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Information technology — Coding of audio-visual objects —

Part 16:

An
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1
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level
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2
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docu
1ISO/
1ISO/

1ISO/
desc

1ISO/
Com

3

List g

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

following referenced documents are indispensable for the application of this documen
ment (including any amendments) applies.

EC 14496-1:2004, Information technology — Coding of audio-visual objects — Part 1: Syste
EC 14496-2:2004, Information technology — Coding of audio-visual objects — Part 2: Visua

EC 14496-11:2005, Information technology — Coding of audio-visual objects — Parl
ription and application engihée

EC 14496-25:2008,.[nformation technology — Coding of audio-visual objects — Part 25:
pression Model

Symbolsand abbreviated terms

f symbols and abbreviated terms.

representing
resentations
with higher-
esentations.

[. For dated

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

ms

11: Scene

3D Graphics

AFX

BIFS

Animation Framework eXtension

Blnary Format for Scene

DIBR Depth-Image Based Representation

ES

IBR

NDT
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oD

VRML

Object Descriptor

Virtual Reality Modelling Language

Animation Framework eXtension — 3D Graphics Primitives

31

Introduction

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

synthetic on
can display,
streamed fr
credentials b

!

Unlike natur
graphics obj
mixing natur
Programmin

Like other cq
on VRML97
called fields.
route, which
MPEG-4 me

The Animati
animated 3[
the one use(
graphics prir
when neces
operate on ¢

The place of

efore downloading and displaying it.

al audio and video objects, computer graphics objects are purely synthetic{_Mixing com
ects with traditional audio and video enables augmented reality applications, i.e. applicg
bl and synthetic objects. Examples of such contents range from DVD menus, and TV's Elecfronic
j Guides to medical and training applications, games, and so on.

dia, scenes may receive updates from a server that medify the topology of the scene graph.
bn Framework eXtension (AFX)'s main objective is.t0 propose compression scheme for stati
hitives in the scene graph. For such reason, AFX second objective is to update the scene (

sary and define new BIFS nodes for_graphics primitives. However, AFX compression can
ther scene graph formalisms (as indicated in ISO/IEC 14496-25 a.k.a. MPEG-4 Part 25).

s (i.e. made by a computer); each source is called a media or a stream. On their terminals, lisers

play, and interact with MPEG-4 audio-visual contents, which can be downloaded previous
m remote servers. Moreover, each object may be protected to ensure a user has-the

mputer graphics specifications, MPEG-4 synthetic objects are organized in a scene graph b
[1], which is a direct acyclic tree where nodes represent objeets and branches their prope
As each object can receive and emit events, two branches _can be connected by the means
propagates events from one field of one node to another field of another node. As any

assets. This encoded version is encapsulated\in an Elementary Stream, a similar approad
by audio or video in MPEG-4. The AFX compression is closely connected to the definition ¢

AFX within MPEG-4 terminal.architecture is illustrated in Figure 1.
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Figure 1 shows the position of the Animation Framework within MPEG-4 Terminal architecture. It extends the
existing BIFS tree with new nodes and define the AFX streams that carry dedicated compressed object
representations and a backchannel for view-dependent features.

3.2

The AFX place within computer animation framework

To understand the place of AFX within computer animation framework [35], let's take an example. Suppose
one wants to build an avatar. The avatar consists of geometry 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 deform and thanks to their physics, they may produce wrinkles.

Biom
spec
it tou
botto
biom|
rest

1

echanical models are used for motion, collision response, and so on. Finally, the av
al behaviors when it encounters objects in its world. It might also learn from experlenc
ches a hot surface and gets hurt, next time, it will avoid touching it. This hierarchy a

echanical pattern. The speed of the movement is based on the physical property ts hand
f its body, which in turn modify geometric properties that define the hand. Q)
b‘

-

@ ure 2 — Models in computer games and animation [35].

O

-

nerally much simpler.

rl may exhibit
r example, if
rks in a top to

m manner: if it touches a hot surface, its behavior may be to retract its hand. Retra g its hand follows a

linked to the

) Geometfic:component. These models capture the form and appearance of an object. Marjy characters
in a ions and games can be quite efficiently controlled at this low-level. Due to th¢ predictable
pmetric level

n; of motion, building higher-level models for characters that are controlled at the ge
AN

2)

3)

4)

Modeling component. These models are an extension of geometric models and add linear and non-

linear deformations to them. They capture transformation of the models without changing its original
shape. Animations can be made on changing the deformation parameters independently of the

geometric models.

Physical component. These models capture additional aspects of the world such as an object's mass

inertia, and how it responds to forces such as gravity. The use of physical models allows many

motions to be created automatically and with unparallel realism.

Biomechanical component. Real animals have muscles that they use to exert forces and torques on

their own bodies. If we already have built physical models of characters, they can use virtual muscles

to move themselves around. These models have their roots in control theory.
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5) Behavioral component. A character may expose a reactive behavior when its behavior is solely based
on its perception of the current situation (i.e. no memory of previous situations). Goal-directed
behaviors can be used to define a cognitive character's goals. They can also be used to model

flock

6)

ing behaviors.

adapt its behavior. These models are related to artificial intelligence techniques.

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

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 w

In each catggory, one can find many models for any applications: from simple models that require

processing
computation
Geometry ar

Higher-level

abstract manner. Typically, this abstraction leads to mathematical models that nged few parameters. T

models canr
graphic card

Besides a npjore compact representation, this abstraction often provides. ether functionalities such as

dependent
terminals, ar
the area vie
require lots
using pieceV
timeline.

Yy

power (low-level models) to more complex models (high-level models) that .require
5 by the terminal. VRML [1] and BIFS specifications provide low-level models that-belong t
d Modeling components.

components can be defined as providing a compact representation of functionality in a

ot be rendered directly by a graphic card: internally, they are converted to low-level primiti
can render.

subdivision, automatic level-of-details, smoother graphical representation, scalability a
d progressive local refinements. For example, a subdivision surface can be subdivided basg
wed by the user. For animations, piecewise-lineariinterpolators require few computation
bf data in order to represent a curved path. Higher-level animation models represent anim
vise-spline interpolators with less values and previde more control over the animation path

In the remai

will create cantent: the geometry is first defined with,or without solid modeling tools, then texture is added
Objects can |pe deformed and animated using modeling and animation tools. Behavioral and Cognitive m

can be prog

NOTE: Son
relocated in

Opti

BitW

Prod

Spline-based generic animation tools, called Animator nodes;

ing of this document, this conceptual organization of tools is followed in the same spirit an a

mmatically implemented using*JavaScript or MPEG-J defined in ISO/IEC 14496-11.

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

mized interpelator compression tools;
rapper noede that enables compressed representation of exisiting nodes;

edural textures based on fractal plasma.

little

more
b the

more
hese
es a

View-
Cross
bd on
5 but
ation
and

uthor

to it.
bdels

been
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Geometry tools
Non-Uniform Rational B-Spline (NURBS)

A Introduction

16:2009(E)

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

n—1

A

The
can i
Splin

of lemgth m=n+ p+1: U= {uo, uy, ..

The

If u;
for u
k, so
geng
p+1,
endp

the K

inter|
decr
knots
degr
last |

A
~

N (w P
n—1 p N7 11
Cw=S R wr -2
i=0

l’

1
N[,p (u)wl

i=0

parameter u € [0, 1] allows to travel along the curve and {R;,} are its rational\basis functior
h turn be expressed in terms of some positive (and not all null) weights {w;};"and {N;,}, the |
e basis functions defined on the possibly non-uniform, but always non-decreasing knot seq
o Unpq},where0<u;<uy<1VO0Lisum-—2.

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

1 ifu, <u<u,;
N, (w) = .
0 otherwise;
u-—u; Uiy p —U
N, (u) = LN, i)+ — Ny ().
ui+p Y ui+p+1 “Hin
E Uiq = ... = Upkq, it is said that u; has multiplicity k. C(u) is infinitely differentiable inside kng

< U < U4, but only p—k times differentiable at the parameter value corresponding to a knot
setting several consecutive knots to.the same value u; decreases the smoothness of the ¢
ral, knots cannot have multiplicity.greater than p, but the first and/or last knot of U can hay
ie., Uy=...=U,=0 and/or Ump1=...=Uyn=1, which causes C to interpolate the c

oint(s) of the control polygon(defined by {P}, i.e., C(0) = Py and/or C(1) = P,_4. Therefore, a K
ind U=1u,=0,....0,4,,r,..5%,,_, 5,1,....1=u, ¢+ causes the curve to be endpoint interpol
_—

p+l p+l

polate both endpaints of its control polygon. Extreme knots, multiple or not, may enclo
pasing subsequence of interior knots: 0 < u;< uyq < 1. An endpoint interpolating curve wit
, L.e., onewith U consisting of p+1 zeroes followed by p+1 ones, with no other values in betw
be Bézier curve: e.g., a cubic Bézier curve can be described with four control points (of whicH
vill lie-on the curve) and a knot vector U={0, 0, 0,0, 1, 1, 1, 1}.

It is

s. The latter
p"-degree B-
Lience/vector

t spans, i.e.,
bf multiplicity
urve at u;. In
e multiplicity
brresponding
not vector of

ating, i.e., to

5e any non-
h no interior
een, is a p"-
the first and

pneeihln to rnprncnni‘ all f\]/pne of curves with NURBS nnri, in pnrﬁmllqr, all conic curvd

es (including

parabolas, hyperbolas, ellipses, etc.) can be represented using rational functions, unlike when using merely
polynomial functions.

Other interesting properties of NURBS curves are the following:

them to {P}.

Affine invariance: rotations, translations, scalings, and shears can be applied to the curve by applying

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

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

/-1

Z N, N, Ww, ;P

=0

n—

Il
o

Cu,v)=-

/-1

z Ni,p (H)N]q (V)Wi,/

n—1
i=0 j=0

The two independent parameters u, v e [0, 1] allow to travel across the surface. The B-Spline basis fungtions
are defined s previously, and the resulting surface has the same interesting properties that NURBS cuirves
have. Multipjicity of knots may be used to introduce sharp features (corners, creases, etc.) ifran othefwise
smooth surface, or to have it interpolate the perimeter of its control polyhedron.

3.3.1.2 NurbsCurve

3.3.1.21 Node interface

NurbsCurveg { #%NDT=SFGeometryNode

eventin MFInt32 set_colorindex

exposedfField  SFColorNode color NULL

exposedfield MFVec4f controlPoint [1

exposedkield  SFInt32 tessellation 0 #[0, «)
field MFInt32 colorindex [] #[-1, )
field SFBool colorPer\ertex TRUE

field MFFloat knot [1

field SFInt32 order. 4 #[3, 34]

}

3.3.1.2.2 Functionality and semantics

The Nurbsurve node describes a 3D:NURBS curve, which is displayed as a curved line, similarly to|what
is done with the IndexedLineSet grimitive.

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

The controjPoint field definés 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. Howevgr the
surface is ngt changed if all weights are multiplied by a common factor.

The knot figldvdefines the knot vector. The number of knots must be equal to the number of control goints
plus the order of the curve, and they must be ordered non-decreasingly. By setting consecutive knots to the
same value, the degree of continuity of the curve at that parameter value is decreased. If o is the value of the
field order, o consecutive knots with the same value at the beginning (resp. end) of the knot vector cause the
curve to interpolate the first (resp. last) control point. Other than at its extremes, there may not be more than
o0—1 consecutive knots of equal value within the knot vector. If the length of the knot vector is 0, a default knot
vector consisting of o 0’s followed by o 1’s, with no other values in between, will be used, and a Bézier curve
of degree o0—1 will be obtained. A closed curve may be specified by repeating the starting control point at the
end and specifying a periodic knot vector.

The tessellation field gives hints to the curve tessellator as to the number of subdivision steps that must be
used to approximate the curve with linear segments: for instance, if the value t of this field is greater than or
equal to that of the order field, t can be interpreted as the absolute number of tesselation steps, whereas
t =0 lets the browser choose a suitable tessellation.
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Fields color, colorindex, colorPerVertex, and set_colorindex have the same semantic as for
IndexedLineSet applied to the control points.

3.3.1.3 NurbsCurve2D

3.3.1.3.1 Node interface

NurbsCurve2D { #%NDT=SFGeometryNode

eventin MFInt32 set_colorlndex
exposedField  SFColorNode color NULL
expasedField MFEVec3f controlPaoint []
ekposedField  SFInt32 tessellation 0 # [@)op)
field MFInt32 colorindex [] #J-1, bo)
field SFBool colorPerVertex TRUE
field MFFloat knot [] # (o0, [o0)
field SFInt32 order 4 #[3, 34]
}
3.3.1.3.2 Functionality and semantics
The NurbsCurve2D is the 2D version of NurbsCurve; it follows\thé same semantic as NirbsCurve

with PD control points.

3.3.1.4 NurbsSurface

3.3.1.4.1 Node interface

NurlysSurface { #NDT=SFGeometryNode

epentin MFInt32 set_colorindex
epentin MFInt32 set_texCoordIndex
ekposedField  SFColorNode color NULL
ekposedField MFVec4f controlPoint 0
ekposedField  SFTextureCoordinateNode texCoord NULL
ekposedField  SFInt32 uTessellation 0 #10, o)
ekposedField  SFInt32 vTessellation 0 #[0 ,00)
fi MFInt32 colorindex 0#[-1, =)
fi SFBool colorPerVertex TRUE
fi SFBool solid TRUE
fi MFEInt32 texCoordindex 1 #[-1,)
fi SFInt32 uDimension 4 # [3, 258]
fi MFFloat uKnot I # (-00,00)
fi SFInt32 uOrder 4 # [3, 34]
fi SFInt32 vDimension 4 # [3, 258]
fi MFFloat vKnot I # (-00,00)
fi SFInt32 vOrder 4 #[3 34]
}
3.3.1.4.2 Functionality and semantics

The NurbsSurface Node describes a 3D NURBS surface. Similar 3D surface nodes are ElevationGrid
and IndexedFaceSet. In particular, NurbsSurface extends the definition of IndexedFaceSet. 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 coarsest approximation of the NURBS surface.

The uOrder field defines the order of the surface in the u dimension, which is its degree in the u dimension
plus one. Similarly, the vOrder field define the order of the surface in the v dimension.
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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 control 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 that, in the case
of a NurbsSurface, the points need not be regularly spaced. The number of control points in each
dimension must be greater than or equal to the corresponding order of the curve. Specifically, the three spatial
coordinates (x, y, z) and weight (w) of control point P;; (NB: O0</j<uDimension >uOrder and

ension > vOrder) are obtained as follows:

0<j<vDim
Pl[i,j].x =
P[i,j].y =
Pl[i,jl.z =
Pli,j]l.w =
All weight v
If the weight

However the

The uKnot

semantics afe analogous to that of the knot field of the NurbsCurve node.

The uTessellation and vTessellation fields give hints to the surface’ tessellator as to the numb
teps that must be used to approximate the surface with (triangulated) quadrilaterals: for instance,

subdivision {
if the value
interpreted §
browser cho

solid is a
TRUE, only

color, cd

set_textColordindex have the same functionality and semantics as for IndexedFaceSet and they

on the con

IndexedFaceSet.

3.3.2 Subc

3.3.21

Subdivision
“control hull”
the control
control hulls

Introduction

j*uDimension] .
j*uDimension] .
j*uDimension] .
j*uDimension] .

controlPoint[1
controlPoint[1i
controlPoint[i
controlPoint[1

+ o+ o+ 4+

X
Y
Z
w

alues must be greater than or equal to 0, and at least one weight must be strictly greater th
surface is not changed if all weights are multiplied by a common factor.

and vKnot fields define the knot vectors in the u and v dimensions respectively, and

t of the uTessellation field is greater than or equal to that of the uOrder field, t ca
s the absolute number of tesselation steps in the d dimension, whereas t equals zero let
bse a suitable tessellation.

endering hints that indicates if the surface js closed. If FALSE, two-side lighting is enabl
bne-side lighting is applied.

lorindex, colorPerVertex, set colorindex, texCoord, texCoordindex,

rol points defined in controlPoint, just like these fields apply on coord points g

ivision surfaces

s a recursjve-refinement process that splits the facets or vertices of a polygonal mesh (the

ull for<the next step, so all successive (and hierarchically nested) meshes can be regardg
The.refinement of a mesh is performed both on its topology, as the vertex connectivity is

richer and ri

formed by th

e new facets are smaller than those formed by the old facets.

Figure 3 — Nested control meshes

an 0.
of a control point is increased above 1, that point is more closely approximated by the surface.

their

er of

n be

5 the

ed. If

and

apply

f an

nitial

to yield@asmooth limit surface. The refined mesh obtained after each subdivision step is us¢d as

d as
ade

chér; and on its geometry, as the new vertices are positioned in such a way that the angles

© ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=4e6f1f15a3310afb43b9980eb3507b27

ISO/IEC 14496-16:2009(E)

Figure 3 shows an example of how 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.

3.3.2.1.1 Piecewise Smooth Surfaces

Subdivision schemes 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

withrnﬂmm_&mmkmm_mww point has a
neighborhood that can be smoothly deformed into an open planar disk D. A surface with a smog¢th boundary

can be described in a similar way, but neighborhoods of boundary points can be smoothly:defprmed into a
half-glisk 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, Qs and Q.

D H Q1 Q4 Qo

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

Piecg¢wise-smooth surfaces are constructed out of surfaces with piecewise smooth boundaries joined
together. If two surface patches have a common boundary, but different normal directions along tihe boundary,
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. [87]). For dart vertices an additional chart ' Q, is required; the surface near a dart can be deformed into this
char{ smoothly everywhere except at an_ apen edge starting at the center of the disk.

3.3.21.2 Tagged meshes

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

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

Crease vertex: joins exactly two incident crease edges smoothly.

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

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

(a) (hy (c) (d)

Figure 5 — Features: (a) concave corner, (b) convex corner, (c) smooth boundary/crease, (d).corher

with two convex sectors.

Boundary edges are automatically assigned crease tags; boundary vertices that do not have a\corner ta

assumed to

be smooth crease vertices.

Crease edgés divide the mesh into separate patches, several of which can meethn”a corner vertex.

corner verte
Each sector

, the creases meeting at that vertex separate the ring of triangles around the vertex into se

approach the corner.

j are

At a
ttors.

of the mesh is labeled as convex sector or concave sector indicating how the surface should

In all formulas k denotes the number of faces incident at a vertex in a given sector. Note that this is different

from the stg
coincide for

The only res
tagged mest

Figure 6 —
sectors. Th

nterior vertices with no incident crease edges. This number is referred as crease degree.

triction on sector tags is that concave sectors:consist of at least two faces. An example
is given in Figure 6.

e subdivision. scheme modifies the rules for edges incident to crease vertices (e.g. e4)
corners (e.g. ey).

ndard definition of the vertex degree: faces, rather than’ edges are counted. Both quantities

of a

Crease edges meeting in a corner with two convex (light grey) and one concave (dark grey)

and

10
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3.3.2.2 SubdivisionSurface

3.3.2.21 Node interface

SubdivisionSurface { #6NDT=SFGeometryNode, SFBaseMeshNode

eventin MFInt32 set_colorlndex
eventin MFInt32 set_coordIndex
eventin MFInt32 set_texCoordIndex
eventin MFInt32 set_creaseEdgelndex
eventin MFInt32 set_cornerVertexIndex
eventin MFInt32 set_creaseVertexIndex
ejentln MFInt32 set_dartVertexIndex
ekposedField  SFColorNode color NULL
ekposedField SFCoordinateNode coord NULL
ekposedField  SFTextureCoordinateNode texCoord NULL
ekposedField  SFInt32 subdivisionType 0 # 0 —'midpoint, 1 — Loop, 2
—hutterfly, 3 — Gatmull-
Clark
ekposedField  SFInt32 subdivisionSubType 0 # 0 — Loop, 1 — Warren-
Loop
field MFInt32 invisibleEdgelndex [ # [0, =)
# exiended Loop if non-empty
ekposedField  SFInt32 subdivisionLevel 0 #1[-1, )
# IndexedFaceSet fields
field SFBool ccw TRUE
field MFInt32 colorindex I #[-1, =)
field SFBool colorRerVertex TRUE
field SFBool convex TRUE
field MFInt32 coordindex [l #[-1, )
field SFBool solid TRUE
field MFInt32 texCoordIndex I #[-1, )
# tags
fipld MFInt32 creaseEdgelndex 1] #[-1, o)
field MFInt32 dartVertexIindex I #[-1, =)
field MFInt32 creaseVertexindex [l #[-1, )
field MFInt32 cornerVertexindex I #[-1, =)
# sector information
ekposedField  MFSubdivSurfaceSectorNod sectors 1
e
}
3.3.2.2.2 Functionality and semantics
The BubdivisionSurface node is similar to the existing IndexedFaceSet node with all flelds relating
to fdce’ nermals and the creaseAngIe field removed smce normals are generated by thg subdivision
i ase tagging.

The control huII is speC|f|ed as a collect|on of polygons and must be a manifold mesh No danglmg 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 3.3.2.2.3.

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 indices in its
coordlndex field to specify the polygonal faces of the control hull by indexing into the coordinates in the
Coordinate node. An index of “-1” is used as a separator for the control hull faces. The last face may be
(but does not have to be) followed by a “-1” index. If the greatest index in the coordindex field is N, then the
Coordinate node shall contain N+1 coordinates (indexed as 0 to N). Each face of the
SubdivisionSurface control hull shall have:
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e exactly three non-coincident vertices for triangular schemes (midpoint, Loop and butterfly);

o atleast three non-coincident vertices for quadrilateral schemes (Catmull-Clark and extended Loop);

e vertices that define a planar, non-self-intersecting polygon.

Otherwise, the results are undefined.

The SubdivisionSurface node is specified in the local coordinate system and is affected by the

transformation of its ancestors.

The subdivisienType-field-specifies-the-majorsubdivisior-sehemer—m8 —— 8
1) Midpoint (non-smoothing);
2) Loop (subclause 3.3.2.2.3.1);
3) Dy

5

s butterfly (cf. [31], [91]);
4) Catmull-Clark (subclause 3.3.2.2.3.3).

The subdivlisionSubType field specifies a sub category of subdivision rules{in;-the major subdivision
For this specification, for subdivisionType 0 (Loop), subdivisionSubType 0 indicates Loop a
Warren’s Lopp.

A subdivisjonType value of zero and a non-empty invisibleEdgelndex array imply that the exte]
Loop schemg (subclause 3.3.2.2.3.2) is used.

rule.
nd 1

nded

The invisibjeEdgelndex field is used to select co-ordinate pairs from coord to define which edges should

be tagged a$ invisible. Consecutive pairs of co-ordinates define an edge; this pair of vertices must belo
one facet a$ defined by the coordindex field and may be ‘“interior” to the facet (e.g. in the case
quadrilateral] the invisible edge would be one of its diagonals). All non-triangular facets should have en
tags to fully [describe their triangulation. Note that a-non-empty invisibleEdgelndex array is only all
when subdivisionType is 0; the results are undéfined in other cases.

The subdivjisionLevel field specifies the number of times the surface should be subdivided. If this fielg
1” then the t¢rminal should apply enough dterations of subdivision until it reaches a “visually smooth” surfa
The fields clolor, coord, texCoord, ccw, colorindex, colorPerVertex, convex, coordindex, s
and texCodrdindex have the same semantic as for the IndexedFaceSet node. These fields defin
control hull of the subdivision.surface. Textures coordinates and color information, if present, propagate
the control hpll to subsequent-subdivision levels through linear interpolation.

The creasefEdgelndex field containsan indexed line set of creases, indicating where creases appear o
otherwise smooth subdivision surface (subclause 3.3.2.1.2). As for the IndexedLineSet node, the li
defined by quccéssive vertex indices defined in the coord field. An index of "-1" indicates that the cU

ng to
of a
pugh
bwed

s “-
ce.

olid,
e the
from

n the
ne is
rrent

crease has gndéd and the next one beglns The last crease may be (but does not have to be) foIIowed b
1". Crease edge

y a'-
edge

of a polygon as deflned by the coordIndex field). Note that |f an edge is tagged as both |nV|3|bIe and a

crease, the results are undefined.

From the creaseEdgelndex array, the default behavior (and appropriate subdivision rules) for vertices on

crease edges are defined (subclause 3.3.2.1.2) as:

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

e Vertices with three or more crease edges in their neighborhood are corner vertices.
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However, this array may not provide a description general enough for all surfaces and three arrays are

provided: cornerVertexindex, creaseVertexindex, and dartVertexindex. The information
these arrays completes (or overrides) the information in creaseEdgelndex.

The cornerVertexindex field indicates the vertex index of corner vertices.
The creaseVertexIndex field indicates the vertex index of crease vertices.

The dartVertexindex field indicates the vertex index of dart vertices.

provided by

Fmally, the sectors field may optionally contain an array of SubdivSurfaceSector nodes that describe

invisibleEdgelndex fields are non-empty, the results are undefined.

3.3.2.2.3 Subdivision Stencils

In orger to reduce the angles between adjacent triangles, the position of each new-vertex introg
subdivision process is calculated as a function of some old vertices in the vicinity>of the considerg
positjon of old vertices themselves may be altered as well for that same purpose.

btor and the

juced by the
d edge. The

The ktencil of 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 de
convergence of the process and the smoothness degree of the limit-surface.

Diffefent masks are necessary for different types of vertices discussed in more detail in the next s

3.3.2.2.31 Loop subdivision

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

Vertgx rules are used to update positions ©f 'old vertices, edge rules are used to compute positi
insented vertices.

For yntagged interior and dart vertices rules shown in Figure 7a are used; for boundary/crease
in Figure 7b are used. Positions\of-corner vertices are never changed.

termines the

Libclause.

edges in the

bns of newly

ertices rules
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Figure
repositio
extraordin
an extraor

The coefficie

Loop’s origi

B =1/16 for
which also a

Edge rules @
tag of the ed

0 0
O 0
3
4
1
(a) b °
1 1
8 0 8
3 3 1 1 3
8 8 2 2 i ¥
1 1
8 8
(c) (d) (e)

7 — Stencils of Loop’s subdivision scheme. (a) repositioning interior old vertices, (b)
ry vertices, (d) splitting boundary and crease edges, (e) splitting interior edges adjace

dinary (valence not 4) vertex on the boundary/crease or corner vertex. The values of b
and gamma are defined in the text.

nt B can be chosen in different ways.

1(57(3 1 2x)) _ .
nal proposal was B = % g— —+—cos7 . In particular, this is B =23/16 for k=3,
y

k = 6. Warren_proposed later to keep B = 3/16 for k=3, but to have simply B = %k for
mounts to 3y=.1/16 for k = 6 [84].

re morescomplex. The rule for an edge point inserted on an edge e is chosen depending o
ge.and the tags of adjacent vertices and sectors. There are several cases:

ing boundary or crease old vertices, (c) splitting interior edges not adjacent to boundary

ht to
pta

and

> 3,

n the

e Inth

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

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

e Ifon

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

e 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 7e (with weight 3/4 —y

associated with extraordinary vertex), with parameter ychosen asy(0,)=1/2-1/4cos9,. For a

crease vertex, 0, = T/k, where k is the crease degree of the vertex in the sector where the edge e

IS.

14
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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 i
taken.

n 4 above is

At a corner vertex v, the edge e is differentiated whether it is in a convex or concave sector. For a convex
corner, 0, = o/ k, where o is the angle between the two crease edges spanning the sector, for concave

corners, 0, = 2n—o)/ k.

For concave corners, one may use 0, > 7/k and for convex corners 0, < 7/k. The simplest choice of 6,

is 37

adar UL\ far annvay carnarce vk

r (D] for concovun oo

hic tha dofaclt tha hact nhnice |S to use

o/ k
of th
para

Appl
This
tang

With

(Figu
sectq

new

p

wher
next

of th
1=

4

blends between control point ‘positions before flatness modification and certain points in the ta

whic
remg

7
TV T ITOTT

D

7 (=1t ToT- COnTTv S~ C0 To—tHC—oCTouTttricoC ot o

for convex corners (respectively (21— )/ k for concave corners) where O is the angle be

T o7 (=70 TOT SOV CA—COTTICt

e control mesh bounding the sector; 0, for concave and convex corners can be ‘also a
meter changing in the ranges specified above.

cation of the stencils is followed by application of flathess modification described in the ne
modification is optional for all cases excluding concave corner; in which \case it is necesss
ent plane continuity of the surface.

Flatness modification

k defined as in previous subclause, let the vector oficontrol points be p” ={p:,”,1

re 8). The superscript indicates the subdivision level/the” subscript indicates the point nu
r. After subdivision step in a neighborhood of a corner vertex is modified as follows:

=(l-s)p+ s(aox0 + alx1 + azxz)

e s is the flatness parameter. a, = (I, p)51°,1',1? are limit position and tangent masks d

subclause, and xo,xl,x2 are the right,eigenvectors also defined in the next subclause. Th
e flatness parameter is 0 < s <1 for all vertex types except concave corner, in whig

lx < s <1, with lambda definedas A =1/2—1/4(cos0, —cos(n/k)). Geometrically, the

h are typically close 4o\the projection of the original control point. The limit position a, of the
ins unchanged.

m

Py

m

om41
Py Pq

7 om+41

fween edges
user-defined

t subclause.
ry to ensure

b0 oo DI}
mber in the

efined in the

e valid range
h case it is

modified rule

ngent plane,
center vertex

m-+1

Py m

Po

Pe

Figure 8 — Neighborhoods of a vertex on different subdivision levels. The subdivision matrix relates

the vector of control points p” to the control points on the next level p'”“. For a neighborhood of k

triangles p"' = {p;",pg', --~aP1:n—1}-

© ISO/IEC 2009 — All rights reserved
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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/(4)). In other cases, s can be taken to be 0 by

default and t

he 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.

e Limit position and tangent masks

For each typ
of this vertex

position mag
center verte
the cross-pr
flatness mod

Untagg

Othery

/3, xl =x) =2%3, x> =0,x7 =1,x} =—1

e of vertex (interior, smooth crease, corner, dart) there are masks for computing the limit po

ks are denoted /'and /* respectively. A subscript ¢ denotes the coefficient corresponding {

bduct of the two. In addition we define right eigenvectors in each case whicl are necessa
ification. Recall that dominant right eigenvector x° is the vector consisting.of ones

ed interior or dart vertex of degree k. In all cases i is in the range .k —1 and 0, =27/ k.
1 /9 = 8/3)p
+@k/HB T 1+@8k/3)A

xl=x}=0'=1’=0
! =sini@,, x’ =cosib,,
2 .. 2
Zsini@,, [’ =>cosib,,
k k
h crease vertex of crease degree k, Let 6, =1/ k
3, 19=1°=1/6, 1°=0,<1.. k-1

i

1 ’

=0 =102517 =0,17 =1/2,1; =-1

. INn_ 2 gl _
ise xy=x_=1[.=0,

Bition

and two tangent vectors at this vertex. The limit position masks are denoted 1° and limit tamgent

D the

. Once two tangent vectors are obtained by applying the masks, the normal can be computgd as

y for

x! =si

IL=1/

16

ni@,,x’ =cosif,,i=0...k
2,1, =-1/2,1/ =0,i=1...k
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3.3.22.3.2 Extended Loop subdivision

Exte

natu
only

effici

Exte
intro

ISO/IEC 14496-16:2009(E)

where
l(1+cose,{) g—a
a=-4 h=-3
1 1 0 kC
3(—=—-—cos0, cos—>
(374 c05%) 2
. cosk—Csinek
' 1-cos6, > cos{—cosO,

{ =arccos(cos®,_—1)

Convex/concave corner vertex of crease degree k with parameter 0, . Let 0 =40, .

1°=1,1°=0,i=0...k

sini® sin(k —1)0
x1:x2:0,x}: k 2: ( )k

c c i

- , X - ,i=0..k
sin© sin©

I'=-1,1} =1,1' =0,i=0...k -1
I’=-1,1l=1,1"=0,i=1...k

al and man-made objects, while ensuring that the Visualisation process can be optimised fi

ent rendering of low polygon models.
Stencils

nding Loop to handle arbitrary ‘'meshes requires the addition of edge visibility tags for ed

nded Loop is an enhancement of the well-known triangle-based Loop subdivision algorithm that allows
the designer to work with quadrilateral-based models which are better suited to capturing the s

mmetries of
br a triangle-

rendering pipeline. Furthermore, unlike quadrilateral-based subdivision schemes such as Catmull-Clark,
extepded Loop offers the model designer exact control over the final model triangulation, which is

essential for

ges that are

luced during triangulation andtare not part of the original control hull. The introduction of gdge visibility
inforfnation will clearly affect the vertex and edge subdivision rules.

© 1SS0,

/IEC 2009 — Al rights reserved
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[e o)

Figure 9 —

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

Figure 9 shqg

®

- Stencils of extended Loop subdivision for repositioning interior(smooth and dart) (a),

ws the extended Loop subdivision stencils used for‘repositioning old vertices (as with starn

Loop, corn

boundaries/greases. Solid lines indicate original control hull' (visible) edges while dashed lines ind
invisible edggs. It is clear from the stencils (a), (b) and (c)-that repositioning old vertices with extended Lo
identical to $tandard Loop if invisible edges are ignored, with one exception (b). If a vertex has two of

visible edge
visible then

As with stan

(Figure 9a) g

The stencil 1
interior edge

As with the ¢ld vertex repasitioning stencils, the edge split stencils try to employ vertices at the “other er

visible edge
endpoint invj
result in the
weight (Figu

r vertices are never moved) and splitting, €dges both on the surface interior

in its neighborhood, then the invisible\edges are included in the calculation. If all edge
e stencils are identical to standard Lgop subdivision.

1(8 (8 4

S
dard Loop subdivision, B = <
r the valence (visible + invisible edges) if the number of visible edges is < 2 (Figure 9b).

3.1

2
2
P cos—nJ ] where k is the number of visible €

or splitting boundary/crease edges (Figure 9f) is also identical to standard Loop, while sp
s depends on whether the edge in question is visible (Figure 9d — left) or not (Figure 9d — 1

5 only, igroring invisible edges completely. Identifying visible edges at each side of the
blves a.clockwise and/or counter-clockwise search around the endpoint neighborhood and
same vertex for both sides or no visible edges in which case the endpoint is assigned th
reQe)”Again if all edges are visible, the stencils are identical to standard Loop subdivision.

(b)

dard

and
icate
op is
less
5 are

dges

itting
ght).
d” of
edge
may
e full

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.

18
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Figure 10 — New edges created when splitting an edge in two.

Two
Of th
left.

divid
and

shou
e1, fi

edges will be the two halves of the original edge E - these simply keep the visibility of the’g
e other four new edges, two edges will be to the right hand side of the original edge, and-tw
f we label these edges clockwise as e1, e2, e3 and e4, these connect to other new point
ng the original edges labeled E1, E2, E3 and E4. The visibility of the new edges.isiinitialize
s changed to visible if the lookup of the combination of E, E1, E2, E3 and E4¢in/Table 1 ing
d be. Clearly, the visibility of each of e1, e2, €3 and e4 is not uniquely detérmined by split
br example, also depends on the visibility lookup for splitting E1.

Table 1 — New edge visibility lookup table

riginal edge.
o more to its
5 created by
d to invisible
icates that it
ing E alone;

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

Original edges New edges Original-edges New edges
visible visible visible visible
E E, E, E; E,||e, e, e; e E E E, E; E,||le, e, e; €,

vl
v || v v v v
v v < v v
v || v v v | v v | v
v v v v v
v v NV v v v v
v v v v v | v
AN RN v v vV v | v
Vi v v v | v
v v v | v v | v v
v v v v v | v v
v v | vV v v | vV v | vV v | vV
v | v v | v v v |V v | v
v | v v v v | v |V v v |V
v iIiv |V v vV ivi v |V v | v
ViIiviIivivi|v |V |V |V Vi v ivI|IvIiv |V I Iv |V |V

we call “right” to start with.

© ISO/IEC 2009 — All rights reserved
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e Vertex normal calculation

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

n=t Xt,.

(b)

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

For interior fmooth and dart vertices of valence k (Figure 11a))the tangents are defined as the weighted
averages of the positions of the neighborhood vertices (v, where 7 €[1, k]):

L, =cv +4,v, +tcv; +..+c v,

t, =c,v, +v, +te, vy, +...+c v, vy,

where:

C. =COS—.

l

For boundary, crease and corperertices (Figure 11b), each sector between pairs of boundary/crease €dges
will have a djfferent pair of tangent vectors that are defined as:

L=v,—Vv,
= 2upF v+, k=2
. v, =V, k=3
2 —2vy—v, +2v, +2v; —v,, k=4
WV, WV, + Wiy, Wy, k>4
T . .
where, for@ = ——, w; is defined as:
B sin 6, i=li=k
" |(2cos@—2)sin((i - 1)), 2<i<k-1

20 © ISO/IEC 2009 — All rights reserved
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3.3.2.2.3.3 Catmull-Clark subdivision

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

1 1
4 4
L]
1 1
4 4
b
(a) 3
A 4
16 16
Y

3 3 1

et k
A i
16 16

(d
(b)

——, ' & 1
1 1 1 3 1
2 2 8 4 &

(c) ©

Figlire 12 — Catmull-Clark rules with k defined as.in subclause 3.3.2.1.2 (a) face rule; (b) regular edge
rule (c) boundary/crease edge rule (d) interior'vertex rule 5 =3/2k and §=1/4k (e) $mooth
boundary/crease vertex rule

Therg are three types of rules: vertex rules used to update old vertex positions, edge rules used o insert new
verti¢es for each edge, and face rules used~o insert new vertices for each face.

L L
16 16
3
I Y7
L L
16 16

Figure 13 — Modified rule for odd vertices adjacent to a boundary extraordinary ve|

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;

© ISO/IEC 2009 — All rights reserved 21
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e The

J+l
c

vertex rule for untagged interior and dart vertices is:

k=2 . 1 (& . .
=—p£+—( pi 4} j
k 'S Z():

where p,‘-/ are k control points at level j sharing edges with p{{, and q{{ﬂ 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

corn

er vertex positions are never changed.

After the firs
in (Figure 13
Figure 12. A
e Inth
o [faq

e [fon

e Ifon
rule

Loogp scheme, for a smooth crease vertex, 8, =7/ k, where k is the crease degree of v in the s

whe
corn

e Ifbo
rules

Application ¢
This modific
tangent plan

e Flat

The flatness|
include one
subdivision |

subdivision step the mesh consists only of quadrilaterals and the subdivision rules are. désc
and Figure 13). The vertex and face rules are essentially the same; the masks are-sho
5 in the case of the Loop scheme edge rules are more complex:
e absence of tags, the standard edge rules are applied (Figure 14b).
rease edge e is split and no endpoint is tagged as a dart vertex , rules of°\Figure 14c are use

e of the endpoints is a dart vertex, the standard edge rule is used (Eigure 14b).

e endpoint v is tagged as a corner or smooth crease and the7edge e is not a crease, a mo
shown in Figure 6 is used, with parameter ¥ chosen as ¥(&,)=3/8—1/4co0s6,. Exactly Ii§

e e is. For a corner use 8, =/ k, where a > 7 for concave corners and ¢ < 7 for cg
ers.

th endpoints are tagged as corner or smooth crease, then the average of the masks given b
above is taken.

ation is optional for all cases excluding concave corner; in this case it is necessary to e

e continuity of the surface.

hess modification

modification is similar to the one used for Loop scheme, but the vector of control points h
more group_\ef points [q(’)”,...,q,i”fl]as shown in Figure 14. The superscript indicateg
bvel the subscript indicates the point number in the sector.

ribed
vn in

.

dified
e for
ector

nvex

y the

f the stencils is followed by application of flathess modification described in the next subclause.

sure

As to
the

22
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m

q1

m

Py q;n{»]

m—41 P ';n,
Py ’ m

P-TL+1 90

m-+1

m-+1
0 m

Po

Figu
the

The

new

p

wher

next

The

case

The
to 1.

Optid

Pc

re 14 — Neighborhoods of a vertex on different subdivision levels. The subdivision m
vector of control points D" to the control points on the next level Pmﬂ. Fora'neighb
quadrilaterals p" = {pf,p(')”,. e Dr15 G - .,q,’{’ﬂl},

ule itself coincides with the rule for the Loop scheme:
=(l-s)p+ s(aox0 + alx1 + a2x2)

e s is the flatness parameter. a, = (I, p),/°,l',I” are limit position and tangent masks d

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

valid range of the flatness parameter is 0 < &1 for all vertex types except concave corl

. 1 . .
itis 1— ﬁ < s <1, with lambda defined as

%y+écz +%\/64yz +3202p U8y +4c* +4¢7 +9

Hefault flathess parameter can be set to zero for all cases except concave corners, in which
Better visual results are obtained for the values close tos = 1 —1/(4).

nally, a user-specified flatness value can be associated with any vertex and used to control

trix relates
hood of k

efined in the

ner, in which

case it is set

how fast the

surf

Ce approacnes the tahgent piane.

e Limit position and tangent masks

Interi

or or dart vertex of degree k. In all cases i is in the range 0...k—1,and 0, =27/k.
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k

oK 0

¢ k+5°

1
X,

, _ sini@, +sin(i +1)6,

4 oo |
Pok(k+5) " k(k+5)

T _ 2 g1 _ 72 _
x,=x;=1=17=0

| 1 .
=—sinif, x, =—cosib,
o o

, _cosif, +cos(i+1)6,

qi

o(41-1)

s

“ o(44-1)

1o s 2 _ .
l,,=4sinif,, I =4cosif,

(I
ly=

sini@, +sin(i +1)6,

» _ cosif, +cos(i+1)8,

411

T 421

where A =5/

Smooth cred

16+1/16(cosO, +cosO, /2,/9+c0s26,) and ¢ =k(2+

se vertex of crease degree k. Let 0, =1/k

1°=2/3, 1} =1 =1/6,

0 _ 70 _ 70 |_ .

1 =1% =10, i=1.k-1

For k=1,

x,=1/18 x}, =-2/18 x, =-2/18 x),=-5/18
x2=0 xly=-1/2 x;1=1/2 x;OZO
II=6 L =-3 ly=-3 Iy =0
I2=0 Lf=-1 L=1 I}, =0
Otherwise [ = x| = x =0,

1 s

X, =sinif,,
1 s

X, =sinif; A
2

x,, =cosib,

2, =1/2,1%,

x>, =cosif,,i=0..k
-sin(i+1)0,,i=0...k—1
Fcos(i+1)0,,i=0...k—1
=-1/2,1} =1} =15=0,i=1..k-1

1+cosO,

(CY I

)

I' =4R(cos ), —1), 1,170 =l;k =R(1+2co0s0,)
L TR

P (3+coslp, )k

- 4(sini0, +sm(z+1)9,€)’i: 0. k—1

B (34<asb, )k

cosO, +1

here R = g
Wnere e L sin®, (3+cos8, )

Convex/concave corner vertex of crease degree k with parameter 0, . Let 6 = k0, .

Left eigenvectors are the same as for Loop with zeroes everywhere except Ic, Ip0 and Ipk.
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xlpi _ sir'liek ’ Zi _ sin(k‘—i)ek 0.k
sin sin O
x;i _ sinif, +§1n(z +1)0, =0, k-1
sin 6
x:i _ sin(k —1)0, -I-'sin(k—i—l)ek =0 k-1
sin 6
3.3.2234 Normal control

ISO/IEC 14496-

16:2009(E)

In add|t|on to the flatness mod|f|cat|on which insures that the surface is tangent plane contlnuous at concave

can be used to control the tangent plane of the surface as shown in F|gure 15

Spedjifically, if the user prescribes tangent vectors or the normal for a sector at a corner or,smoq

vertex or a normal for an interior vertex then the following modification can be applied‘after eac

step [for both Loop and Catmull-Clark surfaces, p""

used

= p+t((a) —a,)x' +(a}, —az)x”) where

is the same as in the subclauses describing flatness modification above, ajand al,

pres¢ribed tangents and ¢ is a user-specified parameter() <¢ <1, by default set to 1. If only t
pres¢ribed, the tangents are computed as a; = a; —(a;,n)n for i =1,2.

The

Figure 15 — Normal interpolation. (a) Surface with convex corners. (b) Prescribed directio|

barameter ¢ determines how fast the surface approaches the prescribed tangent plane.

(c) (d)

) mechanism

bth boundary
N subdivision

the notation
denote the
ne normal is

ns: at each

corner we tilt the normal.for one surface sector slightly inwards. (c) Smooth surface. (d) Same control

mesh but all normals vertical.

0 # face index from coordIndex
# vertex index from coord

00

3.3.2.3 SubdivSurfaceSector
3.3.2.3.1 ~<Node interface
SubdivSurfaceSector { #%NDT=SFSubdivSurfaceSectorNode
field SFInt32 facelndex
field SFInt32 vertexindex
exposedField  SFInt32 tag
exposedField SFFloat flatness
exposedField SFFloat theta
exposedField  SFVec3f normal
exposedField SFFloat normalTension

© ISO/IEC 2009 — All rights reserved
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3.3.2.3.2 Functionality and semantics

The facelndex field contains the index of the face and the vertexindex field contains the vertex index the
sector is attached to. The indices refer to point index and face index from coord and coordindex fields

respectively in the parent SubdivisionSurface node.

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

Tag value Semantic

0 No corner sector
1 Convex sector
2 Concave sector

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

The flatnegs field contains a value between 0 and 1: Q.indicating no modified flatness, and 1 indigating

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

YN

Figure 17 — Influence of the flatness parameter.

~

The theta fleld is an dngle used to control the shape of the corner; this angle is denoted 0, in the mask
definitions above (Figure 18).

I\ 4 A

Best value

Figure 18 — Influence of theta.

The normal field specifies the desired normal at the vertex (Figure 19).
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The normalTension field is the influence of the normal between 0 and 1, 0 meaning no influence; denoted tin
the formulas for normal modification (Figure 19).

Figure 19 — Prescribed normals and tension parameter.

3.3.24 WaveletSubdivisionSurface

3.3.24.1 Node interface

WavepletSubdivisionSurface { #NDT=%SF3DNode
ekposedField SFGeometryNode baseMesh NULL
ekposedField  SFFloat frequency 1.0
ekposedField  SFFloat fieldOfView 0,785398 # pil4
ekposedField  SFInt32 quality q

}

3.3.24.2 Functionality and semantics

Waveglet representation of surfaces relies on an extension.of classical multiresolution analysis thgory in which
opergtors similar to those of subdivision surfaces are uséd in place of traditional interval subdividion and low-
passlfiltering (scaling spaces).

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

The WaveletSubdivisionSurface nodeis 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
respect to the viewpoint. Transmission of such a model consists of two parts: a base mesh, which describes
the model at the coarsest level-of\detail, and series of refinements (wavelet coefficients) that can Ipe carried on
one or more elementary streams (see the bitstream definition in subclause 4.3.1.1).

The paseMesh field shiall'specify either a SubdivisionSurface node or an IndexedFaceSet. If baseMesh is
a SubdivisionSurface, the stream containing the mesh shall consist of a single access unit, and it will be
explicitly instantiated ‘as a SubdivisionSurface. The structure of this SubdivisionSurface will preserved,
namely deletion/ahd insertion of new faces and/or vertices is explicitly forbidden. However, replacing the
valugs of the 'coordinates is allowed. If baseMesh is an IndexedFaceSet, it is required to be manifold.

«Instantiating explicitly baseMesh as a SubdivisionSurface or IndexedFaceSet allows gnimating the

The terminal is responsible for maintaining an internal representation of the mesh to be rendered consisting of
the baseMesh to which the downstream data must be applied.

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

The quality field allows parameterizing the quality of the rendered object. The range of values for this field is

[0...2] where 0 stands for low quality, 1 for normal quality, 2 for best quality. Those values don’t have a more
explicit semantic, that is, it is a hint for the terminal.
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The player sees the WaveletSubdivisionSurface node as a SubdivisionSurface or IndexedFaceSet node
container. That is, the player has access to the baseMesh field.

3.3.3 MeshGrid representation

3.3.31 Introduction

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

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

(b) CW

(d) hierarchical mesh

~
\ { (e) hierarchical reference-system

a) MeshGrid humanoid (c)RG
F|lgure 20 — A MeshGrid*humanoid model designed by means of implicit surfaces.

3.3.3.141 Ihe reference-grid (RG) — the reference-system of the MeshGrid model.

The referenge-grid (see ‘Figure 20(c)) is the reference system upon which the MeshGrid model is built, and is
defined by the intersection points between three sets of reference-surfaces S,,S,,S, as given by follqwing

equation

o-NFaTs T

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

coordinate of the computed intersection point.

A multi-resolution model is designed by choosing a hierarchical reference-system, the reference-surfaces
belonging to the same resolution level being displayed in the same color in the example from Figure 20(e).
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The reference system should be chosen according to the topology of the object, i.e. it has higher density in (1)
areas where the curvature is high, or (2) places that are deformed during the animation. For the humanoid
model of Figure 20, the reference system is adjusted for traversing the anatomical articulations (joints) of the
body, in order to be able to virtually split the resulting seamless connectivity-wireframe into meaningful
anatomical parts (such as the shoulder, elbow, wrist).

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

The connectivity-wireframe (see Figure 20(b)) 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 Ul Se(s,) Eo(s) Xo(s.)

in W:I:ich C(S,) represents the contour obtained by the intersection with surface S,. Each vertex|is located at
the iptersection point between two contours.

Subqividing the reference surfaces hierarchically, as explained in subclausex3.3.3.1.1, result$ in a multi-
resolution connectivity-wireframe, in which each resolution level consists of a single seamless mesh, as
shown in Figure 20(d).

3.3.3.1.3 The features

This |type of representation is specific for describing objects, defined as series of contours or sliges, such as:
discrete 3D data sets (e.g. 3D medical images, processed range scanner data), cylindrical and spherical
projgcted scanner meshes based on quadrilaterals, or gemeric models (see Figure 21(a)-(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 MeshGrid mesh allows view-dependent streaming (see subclause 4.2.3) and particular animation
possibilities, such as: hierarchical grid animation, and offset based animation (see subclause 3.3.3.3).

3.3.3.2 MeshGrid

3.3.3.2.1 Node specification

MeshGrid {
eventin MFInt32 set_colorindex
eventin MFInt32 set_coordIndex
eventin MFInt32 set_normallndex
eventln MFInt32 set_texCoordIndex
exposedField SFColorNode color NULL
exposedField SFCoordinateNode coord NULL
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exposedField SFInt32 displayLevel 0

exposedField SFInt32 filterType 0

exposedField SFCoordinateNode gridCoord NULL

exposedField SFInt32 hierarchicalLevel 0

exposedField MFInt32 nLevels 1

exposedField SFNormalNode normal NULL

exposedField MFInt32 nSlices 0

exposedField SFTextureCoordinateNode  texCoord NULL

exposedField MFInt32 vertexLink 0

exposedField MFFloat vertexOffset 1

field MFInt32 colorindex 1

field MHRE32 coorcindex f

field MFInt32 normallndex 1

field SFBool solid TRUE

field MFInt32 texCoordIndex 0

eventOut SFBool isLoading

eventOut MFInt32 nVertices
}
3.3.3.2.2 Node semantics
The MeshGrid node is derived from the existing IndexedFaceSet node.\The following fields have peen
removed, since the triangulation of the surface is pre-defined in the decoder.>ecw, convex, creaseAngle. $ome
new fields afe introduced, specific to the MeshGrid representation. The. mesh is manifold, but can be opgn or
closed.
The fields of|the MeshGrid node can be encoded either (1) by BIFS; or (2) as a binary stream. When encoded
as a binary |stream, the following fields of the MeshGrid nede will be initialized when decoding the binary
stream (see| subclause 4.2.3.2.36): nSlices, nLevels, gridCoord, coord, coordindex, vertexOffset,
vertexLink| nVertices. The isLoading flag is set to true while decoding the binary stream, respectively
becomes false when the decoding finishes. The value of isLoading flag has to be checked before updating
the fields in jorder to make sure that the decoder has finished modifying them. If encoded by BIFS only the
vertexLink|(the description of the connectivity-wireframe) and vertexOffset (the vertices’ offsets relative to
the reference-grid) fields need to be decoded, as explained in subclauses 4.2.3.3.1 and 4.2.3.3.3.
The nSlices field specifies the number of'slices of the three sets {Sy,S,Sw} of reference-surfaces defining
the reference-grid at the last resolution level. The number of slices in the U direction equals to nSlices[0],
respectively the number of slices in.the V direction equals to nSlices[1], and the number of slices in the W
direction equals to nSlices[2]. The minimum number of slices in the U and V directions is “2” while in the W
direction the|minimum number{ofj slices is “1”, in which case the reference-grid is single layer. More detall can
be found in gubclauses 4.2.3.3!4 and B.1.2.
The nLevels field defines the number of resolution levels of the MeshGrid mesh. The number of resolution
levels in the|U direction equals to nLevels[0], respectively the number of resolution levels in the V dirgction
equals to nllevels[1], and the number of resolution levels in the W direction equals to nLevels[2]. More
detail can bg feund in B.1.2.

The gridCoord field defines the reference-grid points. The number of reference-grid points can be either
equal (1) to the number of reference-grid corners or (2) to the following value:
nSlices[0]x nSlices[1]x nSlices[2]. In case (1), the values represent the coordinates of the reference-grid
corners, and the decoder will generate a regular distributed reference-grid based on the coordinates of these
corners. The number of corners can either be 1, 2, 4 or 8 depending on the type of model, i.e. single layer and
cyclic, only single layer, or generic. In this case the gridCoord buffer is resized and its initial values are
replaced by the computed coordinates of the grid points. In case (2) the values represent the coordinates of
the reference-grid points. Any point from the reference-grid can be addressed by a distinct (u,v,w) discrete
position, where {u,v,w} are integer values in the range: u e {0,...,nSlices[0]-1}, v e {0,...,nSlices[1]-1}, and
w e {0,...,nSlices[2] - 1}. Given u the row index, v the column index, and w the plane index, the ordering of the
reference-grid points in the gridCoord buffer is row first, column second, and plane third. When the
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MeshGrid node is initialized from a binary stream, then the contents of gridCoord is ignored, and it will be
overridden with the coordinates decoded from the binary stream as explained in subclause 4. When the
gridCoord field is updated by BIFS, the coordinates of the grid points that did not change can be updated in
a hierarchical way as explained in subclause 3.3.3.3.1.

The vertexLink field defines the connectivities between the vertices in the connectivity-wireframe. The
decoding of the contents of this field is explained in subclause 4.2.3.3.1. If the node is initialized from a binary
stream, then the content of vertexLink is ignored.

The vertexOffset field specifies the scalar offset for each vertex relative to a corresponding reference-grid
point. The meaning of the offset is explained in subclause 3.3.3.3.2, while the decoding of this field is
describedmsubetatse4-2-3-3-3—Fhevatueof the—scataroffsettiesinthe range16; 1) H-thremody is initialized
from|a binary stream, then the content of vertexOffset is ignored, and it will be overridden.with the scalar
offselts decoded from the binary stream.

The poord field is filled with the coordinates (x,y,z) of the vertices, as result of the deceding procedure (see
subcjause 4.2.3.3.1). Its contents, if any, will always be overridden. The coordinates of the vertices can be
derivied from the coordinates of the reference-grid points as explained in subclause’4.2.3.3.1.

The poordindex field is filled with the indices of the triangles when building the triangulation of the decoded
mesh as explained in 4.2.3.3.1.3. 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 subclause 4.2.3.3.1).

The hierarchicalLevel field defines the resolution level of/the reference-grid points (gridCoofd field) that
may ichange during the animation. The usage is explained\n subclause 4.2.3.3.1.

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

filterType Meaning
00 Use short filter (see subclause 4.2.3.3.1)
01 Use smooth filter (see subclause
4.2.3.3.1)
10 Reserved
H Reserved

The displayLevel field specifies the resolution level of the MeshGrid model to be rendered. Accepted values
are ip the_range [0, maxLevel], where maxLevel is the maximum value between nLevels[0], hLevels[1],
nLevyels[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.

3.3.3.3 Animation Extensions

3.3.3.3.1 Hierarchical interpolation of the reference-grid points

In case of a multi-resolution MeshGrid model, animating the hierarchical reference-grid can be done on a
hierarchical basis, more precisely any change in the coordinates of reference-grid points, i.e. the gridCoord
field (see subclauses 3.3.3.2.1 and 3.3.3.2.2), at a certain resolution level will trigger a local update of the
coordinates of the reference-grid points belonging to a higher resolution level. The new positions of the
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reference-grid points belonging to resolution level (/+1) can be computed from the new positions of the
neighboring reference-grid points at resolution level (/) via an interpolation method based on “Dyn’s four point

scheme for curves” [30]. The position of a reference-grid point P2’;1 (shown in Figure 22) is computed as
follows:

f)er:rl = APZIZI + (_W ’ f)Zln—S + (05 + W) ’ f)Zln—l + (05 + W) ’ P2]n+1 —w: f)21n+3)

AP =P 4 (—w-P] +(0.5+w)-P)  +(0.5+w)-P,  —w-P) .)

2n+1

where | represen

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

Cardinal spline curve through the points.
1 1

2n—1 2n+1

. o 2n—2 . -
- 2n—3 n 02 2n+3 o

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

The hierarchicalLevel field specifies the resolution level at which the grid points, i.e. the gridCoord [field,
may changg. The interpolation of the grid<points will take place only for the range of resolution lgvels
[hierarchicalLevel + 1, nLevels — 1]. If the-value of hierarchicalLevel > nLevels — 1 than no interpolation
occurs. In the third case, when hierarchicalLevel = -1, grid points may change at any resolution |level
simultaneously, the points that change-are detected, and the interpolation of the remaining grid points is done
according tolequation above.

The position|of the vertices is_updated from the grid positions as explained in subclause 3.3.3.3.2.

3.3.3.3.2 Relationship between the reference-grid points and vertices

The relationship (between the vertices of the connectivity-wireframe and reference-grid points is explained in
the 2D crosg-section of Figure 23, in which the reference-grid is put on top of the object’s section.

Any reference-grid line / (label 1) is the result of the intersection between two reference-surfaces S; and S,,
belonging to two different sets (see subclause 3.3.3.1.1). Every vertex V, lying on a contour (label 2) of the
object, stores the discrete position (u,v,w) — which has been derived during decoding — of the grid point it is
attached to. The vertices are related to the reference-grid points in two different ways, as follows:

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

GV

respect to G1 and G2 is given by the scalar offset (label 3) expressed by offset = with

GG,
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offset e [0,1). Because offset indicates the fractional position between G1 and G2, any displacement
of G1 or G2 (see the example of Figure 23(b)) is automatically reflected in an update of the

coordinates (x,y,z) of V: ov = %{ + GG, - offset .

e As illustrated in Figure 23(c), vertex V is attached in this case to a grid position G belonging to a
single-layer reference-grid, i.e. the number of slices is equal to 1 in one of the {u,v,w} directions. The
relative position of vertex V with respect to G is given by the scalar offset (label 3) expressed by

7]
offset =

defined by the offsetAmplitude variable specified in MeshGridDecoderConfig (subclauge 4.2.3.2.2).
Similarly to the observation made at the previous point, any displacement of Guis automatically

reflected in an update of the coordinates (x,y,z) of V: ov = O—G1 +N(0ﬁ”Amp(0ﬁ’set—0.5)) where

N is the normal vector to the surface at vertex V. In this case the displagements along the normal
follow both directions as shown for the vertices with labels 4 and 5.

offdmp + 0.5 with offset [0,1), where offAmp is the maximum amplitude of the offset

Figlire 23 — A cross-section through a 3D object, illustrating the contour of the object, thg reference-
grid| and the relation between the vertices (belonging to the connectivity-wireframe and logated at the
surface of the object) and the grid points.

NOTE: {n equations above O denotes the origin of the reference coordinate system in which the reference-
grid is defined.

The offsets of the vertices are stored in the vertexOffset field of the MeshGrid node (see subclause 3.3.3.2).

3.3.3.4 Examples
The following example loads a VRML MeshGrid node.

Shape {
appearance Appearance {
material Material {
diffuseColor 1.0 0.0 0.0
ambientIntensity 0.1
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}
}
geometry MeshGrid {
nSlices [ 3 3 3 ]
nLevels 1
displayLevel
hierarchicalLevel 0
gridCoord Coordinate {
point [
-1.000000 -1.000000 -1.000000,
0.000000 -1.000000 -1.000000,

0.000000 1.000000 1.000000,
1.000000 1.000000 1.000000

]
}

vertefLink [
1111, 32
2 2

2 2
2 2
]
vertexfOffset [
0.5Q0000
0.2Q0000

0.2Q0000
0.5Q0000

}

3.3.4 MorphSpace

3.3.41 Introduction

Morphing is mainly an interpolation techniquecused to create from two objects a series of intermediate oljjects
that change| continuously, in order to make“a smooth transition from the source to the target. A straight
extension of the morphing between twd_elements —the source and the target- consists in considering a
collection of| possible targets and compose a virtual object configuration by weighting those targets.| This
collection represents a basis of animation space and animation is performed by simply updating the weight
vector. The [following node allows: the representation of a mesh as a combination of a base shape gnd a
collection of target geometries.

3.3.4.2 MorphShapénode

3.34.21 Syntax

MorphShape{#%NDT=SF3DNode,SF2DNode

exposedField SFInt32 morphlD

exposedField SFShapeNode baseShape

exposedField MFShapeNode targetShapes [1
exposedField MFFloat weights [1

}
3.3.4.2.2 Semantics

morphlD - a unique identifier between 0 and 1023 which allows that the morph to be addressed at animation
run-time.
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baseShape — a Shape node that represent the base mesh. The geometry field of the baseShape can be any
geometry supported by ISOIEC 14496 (e.g. IndexedFaceSet, IndexedLineSet, SolidRep).

targetShapes — a vector of Shapes nodes representing the shape of the target meshes. The tool used for
definig an appearance and a geometry of a target shape must be the same as the tool used for defining the
appearance and the geometry of the base shape (e.g. if the baseShape is defined by using 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:

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

The Imorphing is performed for all the components of the Shape (Appearance/and Geometr
diffefent values in the base shape and the target shapes (e.g. if the base shape and the targe

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

y) that have
shapes are

definined by using IndexedFaceSet and the coord field contains different values in the base shape and in the

targgt geometries, the coord component of the morph shape is obtained by using equation abo

e applied to

the goord field. Note that the size of the coord field must be the samie\for the base shapes apd the target

shapes).

If the shapes (base and targets) are defined by using IndexedFaceSet, a tipical decoder sh

mo

3.3

3.3

Mu

footgrints (a set of IndexedLineSet, or for“a near future, buildings, cartoons...). The main inte
reprgsentation are its progressivity, view dependency, and compression.

3.3.

3.3
Fo

}

3.3.

The

rghing of the following geometry components: coord, nortals, color, texCoord.
.8 MultiResolution FootPrint-Based Representation

9.1 Introduction

[tiResolution FootPrint-Based representation is a solution to represent any set of objec

52 FootPrintSetNode

.51;2.1 Node Interface

otPrintSetNode { #NDT=%SFGeometryNode
ekposedField«-\'MFGeometryNode children 0

§5.2.2( jyFunctionality and semantics

buld support

s based on
rests in this

chitdren fietdspecifies the fistof attfootprints Tendered—according to the current viewpoint. This list

contains currently FootPrintNode representing the set of footprints rendered from the current viewpoint. This
list can be updated at each displacement of the viewpoint in order to adapt the scene complexity to the view.
This representation can be extended to be used with any object based on footprints such as buildings,
cartoons, etc. In this case, the children field can contain BuildingPartNode to represent buildings.

3.3

3.3

Fo

5.3 FootPrintNode

.5.3.1 Node Interface

otPrintNode { #NDT=%SFGeometryNode
exposedField  SFinteger index -1

© ISO/IEC 2009 — All rights reserved

35


https://iecnorm.com/api/?name=4e6f1f15a3310afb43b9980eb3507b27

ISO/IEC 14496-16:2009(E)

exposedField

}
3.3.5.3.2

SFIndexLineSet2D footprint NULL

Functionality and semantics

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.

3354 B

3.3.5.4.1

BuildingP,
exposed
exposed
exposed
exposed
exposed
exposed
exposed
exposed

}
3.3.5.4.2
Index: this i

index is ess
the client (th

uildingPartPrintNode

Node Interface

artNode { #NDT=%SFGeometryNode

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

Functionality and semantics

5 the index of the node corresponding to a foetprint elevation at a specific level of detail.
ential for streaming, due to the synchronization between the representation on the server ar
s index will be sent to the server as a refinement request).

Footprint: this is a IndexLineSet2D describing the'footprint.

buildingind
group of buil

Height: this
Altitude: thi
alternativeQ
building. Th

example to
the footprint-

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

s the height of the building.

b is the altitude of the building (corresponding to the floor of the prism).

eometry: thisiis 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 afootprint elevation based model of a monument, by a more detailed model). In this
based elevation model will not be rendered, since the alternative model will be.

This
don

rmal
d for
case,

roofs: this is
elevation.

Bnad rreani—all 4o viln £ fo that anll Iha o natriiantadl a-taon-af-tha-f,
d TTUUT allay (=LA} U UCOoUINve CUITI O TUUTO at wilh VT TOLUTTOoun uLiTUu Ut tUY UT U1C TU

VVIIIH

print

facades: this is a node array allowing to describe in detail the modelling of the fagades corresponding to this
building part. The size of this array corresponds to the number of facades, equivalent to the number of edges
of the polygon defining the footprint.
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3.3.5.5 RoofNode
3.3.5.5.1 Node Interface
RoofNode { #NDT=%SFGeometryNode

exposedField  SFinteger type 0

exposedField SFFloat height 0.0

exposedField  MFFloat slopeAngle [0.0]

exposedField SFFloat eaveProjection 0.0

exposedField  SFint edgeSupportindex -1

exposedField SFURL roofTextureURI

ekposedField  SFBool isGenericTexture TRUE

ekposedField  SFFloat textureXScale 1.0

ekposedField  SFFloat textureYScale 1.0

ekposedField  SFFloat textureXPosition 0.0

ekposedField  SFFloat textureYPosition 0.0

ekposedField  SFFloat textureRotation 0.0
}
3.3.8.5.2 Functionality and semantics
type} this is the type of the roof. 0 — Flat Roof, 1 — Symmetric Hip Réof,'2 — Gable Roof, 3 — Salt
Non Symmetric Hip Roof.
height: this is the height of the roof that allows cropping it. (This’is not used for flat roofs).
sloppAngle: this is the angle of the roof slopes in degreés (useless for flat roofs). In the case of
Hip Roof, all slopes have the same angle. In the case.of a Non Symmetric Hip Roof, each slope h
angle.

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

edggSupportindex: this is the index of-the edge in the footprint that supports the roof (use only]
roofs

roof]

isGenericTexture: this specifies whether the texture mapped onto the roof is generic or not. In t
gene
perp

verte

texty

texty

)

[extureURL: this is the URL of the texture that is orthogonally mapped onto the roof

ric texture, the reference system is centred on the top left vertex of the roof pan
endicularly to the gutter. In the case of an aerial photograph, the reference system is centre
x of the footprint; and axed on the world coordinate system.
reXScale:this is the scaling of the roof texture along X-axis

reYScale: this is the scaling of the roof texture along Y-axis

Box roof, 4 —

a Symmetric
as a specific

for Salt Box

he case of a
, and axed
d on the first

textureXPosition: this is the displacement of the texture along X-axis

textureYPosition: 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.
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3.3.5.6

3.3.5.6.1

FacadeNode

Node Interface

FacadeNode { #NDT=%SFGeometryNode

exposedField SFFloat WidthRatio 1.0

exposedField  SFFloat XScale 1.0

exposedField  SFFloat YScale 1.0

exposedField  SFFloat XPosition 0.0

exposedField  SFFloat YPosition 0.0

exposedField SFFloat XRepeatinterval 0.0

exposedfrield  SFFloat YRepeatinterval 0.0

exposedfrield  SFBool Repeat FALSE

exposedfield SFURL FacadePrimitive

exposedfrield  SFinteger NbStories 0

exposedfrield  MFInteger NbFacadeCellsByStorey 0

exposedfrield  MFFloat StoreyHeight 1.0

exposedfrield MFFacadeNode FacadeCellsArray 1
}
3.3.5.6.2 Functionality and semantics
WidthRatio] this corresponds to a ratio between the width of the cell compared to the width of the p
cells.
XScale: thig is a parameter allowing scaling in X-coordinate the~model corresponding to the URL F3
Primitive (2D texture or 3D model). For texture, this scale carfesponds to the real size in X-coording

meters of thg texture. For 3D Model, this size corresponds to the scale to apply on the model in X-coordin

NOTE: This
the current o

YScale is a
scale correq
corresponds|

NOTE: This
the current o

XPosition:
FacadePrim
cell.

YPosition:
FacadePrim

ne.

ne.

cell.

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

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 centre

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

arent

cade
te in
ate.

scale is very important as the model can be'Used for different buildings, and must be adjusted to

, this
size

scale is very important as_the model can be used for different buildings, and must be adjusted to

the
f the

the
f the

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

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

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

onto the cell.

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

NbFacadeCellsByStorey: this is an array that defines the number of cells by storey. This parameter is
essential to know on which storey corresponds a cell in FagadeCellsArray.
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StoriesHeight: this is an array specifying the height of each storey.
FacadeCellsArray: this is an array of FacadeNode that links each cell to a facadeNode (another array of

cells, and/or a facade primitive like a texture or a 3D model). The size of this array is the sum of all
NbFacadeCellsByStorey]i] , for all i from 0 to NbStories.

3.3.6 Solid representation

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

3.3.1 Solid modeling nodes
3.3.6.1.1  Implicit

3.3.6.1.1.1 Node interface

Impljcit { # % NDT = SFGeometryNode

ekposedField SFVec3f bboxSize 2.02.02.0
ekposedField MFFloat c [1 # 4 coeffs for hyperplane, 10 ¢oeffs for
quadrics, 35 coeffs for quartics
ekposedField SFBool solid FALSE
ekposedField SFBool dual FALSE
ekposedField MFInt32 densities [] #(1,2)
}
3.3.6.1.1.2 Functionality and semantics

The mplicit geometry node defines an algebrai¢ surface represented by an implicit equation, which makes
it popsible to know if an unspecified point of\space is inside, on or outside the volume delirhited by this
surfdce.

bboxSize: bounding box dimension

c: cgefficients of following polynomials as follows:

The [mplicit equation that defines a hyperplane, is as follows:
cXfrae X te. Xt 6 X770

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

2 2 2 2
COX0+C1XOX1+C2X1+CSX()XZ+C4X1X2+CSX2+C6XOX3+C7X1X3+CXX2X3+C‘)X3:

The IMpIicit equation of the fourth degree that defines quartics 1S as Tollows:

4 3 4 3 4 3 4
COX0+CIXOX1+...+C4X1 +C5X0X2+"‘+014X2+C15X0X3+“‘+C34X3=O

In the above equations, the point coordinates were made homogeneous by the addition of a fourth coordinate
Xs.

solid indicates if the geometry is solid (TRUE) or is a surface (FALSE)

dual indicates that a unary duality operation has to be applied to volume initialization. Implies solid ==
TRUE.
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densities has 2 values: the first value is the density code associated to the skin and the second value is the
density associated to the inside.

The 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 box. 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 bounding box will be

carried out (bounding box — implicit solid).

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

The densitie

As a benefit

3.3.6.1.2

3.3.6.1.2.1

Quadric { #S
exposed
exposed
exposed
exposed
exposed
exposed
exposed
exposed
exposed
exposed

}
3.3.6.1.2.2
The Quadr

bboxSize: b

Field
Field
Field
Field
Field
Field
Field
Field
Field
Field

Quadric

Node interface

oNDT=SFGeometryNode

SFVec3f
SFVec4f
SFVec4f
SFVec4f
SFVec4f
SFVec4f
SFVec4f
SFBool
SFBool
MFInt32

pbunding box dimension.

if the point is on the surface

bboxSize
PO

P1

P2

P3

P4

P5

solid

dual
densities

Functionality and semantics

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

if the point is outside the volume defined by the surface

if the point is inside the volume defined by the surface

222
-1001
1001
0100
0010
0101
0011
FALSE
FALSE

I

5 are used when including the primitive into a SolidRep node with solid operation. The\dgnsity
value is an Int32 and can be encoded.

#(1,2)

¢ geometry node defines a second-degree implicit surface by using 6 geometric control points.

The 6 geometric control points of the quadric, in projective coordinates (see Figure 24) are:

PO, P1: 2 points tangent to the quadric

P2, P3: 2 poles of the construction tetrahedron

P4, P5: 2 passing points of the quadric

solid: solid (TRUE) or surface (FALSE)

dual: unary duality operation to be applied to volume initialization. Implies solid == TRUE.
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densities: 2 values: the first value is the density code associated to the skin and the second value is the
density associated to the inside.

Each point is defined using homogeneous coordinates allowing the point to be sent to the infinity. The values
are relative to the unitary bounding box (from —1 to +1). If the absolute value of a coordinate is greater than 1,
the point is outside the bounding box.

This node creates an Implicit node of the second degree through a geometric interface. The polynomial
coefficients will be calculated according to the geometrical construction method using a construction
tetrahedron and 2 passing points as described in the Quadric’s construction mechanism (see subclause
3.3.6.6.1.1.2).

The fuadric surface is only created when the node is displayed allowing its inclusion into a SeliddRep node.
The prigin of the axis system is the bounding box’s center. The surface will be clipped by the.bourding boxe. 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 withythe boundirlg box will be
carri¢d 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
subcjause 3.3.6.1.3). The density value is encoded as a 32-bit integer:

4 Quadric’s Construction Mechanism

Basgd on the principle of projective geometry, a geométrical 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
conigs, using a construction triangle and a passing point. The quadric will be constructed and cgntrolled 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 pointswill thus allow us to define the quadric from two conic sections that
intergect in space at the two contact peints 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 belonging to two
perpendicular planes. The two points P2 and P3 that serve as poles have been sent to infinity respectively
along the Y-axis and the Z-axis (fourth coordinate equal to 0).

In general, for any quadric - projective, affine or metric - we shall define just six control points, PO to P5, such
that PO and P1 are two contact points on two tangent planes to the quadric, P2 and P3 are two poles of the
quadric and therefore belong to the two tangent planes, and P4 and P5 are two passing points for the quadric
defining two conic sections of the quadric in the planes PO-P1-P2 and P0-P1-P3.
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It is possible to determine the 10 coefficients of the quadric's general equation from the previously described
quadric's geometrical construction system. (Reference: [63] — pages 100 — 114).

e Projective Coordinates System
In order to define all the quadrics with the 6 control points, it is imperative to remain in projective space. The
coordinates system used in projective space is that of Grassmann-Pliicker (one refers then to homogeneous
coordinates), in which a point, a line and a plane respectively have 4, 6 and 4 coordinates. It can be
interesting to make a parallel with non-homogeneous Euclidean coordinates. In this respect, one uses a

representation of the point in 3 dimensions of the form (X, Y, Z). Adding to this triplet a fourth coordinate equal
to 1 does not modify in any way the correct operation of all geometrical procedures known as Euclidean. The

first 3 coordi inate
remains equ
coordinates
points to infi
by its Euclig

pl to 1. By particularizing the fourth coordinate and giving it a O value, one goes from a Eucli
system to an affine coordinates system, in which it becomes possible to control and,-us
nity. Thus, an observer located in (1 1 1 0) will be positioned at infinity in the direction detern
ean position (1 1 1 1) and the origin of the coordinates system (0 O 0 1). Innaddition t

dean
b the
nined
b the

possibility of managing infinity in a natural way, this approach makes it possible to solve the problgm of
representatign and calculation of rational coordinates, which is fundamental to obtain perfect pregision
whenever tHe coordinates are initially rational or brought about to become rational)x” Let us consider for
example thg 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).alsa noted (2: 5: 0: 6).
3.3.6.1.3 PolidRep
3.3.6.1.31 Node interface
SolidRep { #/6NDT=SFGeometryNode

exposedfield SFVec3f bboxSize 2.02.02.0

exposedfield SF3DNode solidTree NULL

exposedfield MFInt32 densityList 0
}
3.3.6.1.3.2 Functionality and semantics
The SolidRep geometry node holds the-solid tree resulting of solid operations on solid primitives apd/or

others SoligdRep nodes, and/or otherBIFS 3D geometrical nodes.

bboxSize cg

solidTree
solidTree
Cylinder,

The solidT]

ntains the bounding bex 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.

ontains the geometry to be initialized as solid. The following nodes may be included undger a

bne,

densityList:setof densitiestosetectfordisptay —if the tistisempty; the defautt vatuewitt be—attdensities:.

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

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

3.3.6.2 Scri

pting extensions for solid modeling operations

The result of a solid operation is always preserved in the solidTree field of a SolidRep node. The
SolidRep node is always the root of a solid tree. This solid tree is not processed until the display request.
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Only the root of the complete tree will be processed (and not the sub-trees).

These operations are accessed through script language, whose selected operators (+, -...) were overloaded
for operations between Geometry nodes.

A non-implicit solid geometrical node is first of all transformed into a SolidRep node before being used as a
solid operation’s operand. If this geometry does not define a closed volume, it will not be considered.

The syntax of the solid operation is as follows:

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

The

An 0o
impli

The
(tern

bperands are:

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

Or a non-implicit geometry (only solid primitives are supported suchas Sphere, Cylinde
or closed shapes defined by IndexedFaceSet);

Or an 32-bit integer (Int32) value representing the density 6f\the entire space (used as
implicit filtering of densities).

hly-assignment expression makes it possible to convert a*non-implicit geometrical primitive
Cit solid.

complete set of solid operations <op> is composed of general arithmetic operators, log
Ary logic) and filtering operators. A left to right\evaluation of the expression is applied. Theg

can lbe used for grouping with precedence on the feft to right evaluation.

3.3.6

The

2.1

General arithmetic operators

operators below achieve combinations of solid forms by isolating or selecting certain
comlpinatorial way by means of theit-densities. The densities are always positive integer.

Table 2 — General arithmetic operators

Op Descrie)@r Rules for each P(X1,X2,X3,X4) Syntax
Sadd | Arithmetic Py= 1 (P\+ 4 (P Sadd (F0, 1)
dddition of the d’( ) do( ) dl( )
density of two
forms
I Smul—Arithmetic N U A Smul(F0-F1)
Pr= P P
multiplication of a\r=d,\")"d\"J
the density of two
forms
Sdif The positive Returns the difference between the densities if | Sdif (F0, F1)
difference of two | this result is nonnegative, and 0 if the result is
forms FO and F1. | negative.
Sexp | Exponentiation of | Raises one form to the power of another form. | Sexp (F0, F1)

forms

The density of a point with respect to F1 serves
as exponent to the density of the same point

© ISO/IEC 2009 — All rights reserved
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operand for
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ic operators
parenthesis

regions in a
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with respect to FO.
Sgcd | Greatest Returns the gcd of the densities of two forms. Sgcd (FO, F1)
common divisor
Slem | Least common Returns the lcm of the densities of two forms. Sicm (FO, F1)
multiple
Smod | Integral The Integral remainder operator calculates the | Smod (F0, F1)
remainder integer remainder when the density of a point
with respect to FO is divided by the density of
that point with respect 1o F 1
Ssab || Absolute Returns the result of the subtraction between the | Ssab (F0, 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.
Ssqr || 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:
3.3.6.2.2 | ogic operators (Ternary logic)
The forms afe coded with ternary logic: the density O for the outside, the density 1 for the skin and the de
2 for the insifle.

Note: if used

Table 3 — Ternary logic operators

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

Op Descrip@v Rules for each P(X1,X2,X3,X4) Syntax
(@)
Suni || Ternaryunion of F1 Suni (FO0, F1)
two forms.
Suni 0 1 2
0 0 1 2
FO 1 1 1 2
2 2 2 2
Sint | Ternary F1 Sint (FO, F1)
intersection
Sint 0 1 2
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FO [ 1 [0 [ 1 [1

Simp | Ternary F1 Simp (FO, F1)
implication
Simp| O 1 2
0 2 2 2
FO 1 1 1 2
2 0 1 2
Simr | Reciprocal F1 Simr (FO, F1)
Ternary
implication Simr 0 1 2
0 2 1 0
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
3.3.6.2.3 Filtering/test operators
In adldition a sét-of test functions can be applied on SolidRep nodes. These functions are lised to filter
densjties while keeping the filtering inside the solid tree instead of defining the densities to bg¢ 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 0 otherwise.
Sgtef | greater than or The density of the second volume if the density | Sgtef (FO, F1)
equal filter of the first one is greater than or equal to the
density of the second volume, and 0 otherwise.
Sgtf Greater than The density of the second volume if the density | Sgtf (FO, F1)
of the first one is greater than the density of the

© ISO/IEC 2009 — All rights reserved
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filter second volume, and 0 otherwise.
Sitef Less than or The density of the second volume if the density | Sitef (FO, F1)
equal filter of the first one is less than or equal to the density
of the second volume, and 0 otherwise.
Sitf Less than filter The density of the second volume if the density | Sitf (FO, F1)
of the first one is less than the density of the
second volume, and 0 otherwise.
Sevnf | Even filter The volume density if the density is even, and 0 | Sevnf (F0)
otherwise
Soddf| | Odd filter The result is the volume density if the density is | Soddf (FO0)
odd, and 0 otherwise.
Sneqf| | Difference filter The result is the second volume density if the | Snegf (F0, F1)
densities are different, and 0 otherwise.

Scripts are U
but is indeps

33.63 E

3.3.6.3.1

Dual of quar

sed through Script node. A Script node can be included as descénding from any grouping
ndent of the current coordinate system.

kamples

A cell primitive

er cylinder defined by projective hexahedron

# Dual of
PROTO GDly

luarter cylinder
thxa [

node

fieldSFYec3f size B3\5 5
field SHBool dual{ TRUE
1{
Quadfric A4
PO -3 0|01
P1 1 0f-4M
P2 0100
P3 0010
P4 0100

P5 -1 011

dual IS
}

46

bboxSize IS size
dual
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3.3.6.3.2 A quartic defined by 35 coefficients

Tandle cube

VRML code:

Group {
children Shape {
# tahngle cube
geometry Implicit {
bboxSize 5 5 5
solid FALSE
c [
-1,0,0,0,-2,0,0,0,0,0,0,0,0,0,-1,0,
0,0,0,0,0,0,0,0,0,5,0,5,0,0,5,0,
0,0,-10.2]

}
3.3.6.3.3 Solid operations and densities

Example of density use: a single model carries.the characteristic of the matter and can be displaygd differently

Egg white :
densjty 1

Egg yolk :
densjty 3

Opefation:
addition

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 bo
(density 4)

Dengities

1,3,4

1,4

1,34

1

4

displpyed

VRML code:

# b: egg cut by a box
Group{
children [
# Primary SolidRep
DEF Le_So0lid3 SolidRep{
bboxSize 5 5 5
densityList [1 3 4] # choice of densities to display
dual FALSE
}
DEF Le_Script Script{ # Solid Tree definition
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field SFNode Srepout USE Le_So0lid3
#primitives
field SFNode White # container
Transform {
translation 0 0 O
children [
Shape {

field
Trans
chi

field
Trans
tra
chi

]
}

geometry Quadric
PO 1 0 0 1
Pl
P2

P4
P5
boxSize 1 1.3 0.95
solid FALSE

0
P3 0
0
0

SFNode Yolk # matter inside
Form {
|l dren [
hape {

geometry Quadric {
PO 1 0 0 1
P1 -1 001
P2 0
P3 0
P4 0
P5 0 0 1
bboxSize
density 3
solid FALSE

B o R
or o

0
0
1
1
0.

7 0.7 0.4

SFNode CuttingBox # cutting tool
Form {

hslation 0.5 0 0

[ dren [

hadric {

PO -1 001

Pl
P2
P3
P4
P5 0.0
bloxSize
denmsity 4

o oo

- O PFr O
RO/ O O
P O oo'@

solid FALSE

directOutput TRUE

url

"vrmlscript:

function initialize() {

Srepout.solidTree =

}

48

Sdif (Sadd(White, Yolk),

CuttingBox) ;
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Texture tools
Depth Image-Based Representation
A Depthimage

1.1 Node interface

Depthimage { #%NDT=SF3DNode

16:2009(E)

re related to

fined in the

exposedField SFVec3f position 0010

G' pUOUd:—IG:d SrRUtatlUll Ul ;UI ltat;un G C 4I G

ekposedField SFVec2f fieldOfView Pl/4 Pl/4

ekposedField SFFloat nearPlane 10

ekposedField SFFloat farPlane 100

ekposedField SFBool orthographic TRUE

field SFDepthTextureNode diTexture NULL
}
3.41.1.2 Functionality and semantics
The Depthlmage node defines a single IBR texture. When multiple*"Depthlmage nodes 4
each| other, they are processed as a group, and thus, should be placed under the same Transfornj node.
The diTexture field specifies the texture with depth, which shall be mapped into the region d
Depthlmage node. It shall be one of the various types of depth image texture (Simple
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tTexture).

position and orientation fields specify the ‘relative location of the viewpoint of the IBR t
coordinate system. position is relative to the coordinate system’s origin (0, 0, 0), while
fies a rotation relative to the default orientation. In the default position and orientation, the
-axis looking down the —Z-axis toward-the origin with +X to the right and +Y straight up. K
formation hierarchy affects the final pesition and orientation of the viewpoint.

fieldOfView field specifies. a viewing angle from the camera viewpoint defined by pq¢
htation fields. The first valué denotes the angle to the horizontal side and the second valug
to the vertical side. The(default values are 45 degrees in radiant. However, when orthogr3
TRUE, the fieldOfView field denotes the width and height of the near plane and far plane.

b visibility area. The texture and depth data shows the area closed by the near plane, far p
OfView. The:depth data are scaled to the distance from nearPlane to farPlane.

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

Texture or

exture in the
prientation
viewer is on
lowever, the

bsition and
denotes the
phic field is

hearPlane and farPlane fields specify the distances from the viewpoint to the near plane and far plane

ane and the

R texture is

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
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.
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Figure 25 — Perspective view of the Depthimage

T feldOfViews o
wiewpoint
(positon, orientati on)

Figure 26 — Orthographic view of the Depthimage

3.41.2 SimpleTexture

3.4.1.21 Node interface

SimpleTexture { #oNDT=SFDepthTextureNode

field SFTextureNode  texture NULL
field SFTextureNode  depth NULL
}
3.41.2.2 Eunctionality 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).

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.
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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 = nearPlane + (1— dd—_ll)( 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—= ceacnandaetafarolana o = J pracmande ta Ao e Ao A
U Uy, wiiloiov U T UUIIU\JPUI o tUTtdal '.llul o, u Wlnax \JUIIU\JPUI o tourTroeadl rJI(.AII\J-

This [formula is valid for both perspective and orthographic case, since d is distance between_the point and the
plang. 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.

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

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

For gnimated Depthimage-based model, only Depthimage with SimpleTextures as diTextures are|used.
Each of the Simple Textures can be animated in one of the following ways:

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

[ NG

) depth field is arbitrary MovieTexture satisfying the above condition on the depth field, tgxture field is
still image

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

4) depth field is not used;"and the depth information is retrieved from the alpha channel of the
MovieTexture that animates the texture field

3.4.1.3 PointTexture

3.4.1.3.1 Node'interface

PointTexture { #6NDT=SFDepthTextureNode

field SFInt32 width 256
field SFInt32 height 256
field MFINt32 depth 1
field MFColor color 1
field SFInt32 depthNbBits 7

}

3.4.1.3.2 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.
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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 the right to finish the horizontal line before moving to the upper line. For each point, the number of depths
(pixels) is first stored and that number of depth values shall follow.

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

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

—_

depthNbBits+1) _ 1

d

max

2

3.41.4 Oftreelmage

3.41.41 Node interface
Octreelmag
field
field
field
field

}

e { #/NDT=SF3DNode
SFInt32
MFInt32
MFInt32
MFDepthimageNode

256
(]

I

octreeResolution
octree
voxellmagelndex
images

#%bE[1,+1]
#95H=10,255] #%q=13 8
#%0q=13,8

3.41.4.2 Functionality and semantics

The Octree
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For each of
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an arbitrary
one nonzerq
SimpleTe;

The octree
constitutes t
byte. 1 in ith

Image node defines a TBVO structure, in which an octree structure, corresponding image
set of images exist.

field specifies a set of Depthimage.nodes with SimpleTexture for diTexture field; depth fi
pTexture nodes is not used. The orthographic field must be TRUE for the Depthimage n
SimpleTexture, texture field stofes the color information of the object, or part of the object
, its cross-section by a cameta plane) as obtained by the orthographic camera whose po
pn are specified in the corresponding fields of Depthlmage. Parts of the object correspondi
h are assigned at the stage of model construction. The object partitioning, using the valu
ientation, and texture ‘fields, is performed so as to minimize the number of camerag
of the involved images), at the same time to include all the object parts potentially visible
chosen position The orientation fields must satisfy the condition: camera view vector has|
component ‘(i.e-, is perpendicular to one of the enclosing cube faces). Also, sides 0
cture image.must be parallel to corresponding sides of enclosing cube.

field-Completely describes object geometry. Geometry is represented as a set of voxelg
he/given object. An octree is a tree-like data structure, in which each voxel is represented

ndex
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bdes.
view
Sition
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(or,
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only
f the

that
by a

bit'6f this byte means that the children voxels exist for the ith child of that internal voxel; w

nile 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
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.
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side of the

enclosing cube. The level of the octree can be determined from octreeResolution using the following

equation:

octreeLevel = |_10g2 (octreeResolutionﬂ

L~

________________

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

Aninfation of the Octreelmage can be performed by the same approach as the first three w4
image-based animation described above, with the only difference-0f‘using octree field instead
field.

3.4.2 Depth Image-based Representation Version 2

3.4.21 Introduction

Verslon 1 of DIBR introduced depth image-based representations (DIBR) of still and animated
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ad of a complex polygonal mesh, which, is” hard to construct and handle for realistic mode
-based methods represent a 3D object (scene) as a set of reference images completely
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bnd, each reference image comes_ with a corresponding depth map, an array of distances frq
P image plane to the object sufface. Rendering is achieved by either forward warping or spl
vith Version 1 of the specification of DIBR nodes no high-quality rendering can be achieved.

Vers|on 2 nodes allow for high-quality rendering of depth image-based representations. High-qua
is based on the notionsof\point-sampled surfaces as non-uniformly sampled signals. Point-samg
can Ibe easily constructed from the DIBR nodes by projecting the pixels with depth into 3D-space.
signals are renderéd by reconstructing and band-limiting a continuous signal in image space us
resampling filters.
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coordinates # = (u,V) at the point P, , as illustrated on the left in Figure 28. The tangent frame is defined by

the splat and normal extensions of the DIBR structures Version 2 [94].
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Figure 28 — Local tangent planes and reconstruction kernels

3.4.2.2 DepthimageV2 Node

3.4.2.21 Node interface

DepthimaggV2 { #%NDT=SF3DNode
exposedfrield SFVec3f position 0010
exposedField SFRotation orientation 0010
exposedfrield SFVec2f fieldOfView /4 /4
exposedField SFFloat nearPlane 10
exposedfrield SFFloat farPlane 100
field SFVec2f splatMinMax 0.1115 0.9875
exposedField SFBool orthographic¢ TRUE
field SFDepthTextureNode diTexture NULL

}

3.4.2.2.2 Functionality and semantics

The DepthlmageV2 node defines a single\lBR texture. When multiple Depthlmage nodes are related to jeach
other, they afre processed as a group, and-thus, should be placed under the same Transform node.

The diTextyre field specifies thetwtexture with depth, which shall be mapped into the region defined in the
DepthlmaggV2 node. It shall-be one of the various types of depth image texture (SimpleTexture\{2 or
PointTextuneV2).

The position and orientation fields specify the relative location of the viewpoint of the IBR texture in the|local
coordinate system. position is relative to the coordinate system’s origin (0, 0, 0), while orientation specifies a
rotation relafive to“the default orientation. In the default position and orientation, the viewer is on the Z-axis
looking down he’ —Z-axis toward the origin with +X to the right and +Y straight up. However| the
transformatign-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.

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.
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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
changeable view frustum corresponding to movement or deformation of a DIBR object.

Reference images that are suitable to the characteristic of a DIBR model are obtained in the 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.

3.423 SimpleTextureV2 node

3.4.2.3.1 Node interface

SimpleTextureV2 { #/6NDT=SFDepthTextureNode

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

3.4.2.3.2 Functionality and semantics
The BimpleTextureV2 node defines a single layer of IBR4exture.

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

The Hepth field specifies the depth for each_pixel in the texture field. The size of the depth map shall be the
samg¢ size as the image or movie in the texture field. Depth field shall be one of the various types of texture
nodgs (ImageTexture, MovieTexture or-RixelTexture), where only the nodes representing gray gcale images
are Jllowed. If the depth field is unspécified, the alpha channel in the texture field shall be used jas the depth
map/ If the depth map is not specifiéd 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
throdgh the viewpoint and parallel to the near plane and far plane:

ﬁj (farPlane — nearPlane).

max

dist\= nearPlane (1 -

where d (s ,depth value and d,,, is maximum allowed depth value. It is assumed that for the points of the
model, <@’ >0, where d = 1 corresponds to far plane, d = d,,. 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.

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

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

For animated Depthimage-based model, only Depthimage with SimpleTextures as diTextures are used.
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Each of the Simple Textures can be animated in one of the following ways:

1)
2)

dept

still i
3) both

4)

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

mage

depth and texture are MovieTextures, and depth field satisfies the above condition

MovieTexture that animates the texture field

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

depth field is not used, and the depth information is retrieved from the alpha channel of the
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field specifies the normal vector for each pixel in the texture field. The normal vector shou
he object-space point sample derived from extruding the pixel with depth to 3-space,-The nq
the same size as the image or movie in the texture field. Normal field shall be one.of ithe va
ure nodes (ImageTexture, MovieTexture, or PixelTexture), where only the nodes-represe
5 are allowed. If the normal map is not specified through the normal field;~the decodel
ormal field by evaluating the cross-product of the splatU and splatV fieldsy lfoneither the ng
splatU and splatV fields are specified, only basic rendering is possible.

and splatV fields specify the tangent plane and reconstruction kérnel needed for high-q
rendering. Both splatU and splatV fields have to be scaled.to.'the interval defined by
field.

field specifies the splatU vector for each pixel in the texture field. The splatU vector shou
he object-space point sample derived from extruding the pixel with depth to 3-space. The s
the same size as the image or movie in the texturefield. splatU field shall be one of the va
ure nodes (ImageTexture, MovieTexture, or PixelTexture), where the nodes either represg
scale images are allowed. If the splatU map.isyspecified as gray scale image the decode
rcular splat by using the normal map to produce a tangent plane and the splatU map as radi
the normal map is not specified, the result’is undefined. If the splatU map is specified as
N be used in conjunction with the splatV map to calculate a tangent frame and reconstry
ph-quality point-based rendering. If néither the normal map nor the splatV map is specifieg
bfined.

field specifies the splatV vectar for each pixel in the texture field. The splatV vector shou
he object-space point sample derived from extruding the pixel with depth to 3-space. The s
the same size as the image or movie in the texture field. splatV field shall be one of the va
ure nodes (ImageTexture, MovieTexture, or PixelTexture), where only the nodes represe
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color imageq are allowed. If the splatU map is not specified as well, the result is undefined.

3.4.24 PointTextureV2.node

3.4.2.41 Node interface

PointTextuneV24{ #%NDT=SFDepthTextureNode
field SFInt32 width 256
field SFInt32 height 256
field SFInt32 depthNbBits 7
field MFInt32 depth 1
field MFColor color 1
field SFNormalNode normal
field MFVec3f splatU 1
field MFVec3f splatV 1

}

3.4.24.2 Functionality and semantics

The PointTextureV2 node defines multiple layers of IBR points.
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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 the right to finish the horizontal line before moving to the upper line. For each point, the number of depths

(pixe

Is) is first stored and that number of depth values shall follow.

The color field specifies color of current pixel. The order shall be the same as the depth field except that

num
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the d
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splaflJ and splatV fields are specified, only basic point rendering‘is possible. Normals can be

using

per of depths(pixets)foreachpointis ot mctuded:

HepthNbBits field specifies the number of bits used for the original depth data. The value of
bs from 0 to 31, and the actual number of bits used in the original data is depthNbBjts+%. The
istance equation is derived as follows:

=2 (depthNbBits+1) __ 1

hormal field specifies normals for each specified depth of each point.in the projection plang]

depth to 3-space. If the normals are not specified through the Aormal field, the decoder ca
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case} if the normals are not specified, the result\is undefined. If the splatU vectors are specified, it
in cdnjunction with the splatV vectors to calculate a tangent frame and reconstruction kernel fo
point-based rendering. If neither the normals nor the splatV vectors are specified, the result is und

The pplatV field specifies splatV vectors for each specified depth of each point in the projection
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platU field specifies splatU vectors for each specified depth of each point in the projection

ixel with depth to 3-space. If the splatV vectors are not specified the decoder can calculs

order. The splatV vector.should be assigned to the object-space point sample derived fr
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1  MultiTexture Node

1.1 Node Interface
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Texture { #/NDT=SFTextureNode

exposedrield SFFioat alpha f HO1]
exposedField SFColor color 111 #[0,1]
exposedField MFInt function 1

exposedField MFInt mode 1

exposedField MFInt source 1

exposedField MFTextureNode  texture 1

exposedField MFVec3f cameraVector 1

exposedField SFBool transparent FALSE
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3.4.3.1.2 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 list of texture nodes (e.g., ImageTexture, PixelTexture, MovieTexture). The
texture field may not contain another MultiTexture node.

The cameraVector field contains a list of camera vectors in 3D for each texture in the texture field. These
vectors 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 each render cycle, to weight all

textures accordingtotheactuat-sceneviewpoint:

The color and alpha fields define base RGB and alpha values for SELECT mode operations.

The mode fleld controls the type of blending operation. The available modes include MODULATE for a lit
Appearance| REPLACE for an unlit Appearance and several variations of the two. However, for yiew-
dependent Multitexturing the default mode MODULATE shall be used in conjuction with the’source field yalue
“FACTOR”. Table 5 lists possible multitexture modes.

Table 5 — Multitexture modes
VALUE MODE Description

Multiply texture color with current color
00000 MODULATE
Arg1 x Arg2

Replaee current color
00001 REPLACE
Arg2

Multiply the components of the arguments, and [shift
00010 MODULATE2X the products to the left 1 bit (effectively multiplying
them by 2) for brightening.

Multiply the components of the arguments, and [shift
00011 MODULATE4X the products to the left 2 bits (effectively multiplying
them by 4) for brightening.

Add the components of the arguments

00100 ADD

Arg1 + Arg2

Add the components of the arguments with a -0.5 bias,
00101 ADDSIGNED making the effective range of values from —0.5 thrgugh

0.5.

Add the components of the arguments with a -0.5 bias,

00110 ADDSIGNED2X and shift the products to the left 1 bit.

Subtract the components of the second argument from

00111 SUBTRACT those of the first argument.

Arg1 - Arg2
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VALUE

MODE

Description

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)

01010

BLENDTEXTUREALPHA

Linearly blend this texture stage, using*thg alpha from
this stage's texture.

Arg1 x (Alpha) + Arg2 x (1 — Alpha)

o101

BLENDFACTORALPHA

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

Arg1 x (Alpha) +.Arg2 x (1 — Alpha)

01100

BLENDCURRENTALPHA

Linearly blendythis texture stage, using the|alpha taken
from the previous texture stage.

Argt¥.(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 result to
argument one.

Arg1.RGB + Arg1.A x Arg2.RGB

011]0

MODULATEINVALPHA- ADDCOLOR

Similar to MODULATEALPHA_ADDCOLQR, but use
the inverse of the alpha of the first argument.

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

01171

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

Use color argument 1

10001

SELECTARG1

Arg1

10010

SELECTARG2

Use color argument 1

Arg2
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VALUE MODE Description
Modulate the components of each argument (as
sighed components), add their products, then replicate
the sum to all color channels, including alpha.
This can do either diffuse or specular bump mapping
10011 DOTPRODUCT3 with correct input. Performs the function (Arg1.R x
Arg2.R + Arg1.G x Arg2.G + Arg1.B x Arg2.B) where
each component has been scaled and offset to make it
signed. The result is replicated into all four (including
atpha)chanmets:
10100 -
11111 Reserved for future use
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
000 1" (default) The second argument color (ARG2) is the color from the previous rendefing
stage (DIFFUSE for first stage).
001 {DIFFUSE" Thg texture argumen.t is the-diffuse color interpolated from vertex compongnts
during Gouraud shading.
010 [SPECULAR" The texture a_rgument is the . specular color interpolated from veftex
components during-Gouraud shading.
011 FACTOR" The texture argument is the factor (color, alpha) from the MultiTexture node
100-111 Reserved-for future use
The function field defines,_an optional function to be applied to the argument after the mode has peen
evaluated. Tpble 7 lists/valid values for the function field.
Table 7 — Values for the function field
VALUE MODE Description
000 " (default) No function is applied.
001 "COMPLEMENT" Invert the argument so that, if the result of th_e argument were referred
to by the variable x, the value would be 1.0 minus x.
010 "ALPHAREPLICATE" Repllcgte the alpha information to all color channels before the
operation completes.
011-111 Reserved for future use
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Mode may contain an additional Blending mode for the alpha channel; e.g., "MODULATE,REPLACE"

spec

ifies Color = (Arg1.color x Arg2.color, Arg1.alpha).

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

Note: Due to the texture stage architecture and its processing order of textures in common graphic cards, 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

trans
node
scen
num

3.4.3

Multi
the t

3.4.3

Mult
e

}
3.4.3

Each

By d
node
entrié

Exan

Shap|
ap

addresses the relative 2D coordinates of each texture, which are combined with the!3D
e geometry. In Multi-Texturing, one 3D point is associated with n 2D texture points-with
per of views. The node syntax for MultiTextureCoordinate in X3D is as follows and-can be U

.2 MultiTextureCoordinate Node

TextureCoordinate node supplies multiple texture coordinates per vertex: This node can bq
exture coordinates for the different texture channels.

.2.1  Node interface

TextureCoordinate { #%NDT=SFTextureCoordinateNode

kposedField MFTextureCoordinateNode texCoord 0

.2.2  Functionality and semantics

efault, if using MultiTexture with an’jIndexedFaceSet without a MultiTextureCoordina

s in the texCoord field, the lastentry is replicated.

hple:

e {

pearance Appearance, {

texture MultiTexXbure {
mode [ 0 0 O 01

source [ 33 3 3 ]

texturen|
ImageTFexture { url "np00.jpg" }
ImageTexture { url "npOl.jpg" }
ImageTexture { url "np02.jpg" }
TmageTexture { url "np03.jpg" }

form parameters, the second component of Multi-Texturing is the MultiTextureCoordinate-Node. This

points of the
n being the
sed as is.

used to set

entry in the texCoord field may contain a;TextureCoordinate or TextureCoordinateGenenator node.

e texCoord

, texture coordinates for channel 0 are replicated along the other channels. Likewise, if therg are too few

}
ge

}
ometry IndexedFaceSet {

texCoord MultiTextureCoord {
texCoord [
TextureCoordinate
TextureCoordinate
TextureCoordinate
TextureCoordinate

e )
e e
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3.5 Animation tools

3.51

3.5.11

3.5.1.11

Deformation tools

NonLinearDeformer

Node interface

NonLinearDeformer { #%NDT=SFGeometryNode

exposedField SFInt32 type 0
eXpOSGd tetd SHvtee3f axis 064
exposedField SFFloat param 0
exposedfield MFFloat extend 1
exposedfrield SFGeometryNode geometry NULL
}
3.5.1.1.2 Functionality and semantics
type is thel desired deformation (0: tapering, 1:twisting, 2:bending). axis isthe axis along which
deformation |is performed, param the parameter of the transformation, extend- its bounds, and geomn

the geometr
chain the tra

hsformations.

node on which is the deformation is performed or another NonLinearDeformer node

Table 8 — Semantic of param and extend values fori@ach deformation type

Type param Extend

0] tapering Radius [ relative-position, relative radius ]*

11 twisting Angle [Angle min, angle max ]

2l bending Curvature [ Curvature min, curvature max, y min, y max ]

For tapering
This way a
0% at the b
extend isu
Transformat

To taper an

¢

Tapéring

extend consists of a serie' of 2 values: the first is the position at which the radius shoul
rofile can be defined. The relative position along the axis of the transformation in object s
ginning, and 100%.at\the end. The radius is relative to the param and is given in percen
bed similarly for the other transformations.

ons are given.by [11]:

bbject long the z-axis, x- and y-axes are just scales as a function of z:

the
etry
50 to

1 be.
bace:
tage.

(X,Y,Z)=

(rx,ry,z) and r= f(z)

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

[ )
To rotate an

(X,Y,Z)=

62

Twisting

object through an angle @ about the z-axis:

(xcos@ — ysin@,xsin@+ ycosf,z) and 6= f(z)
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where f(z) specifies the rate of twist per unit length along the z-axis.

e 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(3" — y,), where

L
.ymin 11 J = ./Vmin
y: y lf ymingy<ymax
Vi Y2V

The geformation is given by

X |= x
—sinf(z—k™")+y, Viin S VS Voo
Y = —sin@z—k ")+ y, +cosO(y = Vo) V< Vi
—sin@(z =k ™)+ y, +c080(Y = Vo) V> Ve
cos@(z—k™)+k™ Vinin S SV max
Z |= {c0sO(z—kT)+kT +sin0(y—y.) ¥ <D
cos@(z—k™)+k™ +5O(Y = y,0) (I Vo

3.5.1.2 Free-form deformations

3.5.1.2.1 Node interface

FFDK #%NDT=SF3DNode

epentln MF3DNede addChildren

ejentin MF3DNode removeChildren

ekposedField MRE3DNode children 1

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 0 # (-00,00)
field MFFloat wKnot 0 # (-00,00)
field SFInt32 uOrder 2 #[2, 33]
fikld SEInt32 vQrder 2 #[2_33]
field SFInt32 wOrder 2 #[2, 33]
exposedField MFVec4f controlPoint 0

}

3.5.1.2.2 Functionality and semantics

The node definition is the same as for NURBSSurface in subclause 3.3.1 (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 define the scene embedded in the FFD space.

A FFD node acts only on a scene on the same level in the transform hierarchy because a FFD applies only on
vertices of shapes. If an object is made of many shapes, there are nested Transform nodes. If we pass
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solely the DEF of these nodes, then we have no notion of what the transforms applied to the nodes are. By
passing the DEF of a grouping node, which encapsulates the scene to be deformed, we can effectively

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 CoordinateInterpolator4dD {
key [ .. ]
keyValue_[ ]

}

DEF BoxGrolip Group {
childrernl [ Shape { geometry Box {} } 1]
}

DEF SkeletpnGroup Group {
children [
..# dejscribe here a full skeleton
]
}
DEF FFDNod¢ FFD {
..# specify NURBS deformation volume
children [
USE BpxGroup
USE SkeletonGroup

}

ROUTE TS.f
ROUTE PI.v

action_changed TO PI.set_fraction
blue_changed TO FFDNode.controlPoint

3.5.2 Gengric skeleton, muscle and skin-based model definition and animation

This subclay

se defines a generic animation, framework for models based on skeletons and muscles.

3.5.2.1 Gpeneric skeleton, muscle.and skin-based model definition

3.5.2.11 SBBone

3.5.21.11 Node interface

SBBone{ #%NDT=SFSBBoneNode, SF3DNode, SF2DNode

64

eventln MF3DNode addChildren

eventln MF3DNode removeChildren
exposediHetd SHnt32 bonetb 6
exposedField MFInt32 skinCoordindex [
exposedField MFFloat skinCoordWeight []
exposedField SFVec3f endpoint 001
exposedField SFInt32 falloff 1
exposedField MFFloat sectionPosition [
exposedField MFFloat sectionlnner [
exposedField MFFloat sectionOuter [
exposedField SFInt32 rotationOrder 0
exposedField MFNode children [1
exposedField SFVec3f center 000
exposedField SFRotation rotation 0010
exposedField SFVec3f translation 000
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exposedField SFVec3f scale 111
exposedField SFRotation scaleQOrientation 0010
exposedField SFInt32 ikChainPosition 0
exposedField MFFloat ikYawLimit [1
exposedField MFFloat ikPitchLimit [1
exposedField MFFloat ikrollLimit [1
exposedField MFFloat ikTxLimit [
exposedField MFFloat ikTyLimit [
exposedField MFFloat ikTzLimit [
}
3.5. 71T uncti ity i
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 ryn-time.
The genter field specifies a translation offset from the origin of the local coordinate-system.
The franslation field specifies a translation to the bone coordinate system:
The rotation field specifies a rotation of the bone coordinate system:
The pcale 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{¢oordinate system before the scale (to specify scales
in arlpitrary orientations). The scaleOrientation applies only to the scale operation.
The |possible geometric 3D transformation consists of (in order): 1) (possibly) non-uniform scale about an
arbitfary point, 2) a rotation about an arbitrary paoint and axis and 3) a translation.
The JrotationOrder field specifies the rotation order when deals with the decomposition of the rotation in
respect with system coordinate axes,
Two ways of specifying the influerice region of the bone are allowed:
4 Per vertex definition:
The gkinCoordIndex field contains a list of indices of all skin vertices affected by the current bong. Mostly, the
skin |nfluence region of bone will contain vertices from the 3D neighborhood of the bone, but special cases of
influgnce are alse“accepted.
The pkinCoeordWeight field contains a list of weights (one per vertex listed in skinCoordindex) that measures
the gontribution of the current bone to the vertex in question. The length skinCoordindex is equal with the
length of-skinCoordWeight. The sum of all skinCoordWeight related to the same vertex must be 1
e Per bone definition:
The endpoint field specifies the bone 3D end point and is used to compute the bone length.
The sectionlnner field is a list of inner influence region radii for different sections.
The sectionOuter field is a list of outer influence region radii for different sections.
The sectionPosition field is a list of positions of all the sections defined by the designer.
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The falloff field specifies the function between the amplitude affectedness and distance : -1 for x?, 0 for x%, 1

. T
for x, 2 for sm(E x), 3 for \/x and 4 for 3/x.

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

The ikChainPosition field specifies the position of the bone in the kinematics chain. If the bone is the root of
the IK chain then ikChainPosition=1. In this case, when applying IK scheme, only the orientation of the bone is
changed. If the bone is last in the kinematics chain ikChainPosition=2. In this case, the animation stream has

belongs to t
the bone a
(ikChainPos
an animatior
will be ignored. If an animation stream contains motion information about a bone which hasiKChainPositi
this means that the animation producer wants to ensure the orientation of the bone and.the IK solver wi
this value asla constrain.

The ikYawl]

axis.

The ikPitch
axis.

The ikRollL
axis.

The ikTxLimit field consists in a pair of min/max values which limit the bone translation in the X direction.
The ikTyLinmit field consists in a pair of min/max values which limit the bone translation in the Y direction.
The ikTzLimit field consists in a pair of min/max values which limit the bone translation in the Z direction.
The SBBoneg node is used as a building bleck to describe the hierarchy of the articulated model by atta
one or more

absolute gegpmetric transformation of any child of a bone is obtained through a composition with the |
parent transformation.

'e computed by the IK procedure. Finally, if the bone does not belong to apy IK
tion=0), it is necessary to transmit the bone local transformation in order to animate the bo

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

mit field consists in a pair of min/max values whichimit the bone rotation with respect to

child objects. The children field has the same semantic as used in ISO/IEC 14496-11

bone
on of
chain
ne. If

stream contains motion information about a bone which has ikChainPosition 1,/this information

on 3,
| use

mit field consists in a pair of min/max values which limit the bone/rotation with respect to the X

he Y

he Z

Ching
; the
one-

3.5.21.2 BBSegment
3.5.21.21 Nodeé interface
SBSegmenll( #%NDT=SFSBSegmentNode, SF3DNode, SF2DNode
eventin MFNode addChildren
eventin MFNode removeChildren
exposedField SFString name
exposedField SFVec3f centerOfMass 000
exposedField MFVec3f momentsOfinertia [000000000]
exposedField SFFloat mass 0
exposedField MFNode children [
}
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3.5.2.1.2.2 Functionality and semantics

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

The mass field is the total mass of the segment.

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

The momentsOfinertia fietdcomtaimsthe moment of imerta mmatrix— T he first threeetementsare the 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 §BSegment node is a grouping node especially introduced to address two iSSu€s:

4 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-tirfe animation
optimization. The SBSegment node may contain as a child “an SBSkinnedModel ngde (see the
SBSkinnedModel node description below). Portions of the-medel which are not part of the seamless
mesh can be attached to the skeleton hierarchy by using an"SBSegment node;

4 The second deals with the requirement to attach'éstandalone 3D objects at different [parts of the
skeleton hierarchy. For example, a ring can besattached to a finger; the ring geometry gnd attributes

are defined outside of skinned model but the.ring will have the same local geometrical transformation
as the attached bone.

3.5.21.3 SBSite

3.5.2.1.31 Node interface

SBSijte {#%NDT=SFSBSiteNode, SF3DNode, SF2DNode

epentin MF3DNode addChildren
epentin MF3DNode removeChildren
ekposedField SEVec3f center 000
ekposedField MF3DNode children [1
ekposedField SFString name
ekposedField SFRotation rotation 0010
ekposedField SFVec3f scale 111
ekposedField SFRotation scaleQOrientation 0010
ekposedfField SFVec3f translation 000

}

3.5.21.3.2 Functionality and semantics

The center field specifies a translation offset and can be used to compute a bone length. The rotation field
specifies a rotation of the coordinate system of the SBSite node.

The scale field specifies a non-uniform scale of the SBSite node coordinate system and the scale values
must be greater than zero.

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

The translation field specifies a translation of the coordinate system of the SBSite node.
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The children field is used to store any object that can be attached to the SBSegment node.

The SBSite node can be used for three purposes. The first is to define an "end effector”, i.e. a location which
can be used by an inverse kinematics system. The second is to define an attachment point for accessories
such as clothing. The third is to define a location for a virtual camera in the reference frame of a SBSegment
node.

SBSite nodes are stored within the children field of an SBSegment node. The SBSite node is a specialized
grouping node that defines a coordinate system for nodes in its children field that is relative to the coordinate
systems of its parent node. The reason a SBSite node is considered a specialized grouping node is that it can
only be defined as a child of a SBSegment node.

3.5.2.1.4 PBBMuscle

3.5.2.1.41 Node interface

SBMuscle{ #%NDT=SFSBMuscleNode, SF3DNode, SF2DNode

exposedfield MFInt32 skinCoordIndex [1
exposedfield MFFloat skinCoordWeight []
exposedfield SFNode muscleCurve NULL
exposedfield SFInt32 musclelD 0
exposedfrield SFInt32 radius 1
exposedfrield SFInt32 falloff 1

}

3.5.2.1.4.2 Functionality and semantics

The skinCoprdindex field consists of a list of vertex indices\from the skinned model skin which are aff¢cted
by the “musgle”.

The skinCoprdWeight field consists of a list of weights’indicating in what measure a vertex in affected by the
“muscle”.

The musclefurve field is a NurbCurve as defined in subclause 3.3.1.2.

The radius fjeld specifies the maximum-distance where the “muscle” will affect the skin.

The falloff field specifies the funetion between the amplitude affectedness and distance : -1 for x°, 0 for x7,

. T
1 for x, 2 fo sm(z x), 3 for Jx and 4 for Vx.

Performing deformation consists in affecting the form of the muscleCurve by 1) affecting the position df the
control poinfs ofcthe curve, 2) affecting the weight of control points or/and 3) affecting the knot sequénce.
Depending dn {he author, the animation stream can contain one animation mechanism or a combination pf 1),
2) and 3).

At the modeling stage, each affected vertex v, from the skin is assigned a point vl.c from the curve, as the

closest point. During animation, the translation of vl.c obtained from the update values of controlPoint,

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

e skinCoordWeight field is specified for vertex v, then:

Tv, = skinCoordWeight[k]*Tvic,
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where k is the index of vertex v, in the model vertices index list;
e radius field is specified, then

radius —d(v,,v;)

Tv, = f( )+ s

radius

with f () specified by the falloff field.

ISO/IEC 14496-16:2009(E)

contains the

bN run-time.

3.5.21.5 SBSkinnedModel

3.5.21.5.1 Node interface

SBSkinnedModel{ #%NDT=SF3DNode,SF2DNode
ekposedField SFString name
ekposedField SFVec3f center 000
ekposedField SFRotation rotation 0010
ekposedField SFVec3f translation 000
ekposedField SFVec3f scale 111
ekposedField SFRotation scaleOrientation 0010
ekposedField MF3DNode skin [
ekposedField SFCoordinateNode skinCoord NULL
ekposedField SFNormalNode skinNormal NULL
ekposedField MF3DNode skeleton [
ekposedField MFBoneNode bones [
ekposedField MF3DNode muscles [1
ekposedField MFSegmentNode segmernis [1
ekposedField MFSiteNode sites [1
ekposedField SF3DNode weighsComputationSkinCoord NULL

}

3.5.21.5.2 Functionality and semantics

The |SBSkinnedModel node _issthe top of the hierarchy of Skin&Bones related nodes and

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

The pame field specify the name of the skinned model allowing easily identification at the animati

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

The translation field specifies a translation of the coordinate system.

The fotation field specifies a rotation of the coordinate system.

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

zero.

greater than

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

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

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

textu

re) to different parts of the model.
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The skeleton field specifies the root of the bones hierarchy.

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

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

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

The weighsComputationSkinCoord field describes a specific static position of the skinned model. In many
cases the static position of the articulated model defined by skinCoord and skin fields is not appropriate to

compute th
specifying th
during the in
the posture ¢

3.5.2.1.6

This node a
extracted fro|

3.5.2.1.6.1

e skinned model vertices in a more appropriate static posture. This posture will be useq
tialization stage and ignored during the animation. All the skeleton transformations arg relat
efined by skinCoord field.

5BVCAnimation

llows
just
ed to

lows to group together a set of skinned models; in order to animate them*the animation data is

M the same resource (file or strem).

Node interface

SBVCAnimation{ #NDT=SF3DNode,SF2DNode

exposedfield MFNode virtualCharacters []

exposedfrield MFURL url [4
}
3.5.2.1.6.2 Functionality and semantics
The SBVCAnimation node is a grouping node, which allows to attach a list of virtual characters to an
animation stream.
The virtual@Characters 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 SBSkinnedMlodel
nodes from {he 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
used.
3.5.2.1.7 BBVCAnimationV2
3.5.21.71 Introduction

This node is—an extension of the SBVCANImMation node and the added functionality consists in _streaming
control and animation data collection. The BBA stream can be controlled as a elementary media stream, and
can be used in connection with the MediaControl node.

3.5.21.7.2 Syntax

SBVCAnimationV2{ #%NDT=SF3DNode,SF2DNode
exposedField MFNode virtualCharacters []
exposedField MFURL url [
exposedField SFBool loop FALSE
exposedField SFFloat speed 1.0
exposedField SFTime startTime 0
exposedField SFTime stopTime 0
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eventOut SFTime duration_changed
eventOut SFBool isActive
exposedField MFInt activeUrlIndex 0
exposedField SFFloat transitionTime 0
}
3.5.21.7.3 Semantics

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

nodegs from the virtualCharacters list and is used for outband bitstreams. The animation will be extracted from

The [irT Tield refers To the BBA siream which contains encoded animation data related to the bBbfinnedModel

the first element of the animation URL list and if the case when it is not available the following el
used|

ment will be

The [loop, startTime, and stopTime exposedFields and the isActive eventOut,Cand their effects on the

SBV{LAnimationV2 node, are similar with the ones described by VRML specifications (ISO/IEC 14
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 inactiva.

772-1:1997)

The [SBVCAnimationV2 node can execute for 0 or more cycles. A eycle is defined by field dafa within the

. If, at the end of a cycle, the value of loop is FALSE, execution is terminated. Converse
TRUE at the end of a cycle, a time-dependent node continues €xecution into the next cycle. A tim
nodg with loop TRUE at the end of every cycle continues eycling forever if startTime >= stopT
stop[Time if startTime < stopTime.

The BBVCAnimationV2 node generates an isActive TRUE event when it becomes active and ¢
isActive FALSE event when it becomes inactive, These are the only times at which an isAc
gengrated. In particular, isActive events are net'sent at each tick of a simulation.

The BBVCAnimationV2 node is inactive until its startTime is reached. When time now becomes
or equal to startTime, an isActive TRUE event is generated and the SBVCAnimationV2 no
active (now refers to the time at_which the player is simulating and displaying the virtual wo
SBVLAnimationV2 node is read dfrom a mp4 file and the ROUTEs specified within the mp4 fil
established, the node should detérmine if it is active and, if so, generate an isActive TRUE eve

ly, if loop is
e-dependent
ime, or until

enerates an
ive event is

greater than
de becomes
Id). When a
b have been
nt and begin

gendrating any other necessary events. However, if a SBVCAnimationV2 node would have beconje inactive at

any fime before the reading of the mp4 file, no events are generated upon the completion of the re

An agctive SBVCAnimationV2 node will become inactive when stopTime is reached if stopTime
The [value of stopTime is ignored if stopTime <= startTime. Also, an active SBVCAnimation
e inactive at the end of the current cycle if loop is FALSE. If an active SBVCAnim
receives a set{4oop FALSE event, execution continues until the end of the current cycle or until
stopTime >'startTime), whichever occurs first. The termination at the end of cycle can be ove
subseduent set_loop TRUE event.

ad.

> startTime.
V2 node will
tionV2 node
topTime (if
rridden by a

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

A SBVCAnimationV2 node may be restarted while it is active by sending a set_stopTime event equal to the
current time (which will cause the node to become inactive) and a set_startTime event, setting it to the current
time or any time in the future. These events will have the same time stamp and should be processed as
set_stopTime, then set_startTime to produce the correct behaviour.
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The speed exposedField controls playback speed. It does not affect the delivery of the stream attached to the
SBVCAnimationV2 node. For streaming media, value of speed other than 1 shall be ignored.

A SBVCAnimationV2 shall display first frame if speed is 0. For positive values of speed, the frame that
an active SBVCAnimationV2 will display at time now corresponds to the frame at animation time (i.e., in

the animatio

n’s local time base with frame 0 at time 0, at speed = 1):

fmod (now - startTime, duration/speed)

If speed is n

durati

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

SBVCAnif
shall be play
eventOut is
is playing.

An event shall be generated via the duration_changed field whenever a change(isymade to the startTin

stopTime fi
duration dog]

activeUrlind
field is instg
selection. In
will be used,

(1) activeUr|
activeUrlind
The transitig
rotation and

(2) activeUr
for the bone
computed b
rotation and

In all the cag
zero, the pla

3522 G
Animating a
frame. Spec
employs the|

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

+ fmod(now - startTime, duration/speed).

hationV2 became inactive shall persist. The speed exposedField indicates how(fast the n
ed. A speed of 2 indicates the animation plays twice as fast. Note that the duration_cha
hot affected by the speed exposedField. set_speed events shall be ignored while the anim

plds. An event shall also be triggered if these fields are changed simultaneously, even
5 not actually change.

ex allows to select or to combine specific animation resouree referred in the url[] field. Whe
ntiated the behavior of the url[] field changes from the-alternative selection into a com
the case of alternative mode, if the first resource in the,url[] field is not available, the secong
and so on. In the combined mode the following cases‘€an occur:

Index has one field: the resource from url[] that has this index is used for animation. Whe
ex is updated a transition between to the old animation (frame) and the new one is perfor
n use linear interpolation for translation,~center and scale and SLERP for spherical daf
scaleOrientation. The time of transitionsis ‘'specified by using the transitionTime field.

Index has several fields: a composition between the two resources is performed by the tern
5 that are common in two or more resources a mean procedure has to be applied. The m¢
 using linear interpolation:for’ translation, center and scale and SLERP for spherical da
scaleOrientation.

es, when a transitien:between two animation resources is needed, when the transitionTime
yer must perform-an’‘interpolation. The transitionTime is specified in miliseconds.

pneric skeleton, muscle and skin-based model animation

2D/3Darticulated model requires knowledge of the position of each model vertex at each
fying-such a data is an enormous and expensive task. For this reason the AFX animation sy

the
novie
hged
ation

he or
f the

h this
bined
one

n the
med.
a as

ninal:
an is
a as

s not

key-
stem

bene-based modeling of articulated models which effectively attaches the model vertices|

to a

bone hierarchy (skeleton).Moreover, a set of curve-based muscles allow to add local deformation of the skin.
This technique avoids the necessity to specify the position for each vertex, only the local transformation of
each bone in the skeleton and the muscle form being animated. The local bone transformation components
(translation, rotation, scale, scaleOrientation and center) and the muscle-curve components (control points
position and weights) are specified at each frame and, at the vertex level, the transformation is obtained by
using the bone-vertex and muscle-vertex influence region.

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

Animating a skinned model is achieved through updates of the geometric transformation component of the
skeleton by transforming the bones and/or to the muscle curve form.
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A general transformation of a bone, as defined by the SBBone node, involves: translation in any direction,
rotation with respect to any rotation axis, and scaling with respect to any direction. In the SBBone node
definition the rotation field is defined as a SFRotation. In order to update the orientation of a bone the rotation
field must by updated.

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

representation is ensured by the rotationOrder field. A triplet of angles [@,92,@] describes how a coordinate
frame r rotates with respect to a static frame s, here, how a bone frame rotates with respect to its parent
frame. The triplet is interpreted as a rotation by 6, around an axis 4, then a rotation by €, around an axis

4,, fnd Tinally a rotation by &,around an axis A,, with A, different from both 4, and 4,

restricted to the coordinate axes, X, Y, and Z, giving 12 possibilities: XYZ, XYX, YZX, ¥2Y,

XZY, XZX, YXZ, YXY, ZYX, ZYZ. By considering the axis either in the bone frame (r) or its
(8), there are 24 possible values for rotationOrder.

he axes are

ZXY, ZXZ,
parent frame

The |bone-base animation (BBA) of a skinned model is performed by frame’/update of the SBBone
trangformation 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 thel decoder will
compute the intermediate frames by temporal interpolation. Linear \intérpolation is used for translation
and $cale components and linear quaternion interpolation is used/for rotation and scaleQrientation
components.

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

The gnimation mask vector consists in:

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

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

the bonelD as wellas the animation mask for each animated bone. See below for the @
SBBone animation mask.

the musclelD as well as the animation mask for each animated muscle. See below for th

the decodef

er of frames
frame as a

computes
gine, as well

h the current

escription of

e description

of SBMuiscle animation mask.

The gnimation values vector consists in:

o he new values Tor each bone transtormation component which need updating.

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

A BBA file or stream can contain the information related to a maximum number of 1024 SBBone and 1024
SBMuscle nodes belonging to one or more skinned models and grouped under the same SBVCAnimation
node. The identifiers fields bonelD and musclelD must be unique within an SBVCAnimation node and must
be in the range [0 ...1023].

Two representation of the animation data are supported by the standard: uncompressed format and
compressed format.
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Annex E describes the uncompressed animation file format. Subclause 4.3.2 shows the syntax of the

compressed

animation stream.

3.5.2.3 Animation algorithm details for BBA

The initial pose of an articulated model must contain a skeleton that is aligned with the mesh. Thus some
bones have a non-identity initial transformation. During the animation, the bone transforms are updated. Since
the skeleton and the mesh are originally aligned, only the offset between the new bone transforms and the

initial ones h

Animating th

as to be applied to the vertices.

e skinned model consists then in the following steps:

a) for all bo
transform: rq
parents coor

b) for all thg bones, compute the initial transformation in the world space as a product,between the
transformatipn of the bone in the local space and the initial transformation of the bone'syparent express
the world spfice

c) compute {

d) at each 4

scaleOrientdtion

e) at each animation frame, repeat step b)

f) at each a
computed at

g) at each 4
previous ste

3.6 Rendering tools

3.6.1 Shad

The Shadd

shadows cayised by 3D-surfacés) shadow properties and SpotLight nodes.

nes compute the initial transformation in the local space as the combination of the eleme]
tation, translation, center, scale and scaleOrientation; all these components are expressed i
dinate system.

he inverse of previous transformation

nimation frame, update the local elementary transforms: rotation, translation, center, scale

himation frame, for all the bones multiply the transformation obtained at step e) with theg
step ¢)

himation frame, for each pair bone/vertex;.multiply the vertex with the transform obtained §
b and with the corresponding weight.

ows

W node works as-<a\'special grouping node for the author defined creation of hard and

ntary
n the

nitial
ed in

and

one

t the

soft

3.6.1.1 Syntax

Shadow {
eventln MFNode addChildren
eventin MFNode removeChildren
exposedField  MFNode children 1|
exposedField  SFBool enabled TRUE
exposedField  MFBool cast TRUE
exposedField  MFBool receive TRUE
exposedField  SFFloat penumbra 0

}

3.6.1.2 Semantics

addChildren: the addChildren event appends nodes to the grouping node's children field. Any nodes passed

to the addChildren event that are already in the group's children list are ignored.
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removeChildren: the removeChildren event removes nodes from the grouping node's children 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 invisibly rendered.
Only instances 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 as 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 same way as shown in Figure 30. The light source has to illuminate the 3D-surface, for casting or
receiving shadows.

led: the functionality of the Shadow node is enabled with the value TRUE. The functiq
oW node is disabled with the value FALSE.

nality of the

hlue TRUE a
eld works as
The shadow
all of those
Figure 30).

instance or a branch with instances of 3D-surfaces included becomes an ec¢cluder. The fi
ol, so every children[m] (single node or branch) is able to have its ownwalue of cast.

er. The field
of receive.

The phadow properties of a 3D-surface node instance are transmitted according the ID of Medis
of thpse instances of 3D-surfaces existing outside of Shadow nodes in that scene with the s
Figure 30). The field works as MFBool, so every childfen{m] node is able to have its own value

Object to all
ame ID (see
of receive.

The shadow properties of a 3D-surface’s node instahce become transmitted to all of those instances of 3D-
surfgces existing outside of Shadow nodes in that‘scene (see Figure 31).

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

grouping node

v D ¥
@ Shadow SpotLight
[
v v
USE singlenode | |  USE branch

Figure 29 — Semantical representation

If SHadow and SpotLight nodes own the same grouping node as parent, a shadow relationship is created
auto lldtibdiiy betweenthen:
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grouping Node

v v
grouping Node USE %u:b{gnr}aph m grouping Node
cast[m], receive[m] ¢ ‘ ‘
DEF Subgraph r, |  castim), receneim Shadow SpotLight,

\

DEF 3D ShapeJ USE Subgraph |
ID={p} ID={n}

—

penumbra

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

The combingition of multiple Shadow nodes with one or multiple SpotLight nodes possesses several
shadow properties associated with one SpotLight node. This way a SpotLight nede gets several
penumbra palues (see Figure 31). Additionally it can create multiple shadow properties;with a single Shape
node.

grouping Node

PENUMDIa | penumbra ¢
4 299”‘”““’3 #M ?‘\

Shadow Shadow ., , Spothight SpotLight
cast [m], receive [m] cast [m], receive [m] ! i+1

E E 0\

2 2

8 8

E E_ cagtPm+1], receive [m+1]

£ £

Subgraph Subgraph . Subgraph .,
ID={n} ID={n} ID={p}

Figurp 31 — Transmission of shadow properties to multiple 3D-surfaces and light sources

The following rules were formulated for those cases. If a unique 3D-surface is related to the same light s¢urce
several timeg, the shadow properties are handled by the Boolean operation OR. All penumbra values add up
and increasg the light body extension.

The occurrepce of multiple associated SpotLight nodes combined with only one Shadow node s{mply
results in eagh SpotLight node creating another independent relation.

4 AFX bjtstream specification - 3D Graphics compression tools

4.1 Introduction

Clause 4 includes the definition of the bitstream syntax for compressed graphics primitives (geometry, texture,
animation) and generic (multiplexing, backchannel, ...) mechanisms.

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

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

¢ in a standalone file format as defined in subclause 4.5.1.
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3DMC Extension is based on 3D mesh coding (3DMC) tools introduced in MPEG-4 Visual [ISO/IEC 14496-2].
Compared to 3DMC tools, 3DMC extension tools incorporate vertex order and face order preserving
functionality, efficient texture mapping functionality, and new stitching operation and remove forest split
operation, computational graceful degradation (CGD), and existing stitching operation.

4.21

A Introduction

42111

3D Mesh Object

The BD Mesh Object is a 3D polygonal model that can be represented as an IndexedFaceSet

defi

d by the position of its vertices (geometry), by the association between eachiaece and i

verti¢es (connectivity), and optionally by colours, normals, and texture coordinates{pfoperties). H
not gffect the 3D geometry, but influence the way the model is shaded. 3D mesh)coding (3DM
addresses the efficient coding of 3D mesh object. It comprises a basic methodand several option]

3DM
reso
purp
orde
orien
and

1ISO/

In 300

relats
coloy

4.21

The

extension method operates on manifold model and features incremental representati
ution 3D model. The model may be triangular or polygonal — the_ latter are triangulate
bses and are fully recovered in the decoder. Options include: (a)'support for error resilieng
and face order preserving; (c) efficient texture mapping; and (d) support for non-manifq
table model. The compression of application-specific geometry streams (Face Animation
generalized animation parameters (BIFS Anim) are cufrently addressed elsewhere in
EC 14496.

MC extension, the compression of the connectivity<f the 3D mesh (e.g. how edges, faces,

2

P

rs, and texture coordinates) may be lossy.

.1.2  Single Resolution Mode

For

ncremental representation of a single resolution 3D model is based on the Topological Surg
anifold triangular 3D meshes, 'the Topological Surgery representation decomposes the c(

each| connected component into, a-simple polygon and a vertex graph. All the triangular faces of
are qonnected in the simple polygon forming a friangle tree, which is a spanning tree in the dual
esh. Figure 32 shows an example of a triangular 3D mesh, its dual graph, and a triangle tre¢. The vertex

3D

grap
reco
simp

n identifies which paits of boundary edges of the simple polygon are associated with e

e polygon. The missing information is recorded as a marching edge.

n BIFS. It is
S sustaining
Properties do
C) extension
s. The basic
pn of single
d for coding
e; (b) vertex
Id and non-
Parameters)
this part of

and vertices

) is lossless, whereas the compression of the\ether attributes (such as vertex coordinates, normals,

ery scheme.
nnectivity of
he 3D mesh
graph of the

ach other to

pstruct the connectivity of the 3D mesh. The triangle tree does not fully describe the triangdilation of the
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=l

For manifold
mesh are co
the resulting
polygon_edg

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

3D meshes, the connectivity is represented in a similar fashion. The pelygonal faces of th
nhnected 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\récorded as a sequend
e bits. The face tree is also a spanning tree in the dual graph™ef the 3D mesh, and the v

graph is alw

The vertex

ys composed of edges of the original 3D mesh.

ordinates and optional properties of the 3D mesh (normals) colours, and texture coordinates

quantised, pfedicted as a function of decoded ancestors with respect to the order of traversal, and the g

are entropy

42113

ncoded.

ncremental Representation

When a 3D mesh is downloaded over networks with limited bandwidth (e.g. PSTN), it may be desired to !

decoding an
control such
supports thi
Incremental

42114

If the 3D m
transmission

d rendering the 3D mesh before it hascall been received. Moreover, content providers may w

5 by interleaving the data such_that each triangle may be reconstructed as it is receq
representation is also facilitated-by the options of partitioning for error resilience.

Error Resilience for 3D Mésh Object

esh is partitioned into independent parts, it may be possible to perform more efficient
in an error-prone environment, e.g., an IP network or datacasting service in a broadcas

network. It must be possiblé to resynchronize after a channel error, and continue data transmission

rendering frg
decoder can

Flexible part

m that point-instead of starting over from scratch. Even with the presence of channel errorg
start decoding and rendering from the next partition that is received intact from the channel.

tiening methods can be use

e 3D
es of
e of
ertex

) are
rrors

begin
sh to

incremental representation to present the most important data first. The basic 3DMC me¢thod

ived.

data
t TV

and
, the

hcket

structure mare
connected comp

d to organize the data, such that it fits the underlying network p

veral

onents may be merged into one partition, where as a large connected component may be

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.

4.21.1.5 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
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is done per vertex, where vertex order is a problem to fix in such a case. However, if editing or animation is
done per face, the change of face order may have the same impact as vertex order.

These vertex and face order changes may create a lot of confusion not only at the encoder side, but more at
the decoder side. Hence, in order to solve this issue it needs to carry original vertex and face order
information with encoded bitstream and re-order the vertex and face order accordingly after decoding the

enco

4.21

ded model.

1.6  Efficient Texture Mapping

Efficient texture mapping would alleviate the need of having very accurate geometry model, since

appr
critic

Near
The

textul
from
know
the

bximation by texture map will do the trick tor the user. Theretore, the accuracy ot texture-c
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 float
re coordinates in reality are discrete values in integer. To compress the textare coordinat
the point of integer values, two kinds of schemes can be used: (1) if the tekxiure image size
n, quantised step size for texture coordinates 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 2

diffefence values of the real texture coordinate values (or the regular intervals of ordered textun

valug

4.21

The
sequ
and
conv

4.21

High
They
(de)q
from
effici
(de)q
a los
(de)q

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

pordinates is

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

mesh and a

ence of stitches. Each stitch describes the number<of duplications for the vertex increase or face increase

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

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

5) during the
b of stitches.

n Figure 33.

consist of a 3D mesh connectivity (de)coder, geometry (de)coder, property (de)coder, vertgx/face order

oder, and entropy (de)codingblocks. Connectivity, vertex position, and property information

3D mesh model described\in®VRML or MPEG-4 BIFS format. The connectivity (de)coder is
bnt representation of the_association between each face and its sustaining vertices. T
oder is used for a lossy or lossless compression of vertex coordinates. The property (de)cod
sy or lossless compression of colour, normal, and texture coordinate data. The verte
oder is used for(vertex order and face order preserving.

hre extracted

used for an
he geometry
bris used for
x/face order
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3D Mesh Model

Geometry
Encoder

y

Geometry —

Compressed
3D Mesh

Model Bitstream

o Entropy
Coding

Topological - Connectivity
Surgery Encoder

Connectivity

Property
Encoder

Property

\ 4

LLL

Vertex/Face
Order
Encoder

3D Mesh Model

Geometry

Decoder Geometry

Composifion
&
Renderihg

Bitstream

Connectivity

Decoder

Entropy
Decoding

Connectivity

Property

L

+ | Vertex/Face
@» Order
C)O Decoder

A 5
O

Figure 33 —éEal block diagram of the 3D mesh compression. A: 3D mesh encoder. B: 3D megsh
A\ decoder. 1

4.21.2 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
partitions.

Parti

tion #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

Vertq

x Graph Triangle Tree Triangle Data

The

corrg
form
vertg

polyg

prev
(per

Grap

friangle tree record contains the structure of a triangle spanning tree whichclinks all the trig
sponding connected component forming a simple polygon. The 3D mesh is\represented in 3
in the bitstream, which also contains the information necessary to reconstruct the origing
X graph record contains the information necessary to stitch pairs(of boundary edges ¢
on to reconstruct the original connectivity, not only within the curtent connected componen
ously decoded connected components. The connectivity information is categorized as globg
connected component) and local 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
versal of the

is arfanged on a per triangle basis, where the ordering of the'iriangles is determined by the tra
triangle tree.
Data|for triangle #1 Data for triangle #2 Data for triangle #nT
The glata for a given triangle is organized as follows:
mardghing edge | td_orientation polygon:edge | coord normal color texCoord
The marching edge, td_orientation an@)polygon_edge constitute the per triangle connectivity infomation. The
othef fields contain information to reconstruct the vertex coordinates (coord) and optionally, normal, color, and
texture coordinate (texCoord) information.
4.21.3 Bitstream syntax
4.21.31 3D_Mesh /Object
3D Mesh Object () { No. of bits |[Mnemonic

3D_MO_start_code 16 uimsbf

3D _Mesh Object Header()

doy

3D _Mesh Object Layer()

} while (nextbits bytealigned() == 3D MOL _start code)

}
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4.21.3.2 3D_Mesh_Object_Header

3D _Mesh Object Header() { No. of bits Mnemonic
Ccw 1 bslbf
Convex 1 bslbf
Solid 1 bslbf
creaseAngle 6 uimsbf
coord header()
normal_header()
color _header()
texCoord_header()
3DMC_ektension 1 bslbf
if (3DMC] extension == ‘1)
3DM[ extension header()
}
4.21.3.3 BD_Mesh_Object_Layer
3D_Mesh Object Layer () { No. of bits | Mnemagnic
3D_MOL_start_code 16 uimsbf
mol_id 8 uimsbf
if (mol_id == 0)
3D Mesh Object Base Layer()
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
}while (last component == ‘0’)
}
else if (3D _MOBL _start code == “partition_type 1”){
vg_number=0
do {
vertex_graph()
vg_number++
gf decode(has_stitches, has_stitches context) 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*y{
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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4.21.3.5 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 qgliant 5 uimsbf
coord pred type 2 uimsbf
if (coord| pred_type=="tree_prediction” ||
coorfd pred type=="parallelogram_prediction”) {
coorg_nlambda 2 uimsbf
for (ig1; i<coord nlambda; i++)
coord lambda 4-2F simsbf
}
}
4.21.3.6 hormal_header
normal_header() { No. of bits Mnemdnic
normal_binding 2 uimsbf
if (normgl_binding != “not_bound”) {
nornpal_bbox 1 bslbf
nornfal_quant uimsbf
nornpal_pred_type 2 uimsbf
if (ngrmal_pred_type=="tree_prediction”||
normal_pred_type=="parallelogram_prediction”) {
pormal_nlambda 2 uimsbf
{or (i=1; i<normal_nlambda; i++)
normal_lambda 3-17 simsbf
}
}
}
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4.21.3.7 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

4.21.3.8 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_preditype=="tree_prediction” ||
texCoord—pred_type=="parallelogram_prediction”) {

texCoord. hlambda 2 uimsbf
for (i=1; i<texCoord_nlambda; i++)
texCoord_lambda 4-19 simsbf
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4.21.3.9 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”)
}
4.2.1.3.10 POrder_mode_header
Order_mode |header () { No. of\bits Mnemoric
vertex_ornder flag 1 bslbf
if(vertex_prder flag)
vertex _order per CC flag 1 bslbf
face order flag 1 bslbf
if(face_onder_flag)
face |order_per_CC flag 1 bslbf
}
4.2.1.3.11 Adaptive_quant_texCoord_mode_header
Adaptive_qugnt texCoord mode header () { No. of bits Mnemonic
texCoord| quant u 16 uimsbf
texCoord| quant v 16 uimsbf
}
4.2.1.3.12 | 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 pumber\of otherAttr
otherAttr_header()
}
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otherAttr_header() { No. of bits | Mnemonic
otherAttr_binding 2 uimsbf
otherAttr_dimension 8
if (otherAttr_binding != “not_bound”) {
otherAttr_bbox 1
if (otherAttr bbox == ‘1’) {
for (i= &; i < otherAtir _dimension; i++ )
otherAttr_min(i) 32 bslbf
otherAtir_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 limsbf
for (i=1; i<otherAttr nlambda; i++)
otherAttr lambda 4-19 simsbf
}
}
}
4.21.3.14 connected_component
connected component() { No. of bits ||Mnemonic
Vertex graph()
f decode(has_stitches, has_stitches context) viclbf

g
tfiangle tree()
tfiangle data()
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4.21.3.15 vertex_graph
vertex_graph() { No. of bits | Mnemonic
gf_decode(vg_simple, vg_simple_context) viclbf
depth=0
code last="‘1
openloops =0
if (code last == ‘1") {
gf decode(vq last, vg last context) viclbf
if (openloops > 0) {
gf decode(vg_forward_run, vg forward run_context) vlelbf
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
f (vg leaf == ‘1" && vg_simple == ‘0’) {
gf_decode(vg_loop, vg_loop_context) viclbf
if (vg_loop == ‘1")
openloops++
e
} while (0)
if (vd leaf == ‘1’ && vg_last == ‘1’ && code=last == ‘1’)
lepth--
if (vg_leaf =="'0’ && (vg_last == ‘0’ ||.code_last == ‘0’))
lepth++
codqg 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 (tt leaf == ‘1") {
depth--
}
else {
branch_position = ntriangles
depth++
}
}while (depth >= 0)
if (3D_MOBL _start code == “partition_type 2")
if (codap_right bloop idx — codap_left bloop idx — 1 > ntriangles) {
if (br@nch_position == ntriangles — 2) {
gf de¢code(codap_branch_len, codap branch len context) viclbf
ntriapgles -= 2
}
else
ntriangles--
}
}
4.21.3.17 triangle_data
triangle_data(i) { No. of bits ||Mnemonic
df decode(triangulated, triangulated context) viclbf
depth=0
rpot_triangle()
fpr (i=1; i<ntriangles; i++)
triangle(i)
}
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4.21.3.18 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
dlepth--

}
if (3D_MOBL _start code == “partition_type 2”)
if (trlangulated == ‘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)

4.21.3.19 |root_coord

root_coord()[{ No. of bits | Mnema@nic

if (3D _M|OBL _start code == “partition_type. 2”) {

if (vigited[vertex_index] == 0) {

foot coord sample()

if (vigited[vertex_index] == 0) {

coord sample()

coord sample()

}

}

else {
root | coord<sample()
coorgd sample()
coorfl_sample()

}
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root_normal() {

No. of bits

Mnemonic

if (normal_binding != “not_bound”)

if (3D_MOBL _start_code == “partition_type 2”) {

if (normal_binding != “bound_per_vertex” ||
visited[vertex_index] == 0) {

root_normal_sample()

if (normal_binding != “bound_per_face” &&
(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()

4.21.3.21 root_color

root |color() {

No. of bits

Mnemonic

if (color_binding != “not_bound”)

if (3D_MOBL_start_code == “partition type _2) {

{ (color_binding !'= “bound_per_vertex” ||
visited[vertex_index] == 0) {

root_color_sample()

if (color_binding != “beund_per_face” &&
(color_binding-1= “bound_per_vertex” ||
visited[vertex" index] == 0)) {

color_sample()

color=sample()

}

else {

reot color sample()

ifyColor_binding != “bound_per face”) {

color_sample()

color_sample()
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4.21.3.22 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]

texCoord sample()

texCoord sample()

else|{

foot_texCoord_sample()

{exCoord _sample()

{exCoord_sample()

4.2.1.3.23 | root_otherAttr

root_gtherAttr() {

No. of bits

f (otherAttr_binding != “not_bound”)

if (3D_MOBL_start_code == “partition_type 2”) {

f (otherAttr_binding != “bound_per_vertex” ||
visited[vertex_index] == 0) {

root_otherAttr_sample()

if (otherAttr_binding!= “bound_per_vértex” ||
visited[vertex_index] == 0) {

otherAttr_sample()

otherAttr_sample()

}

else {

root_otherAttr_sample()

otherAttr_sample()

otherAttr sample()

4.2.1.3.24 |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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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)

4.2.1.3.26 triangle

triangle(i) {

No. of bits | NInemonic

f (marching_triangle)

gf_decode(marching_edge, = marching_edge_contextmarching_edge]) viclbf
lse {
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--
:
f (triangulated == ‘0") Viclbf

gf_decode(polygon_edge,
polygon_edge context[polygon_edge])

coord()

pormal()

color()

{or (i=1; i<=_Aumber_of texCoord; i++)

texCGoord(i)

{or (iz1;yi<= number_of otherAttr; i++)

ofherAttr(i)
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4.2.1.3.27 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] == Q)
coord _sample()
}
}
4.2.1.3.28 | normal
normal() { No. of bits | Mnemonic
if (normgl_binding == “bound_per_vertex”) {
if (3D MOBL_start code == “partition_type 2”) {
f (visited[vertex_index] == 0)
if (no_ancestors)
root_normal _sample()
else
normal_sample()
}
else[{
f (visited[vertex_index] == 0)
normal_sample()
}
} else if (normal_binding == “bound_per face”) {
if (trinngulated == 1" || polygon edge'== ‘1’)
pormal_sample()
} else if (normal_binding == “bound jper _corner”) {
if (tripngulated == ‘1’ || polygon_edge == ‘1’) {
pormal_sample()
pormal_sample()
}
nornpal_sample()
}
}
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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] == Q)
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()

4.2.1.3.30 texCoord

texCpord() {

No. of bits Mnemonic

if (texCoord_binding == “bound_per_verex”) {

if (3D_MOBL _start code == “partition_type 2”) {

if (visited[vertex_index] =="0)

if (no_ancestors)

root_texCoord sample()

else

texGoord _sample()

}

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

texCoord_sample()
}
Jelse'if (texCoord_binding == “bound_per corner”) {

if (fri:nglllnfnd =1 ” pnl\llgnn_ndgn == ‘1’) {
texCoord_sample()
texCoord_sample()

}

texCoord sample()
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4.21.3.31 root_coord_sample
root_coord sample() { No. of bits | Mnemonic
for (i=0; i<3; i++)
for (j=0; j<coord quant; j++)
gf_decode(coord_bit, zero_context) viclbf
}
4.21.3.32 root_normal_sample
root_normal[Sample() { No. of bits | Mnemadnic
for (i=0; [<1; i++)
for (JEO; j<normal_quant; j++)
if decode(normal_bit, zero_context) viclbf
}
4.2.1.3.33 |root_color_sample
root_color_sample() { No. of bits | Mnemonic
for (i=0; |<3; i++)
for (jEO; j<color quant; j++)
if decode(color_bit, zero context) viclbf
}
4.2.1.3.34 |root_texCoord_sample
root _texCoord sample() { No. of bits | Mnemagnic
for (i=0; [<2; i++)
for (JEO; j<texCoord_quant; j++)
if decode(texCoord_bit, zero_contéxt) viclbf
}
4.2.1.3.35 |coord_sample
coord_sample() { No. of bits | Mnemagnic
for (i=0; [<3; i++) {
=0
do {
if decode(coord_leading_bit, coord_leading_bit_context[3*j+i]) viclbf
j+
} while(j<eoord quant && coord leading bit == ‘0’)
if (cdard”leading bit == 1"} {
gf_decode(coord_sign_bit, zero_context) viclbf
do {
gf_decode(coord_trailing_bit, zero_context) viclbf
} while (j<coord_quant)
}
}
}
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4.21.3.36 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)
}
}
}
4.2.1.3.37 color_sample
color] sample() { No. of bits ||Mnemonic
fpr (i=0; i<3; i++) {
=0
do {
gf decode(color_leading_bit, color leading-hit 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)
}
¥
}
4.2.1.3.38 texCoord._sample
texCpord sample(){ No. of bits ||Mnemonic
for (i=0; i25i++) {
=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") {
gf decode(texCoord_sign_bit, zero context) viclbf
do {
gf decode(texCoord_trailing_bit, zero context) viclbf
} while (j<texCoord quant)
}
}
}
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4.2.1.3.39 stitching

stitching() { No. of bits | Mnemonic
has_vertex_increase 1 bslbf
has_face_increase 1 bslbf
if (has_vertex_increase) {
n_vertex_stitches bitsPerV uimsbf
for(inti=0; i <n_vertex_ stitches; i++){
n_duplication_per vertex_stitches bitsPerV uimsbf
for(intj=0;j <n_duplication per vertex stitches; j++) {
vertex_index bitsPerV uimsbf
1
}
}
if (has_face_increase){
n fage stitches bitsPerk uimsbf
for(ipti=0;i <n_face stitches; i++){
h_duplication per face stitches bitsRerF uimsbf
for(intj = 0; j <n_duplication_per face stitches; j++){
face index bitsPerF uimsbf
e
}
}
}
4.2.1.3.40 | 3D_Mesh_Object_ Extension _Layer
3D Mesh Object Extension Layer() { No. of bits | Mnemagnic
if(vertex] order flag) {
if(veftex_order per CC flag)
ertex_order per CC header()
vertgx_order()
}
if(face_arder_flag) {
if(fage_order per CC flag)
{ace_order per CC header()
face| order()
}
}
4.2.1.3.41 | vertex>order_per_CC_header
vertex order per CC header () { No. of bits | Mnemagnic
for(i=0;i<nCC;i++) {
nVOffset 16 uimsbf
for (j=0;j<nVOffset;j++)
{
vo_offset 24 uimsbf
firstVID 24 uimsbf
}
}
}
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4.21.3.42 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
}
}
}

4.21.3.43 vertex_order

vertex _order() { No. of bits ||Mnemonic

fpr(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

4.21.3.44 face_order

face |order () { No. of bits ||Mnemonic

fpr(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

4.2.1.3.45 Visual bitstream-semantics
4.2.1.3.46 3D Mesh(Object

4.2.1.3.47 3DyMesh_Object

3D_MO_start code: This is a unique 16-bit code that is used for synchronization purpose. The|value of this
codg is always ‘0000 0000 0010 0000'.

4.21.3.48 3D_Mesh_Object_Header

ccw: This boolean value indicates if the vertex ordering of the decoded faces follows a counter clock-wise
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 face order preserving and efficient texture mapping) are used.
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4.21.3.49 3D_Mesh_Object_Layer

3D_MOL_start_code: This is a unique 16-bit code that is used for synchronization purposes. The value of

this code is always ‘0000 0000 0011 0000’

mol_id: This 8-bit unsigned integer specifies a unique id for the mesh object layer. Value 0 indicates a

layer. The first 3D_Mesh_Object_Layer immediately after a 3D_Mesh_Object_Header must have mold_|

and subsequent 3D_Mesh_Object_Layer's within the same 3D_Mesh_Object must have mold_id>0.

4.21.3.50 3D_Mesh_Object_Base_Layer

base
id=0,

3D_MOBL_gtart_code: This is a code of length 16 that is used for synchronization purposes. It also indi
three differemt partition types for error resilience.

Table 9 — Definition of partition type information

3D_MOBL_start_code | partition type Meaning

‘0000|0000 0011 0001" | partition_type_0O One or more groups of vg,’tt and td.
‘000Q 0000 0011 0011’ | partition_type_1 One or more vgs

‘000Q 0000 0011 0100’ | partition_type_2 One pair of tt‘and td.

mobl_id: Thjs 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_compopnent: This boolean value indicates if therexare more connected components to be decod

cates

pd. 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 val
false if there|are more vgs to be decoded in-the partition.

codap_vg_id: This unsigned integer'indicates the id of the vertex graph corresponding to the current s
polygon in partition_type 2. The length of this value is a log scaled value of the vg_number of vg ded
from the previous partition_type~1."If there is only one vg in the previous partition_type_1,

codap_left_bloop_idx: This.unsigned integer indicates the left starting index, within the bounding loop
of a connected componeént, for the triangles that are to be reconstructed in a partition. The length of this
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 bounding

ue is

mple
pded

table
alue

loop

table of a conhec¢ted component, for the triangles that are to be reconstructed in a partition. The length g

f this

value 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 ‘1’, the restricted boundary prediction mode is

used, otherwise, the extended boundary prediction mode is used.

4.21.3.51 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.
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coord_binding Binding

00 Forbidden

01 bound_per_vertex
10 Forbidden

11 Forbidden
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coorn
boun
coor

coor
boun

cool

coor
valug

cool
coort

coof
only

Table 11 — Admissible.values for coord_pred_type

d_bbox: This boolean value indicates whether a bounding box is provided for the\ged
ding box is provided, a default bounding box is used. The default bounding: box is
i xmin=0, coord_ymin=0, coord_zmin=0, and coord_size=1.

d_xmin, coord_ymin, coord_zmin: These floating point values indicate.the lower left g
ding box in which the geometry lies.

d_size: This floating point value indicates the size of the bounding box-

d_quant: This 5-bit unsigned integer indicates the quantisation_step used for geometry. T
of coord_quant is 1 and the maximum is 24.

d_pred_type: This 2-bit unsigned integer indicates thé/type of prediction used to reconstru
linates of the mesh as specified in the following table:

coord_pred_type

prediction type

00 no_prediction

01 forbidden

10 parallelogram_prediction
11 reserved

Table 12 — Admissible values for coord_nlambda as a function of coord_prediction

metry. If no
defined as

orner of the

he minimum

ict the vertex

d_nlambda; This 2-bit unsigned integer indicates the number of ancestors used to predict ggometry. The
hdmissibléyvalue of coord _nlambda is 3 (as specified in the following table).

type

coord_pred_type

coord_nlambda

00

not coded

10

3

coord_lambda: This signed fixed-point number indicates the weight given to an ancestor for prediction. The
number of bits used for this field is equal to coord_quant + 3. The 3 leading bits represent the integer part,
and the coord_quant remaining bits the fractional part.
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4.21.3.52 normal_header

normal_binding: This 2 bit unsigned integer indicates the binding of normals to the 3D mesh. The admissible
values are described in the following table.

Table 13 — Admissible values for normal_binding

normal_binding binding

00 not_bound

07 bound_per_vertex
10 bound_per face
11 bound_per_corner

normal_bbqgx: This boolean value should always be false (‘0’).

normal_qugnt: This 5-bit unsigned integer indicates the quantisation step used-for normals. The minimum
value of normhal_quant is 3 and the maximum is 31.

normal_prefl_type: This 2-bit unsigned integer indicates how normal values are predicted. The follqwing
table shows the admissible values.

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—bourd notcoded

bound_per_vertex | no_prediction, parallelogram_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 predict normals.
Admissible values of normal_nlambda are 1, 2, and 3. The following table shows admissible values as a
function of normal_pred_type.
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4.2.1.3.53 color_header

colo

shows the admissible values.

colo
defa
colo

colo

the Bounding box in RGB space.

colo

colo

of cglor_quant-is_T and the maximum is 16.

colo
the 4
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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

al_quant remaining bits the fractional part.

I _binding: This 2 bit unsigned integer indicates the binding of colors to the 3Dymesh. The fq

Table 17 — Admissible values for color_binding

color_binding Binding

00 not_bound

01 bound_per_vertex
10 bound_per:face
1 boundZper_corner

I bbox: This boolean indicates if a\bounding box for colors is given. If no bounding box i
I _bmin=0, and color_size=1.

I_rmin, color_gmin, color, bmin: These floating point values give the position of the lower

I_size: This floating point value gives the size of the color bounding box.

I _quant: This-5-bit unsigned integer indicates the quantisation step used for colors. The mi

I_pred type: This 2-bit unsigned integer indicates how colors are predicted. The following
drissible values.

part, and the

llowing table

provided, a

Ilt bounding box is used. Thedefault bounding box is defined as color_rmin=0, color_gmin=0,

eft corner of

nimum value

table shows

Table 18 — Admissible values for color_pred_type

color_pred_type | prediction type

00 no_prediction

01 tree_prediction

10 parallelogram_prediction
11 reserved
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The following table shows admissible values as a function of color_binding.

Table 19 — Admissible combinations of color_binding and color_pred_type

color_binding

color_pred_type

not_bound

not coded

bound_per_vertex

no_prediction, parallelogram_prediction

bound_per face

no_prediction, tree_prediction

color_nlambda: This 2-bit unsigned integer indicates the number of ancestors used to predict nor

bound_per_corner

no_prediction, tree_prediction

mals.

Admissible Jalues of color_nlambda are 1, 2, and 3. The following shows admissible values as a functipn of

normal_prefl_type.

Tabje 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

bits used fo
normal_qu

coIor_IambIa: This signed fixed-point indicates the.weight given to an ancestor for prediction. The number of

4.2.1.3.54 |texCoord_header

this field is equal to color_quant-¥73. The 3 leading bits represent the integer part, an
nt remaining bits the fractional part:

1 the

texCoord_bjnding: This 2 bit unsigned integer indicates the binding of texture coordinates to th¢ 3D
mesh.The following table describesthe admissible values.

Table 21 — Admissible values for texCoord_binding

texCoord_binding | Binding

00 not_bound

01 bound_per_vertex
10 forbidden

11 bound_per_corner

texCoord_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
texCoord_umin=0, texCoord_vmin=0, and texCoord_size=1.

texCoord_umin, texCoord_vmin: These floating point values give the position of the lower left corner of the
bounding box in 2D space.

104
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texCoord_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.

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.

Table 23 — Admissible combinations of texCoord_binding and texCoord_pred_type

texCoord_binding | texCoord_pred, type

not_bound not coded

bound_per_vertex no_prediction, parallelogram_prediction

bound_per_corner no_prediction, tree_prediction

texCoord_nlambda: This 2-bit unsigned integer indicates the number of ancestors used to preglict normals.
Adm|ssible values of texCoord \nlambda are 1, 2, and 3. The following table shows admissible values as a
function of texCoord_pred_type.

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

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

texCoord_lambda: This signed fixed-point indicates the weight given to an ancestor for prediction. The
number of bits used for this field is equal to texCoord_quant + 3. The 3 leading bits represent the integer
part, and the texCoord_quant remaining bits the fractional part.

4.2.1.3.55 3DMC_extension_header

function_type: This 4-bit unsigned integer indicates the function type supported in 3DMC extension. The
following table shows the admissible values for function_type.
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Table 25 — Admissible values for function type

function_type_code function_type

0000 Order_mode

0001 Adaptive_quant_texCoord_mode
0010 Multiple_attribute_mode
0011~1110 Reserved

1111 Escape code

4.2.1.3.56 |Order_mode_header

vertex_orddr_flag: This boolean value indicates whether the vertex order is provided or 'not.

vertex_orddr_per_CC_flag: This boolean value indicates whether the vertex orders are coded at the uhit of

connected cpmponent or not.

face_order [flag: This boolean value indicates whether the face order is provided or not.

face_order_|per_CC_flag: This boolean value indicates whether 4dhe face orders are coded at the u

connected copmponent or not.

4.2.1.3.57 Adaptive_quant_texCoord_mode_header

hit of

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

u(x).

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

v(y).

5.9.2.3.1.12 multiple_attribute_mode_header

number_of [texCoord: This 5 bit.unsigned integer gives the number of texture coordinates per vertex.

number_of |otherAttr: This'8 bit unsigned integer gives the number of additional attributes per vertex

5.9.2.3.1.13 ptherAttr_header

otherAttr_b|nding; This 2 bit unsigned integer indicates the binding of texture coordinates to the 3D mesh.

The foIIowingF 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

106 © ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=4e6f1f15a3310afb43b9980eb3507b27

ISO/IEC 14496-16:2009(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.

otheLAttr_quant: This 5-bit unsigned integer indicates the quantisation step used for texture coowldinates. The
minithum 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 follpwing tables
show the its admissible values, and admissible values as a function of otherAtir_binding, respectiyely.

Table 27 — Admissible values for otherAttr_pred. type

otherAttr_pred_type prediction type

00 no_prediction

01 Forbidden

10 parall€logram_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_nlambda: This 2-bit unsigned integer indicates the number of ancestors used to preglict normals.
Adm|ssible values of otherAttr_nlambda are 1, 2, and 3. The following table shows admissiblel 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.

4.2.1.3.58 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.

4.2.1.3.59 _vertex _graph

vg_simple: [This boolean value indicates if the current vertex graph is simple. A simple vertex graphidoes not
contain any loop. This field is arithmetic coded.

vg_last: This boolean value indicates if the current run is the last run starting from the-current bran¢hing
vertex. This field is not coded for the first run of each branching vertex, i.e. when the skip(last variable is|true.
When not cpded the value of vg_last for the current vertex run is considered to,be Talse. This figld is
arithmetic cqded.

vg_forward] run: This boolean value indicates if the current run is a new runx{Jf it is not a new run, if is a
previously traversed run, indicating a loop in the graph . This field is arithmetic'‘coded.

vg_loop_indlex: This unsigned integer indicates the index of run to which the current loop connects. Its yinary

representation (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.

108 © ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=4e6f1f15a3310afb43b9980eb3507b27

ISO/IEC 14496-16:2009(E)

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
vg_leaf: This boolean value indicates if the last vertex of the current run is a leaf vertex. If itis not a leaf
vertgx, it is a branching vertex. This field is arithmetic coded,
vg_lpop: This boolean value indicates if the leaf of the current run connects to a branching yertex of the
graph, indicating a loop. This field is arithmetic coded;
4.2.1.3.60 triangle_tree

branich_position: This integer variable is used to store the last branching triangle in a partition.

tt_run_length: This unsigned integer(indicates the length of the current triangle run. Its unary rgpresentation

(see

next table) is arithmetic coded.

Table 32 — Unary representation of the tt_run_length field

© 1SS0,

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 arithmeti(]wu'uu'.

polygon_edge: This boolean value indicates whether the base of the current triangle is an edge.that should
be kept when reconstructing the 3D mesh object. If the base of the current triangle is not kept, the edge is
discarded. This field is arithmetic coded.

codap_branch_len: This unsigned integer indicates the length of the next branch to beitraversed. The Ig¢ngth
of this value is the log scaled value of the size of the bounding loop table.

4.2.1.3.61 | triangle

td_orientatipn: This boolean value informs the decoder the traversal order-of tt/td pair at a branch. Thig field
is arithmetic|coded. The following table shows the admissible values.

Table 33 — Admissible values fortd) orientation

td_orientation | traversal order

0 right branch first

1 left'branch first

visited: Thig variable indicates if the current vertex has been visited or not. When codap_bdry_pred is ‘1’,
visited is tru¢ for the vertices visited in_the-current partition. However, when codap_bdry_pred is ‘0’, visiled is
true for the Vertices visited in 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_ancestofrs: This boolean.value is true if there are no ancestors to use for prediction of the current verex.

coord_bit: This bogléan'value indicates the value of a geometry bit. This field is arithmetic coded.

coord_lead1ng_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.

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

is arithmetic

texCoord_sign_bit: This boolean value indicates the sign of a texture sample. This\field is arithmjetic coded.

texCoord_trailing_bit: This boolean value indicates the value of a trailing texture bit. This field|is arithmetic

othefAttr _bit: This boolean value indicates the value of a otherAttr bit) Fhis field is arithmetic coded.

otherAttr_leading_bit: This boolean value indicates the value of a.teading otherAttr bit. This field|is arithmetic

otherAttr_sign_bit: This boolean value indicates the sign‘of a otherAttr sample. This field is arithmetic coded.

othefAttr_trailing_bit: This boolean value indicates\the value of a trailing otherAttr bit. This field|is arithmetic
coded.

4.2.1.3.62 stitching

has_|[vertex_increase: This boolean value indicates if the vertex increase is occurred during the gonversion of
non-prientable/non-manifold model into an oriented-manifold model and stitching information.

has_[face_increase: This boolean value indicates if the face increase is occurred during the donversion of
non-prientable/non-manifold model into an oriented-manifold model and stitching information.

n_vdrtex_stitches: Fhis’ bitsPerV-bit unsigned integer specifies how many vertex stitching operations are
needed to reconstruct original non-orientable/non-manifold model. The value of bitsPerV is set fo |_10g2 nV_I,

where nV meafs-the total number of vertices.

n_dyplication_per_vertex_stitches: This bitsPerV-bit unsigned integer specifies the number of duplication in
verti¢es for each vertex stitch operation. The value of bitsPerV is set to |_10g2 nV_I, where nlV maans the total

£ ot
numper-orvertces:

vertex_index: This bitsPerV-bit unsigned integer specifies a unique index of the vertex order. The value of
bitsPerV is set to [log, nV |, where nV’ means the total number of vertices.

n_face_stitches: This bitsPerF-bit unsigned integer specifies how many face stitching operations are needed
to reconstruct original non-orientable/non-manifold model. The value of bitsPerF is set to |_log2 nF-|, where

nF means the total number of faces.

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.
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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.

4.2.1.3.63 vertex_order_per_CC_heaer

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

component.

vo_offset: This 24-bit unsigned integer indicates the offset value needed to reconstruct the vertex order at the
unit of IndexedFaceSet.

firstVID: This 24-bit unsigned integer indicates the first vertex index within the given connected compdnent
using vo_offset as its offset value.

4.2.1.3.64 face_order_per_CC_heaer

nFOffset: This 16-bit unsigned integer indicates the number of offset values within, the-given conng¢cted
component.

fo_offset: This 24-bit unsigned integer indicates the offset value needed to reconstruct the face order gt the
unit of IndexgdFaceSet.

firstFID: This 24-bit unsigned integer indicates the first face index withimthe given connected compgnent
using fo_offset as its offset value.

4.2.1.3.65 | vertex_order

vo_id: This|bpvi-bit unsigned integer specifies a unique. inhdex of the vertex order based on the [input
IndexedFacgSet. The value of init_bpvi is set to ﬂog2 nV_], where nV is the total number of vertices| The
value of bpvl and DecodingVertices are explicitely deseribed in subclause 5.9.3.1.8.

4.2.1.3.66 face_order

fo_id: This|bpfi-bit unsigned integer specifies a unique index of the face order based on the [input
IndexedFacgSet. The value of init_bpfi isset to ﬂog2 nF—I where nF is the total number of faces. The value of
bpfi and DedodingFaces are explicitely-described in subclause 5.9.3.1.9.

4.21.4 The decoding process

4.21.41 BD Mesh Object Decoding

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

An arithmeti¢ 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.

A vertex order decoder, which reads a section of bit stream and outputs a sequence of vertex orders.

A face order

112

decoder, which reads a section of bit stream and outputs a sequence of face orders.
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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 mesh bitstream is received, the control information including partition types and the header
information including properties are obtained through the demultiplexer. The remaining bitstream is fed into
the arithmetic decoder.

Arithmetic
Decoder

Vertex Graph
Decoder

vyY

K partition_type_0
O
|

1/ I

I

I

T

partition_type_1

A 4

Triangle Tree
Decoder

y v V

o partition_type_2

r——————-

-—-! run lengths and subtree sizes
has_stitches v

~—— 71

I .
o Stitch

|
——= Decoder

Y

b Mesh stitching information

3
Bilstream Demux vertex_order_flag v
—— -1
I
| o : .| Vertex Order
T Decoder
face_order_flag v Vvertex order
NS — 71
I
! o : .| Face Order
L= Decoder
y face order

\ 4 V¢

)

Triangle Data Order leconstructed
Decoder Fixer 3D mesh

\ 4

Header Information

Figure 34 — Block diagram of the Topological Surgery decoder

4.21.4.2 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
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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.

4.21.4.3 The Topological Surgery decoding process.

The connectivity of a 3D mesh is represented as a Simple Polygon (triangulated with a single boundary loop)
with zero or more pairs of boundary vertices identified, and with zero or more internal edges labelled as
polygon edges. When the pairs of corresponding boundary edges are identified, the edges of the resulting
reconstructed mesh corresponding to boundary edges of the Simple Polygon form the Vertex Graph. The
correspondence among pairs of Simple Polygon boundary edges is recovered by the decoding process from
the structure of Vertex Graph, producing the Vertex Loop look-up table. The Vertex Graph is represented as
(i) a rooted ppanning free, (ii) the Veriex Tree, and (iil) zero or more jump edges. The Simple Polyg{m is

represented|as (i) a rooted spanning tree, (ii) the Triangle Tree, which defines an order of traversal~gf the
triangles, (iii] a sequence of marching patterns, and (iv) a sequence of polygon_edges. The marching patterns
are used to feconstruct the triangles by marching on the left or on the right along the polygon bounding |oop,
starting from| an initial edge called the root edge. The polygon edges are used to join or not'to-join triapgles
sharing a marching edge to form the faces of the mesh. As the triangles of the simple polygon are visited in
the order of [traversal of the Triangle Tree, simple polygon boundary edges are put in ¢ofrespondence yising
the informatipn contained in the Vertex Loop look-up table, and so, reconstructing the.original connectivity.

VERTEX TREE ‘,ROOT 2 POLYGON

N>

Figure 35 — Topological Surgery representation of a simple mesh.
A: for a simple mesh, the vertex graph is a tree.
B: when a simple mesh is cut through the vertex tree, the result is a simple polygon.

C: each edge of the vertex tree corresponds to exactly two boundary edges of the simple polygon.
D: the triangle tree spanning the dual graph of the simple polygon. In the general case, the face forest
is first constructed spanning the dual graph of the 3D mesh. The vertex graph is composed of the
remaining edges of the 3D mesh. If the 3D mesh has polygonal faces, they are subsequently
triangulated by inserting virtual marching edges, converting the face forest into a triangle forest with
one triangle tree per connected component.
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The geometry 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 data are
received, the 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

trianhgle
decode and reconstruct vertex coordinates and properties

}

(0]

| se if (partition_type is 1) {
for each vertex graph {
decode vertex graph and construct bounding loop table

}

| se if (partition_type is 2) {
decode partition header information
decode triangle tree and construct table of tridngle tree run lengths
for each triangle in simple polygon {
decode marching field, orientation fieldy/ and polygon field, and reconstjruct
connfectivity of triangle
decode and reconstruct vertex coordinates and properties

)

}

4.21.4.4 Header decoder
The header information is divided\linto three parts. The first part contains information about the high level

shading properties of the modeland the second defines the properties that are bound to the mesh. The third
part contains information about.the extension properties.

4.21.4.5 High level(shading properties

Thege are the ccw, solid, convex, creaseAngle fields defined in an IndexedFaceSet node. The frease angle
is qupntised to.a/6-bit value and is reconstructed as 2*pi*creaseAngle/63.

4.2.1.4.6( ,Property bindings and quantiser scales

There—arefour kimds—of properties—vertex coordinates {coord); Tormmats—(rormat), cofors(cotor) and texture
coordinates (texCoord). Properties can be bound to the mesh in four different ways: no binding, per vertex,
per face and per corner. Not all combinations of bindings are valid. The following table lists the valid
combinations. The binding of each property is obtained from coord_binding, normal_binding, color_binding
and texCoord_binding, respectively.
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Table 34 — List of valid combinations of properties and bindings

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 prq
following inf
coefficients

below. The g

The presend
by the positi
coord_xmin

box is assunped. The default bounding box has its lower left corner at the origin,,and a unit size.

The next fig
coord_pred

The coord_|
three valueg
coord_lamh
is equal to o
coefficient is
is never tran

There are 4

normal_qugnt value must always an odd.number.

4.21.4.7

4.2.1.4.8
There is ve
vertex_ord
coded at the

The preser

perty for which there is a binding, i.e. the binding field does not contain the no binding valug, the
brmation is further decoded: a bounding box, a quantisation step, a prediction_fmode, a lfst of
ised for linear prediction. The decoding process for the vertex coordinates is further described
ame decoding process applies to the other properties.

e of a bounding box is given by the field coord_bbox. The bounding box’is a cube represInted
bn of its lower left corner and the length of its side. For geometry these parameters are given by
, coord_ymin, coord_zmin and coord_size. If no bounding boxis coded, as default bounding

Id coord_quant indicates the number of bits to which é€ach coordinate is quantised to.| The

| type field indicates the prediction mode. It should always‘be equal to “10’.

nlambda field indicates the number of coefficients.used for linear prediction. It can take ohe of
, hamely '01’, “10’, and ‘“11’. coord_nlambda-1 number of values are then read from the
da field. The last coord_lambda value is computed so that the sum of all the coord_nlamda yalue
ne. This field indicates the weight given to.anZancestor for prediction. The floating point valug of a
given by the decoded signed integer divided by 2 to the power coord_quant. The last coeff|cient
smitted and is defined to be 1 minus thesum of all other coefficients.

ome restrictions for the normahyproperty: the normal_bbox field is always false, and the

Extension Properties

Drder mode

ex order and.face order preserving mode. The presence of the vertex orders is given by the field
r flag and‘the next field vertex_order_per_CC_flag field indicates whether the vertex orders are
unit of iIndexedFaceSet or connected component.

ces of the face orders the field face_order flag and

the next

face_order per CC_flag field-indicates
connected component.

If the vertex orders are encoded at the unit of connected component, there are nVOffset, vo_offset, and
firstVID fields defined in vertex_order_per CC _header. The nVOffset field indicates the number of offset
values within the given connected component, The vo_offset field indicates the offset value and the next field
firstVID indicates the first vertex index within the given connected component using vo_offset as its offset
value.

If the face orders are encoded at the unit of connected component, there are nFOffset, fo_offset, and
firstFID fields defined in face_order_per_CC_header. The nFOffset field indicates the number of offset
values within the given connected component, The fo_offset field indicates the offset value and the next field
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firstFID indicates the first face index within the given connected component using fo_offset as its offset
value.

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

4.21.49 Adaptive quantisation for texCoord mode

These are the texCoord_quant_u and tex_Coord_quant_v fields defined in
Adaptive_quant_texCoord_mode_header. texCoord_quant_u indicates the value of quantisation step size for
direction u(x) and texCoord_quant_v indicates the value of quantisation step size for direction v(y).

4.2.1.4.10 Partition type

Therg are three partition types to convey vertex graph(vg), triangle tree(tt), and triangle data(td). [The partition
type |specifies admissible combinations of these three pieces of data in the bitstream. Sée)Figure B6.

sc | vg tt td | last_compo vg tt td last_compognent
nent
(a)
sC vg last_vg vg last_vg
(b)
sc codap_vg_id | left/codap_righ | codap bdry tt codap_branc tq
t bloop_idx pred h_len

(c)

-

gure 36 — Types of data partition: (a):one or more group of vg, tt and td included in a partition.
(b) one or more vgs included ifya partition. (c) the partition has one pair of tt and td.

4.21.411 connected component partition (partition_type_0)

This Jpartition indicates the bitstream with one or more sequence of connected component consis{ing of vertex
graph, triangle tree, and_tfiangle data. The end of the connected component sequence is determined by the
last_component field. The following partition may be either type 0 or 1.

4.21.4.12 vertex'graph partition (partition_type_1)

This |partition.indicates the bitstream with one or more sequence of vertex graph. The end of the jvertex graph
sequenceisidetermined by the last_vg field. The partition following the vertex graph partition shall be tt/td pair
parti1ion.

4.21.413 tt/td pair partition (partition_type_2)

This partition indicates the bitstream with one pair of triangle tree and triangle data. The tt/td pair partition is
characterized by the vertex graph id, visiting indices, and boundary prediction mode. These variables are
given fields codap_vg_id, left/codap_right_bloop_idx, and codap_bdry_pred. codap_vg_id field indicates
a vertex graph corresponding to the tt/td pair. It is used to get the bounding loop information from the vertex
graph. codap_left_bloop_idx and codap_right_bloop_idx fields indicate the left and right starting points of
the bounding loop. They are also used to decide if a vertex in the partition is already visited in the previous
partition. codap_bdry_pred field indicates if the vertices on the boundary of the partition should be decoded
when the vertex is shared with previous partitions. If the partition ends at a branch, codap_branch_len field is
added to the bitstream. Any type of partition may follow the tt/td pair partition.
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4.2.1.414 Restricted boundary prediction mode (codap_bdry_pred=0)

The restricted boundary prediction mode does not duplicate vertices between partitions. Since the vertices
predicted in the previous partitions may not be available, prediction is done only with the available 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
prediction with 3 ancestors (a,b,c) be d’ = f(a,b,c). Then the equation is d = d’+ e and the value e is encoded.

However, when the ancestors are visited in the previous partitions, the prediction method is as follows.

if (all angestors (a, b, and c) are not available) then d’ = 0
else if (ohly one ancestor, say t, is available) then 4’ = t
else if (tywo ancestors, say t; and t,, are available) then

if (both ahcestors are edge distance 1 from current vertex) then
a’ = (t; +]|ty) /2

else if (t] is edge distance 1 from current vertex) then d’' = t;
else d’ = [,

else d’ =|f(a,b,c).

4.21.415 | Extended boundary prediction mode (codap_bdry_pred=1)

When this mpode is selected, the decoder assumes that every vertex is not-visited in the previous par

Thus, after f{
partition will

4.2.1.4.16

The vertex g
table.

For meshes

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

he three vertices of the root triangle are predicted, the vertices in the rest of the triangles i
have all three ancestors for prediction.

Vertex Graph Decoder

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

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

ition.

n the

k-up

ntain
bome

fields below pre skipped when vg_simple is set.
Each vertex fun is characterized by several variables, namely length, last, forward, loop and loop index. Tlhese
variables arg given by the fields vg_run_length, vg_last, vg_forward_run, vg_loop and loop_index.

vg_forward
these three f

The process

| run, vg_loop and loop_index contain information relative to loops. When vg_simple is
elds are not coded.

to reconstruct ‘the vertex loop uses an auxiliary loop queue variable, initially empty.

vg_loop is 3
from the qu

not coded when theloop queue is empty. loop_index is coded by its unary representation. When the ing
equal to the jnumber of elements in the queue minus 1, the trailing bit of its unary representation is not cq
Therefore whentthere is a single element in the queue, loop_index is not coded.

et the currentirun is put into the loop queue. When vg_forward_run is not set a run is pulle
ue. loopindex determines the position of the pulled out run in the queue. vg_forward_r

true,

Vhen
d out
un is
ex is
ded.

The end of the graph is determined by the vg_last and vg_leaf fields. An auxiliary depth variable is used for
this purpose. It is decremented each time vg_last is set and incremented each time vg_leaf is not set. The
depth is initialised to zero at the beginning of the graph. The end of the graph is reached when the depth
variable becomes negative.

118 © ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=4e6f1f15a3310afb43b9980eb3507b27

ISO/IEC 14496-

16:2009(E)

Vertd
tablé

4.21

The
the ¢

-

| S I e

D E

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.

X numbers are assignéd according to a depth-first traversal of the graph. The bounding

is constructed by going around the graph and for each traversed vertex recording its number.

.4.17  Triangle Tree Decoder

riangle.tree decoder reconstructs a sequence of triangle runs. For each run it generates a ry
ze ofits'sub-tree.

loop look-up

n length and

The

triangle tree is a sequence of triangle runs. For each run a length tt run_length 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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bits is usjed to indicate which internal edges of the simple polygon

The tt_leaf f
If the length
(assuming th

However, if
when decod

O
There are o¢ne or two virtual triangles \j(jfhe number of triangles in the current partition is less

codap_righ
virtual triang
virtual triang

4.21.4.18

There is an
model into a

e
at\gle is classified by a 2-bit code as leaf(0), advance-right (1), advance-

encoded as a (tt_run_length,tt_leaf) pair, plus a sequence of

lence of 2-bit codes is partitioned into runs ending in branching ;;
@s quence of polygon_edige

pf each run is correctly decoded and does not h
all runs must be equal to the length of the bounding Ioop‘t; structed by the vertex graph decoder mir

L.
Figure 38 — Representing a simple polygon as a table of triangle runs. \Q)

pth-first order of traversal of the triangle tree starting from the root ed ?’green).
@ 2), or branc]
X

iéaf triangles. Each
ing_edge bits.

(3).

in the case of 3D meshes with polygonal faces, an additio
espond to original intern

edges of the mesh, and which ones to virtual al edges.

S

ag is also used for the computation of the length of @run.

virtual triangles, then the sum of the leng

at the bounding loop is correctly reconstr .

g loop y u@@)
B run is partitioned, the triangle tree bitstream contains one or two virtual leaf triangles. H
ng triangle data, the triangle data c ponding to the virtual leaf triangles shall not be deco

_bloop_idx - codap_left ‘tﬂ'nop_idx - 1. Otherwise there are no virtual triangles. If thers
es and the third-last tria is a branching triangle, the last two triangles in the partition ar|
es. Other wise only the last triangle is virtual.

O

number of vertices or/and faces after conversion of non-orientable/non-ma
anifold model and stitching information as described in the following figure.
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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;y then vertex increase related stitching in
ded; An unsigned integer n_vertex_stitches’is decoded associated with the number of ve

information; For each vertex stitching information, the unsigned integer n_duplication_per_ver

is de
asso

If th
Anu
each
desc
the 3

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

b boolean value has_face_increase is true, then face increase related stitching informatiory
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 of duplications, and multiple unsigned integer face_index are decoded as
ctual index of the original face and duplicated face index.

// readin@sstitch information from the bitstream
int bitsP&rV = representBit(totalVertices);
int bitsPerF = representBit (totalFaces) ;

if,Mdbstrm.getBit (has_vertex_increase)== false) return false;

entable/non-
the boolean

formation is
rtex stitching
ex_stitches
are decoded

is decoded;
rmation; For
is decoded
sociated with

NV (ibstrm.getBit (has_face_increase)== false) return false;

if (has_vertex_increase) {
ibstrm.getMBitInt (bitsPerV, n_vertex_stitches);

for(int i = 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);

}

if (has_face_increase) {
ibstrm.getMBitInt (bitsPerF, n_face_stitches);
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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

ed by

input
ce is
the
flag

Fields Encoded data Encoded data (bits)
(mteger)
has_vertex_increase 1 1
has_face increase 0 0
n_verfex_stitches 2 ('2=5and ‘1=6") 010 (bitsPerV/=3"~ |—1ng 7-|)
n_duplication_per_vertex_stitches 2 ('2=5’) 0104bitsPerV=3"~ ﬁogz ﬂ)
vertex_index 2 (original vertex index)\-.010 (bitsPerV:3= |_log2 7—|)
vertex_index 5 (copied vertex-index) | 101 (bitsPervV=3" ﬁogz ﬂ)
n| duplication_per_vertex_stitches | 2 ("1=6") 010 (bitsPerV=3~ |log, 7—|)
vertex_index 1 (original vertex index) | 001 (bitsPerV=3:hOg2 ﬂ)
vertex_index 6 (copied vertex index) | 110 (bitsPervV=3" [1og2 ﬂ)
Using decoded stitching information, the original non-manifold/non-orientable model can be reconstructe
deleting the fopied vertices and replacing the incidence of copied vertices with the incidence of original vertex.
4.2.1.419 | Vertex Order Decoder
The vertex| order decoder reconstructs a sequence of vertex order, vo_id, based on the
IndexedFacgSet. Note-that this sequence is empty if there is no vertex order information. If this sequen
not empty, [the decoder decodes the sequence of vertex order information which is contained in
3D_Mesh_Objeet Extension_Layer. The header for the presence of vertex order, which is a boolear

vertex Qrdgr_ﬂ_ag’ is defined inthe Qrder mode header

// 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 the
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) ;
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// for bpvi from init_bpvi to 1 : last vertex order is not transmitting
for(i=init_bpvi;i>0;i--) {

DecodingVertices = nV- pow(2, (bpvi-1));

// delList : for containing decoded vertex indices
int* delList = new int[DecodingVertices];

nV=nV-DecodingVertices;
for(j=nv;j>0;3--) {
vo_decode (vo_id, bpvi) ;

// compute the distinguishable unit for decoding current bpvi bits uniquely

// compute remaining vertices after decoding the current distinguishable unit

}

// sort the dellist
gsort (delList, delCnt, sizeof(int), compare) ;

// update vertexVector by deleting decoded vo_id
for(g = 0; g < delCnt; g++)
vertexVector.erase (vertexVector.begin() + dellList[gl - q);

}

// last vertex order is calculated by the remaining oné, in the vertexVectod
gVertexIndex.push_back (vertexVector[0]) ;

4.21

After
init_k
orde
valug
cons

void
ibst
if (
vo_ i
}
elsq
/
v
}
gVer]
//vQ
dell
}

Figure 40 — vertex order decoder pseudo-code

.4.20 Decoding the symbol of the vertex order.

reading the bpvi bits from the bit stream, thé vertex order is calculated as follows: If bpv
pvi, bpvi is transformed into unsigned integer,value and this unsigned integer value becom
. If bpvi is not same as init_bpvi, bpvi is transformed into unsigned integer value but this uns
is not the vertex order. The vertex order is the (unsigned inter value)-th value among tH
pcutive vertex indices in the range 0, (V-1).

vo_decode (unsigned int void, bpvi) {
rm. getMOBitInt (bpvi, VertexIndex) ;
bpvi==init_bpvi) {

d=vertexIndex

{
vertexVectorf{VertexIndex] is the (VertexIndex)-th vo_id that does not deco
_1d = vertexVector [VertexIndex];

texIndexpush_back (vo_id) ;
| id add\ to dellList for updating vertexVector
ist [deltnt++] = vo_id;

is same as
s the vertex
gned integer
e remaining

Hed

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 wvo_id) {

// assume the firstVID and vo_offset was given after decoding the
vertex_order_per_CC_header
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for (i=0;i<nV;i++) {
for (j=0;j<nVOffset;j++) {

if( (vo_id >= firstVID[]]) && vo_id < firstVID[]j+1]))
final_vo_id = vo_id + vo_offset[]j];

}

4.2.1.4.21 Face Order Decoder

The face order decoder reconstructs a sequence of face order, fo_id, based on the input IndexedFaceSet.
Note that this sequence is empty if there is no face order information. If this sequence is not empty, the
decoder dpcodes the sequence of face order Information which 1s contained

3D_Mesh_O

face_order |flag, is defined in the Order_mode_header.

18]

// fafe order decoder
int nf = number of faces of the current connected component;

// coppute the number of bits(bpfi) required to decode the face jorder in the
initipl state
init_ppfi = bpfi=bitsToRepresent (nF) ;

// fafpeVector: for containing not decoded face indices
vectof <int> faceVector;

// infitialize faceVector to all face indices
for(iht g = 0; g < nF; g++)
faceVector.push_back (q) ;

// fof bpfi from init_bpfi to 1 : last fade, order is not transmitting

for (ifinit_bpfi;i>0;i--) {

// coppute the distinguishable unit fox, decoding current bpvi bits uniquely
DecodfingFaces = nV- pow(2, (bpfi-1):)¢

// dellList : for containing decoded face indices
int* PelList = new int[DecodingFdces];

// colpute remaining faced after decoding the current distinguishable unit
nF=nF}DecodingFaces;

for (JpnF;3>0;3--) {

fp_decode (fo_id,(bpfi);

}

// soft the deflList
gsort|(delLisg\"delCnt, sizeof (int), compare) ;

// upPate faceVector by deleting decoded fo_id
for(q| .0, g < delCnt; qg++)
faceVkecktor.erase (faceVector . begin() + delliist[gl - qg):

}

// last face order is calculated by the remaining one in faceVector
gFaceIndex.push_back (faceVector[0]) ;

Figure 41 — face order decoder pseudo-code

4.2.1.4.22 Decoding the symbol of the face order

the

bject Extension_Layer. The header for the presence of face order, which is a boadlean flag

After reading the bpfi bits from the bit stream, the face order is calculated as follows: If bpfi is same as
init_bpfi, bpfi is transformed into unsigned integer value and this unsigned integer value becomes the face
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order. If bpfi is not same as init_bpfi, bpfi is transformed into unsigned integer value but this unsigned integer
value is not the face order. The face order is the (unsigned inter value)-th value among the remaining
consecutive face indices in the range O, ..., (F-1).

void fo_decode (unsigned int fo_id, bpfi){
ibstrm.getMOBitInt (bpfi, FaceIndex) ;
if (bpfi==init_bpfi) {
fo_id=FaceIndex
}
else {
// faceVector[FaceIndex] is the (FaceIndex)-th fo_id that does not decoded
fo_id = faceVector[FaceIndex];

}
gFacleIndex.push_back (fo_id) ;
// add fo_id to dellList for updating faceVector
dellfist [delCnt++] = fo_id;
}

If the face order is coded at the unit of connected component, the calculated face orde¢r using the
aforgmentioned 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 e the final face order.

To tgansform the calculated face order represented at the unit of eenhected component into the final face
ordef presented at the unit of IndexedFaceSet, following method can.be used:

void| fo_transform_into_IFS(unsigned int fo_id) {
// dlssume the firstFID and fo_offset was given.,after decoding the face_order_per CC_header

for (i=0;i<nF;i++)

{

for (j=0; j<nFOffset;j++)

{

if( (fo_id >= firstFID[j]) && fo2id < firstFID[j+1]))
final_ fo_id = fo_id + fo_offset[]];

}
}

4.2.1.4.23 Triangle Data Decoder
The friangle data decaeder operates in three steps. It first decodes a header, then a root triangle, which is
folloyed by a sequerice of triangles. Note that this sequence is empty if there is a single triangle in the current

connected companent.

The header is_a boolean flag triangulated that indicates if all faces in the connected component are triangles.
If thig flag-indicates true, the polygon_edge field is not coded.

The ldecoding of a root triangle and of a non-root triangle are the same with the following exkeption. The
polygon_edge field is never coded for a root triangle of a connected component, and the number of property
samples may differ.

Two fields indicate connectivity information for the current triangle: marching_edge and polygon_edge.
marching_edge is not coded for branching and leaf triangles. polygon_edge is not coded for the root triangle
or if the triangulated flag is set true. However in a partition of partition_type_2, the polygon_edge is coded
for the root triangle if the triangulated field is set false.

The number of per vertex property samples may differ depending on the boundary prediction mode and visited
vertices. If the boundary prediction mode is restricted, then the two starting points are already visited in the
previous partition and only one root sample is coded. However, if the remaining vertex is also visited, there
are no samples coded. If the boundary prediction mode is extended, the root triangle always has all 3
samples.
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Table 36 — Number of samples to decode in a root triangle for each binding

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
For non-roof triangles, the triangle data decoder decodes zero or one sample for each property(bound per

known and does not need to be decoded again. If the opposite vertex of the current trianglethas never pbeen
visited beforg, then a sample is read. The bounding loop look-up table and the sizes of subtreés of the triangle
tree are nepessary 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 vettices
within the partition or including every vertices visited in the previous partitions.

vertex. If thel opposite vertex of the current triangle has been visited before, the value of the sample’is alFady

Table 37 — Number of samples to decode in a non-root triangle for each binding.
The number of samples may be conditioned.

Binding # samples Condition

None 0

per vertex Oor1 vertex never visited
per fage Oor1 polygon_edge is set
per corner 1or3 polygon_edge is set

The traversal order is fixed in basic..topological surgery. However, in order to change traversal qrder,
td_orientatipn field is coded at a branching triangle on the main stem of the triangle tree in the partitign. In
other words,|if the number of previously decoded branching triangles is equal to that of leaf triangles within the
current partifion, i.e. the depth value is zero, the td_orientation field is coded.

4.2.1.4.24 | Decoding a root sample

A root sample is the first decoded sample in a root triangle. If there are several samples in a root trianglg only
the first sample is-aroot sample. The remaining samples in the root triangle are non-root samples.

The coord_[guant bits of each coordinate of a root geometry sample are received starting with the [most
significant.

4.21.4.25 Decoding a non-root sample

A coordinate of a non-root geometry sample is composed of coord_quant bits, plus a sign bit. The coordinate
is coded bit by bit starting from the most significant. The leading 0’s, if any, and the leftmost 1, if any, are
coord_leading_bit's are coded using an adaptive probability estimation model. If not all coord_leading_bits
are 0’'s a coord_sign_bit is coded. Finally coord_quant minus the number of coord_leading_bits
coord_trailing_bits are coded using a fixed probability model.

3*coord_quant probability estimation models are defined to code the coord_leading_bit field. The
probability model is selected according to the bit position and to the coordinate number.
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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.

4.21

For

desd|

valid

.4.20

Property Prediction

ncreased coding efficiency, the value of a property is coded relative to a prediction. Th
ribes the computation of the prediction for each type of binding. The following two(tables de
combinations of property binding, property type, and prediction type.

Table 38 — Valid property bindings for each property‘type

s subclause
scribe all the

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

pre

d_type

nlambda

binding

no |

prediction

not coded

bound_per_vertex, bound_per_face, or bound_

ber_corner

tred_prediction

1

bound_per_face or bound_per_corner

par

bllelogram_prediction” | 3

bound_per_vertex

For t
on th
deco

ree and parallelogram prediction, the prediction of the properties in the current triangle are g
e valugs'in the previous triangle in the triangle tree. The prediction is weighted by the lambda coefficients
ded by the header decoder.

lways based
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Figure 42 — Prediction of property values.

The value

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.

4.2.1.4.27

If the proper
triangle tree,

If the proper

prediction of
predicted by

4.2.1.4.28
If the prope

lambda3*Va
not predicteq

4.2.1.4.29

There are t
coordinates.

t the current vertex Vc is predicted from the values at ancestor vertices Va1, Va2 and \
he value at the current face Fc is predicted from the value at ancestor face Fa.

he value at current corner Cc3 is predicted from the valueat-current corner Cc1.

Tree prediction

ty is bound per face, the prediction of Fc is equal to Fa. If the current triangle is the root g
Fc is not predicted.

y is bound per corner, the prediction of Cel\is equal to Ca1, the prediction of Cc2 to Ca2, an

Cc3 to Cc1. If the current triangle is the root of the triangle tree, Cc1 is not predicted, G
Cc1, and Cc3 by Cc1.

Parallelogram prediction
rty is bound per vertex, gthe prediction of Vc is equal to lambdat1*Val + lambda2*V

B. If the current triangleis the root of the triangle tree, Va1 and Va2 must be encoded too, V|
, Va2 is predicted by:VVa1, and Vc by Va1.

Inverse quantisation

nree inverse quantisation procedures. The first one applies to geometry, colors and te
The second applies to normals and the last one applies to texture coordinate.

Va3.

f the

d the
c2 is

n2 +
a1 is

xture

Given a qua

ptised geometry sample (gx, qy, qz), the reconstructed geometry sample (x,y,z) is obtained a

X
Y
Z

The procedu

coord_xmin + coord_size*xq/ ((l<<coord_qguant)-1)
coord_ymin + coord_size*yqg/ ((l<<coord_qguant)-1)
coord_zmin + coord_size*zqg/ ((l<<coord_qguant)-1)

re for colors and texture coordinates is the same.

There is a special inverse quantisation procedure for normals. Normals are always quantised to an odd
number of bits normal_quant. The 3 most significant bits of normal_quant indicate the octant the normal lies
in, and the remaining bits define an index within the octant.
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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.

Figure 44 — Numbering of the triangles within an octant. Note that the top corner corresponds to
|z|=1)the leftmost corner to [x|=1 and the rightmost corner to |y|=1.

Givep an index-i,~and the 3 sign bits sx, sy and sz, the normal (x,y,z) can be analytically recdnstructed as

follows:

nbins =(1)<< ((normal_guant - 3) / 2);

v0 =labins——eceil{sgrtinbinstinbins
x0 = i + y0*y0;

skew = (x0 & 1)*2.0/3.0;

x0 = (x0 >> 1) & (nbins - 1);

x (float)x0 + skew;

N
[T

(float)y0 + skew;
(float)nbins - x - vy;
n =1.0/sgrt(x*x + yv*y + z*z);
X = (sx) ? -X*n : X*n;
y = (sy) ? -y*n : y*n;
z = (sz) ? -z2*n : z*n;
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If the efficient texture mapping of 3DMC extension is supported, there is the third inverse quantisation
procedure for texture coordinates, which uses two values, texCoord_quant_u and texCoord_quant_v.
Given a quantised texture coordinates sample (qu, qv), the reconstructed texture coordinates sample (u,v) is
obtained as:

u
v

qu/texCoord_gquant_u
qv/texCoord_guant_v

4.2.1.4.30 Arithmetic decoder

This subclause describes the QF-coder for arithmetic _decoding. C++-style routines are provided. The
arithmetic dgcoder relies on a set of variables that are described in the table below.

Register | Description

A size of current interval

C current arithmetic code

count number of renormalisations before reading next
byte

symbol | value of decoded symbol

Qe probability estimate for least prébable symbol

MPS value of most probable symbol

The registers Qe and MPS are dependent upon a context. For each context, there is a state variable inclliding
the Qe and MPS registers.

4.2.1.4.31 | Initialisation

The arithmelic coder reads data from thelinput on a per byte basis. Therefore the stream pointer shall bel byte
aligned before initialising the arithmetic decoder.

In the initialigation process, all yariables are initialised to proper values. 2 bytes are read from the input stfeam
into register [C.

void gf_start() |
A = 0x00p10000;
C = 0x00p10000%
count = P;
sw_renorih_decdde () ;

}

4.21.4.32 Decoding a symbol

When a binary symbol is decoded, the interval is split into two. The half in which C lies determines the value of
the bit. The interval is then reduced to the corresponding half. If the size of the new interval is smaller than
0x80000000, then the interval is renormalised and the probability estimator updated.

void gf_decode(int *symbol, QState *state) {
*symbol = state->MPS;
A -= state->Qe;
if (C <= A) {
if (A & 0x80000000)
return;
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*symbol ~= A < state->Qe;

}

else {
*symbol "= A >= state->Qe;
C =C - A;
A = state->Qe;

}

state->update (*symbol) ;
renorm_decode () ;

}

4.2.1.4.33 Renormalisation

In the renormalisation step, the size of the interval is doubled until it reaches at least 0x8000000
the dlize of the interval is doubled a bit is consumed. When no more bit is available for constmptiq

significant bits of the register C, a new byte is retrieved from the stream.
void| gf_renorm() {
do {
if (count == 0) {

} while (! (A & 0x80000000));

}

4.21

A m
esti

int b = get_byte();

C -= 0Oxff << 8;

C += b << 8;
unt = (b == 0) 2 7 : 8;
}
count--;
C = C << 1;
A = A << 1;

.4.34  Probability estimation

jority of the fields that are arithmetic coded benefit from adaptive probability estimation. T
ation is defined by a Markov Model. Each state of the model defines a probability of the LPS

0. Each time

n in the less

his adaptive
a next state

if theg currently coded symbol is the MPS \anhext state if the currently coded symbol is the LPS, and a flag that
indicptes if the value of the MPS should be changed if the currently coded 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 bgen designed
such|as to minimize the number:of states.
A fixed probability of the LPS and a fixed MPS are defined for the fields for which there is|no adaptive
probability estimation.
The pext table listsithe’probability estimation used for each of the fields.
The models are,global and initialised to index = 0, MPS = 0 before the first connected component
The gontext of order 1 models is reset before each component.
The state Is updated 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_component FA-JPEG last_component_context
codap_last_vg FA-JPEG codap_last_vg_context
codap_vg_id FA-JPEG zero_context
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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
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_leaf FA-JPEG tt_leaf_context
codap_bran¢gh_len FA-JPEG codap_branch_len_context
triangulated FA-JPEG triangulated_context

marching_edlge

FA-JPEG, order 1, initial context =
1

marching_edge_context[0..1]

td_orientatio

=}

FA-JPEG

td_orientation_context

polygon_edge

FA-JPEG, ordér 1, initial context =
1

polygon_edge_context[0..1]

coord_bit

fixed- Qe = 0x5601, MPS = 0

zero_context

coord_leading_bit

FA-JPEG, 3*coord_quant contexts

coord_leading_bit_context[0..3*coprd_
quant-1]

coord_sign_pit

fixed Qe = 0x5601, MPS = 0

zero_context

coord_trailing_bit

fixed Qe = 0x5601, MPS = 0

zero_context

normal_bit

fixed Qe = 0x5601, MPS = 0

zero_context

normal_leading_bit

FA-JPEG, normal_quant contexts

normal_leading_bit_context[0..normal_
quant-1]

normal_sign_bit

fixed Qe = 0x5601, MPS = 0

zero_context

normal_trailing_bit

fixed Qe = 0x5601, MPS =0

zero_context

color_bit

fixed Qe = 0x5601, MPS = 0

zero_context

color_leading_bit

FA-JPEG, 3*color_quant contexts

color_leading_bit_context[0..3*color_
quant-1]
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color_sign_bit fixed Qe = 0x5601, MPS = 0 zero_context
color_trailing_bit fixed Qe = 0x5601, MPS =0 zero_context
texCoord_bit fixed Qe = 0x5601, MPS =0 zero_context
texCoord_leading_bit FA-JPEG, 2*texCoord_quant textCoord_leading_bit_context[0..2*tex
contexts Coord_quant-1]
texCoord_sign_bit fixed Qe = 0x5601, MPS =0 zero_context
texCpord—traitimg it fixed Qe="0x5601,MPS=10 ZETO_COMtEXt
Tahle 41 — The Fast Attack JPEG (FA-JPEG) Markov model to estimate probabilities. For gach 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 ifiLPS
0 0x5601 1 1 yes
1 0x3401 2 6 no
2 0x1801 3 9 no
3 Ox0ac1 4 12 no
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
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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
28 0x1201 29 26 no
29 0x1101 30 27 no
30 0x0ac1 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 no
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

4.2.2 Wavelet Subdivision Surfaces

4221

This is the syntax of the WaveletSubdivisionSurface downstream.

134

Downstream syntax

© ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=4e6f1f15a3310afb43b9980eb3507b27

ISO/IEC 14496-16:2009(E)

42211 WMDecoderConfig

422111 Syntax

class WMDecoderConfig extends AFXExtDescriptor : bit(8) tag = 2 {

bit (1) hasScaleCoeff;
if (hasScaleCoeff)
int (5) NbBpSC;

int (5) NbBPX;
int (5) NbBPY;
int (5) NbBPZ;
int (2) Wtype;
bit(l) 1ift;

it (4) NbLevels;
float (32) Xmax;
float (32) Ymax;
float (32) Zmax;

4.2.21.1.2 Semantics

hasScaleCoeff: this is a flag with value 1 if and only if the scale coefficients are transmitted (o
are qupposed to be added to the base mesh vertices).

NbBpSC: this is the number of bits on which the scale coefficients will be read.

NbBPX, NbBPY, NbBPZ: these are respectively the numbers of bitplanes on which are
maghnitude of the first second and third component of thedvavelet coefficients, an extra bit being
encode their sign.

Wtype: this is an integer representing the wavelet'type. 0 corresponds to midpoint subdivision
scheme, 2 to Dyn's butterfly scheme, and 3 is resérved for future use.

lift: this is a flag with value 1 if and only if the*high pass filters are lifted [78].

NbLevels: this is the number of subdivision levels of the mesh.

Xmak, Ymax, Zmax: these are*32°bits floating point values representing the symmetric quantiza

for the first, second and third’ coordinate respectively. These values are chosen so that, 4.g., th

coméoonent of all wavelettcoefficients belong to [-Xmax, +Xmax], and are therefore mapped t

NbB
2

“1].

4.2.21.2 Wavelet Mesh_Object

4.2.21.21 Syntax

claslss\Wavelet_Mesh_Object {

}

2.\

bie

herwise they
encoded the
necessary to

1 to Loop's

fion intervals
e first
S [_2NbBPX+1’

TL/ IoSIiiDoarrc;
if (isInBand)
WMDecoderConfig WMDecoderConfig;
bit (1) WMOL;
bit (1) isInLocalCoordinates;
if (WMOL && WMDecoderConfig.hasScaleCoeff)
Wavelet_Mesh_Object_Scale_Coeff Coefficients;
ReadZT ZeroTree;

4.221.2.2 Functionality and semantics

WMOL: a boolean with value 0 if and only if the current stream is a base layer.
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isinLocalCoordinates: this is a flag with value 1 if and only if the decoder must reconstruct the mesh
considering the wavelet coefficients in local frames.

ZeroTree: th

is is the SPIHT encoded representation of one or more bitplanes.

The decoding of the wavelet coefficients can start even if no base layer is received. It is then considered that
the scale coefficients are all zero and the hierarchy is the default one.

42213

Wavelet_Mesh_Object_Scale_Coeff

This is the class containing the scale coefficients.

brder

4.221.31 Syntax
class Wavelet_Mesh_Object_Scale_Coeff {
int 1i;
for (i=(Q ; i< Nb_sc ; i++) {
int (WMDecoderConfig.NbBpSC) Sclil];
}
}
4.22.1.3.2 Semantics
Nb_sc: is the number of scaling coefficients, known as the number of vertices in the base mesh.
Sc: is an arfay containing the scale coefficients related to the vertices of the base mesh in the same
than in its dgscription.
42214 ReadZT
4.221.41 Syntax
class ReadfT ({
int FT, |LT, i, 3j, k;
int (5) IlengthNbBits;
int (5) HBP;
int (5) IBP;
bit (1) ¥;
bit (1) Y;
bit (1) 4;
bit(1l) dsPartial;
if (isPqrtial) { A/ Partial transmission
int (1)) ztId;
FT = RtId;
LT = FT + 1
} else // Full transmission
FT = [0;
LT = NumTree;
}
for (j=FBP; j<=LBP ; j++) {
for (i=FT; i<LT; i++) {
if (X) |
int (LengthNbBits) BPLength;
for (k=0 ; k<BPLength ; k++) {
bit (1) Bx[il[3]1I[k];
}
}
if (YY) |
int (LengthNbBits) BPLength;
for (k=0 ; k<BPLength ; k++) {
bit (1) Byl[il[31I[k];
}
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}
if (Z2) |
int (LengthNbBits) BPLength;
for (k=0 ; k<BPLength ; k++) {
bit (1) Bz[il[J][k];
}

}

4.2.2.1.4.2 Semantics

NumTree: this is the number of trees, known as the number of edges in the base mesh.
LengthNDbBits: 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 comporjents follow.
Ztld:[this is the number of the currently sent or refined zero-tree.

BPLength: this is the length of the current bitplane.

component: this is a two-bits variable indicating which table (Bx;'By or Bz) is updated.
FBP| this is the number of the first bitplane to read. M{s.value must be greater than or equgl to 0 (most
significant bitplane) and strictly lower than NbBPX, NbBPY or NbBPZ, depending on the component being

read

LBP] this is the number of the last bitplane to r€ad. Its value must be greater than or equal to FBP and strictly
lowef than NbBPX, NbBPY or NbBPZ, depending on the component being read.

Bx, By, Bz: these are three 3-tables of bits used for encoding the first, second and third compgnents of the
wavglet coefficients. The first entry ‘is“the number of the zero-tree. The second one is the nymber of the
currgnt bitplane received. The third one is the number of the received bit in this plane.

NOTE - Decoding separately” each component as independent zero-trees enables reception of normal
meshes [37]. It also allows'reception in different channels or decoding in separate threads.

The flecoding process. is exposed in Annex A.

4.2.22 Upstream syntax (for backchannel)

Wheh specified as an upstream in corresponding ES descriptor, the WaveletSubdivisionSurface gtream has to
be rgad<according to the AFX Generic Backchannel syntax (see Subclause 4.5.2).

4.2.3 MeshGrid stream

4.2.31 Overview

The MeshGrid stream has a modular structure consisting of a sequence of parts. There are several types of
parts with different semantics, each one identified by a unique tag. All part types are optional, and several
parts of the same type can be present in the stream, but their order is not imposed. The following parts of the
MeshGrid stream are encoded at each resolution level, either as one single region of interest (ROI) or in
separate ROls, if view-dependent decoding is needed: (1) a connectivity-wireframe description, (2) a
reference-grid description, and (3) a vertices-refinement description (i.e. refining the position of the vertices
relative to the reference-grid — the offsets).
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Due to its regular nature, it is straightforward to divide the reference-grid into ROIs, and to encode the surface
locally in each of these ROlIs. As illustrated in Figure 45, single ROl mode can be mixed with multiple ROIs
mode (view-dependent mode) for different resolution levels.

Figure 41

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

— 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):

4232 T

The descripfion of the stream is parsed in the MeshGridDecoderConfig class defined in subclause 4.2.1
The MeshGrid stream is parsed in the MeshGridStream class. The stream is\0rganized as a successi

resolution |

represents the total number of resolution levels of the mesh, and is computéed in the MeshGridDecoderC

class.

The mesh description part consists of a header, the MeshDescripfor, and a body consisting of three parts:
mesh conngctivity coding (parsed in the MeshConnectivity class), the vertices’ reposition bit plane c

(parsed in t

grid descrip
GridCoefficig
Annex B.1.3
resolution le

difference bg¢tween totalNumLevelsMesh and totalNumLevelsGrid. In case totalNumLevelsGrid is larger

totalNumLev
descriptions

The constitu
of the mesh,
the ROls im
refinement. §
grid tiles.

4.2.3.21

e Bitstream structure

el descriptions, starting from level 0 to (totalNumLevelsMesh-1), where totalNumLevels

VertexRefine class) and the vertices’ refinement coding (parsed in the VertexRefine class)
ion part consists of a header, parsed in the“GridDescriptor class, and a body, parsed i
nts class. In case the number of resolutierylevels of the grid (totalNumLevelsGrid defin

is lower than the number of resolution tevels of the mesh (totalNumLevelsMesh), the fi
vel descriptions of the stream will only: contain the mesh description part, with N defined a

elsMesh, the resolution ‘0’ description of the stream contains one mesh description and |N|
bent parts in the MeshGrid stream must be decoded in the following order: for any resolution
the MeshDescriptor.has to be parsed before retrieving any ROI for that resolution level. Dec

plies decoding the(mgesh connectivity, which may be followed by parsing the vertices’ repositi
Bimilarly, the grid_decoding consists of parsing the header of the grid followed by the decodin

Global Constants

2.2,
bn of
Mesh
onfig

the
bding
The
n the
bd in
rst N
5 the
than

grid

level
bding
bn or
g the

const unsign

eddint LEVEL_BITS = 6; Number of bits allocated for storing the number

const unsign

const unsign

const unsign

const unsign

138

of Tesoiutiomevels

ed int REFINE_BITS = 6; Number of vertices' refine bits

ed int FILTER_BITS =4; For specifying the type of filter used for coding
the grid.

ed int ROI_BITS = 6; Number of bits defined for a field specifying the
length in bits allocated for the number of ROls
fields for each {u,v,w} direction (nROls)

ed int MIN_ROI_SIZE = 6; The minimum ROI size is 5
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const unsigned int MIN_SCALE = 1;

const unsigned int QUANT_BITS = 6;

oDl
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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.

The minimum scale value is 1 (gridScale)
The number of bits for storing the number of

quantization bits of the {x,y,z} coordinates of the
grid corners

cons

cons

cons|

cons

consf unsigned int GENERIC_MESH =0 The encoded mesh is generic, meaning that the
triangulation may contain triangles
quadrilaterals, pentagons, hexagons and

cons|

cons|

f unsigned int VERTS_BITS = 5;

t unsigned int MIN_SPLIT_SIZE = 9;

t unsigned int MIN_DEC_SIZE = 3;

f unsigned int TRI_MESH = 1

t unsigned int QUADRI_MESH =2

Numberof bitsdefimed—forafietd—specifyimgth
length in bits allocated for the counters holding
the size of the encoded wavelet coefficients fol
each {u,v,w} direction

Number of bits defined for a field @pecifying the
length in bits allocated for the counters holding
the size of the encoded connectivity-wireframg
and refine bits

The minimum cube size that can be further split

The minimum cube size that consists of severa
sub-bands

heptagons
The encoded mesh contains only triangles

The encoded mesh contains only quadrilaterals

const unsigned int HEXA.MESH = 3 The encoded mesh contains only hexagons
cons} unsigned int No default value specified for the reposition bits
REAP_REPOSITION_BITS =2

4.2.3.2.2 ~ "MeshGridDecoderConfig

4.2.3:2:24 Syntax

class MeshGridDecoderConfig extends AFXExtDescriptor: bit(8) tag=1({
// the max number of resolution levels

unsigned int totalNumLevelsMesh;

// number of resolution levels specified for each u,v,w direction
// of the reference-grid.
FixedUVW nLevelsMesh (LEVEL_BITS) ;
totalNumLevelsMesh = max(nLevelsMesh.u, max(nLevelsMesh.v, nLevelsMesh.w)) ;

// number of slices (reference surfaces) in the u,v,w directions

// corresponding to the last resolution level
ParsableUVW nSlices;
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// number of ROIs (regions of interest) in the u,v,w directions
// corresponding to the last resolution level
ParsableUVW nROIs;

// flags

bit (1) hasConnectivityInfo;
bit (1) hasRefinelInfo;

bit (1) hasRepositionInfo;
bit (1) hasGridInfo;

// reserved
bit (8) attributes = 0;

// multilayer

bit (1) |hasMultilLayer;

if (hasMultiLayer) {
Parsefalue nLayersunsigned int (LAYER BITS) nBitsLayer;
unsigpned int nBitsLayer = ceil(log2(nLayers)) + 1;

}

// type |of homogeneous mesh
unsigned int(2) meshType;

if (mesiType == QUADRI_MESH) {
if (hhsConnectivityInfo) {
// copnnectivity bits and uniform quads splitting flags
bit (1) |sameBorderOrientation;
bit (L) uniformSplit;
}

else {
unsigned int sameBorderOrientation = 1;
unsigped int uniformSplit = 1;

}

if (nSlices.w == 1)
ParseValue offsetAmplitude;
}

// the chojces for cyclic and folded mesh
bit (3) cyflic_folded;

// number of refine bits vertex
RefineVefrtexDescriptor refiney

// filter type for grid,.ceéding
unsigned| int (FILTER_BITS) filterType;

// scale|values fofinthe x,y,z encoded grid coordinates
// minimpm scale ‘Factor is MIN_SCALE
ScaleXYz| gridScale (FIELD_BITS) ;

// the grid 'corners
GridCornghsvgridCorner (nSlices, cyclic_folded);

4.2.3.2.2.2 Semantics

The MeshGridDecoderConfig class initializes the MeshGrid decoder. It (1) parses the resolution levels of the
mesh (nLevelsMesh) for the {U ,V,W} directions with acceptable values for nLevelsMesh.u, nLevelsMesh.v

and nLevelsMesh.w, lying in the range [1, 63], (2) computes the maximum number of resolution levels
totalNumLevelsMesh, parses (3) the number of slices (nSlices) {Sy,Sv,Sw} and (4) the number of ROIs

(nROIs) 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]. Further it reads 6 flags defined in Table 42.

140 © ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=4e6f1f15a3310afb43b9980eb3507b27

ISO/IEC 14496-16:2009(E)

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 ‘O it implies that the parts

identified by

the

MGMeshConnectivityROInfoTag and MGMeshConnectivityinfoTag tags are not

present In e strealmn. I the value oI e hasRefinemfo ||ag I

identified by the MGMeshInfoTag tag can be present in the stream-onl
resolution level description. If the meshType parameter defined if_Tabl
value ‘2’ then a default quadrilateral mesh is generated as explained
4.2.3.3.5.

hen the part
y for the first
e 43 has the
n subclause

hasR

efinelnfo

Boolean flag:

1. When set to ‘1’ it indicates that the parts identified by the MGN
MGVerticesRefinementROlInfoTag and MGVerticesRefinementinfoTag
present in the stream at any resolution level description. If the
hasConnectivitylnfo flag is ‘0’ these parts can only be available for the fi
level description, as explained in subclause 4.2.3.3.5.

2. When set to ‘O it implies that the parts identifie
MGVerticesRefinementROlInfoTagland MGVerticesRefinementinfoTag
present in the stream. The partiidentified by the MGMeshInfoTag tag ca
in the stream at any resolution level description only if the v,
hasConnectivitylnfo flag iscset to ‘1°.

leshinfoTag,
tags can be
alue of the
rst resolution

d by the
tags are not
n be present
alue of the

hasRH

epositioninfo

Boolean flag:

1. It can be set o1’ only if the hasConnectivitylnfo flag is also ‘1. Whe
it indicates~\'that the parts identified by the MGN
MGVerticesRepositionROIlInfoTag and MGVerticesRepositioninfoTag
present in-the stream at any resolution level description except the I3
level.

2. When set to ‘O it implies that the parts identifie
MGVerticesRepositionROIlInfoTag and MGVerticesRepositioninfoTag
present in the stream. The part identified by the MGMeshInfoTag tag ca
in the stream at any resolution level description only if the value o
following two flags is set to “1’: hasConnectivitylnfo, hasRefinelnfo.

n equal to ‘1’
leshinfoTag,
fags can be
st resolution

d by the
ags are not
n be present
[ one of the

has(Q

ridinfa

Boolean flag:

1. When set to “1’ it indicates that the parts identified by the MG

GridInfoTag,

MO CrdCaafficiantec DOYHAFAT AN AnA MO ARAC NI~ ANtolAfAT AN ta~e ~

VO OO o OTCTCICT Mo I o Tag oo o oo ot oo o ToTagtag oo

in the stream at any resolution level description.

n be present

2. When set to ‘0’ it implies that the parts identified by the MGGridinfoTag,
MGGridCoefficientsROIlInfoTag and MGGridCoefficientsinfoTag tags are not
present in the stream. In this case the reference-grid points are uniformly distributed
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.
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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 or 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 allowing
to obtain the connectivity-wireframe for the higher resolution levels by uniformly
Spitttingeach quad Tecursivety nto four sub-quads, as iustrated im Figure 611 The
parts identified by the MGMeshinfoTag, MGMeshConnectivityROInfofag| and
MGMeshConnectivitynfoTag tags are present in the stream only .at)the| first
resolution level description.

2. When set to ‘O the parts identified by the -MGMeshinfgTag,
MGMeshConnectivityROInfoTag and MGMeshConnectivitylnfoTag 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 explaingd in
Table 43.

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 HEXAXMESH: Homogeneous hexagonal mesh

If meshType is quadrilateral (QUADRI_MESH) than (6) a 1-bit flag (sameBorderOrientation) defines the
number of bits used to store thé connectivity links between the vertices, as explained in subclause 4.2.3.3.1.1,
and defined|in Table 44, and)(7) another 1-bit flag (uniformSplit) indicates the type of multiresolutign as
explained in|subclause 4.2.3:3.5 and Table 42. If the number of slices (nSlices) in any W direction is eqyal to
‘1’, i.e. the r¢ference-gfid-consists of one layer of points, then (8) the variable length variable offsetAmplitude
defines the maximum.value of the offsets as explained in subclause 3.3.3.3.2.

Table 44 — Encoding of the sameBorderOrientation flag

Value Meaning

0 2-bits are used to encode a connectivity link between
two vertices; it is the general case.

1 1-bit is used to encode a connectivity link between two
vertices; it is a particular case which may occur for
homogeneous quadrilateral meshes.

Further the MeshGridDecoderConfig class parses (9) the cyclic folded mode variable defined in Table 45
that specifies the cyclic behaviour of the mesh, as explained in subclause 4.2.3.3.1.3, (10) the description of
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the vertices’ refinement bits (refine), (11) the type of filter used in the wavelet transform (filter Type), encoded
on FILTER _TYPE bits, (12) the scaling factor for the {x,y,z} grid coefficients (gridScale), encoded on

FIELD_BITS bits, (13) the {x,y,z} coordinates of the 8 corners of the reference-grid (gridCorner).

Table 45 — Encoding of the cyclic_folded mode variable

Bits | Value | Meaning

000 | O NON_CYCLIC: general case non-cyclic non-
folded mesh.

00+ €Yt Yycticmestrimthe~“U*directiom:

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,-Di.e.
index = 0. Notice that for the “V” direction the
index varies between index € [0,nSlices[1] > 1].

111 |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 | d CYCLIC_U: cyclic mesh in the “U” direction.

01NN 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 € [0,nSlices[1] — 1].

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
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4.2.3.2.3 MeshGridStream

4.2.3.2.31 Syntax

aligned(8) expandable(Zn—l) class MeshGridStream
{
MeshGridCommand[] commandUnits;

}

4.2.3.2.3.2 Semantics

X h H £ A1 lo D aral O ! e
The MeShGI U outdalll o dit difdy Ul VICOITUTTU L UTTITTTIAarnu utiie.

4.2.3.24 MeshGridCommand

4.2.3.241 Syntax

abstract aligned(8) expandable(2%—l) class MeshGridCommand : bit(8) tag=0
{

// empty. To be filled by classes extending this class.
}

4.2.3.24.2 Semantics

This is an alpstract base class for the different types of command units~of the MeshGrid stream. This clgss is
extended by|the classes identified by the class tags defined in Table 46.

Table 46 — MeshGrid command table

Tag valye | Tag name Description

0x00 Forbidden

0x01 MGiInfoTag Tag for the MeshGrid stream coding information.

0x02 MGMeshiInfoTag Tag for the mesh coding information for g
specified mesh resolution level.

0x03 MGGridInfoTag Tag for grid coding information for a specified grig
resolution level.

0x04 MGMeshConnectivityROlInfoTag Tag for mesh connectivity information for p

="

specified mesh resolution level and regions @
interest (ROIs) list.

0x05 MGMeshConnectivitylnfoTag Tag for mesh connectivity information for p
specified mesh resolution level.

0x06 MGVerticesRepositionROlInfoTag Tag for vertices’ reposition bits (single bit-plane)
for a specified mesh resolution level and regions
of interest (ROISs) list.

0x07 MGVerticesRepositioninfoTag Tag for vertices’ reposition bits (single bit-plane)
for a specified mesh resolution level.

0x08 MGVerticesRefinementROlInfoTag | Tag for refinement bit-planes (the offset) for a
specified mesh resolution level and regions of
interest (ROIs) list.
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0x09 MGVerticesRefinementinfoTag Tag for refinement bit-planes (the offset) for a

specified mesh resolution level.

0x10 MGGridCoefficientsROlInfoTag Tag for wavelet coefficients for a specified grid

resolution level and tiles list.

0x11 MGGridCoefficientsinfoTag Tag for wavelet coefficients for a specified grid

resolution level.

0x12 MGGridCornersinfoTag Tag for the grid corners.
0x13- Reserved for ISO use
(OxFE
OxFF Forbidden
4.2.32.5 MGLevelDescriptor

4.2.3

abst]

~

u
b
}

4.2.3

This
read
Tabl
funct
chan

.2.5.1 Syntax

ract class MGLevelDescriptor extends MeshGridCommand: bit (8) tag=0

read the variable length counter sizeOfInstance
hsigned int (LEVEL_BITS) resolutionLevel;
Lt (4) flags;

.2.5.2 Semantics

is an abstract class that serves as a base class for the MeshGrid stream unit classes. MGLe
5 (1) the resolution level (resolutionl-ével) of the MeshGrid stream unit, and (2) a flag (flag
e 11) that specifies how to handle’ the decoded MeshGrid stream unit. An example (€
ionality provided by the flags field) showing the morphing of a MeshGrid model allowing fg
ges is displayed in Figure 46;

Table 47 — Values of flags

elDescriptor
) (defined in
xploiting the
r topological

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 replaces any existing data.
Remaining 3 bits are reserved.

Figure 46 — Exploiting the functionality provided by the flags field for efficient morphing.
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4.2.3.2.6

4.23.2.6.1

class MGMeshDescriptor (MeshGridDecoderConfig mgd)

MGMeshDescriptor

Syntax

extends MGLayerDescriptor: bit(8)

tag=MGMeshInfoTag

{

bool bLastLevel

= resolutionLevel.value ==

mgd. totalNumLevelsMesh - 1;

bool bReposition = mgd.hasRepositionInfo && !bLastLevel;

bool bRefine = mgd.hasRefineInfo && (mgd.refine.bFull || bLastLevel);

MeshDescriptor mdl [ [resolutionLevel.value]] (mgd.hasConnectivityInfo, bReposition,
bRefine) ;
} S
4.2.3.2.6.2 Semantics (LQ
The MGMeshDescriptor class parses the mesh coding information for a specified mesh res@ggon leve| and
layers. O)
4.2.3.2.7 MGLayerDescriptor O'\b‘
42.3.2.71 Syntax O\\((/
abstract class MGLayerDescriptor extends MGLevelDescriptor(MégBGridDecoderConfig mgd) :
bit (8) tagf0
( o

// read |the variable length counter sizeOfInstanoe<:§k

if (mgdj]hasMultiLayer) <2

Parse[Indices identifier (mgd.nBitsLayer) ; \\
) QO
] %
4.2.3.2.7.2 Semantics $\‘(\
This is an| abstract class that serves as @“base class for the MeshGrid stream unit clagses.
MGLayerDegcriptor reads an identifier of the é@ﬁ%ce layer the MeshGrid stream unit refers to. When the yalue
of identifier.number is ‘0’ then the conten the MeshGrid stream unit is generic for all surface layers.
Figure 48 illystrates an example of a Me\\ rid model consisting of several surface layers.
Figure 47 — MeshGrid model consisting of several surface layers.

4.2.3.2.8 MGGridCorners
4.2.3.2.81 Syntax

class MGGridCorners extends MeshGridCommand (MeshGridDecoderConfig mgd): bit (8)
tag=MGGridCornersInfoTag

{
// read
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GridCorners gridCorner (mgd.nSlices, mgd.cyclic_folded) ;

4.2.3.2.8.2 Semantics

The MGGridCorners class parses the grid corners (gridCorner) as explained in subclause 4.2.3.2.24.
4.23.29 MGGridDescriptor

4.2.3.2.9.1 Syntax

clasls MGGridDescriptor extends MGLevelDescriptor: bit(8) tag=MGGridInfoTag
{

GridDescriptor gdl[[resolutionLevel.valuel] () ;

}
4.2.3.2.9.2 Semantics

The MGGridDescriptor class parses the grid coding information for a specified grid resolution leve].
4.2.3.2.10 MGMeshConnectivityROIDescriptor

4.2.3.2.10.1 Syntax

clasls MGMeshConnectivityROIDescriptor (MeshDescriptor“mdl) extends MGLayerDescrigtor:
bit (|8) tag=MGMeshConnectivityROIInfoTag

brseIndices roi (mdl[resolutionLevel.valuel .nBitsIndex) ;
bshConnectivity

mc [ [fresolutionLevel.value]] (mdl [resolutionlLevel.value] .nBitsConnectivity, roi.nunber,
roi.lindex) ;

= d

4.2.3.2.10.2 Semantics

This |class parses the mesh connggtivity bits for specified layers, regions of interest (roi) and megh resolution
level|(resolutionLevel).

4.2.3.2.11 MGMeshConnectivityDescriptor

4.2.3.2.11.1 Syntax

clasls MGMesh€onnectivityDescriptor (MeshDescriptor mdl) extends MGLevelDescriptor: bit (8)
tag=MGMeshCorinectivityInfoTag
{
M@kéIndices index (mdl[resolutionLevel.value] .nROIs) ;
MéshConnectivity mel[[resolutionlevel .valuell
(mdl [resolutionLevel .value] .nBitsConnectivity,mdl [resolutionLevel.value] .nROIs,
index.value) ;

}

4.2.3.2.11.2 Semantics

This class parses the mesh connectivity bits for all layers, all regions of interest (identified by their indices
(index)), and mesh resolution level (resolutionLevel).
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4.2.3.2.12 MGVerticesRepositionROIDescriptor

4.2.3.2.12.1

class MGVerticesRepositionROIDescriptor (MeshDescriptor mdl,
MGLayerDescriptor:

{

Syntax

MeshConnectivity mc)

bit(8) tag=MGVerticesRepositionROIInfoTag

ParseIndices roi (mdl[resolutionLevel.value] .nBitsIndex) ;
VertexRefine vrep|[[resolutionLevel.value]] (mdl[resolutionLevel.value] .nBitsReposition,

roi.number, roi.index,
mc [resolutionLevel .value] .bMeshPresent) ;

extends

4.2.3.212.2

This class p
resolution le

4.2.3.213

4.2.3.2.13.1

class MGVe
MGLevelDes

{
MakeIndi
VertexRd

4.2.3.2.13.2

This class p
indices (ind¢g

4.2.3.2.14

4.2.3.2.14.1

class MGVe
MGLayerDes
{
unsigned
unsigned
ParseInd
VertexRd

Semantics

el (resolutionLevel).

MGVerticesRepositionDescriptor

Syntax

FticesRepositionDescriptor (MeshDescriptor mdl,
friptor: bit(8) tag=MGVerticesRepositionInfoTag

MeshConnectivity mc) extends

ces index (mdl[resolutionLevel.value] .nROIs) ;

fine vrepl[[resolutionLevel.value]] (mdl [resolubionLevel.value] .nBitsRepositi
mdl [resolutionLével .value] .nROIs, index.value,
mc [resolutionkevel .value] .bMeshPresent) ;

Semantics

arses the vertices’ reposition bit-plane for all layers, all regions of interest (identified by
X)), and mesh resolution level (resolutionLevel).

MGVerticesRefinementROIDescriptor

Syntax

FticesRefineméntROIDescriptor (MeshDescriptor mdl, MeshConnectivity mc) exten

bfriptor: bit\(8) tag=MGVerticesRefinementROIInfoTag
int (REFRINE_BITS) startBitPlane;
int (REFINE_BITS) endBitPlane;

iceg roi (mdl [resolutionLevel.value] .nBitsIndex) ;

fime“vref [ [resolutionLevel.value]] (mdl [resolutionLevel.value] .nBitsRefine,

roi.number, roi.index,

arses the vertices’ reposition bit-plane for specified layers, regions of interest, (roi) and mesh

n,

their

Hs

4.2.3.2.14.2

mc [resolutionLevel .value] .bMeshPresent) ;

Semantics

This class parses the vertices’ refinement bit-planes, starting with startBitPlane and ending with endBitPlane,

for specified
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layers, regions of interest (roi) and mesh resolution level (resolutionLevel).
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.2.15 MGVerticesRefinementDescriptor

.2.15.1 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) ;

4.2.3.2.15.2 Semantics
This |class parses all the vertices’ refinement bit-planes for all layers, all regions of intetest (idenfified by their
indices (index)), and mesh resolution level (resolutionLevel).
4.2.3.2.16 MGGridCoefficientsROIDescriptor
4.2.3.2.16.1 Syntax
clasgls MGGridCoefficientsROIDescriptor (GridDescriptor gdl) _extends MGLevelDescrigtor:
bit (8) tag=MGGridCoefficientsROIInfoTag
{

unsigned int (FIELD_BITS) startBitPlane;

ParseIndices tile(gdl[resolutionLevel.value] mBitsIndex) ;

GridCoefficients gc|[[resolutionLevel.valueld) (§dl [resolutionLevel.value] .counter,

gdl [resolutionLevel.value] .nBitgCounter,
tile.number, tile.index);

}
4.2.3.2.16.2 Semantics
This|class parses parts of the component streams, i.e. three binary streams each of them corr¢sponding to
one pf the {x,y,z} wavelet encoded coordinates of the grid points, for specified tiles (tile) and gfid resolution
level| (resolutionLevel). The start bitplane (startBitPlane) is specified and it is the same for eaclh component
stregm. The number of bytes received for each component stream and the corresponding waveleft coefficients
are garsed by the GridCoefficients class.
4.2.3.2.17 MGGridCoefficientsDescriptor
4232171 Syntax
clasls MGGradCoefficientsDescriptor (GridDescriptor gdl) extends MGLevelDescriptor: bit(8)
tagaMGGridCoefficientsInfoTag
{

M }\CILLJJ‘_&,CD Jl_J.LJC \g\:‘ll [J.CDUlLAtJ'.UlLLC Cl . aluc] . tUtGlI“l’ulllTJ‘.lCD/ 7

GridCoefficients gc[[resolutionLevel.value]] (gdl[resolutionLevel.value].counter,

gdl [resolutionLevel.value] .nBitsCounter,
gdl [resolutionLevel.value] .totalNumTiles,
index.value) ;

4.2.3.2.17.2 Semantics

This

class parses parts of the component streams, i.e. three binary streams each of them corresponding to

one of the {x,y,z} wavelet encoded coordinates of the grid points, for all the tiles,identified by their indices
(index),and grid resolution level (resolutionLevel). The number of bytes received for each component stream
and the corresponding wavelet coefficients are parsed by the GridCoefficients class.
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4.2.3.2.18 MeshDescriptor

4.2.3.2.18.1

Syntax

// Mesh Description for level
class MeshDescriptor (bool hasConnectivity, bool hasReposition, bool hasRefine)

aligned(8)
{

// some

member variables

unsigned int nBitsIndex, totalNumROISs;

// compute the number of slices and number of ROIs at resolutionLevel
(MGLevelDescriptor)

// from
Computel
Computel

if (hasRe
// ref
bit (4

if (hasd
// nu
nBitg
// nu
unsig

}

if (hasH
unsig

}
if (hasH

unsig

}

4.2.3.2.18.2

The MeshDescriptor class parses the'.coding information for a specified mesh resolution level. It
) the number of slices (nSlices) and (2) the number of ROIs (nROIs) for each {u,v,w} dire
b hasReposition flag is set to ‘1’ (the hasRepositioninfo flag from the MeshGridDecoderCon
the specified meshiresolution level is not the last) it reads (3) a 2-bit flag (repositionBits), |
default value of-the’vertices’ reposition bits or their presence in the stream as given in Tabl
ult value is specified, the reposition bits are not present in the stream for the specified reso

computes (1
Further, if th
set to ‘1’ ang
indicates the
When a defa
level.

nROIs, nLevels and nSlices specified 1n MeshGridDecoderConfig (mgd)
rSlices nSlices(mgd.nSlices, mgd.nLevels, resolutionLevel) ;
rROIs nROIs (mgd.nROIs, mgd.nLevels, resolutionLevel) ;

bosition) {
rieve the reposition bits flag
) repositionBits;

onnectivity) {

mber of bits for the ROI indices fields

Index = (int) floor(log2 (nROIs.totalNumROIs) + 1);
mber of bits for the counter fields

hed int (VERTS_BITS) nBitsConnectivity;

eposition && repositionBits == READ_REPOSITION_ BITS) {
hed int (VERTS_BITS) nBitsReposition;

efine) {
hed int (VERTS_BITS) nBitsRefine;

Semantics

Table 48 — Encoding of the repositionBits flag

first
ction.
ig is
vhich
e 48.
ution

Value Meaning

0 No reposition 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

Further, if the hasConnectivity flag is set to ‘1’ (the hasConnectivityinfo flag from the MeshGridDecoderConfig
is set to “1’) the MeshDescriptor class (4) computes the number of bits (nBitsIndex) in which the indices of
the ROIs are stored, and (5) parses the number of bits (nBitsConnectivity) used for storing the length (in
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bytes) of the coded mesh connectivity. If the hasReposition flag is set to ‘1’ and no default value is specified
for the vertices’ reposition bits (repositionBits), then (6) the number of bits (nBitsReposition) 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.

4.2.3.2.19 GridDescriptor

4.2.3.2.19.1 Syntax

// g
alig
/
u

/
/
C
C

[N

- Fh OO~~~ g~

g~

4.2.3

The
of sl
threg

rid Description for level
ned (8) class GridDescriptor () {

some member variables
hsigned int nBitsIndex, totalNumTiles;
compute the number of slices and Tiles at resolutionLevel (MGLevelDescript
nROIs, nLevels and nSlices specified in MeshGridDecoderConfig(_(mgd)
mputeNrSlices nSlices (mgd.nSlices, mgd.nLevels, resolutionLewel);
mputeNrROIs nTiles (mgd.nROIs, mgd.nLevels, resolutionLevel)s
number of bits for the ROI indices fields
BitsIndex = (int) floor(log,(nTiles.totalNumROIs) + 1)
the threshold
hreshold threshold;

allocate an array keeping the number of bytes per Tile
it will be initialized in GridCoefficients
intXYZ counter[nTiles.totalNumROIs];
r (i = 0; 1 < nTiles.totalNumROIs; i+4) N
counter([i] = {0,0,0};

number of bits for the counter,fields (it can be 0)
hrsableXYZ nBitsCounter (GRID_BTITS) ;

.2.19.2 Semantics
GridDescriptor class,parses the grid header for a given resolution level. It first computes (1

hold (threshold)for-each {x,y,z} coded grid tile, (4) computes the number of bits needed for |

tile indices, (5) allocates the array which stores the number of bytes of coefficients received pe

pars

bs a GRIDABITS bits value (nBitsCounter), representing the number of bits allocated for

storipg the length (in bytes) for each {x,y,z} coded grid tile.

4.2.3

.2.20-/ MeshConnectivity

br) from

) the number

ces (nSlices) and(2)*the number of tiles (nTiles) for each {u,v,w} direction. Further, it (3) parses the

pecifying the
tile, and (6)
the counters

4.2.3.2.20.1 Syntax

clas
inde

{

s MeshConnectivity (unsigned int nBitsCounter, unsigned int numberOfROIs, unsigned int

x[1)

unsigned int 1 = 0;

// get ROIs lookup
for (i = 0; 1 < numberOfROIs; i++) {

}

bit (1) bMeshPresent[[index[i]]];

// get the counters for the ROIs
for (i = 0; i < numberOfROIs; i++) {
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int counter|[[index[i]]] = 0;
if (bMeshPresent[index[i]] == 1) {
int (nBitsCounter) counter[[index[i]]];

}
}

// get the ROI coding bits
for (i 0; 1 < numberOfROIs; i++)
unsigned int count;
for (count = 0; count < counter[index[i1]]; count++)
unsigned int(8) data;

}

{

{

}

4.2.3.2.20.2

The MeshC

Semantics

bnnectivity class parses the mesh connectivity data for a set of ROls at a speeified reso

ution

level. It reads, for each ROI (identified by the index), a 1-bit flag (bMeshPresent), which, if tfu¢, means thﬂzt the
mesh is pasgsing through the ROI. Further, if bMeshPresent is true the MeshConnectivity class reads
nBitsCountel bits representing the length (in bytes), specified by the counter, of the coded connegtivity
information. [The connectivity information is stored in buffer data. The decoding of ,the connectivity information
is explained jn subclause 4.2.3.3.1.

4.2.3.2.21 VertexRefine

423.2.211 Syntax

class VertgxRefine (unsigned int nBitsCounter, unsighed int numberOfROIs, unsigned int

index[], bt bMeshPresent[])
{
unsigned int i = 0;
// get ghe counters for the ROIs
for (i 3 0; i < numberOfROIs; i++) {
int cpunter|[[index[1]]] = O0;
if (bMeshPresent[index[i]] == 1) ~
int (nBitsCounter) counter|[[index[i]]];
}
}
// get fhe vertices’ reposition/refine bits
for (i 3 0; i < numberOfROIs; i++) {
unsigpned int count;
for (kount = 0; count < counter[index[i]]; count++) {
ung$igned int (8)“data;
}
}
}
4.2.3.2.21.2 Semantics

The VertexRefine class parses the vertices refine/reposition data for a set of ROIs at a specified resolution
level. It checks if the mesh is present in the ROI (identified by the index) by testing the bMeshPresent flag,
which is initialized by the MeshConnectivity class. Further, if the bMeshPresent evaluates to true, the
VertexRefine class reads nBitsCounter bits representing the length (in bytes) of the coded
reposition/refinement information. The reposition/refinement information is stored in buffer data. The decoding
of the reposition/refinement information is explained in subclause 4.2.3.3.3.
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4.2.3.2.22 GridCoefficients

4.2.3.2.22.1 Syntax

class GridCoefficients (PointXYZ counter[], ParsableXYZ nBitsGrid,
numberOfTiles, unsigned int index[])
{

unsigned int 1 = 0;

// get the counters for the tiles and update the total counters
// in case the grid coefficients are read progressively
for (1 = 0; 1 < numberOfTiles; i++) {

ISO/IEC 14496-16:2009(E)

unsigned int

CounterXYZ frameCounter|[[index[1]]] (nBi1tsGrid) ;
counter[index[i]] += frameCounter|[index[i]];

~

read the coefficients and append them to the existing ones
in case the grid coefficients are read progressively
r (i = 0; i < numberOfTiles; i++) {

unsigned int count;

H o~

// 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]].¥%; ‘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;

4.2.3.2.22.2 Semantics

The GridCoefficients class parses the grid coefficients data for a set of ROls at

a specified resolution level. It

read$ for each tile (identified by thelindex) the length (in bytes), specified in frameCounter for eagh coordinate
{x,y,7}, from the coded grid information. The decoding of the grid information is explained iIn subclause

4.2.3.3.2. The grid coefficients-are stored in the buffers dataX, dataY, dataZ.
4.2.3.2.23 RefineVertexDescriptor

4.2.3.2.23.1 Syntax

// njumber,_of-refine bits vertex
clasls Re€fineVertexDescriptor {

if {hasRefineInfo) {
full refine at each level

bit (1) DbFull;

// number of refine bits should be larger than 0
// otherwise the hasRefineInfo flag should be 0
unsigned int (REFINE_BITS) nBits;

}

else {
unsigned int bFull = 0;
unsigned int nBits = 0;
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4.2.3.2.23.2 Semantics
The RefineVertexDescriptor class reads (1) the 1-bit flag (bFull) indicating the presence of vertices’

refinement information coded for each resolution level of the mesh, and (2) REFINE_BITS bits value
representing the number of quantization bits of the vertices’ offsets (nBits).

4.2.3.2.24 GridCorners

4.2.3.2.24.1 Syntax

class GridCorners (PointUVW nSlices, BYTE cyclic_folded) {
unsigned[INC(QUANT _BITS) NBitsS;

// check for single layer and cyclic/folded
unsigned int numCorners = 8;
if (nSlices.w == 1)
numCofners /= 2;
if (cyclic_folded == CYCLIC_U)
numCofners /= 2;
else if |(cyclic_folded == CYCLIC_UV)
numCofners /= 4;

unsigned int idx;
PointXY4 value[numCorners] ;

for (idx = 0; 1dx < numCorners; idx ++) {
// thke x coordinate
bit (1)) sgn; // the sign
unsigpned int (nBits) tmp; // the value
if (sgn == 1) value[idx] .x = -tmp;
else valuel[idx].x = tmp;

// thke y coordinate

bit (1)) sgn; // the sign
unsigpned int (nBits) tmp; // the value
if (sgn == 1) value[idx] .y = -tmpy
else valuel[idx].y = _thp;

// thke z coordinate

bit (1) sgn; // the sign
unsigped int (nBits) tmp; // the wvalue
if (sgn == 1) value{idx] .z = -tmp;
else vatuefidx] .z = tmp;

4.2.3.2.24.2 Semantics

The GridCdrners class retrieves the coordinates {x,y,z} of the eight corners of the grid. It reads [1) a
QUANT_BI%WWWMWHWMf the

{x,y,z} coordinates of the corners, it reads (2) a 1-bit sgn, which, when equal to ‘1’, indicates that the following
value is negative, and (3) a nBit value (value), representing the absolute coordinate value.

4.2.3.2.25 ScaleXYZ
4.2.3.2.25.1 Syntax

// group the x,y,z directions

class ScaleXYZ(unsigned int count) {
// count and nBits should be larger than 0
unsigned int (count) nBits;
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// the actual fields

unsigned int (nBits) x;
unsigned int (nBits) vy;
unsigned int (nBits) z;

}
4.2.3.2.25.2 Semantics

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 subclause 4.2.3.3.2.1) of the reference-grid coordinates.

4.2.3.2.26 PointXYZ

4.2.3.2.26.1 Syntax

clasls PointXYZ {
//| the actual fields
int x, vy, z;

}
4.2.3.2.26.2 Semantics

The PointXYZ class is a structure grouping the coordinates {Xjy,z} of the reference-grid points. It does not
read|values from the stream.

4.2.3.2.27 ParsableUVW

4.2.3.2.271 Syntax

clasls ParsableUVW ( {

)
unsigned int u = ParseValue();
unsigned int v = ParseValue();
unsigned int w = ParseValueX).

4.2.3.2.27.2 Semantics

The [ParsableUVW class reads three variables {u,v,w} that are related to the {U,v, W} diregtions of the
reference-grid.

4.2.3.2.28 PointUVW

4.2.3.2,281 Syntax

class PointUVW {
// the actual fields
unsigned int u, v, w;

}
4.2.3.2.28.2 Semantics

The PointUVW class is a structure grouping the positions {v,v,w} in the reference-grid. It does not read values
from the stream.
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4.2.3.2.29 FixedUVW

4.2.3.2.29.1 Syntax

// group the u,v,w directions

class FixedUVW (unsigned int nBits) {
unsigned int (nBits) u;
unsigned int (nBits) v;
unsigned int (nBits) w;

}

4.2.3.2.29.2 Semantics

The FixedUVW class reads three variables {u,v,w} that are related to the {U,v,W} directions’ of the
reference-grid.

4.2.3.2.30 ParsableXYZ

4.2.3.2.30.1 Syntax

class ParsableXYZ (unsigned int nBits) {
unsigned int (nBits) x;
unsigned int (nBits) vy;
unsigned int (nBits) z;

4.2.3.2.30.2 Semantics

The ParsableXYZ class reads three variables {z,y,2} that areyrelated to the coordinates of the reference-grid.

4.2.3.2.31 CounterXYZ

4.2.3.2.31.1 Syntax

// group the x,y,z coordinates

class CounterXYZ (ParsableXYZ nBits)” {
// the agtual fields
unsigned| int x, vy, z;
x =y =k = 0;

// number of bits allecated for the x,y,z fields; it can be '0’'
if (nBitk.x > 0) {

// coding of thelx coordinate

bit (1) | bGridcoded;

if (bGridCo@ed == 1) unsigned int (nBits.x) X;
}

if (nBitsty B

// coding of the y coordinate

bit (1) bGridCoded;

if (bGridCoded == 1) unsigned int (nBits.y) vy;
}

if (nBits.z > 0) {
// coding of the z coordinate
bit (1) bGridCoded;
if (bGridCoded == 1) unsigned int (nBits.z) z;
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4.2.3.2.31.2 Semantics

The CounterXYZ class reads the counters storing the length (in bytes) of the coded grid tiles for each of the
{x,y,z} grid coordinates. If the nBits value is equal to ‘0’, the counters {x,y,z} are set to ‘0’; otherwise, for each

coordinate, the CounterXYZ class reads (1) the 1-bit flag (bGridCoded), indicating, when ‘0’,
coefficients have been coded, thus no counter ({x,y,z}) is present; otherwise, the class retrieves
bits counters ({x,y,z}) storing the length (in bytes) of the coded grid tiles.

4.2.3.2.32 Threshold

4.2.3.2.32.1 Syntax

that no grid
the (2) nBits

clasls Threshold {
//| the actual fields
unjsigned int x, vy, z;
XxXFy=12=0;

//| the threshold for the coded x coordinate
unjsigned int (FIELD_BITS) t;
ifl (£t !'= 0) x =1 << (£t - 1);

//| the threshold for the coded y coordinate
unjsigned int (FIELD_BITS) t;
ifl (t !'= 0) v =1 << (£t - 1);

//| the threshold for the coded z coordinate
unjsigned int (FIELD_BITS) t;
if] (£t !'= 0) z =1 << (t - 1);

}

4.2.3.2.32.2 Semantics

For ¢ach of the {x,y,z} coded coordinates, the\Threshold class reads, for each sub-band, th

e log, of the

threghold value (tg. If tis equal to ‘0’, the corresponding threshold {x,y,z} is ‘0’. Otherwise, the| threshold is
computed as 2"~ (see subclause 4.2.3.3.2/2).
4.2.3.2.33 Parselndices
4.2.3.2.331 Syntax
clasls ParseIndices (Ant nBitsIndex)
{
unsigned intd =0, j = 0, k = 0;
/Y the numler of elements in the indices list.
uhsigned\int (nBitsIndex) number;
fors(i)= 0; 1 < number; i++) {
birtWl) isIndexed;
1T (1slIndexed) {
unsigned int (nBitsIndex) index[[k++]]; // index of the unit
} else {
unsigned int (nBitsIndex) start; // start index of the unit
unsigned int (nBitsIndex) count; // number of indices in the range
for (j = 0; j < count; Jj++) {
index[[k++]] = start + j;
}
}
}
// assign the total number of units.
number = k;
}
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4.2.3.2.33.2

Semantics

The Parselndices class retrieves a list of units that can be independently read, given a set of explicitly
defined indices, and/or units that can be successively read, given a range of consecutive indices. First, 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.

4.2.3.2.34 ParseValue

4.2.3.2.34.1

class Pars
{
unsigned
unsigned

do {
bit (1
numbe)
bit (7
numbe)
lengt]

}

while

}

(

4.2.3.2.34.2

The ParseV
bytes read in

Syntax
EValue

int length
int number

) bNextByte;
r <<= 7;

) value;

r |= value;
h += 8;

NextByte) ;

Semantics

plue class parses a variable length integer. Ahe result is returned in nhumber and the numb
length.

4.2.3.2.35 Makelndices
4.2.3.2.35.1 Syntax
class Makelndices (int number)
{
unsigned int 1 = 0;
unsigned int value[number] ;
for (i 4 0; 1 < number; i++) {
valuel[i] = 1i;
}
}
4.2.3.2.35.2 Semantics

The Makelndices class creates a list of consecutive indices. There is no stream access in this class.

4.2.3.2.36 MGDescriptor

4.2.3.2.36.1

class MGDe

{
// read

Syntax
scriptor extends MeshGridCommand: bit(8) tag=MGInfoTag

the variable length counter sizeOfInstance

MeshGridDecoderConfig decoderConfig;

}
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4.2.3.2.36.2 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.

4.2.3.2.37 ComputeNrROIs

4.2.3.2.37.1 Syntax

class ComputeNrROIs (PointUVW nMaxROIs, PointUVW nLevels, unsigned int resolutionLevel)
{

compute the total number of resolution levels (totalNumLevels) and

for each {U,V,W} direction find the difference between totalNumLevelg
and current resolution level (resolutionLevel)

hsigned int totalNumLevels = max(nLevels.u, max(nLevels.v, nLevels.w)V;
intUVW levelDiff = min(totalNumLevels - resolutionLevel - 1, nLevels - 1);

H o~~~

compute the nROIs in the {U,V,W} directions

hsigned int u = DevideByTwoEven (nMaxROIs.u, levelDiff.u);
hsigned int v = DevideByTwoEven (nMaxROIs.v, levelDiff.v);
hsigned int w = DevideByTwoEven (nMaxROIs.w, levelDiff.w)/;

C £~

ufhsigned int totalNumROIs = u * v * w;

4.2.3.2.37.2 Semantics

The ComputeNrROIs class computes the number of ROIs of a lower resolution level given the number of
ROIg (nROIs) at a higher resolution level and the level\difference (levelDiff). There is no stream dccess in this
clasg.
4.2.3.2.38 ComputeNrSlices

4.2.3.2.38.1 Syntax

clasls ComputeNrSlices (PolnfUVW nSlices, PointUVW nLevels, unsigned int resolutilonLevel)

/f compute the total -number of resolution levels (totalNumLevels) and

/Y for each {U,V,W}\direction find the difference between totalNumLevels

/Y and current résolution level (resolutionLevel)

upsigned int tétalNumLevels = max(nLevels.u, max(nLevels.v, nLevels.w)) ;
PointUVW levelDIiff = min(totalNumLevels - resolutionLevel - 1, nLevels - 1);
unsigned/int u = DevideByTwoOdd (nSlices.u, levelDiff.u);

uphsigned\¥nt u = DevideByTwoOdd (nSlices.v, levelDiff.v);
unsighed int w = DevideByTwoOdd (nSlices.w, levelDiff.w);

4.2.3.2.38.2 Semantics

The ComputeNrSlices class computes the number of slices of a lower resolution level given the number of
slices (nSlices) at a higher resolution level and the level difference (levelDiff). There is no stream access in
this class.

4.2.3.2.39 DevideByTwoEven

4.2.3.2.39.1 Syntax

class DevideByTwoEven (int number, int times)

{
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}

4.2.3.2.39.2
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(number >> times);

Semantics

The DevideByTwoEven class performs the division of an even number by two to power times. There is no
stream access in this class.

4.2.3.2.40 DevideByTwoOdd

4.2.3.2.40.1 Syntax

class DevifleByTwoOdd (int number, int times)

{ unsigned int val = ((number + (1 << times) - 1) >> times);

}

4.2.3.2.40.2 Semantics

The DevideByTwoOdd class performs the division of an odd number by two te- power times. There

stream acce
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vity-wireframe is coded using a new type of 3D extension ‘of Freeman chain-code. The refer¢nce-

tor field defined on a regular discrete 3D space, and-thie coordinates (x(u,v,w),y(u,v,w),z(u,
sed using an embedded 3D wavelet-based multi-resolution intra-band coding algorithm.

of the MeshGrid bitstream consists of three patts: (1) the connectivity-wireframe decoder, (2
d decoder, and (3) the vertices’ refinement decoder.

Connectivity-Wireframe Decoder

The connectjvity-wireframe description is storéd in the vertexLink field of the MeshGrid node (see subcl
3.3.3.2.2), and defines the connectivity vestors, between the vertices of the mesh as illustrated in Figure 4
one referenge-surface through a 3D object, and for the entire 3D object in Figure 49. A connectivity v
(label 7) had three constraints: (1) given a starting vertex Vp, a connectivity vector -L- from Vp will be lo

inside one
vertices Vp
orientation d
counter-cloc
CCW scann
on the exter

the reference-surfaces*S; or S, passing through Vp, (2) a connectivity-vector will connec
nd V) that are lying-the closest to each other at the same side of the object’s surface, (3
f a connectivity vector inside reference-surface S, e.g. from vertex Vp to V), is defined
wise (CCW) or_a clockwise (CW) scanning direction around a central point inside the object
ng directiomis imposed when the vertices Vp and V), linked by the connectivity vector, are lo
hal surface of the object. Respectively, the CW scanning direction is imposed when the ve

Ve and V) are located on the internal surface of the object.
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There will b¢ two connectivity-vectors (-Ly;- and -Ly,-) going from vertex V to other vertices (outgoing)

one

connectivity vector being located inside reference-surface S;, while the other one is located inside reference-
surface S,. Similarly, vertex V will be referred to by two incoming links (-Lp+- and -Lp,-) from two other vertices.
The 4 neighboring vertices with V are named P;, P,, N; and N, (see Figure 49), and are connected with V via -
Lps-, -Lpo-, -Lns- and -Lyy-. Vertex Ny (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

orientation.
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an

Connectivity,

Figure 49 — The connectivity-wireframe of a
discrete object, and:the corresponding border
vagxels. It illustrates-the relative positions between
two connected vertices.

The

posil’on of vertex V-

Figl1re 48 — A cross-section through a 3D object, illustrating the scanning.direction, which
external surface and CW for an internal surface. The connectivity.vectors have the ori¢ntation of
the scanning direction.

ndices {4.,.2} of the connectivity vectors (-L;-) and (-L,-) are chosen in such a way that the @
defined by the following equation returns a normal vector oriented outwards the surface of the
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Figure 50 — The 6 discrete orient
the faces of the border voxel, lab

ions of
led as:

Front, Back, Left, Right, Up, Down.

N = (LN1 _LP1)X(LN2 _Lpz)

ross product

pbject at the

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
lporder orfentation — orientation — case vi dhnd
g¢ase V1 and V2 V2
1 broken connectivity 01 consecutive discrete 001 Back face
open meshes) border directions are
rotated 90° CCW - case
V3 and V4
10 consecutive discrete 010 Front face

border directions are
rotated 90° CW — case V5
and V6

11 broken connectivity (Open 011 Left face
meshes)

100 Right face

101 Bottom face

111 Top face

(a) (b) (c)
A fourth value is added to indicate broker.connectivities in open meshes.

Yet, in the particular case whenthe mesh is homogeneous quadrilateral, which is defined when vatiable
meshType, Initialized in the MeshGridDecoderConfig class as explained in subclause 4.2.3.2.2, yields the
value QUAORI_MESH, and the’/sameBorderOrientation flag is set, then all the vertices are located on the
same discrefe border orientation with respect to the {u,v,w} direction of the reference-grid. In this case|1 bit
suffices to emcode the connectivity between two consecutive vertices, as illustrated in Table 49 (a).

Further, Taljle 50 llustrates the relation between the discrete position of two connected vertices and|their
discrete border direction.

Although theré are four connectivity-vectors Tor 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 subclause 4.2.3.3.1.1) 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,,ny,)
depends on the largest ROI size which is szDefROI,; + 1, as explained in B.1.3:

ng = |logy(s2DefROI; +1)| +1, d € {u,v,w}
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423311 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 ROl 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.

fer-to—avotdcodingtwice v trity-of-the—vertices—a t etweentwo-adiacgnt ROIs, the
hin of the ROI is [min, max) for each of the {u,v,w} directions. For the last ROl in any diregtiern d € {u,v,w},

the domain of the ROI is [min, max] in direction d.

For gach resolution level L the ROIs are coded in ascending order as given by the following formula:

i+ jknROIs; + kx(nROIs; + nROIs; ), with ie [0,nROIs; -1, je[0,nROIs; 4] ke [0,nROI$;, —1]. First,
i is incremented, followed by j, and next by k.

FIFO Buffer
(O—(@—) T
112|814 (5|6 (7 |8 |9 [10
e 314 |5|6(7 |8 |9 |10
(D—

2
. <
O O

415|678 (9 |10

516|789 |10

(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 position and-discrete direction of the 1% vertex (starting vertex Vs) and store it in a FIF0. Consume
the flrst vertex from the FIFO, retrieve the connectivity symbol leading to vertex 2 (reached via [the outgoing
link 1Lys-) and the connectivity symbol leading to vertex 3 (reached via outgoing link -Lyy-), pompute the
discrete pesitions of the vertices 2 and 3, and store both vertices 2 and 3 in the FIFO. Next pop Vertex 2 from
the RIFO,retrieve the two connectivity symbols leading to vertices 4 and 5, compute the discretg positions of
the yertiCes 4 and 5. and insert them in the FIFO. In case the refrieved symbol leads to [an outgoing
connectivity vector pointing to a vertex Vo that was already visited before, or to a vertex V,, that lies outside
the RO, the visited vertex Vy 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.

4.2.3.3.1.2 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
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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
ancestor’s position is shown), and the connectivity vector from the sibling back to the ancestor.

Table 50 — Relation between the discrete border directions of two connected vertices and their
discrete coordinates (u,v,w). Notice the change of indices of the connectivity vectors between

-LN1 - | -LN2- | -LN1- | -LN2 - | -LN1 - | -LN2 - | -LN1 - ‘ -LN2 - | -LN1 - ‘ -LN2 - -I@-‘ -LN2|-
. ! rv-1 : , LW+
V-1 P w1 ; ] same same S
' | L ] u +1 ] | | u +1
{P1- P2~ LP1- | -LP1- '-'L'P{c""c{f - LP2|-
ANV
: ! v+l w-1 !
w-1 v +1 rsame | _______. | same
| ] ' ] ' u-1 1 u -1 ] | '
LP1- ! -LP2- LP2- | -LP2Z LP1- -LP1|-
! ru+H1 : ! rw-1 !
same | . w-1 T u+1 2 ; . same
D ! VA : ! Vo ! VA !
______ T T\
-LP2 - P -LP2 - | -LP1 - 2 - -LP1- | -LP1 -
i \\®
y-1 : 5 : : w +1
______ | same : u-1 w+l . same | ________
V-1 ! ! . e ! ! ! v-1 !
N\ ! o
AP1- D -LP1 - | LP1- ! -LP2- {-LP2- | -LP2-
1 N 1 ! ]
u-t » e v |
. ﬁ@: same | . u-1 ' v+1
! L w1 &. ! ! ! L w1 ! !
S| APt - LP2- LP2- | -LP1- : -LP2-
E)\ u+1 v -1 ! ' :
same | | ' same E v-1 u+l
! w—4 4 w—4 4 } . } —1 :
LP2- | -LP2- LP1- LP1- LP1- . -LP2-

4.2.3.31.3 The Cyclic Mode

The choice of the reference-grid as described in subclause 3.3.3.1.1 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
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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 connectivity-wireframe is cyclic when the connectivity vectors between the vertices span from the vertices
located on the last (respectively first) reference-grid planes to those located on the first (respectively last)
reference-grid planes. A connectivity-wireframe is folded when it is cyclic in the “U” direction and connected in
the “V” direction, i.e. the connectivity-vectors from the vertices located on the first (respectively last) folded
reference-grid line span to corresponding vertices on the folded line.

The cyclic/folded mode of a mesh is specified by the cyclic_folded variable from the MeshGridDecoderConfig
class. As illustrated in Table 45, there is one non-cyclic mode, 4 cyclic/folded modes. A cyclic, respectively

] lo—ak ball e Jo ol 1 ol 'y Lo lral ] £ el \ AL bl lo | H
f0|d , TTTCOTT STTUUIU UT dlldUlITU U d LUlIUSTU, TCTOPTULIVTTY TUIUTU, TTITITIILT=YIITUu. VVIITIT UIT IIIUDI}S CyC|IC, the

conngectivity-wireframe decoder will position each vertex that would normally be attached to the-akst reference-
grid plane on the first reference-grid plane, in order to avoid the duplication of these vertices, In’addition, when
a mgsh is folded, one vertex from each pair of duplicated vertices, i.e. pairs of vertices.located ¢n the folded
reference-grid lines, is removed.

An example of a multi-resolution model cyclic in a single direction, in two diregtions and folded is shown in
Figure 52, Figure 53 and Figure 54 respectively.

Note| however, that even when the cyclic_folde mode flag is set to non<cyelic, it is still possible|to decode a
cycli¢ or folded connectivity-wireframe defined on top of either an open, closed or folded reference-grid, but in
this gituation the decoder will not take care of overlapping vertices.

(@) (b) ()

Figure 52 —Example of a multi-resolution mesh cyclic in one direction, and its corresponding
reference-grid.

(a) (b) (c)

Figure 53 — Example of a multi-resolution mesh cyclic in two directions.

© ISO/IEC 2009 — Al rights reserved 165


https://iecnorm.com/api/?name=4e6f1f15a3310afb43b9980eb3507b27

ISO/IEC 14496-16:2009(E)

423314

The polygon
can be seen
by navigatin
Vs.

In order to
right surface
primitives: tri
connectivity
showing the
in Figure 55
types of prin

(b)

Figure 54 — Different views of a folded mesh.

Rules for deriving the surface primitives from the connectivity-wireffame

al representation of a MeshGrid model consists in triangulating the connectivity-wireframe, v
as a union of connectivity circuits. A connectivity circuit corresponds.to the shortest path fo
j from a starting vertex v to its neighbors following the connectivity”vectors and back to v

nambiguously identify the shape and the orientation of a’connectivity circuit CC, such tha
primitive can be inserted, a set of connectivity rules, should be designed. There are five typ
angles, quadrilaterals, pentagons, hexagons and heptagons, which can be identified by mea
rules. As an example, a set of connectivity rules is given for the triangle primitive, Figu
graphical cases, while Table 51 giving the connectivity conditions. The connectivity vectors d
use the same color convention as in Figure 50 and in Table 50. A complete set of rules for a
itives is described in [68].

Fig

re 55:— Images for the connectivity cases corresponding to the triangle primitive.

Table 51 — Connectivity cases for the triangle primitive
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Case Rule
(a) N1N2= N2
(b) N2 N1= N1

(c) N1N1=P2 or NININ1=V

(d)

N2N2=P1 or N2N2N2=V
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4.2.3.3.2 Reference-Grid Decoder

The general representation of the Reference-Grid description is a vector field (x(u,v,w),y(u,v,w),z(u,v,w))
defined on the regular discrete 3D space (u,v,w). Each component is coded separately, by means of a
progressive multi-resolution algorithm based on a combination of a 3D wavelet transform and an intra-band
wavelet coder, called Cube Splitting, which is the 3D extension of the SQP (Square Partitioning) algorithm
described in [56]. This coding/decoding approach supports quality, resolution scalability, and ROI
coding/decoding [2], [55], [56].

Subclause 4.2.3.3.2.1 describes the particular type of filters and down-sampling/up-sampling operations used
for the wavelet decomposition and reconstruction, while the Cube Splitting algorithm is described in subclause

4.2.3322

4.2.3.3.2.1 The 3D Wavelet Decomposition

The |same 3D-wavelet decomposition is applied independently to each of the x(u,ww), y(uuw), z(u,v,w)
coordlinates of the 3D reference grid.

Decomnposition Reconstruction
H L2 F—=>alr— T2 H

= A f— d—> A,/ >
G L2 —D;r—* T2 G

Figure 56 — Wavelet decomposition and reconstruction of a 1D signal.

For the 3D wavelet decomposition, the same analysis and synthesis 1D filters are used for each ¢f the u, v, w
diregtions. Two wavelet filters are supported, and the choice of the filter is specified by the fijterType flag
explained in 4.2.3.2.2. Conform to the blogk scheme [51] shown in Figure 56, the two analysis lIpw-pass and
band-pass wavelet filters are respectively:

H(n)={1|n=0}, G(n)={-0.5,1+0.5|n=-10,1}, for filterType = 0, (eq1)

H(n)={11n =0}, G ={H:0- %= %5-0. Yl n=-3,-2,-1,0,1,2,3], for filterType = 1, (eq2)
The gynthesis low-pass and band-pass wavelet filters are:

H(n)={0.5105|n=-10,1}, G(n)={1|n =0}, for filterType = 0, (eg3)

A= V60 1.9 6:0- Y 1n=-3,-2,-1,0,1,2,3}, G(n) ={1]n =0}, for filterType = 1. (eq4)

The wavelet filters are the same as the filters used for the hierarchical interpolation of the reference-grid points
explained in subclause 3.3.3.3.1.

Further, in Figure 56, Af(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).
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The low-pass filter H and the band-pass filter G are applied on the even and odd samples respectively of

A/‘.’Hf(n) and the synthesis filters / and G are applied on the even and odd samples respectively of the low-

pass and band-pass components A’f(n) and D,f(n).

The grid can be decoded at any resolution j if and only if the corners of the grid are stored in any
A;’f,—LSj<O. There are some situations in which this constraint is not satisfied with the classical

implementation of the pyramidal algorithm [51] discussed above. The wavelet analysis/synthesis filters given
by (eg2) and (eq4) shall only be used when the constraint is satisfied for all decomposition levels A;’f(n) : the
length of the discrete approximation signal A/‘.’f is odd. To solve this problem, a customized implementation of
tions
n by

the pyramideil algorithm involves, in some situations, non-uniform down-sampling and up-sampling operg
(see Figure B7(b,c)), coupled with analysis/synthesis filters that are different than the H,G,H,Ggive
(eq1) and (efy3).
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| — Graphical illustration of the wavelet decomposition for odd and even-length signal

ne length of the discrete approximation signal Af’f is odd (see Figure 57(a)), there is no ne

pbn-uniform down-sampling-operation, and the classical pyramidal algorithm can be used.
ion level r,—L <r <0 the length of Af’f is even, then apart from the common situation in

eq3) is used, the analysis band-pass filters G‘l‘H,G‘f‘H have to be used as well, and non-un

ng has to be applied for the last samples. This operation has to be repeated for all the reso
< p <r. The filter coefficients of G\L\H’G\i\ﬂ depend on the length of the discrete approxim

whether jtijs an odd or an even number) and on the resolution level p . The additional filters
thes=detail D, f  starting the ASf
04-C, |n=-2-101, G.(n)={-c,,10,—c,|n=-10,12}if the length of A’f s

from discrete  approximation

[

ed to
If at
vhich

form

ution
ation

used
are

pven,

and G, (n) ={-c,,1—c, [n=-10,1[if the length of AJf is odd. The constants c,,....c; verify the relations
¢,=1-c,,¢, =1-¢,,c, =2c,,and ¢, =1-c,.The constants c,,c, are given by ¢, =cq =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 A;,’f is even, respectivelyy(n):y(n—1)+2" if the length of A;’f is odd, with
x(0)=1y(0)=3 and n=r-p.

4.2.3.3.2.2 Intra-band wavelet coding algorithm

The coefficients generated by the wavelet transform undergo a scaling (see subclause 4.2.3.2.25) before they
are coded with the Cube Splitting algorithm. The cube splitting algorithm is the straightforward extension of the
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SQP coding algorithm [56] to 3D. The coding of the coefficients is done bit-plane by bit-plane in a depth-first
strategy. With each bit-plane (b=0 is the lowest bit-plane), a threshold T, is associated with T,=2".
Conceptually, there are two coding passes for each bit-plane (except for the first bit-plane): a significance
pass and a refinement pass. A cube C is said to be significant for a certain threshold T if:

MAX (c(u,v,w)=T)

c(uyv,w)C

When a cube C is found non-significant, the NSG symbol is written into the bitstream. Otherwise, the SGN
symbol is written and the cube is further split into 8 sub-cubes, visited in terms of the (u,v,w) reference axes in
the following order: (0,0,0), (1,0,0), (0,1,0), (1,1,0), (0,0,1), (1,0,1), (0,1,1), (1,1,1).

During the splitting, each dimension is divided into two intervals. Let A be the smallest coorglinate value,
respgctively B the highest coordinate value for a certain dimension {u,v,w} of the cube. The’cprresponding
size [S in that dimension is equal to S =B—-A+1. The min values (Aieq, Arignt), max values’ (Biet, Brignr), and
the sjzes (Sier, Srignr) Of the intervals can be computed as:

St FL(S+1)/2], Spgu =1 S/2),
AiFA By =Aen + SLeft -1
=A+S,., B =A

ARigh Right Right + Sngth -1.
If a qube has been found significant at a previous bit-plane, no SGN-symbol is written in the stream. When the
algofithm reaches the voxel level (i.e. no further splitting is passible), it first checks whether tHe voxel was
alregdy significant for higher bit-planes. If this is the case, the refinement symbol (BIT1 or BITO) will be written
into the stream. Otherwise, the algorithm will determine.whether the voxel is significant forl the current
threghold value. If this is the case, the significant symbel)SGN is written and is followed by the symbol for the
sign [(+,-) of the voxel-value. If both the previous casés are not valid, the non-significant symbol|NSG will be
writtgn.
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Slice 3
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NSG NSG NSG‘NSG NSG NSG

Coefficients (u,v,w) to be refined:
(0,0,0); (1,0,0); (1,0,1) ; (1,1,1)

Threshold =1

2) Refinement + significance
pass

BIT1 BITO SGN + SGN — SGN +
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Figure 58 —Graphical representation of the significance and refinement coding passes.

The convent

orused in the MeshGrid stream for coding the symbols is shown in the following table:

170

Symbol Bit value
SGN 1
NSG 0
BIT1 1
BITO 0
+ 1
- 0
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4.2.3.3.3 Vertices-Refinement Decoder

The vertices are located at the intersection positions between the grid-lines and the object contour, at a
certain ratio (the offsetf) in between two reference-grid points (see subclause 3.3.3.3.2). 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

verti hboring grid
} indices will
gure 59, only
I any vertex
Lv,w} of the
immediate higher level (/+1) is a even number, (2) the grid position of vertex v in direction ¢ is equal to
(nSlices, —2), and (3) the discrete border direction of vertex v is oriented towards the positive axis of direction
d, theén there will be two IRR bits necessary to encode the repositioning value of vertex v, since tyo additional
slicep will be inserted between the slice at indices (nSlices, —2) and)(nSlices, —1). This particylar case has
been explained in subclause 4.2.3.3.2.1, with a graphical example.in/Figure 57.
The |IRR bits are necessary for all resolution levels, execept for the last resolution level. |A 2-bit flag
(repasitionBits explained in subclause 4.2.3.2.18) is present at each resolution level (except last) specifying

whet]
reso
the |

For &
(see

If the

her default values are set for the IRR bits. If default'walues are specified, no /IRR bits are enc]
ution level. Otherwise, the IRR bits are present ifn~the stream. A default value of 0 or 1, indi
RR bits are 0 or 1, respectively.

ny ROI, the coding order in the stream of the IRR bits is the same as the order of the decq
subclause 4.2.3.3.1.1) of the ROL.

number of quantization bits forthe offset (nBits explained in subclause 4.2.3.2.23) is larger

pded for that
cates that all

ded vertices

than O, then

the qgffset bits are present in the stream. Otherwise they are not available. If the full refine flag|is set in the
bitstieam (bFull explained in subclause 4.2.3.2.23), then the offset bits are coded for each resplution level.
Otherwise, the offset bits will only be coded for the last resolution level. The offset bits are stored bit-plane by
bit-plane in the same ordefas the decoded vertices (see subclause 4.2.3.3.1.1).
| € | | e
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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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while the others do.
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4.2.3.3.4 ROI decoding for view-dependent functionality

As described in the beginning of subclause 4.2.1, 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” ROIs (SROIs) and the “wavelet-domain” ROIs (WROIs) such that the appropriate grid description is

decoded forrthemesh—descriptiominside—the—SROts—Hhe—corretatiombetweemr—a—SROHdefined—=at—=a—cgrtain
resolution leyel and its WROlIs is illustrated in Figure 60.
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Figure 60 + A slice through the 3D reference:grid illustrating: (1) the distribution of the grid-points in
the spatial domain (a, b, c¢) (resolution' |, 1+1, I1+2) and in the wavelet domain (d, e, f), (2) the
correspondence between a ROI défined at different resolutions in the spatial domain and its
corresponding WROIs in the wavelet domain.

For each regolution level of the_wavelet-decomposed reference-grid, the WROIs that are related to the $ame
spatial domain SROI are grouped together and encoded as on tile. Therefore, for any resolution level [l and

direction d ¢ {U, V, W} the_nmumber of tiles (nTiles}) are equal to the number of ROIs (nRk0Is}). Correspomnding

SROIs and {iles yield-fhe-same index idx’ € lO, nROIs" —IJ when encoded in the bitstream. The tiles are

coded with the Cube.Splitting algorithm, described in subclause 4.2.3.3.2.2, in the same ascending ordger as
the SROIs uging the following formula:

i+ jxnROIs,, + kX (nROIs;; XnROIs,),

with ie lO, nROIs; —1], Jje [0, nROIs}; —lJ, ke lO, nROIs;, —IJ. First, i is incremented, followed by j, and
next by k.

The number of ROIs is stored in the nROIs field of the MeshGridDecoderConfig class (see subclause

4.2.3.2.2) and the approach to compute the number of ROIs for the lower resolution levels and to uniformly
distribute these ROls is explained in subclause B.1.3.
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4.2.3.3.5 Decoding Quadrilateral MeshGrid

According to the sameBorderOrientation flag from the MeshGridDecoderConfig class (subclause 4.2.3.2.2)
quadrilateral meshes can be classified into: (1) type1 (generic) — sameBorderQOrientation 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 type2 quadrilateral MeshGrid the uniformSplit flag from the MeshGridDecoderConfig class can have
the value “1’, which means that any higher resolution level quadrilateral mesh can be obtained from a lower
resolution level mesh by uniformly splitting each quad recursively into four sub-quads as illustrated in
Figure 61. In addition if the hasConnectivitylnfo flag from the MeshGridDecoderConfig class has the value ‘0’

—-m >dllilly t;ldt ti ICIT ;b "o bUIIIIUbt;V;ty'VV;IUItIdIIIU atwcd ill t: 1< atlcdlll - t: ICTIT a UIdeU:t typcz
connectivity-wireframe shall be constructed for the first resolution level. In this case the unif
sameBorderQOrientation flags are set to ‘1°.

The feference-grid corresponding to the type2 quadrilateral MeshGrid with hasConnectivityInfo fla
the number of slices — nSlices from the MeshGridDecoderConfig class — in one of the directions

equdl to ‘2’ — a double layer reference grid —, or equal to ‘1’ — a single layer reference grid. For a
reference-grid the default type2 quadrilateral connectivity-wireframe shall be obtained by attachin

quadrilateral
brmSplit and

g set ‘0’ has
u,v,w} either
double layer
g a vertex to

each| reference-grid point belonging to the first layer of points i.e. the layer with the property that all the
contained reference-grid points have one of the indices {u, v, w} equal to’0/and positioning thesg vertices on
the reference-grid lines connecting the corresponding grid points from thefirst layer to the second]layer. When
the reference-grid is single layer, the default type2 quadrilateral connectivity-wireframe shall be| obtained by
attaching a vertex to each reference-grid point. The coordinates, of the vertices can be computed jas explained
in supclause 3.3.3.3.2.

When the hasRefinelnfo flag from the MeshGridDecodefConfig class (subclause 4.2.3.2.2) is get to ‘1’ and
therg is a type2 quadrilateral MeshGrid with hasConnectivitylnfo flag set ‘0’, then the offsets (subclause
4.2.3.3.3) are specified only for the first resolution level of the mesh. The order of the offsets in {he stream is

(the |ndex corresponding to the layer is kept corstant). The reference-grid points are indexed by
two af the {u, v, w} indices in the order: U direction first, V direction second, and W direction third.
each| vertex corresponding to any higher ¢esolution levels is computed as the average value g
corrgsponding to the neighbour vertices~belonging to a lower resolution level. Namely, given V;,

four yertices belonging to resolution«level / (see Figure 61), the offset of a vertex V belonging {
located on a grid line of level / is computed as the average value of the offsets of V; and V,, resg
offsett of vertex V' belonging to.level / + 1 located on a grid line of level / + 1 is computed as the a
of the offsets of V4, V5, V3 and\V.

are attached
ncrementing
The offset of
f the offsets
H, Vaand V,
o level | + 1
pectively the
verage value

Figure 61 — Example of a multi-resolution mesh with the connectivity-wireframe obtai
uniformly splitting each quad recursively into four sub-quads.
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Figure 62 — Computation of the offsets for the type2 quadrilateral MeshGrid.

4.2.4 MultiResolution FootPrint-Based Representation

4241 Dpwnstream syntax
This is the syntax of the downstream MultiResolution FootPrint-based Representation.
42411 FootPrintSetDecoderSpecificinfo
424111 Syntax
class FootpPrintsDecoderConfig extends AFXDécoderSpecificInfo {
SDLInt<16> FPObjectType
SDLInt<32> MaxNbFootPrints
SDLInt<6> FootPrintNbBits
SDLFloat Step
SDLInt<6> NbBitsMetricError
SDLFloat MinX
SDLFloat MaxX
SDLFloat MinY
SDLFloat MaxyY
SDLInt<1> DEFIdUs&d
switch (FPPbjectType)
{
case [L : EPBuildingDecoderConfig FPBuildingDSI
}
}
42411.2 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 1og2 (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.
Oth wise, the string aelnalrne 1S used.

NOTE - for future extension, depending of the object type (buildings, cartoons...) other parameters could be
added to this decoder configuration. For current simple footprints, these parameters are:enough|to configure
the decoder.

4.2.41.2 FPBuildingDecoderSpecificinfo

4.2.41.21 Syntax

clasls FPBuildingDecoderConfig {
SDLF|loat MinAltitude;

SDLF[loat MaxHeight;

SDLINnt<6> NbBitsZBuilding;

SDLInt<6> NbBitsNbStories;

SDLInt<6> NbBitsStoreyHeight;
SDLInt<6> NbBitsFacadeWidth;

SDLInt<6> NbBitsNbFacadeCellsByStorey;
}

4.2.41.2.2 Semantics

MinAltitude: this is the minimum altitude of the set of footprint-based elevations.

MaxHeight: this is the maximum height of the set of footprint-based elevations.
NbBjtsZBuilding: this is the number of bits used to encode the altitude and height of buildings.
NbBjtsNbStories: this issthe number of bits used to specify the number of stories by fagade element
NbBjtsStoreyHeight:_this is the number of bits used to specify the height ratio of each storey.
NbBjtsFacadeWidth: this is the number of bits used to specify the width ratio of each fagade element.

NbBjtsNbFacadeCellsByStorey: this is the number of bits used to specify the number of cells pgr storey.

4.2.4.4.3 FootPrintSet Message

4.2.41.3.1 The FootPrintSet Message is intended to carry all the set base and refinement information for the
design of footprint sets.

424132  Syntax

FootPrintSetMessage {
int (32) NbFootPrints
For (int i=0; i<NbFootprints; i++)
FootPrintMessage FootPrint;
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4.24.1.3.3 Semantics

NbFootprints: this is an integer giving the number of FootPrintMessage that have to be read in the stream.

42414 FootPrint Message

A Footprint message is intended to carry a base or refinement information for the design of footprint sets.

4.2.4.1.41 Syntax

class FootprintMessage {
int (FPNWBits) index
bit(1l) gype
FPNewVentices FPNV
int (6) IndexNbBits
if (typg) {
int (10) offspring
for (i=0; i<offspring; i++) {
int (FPNbBits) localIndex
fl¢pat (NbBitsMetricError) MetricError
InflexFootprintSet IFPS
swltch (FPObjectType) {
case 1: FPBuildingParameters FPBP

}

else {
float|/(NbBitsMetricError) MetricError
int (8]) NbRings
for (int 1=0; i<NbRings-1; i++) {
int (IndexNbBits) FirstVertexIndex
swltch (FPObjectType) {
case 1: FPBuildingParameters FPBP

}
4.24.1.4.2 Semantics

MetricError] this is the geometric.error between the original model and the simplified model used by the ¢lient
to decide if this node has to be réfined.

IndexNbBits: this is the number of bits used to decode the vertices indexes. Its value is the lowest infeger
superior or gqual to 10g?2 (FootPrintsDecoderConfig.MaxIndex).

Index: this i the index identifying the current footprint.

Type: this i a'Boolean with value 0 if the current message describes a primary footprint, and 1 if thig 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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FirstVertexindex: 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.
42415 FPNewVertices

4.2.4.1.51 Syntax

class FPNewVertices

{

int (B) coordctype

int (|L16) nbNewVertices

for |(i=0; i<nbnewvertices; i++) {

if (type == 0 || step == -1.0)¢{
float (32) DeltaX
float (32) DeltayY

}

else(

bool SignDeltaX

unsigned int (coordtype-1) AbsDeltaX
bool SignDeltayY

unsigned int (coordtype-1) AbsdeltayY
}
}

}

4.2.41.5.2 Semantics

coondType: this is the number of bits to encode the vertex coordinates.
nbNewVertices: this is the number of vertices described in the rest of the class.
DeltaX, DeltaY: these are the 2D coordinates of the newly added vertex,

SignDeltaX, SignDeltaY: these specifiy whether deltaX and deltaY are positive or not.

AbsDeltaX, AbsDeltaY: these are'the 2D absolute value coordinates of the newly added vertex, pxpressed in
a reference system based on.the barycentre of the parent footprint vertices. The actual positiop of the new
vertgx is obtained by multiplying AbsDeltax*SignDelatX by the Step (defined in the DecoderBpecificinfo),
and adding the coordinates.of the barycentre of the parent footprint vertices.

The flecoding process is exposed in Annex J.
4.2.41.6 IndexFootprintSet

4.2.4.1.7\ ) Syntax

class IndexFootprintoet
{
int (16) nbVertexIndices
for (int i=0; i<nbVertexIndices; i++) {
int (IndexNbBits) index
}
}

4.241.71 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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4.241.8 FPBuildingParameters

4.2.41.81 Syntax

class FPBuildingParameters
{
int (FPNbBits) buildingIndex
if (step!=-1.0){
int (NbBitsZBuilding) altitude
int (NbBitsZBuilding) height
}
else{
float (34) altitude
float (34) height

}

for (int if0; i<nbFacades; i++) {
FPFacadg facades

}

int (6) nbRpofs

for (int 1§f0; i<nbRoofs; i++) {
FPRoof Hoof

}

int (8) nbSyapNodes
for (int if0; i<NbSwapNodes; i++) {
if (DEFIpUse)
int (32) nodeId
else{
int (8) | nbChar
for (ipt j=0; j<nbChar; j++)
char flefname[j]
}
}
}

42.4.1.8.2 Semantics
buildingIndéx: this is the index of the building.fo which this part is connected.

altitude: if step is different from -1.0, the-altitude of the building is encoded using a integer. The actual alfjitude
is given by

Decodeg=altitude*Step.

height: if step is different from -1.0, the height of the building is encoded using a integer. The actual height is
gicven by:

DecodefHeight=height*Step.

textureURLL1 thiS is the URL of the texture to be applied on the side of the footprint-based elevation

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.
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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.
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.

facagles: this is the description of each facade model that are mapped on each face of the footprirl\t elevation.
42419 RoofBitStream

4.2.41.91 Syntax

clasls FPRoof {
int (3) roofType
syitch (roofType)
{
case 0 : //Flat Roof

case 1 : // Symmetric Hip Roof
float roofHeight
float roofSlopeAngle
float roofEaveProjection
case 2 : // Gable Roof
float roofHeight
float roofSlopeAngle
float roofEaveProjection
case 3 : // Salt Box Roof
float roofHeight
float roofSlopeAngle
float roofEaveProjectiom
int (indexNbBits) roofEdgeSupportIndex
case 4 : // Non Symmetric Hip Roof
float roofHeight
float roofSlopeAngle[nbWalls]
float roofEaveéProjection

(DEFIDUse)
int (32) nedéeIdAppearance
else

[

-~

int{8)" nbChar
for./(int j=0; j<nbChar; Jj++)
char defnameAppearance [J]

}

bool IsGeneric
int (2) projectionTextureMode
switch (projectionTextureMode) {
case 0 : // Generic metric texture
case 1 : // Generic texture
float XScale
float YScale
case 2 : // Real texture
float XSCale
float YScale
float XPosition
float YPosition
float rotation
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float roofEaveProjection

}

42419.2

Semantics

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

roofHeight:

roofSlopeAl

roofEavePr¢

roofEdgeSupportindex: this is the index of the edge of the polygon defining the footprint‘elevation

supports the|

nodelDApp¢arance or defnameAppearance: this is a reference to a Appearance node corresponding tq

texture that
FootprintDS

IsGeneric t

aerial photo
vertex of ea

projectionT

different parameters XScale, YScale, XPosition, YPosition, and rotation are used.

XScale: this|is the scaling the roof texture along X-axis
YScale: this|is the scaling the roof texture along Y<axis
XPosition: this is the displacement of the texture along X-axis
YPosition: this is the displacement of.the texture along Y-axis
rotation: thi$ is an angle in radian\specifying the rotation to apply to the texture.
4.2.41.10 FacadeBitStream
4.2.41.10.1 Syntax
class FPFagade
{
int (NbBitsFacadehtdth—tdthRetto
int (j2) MappingMode
Switch (MappingMode)
{
Case O0:
Case 1:
float(32) XScale
float (32) YScale
Case 2:
float (32) XScale
float(32) YScale
float (32) XPosition
float(32) YPosition
180 © ISO/IEC 2009 — All rights reserved
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is centred orj

this is the height of the roof. If -1.0, the height is not defined; else, the roof is cropped.

bjection: this is the length of the roof eave projection

roof.

is orthogonally mapped on the roof. nodeldAppearance is used if DEFIDUsed is true
) else defnameAppearance

is specifies whether the texture mapped on the roof is generic)(value 1), or obtained fro
raph (value 0). If the roof texture is generic, the reference 'system is centred on the bottor
h roof pan, and aligned on the gutter. In the case of a nop-generic texture, the reference sy

the first vertex of the footprint, and aligned along the world coordinate system.

pxtureMode: this is the mode used to map the ‘texture on the roof. It specifies whethe
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Case 3:
float (32) XScale
float(32) YScale
float (32) XPosition
float(32) YPosition
float (32) XRepeatInterval
float (32) YRepeatInterval

}

Bool Repeat

int (2) FacadePrimitiveType
if (DEFIDUse)

ISO/IEC 14496-16:2009(E)

int (32) nodeIdFacadePrimitiveNode
else
{

int (8) nbChar

for (int j=0; j<nbChar; j++)

char defnameFacadePrimitiveNode [J]

Lt (NbBitsNbStories) NbStories
r (int i=0; i<NbStories; i++)

~ o -

float (NbBitsStoreyHeight) StoreyHeight

r (int i=0; i<NbStories; i++)

~ b -

int (NbBitsNbFacadeCellsByStorey)
For (int 3j=0;
{

NbFacadeCellsByStorey
j< NbFacadeCellsByStorey; Jj++)

FPFacade FacadeCell
}

}

4.2.4.1.10.2 Semantics

XScale: this is the scale on X-coordinate applied over the model defined by FacadePrimitiveModdl

YScale: this is the scale on Y-coordinate applied over the model defined by FacadePrimitiveModdl|

XPosition: this is the translation'on X-coordinate applied over the model defined by FacadePrimitiveModel

YPosition: this is the translation on Y-coordinate applied over the model defined by FacadePrimitiveModel

Repeat: if this field has'value 1 the texture or model on the fagade is repeated.
FacgdePrimitiveType: specifies the type of primitive:

0: nathing

1: te

4
wre

2: 3Dmodel.

nodeldFacadePrimitiveNode or defnameFacadePrimitiveNode: this is a rerefence to the node in the scene
graph corresponding to the Facade primitive. nodeldFacadePrimitiveNode is used if DEFIDUsed is true (see

FootprintDSI) else defnameFacadePrimitiveNode.

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

NbFacadeCellsByStorey: this is the number of cells for the corresponding storey.

StoreyHeight is the height of the corresponding storey.
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NbFacadeCells: this is the number of cells on the fagade. It's equal to the sum of NbFacadeCellsByStorey for

each storey.

StoreyWidth: this is the width in meter of the corresponding cell.

FacadeCell:

4242

this is a fagade node corresponding to the cell.

Upstream syntax (for backchannel)

When specified as an upstream in corresponding ES descriptor, the MultiResolution Footprint Set stream has
to be read according to the AFX Generic Backchannel syntax (see subclause 4.5.2).

4.3 Textu
4.3.1 Dept
4.3.1.1 (o)

43111

The Octreelinage node in Depth Image-Based Representation defines the octree structure and their projs

textures. Ea
The other fie

4.31.1.2

43.1.1.21

class Octr
{
OctreeHq
aligned
while (1
{
align]
Octrel
align]
}
}

4.3.1.1.2.2
The compre

preceded by
This value is

re tools

ctree Compression

h Image-Based Representation

Dverview

Ch texture, stored in the images array, is defined through Depthimage node with SimpleTe
Ids of the Octreelmage node can be compressed by octree‘compression.

Dctree

Syntax

()

=S

()
(32)* next;
0x000001C8)

ader
bit
ext ==
ed bit (32) octree_frame& start_code;
Frame (octreeLevel) ;

d bit (32)* next;

Semantics

ssed stream of the octree contains an octree header and one or more octree frame,
octree_frame_start_code. The value of the octree_frame_start_code is always 0x00000
detected by look-ahead parsing (next) of the stream.

pcted
ture.

each
1C8.

43113

4.3.1.1.31

class OctreeHeader

{

unsigned int
unsigned int
int octreeLevel

unsigned int
unsigned int

182

OctreeHeader

Syntax

()

(5) octreeResolutionBits;
(octreeResolutionBits) octreeResolution;
ceil (log(octreeResolution)/log(2));

(3) imageNumBits;
(imageNumBits) numOfImages;
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4.3.1.1.3.2 Semantics
This class reads the header information for the octree compression.

The octreeResolution, whose length is defined by octreeResolutionBits, contains the value of
octreeResolution field of Octreelmage node. This value is used to derive the octree level.

The numOflmages, which is imageNumBits long, describes the number of images used in the Octreelmage
node. 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 image index symbols are not coded in OctreeFrame().

4.3.1.1.4 OctreeFrame

4.3.1.1.41 Syntax

clasls OctreeFrame (int octreeLevel)

if (imageNumBits==0) parentImage=255;

else parentImage=0;

for (int curLevel=0; curlLevel < octreeLevel; curLevel++)
{

for (int voxelIndex=0; voxelIndex < nVoxelsInCurLeveli woxelIndex++)
{

int voxelSym = ArithmeticDecodeSymbol (contextlIP);

if (parentImage == 0)

{

curImage = ArithmeticDecodeSymbol (imagéContextID) ;

}

}

Hh

r (int voxelIndex=0; voxelIndex < nVoxelsInCurLevel; voxelIndex++)
if (parentImage == 0)

curImage = ArithmeticDecodeSymbol (imageContextID) ;
}

4.3.1.1.4.2 Semantics

This|class reads a single frame.of octree in a breadth first traversal order. Starting from the 1% npde from the
level| 0, after reading every vaxels in the current level, the number of voxels (nVoxelsInCurLeve|) in the next
levellis 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 subclause 4.3.1.1.6.

The parentimage and curlmage are internal variables within each voxel in each level. The curjmage is the
image index-for the current voxel in the current level. The parentimage is the image index of the parent, in the
previous level, of the current voxel (the curlmage of the parent voxel). When the bitstream doe$ not contain
the oxeliimage index information, the imageNumBits will be 0. In this case, the parentimage fof every voxel
shall be initialized to 255. Otherwise, the initial value of the parentimage 1or every voxel shail be 0.

If the image index for the parent voxel (parentimage) is not defined, then the image index for the current voxel
(curlmage) is also read from the stream, using the context for image index, defined by imageContextID. If a
non-zero value is retrieved (the image index is defined), then this value will also be copied to every image
index (curlmage) of its children voxels in the following levels. In case of the root voxel, where curLevel is 0
and voxellndex is 0, the value of parentimage depends on the value of imageNumBits in OctreeFrame(). If the
imageNumBits is 0, then the parentimage of every voxel is a non-zero dummy value. This is the case where
the voxel image indices are not used. If the imageNumBits has non-zero value, then the parentimage of every
voxel is by default 0.
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After decoding every voxel, the image index will be assigned to every leaf node of the octree that has no
image index value assigned by the parent voxel yet. (zeros in leaf nodes can be interpreted by renderer in an
arbitrary way).

The order of the reference images (streams) is essential: image indices for voxels assume the streams are
numbered in a fixed order.

4.31.1.5 Adaptive Arithmetic Decoding

In this subclause, the adaptive arithmetic coder used in octree compression is described, using the C++ style
syntactic description. aa_decode() is the function which decodes a symbol using a model specified through
the array cugnul_freq[] and is described in the Annex G of ISO/IEC 14496-1.

4.3.1.1.51 ArithmeticDecodeSymbol

This functiop prepares the appropriate cumul_freq[] to be used for aa_decode function, .depending on the
contextID. PCT is an array of probability context tables, as described in subclause 4.3.1.1(6.

int ArithmgticDecodeSymbol (int contextID)

{
unsigned int MAXCUM = 1<<13;
unsigned int ImageMAXCUM = 256;
int *p, |allsym, maxcum;

if (confjextID != imageContextID)

{
p = PCT[contextID];

allsym = 256;
maxcupjpm = MAXCUM;
}
else

{
p = TexturePCT;
allsypm = numOfImages + 1;
maxcum ImageMAXCUM;

}

int cumyl_freglallsym];
int cum40;
for (int i=allsym-1; 1i>=0; i-~)
{
cum +F plil;
cumul| freg[i] = cuns
}
if (cum |> maxcum)
{
cum=0|;
for (int A=allsym-1; i>=0; i--)
{

PCT [eontextID] [1] = (PCT[contextID][1]+1)/2;
cum += PCT[contextID][i];
cumul_freqg[i] = cum;

}
}

return aa_decode (cumul_freq) ;
}

4.3.1.1.6 Decoding Process

The overall structure of decoding process is described in subclause 4.3.1.1.4. It shows how one obtains the
TBVO voxels from the stream of bits that constitute the arithmetically encoded (compressed) TBVO model.

184 © ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=4e6f1f15a3310afb43b9980eb3507b27

ISO/IEC 14496-16:2009(E)

At each step of decoding process we must update the context number (i.e. the index of probability table), and
the probability table itself. The probabilistic model is the union of all probability tables (integer arrays). j-th
element of i-th probability table, divided by the sum of its elements, estimate the probability of occurrence of
the j-th symbol in i-th context.

The process of updating the probability table is as follows. At the start, probability tables are initialized so that
all the entries are equal to 1. Before decoding a symbol, the context number (ContextID) must be chosen.
ContextID is determined from previously decoded data, as indicated in 4.3.1.1.6.1 and 4.3.1.1.6.2 below.
When ContextlD is obtained, the symbol is decoded using binary arithmetic decoder. After that, the probability
table is updated, by adding adaptive step to the decoded symbol frequency. If the total (cumulative) sum of
table elements becomes greater than the cumulative threshold, then the normalization is performed (see
4.3.1-+5

4.3.1.1.6.1 Context modeling of image symbol
Imade symbol is modeled with only one context (i.e. only one probability table is used)."The size df this table is
equgdl to number numOflmages plus one. At the start, this table is initialized to all ‘1'=s. The maximum allowed

entry value is set to 256. The adaptive step is set to 32. This combination of parameter values allpws adapting
to the highly variable stream of index numbers.

4.3.1.1.6.2 Context modeling of voxel symbol

Therg are 256 different voxel symbols, each symbol representing‘@)2x2x2 binary voxel array. 3D orthogonal
trangformation may be applied to these arrays, transforming the‘corresponding symbols into each|other.

Congider a set of 48 fixed orthogonal transforms, that is;\rotations by 90*n (n=0,1,2,3) degre¢s about the
coordlinate axis, and symmetries. Their matrices are given below, in the order of their numbers:

Orthpgonal Transforms [48]=

10 01 0) (100 (-100) (01 0y (0-100o0T1) (<100
01 1 0o0L|0o0 1,0 10L]oo 1|1 o~aff1 0 0|0 01
00 001) 010/ loo1){too 0y1) Lo 10/ (o 10
00 00 -1y (0 10y (0 10y (0 <t&)0 01 (0 0T1) (00—l
01 100 [-100L]0 01| |4 0N]|-100,]|0 10,|-100
10 01 0)loo1)(-100 o0 1) lo 10 =100/ 010
0 -1 00 -1y (0 0 1) (00N (0 0 -\ (1 0 0y (1 0 0y (-1 00
00 Jllo1 ol |o-1olfi,00,[0o-10]]0o-10,]00 1[0 -10
10 100)(1 0@ =10 (1 0 0)loo 1)lo-10 (o o1

10 0)7=% 0} (01 0) (01 0) (0-10)(-100 (00 I
00 il o1 _0NM0 0-1L {00 -1, |10 0fL]0oo0o-1[|0 01|10 0
01 0 0 i 1o)Jltoo)loo-1)l1oo)lo-10 lo-10
0 0N Ko 0 1[0 0 -0 -10 (010} 00)(10 0) (10 0)
-1 00L|0 -10l|-100|l]|0 01|10 0olfoo-1,]0o-10l]|0 0~
0 -10) (-1 00/ {o-10/-100 loo-1)lo-10)00-1)l0-0
0 0 —1) (001 (-1 0 0)(0—-10)(0-10)(010)(010)(-100
0-10[[010L]0-10,|00-|-100|[00-1|-100]|010
-100)-100){0o0-1/{-10o0)loo-1)l-100)(00-1){00-1

There are 22 sets of symbols — called classes, - such that 2 symbols are connected by such a transform if and
only if they belong to the same class. The coding method constructs PCT’s (probability context tables) as
follows: ContextID of a symbol equals either to the number of class to which its parent belongs, or to a
combined number (parent class, current voxel position in the parent voxel). This allows to reduce the number
of contexts greatly, and the time needed to gain meaningful statistics.
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For each class, a single base symbol is determined (see Table 52), and for each symbol, the orthogonal
transform that takes it into the base symbol of its class is precomputed (in actual encoding/decoding process,
look-up table is used.). After the ContexID for a symbol is determined, the transform, inverse (i.e. transposed
matrix) to the one taking its parent into the base element is applied.

Table 52 — An example of base symbol for each class

Class E;(;rgglle of base Class order
(Number of elements)

0 O |

1 1 8
2 3 12
3 6 12
4 7 24
S 15 6
6 22 8
7 23 8
8 24 4
9 25 24
10 27 24
" 30 24
12 31 24
13 60 6
14 61 24
[a 63 12
16 105 2
7 107 5
18 111 12
19 126 4
20 127 8
21 255 1

The context model depends on the number N of already decoded symbols:
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For N < 512 there is only one context. The probability table is initialized to all ‘“1’-s. The number of symbols 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
inverse orthogonal transform defined above.

lasses by 8
¢ voxel in the
parept nodevoxel. Initial probability tables for this model depend only on its context, but not position: for all 8
positjons PCT is a clone of the PCT obtained for the given class at the previousrstage. The number of
symbols in each probability table is 256. Adaptive step is 4. The maximum cumulative’ frequency |s also 8192.
After| symbol is decoded it is also transformed using the inverse orthogonal transform, as is in [the previous

In the animated case, initial context model for every frame other than\the first one is inherifed from the

The PointTexture compression is a tool to compress the PointTexture node efficiently. The decofder structure

decoded PointTexture node specified in;subclause 3.4.1.3 has the depth information arjd the color
information.

PointTexture Node Decoder

InPercentOfDecoding

Compressed i Entropy’ | || TreeNode | | A%Lé?::te)le | ,| Voxel Data Decoded
Bitstream | Decoder Decoder Reconstructor Reconstructor | i || PointTexture
7 PointTexture Header Decoder 1
—N nWidth/nHeight/nDepthNbBits -—

Figure 63 — Block diagram of decoder for PointTexture compression.

4.3.2.2 PointTexture class

4.3.2.21 Syntax

class PointTexture ()

{
PointTextureHeader () ;
PointTextureTreeNodes () ;
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4.3.2.2.2 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.

43.2.3

4.3.2.31

class PointTextureHeader

PointTextureHeader class

Syntax

@)

{

unsigned| int (5) nBitSizeOfWidth;
unsigned| int (nBitSizeOfWidth) nwWidth;
unsigned| int (5) nBitSizeOfHeight;
unsigned| int (nBitSizeOfHeight) nHeight;
unsigned| int (5) nDepthNbBits;
unsigned| int (7) nPercentOfDecoding;

}

4.3.2.3.2 PBemantics

nBitSizeOfWidth: This value indicates the bit size of nWidth.

nWidth: Thi
nBitSizeOfk
nHeight: Th
nDepthNbB
value of nDg

+1.

nPercentOf
maximum (1

4324 P

4.3.2.41

class Poin

{

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 nDepthN

Decoding: This value indicates.the percent of the tree nodes to be decoded. If the value i
D0), the lossless decoding is pérformed. Otherwise, the lossy decoding is performed.

bintTextureTreeNodes.class

Byntax

FTextureTréeNodes ()

nNumberOfTreeNodes_= initializeOctree (nWidth, nHeight, nDepthNbBits) ;
nNumberLimfjt =~nNumberOfTreeNodes * nPercentOfDecoding / 100;

pushQ (0); |/ 0+ root

nCount = 0

The
bBits

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) ;
188 © ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=4e6f1f15a3310afb43b9980eb3507b27

ISO/IEC 14496-16:2009(E)

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 = nStartY; j < nEndY; Jj++)
{
for(i = nStartX; 1 < nEndX; i++)
{
nIndexOfContext = getIndexOfContext (i, j, k);
nvoxel = decodeAAC (contextTreeNodes [nIndexOfContext](n
if (nvoxel == 1) // 1: black node
{
nDeltaRed = decodeAAC (contextColorDifference) ;
nDeltaGreen = decodeAAC (contextColorDif ference) ;
nDeltaBlue = decodeAAC (contextColorDifférence) ;

}
}

nCount += getCountOfTreeSize (nIndex) - 1;

4.3.2.4.2 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 nDepthNb

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.

nCouint: 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.

Bits and gets

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.

© ISO/IEC 2009 — All rights reserved

189


https://iecnorm.com/api/?name=4e6f1f15a3310afb43b9980eb3507b27

ISO/IEC 14496-16:2009(E)

nChild: This value indicates the index of the 8 children nodes decoding the split node.

nBOW: This value indicates whether the child node is black or white.

getCountOfTreeSize: This function calculates the number of sub-tree nodes from a tree node.

getRegion: This function calculates the volume region (starting x, y, z and ending x, y, z) from an index of the

tree node.

nStartX, nStartY, nStartZ: These values indicate the starting points of the volume region.

nEndX, nEndY, nEnNdZThese vaiues indicate the ending ponts of the votume region. |

nindexOfCqgntext: This value indicates an index of the tree node context from x, y, z values.
getindexOfContext: This function gets the index of the tree node context from x, y, z values.
nVoxel: Thig value indicates whether the voxel node is black or white.

nDeltaRed: [This value indicates the differentiated value of the red color in a voxel,
nDeltaGreen: This value indicates the differentiated value of the green color,in\a voxel.

nDeltaBlue:| This value indicates the differentiated value of the blue coler ifn“a voxel.
4.3.2.5 Decoding Process

4.3.2.51 Dverview

As shown in Figure 63, there are two parts to decode PointTexture. Those are header decoder and

node

decoder. The header decoder is to get the resolution information of PointTexture and the percent valuel how

many tree ngdes to decode. And the node decoding,process is comprised of the following steps:

e Entrppy decoding

e Treqd node decoding

e Adjustable octree reconstruction

e Voxel data reconstruction
4.3.2.5.2 Header Decoding

From the nDepthNbBits, the real range of the depth can be obtained as follows.

NanthNhRite 4 1

nDepth =2

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 53 — Five labels for adjustable octree nodes

Labels Comments
S Split: The node is subdivided into 8 nodes
w White: The node consists of all white voxels
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B Fill black: The node consists of, or is approximated by, all black voxels

P PPM: The voxel values within the node are encoded by the PPM
algorithm

E Empty: The node has no voxel space

To explain the adjustable octree easily, the adjustable quad trees are adopted and used. Figure 64 and
Figure 65 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 fhe circles wi abels. T a node has children O abels, the Tabel of the node 15 g. If a node is
to b¢ decoded by PPM(Prediction by Partial Matching) decoding, the label is P. The empty nodes are

reprgsented by the dotted boxes and the dotted circles with E labels. Given a resolution, the_ full

bctree nodes

and the empty nodes can be recognized and be found out. The decoder need not regeivé 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‘8ychildren noges regularly

as efjual as possible. Subdividing a parent node, the subdivision order of 8 children nodes is

ront left-top,

front|right-top, front left-bottom, front right-bottom, rear left-top, rear right-top, rear left-bottom, and rear right-
bottdm. In x, y, z axes, the length of each axis is divided into two sub-parts equally if possible. If it is not
possjble to divide equally, the length of one sub-part is one voxel longer’than the length of the other sub-part.
For gxample, Figure 64 shows that it is divided unequally in x-axis as.2\column voxels and 1 column voxel, but

it is divided equally in y-axis as 2 row voxels and 2 row voxels.

Figure 64 — Example of adjustable octree in the resolution of 3x4.

© ISO/IEC 2009 — All rights reserved

191


https://iecnorm.com/api/?name=4e6f1f15a3310afb43b9980eb3507b27

ISO/IEC 14496-16:2009(E)

4.3.2.5.3

The PointTs
information.
decoder [39]

The number
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of nWidth x
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nodes will bg

The header

_____
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Figure 65 — Example of adjustable octreein the resolution of 5x7.

Entropy Decoding

xture decoder receives the bitstream»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 66.

of the tree nodes (nNumberOfTreeNodes) can be obtained by the initalizeOctree function v
lial full octree nodes withuinitializing white (0) values excluding the empty nodes in the reso
nHeight x nDepth. |f\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

tree node is
the tree no

Figure 66(c).
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camposed of two parts as SOP and DIB in Figure 66(b). SOP is one bit flag, which indicateg

node
tropy

vhich
ution
de-1,

tree

on of
that

Otherwise, the bitstream structure of ppm node is shown in Figure 66(d).

vn in
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Figure 66 — Example of the bitstream structure for compressed PointTexture.

.5.4 Tree Node Decoding

der received the bitstream of the tree nodes from root node to leaf\nodes, it must know f{
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

ren’s nodes, every first child node of the parent nodecis 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.inthe priority. According to the children’s p
nt node, the current decoding node can be notified to the decoder. Figure 67 shows an ex
ding order for the tree nodes in Figure 64. In the figure, the empty E nodes are skipped ar
ecoding order. Figure 68 shows another example of the decoding order for the tree nodes in

Figure.67)— Example of the decoding order for the tree nodes in Figure 65.

16:2009(E)

n an octree resolution, the number of all tree nodes, N can be calculated and obtained. When the

he decoding
be used for
decoding is

ossible, but the only sequential decoding is possible. So, modified BFS that is a modified BFS using a
ty order queue is proposed and adopted to decode and\.show the progressive PointTekture. In the

bf the parent
child node is
riority from a
ample of the
d ignored in
Figure 65.

Figure 68 — Example of the decoding order for the tree nodes in Figure 66.
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Figure 69 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.

In SOP Sele
node. If the
decoded as
adaptive arit
The child la
nodes. If the
nodes. The
decoded/rea

In case of

Figure 70 is
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

Split node decoder
—! Mean Color Children Label
Decoder Decoder
SOP L
Selector PPM node decoder
Ly Voxel PPM Voxel Color
Decoder Decoder

Figure 69 — Block diagram of tree node decoder.

ctor, the decoder reads the 1 bit flag, which indicates whether the hode is the split node or
balue is 0, it means split node. Otherwise, it means ppm node.-In case of split node, the ng
shown in Figure 66(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 of thelabel are temporarily regarded as all
ub children’s nodes and colors can be known inndetail when the next sub node of each la
ched.

PPM node, the node is PPM decoded wusing the previous decoded voxel values as co
an example of context. Voxels are .represented as circles or squares. Gray circles m
ck voxels and white circles means<decoded white voxels. Question marked circles ar
els. A question marked black square shown in Figure 70 (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 scanorder, ‘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.

XO@ O0®
00X OH®

PPM
de is
n the
pder.
white
black
bel is

ntext.
eans

not
. To
h are
s the
this
el is

OO @o®

X0111XX00 0011 >0111000011

(a) depth =k -1 (b) depth = k (c) context

Figure 70 — 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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X0000XX00 0000 ->0000000000

(a) depth =k - 1 (b) depth =k (c) context

Figure 71 — Example of context: voxels represented by dotted circles in (a) and (b) are not existed

After
deco
is pe|

nReg
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nGrg
nBlu
nBlu
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bitstn
deco
whicl

4.3.2

In th
simp
reco
proc
line
deco
deco
child

voxel ny.

ded with the adaptive arithmetic decoder and the inverse-DPCM. The inverse-DRPCM ‘of colg
rformed using the following equations.
= (255 - nDeltaRed) + nRedPrevious , if nDeltaRed > 255
= nDeltaRed + nRedPrevious , if nDeltaRed < 255
en = (255 - nDeltaGreen) + nGreenPrevious , if nDeltaGreen > 255
en = nDeltaGreen + nGreenPrevious , if nDeltaGreen. < 255
b = (255 - nDeltaBlue) + nBluePrevious , if nDeltaBlue > 255
e = nDeltaBlue + nBluePrevious , ifnDeltaBlue < 255

values of nDeltaRed, nDeltaGreen, nDeltaBlue are the decoded values after reading and
eam of color bits. The values of nRédPrevious, nGreenPrevious, nBluePrevious are
ded values of nRed, nGreen, nBlue,@he values of nRed, nGreen, nBlue are the final ded
N are supposed to be had.

.5.5 Adjustable Octree Reconstruction

b tree node decoding, the Tabeled adjustable octree reconstruction is also performed. Figurg
e example of the adjustable octree reconstruction in the resolution of 3x4. Figure 72 (b)(d
nstruction process.in the decoder side. On the other hand, Figure 72 (a)(c)(e) shows the
pss in the encoder side. In Figure 72 (b)(d)(f), blue line box means the current decoding noq
box means-the" decoding children nodes. In Figure 72 (b), the decoding node is split n
ding children nodes are B, B, W and B. In Figure 72 (d), the decoding node is PPM n
ding children nodes are W, B, B and B. In Figure 72 (f), the decoding node is split node and
ren nodes are W and B. In this case, E nodes are not decoded. They can only be recognizé
e.resolution information.

decoding the voxel/depth information, the R, G, B color values of the black voxels‘wijthin the node are

r information

lecoding the
he previous
oded values

72 shows a
(f) show the
construction
e and green
bde and the
pde and the
he decoding
bd and found

by th
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Figure 72 — Example of the adjustable octree construction/reconstruction.

4.3.2.5.6 Voxel Data Reconstruction

After reconstruction of the labeled adjustable octree, it is converted into the voxel data. The resolution of the
voxel data is nWidth x nHeight x nDepth. After reconstruction of the voxel data, it can be converted into the
PointTexture easily. The PointTexture node has the depth information and the color information to represent

the reconstructed 3D objects. With the labeled octree and the efficient bitstream structure, the progressive
decoding is possible.
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4.4 Animation tools
4.41 Bone-based animation
This tool compress a temporal sequence of bone(s) transforms.
4411 Bone-Based Animation stream definition
44111 Overview
A BBAobjectisformedbyatemporatsequenceof BBAobject ptanes—asdepicted-betow:
BBA|object:

BBA Object BBA Object o BBA Object

Plane 1 Plane 2 Plane n

Alterphatively, 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

oups (called
nuence of 16

BBA|object planes, as depicted in the following:
BBA|object:
BBA Object BBA Object | __ <4 . BBA Object
Plane Group 1 Plane Group Plane Group n

BBA|object plane group:

BBA Object BBA Object > | BBA Object
Plane 1 Plane 2 Plane 16
When the alternative BBA object bitstream structure is employed, the bitstream is decoded by DCT-based

BBA
fram

The

object decoding in the same manner as for the FBA stream. Otherwise, the bitstream is de
b-based BBA object decodings-

BBA stream is an extended form of the FBA stream. See ISO/IEC 14496-2, Coding of

Obje
com

cts:Visual for detailsson FBA stream. A BBA Object plane contains the update values for
onents (SBC) which can be translations, rotation angles, scale factors in an arbitrary d

bongs, control points.translation, control points weights factors, knots - for muscles, and weights

meshes — for morphing.

4.4.1.1.2 ~ bba_object

coded by the

Audio-Visual
Skin&Bones
rection - for
of the target

4.4 1424 Syntax
class bba_object {
bit (23)* next;

if (next==0)
bit (32)
do{

bba_object_start_code;

bba_object_plane bbaObPlane() ;

bit (23)* next;
}while (! ((next==

}

© ISO/IEC 2009 — All rights reserved
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4.41.1.2.2 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 to 000001EA in hexadecimal.

44113 ba_object_plane

441.1.31 Syntax

class bba_pbject_plane() {
bba_objgct_plane_header () ;
bba_objgct_plane_datal() ;

}

441.1.3.2 Semantics

The bba_object_plane is the access unit of the BBA stream. It contains the bba_object_plane_header,
which specifies timing, and the bba_object_plane_data, Which contains the data for all nodes (bones,
muscles and morphs) being animated.

44114 Dbba_object_plane_header

4.41.1.41 Syntax

class bba_pbject_plane_header () {
bit (23) *| next;
if (nextf=0)
bit (32) bba_object_plane_start_codes
bit(1l) ipIntra;
if (isIngra) {
bit(1l)| isFrameRate;
if (isFrameRate)
FramgRate rate;
bit(1l)|isTimeCode;
if (isTimeCode)
unsigned int(18) timéCode;
}
bit (1) hpasSkipFrames;
if (hasSkipFrames)
SkipFrames gkip|;
}

4.41.1.4.2 —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 0 (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 obeys 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 specified in ISO/IEC 14496-2.

bba_object_plane_start_code = 000001EB in hexadecimal.

4.41

4.41

clas

1.5 FrameRate

1.5.1 Syntax

s FrameRate {

u
u
b

4.41

fram

seco
as fg

freq
offs¢
resu
pres

4.41

4.41

clag
i
d

-

}

4.41

numhb

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
llows:

frame rate = (frame_rate + Secends/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 wheh 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 {
ht nFrame = 0;

{

bit (4) number_ofsframes_to_skip;

nFrame = numbexrof_ frames_to_skip + nFrame;
while (number=o6of/ frames_to_skip == 0bl111);
.1.6.2 Semantics

er 6f ) frames_to_skip iS a 4-bit unsigned integer indicating the number of frames sk

is computed

C frequency
ch case the
ncy offset is

pped. If the

num

ex {df_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 ~1TTTTTT0") T0 be specified. It the 8-bits patiern equals ~ 111111117, 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.

4.41

4.41

clas

1.7 bba_object_plane_data

A.741 Syntax

s bba_object_plane_data() {

bba_object_plane_mask bbaobplmsk() ;
bba_object_plane_values bbaobplvls() ;

}
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4.41.1.7.2 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).

441.1.8 Dbba_object_plane_mask

4.41.1.81 Syntax

class bba_object_plane_mask() {
bit (5) NumberOfInterpolatedFrames; // NIF
if (isIngra) {
bit (5) | bba_gquant;
(3) | pow2quant ;
(3)| noOfControllerTypes;
bit (10) NumberOfBones; //NSBB
(
(

10) NumberOfMuscles;//NSBM

10) NumberOfMorphs; //NMF

for (bpne=0;bone<NumberOfBones;bone++) {
bit (L0) BoneIdentifier; //IDB
bone| mask bnmask() ;

for (mf=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) MorphlIdentifier; //IDMF
bit(p) NumberOfWeights; //NW
morph_mask mfmask() ;

44.1.1.8.2 Semantics

NumberOfinterpolatedFrames (NIF) - 5=bit unsigned integer indicating the number of frames that have fo 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={1,1,2,3,5,7, 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 q=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.

Mus
mus

Nu

curve.

lelD field from a SBMuscle node from the scene graph.

berControlPoints (NCP) A 6-bit unsigned integer indicating the number of control-points g

NumberKnots (NK) A 6-bit unsigned integer indicating the number of elements in the knot

mus

le curve.

Mor
bei

hldentifier — a 10 bits unique identifier that indicate what morph,is”currently animated; thi
ntical with the MorphlID field from the MorphShape Node.

NumberOfWeights — a 6 bits integer indicating the number the'weights of the current morph obje|

4.41

4.41

clas
bi
bi]
if]

bi
bi
if (
bi
if]

}els

.1.9 bone_mask

.1.9.1 Syntax

s bone_mask () {

t (1) IsTranslation_changed;

t (1) marker_bit;
(IsTranslation_changed) {

bit (1) IsTranslationOnX_changed;

bit (1) IsTranslationOnY .changed;

bit (1) IsTranslationOnZ\changed;

t (1) IsRotation_changed;
t (1) marker_bit,
IsRotation_changed) {
t (1) isQuaternion;
(!isQuaternion) {
bit (1) “FsRotationOnAxisl_changed;
bit (1) JIsRotationOnAxis2_changed;
bit¥T) IsRotationOnAxis3_changed;
e {
bit (1) IsRotationOnQx_changed;

cleldentifier (IDM) a 10-bit unsigned integer indicating a muscle identifier; must corres

pond with a

f the muscle

sequence of

5 value must

}

bi
bi
if

}

bi
bi
if

Dit (1) IsSRotationOnQy_changed,;
bit (1) IsRotationOnQz_changed;
bit (1) IsRotationOnQw_changed;

t(1l) IsScale_changed;

t (1) marker_bit;
(IsScale_changed) {

bit (1) IsScaleOnX_changed;

bit(1l) IsScaleOnY_changed;

bit (1) IsScaleOnZ_changed;

t (1) IsScaleOrientation_changed;
t (1) marker_bit;
(IsScaleOrientation_changed) {

© ISO/IEC 2009 — All rights reserved
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}
bit (1)
bit (1)

IsScaleOrientation
IsScaleOrientation
IsScaleOrientation
IsScaleOrientation

IsCenter_changed;
marker_bit;

if (IsCenter_changed) {

bit (1)
bit (1)
bit (1)
}
}

441.1.9.2

isTrans

isTrans

IsTrans

isTrans

isRotati

isRotati

isRotati

isRotati

IsCenterOnX_changed;
IsCenterOnY_changed;
IsCenterOnZ_changed;

AxisX_changed;
AxisY_ changed;
AxisZ_changed;
Value_changed;

Semantics

ation_changed

ationOnX_changed

ationOnY_changed

ationOnZ_changed

pn_changed

pnOnAxis1_changed

pnOnAxis2_changed

pnOnAxis3_changed

isScale |changed

isScalePnX_changed

isScale@nY_changed

1 bit flag indicating, for the current bone, if at least.one of th
translation components is affected in the current,frame

W

1 bit flag indicating, for the current bone, iif the translation on
X axis is affected in the current frame

1 bit flag indicating, for the currentboene, if the translation oh
Y axis is affected in the currentframe

1 bit flag indicating, for the<current bone, if the translation oh
Z axis is affected in the current frame

1 bit flag indicating/for the current bone, if at least one of th
rotation components is affected in the current frame

W

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
reéspect 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

1%

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

202

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 the~center 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, rptation about
second axis, rotation about third axis, scale factor along X, scale \factor along Y, scale fagtor along Z,
scalgOrientation axis X, scaleOrientation axis Y, scaleOrientation axis/Z, scaleOrientation angle yalue, center
deplacement in X, center deplacement in Y, center deplacement inZ. If one of the components i updated the

elemientary mask for it will be 1 (one); if not is 0 (zero).

If in[the SBBone node the bone is defined as the~gnd-effector of a kinematics chain, the translation
component from the animation stream is used as the desired location of the end-effector. The resjt of the bone

trangformation from the animation stream, if it exists,\is‘ignored.

4.4.1.1.10 Muscle_mask

4.4.1.1.10.1 Syntax

clagls muscle_mask() {

bilt (1) marker_bit;

if] (IsControlPoints_Pesition_changed) {

for (cp=1;cp<=NCE;'¢p++) {
bit (1) marker Bit;
bit (1
bit(
bit(
}

bit([l) IsControlPoints_Weight_changed;

bilt.(¥), marker_bit;

1fl (TsControlPoints Weight changed) {

s
bilt (1) IsControlPoints_Pogition_changed;
o

) IsControlPoint_onX_changed[cp];
1) IsCentrolPoint_onY_changed[cp];
1) /Ds€ontrolPoint_onZ_changed|[cp];

for (cp=1;cp<=NCP;cp++) {
bit (1) marker_bit;

bit (1) IsControlPoint_weight[cpl];

}
}
bit (1) IsKnot_changed;
bit (1) marker_bit;
if (IsKnot_changed) {
for (k=1;k<=NK;k++) {
bit (1) marker_bit;
bit (1) IsKnot_changedl[k];
}
}
}
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4.41.1.10.2 Semantics

isControlPoints_Position_changed

isControlPoints_onX_changed[cp]

isControlPoints_onY_changed[cp]

1 bit flag indicating, for the current muscle, if at least one
of the curve control points position is affected in the
current frame

1 bit flag indicating, for the current muscle, if control point
index cp perform a translation on X axis in the current
frame

1 bit flag indicating, for the current muscle, if control point

isControlPoints_onZ_changed[cp]

isControlPoints_Weight_changed

isControlPoints_weight_changed[cp]

isKnot |changed

isKnot |changed[k]

According tol the received mask, the decoder set up the so-called “muscle elementary mask” which contg
variable number of bits corresponding-to:translation on X for the first control point of the curve, translatic
Y for the firsf control point of the curve;translation on Z for the first control point of the curve, and so on f
the points, followed by the mask\for control points weigh and the mask of knots. As for the bones
component is updated by the clUrrent frame the “muscle elementary mask” will be 1 (one); if not is 0 (zero).

4.41.1.11 morph_mask

44111141 Syntax

class morphhmask () {

mdex—cpperformatranstatiomomY—axis i the—curren
frame

1 bit flag indicating, for the current muscle, if control poin
index cp perform a translation on Z axis in ithe’ curren
frame

1 bit flag indicating, for the current musegle, if at least ong
of the curve control points weigh is-affected in the curren
frame

1 bit flag indicating, for the_current muscle, if for thg
control point index cp a nhew weigh is transmitted in the
current frame

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

1 bit flag indicating, for the current muscle, if for the kno
element index k a new value is transmitted in the curren
frame

for (w=1;W<=NW;wW++)
bit (1) marker_bit;
bit (1) IsWeight_changed[w];
}
}

441.1.11.2 Semantics

ins a
n on

or all

if a

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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4.41.1.12 bba_object_plane_values

4411121 Syntax

class bba_object_plane_values() {
if (isIntra) {
bit (1) bba_object_coding_type;
if (bba_object_coding_ type==0) {

bit(1l) bba_is_i_ new max;
bit(l) bba_is_i_new min;
bit(1l) bba_is_p_new_max;
bit(l) bba_is_p_new min;

bba_new minmax bbamnmx() ;
bba_i_frame bbaifr();
lelse
bba_i_segment bbaisg() ;
tellse{
if (bba_object_coding type==0)
bba_p_frame bbapfr();
else
bba_p_segment bbapsg() ;

44.11.12.2 Semantics
Bba_object_coding_type 1-bit integer indicating which“coding method is used. Value [0 (zero)
means the coding method is “predictive coding”, value 1 (one)) means
that the encoding methied is DCT

Bba_is_i_new_max 1-bit flag which swhén 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
range Malues 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 Bbya_is_i_new_max’is not specified the default value of 1860 is used.

If Bbya_is_i_new_min is not specified the default value of -1860 is used.

If Bbya_is__ p>new_max is not specified the default value of 600 is used.

4.41.1.13 bba_new_minmax

4411131 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];

© ISO/IEC 2009 — All rights reserved 205


https://iecnorm.com/api/?name=4e6f1f15a3310afb43b9980eb3507b27

ISO/IEC 14496-16:2009(E)

if (bba_is_i_new_min) {
for (sbc=1;sbc<=NUM_SBCs;sbc++) {
bit (1) marker_bit;
if (sbc_mask[sbc])
bit(5) bba_i_new_min[sbc];
}
if (bba_is_p_new_max) {
for (sbc=1;sbc<=NUM_SBCs;sbc++) {
bit (1) marker_bit;
if (sbc_mask[sbc])
bit(5) bba_p_new_max[sbc];
}
if (bba_is_p_new_min) {
for (spc=1;sbc<=NUM_SBCs;sbc++) {
bit (L) marker_bit;
if (gbc_mask[sbc])
big(5) bba_p_new_min[sbc];
}
}
4.41.1.13.2 Semantics
bba_i_[new_max[one_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)
bba_i_[new_min[one_sbc] 5-bit unsigned integer used to-scale the minimum value of the
arithmetic decoder usedd,in"the | frame for the current
Skin&Bones component{SBC)
bba_p| new_max[one_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)
bba_p| new_max[one_shc] 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)
NUM_SBCsl|is the number of SBC in the.current frame and is computed as:
NSBB NSBM NMF
_ *
NUM _SBCs = Y ¢, + Y (3*NCP, +NCP, +NK, )+ > NW,,
bn=1 ms=l mf =1
16,if isQuaternion =0
with Cpn = . : . . is the maximum number of the components for a bone transform
17, if-<cisQuaternion =1
Sbc_mask contains NUM _SBCs elements and-is gbtained h\]/ caoncatenation of all the “bhones elem

mask”, the “muscles elemgntary mask” and the "morphs elementary masks", affected in the current frame.

4.41.1.14 bba_i_frame

4.41.1.141

Syntax

class bba_i_frame() {

for
if

206

(sbc=1; sbc<=NUM_SBCs;sbc++) {
(sbc_mask[sbc])
aa_decode aad(isbc_Q[sbc],

isbc_cum_freqglsbcl]) ;

tary

© ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=4e6f1f15a3310afb43b9980eb3507b27

4.41

ISO/IEC 14496-16:2009(E)

.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 is described in detail in Annex G from ISO/IEC 14496-1, Coding of Audio-Visual

Obje

cts: Systems.

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 sbc_pred_scale_table:

int sk

c_pred_scale_table [32]={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};

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
follows:
SBC_|QUANT = sbc_pred_scale_table [bba_guant]
if (JSBC_QUANT)
gstegp = 2%pow2quant * SBC_QUANT
elsq
gstep = 1
The gequantized SBC’(t) is obtained from the decoded:coefficient SBC’(t) as follows:
SBC’|(t) = gstep * SBC’’ (t)
Coded > Arithmetic ] > Inverse
Data Decoding Quantization .'? P sBC()
Frame
Delay
Figure 73 — SBC predictive coding.
4.4.1.1.15 ‘bba_p_frame
4.4 1-+15:1 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]);
}
}
4.41.1.15.2 Semantics
See subclause 4.4.1.1.14.2.
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4.41.1.16 bba_i_segment

441.1.16.1 Syntax

class bba_i_segment () {

for (sbc=1;sbc<=NUM_SBCs;sbc++) {

if (sbc_mask[sbc]) {

decode_i_dc didc(dc_QIlsbcl);
dac(ac_QIl[sbcl]);

decode_ac
}
}
}

4.4.1.1.16.2 Semantics

The bitstreamn is decoded into segments of SBCs, where each segment is composed of a temporal sequ

of 16 SBCs ¢bject planes. The block diagram of the decoder is the following:

DC SBCs
Huf fman Inverse S Inverse
—| Decoding » Quantization ¢ g DCT —>
7\
Memory
Buffern
AC
Huf fman Run-Length Inverse
—pDecoding Decoding » ‘Quantization

Figure 74 — Block diagram of the DCT-based SBCs decoding process.

The DCT-baped decoding process consists of'the following three basic steps:

e Diffdrential decoding the DC ¢oéfficient of a segment.

e Decopding the AC coefficients of the segment.

e Detgrmining the 16:SBCs values of the segment using inverse discrete cosine transform (IDCT).

A uniform gyantisation step size is used for all AC coefficients. The quantisation step size for AC coeffig

is obtained ds follows:

ence

ients

gstep[i] E 'sbc_scale[bba_gquant] * 2”"pow2qguant;
with
static int sbc_scale [32] = { 0, 1, 2, 3, 5,

50, 60, 72, 87, 105, 128,

191, 234, 288,

8, 10, 12, 15, 18, 21, 25, 30, 35,
355, 439, 543, 674, 836, 1023 1};

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

208
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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.

4.41.1.17 bba_p_segment

4411171 Syntax

clasls bba_p_segment () {
for (sbc=1;sbc<=NUM_SBCs;sbc++) {
if (sbc_mask([sbc]) {
decode_p_dc dpdc(dc_Qlsbc]) ;
decode_ac dac(ac_QIlsbcl);

}

4.41.1.17.2 Semantics

See pubclause 4.4.1.1.16.
4.4.1.1.18 decode_i_dc

4.4.1.1.18.1 Syntax

clasls decode_i_dc(dc_qg) {
bilt (16) dc_qg;
if] (dc_g ==-256*128)
it (32) dc_g;
}

4.41.1.18.2 Semantics

See pubclause 4.4:1.1.16.

4.4.1.1.19 decode_p_dc

4.4.1.1.19.1 Syntax

class decode_p_dc(dc_g diff) {
dc_qg diff; // decode Huffman
dc_qg diff=dc_qg diff-256;
if (dc_qg diff==-256)
bit(16) dc_g diff;
if (dc_Q == 0-256*128)
bit(32) dec_g diff;
}

4.4.1.1.19.2 Semantics

See subclause 4.4.1.1.16.
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4.41.1.20 decode_ac

4.4.1.1.20.1 Syntax

class decode_ac(ac_gl]) {
this=0;
next=0;

while (next<15){

bit(4) count_of_ runs;
if (count_of_runs == 15)
next = 16;
else {
nextfthis+l+count_of_ runs;
for (h=this+1;n<next;n++)
aclgli]l [n]=0;
bit(B) ac_gli] [next];
if (pc_gli] [next]==256)
defode_i_dc didc(ac_qglil] [next]);
else
aclgli] [next]-=256;
thisfnext;
}
}
}
4.4.1.1.20.2 Semantics
See subclaupe 4.4.1.1.16.
441.2 Bpne-Based Animation stream encapsulation within BIFS-Anim
The Bone-bpsed Animation (BBA) stream is connected'to an SBVCAnimation node (see subclause
3.5.2.1.6) byusing the BIFS-Anim mechanism (as for FBA) defined in ISO/IEC 14496-1.
The BIFS-Apim specific classes, ElemantaryMask and AnimationFrameData from subclauses 9.3.5.9 and
9.3.8.6 of ISD/IEC 14496-1, respectively, are updated as follows:
class ElementaryMask() {
bit (BIFSfonfiguration.nodeIDhits) nodelD;
NodeUpdafeField node = GetNodeFromID (nodelD) ;
switch (hode.nodeType) {
case FhaceType:
break;
case BpdyType:
break;
case IhdexedFacéSet2DType:
break;
case SBVCAnimationType:
break;
default:

InitialFieldsMask initMask (node) ;

}
}

class AnimationFrameData

int 1i;

for (i=0; i<mask.numNodes; i++)

if (mask
NodeData

break;

.isActivel[i]) {

node = mask.animNode[i]
switch (node.nodeType) {

case FaceType:

FaceFrameData fdata; [ fdata

case BodyType:
BodyFrameData bdata; [bdatal

210
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(AnimationMask mask)
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break;

case IndexedFaceSet2DType:

Mesh2DframeData mdata;

break;

case SBVCAnimationType:

bba_object_plane_data(); // see subclause 4.4.1.1.3

break;

default

int j;

for(j=0; j<node.numDYNfields; j++) {
if (node.isAnimField[j])

AnimationField AField(node.field[node.dyn2all[j]],mask.isIntra);

}

}
}
}
}

4.4.2 Frame-based Animated Mesh Compression (FAMC) stream

4.4.21 Overview

FAMf 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 frames. Each
segnhent 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 75.

Anir/nation
I < A’\Q " = N

>

AnimationSegment

‘H‘h‘hﬂthmhmhmhmh‘“‘hnh

AnimationSegmentHeader AnimationSegmentData

Figure 75 — 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...).
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(0]

A data buffer containing:

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 predictiq
Figure 75 illy

Co
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Cq
anim
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The res
predicte

D
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npressed
artition

mpressed
ption weights

bmpressed

affine transforms
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global motion

mpressed

residial prediction
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following combination

n residual errors may correspond to geometric and/ar. attribute data.

one
f the

idual errors per vertex equal with the difference between the real value and thg
d by the skinned motion compensation model, that are encoded with pne ©

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 D)
DCT followed by LD

Lift followed by LD

FAMC decoding process.
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Affine transforms
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Figure 76 — FAMC decoding process.
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The following sections describe in detail the structure of the FAMC stream.

4422 FAMC inclusion in the scene graph

ISO/IEC 14496-16:2009(E)

FAMC is associated with an IndexedFaceSet by using the BitWrapper mechanism with value of field type

equals to 2.
4423 FAMC class

44231 Syntax

clasls FAMCAnimation{

do{
FAMCAnimationSegment animationSegment;
bit (32)* next;

}

while (next==FAMCAnimationSegmentStartCode) ;

4.4.2.3.2 Semantics

FAMCAnimationSegmentStartCode = 00 00 01 FO.
4424 FAMCAnimationSegment class

44241 Syntax

clasls FAMCAnimationSegment {
FAMCAnimationSegmentHeader header;
FAMCAnimationSegmentData data;

4.4.24.2 Semantics

FAM[AnimationSegmentHeader: contains the header buffer.

FAMC AnimationSegmentData: contains the data buffer.

4425 FAMCAnimationSegmentHeader class

44251 Syntax

clasls { FAMCAnimationSegmentHeader {
upsidned int (32) startCode;

FAM[AnimationSegmentStartCode: a constant that indicates the beginning of a FAMC animat

unsigned int (8) staticMeshDecodingType
unsigned int (32) animationSegmentSize
bit(4) animatedFields;

bit(3) transformType;

bit (1) interpolationNeeded;
bit(2) normalsPredictionStrategy;
bit(2) colorsPredictionStrategy;

bit(4) otherAttributesPredictionStrategy;

unsigned int (32) numberOfFrames;

for(int £ = 0; £ < numberOfFrames; f++) {
unsigned int (32) timeFrame[f];

}

© ISO/IEC 2009 — All rights reserved
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44.252 Semantics
startCode: a 32-bit unsigned integer equals to FAMCAnimationSegmentStartCode.

staticMeshDecodingType: a 8-bit unsigned integer indicating if the static mesh is encoded whithin the FAMC
stream and which decoder should be used. The following table summarizes all possible configurations.

Table 54 — First frame decoding type: all possible configurations

firstFrameDecodingType value First frame decoding type

0 The Tirst frame 1s not encoded within the FANT
stream and should be read directly from theBIFS
stream.

1-7 Reserved for ISO purposes

animationSegmentSize: a 32-bit unsigned integer describing the size in bytes efvthe current animation
segment.

animatedFi¢lds: a 4-bit mask indicating which fields are animated. The~following table summarizgs all
possible configurations.

Table 55 — Animated fields: all possible configurations

B1 B2 B3 B4

0 Coordinates Normals Colors Other attributes
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 56 — Transform type: all possible configurations

transformType value Method used

0 Lift

1 DCT

2 LD

3 Lift + LD

4 DCT+ LD

5 Reserved for ISO purposes
6 Reserved for ISO purposes
7 Reserved for ISO purposes
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numberOfFrames: 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 57 — Normals prediction strategy: all possible configurations

normatsPredictionStrategy vatue 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
suminarizes all possible configurations.

Table 58 — 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 predictioniis 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 atfributes. The
following table summarizes all possible configurations.

— —Table 59— Other attributes prediction strategy: att possibie conflgurations —

otherAttributesPredictionStrategy value Prediction used

0 Delta

1 Reserved for ISO purposes
2 Reserved for ISO purposes
3 Reserved for ISO purposes
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NOTE: 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 time (in milliseconds) for each frame.

NOTE:

numberOfVertices, numberOfNormals, numberOfColors,

numberOfOtherAttributes are instantiated when decoding the static mesh.

44.2.6

442,61

class FAMC
if (anin
FAMCS

}
FAMCAL11H
}

44.2.6.2

skinningM
vertices coo

allResiduall

4427 FJ

4.4.2.71

class FAMC
FAMCGlo
FAMCANin
FAMCAff]
FAMCANin
if (norn
FAMCV]
}

}

44272

The FAMCSkinningModel class describes the skinning model used for motion compensation. It refers {

following cla

FAMCAnimationSegmentData class

yntax

dimOfOtherAttributes,

h\nimationSegmentData {
latedFields & 1) {
kinningModel skinningModel;

esidualErrors allResidualErrors;

Semantics

el: contains the skinning model used for motion compensation.\This stream is decoded o
dinates are animated.

AMCSkinningModel class

Byntax

EkinningModel ({
alTranslationDecoder globalTranslationCompensation;

lationPartitionDecoder partitioén;
neTrasnformsDecoder affineTransforms;
lat ionWeightsDecoder weights;
alsPredictionStrategy ==3) {

ertexInfoDecoder (4, numkerOfVertices)normalsPredictors;

Semantics

5SES:

FAN'CGIobalTransIationDecoder class decoding the global translations applied the animated m|

Errors: contains the residual errors for all animated attributes (coordinates, normals, colours.|.).

nly if

D the

odel.

nearly the some affine motion.

FAMCAffineTransforms class decoding the affine motion of each cluster at each frame.

FAMCAnimationWeights class decoding the animation weights of the skinning model.

stream is defined only when normalPred equals 3 (adaptive mode).

216

FAMCAnimationPartition class decoding the segmentation of the mesh vertices into clusters with

FAMCVertexinfoDecoder class decoding which predictor the decoder should uses for normals. This
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4.4.2.8 FAMCGIlobalTranslationDecoder

44281 Syntax

class FAMCGlobalTranslationDecoder {
FAMCInfoTableDecoder globalTranslationCompensationInfo;
FamcCabacVx3Decoder2 myGlobalTranslationCompensation(l, numberOfFrames) ;

}
4.4.2.8.2 Semantics

The
anim|
need
decoded by the class FAMCInfoTableDecoder. An inverse DCT transform should then.be appli¢d to the un-
quantized real values.

4.4.2.9 FAMCIinfoTableDecoder class

44291 Syntax

clasls FAMCInfoTableDecoder{

unsigned int (8) numberOfQuantizationBits;
float (32) maxvValueDl;
float (32) maxValueD2;
float (32) maxValueD3;
float (32) minValueDl;
float (32) minValueD2;
float (32) minvValueD3;

unsigned char (8) numberOfDecomposedliayers;

for (int layer = 0; layer < numberOfiDecomposedLayers; layer++) {
unsigned int(32) numberOfCoéfficientsPerlLayer;

}

}

44.29.2 Semantics
numperOfQuantizationBits: a 8:bit unsigned integer indicating the number of quantization bits used.

maxyValueX: a 32-bit float indicating the maximal value of the Dimension 1 of the encoded threefdimensional
real yectors.

max)ValueY: a 32-bit float indicating the maximal value of the Dimension 2 of the encoded threefdimensional
real yectors.

maxValueZ: a 32-bit float indicating the maximal value of the Dimension 3 of the encoded threefdimensional
real yectors.

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.

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.
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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.
44210 FAMCCabacVx3Decoder2

4.42.101 Syntax

FAMCCabacVx3Decoder2 ( 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++4;

// starf
cabac.affideco_start_decoding (

the arithmetic coding engine
cabac._dep );

// decoding of the significance map
CabacConitext ccCbp;
CabacContext ccSig[64];
CabacCorntext cclLast[64];
cabac.bjari_init_context (
for( ing 1 = 0; i < 64; i++
cabac|.biari_init_context (
cabac|.biari_init_context (

ccCbp, 64 );
) {
ccSiglil,

ccLast[i],

64 );
64 );
}
bool sigMap [V
int cellsSize

1[F]I[3];
= (F + 63 ) / 64;
for( ing v = 0; v < V; v++ ) {
for( int ¢ = 0; ¢ < 3; c++ ) {
if[ cabac.biari_decode_symbol ( cabac._dep,
for( int k = 0; k < F; k++ M{
sigMap([v] [k][c] =
if( sigMap[v][k]l[c] &&k + 1 < F ){
if( cabac.biaridecode_symbol ( cabac._dep,
for( int 1 =%+ 1; 1 < F; i++ ){
sigMap[w] [i]l[c] = 0;

ccCbp )

}
breaks
}
}
else ifCk + 2
sigMap([v] [k+1] [c] = 1;

)
}
}

cabac.biari_decode_symbol ( cabac._dep,

) {
ccSiglk/cellSizell );

ccLast[k/cellSizel ) ) {

else{
for( int k = 0; k < F; k++
sigMap[v][k][c] = 0;

) {

}

}

// decode abs values

CabacContext ccUnary[cutOff];

for( int i = 0; i < cutOff; i++ ) {
cabac.biari_init_context( ccUnaryl[il],

}

64 );

int absValues[V][F][3];

218
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for( int v = 0; v < V; v++ ) {
for( int ¢ = 0; ¢ < 3; c++ ) {
for( int k = 0; k < F; k++ ) {
if ( sigMap(v][k]l[c] ){
int 1i;
for( i = 0; i < 16; i++ ){
int unaryCtx = ( cutOff - 1 < i ) ? ( cutOff - 1) i;
if( 0 == cabac.biari_decode_symbol ( cabac._dep, ccUnaryl[unaryCtx] ) ){
break;
}
}
if( 1 == 16 ) {
absValues([v] [k] [c] += 17 + cabac.exp_golomb_decode_eq prob( cabac._dep,
EGK |);
}
else{
absValues|[v] [k]l[c] = 1 + 1i;
}
}
else{
absvValues|[v] [k] [c] = 0;
}
}
}
}
/{ decode signs
int values[V][F1I[3];
for( int v = 0; v < V; v++ ) {
for( int ¢ = 0; ¢ < 3; c++ ) {
for( int k = 0; k < F; k++ ) {
values|[v] [k] [c] = absValues[v] [k] <]}
if ( sigMaplv][k]l[c] ){
if ( cabac.biari_decode_symbol ‘eq prob( cabac._dep ) ){
values|[v] [k] [c] *= -1;
}
}
}
}
}
/{ decode predictors
cpnst int PRED_QUANT BITS = 2;
iht pred[V]I[3];
int predDim[V] [3 ]
int previousDimd{3J)/;
pred[0][0] = 07
pred[0] [1] =03
pred[0] [2]8~0;
previousRim[0] = 1;
previeusDim[1l] = 1;
previeusDim[2] = 1;
CabaeContext ccSkip;
CabacContext ccPred;
CabacContext ccPredDim;
cabac.biari_init_context( ccSkip, 64 );
cabac.biari_init_context( ccPred, 64 );
cabac.biari_init_context( ccPredDim, 64 );
for( int v = 1; v < V; v++ ) {
for( int ¢ = 0; ¢ < 3; c++ ) {
if ( cabac.biari_decode_symbol( cabac._dep, ccSkip ) ){
pred[v] [c] = pred[v-1]I[c];
if ( predlvlic]l ){
predDim([v] [c] = predDim[v-1]I[c];
}
else{
predDim[v] [c] = 0;

}
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}

else{

pred[v] [c] = cabac.unary_exp_golomb_decode( cabac._dep, ccPred, 2 );
if ( predlvlic]l ){
int predDimRes
predDimRes <<= PRED_QUANT_BITS;
if( predDimRes ) {
const int largestAllowedPredDim = F + (
if( previousDim[c] + predDimRes > largestAllowedPredDim )
predDimRes *= -1;
}

else if( previousDim[c] - predDimRes >= 0 ){
if( cabac.biari_decode_symbol_eq prob( cabac._dep )

2

cabac.unary_exp_golomb_decode( cabac._dep, ccPredDim,

)

1 << PRED_QUANT_BITS - 1;

{

) {

)

}
}
// end {
cabac.bl
4.4.2.10.2

delta: recipr

sigMap|[V][H
component.

EGk: order @

cutOff: nun
Golomb bing

absValues])

values[V][F
including sig

predDimRes *= -1;
}
}
}
predDim[v] [c]
previousDim[c]

predDimRes + previousDim[c];
predDim[v] [c];

}
else{
predDim[v] [c]

0;

}

he arithmetic coding engine
ari_decode_final ( cabac._dep

)

Bemantics
bcal value of the quantization step size.

1[3]: array of 3 * V * F bits, indicating the non-zero predicted spectral coefficients of x-, y- a

f the Exp-Golomb binarization.

ber of CABAC context meodels for the unary part of the concatenated unary/ k-th order
rization.

hd z-

Exp-

V1[F1[3]: array of 3~V * F integer values, indicating the absolute values of the predicted spéctral
coefficients ¢f x-, y- and z-component.

[3]: array of 3 * V * F integer values, indicating the values of the predicted spectral coeffig
hs of x-, ¥-)and z-component.

pred[V][3]:

n.array indicating the index of the coefficient used for prediction of the current coefficient of

and z-compagnent.

ients

X-, Y-

predDim[V][3]: the number of the samples that are used for predicting of x-, y- and z-component.

The FAMCCABACDecoder class decodes a (V x F) array of three dimensional vectors of integer values.

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){
220 © ISO/IEC 2009 — All rights reserved
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values[v] [d] [c] += values[v-pred[v]I[c]][d]llc];

4.4.211 FAMCAnimationPartitionDecoder

442111 Syntax

class FAMCAnimationPartitionDecoder ({
unsigned int(32) numberOfClusters:
uhsigned int (32) compressedPartitionBufferSize;
FAMCVertexInfoDecoder myFAMCVertexInfoDecoder (numberOfClusters, numberOfvVértites);

4.4.211.2 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 thexmesh vertices into clusters with nearly
similgr affine motion. It consists of a one dimensional array of dnteger of length numberOfV@rtices which

assigns to each vertex v a cluster number partition[v]. Annex G included an informative exgmple of the
encoding process.

4.4.2.12 FAMCVertexinfoDecoder class

442121 Syntax

clasls FAMCVertexInfoDecoder (nC, nV) {

/Y start the arithmetic coding engine
c@bac.arideco_start_decoding( cabac._dep );
cpbac.biari_init_context (cabac,._ctx, 61);
int numberOfBits = (int) (log((double) nC -1)/log(2.0)+ 1.0);
iht occurence = 0;
int currentSymbol = 0;
int v = 0;
while( v < nvV ) {

currentSymbol /=\'0;

for (int pb £ ntmberOfBits - 1; pb >= 0; pb--) {

int bit@fBitPlane = cabac.biari_decode_symbol_eqg prob(cabac._dep) ;
vertexIndex += (bitOfBitPlane * (1l<<pb));
}
occurenceMinusOne = cabac.unary_exp_golomb_decode (cabac._dep, cabac._ctx, 3);
for  (int i =0; 1 < occurenceMinusOne+1; i++) {
partition[v] = vertexIndex;
v++

}
}
// end the arithmetic coding engine
cabac.biari_decode_final( cabac._dep );

44.212.2 Semantics
bitOfBitPlane: one bit corresponding to the bit of the binary representation of vertexindex.

occurenceMinusOne: the number minus one of consecutive verticexlndex elements in partition.
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FAMCVertexInfoDecoder 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.

4.4.213 FAMCAffineTransformsDecoder class

442131 Syntax

class FAMCAffineTransformsDecoder {
FAMCInfoTableDecoder affineTransformsInfo;

FamcCabacVx3Decoder2 myAffineTransforms (4*numberOfClusters,

}

numberOfFrames) ;

4.4.2.13.2

The FAMC/
recover the
myAffineTra
transform sh

Let A be th
given by:

a
A":d
g|
0

where the ¢
k k k
(‘x[ b y[ b Z[ )

Instead of d
cluster k the

M1(k,0)e

M1(k,t)= 4

Semantics

\ffineTransformsDecoder class decodes a DCT compressed vertex trajectories: .lh ord
original trajectories the decoder needs to un-quantize the integer table contained in the
nsforms by exploiting the information decoded by the class affineTransformsinfoy 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,

er to
class
DCT

Hr s

t

k 1k k k
2 b[ c[ 'x[ T
ko k ko k
11 et ft yt
k 7k sk k
t ht lt Z[
0 0 1 |
pefficients (a',b,c’,d",e’, ¥, gt H",i") describe the linear part of the affine motion| and
the translational component.
ecompressing the affine transforms assigned to each cluster, the decoder decodes for |each
trajectories M 1(k,t), M2(k,t), M3(k,t), M4(k,t) of four points defined as follows:
dx 0 0
. 0 dy 0
[R*, M 2(k;0y= M1(k,0)+ 0 ,M?3(k,0)=M1(k,0)+ 0 ,M4(k,0)=M1(k,0)+ p
0 0 0

KSM1(k, 0), M 2(k, 1) = A* x M 2(k,0), M3(k,£) = A x M 3(k,0), MA(k,t) = A* X M 4(k,0).

In order com

pute the sequences of (A,k) the decoder simply apply the following linear equation:

A" =[M1(k,0)M 2(k,0)M3(k,0)M 4(k,0)]” X[ M1(k, 1)M 2(k,))M3(k,t)M 4(k,1)] .

44214 FAMCAnimationWeightsDecoder class

442141 Syntax

class FAMCAnimationWeightsDecoder {

unsigned int (8)

222

numberOfQuantizationBits;
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float(32) minWeights;
float (32) maxWeights;
unsigned int (32) compressedWeightsBufferSize;

// start the arithmetic coding engine
cabac.arideco_start_decoding( cabac._dep );
// decoding retained vertices
for (int v = 0; v < numberOfVertices; v++) {
filter[v] = cabac.biari_decode_symbol (cabac._dep, cabac._ctx);

}

// decoding clusters adjacency
for(int k = 0; k < numberOfClusters; k++) {

int nbrNeighbours = cabac.unary_exp_golomb_decode (cabac._dep, cabac._ctx,3);
for(int n = 0; n < nbrNeighbours; n++) {
for (int bp = numberOfBits-1; bp>= 0; bp--) {

bool bitOfClusterIndex = cabac.biari_decode_symbol_eq prob (cabacl./ dep

}

~

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 < adjl[vertexCluster].size(); cluster++) {
bool bitOfVertexClusterWeight= cabac.bidri_ decode_symbol (cabac._deq,

H

cabalc._ctx) ;
}
}
}

~

end the arithmetic coding engine
hbac.biari_decode_final ( cabac._depuh;

Q

4.4.2.14.2 Semantics

numperOfQuantizationBits: a 8:bit unsigned integer indicating the number of quantization bits used for
weights.

compressedWeightsBufferSize: a 32-bit unsigned integer indicating the compressed stream siz

U

min\Weights and maxWeights: two 32-bit float indicating the minimal and the maximal values of the
animiation weights.

filter; an array with dimention equals to the number of vertices indicating if a vertex has associatged animation
weights. [f-not, the vertex is associated to a single cluster.

The humberOfBits 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.
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 ,{/tv of a vertex v at frame t using the following formula:
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numberOfClusters
Ay \ k oV
X = zwk A7
k=1
where @), is a coefficient that controls the motion influence of the cluster k over the vertex v. A,k represents
the affine transform associated with the cluster k at frame t expressed in homogeneous coordinates.

The optimal weight vector @' = (a),f)

kel .. mumberOfClusters} is computed at the encoder side and sent to the

decoder. The @, =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
dimgnsional array filter of size numberOfVertices is decoded by using the CABAC function
biari| decode_symbol.

e Clugters 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 index 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 biari_decode_symbol. In order to retrive the valugs of
weidhts, the quantization process needs to be reversed.

44215 FAMCAIIResidualErrors

442151 Byntax

class FAMCRl1lResidualErrors ({
switch (trgnsformType) {
case 0 :|// Lifting
case 1 :|// DCT
if (animatedFields & 1)
FAMCInfoTapleDecoder coordResidualErrorsInfo;
if (animatedFields & 2)
FAMCInfoTapleDecoder normalResidualErrorsInfo;
if (animatedFields & 4)
FAMCInfoTapleDecoder coldrResidualErrorsInfo;
if (anjimatedFields\ &8)
FAMCInfoTableDecoder, OtherAttributesResidualErrorsInfo;
do{
if (pnimatedPields & 1)
FAMCCabacVk3Decoder2 coordErrorsLayerLift (numberOfVertices, numberOfCoefficientsPerLaypr) ;
if (pndmatedFields & 2)
FAMCCabacVk3Décoder2 normalErrorsLayerLift (numberOfNormals, numberOfCoefficientsPerLaypr) ;
if (animatedFields & 4)
FAMCCabacVx3Decoder2 colorErrorsLayerLift (numberOfColors, numberOfCoefficientsPerLayer) ;
if (animatedFields & 8)
FAMCCabacVx3Decoder2 otherAttributesErrorsLayerLift (numberOfOtherAttributes,
numberOfCoefficientsPerLayer) ;
bit (32)* next;
}
while (next==FAMCAnimationSegmentStartCode) ;
break;

case 2: // LD
FAMCLDDecoder allErrorsLD (numberOfVertices, numberOfFrames, animatedFields);
break;

case 3: // Lift + LD
FAMCLDDecoder allErrorsLiftLD (numberOfVertices, numberOfFrames,animatedFields) ;
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break;
case 4: // DCT + LD

16:2009(E)

FAMCLDDecoder allErrorsDCTLD (numberOfVertices, numberOfFrames, animatedFields) ;

break;

}
4.4.2.15.2 Semantics

coordResidualErrorsinfo: a FAMCInfoTableDecoder class decoding the information needed to
decoding process for coordinates residual errors.

initialize the

normalsResidualErrorsinfo: a FAMCInfoTableDecoder class decoding the information neede
the decoding process for normals residual errors.

colofResidualErrorsinfo: a FAMCInfoTableDecoder class decoding the information needed to
decoding process for colours residual errors.

othe
initia

AttributesResidualErrorsinfo: a FAMCInfoTableDecoder class decoding«the informatio
ize the decoding process for other attributes residual errors.

cool
num

dErrorsLayer: a FAMCCabacVx3Decoder2 class decoding a’sSub-table of integer ¢
perOfVertices x numberOfCoefficientsPerLayer.

normalErrorsLayer: a FAMCCabacVx3Decoder2 class deceding a sub-table of integer o
numberOfNormals x numberOfCoefficientsPerLayer.

colo
num

rErrorsLayer: a FAMCCabacVx3Decoder2 class’ decoding a sub-table of integer o
berOfColors x numberOfCoefficientsPerLayer.

otherAttributesErrorsLayer: a FAMCCabacVx3Recoder2 class decoding a sub-table of integer
numberOfOtherAttributes x numberOfCoefficientsPerLayer.

allErrorsLD : a FAMCLDDecoder class.decoding LD prediction errors (as an array of integers of

d to initialize

initialize the

h needed to

f dimension

f dimension

f dimension

of dimension

dimension 3

x nymberOfVertices x numberOfFrames) and auxiliary data, which are needed for reconstruction of

coordlinates, normals, colors, and aother attributes.

allEdrorsLiftLD: a FAMCLDDecoder class decoding LD prediction errors of lifting coefficients
inte
needed for reconstruction: of lifting coefficients corresponding to coordinates, normals, color
attrijutes. With a subsequent inverse lifting transform coordinates, normals, colors, and other 4
obtained.

allEfrorsDCTLD: a FAMCLDDecoder class decoding LD prediction errors of DCT coefficients
inte
needed, for reconstruction of DCT coefficients corresponding to coordinates, normals, color

(an array of

rs of dimension 3 x humberOfVertices x numberOfFrames) together with auxiliary dat@, which are

5, and other
ttributes are

(an array of

rs of-dimension 3 x numberOfVertices x numberOfFrames) together with auxiliary data, which are

5, and other

attrigutes? With a subsequent inverse DCT coordinates, normals, colors, and other attributes are g

btained.

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.

To recover the original values the decoder applies:
e Aninverse Lift transform followed by an un-quantization when transformType is Lift,

.

An un-quantization followed by an inverse DCT when transformeType is DCT.

The coordinate residual errors are decompressed and stored as set of vectors
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(8 v )ve {1,...,numberOfCo ord }
t Jte{2,...,numberOfCo ordKeys }

expressed in homogeneous coordinates. The decoder computes the position Z,v of a vertex v at frame t by

applying the

following formula:

numberOfClusters

v

A =

Dy Ay +y, +eE

k=1

where ¥, id
at frame t e

motion of fra

The normal
vV ve
(nt )ze{

expressed ir

me t, € : coordinate residual errors of vertex v at frame t.
esidual errors are decompressed and stored as set of vectors

1,...,number0fC00rd}
D....,numberOfCoordKeys }

homogeneous coordinates. The decoder computes the normal

applying on ¢of the following equations
N; = N+, if normalsPredictionStrategy=0
numberdfClusters
N’ = 2: @, A*N; +n’ if normalsPredictionStrategy=1
k¥l
v UtVX t" Vo, .y
N, =1 .1 T if normalsPredictionStrategy=2
o>,
where
numberOfClusters
AW
W k=1
VVI - K
k 4k v
v v Zw‘;A W v v v
UL A 2O UL
o

the position of vertex v at the Tirst frame, A; IS the affine transtorm associated with the clug

xpressed in homogeneous coordinates, @), : the weight of cluster k at vertex v, 7,:(the g

v

¢ of a vertex v at frame

is the orthonormal basis of /&’, |

ter k

lobal

t by

the normal of vertex v at the first frame and

v

The colour residual errors are decompressed and stored as set of vectors

oo, iumberOfCo ord}

( Cv )ve{l
t Jte{2,....numberOfCoordKeys } .

The decoder computes the colour

v

C'=C/ +c/

226

n, . .
!t is the normal residual errors of vertex v at frame t.

t of a vertex v at frame t by applying equation
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RV

t

t

BV

t

frame t.

The other attributes decoding is identical to normal decoding.

4.4.216 FAMCLDDecoder class

4.4.2

clag

-

1

.16.1 Syntax

s FAMCLDDecoder (nV, nF, fields){

|t (1) newLayeredDecompositionNeeded;
|t (1) layeredDecompositionIsEncoded;
|t (6) bitsNotDefined;

berOfDecomposedLayers, nV) ;

signed int (32) numberOfEncodedLayers;

br (int frameNumberDec=0; frameNumberDec<nF; ++frameNumberDec) {
oordsPredBits =
coordsPredictionModeLD ==*3Y || (coordsPredictionModeLD == 4)) ? 1 : 0;

ormalsPredBits =
normalsPredictionModellD == 3) || (normalsPredictionModeLD == 4)) ? 1 : O;

olorsPredBits =
colorsPredictienModelLD == 3) || (colorsPredictionModeLlD == 4)) ? 1 : 0;

therAttributesPredBits =
otherAttributsPredictionModelD == 3) || (otherAttributesPredictionModelD ==|4))

(newLayeredDecompositionNeeded) {
unsigned int (32) numberOfDecomposedLayers;
if (layeredDecompositionIsEncoded) {
FAMCLayeredDecompositionDecoder myFAMCLayeredDecompesitionDecoder

}

(animatedFields & 1) float(64) coordsQuamtizationStepLD;
(animatedFields & 2) float(64) normalsQuantizationStepLD;
(animatedFields & 4) float(64) colorsQuantizationStepLD;
(animatedFields & 8) float(64) otherAttributesQuantizationStepLD;

FAMCLDFrameHeaderDecoder myFAMCGLDFrameHeaderDecoder;

unsigned int(32) compressedFrameSizelD;
for (int layerNumber=0; layerNumber<numberOfEncodedLayers; ++layerNumber) {

Famimatedrtieas &« 1)
FAMCCabacVx3Decoder
resCoords (numberOfVerticesInLayer |[layerNumber], hasCoordsPredBits) ;
if (animatedFields & 2)
FAMCCabacVx3Decoder
resNormals (numberOfVerticesInLayer [layerNumber], hasNormalsPredBits) ;
if (animatedFields & 4)
FAMCCabacVx3Decoder
resColors (numberOfVerticesInLayer |[layerNumber], hasColorsPredBits) ;
if (animatedFields & 8)
FAMCCabacVx3Decoder resOtherAttributes (numberOfVerticesInlLayer[layerNumber],

hasOtherAttributesPredBits) ;

}

}
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4.4.2.16.2 Semantics

newlLayeredDecompositionNeeded: one bit indicating if in the current segment a new layered
decomposition is needed. In such case (newlLayeredDecompositionNeeded equals 1) the decoded
decomposition becomes the current decomposition, which is used in the current and following segments.

layeredDecompositionlsEncoded: one bit indicating if a layered decomposition is encoded in the bit-stream.
If not, the layered decomposition is determined using the deterministic algorithm presented in Annex .

bitsNotDefined: 6-bits with not defined semantics. Reserved for ISO purposes.

numberOfD .
mposition. This may be different from the number of layers that are present in the bitstream.

layered decd

uring
numberOfEhcodedLayers: a 32-bit unsigned integer smaller or equal than numberOfDecomposedLayers
indicating th¢ number of layers encoded in the stream.

coordsQuantizationStepLD: a 64-bit float specifying the quantization step for coordinates.
normalsQuantizationStepLD: a 64-bit float specifying the quantization step for normals.
colorsQuantizationStepLD: a 64-bit float specifying the quantization step for.colors.
otherAttribytesQuantizationStepLD: a 64-bit float specifying the quantization step for other attributes.
compressedFrameSizeLD: a 32-bit unsigned integer indicating the'size of the compressed frame.
nsion

bs. |If
br] is

resCoords:
numberOfVd
hasCoordsP|
decoded.

a FAMCCabacVx3Decoder class decoding® a table of integers of dime
rticesinLayer[layerNumber] x 3 corresponding o' quantized prediction errors of coordinat
redBits equals 1 additionally an array of bits, of size numberOfVerticesInLayer[layerNumb

resNormalsf a FAMCCabacVx3Decoder clasSs decoding a table of integers of dimepsion

numberOfVe
hasNormals
decoded.

resColors:
numberOfVd

rticesIinLayer[layerNumber] x 3 .corresponding to quantized prediction errors of norma
PredBits equals 1 additionally ah-array of bits of size numberOfVerticesInLayer[layerNumb

a FAMCCabacVx3Decoder class decoding a table of integers of dime
rticesinLayer[layerNumber] x 3 corresponding to quantized prediction errors of colo

Is. If
er] is

hsion
s. If

hasColorsPri
decoded.

cdBits equals 1_additionally an array of bits of size humberOfVerticesinLayer[layerNumber] is

numberOfVgrticesInkayer[layerNumber] x 3 corresponding to quantized prediction errors of other attributes. If
hasOtherAttfibutesPredBits equals 1 additionally an array of bits of size
numberOfVgrticesinLayer[layerNumber] is decoded.

resOtherAt%ibutes: a_"FAMCCabacVx3Decoder class decoding a table of integers of dimepsion

The FAMCLDDecoder class describes vertex coordinates, normals, colors, and other attributes of an
animation segment. The process of obtaining this data is described below.

The FAMCLDDecoder class decodes a new layered decomposition maximally once per animation segment
(if newLayeredDecompositionNeeded 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.
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For each frame (frameNumberDec) a frame header is decoded. Thereby the following values are decoded or
computed: frameType, frameNumberDis, refFrameNumberOffsetDisO, refFrameNumberOffsetDis1,
coordsPredictionModeLD, normalsPredictionModeLD, colorsPredictionModelLD, and
otherAttributesPredictionModeLD.

Subsequently, quantized 3D prediction errors of coordinates, noted
resCoord[frameNumberDis][layerNumber][c] with ¢=0, ..., numberOfVerticesIinLayer[layerNumber] are
decoded for each layer in a frame. Here, the value numberOfVerticesInLayer[layerNumber] is obtained from
the current layered decomposition.

Furthermore, depending on the prediction mode value for coordinates (coordsPredictionModelLD), which is
decogted fIaIIIU'VViDUiy, each |caCuwu‘a{flall|cNuu|bcl DisiftayerNumberifclgetsadistinctpredictign type noted
coorfisPredType[frameNumberDis][layerNumber][c] as specified in the following table.

Table 60 — The correspondences between predictionModeLD
values and prediction types predType

coordsPredictionModelLD value\ coordsPredType value\ Predictor name
normalsPredictionModelLD value normalsPredType value\
colorsPredictionModelLD value colorsPredType value\

otherAttributesPredictionModelLD value otherAttributesPredType value\

0 0 Delta

1 1 Linear

2 2 Non-linear

3* 1or2 Linear or non-linear, adaptiv
4 Oor1 Delta or linear, adapti

5-15 Not defined -

*NOTE: For normals, colors and other attributes prediction modes 2 and 3 are not allowed.

If coordPredictionModelLD=0,1,2 then
coor@isPredType[frameNumberDis][layerNumber][c]=coordPredictionModelLD for all ¢ and layer$ of a frame
with frame numberframeNumberDis.

If cqordPredictionModelLD =3 ,4, two values are possible for coordsPredType. In this|case value
hasCGoordsPredBits is equal to 1 and the FAMCCabacVx3Decoder decodes additionally to quantized residuals
also |anarray of bits coordsPredBits[frameNumberDis][layerNumber][c] , which is used to dgrive definite
prediction types.

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
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resNormals[][], resColors[][], and resOtherAttributes[][] get prediction types normalsPredType[]],
colorsPredType [][], and otherAttributesPredType [][] assigned).

Finally, for each quantized prediction error resCoords[frameNumberDis][layerNumber][c],
resNormals[frameNumberDis][layerNumber][c], resColors[frameNumberDis][layerNumber][c], and
resOtherAttributes[frameNumberDis][layerNumber][c], a corresponding value is reconstructed as follows:

for (int frameNumberDec=0; frameNumberDec<numberOfFrames; ++frameNumberDec) {
frameNumberDis = frameNumberDec2DisList[frameNumberDec];
for (int layer=0; layer<numberOfEncodedLayer; ++layer) {
for (int c=0; c<numberOfVerticesInLayer[layer]; c++){
// reconstruct coordinate corresponding to vertex ld[layer][c].to

}
for (int c=0; c<numberOfVerticesInLayer[layer]; c++){
//|reconstruct normal corresponding to vertex ld[layer][c].to

}
for (int c¢=0; c<numberOfVerticesInLayer[layer]; c++){
//|reconstruct color corresponding to vertex ld[layer][c].to

for (int c=0; c<numberOfVerticesInLayer[layer]; c++){
/ /| reconstruct other attributes corresponding 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.
4.4.217 FAMCLayeredDecompositionDecoder class

442171 3Syntax

class FAMClLayeredDecompositionDecoder (LyW9) {

unsigned int (32) compressedPartitionBufferSize;

FAMCVertflexInfoDecoder MyFAMCVertexTmfoDecoder (L, V) ;

unsigned int(32) compressedSimplrificationBufferSize;

for (inf} layer=L-1; layer>=1l;--<~layer) {

FAMCSimplificationModeDecoder myFAMCSimplificationModeDecoder

(numberOfVerticesInLayer[layer]) ;

}
}

4.4.217.2 Bemantics

compressedPartitionBufferSize: a 32 bit unsigned integer indicating the compressed stream size df the
partition in Igyers.

compressedSimplificationBufferSize: a 32 bit unsigned integer indicating the compressed stream size.

The FAMCLayeredDecompositionDecoder class decodes a sequence of simplification operations. Each
simplification operation is represented as a couple (vertexIindex, 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:
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int numberOfVerticesInlLayer[L];
for (v=0; v<V; ++v){
numberOfVerticesInlLayer [partition[v]]++;

}

The FAMCSimplificationModeDecoder decodes an array simplificationMode[layer][c] of simplification modes
for layer=L-1,...,1 and ¢=0,..., numberOfVerticesInLayer[layer]-1. The following pseudo code illustrates how
an array of simplification operations (noted vssop) is obtained from the arrays partition and simplificationMode:

struct SimplificationOperation{
int vertexIndex;
int mode;

Y

vectlor< vector<SimplificationOperation> > vvsop (L) ;
for |[(int v=0; v<V; ++v) {

SimplificationOperation sop;

sop.vertexIndex = Vv;

vvsop [partition([v]] .push_back (sop) ;

for |(int layer=L-1; layer>=1; --layer){
for (int c¢=0; c<numberOfVerticesInLayer[layer]; ++c){
vvsop[layer] [c] .mode = simplificationModel[layer] [c];

}
}
By rgorganizing the data contained in partition and simplificationMade; the simplification operation

[

(vvspop[layer] [c] .vertexIndex, vvsop[layer][c].mode)
for Igyer=1,...,L-1 and c=0,..., numberOfVerticesInLayer[ layer ].are obtained. The procedure for building the
layerl decomposition from simplification operations is desgcribed in Annex |.

4.4218 FAMCSimplificationModeDecoder class

4.4218.1 Syntax

clasls FAMCSimplificationModeDecoder (V) {

start the arithmetic coding engine
hbac.arideco_start_decoding ( cabac._dep );
hbac.biari_init_contextJ(cabac._ctx, 61);

r (int c=0; c<V; ++d) {
simplificationModel]c] = cabac.unary_exp_golomb_decode (cabac._dep, cabac._cix, 2);

HhQ Q >~

~

end the arithmetic coding engine
hbac.biari_dec¢ode_final ( cabac._dep );

Q

4.4.218.2 Semantics

simplificationMode: an arithmetic encoded integer indicating a simplification mode.

The FAMCSimplificationModeDecoder class decodes an array of size V of unsigned integers.
44219 FAMCLDFrameHeaderDecoder class

442191 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;

© ISO/IEC 2009 — All rights reserved 231


https://iecnorm.com/api/?name=4e6f1f15a3310afb43b9980eb3507b27

ISO/IEC 14496-16:2009(E)

unsigned int(4) colorsPredictionModelD;
unsigned int(4) otherAttributesPredictionModelLD;
}

4.4.2.19.2 Semantics

frameNumberOffsetDis: an 8-bit integer used to compute the current frame number in display order (noted

frameNumberDis).

frameNumberDis=frameNumberPrevDis+frameNumberOffsetDis,

where FrameNomberRrevBDis—is—the—frame—number—in—display of-the—last-decedes
decoded frame of a segment frameNumberPrevDis equals 0.

frameType:| a 2-bit integer indicating the frame type of the currently decoded frame: 0=I-frame, [}=P-f1
2=B-frame.

refFrameNumberOffsetDec0: a 7-bit integer used to compute a reference frame numbeh in decoding
(noted refFrameNumberDec0). refFrameNumberDecO0 is computed only for P and B frames as follows:

refFrameNupberDecO=frameNumberDec - refFrameNumberOffsetDecO.
refFrameNumberOffsetDec1: a 7-bit integer used to compute a second refereticé frame number in dec
order (noted|refFrameNumberDec1). refFrameNumberDec1 is computed only for B frames as follows:

refFrameNurrberDec1 =frameNumberDec — refFrameNumberOffsetDec.
coordsPredictionModeLD: a 4-bit integer specifying the prediction mode used for predicting coordinate
normalsPrefdictionModeLD: a 4-bit integer specifying the,prediction mode used for predicting normals.

colorsPredictionModelLD: a 4-bit integer specifying the\prediction mode used for predicting colors.

otherAttribytesPredictionModeLD: a 4-bit integer specifying the prediction mode used for pred
otherAttributgs.

During decogling the list frameNumberDec2DisList is updated as follows:
frameNumbeyrDec2DisList [ frameNumberDec] =frameNumberDis
NOTE: dye to the usage: of 7-bit integers for refFrameNumberOffsetDec0O

refFrameNumberOffsetDec1 conly frames which are within the last 128 decoded frames can be usq
reference frgmes.

4.4.2.20 FAMCCabacVx3Decoder

4.4.2.20.1 3Syntax

> first

ame,

brder

bding

cting

and
d as

class FAMCCabacv¥=<3bBecoder wan B;{
// decoding the significance map
unsigned int(8) sigMapInitProb;
// 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 4 = 0; d < 3; d++){
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if (sigMap[v][d] == 1) {
negativelv] [d] =

}
}

// end the arithmetic coding engine
cabac.biari_decode_final( cabac._dep );
//decoding abs values

unsigned int(8) absInitProb;

unsigned int (8) numberOfAbsValuesBitPlanes;

// start the arithmetic coding engine

ISO/IEC 14496-16:2009(E)

cabac.biari_decode_symbol_eq prob (cabac._dep) ;

c@bac.arideco_start_decoding( cabac._dep );

absInitProb) ;
pb >= 0;

cpbac.biari_init_context (cabac.ctx,

r (int pb = numberOfAbsValuesBitPlanes - 1;
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,
values|[v] [d] += (1l<<pb);

}
if

H

pb--)

(pb == 0) {
values([v] [d]++;
values|[v] [d] =

(negative([v] [d]) ? -values(yv] [d]

~

end the arithmetic coding engine
hbac.biari_decode_final( cabac._dep ).

Q

if (B==1){
//decoding prediction modes
unsigned int (8) predModelInitRxob;
// start the arithmetic coding engine
cabac.arideco_start_decoding( cabac._dep );
cabac.biari_init_contexti(cabac._ctx, predModeInitProb) ;
for (int v=0; v < V_+%4v){

bits[v] = cabac.bidri_decode_symbol (cabac._dep, cabac
}
// end the arithmetic coding engine
cabac.biari_decode_final( cabac._dep );

4.4.2.20.2 _Semantics

{

cabac._ctx)

: values([v] [d];

._ctx);

sigMaplnitProb: a 8-bit integer indicating the initial value for a CABAC context for significance merp decoding.

signMap: an arithmetic encoded array of size V x 3 of bits indicating the non-zero values.

negative: an arithmetic encoded array of size V x3 of bits indicating negative and positive values

(negative=1).

abslInitProb: 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.
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predModelnitProb: a 8-bit integer indicating the initial value for a CABAC context for decoding of bits

(decoded only if parameter B equals 1).

bits: an array of size V of bits (decoded only if parameter B equals 1).

The FAMCCabacVx3Decoder class decoded an array of size V x 3 of integers. If B equals 1 an array of size

V of bits is decoded as well.
4.5 Generic tools

4.5.1 Multiplexing of 3D Compression Streams- the MPFG-4 3D Graphics stream ( m3d) syntax

When coded 3D compression objects are carried without MPEG-4 System, the 3D object elementary-str¢gams

follow the syintax below. The syntax provides for the multiplexing of multiple elementary streams‘into a s
bitstream.

The 3DCObjectSequence defines container that is used to carry the 3DCObjectSequence header an
3DCObiject. [The 3DCObjectSequenceHeader defines the identification of profile andievel for this bitst]
and the usg¢r data defined by users for their specific applications. For example; it can contain s
information fpr the contained bitstream.

The 3DCObject defines container that is used to carry the 3DCObject header and the 3D compre
bitstream: 3D Mesh Compression (3DMC), Interpolator Compression.(IC), Wavelet Subdivision Su
(WSS) and Bone-based Animation (BBA). In the 3DCObject header, the user data also can be define
users for their specific applications for 3D compression object, The 3DCObject header containg
“3dc_object |verid” which indicates the version number for the taollist of 3D compression object types.
“3dc_object |type start_code” indicates what 3D compression “object type stream is carried an
correspondence decoder. (i.e. “3dc_object type_start_code == Simple_3DMC”, the 3DMC decoder deg
the containdd bitstream). For other types of 3D compression objects, one container per 3D compre
object is us

. 3DCObjectS .
3DCObjec{Sequence Hoader o 3DCObject

i 3DCObject 3DCObject 1 3DCObject 3DCObject 2 . 3DCObject 3DCObject n
ec Header 1 Header 2 Header n

-~
-~
~

Simple_3DMC Simple_PI Simple_BBA

ingle

i the
ream
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And,
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Figure 77 — Syntax of the MP43D stream

4511 3DCObjectSequence

45111 Syntax

class 3DCObjectSequence () {
bit (32) 3dc_object_sequence_start_code;

bit (8) profile_and_level_indication;
bit(32) *next;
while (next == user_start_code) {

user_datal() ;

}
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do {
3DCObject () ;
bit(32) *next;
}while (next != 3dc_object_sequence_end_code );

bit (32) 3dc_object_sequence_end_code;
}

4.51.1.2 Semantics

3dc_object_sequence_start_code: The 3dc_object sequence_start code is the bit string ‘000001AQ’ in
hexadecimal. It initiates a 3D Compression session.

profile_and_level_indication: This is an 8-bit integer used to signal the profile and level identification. The
meaning of the bits is given in Table 61.

Table 61 — FLC table for profile_and_level_indication

Profile/Level Code

Reserved 00000000
Core Profile/Level 1 00000001
Core Profile/Level 2 00000010
Reserved 00000011
Reserved 11111111

3dc_|object_sequence_end_code: The*3dc_object _sequence_end_code is the bit string ‘OD0001A1" in
hexadecimal. It terminates a 3D Compression session.

4.5.1.2 3DCObject

45121 Syntax

clasls 3DCObject (){

bit(32) 3dc_object_start_code ;
bit(1l) isd3dc_object_identifier;
bit(3) 3de*object_verid;
bit (4) «3dc_object_priority;

bi1t32) *next;
whiE (=
user_datal() ;

}

bit (32) *next;

if (next == “Simple_3DMC”) {

bit(32) simple_3dc_object_type_start_code;
3D_Mesh_Object () ;

else if (next == “Simple_WSS”) {
bit(32) simple_WSS_object_type_start_code;
Wavelet_Mesh_Object();

else if (next == “Simple_CI”) {

bit(32) simple_CI_object_type_start_code;
CompressedCoordinateInterpolator () ;
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}

else if
bit (3

CompressedOrientationInterpolator

}

else if
bit (3

}

(next == “Simple_O0OI")

2) simple_OI_object_type_start_code;

(next == “Simple_PI")

()

2) simple_PI_object_type_start_code;
CompressedPositionInterpolator ();

else if (next == “Simple_BBA")
bit(32) simple_BBA_type_start_code;
bba_object ();
}
}
451.2.2 Bemantics
3dc_object start_code: The 3dc_object start _code is the bit string ‘000001A2’ in hexadecimal. It initiates a
3D Compresgsion object.
is_3dc_objgct_identifier: This is a 1-bit code which set to ‘1’ indicates that versiontidentification and piiority

is specified fi

3dc_object |
meaning is d

Table 63 list|
new tools or

br the 3D Compression object.

Table 62 — Meaning of 3dc_object_verid

3dc_object_verid Meaning
0000 reserved
0001 Object Types listed in Table 63
0010-1111 reserved

Table 63 — Tools for 3D Compression Object Types

[verid: This is a 4-bit code which identifies the version number of,the 3D Compression obje¢t. Its
efined in Table 62. When this field does not exist, the value of23d¢_object verid is ‘0001’

the tools included in each of-the Object Types. The current object types can be extended when
functionalities will be introduced.

AFX Tools

3D Compression Object Types

Simple Simple Simple Simple Simple Simple
3DMC Cl PI Ol WSS BBA
3D Mesh Compression (’%nl\/l(‘)
X
- Basic
Coordinatelnterpolator (Cl) X
PositionInterpolator (PI)
- Key Preserving X

- Path Preserving
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OrientationInterpolator (Ol)
- Key Preserving

- 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 priority 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
00071 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 64. 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 afe defined in

Tablé 63, the added object types are reflected in Table 64.

Table 64 — 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

451.3 user_data

4.51.3.1 Syntax

class user_data()

{
bit(23) * next;
while (next != 0) {

bit(8) wuser_data_bits;

bit (23) * next;
}
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4.51.3.2 Semantics

user_data_start_code: The user_data_start_code is the bit string ‘000001A4” in hexadecimal. It identifies 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 their specific applications. In the series of consecutive user_data bytes there shall not be a string
of 23 or more consecutive zero bits.

4.5.2 AFX Generic Backchannel

4521 Ul;age of the backchannel
The backchgnnel can be used by the following tools : VTC textures, WaveletSubdivisionSurfaces,MeshGrid.

In the first cgse, i.e. VTC textures, the backchannel will be an elementary stream of stream-type' ‘visual’ ((x04)
and with an DbjectTypelndication 0x20.

In the case df 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 bgtween AFX tools (see ISO/IEC 14496-1 Amendment 4).

Each backchannel is related to a downstream elementary stream carrying the data associated with each fool.

This means [that AFX tools share the same bitstream syntax but each’ instance has a separate elementary
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.

4.5.2.2 BackChannel Access Unit

4.5.2.21 Syntax

class BackfhannelAccessUnit {
BackCharnnelCommand[0..255] backehannelCommands;

}
4.5.2.2.2 Semantics

An access ufit in the back.chiannel is an array of BackChannelCommands.

45.2.3 BackChannelCommand

4.5.2.31 Byntax

abstract aligned(8) expandable(228-1) class BackChannelCommand : bit(8) tag=0 {
// empty. To be filled by classes extending this class.
}

4.5.2.3.2 Semantics

The possible values of BackChannelCommand tag and their interpretation is given in Table 65.
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Table 65 — 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)

0xCO-OxFE | User private

OxFF Forbidden

4.5.2.3.3 General bitstream syntax
The pitstream is an array of BackChannelCommands.
The gerver decodes all backchannelcommands of the access unit which it can parse, otherwise it

The fonfiguration of the stream describes the list of tags are mandatory in the bitstream as well

are ¢ptional (i.e. that a server may parse). Other‘backchannel commands will be skipped by
server.

4.5.2.3.4 Definitions

4.5.23.41 Client/Server-driven.scenario’s

Wheh considering view-dependent 3D transmission, two possible scenarios occur. Either the clig
cache status and asks the server for the not-yet-transmitted information, either it is the server
clienf's cache status baek\and calculates out of this which additional information to transmit fo
viewpoint. Said in other words: the control about what to transmit and what is already available i
by the client (first scenario), either by the server (second scenario). The scenarios are the
respectively client-driven and server-driven.

In a|client-driven scenario, neither the viewpoint, nor the cache status have to be transmitte
inforation is used by the client only.

skips them.

bs those that
a compliant

nt tracks the
hat gets the
Ir the current
5 either done
refore called

d, since this

h cnprne Adrivinn coanAar
||

te-be-transwitted-te-the-sérver.

In the-serrerdrivenseena o-be-transmitte

@

4.5.2.34.2 Unit

A unit is a generic term that for each tool may have one or several meanings depending on th
follows:

e context as

For wavelet subdivision surface: units represent hierarchical trees corresponding to small regions of the base

mesh.

For VTC two contexts exist:

e Aunit represents a Texture Unit that can be extracted from a packet in VTC's error resilience mode.
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levels  2levels

e A unit represents an ROI corresponding to a block in the spatial domain of size 2™ "x pixels. In
the wavelet domain this corresponds to 9 trees (for each Y, U and V color component: the low-high,
high-low and high-high subimage tree) or 3 trees (when only the Y component applies). The
numbering of these ROlIs is row-wise, starting with number 1 as shown in the following picture:

ROI ROI ROI ROI
nr1 nr2 nr3 nr4

ROI ROI ROI ROI
nrs nr6 nr7 nr8

ROI ROI ROI ROI
nr9 nr10 nr11 nr12

ROI ROI ROI ROI
nr13 nr 14 nr15 nr16

For MeshGrid two contexts are available:

e In mesh related commands (MESH_HEADER , MESH_CONNEECTIVITY, VERTICES_REPOSITION
and VERTICES_REFINEMENT) a unit represents a region of interest (ROI).

¢ In grid related commands (GRID_HEADER and GRID_COEFFICIENTS) a unit represents a tile.
45.2.3.5 GlobalParameters

45.2.3.51 Syntax

class GlobfglParameters extends BackChannelCommand:
bit (8) tag|= GlobalParametersTag {

SFVec2f |FieldOfView;

SFFloat |NearPlane;

SFFloat |[FarPlane;

SFFloat |[VisibilityLimit;
}

4.5.2.3.5.2 Semantics

Field of view: these are’the horizontal and vertical angles of the view pyramid.

NearPlane: this is the distance to the near plane of the viewing pyramid, i.e. a plane parallel to the projgction
plane and af 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. This might be useful, e.g. for simulating fog.

4.5.2.3.6 NavigationParameters

4.5.2.3.6.1 Syntax

class NavigationParameters extends BackChannelCommand:
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8) tag = NavigationParametersTag ({

SFVec3f Position;
SFRotation Direction;

}

4.5.2

.3.7 Semantics

16:2009(E)

Position: this is the observer position in the coordinate system of the node corresponding to the transmitted
object.

Direction: this is the observer orientation in the coordinate system of the node corresponding to the

tran

mitted nhjprt

4.5.2

4.5.2

clas
bit(
b

if

}
L

}

4.5.2

.3.8 ToolGenericBackChannel

.3.8.1 Syntax

s ToolGenericBackChannel extends BackChannelCommand:
8) tag = ToolGenericBackChannelTag {

lt (1) isClientDriven;

(!isClientDriven) {

bit (2) cacheMode;

| stOfUnits 1listOfUnits|[];

.3.8.2 Semantics

isClientDriven: 1-bit flag specifying if equal to ‘1’;that the backchannel is in client-driven
convgys client requests. If the value is equal to ‘0’ the'backchannel is in server-driven scenario g

sen

extemding the generic ToolGenericBackChannélclass.

cacheMode: 2-bit value specifying the _type and format of the status information send in the
scenprio. The following table shows the possible values and meanings of cacheMode. In DEL
mode the status information contains details about received units that have been totally or partial
Both|{the RECEIVED_CACHE and FULL_CACHE modes reflect the same type of cache informat
using a different format. In RECEIVED_CACHE mode the units are explicitly identified by an inde

infor
“‘qua
wher
statu

9

J

status information to the server. The_réquests and status information are specific f

ation expressed using this format is compact if consecutive units in the clients cache ha
ity” parameters 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

cenario and
nd the client
br each tool

server-driven
TA_CACHE
y discarded.
on, however
. The status
ve the same
pposite case
t to send the

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

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.
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This may require several, successive commands, each pertaining to specific information to be decoded at a

specific quality.
4.5.2.3.9

4.5.2.3.9.1

abstract aligned(8) expandable(2?®-1) class ListOfUnits (bool isClientDriven, unsigned int
: bit(8) tag=0 {

cacheMode)

ListOfUnits

Syntax

// empty. To be filled by classes extending this class.

}

4.5.2.3.9.2 Semantics
This is an albpstract base class for the different types of command units in the backchannel streai! This
is extended by the classes identified by the class tags defined in the following table.
Table 66 — List of Class Tags for Descriptors derived from ListOfUnits
Tag valye | Tag name Description
0x00 Forbidden
0x01 ListOfVTCUnitsTag Tag for VTC 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 MGVerticesRepositionDescrTag MeshGrid stream tag for vertices’ repositioh
bits (single bit-plane) at specified mesh
resolution level.
0x08 MG\ erticesRefinementDescrTag MeshGrid stream tag for refinement bif-
planes (the offset) at specified mesh
resolution level.
0x09 MGGridCoefficientsDescrTag MeshGrid stream tag for wavelet coefficients
at specified grid resolution level.
0x10 MGGridCornersDescrTag MeshGrid stream tag for the grid corners.
0x11-OxFE | Reserved for ISO use
OxFF Forbidden
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4.5.2.3.10 GetValue

4.5.2.3.10.1 Syntax

class GetValue (BYTE nBits)

{

int (nBits) noBits;
int (noBits) value;

4.5.2.3.10.2 Semantics

The GetValue class parses a variable length integer value. The result is returned in value.
4.5.2.3.11 Parselndices

4.5.2.3.11.1 Syntax

clasls ParseIndices (BYTE nBits) {
upsigned int i = 0, j = 0, k = 0;

4.5.2.3.11.2 Semantics

Parsg a list of units'that can be read one by one with an index and/or units that can be read as
range.

numper: Ahe initial parsed value represents the number of elements in the indices list. A list ele
hdéx-of a unit (unit), or the start index (start) of a range of indices followed by a nunpber (count)
Wﬂm&%ﬁiﬁm@ﬂhﬂm&bﬂn@mammﬂmts from the

the i
sped|

Q ~

for (i = 0; i < number.value; i++) {
bit (1) isIndexed;

nymber.value = k;

the number of elements in the indices list.
ptValue number (nBits) ;

if (isIndexed) {

GetValue unit[[k++]] (nBits); // index“@f the unit

} else {
GetValue start (nBits); // ¢start index of the unit
GetValue count (nBits); / /[, number of indices in the range
for (j = 0; j < count.value; Jj+fH)H{
unit[[k++]] = start.value + j;

}

/I/ assign the total numberiof units.

A successive

ment can be

unit array.

isindexed: Flag, for which if equal to ‘1’ specifies that the following list element is an unit index; otherwise it
specifies that the following two values represent the start index of a unit (start) and the number of indices in
the range (count).

unit: Array of size number consisting of indices of units.

© ISO/IEC 2009 — All rights reserved

243


https://iecnorm.com/api/?name=4e6f1f15a3310afb43b9980eb3507b27

ISO/IEC 14496-16:2009(E)

4.5.2.3.12 ListOfVTCUnits

4.5.2.3.12.1 Syntax

class ListOfVTCUnits extends ListOfUnits(bool isClientDriven, unsigned int cacheMode) :
bit(8) tag = ListOfVTCUnitsTag {
bit (1) isROI;
int i,j = 0;
if (isROI)
{
if (isClientDriven) {
int (5) firstWantedLevel;
int (5) lastWantedLevel;
int (5) firstWantedBitplane;
int (5) lastWantedBitplane;
PatseIndices ROI (5);
} elsp if (cacheMode == DELTA_CACHE || cacheMode == RECEIVED_CACHE) {
int (5) lastCachedLevel;
int (5) lastCachedBitplane;
PatseIndices ROI (5);
} else { // server-driven & cacheMode == FULL_CACHE
GetValue numberOfROIs (5) ;
for (j=0; j<numberOfROIs.value; j++) {
bit (1) isInCache;
if (isInCache) {
int (5) lastCachedLevel;
int (5) lastCachedBitplane;

else
{
if (ipClientDriven || cacheMode == DELTA,CACHE || cacheMode == RECEIVED_CACHE) {
PafseIndices TU(5);
} else { // server-driven & cacheMode == FULL_CACHE
GetValue numberOfTUs (5) ;
for (j=0; j<numberOfTUs.value;.Jj++) {

bit (1) isInCache;

4.5.2.3.12.2 Semantics

In VTC, the puality of décoded texture regions can be set by selecting the number of decoded wavelet Ievels
and bitplaneg.

isROI: this Rit indicates the type of units used by the command. If true, ROl numbers are used with spegified
wavelet levdlshand bitplanes. If false, texture units (TU) are used. The numbering of the TUs implicitly and
uniquely indicates the corresponding texture region location in spatial domain at a certain spatial/resolution
layer (i.e. number of wavelet levels) and SNR layer (i.e. number of bitplanes), therefore wavelet levels and
bitplanes do not have to be specified.

In the client-driven scenario and when isROIl is true, several ROIs with the same “quality” requests
(firstWantedLevel, lastWantedLevel, firstWantedBitplane, lastWantedBitplane) are grouped together in
one command. 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 equivalent to lastCachedLevel).
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firstWantedBitplane, lastWantedBitplane: these are the bitplanes (ranging from first to last) that the client
asks for, in order to increase the SNR-driven quality from previously cached information (which is equivalent
to lastCachedBitplane).

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.

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 ‘D’ then the
corrgsponding ROI is not present in the cache. When isROI is false iterate for all TUs. For gach TU, the
isinGache flag specifies with ‘1’ that the TU is available; conversely if isinCache flag is [0’ then the
corrgsponding TU is not present in the cache.

4.5.2.3.13 ListOfWaveletTrees

4.5.2.3.13.1 Syntax

clagls ListOfWaveletTrees extends ListOfUnits (bool is€@lientDriven, unsigned int dacheMode) :
bit(8) tag = ListOfWaveletTreesTag {
ht 1 = 0;
F (isClientDriven) {
GetValue numWaveletCoefficients (5);
int (5) firstWantedBitplane;
int (5) lastWantedBitplane;
ParseIndices tree(5);
else if (cacheMode == DELTA_CACHE }| cacheMode == RECEIVED_CACHE) {
GetValue numWaveletCoefficientsd(5) ;
int (5) lastCachedBitPlane;
ParseIndices tree(5);
else { /A server-driven & cacheMode == FULL_CACHE
GetValue numberOfTrees (5);
for (i=0; i<numberOfTrees.value; i++) {
bit(1l) isInCache;
if (isInCache). {
GetValue rdumWaveletCoefficients (5);
int (5) JlastCachedBitPlane;

[EReS
-t

-

-

}

4.5.2.343:2 Semantics

The units for WaveletSubdivisionSurfaces are trees used in the SPIHT representation of the wavelet
coefficients.

NumWaveletCoefficients: this is the number of wavelet coefficients. If isClientDriven value is 1,
numWaveletCoefficients is understood as the number of coefficients the client needs for tree number i. If
isClientDriven value is 0, numWaveletCoefficients is understood as the number of coefficients that the
client cache contains for ROl number i (if isClientDriven value is 1) or number TreeNb (if isClientDriven
value is 0 and isCacheDelta value is 1).

firstWantedBitplane: this is the number of the first requested bitplane.

lastWantedBitplane: this is the number of the last requested bitplane.

© ISO/IEC 2009 — All rights reserved 245


https://iecnorm.com/api/?name=4e6f1f15a3310afb43b9980eb3507b27

ISO/IEC 14496-16:2009(E)

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.

4.5.2.3.14 LIIGFuIIStreamCommand

4.5.2.3.14.1 Syntax

class MGFullStreamCommand extends ListOfUnits (bool isClientDriven, unsigned-int
cacheMode)} bit(8) tag= MGFullStreamTag {

// empty
}

4.5.2.3.14.2 Semantics
For both clignt-driven and server-driven scenarios request the entire stream in one step. This command is

equivalent with grouping in one request several commands issued for each resolution level of the mesh,
respectively grid, but it is far more compact.

4.5.2.3.15 MGLevelCommand

4.5.2.3.15.1 Syntax

abstract class MGLevelCommand extends ListOfUnits(bool isClientDriven, unsigned int

cacheMode)} bit(8) tag=0

{
// read|the variable length counterv sizeOfInstance
unsigned int (LEVEL_BITS) resolutionLevel;

}
4.5.2.3.15.2 Semantics

This is an afstract class that'serves as a base class for MeshGrid related command units. MGLevelCominand
parses the rgsolution leyél(resolutionLevel) of the unit.

4.5.2.3.16 MGLayerCommand

4.5.2.3.16.1 Syntax

abstract class MGLayerCommand extends MGLevelCommand (bool isClientDriven, unsigned int
cacheMode) : bit(8) tag=0
{

// read the variable length counter sizeOfInstance

ParseIndices identifier (nBitsLayer) ;

}
4.5.2.3.16.2 Semantics
This is an abstract class that serves as a base class for MeshGrid related command units. MGLayerCommand

parses an identifier of the surface layers the MeshGrid stream unit refers to. When the value of
identifier.number is ‘0’ then the request is is generic for all surface layers.
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4.5.2.3.17 MGMeshDescriptorCommand

4.5.2.3171 Syntax

class MGMeshDescriptorCommand extends MGLayerCommand (bool isClientDriven, unsigned int
cacheMode) : bit(8) tag= MGMeshDescrTag ({

// empty
}

4.5.2.3.17.2 Semantics

For poth—cfient=criven—and—server-driverr—scenarios lcqucat mesh bUdiIIU information—for—=a SP ecified mesh
resolution level (resolutionLevel).

4.5.2.3.18 MGGridDescriptorCommand

4.5.2.3.18.1 Syntax

clasgls MGGridDescriptorCommand extends MGLevelCommand (bool isClientDriven, unsigned int

cachleMode) : bit(8) tag= MGGridDescrTag {
/{ empty

}

4.5.2.3.18.2 Semantics

For hoth client-driven and server-driven scenarios request, grid coding information at a specified gfid resolution
level|(resolutionLevel).

4.5.2.3.19 MGMeshConnectivityCommand

4.5.2.3.19.1 Syntax

clasls MGMeshConnectivityCommand extends MGLayerCommand (bool isClientDriven, unsilgned int
cachleMode) : bit(8) tag= MGMeshCoénnectivityDescrTag {

if (isClientDriven ||
cacheMode == DELTA_CACHE || cacheMode == RECEIVED_CACHE) {
ParseIndices roi (ROI_BITS) ;
}lelse { // server-driven & cacheMode == FULL_CACHE
GetValue numberQOfROIs (ROI_BITS) ;
for (j = 0; j/<\numberOfROIs.value; j++) {

bit (1) isInCache;
}

4.5.2.3.19.2 Semantics

The mesh conneclivity information 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 (numberOfROls) are iterated, and for each ROI the isInCache flag
specifies if ‘1’ that the connectivity description is available at the client site, and if ‘0’ it indicates the opposite.
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4.5.2.3.20 MGVerticesRepositionCommand

4.5.2.3.20.1

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) 1sInCache;
}
}
}
4.5.2.3.20.2 Semantics
The vertice$’ reposition bit-plane for specified regions of interest (ROIls) and 'mesh resolution

(resolutionl

evel) is requested in client-driven mode, respectively the corresponding*cache status is s¢

server-drive

DELTA_CACHE and RECEIVED_CACHE operation modes.

p mode. The ROIs are given explicitly in client-driven scenario, or in,server-driven scenariog
In server-driven scenario FULL CA

operation miode all possible ROIs (numberOfROls) are iterated, and for Jeach ROI the isInCache
specifies if {I’ that the vertices’ reposition bit-plane is available at the ‘client site, and if ‘0’ it indicate

opposite.
4.5.2.3.21

4.5.2.3.21.1

class MGVe
cacheMode)
if (iscCl
bit (R
bit (R
Parse
} else 1
bit (R
Parse

} else
GetVa|
for (
bi
if

}

GVerticesRefinementCommand

Syntax

FticesRefinementCommand extends MGLayerCommand (bool isClientDriven, unsigned
bit (8) tag= MGVerticesRefinementDescrTag ({
ientDriven) {
FFINE_BITS) firstWantedBitPlane;
EFINE_BITS) lastWantedBitPlane;
Indices roi (ROI_BITS) ;
f (cacheMode DELTAGACHE || cacheMode
FFINE_BITS) lastCachedBitPlane;
Tndices roi (ROI_BITS);
~/\server-driven & cacheMode

RECEIVED_CACHE) {

FULL_CACHE

lue numberOfROIs (ROI_BITS) ;

j=0; j<numberQfROIs.value; j++) {
(1) isInCache;

(isInCache)" {

bit (REEINE_BITS) lastCachedBitPlane;

level
nt in
with
CHE
flag
5 the

int

4.5.2.3.21.2

Semantics

For specified regions of interest (ROIs) and mesh resolution level (resolutionLevel), the vertices’ refinement
bit-planes, starting with firstWantedBitPlane and ending with lastWantedBitPlane, are requested in client-
driven scenario, respectively the corresponding last bit-plane available in the cache (lastCachedBitPlane) is
sent in the server-driven scenario. The ROIls 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 connectivity description is available at the client site, and if ‘0’ it

indicates the

248

opposite.
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.3.22 MGGridCoefficientsCommand

3.22.1 Syntax

s MGGridCoefficientsCommand extends MGLevelCommand (bool isClientDriven, unsigned int

eMode) : bit(8) tag= MGGridCoefficientsDescrTag {

if (isClientDriven) {

}

bit (FIELD_BITS) firstWantedBitPlane;

bit (FIELD_BITS) lastWantedBitPlane;

ParseIndices tile(ROI_BITS) ;

else if (cacheMode == DELTA_CACHE || cacheMode == RECEIVED_CACHE) {
bit (FIELD_BITS) lastCachedBitPlane;

-

4.5.2

At a
binaf

ParseIndices tile(ROI_BITS) ;

else { // server-driven & cacheMode == FULL_CACHE
GetValue numberOfTiles (ROI_BITS) ;
for (j = 0; j < numberOfTiles.value; Jj++) {

bit (1) isInCache;
if (isInCache) {

bit (FIELD_BITS) lastCachedBitPlane;
}

.3.22.2 Semantics

ny grid resolution level (resolutionLevel) for any encoded tile (tile, numberOfTiles) there are three
y streams, called component streams, each of them corfesponding to one of the {x,y,z} wavglet encoded

coort

firstVantedBitPlane and ending with lastWantedBitPlane, are request to the server. In
scenprio, the client sends the last bit-plane available in the cache (lastCachedBitPlane). In
scenprio, and in server-driven scenarios with DEILTA_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

linates of the grid points. In client-driven seenario, the grid coding bitplanes, gtarting with

information is available at the client site, and if ‘0’ it indicates the opposite.
4.5.23.23 MGGridCornersCommand
4.5.2.3.23.1 Syntax
clasjs MGGridCornersEommand extends ListOfUnits(bool isClientDriven, unsigned in(
cachleMode) : bit (8)~ tadg=MGGridCornersDescrTag
{
/f empty
}
4.5.2.3.23.2 Semantics
In cliept-driven-seenario i'cq'uicot, rcopcuti'\/cly -server-driven-seenario-sendthe-coordinatesofthe

grid corners.

5 AFX object codes

server-driven
client-driven
j modes, the
ration mode,
’ that cache

reference-

AFXExtDescriptor described in ISO/IEC 14496-1 is an abstract class used as a placeholder for an optional
DecoderSpecificlnfo defined in Table 67.
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Table 67 — DecoderSpecificinfo for AFX streams

AFX stream

DecoderSpecificinfo

MeshGrid

See subclause 5.2.2.2.

WaveletSubdivisionSurface

See subclause 5.1.1.1.

Other AFX streams None
= DS Cripte S che defined able 28.
Each node dompression scheme is used to decode the bistream composed of associated node. If assodiated
node is sameg and bitwrapper is used in buffer scenario, the type value of bitwrapper is needed.
Table 68 — AFX object code
AFX object code Object Associated node Type value
giftwrapper
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 Octreelmage Octreelmage 0
0x07 BBA SBVCAnimation 0
0x08 PointTexture PointTexture 0
0x09 3D Mesh Compression Extension IndexedFaceSet 1
0x0A FootPrint Based Representation FootprintSetNode 0
0x0B FrameBasedAnimatedMeshCompr - -
ession

6 3D Graphics Profiles

6.1 Introduction

A 3D graphics profile defines the set of tools that a product or application compliant with that profile must
implement. In MPEG-4 there are defined several profile dimensions. The ones of interest for 3D graphics are
"Scene Graph", "Graphics" and "3D Compression" dimensions. The first two refers to nodes in the scene
graph and the last refers to compression tools. A profile is defined inside a dimension. One product or
application can be compliant with only one profile in a dimension but it can combine several profiles belonging

to different d
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imensions.
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"Graphics" Dimension
MPEG-4 X3D Interactive Graphics Profiles and Levels

A List of tools/functionalities

The X3D Interactive Graphics profile represents a collection of nodes to allow implementation of a 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 graphics within the set of nodes being used as
an Interactive profile within the X3D standard’s development.

The
Cylin
Text

6.2.1
The

MPE|
profi

6.2.1

In th

following graphics nodes are supported within this profile: Appearance, Box, Color, Cong
der, ElevationGrid, IndexedFaceSet, IndexedLineSet, Material, PointSet, Shape,
ireCoordinate.

.2 Comparison with existing profiles

X3D Interactive Graphics profile is based on X3D level 1 Interactive Profile’[95], and adds
G-4 features: BIFS-commands for streaming and Quantization for.compression efficieng
e in MPEG-4 addresses 3D (only) environments.

.3 X3D Interactive Graphics Profile @ Level 1 Definition

e following table, definitions for level 1 of the X3D Interactive ‘Graphics profile are given.

Table 69 — Level 1 of Web3D\Interactive Graphics profile

Coordinate,
Bphere  and

the following
y. No other

Node Minimum System Support

Appearance textureTransform not supported.

Background groundAngle and groundColor not supported.
texture treated as background image FALSE. stretchToFit not
supported.
backURL, frontURL, IleftURL, rightURL, topURL arg not
supported.
One skyColor.

Box Full support

Colon 15,000 colors.

Cone Fualrsupport

Coordinate 65,535 points.

Cylinder Full support

Directional Light Ambientintensity not supported.
Not scoped by parent Group or Transform.
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IndexedFaceSet set_colorlndex not supported.
set_normallndex not supported.
ccw not supported.
normal not supported.

Only convex indexed face sets supported. Hence, convex is not
supported.

ForcreaseAngle, onty Oand pi radfans supported.—__ |
normallndex not supported.

10 vertices per face. 5000 faces. 65,535 indices in any index
field.

Face list shall be well-defined as follows:

1. Each face is terminated with -1, including the last face in the
array.

2. Each face contains at least three'hon-coincident vertices.
3. Agiven coordIndex is not¢epeated in a face.
4. The vertices of a fagce 'shall define a planar polygon.

5. The vertices_of, a face shall not define a self-intersecting
polygon.

IndexgdLineSet set_colorindéx not supported.
set .coordindex not supported.
cew not supported.

15,000 total vertices.

15,000 indices in any index field.
Materigl Ambientintensity not supported.

shininess not supported.

SpecularColour not supported.

A Material with emissiveColour not equal to (0,0,0), diffuseColor
equal to (0,0,0) is an unlit Material.

One-bit transparency; transparency values >= 0.5 transparent.
PointLight Ignore radius.
Ignore ambientintensity.

Linear attenuation.
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PointSet 5000 points.
Shape Full support.
Sphere Full support
SpotLight Ignore beamWidth. Ignore radius.

Ignore ambientintensity.

Linear attenuation.

TextureCoordinate 65,535 coordinates.

Tablé 70 specifies further restriction to the fields of the nodes listed in Table 69. These-tables can be used for
both [the Profile and the Level definitions.

Table 70 — Functionality limitation and minimum system.requirement

Node
All lights

Names for DEF/PROTO/field

Restrictions
8 simultaneous lights.

50 utf8 octets.

All url fields 10 URLs.

SFBool Full support.
SFColor Full support.
SFFloat Full support.
SFimage 256 width. 256 height.
SFInt32 Full support.
SFNode Full support.
SFRotation Full support.
SFString 30,000 utf8 octets.
SETime Full support.
SFVec2d 15,000 values.
SFVec2f 15,000 values.
SFVec3d 15,000 values.
SFVec3f 15,000 values.
MFColor 15,000 values.
MFFloat 1,000 values.
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MFInt32 20,000 values.

MFNode 500 values.

MFRotation 1,000 values.

MFString 30,000 utf8 octets per string, 10 strings.

MFVec2d 15,000 values.

MFVec2f 15,000 values.

MFVe¢3d 15,000 values.

MFVeg¢3f 15,000 values.
NOTE: The K3D interactive Profile is a common compatibility point with We3D’s X3D Interactive Profile
following toqls are supported in MPEG, but not in Web3D’s profile: QuantizationParameter, Node Up
Scene Updaje and Route Update.
6.2.2 MPEG-4 "Basic AFX" Graphics Profiles and Levels
6.2.2.1 List of tools/functionalities
The Basic AFX Graphics Profile represents a collection of <hddes to allow progressive and ada
transmissior] over networks of large 3D environments and / or ‘eomplexe 3D shapes. It includes the follg
nodes : Appearance, Background, Color, Coordinate, DirectionallLight, ElevationGrid, IndexedFac
IndexedLinepet, Material, PointLight, Shape, Spotlight, TextureCoordinate, TextureTrans
ProceduralTgxture (V.5), SBVCAnimation, SBVCSkinnedModel, SBBone, SBSegment, SubdivisionSurf
WaveletSubgivisionSurfaces and FootPrint.
6.2.2.2 Cpmparison with existing profiles
The Basic AFX Scene Graph profile represents a collection of nodes to allow progressive and ads

transmission

over networks of large 3D environments and / or complexe 3D shapes.

The
date,

ptive
wing
pSet,
form,
hces,

ptive

The existing|’X3D’ profile does nof\provide compression tools.
6.2.2.3 Basic AFX Graphics Profile @ Level 1 and 2 Definition
In the following table,d&finitions for level 1 of the 3D Multiresolution Graphics profile are given.
Table 71 — Level 1 & 2 of Basic AFX Graphics profile
Node Maximum vatues for content retated parameters
Level 1 Level 2

Appearance Ignore TextureTransform. Full features supported.

Color 216 colors* 232 colors*

Coordinate 216 points* 232 points*

DirectionalLight Not scoped by parent Group or Scoped by parent Group or Transform.
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Transform.
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IndexedFaceSet

A given

Only triangle face supported.

coordindex is not

repeated in a face.

Ignore set_colorindex.

Ignore set_normallndex.

IndexedLineSet

Ignore set_colorindex.
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Full features supported.

Full features supported.

TextureCoordinate

Surfaces

FootPrint

* indicates maximum(vector size.

Ignhore set_Ccoordindex.
Material Ignore Ambientintensity.
Ignore Shininess.

Ignore SpecularColor.

PointLight Ignore radius.

Ignore Linear attenuation.
Shape Full features support.
SpotLight Ignore beamWidth.

Ignore radius.

Ignore Linear attenuation.

216 coordinates®

WaveletSubdivision 12 bitplanes per coordinate
4 leveéls of subdivision

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.

The following table specifies further restriction to the fields of the nodes listed above. These twg Tables can
be used for both the Profile and the Level definitions.

Table 72 — Functionality limitation and minimum system requirement

Node
All lights
Names for DEF/field

All url fields

SFBool

© ISO/IEC 2009 — All rights reserved

Restrictions (Maximum values)

8 simultaneous lights.
50 utf8 octets.

10 URLs. URN's ignored.

Support relative URLs where relevant.

Full support.
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SFColor Full support.
SFFloat Full support.
SFIimage 256 width. 256 height.
SFInt32 Full support.
SFNode Full support.
SFRotation 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.
MFFlogt 1,000 values.
MFInt32 20,000 values.
MFNogle 500 values.
MFRotation 1,000 values.
MFString 30,000 utf8 octets per string, 10 strings.
MFVeg2f 15,000 values.
MFVe¢3d 15,000 values.
MFVe¢3f 15,000 values.

6.3 "Scerle Graph")Dimension

6.3.1 MPEG<4-X3D Interactive Scene Graph Profile and Levels

6.3.1.1 List of tools/functionalities

The X3D Interactive Scene Graph profile represents a collection of nodes to allow implementation of a 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 being
used as a Interactive profile within the X3D standard’s development.

The following scene graph nodes are supported in this profile: Background, DirectionalLight, PointLight and
SpotLight.
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.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.

6.3.1

No
muc

6.3.1

In th

.3  Comparison with existing profile

her profile in MPEG-4 addresses 3D-only interactive environments. The existing ‘Complete’ profile is a

larger set of tools.

.4  MPEG-4 X3D Interactive Scene Graph Profile @ Level 1 Definition

 following table, definitions for level 1 of the X3D Interactive Scene Graph préfile’ are given.

Table 73 — Level 1 of X3D Interactive Scene Graph profile

Node

Anchor

Colorlnterpolator
Coordinatelnterpolator
CylinderSensor

Group

Inline

NavigationInfo

Minimum Browser Support
addChildren not supported.
removeChildren net.supported.
Ignore parameter.

Full support.

15,000 coordinates per keyValue.
Full support.

AddChildren not supported. removeChildren not support
Full support.

avatarSize not supported.

speed not supported.

Ignore visibilityLimit

@rientationInterpolator Full support.
PlaneSensor Full support.
Positioninterpolator Full support.
ProximitySensor Full support.
Scalarlnterpolator Full support.
SphereSensor Full support.
Switch Full support.
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TimeSensor Ignored if cyclelnterval < 0.01 second.
TouchSensor hitNormal_changed not supported
Transform addChildren not supported. RemoveChildren not supported.
Viewpoint Ignore fieldOfView.
WorldInfo Full support
QuantizationParameter Full support
Node Updates Full support
Sceneg|Updates Full support
Route [Updates Full support
The X3D Inferactive Graphics profile is based on X3D level 1 Interactive Profile, and adds the follg

MPEG-4 fea

Table 74 sp
refer only to

Node

All groups

All intgrpolators

fures: BIFS-commands for streaming and Quantization for compression efficiency.

beifies other aspects of functionality that are supported by this-profile. Note that general
those specific nodes listed in Table 73.

Table 74 — Functionality Limitations and Minimum System Requirements

Minimum System Support

500 children. Ignore bboxCenter and bboxSize.

1000 key=value pairs.

wing

tems

Names for DEF/PROTOffield 50 wtf8 octets.

All url fields 10 URLs

SFBoaql Full support.
SFFloat Full support.
SFImdge 256 width. 256 height.
SFInt32 Full support.
SFNode Full support
SFRotation Full support.
SFString 30,000 utf8 octets.
SFTime Full support.
SFVec2d 15,000 values.
SFVec2f 15,000 values.
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SFVec3d 15,000 values.
SFVec3f 15,000 values.
MFFloat 1,000 values.
MFInt32 20,000 values.
MFNode 500 values.
MFRotation 1,000 values.
MFString 30,000 utf8 octets per string, 10 strings.
MFVec2d 15,000 values.
MFVec2f 15,000 values.
MFVec3d 15,000 values.
MFVec3f 15,000 values.

6.3.2 PEG-4 "Basic AFX" Scene Graph Profile and Levels

6.3.2.1 List of tools/functionalities
The |Basic AFX Scene Graph profile represents a ‘Collection of nodes to allow progressive and adaptive

trangmission over networks of large 3D environments and / or complexe 3D shapes. It contains {he same set
of ngdes as the X3D Scene Graph Profile, plus:the’Bitwrapper node.

6.3.2.2 Comparison with existing profiles

The |Basic AFX Scene Graph profile-represents a collection of nodes to allow progressive and adaptive
trangmission over networks of larget3D environments and / or complexe 3D shapes.

The existing X3D’ profile does not provide compression tools.
6.3.2.3 "Basic AEX"_Scene Graph Profile @ Level 1 Definition

In the following table, definitions for level 1 of the Basic AFX Scene Graph profile are given.

Table 75 — Level 1 of Basic AFX Scene Graph profile

Node Maximum values for content related parameters

Level 1 Level 2
Coordinatelnterpolator  Full features supported. Full features supported.
Group Ignore AddChildren, Full features supported.

Ignore removeChildren
NavigationInfo Ignore AvatarSize, Full features supported.

Ignore speed,
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The followin
items refer o
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OrientationInterpolator
Positioninterpolator
Scalarlnterpolator

TouchSensor

Ignore type,

Ignore visibilityLimit
Full features supported.
Full features supported.
Full features supported.

Full features supported.

Full features supported.
Full features supported.
Full features supported.

Full features supported.

Transfiorm

Viewpgpint

WorldInfo
Quant|zationParameter
Scene|Updates

ROUTE

Node

All groups

All intgrpolators

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 sdpported.
Full features“supported.
Full features supported.

Full features supported.

) table specifies other aspects of functionality’that are supported by this profile. Note that ge
nly to those specific nodes listed in the table above.

Table 76 — Functionality Limitations and Minimum System Requirements

Minimum System Support

500 children. Ignore bboxCenter and bboxSize.

1000 key-value pairs.

neral

Names for DEF/field 50 utf8 octets.
All url fields 10 URLs. URN's ignored.
Support relative URLs where relevant.
SFBoaql Full support.
SFFloat Full support.
SFIimage 256 width. 256 height.
SFInt32 Full support.
SFNode Full support.
SFRotation Full support.
SFString 30,000 utf8 octets.
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SFTime Full support.
SFVec2f 15,000 values.
SFVec3d 15,000 values.
SFVec3f 15,000 values.
MFFloat 1,000 values.
MFInt32 20,000 values.
MFNode 500 values.
MFRotation 1,000 values.
MFString 30,000 utf8 octets per string, 10 strings.
MFVec2f 15,000 values.
MFVec3d 15,000 values.
MFVec3f 15,000 values.

"3D Compression” Dimension

bmpressionProfileLevellndication is defined\in the following table.

Table 77 — 3DCompressionProfileLevellndication Values

BD Compression Dimension is defined on the same:level as OD, Video, Audio, Graphics, Scene Graph,
GJ and Text dimensions and is signalized as indicated in ISO/IEC 14496-1:2005/Amd.1.

Value Profile Level

0x00 Reserved for ISO use -

0x01 Core L1

0x02 Core L2

0X03 3D Multiresolution L1

0X04 3D Multiresolution L2

OXOA-OX7F reserved for SO use -

0x80-0xFD user private -

OxFE no 3D Compression profile specified -

OxFF 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.
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6.4.1

"Core 3D Compression” Profile and Levels

The "Core 3D Compression" profile combines the 3D Mesh Compression, Interpolation Compression, Wavelet
Subdivision Surface, and Bone Based Animation tools for efficient 3D resource transmission and storage.

6.41.1 Li

st of Tools/Functionalities

The "Core 3D Compression" profile represents a collection of compression tools to allow implementation of
minimum functionalities for compact transmission and storage of 3D object under a constrained environment

(e.g. mobile)

, where the processing power and memory size can be very limited.

The "Core 3

The
mod

The

The
Preg

The
Pres

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 object type compresses the Coordinate Interpolator animation.

Simple Pl object type compresses the Position Interpolator animation. Ittcan support both
erving and Path-Preserving mode.

Simple Ol object type compresses the Orientation Interpolator animation. It can support both
erving and Path-Preserving mode.

e 3D

Key-

Key-

e The[Simple WSS object type represents, in a compressed ferm, the details for subdivision gf 3D
mesh. This tool is used for level of detail management and, animation. It only allows IndexedFageSet
as a|lbase mesh.

e The|Simple BBA object type compresses the skeleton animation based on bone transformsg and
connected to a skin mesh model. This object type does not support Muscle.

Table 78 — 3D Compression Object Types

3D Compression Object Types
AFX Tools Simple Simple Simple Simple Simple Simple

3bMC Cl PI Ol WSS BBA
3D Mesh Compression (3DMC)

X
- Basic
Coordinatelnterpolator (C1) X
PositionInterpolator (P1)
- Key Presernving X
- Path Preserving
OrientationInterpolator (Ol)
- Key Preserving X
- Path Preserving
Wavelet Subdivision Surface (WSS)

X

- IndexedFaceSet for base mesh
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BBA
X
- Only Bones
The "Core 3D Compression" includes the object types as illustrated in Table 78.
Table 79 — "Core 3D Compression" Profile

“3D Compression” Object Types

Simple Simple Simple Simple Simple Simple

3DMC Cl PI Ol WSS BBA
Corel 3D
Compression Profile X X X X X X
6.4.1.2 Comparison with Existing Profiles and object types
The Core 3D Compression Profile is the first profile defined in the "3D.Compression” profile dimenjsion.
6.4.1.3 Profile Level Definition
Accarding to target device and applications, we defined.two levels as listed in Table 80, Table 81 and
Tablg¢ 82. The level 1 is for the mobile device without¢H/W graphics accelerator. Thus, it is sultable simple
application such as 3D Background, 3D GUI, 3D Pre-Viewer and 3D Avatar. On the other hand, the level 2 is
for the mobile device supported by H/W graphics accelerator. Thus, the level 2 is suitable for the 3D Game

application in addition to the application in level 1/

Table 80— Levels and data constraints

Leval Data Constraints

- Numbefr.of triangles in a scene < 500

- Number of objects in a scene < 30

Level 1 - Number of bones attachable to an object < 10
- Number of bones affecting a vertex < 2

- Number of vertex in Coordinate Interpolator = 0

- Number of 1ri::mg|pq in a scene < 5000

- Number of objects in a scene < 100
Level 2 - Number of bones attachable to an object < 30
- Number of bones affecting a vertex < 4

- Number of vertex in Coordinate Interpolator > 0

© ISO/IEC 2009 — All rights reserved
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Table 81 — Levels and functionalities constraints

Level Functionality Constraints

- Triangle only
- colorindex and texCoordIndex not supported (coordindex values are used instead)
- The vertices of a face shall not define a self-intersecting polygon

Level 1 - A given coordIndex is not repeated in a face

- Ignore normal and normallindex
- The color and texCoord cannot be supported at the same time.

- Only base mesh supported

- Triangle only

- 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.

- Only base mesh supported

Table 82 — Levels and player constraints

Level Player Constraints (Informative Recommendation)

- Size of Texture memory <1 M

- Number of light< 1

- DirectiohalLight

Level 1 - Material: ambientintensity, diffuseColor, emissiveColor
-‘Transparency

- Flat and Gouraud shading

- Texture Blending not supported

- Size of Texture memory <4 M

- Number of light <8

- Directional Light, PointLight and SpotLight
Level 2
- Material: ambientintensity, diffuseColor, emissiveColor, shininess, specularColor

- Transparency

- Flat and Gouraud shading
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- Texture Blending
- Texture Filtration
- Perspective correction

- Total Decoding Time < 10sec

6.4.2 3D Multiresolution Compression Profile and Levels

6.4.2.

The
Wav
storg

6.4.2

The

cons

The

1

BD

.2

blet Subdivision Surface, and Bone Based Animation tools for efficient 3D resource trans
ge.

"3D Multiresolution Compression" profile represents a collection™ of compression to
impl¢mentation of minimum functionalities for compact transmissien“and storage of 3D obj
frained environment (e.g. mobile), where the processing power.and memory size can be very

Multiresolution Compression" profile contains the following 8D Compression object types:

List of Tools/Functionalities

Multiresolution Compression profile combines the 3D Mesh Compression, Interpolation O

List of Tools/Functionalities

The Simple 3DMC object type provides high compression and error resilience for stati
models.

The Simple Cl object type compresses_ the’Coordinate Interpolator animation.

The Simple PI object type compresses the Position Interpolator animation. It can suppd
Preserving and Path-Preserving mode.

The Simple Ol object type.compresses the Orientation Interpolator animation. It can supp
Preserving and Path-Preserving mode.

The Main WSS object type represents, in a compressed form, the details for subdivision
This tool is used-for level of detail management and animation.

The Simplé\FootPrint object type represents in a compressed form the multiresolution of 2
data.

TheSimple BBA object type compresses the skeleton animation based on bone tra
connected to a skin mesh model. This object type does not support Muscle.

ompression,
mission and

bls to allow
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 83 — 3D Compression Object Types

3D Compression Object Types

AFX Tools Simple Simple CI | Simple [Simple [Main |Simple |Simple
3DMC PI ol WSS |BBA | Footprint

3D Mesh Compression (3DMC)

Basic

Coordifatelnterpolator (CI) X

PositiopInterpolator (P1)
Key Preserving X

Path Hreserving

OrientgtionInterpolator (Ol)
Key Preserving X

Path Hreserving

avelet Bubdivision Surface
(WSS)

IndexeflFaceSet or 3DMC for X
base mesh

Backchannel enabled

BBA

Only Hones

Footprint-based Coding

X
Bckchgnnel enabled
The "3D Multiresolution’ Compression” includes the object types as illustrated in the following table.
Table 84 — "3D Multiresolution Compression" Profile
3D Compression Object Types
Simple Simple Cl | Simple | Simple | Main | Simple [Simple
3DMC Pl Ol WSS | BBA Footprint
3D Multiresolution Compression
. X X X X X X X
Profile
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6.4.2.3 Comparison with Existing Profiles and object types

The existing ‘Core 3D Profile’ is targeted for mobile applications and contains much simpler tools.

6.4.2.4 Profile Level Definition

According to target device and applications, two levels are defined as listed in the following tables. Level 1 is
for mobile devices, while the level 2 is targeted at workstations or dedicated hardware.

Table 85 — 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
Number of bones attachahble to an object < 30
BBA
Number of bones affecting a vertex < 4
Level 1
Number of triangles in the base mesh < 500
WSS Number ofbitplanes < 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
Number of bones attachable to an object < 300
BBA
Number of bones affecting a vertex < 10
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Table 86 — 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-
intersecting polygon A given coordIndex is nof|
Level 1 rnpnni‘nd inaface
Color and Texture can be blended.
Footprint
and “Back Channel” not supported
WSS

Full support of colorindex, normallndex,
texcoordindex

The vertices of a face shallnot define a self-
General |intersecting polygon

Level 2 A given coordIndexdsynot repeated in a face

Color and Texture can be blended.

Footprint
and “Back €hannel” supported
WSS:

Table 87 — Levels and player constraints

Level

Player Constraints (Informative Recommendation)

Size of Texture memory <4 M
Number of light <8

Directional Light, PointLight and SpotLight

Material: ambientintensity, diffuseColor, emissiveColor, shininess, specularColor

Level 1

Transparency

Flat and Gouraud shading
Texture Blending

Texture Filtration
Perspective correction

Total Decoding Time < 10sec
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