoded model

into
el as
3.

, the
alue

ed. If

ified,

the value fro

the nriginal mesh is considered

meshType: suggests a particular type of mesh, in case the mesh can be adapted. If no value is specified, the
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.
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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 vyield one of the following two
valugs—SHORT FILTER =and—“SMOOTH FILTER o vatueis—spectified; thevatuefrormrthegriginal mesh
is 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 thg “non-lossy”
encoded stream. The compression will affect only the precision of the coordinates of the reference-grid, the

conngectivity is always encoded lossless.

maxError: specifies the maximum acceptable error between the lossy ericoded model and the original model.
8.3.3 PointTextureEncodingParameters

8.3.3.1 Syntax

The $yntax 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 cqlor values in
the RointTexture. The value 100 indicates. lgssless coding. Otherwise, it is lossy coding.

8.3.4 BBAEncodingParameters

8.3.4.1 Syntax
The syntax is described-inithe 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"

prediction: indicates the prediction method used for encoding. The field can take one of the vdlues: "Intra",
"Predicted”, "bestFit" or "Pbetweenl". If "Intra", then the current AU must be encoded as an Intra AU. If
"Predicted”, then the current AU must be encoded as a predictive AU. If "bestFit", then the encoder must take
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.

p2qs: indicates an order used for computing the global quantization as defined in 5.4.1.4]14.2
and 5.4.1.1.16.2.

8.4 AFX decoder specific info
8.4.1 WavgletSubdivision decoder specific info

8.4.1.1 Syntax

The syntax i$ described in the xsd file attached to ISO/IEC 14496-11.

8.4.1.2 Semantics

NbBpSC: stpres the number of bits on which to encode the scaling-coefficients minus one.

NbBPX: storles 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: storgs the type of subdivision scheme-used in the low pass filtering.

lift: indicateg whether the high pass filtering is lifted or not. This is an integer type.
isinLocalCqgordinates: indicateSiwhether the wavelet coefficients are expressed in local or global coordipates.

LengthNbBits: indicates the number of bits used to represent the number of bits used to encode the length of
the bitplaned. This is an-integer type.

isPartial: 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.

Attributes: reserved.

meshTyper specifies the type of the encoded mest.

sameBorderOrientation: specifies if true that the particular mesh is stored in a more compact way.

uniformSplit: specifies if true that the particular mesh is only encoded at the first reselution level (only if the
hasGonnectivitylnfo flag is set as well).

offsetAmplitude: specifies the amplitude of the vertices’ offsets when the model is defined on g 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.

filterfType: specifies the type of filter used for the wavelet transform, and may yield one of the following two
valugs: “SHORT_FILTER” and “SMOOTH_FILTERX

grid$cale: specifies the scaling factors used when quantizing the grid coordinates.
nQuantBits: specifies the number of bits,uséd to quantize the reference-grid coordinates.

gridCorners: stores the scaled values-of the quantized reference-grid corners.

8.5 | XMT for Bone-based Animation

XMT|for BBA represents-the textual format for the animation data when using bones, muscles and morph.
8.5.1 BBA

8.5.1.1 Syntax

The $yntax is described in the xsd file attached to ISO/IEC 14496-11.

8.5.1.2 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_frameRate: specifies the framerate of the BBA animation data.

8.5.3 BBA encoding
8.5.3.1 Syntax
The syntax i$ 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 "perAUthen the encoder paramgters
are individuglly specified for each AU; if "perFile", then the encoding parameters are the same for all tha|data
to be encoded.

BBAEnNncodingParameters: 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/IEC 14496-11.

8.5.4.2 Semantics

BBA_frame| specifies the BBA animation data for one frame. The elements of the BBA_frame are descfibed
in 8.5.5

8.5.5 BBA|frame

8.5.5.1 Syntax

The syntax i$ describedin the xsd file attached to ISO/IEC 14496-11.

8.5.5.2 Semantics

BBA_frameMask: specifies the mask of one animation frame. The elements of the BBA frame are described
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.

BonLMask: specifies the animation mask for a bone. This element is described in 8.5.7.
Mus¢leMask: 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.in8.5.9.
8.5.71 BoneMask

8.5.7.1 Syntax

The syntax is described in the xsd file attached to ISO/IEC 14496-112

8.5.7.2 Semantics

IDB:[specifies the ID of the current bone

isT: gpecifies if the current bone is translated.

isTX[ specifies if the current bone is translated on X.

isTY} specifies if the current bone is translated on Y.

isTZ| specifies if the current bonecis-translated on Z.

isR: [specifies if the current bone is rotated.

isQ: [specifies if the rotation of the current bone is specified by using quaternions.

isRAx1: specifies:if the current bone is rotated with respect to the first axis. The rotation order is| specified by
the rptationOrdet field of the SBBone node. This field is used when isQ=0.

by the.fetationOrder field of the SBBone node. This field is used when isQ=0.

isRAl:Z: Specifies if the current bone is rotated with respect to the second axis. The rotation ordef is specified

isRAX3: specifies if the current bone is rotated with respect to the third axis. The rotation order is specified by
the 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.
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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: specifi

isSY: specifi

es if the current bone is scaled on X.

es if the current bone is scaled on Y.

isSZ: specifies if the current bone is scaled on Z.

isSO: speci
isSOX: sped
isSOY: sped
isSOZ: sped
isSOA: speq
isC: specifig)
isCX: specif
isCY: specif
isCZ: specifi

8.5.8 Musd

€S IT the scdle orientation tield ot tne current bone IS upddated.
ifies if the X component of the scale orientation field of the current bone is updated.
ifies if the Y component of the scale orientation field of the current bone is updated.

ifies if the Z component of the scale orientation field of the current bone is updated.

S if the center of the current bone is updated.
es if the center of the current bone is updated on X.
es if the center of the current bone is updated on Y.

es if the center of the current bone is updated onZ.

leMask

8.5.8.1 Syntax

The syntax i

8.5.8.2 Sen

5 described in the xsd file attached-to ISO/IEC 14496-11.

antics

IDM: specifigs the ID of the current'muscle.

NCP: specifi
NK: specifie

MM: specifig
for the curre

5 the numberof the knots that are updated in the current frame for the current muscle.

nt duscle.

ifies if the angle component of the scale orientation field of the currentbone is updated.

es the number of.the control points that are updated in the current frame for the current musg

s a binary vector indicating which control point and which knot are updated in the current fr

le.

ame,

8.5.9 Morp

hMask

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

BoneA

Mus

cleAnimationValue: specifies the updated values of the current bone, with respect to the Mu

MorphAnimationValue: specifies the updated values of the current bone, with respect.te’the Mo

Mask.
scleMask.

phMask.
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Annex A

(normative)

Wavelet Mesh Decoding Process

A.1 Overview

Synthesis
filters

Reconstructed
3D Wavelet
Mesh

The typical Wavelet Mesh decoding process is summarized in the following block diagram:
Base
Mesh >
3D Wavelet Planes ZT Decoder
Mesh extraction
Bitstfeam > > Bt

This Subcladise provides a constructive definition of the decoded mesh in function of previous variables

in the bitstre

NOTE 1 In
The choice f

NOTE 2 th
good graphig
possibly with
A.2 Base

The mesh reg

Figure A.1 — The typical Wavelet Mesh decoding process.

am. The way the mesh is rebuilt is not normative.

read

the next subclauses, decoded mesh will denote a class of meshes having the same geonpetry.
br topology for reconstructing such’a mesh is not normative and is left to the decoder.

is allows the decoder to adapt to a particular hardware setting. For example if the terminal has a

card but poor CPU power; it may be advantageous to use algorithms producing facets faste

a richer topology than.the minimum needed.

mesh

construction can only begin after transmission and decoding of the base mesh.

r, but

A.3 Defin

tions 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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-16:2011(E)

The |arrows denote the vertices associated to the coefficients, the triangulation figuring. fhe midpoint
subdivision of two adjacent facets. For level 1 hierarchy, the order of the children indices™is
following rule: Cy and C; lie on the same level 0 edge as C; C; lies on the first level 0 facet\centaiping C in the
basel mesh description. This orientation is kept for all the other levels of the same(hierarchy. The forest
spanned by the level 1 vertices is ordered according to the order of appearance of the, corresponding edges in
the Hase mesh facet list.

The flescent D(c) of a coefficient c is the transitive closure of the relation “is offspring of”.

given by the

For gny 3-vector or 3-vector-valued function ¢, let ¢,, ¢,, and ¢, denote.respectively the first, second and third

com

onent of c.

For any 3-column matrix or 3-column matrix-valued function c,‘let c,, c,, and c, denote respecti
second and third column of c.

A4

Whilg
giver

Bitplanes extraction

reprgsenting the three components of the wavelet coefficients:

First

Zero-tree:

Sorting bits + signs

Sorting bits + signs Refinement bits

Sorf]

ng bits + signs Refinement bits

Sorf]

ng bits™+ signs Refinement bits

ely the first,

b receiving the Wavelet Mesh bitstream, the"decoder stores in memory the contiguous bits related to a
bitplane in a given zero-tree. Such a\storage can be figured as follows, for each tablg Bx, By, Bz

Second 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

can be run in a separate thread.

the zero-tree decoder is thus completely independent of the bitstream interpretation process and

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 k.

A.5 Zero-

Algorithm I
Bz, using
WMDecode

wavelet coefficients 27(d,/, d,/, d.f);; used in the following Subclause for reconstruction

A.6 SyntH

We describe]

wavelet coefficients. The scope of adaptivity will thus be restricted to the transmission: no normative direq
the way the client selects the data contained in his cache for partially reconstructing the mesh,

will constrair
according to

tree decoder

pf [67] is applied as is with previous definition of offspring and descent, on each table' Bx, By
alues NbBPX, NbBPY, NbBPZ (number of bitplanes for each component) defing
Config, and variables explicited above, for recovering respectively three lists-Lx, Ly and

esis filters and mesh reconstruction

here the standard, non-algorithmic mesh reconstruction process using the above decoded/s

frame-rate, LoD management etc.

The topolog
topology of

The geome
described in
vertices of th

Then the po

!

over j=0, ...
coordinates,
matrices are
obtained by

- .
AL, o

a

(facets configuration) of the fully reconstructed” mesh is semi-regular: it corresponds t
j.

ry (vertices position in space) of the.meésh can be recovered using the decoding prd

e base mesh.

Jmax-1. Fungetion f, which is a basis change transformation from local coordinates to g
is detailed\in the following section. T is the synthesis filter matrix: for Loop wavelets, t
detailed in [45]. For butterfly and midpoint subdivision the application of these matrices ca
he, following algorithm:

Sitions C/; of respective verticegy; at level j can be recovered by iterating the following relations:
¢’

at ae{x,y,z},

L (d’ )J

and
d in
| z of

tored
tives

b the

Cess

[49]. Explicitly, let (c°); be the sumcof the decoded scale coefficients and the correspomding

lobal
hese
n be

1) Set

2) For

w=-1ift

1

he currentmestrCvas the base mestrand setthe current fevetjto 0

vertex i of CM, add

6 sin(r/3)
8n, sin(2z/n,) ’

each M}izsesidsj to vertex i position cij+1,

in Figure A.3.

3)

with

ni being the valence of vertex i, and Si the set of vertices as

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

proc

300

ess 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.

In this algorithm, the wavelet coefficients are assumed to be in global coordinates, i.e. after possible

appli

cation of function fin case islnLocalCoordinates has value 1.

A7
If isl

Let §
of S;

Let A
follo\

if the
two f

i

Figure A.3 — The set S; of vertices of M., associatéd to vertex i is figured by the blac

Basis change
nLocalCoordinates value is 0, fis the-identity. Otherwise, for j>0, f(d}) is defined as follows:

; denote the mesh having the same connectivity as M; but whose vertices have ¢ as coordinz
has c; as coordinates.

=[b, c] be the edge of Mjof which vertex i in M., is the midpoint. Let N;, U, V; be the vecto
VS:

re exist two different facets in S; containing A, then N; is the normalized average of the norn
pcets. Otherwise, it is the normal to the only facet of S; having A as an edge.

Continued lines represent triangles in M;. Dotted lines represent triangles in M;.4.

K dots.

tes : vertex i

s defined as

hals to these

Ly ]
T T
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Then f(d/)=(f.(d").£,d"). £.d)=| .|,

wher
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e A; is the matrix (N; U;V;) composed with column vectors N;,U; and V..
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B.1 Theh

Annex B
(normative)

MeshGrid Representation

ierarchical multi-resolution MeshGrid

B.1.1 BuihLing MeshGrid multi-resolution levels

In the multi
reference-gr
found in a

connectivity
colored line;
again in levé
position in th

The hierarch
system of ar
in the refere
consists of
reference-su
surfaces of
extra referen
reference-su

Fid

resolution MeshGrid representation both the connectivity-wireframe (see Figure-B.1) and the

d (see Figure B.2) have a hierarchical structure. The hierarchical structure enforces that ve
ower level are available in all higher levels that follow. However, each~level will alte
between the existing vertices, e.g. vertex v/ is connected on level | with,vertex v/ via the
this connection is replaced in level /[+1 by another line (green color) to vertex v!*', and rep

| [+2 by the red line that connects it to vertex v;*z. Note that the level of a verptex indicate
e hierarchy when it first appears.

tices
r the
blue
aced
5 the

ical MeshGrid model imposes the following constraint on the)reference-system: the refer

nce-

y level is a super-set of the reference-system of the lowerdevels. Figure B.2 shows the changes
nce-system when generating a hierarchical MeshGrid with-3 levels: the first level in Figure B.2(a)
B reference-surfaces colored in blue, the second level in Figure B.2(b) has in addition
rfaces (colored in green), and the third level in Kigtire B.2(c) contains besides the refer
he previous levels also other reference-surfaces colored in red. Each higher level will ad
ce-surface in between two existing reference-sturfaces from the previous levels, while keepin
rfaces of the previous levels.

ure B.1 — The hierarchical connectivity-wireframe of the MeshGrid representation
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nce-
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g the
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N
(@) (b) ©

gure B.2 — The changes in the reference-system when generating a hierar?y"bal MeshGrid with 3

Fi
levels: the first level in (a) consists of 3 reference-surfaces shown in blue ¢ the second level in (b)
ltas in addition other reference-surfaces that are shown in green colo the third leyel in (c)
contains besides the reference-surfaces of the previous levels other reference-surfaces shown in red

color. C)
\4

B.1.2 Relation between the resolution level of the mesh\Qnd the number of reference-
surfaces o

The | number of resolution levels nLevels is sp@@d for each direction de{U,V,W} in the

MeshGridDecoderConfig class (see 5.2.3.2.2). Qqe total number of resolution levels is equal to:
totaINumLeveIs:max(nLevels.u,max(nLeveIs.v,nﬁQ%ls.w)), where max returns the maximym absolute

valu¢ between two numbers. Q@
R

Giveh a “global” resolution level globalLe@ the mesh, which is defined in the range [0, tofalNumLevels — 1],
the direction-dependent resolution level is defined as:

xO

levelDiff,, levelDiff, > )
level, = : where levelDiff, = globalLevel, — (totalNumLevels —nLevels,)

0, levelDiff<=0’

The gisplaylevel field 6@ MeshGrid node (see 4.3.3.2.1 and 4.3.3.2.2) has to be specified @s a “global’
resolution level. C)

The|number o rence-surfaces (nSlices!,) at direction-dependent resolution level /, can be derived from

the 1uméb;§gb reference-surfaces ( nSlices; ) at direction-dependent resolution level L, , gs illustrated
in5.2.3. >

B.1.3 Relation between the resolution level of the grid and the number of reference-surfaces

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;

// decomposition level of the slices number in direction u, v, w
Declevel declevelll(nSlice 1) -

value = flecLevelU.value;

DecLevel|decLevelV (nSlices.v);
if (valu¢ < decLevelV.value)
value decLevelV.value;

T

DecLevel| decLevelW (nSlices.w) ;
if (valu¢ < decLevelW.value)
value ¥ declevelW.value;

}

The total number of resolution levels of the grid is defined as: totalNumLevelsGrid = max(maxDecLevel H1,1).

B.1.4 Region Of Interest (ROI): Computation of the ROIs size and position

The number of regions of interest (nROIs5 ) at the highest resolution level (L= N, - 1, where N, i$ the

number of re¢solution levels of the model) for each direction @ e {U,V,W} is specified by the nROIs figld of
the MeshGrjdDecoderConfig class (see 5.2.3.2.2). Further, the ROIs at the highest resolution level shall be
distributed gs explained in B.1.4.1. For all lower resalution levels (0 <L <N, —1) the number of ROIs

(nROIs5 ) shiall be computed as shown in 5.2.3.2.37; and their distribution shall be computed as illustrated
in B.1.4.2.

NOTE the explanations below are generic for any direction d € {U, V,W}, and the formulas given ip the
following sulyclauses have to be computed for each direction independently.

B.1.4.1 Distribution of the ROIls at the highest resolution level

Given the nlimber of ROIs.(AROIs" = 2¥, with k= [0,R") — see C.3) and the number of slices (nSlices") at
the highest resolution level (L = N, - 1), the default size of the ROIs ( defSzROI ) is computed as:

nSlices*
nROIs:

L =]

defSzROI =

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:

First the remainder (remNumSlices" ) is calculated, which is used in the estimation of the fractional increment
(incr ). Secondly, the fractional increment is employed to compute the size (szROI%, ) and position ( posROI%, )

of each ROl idx (0 <jdx < nROIs" )

remNumSlices" = nSlices” — defSzROI - nROIs*

B remNumSlices"
nROIs*
previncr = round (idx - incr)

incr|

curilncr = round ((idx + 1) - incr)
szROI!, = defSzROI + currincr — previncr
posROI . =idx - defSzROI + previncr

where the operator round does the rounding of a number.

To apoid 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

preViner = {idx -remNumSlices“+ haleumROISJ

GROIs*

curtiner = (idx +1) - remNumSlices" + halfNumROls
nROIs"

szROI., = defSZROI + currincr — previncr
posROL’, <idx - defSzROI + previncr

wherneand LVJ returns the integer part of v.

The formulas from the last equation shall be used to compute the size and position of the ROls at the highest
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**!/2, i.e. the number of ROIs shall be divided by two with each lower resolution level, such

that szROI" € {defSzROI, defSzROI +1}.

The size angl position of each ROI at any resolution level (L) based on the distribution of the ROIs gt the
highest resolution level (N, - 1) can be computed with an iterative approach, as described below:

The ratio ( rdtio* ) between the number of ROIs of consecutive resolution levels (L + 1 and¢L) can be usgd to

derive the sfze (szROIL, ) and position ( posROIL, ) of each ROI (with 0 < idx < nROIs) of resolution |level
(L) with respect to corresponding ROIs ( j, k) of resolution level (L + 1).

nROIs*"

i = (idx - raio®) and k = (j + ratio® —1) with ratio* = ,
Jj=( ) (J ) ROISE

| {posROIf+1 +1

posROI, >

posROI" 4.szROI" —1
J and endPosROI :{ b g ,

2

szROI,, = endPosROI,, — posROI, +1

endPosROIL) is the end position of ROI (idx ) and ij 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 highest
resolution leyel (N, - 1) directly, one can generalize the equation above and obtain:

nROIs™"

i = (idx - raffio*) and k = (j + ratio™~<1) with ratio* = ————,
J=( ) (J ) ROLS:

R ]NL*1+ R INLfl_l

osROI" e —1
posROI l@x + i‘p -’ZAZ

szROI, = endPRosROI, — posROI; +1

The indices (j, 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.

B.2.3 The scalability in shape precision

The

Figure B.3 — Scalability: the mesh,resolution is increasing from left to right.

scalability in shape precision is. Supported by the reference-grid. The reference-grid gontains the

description about the volume of the object, the vertices of the connectivity-wireframe being attaghed to it, as

explé
(the
vertig

The
grid
grid i

ined in 4.3.3.3.2. This implies that the 3D distribution of the vertices for a certain mesh resolution level
connectivities are kept unchanged), is given by the distribution of the reference-grid points to which
es are attached to.

Minimal description for a reference-grid consists of the coordinates of the eight corners of the reference-
hat in general define a non-regular deformed box. For this minimal description the obtaindd reference-
s uniformly distributed (see Figure B.4 (a), (c)).
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