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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of Internat10nal Standards through technlcal
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eommittees—established—by—the—respeective—organization—to—deal—with—partiewlar—fields—oftechnieal
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other internatighal
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part imythe
work. In the field of information technology, ISO and IEC have established a joint technical committee,
ISO/IEC JTC 1.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
the different types of document should be noted. This document was drafted in @accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject
of patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent
rights. Details of any patent rights identified during the development,of the document will be in the
Introduction and/or on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as wellYas information about ISO's adherence to the
World Trade Organization (WTO) principles in the/Technical Barriers to Trade (TBT) see the following]
URL: www.iso.org/iso/foreword.html.

This document was prepared by Joint Techhical Committee ISO/IEC JTC 1, Information technology,
Subcommittee SC 29, Coding of audio, picturé; multimedia and hypermedia information.

Alist of all parts in the ISO/IEC 14496.5eries can be found on the ISO website.

© ISO/IEC 2017 - All rights reserved iii


http://www.iso.org/iso/standards_development/processes_and_procedures/iso_iec_directives_and_iso_supplement.htm
http://www.iso.org/iso/standards_development/patents
http://www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=d265bb6ad7e418022442f0fe2804a927



https://standardsiso.com/api/?name=d265bb6ad7e418022442f0fe2804a927

ISO/IEC 14496-16:2011/Amd.4:2017(E)

Information technology — Coding of audio-visual
objects —

Part 16:
Animation Framework eXtension (AFX)

AMENDMENT 4: Pattern-based 3D mesh coding (PB3DMC)

5.2 Geometry tools

Add the following subclauses:

5.2.7 Pattern-based 3D mesh coding (PB3DMC)
5.2.7.1 Overview

In practical applications, many 3D models consist of a large numbel-of connected components. And these
multi-connected 3D models usually contain lots of repetitiveStructures in various transformations, as
shown in Figure Amd4.1. In order to increase their efficieney, compression methods for this kind of 3D
models should be able to extract the redundancy existing.in the repetitive structures.

Figure Amd4.1 —3D models with a large number of connected components and repetitive
structures

This documentypresents an efficient compression algorithm for multi-connected 3D models by taking
advantage 6fdiscovering repetitive structures in the input models. It allows discovering of structures
repeating-in various positions, orientations and scaling factors, where the 3D model is then organized
into “pattern-instance” representation. A pattern is the representative geometry of the corresponding]
repetitive structure. The connected components belonging to a repetitive structure are called
instances of the corresponding pattern and represented by the pattern ID and their transformation, i.e.
the combination of reflection, translation, rotation and possible uniform scaling, with regards to the]
pattern. The instance transformation consists of four parts: reflection part, translation part, rotation|
part and possible scaling part.

The repetitive structure discovery-based compression algorithm proposed in this subclause, brings
significant compression gain compared to the static 3D model compression algorithms provided by
SC3DMC when 3D models present repetitive features. This document defines the compressed bitstream
syntax and semantics for this repetitive structure discovery-based compression approach.

© ISO/IEC 2017 - All rights reserved 1
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5.2.7.2 General compression approach
5.2.7.21 Identification of repetitive and symmetric structures in a 3D model

This subclause defines several terms that are used all across this document and presents the different
steps that are used in order to identify repetitive structures.

There are two types of repetitive structures in 3D models:

— Unconnected repetitive structure: One unconnected repetitive structure consists of all the
connected components which are invariant in various positions, orientations and scaling factors.
One unconnected repetitive structure includes one pattern, which corresponds to one connected
component in this structure, and all the other connected components are its instances.

— Connected repetitive structure: One connected repetitive structure consists of all jthe'surface
patches which are invariant in various positions, orientations and scaling factors. In gther words, it
is a repetitive structure that may be found within one connected component. Connected repetitive
structure is sometimes also called symmetric structure. This document uses both naming.
Similar to unconnected repetitive structure, one symmetric structure includésyone pattern, which
corresponds to one surface patch in this structure, and all the other surfade patches are instances
of the pattern.

PB3DMC discovery of the two types of repetitive structures is done in’four steps as described below,
considering that the input 3D model is as shown in Figure Amd4.2.

ANMH=mM

Figure Amd4.2 — Input 3D model

STEP 1: Identification of unconnected xépetitive structures and unique part.

The input 3D model is divided into.two parts, the unconnected repetitive structures and the unique part
which includes all those components that are not included in any unconnected repetitive structures. In
Figure Amd4.2, clouds, leaves.and houses on the right are all unconnected repetitive structures.

STEP 2: Choose patterns and instances within unconnected repetitive structures.

Following STEP 1, foreach unconnected repetitive structures, one pattern shall be chosen among all
repetitions. Other\répetitions then become instances of their related pattern. The input 3D model is
then divided intethree parts as follows:

— A: Patterns of all unconnected repetitive structures (see Figure Amd4.3);

— B:Instances of all unconnected repetitive structures (see Figure Amd4.4);

- C: Unique part which is not included in any unconnected repetitive structures (see Figure Amd4.5).

2 © ISO/IEC 2017 - All rights reserved
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Figure Amd4.4 — B: Instances of all unconnected@petitive structures
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Figure Amd4.5 — C: Unique part whiq&i@ not included in any unconnected repetitive structures
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As shown in Figure Amd4.6, part A can be further divided into two types:
— D: Patterns of unconnected repetitive structures which do not include any symmetric structures;

— E: Patterns of unconnected repetitive structures which include symmetric structures.

2o X
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Figure Amd4.6 — Part A further di\@d into two types
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As shown in Figure Amd4.7, part C can be further divided into two types:

— F: Unique part which is not included in any unconnected repetitive structures and which does not
include unconnected repetitive structures and symmetric structures;

— G: Unique part which is not included in any unconnected repetitive structures and which includes
symmetric structures

& O
Figure Amd4.7 — Part C ca&ge further divided into two types

STEP 3: Identification of symmetric struct%se%.)

Since instances will be coded wit }e\(;erence to their related patterns, symmetric structures
are identified either within patterw,or unique parts in the 3D model. Consequently, as shown in
Figure Amd4.8, the input in STEP-3is the input model, except instances of all unconnected repetitive|
structures discovered in STEP 200
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NO'@‘ The input in STEP 3 is the input model, except instances of unconnected repetitive structure.

éo Figure Amd4.8 — Input of STEP 3
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STEP 4: Choose patterns and instances within symmetric structures.

Similar to STEP 2 on repetitive structures, STEP 4 consists choosing patterns and instances within
symmetric structures. As shown in Figure Amd4.9, the following four types of data are defined:

— H: Patterns of all symmetric structures;

— L: Instances of all symmetric structures;

— J: Unique parts of those unique components which do not belong to any unconnected repetitive
structures but have symmetric structures;

— K: Unique parts on those unconnected-repetitive-structure patterns including symmietric
structures.

(0 ey . 3
= 0 <,

Figure Amd4.9 — Result of STEP 4
5.2.7.2.2 Two-instanee reconstruction modes

(While the bitstream needs to embed all the instance data, it should also be efficient and should address
several applicationswhere sometimes either bitstream size or decoding efficiency or error resilience
matters the most.

Therefore, two.options are proposed in reconstructing the data of one instance, i.e. its pattern ID (ID
being the dctual position of the patterns in the compressed bitstream of patterns: 1 for first pattern, 2
for secofid)pattern, etc.), its reflection transformation part (F), its translation transformation part (T),
its rotation transformation part (R) and its scaling transformation part (S), from the bitstream. Both of
them have their own pros and cons.

Option (A) elementary instance data mode (ID, F, T, R, S, ID, F, T, R, S...): Using this mode, the pattern
ID, reflection transformation part, translation transformation part, rotation transformation part and
scaling transformation part of one instance are packed together in the bitstream.

6 © ISO/IEC 2017 - All rights reserved
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Pros:
— Itis error resilient. The decoder can recover from losing the transformation of some instances.
— Online decoding, which means that the instances can be decoded one by one during actual reading

of the compressed bitstream. There is no need to wait for the reading of the whole compressed
hitstream to he finished

— Higher codec speed.

— The codec needs no buffer.

Cons:

— Relatively larger compressed 3D model size.

Option (B) grouped instance data mode (ID, ID, F, F, T, T, R, R, S, S): Using this' mode, the pattern
ID, reflection transformation part, translation transformation part, rotation, tfansformation part and
scaling transformation part of one instance are packed together in the bitstream.

Pros:

— Relatively smaller compressed 3D model size.
Cons:

— The decoder is no longer error resilient.

— Off-line decoding, which means the decoder ean only start decoding after reading the whole
compressed bitstream.

— Lower codec speed.
— Buffer is necessary.

The bitstream definition includes both'f the above two options. The encoder can choose the one which|
fits its application better.

Since instances may have larger reconstruction error than its related patterns (error being defined
as the distance between thé,original component and the component restored from the pattern and
instance transformation), ;5ome data fields of the bitstream are defined to denote the compressed
instance reconstruction error to guarantee the decoded 3D model quality. Whether or not to record the
decoding error of aifiinstance is based on the quality requirement.

5.2.7.2.3 Reconstruction of instance transformation

The instancetransformation is reconstructed from four parts: reflection part, rotation part, translation
part and.passible scaling part.

— Jhe reflection part is represented by a 1-bit flag.
=" The rotation partis reconstructed from the three Euler angles (alpha, beta, gamma).

— The translation part is represented by a vector (x, y, z) (translation vector).

— The scaling part is represented by the uniform scaling factor S of the instance.

© ISO/IEC 2017 - All rights reserved 7
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NOTE The number under each sub-figure is the corresponding occupancy codes.

a) 2D example of space subdivision for quad-tree construction

NOTE1  The red line illustrates the breadth first traversal of the binary tree.

NOTE 2 The occupancy codes of the tree nodes, sorted according to the breadth first traversal, construct the
occupancy code sequence that describes thetree structure.

b) Example of'breadth first traversal of the binary tree
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- - 0010 1000
- 0010 1000 -
NOTE For a predefined traversal order “top left-top right-bottom right-bottom left”, the input bitstream is
decoded.
c¢) 2D example of quad-tree reconstruction process
Figure Amd4.10 — Reconstruction of instance transformation
8
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While using grouped instance transformation mode, all instance translation vectors are compressed by
octree (OT) decomposition-based compression algorithm, which recursively subdivides the bounding
box of all instance translation vectors in an octree data structure, as illustrated by the 2D example
in Figure Amd4.10 a). Each octree node subdivision is represented by the 8-bit long occupancy code,
which uses a 1-bit flag to signify whether a child node is nonempty. An occupancy code sequence
describing the octree is generated by breadth first traversing the octree, as illustrated by the 2D

example In Figure Amd4.10 bJ. To decode these Instance translation vectors, the octree 1s reconstructed
by breadth first traversing the octree from top to bottom, as shown in Figure Amd4.10 c). First, theitop
layer is obtained by decoding the first long occupancy code. If any nodes at Layer i have more than'one
“1” in its occupancy code, e.g. “01100000”, the codec decodes necessary number of symbols to, append
as the children of such nodes. This process continues until all the leaf nodes have only one~‘1” or are
the terminal code. The occupancy code sequence is decoded by dividing it into several intervals and
decoded them with different probability models. Since instances may have extremely, ¢lose translation
vectors, which are called as duplicate translation vectors, some data fields of the bitstream are defined|
to denote these duplicate translation vectors.

5.2.7.2.4 Reconstruction of instance attributes

In practical applications, besides geometry, 3D models usually have various attributes such as normal,
colour and texture coordinates. Requiring instances to have the same attributes of patterns will limit the
number of repetitive structures that can be discovered and decrease the compression ratio of PB3DMC.
Thus, only the geometry is checked during repetitive structureiscovery and the instances may have
attributes different from the corresponding pattern’s attributes: There are two reconstruction modes|
for instance attributes.

— Share attribute mode: The instance shares the pattern attribute data and does not need data fields
to represent its attributes.

— Specific attribute mode: The instance has its own attributes and need separate data fields to
represent its attributes in the bitstream.

When the elementary instance data modeds-used, one data field is defined to denote how to reconstruct]
the attributes of an instance from the bitstream. The attribute data of one instance (A) follows the
other data of the instance, i.e. (ID, FE R, S, A, ID, F, T, R, S, A...). When the grouped instance data mode is
used, all instances should either share the pattern attribute data or have their own attribute data. The
instance data part of the bitstream is like (ID, ID, F, F, T, T, R, R, S, S, A, A).

5.2.7.2.5 Reconstruction of textured image(s)

It is expected that the-repetitive structures in 3D models share textured image(s)/portion(s), as
well as geometry,-as:shown in Figure Amd4.11. Given the geometric matching relationship between
patterns and instances, the texture redundancy can be removed. Thus, the compression ratio can be
further improeved by removing the textured image redundancy with the help of geometric repetition
information.

© ISO/IEC 2017 - All rights reserved 9


https://standardsiso.com/api/?name=d265bb6ad7e418022442f0fe2804a927

ISO/IEC 14496-16:2011/Amd.4:2017(E)

]
)

"-'I N/ |
:'(' et
= fL 2 o
HAr
== X1 | ) |
= ' W PNl
i1
a) Input 3D model b) Original textured c) Re-organized textured image
with texture image containing after removing redundancy

many repeated parts
Figure Amd4.11 — Reconstruction of a texturéd-image

Let [ and P denote the instance and the corresponding pattern, respectively. Let I and Py denote the
reconstructed I and P, respectively. Two options for reconstructing-the textured image(s)/portion(s) of
I4 are proposed.

a) Regular textured image reconstruction mode

/4 uses the reconstructed textured image (portion) indicated by the reconstructed texture coordinates
of itself or Py. There are three possible cases that cotld invoke this mode in the encoder side.

— Iand P use the same texture coordinates.

— The textured image contents of I and P‘re extremely similar, although they use different texture
coordinates. In this case, the redundant portion of the textured image will be removed before
compression and Iy will reuse the texture coordinates of Py.

— Iand P use the different texture coordinates and their textured image contents are different. In this
case, Ig will have its own reconstructed texture coordinates.

b) Compensated textutred image reconstruction mode

The textured image(§)/portion(s) of I is reconstructed from the textured image(s)/portion(s) indicated
by the reconstructéd texture coordinates of Iy and Py. This mode will be invoked at the encoder
side if the texture content of [ and P are similar but have non-ignorable difference. In this case, the
correspondingtextured image(s)/portion(s) indicated by the texture coordinates of I is updated to the
difference from the texture content of P. The textured image(s)/portion(s) of /4 is reconstructed by the
following formula:

[f(x,y)=1;(x,y)~1p(x,y)+128DeTEX | (x,y)=TEX; (x,y)+TEXp, (x,y)-128

where
DeTEX, (x y) is the reconstructed textured image of I;
d )
TEX, (x,y) and are the textured images indicated by the reconstructed texture coordi-
d nates of Iz and Pj.
TEXPd (x,y)

10 © ISO/IEC 2017 - All rights reserved
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Using the method described above, both the texture coordinates and textured images need to be
modified. The details of bitstream definition related to texture coordinate decoding is described in
5.2.7.4.11. The details of textured image decoding are out of the scope of this document.

5.2.7.2.6 Reconstruction of the unique part

Ilnique part refers to those components of the ariginal model which are not repetitive The component
belonging to unique part are called as unique components. The unique components are reconstructed|
by translating the corresponding decoded components to the reconstructed positions of the original
components.

Although the centre of those components need to be compressed and outputted to the bitstream later,
the rate-distortion performance will be optimized as the bounding box of those compenents could be]
much smaller (in most cases) and less quantization bits are required for the same coding'error.

Especially, if there is no or not enough repetitive structures to guarantee the bitrates saving using the
pattern-instance representation, all the components of the input 3D model will-bé regarded as unique
part. Compared with using the raw representation, there will still be bitrates,saving.

5.2.7.2.7 Reconstruction of symmetric structures

As described in 5.2.7.2.1, there might be repetitive structures among various components and/or within
one component. The former is called unconnected repetitive struetures because any instance of this kind
of repetitive structures does not share boundaries with the other parts of the 3D model. The latter is
called connected repetitive structures or symmetric structures’because any instance of the symmetric
structures shares boundaries with the other parts of the.3D model.

The boundary of an instance could be defined as_consisting of vertices, triangles or other elements|
of the 3D model. Because of the unavoidable vertex position coding error introduced by most 3D
model compression algorithms, using the same method to represent and compress symmetric
structures might cause cracks on the boundaries of the decoded symmetric instances, as shown in
Figures Amd4.12 a) and b). In order to avoid these cracks, stitching information should be recorded in
the compressed bitstream for stitching the decoded symmetric instances and their adjacent parts in the
3D model. One example of the stitchirig information, as shown in Figure Amd4.12 c), is the difference
between the vertex positions recovered from different instances which correspond to the same vertex]
on the original 3D model.

© ISO/IEC 2017 - All rights reserved 11
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3 4
1 2 7 |
a) Common boundary b) Cracks between c) Stitching information
in the input model adjacent instances could be the difference be-
in the decoded model tween vertices (black lines)
NOTE The crack on the common boundary of adjacent symmetric instances causedreconstruction during

decoding and one example of the stitching information for removing the crack.

1 symmetric instance, I

2 symmetric instance, I

3  decoded symmetric instance, I1

4 decoded symmetric instance, I

@  Common boundaries of I1 and I>.

b The crack caused by recovering I and I from different decdded patterns and transformations.

Figure Amd4.12 — Reconstruction of symmetric structures

For one unconnected repetitive structure whosg¢’ pattern consists of symmetric structures, there
are two options to represent its instances. Let'] and P denote the instance and the corresponding
pattern, respectively. Let Ps denote the pattern of the symmetric structure belonging to P. For the sake
of simplicity, suppose P has no unique pakt when represented by the instances of Ps, then I could be
represented as:

— Option A: one instance of P, which is represented by instances of Ps;
— Option B: instances of Ps,

As instances of symmetric/structures might decrease the quality of the decoded 3D model and need
extra stitching information, option A is chosen to limit the number of symmetric instances.

Thus, for the purpose of benefiting compression, discovering repetitive structures on the surface of a
3D model can be divided into two steps:

— first, discover the unconnected repetitive structures;

— then; discover the symmetric structures on the surfaces of the patterns of the unconnected repetitive
structures and the unique part.

As a resutt of the two=step Tepetitive structure discovery, the emntire origimal- 3D modet s Tepresented

by the following:

a) patterns, which consist of the patterns of unconnected repetitive structures not including any
symmetric structures (D), the patterns of symmetric structures (H), the unique parts on those
unconnected-repetitive-structure patterns including symmetric structures (K), and the unique
parts of those unique components which do not belong to any unconnected repetitive structures
but have symmetric structures (J). All the objects here are indexed according to their actual
position in the bitstream;

12 © ISO/IEC 2017 - All rights reserved
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b) instances of symmetric structure patterns (I) (only one pattern per symmetric structure), which
are represented by the pattern IDs (actual position in the bitstream) and transformations from the
symmetric patterns to instances;

c) stitching information that is used to stitch the decoded symmetric pattern instances and their
adjacent parts on the decoded 3D model, which could be other decoded symmetric pattern

H i ot 4 £ 2 o Jdo L 3 0
ITISUAIICT S Ul LIIT LVWU L_leCD Ul uluuluc PCll Lo UCTITITU 11T ﬂj,
d) instances of unconnected-repetitive-structure patterns (B);

e) unique components (G), which do not belong to any unconnected repetitive structures and do notj
include any symmetric structures;

The decoder reconstructs the original 3D model as follows.

— Reconstruct the unique components, which do not belong to any unconnected kepetitive structures|
and do not include any symmetric structures.

Reconstruct all patterns defined in a). All the patterns defined in a) are-indexed according to their
positions in the bitstream.

— Reconstruct all symmetric instances.

— Reconstruct all unconnected-repetitive-structure patternssdnd unique components which include
symmetric structures, using the recovered patterns, symmetricinstances and stitching information,
Each unconnected-repetitive-structure pattern or unigue component is indexed using the minimum
index of its patterns defined in a).

— Reconstruct all unconnected-repetitive-structdre instances.
5.2.7.2.8 Error compensation

When reconstructing an instance by applying transformation matrix on the corresponding pattern, it]
may resultin a larger reconstruction errer than when directly decoding the corresponding component,
Thus, an error compensation mode_may be used for compensating the reconstruction error of the
vertices of those instances which suffer from large vertex reconstruction error. The reconstruction error
of a vertex is defined as the distance between its original and reconstructed positions. As the amount]
of vertex reconstruction error to be encoded may vary drastically, different levels of quantization are
used for different vertex reconstruction error according to its scale.

The information related with error compensation is recorded in three layers, i.e. the bitstream, instance
and vertex layer, asShown in Figure Amd4.13.

At the bitstream~header layer, an error compensation flag informs whether or not error compensation
data is present/in the bitstream. When this flag is set to 1 (true), a lookup table containing all three
numbers,of.qliantization bits that can be used for error compensation follows.

At th@instance layer, each instance has one flag to indicate whether or not error compensation data is|
presert for at least one of its vertices. If no error compensation data is present in the whole bitstream
(@sindicated by the error compensation flag in the header layer), all these instance error compensation
flags are omitted.

At the vertex layer, if the error compensation mode of its parent instance is activated, a quantization|

bits (QB) lookup table ID is present in order to indicate to the decoder the number of quantization bits
used when encoding.

NOTE The choice of a 3-value QB lookup table rather than directly recording the number of quantization
bits for each vertex allows saving 3 bits per vertex (2 bits for QB lookup table entry vs 5 bits for number of
quantization bits). Since there are many vertex information entries in the bitstream, the introduction of such a
lookup table helps saving significant bitrate.

© ISO/IEC 2017 - All rights reserved 13
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All vertices of an instance in which at least one vertex has error compensation data contain QB lookup
table ID. The QB lookup table allows using three different levels of quantization since the first ID (0) of
the lookup table is reserved for vertices that do not have compensated reconstruction error.

Error /\ v I nnkup table of QBs

compgnsatlon Error compensation flag == true? for error compensation data
ag

a) Bitstream

Instance error Compressed error

Instance error

compensation compensation data
flag compensation flag == true? of the instance
b) Instance
Error B : B Compressed error
compensation QB rglorcht>?1_pegsat1on Q compensation data
table ID table 1D 1 =02 of the vertex
c)?, Vertex
NOTE The information related with error conipensation is at the a) bitstream, b) instance and c) vertex levels.

Figure Amd4.13 — Information related with error compensation
5.2.7.3 General structure of the compressed bitstream

The general structure of the compressed bitstream of PB3DMC is as shown in Figure Amd4.14.

PB3DMC Y compr_3d_model
_stream_ ’— _data
header i oD comr o0
°b_mo ni_part_ Y-» eat_struc_
del_hea data data

der:

N N

compr_insta_g

N N rouped_data
7& Sy m_i 1 i@ T |
compr_pa ance. nu >—Y-) compr_sym clem bit = v, compr_insta_e
ern_data >0 _insta_data 1 ementary_data

compr_repeat_struc_data

NOTE The block diagram in the bottom part is the detail explanation of the compr_repeat_struc_data block
in the upper part.

Figure Amd4.14 — PB3DMC compressed bitstream
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The bitstream starts with the header buffer (PB3DMC_stream_header), which contains all the
necessary information for decoding the compressed stream: information of whether or not there are
unique part in the original model, information of whether or not there is at least one repetitive structure
in the original model, information of whether or not the “grouped instance transformation mode” or
“elementary instance transformation mode” is used in this bitstream, information of the original 3D
model, information of the type of attributes instances may have, the 3D model compression method

Used for compressing geometry, connectivity and attributes of all 3D objects (patterns and other party
if necessary), etc.

If there is no unique part and repetitive structure in the original model (uni_part_bit == 0 && repeat_
struc_bit == 0), the left part of the bitstream is the compressed input 3D model using the.3D model
compression method indicated in PB3DMC_stream_header. Otherwise, the next part in the bitstream
is the compressed result of all unique components if there are some. If there is at leastione repetitive
structure, the next data field is the compressed result of all patterns, which consist of the patterns of]
unconnected repetitive structures not including any symmetric structures, the patterns of symmetric
structures, the unique parts on those unconnected-repetitive-structure patterns'including symmetric
structures, and the unique parts of those unique components which do not belong to any unconnected
repetitive structures but have symmetric structures. If there is at least ofte’symmetric structure, the
next data field is the compressed transformation of all instances of §ymmetric structure patterns.
Depending on which instance transformation packing mode is chosen in this bitstream, either compr_
insta_grouped_data or compr_insta_elementary_data is the mext part in the bitstream, which|
contains the compressed transformation of all instances of un-cénnected repetitive structures.

5.2.7.4 Bitstream syntax and semantics
5.2.74.1 Conventions

The mathematical operators used to describe this specification for repeated structure discovery-
based compression algorithm are similar to those used in the C programming language. However,
integer divisions with truncation and rounding,are specifically defined. Numbering and counting loops
generally begin from zero.

In addition to the syntax functions, categories and descriptors already used in SC3DMC specification,
the following two functions are used;

f(n): fixed-length coded bitstbing using n bits (written from left to right) for each symbol. n depends
on the code length for each symbol.

ec(v): entropy-coded fe.g. arithmetic coded) syntax element, including possibly configuration
symbols.

5.2.7.4.2 PB3DMC_stream class
5.2.7.4.2.1 Syntax

class PB3DMC_stream{
PB3DMC_stream_header
PB3DMC_stream_data

}

8.27422 Semantics

PB3DMC_stream_header: This data field contains the header buffer.
PB3DMC_stream_data: This data field contains the data buffer.

In the following definition, “symmetric instance” refers to the instance of symmetric structure patterns
and “instance” refers to the instance of unconnected repetitive structures. Patterns consist of the
patterns of unconnected repetitive structures not including any symmetric structures, the patterns of
symmetric structures, the unique parts on those unconnected-repetitive-structure patterns including
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symmetric structures, and the unique parts of those unique components which do not belong to any

unconnected repetitive structures but have symmetric structures.

5.2.7.4.3

5.2.7.4.3.1  Syntax

PB3DMC_stream_header class

Num. of bits

Descriptor

class PB3DMC_stream_header{

version_no

uni_part_bit

repeat_struc_bit \VS\
if(repeat_struc_bit == 1){ y\'\\‘
pattern_num 8 (2))
\d
if(pattern_num == 255){ ,\Q) :
pattern_num_2 16 AQ)’ )
\J
} N5
sym_instance_num 16 N
instance_num IQ /U
o —_ \V
if(instance_num == 65535){ f\\
instance_num_2 \Oj'éz
s\ N
} o
insta_trans_elem_bit /\Q
use_scaling_bit N
} (.\:§\
3d_model_compr_mode Q,\ 2
3d_model_header \\,\\
if(repeat_struc_bit == 1){ “Q)Q
QP_translation AA\
QP_rotation \L\U
error_compen_enable_bit ’_\\O\
if(error_compen_enable_bit == %‘{
error_compen_QB_tal’)\lqﬁ)...’Z] 3x5
) e
S
} e}
reserved_bits f\(O For byte alignment
} Q7

16
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5.2.7.4.3.2 Semantics

version_no: This 4-bit unsigned integer indicates the version number of bitstream specification for
repetition discovery-based 3D model codec (PB3DMC). Bitstream version 0 includes the structures
repeating in various positions, orientations and scaling factors, as defined in [w13178].

. ax .
VCIDSIUVIL_IIU NMICallllly

0 The structures repeating in various positions,
orientations and scaling factors are included
in the bitstream [w13178].

1~15 ISO reserved

uni_part_bit: This 1-bit unsigned integer indicates whether there is unique part, which does not belong to
any unconnected repetitive structures and does not include any symmetric structures, in the 3D model.
0 means there is no unique part and 1 means there is unique part. Note that for thgse multi-connected 3D,
model without any repetitive structure, the entire input 3D model is regarded as@nique part.

repeat_struc_bit: This 1-bit unsigned integer indicates whether or not thére is at least one repetitive
structure in the 3D model. 0 for no repetitive structure and 1 for repetitive structure.

uni_part_bit = 0 && repeat_struc_bit = 0 means the 3D model contains only one connected component]
and the original 3D model can be directly reconstructed from thie‘left part of the bitstream.

pattern_num: This 8-bit unsigned integer indicates the number of all patterns if it is less than 255. The
minimum value of pattern_num is 1.

pattern_num_2: This 16-bit unsigned integer indicates the number of all patterns if it is not less than|
255. In this case, the total pattern number is (pattexra_num_2 + 255)

sym_instance_num: This 16-bit unsigned integer indicates the number of all symmetric instances

instance_num: This 16-bit unsigned integer indicates the number of all instances if it is less than|
65535. The minimum value of instanceintim is 1.

instance_num_2: This 32-bit unsigned integer indicates the number of all instances if it is not less than
65535. In this case, the total instance number is (instance_num_2 + 65535)

insta_trans_elem_bit: This‘l*bit unsigned integer indicates whether “grouped instance transformation
mode” or “elementary instance transformation mode” is used in this bitstream. 0 for “grouped instance
transformation mode? and 1 for “elementary instance transformation mode”.

use_scaling_bit:- This 1-bit unsigned integer indicates whether instance transformation includes
scaling factors, I“for scaling factors being included in instance transformation and 0 for not. When
the scaling factors of most instances equal 1, the instance transformation does not include the scaling
factor. Thatumeans, all instances shall have the same size with the corresponding patterns.

3d_model_compr_mode: This 2-bit unsigned integer indicates the 3D model decoding method used to
reeonstruct patterns, unique part and the original 3D model itself if it includes no repetitive structures.

3d_model_compr_mode Meaning
0 SC3DMC
1 3DMC Extension
2 and 3 ISO reserved

3d_model_header: This data field contains the 3D model header buffer.

QP_translation: This 5-bit unsigned integer indicates the quality parameter of instance translation.
The minimum value of QP_Translation is 3 and maximum is 31. This is the global quality parameter
for instance translation. It can be over written by the quality parameter for the translation of each
individual instance. See 4.8.
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QP_rotation: This 5-bit unsigned integer indicates the quality parameter of instance rotation. The
minimum value of QP_Rotation is 3 and maximum is 31. This is the global quality parameter for instance
rotation. It can be over written by the quality parameter for the rotation of each individual instance.
See 4.8.

error_compen_enable_bit: This 1-bit unsigned integer indicates whether or not there are data fields

Uf LUllllJl Coocd LUd;lls Cl1VUI LUllllJUllDCltiUll data fUl SUIIIT iuotqubco ill thc bitotl cdalll. C ITICAdIIS thcx C io
no data field of compressed coding error compensation data of instances in the bitstream and 1 means
there is at least one data field of compressed coding error compensation data for at least one instance
in the bitstream.

error_compen_QB_table: This data field contains three predefined numbers of quantization bits-for
compensated reconstruction error, each of which is represented by one 5-bit unsigned integer,

5.2.7.4.4 3d_model_header class
5.2.7.4.4.1 Syntax

Num. of bits Descriptor
class 3d_model_header{
ver_num 32
tri_num 32
default_coord_bbox 1
if(default_coord_bbox == ‘0"){
coord_bbox 6 x 32
}
QP_coord 5
normal_binding
if(normal_binding != ‘not_found’){
default_normal_bbox
QP_normal 5
}
color_binding
if(color_binding != ‘not_found’){
default_color_bbox 1
if(defalut_color_bbox ==09{
color_bbox 6 x32
}
QP_color 5
}
multi_tex€Coord_num 5
if(multi*texCoord_num != 0){
for (i = 0; i < multi_texCoord_num; i++){
texCoord_binding
default_texCoord_bbox 1
if(default_texCoord_bbox == ‘0"){
texCoord_bbox 4 x 32
}
QP_texCoord 5
}
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Num. of bits Descriptor
}
multi_attribute_num 5
if(multi_attribut_num != 0){
for (i = 0; i < multi_attribute_num; i++){
attribute_dim_num
attribute_binding
default_attribute_bbox 1
if(default_attribute_bbox == ‘0"){
attribute_bbox 2 x attribute_dim_num x 32
}
QP_attribute 5
}
}
}

5.2.7.4.4.2 Semantics

ver_num: This 32-bit unsigned integer contains the number of.Vertices of the entire 3D model. This
value can be used to verify the decoded 3D model.

tri_num: This 32-bit unsigned integer contains the number of triangles of the entire 3D model. This
value can be used to verify the decoded 3D model.

default_coord_bbox: This 1-bit unsigned integerdndicates whether a default bounding box is used fon
the entire 3D model’s geometry. 0 means using another bounding box and 1 means using the default
bounding box. The default bounding box is defined as Xmin = 0, Ymin = 0, Zmin = 0, Xmax = 1, Ymax = 1 and
Zmax = 1.

coord_bbox: This data field containsthe bounding box of the entire 3D model’s geometry. The geometryj
bounding box is defined by (Xmin, ¥hin, Zmin, Xmax, Ymax, Zmax)-

QP_coord: This 5-bit unsigned integer indicates the quality parameter of the 3D model geometry. The
minimum value of QP_cootd-is 3 and maximum is 31. If there is at least one repetitive structure, QP |
coord is used as the number of quantization bits for the geometry of patterns.

normal_binding: This 2-bit unsigned integer indicates the binding of normals to the 3D model. The
admissible values are described below.

normal_binding Binding
0 not_bound
1 bound_per_vertex
2 bound_per._face
3 bound_per_corner

default_normal_bbox: This 1-bit unsigned integer should always be ‘0’, which indicates that a default

bounding box isused forthe ormat of theemntire- 3D modet-The defauit-boundingbox of Tormatis
defined as nxXpmin = 0, NYmin = 0, NZmin = 0, NXmax = 1, N¥max = 1 and nzpax = 1.
QP_normal: This 5-bit unsigned integer indicates the quality parameter of the 3D model normal. The

minimum value of QP_normal is 3 and maximum is 31. If there is at least one repetitive structure, QP_
normal is used as the number of quantization bits for the normal of patterns.
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color_binding: This 2-bit unsigned integer indicates the binding of colours to the 3D model. The
following table shows the admissible values.

color_binding Binding
0 not_bound
1 hmmd_ppr_xmrmy
2 bound_per_face
3 bound_per_corner

default_color_bbox: This 1-bit unsigned integer indicates whether a default bounding box is used-for
the colour of the entire 3D model. 0 means using another bounding box and 1 means using the défault
bounding box. The default bounding box is defined as rmin = 0, gmin = 0, bmin = 0, 'max = 1, gmax'="1 and
bmax = 1

color_bbox: This data field contains the bounding box of the colour of the entire 3D meodel. The colour
bOundll’lg bOX IS dEflned by (rmin, gmin, bmin, rmax, gmax, bmax).

QP_color: This 5-bit unsigned integer indicates the quality parameter of the colgiy The minimum value
of QP_color is 3 and maximum is 31. If there is at least one repetitive structure,”QP_color is used as the
number of quantization bits for the colour of patterns.

multi_texCoord_num: This 5-bit unsigned integer gives the numbér’ of texture coordinates per
vertex/corner.

[texCoord_binding: This 2-bit unsigned integer indicates the binding of texture coordinates to the 3D
model. The following table shows the admissible values.

texCoord_binding Binding
0 forbidden

1 bound_per_vertex
2 forbidden
3

bound_per_corner

default_texCoord_bbox: This 1-bit unsigned integer indicates whether a default bounding box is
used for the texture coordinates. 0 means using another bounding box and 1 means using the default
bounding box. The default bounding box is defined as umin = 0, Vinin = 0, Umax = 1 and vipax = 1.

[texCoord_bbox: This data_field contains the bounding box of the texture coordinate of the entire 3D
model. The texture coordinate bounding box is defined by (Umin, Vmin, Umax, Vmax)-

QP_texCoord: This 5=bit unsigned integer indicates the quality parameter of texture coordinates. The
minimum value offQP_texCoord is 3 and maximum is 31. If there is at least one repetitive structure,
QP_texCoord is used as the number of quantization bits for the texture coordinates of patterns.

multi_attribute_num: This 5-bit unsigned integer indicates the number of attributes per
vertex/facg/corner.

attribute_binding: This 2-bit unsigned integer indicates the binding of attributes to the 3D model. The
following table shows the admissible values.

attribute_binding Binding
0 forbidden
1 bound_per_vertex
2 bound_per_face
3 bound_per_corner
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default_attribute_bbox: This 1-bit unsigned integer indicates whether a default bounding box is used
for the attributes. 0 means using another bounding box and 1 means using the default bounding box.
The default bounding box is defined as attribute_min[1..attribute_dim] = 0, attribute_max[1..attribute_
dim] = 1.

attribute_bbox: This data field contains the bounding box of the attribute. The attribute bounding box

ra—dafs Jd L Lottail oo & I | I RL) S . 1 PR S [1 PR S nH 1
IS5 UCIIIICU Uy \_Cll.l,l lUuLC_lllllll_J.--ClLLl lUuLC_ullllJ, datlll lUuLC_lllaALJ.--ClLLl lUuLC_ullllJ)-

QP_attribute: This 5-bit unsigned integer indicates the quality parameter of the attributes~The
minimum value of QP_attribute is 3 and maximum is 31. If there is at least one repetitive structure,
QP_attribute is used as the number of quantization bits for the attribute of patterns.

5.2.7.4.5 PB3DMC_stream_data class
5.2.74.5.1 Syntax

class PB3DMC_stream_data{
if(uni_part_bit == 0 && repeat_struc_bit == 0){
compr_3d_model_data
}
else{
if(uni_part_bit == 1){
compr_uni_part_data
}
if(repeat_struc_bit == 1){
compr_repeat_struc_data
}
}

}
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5.2.7.4.5.2 Semantics

compr_3d_model_data: This data field contains the compressed 3D model, which has only one
connected component and could be reconstructed by the decoding method indicated by 3d_model_
compr_mode.

compr uni part data: This data field contains the compressed unique part data_which is defined
as those components not belonging to any connected repetitive structures and not including any
symmetric structures.

compr_repeat_struc_data: This data field contains the compressed repetitive structure data.
5.2.7.4.6 compr_uni_part_data class

5.2.7.4.6.1 Syntax

Num. of bits Descriptor
class compr_uni_part_data{
compr_uni_comp_data
compr_uni_comp_transl bit_num_uni_comp_transl() |f(bitxnum_uni_comp_transl())
}

5.2.7.4.6.2 Semantics

compr_uni_comp_data: This data field contains the compressed geometry, connectivity and properties
of all unique components, which are used to reconstruct, allyunique components by the decoding
method indicated by 3d_model_compr_mode. All reconstriceted unique components are translated to
the positions decoded from compr_uni_comp_transl.

compr_uni_comp_transl: This data field contains ¢he' compressed translation vectors for all unique
components. The unique component translation vectors are decoded by first de-quantization and then
entropy decoding. This data field uses the same:grder of unique component with compr_uni_comp_data.

bit_num_uni_comp_transl(): This functioflycomputes the number of bits used for quantizing each
unique component translation vector based on QP_coord.

5.2.7.4.7 compr_repeat_structdata class

5.2.7.4.7.1 Syntax

Num. of bits Descriptor

class compr_repeat_struc)data{

compr_pattern_data

if(sym_instancénum > 0){

compr_symiinsta_data

compr.stitch_data

}

compr_pattern_transl bit_num_pattern_transl() f(bit_num_pattern_transl())

if(insta_trans elem bit==1){

compr_insta_elementary_data

}

else{

compr_insta_grouped_data

}

}
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5.2.7.4.7.2 Semantics

compr_pattern_data: This data field contains the compressed geometry, connectivity and attributes
of all patterns, which is used to reconstruct all patterns by the decoding method indicated by 3d_
model_compr_mode. Here patterns consist of the patterns of unconnected repetitive structures not
including any symmetric structures, the patterns of symmetric structures, the unique parts on those

ull\,UllllCLth lClJCt;tiVC Dtl u\,tulc yattcn 115 iu\,}udius Dy llllllCtl i\, Dtl u\,t\,u <o, Cllld thc uui\iuc }qu tD
of those unique components which do not belong to any unconnected repetitive structures but have
symmetric structures. All the reconstructed patterns will be translated to the positions reconstructed
from compr_pattern_transl.

compr_sym_insta_data: This data field contains the compressed information of the~symmetric
instances.

compr_stitch_data: This data field contains the compressed data for stitching symmetric instances
and their adjacent parts on the decoded 3D model.

compr_pattern_transl: This data field contains the compressed translation vectors for those
components corresponding to the patterns of un-connected repetitive’ structures. The pattern
translation vectors are reconstructed by first de-quantization and thencentropy decoding. This datal
field uses the same order of patterns as compr_pattern_data.

compr_insta_elementary_data: This data field contains the cémpressed transformation data for all
instances using the “elementary instance transformation mode”. It is compressed in a manner that is|
byte aligned.

compr_insta_grouped_data: This data field contajn§the compressed transformation data for all
instances using the “grouped instance transformatien mode”. It is compressed in a manner that is byte
aligned.

bit_num_pattern_transl(): This function computes the number of bits used for quantizing translation|
vector of each pattern component based onZQP_coord.

5.2.74.8 compr_sym_insta_data.class

5.2.7.4.8.1 Syntax

class compr_sym_insta_data{

if(insta_trans_elem_bit 5= 1){

compr_sym_insta_elementary_data

}

else{

compr, sym_insta_grouped_data

}

}
5.2.7.4.8.2 Semantics

compr_sym_insta_elementary_data: This data field contains the compressed transformation data
for all cymmpfrir instances ncing the “elementary instance transformation mode” It is rnmprnccpd in

a manner that is byte aligned. The detail definition of compr_sym_insta_elementary_data is the same
with compr_insta_elementary_data.

compr_sym_insta_grouped_data: This data field contains the compressed transformation data for all
symmetric instances using the “grouped instance transformation mode”. It is compressed in a manner
that is byte aligned. The detail definition of compr_sym_insta_grouped_data is the same with compr_
insta_grouped_data.
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5.2.7.4.9 compr_insta_elementary_data class

5.2.7.49.1  Syntax

Num. of bits Descriptor

class compr_insta_elementary_data{

insta_transl_bbox 6 x32

for (i = 0; i < numoflnstance; i ++){

elem_insta_QP_translation_flag

elem_insta_QP_rotation_flag

if(elem_insta_QP_translation_flag = 1){

elem_insta_QP_translation 5

}

if(elem_insta_QP_rotation_floag == 1){

elem_insta_QP_rotation 5

}

compr_elem_insta_patternID ec(v)

elem_insta_flip_flag

elem_insta_reflection_flag

elem_insta_attribute_header

compr_elem_insta_transl bit_num_insta transl() f(bit_num_insta_transl())

compr_elem_insta_rotat_spherical

if(use_scaling_bit){

compr_elem_insta_scaling ec(v)

}

if(error_compen_enable_bit == 1){

elem_insta_error_compen_flag 1

if(elem_insta_error_compen_flag == 1){

compr_elem_insta_error_compen.data

}
}

compr_elem_insta_attribute_data

}

}
5.2.7.4.9.2 Semantics

insta_transl2bbox: This data field contains the bounding box of all translation vectors. The bounding
box is defined by insta_transl_xpin, insta_transl_ymin, insta_transl_zpi,, insta_transl_xmax, insta_
transl_ymax, insta_transl_zmax.

elem 'insta_QP_translation_flag: This 1-bit unsigned integer indicates whether or not the ith instance
has'its own quality parameter for translation.

elem_insta_QP_rotation_flag: This 1-bit unsigned integer indicates whether or not the ith instance has
its own quality parameter for rotation.

elem_insta_QP_translation: This 5-bit unsigned integer indicates the quality parameter of the translation
vector of ith instance. The minimum value of elem_insta_QP_translation is 3 and maximum is 31.

elem_insta_QP_rotation: This 5-bit unsigned integer indicates the quality parameter of the rotation
angles of ith instance. The minimum value of elem_insta_QP_rotation is 3 and maximum is 31.
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compr_elem_insta_patternID: This data field contains the compressed pattern ID of ith instance.

elem_insta_filp_flag: This 1-bit unsigned integer indicates whether or not the ith instance is flipped
compared with the corresponding pattern. A flipped instance means the instance triangle normals are
in the opposite direction of the corresponding pattern triangles. 0 means the ith instance is not flipped
and 1 means the ith instance is flipped.

a) Pattern b) Instance
Figure Amd4.15 — Example of flipped instance with-regards to original pattern

elem_insta_reflection_flag: This 1-bit unsigned integer indicates whether the transformation of ith
instance includes reflection transformation along the coordibate axes. 0 means the transformation of ith
instance does not include reflection and 1 means the tratisformation of ith instance includes reflection.

elem_insta_attribute_header: This data field contains the attribute header of ith instance.
compr_elem_insta_transl: This data field contains the compressed translation vector of ith instance.

compr_elem_insta_rotat_spherical: This@data field contains the compressed rotation transformation
of ith instance in spherical mode.

compr_elem_insta_scaling: This ddta field contains the compressed scaling factor of ith instance.

elem_insta_error_compensate’flag: This 1-bit unsigned integer indicates whether or not the next
part of the bitstream is the compressed coding error compensation data of ith instance. 0 means the
next part of the bitstreamis not the compressed coding error compensation data of ith instance and 1
means the next part of the'bitstream is the compressed coding error compensation data of ith instance

compr_elem_insta error_compen_data: This data field contains the compressed coding error
compensation data of ith instance.

compr_elemninsta_attribute_data: This data field contains the compressed attribute data of ith
instance!

bit_num_insta_transl(): This function computes the number of bits used for quantizing instance
translation vectors based on QP_coord.
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5.2.7.4.10

5.2.7.4.10.1 Syntax

compr_elem_insta_error_compen_data class

Num. of bits Descriptor
class compr_elem_insta_error_compen_data{
for(i = 0; i < numOfVertex; i ++){
elem_compen_err_QB_id 2

if(elem_compen_err_QB_id != 0){

compr_ver_compen_err_data

}

}

}

5.2.7.4.10.2 Semantics

5.2.7.4.11 elem_insta_attribute_header class

5.2.7.4.11.1 Syntax

elem_compen_err_QB_id: This 2-bit unsigned integer indicates the index of theidmber of quantization
bits for the jth vertex of the instance in error_compen_QB_table. A 0 valuge\wfeans there is no error
compensation for this vertex. A value of 1 refers to first entry in the error compen_QB_table (2 for
second and 3 for third).

compr_ver_compen_err_data: This data field contains the compréssed compensated error of the jth
vertex of the instance, which is the quantized x, y and z value of its téconstruction error in this order.

Num. of bits

Descriptor

class elem_insta_attribute_header{

if(has_valid_attribute()){

elem_insta_share_pattern_attribute_bit

}

if(has_available_attribute()) && elem_insta_share_
pattern_attribute_bit == 0){

if(normal_binding !=‘n'ot_found’){

elem_insta_normal_compr_mode

}

if(color_binding != ‘not_found’){

elem¢insta_color_compr_mode

}

iffmulti_texCoord_num != 0){

for (i=0; i < multi_texCoord_num; i++){

elem_insta_texCoord_compr_mode

}
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}

if(multi_attribute_num != 0){

for (i = 0; i < multi_attribute_num; i++){

elem_insta_attribute_compr_mode

}

}
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5.2.7.4.11.2 Semantics

elem_insta_share_pattern_attribute_bit: This 1-bit unsigned integer indicates whether or not the
instance share all attributes with the corresponding pattern. 0 means the instance does not share all
attributes with the corresponding pattern and all or parts of its attributes needs to be compressed. One
means the instance shares all attributes with the corresponding pattern.

elem_insta_normal_compr_mode: This 2-bit unsigned integer indicates the reconstruction mode of]
normal data of the instance. The following table shows its admissible values.

elem_insta_normal_compr_mode Mode Meaning

0 share The instance shares normal data with the
corresponding pattern.

1 no_pred The instance has its specific normal data
which is reconstructed by de-quantization
and entropy decoding, witheut prediction.

ISO reserved

ISO reserved

elem_insta_color_compr_mode: This 2-bit unsigned integer indicates the reconstruction mode of]
colour data of the instance. The following table shows its admissiblejvalues.

elem_insta_color_compr_mode Mode Meaning

0 share The-instance shares colour data with the
corresponding pattern.

1 no_pred The instance has its specific colour data
which is reconstructed by de-quantization
and entropy decoding, without prediction.

ISO réserved

ISO.reserved

elem_insta_texCoord_compr_mode: This 2-bit unsigned integer indicates the reconstruction mode
of textured image and texture coondinates of the instance. The lower bit indicates the reconstruction
mode of the textured image ofithe instance. 0 means regular mode and 1 means compensated mode.
The higher bit indicates the reconstruction mode of the texture coordinates of the instance. 0 means|
share mode and 1 means,specific mode. The following table shows its admissible values.

elem_insta_texCoord compr_mode Mode Meaning

0 share The instance shares texture with the
corresponding pattern.

ISO reserved

no_pred The instance has its specific texture coordinate
data which is reconstructed by de-quantization
and entropy decoding, without prediction.

The texture of the reconstructed instance

is to be obtained by decoding the texture
coordinates from the bitstream and mapping
the textured image portion indicated by

3 texture_residual |The instance has its specific texture coordinate
data which is reconstructed by de-quantization
and entropy decoding, without prediction.

The texture of the reconstructed instance

is to be reconstructed by compensated mode
using the texture of the corresponding pattern
and the texture indicated by the reconstructed
texture coordinates.
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elem_insta_attribute_compr_mode: This 2-bit unsigned integer indicates the reconstruction mode of
attribute data of the instance. The following table shows its admissible values.

elem_insta_attribute_compr_mode Mode Meaning

0 share The instance shares attribute data with the
corresponding pattern.

1 no_pred The instance has its specific attribute data which
is reconstructed by de-quantization and entropy
decoding, without prediction.

ISO reserved

ISO reserved

5.2.7.4.12 has_available_attribute() function

5.2.7.4.12.1 Syntax

bool has_available_attribute(){

if(normal_binding != ‘not_found’ || color_binding != ‘not_found || multi_texCoord_num}= 0 || multi_attrib-
ute_num !=0

return true;

else

return false;

}
5.2.7.4.12.2 Semantics

This function decides whether or not there is some attribute data needs to be reconstructed.
5.2.7.4.13 compr_elem_insta_rotat_spherical class

5.2.7.4.13.1 Syntax

Num. of bits Descriptor
class compr_elem_insta_rotat_spherical{
compr_elem_insta_rotat_alpha bit_num_rotat_alpha() f(bit_num_rotat_alpha())
compr_elem_insta_rotat_beta bit_num_rotat_beta() f(bit_num_rotat_beta())
compr_elem_insta_rotat_gamma bit_num_rotat_gamma() | f(bit_num_rotat_gamma()
}

5.2.7.4.13.2 Semantics
The rotation of {llinstance in spherical mode is represented by 3 angles, alpha, beta and gamma.

compr_eleniiinsta_rotat_alpha: This data field contains the compressed alpha of ith instance’s
rotations

compr—elem_insta_rotat_beta: This data field contains the compressed beta of ith instance’s rotation.

rotation.
bit_num_rotat_alpha(): This function adaptively computes the number of bits for the alpha value of ith
instance’s rotation based on QP_coord and the scale of the corresponding pattern.

bit_num_rotat_beta(): This function computes the number of bits for the beta value of ith instance’s
rotation based on QP_coord and the scale of the corresponding pattern.
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bit_num_rotat_gamma(): This function computes the number of bits for the gamma value of ith
instance’s rotation based on QP_coord and the scale of the corresponding pattern.

5.2.7.4.14 compr_elem_insta_attribute_data class

5.2.7.4.14.1 Syntax

class compr_elem_insta_attribute_data{

if(has_valid_attribute()) && elem_insta_share_pattern_attribute_
bit == 0){

if(normal_binding != ‘not_found’ && elem_insta_normal_compr_
mode != ‘share’){

compr_elem_insta_normal_data

}

if(color_binding != ‘not_found’ && elem_insta_color_compr_
mode != ‘share’){

compr_elem_insta_color_data

}

if(multi_texCoord_num != 0){
for (i = 0; i < multi_texCoord_num; i++){

if(elem_insta_texCoord_compr_mode[i]!= ‘share’{
compr_elem_insta_texCoord_data
}
}
}
if(multi_attribute_num != 0){

for (i = 0; i < multi_attribute_num;,i++){

if(elem_insta_attribute_comp@zmode[i]!= ‘share’{
compr_elem_insta_attribute_data

5.2.7.4.14.2) Semantics
comprielem_insta_normal_data: This data field contains the compressed normal of ith instance.
conipr_elem_insta_color_data: This data field contains the compressed colour of ith instance.

compr_elem_insta_texCoord_data: This data field contains the compressed texture coordinates of ith
instance.

compr_elem_insta_attribute_data: This data field contains the compressed attribute data of ith
instance.
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5.2.7.4.15 compr_insta_grouped_data class

5.2.7.4.15.1 Syntax

Num. of bits

Descriptor

class compr_insta_grouped_data{

elem_insta_QP_translation_flag[1..numofInstance]

Number of instances

elem_insta_QP_rotation_flag[1..numofInstance]

Number of instances

for (i = 0; i < numofInstance; i ++){

if(elem_insta_QP_translation_flag[i] == 1){

elem_insta_QP_translation][i] 5 . (\\
} DN
} Q"
for (i = 0; i < numofinstance; i ++){ Kte) v
if(elem_insta_QP_rotation_flag[i] == 1){ G'\”\
elem_insta_QP_rotation[i] 5 A @ ~
} N
} O
reserved_bits AW For byte alignment

compr_insta_patternID_header

compr_insta_patternlD_data

ec(v)

insta_flip_flag_data

O :
MNumber of instances

insta_reflection_flag_data

compr_insta_transl_header

O‘Q:Number of instances
NN 16

compr_insta_transl_data

compr_insta_rotat_header

16

compr_insta_rotat_data

if(use_scaling_bit){

xO

compr_insta_scaling_header

16

compr_insta_scaling_data \\(}7

ec(v)

} [

if(error_compen_enable_bi@l){

elem_insta_error_con}p@?lag[1..numoflnstance]

Number of instances

for(i=0;i< numo@l-qs&fnce; i++){

if(elem_insta_é'g\)(_compen_flag[i] ==1){

N\
compr_emnsta_error_compen_data

i (has_valid_attribute()){
2 . :

|
——ecompr-insta_attribute_header

L)
CLLVJ

compr_insta_attribute_data

}
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5.2.7.4.15.2 Semantics
All the following data fields use the same instance order.

compr_insta_patternID_header: A 16-bit header for the compressed pattern IDs of all instances. This

data field is unused when using fixed-length codec or entropy codec which can determine compressed
bitstream length automatically for coding patternID data

compr_insta_patternID_data: This data field contains the compressed pattern IDs of all instances:

insta_flip_flag_data: This data field contains the flip flags of all instances. It is compressed in ajmanner
that is byte aligned.

insta_reflection_flag_data: This data field contains the reflection flags of all \inStances. It is|
compressed in a manner that is byte aligned.

compr_insta_transl_header: A 16-bit header for the compressed translation vectors of all instances,
This data field is unused when using fixed-length codec or entropy codec-’which can determine
compressed bitstream length automatically for coding transl_data.

compr_insta_transl_data: This data field contains the compressed trdanslation vectors of all instances.

compr_insta_rotat_header: A 16-bit header for the compresséd rotation transformation parts of]
all instances. This data field is unused when using fixed-lengtly codec or entropy codec which can|
determine compressed bitstream length automatically for coding rotat_data.

compr_insta_rotat_data: This data field contains the compressed rotation transformation parts of all
instances. It is compressed in a manner that is byte alighed. See full description in 5.2.7.4.17.

compr_insta_scaling_header: A 16-bit header{for'the compressed scaling factors of all instances.
This data field is unused when using entropy cedec which can determine compressed bitstream length
automatically for coding scaling_data.

compr_insta_scaling_data: This data field contains the compressed scaling factors of all instances.

compr_insta_attribute_header: This data field contains the compressed elem_insta_attribute_header
data of all instances.

compr_insta_attribute_data:This data field contains the compressed attribute data of all instances.
5.2.7.4.16 compr_insta_transl_data class

5.2.7.4.16.1 Syntax

Num. of bits Descriptor
class compr_insta_transl_data{
grouped’insta_transl_bbox 4 x 32
num_node 24
num_dupli_leaf [logz Number of instances x 0,05]
for (i = 0; i < num_dupli_leaf; i ++){
dupli_leaf_id [logz Number of instances]
dupli_insta_transl_num_flag 1
if(dupli_insta_transl_num_flag == 1){
num_dupli_insta_transl 4
}
}
num_interval_bound 4
for (i=0; i < num_interval_bound; i ++){
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