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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 International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
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Introduction

Advancements in 3D capturing and rendering technologies are enabling new applications and services
in the fields of assisted and autonomous driving, cartography, cultural heritage, industrial processes,
immersive real-time communication, and virtual/augmented/mixed reality (VR/AR/MR) content
creation, transmission and communication. Point clouds have arisen as one of the main representations
for such applications. A point cloud frame consists of a set of 3D points. Every point, in addition to having
a 3D position, may also be associated with numerous other attributes such as colour, transparency,
reflectance, timestamp, surface normal and classification. Such representations require a large amount
of data, which can be costly in terms of storage and transmission. This document provides the method
for efficienti compt cobius puiut ctotudr cPt esentations:

The Interndtional Organization for Standardization (ISO) and the International Electrotechnical
Commission|(IEC) draw attention to the fact that it is claimed that compliance with this document may
involve the yse of a patent.

ISO and IEC take no position concerning the evidence, validity and scope of this pateéntright.

The holder of this patent right has assured ISO and IEC that he/she is willing te-negotiate licences yinder
reasonable gnd non-discriminatory terms and conditions with applicants throughout the world. In this
respect, the ptatement of the holder of this patent right is registered with-ISO and IEC. Information may
be obtained from the patent database available at www.iso.org/patents.or https://patents.iec.ch.

Attention is|drawn to the possibility that some of the elements of‘this document may be the subject
of patent rights other than those in the patent database. ISO and IEC shall not be held responsibfle for
identifying gny or all such patent rights.
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Information technology — Coded representation of
immersive media —

Par

t9:

Geometry-based point cloud compression

1

This flocument specifies geometry-based point cloud compression.

2
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const
unda
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of Ba

Rec.
ident
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ident
use in

[SO/I1
Rec. ]

3

For the purposes.ofithis document, the following terms and definitions apply.

ISOa
— 1

cope

ormative references

llowing documents are referred to in the text in such a way, that some or all of t
itutes requirements of this document. For dated references;"only the edition cited
Fed references, the latest edition of the referenced document (including any amendme

TU-T X.690 | ISO/IEC 8825-1, Information technology — ASN.1 encoding rules — Part 1:
bic Encoding Rules (BER), Canonical Encoding Rules (CER)-and Distinguished Encoding Rt

TU-T X.660 | ISO/IEC 9834-1, Information technology — Procedures for the operat
fier registration authorities: General procedutes and top arcs of the international obj
— Part 1:

TU-T X.667 | ISO/IEC 9834-8, Information technology — Procedures for the operat
object identifiers

EC 23091-2, Information technology — Coding-independent code points — Part 2: Video
TU-T T.35, Procedure forthe allocation of ITU T defined codes for non-standard facilities

‘erms and definitions

hd IEC majntain terminology databases for use in standardization at the following ad

50 Online browsing platform: available at https://www.iso.org/obp

heir content
applies. For
nts) applies.

Specification
les (DER)

ion of object
ect identifier

ion of object

fier registration authorities — Part 8~Generation of universally unique identifiers (UUIDs) and their

dresses:

— 1

3.1
3.11

C Electropedia: avallable at https://www.electropedia.org/

General terms

point
fundamental element of a point cloud (3.1.2) comprising a position specified as Cartesian coordinates
(3.1.8) and zero or more attributes (3.1.19)

3.1.2

point cloud
unordered list of points (3.1.1)

© ISO/IEC 2023 - All rights reserved
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3.1.3
point cloud sequence
sequence of one or more point clouds (3.1.2)

3.14
point cloud frame
point cloud (3.1.2) in a point cloud sequence (3.1.3)

3.1.5
coded point cloud frame
coded representation of a point cloud frame (3.1.4)

3.1.6
canonical ppint order
order of points (3.1.1) decoded from a slice (3.1.21) according to the decoding processes

Note 1 to entily: The decoding processes are specified in Clause 9.

3.1.7
bounding bpx
axis-aligned|cuboid defining a spatial region that bounds a set of points (3.14)

3.1.8
Cartesian cpordinates
three scalar| multiples of respective orthogonal XYZ (3.1.11) unit\vectors with finite precision and
bounds thatspecify a position relative to a fixed reference

3.1.9
angular cogrdinates
position sperified as the radial distance p from the V axis, an azimuth angle ¢ in the S-T plane ahd an
indexed elevation

3.1.10
attribute cdordinates
STV (3.1.12)or scaled RPI (3.1.13) point coetdinates used to code an attribute (3.1.19)

3.1.11
XYZ

XYZ axes
X, Y and Z axes, in that order, used to represent Cartesian coordinates (3.1.8)

3.1.12
STV

STV axes
S, T and V aXes, in‘that order, that are a sequence-dependent permutation of the XYZ axes (3.1.11); used
to represent|the ceded geometry (3.1.18)

3.1.13

RPI

RPI axes

R, P and I axes, in that order, used to represent angular coordinates (3.1.9)

3.1.14

sequence coordinate system

scaled and translated application-specific coordinate system that applies to an entire coded point cloud
sequence (3.1.3) and in which all points (3.1.1) have non-negative fixed-point coordinates

3.1.15

coding coordinate system

scaled sequence coordinate system (3.1.14) that applies to an entire coded point cloud sequence (3.1.3)
and in which all points (3.1.1) have non-negative integer coordinates

2 © ISO/IEC 2023 - All rights reserved
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3.1.16

slice coordinate system

translated coding coordinate system (3.1.15) that applies to a single slice (3.1.21) and in which all points
(3.1.1) in the slice have non-negative integer coordinates

3.1.17

beam

sampler of point positions using angular coordinates (3.1.9) by rays cast with a fixed elevation and from
a point on and rotating around the V axis at the angular origin

3.1.18
georr nl'ry
pointpositions (3.4.1) associated with a set of points (3.1.1)

3.1.1p
attribute
scalal or vector property associated with each point (3.1.1) in a point cloud (34.:2)

EXAMPLE Colour, reflectance, frame index.
3.1.2p
positlion

<bit>|bit in a binary string or value, representing the factor 2P

EXAMPLE The LSB has bit position 0.

3.1.21
slice
geomptry (3.1.18) and attributes (3.1.19) for partofj,er an entire, coded point cloud frame (3].1.5)

Note ] to entry: the bounding boxes (3.1.7) of anytwo’slices can intersect.
3.1.2p2
tile

set of slices (3.1.21) identified by a@©ommon slice_tag syntax element (3.2.16) value whdse geometry
(3.1.18) should be contained within a bounding box (3.1.7) specified in a tile inventory data|unit (3.2.13)

3.1.28
Morton code
non-flegative integer obtained by interleaving the bits of three integers

3.1.2¢
Mortjon order
orderf of elements according to their Morton code (3.1.23)

3.1.2p
sparse drray
array with fewer Set elements than total addressable etements

Note 1 to entry: Unset elements can have an inferred value when accessed.

3.2 Terms related to high-level syntax and entropy coding

3.2.1

ASN.1

abstract syntax notation one

notation specified by Rec. ITU-T X.680 | ISO/IEC 8824-1 that is used for the definition of data types,
values and constraints on data types

© ISO/IEC 2023 - All rights reserved 3


https://iecnorm.com/api/?name=458b17f08c948477860ec1b8ac09b16b

ISO/IEC 23090-9:2023(E)

3.2.2

bin

binary symbol (bit) of the binarized (3.2.3) representation of a syntax element's (3.2.16) value
3.2.3

binarization
specification of a syntax element's (3.2.16) value as a sequence of bins (3.2.2)

3.2.4
bypass
<contextual probability model> static, equiprobable probability model

3.2.5 mlb
bypass sympbol

bypass-contdxtualized (3.2.4) bin (3.2.2)

3.2.6
bypass stream
sequence of pypass symbols (3.2.5) that are not encoded in an arithmetic-coded bitstream (3.2.7)

3.2.7
bitstream
<data> sequgnce of bits

3.2.8

bitstream
<coded sequence> sequence of bits, in the form of encapsulated data units (3.2.13), that represgnts a
coded point ¢loud sequence (3.1.3)

3.29
set bit
bit with the yalue 1

3.2.10
unset bit
bit with the yalue 0

3.211
byte

sequence of 8 bits, typeset with the most significant bit on the left and the least significant bit dn the
right.

Note 1 to entify: When represented in a bitstream, the most significant bit of a byte is first.

3.2.12

byte aligne
bitstream (3|2:7) position that is an integer multiple of eight bits from the position of the first bit |n the
bitstream

3.2.13

data unit

DU

sequence of bytes (3.2.11) conveying a single syntax structure (3.2.17) of known length

3.2.14
data unit header
parameters, located from the start of a data unit (3.2.13)

3.2.15
data unit footer
parameters, located from the end of a data unit (3.2.13)

4 © ISO/IEC 2023 - All rights reserved
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6

syntax element
element of data represented in the bitstream (3.2.7)

3.2.17
syntax structure
zero or more syntax elements (3.2.16) present together in the bitstream (3.2.7) in a specified order

3.21

8

parameter set
collection of parameters that apply when activated

3.2.1

sequgnce parameter set

SPS

paraineters for an entire coded point cloud sequence (3.1.3), conveyed by an SPS'‘data unit
activited when referenced by a geometry (3.1.18) data unit

3.2.2

geonjetry parameter set

GPS

parameters for the coding of slice (3.1.21) geometry (3.1.18), conveyed by a GPS data unit

activ

3.2.2
attri
APS

hted when referenced by a geometry data unit

1
bute parameter set

parameters for the coding of a slice (3.1.21) attribute.(3.1.19), conveyed by an APS data unit

(3.2.13) and

(3.2.13) and

(3.2.13) and

Hentifier tree

m "OID" and

rrespond to

activated when referenced by an attribute data unit

3.2.22

obje¢t identifier

(0)0))

<ASN.1> ordered list of primary integer values from the root of the international object i
(3.2.43) to a node, which unambiguously identifies that node

[SOURCE: Rec. ITU-T X.660 |1SO/IEC 9834-1:2012,3.5.11, modified — The abbreviated tef
the dpmain "<ASN.1>" have-beéen added.]

3.2.23

international object identifier tree

tree Whose root«orresponds to Rec. ITU-T X.660 | ISO/IEC 9834-1 and whose nodes c(
regisgration authorities (3.2.25) responsible for allocating arcs from a parent node (3.3.10)
[SOURCE;Rec. ITU-T X.660 | ISO/IEC 9834-1:2012, 3.5.5]

3.2.24

registration

<object identifier> assignment of an unambiguous name to an object in a way which makes the
assignment available to interested parties

[SOURCE: Rec. ITU-T X.660 | ISO/IEC 9834-1:2012, 3.5.16, modified — The domain "<object identifier>"

hasb
3.2.2

een added.]
5

registration authority
<international object identifier tree> entity such as an organization, a standard or an automated facility
that performs registration (3.2.24) of one or more types of objects

[SOURCE: Rec. ITU-T X.660 | ISO/IEC 9834-1, 3.5.17, modified — The domain "<international object
identifier tree>" has been added.]
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3.2.26
application specific
defined by an application or an application standard

3.2.27

unspecified

having no specified meaning in this document and will not have a specified meaning in future editions
of this document

Note 1 to entry: It is used to specify values of a particular syntax element (3.2.16).

1 A 1 a ', A ',
3.3 Termstetatedtotreestructure

3.3.1
tree
recursive stiucture of nodes (3.3.7) without loops and containing a single root node (3.3.5)

3.3.2
top
<tree> tree lpvel (3.3.4) with a depth (3.3.8) of 0, consisting of the root node (3.3:5)

3.3.3
bottom
<tree> tree lpvel (3.3.4) with the greatest depth (3.3.8)

3.34
tree level
set of nodes (3.3.7) at the same depth (3.3.8) in a tree (3.3.1)

3.3.5
root node
node (3.3.7) without a parent node (3.3.10)

3.3.6
leaf node
terminal node (3.3.7) without any child nodes (3.3.9)

3.3.7
node
element of aftree (3.3.1)

3.3.8
depth
<node> numper of descendent hops from the root node (3.3.5) to a node (3.3.7)

3.39
child node
direct descendent of a node (3.3.7)

3.3.10
parent node
direct ancestor of a node (3.3.7)

3.3.11
grandparent node
direct ancestor of a node's (3.3.7) parent node (3.3.10)

3.3.12
great-grandparent node
direct ancestor of a node's (3.3.7) grandparent node (3.3.11)
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3

sibling nodes
nodes (3.3.7) that are child nodes (3.3.9) of the same parent node (3.3.10)

3.3.14
subtree

part of a tree (3.3.1) comprising a subtree root node (3.3.15) and all its descendents over all subsequent
tree levels (3.3.4)

3.3.1

5

subtree root node

singl

naode ('2 3 7) of a subtree ('2 3 14.) from which all ather nodesin the same subtree are

escendents

3.4
3.4.1

Terms related to geometry coding

positlion

<poif

3.4.2
occu
eight

3.4.3
pred
tree

t> three-dimensional coordinates of a point (3.1.1)

pancy tree
ary tree (3.3.1) of occupancy tree nodes (3.4.4) representingthe geometry (3.1.18) of a

ictive tree
3.3.1) of predictive tree nodes (3.4.5) representingthe geometry (3.1.18) of a slice (3.1.

3.4.4
occu
node

contg

3.4.5
pred
node

3.4.6

bancy tree node
(3.3.7) of an occupancy tree (3.4.2) representing a sub-volume of the 3D space
ining the point cloud (3.1.2)

jctive tree node
[3.3.7) of a predictive tree (3.4.3) representing a single position (3.4.1) for one or more

diredt node

term

3.4.7
occu
8-bit
parti

3.4.8

nal occupancy treewode (3.4.4) that codes one or more point positions (3.4.1)

pancy bitmap
bitmap feran occupancy tree node (3.4.4) whose bits indicate the existence of child no
cular logations in the next tree level (3.3.4)

slice (3.1.21)

p1)

(or volume)

points (3.1.1)

des (3.3.9) at

occu

ied mazalbl sala Aokl
JICU ul:lsuuuul IIUUuU Pal.l,cl J §

pattern that indicates the existence and arrangement of the six possible occupancy tree nodes (3.4.4)
that share faces with a central node

3.5

3.5.1
prim
first,

3.5.2

Terms related to attribute coding

ary attribute component
or only, attribute (3.1.19) component, identified by the index 0

secondary attribute component
attribute (3.1.19) component other than the first component, identified by an index greater than 0
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3.5.3
detail level
set of points (3.1.1) that represent a subsampled version of the slice (3.1.21) geometry (3.1.18)

3.5.4
refinement list
set of points (3.1.1) present in one detail level (3.5.3) that are not present in the next coarsest detail level

3.5.5
refinement point
point (3.1.1) in a refinement list (3.5.4)

3.5.6

predictor s¢t

set of neighbouring points (3.1.1) from which an attribute (3.1.19) value is predicted
4 Abbreyiated terms

ADU Attribute data unit

APS Attribute parameter set

attr Attribute

CBS Chunked bytestream

cnt Count

CPM Contextual probability model

DU Data unit

EGk Exponential Golomb code of order k

fbdu Frame boundary marker data unit

FL Fixed-length code

FL+S Fixed-length codeplus conditional sign bit
FSAP Frame-spegific attribute properties

GDU Geometiy data unit

geom Géometry

GPS Geometry parameterset

G-PCC Geometry-based point cloud compression
idx Index

LoD Level(s) of detail

LSB Least significant bit

MSB Most significant bit

NA Not applicable
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occtree Occupancy tree

occ Occupancy tree node

ptree Predictive tree

ptn Predictive tree node

QP Quantization parameter

RAHT Region-adaptive hierarchical transform
seq Sequence

SPS Sequence parameter set

ti Tile inventory

tlv Type-length-value

TU Truncated unary code

5 (onventions

5.1 [General

NOTE The mathematical operators used in this document are similar to those used in the C

langupge. However, the results of integer division and arithmetic shift operations are defined m
and aflditional operations are defined, such as exponentiation and real-valued division. Numbering
conventions generally begin from 0.

5.2

Symbolic names

Variables and expressions use the folowing case-insensitive naming conventions to indica

~

j: general loop or indexvariable

K: component of an XYZ/STV/RPI position, coordinate or location

¢ component of@n-attribute

dc: quantization-parameterized component: 0 - primary; 1 - secondary

dpth: thexdepth of a node or level in a tree

programming
ore precisely,
and counting

te their use:

IyEttee level or detail level, counted from the bottom of a tree or hierarchy

m: Morton-coded location

ns, nt, nv: node coordinates

nsc, ntc, nvc: child node coordinates

nsp, ntp, nvp: parent node coordinates

ptldx: index of a point in canonical point order

rfmtldx: index of a point in an array of LoD refinement points

ni: index for an element in a point's predictor set
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5.3 Numerical representation

binary
octal

decimal

hexadecimal

typeset as 'X...XX' where each base 2-digit X is 0 or 1
typeset as X...XXg where each base 8-digit Xis 0 to 7
typeset as X...XX where each base 10-digit X is 0 to 9

typeset as 0xX...XX where each base 16-digit Xis0to9 or Ato F

5.4 Arithmetic operators

-+

y .
wio
x%y
5.5 Logic
x&&y

x|y

-

x?y:z

5.6 Relat

v

I\

10

al operators

onaloperators

Addition
Subtraction (as a two-argument operator) or negation (as a unary prefixoperatoj
Multiplication

Exponentiation. Specifies x to the power of y. In other contexts,.suech notation is us
superscripting not intended for interpretation as exponentiatien.

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

Division where no truncation or rounding is int€énded

Division in mathematical equations where 1@ truncation or rounding is intended

Summation of f(7) with 7 taking all intéger values from x up to and including y

Modulus, remainder of x dividedby y, defined only for integers x and y with x =2 0 and

Conditional boolean logical "and" of x and y; the operand y is only evaluated if x is
Conditional boalean logical "or" of x and y; the operand y is only evaluated if x is f:
Boolean lpgical "not"

If x is-ttue or not equal to 0, evaluates to y; otherwise, evaluates to z

bd for

=

ly>0

true.

hlse.

Greater than

Greater than or equal to

Less than

Less than or equal to

Equal to

Not equal to
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5.7 Bit-wise operators

&

Bit-wise "and". When operating on integer arguments, operates upon a two's complement
representation of the integer value. When operating upon a binary argument that contains
fewer bits than another argument, the shorter argument is extended by adding MSBs equal
to 0.

Bit-wise "or". When operating on integer arguments, operates upon a two's complement
representation of the integer value. When operating upon a binary argument that contains
fewer bits than another argument, the shorter argument is extended by adding MSBs equal

to 0.

X >>)

X<<_}

NOTE

Bit-wise "exclusive or". When operating on integer arguments, operates upon
plement representation of the integer value. When operating upon a binapny af
contains fewer bits than another argument, the shorter argument is.eXtend
MSBs equal to 0.

Arithmetic right shift as specified by DivExp2Floor(x,y). It is'equivalent to sh
complement integer representation of x by y binary digits. This operator is
for non-negative integer values of y.

Arithmetic left shift of a two's complement integerirepresentation of x by y &
This operator is defined only for non-negative intéger values of y. Bits shifted
as a result of the left shift have a value equal t6,0.

According to the rules of precedence (5.11), the expressionsa+ b <<c+danda | b<<c|

to(atb)<<(c+d)anda| (b<<c)]|d respectively,andnota + (b<<c)+dor (a|b)<<(c|d).

5.8 |Assignment operators

Assignment operator
Expression definition (5.12)

Increment, i.e. x++1S equivalent to x = x + 1; when used in an array index, eva
value of the vafiable prior to the increment operation

Decrement,\ie. x—- is equivalent to x = x — 1; when used in an array index, ev3
value ofithe variable prior to the decrement operation

Multiply by amount specified and update, i.e. x x= 3 is equivalent to x =x x 3

Increment by amount specified, i.e. x += 3 is equivalent to x =x + 3, and x +=
alenttox=x+ (-3)

atwo's com-
gument that
bd by adding

ifting atwo's
defined only

inary digits.
nto the LSBs

/ are identical

luates to the

luates to the

-3) is equiv-

>>=

<<=

Decrement by amount Cpnr‘ifind’ iex=——3ige

alenttox=x-(-3)

guivalenttox=x=3 and x ==

(-3) is equiv-

Arithmetic right shift by amount specified, i.e. x >>= 1 is equivalent tox=x>> 1

Arithmetic left shift by amount specified, i.e. x <<= 1 is equivalent to x = x <<

5.9 Range notation

x=a.b

1

x takes on monotonically increasing integer values starting from a and proceeding to b,

inclusive, with x, a and b being integer numbers

© ISO/IEC 2023 - All rights reserved
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5.10 Mathematical functions

5.10.1 General

ArcSin(x)
Abs(x)

Bit(x, i)

Trigonometric arc sine function

x ; x=20
-x ; x<0

(x>i0) &1

Ceil(x)

Lowestinteger greater than or equal to x

min ; Xx<min
Clip3(min, max, x) max ; Xx>max
x ; otherwise
DivExp2Floqr(x, p) Floor(x + 2P)
DivExp2Fz(%, p) RoundFz(x + 2P)
DivExp2Up(k, p) RoundUp(x + 2P)
Exp2(p) 2p
Floor(x) Greatest integer less than or equal to x
Gced(a, b) Greatest integer that is a factorof both a and b
IntLog2(x) Floor(Log(x) + Log(2))
Log(x) Natural logarithm of-the argument x
Min(x, y) {X XSy
y 5 x>»
X0 XO < Mln(xl » X2 )
MinVec(x) X100+ X <Min(xg,x,)
X" ; Xy <Min(xg,x1)
— fro e
Yy 5 X<y
Xg ; Xo=Max(xq,xy)
MaxVec(x) X1 ; Xy >Max(xg,x;)
A { AY
L(\Z I 1\2 l'laA\AO ,1\1 }
PopCnt(x) Number of set bits present in the binary representation of x
RoundFz(x) (2 xx+Sign(x)) /2
RoundUp(x) (2xx+1)/2
1 ; x>0
Sign(x) 0 ; x=0
-1 ; x<0
Sin(x) Trigonometric sine function
Sqrt(x) Jx
12
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5.10.2 IntAtan2

The function theta = IntAtan2(y, x) is a 20-bit fixed-point approximation of the arc tangent of y + x that
accounts for the Cartesian quadrant of the parameters. Its:

— parameters x and y are integer, Cartesian coordinates;
— result shall be equal to the value of the expression intAtan2[y][x].

The expression sineThetal is for a right-angled triangle with catheti adj and opp in the first octant.

sineThetal := opp x IntRecipSqgrt(adj x adj + opp x opp) >> 20
whegx
dpp := Min (Abs(y), Abs(x)

)
4d7j Max (Abs (y), Abs(x))

The dngle thetal is derived by interpolating between values of ArcSinFp for a 9-bit@pproxinjation of sine
thetal

thetdI := ArcSinFp[idx0] + (alpha x (ArcSinFp[idxl] - ArcSinFp[idx0O)) >> 11)
whgre
1dx0 := sineThetal >> 11
Jdx1 := n (362, idx0 + 1)
dlpha = sineThetal % Exp2(1l1l)

The gxpression ArcSinFp[x] specifies the 20-bit fixed-point approximation for arc sine.

1
'cSinFp[x] :={220 ArcSin[i)+—J
22 ) 2

o

The result is obtained by mapping thetal to the corbect octant according to the signs of the|parameters.

intAan2[y] [x] := Sign(y) x thetalh
whdgre thetaIh :=
4 > 0 && Abs(x) = ? thetal
> 0 && Abs(x) < Abs 16471099 - thetal
x) < 1647100 + thetal
x) 2

2
?
? .
? 8294177 - thetal : 0

< 0 && Abs(
< 0 && Abs(

NN NG

5.10.3 IntCos and IntSin

The functions x = IntCos{&) piBits) and y = IntSin(6, piBits) are 24-bit fixed-point approximfations of the
cosing and sine of 6. Their:

— farameters @-and piBits specify an angle measured in units of 2-PBits half turns;

Df SinFp. The
d by Table 1.

The variable pi, equal to Exp2(piBits), represents one half turn.

cathetus := sgn x DivExp2Up (iFracO x SinFp[idx0] + iFracl x SinFp[idxl1l], fracBits)
where
fracBits := piBits - 11
iFracl := theta - ((theta >> fracBits) << fracBits)
iFracO := Exp2(fracBits) - iFracl
1dx0 Min (1024, theta >> fracBits)

idx1 Min (1024, idx0 + 1)
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Table 1 — Values of sgn and theta for functions IntCos and IntSin

Domain IntCos IntSin
sgn theta sgn theta

0 <-pi -1 pi/2 0 0
-pi<6<-pi/2 -1| -0-pi/2 -1 pi+0
-pif2<6<0 1| 6+pi/2 -1 -0
0<0<pi/2 1| -6+pi/2 1 0
pi/2 <60 <pi -1\ 6-pi/2 1 pi-06
82 pi -1 pif2 0 0

The expression SinFp|[x] specifies the 24-bit fixed-point approximation of sine.

; . [ TX 1
Slan [X] = [224 SIH(ZT]'F EJ

5.10.4 IntSgrt

The functior] r = IntSqrt(x) is an integer approximation of the principal squaré root of x. Its:
— paramefer x is a non-negative integer;

— result shall be equal to the value of the expression intSqrt[x]:

It is specified in terms of the fixed-point reciprocal squareapot. If the parameter x is greater thlan or
equal to 246 [the calculation uses a quantized value of x to ensure computability using 64-bit arithmetic.

NOTE IntSqrt(0) is 1.

intSqgrt[x] |:= x £ Exp2(46)
? 1 + (x x IntRecipSqgrt(x) >> 40)
: 1 + (x8 x IntRecipSqgrt (x8) >> 32)
where
x8 := DivExp2(x, 16) + 1

5.10.5 lntl]eciqurt

The functio
root of x. Its:

rRecip = IntRecipSqrt(x) is a 40-bit fixed-point approximation of the reciprocal square

— paramefer x is a nonisnegative integer;
— result shall be equal to the value of the expression intRecipSqrt[x].

NOTE In{Ré€eipSqrt(0) is 0.

The parameter x is scaled to be in the range [239, 232 - 1] in the expression xScaled by multiplying or
dividing by a power of four. The expression xScaleLog4 is the log4 scale factor.

xScaled := Floor(x x Exp2(2 x xScaleLogd))
xScalelLogd4 := 15 - IntLog2(x) / 2

The reciprocal square root shall be determined by two rounds of the Newton-Raphson method. The
initial approximation for the scaled parameter x is specified by the expression approxR0. Table 2
specifies the initial approximants over the domain of approxR with 18 fractional bit precision.

approxR0O := approxR[xScaled >> 25]

The second approximation from the first round of the Newton-Raphson method is specified by the
expression approxR1.
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approxR1l := threeR0O[approxR0] - (rCubedO[approxR0] x xScaled >> 32)
threeR0O[r] = 3 x DivExp2Fz(r, 18) << 22
rCubedO[r] := DivExp2Fz(r x r x r, 54) << 8

The third approximation from the second round of the Newton-Raphson method is specified by the
expression approxR2.

approxR2 := threeRl[approxRl] - rCubedl[approxR1l] >> 32
threeRl[r] := r x 3 << 28
rCubedl[r] := r x (r x (r x pInScaled >> 32) >> 32)

The result is obtained by scaling the third approximation by the square root of the initial scale factor.

intRCIpSgrelIx] = X U ¢ FI0OT (approxRZ X EXpZ (xscaleLogd — 3)) : U

Table 2 — Initial approximations approxR|[i + j] for IntRecipSqrt(i +j << 23)

i
0 1 2 3 4 5 6 7
32 || 3F7FFDA | 3E7FFB7 | 3DBFFBD | 3CC0013 | 3BFFFEE | 3AFFFE} 3A3FFDE 397FF96
40 || 38FFFDE 383FFCO0 3780063 36FFFCD | 3640014 | 35BEFFA 34FFF8B 3480010
48| 3400039 3380042 3300008 328002B | 3200046 [ \317FFC2 3100012 307FFDB
56 || 303FFC5 2FCO04F 2F3FFEO 2EFFF93 | 2E7FF9d~~ 2E3FF83 2DC0037 2D7FFB6
64 || 2D0000B | Z2CBFF96 2C7FF66 2C00017 | 2BC0653 | 2B7FFA4 2AFFF43 2AC004B
72 || 2A80061 2A3FF6A | 2A00032 29BFF3B | 297FF74 293FFC9 28CO001E 287FF6D
80 || 283FF9E 27FFF93 27BFFB1 | 27BFFE8¢) 277FF3C 2700056 2700000 26C€0069
88 || 26800CE | 26400CD 25FFF5A | 25BFFA8: | 25BFFD6 | 258008C 25400B9 2500020
96 | | 24BFF93 24C00B6 24800E6 | 24400B3 | 2400011 2400054 23C0049 237FF98
104(| 2380104 233FFFC 2300047 2300024 | 22C0029 2280000 2280012 223FF79
112| | 223FF54 21FFF56 21BFFDE 21C0078 2180111 217FF3D 2140023 20FFFOF
120{| 21000F1 20C0019 20C0137 2080015 | 2080091 204004F 20400F7 200006B

NOTH  Values are typeset in hexadecimalform without the 0x prefix.

J

5.106 Div

The function quotient =.Div(dividend, divisor, fracBits) is a fixed-point approximation qf dividend +
divisqr. Its:

— parameters.dividend and divisor are integers;
— HarameterfracBits is the number of fractional bits in the fixed-point result;

— resultis specified by the value of the expression quotient.

quotient := dividend x recipDivisor[idx] >> 16 + excess - fracBits
where
idx := DivExp2Fz (divisor, excess)
excess := Max (0, IntLog2(divisor) - 7)
recipDivisor[idx] := RoundFz (Exp2 (16) + idx) - 1

5.10.7 Morton
The function m = Morton(s, ¢, v) converts its parameters to a 3D Morton code. Its:
— parameters s, t and v are non-negative integers;

— resultis specified by the value of the expression morton.
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The conversion interleaves the bits of each parameter v, t and s; in that order, starting from the LSBs.

The LSB of v

is the LSB of m. Table 3 illustrates the construction of 3D Morton codes from the bit string

representation of the parameters s, t and v.

morton := 223i+2 Bit(s,i)+23iJr1 Bit(t,i)+23i Bit(v,i)

The express
argument k,

Morton[expr

i=0

ion Morton[expr| performs the same conversion for an expression expr that takes an
ke{0,1,2}.

] := Morton (expr[0], expr[l], expr[2])

Table 3 — Construction of 3D Morton codes m from the tuple (s, t, v)

Bit string form Decimal form

s t 1% m m
'00' '00' '00' ‘000000 0
'00' '00' 01 ‘000001 1
01 171 10 ‘011110 30
01 171 171 011111 31
10 01 10 101010 42
10 01 11 1010 8T 43
171 10 00 110400 52
171 10 01 ‘D10101 53

Sy e S1 o t, wty to Ve Vy Vg Sy V. S1 1 V1 Sty Vo

5.10.8 FromMorton

The function
— paramet
— resultis

The convers
the LSB of v.

(s, t, v) = FromMorton(m) is the inyerse of Morton(s, t, v). Its:
er m is a non-negative, integer, 3D Morton code;
the tuple specified by the value of the expressions s, t and v.

on deinterleaves the bits’of v, t and s; in that order, starting from the LSB. The LSB off m is
(2! Bit(m,3i +2)

2/ Bit (m,8i +1)

_ L. ,
V'_Zi:07 le(m '%1)

5.11 Order of operation precedence

When order
rules apply:

of precedence in an expression is not indicated explicitly by round brackets, the following

— Operations of a higher precedence are evaluated before any operation of a lower precedence.

— Operations of the same precedence are evaluated sequentially from left to right.

16
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Table 4 specifies the precedence of operations from highest to lowest; a higher position in the table
indicates a higher precedence.

NOTE For those operators that are also used in the C programming language, the order of precedence used
in this document is the same as used in the C programming language.

Table 4 — Operation precedence from highest (at top of table) to lowest (at bottom of table)

Operations (with operands x, y and z)

X++, X——

-X, -x (as a unary prefix operator)

Pd

XXPX[VXEY, =, x%y
Yy

X +Y,x -y (as atwo-argument operator), Zj’:xf(i)

X<<Y,X>>y

X<V, XSY,X>), X2y

X==y,X#y

x&y

x"Ny

x|y

x&&y

x|y

x?y:z

X.y

X=PX+H= Y, X 5P XX= Y, X <<= Y, X>>=)

5.12(Named expressions

5.12.1 General

Operjitions and values.inthis document are sometimes specified in the form of named [expressions.
Exenplar named expressions are described in Table 5. An index of all named expressions i$ provided in
Annei E.

A named expreSsion is a named macro-like statement. Every occurrence of a named ¢xpression is
substiituted.by-its definition when evaluated. The definition is provided by the := operator.

Substitution is atomic. For example, the substitution for 3 x ExAPlusB is equivalent to 3 3 (a + b), not
(3 X u) +b-

The definition for a named expression is immutable. For example, ExTwo is equivalent to the value 2;
unlike a variable it cannot be modified. All instances of ExTwo could be substituted by the numeric
value 2.

The substitution for a named expression can be a variable. The substituted variable in such cases can
be modified. For example, ExVar++ increments the variable Var.
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Table 5 — Examples of named expressions

Example Remarks
ExTwo := 2 ExTwo is equivalent to the value 2
ExAPlusB := a + b ExAPlusB is equivalent to (a + b)
ExTwoIndirect := ExTwo ExTwolndirect is equivalent to ExTwo
Var = 2 ExVar is equivalent to (an alias of) the variable Var
ExVar := Var
ExTimesTwo[i] := 2 x i ExTimesTwo[j + 1] is equivalentto 2 x (j + 1)
Exsquared [ = 1 x 3 E'v(‘qunraﬂ[l?v!/n:u.;] 1S nqninqlanf toVagr x I/nr’ with-Varincre-
mented after the evaluation of ExSquared
for (Var =|0; Var < 10; Var++) sum is incremented, in total, by 110
sum += ExTimesTwo [Var]
ExWhere[i]|:= ExTimesTwo [inner] ExWherelj] is equivalentto 2 x (j + 1)
Where
inner =1 + 1
ExSumA[i] }=1i > 0 Recursive definition.
? 1+ Ex$umA[i - 1] ExSumA[10] evaluates to 55
: 0
ExSumB[i] |= Imperative definition using multiple statements.
ExSumB =[0 ExSumB[10] evaludtes to 55
for (; 1i|> 0; 1i--)
ExSumB|+= 1
ExSumlO [expr] := ExSumi1Qapplies expr to each i, i € 0.. 10, summing the resplt.
ExSuml0 # 0 ExSuml0[ExprTimesTwo] evaluates to 110
for (i =|0; i £ 10; i++) ExSum10[ExprSquared] evaluates to 385
ExSuml( += expr[i]

5.12.2 Scope of a named expression

The scope offa named expressioniis not affected by the relative order of its definition and use; a n
expression dan be referenced'earlier in the document than its definition.

Named expiessions identified by a capital initial are "global" definitions that apply to the {
document. They maybgé directly referenced in other subclauses.

Named exprgssions-identified by a lower-case initial are "local” definitions that apply to the subd
in which the.are defined.

amed

whole

lause

If a global definition references a local definition in the same subclause, that local definition is
when the global definition is referenced in another subclause.

5.12.3 Arguments of named expressions

used

The definition of an expression can be in terms of one or more parameters. Each parameter is enclosed

in square brackets. For example, the definition ExTimesTwo[i] has a single parameter i.

A named expression can be applied to one or more arguments. When the definition is substituted for
a named expression, every instance of each parameter is replaced by the text of the corresponding

argument.

Replacements are atomic. For example, ExTimesTwol[j + 1] is equivalentto 2 x (j + 1), not (2 xj) + 1.
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5.12.4 Sub-expressions

A definition can contain a where-clause that defines further named expressions. They apply only to
the definition containing the where-clause. For example, the definition of ExWhere[i] defines the sub-
expression inner.

5.12.5 Definitions with multiple statements

Some definitions cannot be succinctly expressed by a single statement. In such cases, a definition can
consist of multiple statements. The evaluated value for the whole definition is specified by assignments
or modifications to a variable with the same name as the named expression. For example, ExSumB.

5.12.6 Textual definitions

Som¢q definitions are provided by a descriptive equivalence in textual or tabular fornY. For example:

n

The expression Ex[i] is specified by Table X (Value for Ex[i])."

The value for the expression Ex is specified by Table X for each axis k)"

n

The expression Ex is equivalent to the following [procedural code]."

5.13|Variables, syntax elements and tables

x elements in the bitstream are represented in bold type. Each syntax element is degcribed by its

(all lower-case letters with underscore charact€rs) and one descriptor for its method of coded
sentation. The decoding process behaves according to the value of the syntax elemept and to the
s of previously decoded syntax elements. When a value of a syntax element is used in the syntax
5 or the text, it appears in regular (i.e. not bold) type.

Synt3
name
reprd
value
table
ents' values.

In some cases the syntax tables use the values of variables derived from other syntax elen

Such
and
the c
proce
areo

NOTE

Func
funct

variables appear in the syntax tables, or text, named by a mixture of lower- and upper
vithout any underscore characters: Variables with a capital initial are valid for the
irrent syntax structure and all.dependent syntax structures. They may be used in {
ss for later syntax structures-without mentioning their origin. Variables with a lowe
hly used within the clausein which they are derived.

The syntax is described in a manner that closely follows the C language syntactic constr

ions that specify-properties of the current position in the bitstream are referred
ions (7.2). These functions assume the existence of a bitstream pointer with an indi

-case letters
decoding of
he decoding
r-case initial

ucts.

Lo as syntax
cation of the

on of themext bit to be read by the decoding process from the bitstream. Syntax functions are
ibed by(their names, which are constructed as syntax element names and end with left and right
(for usage),

posit
desc
roungl brackets including zero or more parameter names (for definition) or arguments
sepatfated-by commas (if more than one).

Functions that are not syntax functions (including mathematical functions specified in 5.10) are
described by their names, which start with a capital initial, contain a mixture of lower- and upper-case
letters without any underscore characters and end with left and right round brackets surrounding zero
or more parameter names (for definition) or arguments (for usage), separated by commas (if more than
one).

Arrays are sequences of values identified by a common name. Both syntax elements and variables can
be arrays. Subscripts or square brackets are used to index an array.

Boolean true and false values are interchangeable with the integers 1 and 0, respectively; non-zero
integers are equivalent to true.
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6 Point cloud format and relationship to coded and output representations

6.1 General format

A point cloud is an unordered list of points representing geometry, optional attribute information and
associated metadata. Geometry information describes the location of points in a three-dimensional
Cartesian coordinate system. Attributes are typed properties of each point, such as its colour or
reflectance. Metadata is information used to interpret the point cloud, the point geometry and the
attribute data.

Each point in a point cloud is a tuple of a three-dimensional position and attribute values for every

attribute pr
order.

Point cloud
another coo
types and hd

An N-point |
comprises a
A to Ay,

Two point ¢
clouds. For ¢

6.2 Attrib

6.2.1 Gen

An attribute

A point cloud, unlesslotherwise specified, may contain more than one instance of a particular attr

The significg

esent in the point cloud. All points shall have the same number of attributes in the

rdinate system, spatial regions (tiles) within a point cloud, the identification of attr
w attribute values are interpreted.

point cloud P is symbolically illustrated in Figure 1. Rows of P are|points. Each po

position with components p,, , and values for the components -

n,e of each attribute

P A4,
— /—’1‘—\

M

pl,k al,c al,c

1 M

P= pZ,k aZ,c aZ,C

1 M

erk aN,c aN,c

Figure 1 — A symbolic representation of a point cloud

ouds are identical if there exists a one-to-one mapping between points in the two
xample, a permutation of points(rows inP) preserves identity.

utes
bral

COI‘ﬂpI’iSGS Qe or more components.

nceofinterpretation of multiple instances of the same attribute is unspecified.

Metadata cajn"\be associated with each attribute instance. Attribute metadata conveys sequence

same

metadata may describe, for example, a geometric transformation used tomiap points to

ibute

nt P,
A, of

point

bute.

level

characteristics such as an attribute label identifier or a frame level interpretation such as an attribute
scale and offset information.

6.2.2 Colour

The colour attribute specifies the colour of a point. The attribute shall comprise one of the following
configurations:

aluma (

alumac

20

Y’) component (monochrome);

omponent and two chroma components (Y CzCg or YC;Cy );

green, blue and red components (G'B’'R’, also known as RGB);
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— other unspecified monochrome or tri-stimulus colour systems (e.g. YZX, also known as XYZ).

The colour representation should be described using ISO/IEC 23091-2 coding-independent video code
points and the syntax specified in 7.3.2.7.

The ordering of attribute components is specified by Table 6.

Table 6 — Relationship between colour components and attribute components

Attribute component
Colour representation index
Monochrome Y’ - _
Y'CgCr Y’ Cy Cx
YCeCo Y’ Cq Co
G'B'R’ or RGB G’ B’ R’
YZX or XYZ Y Z X

6.2.3| Opacity

Opacjty is a single-component attribute. When normalized to. the interval [0, 1], the valug 0 indicates
that 4 point is completely transparent and the value 1 indicates complete opacity. The opadity attribute
may be used to control colour blending when rendering a‘colour attribute.

NOTH Opacity is often called an alpha channel or trarisparency.

6.2.4] Reflectance

Reflectance is a single-component attribute ‘that represents the ratio of incident light r¢flected by a
point} it is a dimensionless quantity.. Values are bounded by a minimum that indicafes complete
absoiption and a maximum that indicates complete reflection or saturation.

6.2.5| Normal vector

A normal vector is a three-component attribute representing a vector perpendicular td the surface
tanggnt plane at an asseciated point. The axes identification of the normal vectors is ideptical to that
of thg STV axes for thé coded point cloud geometry. The length of a normal vector is not rgquired to be
one.

Normal vectorS/may be used when rendering a point cloud. A point's appearance may [be modified
accorjding to.the difference between the incident light direction and its normal vector.

6.2.6| ~“Material identifier

A material identifier is a single-component attribute that associates a point with a material from a
range of materials. Points with a common material identifier share a characteristic that may be used to
identify an object or type of object. Materials are not specified by this document.

6.2.7 Frame number/index

The frame number and frame index attributes are single-component attributes that indicate how a
point cloud frame may be partitioned into one or more ordered sub-frames. Each sub-frame is a partial
representation of a point cloud frame, comprising points with the same frame number/index attribute
value.

NOTE Sub-frame partitioning does not form part of the decoding or output processes specified by this
document.

© ISO/IEC 2023 - All rights reserved 21


https://iecnorm.com/api/?name=458b17f08c948477860ec1b8ac09b16b

ISO/IEC 23090-9:2023(E)

A point cloud sequence shall contain no more than one instance of a frame number/index attribute. A
point cloud sequence shall not contain both frame number and frame index attributes.

The frame number attribute may be used to order all sub-frames over the entire point cloud sequence.
Points from different point cloud frames shall not have the same value for the frame number attribute.

The frame index attribute may be used to order the sub-frames of a single point cloud frame.

An example of the relationship between frames, sub-frames and their ordering is shown in Table 7. The
point cloud frames a, b and c are partitioned into sub-frames. Sub-frame orders are shown for the cases
where the attribute is a frame number or a frame index.

Table 7 — Example partitioning of three consecutive frames a, b and c into sub-framesg

Frame
a b c
Frame number attribute
bub-frame attribute value 0 2 1 3 5 4 6 7
Sub{frame presentation order| a, a, a, b, Cy bs Co Ccy
Frame index attribute
bub-frame attribute value 0 2 1 0 1 0 1 3
Sub{frame presentation order| aq, a; a, b, b4 Co cq C3

6.2.8 User defined attributes

The point clgud format supports attributes other than those specified in this document. A user dgfined
attribute sh3ll be identified by an international object identifier. The international object identifier shall
either be asgigned by a registration authority in ageerdance with Rec. ITU-T X.660 | ISO/IEC 9834-1,
or generated without registration using a universally unique identifier (UUID) as specified by Rec.
ITU-T X.667 || ISO/IEC 9834-8.

6.3 Codeg¢-derived attributes

6.3.1 General

Codec-deriv¢d attributes repreSent values that are determined as side-effects of a processes sperified
in this docurpent.

A decoder mpy, but is not:required to, output one or more codec-derived attributes. Any codec-dgrived
attributes output byadecoder shall conform to the definitions in 6.3.

6.3.2 Slic¢ identifier

The slice identifier attribute shall be a single-component attribute that identifies the slice from which a
point is decoded. Identification shall use the slice_id syntax element value.

6.3.3 Slice tag

The slice tag attribute shall be a single-component attribute that identifies the group of slices from
which a point is decoded. Identification shall use the slice_tag syntax element value.

6.3.4 Canonical point order

The canonical point order attribute shall be a single-component attribute that specifies the order within
a slice in which points are decoded by the geometry decoder specified in Clause 9.
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Values of the canonical point order attribute shall be equal to ptldx of the corresponding point
PointPos[ptldx] in a slice.

6.3.5

Point Morton order

The point Morton order attribute shall be a single-component attribute that specifies the order of points
within a slice according to ascending values of Morton-coded STV slice position (i.e. prior to 8.3.6).

The Morton order shall be equivalent to the order of points in the finest detail level specified in 10.6.5.2
as if both attr_canonical_order_enabled and attr_coord_conv_enabled are both 0.

For e

finest detail

level,
6.4

6.4.1

The
appli

All p
coorq

A po
coor(
activ

H

amnle ifthroo nainte g h and ~in cananical prn'nf order are ardored {n ch } inthe
..... +&—H+tHE HS—4-ha-cHh-caheie Pt orael e oiraele g &b+

then the respective values for the Morton order attribute are 0, 2 and 1.
Coded point cloud format

Sequence coordinate system

g$equence coordinate system is specified by the position of its erigin in an extern

Cation-specific coordinate system and by the length of its unit véctors.

pints in a coded point cloud sequence shall have non-negative coordinates in t
inate system.

ition Pgqg in the sequence coordinate system is rélated to the position P,cg in the
inate system by the sequence origin SeqOrigin axid the unit vector length SeqUnit spe
e SPS:

acs = (Pscs +SeqOrigin)x SeqUnit

The maximum bound on the sequence coordinate system depends upon the level to whi

point

An e
an x-
coord

appli

cloud sequence conforms, as specified in Annex A.

coordinate of 75 in the s€quence coordinate system has a position in the applica
inate system of 105 SeqUnit. If SeqUnit is 0,8 AppUnit, the x-coordinate of the
Cation-specific coordinate system (marked ACS) is 4,2.

ally defined

he sequence

> application
cified by the

th the coded

xample sequence coordinate, system (marked SCS) is illustrated in Figure 2. A point Pg-g with

tion-specific
point in the
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Figure 2 — Relationship between application;, sequence, and coding coordinate systemp

6.4.2 Coding coordinate system

The coding doordinate system is a non-negative integer coordinate system used to code point posifions.
It is either identical to, or a geometric contraction of the sequence coordinate system. Its origin is
coincident wjith the sequence coordinate system origin.

A position P in the coding coordinate system is related to the position Py in the sequence coordinate
system by tHe binary fixed-point scale factor SeqCodedScale:

Pscq = Pcs X SeqCodedScale

An example|coding coordinate system (marked CCS) is illustrated in Figure 2. A point P.cs with an
x-coordinatg 048 in the coding coordinate system has an x-coordinate, Pgs, of 75 when scaled hy the
scale factor SeqCodedScale=a+b=25+16.

Point position components in the coding coordinate system shall satisfy the following level dependent
(Annex A) constraint:

Pscg X SeqCodedScaleN < Min(ZM“XSEquOXDimLOgZ 232 —%SequdedScaleD)

Where SeqCodedScaleN and SeqCodedScaleD are the numerator and denominator, respectively, of
SeqCodedScale when represented as an irreducible fraction:

SeqCodedScaleN
SeqCodedScaleD

=SeqCodedScale,  Gcd(SeqCodedScaleN, SeqCodedScaleD) =1
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NOTE This constraint guarantees that conversion from the coding coordinate system to the sequence
coordinate system can be performed using 32-bit arithmetic.

6.4.3 Coded point cloud sequence

The coded representation of a point cloud sequence comprises one or more point cloud frames encoded
as a sequence of encapsulated DUs that convey syntax structures as specified in 7.3. Unless specified by
external means, the encapsulation format shall be as specified by Annex B.

The coded point cloud sequence shall include:

— an SPS that enumerates the attributes present in the coded point cloud format and conveys both
metadata and decoding parameters that pertain to the whole coded point cloud sequence;

— ]ny GPSs that convey parameters required for the decoding of geometry data;
ny APSs that convey parameters required for the decoding of attribute data;

— the slices comprising each coded point cloud frame.

6.4.4| Coded point cloud frame

A coded point cloud frame comprises a sequence of zero or more-sli¢ces with the same value|of a notional
frame counter FrameCtr (8.2.2). An optional frame boundary,marker data unit explicitly signals the end
of a ffame.

It is g requirement of bitstream conformance that:
— Hvery coded point cloud frame shall have a unique value of FrameCtr within the sequence.

— (oded point cloud frames shall be ordered such that the notional frame counter increases for each
sjuccessive coded point cloud frame.

An emppty frame shall be signalled by a\frame boundary marker data unit without any pregeding slices
with the same value of FrameCtr.

A coded point cloud frame independently codes a single point cloud frame without dependencies upon
any previous or subsequent point cloud frame.

A dedoded point cloud frathe is the concatenation of all points in all constituent slices of th¢ frame.
Unlegs prohibited by.an SPS constraint, coincident points in a point cloud frame may arise from:
— points codéd-in a single slice with a non-zero duplicate point count;

— distinctpoints with the same position in a single slice; or

— thel&oncatenation of multiple slices.

6.4.5 Slice of a coded point cloud frame

Every slice shall include a GDU that codes the slice geometry and ADUs or defaulted attribute DUs that
code the slice attributes. A slice is identified by the GDU slice_id.

The slice geometry is coded in the slice's coordinate system. The bounding boxes of slices may intersect,
including within a single frame.

A slice shall start with a GDU. This GDU may be followed by optional redundant GDUs that duplicate the
slice geometry. ADUs and defaulted attribute DUs shall occur after all GDUs in the slice. DUs belonging
to different slices shall not be interleaved.
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Within a slice, other DUs may be present. For example, an APS can occur within a slice to convey
parameters for attribute decoding.

It is a requirement of bitstream conformance that:

in the SPS.

attribute values.

All GDUs present in a slice shall reconstruct the same geometry in the same canonical point order.

Every slice shall have a corresponding ADU or defaulted attribute DU for every attribute enumerated

All ADUs present in a slice with the same value of adu_sps_attr_idx shall reconstruct the same

Only one GDlJ in a slice shall be decoded; all others shall be ignored when decoding (removed-£ro

bitstream an

ADU parsin
reconstructe

Slices are ei
be decoded 1
decoded firs

A dependent

6.4.6 Rep

Slices may b
id.

A slice set is

It is a requin
points in the

From each s
from the bits

6.4.7 Reld

d discarded). A decoder shall choose which GDU is decoded.

b depends upon certain GDU header parameters. ADU decoding depends upol
d slice geometry.

fher independent or dependent. An independent slice does not require any other sl
irst. A dependent slice requires that the immediately preceding slice in bitstream or
t. A slice shall be directly depended upon by no more than a single dependent slice.

slice shall not depend upon a slice in a different point cloud-frame.

btition of slices

e repeated within a coded point cloud frame. Repetition shall not change the value of

the set of slices with the same value of sli¢é) id within a coded point cloud frame.

ement of bitstream conformance thatall slices in each slice set shall reconstruct the
same canonical point order.

tream and discarded). A deceder shall choose which slice is decoded.

tionship between tiles and slices

A group of sliices can be identified by a common slice tag identifier (slice_tag).

The tile inv
tile compris
Implementat

When a tile

entory DU-provides a means to associate a bounding box with a group of slices.
es a singlé bounding box and an identifier (tileld). Tile bounding boxes may owv
ions canuse a tile inventory to aid spatial random access.

m the

W the

ce to
der is

slice_

same

ice set, only one slice shall be*decoded; all others shall be ignored for decoding (renjoved

Each
erlap.

wise,

nvéntory is present in the bitstream, slice_tag shall identify a tile by its tileld. Other

the use of sli

N 1: o s
CldsS TS dppIItatiuvIr SPTTUITIC.

When a slice tag identifies a tile, a dependent slice should not depend upon a slice in a different tile. To
do otherwise can prevent decoding of individual tiles (for example, in spatial random access decoding).

Tile information is not used by the decoding processes specified in this document.
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slice n, associated with tile t
bounding box of tile ¢

Figure 3 — Example arrangement of tiles@nd slices

kample arrangement of tiles and slices within a coded point cloud frame is shown
Sq1and S, , are associated with tile T, and slices S}, 5,8;,4 and S, 5 are associated wit
ling box of T}, does not include S, ;. A decoder that performs spatial random acces
n R (not shown) can use the tile inventory to determine tile IDs for the set of tiles t
ly slices with matching slice tags would need té be decoded. Since the slice S}, 5 is
bounding box of tile T, if R intersects S, 5 but not T}, the slice is not discoverable 1

Parameter sets

1 Activation of parametersets

ctive parameter set.

bst one SPS, GPS-and APS are active at any given moment during the decoding ]
htion of a parameter-set shall deactivate any previously active parameter set of the sa

e start of a.coded point cloud sequence, no parameter sets are active.

S shall'be’activated by the parsing of a GDU. Once activated, it shall remain active for
ded point cloud sequence.

tory. However, in the case that R and T}, intersect, S;, ; would have a matching slice tag.

in Figure 3.
h tile T,; the
to decode a
hat intersect
not included
Ising the tile

yation of the

brocess. The
me type.

the whole of

An APS shall be activated by the parsing of an ADU.

NOTE Other DUs that contain references to SPS, GPS or APS DUs do not cause the referenced parameter-set
to be activated.
6.4.8.2 Order of parameter sets

DUs shall be conveyed to a decoder in an order such that any parameter-set to be activated is available

prior

6.4.8

to the point of activation.

.3 Duplication of parameter sets

Parameter-set DUs may be repeated at any point in the coded point cloud sequence.
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All parameter-set DUs with the same parameter-set identifier shall be identical for the duration of the
coded point cloud sequence.

NOTE Parameter-set identifiers are distinct for each type of parameter set.
6.5 Output point cloud format

6.5.1 General

Point cloud frames decoded from a G-PCC bitstream shall be output in the output point cloud format of
subclause 6.5.

6.5.2 Coordinate system
A decoder sHall output points in the sequence coordinate system.

The output jpoint cloud format shall indicate the sequence origin SeqOrigin and~the sequencg unit
SeqUnit as point cloud metadata.

6.5.3 Fixeld-point conformance output

A decoder that is configured to output n-fractional-bit fixed-point positiens shall round half-valjies of
Pscs away frjom zero prior to output as Pyyr:

Poyt =RoundFz (PCCS x SeqCodedScalex2" )+2”

6.5.4 Attrjbutes

Attribute vallues shall be interpreted according to“the semantics of the attribute type and any per-
sequence o1| frame-specific attribute propertiesi*For example, if a frame-specific scale and pffset
property is present for an attribute, the output-attribute values for that frame would be interpyreted
according to|7.4.2.2.5.

6.5.5 Output point cloud sequence

Decoding a donforming G-PCC bitstream generates a sequence of output point cloud frames.

6.5.6 Output point cloud frame
Each outputpoint cloud'frame is specified in terms of the following state variables:

— The varjable-RecCloudPointCnt, the cumulative number of points in the output point cloud frame.

— The array~RécCloudPos of decoded point positions; RecCloudPos|ptldx][k] is the k-th coordinate of
the ptldx-th output point in the coding coordinate system.

— The array RecCloudAttr of decoded point attributes; RecCloudAttr[ptldx][attrldx][c] is the c-th
component of the identified attribute for the ptldx-th point. Attributes are identified by the index
attrldx into the active SPS attribute list.

Decoder implementations may output points in a different order to the canonical point order.

Immediately prior to outputting the decoded point cloud frame, point positions shall be converted to
the sequence coordinate system.
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7 Syntax and semantics

7.1 Method of specifying syntax in tabular form

The syntax tables specify a superset of the syntax of all allowed bitstreams. Additional constraints on
the syntax may be specified, either directly or indirectly, in other clauses.

The following table lists examples of pseudo code used to describe the syntax. When syntax_element
appears, it specifies that a syntax element is parsed from the bitstream and the bitstream pointer is
advanced to the next position beyond the syntax element in the bitstream parsing process.

Descriptor

/* A statement can be a syntax element with an associated descriptor
or can be a statement used to specify conditions for the existence,
type and quantity of syntax elements, as in the following two exam-
ples */

syntax_element ue(v)

statement

/* A group of statements enclosed in curly brackets is a. compound
statement and is treated functionally as a single statément. */

{

statement

statement

/* A "while" structure specifies'a test of whether a condition is true,
and if true, specifies evaluation of a statement (or compound state-
ment) repeatedly until the condition is no longer true */

while(condition)

statement

/*A"do ... while" structure specifies evaluation of a statement once,
followed:by a test of whether a condition is true, and if true, specifies
repeated-evaluation of the statement until the condition is no longer
true*/

do){

statement

} while(condition)

/* An "if ... else" structure specifies a test of whether a condition is
true, and if the condition is true, specifies evaluation of a primary
statement, otherwise, specifies evaluation of an alternative statement.
The "else" part of the structure and the associated alternative state-
ment is omitted if no alternative statement evaluation is needed */

if(condition)

primary statement

else

alternative statement
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stat

/* A "for" structure specifies evaluation of an initial statement, fol-
lowed by a test of a condition, and if the condition is true, specifies
repeated evaluation of a primary statement followed by a subsequent

ement until the condition is no longer true. */

for(

initial statement; condition; subsequent statement)

primary statement

7.2 Specification of syntax functions and descriptors

The function
terms of the
be read froni

byte_aligned

If the neé
byte_ali

Otherwi

more_data_i

If parsin
in_data|

Otherwi

Length(x) i
DataUnitRea

The followin
are specified

— ae(v): ad

de(v): di

s presented here are used in the syntactical description. These functions are expres
value of the bitstream pointer DataUnitReadldx that indicates the position of the-next
the bitstream by the decoding process.

() is specified as:

xt bit in the bitstream is the first bit in a byte (DataUnitReadldx % 8 == 0), the va
bned() is true.

se, the value of byte_aligned() is false.
h_data_unit() is specified as:

g of the DU is incomplete (DataUnitReadldx / 8 < DataUnitLength), the value of more_
unit() is true.

se, the value of more_data_in_data_unit() is false.

5 the length in bits of the coded syntax element x as measured by the chan
(dldx between the start and end of the syntax element.

g descriptors specify the parsing process of every syntax element. The parsing prod
in Clause 11.

aptive arithmetic entropy-goded syntax element.

ctionary coded syntax element.

oid(v): a

s(n): sighed integer using an n-bit magnitude and a sign bit.
se(v): signed integér 0-th order Exp-Golomb-coded syntax element.

u(n): unsignéd,integer using n bits. When n is "v" in the syntax table, the number of bits varig
manner [dépendent upon the value of other syntax elements.

ASN.1 object identifier.

ed in
bit to

ue of

data_

ge in

esses

s in a

ue(v): unsigned integer 0-th order Exp-Golomb-coded syntax element.

7.3 Syntax in tabular form

7.3.1 General

The syntax structures and the syntax elements within these structures are specified in 7.3.2. Any values
that are not specified in the tables shall not be present in the bitstream unless otherwise specified in
this document.
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seq_parameter_set() { Descriptor
simple_profile_compliant u(1)
dense_profile_compliant u(1)
predictive_profile_compliant u(1)
main_profile_compliant u(1)
reserved_profile_18bits u(18]
slice_reordering_constraint u(1)
unique_point_positions_constraint u(l)
level_idc u(8)
sps_seq_parameter_set_id u(4)
frame_ctr_lsb_bits u(5)
slice_tag_bits u(5)
seq_origin_bits ue(v)
if(seq_origin_bits) {
for(k=0; k< 3; k++)
seq_origin_xyz[k] s(v)
seq_origin_log2_scale ue(v)
}
seq_bbox_size_bits ue(v)
if(seq_bbox_size_bits)
for(k=0; k < 3; k++)
seq_bbox_size_minusl_xyz[k] u(v)
seq_unit_numeratoriminus1 ue(v)
seq_unit_denoniinator_minus1 ue(v)
seq_unit_is_metres u(1)
seq_coded_scale_exponent ue(v)
seq_coded_scale_mantissa_bits ue(v)
seq_coded_scale_mantissa u(v)
num_attributes ue(v)
for(attrldx = 0; attrldx < num_attributes; attridx++) {
attr_components_minus1[attridx] ue(v)
attr_instance_id[attridx] ue(v)
attr_bitdepth_minus1[attridx] ue(v)
attr_label_known[attridx] u(1)
if(attr_label_known[attrldx])
attr_label[attridx] ue(v)
else
attr_label_oid[attridx] oid(v)
attr_property_cnt ue(v)
byte_alignment()
for(j = 0; j < attr_property_cnt; j++)
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attribute_property(attridx)

}

geom_axis_order u(3)
bypass_stream_enabled u(1)
entropy_continuation_enabled u(1)
sps_extension_present u(1)

if(sps_extension_present)

while(more_data_in_data_unit())

= L£4
[——Sps_extension_data utH)

Il)yte_alignment()

}

7.3.2.2 Attribute property syntax

attifibute_property(attridx) { Descriptor
jttr_prop_type u(8)
ittr_prop_len u(8)

AlttrPropDataLen = attr_prop_len
if(attr_prop_type ==0) {

attr_prop_itu_t_t35_country_code u(8)

AttrPropDatalen—-

if(attr_prop_itu_t_t35_country_code == 25%)) {
attr_prop_itu_t_t35_country_code.extension_byte u(8)
AttrPropDatalen—-

}

attribute_property_data(attrldx, AttrPropDataLen)
1 else if(attr_prop_type == 1){

attr_prop_oid oid(v)
AttrPropDatalen =< Length(attr_prop_oid) / 8
attribute_property_data(attrldx, AttrPropDataLen)

1 else if(attr_prop_type == 2) {

attr_cicp-colour_primaries[attridx] ue(v)
attr_cicp_transfer_characteristics|attridx] ue(v)
attr_cicp_matrix_coeffs|attridx] ue(v)
—attr_eiep-videofull_rangetattridx] C)
} else if(attr_prop_type == 3) {
attr_offset_bits ue(v)
attr_offset[attridx] s(v)
attr_scale_bits ue(v)
attr_scale_minus1[attridx] u(v)
attr_frac_bits[attridx] ue(v)

} else if(attr_prop_type == 4) {
for(c = 0; ¢ < attr_components_minus1|attridx]; c++)
attr_default_value[attridx][c] u(v)

} else
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attribute_property_data(attridx, attr_prop_len)

byte_alignment()

}

7.3.2.3 Attribute property data syntax

7.3.2

attribute_property_data(attridx, numBytes) { Descriptor
for(i = 0; i < numBytes; i++)
attr_prop_byte[i] u(8)
}
4 Tile inventory data unit syntax
tile_inventory() { Descriptor
ti_seq_parameter_set_id u(4)
ti_frame_ctr_lsb_bits u(5)
ti_frame_ctr_lsb u(v)
tile_cnt u(16)
if(tile_cnt > 0) {
tile_id_bits u(5)
tile_origin_bits_minus1 u(8)
tile_size_bits_minus1 u(8)
for(tileldx = 0; tileldx < tile_cnt; tileldx++) {
tile_id|[ tileldx] u(v)
tileld = tile_id_bits ? tilexid[ tileldx] : tileldx
for(k=0; k< 3; k++)
tile_origin_.xyZz|tileld][ k] s(v)
for(k = 0; k<3;k++)
tile_size_minus1_xyz[tileld][ k] u(v)
}
ti_origin_bits_minus1 ue(v)
for(k=0; k < 3; k++)
ti_origin_xyz[ k] s(v)
ti_origin_log2_scale ue(v)
}
byte_alignment()
}
7.3.2.5 Geometry parameter set data unit syntax
geometry_parameter_set() { Descriptor
gps_geom_parameter_set_id u(4)
gps_seq_parameter_set_id u(4)
slice_geom_origin_scale_present u(1)
if(-slice_geom_origin_scale_present)
gps_geom_origin_log2_scale ue(v)
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geom_dup_point_counts_enabled u(1)
geom_tree_type u(1)
if(geom_tree_type ==0) {
occtree_point_cnt_list_present u(1)
occtree_direct_coding_mode u(2)
if(occtree_direct_coding_mode)
occtree_direct_joint_coding_enabled u(1)
occtree_coded_axis_list_present u(1)
occtreeneigh-window-tog2-minust (33

if(occtree_neigh_window_log2_minus1 > 0) {

occtree_adjacent_child_enabled u(1)
occtree_intra_pred_max_nodesize_log2 ue(v)
}
occtree_bitwise_coding u(1)
occtree_planar_enabled u(1)

if(occtree_planar_enabled) {
for(i=0;i< 3;i++)

occtree_planar_threshold|i] ue(v)
if(occtree_direct_coding_mode == 1)
occtree_direct_node_rate_minus1 u(5)
}
}
geom_angular_enabled u(1)
if(geom_angular_enabled){
slice_angular_origin_present u(1)
if(-slice_angular_origin_pkesent) {
gps_angular_origin.bits_minus1 ue(v)
for(k = 0; k < 3; K++)
gps_angular_origin_xyz[ k] s(v)
}
if(geom tree_type==1){
ptree_ang_azimuth_pi_bits_minus11 ue(v)
ptree_ang_azimuth_step_minus1 ue(v)
ptree_ang_radius_scale_log2 ue(v)
}
num_beams_minus1 ue(v)
beam_elevation_init se(v)
beam_voffset_init se(v)
if(geom_tree_type == 0)
beam_steps_per_rotation_init_minus1 ue(v)
for(i = 1; i < num_beams_minus1; i++) {
beam_elevation_diff[i] se(v)
beam_voffset_diff[i] se(v)

if(geom_tree_type ==0)
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beam_steps_per_rotation_diff[i] se(v)
}
if(occtree_planar_enabled)
occtree_planar_buffer_disabled u(1)
}
geom_scaling_enabled u(1)
if(geom_scaling_enabled) {
geom_qp ue(v)
geom—_qgqp-_mui_tog2 2]

if(geom_tree_type ==1)

ptree_qp_period_log2 ue(v)
else if(occtree_direct_coding_mode)
occtree_direct_node_qp_offset se(v)
}
gps_extension_present u(1)

if(gps_extension_present)

while(more_data_in_data_unit())

gps_extension_data u(1)
byte_alignment()

}

7.3.26 Attribute parameter set data unit syntax

attribute_parameter_set() { Descriptor
aps_attr_parameter_set_id u(4)
aps_seq_parameter_sef-id u(4)
attr_coding_type ue(v)
attr_primary_qp_minus4 ue(v)
attr_secondary_qp_offset se(v)
attr_gp_offsets_present u(1)
if(attricoding_type == 0) {
raht_prediction_enabled u(1)
if(raht_prediction_enabled) {
raht_prediction_subtree_min ue(v)
raht-predietion—samples—min vl
}
} else if(attr_coding_type < 2) {
pred_set_size_minus1 ue(v)
pred_inter_lod_search_range ue(v)
for(k=0; k < 3; k++)
pred_dist_bias_minus1_xyz[k] ue(v)
if (attr_coding_type == 2)
last_comp_pred_enabled u(1)
lod_scalability_enabled u(1)

if(lod_scalability_enabled)
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pred_max_range_minus1 ue(v)
else {
lod_max_levels_minus1 ue(v)
if(-lod_max_levels_minus1)
attr_canonical_order_enabled u(1)
else {
lod_decimation_mode ue(v)
if(lod_decimation_mode > 0)
for{tvi="0;i<tod—maxtevels—mimust i+
lod_sampling_period_minus2[/vi] ue(v)
lod_initial_dist_log2 ue(v)
lod_dist_log2_offset_present W)
}
}
if(attr_coding_type ==1) {
pred_direct_max_idx_plus1 ue(v)
if(pred_direct_max_idx_plus1) {
pred_direct_threshold u(8)
pred_direct_avg_disabled u(1)
}
pred_intra_lod_search_range ue(v)
if(pred_intra_lod_search_range)
pred_intra_min_lod ue(v)
inter_comp_pred_enabled u(1)
pred_blending_enabled u(1)
}
1 else if(attr_coding_type==3)
raw_attr_ width_present u(1)
if(-lod_scalability_enabled)
attr_coord_cohv_enabled u(1)
if(attr_coordsconv_enabled)
for(k=0; k< 3; k++) {
attr_coord_conv_scale_bits_minus1[k] u(5)
attr_coord_conv_scale[k] u(v)
}
aps_extension_present u(1)
if(aps_extension_present)
while(more_data_in_data_unit())
aps_extension_data u(1)
byte_alignment()
}
7.3.2.7 Frame-specific attribute properties data unit syntax
|frame_specific_attribute_properties() { Descriptor
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7.3.2

7.3.2

7.3.2

7.3.3

7.3.3

fsap_seq_parameter_set_id u(4)
fsap_frame_ctr_lsb_bits u(5)
fsap_frame_ctr_lsb u(v)
fsap_sps_attr_idx ue(v)
fsap_num_props ue(v)
byte_alignment()
for(i = 0; i < fsap_num_props; i++)
attribute_property(fsap_sps_attr_idx)
¥
8 Frame boundary marker data unit syntax
frame_boundary_marker() { Descriptor
fbdu_frame_ctr_Isb_bits u(5)
fbdu_frame_ctr_Isb u(v)
byte_alignment()
}
9 User data data unit syntax
userdata_data_unit() { Descriptor
user_data_oid oid(v)
while(more_data_in_data_unit())
user_data_byte u(8)
}
10 Byte alignment syntax
byte_alignment() { Descriptor
while(-byte_aligned())
alignmlent_bit_equal_to_zero /* equal to 0 */ u(1)
}
Geometry data unit
1%/ Geometry data unit syntax
geometry_data_unit() { Descriptor

geometry_data_unit_header()

if(geom_tree_type == 0)

occupancy._tree()

else if(geom_tree_type == 1)

predictive_tree()

geometry_data_unit_footer()
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7.3.3.2 Geometry data unit header syntax

geometry_data_unit_header() { Descriptor | Semantics
gdu_geometry_parameter_set_id u(4) 74.3.2
gdu_reserved_zero_3bits u(3) 74.3.2
slice_id ue(v) 7.4.3.2
slice_tag u(v) 7.4.3.2
frame_ctr_lsb u(v) 7.4.3.2
if(entropy_continuation_enabled) {
slice_entropy_continuation u(1) 7.43.0
if(slide_entropy_continuation) AQ‘ -
prev_slice_id ue(v) Q l'74_3;
} QQ( B
if(slice_geom_origin_scale_present) O\QJ
slice_lgeom_origin_log2_scale ,uq‘(hd 74.3.2
slice_gepm_origin_bits_minus1 \\Q}\uje(v) 7.4.3.R
for(k = Of k < 3; k++) O
slice_lgeom_origin_xyz[ k] &\‘O u(v) 74.3.2
if(slice_gngular_origin_present) { /. o
slice_jangular_origin_bits_minus1 AO\ ue(v) 74.3.R
for(kE 0; k < 3; k++)
slite_angular_origin_xyz[k] R s(v) 7.4.3.2
} R
if(geom_|tree_type == 0) { h$
ocftree_depth_minus1 Q.\U ue(v) 9.2.3
if( 3cctree_coded_axis_list_pres:el@
for(dpth = 0; dpth < occtr@\@ﬁepth_minusl; dpth++)
for(k=0;k<3; k+-|:ﬁ)\‘
occtree_codéd_axis[dpth][k] u(1) 9.2.3
ocatree_stream_p&@ﬁinusl ue(v) 9.2.3
NS
} QA
if(geom_scalingﬁ@ﬁed) {
slice_geog@{ offset se(v) 74.3.p
if(ged q(;i*e)e_type ==1)
e e —
}
if(geom_tree_type==1){
for(k=0; k< 3; k++)
ptn_resid_abs_log2_bits[ k] u(3) 9.3.2.1
if(geom_angular_enabled)
ptn_radius_min ue(v) 9.3.2.1
}
byte_alignment()
}

38 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=458b17f08c948477860ec1b8ac09b16b

7.3.3.3 Geometry data unit footer syntax

ISO/IEC 23090-9:2023(E)

geometry_data_unit_footer() { Descriptor | Semantics
byte_alignment()
if (occtree_point_cnt_list_present)
for(dpth = 1; dpth < occtree_depth_minus1; dpth++)
occtree_lvl_point_cnt_minus1[dpth] u(24) 9.2.3
slice_num_points_minus1 u(24) 7.4.3.3
}
7.3.3}14 Occupancy tree syntax
occupancy_tree() { Descriptor Semantics
OtcQpSubtreeDepth = occtree_depth_minusl + 1 9.2.14.4
fdr(Dpth = 0; Dpth < occtree_depth_minusl; Dpth++) {
occupancy_tree_level(Dpth)
if(Dpth + 1 > OcctreeEntropyStreamDepth) 9.2.3
occtree_end_of_entropy_stream ae(v) 9.2.3
}
}
7.3.3}]5 Occupancy tree level syntax
occupancy_tree_level(dpth) { Descriptor Semantics
if geom_scaling_enabled && dpth < OceQpSubtreeDepth)
occ_subtree_qp_offset_present ae(v) 9.2.14.3
if{ occ_subtree_qp_offset_present)
OccQpSubtreeDepth = dpth
fdqr(Nodeldx = 0; Nodeldx < OccNodeCnt[dpth]; Nodeldx++)
occupancy_tree_node(dpth, Nodeldx)
}
7.3.3}6 Occupaincy tree node syntax
occupancystree_node(dpth, nodeldx) { Descriptor Semantics
if{ occ.subtree_qp_offset_present) {
occ_subtree_qp_offset_abs[Ns[[Nt][NV] ae(v] 9.2.14.3
if(occ_subtree_qp_offset_abs[Ns][ Nt][Nv])
occ_subtree_qp_offset_sign|[Ns]|[ Nt][Nv] ae(v) 9.2.14.3
}
if(occtree_planar_enabled)
for(k=0; k< 3; k++)
if(PlanarEligible[ k]) { 9.2.11.5
occ_single_plane[k] ae(v) 9.2.11.2
if(occ_single_plane[k])
occ_plane_pos[k] ae(v) 9.2.11.2
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}
if(occtree_direct_coding_mode && DirectNodePresent) 9.2.12.3.2
occ_direct_node ae(v) 9.2.12.2
if(occ_direct_node)
occupancy_tree_direct_node()
else {
if(OccMaybeSingleChild) 9.2.6.8
occ_single_child ae(v) 9.2.6.2
if(pee—single—chitd3 —
for(k = 0; k < 3; k++) O°
if(OccFreeAxis[k]) L9266
occupancy_idx[ k] ae(v) ~-7 9.2.6.p
if(PccMapPresent) A(\O.)\ 9.2.6.p
if(occtree_bitwise_coding) { q‘,bv
for(i=0;i<8;i++) /,C) i
if(OccBitPresent][i]) ,_\\\V 9.2.10|3
occupancy_bit[i] \%\J ae(v) 9.2.6.p
} else (-s\\ N
occupancy_byte /\Q - de(v) 9.2.6.p
if(ferminalNode && geom_dup_point_counts_enqb@&‘f 9.2.6.b
for(child = 0; child < OccChildCnt; child++) 5"
occ_dup_point_cnt[child] R N ae(v) 9.2.6.p
} O
} ‘\\Q)“‘
)
7.3.3.7 Direct node syntax \O
\\C\JL~
occupancy_free_direct_node() { (@M Descriptor | Semantics
direct_point_cnt_eq2 RN ae(v) 9.2.12|2
if(geom_dup_point_coup-tg_}\nabled && ~direct_point_cnt_eq?2)
direct_dup_poin,ggm\tj ae(v) 9.2.12{2
if(occtrefe_direct :coding_enabled && direct_point_cnt_eq?2)
for(k E 0; I;@ﬁﬁﬂ
if(pgeom_angular_enabled || k == (1 * AzimuthAxis)) { 9.2.13[3
direetjoint—prefixti aefv} 02422
if(DnjointDiffBitPresent[ k]) 9.2.12.5.4
direct_joint_diff_bit[ k] ae(v) 9.2.12.2
}
for(dnPt = 0; dnPt < direct_point_cnt_eq2; dnPt++)
if(geom_angular_enabled) {
direct_rem|[dnPt][1 " AzimuthAxis] ae(v) 9.2.12.2
beam_idx_resid_abs[dnPt] ae(v) 9.2.12.2
if(beam_idx_resid_abs[dnPt])
beam_idx_resid_sign[dnPt] ae(v) 9.2.12.2
direct_rem_st_ang[dnPt] ae(v) 9.2.12.2

40

© ISO/IEC 2023 - All rights reserved



https://iecnorm.com/api/?name=458b17f08c948477860ec1b8ac09b16b

ISO/IEC 23090-9:2023(E)

direct_rem_v_ang[dnPt] ae(v) 9.2.12.2
} else
for(k=0; k< 3; k++)
direct_rem|[dnPt][k] ae(v) 9.2.12.2
}
7.3.3.8 Predictive tree syntax
predictive_tree() { Descriptor | Semantics
PfnCnt=0 S
dp { R\Z
predictive_tree_node(0, PtnCnt) Q;‘.l’
ptree_end_of slice Aefv) 9.3.2.1
} while(—ptree_end_of _slice) O\Q'J
} -~V
7.3.3}{9 Predictive tree node syntax O\\Q/
S
prediictive_tree_node(dpth, nodeldx) { A Descriptor Semantics
PnCnt++ Y% >
if[ geom_scaling_enabled && —(nodeldx % PthpI@MElI)) {
ptn_qp_offset_abs[nodeldx] , ‘\\ ) ae(v) 9.3.2.2
if(ptn_qp_offset_abs[nodeldx]) 0,\\,
ptn_qp_offset_sign[nodeldx] \\\,\v ae(v) 9.3.2.2
} O
if [geom_dup_point_counts_enabl,qdy
ptn_dup_point_cnt[nodelqlﬁ”V ae(v) 9.3.2.2
pin_child_cnt_xor1 [nodpl\éjzﬁ’\ ae(v) 9.3.2.2
p tn_pred_mode[nodg]d)g\]'} ae(v) 9.3.2.2
if [geom_angular_ep.&l:)l\ed) {
ptn_phi_mul(abs_prefix[nodeldx] ae(v) 9.3.2.2
if(ptn_pp.;_\&ﬂ_abs_prefix[nodeldx] ==2)
ptn_phi_mul_abs_minus2[nodeldx] ae(v) 9.3.2.2
if(pt?_\phi_mul_abs_minuSZ[nodeldx] ==7)
U ptn_phi_mul_abs_minus9[nodeldx] ae(v) 9.3.2.2
if(ptn_phi_mul_abs_prefix[nodeldx])
ptn_phi_mul_sign[nodeldx] ae(v) 9.3.2.2
}
for(k=0; k<3; k++) {
if(k < 2 || ~geom_angular_enabled || num_beams_minus1) {
ptn_resid_abs_gt0[nodeldx][ k] ae(v) 9.3.2.2
if(ptn_resid_abs_gtO[nodeldx][k]) {
ptn_resid_abs_log2[nodeldx][ k] ae(v) 9.3.2.2
ptn_resid_abs_rem|[nodeldx][k] ae(v) 9.3.2.2
if(k || ptn_pred_mode[nodeldx])
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ptn_resid_sign[nodeldx][k] ae(v) 9.3.2.2
}
}
}
if(geom_angular_enabled)
for(k=0; k<3; k++) {
ptn_sec_resid_abs[nodeldx][ k] ae(v) 9.3.2.2
if(ptn_sec_resid_abs[nodeldx][k])
ptn_sect caid_aigu[uudw’d.«\][rl\] ac(v) 932
) a2
for(i = 0;|i < (ptn_child_cnt_xorl[nodeldx] " 1); i++) = N
predi¢tive_tree_node(dpth + 1, PtnCnt) A ‘
} D
v
7.3.4 Attrjbute data unit C)
| | &
7.3.4.1 Atfribute data unit syntax O
2
attifibute_data_unit() { ) 6\ ) Descriptor
attribute_data_unit_header() (\<<
if(attr_coding_type # 3) ‘\Qv
attribute_coeffs() s\\}\\
¢lse Rz )
attribute_raw/() ‘Q\'\
byte_alignment() “\\QJ‘
} xO )
o5
7.3.4.2 Atfribute data unit heade}&&ﬁtax
attribute_data_unit_header() ’_@ ) Descriptor | Semantics
adu_attl_parameter_sgtﬁa‘ u(4) 74.4.0
adu_res :rved_zerg@?t's u(3) 74.4.0
adu_sps _attr_idg(\%“ ue(v) 7440
adu_slicp_id - N ue(v) 744.2
if(lod_di ;g@l\gé_offset_present)
lod_d's?_iogZ_offset SE(V) 1062

if(last_comp_pred_enabled && AttrDim == 3)
for(dpth = 0; dpth < lod_max_levels_minus1; dpth++)
last_comp_pred_coeff_diff[dpth] se(v) 10.6.10.1
if(inter_comp_pred_enabled)
for(dpth = 0; dpth < lod_max_levels_minus1; dpth++)
for(c = 1; c < AttrDim; c++)
inter_comp_pred_coeff_diff[dpth][c] se(v) 10.6.10.1
if(attr_qp_offsets_present)
for(gc = 0; gc < Min(2, AttrDim); qc++)
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attr_qp_offset[qc] se(v) 10.7.1
attr_qp_layers_present u(1) 10.7.1
if(attr_gp_layers_present) {

attr_qp_layer_cnt_minus1 ue(v) 10.7.1
for(dpth = 0; dpth < attr_gp_layer_cnt_minus1; dpth++)

for(qc = 0; gc < Min(2, AttrDim); qc++)

attr_qp_layer_offset[dpth][qc] se(v) 10.7.1
}
attrqp-region—ent uetv) 10.7.1
if attr_gp_region_cnt) £ o)
attr_gp_region_bits_minus1 ue(\g,‘])) 10.7.1
fqr(i = 0; i < attr_gp_region_cnt; i++) { (\y) .
if(-attr_coord_conv_enabled) { A(\O.)V
for(k =0; k< 3; k++) N2
attr_qp_region_origin_xyz[i][ k] //C) i u(v) 10.7.1
for(k =0; k < 3; k++) N
attr_gp_region_size_minus1_xyz[{][k] \%\J u(v) 10.7.1
}else{ QA N
for(k = 0; k < 3; k++) X
attr_gp_region_origin_rpi[i][k] QV u(v) 10.7.1
for(k=0; k< 3; k++) &\}
attr_qp_region_size_minus1_rpifi] rk u(v) 10.7.1
} O
for(ps = 0; ps < Min(2, AttrDim); &Qﬁj
attr_qp_region_offset[i]l@g? se(v) 10.7.1
N
} o
byte_alignment() (‘}\V
y \S
7.3.43 Attribute @Q\ unit coefficients syntax
attripute cogﬂ@j { Descriptor Semantics
fqr(i = QZX\JPothnt i++) {
@d run_length_prefix ae(v) 10.3.1
zero—runtength—prefix==33<
zero_run_length_minus3_div2 ae(v) 10.3.1
if(zero_run_length_minus3_div2 < 4)
zero_run_length_minus3_mod2 ae(v) 10.3.1
else
zero_run_length_minus11 ae(v) 10.3.1
}
i += ZeroRunLength
if (i < PointCnt)
attribute_coeff _tuple(i)
}
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B
7.3.4.4 Attribute coefficient tuple syntax
attribute_coeff_tuple(coeffldx) { Descriptor | Semantics
for(c =0, inferLastComp = 1; ¢ < AttrDim; c++) {
coeff_abs|c] ae(v) 10.3.2
if(coeff_abs[c] || (¢ == AttrDim - 1 && inferLastComp))
coeff_sign|c]| ae(v) 10.3.2
inferLpstComp &= coeff_abs[c] == 0
}
}
7.3.4.5 Raw attribute value syntax
attribute_rgw() { Descriptor | Semantics
for(ptldy = 0; ptldx < PointCnt; ptldx++)
for(c § 0; c < AttrDim; c++) {
if(faw_attr_width_present)
raw_attr_component_length u(8) 10.3.8
ray_attr_value[ptidx][c] u(v) 10.3.8
}
}
7.3.5 Defjulted attribute data unit syntax
defaulted_aftribute_data_unit() { Descriptor | Semantics
defattr_$eq_parameter_set_id u(4) 74.5
defattr_reserved_zero_3bits u(3) 7.4.5
defattr_sps_attr_idx ue(v) 7.4.5
defattr_slice_id ue(v) 7.4.5
for(c = 0] c < AttrDim; ¢+¥)
defattr_value[¢] u(v) 74.5
byte_alignment()
}

7.4 Semantics

7.4.1 General

The semantics associated with the syntax structures and with the syntax elements within these
structures are specified either in 7.4 or in the subclause identified by the semantics column of the
syntax table.

When the semantics of a syntax element are specified in tabular form, any values that are not specified
in the table(s) shall not be present in the bitstream unless otherwise specified in this document.

General constraints on syntax element values are specified in Annex A.
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7.4.2 Parameter sets, ancillary data and byte alignment
7.4.2.1 Sequence parameter set data unit semantics

7.4.2.1.1 General
The parameters specified by an SPS shall apply to any DU where that SPS is activated.

simple_profile_compliant specifies whether (when 1) or not (when 0) the bitstream conforms to the
Simple profile.

densf_profile_comp itstream conforms to the

predjctive_profile_compliant specifies whether (when 1) or not (when 0) the bitstream|conforms to

in_profile_compliant specifies whether (when 1) or not (when 0) thg ‘bitstream conforms to the
Main|profile.

reserved_profile_18bits shall be equal to 0 in bitstreams conformifig to this version of thjs document.
Other values for reserved_profile_18bits are reserved for futuremse by ISO/IEC. Decoderd shall ignore
the value of reserved_profile_18bits.

slice|reordering_constraint specifies whether (when 1) oonot (when 0) the bitstream ig sensitive to
the r¢ordering or removal of slices within a coded pointcloud frame. If slices are reordered or removed
whern slice_reordering_constraint is 1, the resulting hitstream might not be fully decodablg.

uniqyie_point_positions_constraint equal to L:specifies that in each coded point cloyd frame, all
shall have unique positions. unique_poifit_positions_constraint equal to 0 specifiep that in any
point cloud frame, two or more points“may have the same position.

NOTH1 Even if the points in each slice hav/e unique positions, points from different slices in thie same frame
can b¢ coincident. In this case, unique_point_positions_constraint would be set to 0.

NOTH2  Points with identical positions in the same frame are prohibited when unique_pojnt_positions_
constraint is 1 even if they have different values of the frame index/number attribute.

level|idc specifies the level to which the bitstream conforms as specified in Annex A. Bitstreams shall
not cpntain values of devel_idc other than those specified in Annex A. Other values of |evel_idc are
reserved for future yse by ISO/IEC.

sps_seq_parameter_set_id identifies the SPS for reference by other DUs. sps_seq_parameter_set_id
shall pe 0 in bitstreams conforming to this version of this document. Other values of sps_sed_parameter_
set_id are reserved for future use by ISO/IEC.

framge.€tr_Isb_bits specifies the length in bits of the syntax element frame_ctr_Isb.

slice_tag_bits specifies the length in bits of the syntax element slice_tag.

bypass_stream_enabled specifies whether bypass symbols for arithmetic-coded syntax elements are
conveyed in a separate data stream. When equal to 1, the two data streams are multiplexed using a
sequence of fixed-length chunks (11.3). When equal to 0, bypass symbols form part of the arithmetic-
coded bitstream.

entropy_continuation_enabled specifies whether (when 1) or not (when 0) the entropy parsing of a
DU may depend upon the final entropy parsing state of a DU in the preceding slice. It is a requirement of
bitstream conformance that entropy_continuation_enabled shall be 0 when slice_reordering_constraint
is 0.

sps_extension_present specifies whether (when 1) or not (when 0) sps_extension_data syntax
elements are present in the SPS syntax structure. sps_extension_present shall be 0 in bitstreams
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conforming to this version of this document. The value of 1 for sps_extension_present is reserved for
future use by ISO/IEC.

sps_extension_data may have any value. Its presence and value do not affect decoder conformance to
profiles specified in this version of this document. Decoders shall ignore all sps_extension_data syntax

elements.

7.4.2.1.2 Coordinate systems

seq_origin_bits specifies the length in bits of each seq_origin_xyz syntax element exclusive of any sign

bit.

seq_origin_lxyz[k] and seq_origin_log2_scale together specify the XYZ origin of the sequeng

coding coor
coordinate s
be inferred ]

SegOrigin([k
seq_bbox_s

seq_bbox_s
dimensions
dimensions

seq_unit_ny
specify thel

seq_unit_is_

SeqUnit |=

seq_unit_is_
application-3

SeqUnit |=

seq_coded_
together spe
system. The
point value

bits of the s
SeqCodedScd

linate systems in units of the sequence coordinate system from the applicationsp
ystem origin. When seq_origin_bits is 0, seq_origin_xyz[k] and seq_origin_log2/scale
0 be 0. The k-th XYZ component of the origin is specified by the expression . SeqOrigin|

]

seq origin xyz[k] << seq origin log2 scale

ze_minusl_xyz[k] plus 1 specifies the k-th XYZ component of the coded vd
in the sequence coordinate system. When seq_bbox_size_bits is 0, the coded vd
ire unspecified.

merator_minusl, seq_unit_denominator_minusl and seq_unit_is_metres tog
ength represented by the unit vectors of the sequénge coordinate system.

metres equal to 1 specifies that the sequence unit vectors have a length in metres equ

seq_unit_numerator_minus1+1
metre

seq_unit_denominator_minus1+1

metres equal to 0 specifies that-the sequence unit vectors have a length relative t
pecific coordinate system unitvector length, AppUnit, equal to:

seq_unit_numerator_minus1+1

= - - - AppUnit
seq_unit_denominator-minus1+1

scale_exponent,(\seq_coded_scale_mantissa_bits and seq_coded_scale_man
cify the scale fdctor that converts the coding coordinate system to the sequence coord
scale facter\is represented by the syntax elements as a normalized binary flo
hat is gréater than or equal to 1. seq_coded_scale_mantisssa_bits specifies the leng
yntax element seq_coded_scale_mantissa. The scale factor is specified by the expre
le.

ze_bits specifies the length in bits of each seq_bbox_size_minusl-xyZ syntax element.

b and
ecific
shall
Kk].
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al to:
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Seg rnr]nr] Cf‘ﬂ]ﬂ m:\nh'cca

[
SeqCodedScale := Ll +

Ay
2seq_coded_scale_mantissa_bits

11 1
J SEY_LUUTU_SLAIC_CAPUIITIIL

geom_axis_order specifies the correspondence between the XYZ axes and the STV axes of the coded
point cloud in accordance with Table 8.

Syntax elements ending in "_xyz" are specified using the XYZ axes. The expression StvToXyz[k] is the
component index of the XYZ axis that corresponds to k-th STV component. Values for StvToXyz[k] are

specified for

46

every geom_axis_order in Table 8.
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Table 8 — Definition of StvToXyz[ k] according to the value of geom_axis_order

7.4.2
Attril
num

The d
and t
an at

Attrl
AttrH
AttrN

attr_
attrih

NOTE
type 5

attr_

NOTHE
labels
this c

attr_
attril

attr_
of da
attril
exter

Axis (k) label StvToXyz[ k]
geom_axis_order 0 1 2 0 1 2
S) (T) V) S) (T) V)

Oor4 Z Y X 2 1 0

lor7 X Y Z 0 1 2

2 X Z Y 0 2 1

3 Y Z X 1 2 0

5 Z X Y 2 0 1

6 Y X Z 1 0 2

1.3 Attributes
butes are identified by their index into the SPS.
|attributes specifies the number of attributes enumerated by the SP$ attribute list.

xpressions AttrDim, AttrBitDepth and AttrMaxVal specify the ndmber of components,
he maximum value respectively of the attribute identified by-the variable Attridx. The
[ribute data unit sets Attrldx.

im := attr components minusl[AttrIdx] + 1
itDepth := attr bitdepth minusl[AttrIdx] + 1
axVal := Exp2 (AttrBitDepth) - 1

components_minus1[attridx] plus 1 specifies the number of components of t
ute.

1  Attributes with more than three coniponents can only be coded as raw attribute data
3).

nstance_id[attrldx] specifies the instance identifier for the identified attribute.

2 The value of attr_instaneetid can be used to differentiate between attributes with iden
. For example, a point cloud\hiight have multiple colour attributes sampled from different v
hse, attr_instance_id can be-ised by an application to discriminate between the view points.

pbitdepth_minustfattridx] plus 1 specifies the bit depth of every component of tl
ute.

abel_known[attridx], attr_label[attridx] and attr_label_oid|[attridx] together iden
a conveyed by the identified attribute. attr_label_known|attridx] specifies whether
ute issan attribute specified in this document by the value of attr_label[attrldx], or
nally-specified attribute identified by the object identifier attr_label_oid[attridx].

the bit depth
decoding of

e identified

(attr_coding_

fical attribute

iew points. In

he identified

tify the type
(when 1) the
(when 0) an

Attri

bute types identified by attr_Iabel are specified in Table 9. Tt is a requirement of bitstream

conformance that an attribute identified by attr_label shall have only as many components as specified
as valid. Values of attr_label not specified are reserved for future use by ISO/IEC. A decoder should
decode attributes with reserved values of attr_label.

Attribute types identified by attr_label_oid are not specified in this document. attr_label_oid specifies an
ASN.1 objectidentifier value in the international object identifier tree. The international object identifier
shall either be assigned by a registration authority in accordance with Rec. ITU-T X.660 | ISO/IEC 9834-1
or generated without registration using a universally unique identifier (UUID) as specified by Rec.
ITU-T X.667 | ISO/IEC 9834-8.
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Table 9 — Identification of attribute type by attr_label

attr_label Attribute type Validczolﬁ:l::nent
0 Colour lor3
1 Reflectance 1
2 Opacity 1
3 Frame index 1
4 Frame number 1
5 Material identifier 1
6 Normal vector 3

attr_propertty_cnt specifies the number of attribute_property syntax structures present ifijthe SPS for
the attributg.

7.4.2.2 Attribute property semantics

7.4.2.2.1 Identification of an attribute property

An attributg_property(attrldx) syntax structure specifies a property{of the attribute identified by
attridx.

attr_prop_type specifies the attribute property type according ‘to Table 10. The interpretation of
attribute pr¢perties identified as attribute specific are specified in accordance with the registratjon of
attr_label _oid.

Table 10 — Identification of attribute parameter type by attr_prop_type

attr_prop_type Description
0 ITU<P'T.35 user defined
1 G-PCC user defined
2 ISO/IEC 23091-2 video code points
3 Attribute scale and offset
4 Default attribute value
5% 127 Reserved for future use by ISO/IEC

128 .. 255 Attribute specific

attr_prop_lén shall be/the length in bytes of the attribute_property syntax structure excluding the
syntax elements attruprop_type and attr_prop_len.

7.4.2.2.2 l[I‘U-T T.35 user defined attribute properties

ITU-T T.35 user defined properties contain user data registered in accordance with Rec. ITU-T T.35. The
user data are not specified by this document.

attr_prop_itu_t_t35_country_code is a byte having a value specified as a country code by Rec.
ITU-T T.35, Annex A.

attr_prop_itu_t_t35_country_code_extension_byte is a byte having a value specified as a country
code by Rec. ITU-T T.35, Annex B.

The ITU-T T.35 terminal provider code and terminal provider oriented code shall be contained in the
initial bytes of attr_prop_byte[], in the format specified by the administration that issued the terminal
provider code. Any remaining attr_prop_byte data shall be data having syntax and semantics as
specified by the entity identified by the ITU-T T.35 country code and terminal provider code.
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G-PCC user defined properties contain user data identified by an ASN.1 object identifier. The user data
are not specified by this document.

attr_prop_oid specifies an ASN.1 object identifier value in the international object identifier tree in

accor

dance with Rec. ITU-T X.660 | ISO/IEC 9834-1.

Any attr_prop_byte data present shall be data having syntax and semantics as specified in accordance
with the registration of the object identifier.

7.4.2
1SO/1

attr_
prim

attr_

— —

Value

attr_
and ¢
accon]

attr_

2 4 ISO/IEC.23091-2 vid 1 .
EC 23091-2 video code points establish properties of a video representation.

Cicp_colour_primaries[attridx] specifies the chromaticity coordinates of the attril
hries. Values shall be interpreted according to the ColourPrimaries code point in ISO/

Cicp_transfer_characteristics[attridx] specifies either the:

eference opto-electronic transfer characteristic function of theattribute as a functio
hput, linear, optical intensity L. with a nominal real-valued rarnge’of 0 to 1; or

hverse of the reference electro-optical transfer characteristic function as a function
near, optical intensity Ly with a nominal real-valued range of 0 to 1.

s shall be interpreted according to the TransferCharacteristics code point in ISO/IEC

cicp_matrix_coeffs[attridx] describes the matrix coefficients used to derive the attr
hroma signals from the green, blue and red,-or Y, Z and X primaries. Values shall bg
ding to the MatrixCoefficients code point.in ISO/IEC 23091-2.

cicp_video_full_range[attrldx] spegifies the black level and range of the attribute

bute's colour
EC 23091-2.

n of a source
bf an output,
23091-2.

ibute's luma

interpreted

's luma and

chroma signals as derived from E{ , Epg and Epg, or Eg , E; and Eg real-valued compopent signals.

Valug

7.4.2
Attril
NOTH

attr_
any s

attr_

s shall be interpreted accordingto the VideoFullRangeFlag code point in ISO/IEC 230

2.5 Scale and offset properties
bute scale and offset parameters specify how to interpret the range of output attribut
The decoding process in this document does not scale attribute values prior to output.

pffset_bits)is the length in bits of the subsequent attr_offset[attridx] syntax element
gn bit.

scale_bits is the length in bits of the subsequent attr_scale_minus1[attridx] syntax el

01-2.

e values.

exclusive of

ement.

attr_offset[atirldx], attr_scale_minusI[attridx] and attr_frac_bits[attrldx] together specify how
coded attribute values shall be interpreted. When present, the external interpretation Agyr of each
coded attribute value 4 shall be:

Agxr =

7.4.2

attr_scale_minus1+1

Zattr_frac_bits +attr_offset

.2.6 Default attribute value

A default attribute value property specifies the value for an attribute that is not otherwise determined
by an ADU.

attr_default_value[attridx][c] specifies the default value of the c-th component of the identified
attribute. The length in bits of each syntax element shall be attr_bitdepth_minus1[attrldx] + 1.
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7.4.2.3 Attribute property data semantics

attr_prop_byte[/] is a byte containing data having syntax and semantics not specified in this document.

7.4.2.4 Tile inventory data unit semantics

A tile inventory, when present, contains metadata that defines the spatial region of each enumerated
tile. Each tile is identified by either an implicit or explicit tile id.

A tile inventory shall apply from the next coded point cloud frame that follows the tile inventory data
unit. It shall remain valid until it is replaced by another tile inventory.

A tile invent
It shall not g
applies in d

n
ti_seq_para

ti_frame_ct
requirement
the active SH

ti_frame_ct
frame.

tile_cnt spe

tile_id_bits
that tiles sha

tile_origin_
exclusive of

tile_size_bit

tile_id|[tileld
the value of
that all valug

tile_origin_
coordinate s

tile_origin_x
relative to th

pry DU shall occur before the first GDU of the coded point cloud frame from which itap
ccur before the last DU of any coded point cloud frame that precedes that from wh
unit order.

eter_set_id identifies the active SPS by its sps_seq_parameter_set_id.

- Isb_bits specifies the length in bits of the syntax element ti-frame_ctr_Isb. It
of bitstream conformance that ti_frame_ctr_Isb_bits shall be equal to'frame_ctr_lsb_}
S.

- Isb should be the ti_frame_ctr_Isb_bits LSBs of FrameCtr'for the next coded point

ifies the number of tiles enumerated by the tile inventory.

specifies the length in bits of each tile_id syntdx element. tile_id_bits equal to 0 spe
1l be identified by the index tileldx.

pbits_minus1 plus 1 specifies the length'dn bits of each tile_origin_xyz syntax ele
hny sign bit.

s_minus1 plus 1 specifies the length in bits of each tile_size_minus1_xyz syntax elen

x] specifies the identifier of the tileldx-th tile in the tile inventory. When tile_id_bit

s of tile_id shall be unique*within a tile inventory.

kyz[tileld][ k] and tile. size_minus1_xyz[tileld][k] indicate a bounding box in the seq
ystem encompassing slices identified by slice_tag equal to tileld.

yz[tileld][ k{.specifies the k-th XYZ coordinate of the tile bounding box's lower c
e tile inyéntory origin.

tile_size_mi

t[usl_xyz[tileld][k] plus 1 specifies the k-th XYZ dimension of the tile bounding box.

plies.
ich it

is a

its of

cloud

cifies

ment

ent.

5 is 0,

tile_id[tileldx] shall be inferred to be tileldx. It is a requirement of bitstream confornpance

ience

prner

ti_origin_bigssminus1 plus 1 specified the length in bits of each ti_origin_xyz syntax element exclusive

of any sign b

it.

ti_origin_xyz[k] and ti_origin_log2_scale together indicate the XYZ origin of the sequence coordinate
system specified by seq_origin_xyz[k] and seq_origin_log2_scale. The values of ti_origin_xyz[k] and
ti_origin_log2_scale should be equal to seq_origin_xyz[k] and seq_origin_log2_scale, respectively.

The tile inventory's k-th XYZ origin coordinate is specified by the expression TileInventoryOrigin[k].

TileInvento

50

ryOrigin[k] := ti origin xyz[k] << ti origin log2 scale

© ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=458b17f08c948477860ec1b8ac09b16b

ISO/IEC 23090-

7.4.2.5 Geometry parameter set data unit semantics

7.4.2.5.1 General parameters
The parameters specified by a GPS shall apply to any DU where that GPS is activated.
gps_geom_parameter_set_id identifies the GPS for reference by other DUs.

gps_seq_parameter_set_id identifies the active SPS by its sps_seq_parameter_set_id.

slice geom orlgln scale_present spec1f1es whether (when 1) or not (when 0) slice geom

dup_goint_cnt syntax elements
geon)_tree_type equal to 0 specifies that slice geometry is«coded using an occupancy t
geom_tree_type equal to 1 specifies that slice geometry is coded using a predictive tree (7|

gps_extension_present specifies whether (when €)“or not (when 0) gps_extension |

9:2023(E)

origin_log2_
hat the slice

slice_geom_

oints can be

boint position

ree (7.3.3.4).
3.3.8).

data syntax

elemg¢nts are present in the GPS syntax structure. gps_extension_present shall be 0 i bitstreams

confdrming to this version of this document. Thé.value of 1 for gps_extension_present is
future use by ISO/IEC.

gps_éxtension_data may have any value:lIts presence and value do not affect decoder cor
profiles specified in this version of this\document. Decoders shall ignore all gps_extension
eleménts.

7.4.215.2 Angular coding parameters

geonp_angular_enabled sspecifies whether (when 1) or not (when 0) slice geometry is
information about a set\of beams located along and rotating around the V axis of the a
When enabled, pointpositions are assumed to have been sampled along a ray cast by a be

The angular origin AngularOrigin, the apparent V-axis offset BeamOffsetV, the elevatio
emited rays@nd the rotation step angle ¢ advanced between ray emissions are illustrate
bean] in Figure 4.

reserved for

formance to
| data syntax

coded using

nEular origin.

n angle 6 of
] for a single
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slice_angular_origin_present specifies whether (when 1) or not (when 0) a [slice-relative a

origin is sigy
origin is gps
to be 0.

gps_angula
syntax elem

gps_angula
coordinate s

num_beams

beam_elevation_init and beam_elevation_diff[i]‘together specify beam elevations as gradients 3

the S-T plang
binary fixed

BeamElev[i]
i =207
i =127

It is a requit
shall be greg

beam_voffs
beams from
offset for the

2 ox EeamElev[i_— N - Beamﬁlev[i - ZT + beam elevation diff[i]

__ m(ptree_ang_azimuth_step_minus141)
211 +ptree_ang_azimuth_pi_bits_minus®l

Figure 4 — Origin, elevation angle and azimuth step for a beam

lalled in the GDU header. slice_angular_origin_present equal to 0 specifies that the a
| angular_origin_xyz. When slice_angular_origin_present is not\present, it shall be inf

I origin_bits_minus1 plus 1 specifies the length in bits of each gps_angular_origii
ent.

I origin_xyz[ k] specifies the k-th XYZ coordinate of the angular origin in the c
ystem.

_minus1 plus 1 specifies the number of beams enumerated by the GPS.

. The elevation gradient for the i-th'beam is specified by the expression BeamElev][i].
point value with 18 fractional bits.

beam elevation init
beam elevation init AJdbeam elevation diff[1]

ement of bitstream conformance that values of BeamElev[i], i € 1 .. num_beams_mi
ter than BeamElev[i - 1].

pt_init and beam_voffset_diff[i] together specify the V-axis offsets of the enume]
the angtilar origin. The offset is specified in units of the coding coordinate systen
i-th.beam is specified by the expression BeamOffsetV[i].

i

ular
ular
crred

_XyZ

bding

hbove
[tisa

nusl,

rated
. The

BeamOffset
i =207

(=3
L1
beam voffset init

: BeamOffsetV[i - 1] + beam voffset diff[i]

beam_steps_per_rotation_init_minus1 and beam_steps_per_rotation_diff[i] specify the number
of steps made per revolution by the rotating beams. The value for the i-th beam is specified by the
expression BeamStepsPerRev|i].

BeamStepsPe
i==207v

rRev[i]
beam steps per rotation init minusl + 1

: BeamStepsPerRe;[i - 1] ¥ beaﬁ_steps_per_rotation_diff[i]

It is a requirement of bitstream conformance that values of BeamStepsPerRev([i], i € 0 .. num_beams_

minus1, shal
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ptree_ang_azimuth_pi_bits_minus11 plus 11 specifies the number of bits that represent half a turn of
a beam around the V axis. One half-turn is 7 radians.

ptree_ang_radius_scale_log2 specifies a factor used to scale a point's radial angular coordinate
during conversion to Cartesian coordinates.

ptree_ang_azimuth_step_minus1 plus 1 specifies the expected change in azimuth angle of the
rotating beams between coded points. Azimuth prediction residuals used in angular predictive tree

coding can be coded as a multiple of ptree_ang_azimuth_step_minus1 + 1 and a remainder.

7.4.2

.5.3 Occupancy tree parameters

0cctllee_point_cnt_list_present specifies whether (when 1) or not (when 0) the GDU footej

then
it sh

direc
shall

NOTE

imber of points in each occupancy tree level. When occtree_point_cnt_list_present’is
| be inferred to be 0.

a'|l
occtree_direct_coding_mode greater than 0 specifies that point positions nay be code

t nodes of the occupancy tree. occtree_direct_coding_mode equal to O‘specifies that
not be present in the occupancy tree.

Larger values for occtree_direct_coding_mode generally increase the rate of direct nodg

occtrjee_direct_joint_coding_enabled specifies whether (when-1) or not (when 0) direc

code

occtiiee_coded_axis_list_present equal to 1 specifies that the GDU header contains oc(

axis S
axis_
GDU

yntax elements that are used to derive the node size for each occupancy tree level. oc
ist_present equal to 0 specifies that occtree _coded_axis syntax elements are not p
syntax and that the occupancy tree represent$ya cubic volume specified by the tree de

occt
that
procg
that ¢

ee_neigh_window_log2_minus1 plus, I specifies the number of occupancy tree nd
orm each availability window within.a tree level. Nodes outside a window are unav3
ss related to nodes within the window. occtree_neigh_window_log2_minus1 equal t
nly sibling nodes shall be considéred available to the current node.

occtijee_adjacent_child_enabled:specifies whether (when 1) or not (when 0) the adjacen

neigh
adjac

bouring occupancy trege-nodes are used in bitwise occupancy contextualization. W
ent_child_enabled is not'present, it shall be inferred to be 0.

occtrjee_intra_pred_max_nodesize_log2 minus 1 specifies the maximum size of an occ

node
is not

that is eligible forintra-slice occupancy prediction. When occtree_intra_pred_max_n
present, it shall be inferred to be 0.

occt

two points shall jointly code their positions according te a.specific ordering of the poi

enumerates
not present,

d by eligible
direct nodes

eligibility.

t nodes that
nts.

tree_coded_
tree_coded_
resent in the
pth.

de locations
ilable to any
o 0 specifies

t children of
hen occtree_

upancy tree
bdesize_log2

ee_bitwise_coding specifies whether the node occupancy bitmap is coded using (when 1)
occupancybit syntax elements or (when 0) the dictionary coded syntax element occupanc

occtriee planar_enabled specifies whether (when 1) or not (when 0) the coding of nod

y_byte.

e occupancy

bitmaps is performed, in part, by the signalling of occupied and unoccupied planes. W
planar_enabled is not present, it shall be inferred to be 0.

nen occtree_

occtree_planar_threshold[i] specify thresholds used in part to determine the per-axis eligibility for
planar occupancy coding. The thresholds are specified from the most (i = 0) to the least (i = 2) probable
planar axis. Each threshold specifies the minimum likelihood for an eligible axis that occ_single_plane
is expected to be 1. The range [8, 120] for occtree_planar_threshold corresponds to the likelihood
interval [0, 1).

occtree_direct_node_rate_minus1 specifies, when present, that of every 32 eligible nodes, only
occtree_direct_node_rate_minusl + 1 are permitted to be coded as direct nodes.
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occtree_planar_buffer_disabled specifies whether (when 1) or not (when 0) the contextualization of
per-node occupied plane locations using the plane locations of previously coded nodes shall be disabled.
When occtree_planar_buffer_disabled is not present, it shall be inferred to be 0.

7.4.2.5.4 Scaling parameters

geom_scaling_enabled specifies whether (when 1) or not (when 0) the coded geometry shall be scaled
during the geometry decoding process.

geom_qp specifies the geometry QP prior to the addition of per slice and per-node offsets.

are

geom_qp_mul-log : es—th ale—factor—to—be—app o—the—geq
m_qgp_mul_log2) QP values for every doubling of the scaling step size.

Exp2(3 - ge

ptree_qp_p¢riod_log2 specifies the period in nodes at which the predictive tree node‘QP offget is
signalled. The period is one in every Exp2(ptree_qp_period_log2) nodes.

occtree_dirpct_node_qp_offset specifies an offset relative to the slice geometry QR“or scaling dlirect
node coded point positions.

7.4.2.6 Attribute parameter set data unit semantics

7.4.2.6.1 (eneral parameters
The parametfers specified by an APS shall apply to any DU where’that APS is activated.

NOTE A single APS can be used by multiple coded attributes/ The attributes are not required to be [of the
same type or fo have the same number of components.

aps_attr_parameter_set_id identifies the APS for reference by other DUs.
aps_seq_parameter_set_id identifies the active SPS by its sps_seq_parameter_set_id.

attr_coding] type specifies the attribute coding method. Valid values are specified by Table 11. Dther
values are reserved for future use by ISOAEC. Decoders conforming to this version of this docyment
shall ignore [remove from the bitstream;and discard) attribute data units coded with reserved values
of attr_coding_type.

Table11 — Interpretation of attr_coding_type

attr_coding_type Description Decoding process
0 Region-adaptive hierarchical transform (RAHT) 10.5
1 LoD with predicting transform 10.6
2 LoD with lifting transform 10.6
3 Raw attribute data 10.3

attr_primary_qp_minus4 plus 4 specifies the QP for the primary attribute component before the
addition of per slice, per region and per-transform-level offsets.

attr_secondary_qp_offset specifies an offset to be applied to the primary attribute QP to derive the QP
for any secondary attribute components.

attr_qp_offsets_present specifies whether (when 1) or not (when 0) per-slice attribute QP offsets, attr_
gp_offset[c], are present in the ADU header.

attr_coord_conv_enabled specifies whether (when 1) attribute coding shall use scaled angular
coordinates or (when 0) slice-relative STV point positions. It is a requirement of bitstream conformance
that attr_coord_conv_enabled shall be 0 when geom_angular_enabled is 0. When attr_coord_conv_
enabled is not present, it shall be inferred to be 0.
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attr_coord_conv_scale_bits_minus1[k] plus 1 specifies the length in bits of the syntax element attr_
coord_conv_scale[k].

attr_coord_conv_scale[k] specifies the scale factor used to scale points' k-th angular coordinate for
attribute coding. The scale factor shall be in units of 278,

aps_extension_present specifies whether aps_extension_data syntax elements are present in the APS
syntax structure. aps_extension_present shall be 0 in bitstreams conforming to this version of this
document. The value of 1 for aps_extension_present is reserved for future use by ISO/IEC.

aps_extension_data may have any value. Its presence and value do not affect decoder conformance to
profi es cpnr‘ifinr] inthisversion of this document Decoders shall ignnr‘n all apc_nvfnncinn _data Syntax

elem¢nts.

7.4.216.2 Region-adaptive hierarchical transform parameters

rahtprediction_enabled specifies whether (when 1) or not (when 0) RAHT Ceefficients gqre predicted
by ugsampling and transforming the preceding coarser transform level.

rahtprediction_subtree_min and raht_prediction_samples_min (specify thresholds [that control
the upe of RAHT coefficient prediction.

raht_prediction_samples_min specifies the minimum number efspatially adjacent samples from which
RAHT coefficient prediction can be performed.

raht_pprediction_subtree_min specifies the minimum number of spatially adjacent samples that need
to be[present to prevent the disabling of RAHT coefficient prediction for every descendant of a RAHT
node

7.4.216.3 Level of detail generation and tran$form parameters
pred|set_size_minus1 plus 1 specifies the maximum size of the per-point predictor set.

pred|inter_lod_search_range specifies the range of indexes around a search centre which can be
seardhed in an extended inter-detail*level search for nearest neighbours to include in a poirit's predictor
set.

pred| dist_bias_minus1_xyz[k] plus 1 specifies the factor used to weight the k-th XYZ cpmponent of
the djstance vector between two point positions used to calculate inter-point distances in the predictor
seardh for a single refinement point. The expression PredBias[k] specifies the factor for fhe k-th STV
component.

PredBias[k] ~=Pred dist bias minusl xyz[StvToXyz[k]] + 1

last_tomp_pred_enabled specifies whether (when 1) or not (when 0) the second coefficient component

of a three-Component attribute shall be used to predict the value of the third coefficienf component.
Whenlast comp prnﬂ enabled is not pracnnf’ itshall he inferredtohe 0

lod_scalability_enabled specifies whether (when 1) or not (when 0) attribute values shall be coded
using constrained LoD generation and predictor searches. When equal to 1, attribute values can be
reconstructed for a partially decoded occupancy tree. Partial decoding shall be as specified in Annex D.
When lod_scalability_enabled is not present, it shall be inferred to be 0.

It is a requirement of bitstream conformance that lod_scalability_enabled shall be 0 when any of the
following four conditions are true:

— geom_tree_typeis 1;
— occtree_coded_axis_list_presentis 1;

— geom_scaling_enabled is 1 and geom_qp_mul_log?2 is not 3;
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— pred_blending_enabled is 1.

pred_max_range_minus1 plus 1 specifies, when present, the distance beyond which point predictor
candidates shall be discarded during predictor set pruning for scalable attribute coding. The distance is
specified in units of the per-detail-level block size.

lod_max_levels_minus1 plus 1 specifies the maximum number of detail levels that can be generated
by the LoD generation process. When lod_max_levels_minusl1 is not present, it shall be inferred to be
MaxSliceDimLog2 - 1.

attr_canonical_order_enabled specifies whether (when 1) or not (when 0) point attributes are coded
in canonical point order. When attr_canonical order _enabled is not present, it shall be inferred to be 0.

lod_decimation_mode specifies the decimation method used to generate detail levels. Valid valug¢s are
specified by[Table 12. Other values are reserved for future use by ISO/IEC. Decoders conforming tp this
version of this document shall ignore (remove from the bitstream and discard) attribute”data |units
coded with ileserved values of lod_decimation_mode.

Table 12 — Interpretation of lod_decimation_mode

lod_decimation_mode Description Decodingprocess
0 No decimation 10.6.5.6
1 Periodic subsampling 10.6.5.5
2 Block-based subsampling 10.6.5.8

lod_sampling_period_minus2[lvl] plus 2 specifies the sampling period used by LoD generatipn to
sample points in detail level Ivl to generate the next coarser, detail level vl + 1.

lod_initial_glist_log2 specifies the block size at the finest detail level for use by LoD generationp and
predictor searches. When lod_initial_dist_log2 is not{present, it shall be inferred to be 0.

lod_dist_log2_offset_present specifies whether(when 1) or not (when 0) the per-slice block-size pffset
specified by Jlod_dist_log2_offset shall be present in the ADU header. When lod_dist_log2_offset_present
is not present, it shall be inferred to be 0.

pred_direct_max_idx_plus1 specifiesithe maximum number of single point predictors that can be
used for dirgct prediction.

pred_direct_threshold specifies when a point shall be eligible for direct prediction. The threshpld is
for the maximum difference between predictor values in a point's predictor set. When the maxjmum
difference is|greater thantorequal to the threshold, direct prediction is eligible. When the attribuyte bit
depth is gregter than eight bits, the threshold shall be scaled by Exp2(AttrBitDepth - 8).

pred_direct_avg disabled specifies whether (when 0) or not (when 1) the point predictor set average
is a direct prjediction mode.

pred_intra_| hich

searched for nearest neighbours to include in a point's predictor set.

pred_intra_min_lod specifies the finest detail level in which intra-detail-level prediction is enabled.
When pred_intra_min_lod is not present, it shall be inferred to be lod_max_levels_minusl + 1. It is a
requirement of bitstream conformance that pred_intra_min_lod shall be 0 when lod_max_levels_
minusl is 0.

inter_comp_pred_enabled specifies whether (when 1) or not (when 0) the first component of a multi-
component attribute coefficient shall be used to predict the coefficients of any subsequent components.
When inter_comp_pred_enabled is not present, it shall be inferred to be 0.

pred_blending_enabled specifies whether (when 1) or not (when 0) the neighbour weights used for
neighbourhood average prediction shall be blended according to the relative spatial positions of the
associated points. When pred_blending_enabled is not present, it shall be inferred to be 0.
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raw_attr_width_present specifies whether (when 0) raw attribute values shall use the same fixed
length encoding for every syntax element or (when 1) a per-syntax-element length.

7.4.2

.7 Frame-specific attribute properties data unit semantics

Frame-specific attribute properties apply to an attribute of a specific frame. The properties shall:

— override any corresponding properties signalled in the active SPS for the specified frame only;

All at
singls

Each

NOTE
frame

fsap_
fsap
requi
of the

fsap_
Ident
fram

fsap_
apply,

fsap |
7.4.2
The f]
fbdu

pply to all ADUs in the frame with Attridx equal to fsap_sps_attr_ idx

tribute properties with the same value of attr_prop_type shall be identical withifijaf
p attribute.

The requirements of fsap_frame_ctr_Isb prevent an FSAP DU from preceding the fir
to which it applies.

seq_parameter_set_id identifies the active SPS by its sps_seq. parameter_set_id.

_‘Iframe_ctr_lsb_bits specifies the length in bits of the syfitax element fsap_frame_c

rement of bitstream conformance that fsap_frame_ctr_Isb>bits shall be equal to frame
active SPS.

frame_ctr_Isb identifies the frame to which/the frame-specific attribute prop
ification shall use fsap_frame_ctr_lsb_bits LSBs"of the notional frame counter, Frg
e_ctr_lsb shall be equal to frame_ctr_Isb of the-preceding GDU.

. Identification shall be by the index into the active SPS attribute list.

num_props specifies the number-of attribute properties present in the syntax struct

8 Frame boundary marker data unit semantics
fame boundary marker DU explicitly marks the end of a frame.

| frame_ctr_Isb_bits specifies the length in bits of the syntax element fbdu_frame_g

requirement of bitstréam conformance that fbdu_frame_ctr_Isb_bits shall be equal to fr

bits d

fbdu
shall

f the active SBS.

| frame_ctr_Isb identifies the frame to which the frame boundary marker applies. I
use fbdu_frame_ctr_lsb_bits LSBs of the notional frame counter FramecCtr.

FSAP DU shall occur, at least, before the first ADU within the frame to whicly it applies

rame for any

D.

tt GDU in the

tr_Isb. It is a
_ctr_Isb_bits

brties apply.
meCtr. fsap_

sps_attr_idx identifies the coded attribute to which the frame-specific attribute properties shall

ure.

tr_Isb. It is a
hme_ctr_Isb_

Hentification

7.4.2

.7

Userdata data unitsemantics

The user data DU contains user data identified by an ASN.1 object identifier. The user data are not
specified by this document.

user_data_oid specifies an ASN.1 object identifier value in the international object identifier tree, as
specified in Rec. ITU-T X.660 | ISO/IEC 9834-1.

user_data_byte is a byte containing data having syntax and semantics as specified by the registration
of the object identifier.

7.4.2

.10 Byte alignment semantics

The byte_alignment syntax structure causes the bitstream to become byte-aligned.
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alignment_bit_equal_to_zero shall be 0.

7.4.3 Geometry data unit

7.4.3.1 Geometry data unit semantics

A GDU conveys the geometry of a slice and associated slice information such as a frame counter or a
slice origin. A GDU comprises a GDU header, geometry coded using either an occupancy tree (when
geom_tree_type is 0) or a predictive tree (when geom_tree_type is 1), and a GDU footer.

7432 G

gdu_geome

gdu_reservy
Other values
the value of

slice_id iden

slice_tag id¢
tile inventon
inventory DI

frame_ctr_l
Consecutive
frames. Con
boundary m

mntry dataunitheadersemantics

[ry_parameter_set_id specifies the active GPS by its gps_geom_parameter_set_id.

pd_zero_3bits shall be equal to 0 in bitstreams conforming to this version of this docu
of gdu_reserved_zero_3bits are reserved for future use by ISO/IEC. Decdders shall i
bdu_reserved_zero_3bits.

tifies the slice for reference by other DUs.

ntifies the slice as a member of a slice group with the same\values for slice_tag. W
y DU is present, the slice group shall be a tile identified by.a)tile id. Otherwise, whe
Js are not present, the interpretation of slice_tag is application specific.

5b  specifies the frame_ctr_Isb_bits LSBs of the, notional frame counter Fran
slices with different values of frame_ctr_Isb form) parts of separate output point
secutive slices with identical values of frameé_ctr_Isb without an intervening f
hrker data unit form parts of the same coded. point cloud frame.

ment.
bnore

hen a
n tile

heCtr.
cloud
rame

slice_entropy_continuation equal to 1 specifies that’the entropy parsing state restoration prj
(11.6.2.2 and 11.6.3.2) shall be applied at the startof the GDU and any ADUs in the slice. slice_ent
continuatior] equal to 0 specifies that the parsing of the GDU and any ADUs in the slice is independ
any other slice. When slice_entropy_continuation is not present, it shall be inferred to be 0.

oCess

ropy_
ent of

GDU
n and
e not

It is a requirlement of bitstream conformance that slice_entropy_continuation shall be 0 when thg
is the first QDU in a coded point cloud\frame. A decoder shall ignore (remove from the bitstrear
discard) all $lices in a coded point cloud frame with slice_entropy_continuation equal to 1 that aj
preceded by|a slice in the same ftrame with slice_entropy_continuation equal to 0.

prev_slice_i
shall ignore
equal to slicg

slice_entrop
prev_slice_id

shall be equal to the GDU slice_id of the preceding slice in bitstream order. A de
[remove fromithe bitstream and discard) slices where prev_slice_id is both present an
_id of thereceding slice in the same frame.

. Eorexample, if slice_tag is used to select a subset of slices, then decoding can be prev

roder
d not

y_continuation should be 0 if slice_tag is not equal to the slice_tag of the GDU identified by

bnted

if there are dependencies upon slices that were not selected.

slice_geom_origin_bits_minus1 plus 1 specifies the length in bits of each slice_geom_origin_xyz
syntax element.

slice_geom_origin_xyz[ k] and slice_geom_origin_log2_scale specify the k-th XYZ coordinate of the
slice origin in the coding coordinate system. The slice origin in STV coordinates is specified by the
expression SliceOrigin[k]. When slice_geom_origin_log2_scale is not present, it shall be inferred to be
gps_geom_origin_log2_scale.

SliceOrigin([k]

= slice geom origin xyz[StvToXyz[k]] << slice geom origin log2 scale
slice_angular_origin_bits_minus1 plus 1 specifies the length in bits of each slice_angular_origin_xyz

syntax element.
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slice_angular_origin_xyz[k] specifies the k-th XYZ coordinate of the angular origin relative in the
slice's coordinate system. When slice_angular_origin_xyz[ k] is not present, it shall be inferred to be 0.

The slice-relative angular origin in STV coordinates is specified by the expression AngularOrigin[k].

AngularOrigin[k] := slice angular origin present
? slice angular origin xyz[StvToXyz[k]]
: gps_angular origin xyz[StvToXyz[k]] - SliceOrigin([k]

slice_geom_qp_offset specifies the slice geometry QP as an offset to the GPS geom_qp. When slice_
geom_qp_offset is not present, it shall be inferred to be 0.

7.4.3[3 Geometry data unit footer semantics
The gtart of the GDU footer shall be determined from the end of the GDU as specified by11|2.4.

slice[num_points_minus1 plus 1 specifies the number of points coded in the.DU! It is a requirement
of bifstream conformance that slice_num_points_minusl plus 1 shall becequal to th¢ number of
decodlable points in the DU. Decoders shall not rely upon bitstream conformasce to prevenf overflow of
impldmentation buffers.

7.4.4] Attribute data unit

7.4.411 Attribute data unit semantics

An ADU codes attribute values for a single attribute in-a<lice. It comprises an ADU headé¢r and either
attrilpute coefficients (attribute_coeffs) when transfepm’coding is enabled or directly coded attribute
values (attribute_raw).

7.4.412 Attribute data unit header semantics
adu_attr_parameter_set_id specifies the:active APS by its aps_attr_parameter_set_id.

adu_reserved_zero_3bits shall be equal to 0 in bitstreams conforming to this version of this document.
Other values of adu_reserved_zero_3bits are reserved for future use by ISO/IEC. Decoderd shall ignore
the vhlue of adu_reserved_zero.8bits.

adu_gps_attr_idx identifies the coded attribute by its index into the active SPS attribute lift.
At the start of every ADU, the variable Attridx is set to adu_sps_attr_idx:
Attr]dx = adu spshattr idx

The gttribute{coded by the ADU shall have at most three components when attr_coding_type is not 3.

adu_slice.id specifies the value of the preceding GDU slice_id.

7.4.5 Defaulted attribute data unit semantics
A defaulted attribute data unit specifies a single attribute value for all points in the slice.
defattr_seq_parameter_set_id specifies the active SPS by its sps_seq_parameter_set_id.

defattr_reserved_zero_3bits shall be 0 in bitstreams conforming to this version of this document.
Other values of defattr_reserved_zero_3bits are reserved for future use by ISO/IEC. Decoders shall
ignore the value of defattr_reserved_zero_3bits.

defattr_sps_attr_idx identifies the coded attribute by its index into the active SPS attribute list.

At the start of every defaulted attribute data unit, the variable Attridx is set to defattr_sps_attr_idx:
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AttrIdx = defattr sps attr idx

defattr_slice_id specifies the value of the preceding GDU slice_id.

defattr_value[c] specifies the value of the c-th attribute component for every point in the slice. The
length in bits of defattr_value|[c] is AttrBitDepth.

8 Decoding process

8.1 General decoding process

The reconsti
and level wi
that profile
that producg
document.

uction of a point cloud is specified such that all decoders that conform to a specifiedplofile
| produce numerically identical output point cloud frames for a bitstream conforming to
ind level. Any decoding process that produces an identical output point cloud‘sequence to
d by the process described herein conforms to the decoding process requitéments df this

The frame decoding process (8.2) shall be repeatedly performed for each coded point cloud frame in

the coded pd
8.2 Fram

8.2.1 Gen
The result of

At the start
empty point

RecCloudPoi]

The slice de
frame.

8.2.2 Fran

The variabld
shall be set ¢

int cloud sequence.
e decoding processes

bral
this process is a reconstructed point cloud frame.

of every coded point cloud frame, the outputpoint cloud frame shall be initialized fo the
cloud.

ntCnt = 0

roding process (8.3) shall be repeatedly performed for each slice in the coded point cloud

he counter

FrameCtr represents the notional frame counter. For the first decoded frame, FrameCtr
qual to frame_ctp-Isb. Otherwise, the variable FrameCtr shall be updated for each frame:

window = Exp2 (frame cty %sb bits) >> 1

curLsb = FrjameCtr % Exp2(frame ctr 1lsb bits)

curMsb = FrameCtr >3/frame ctr lsb bits

if ((frame |ctr 1sb < curLsb) && (curLsb - frame ctr 1lsb) 2 window)
curMsb++ | - N N

else if ((flrame_¢tr 1sb > curlsb) && (frame ctr lsb - curLsb) > window)
curMsb——

FrameCtr = Hcurittst frame—ctr—Isbbitsr—+ frame_ctr—Isb

8.3 Slice decoding processes

8.3.1 General

Aslice in a coded point cloud frame shall be decoded as follows:

a) Pointpo

sitions are decoded from one GDU in the slice as specified by 8.3.3.

b) Default attribute values are set for each attribute as specified by 8.3.4.

c) Point attributes are decoded from each ADU in the slice as specified by 8.3.5.
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d) The decoded point positions are offset and the output point count incremented as specified by

Only one slice shall be decoded for every set of slices in a coded point cloud frame with the same value
of slice_id as specified in 6.4.6.

8.3.2 State variables
Slice decoding is specified in terms of the following state variables:

— the variable PointCnt, a cumulative count of decoded points;

— thearray PointAng of angular coordinates for decoded points; PointAng|ptldx][k] is the|k-th angular
doordinate of the point position PointPos|ptldx].

8.3.3] Geometry decoding process
The (DU shall be decoded and the reconstructed positions stored in the output point cloud.

The dxpression PointPos|[ptldx][k] is an alias into the output point cloud fot points in the sljce.

PoinfPos[ptIdx] [k] := RecCloudPos[RecCloudPointCnt + ptIdx]\[MN1
NOTH The definition of PointPos implicitly concatenates the points'of consecutive slices.

When geom_angular_enabled is 1, the geometry decoding process populates the array PgintAng with
pointfs' angular coordinates.

At the start of every slice, PointCnt is initialized t0.0. It is incremented for each point de¢oded by the
geomletry decoding process.

Point{positions shall be decoded and reconstructed as specified by Clause 9.

8.3.4] Default attribute values

Attribute values for every point inthe slice shall be set to their respective default values. [This process
shall pe equivalent to the following steps for each attribute, attrldx = 0 .. num_attributes - [:

— All components of the attribute values shall be set to Exp2(attr_bitdepth_minusl[attr]lrx]).

— If the attribute property attr_default_value[attrldx] is present, the attribute values shall be set to

attr_default_value{attridx][c], for each component c.

— If the slice¢ontains a defaulted attribute data unit with defattr_sps_attr_idx equal t¢ attridx, the
attributevalues shall be set to defattr_value[c] of that DU, for each component c.

8.3.5( \Attribute decoding process

The ADU shall be decoded and the reconstructed attribute values stored in the corresponding output
point cloud attribute.

The expression PointAttr[ptldx][c] is an alias into the output point cloud attribute array for the points
in the slice.

PointAttr[ptIdx] [c] := RecCloudAttr[RecCloudPointCnt + ptIdx] [AttrIdx][c]

Point attributes shall be decoded and reconstructed as specified by Clause 10.

8.3.6 At the end of a slice

The variable RecCloudPointCnt is incremented by the number of points decoded.
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RecCloudPoi

ntCnt += PointCnt

The slice geometry shall be translated from the slice's coordinate system to the coding coordinate
system by the addition of the slice origin, SliceOrigin.

NOTE The attribute decoding processes specified in Clause 10 are performed prior to the coordinate system
conversion.
for (ptIdx = 0; ptlIdx < PointCnt; ptIdx++)
for (k = 0; k < 3; k++)
PointPos[ptIdx] [k] += SliceOrigin[k]
9 Slice geometry
9.1 General

This clause 9
reconstructg

pecifies the coding of slice geometry and the reconstruction of point positions, storir
d geometry in the arrays PointPos and PointAng.

9.2 Occupancy tree

9.2.1 Gen

This subclau
[t applies wh

An occupand
a coded occy

9.2.2 Cod

bral

se specifies the parsing and reconstruction of point positions from a coded occupancy
en geom_tree_type is 0.

y tree represents the slice geometry as a tree of gocupancy tree nodes. Parsing or travg
pancy tree implicitly generates a representation of the slice geometry.

ed occupancy tree

9.2.2.1 General tree structure

Individual p
by direct no

An occupang
of an axis-al
corner p.i,
powers of tw

The occupar
with non-ov

The occupar

les that encode node-relative-positions.

y tree node shall identify the presence of at least one point contained within the vq
gned cuboid. The volume is defined in the slice's coordinate system by an inclusive
and an exclusive upper corner p, ... The volume edge lengths are non-negative in

0. A node's sizé, nodeSize, is synonymous with the volume dimensions p,,.. = Prin-

brlapping volumes. All tree nodes within a tree level shall have identical volume dimen

cy tree shall contain a single root node. The root node shall be the only node in th

level of the ]

g the

tree.

rsing

bint positions are representediin’the occupancy tree either by the position of leaf nodes, or

lume
ower
teger

cy tree shall'be formed of one or more tree levels. Every tree level consists of tree podes

sions.

e top

reeThe volume identified by the root node shall have a lower corner at position (0,

0,0),

coincident with the slice origin. The upper corner shall be at an integer position (25, 2¢, 2V) equal to the
root node size.

With each subsequent tree level, starting from the top tree level, the node volume dimensions are
halved along one or more coded axes. The coded axes in each tree level are enumerated in the GDU
header, as specified by occtree_coded_axis.

The location of a node, nodeLoc, within a tree level is related to the spatial position of the node volume's
lower corner in the slice coordinate system by:

Pmin k =hodeLocy xnodeSize),

Two tree nodes are spatially adjacent if their volumes share a face.
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Unless an early termination condition applies (9.2.6.5), tree nodes with a volume greater than the unit
cube shall have one or more child nodes. Depending upon the number of coded axes, these nodes shall
have at most eight, four, two, or one child nodes, as illustrated for cubic nodes in Figure 5.

CodedAxesCnt
3 2 1 0

Figure 5 — Arrangement of child nodes depending upon coded axes

Leaf nodes, in the absence of geometry scaling (9.2.14), represent indivisible volumes with dimensions
equal to the unit cube. When duplicate point coding is enabl€d, a leaf node may represent mlore than one
poing In such cases, all points represented by the leaf nedé shall have identical positions.

9.2.2|2 Tree traversal order

The doded occupancy tree shall be traversed ifi’breadth-first order. Traversal shall start from the top
tree level. All nodes in a tree level shall be sequentially traversed before proceeding to the next level.
With]n a tree level, nodes shall be traversed'in ascending Morton order of node location.

The traversal order for an example tree is illustrated in Figure 6. Each tree level progresdively refines
the slice geometry. Starting fromy, the root node, a, the node traversal order is from a td y. Occupied

node$ are shaded.

Depth

1 c—f* DDDDDD

2 oI I LHOOOM 06
P NP NP A
NOTE This figure illustrates three tree levels.

Figure 6 — Occupancy tree traversal order
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9.2.2.3 Node occupancy bitmap
The structure of the occupancy tree is coded as a sequence of node occupancy bitmaps.

Each node occupancy bitmap shall enumerate the child nodes for a single node. Each set bit position
identifies the relative location of a child node in the next level of the occupancy tree as specified by the
expression OccLocC|bitldx][k] and Table 13. The count of set bits in the bitmap shall be the number of
child nodes.

When a node has fewer than three coded axes, bits in the occupancy bitmap that do not enumerate a
valid child node location shall be unset.

OccLocC[bitIdx] [k] := Bit(bitlIdx, 2 - k)
The tree lev¢l location of a child node is related to its parent's by:

nodeSizey, ent k

nodeLocly;q j =nodeLoc +relLocy,

X
parent,k .
nodeSize piq k

Table 13 — Identification of valid relative child node location relLoc¢ from set bits in an

occupancy bitmap

Codegdl Axes Bit position (bitldx) in occupancy bitmap

S| Ir| Vv | 7(MSB) 6 5 4 3 2 1 0 (LSB)
1| 1] (1,11 {(1,1,0)](101)|(1,0,0)]| (0, KA)|(0,1,0) | (0,0,1) ]| (0,0,0)
1 || O (1,1,0) (1,0,0) (0,1,0) (0,0,0)
1|1p|1 (1,0,1) | (1,0,0) (0,0,1) | (0,0,0)
oL |1 (0,1,1) | (0,1,0) | (0,0,1) | (0,0,0)
1|p|o (43,0, 0) (0,0,0)
o|lp|o (0,1,0) (0,0,0)
ol p |1 (0,0,1) | (0,0,0)
o(plo (0,0,0)

9.2.2.4 Terminal nodes
In the coded|occupancy tree, leafniodes are immediately encoded by their parent (terminal) node.

When geom |dup_point_counts_enabled is 1, terminal nodes shall encode the duplicate point counts for
the leaf nodgs they contain:

9.2.3 Occypancy-tree syntax element semantics

occtree_depthiminus1 plus 1 specifies the maximum number of tree levels present in the ¢oded
occupancy tree. When occtree_coded_axis_list_present is U, the root node size 1s a cubic volume with
edge lengths equal to Exp2(occtree_depth_minus1 + 1).

NOTE Early termination of subtrees can result in fewer coded tree levels than the maximum.

occtree_coded_axis[dpth][k] specifies whether (when 1) or not (when 0) a subdivision along the
k-th STV axis is coded by tree nodes at depth dpth. occtree_coded_axis shall be used to determine the
node volume dimensions in each level of the occupancy tree. When occtree_coded_axis[dpth][k] is not
present, it shall be inferred to be 1.

It is a requirement of bitstream conformance that:

— There shall be at least one coded axis in every tree level specified by occtree_coded_axis; i.e.
MaxVec(occtree_coded_axis[dpth]) == 1.
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— Thelog2 dimensions of the root node shall be less than or equal to MaxSliceDimLog?2.
— Thelargestlog2 dimension of the root node shall be greater than occtree_depth_minus1 - 4.

occtree_stream_cnt_minus1 plus 1 specifies the maximum number of entropy streams used to code
the occupancy tree. When occtree_stream_cnt_minus1 is greater than zero, each of the bottom occtree_
stream_cnt_minus1 tree levels shall be conveyed in a separate entropy stream; the parsing state shall
be memorized and restored according to 11.6.

The expression OcctreeEntropyStreamDepth is the depth of the last tree level that is coded in the first
entropy stream.

OcctfeeEntropysStreambepth := oOCCtree depth minusl - OCCLree stream Cnt_minusl

occtiiee_end_of_entropy_stream is a non-coded syntax element used to specify theermination point
for the arithmetic decoder at the end of an entropy stream. The syntax element has ne valye.

occtiee_lvl_point_cnt_minus1[dpth] plus 1 indicates, when present, the number of pointp that can be
partiplly decoded (See Annex D) from the root node to the end of the tree leyel at depth dpth| occtree_lvl_
point] cnt_minus1[0] shall be inferred to be 0. occtree_lvl_point_cnt_mihusl[occtree_depth_minus1]
shall pbe inferred to be slice_num_points_minus1.

9.2.4] Node dimensions per tree level

The Ipg2 node dimensions at depth dpth are specified by the\expression OccLvIiNodeSizelLqg2[dpth][k].
Theylare derived from the list of coded axes:

— Inh the bottom tree level, at depth occtree_depth_‘minus1 + 1, the node dimensions shall be equal to
the unit cube.

— The log2 node dimensions in any tree levelshallower than the bottom tree level shall|be the count
df the respective coded axes, proceeding from the bottom tree level.

OccLylNodeSizeLog2 [dpth] [k] := 1lvl s occtree depth minusl
? (¢ccLvlNodeSizeLog2 [dpth + 1] [k]" + occtree coded axis[dpth] [k]

9.2.5| State representation

9.2.5|1 State variables

The dccupancy tree iS'specified in terms of the following state variable:

The sparse\array OccNodePresent that identifies nodes present in the occupancy tree. Fach element
(QccNodeRresent[dpth][ns][nt][nv] equal to either 1 or -1 indicates the presence of a nodle at location
(ns,nt.nv) and depth dpth. Elements equal to -1 identify leaf nodes that are not coded at that depth
(P:252.4). Unset elements of OccNodePresent are inferred to be 0.

Traversal of the occupancy tree is specified in terms of the following state variables:
— The array OccNodeCnt; OccNodeCnt[dpth] is the cumulative count of nodes present at depth dpth.

— The array OccNodeLoc; OccNodeLoc[dpth][nodeldx][ k] identifies the k-th location component of the
nodeldx-th coded node in the traversal order of the tree level at depth dpth.

9.2.5.2 The root node

At the start of the occupancy tree syntax structure, the arrays OccNodePresent, OccNodeLoc and
OccNodeCnt are initialized to represent the root node at location (0, 0, 0); all other elements are cleared.
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OccNodePres
OccNodeLoc [
OccNodeCnt [

1101[0] 1
OccNodeLoc [0] [0][1]

ent [
0110
0]

0][0
1[0] =

OccNodeLoc [0] [0][2] 0

I
[0
=1

9.2.6 Occupancy tree node coding

9.2.6.1 General

This subclau

se specifies the semantics of the Nodeldx-th coded node at tree depth Dpth.

9.2.6.2 Syntax element semantics

occ_single_¢
specifies thg
it shall be in

occupancy_
the coded nd

occupancy_
permuted nd
respectively

occ_dup_po
node. All pg
presentin a

When uniqule_point_positions_constraint is 1, it is a requirement of bitstream conformance that

dup_point_c

9.2.6.3 Ng

The tree-lev

Nloc[k] =
Ns := Nloc]
Nt := Nloc]
Nv := Nloc]|

The parent 1
expression N

child equal to 1 specifies that the coded node has a single child. occ_single_child equs
t the coded node may generate multiple child nodes. When occ_single_child is 10t pr¢
ferred to be 0.

dx[k] specifies the k-th component of the relative child node location for the only ch
de.

bit and occupancy_byte specify the child nodes of the coded(nede as neighbour
de occupancy bitmaps. The syntax elements shall be coded asspecified by 9.2.10 and

lto0
bsent,

ild of

hood-
9.2.9,

nt_cnt[i] plus 1 specifies the number of points represented by the i-th coded chil
ints represented by a child have identical positionstWhen occ_dup_point_cnt[i] i
ferminal node, it is inferred to be 0.

nt[i] shall be 0.

de, parent, grandparent and child tree-level locations

] location (Ns, Nt, Nv) of the coded node is specified by the expression Nloc[k].
OccNodeLoc [Dpth] [NodeIdx] [kY
0]

1]
2]

jode has a location/( NsP, NtP, NvP) in the tree level at depth Dpth — 1. It is specified b
(locP[k].
Dpth 2-Nloc[k] >> occtree coded axis[Dpth - 1][k]

P[0]
P[]

1 leaf
S not

0CC_

y the

NlocP[k] =
NsP := Nlod
NtP := Nlod
NvP := Nlod

P 21

The grandparent node has a location (NsG, NtG, NvG) in the tree level at depth Dpth - 2. It is specified by
the expression NlocG[k].

NlocG[k] :=
NsG := Nloc
NtG := Nloc
NvG := Nloc

Dpth > 1 ? NlocP[k] >> occtree coded axis[Dpth - 2][k] : 0
G[0]
G[1]
G[2]

The corresponding location (NsC, NtC, NvC) in the tree level at depth Dpth + 1 for the coded node is

specified by

NlocC[k]

NsC := Nloc

66

the expression NlocC[k].
Nloc[k] << AxisCoded[k]

C[0]

© ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=458b17f08c948477860ec1b8ac09b16b

ISO/IEC 23090-9:2023(E)

NtC :
NvC :

NlocC[1]
NlocC[2]

9.2.6.4 Node size

The expressions NodeSizeLog2[k] and ChildNodeSizeLog2|[k] specify the log2 dimensions of the coded
node and its children, respectively.

NodeSizeLog2[k] := OccLvlNodeSizeLog2[Dpth] [k]
ChildNodeSizeLog2[k] := OccLvlNodeSizeLog2[Dpth + 1] [k]
NOTE ‘anrllCll Scuul_o\,a}ius_cualulcd i) C, QMMI(l‘:l.LCdIAVYUdCSl'LCLUyZ[I’\] i) C\,iuﬂ} tU IRVTUdCSl.LCLUyZ[I’\].

9.2.6|5 Whether the node is a terminal node

A node is a terminal node, as specified by the expression TerminalNode, if its children are lpaf nodes, or
itis aldirect node.

TerminalNode := MaxVec (ChildNodeSizeLog2) == 0

| | |]geom scaling enabled && MaxVec (QuantizedChildNodeSizeLog2) ,== 0
| | Jocctree direct coding mode && occ direct node

9.2.6|6 Coded axes

A node shall only code an axis for child locations when specified by the expression Axis{oded[k]. An
axis is coded when:

— ifis specified to be coded in the tree level by the.coded axis list, and

— if geometry subtree scaling is enabled, theceorresponding dimension of the quantized node size is
greater than 1.

Axis(Goded[k] := occtree coded axis{Dpth] [k]
&& | (hgeom scaling enabled || QuantizedNodeSizeLog2[k] > 0)

The gxpression CodedAxisCnt is the number of axes coded by the node.

CodeqAxisCnt := AxisCodedOM+ AxisCoded[l] + AxisCoded[2]

The location of child nedes along each coded axis may be constrained by planar occugancy coding
(9.2.11.4). A free axi§ is a coded axis that is not constrained so, as specified by th¢ expression
OccFreeAxis[k]. The number of free axes is specified by the expression OccFreeAxisCnt.

NOTH Whenplanar occupancy coding is disabled, OccFreeAxisCnt is equal to CodedAxisCnt.

OccFfeeAxfsftk] := AxisCoded[k] && (—occtree planar enabled || PlanarFreeAxis|[k]

OccFfeefxisCnt := OccFreeAxis[0] + OccFreeAxis[l] + OccFreeAxis[2]

9.2.6.7 Limits to the number of child nodes

The number of child nodes a node can contain is constrained by the tree and node syntax.

The maximum number of child nodes is specified by the expression OccMaxChildren. Unless occ_single_
child is 1, the limit shall be the number of child node locations that can be identified by the free axes.
Otherwise, the limit shall be 1 when occ_single_child is 1.

OccMaxChildren := occ single child ? 1 : Exp2 (OccFreeAxisCnt)

The minimum number of child nodes is specified by the expression OccMinChildren. A node shall contain
at least one child node unless:

— planar occupancy coding specifies that there shall be at least two child nodes (9.2.11.3), or
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— occ_single_child is both present and equal to 0, in which case there shall be at least two child nodes.

OccMinChildren :=
OccMaybeSingleChild && —occ_single child ? 2 :
occtree planar enabled ? PlanarMinChildren : 1

9.2.6.8 Presence of occ_single_child

The presence of occ_single_child is specified by the expression OccMaybeSingleChild. It shall be present
in the occupancy node syntax when all the following conditions are true:

— No nodes are present in the occupied neighbourhood pattern (9.2.7.4).

— There is|at least one free axis to code child node locations.

— Planar gccupancy coding does not specify that there shall be at least two child nodes (9.2.11.3).

OccMaybeSingleChild :=
—-0OccNeighlPat && OccFreeAxesCnt > 0 && PlanarMinChildren == 1

9.2.6.9 Presence of occupancy_bit and occupancy_byte

The node ofcupancy bitmap shall be coded using either occupancy-bit' or occupancy_byte when
specified by|the expression OccMapPresent. One of the two syntax elements shall be present wher] both
of the followfing conditions are true:

— The majimum number of child nodes is greater than 1.

— The locdtions of child nodes are not completely preseribed by constraints on occupancy. i.p. the
maximum number of child nodes is greater than the.miinimum number of child nodes.

OccMapPresgnt := OccMaxChildren > 1 && OccMinChiTdren != OccMaxChildren

9.2.6.10 Nqgde occupancy bitmap
This subclause specifies the node occupancy-bitmap by the expression OccupancyMap.

When occuppncy_bit syntax elements\are present (OccMapPresent is 1), the node occupancy bitmap is
specified by |bitwise occupancy coding (9.2.10.2).

if (OccMapHresent && occtreeibitwise coding)
OccupancyMap = OccBitMap

When occuppncy_byte isipresent (OccMapPresent is 1), the node occupancy bitmap shall be rearranged
from the neighbourho¢d-permuted bitmap (9.2.8) coded by occupancy_byte.

if (OccMapHresehts && —occtree bitwise coding)
OccupancyMapr =" OccFromNpOcc (occupancy byte)

When constraints on occupancy require there to be a single child node, each component k of the child
location shall be specified by whichever of occ_plane_pos[k] or occupancy_idx[k] are present, or shall
be 0 if neither is present.

if (OccMaxChildren == 1 && OccMinChildren == 1) {
occupancyldx[k] :=
OccFreeAxis[k] && occupancy idx[k] || —-PlanarFreeAxis[k] && occ plane pos[k]
OccupancyMap = 1 << Morton[occupancyIldx]
}
NOTE In this case, an axis cannot be both a free axis and eligible for planar occupancy coding.

When constraints on occupancy require there to be two child nodes, there shall be one child node at
both permitted locations along the free axis.
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if (OccMaxChildren == 2 && OccMinChildren == 2) {
baseIdx[k] := —PlanarFreeAxis[k] && occ_plane pos[k]

if (OccFreeAxis[0]) OccupancyMap = 0x1ll << Morton[baseIdx]
if (OccFreeAxis[1l]) OccupancyMap 0x05 << Morton[baseIdx]
if (OccFreeAxis[2]) OccupancyMap 0x03 << Morton[baseIdx]

9.2.6.11 Child node count

The number of child nodes is equal to the number of set bits in the node occupancy bitmap, as specified
by the expression OccChildCnt.

OccCHlildCnt := PopCnt (OccupancyMap)

9.2.6/12 Insertion of non-terminal child nodes

Unlegs the coded node is a terminal node, its child nodes shall be inserted intojthe state representation
of thgq occupancy tree and included in the traversal list of the next tree level~Fhe node occugancy bitmap
shall pe scanned to enumerate the child nodes.

if (4TerminalNode)

foy (occBitIdx = 0; occBitIdx < 8; occBitIdx++) {
1f (=Bit (OccupancyMap, occBitIdx))
continue

ds NsC + OccLocCloccBitIdx] [0]
t NtC + OccLocCloccBitIdx] [1]
¢v = NvC + OccLocCloccBitIdx][2]
(QccNodePresent [Dpth + 1] [cs] [ct]

[ev] =1

hildNodeIdx = OccNodeCnt [Dpth + 1]
(GccNodeCnt [Dpth + 1]++

ccNode [Dpth + 1] [childNodeIdx] [GR¥= cs
(GccNode [Dpth + 1] [childNodeIdx]\d/] = ct
(GccNode [Dpth + 1] [childNodeIdxP[2] = cv

9.2.6{13 Points represented by child leaf nodes

When the node is a non=direct terminal node, points represented by child leaf nodes shpll be scaled
(9.2.14.6) and appended to the output point list. The node occupancy bitmap shall bg scanned to
enunjerate the child‘nédes.

NOTE Whengeometry scaling is disabled, this condition is equivalent to the child node size being equal to

nserted into
vel; but they
shall be excluded from traversal in the next tree level. The child leaf nodes shall not be included in the
occupied neighbourhood pattern for any node in the next tree level.

if (TerminalNode && —occ direct ~node)
for (child = O, occBitIdx = O; occBitIdx < 8; occBitIdx++) {
if (=Bit (OccupancyMap, occBitIdx))

continue

cs = NsC + OccLocCloccBitIdx][0]

ct = NtC + OccLocCloccBitIdx][1]

cv = NvC + OccLocCloccBitIdx][2]

if (occtree adjacent child __enabled)
OccNodePresent [Dpth + 1] [cs] [ct][cv] = -1

for (i = 0; 1 < occ dup point cnt[child] + 1; i++, PointCnt++) {
PointPos[PointCnt] [0] = OccPosScaleK (0, cs)
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PointPos[PointCnt] [1] = OccPosScaleK(1l, ct)
PointPos[PointCnt] [2] = OccPosScaleK (2, cv)
}

child++
}
9.2.7 Occupied neighbourhood patterns

9.2.7.1 General

Coding of the node occupancy bitmap depends upon the existence and arrangement of up to six
spatially adjacent tree nodes within an availability window. The occupied neighbourhood pattern for an
occupancy tree node shall identify the spatial arrangement of these adjacent nodes from the 64 pogsible
combination

Figure 7 — Characteristic occupied neighbourhood patterns

9.2.7.2 Ndighbour availability

Nodes are gijouped into availability windows by their spatial location within their tree level. Nodgs can
form part of the occupied neighbourhood pattern of adjacent nodes within the same window. Nodes
shall not forpn part of the occupied neighbourhood pattern of any node in a different window.

The size of the availability window is specified by the expression OccAvailWinLog2[k]:

— Unless qcctree_neigh_window_log2_minus1 is 0, each availability window shall span nxnxn|node
locationp, n = Exp2(occtree_neigh_window_log2_minus1 + 1), within the tree level. The availability
windowp form a contiguous grid starting from the location (0, 0, 0).

— Otherwise, the availability window for any node shall be restricted to its sibling nodes.

OccAvailWinLog2[k] := occtirége neigh window log2 minusl
+ (occtrege neigh window Jlog2 minusl > 0 || Dpth > 0 && occtree coded axis[Dpth - 1] [k])
NOTE Orlly the Main profile permits an element of occtree_coded_axis to be 0 when occtree_neigh_window_

log2_minus1 |s 0.

The expressjow OccNeighAvail[ns][nt][nv] specifies whether the node at location (ns, nt, nv) is within
the same availability window as the coded node (Ns, Nt, Nv).

OccNeighAvail [ns] [nt] [nv] :=

(ns ~ Ns) >> OccAvailWinLog2[0]
(nt ~ Nt) >> OccAvailWinLog2[1]
(nv ~ Nv) >> OccAvailWinLog2[2]

[T |
[l
o oo

&6
&6&

9.2.7.3 Presence of another coded node within the availability window

The expression OccNeigh[ns][nt][nv] identifies whether there exists a node with tree location

(ns, nt, nv) and depth Dpth that is not a leaf node and is within the availability window of the coded

node (Ns, Nt, Nv).

NOTE OccNodePresent| Dpth][ns][nt][nv] equal to -1 identifies a leaf node.
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OccNeigh[ns] [nt] [nv] := OccNeighAvail[ns] [nt] [nv] && OccNodePresent [Dpth] [ns] [nt] [nv] == 1

9.2.7.4 Occupied neighbourhood pattern

The occupied neighbourhood pattern for the coded node located at (Ns, Nt, Nv) in the tree level at depth
Dpth is specified by the expression OccNeighPat. It is a linear combination of spatially adjacent nodes
coded in the same tree level that are available and adjoin the coded node by a face. Leaf nodes shall not
be included in the occupied neighbourhood pattern.

An occupancy tree node with no spatially adjacent nodes has an occupied neighbourhood pattern equal
to 0.

OccNgighPat := (uN << 5) | (dN << 4) | (bN << 3) | (fN << 2) | (xrN << 1) | 1N
whdre
4N := OccNeigh[Ns + 1] [Nt] [Nv]
IN := OccNeigh[Ns - 1][Nt][Nv] && (nocctree adjacent child enabled AL} W¥Nadj
N := OccNeigh[Ns] [Nt + 1] [Nv]
N := OccNeigh[Ns] [Nt - 1] ([Nv] && (-occtree adjacent child enabled)|| fNadj
UN := OccNeigh[Ns] [Nt] [Nv + 1]
qN := OccNeigh([Ns] [Nt] [Nv - 1] && (-occtree adjacent child emabled || dNadj

When adjacent child contextualization is enabled (occtree_adjacent_child_enabled is 1), a tifee node that
adjoins the left (Ns — 1), front (Nt - 1) or bottom (Nv - 1) face shall'not be included in the occupied
neighbourhood pattern unless it contains at least one child node\that also adjoins the same face. Their
inclusion is specified by the expressions INadj, fNadj and dNadj;.equivalent to the followingf

1Nad] = fNadj = dNadj = 0
for (s = 0; s < occtree coded axis[Dpth][0]; s++)
fo (t = 0; t < occtree coded axis[Dpth] [1];{g+¥)
ffor (v = 0; v < occtree coded axis[Dpth] f2]; v++) |
1Nadj |= OccNodePresent[Dpth + 1] [NsGuao)»r1] [NtC + t][NvC + v] # O
fNadj |= OccNodePresent [Dpth + 1] [NgC % s][NtC - 1][NvC + v] # O
dNadj |= OccNodePresent[Dpth + 1]fNsC + s][NtC + t][NvC - 1] # O

The exclusion of anode from the occupiedneighbourhood pattern due to adjacent child contgxtualization
is illystrated in Figure 8. The childode C, of the left neighbour does not adjoin the left face of the
coded node N resulting in its parent node being excluded from the occupied neighbourhpod pattern;
OccNgighPat is 2. The child node'€; does adjoin N and its parent node is not excluded; OccNpighPat is 3.

OccNeighPaf
J—— 4 2
N\
C,—t }
N
C— Ly /
] - . y 3
v
e

Key
N coded node

C child node at location m in left neighbour

m

NOTE Exclusion (top); inclusion (bottom).

Figure 8 — Effect of adjacent child contextualization on an occupied neighbourhood pattern
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9.2.7.5 Reduced occupied neighbourhood pattern

The occupied neighbourhood pattern shall be reduced to one of a smaller set of patterns as specified by
the expression OccNeighPatR.

When occtree_neigh_window_log2_minus1 is greater than 0, the smaller set of patterns is specified
by Table 14 as a mapping of spatial rotations and reflections in the arrangement of the six spatially
adjacent neighbours to produce nine unique arrangements.

Otherwise, when occtree_neigh_window_log2_minus1 is 0, the smaller set of patterns is specified by
Table 15 as a mapping of adjacent siblings that produces six arrangements.

OccNeighPa := occtree neigh window logZ2 minusl > 0
? NeighPglt64to9[OccNeighPat]
: NeighPajt64to6[OccNeighPat]

Talple 14 — Reduction of occupied neighbourhood pattern j + i to nine patterns,

NeighPat64to9]j + i]
. i
/ 0 1 2 3 4 5 6 7|1 8|9 10|11 | 12,143 | 14 | 15
0 0 1 1 1 1 2 2 3 1 2 2 3 I 3 3 4
6 | 1 2 2 3 2 5 5 6 | 2 5 5 |6 3 6 | 6 | 7
B2 | 1 2 2 3 2 5 5 6 | 2 5 5Av6 | 3 6 | 6 | 7
48 | 1 3 3 4 3 6 6 7 3 6 6 7 4 7 7 8

Table 15 — Reduction of occupied neighbourheod pattern j + i to six patterns,

NeighPat64to6}j+ i]

. i

/ 0 1 2 3 4 5 6 7 8 9 (10|11 (12|13 |14 | 15

0 0 5 5 | na| 5 1 T [na| 5 1 na | na | na| na| na

16 | 2 3 3 |na| 3 7 7 |na| 3 7 na|na|naj|najfna

B2 | 2 3 3 |na| 3 7 7 | na| 3 7 na | na | na| naj| na
48 |na|na|na|na{hd |na|na|nafnajnajna|najnalnajna|lna
NOTE The specification,of values 5 and 7 aligns with further reductions performed in bitwise
ofcupancy coding.

9.2.8 Neighbourhogd-permuted node occupancy bitmap

The neighbourhood:permuted node occupancy bitmap is a rearrangement of the bits forming the|node
occupancy blitmapy It is used in the coding of occupancy_byte and occupancy_bit. The permutation| shall
be selected 4ccording to the occupied neighbourhood pattern.

The permutations for every occupied neighbourhood pattern are specified by Table 16. Each entry is
a base eight value with digits numbered from right to left. The i-th digit is the bit position in the node
occupancy bitmap of the i-th bit in the neighbourhood-permuted bitmap as specified by the expression
OccBitldxFromNpBit[i].

OccBitIdxFromNpBit[i] := (OccArrangement[OccNeighPat] >> i x 3) & 7

The expression OccFromNpOcc[npocc] is the node occupancy bitmap derived from the neighbourhood-
permuted node occupancy bitmap npocc.

OccFromNpOcc [npocc] :=
OccFromNpOcc = 0
for (i = 0; 1 < 8; i++)
OccFromNpOcc |= Bit (npocc, i) << OccBitIdxFromNpBit[i]
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Two example derivations of OccupancyMap from a single occupancy_byte by OccFromNpOcc are
illustrated in Figure 9. Each derivation uses a different occupied neighbourhood pattern, OccNeighPat.
Bit b, of occupancy_byte is permuted to bit b; of OccupancyMap when OccNeighPat is 17; in this case,
OccBitldxFromNpBit[4] would be 1.

NOTE

order. i.e. occupancy_bit[i] does not correspond to bit b; of occupancy_byte.

OccNeighPat = 17

f

g a
h

OccFromNpOcc]|...]

OccFromNpOcc]|...]

occupancy_bit codes the bits of the neighbourhood-permuted node occupancy bitmap in a different

OccNeighPat = 18

Uy

Fi

b,b, b;b, b, b, b, b, b,b, b,b, b, b, b, b, Q‘I//
hgfedcba = occupancybyte = h g f e d c b a
SESRERER BEBRBES.
20316475 =O0cArrangement = 4 6 5 7 0 2.3
———— P S
bdacfheg = OcupancyMap = e g f h arc b d

pure 9 — Example relationships between the node occupancy bitmap OccupancyMap and
neighbourhood-permuted node occupancy bitmapras‘coded by occupancy_byte

Tabje 16 — Arrangements for neighbourhood-permiited node occupancy bitmaps by occupied
neighbourhood pattern as.OccArrangement|i + j]

i

0

1

J
2

3

4

5

0

76543210,

10325476,

765432104

76543210,

54107632

10325476,

6

541076324

327610544

327610544

327610544

765432104

541076324

12

327610544

765432104

103254764

765432104

26043715¢

203164754

18

46570213,

57184602

04152637,

01234567

45016723

23670145

24

627340514

236701454

67452301,

45016723,

735162404

67452301,

30

01234567,

67452301,

37152604,

312075644

57461302

46025713

36

15043726,

103254764

541076324

327610544

736251404

327610544

42

765432104

54107632¢

624073514

765432104

103254764

765432104

48

371526044

647520314

021346574

574613024

263704154

574613024

54

736251404

13570246,

40516273

15043726,

31207564,

753164204

60

736251404

371526044

517340624

765432104

9.2.9

Dictiomary coding of occupancy_byte

9.2.9.1 General

The occupancy_byte syntax element shall be coded as symbols by one of nine instances of this dictionary
codec. Coding shall proceed according to the syntax and semantics of the occupancy_byte_symbol
syntax structure.

Each dictionary instance comprises a list of thirty-two most probable symbols (occupancy_byte values),
a list of sixteen recently coded symbols, a histogram of symbol counts and state variables used to
control updates to the dictionary state.
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9.2.9.2 Syntax of a dictionary coded symbol

occupancy_byte_symbol() { Descriptor
occ_histogram_hit ae(v)
if(occ_histogram_hit)
occ_histogram_index ae(v)
else {
occ_recent_hit ae(v)
if(occ_recent_hit)
occ_recent_index ae(v)
else
occ_symbol_escape ae(v)
}
}
9.2.9.3 Syptax element semantics of a dictionary coded symbol

occ_histogr
of most proh

occ_histogr

occ_recent_
recently cod

occ_recent |

occ_symbol
recent_hit aj

9.2.9.4 Stjrte variables

The diction
instance of t

A 9x256
DictsHis

A 9x32 ¢
DictsMo

A 9x16

am_hit specifies whether (when 1) or not (when 0) the caoded symbol is present in t}
able symbols.

am_index specifies the index of the coded symbol ig the list of most probable symbol

hit specifies whether (when 1) or not (when 0j/he coded symbol is present in the
bd symbol list. When occ_recent_hit is not present, it shall be inferred to be 0.

index specifies the index of the coded symbol in the most recently coded symbol list.

| escape specifies the value of the-decoded symbol when occ_histogram_hit and
e both 0.

y codec is specified in terms of the following state variables; the index dictldx identif
he dictionary codec:

element arrayDictsHistogram of symbol occurrence histograms per dictionary insf
togram| dictldx [[Ssym] is the cumulative count for the symbol sym.

lement array DictsMostProb of thirty-two most probable symbols per dictionary inst
stProbfdictldx][i] is the i-th most probable symbol.

element array DictsRecent of sixteen recently coded symbols per dictionary inst

1e list

2]

most

0OCC_

esan

ance;

ance,;

ance;

DictsRe
symbols

Ll 7 J 0] - 41 P [ | 1 1 41 . 4 P [ | : 41 4
CIHLTUItLIUA I 15 4 TTLTIIL Yy LOUTU 5 yITIUUL UIdl wdsS TIUU LUUTU USIIlg UIT TTIUST PI1

list.

last generation of the dictionary's most probable symbol list.

age in symbols of the dictionary's most probable symbol list.

evicted from the dictionary's DictsRecent array.

9.2.9.5

The dictiona

74

Initial state

ry state shall be initialized at the start of every GDU.

able

A 9 element array DictsMostProbAge; DictsMostProbAge|dictldx] is the count of symbols since the

A 9 element array DictsMostProbMaxAge; DictsMostProbMaxAge|dictldx] is the maximum allowed

A 9 element array DictsNextEvictldx; DictsNextEvictldx[dictldx] is the index of the next element to be
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When slice_entropy_continuation is 1, initialization shall be performed by the parsing state restoration
process (11.5.3.2).

Otherwise, (slice_entropy_continuation is 0), the dictionary state variables shall be initialized:

if

Elements of DictsMostProb shall be initialized according to Table 17.

Elements of DictsHistogram shall be set to 1 if they identify a symbol present in the corresponding
most probable symbol sub-array. i.e. DictsHistogram|dictldx][i] = 1 if i € DictsMostProb|[dictldx]. All

other elements shall be set to 0.

Elements of DictsRecent, DictsRecent|dictldx][i], shall be set to i.

Hlements of DictsNextEvictldx and DictsMostProbAge shall be set to 0.

Hlements of DictsMostProbMaxAge shall be set to 16.

4slice entropy continuation) ({
* Initialize DictsMostProb using Table 17 */

fon (dictIdx = 0; dictIdx < 9; dictIdx++) {

for (1 = 0; 1 < 16; 1i++)
DictsRecent [dictIdx] [i] = 1

ffor (1 = 0; 1 < 32; 1i++) {
symbol = DictsMostProb[dictIdx] [i]
DictsHistogram[dictIdx] [symbol] = 1

DictsNextEvictIdx[dictIdx] = 0
ictsMostProbAge [dictIdx] = 0
DictsMostProbMaxAge [dictIdx] = 16

Table 17 — Initial'values of DictsMostProb|dictldx][i]

_ dictldx
"lTocF1 |l 23] als |6l 7|8

0 5| 85| 128| 64| 85| 16| 170| 170] 255
.| 17| 255| 32| 128| 170/ 64| 10| 255| 223
2 | 34| 170] 64| 192| 255| 17| 42| 128] 239
3 | 68| 64| 16| 204| 119] 80| 8| 160] 251
4 | 160| 80| 192| 136| 127| 128| 138] 136| 127
5 | 136| 252| 80| 68| 254| 68| 15| 168| 247
6 | 12| 223| 160| 170| 87| 32| 255| 204| 119
7 | 80| 84| 48| 200| 223] 85| 2| 240] 253
8 | 192] 117| 68| 85| 95| 81| 14| 250 63
9 | 21| 68| 8| 196] 117| 84| 136] 192] 191
10 | 10| 247| 136| 255| 245 192| 11| 238| 221
11 | 48| 221| 176 4| 213| 48| 175| 162| 254
12 3| 4] 2| 8| 247] 51| 32| 234] 238
13 | 170 192| 240 80| 93| 4| 238] 223] o5
14 | 168| 128| 144| 160| 234| 34| 47| 138] 175
15 | 162| 174| 17| 240| 69| 240| 191| 254| 240
16 | 204| 253| 208| 208| 238 1| 34| 10| 85
17 | 85| 204| 224| 76| 21| 136| 239| 186| 187
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Table 17 (continued)

dictldx

0 1 2 3 4 5 6 7 8

18 14| 240| 112| 221| 221| 170| 245 8| 244
19 81| 69| 19| 140| 191| 255| 174| 251| 250
20 35| 127| 255| 244| 253| 204 3 2| 170
21 69| 213| 85| 72| 187| 196| 63| 127| 245
22 84 5| 51| 93| 16| 160| 95| 125| 117
23 176! 119! 170! 168! 251 121 2231 247 34
24 51| 238| 84| 250| 171| 208| 253| 85| 126
25 65| 175| 162| 32| 17| 69| 168| 171| 51
26 | 138| 160| 238| 252 5/ 191| 142| 32| 93
27 | 200| 87| 204| 187| 174| 119| 246| 197| 243
28 | 212| 136 1| 223| 125 21| 206| 221| 207
29 11| 16| 76| 238| 239| 95| 13| 87| 234
30 50| 244| 138| 243| 12 2| 162 42|.5/59
31 15| 23| 187| 84| 241| 206| 250| 239236

i

9.2.9.6 Se]ection of a dictionary instance

A dictionary|instance shall be selected for each coded occupahcy_byte syntax element according fo the
reduced occyipied neighbourhood pattern, OccNeighPatR.

The following expressions are aliases used in the specification of operations on the selected dictipnary
instance:

DictsHistogram[OceNeighPatR] [1]
DictsMostProb [OcgNeighPatR] [1]
DictsRecent [OgcNeighPatR] [1]

OccDictHistogram[i]
OccDictMostlProb[1]
OccDictRecgnt [1]

OccDictMostProbAge DictsMostProbage [OccNeighPatR]
OccDictMostProbMaxAge DictsMostP2obMaxAge [OccNeighPatR]
OccDictNextlEvictIdx DictsNextEvVictIdx [OccNeighPatR]

9.2.9.7 THhe value for occupancy_byte
The decoded value of the syntax element shall be:
— when oqc_histogram:-hit is 1: OccDictMostProb[occ_histogram_index];

— when odc_recént _hit is 1: OccDictRecent[occ_recent_index];

— otherwipe(weither occ_histogram_hit nor occ_recent_hit is 1): occ_symbol_escape.

9.2.9.8 Update of dictionary state after each coded symbol

9.2.9.8.1 List of most recently coded symbols

After each coded occupancy_byte syntax element when occ_histogram_hit is 0, the syntax element
value shall be used to update the list of most recently coded symbols.

If the syntax element value is already present in the list, its position in the list shall be exchanged with
the symbol scheduled to be evicted (at index OccDictNextEvictldx).

for (i = 0; i < 16; i++)

if (OccDictRecent[i] == occupancy byte) {
OccDictRecent[1] = OccDictRecent[OccDictNextEvictIdx]
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break
}

The syntax elementvalue shall be inserted into thelist, replacing the symbol atindex OccDictNextEvictldx.

OccDictRecent [OccDictNextEvictIdx] = occupancy byte

After updating the list of most recently coded symbols, the eviction index shall be incremented modulo
16.

OccDictNextEvictIdx = (OccDictNextEvictIdx + 1) % 16

e e

After] each coded occupancy_byte syntax element, the histogram of symbol occuxrengces shall be
updated and the age of the most probable symbol list shall be incremented.

OccDictHistogram[occupancy byte]++
OccDictMostProbAge++

When the histogram count of symbols equal to occupancy_byte reaches 1024, all counts in the histogram
shall be halved and any fractional parts discarded.

if

ccDictHistogram[occupancy byte] == 1024)
fo (i = 0; 1 < 256; i++)
(GccDictHistogram[i] >>= 1

9.2.919 Generation of the most probable symbol list

When OccDictMostProbAge is equal to OccDictMostRrobMaxAge, the most probable symbo] list shall be
recalfulated from the histogram of symbol counts;

The most probable symbol list shall be a stable descending ordering of the OccDictHistggram array.
Each |element OccDictMostProbli] shall be-the index of the i-th largest element in the OccDfctHistogram
array} The ordering shall be such that the-following conditions are true:

— ccDictHistogram[ OccDictMostProb[i]] = OccDictHistogram| OccDictMostProb[i + 1]], and

— ccDictMostProbli] < OceDictMostProb[i + 1] when OccDictHistogram|OccDictMostProbl[i]] is equal
tp OccDictHistogram|[OecDictMostProb[i + 1]].

The 4ge of the generatédymost probable symbol list shall be 0.

OccDictMostProbAge. = 0

The thaximumage of the generated most probable symbol list shall be the next value in the bounded
geometric progression specified by the expression OccDictMostProbMaxAgeNext:

OccDiectMostProbMaxAgeNext := Min(5 x OccDictMostProbMaxAge >> 2, 1024)

3 E= Vi ESRPEV YN 2NV =3 =0 Do EVi! DR oM Dot
OccD M ProbMasdhg I ProbMasdhg

9.2.9.10 Resetting the histogram of symbol counts

The histogram of symbol counts shall be reset immediately after the first recalculation of the most
probable symbol list in each level of the occupancy tree. Counts for symbols that are present in the most
probable symbol list shall be set to 1; all other counts shall be set to 0.

if (OccDictMostProbAge == 0)
if (.. /* First occurrence in tree level */) {
for (1 = 0; 1 < 256; 1i++)
OccDictHistogram[i] = 0

for (1 = 0; 1 < 32; 1i++) {

symbol = OccDictMostProb[i]
OccDictHistogram[symbol] = 1
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9.2.9.11 Determination of CtxldxDictHg for a bin of occ_histogram_index

Contextualization depends upon the reduced neighbourhood pattern, the bin index and the MSBs of the
occ_histogram_index syntax element value.

Table 18 specifies the value ctxldxInc for the bin. If ctxldxInc is 'bypass', the value of CtxIdxDictHg shall
be 'bypass'. Otherwise, the value of CtxldxDictHg shall be 5 x OccNeighPatR + ctxldxInc.

Table-48—Values-of ctxtdxinefor-bins-of the syntaxelementoeehistegram—index
MSBs of binarized Binldx

occ_histogram_index 0 1 2 3 4

'000’ 0 1 2 3 4
'001" 0 1 2 bypass | bypass
'01' 0 1 bypass | bypass | bypass
1 0 bypass | bypass | bypass |/bypass

9.2.10 Bitwise occupancy coding

9.2.10.1 General
This subclau

The neighbd
occupancy_h
occupancy_h

Entropy cod

coded occup

spatially adj

of neighbouf

se applies when occtree_bitwise_coding is 1.

urhood-permuted node occupancy bitmapishall be coded as a sequence of indiy
it syntax elements. Coding uses constraints on occupancy to infer the value of ce
it syntax elements.

ancy_bit syntax elements, the reduced occupied neighbourhood pattern, the numbh
hcent child nodes in neighbouring nodes and a ternary prediction based upon the pre
ing nodes.

9.2.10.2 C

Bits of the
Table 19. Ead

The express
occupancy_h
second bit (4

1

respondence between the node occupancy bitmap and occupancy_bit

ighbourhood-permuted node occupancy bitmap shall be coded in the order specifi
h occupancythit{chldx] syntax element codes the bit OccBitCodingOrder|[cbldx].

on OccBitldx[cbldx] is the bit position in the node occupancy bitmap of the bit cod
it[cbldx]” For example, when OccNeighPat is 17, occupancy_bit[6] corresponds t
1),0fthe node occupancy bitmap.

idual
rtain

ng of each coded bit is contextualized by a combination of the coded bit index, previously

er of
sence

ed by

ed by
b the

OccBitIdx [cotda=xt

—oOccBTtidxFromNpBTt OB tCodirgtrder e Taxt

The expression OccBitLocC[cbldx][k] is the node-relative child location represented by occupancy_

bit[ chldx].

OccBitLocC]|

cbIdx] [k] OccLocC[OccBitIdx[cbIdx]] [k]

The expression OccBitMap is the node occupancy bitmap.

OccBitMap :=
OccBitMap = 0
for (cbIdx = 0; cblIdx < 8; cbIdx++)
OccBitMap = OccBitMap | (occupancy bit[cbIdx] << OccBitIdx[cbIdx])
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Table 19 — Order for coding bits of the neighbourhood-permuted node occupancy bitmap as
occupancy_bit[cbldx]

cbldx 01|23 |4]|5]|6€6
OccBitCodingOrder|[cbldx] | 1 7 5 3 2 6 | 4|0

9.2.10.3 Presence of occupancy_bit

An occupancy bitmap bit shall not be coded if its value can be inferred to be set or unset. The expression
OccBitPresent|cbldx] specifies whether occupancy_bit[cbldx] is present.

OccBytPresertichidxt————tO0ccBrtirferfrsetichdxT T OB rtirferSetiTh o=y

9.2.10.4 Inference of an unset bit

An odcupancy bitmap bit shall be inferred to be 0 when either:

— the bit represents an invalid child according to the node's coded axes (9.2:2.3), or
— the bit represents a child within an unoccupied plane signalled by(planar occupancy c¢ding.

When the expression OccBitinferUnset[cbldx] is equal to 1, occupancy_bit[cbldx] shall be inferred to be
OccBltInferUnset [cbIdx] :=

—-AxisCoded[0] && OccBitLocCl[cbIdx][0]

|| |["AxisCoded[1l] && OccBitLocC[cbIdx][1]

|| |["AxisCoded[2] && OccBitLocC[cbIdx][2]

|| |"PlanarFreeAxis[0] && OccBitLocC[cbIdx] | ~ occ plane pos[0]
\

I

O
—PlanarFreeAxis[1l] && OccBitLocC[cbId®{\JL] "~ occ plane pos[1]
—PlanarFreeAxis[2] && OccBitLocC[cbIdx][2] ~ occ plane pos[Z2]

9.2.10.5 Inference of a set bit

An o¢cupancy bitmap bit occupancyhit[chldx] shall be inferred to be 1, as specified by the expression
OccBlitinferSet[cbldx], when:

— the bitis the last presentbit'and all previous coded bits are 0, or

— the bit is the penultimate present bit, all previous coded bits are 0 and the node is required to have
two child nodes, or

— the bit is in a.plane identified as occupied by planar occupancy coding, the bit is the last bit in the
fdlane and all-previous bits in the plane are 0.

OccBltInférSet [cbIdx] :=

PlanarEligible[0] && PopCnt (OccKnownZero & (0x0F << 4 x OccBitLocCl[cbIdx][P])) == 3
|| |[PlarfarEligible[1] && PopCnt (OccKnownZero & (0x33 << 2 x OccBitLocC[cbIdx][[L])) == 3
| | "PramerE ottt t—6¢ PopCttocTRmownZzero & t0x55 + occBTtiocttchidxtt2])) == 3
|| cbIdx == 6 && PopCnt (OccKnown) == 0 && OccMinChildren ==
|| cbIdx == 7 && PopCnt (OccKnown) == 0

The expression OccKnownMask is a bit mask that identifies bits of the node occupancy bitmap that have
a known value prior to coding occupancy_bit[chldx].

OccKnownMask :=
OccKnownMask = 0
for (1 = 0; 1 < cbIdx; i++)
OccKnownMask |= 1 << OccBitIdx[i]
for (i = 0; 1 < 8; 1i++)
OccKnownMask |= OccBitInferUnset[i] << OccBitIdx[i]

The expression OccKnown is the partially coded node occupancy bitmap comprising the bits coded
prior to occupancy_bit[chldx].
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OccKnown :
OccKnown
for (i =

OccKnow

0
0; 1 < cbIdx; i++)
n |= occupancy bit[i]

<< OccBitIdx[i]

The expression OccKnownZero is a bitmap of occupancy bits that are known to be 0.

OccKnownzer

9.2.10.6 Co

o (OXFEF ~ OccKnown) & OccKnownMask

ntextualization

9.2.10.6.1 General

Contextualiz
are used to
element.

A demi-CPM
bit syntax el

NOTE Th
certain, resp€
update proce

9.2.10.6.2 S
Context sele

The

all

contextyalized by selNeigh, cbldx, selSib, selAdj and selPred.

9.2.10.6.3 Initial state

The demi-CH
When slice_

restoration process (11.6.2.2).

Otherwise (g

9.2.10.6.4 Determination(of CtxIdxOccBit for the syntax element occupancy_bit

The express
using:

SelNeigh

ation of occupancy_bit syntax elements is a two-stage process. First, context discrimin
select a demi-CPM. Then, the demi-CPM is used to select the CPM that codesythe s

is an 8-bit unsigned integer that models the probability of a coded zero-<valued occup
bment.

e values 0, 128 and 256 represent the probability of a zero bin as impossible, equiprobab

ctively. The values 0 and 256 can never be attained due to the operation of the probability m
S.

tate variables
Ction is specified in terms of the following state variable:
ray OccCtxSel; is demi

OccCtxSel[selNeigh||[cbldx][selSib][selAdj][selPred] a

Ms shall be initialized at the startof every GDU.

entropy_continuation is 1, injtialization shall be performed according to the parsing

lice_entropy_continuation is 0), all elements of OccCtxSel shall be set to 127.

ion OccCtxSelVar specifies the demi-CPM for the syntax element occupancy_bit[d

, thexreduced occupied neighbourhood context discriminator (9.2.10.6.6);

ators
yntax

ancy_

e and
odels’

CPM,

state

bldx]

SelPred,

OccCtxSelVa

SelSib, the sibling occupancy context discriminator (J9.2.10.6.7J;

SelAdj, the adjacent child neighbour context discriminator (9.2.10.6.8);

the neighbour-predicted occupancy context discriminator (9.2.10.6.9).

r := OccCtxSel[SelNeigh] [CbIdx] [SelSib] [SelAdj] [SelPred]

The CPM index, CtxIdxOccBit, shall be the value of the demi-CPM exclusive of the bottom three bits:

CtxIdxOccBi

80

t := OccCtxSelVar >> 3
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9.2.10.6.5 Update after each coded occupancy_bit syntax element

After each coded occupancy_bit syntax element, its demi-CPM shall be updated. The update specified by
Table 20 supplies a value for incrementing or decrementing the probability of a zero bin based upon the
upper four bits of the demi-CPM's value:

if (OccBitPresent[CbIdx])
if (occupancy bit[CbIdx])
OccCtxSelVar += OccCtxSelUpdate[255 - OccCtxSelVar >> 4]

else
OccCtxSelVar —-= OccCtxSelUpdate[OccCtxSelVar >> 4]
I'able 20 — Values ol UcclitxSelUpdate|1|
i 0 1 2 3 4 5 6 7 8 9 10 | 11 | 2NV 1B | 14 | 15

OccCExSelUpdateli] 0 1 1 2 4 7 9 |11 | 14 | 16 | 19 | 23022 | 1B | 13 | 6

9.2.10.6.6 Reduced occupied neighbourhood context discriminator

The reduced occupied neighbourhood context discriminator shall~distinguish betwelen different
reduged occupied neighbourhood patterns (OccNeighPatR) depending iipon the coded bit index (Cbldx)
as spgcified by Table 21 as the expression SelNeigh.

Table 21 — Discriminated values SelNeigh for occupancy_bit[ Cbldx] and OccNeighPatR

OccNeighPatR
Cbldx
0| 1|2 |34 |5 |6|7]|8
0.3 |0 | 1|2 [ 4|56 | 7]8
4.5 0|1 |2&43 | 1|2 |3 ]| 4] 4
6 o |1, Y| 2|2 |1]|2]|2]2
7 o |- &»{1 |1 |1 ]1]1(1]1

9.2.10.6.7 Sibling occupancy context discriminator

The gibling occupancy context discriminator shall distinguish between arrangements qf previously
codedl/inferred siblings for the node coded by occupancy_bit[Chldx] as specified by th¢ expression
SelSib:

— Ifthere are no,nedes present in the occupied neighbourhood pattern, discrimination shall be by the
rumber of present child nodes identified by the syntax elements occupancy_bit[i] witH i < Chldx.

et

F there is.at least one node present in the occupied neighbourhood pattern, discrimindtion shall be

hy the combination of present child nodes identified by the syntax elements occupandy_bit[i] with
il Chldx.
SelSib := OccNeighPat ? occPrevBits : PopCnt (occPrevBits)

The expression occPrevBits is the concatenation of occupancy_bit[{] for i < Chldx.

occPrevBits :=
occPrevBits = 0
for (1 = 0; 1 < CbIdx; i++)
occPrevBits |= occupancy bit[i] << i
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9.2.10.6.8 Adjacent child neighbour context discriminator

The adjacent child neighbour context discriminator for child the node coded by occupancy_bit[Chldx]
is specified by the expression SelAdj. When adjacent child neighbour contextualization is enabled
(occtree_adjacent_child_enabled is 1), it distinguishes between contexts by:

that adjoin the coded child by a face; and

child node do not have a child node that also adjoins the coded child.

the number of child nodes from available, previously coded nodes in the same tree level (9.2.7.2)

whether any of the available, previously coded nodes in the same tree level that adjoin the coded

An example |s illustrated in Figure 10. The child node C,, of the coded node N is adjoined by a single|child
node. Therelare two available previously coded nodes that adjoin C;,, one of which does notContain a
child node that also adjoins C,.
SelAd]j := gcctree adjacent child enabled
? 2 x Min|(2, adjCntC) + ((cbIdx < 4 || adjCntC == 1) && adjUnocc)
H
The expressiion adjOccN[k] identifies whether there is a spatially adjacent node“along the k-th axis
within the gccupied neighbourhood availability window. Values for the expressions ds, dt and dv are
specified in [fable 22 for each axis k.
adjoOccN[k] = —=0ccBitLocC[CbIdx] [k] && OccNeigh[Ns + ds] [Nt +dty¥[Nv + dv]
The expressjon adjOccC[ k] identifies whether there is a spatially adjacent child node along the k-th axis
within the dccupied neighbourhood availability window. Values/for the expressions ds, dt and dv are
specified in [Table 22 for each axis, k.
adjoOccC[k] |:= adjOccN[k] && OccNodePresent [Dpth +, IN\'cs + ds][ct + dt][cv + dv] # 0
where
cs := NsC + OccBitLocC[CbIdx][0]
ct := NtC + OccBitLocC[CbIdx][1]
cv := NvC + OccBitLocC[CbIdx][2]
Table 22 — Relative neighbour locations(ds, dt, dv) used in the computation of adjOccN[k] and
adjOccC[k]
k ds dt dv
0 -1 0 0
1 -1 0
2 0 -1
N
, e
£ S T Vv
i C, ,
> adjOccCl k] 0 1
adjOccN[ k] 1 1
T
S
Key
N coded node
contextualized child with OccBitldx[cbldx] = 0
Co
Figure 10 — Example of adjacent child neighbour context discrimination
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The expressions adjCntN and adjCntC are the number of spatially adjacent nodes and child nodes,

respectively, that are within the occupied neighbourhood availability window.
adjCntN := adjOccN[0] + adjOccN[1l] + adjOccN[2]
adjCntC := adjOccC[0] + adjOccC[1l] + adjOccC[2]

The expression adjUnocc identifies whether there exists a spatially adjacent node within the occupied
neighbourhood availability window that does not have a child node spatially adjacent to the coded child.

adjUnocc :

adjCntN # adjCntC

9.2.10.6.9 Neighbour-predicted-occupancy context discriminator

9.2.10.6.9.1 General

The

distinguish between three predictions for the presence of the child node coded by vocupand

The
prese

SelPq

9.2.1

The
SelPr

t

E

SelPq
Ocd

9.2.1

Occu

occupancy_bit[ Cbldx] of a coded trode. The prediction is specified by the expression Oc(

is ba
ident|

A
A
1
u

(

eighbour-predicted-occupancy context discriminator shall, for eligible gdodes

iscriminator is specified by the expression SelPred. The three predictions are that
nt, not present, or that it is unpredictable.

ed : 0

SelPredEligible ? OccIntraPred :

0.6.9.2 Eligibility

Hiscriminator shall only form a prediction for eligible“nodes as specified by the

bdEligible. Eligible nodes shall have both:

hree free axes; and

maximum log2 node dimension less than occtree_intra_pred_max_nodesize_log2.
edEligible :=

FreeAxisCnt == 3 && MaxVec (NodeSizeLog2) < occtree intra pred max nodesize

0.6.9.3 Occupancy prediction

bancy prediction generates a*fernary prediction for the presence of a child node

sed upon how many of/the nodes that neighbour the coded node also adjoin the v
fied child node by a face;’edge or corner (as illustrated by Figure 11):

child node shallbepredicted to be not present if there are two or fewer adjoining no

child node_shall be predicted to be present if there is at least a threshold number
odes. Thedthreshold is specified by the expression OcclntraThreshold. The threshold
nless theere are more than 13 neighbouring nodes; in which case the threshold is 5 no

therwise, the presence is unpredictable.

9.2.10.6.9.2),
y_bit[ Cbldx].
the node is

P expression

| log2

dentified by
IntraPred. It
blume of the

des.

of adjoining
s four nodes
des.

NOT

OccIntraPred :
OccIntraThreshold

The size of the child node volume is half the size of the neighbour nodes’ in each dimens

<

(OccAdjCnt 2) + 2 x (OccAdjCnt 2 OccIntraThreshold)
4 + (OccNeighCnt 2 14)

L

Figure 11 — Nodes that adjoin a child node by a face, edge or corner
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The expression OccAdj[ds][dt][dv] identifies whether a neighbouring node with a relative tree location
(ds, dt, dv) to the coded node would adjoin the identified child volume.

OccAdj[ds] [
where
adjMask
adjLoc

dt] [dv] := (OccBitIdx[CbIdx] & adjMask) == adjlLoc

Morton (ds # O,
Morton (ds > 0,

The expression OccAdjCnt is the number of neighbours that adjoin the identified child volume.

OccAdjCnt
where
neighAd

:= SumN26 [neighAdj]

jlds] [dt] [dv] := OccNeigh[Ns + ds] [Nt + dt][Nv + dv] && OccAdj[ds] [dt] [dv]

The express

OccNeighCng
where
neighRe
The express
the 26 possil

SumN26 [expr]
SumN26 =
for (ds S

for (df
for
if

5

9.2.11 Plan

9.2.11.1 General

This subclau

Planar occuliancy coding decomposes the node occupancy bitmap into axis-aligned planes. Each ¢

axis has twi
planar-eligil
is unoccupie
coding of bit

There shall |

NOTE
axis.

Th

For example
Along the S 3

on OccNeighCnt is the number of nodes that neighbour the coded node.
:= SumN26 [neighRel]

1 [ds] [dt] [dv] := OccNeigh[Ns + ds] [Nt + dt][Nv + dv]
on SumNZ26[expr] sums the result of applying expr to the relative tree\location of ez
ble neighbouring nodes.

0

-1; 1; ds++)
< d

= -1; dt 1; dt++)

dv = -1; dv < 1; dv++)

(ds # 0 && dt # 0 && dv # 0)
UMN26 += expr[ds] [dt] [dv]

lar occupancy coding

se applies when occtree_planar_enabled is 1.

perpendicular planes thatchild nodes can occupy as illustrated by Table 23. For
le coded axis (9.2.11.5), planar occupancy coding specifies whether one of the two p
d. Plane occupancy is thén used by bitwise occupancy coding to constrain and infg
5 in the node occupancy bitmap.

e at least one child'node in each occupied plane.
e definition.6f-ah occupancy tree node requires that at least one plane is occupied along each

if anede has three planar-eligible coded axes, there is a total of six axis-aligned p
xis’(K = 0), information about the occupied state of the two T-V planes is coded.

ich of

oded
each
lanes
r the

coded

anes.

Table 23 — Plane, perpendicular to each planar axis, k

k Planar axis Plan axes
0 S T-V
1 T S-V
2 \" S-T

9.2.11.2 Syntax element semantics

occ_single_plane[ k] specifies, when present, whether (when 1) the locations of child nodes in the node
occupancy bitmap shall occupy a single plane or (when 0) both planes perpendicular to the k-th axis.
When equal to 1, the location of the single plane is specified by occ_plane_pos[k]. When not present,

84
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the child nodes can be located in either or both planes perpendicular to the k-th axis. The number of
occupied planes is illustrated in Table 24.

Table 24 — Interpretation of PlanarEligible[ k] and occ_single_plane[k]

PlanarEligible[k] |occ_single_plane[k] occﬁpied PlanarMinPlanes[ k]
planes
0 not present lor?2
0 2
1 1 1 1

occ ]Elane_pos[k] specifies the node-relative location along the k-th axis for the, ocqupied plane

speEi ied by occ_single_plane[k] equal to 1.

Examnjples of planar occupancy are illustrated in Figure 12. Each entry shows the child node indices for
a node with three coded axes. If an axis k is eligible for planar coding and oc¢=single_plang[k] is 0, the
two ¢ccupied planes are marked with a dotted line. If occ_single_planefk]Pis 1, the unocgupied plane
is marked by hatching and a dashed (red) line, with its child indices imr grey; the occupied plane is not
markied for clarity. In the case where three axes are eligible and each has occ_single_plane equal to 1,
therelis only a single child node present; its location is fully constrained by the planes.

Y., occ_single_plane[k]

0 1 ) ;
3
1357
0 5 56
0 4
N S
) 1 S
E 26
2 07 4
E ,‘(
& 2 N 1@ \
QL 2 46 02" 6
w //,
3| 15 Ny
074t .. 0949 |
AN ~ . .
3 2 1 ;

Y., [PlanarMinPlanes[k] == 2]

Figure 12 — Example planar constraints on node occupancy bitmap

9.2.11.3 Minimum number of child nodes

Planar occupancy coding can require that the coded node has a minimum of either one or two child
nodes, as specified by the expression PlanarMinChildren.

A node shall have at least two child nodes if, for any planar-eligible axis k, occ_single_plane[k] specifies
that there shall be a minimum of two occupied planes; otherwise, the node shall have at least one child

node.

PlanarMinChildren := MaxVec (PlanarMinPlanes)
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9.2.11.4 Free axes

A free axis is a coded axis whose occupancy is not constrained to a single plane by occ_single_plane, as
specified by the expression PlanarFreeAxis[k].

PlanarFreeA

xis[k] || PlanarMinPlanes[k] ==

:= —PlanarEligible[k]

In Figure 12, a free axis is an axis with either two marked planes or no marked planes. In the case
where three axes are eligible, of which two have occ_single_plane equal to 1, PlanarMinChildren is 2.

9.2.11.5 Per-axis eligibility

9.2.11.5.1 (

Only certain
expression H
state (9.2.11

ondition

axes are eligible for planar occupancy coding. Eligibility for the k-th axis is specified k

5.5).

An axis is nd

not coded. Otherwise, the determination of eligibility depends upon the use 6f the angular codin

whether the

PlanarEligi]
occtree p
&& (geom |

PlanarEligi
AngularE]]

t eligible for planar coding when either planar occupancy coding is‘disabled, or the 3

node is eligible for angular contextualization (9.2.13.7.2) as spécified in Table 25.

ble[k]
lanar enabled && AxisCoded[k]

angular enabled ? PlanarEligibleByAng([k] : PlanaxkEligibleByRate[k])
bleByAng[k] :=
igible ? k == 2 || k == AzimuthAxis

: k == 2 && PlanarEligibleByRate[2]

Table 25 — Method to determine eligibility for an axis

. . . Angular coding enabled
Akis | k |Angular coding disabled . L.
AngularEligible == AngularEligible ==
S PlanarEligibleByRate[ 0] Not eligible AzimuthAxislsS
T PlanarEligibleByRate[1] Not eligible AzimuthAxislsQ
v PlanarEligibleByRate[2] | PlanarEligibleByRate|2] Eligible

Axes whose

the codd

the estir
specifie

Both estima

pligibility is determined by the expression PlanarEligibeByRate[ k] are eligible if:
d node is estimated to have fewer than, approximately, two other sibling nodes, and

hated probability that the axis has only a single occupied plane is greater than the thre
1 by PlanaiRateThreshold[k].

y the

lanarEligible[ k]. Eligibility shall be determined after any applicable update to‘the eligibility

xis is
g and

shold

es are based upon exponential moving averages over previously coded nodes (9.2.115.3

PlanarEligi

bhleRyRate [k]

Occupancy

Density < 3 x 1024 && PlanarRate[k] > PlanarRateThresholdl[k]

The threshold PlanarRateThreshold[k] is chosen according to the relative order of likelihood that each
axis would have a single occupied plane. The ordering PlaneThresholdldx[ k] is specified by Table 26.

PlanarRateT

86

hreshold[k]

16 x occtree planar threshold[PlaneThresholdIdx[k]]
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Table 26 — Value for PlaneThresholdldx[ k] according to order of PlanarRate

Condition

PlanarRate[0] = PlanarRate[1] = PlanarRate[2]
PlanarRate[0] = PlanarRate[2] > PlanarRate[1]
PlanarRate[1] > PlanarRate[0] = PlanarRate[2]
PlanarRate[1] = PlanarRate[2] > PlanarRate[0]
PlanarRate[2] > PlanarRate[0] = PlanarRate[1]

Dlnnnrl?nf'o[')] Dlnnnrl?nf'a[‘l] > Dlnnnrl?nf-p[n]

N R[N R[OC|O|QO
R N[O | O (N[ =
D ([ OR[N~ [IN|IN

9.2.11.5.2 State variables
Eligibility is specified in terms of the following state variables:

— The sparse array NodeOccMap of node occupancy bitmaps; NodeOccMap[dpth][ns][nt][nv] is the
doded node occupancy bitmap of the node located at (ns, nt, nv) in the|tree level at depth dpth.

— The array PlanarRate; PlanarRate[k] is the estimated probabilit§zthiat only a single pldne along the
K-th axis is occupied.

— The variable OccupancyDensity, an estimate for the number.of child nodes.

9.2.1/1.5.3 State exponential moving average model

The ¢stimates of the per-axis single-plane probability and the mean number of child nodes per node are
expofential moving averages. The calculation of‘the updated average value from the curfent average
cur and the value next is specified by the expression ExpMovAvg|cur][next].

ExpMdvAvg[cur] [next] := DivExp2Fz (255%% cur + next, 8)
The gstimated single-plane probability-models the probability interval [0, 1] by the range 28 .. 1 921.
The ¢stimated number of child nodes models the interval [1, 8] by the range 1 152 .. 8 065.

9.2.11.5.4 Initial state

At thle start of every( occupancy tree syntax structure, PlanarRate and OccupancyDenkity shall be
initiallized:
for (k = 0; k{£.8; k++)

PldnarRaté[k] = 1024
OccupgancyPensity = 4096

NOTH The parsing state restoration process (11.6.2.2) reinitializes these state variables af the start of
certalmmmrmmmmmmmwwa—al. fTitiati :

9.2.11.5.5 State update at the start of every group of sibling nodes

After the root node, the eligibility state shall be updated at the start of every subsequent group of sibling
nodes, before any evaluation of PlanarEligible[k].

The sibling nodes are identified by their parent node's occupancy, as expressed by OccupancyMapP.

OccupancyMapP := NodeOccMap[Dpth - 1] [NsP] [NtP] [NvP]

The number of occupied sibling nodes shall be used to update the OccupancyDensity estimate.
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numSiblings PopCnt (OccupancyMapP)
OccupancyDensity ExpMovAvg [OccupancyDensity] [1024 x numSiblings]

The parent node's occupancy information shall be used to determine, along each axis, the presence of
a single occupied plane and to update the corresponding planar probability estimate PlanarRate[k].
The bit masks OccPlaneMask[planeLoc][ k] that identify planes in an occupancy bitmap are specified by
Table 27.

for (k = 0; k < 3; k++) {
plane0 = (OccupancyMapP & OccPlaneMask[0][k]) # O
planel = (OccupancyMapP & OccPlaneMask[1][k]) # O
hasSinglePlane = plane0 "~ planel

PlanarRate[k] ExpMovAvg[PlanarRate[k]][2048 x hasSinglePlane]

Table 27— Bit masks OccPlaneMask][planeLoc][k] that identify planes of a node o¢cupanicy
bitmap
k 0 1 2
OccPlaneMask[0][ k] 0x0F | 0x33 0x55
OccPlaneMask|[1][ k] 0xFO | 0xCC 0xAA
9.2.11.5.6 §tate update at the end of each node

This subclause applies at the end of each occupancy tree node syntax'structure.

The per-axiq single-plane probability shall be updated accordingto the signalled number of plangs for
each eligible|axis:
for (k = 0;| k < 3; k++)
if (PlangrEligible[k])
PlanarRate[k] = ExpMovAvg[PlanarRate[k]] [2048 x occ single plane[k]]

The node ocgupancy is recorded for use by statéaipdates in the next tree level:

NodeOccMap [[Dpth] [Ns] [Nt] [Nv] = OccuparneyMap
9.2.11.6 Previous coded node forcontextualization of occ_plane_pos
9.2.11.6.1 General

This subclau

Planar contg
planar-eligih

se does not apply when occtree_planar_buffer_disabled is 1.

xtualization of occ_plane_pos[k] can use the following information about the pre
le codednode that is located in the same plane (9.2.11.6.2) as the coded node:

vious

The zon

b within the plane that the node resides (9.2.11.6.3).

— The values for occ_single_plane[k] and occ_plane_pos[k].

9.2.11.6.2 Identification of the plane

The plane normal to the k-th axis of a coded node is identified by its location along the axis modulo 214,

& Ox3FFF

PlanarNodeAxisLoc[k] Nloc[k]

9.2.11.6.3 Zone within a plane

The plane normal to the k-th axis of a coded node is partitioned into zones according to the /~ norm of
the node location within the plane. The expression PlanarNodeZone|[ k] identifies the zone for the coded
node.
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PlanarNodeZonel[k] :=
k == 0 ? Max (Nt & OxF8, Nv & O0xF8) >> 3 :

k == 1 ? Max(Ns & OxF8, Nv & O0xF8) >> 3 :
k == 2 ? Max(Ns & OxF8, Nt & OxF8) >> 3 : na

Figure 13 illustrates the partitioning of an S-T plane (k = 0) according to node location.

PlanarNodeZone|[0]

0123

9.2.1

Infor

variaples; the indexes k and axisLoc identify the location of a plane along the k-th axis:

= ol

|
ol

9.2.1
At th

9.2.1
After

Nv

I|I|I|}r}r||||||||
0 8 16 24 256 264 272 280 Ns

Figure 13 — S-T plane divided into\zones

1.6.4 State variables
mation about previous planar-eligible coded nodes is specified in terms of the fol

he array PrevPlanarNodeZone; PrevPlanarNodeZone| k][ axisLoc] is the plane zone of
lanar-eligible node in the identified plahe.

br the previous planar-eligible node in the identified plane.

he array PrevOccPlanePos;-PrevOccPlanePos|[k][axisLoc] is the value of occ_plane_p
revious planar-eligible node in the identified plane.

1.6.5 Initial state

b start of every ‘eccupancy tree level, every element of PrevOccSinglePlane shall be init

1.6.6 State update at the end of each node

each_bccupancy_tree_node syntax structure, the state shall be updated for each pl

-9:2023(E)

lowing state

the previous

he array PrevOccSinglePlane; Prev@¢cSinglePlane[k][axisLoc] is the value of occ_single_plane[k]

bs[k] for the

ialized to 0.

anar-eligible

axis:

for (k = 0; k < 3; k++)

if

)
PrevPlanarNodeZone [k]
PrevOccSinglePlane [k

(PlanarEligible[k] {
[PlanarNodeAxisLoc[k]]
] [PlanarNodeAxisLoc [k]]

PlanarNodeZone [k]
occ_single plane[k]

if (occ_single planel[k])

PrevOccPlanePos [k] [PlanarNodeAxisLoc[k]] = occ plane pos[k]

© ISO/IEC 2023 - All rights reserved
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9.2.11.7 Determination of CtxIdxPlanePos for occ_plane_pos[k]

9.2.11.7.1 Case for angular-ineligible axes

Contextualization of occ_plane_pos[k] for nodes not eligible for angular contextualization
(AngularEligible is 0) is specified by the expression CtxIdxPlanePos.

CtxIdxPlanePos :=
occtree planar buffer disabled || —-PrevOccSinglePlane[k] [PlanarNodeAxisLoc[k]]
? adjPlaneCtxInc
: 12 x k + 4 x adjPlaneCtxInc + 2 x zoneCtxInc + prevPlanePosCtxInc + 3

The expressfon adjPlaneCtxInc discriminates by whether nodes have adjoining neighbours on a ingle
side along the k-th axis, and if so, on which of the two sides they are present. Adjoining neighbours§ are:

— those alpng the k-th axis identified by the corresponding bits of the occupied neighbourhood pdttern
(adjNeighHL); and

— when thle node is in the lower k-th axis plane of its parent, the sibling nodes n.the corresponding
upper plane (identified by OccPlaneMask[1][k]).

adjPlaneCtxInc := (adjNeighHL | sibPlaneH << 1) % 3
where
adjNeighHL : (OccNeighPat >> 2 x k) & 3

sibPlaneH (Nloc[k] & 1) # 1 && (OccupancyMapP & OccPhaneMask([1][k]) # O

NOTE Whenever occtree_coded_axis[Dpth — 1][k] is 0, sibPlaneH is always 0.

If occtree_planar_buffer_disabled is 0, contextualization usé€s information about the previous planar-
eligible nodd in the plane identified by the coded node location (9.2.11.6.2).

The expressjon zoneCtxInc discriminates by whether the coded node is within +1 zones of the idenfified
previous nodgle.

zoneCtxInc |:= Abs(a — b) > 1
where

a
b :

PrlevPlanarNodeZone [k] [PlanarNedeAxisLoc[k] ]
PllanarNodeZone [ k]

The expresgion prevPlanePosCtxInd discriminates by the occupied plane position of the identified
previous node.

prevPlanePgsCtxInc := PrevOdcPlanePos|[k] [PlanarNodeAxisLoc[k]]

9.2.11.7.2 (ase for angular-eligible axes

Contextualijationsefiocc_plane_pos[k] for nodes eligible for angular contextualization (AngularEligible
is 1) is specified by 9.2.13.7.

9.2.12 Direct nodes

9.2.12.1 General
This subclause applies when occtree_direct_coding_mode is not 0.

Certain occupancy tree nodes may immediately code point positions as a direct node, instead of coding
a node occupancy bitmap for subsequent traversal. A direct node can represent either two distinct
point positions, or a single position that is identical for every represented point.

A direct node codes a position as a residual relative to the node position.

90 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=458b17f08c948477860ec1b8ac09b16b

ISO/IEC 23090

-9:2023(E)

Direct coding is limited to nodes that are both eligible and not prohibited by the planar direct node rate
limit. Eligibility shall be determined for each occupancy tree node based upon the degree of spatial
isolation as specified in 9.2.12.3.

9.2.12.2 Syntax element semantics

occ_direct_node equal to 1 specifies that the occupancy tree node is a direct node that codes the
position of at least one point. When occ_direct_node is not present, it shall be inferred to be 0.

direct_point_cnt_eq2 equal to 1 specifies that the direct node codes two point positions. direct_point_
cnt_eq?2 equal to 0 specifies that the occupancy tree node codes a single point position for one or more

when

poin:r
direqt_dup_point_cnt plus 1 specifies, when present, the number of points the direct\néde represents

direct_point_cnt_eq2 is 0. When direct_dup_point_cnt is not present, it shall beinfer

red to be 0.

diregt_joint_prefix[k] specifies a sequence of identical MSBs in the k-th eomponent of two coded

posit

coded by the syntax element and does not form part of the reconstructedpeint position.

dired
repre
non-i
joint |
dired

posit
ang €

enun]
synta

9.2.1

9.2.1

Only
Direc

v-co‘\Iponent.
beanm_idx_resid_abs[dnPt] and beam_idx.resid_sign[dnPt] together specify the index of an

on residuals. The MSB position of the syntax element value indicates. the' number of

t_joint_diff_bit[k] specifies, when direct_joint_prefix[ k] is preSent, the value of a bit
sentation of the k-th component of the two coded position residuals. The bit is the mo
dentical bit of the two coded residual components. Its valuéis‘that for the first point.
diff_bit[k] is not present, it shall be inferred to be 0.

t_rem[dnPt][k], direct_rem_st_ang[dnPt] and diréct_rem_v_ang[dnPt]| specify th
on bits of the dnPt-th point. When present, directxrem codes the k-th component, di
ither the s- or t-component depending upon-thé node location and direct_rem_v_a

erated beam relative to a per-node prediction. The beam is used in the contextuali
x elements direct_rem_st_ang[dnPt}and direct_rem_v_ang[dnPt].

p.3 Eligibility

2.3.1 Decision for each-occupancy tree node

certain occupangytree nodes are eligible to be direct nodes. They are specified by th
ModeEligible. Anjeligible node:

b not the rgotnode;

5 not the:root node of a fully quantized subtree (9.2.14.2.6); and

position bits

n the binary
5t significant
Vhen direct_

e remaining
rect_rem_st_
g codes the

vation of the

e expression

heets one of the following mode-dependent conditions:

when occtree_direct_coding_mode is 1: if there are no nodes in the occupied neighbourhood

pattern of the parent node, the coded node has no siblings and the parent node has at most one

sibling;

pattern of the parent node;

— when occtree_direct_coding_mode is 3: if the coded node has at least one sibling.

DirectModeEligible := occtree direct coding mode > 0
&& Dpth > 0
&& MaxVec (QuantizedNodeSizeLog2) > 0
&& (occtree direct coding mode # 1 || DirectModelEligible)
&& (occtree direct coding mode # 2 || DirectModeZ2Eligible)
&& (occtree direct coding mode # 3 || DirectMode3Eligible)
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DirectModel
&&
&& (Dpth

DirectMode?2

DirectMode3

Eligible := OccNeighPatEqO[Dpth - 1] [NsP] [NtP] [NvVP]
OccNodeChildCnt [Dpth - 1] [NsP] [NtP] [NvP] == 1

< 2 || OccNodeChildCnt [Dpth - 2] [NsG] [NtG] [NvG] < 2)

Eligible := OccNeighPatEqO[Dpth - 1] [NsP] [NtP] [NvP]

Eligible := OccNodeChildCnt[Dpth - 1] [NsP] [NtP] [NvP] > 1

9.2.12.3.2 Presence of occ_direct_node

The syntax element occ_direct_node shall only be present in occupancy tree nodes that are both

eligible for
occupancy ¢

The direct n

DnPresenceM
? dnRat]
1
where

dnRate [:

The express

DirectNodeH

9.2.12.3.3 S
Eligibility is
node with lo|
— The spg

identifid
— Thespa

of the id

The vari

that 1
1 o

iract codinag and nat nrahihitad hu thao rata it for diract nadac nliac wuwhan
TrecTcotTTg op Dy e ote it ot e e oSttt p e oy et

TTorTT ToTrrorceer

bding is enabled.

bde rate limit mask is specified by the expression DnPresenceMask][i],i € 0 .. 31.

ask[1] := occtree planar enabled && occtree direct coding mode =¢
e x 1 % 32 + (dnRate = 32)
= occtree direct node rate minusl + 1

on DirectNodePresent specifies the presence of the syntax element.

o
e

resent : 32

DirectModeEligible && DnPresenceMask|[ (Dpth’/ + DnEligibleCnt)

tate variables

specified in terms of the following state variables; the indexes dpth, ns, nt and nv iden
cation (ns, nt, nv) in the tree level at depth dpth:

irse array OccNeighPatEqO; OccNeighPatEqO[dpth][ns][nt][nv] identifies whethe
d node has no nodes present in its ocelipied neighbourhood pattern.

entified node.

able DnEligibleCnt, a cumulative count of eligible nodes in a tree level.

9.2.12.3.4 Initial state

At the start
elements of

9.2.12.3.5 S

At the start

pf every occupancy_tree syntax structure, the OccNodeChildCnt array shall be cleare
DccNodeChildCnt are unset.

tate update at the start of every occupancy tree level

of\€very occupancy_tree_level syntax structure, the count of eligible nodes DnEligil

lanar

tify a

- the

'se array OccNodeChildCnt; OccNodeChildCnt[dpth][ns][nt][nv] is the number of child nodes

d; all

leCnt

shall be set t

YASI QOB

9.2.12.3.6 State update after each coded occupancy tree node

This subclau

se applies at the end of every occupancy_tree_node syntax structure.

The number of child nodes and the presence of any nodes in the occupied neighbourhood pattern are

recorded for

OccNodeChil
OccNeighPat

use in subsequent eligibility decisions.

dCnt [Dpth] [Ns] [Nt] [Nv] : OccChildCnt

EqO [Dpth] [Ns] [Nt] [Nv]

direct node ? 0
OccNeighPat == 0

If the node is eligible for direct coding, irrespective of the presence of occ_direct_node, the count of
eligible nodes shall be incremented.
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if (DirectModeEligible)
DnEligibleCnt++

9.2.12.4 Points represented by direct nodes

9.2.12.4.1 General

The unscaled positions for the points coded by the direct node are specified by the expression
DnPtPos[dnPt][k]. They are the concatenation of:

— the (quantized) node position,

— any bit corresponding to an occupied plane as determined by planar occupancy coding

<

— any bits from joint direct position coding, and
— any remaining bits.

When geometry subtree scaling is enabled, direct nodes code partially quantized positions relative to
the gpantized node position.

DnPtHos [dnPt] [k] := Nloc[k] << QuantizedNodeSizelLog2[k] | DunBPosRem[dnPt] [k]
DnPtRosRem[dnPt] [k] := DnPlanarPos[k] | DnJointPos[dnPt] [Ki\| DnRemPos[dnPt] [k]

DnPtRosS [dnPt]
DnPtRosT [dnPt]
DnPtRosV [dnPt]

DnPtPos [dnPt] [0]
DnPtPos [dnPt] [1]
DnPtPos [dnPt] [2]

9.2.12.4.2 Output

At the end of the direct node, the coded points>shall be scaled (9.2.14.6) and appended tp the output
poinflist:

if (qcc_direct node) {

fof (dnPt = 0; dnPt < direct point cnt eqg2; dnPt++, PointCnt++)
for (k = 0; k < 3; k++)
PointPos[PointCnt] [k] = OccPosScaleK(k, DnPtPos[dnPt] [k])

fof (i = 0; i < direct dup‘point cnt; i++, PointCnt++)

for (k = 0; k < 3; k™
PointPos [PointCnt] [k] = PointPos[PointCnt - 1] [k]

9.2.12.4.3 Planar-inferred position bits

When an axis.is eligible for planar occupancy coding and it has a single occupied plane, the MSB of the
positjon pesidual for that axis k is specified by DnPlanarPos|[ k], equal to the occupied plane|location.

DnPlgnarPos [k] := —-PlanarFreeAxis[k] ? occ plane pos[k] << DnBitsAfterPlanar([k]|: O

The number of bits coded by each position residual exclusive of any bit derived from planar occupancy
coding is specified for each component by the expression DnBitsAfterPlanar|k].

DnBitsAfterPlanar[k] := QuantizedNodeSizeLog2[k] - —-PlanarFreeAxis[k]

9.2.12.4.4 Joint coded position bits

The position residuals shall be jointly coded for an axis when the direct node codes two positions, joint
coding is enabled and it has a residual bit to code. When angular coding is enabled, components coded
by direct_rem_st_ang and direct_rem_v_ang shall not be jointly coded.

DnJointCoded[k] := occtree direct joint coding enabled && direct point cnt eqg2
&& DnBitsAfterPlanar([k] > O
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&& (—geom angular enabled || == (1 ~ AzimuthAxis))

The joint-coded bits for the two positions are specified by the expression DnjointPos[dnPt][k]. For each
component k, they comprise the common MSB (9.2.12.5.2) and the first divergent bit (9.2.12.5.3), if any.
Joint coding is exclusive of any planar-inferred position bit.

DnJointPos [dnPt] [k] :=
DnJointCoded[k] ? DnJointPosCommon[k] | DnJointPosDiffBit[dnPt][k] : O

9.2.12.4.5 Remaining bits

The number of bits coded by each position residual exclusive of any bits derived from planar occupancy
coding or joipt coding is specified for each component by the expression DnRemBits[k].

DnRemBits[K] := DnBitsAfterPlanar[k] - DnJointCommonBits[k] - DnJointDiffBits[k]

The expressjon DnRemPos[dnPt][ k] specifies the position bits coded by the syntax elements direct| rem,
direct_rem_$t_ang and direct_rem_v_ang.
DnRemPos [dnfpt] [k] :=

geom angullar enabled && k == AzimuthAxis ? direct rem st ang[dnPt]

geom_angular enabled && k == ? direct rem v_ang[dnPt}
: direct rem[dnPt] [k]

9.2.12.5 Joint coding of point positions

9.2.12.5.1 PRoint order
The coded order of two jointly coded points shall satisfy the constraint DnPtPosConstraint equal t¢ 1:
— The s-coordinate of the first point shall be less tham,or equal to that of the second point.

— Ifthe s-qoordinates are equal, the t-coordinate'of the first point shall be less than or equal to that of
the secojnd point.

— Ifboth the s- and t-coordinates are respectively equal, the v-coordinate of the first point shall ble less
than or ¢qual to that of the second paint

DnPtPosCons|traint :=
DnPtPoglS[0] < DnPtPosS[1]
|| DnPYPosT[0] < DnPtPo8&TY1] && dnPtPosSameS
|| DnPtPosV[0] < DnPtPosV[1l] && dnPtPosSameS && dnPtPosSameT

where
dnPtPoslSameS := DaR&PosS[0] == DnPtPosS[1]
dnPtPoslSameT :=¢DnPtPosT[0] == DnPtPosT[1]

9.2.12.5.2 Common position bits

The numberlof pasition bits caoded hy dirm‘f_}'ninf_prpfiy[k] is cppr‘ifipd hy Dn]ninfprpfiyRifc[k]

DnJointPrefixBits[k] := DnJointCoded[k] ? IntLog2(direct joint prefix[k]) : O

The number of bits coded by the k-th component of each position residual, exclusive of any bits
derived from planar occupancy coding or a joint-coded prefix, is specified by the expression
DnBitsAfterjointPrefix[ k].

DnBitsAfterJointPrefix[k] := DnBitsAfterPlanar[k] - DnJointCommonBits[k]

The expression DnjointPosPrefix[k] specifies the value of the position bits coded by direct_joint_
prefix[k].

DnJointPosPrefix[k] :=
(direct joint prefix[k] "~ Exp2(DnJointPrefixBits[k])) << DnBitsAfterJointPrefix[k]
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9.2.12.5.3 First divergent position bit

The existence of a divergent bit in the k-th component of the two jointly coded positions is specified
by the expression DnjointPosDiffBits[k]. A jointly coded divergent position bit exists if direct_joint_
prefix[ k] is present and does not complete the coding of the k-th position component.

DnJointDiffBits[k] := DnJointCoded[k] ? DnBitsAfterPlanar[k] > DnJointPrefixBits[k] : O

The value of the jointly coded divergent bit is specified for the k-th component of each point by the
expression DnjointPosDiffBit[dnPt][k].

DndointPosDiffBit [dnPt] [k] := bit << DnRemBits[k]

whgee—o+t
InJointDiffBitPresent [k] ? direct joint diff bit[k] ~ dnPt :
InJointDiffBitInferred([k] ? dnPt

: 0 /* DnJointDiffBits[k] is 0 */

9.2.12.5.4 Presence of the syntax element direct_joint_diff_bit
The gresence of direct_joint_diff _bit[k] is specified by DnjointDiffBitPresent]k].
DnJoidntDiffBitPresent[k] := DnJointDiffBits[k] > 0 && —-DnJoiniftbiffBitInferred[k

Itis present when a divergent bit position exists in the k-th componeént of the two jointly coded positions
and the bit value cannot be inferred from the ordering constraint on jointly coded pdsitions. The
infer¢nce condition is specified by the expression DnjointDiffBitinferred|k].

DnJoidntDiffBitInferred[k] :=
k == 0 && DndointDiffBits[0] == 1
|1 ]k == 1 && DnJointDiffBits[1l] == 1 && DndointDiffRits[0] == 0
[l 1k == 2 && DnJointDiffBits[2] == 1 && DBndeintDiffBits[0] + DnJointDiffBits[|Ll] == 0

9.2.12.6 Parsing of direct_joint_prefix

The Binarization of direct_joint_prefix[k{ interleaves the prefix and suffix bins of the biharized exp-
Golomb code (11.4.3). Every non-zere-prefix bin shall be followed by a single suffix bin.

The Hinarization shall have no more than DnRemBits[ k] suffix bins.
maxVgl = Exp2 (DnRemBits[k]Y

The syntax element is~parsed as follows; the variable Binldx is the count of coded bjns used for
contgxtualization.

valug = 1

for (BinIdx /~0Q; value < maxVal && AeReadBin() == 1; BinIdx++)
BinIdx++
valJue # walue << 1) + AeReadBin()

9.2.13 Angular coding

9.2.13.1 General
This subclause applies when geom_angular_enabled is 1.

Angular coding in the occupancy tree specifies the contextualization for the planar occupied plane
location occ_plane_pos and the direct position remainders direct_rem_st_ang and direct_rem_v_ang.
The contextualization uses rays cast from the angular origin.

9.2.13.2 Node position relative to the angular origin

The angular-origin-relative position of the occupancy tree node position p,,;, is specified by the
expression NposAng[ k].
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NposAng[k]
NposAngS
NposAngT
NposAngV :

AngPosScaleK (k, Nloc[k] << QuantizedNodeSizeLog2l[k])
NposAng[0]
NposAng|[1]
NposAng[2]

— AngularOrigin([k]

9.2.13.3 Azimuth coded axis

Contextualization using abeam's azimuth applies to either the S or T axis. The index of the contextualized
axis is specified by the expression AzimuthAxis. It is determined using the angular-origin-relative node

position.

AzimuthAxis := Abs (NposAngS) > Abs (NposAngT)
AzimuthAxisIsS := AzimuthAxis == 0
AzimuthAxisfFstF———&zITmuthExTs——

9.2.13.4 State variables

Contextualiz
following st3

The arr
recorde

The arn
computg

9.2.13.5 In

At the start ¢f every occupancy tree, all elements of BeamPrevPhiValid shall have the value 0.

9.2.13.6 Cl¢sest beam to a point

This subclay
relative poir
from the ang

BeamIdxEst [

The selectio
to the elevat
through the

Unless performing beam selection for planar occupancy coding (9.2.13.7.3), the expression aGrad|

be defined a

aGrad :=

where
rs

av

al

te variables; the index beamlIdx identifies an SPS enumerated beam:

ay BeamPrevPhiValid; BeamPrevPhiValid[beamldx] indicates whether a value has
| by BeamPrevPhi| beamldx].

ay BeamPrevPhi; BeamPrevPhi[beamldx] records the azimuth of the identified
d from the most recently coded syntax element direct_rehr)st_ang.

tial state

se specifies the selection of the beam\that can emit the closest rays to an angular-o
t (as, at, av) by the expression BeamldxEst[as][at][av]. The selection shall use ray
ular origin without application of vertical beam displacements.

as] [at] [av] := : 0

num beamsiminusl ? BeamIdxFromGrad[aGrad]

h shall be performed by.comparing the gradient of a ray specified by the expression ¢
jion gradients of the enumerated beams. The ray is cast from the angular origin and p
point (as, at, av).

D .

x IntRecipSqgrt(rs x rs + rt x rt) >> 14

s, &<K578

ation of occ_plane_pos[AzimuthAxis] and direct_rem_st_ang is specified~in“terms ¢f the

been

beam

rigin-
b cast

1Grad
asses

shall

rt :

t X< 8

When performing beam selection for planar occupancy coding (9.2.13.7.3), the expression aGrad shall
be defined as:

aGrad := (2 x av — 1) x IntRecipSqgrt(rs x rs + rt x rt) >> 15
where
rs := (as << 8) - 128
rt := (at << 8) - 128

The beam search is specified by the expression BeamldxFromGrad. If the gradient rayGrad is half-way
between that of two beams, the beam with the lower index shall be chosen.

BeamIdxFromGrad[rayGrad]
for (1 = 1; i < num beams minusl; i++)
if (BeamElev[i] > rayGrad)
break
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if (rayGrad - BeamElev[i - 1] £ BeamElev[i] - rayGrad)
j___
BeamIdxFromGrad = i

9.2.13.7 Application to occupied plane location coding

9.2.13.7.1 Node dimensions and midpoint

The expression ScaledNodeSize[ k] specifies the scaled volume dimensions of the coded node.

ScaledNodeSize[k] := AngPosScaleK(k, Exp2 (QuantizedNodeSizeLog2[k]))

ScalgqgdNodeSizeS
ScalgqgdNodeSizeT :
ScalgdNodeSizeV :

ScaledNodeSize[0]
ScaledNodeSize[1]
ScaledNodeSize[2]

The ¢xpression ScaledHalfNodeSize[k] specifies the midpoint within the scaled-volume pf the coded
node

ScalqgdHalfNodeSize[k] := AngPosScaleK(k, Exp2(QuantizedNodeSizeLed2d|[k]) >> 1)
ScalqgdHalfNodeSizeS

ScalgqgdHalfNodeSizeT
ScalgqgdHalfNodeSizeV :

ScaledHalfNodeSize[0]
ScaledHalfNodeSize[1]
ScaledHalfNodeSize[2]

NOTH When geometry scaling is disabled, ScaledNodeSizefk|> and ScaledHalfNodeSize[k] |are equal to
Exp2(NodeSizeLog2[k]) and Exp2(NodeSizeLog2[k] >> 1) respectively.

The midpoint coordinates of the coded node relative’/to the angular origin are spedified by the
exprgssion NposAngMid|[k].

NposAngMid[k] := NposAng[k] + ScaledHalfNodeSizel[k]
NposAngMids

NposAngMidT :
NposAngMidV :

NposAngMid[O0]
NposAngMid[1]
NposAngMid[2]

9.2.18.7.2 Eligibility

Only [certain nodes are eligible for angular contextualization of the occupied plane locatipn. They are
specified by the expression-AngularEligible. Eligibility prevents the use of angular contgxtualization
when a node is sufficiently large to be intersected by rays from multiple beams.

AngullarEligible g=“geom angular enabled
&& | (-num_beamsyminusl || CathetusV > (ScaledHalfNodeSizeV << 26))

Eligibility is-spécified in terms of:

— thessmallest difference in elevation gradient between any two beams, BeamMinDeltaGtad,;

— the V-axis distance subtended (CathetusV) by a ray with elevation gradient BeamMinDeltaGrad, over
the ¢! distance in the S-T plane from the angular origin to the node midpoint; and

— the v-component of the scaled node size.

An example of an eligible node is illustrated in Figure 14.
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CathetusV :
where
rs :

A
rt := A

The express
beams.

BeamMinDeld]
BeamMinD¢|
for (i

delta
if (del
BeamM

9.2.13.7.3 Beam selection

Every node
that purposg
the parent n

PlanarBeam]]

inheritB¢g

The beam sd
the node is n

inheritBean
NodeBeamV|

9.2.13.7.4 §

Beam select

090-9:2023(E)

AngularEligible = 0 AngularEligible = 1

+ d
I . neltaGrad_
v I | Beam/l"ll@é’/
N I [
3 | = 2
A — — — — ———=Ff—— <
Q —_— ()
Ji— NNt
L S
~ A
= AngularOrigin |Istll,

Figure 14 — Illustration of an eligible node

= BeamMinDeltaGrad x ((rs + rt) >> 1)
bs ( (NposAngMidS << 8) - 128)
bs ( (NposAngMidT << 8) - 128)

ion BeamMinDeltaGrad is the smallest difference in elevation gradignt)between anj

aGrad :
1ltaGrad BeamElev[0]

1; i < num beams minusl; i++)
BeamElev[i] - BeamElev[i - 1]
ta < BeamMinDeltaGrad)
inDeltaGrad delta

{

hat is eligible for angular contextualization (AngularEligible == 1) shall select a bea
. The selected beam is specified by PlanarBeamldx. It is either the same beam as usg
bde or the closest beam to the node midpoint (9.2.13.6).

dx
am ? NodeBeamIdx [Dpth — 1]TWNsP] [NtP] [NVP]
: BeamIdxEst [NposAngMidS] [NposAngMidT] [NposAngMidV]

lection is inherited from-the parent node when both the parent node has a valid bear
ot too small, as specified by the expression inheritBeam.

21id[Dpth —«1MNsP] [NtP] [NvP] && CathetusV > (ScaledHalfNodeSizeV << 28)

tate variables

o is’specified in terms of the following state variables; the indexes dpth, ns, nt a

identify a no

y two

m for
bd for

n and

nd nv

de.with location (ns, nt, nv) in the tree level at depth dpth:

identifie

d node has a valid beam selection. Unset elements are inferred to be 0.

the identified node.

9.2.13.7.5 1

nitial state

At the start of every occupancy tree, elements of NodeBeamValid shall be unset.

98

The sparse array NodeBeamValid; NodeBeamValid| dpth][ns][nt][nv] indicates whether (when 1) the

The sparse array NodeBeamldx; NodeBeamldx|dpth][ns][nt][nv] is the selected beam, if valid, for
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9.2.13.7.6 State update

After selecting a beam (9.2.13.7.3), the beam index and its validity shall be recorded for inheritance by
child nodes.

NodeBeamIdx [Dpth] [Ns] [Nt] [Nv] = PlanarBeamIdx
NodeBeamValid[Dpth] [Ns] [Nt] [Nv] = 1

9.2.13.7.7 Contextualization of occ_plane_pos[AzimuthAxis]

The syntax element occ_plane_pos[AzimuthAzis] shall be contextualized according to 9.2.13.9 with the
argument phiRangeMullLog2 equal to 2 and the arguments beamldx, phiPosS, phiPosT, philntvIMidS and
philntvIMidT as specified in this subclause.

The argument beamldx is the index of the selected beam.

beaml]dx = PlanarBeamIdx

The drguments phiPosS and phiPosT are the angular-origin-relative coordinates of the lower corner of
the ofcupancy tree node in the S-T plane.

phiPqdsS
phiPg@sT

NposAngsS
NposAngT

The drguments philntviMidS and philntvIMidT are the angular*origin-relative coordinates pf the scaled
node[midpoint in the S-T plane.

phiIfgtvl1Mids
phiItv1MidT

NposAngMidS
NposAngMidT

9.2.18.7.8 Contextualization of occ_plane_pos|[2]

The gyntax element occ_plane_pos[2] shall be’contextualized according to 9.2.13.10 with the argument
elvingviGradDivLogZ2 equal to 2 and the.arguments beamldx, elvintvlPosS, elvintviPosT, elvintvIMidV and
elvingvlLenV as specified in this subclause.

The argument beamldx is the indek of the selected beam.

beaml]dx = PlanarBeamIdx

The grguments elvintviIPesS, elvintvIPosT and elvintvIMidV are the angular-origin-relative cqordinates of
the s¢aled node midpoint. The argument elvintviLenV is the length of the V-axis interval represented by
the syntax element

elvIntvlPosS_S/NposAngMidS
elvIntvlPosT = NposAngMidT
elvIntv1Midv = NposAngMidv
elvIntvdlenV = ScaledNodeSizeV

9.2.13.8 Application to direct node position coding

9.2.13.8.1 Beam selection

Context selection for direct_rem_st_ang[dnPt] and direct_rem_v_ang[dnPt] shall be performed using
the beam specified by the expression DnBeamldx[dnPt].

It is a requirement of bitstream conformance that DnBeamldx[dnPt] shall be in the range 0 .. num_
beams_minus1.

DnBeamIdx [dnPt] := DnBeamIdxEst + beamIdxResid
where
beamIdxResid := (1 - 2 x beam idx resid sign[dnPt]) x beam idx resid abs[dnPt]
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Every direct node shall determine an estimated beam index as specified by the expression
DnBeamldxEst. The beam is estimated from the angular-origin-relative, scaled partial point position

specified by dnBeamPosAng| k].
DnBeamIdxEst := BeamIdxEst[beamPosAngS] [beamPosAngT] [beamPosAngV]
where
beamPosAngS := dnBeamPosAng|[0]
beamPosAngT := dnBeamPosAng[1l]
beamPosAngV := dnBeamPosAng[2]
dnBeamPosAng [k] = NposAng[k] + AngPosScaleK(k, DnPlanarPos[k] + dnPlanarPosHalf)
where
dnPlanarPosHalf := Exp2 (DnBitsAfterPlanar[k]) >> 1
9.2.13.8.2 §caled angular-origin-relative point positions and partial point positions
Contextualijation of direct_rem_st_ang and direct_rem_v_ang depends upon approxinately g

partially cog
coded positi

Approximats
position.

The express
to the angul

DnPtPosAng [

DnPtPosAngS
DnPtPosAngT]

The express
partially cog
DnPtPos[dnf

DnPartialPqg
DnPartiall
for (i

DnParti

DnPartialPqd
DnPartialPg
DnPartialPg

9.2.13.8.3 Binarization of'direct_rem_st_ang and direct_rem_v_ang

The direct_r
binarization
the presencs

ed positions. A partially coded position is specified in terms of the MSBs of’the con{
hn.

e scaling accumulates applications of geometry scaling to each bitrinthe partially ¢

on DnPtPosAng|dnPt][k] is the k-th component of the scaled,.coded point position re
1 origin.

dnPt] [k] = AngPosScaleK (k, DnPtPos[dnPt][k]) - AngularOrigin[k]
[dnPt] = DnPtPosAng[dnPt] [0]
[dnPt] = DnPtPosAng[dnPt] [1]

on DnPartialPosAng[dnPt]|[remBits][k] is thek-th component of the approximately
ed position for the dnPt-th coded point of’the direct node. It excludes the remBits LS

el[k].

sAng [dnPt] [remBits] [k]
PosAng = NposAngl[k]
remBits; i1 < QuantizedNodeg§izeLog2[k]; i++)
21PosAng += AngPosScaleKyk, DnPtPosRem[dnPt] [k]

& Exp2(i))

SAngS [dnPt] [remBits]
SAngT [dnPt] [remBits]
SAngV [dnPt] [remBitsl]

DnPartialPosAng[dnPt] [remBits] [0]
DnPartialPosAng[dnPt] [remBits] [1]
DnPartialPosAng[dnPt] [remBits] [2]

bm_st_angand direct_rem_v_ang syntax elements shall be entropy coded using fixed-1
The length in bins shall be equal to the log2 quantized node size less any bit inferr
of d single occupied plane.

caled
plete

oded

ative

caled
Bs of

ength
ed by

£l
1

The express

DnRemAngBit

ictha nath 3 i
TSCCTCTIE T I OTITS O

sST := DnBitsAfterPlanar[AzimuthAxis]

The expression DnRemAngBitsV is the length in bins of the syntax element direct_rem_v_ang.

DnRemAngBit

sV := DnBitsAfterPlanar[2]

9.2.13.8.4 Contextualization of direct_rem_st_ang

Each bin, identified by Binldx, of direct_rem_st_ang[dnPt] shall be contextualized according to
9.2.13.9 with the argument phiRangeMulLogZ equal to 1 and the arguments beamldx, phiPosS, phiPosT,

philntvIMidS

and philntvIMidT as specified in this subclause.

The argument beamldx is the index of the selected beam.
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beamIdx = DnBeamIdx [dnPt]

The arguments phiPosS and phiPosT are the angular-origin-relative coordinates of the lower end of the
interval coded by the bin in the S-T plane.

phiPartialSTBits := DnRemAngBitsST - BinIdx
phiPosS = AzimuthAxisIsS ? DnPartialPosAngS[dnPt] [phiPartialSTBits] : DnPtPosAngS|[dnPt]
phiPosT = AzimuthAxisIsT ? DnPartialPosAngT [dnPt] [phiPartialSTBits] : DnPtPosAngT [dnPt]

The arguments philntvIMidS and philntvIMidT are the angular-origin-relative coordinates of the interval
midpoint in the S-T plane. The expression phiHalfIntviLen is the half-interval range.

phiHglfIntvlLen := AngPosScaleK(AzimuthAxis, Exp2 (DnRemAngBitsST) >> 1 + BinIdx

phiIftvliMidS = phiPosS + (AzimuthAxisIsS ? phiHalfIntvlLen : 0)
phiIftvlMidT = phiPosT + (AzimuthAxisIsT ? phiHalfIntvlLen : 0)

9.2.1B.8.5 State update after each direct_rem_st_ang syntax element

After| each coded direct_rem_st_ang[dnPt] syntax element, the azimuth of the coded p¢int shall be
recor{ded as the azimuth of the selected beam.

elvIfjtvlPosS = AzimuthAxisIsS ? DnPartialPosAngS[dnPt] [0]/s\DnPtPosAngS [dnPt]
elvIntvlPosT = AzimuthAxisIsT ? DnPartialPosAngT [dnPt] [@J-~ DnPtPosAngT [dnPt]
BeamBrevPhi [DnBeamIdx [dnPt]] = IntAtan2 (elvIntvlPosTsNelvIntvl1PosS)
BeamBrevPhiValid[DnBeamIdx [dnPt]] = 1

9.2.18.8.6 Contextualization of direct_rem_v_ang

Each pin, identified by Binldx, of direct_rem_v_ang[dnPt] shall be contextualized according to 9.2.13.10
with the arguments beamldx, elvintvlPosS, elvintvlPosT, elvintviLenV, elvintvIMidV and elvintvlGradDivLog2
as spgcified in this subclause.

The argument beamldx is the index of the selected beam.

beam]dx = DnBeamIdx [dnPt]

The arguments elvintvlPosS andelvintviPosT are the angular-origin-relative coordinates in the S-T plane
of the approximately scaled position of the coded point. The argument elvintviLenV is the |ength of the

interyal represented by-the syntax element before division by Exp2(elvintviGradDivLog?Z2).
elvIntvlPosS AzimdthAxisIsS ? DnPartialPosAngS[dnPt] [0] : DnPtPosAngS[dnPt]
elvIintvlPosT AzrmuthAxisIsT ? DnPartialPosAngT [dnPt] [0] : DnPtPosAngT [dnPt]
elvIiftvlLenV AngPosScaleV (Exp2 (DnRemAngBitsV) )

elvIntvlGradDlvLog2 = BinIdx

NOTH When geometry scaling is disabled or the scaling step size is a power of two, DnPartialPosAng[dnPt]
[0][ k] is.equal to DnPtPosAng[dnPt][ k].

The argument elvintvIMidV specifies the midpoint of the V-axis interval relative to the angular origin.
The expression elvintviHalfLen is the half-interval range. The start of the V-axis interval, elvPartialPosV,
is the partially coded and approximately scaled point v-coordinate.

elvPartialPosV := DnPartialPosAngV[dnPt] [DnRemAngBitsV - BinIdx]

elvIntvlHalflen := AngPosScaleV (Exp2 (DnRemAngBitsV) >> 1 + BinIdx)
elvIintvlMidV = elvPartialPosV + elvIntvlHalfLen

9.2.13.9 Determination of CtxIdxAngPhi for a bin according to beam azimuth

Each contextualized bin represents a half-closed interval along the azimuth coding axis AzimuthAxis
located along the other S-T plane axis at a distance from the angular origin. The bin values 1 and 0
identify the upper and lower halves of the interval respectively.
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Contextualization discriminates by the intersection of a predicted ray with one of eight parameterized
azimuth ranges.

The process

nominal

is parameterized by:

beamldx, the index of the beam that casts the predicted ray;

azimuth;

philntviIMidS and philntvIMidT, the midpoint of the interval;

phiPosS and phiPosT, the angular-origin-relative S-T plane coordinates of a point that defines a

phiRang
ranges.

The azimuth
midpoint ph

phiNominal [:
phiIntvlMid :

The predictg
the nominal

The refereng
by the selec
reference az

phiRef := B

The express

phiPred :=

where
phiStep
beamPhi]
beamPhi

The context

CtxIdxAngPh
where
phil :
phiR
a
b
c

(
A
M3

o}

9.2.13.10

it ogZ, asyntax efemernt dependent constant used to definme theazimutirdiscrimmT

ranges are defined by a nominal azimuth phiNominal and the azimuth of the in
IntvIMid.

IntAtan2 (phiPosT,
IntAtan2 (phiIntv1MidT,

phiPosS)
phiIntv1Mids)

azimuth to be an integer number of azimuth steps from the referénce point.

e azimuth for the predicted ray is that of the previous ditect-node-coded point rec
fed beam (9.2.13.8.5); if no previous point has been recorded by the selected bean
muth is the nominal azimuth.

lcamPrevPhivValid[beamIdx] ? BeamPrevPhi[bedmIdx] : phiNominal

on phiPred specifies the predicted ray azimuth.

phiRef - beamPhiStep[beamIdx] x phiSteps

s : 30)
Step

StepRecip :

DivExp2Up ( (phiRef - phiNom@Pnal) x BeamPhiStepRecip[beamIdx],
6588397 / BeamStepsPexRev[beamIdx]
(BeamStepsPerReEY [beamIdx] << 30)

/ 6588397

Kelection for the coded bin is'specified by the expression CtxIdxAngPhi.

i :=a + 2 x b+ 4 x ¢

phiNominal - phiRred
phiIntvlMid & phiPred

hil, 2 0) ==«(pHiR 2 0)
s (phil) >~Abs (phiR)
< (Abs (phil)’, Abs (phiR)) > (Min (Abs (phil), Abs (PhiR)) << phiRangeMulLog?2)

Determination of CtxldxAngTheta for a bin according to beam elevation

ation

erval

d ray azimuth is derived from the azimuth of a reference point.The prediction quantizes

rded
0, the

Each contex

(ualiZed DIn represents a hall-closed V-axis interval [ocated at a radial distance 1n o

e S-T

plane from the angular origin. The bin values 1 and 0 identify the upper and lower halves of the interval
respectively.

Contextualization discriminates by the intersection of a predicted ray cast by a beam with one of four

parameteriz

The process

angular

102

ed V-axis intervals.

is parameterized by:

beamldx, the index of the beam that casts the predicted ray;

origin;

elvintvlLenV, the length of the V-axis interval;

elvintvlPosS and elvintvlPosT, the coordinates of the V-axis interval in the S-T plane, relative to the
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— elvintviIMidV, the midpoint of the V-axis interval relative to the angular origin;

— elvintvlGradDivLogZ, the factor used to derive the sub-interval size.

-9:2023(E)

The expression rRecip specifies the reciprocal radial distance of the V-axis interval in the S-T plane

from the angular origin.
rRecip := IntRecipSqgrt(rs x rs + rt x rt)
where
rs := (elvIntvlPosS << 8) - 128
rt := (elvIntvlPosT << 8) - 128

The expression elvintviIMidGrad specifies the gradient of a ray cast from the angular origin that

inter

elvIr

The ¢

that intersect the end points of a V-axis sub-interval.

esolr
esoTq
esoBdg

The ¢
inter

elvBqg

The ¢

CtxIqg
whe

g

9.2.1

This

A de
attrih

The 3

POSAT

Every
the E

bects the midpoint of the V-axis interval.

tvlMidGrad := (2 x elvIntvlMidV - 1) x rRecip / Exp2(15)

xpressions esoTopGrad and esoBotGrad specify the gradients of rays castfrom the af

tvlGrad := elvIntvlLenV x rRecip >> 18 + elvIntvlGradDivLogZ
pGrad := elvIntvlMidGrad + esolntvlGrad
tGrad := elvIntvlMidGrad - esolIntvlGrad

bect the predicted ray at the given radial distance.

amGrad := BeamElev[beamIdx] - BeamOffsetV[beafnIdx] x rRecip / Exp2(17)

xAngTheta := a + 2 x b

re

elvIntvlMidGrad

esoTopGrad {[/glvBeamGrad < esoBotGrad

elvBeamGrad
elvBeamGrad

>
>

3.11 Conversion from Cartesian to angular coordinates
bubclause specifies the ¢onversion of decoded points' positions to angular coordinate

foder is not required to perform the conversion unless angular coordinates are
ute decoding.

ngular-originsrelative position of every point is specified by the expression posAng[p
glptIdxTYk] := PointPos[ptIdx][k] - AngularOrigin[k]

r angular-origin-relative point position is converted to angular coordinates. The radi:
liclidean distance to the point in the S-T plane; the azimuth angle is the anti-clockwis

igular origin

xpression elvBeamGrad specifies the gradient of a ray cast-from the angular origin that would

ontext selection for the coded bin is specified by the expression CtxldxAngTheta, cdmparing the
gradients of rays cast from the angular origin to those of the threshold points.

D.

required for

Idx][K].

] distance is
e angle in an

STp
casts

ane between the positive S axis and the point, the indexed elevation 1s the Index of t
the closest rays to the point (9.2.13.6). The conversion is:

for (ptlIdx = 0; ptldx < PointCnt; ptIdx++) {

as
at
av

PointAng[ptIdx] [0]
PointAng[ptIdx] [1]
PointAng[ptIdx] [2]

= posAng[ptIdx] [0]
posAng [ptIdx] [1]
posAng [ptIdx] [2]

IntSgrt(as x as + at x at << 16) >> 8
IntAtan2 (at << 8, as << 8) + 3294199 >> 8
BeamIdxEst[as] [at] [aV]
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9.2.14 Subtree scaling

9.2.14.1 Partially quantized coordinates
This subclause applies when geom_scaling_enabled is 1.

Certain subtrees (9.2.14.2.1) can represent point positions using partially quantized coordinates that
are parameterized by a scaling volume (9.2.14.2.2) and an applicable QP (9.2.14.5).

The partially quantized representation comprises two concatenated parts:

— an uppeppart that, when scaled, is the position of the scaling volume's lower corner, p
by the s¢aling volume size rounded down to the next power of two;

scaling is

T

— alower part that, when scaled, is a position relative to and within the scaling volume;®&caling is by
the QP derived scale factor.

An example |of the representation is illustrated by Figure 15. The coded point e isxepresented within
the scaling yolume A. The scaling volume size is 12; rounded down to the next power of two gs 8 =
20ccScalingVolSfzeLogz The QP is 12; the derived scale factor (OccQpScale) is 3. The two parts of the ppint's
partially quantized s-coordinate are marked U and L:

— The uppgr part, U, scaled by 20¢ccScalingVolSizeLog2 = 23 is the p, .. position of A.

— The lowgr part, L, scaled by OccQpScale = 3 is the p,;, relative paint position; for the S axis, 2 x(3 = 6.
Scaling ¢xpands L by 1 bit (OccQpScaleLog?2) to be 3 bits (Oc¢ScalingVolSizeLog2) in total.

— IfUwerg 5, then p,;;, would be 5 x 23 = 40, and the poinf's s“coordinate would be 46.

OccVolScale X 2 OccScalingVolSizeLog2

\Y

2 OccScalingVolSizeLog2

1

- b, b, b, b, b, b,

Prns= S, s, s, 0 0 0

4 3
U L
,_,—:,__
o, = Ss S, S 1.0

Key

A scaling-velume

U, L upper and lower parts of partially quantized representation
b; i-th bit

1

NOTE This figure illustrates the S-V plane in 2D.

Figure 15 — Example of partially quantized coordinates
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9.2.14.2 Quantized subtrees

9.2.14.2.1 Identification

Subtrees that code partially quantized coordinates are started by:

— every node at depth OccQpSubtreeDepth;

-9:2023(E)

— every direct node at a shallower depth than OccQpSubtreeDepth; in this case, the subtree consists
only of the subtree root node as a direct node.

The 1
in thd

NOTE
after

9.2.1

A sca
the q

The

scalefl dimensions (9.2.14.2.3) are RoundUp(@ccVolScale x Exp2(OccScalingVolSizeLogZ2[ k] ]
OccSgalingVolSizeLog2[k] :=
Dptth 2 OccQpSubtreeDepth ? OccLwiNodeSizeLog2 [OccQpSubtreeDepth [k]

For gxample, a quantized subtree root node identifies a volume with dimensions 32x1

ocC

[

C

doding is enabled, the scaling volume dimensions are equalto those of the scaled child-
df the subtree root node.

vlolume.

ower parts of partially quantized point coordinates are represented by the location

f a leaf node

subtree or by a direct node that codes a subtree-relative position.

Identification of a subtree from a direct node at a shallower depth than OccQpSubtreel]
ainy planar occupancy coding for that node (9.2.14.2.5).

1.2.2 Subtree scaling volume

ling volume is identified by every quantized subtree. Its size depends upon the tree l¢
1antized subtree starts:

Fthe quantized subtree starts at a shallower depth than Oee@pSubtreeDepth and plane

therwise, the scaling volume dimensions are idéntical to those of the scaled subtr

expression OccScalingVolSizeL.og2[k] specifies the integer log2 size of the scaling

tree planar enabled ? ChildNodeSizeLog2[k] : NodeSizeLog2[k]

epth happens

bvel in which

r occupancy
node volume

be root node

volume. The

).

bx32 and an

appligable QP of 10 (OccQpScale-= 2.5). The quantized node size would be 16x8x16 and the scaled node
size 40x20x40.
9.2.14.2.3 Scaled occupancy tree node volume dimensions

A scaled node yoluime is the geometric expansion of the volume associated with a node in the general
occupancy tree)(9.2.2.1). The expansion is by a QP derived scale factor for the subtree, Occl/olScale, and
is relptive to-the lower corner, p_;,, of the subtree scaling volume. Scaling by OccVolScale[rounds half-
values up:

OccQpScale OccQpscale
2Log2(0cchSbak) _-ZOCCQPSCGELOgZ N

Occ@pmod 3
8

OccVolScale =

The quantized node size QuantizedNodeSize is a power-of-two contraction by OccQpScaleLogZ2 of the
node size for ordinary nodes in the tree level.

OccQpScalelog?2 := OccQp / 8
QuantizedNodeSizeLog2[k] := Max (0, NodeSizeLog2[k] - OccQpScalelLog2)
QuantizedChildNodeSizeLog2[k] := Max (0, ChildNodeSizeLog2[k] - OccQpScalelog2)

NOTE The scaled node volume dimensions are equivalent to the rounded expansion of the quantized node
size by the subtree scale factor OccQpScale.
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9.2.14.2.4 Quantized subtree nodes

A node in a quantized subtree shall identify the presence of at least one point contained within the
scaled node volume.

Leaf nodes in the quantized subtree represent indivisible volumes with dimensions equal to the unit
cube scaled by the subtree scale factor. Scaled point positions outside the unscaled subtree volume
shall be clipped to be within it (hatched area in Figure 15). For example, point = in the figure is clipped
to -.

Two example subtrees are illustrated over three tree levels by Figure 16. The subtree root node volumes
have dashe lines: th n in each level h hick, soli line. Th ree uses
QP 12, the bpttom QP 0. The position of the point e is coded, starting from depth n, by the locatigns of
the grey child nodes. The top subtree identifies its leaf node at depth n + 1, the bottom subtree at gepth
n+2.

Depth n Depthn+1 Depth 2

ScaledNodeSize ScaledChildNodeSize

Vi — -

’L{;I|||I|||I|||I HI|||I|||I|||I HI|||I|||I|
e S S - S S

NodeSize ChildNodeSize
NOTE QH 12 (top) and QP 0 (bottom).

Figure 16 — Examplé decomposition of two quantized subtrees

9.2.14.2.5 Direct nodes before-OccQpSubtreeDepth
This subclause applies when-planar occupancy coding is enabled.

Until a nod¢ is identified as a direct node through the coding of occ_direct_node, it shall npt be
considered tp start'aquantized subtree.

Coding operftionsthat are specified to occur:

— before occ_direct_node shall use the ordinary node volume, equivalent to QP 0;
— after occ_direct_node shall use the scaled node volume derived from the direct node QP (DnQp),
i.e. the QP and scaled node volume dimensions change during the coding of the node.

This case is illustrated by Figure 17. When planar occupancy coding is enabled (left), the scaled node
dimensions are initially equal to NodeSize, but changes to OccScalingVolSize after occ_direct_node.
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OccScalingVolSize

OccScalingVolSize

N

AN

S

NodeSize

N
N

NodeSize

Lﬂl||||||||||||

AN NN RN
U

wp

S

Planar occupancy coding enabled (left); planar occupancy coding disabled (right),

Figire 17 — Example subtree scaling volume for subtrees shallower than.OccQpSubhtreeDepth

9.2.1

Suffiq
In thi

9.2.1

0CC_S
prese
offse

0CC_9
an of
OccSl
at (n{
[nv] i
OccSy

(1

9.2.1

Occu

4.2.6 Fully quantized subtrees

iently large subtree QPs can cause a subtree root node to haveialog?2 quantized node §
s case, the subtree root node is a terminal node that:

b ineligible to be a direct node (9.2.12.3.1)

as its points represented by a single implicit childleaf node (9.2.6.3); the child node |
imensions as the root node - i.e. no axes are coded

4.3 Syntax element semantics

ubtree_qp_offset_present specifies whether (when 1) or not (when 0) per-subtree Q
nt in the tree level. QP offsets canconly be present in a single tree level. When occ]
_present is not present, it shall be-inferred to be 0.

ubtree_qp_offset_abs[ns][it][nv] and occ_subtree_qp_offset_sign|[ns][nt][nv] togg
set to the slice geometry QP used to scale point positions. The offset is specified by th
btreeQpOffset[ns][nt][nv]. The offset applies to all points coded in the subtree of the
5, nt, nv) in the treetlevel at depth OccQpSubtreeDepth. When occ_subtree_qp_offset,
s not present, it shall be inferred to be 0.

btreeQpOffset[ns] [nt] [nv]

- 2 x ocgnshbtree gp offset sign[ns][nt][nv]) x occ subtree gp offset abs]|

1.4 State variables

pancy tree scaling is specified in terms of the following state variable: T

ize of 0x0x0.

has the same

P offsets are
subtree_qp_

ether specify
e expression
node located
| sign[ns][nt]

hs] [nt] [nv]

he variable

OccQpSubtreeDepth that identifies the tree level where occ_subtree_qp_offset_present is 1.

9.2.1

9.2.1
The s

4.5 The subtree QP

4.5.1 General

ubtree QP is specified by the expression OccQp. It is determined for a coded node as:

— when geometry scaling is disabled: 0;

— when the nodeis adirect node at a depth shallower than OccQpSubtreeDepth: specified by 9.2.14.5.2;

— when the node is at a depth equal to or deeper than OccQpSubtreeDepth: specified by 9.2.14.5.3.
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NOTE The provisions of 9.2.14.2.5 affect evaluations of OccQp during certain nodes.

OccQp :=
—geom scaling enabled 20 :
Dpth 2 OccQpSubtreeDepth ? OccSubtreeQp
occ _direct node ? DnQp : O

9.2.14.5.2 Determination for a direct node before OccQpSubtreeDepth

The subtree QP is specified by the expression DnQp. It is the slice's direct-node QP limited by the
smallest log2 scaling volume dimension.

DI’lQp 1= Mir \dilslipcgy, uuuSuthccgyMa 7
where
dnSliceQp := geom gp + occtree direct node gp offset << geom gp mul log2

9.2.14.5.3 Determination for nodes at or after OccQpSubtreeDepth

The subtree|QP is specified by the expression OccSubtreeQp.

OccSubtreeQp := sliceQp + (OccSubtreeQpOffset([ss][st][sv] << geom gprmu?f log2)
where
sliceQp := geom gp + slice geom gp offset << geom gp mul log2

ss
st
SAvA

QccSubtreeQpLoc[0]
OccSubtreeQpLoc[1l]
QccSubtreeQpLoc (2]

The expression OccSubtreeQpLoc is the subtree root node docation in the tree level at ¢lepth
OccQpSubtraeDepth for the node at (Ns, Nt, Nv).

OccSubtreeQpLoc[k] := Nloc[k] >> NodeSizeLog2[k] ¢ ©@ccScalingVolSizeLog2[k]

9.2.14.5.4 Maximum QP

The maximum QP for a subtree is specified by the expression OccSubtreeQpMax.

OccSubtreeQpMax := MinVec (OccScalingVel8izelog2) x 8

It is a requirement of bitstream. conformance that when occ_subtree_qp_offset_present |is 1,
OccSubtreeQp shall be in the range 0n/OccSubtreeQpMax.

9.2.14.6 Scpling of a position component
This subclause specifiesithe'scaling of the k-th partially quantized coordinate by the expressions:
— OccPosScaleK(kj.posk) that clips the scaled position to be within the subtree volume, and

— AngPos§caleK(k, posk) that does not clip the scaled position.

NOTE When either geom_scaling_enabled or OccNodeQp is 0, the expressions OccPosScaleK(k, posk) and
AngPosScaleK(k, posk) are both equal to posk.

The expressions upperPartQ and lowerPartQ represent the upper and lower parts of the partially
quantized coordinate.

osk >> OccScalingVolSizeLog2[k] - OccQpScalelog2

upperPartQ :
0 osk & Exp2(OccScalingVolSizeLog2[k] - OccQpScalelog2) - 1

=P
lowerPartQ := p

The 3-fractional-bit, fixed-point scale factor used to scale the low part is specified by the expression sF.

sF := 8 + (OccNodeQp & 7) << OccNodeQp / 8

The upper and lower parts are scaled as specified by the expressions upperPart and lowerPart.

108 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=458b17f08c948477860ec1b8ac09b16b

ISO/IEC 23090-9:2023(E)

upperPart := upperPartQ << OccScalingVolSizeLog2[k]
lowerPart := DivExp2Up (lowerPartQ x sF, 3)

The scaled upper and lower parts are combined to produce the scaled position component:

upperPart | Min(lowerPart, Exp2(OccScalingVolSizeLog2[k]) - 1)
upperPart + lowerPart

OccPosScaleK (k, posk)
AngPosScaleK (k, posk)

9.3 Predictive tree

9.3.1 General

This pubclause specifies the reconstruction of point positions from parsed predictive tseEs. It applies
wher] geom_tree_type is 1.

The dlice geometry can be represented by a sequence of one or more predictive trees of predictive tree
node$. Every tree node specifies a single position for one or more points. Travérsal of a predictive tree
is in dlepth-first order.

9.3.2] Syntax element semantics

9.3.2|1 Predictive tree

slice|ptree_gqp_period_log2_offset specifies an offset to the.GPS-signalled period at whi¢h predictive
tree QP offsets are signalled. When slice_ptree_qp_period.log2_offset is not present, it shall be inferred
to be|0.

A QP pffset is signalled once every Exp2(PtnQpinterval) nodes.

PtnOgInterval := Exp2(ptree gp period log@’+ slice ptree gp period log2 offset)

ptn_resid_abs_log2_bits[k] specifies the number of bins used for the fixed-length binarization of ptn_
resid] abs_log2[k].

ptn_radius_min specifies the minimim angular radius coordinate for nodes where ptn_gred_mode is
0.

ptre¢_end_of_slice specifiesswhether (when 0) or not (when 1) there is a subsequent predjctive tree in
the DU.

9.3.2|2 Predictive-tree node

Nodep in the prédictive trees are numbered and coded according to their position in the depth-first
travefrsal order' The semantics specified in this subclause are for the nodeldx-th coded nodg.

The gyntax structure parameter depth is the tree depth of the node.

ptn_qp_offset_abs[nodeldx] and ptn_qp_offset_sign[nodeldx] together specify, when present and in
accordance with PtnQpOffset[nodeldx], an offset to the slice geometry QP used to scale point positions.
ptn_qgp_offset_sign specifies whether (when 0) the offset's sign is positive or (when 1) negative. When
ptn_qgp_offset_sign is not present, it shall be inferred to be 0.

PtnQpOffset[nodeldx] :=
(1 - 2 x ptn _gp offset sign[nodeldx]) x ptn gp offset abs[nodeIdx]

The QP for a node is specified by the expression PtnQp[nodeldx].

PtnQp[nodeldx] :=
—~geom scaling enabled 2 0 :
nodeldx % PtnQpInterval ? PtnQp[nodelIdx - 1]
: sliceQp + PtnQpOffset[nodeldx] << geom gp mul log2
where
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sliceQp :

geom gp + slice geom gp offset

It is a requirement of bitstream conformance that PtnQp[i] shall be in the range 0 .. 167 for each node

index i.

ptn_dup_point_cnt[nodeldx] plus 1 specifies the number of points represented by the node. When ptn_
dup_point_cnt[nodeldx] is not present, it shall be inferred to be 0.

ptn_child_cnt_xor1[nodeldx] xor 1 specifies the number of child nodes.

ptn_pred_mode[nodeldx] specifies the method used to predict the node's coded point position.

ptn_phi_m
abs_minus
PtnPhiMul[n
azimuth pre
anticlockwif
ptn_phi_mu

PtnPhiMul [
where

absval [:

ptn_resid_a
and ptn_res
component

(when 0) the
resid_sign[n
present shal
PtnResiduall

where
absVal [

)

[_nodeldx] and ptn_phi_mul_sig_n[no_deld;] tagether specify, in accordande)|
pbdeldx], an integer number of ptree_ang_azimuth_step_minusl + 1 steps that, for

e or (when 1) clockwise direction. Any of ptn_phi_mul_sign, ptn_phi_mul_abs_minu
abs_minus9 that are not present shall be inferred to be 0.

odeIdx] x absVal

(1 - 2 x ptn phi mul sign[nodeIdx])

ptn phi mul abs prefix[nodeIdx]
+ ptn_phi mul abs minus2[nodeIdx] + ptn phi mul abs min¥s9[nodeIdx]

bs_gt0[nodeldx][k], ptn_resid_abs_log2[nodeldx][k], ~ptn_resid_abs_rem|[nodelq
id_sign[nodeldx][ k] together specify, in accordance with PtnResidual[nodeldx][k], th
pf the first coordinate-prediction residual. ptn_resid_sign[nodeldx][k] specifies wh
residual’s sign is positive or (when 1) negative. Aay)of ptn_resid_abs_gt0[nodeldx][k]
pdeldx][k], ptn_resid_abs_log2[nodeldx][ k] or.ptn_resid_abs_rem[nodeldx][ k] that a1
be inferred to be 0.

[nodeIdx] [k] (1 - 2 x ptn_resid.sign[nodeldx] [k]) x absVall[k]

k] := ptn resid abs gtO[nodeIdx]«[k]
+ (Exp2(ptn resid abs log2{nddeIdx] [k])

+ ptniresidiabsirgm[ngdeIdx][k}

>> 1)

i-mul_

with
m an

diction residual. ptn_phi_mul_sign specifies whether (when 0) the step change is in the

s2 or

Ix][K]
b k-th
ether
ptn_
e not

ptn_sec_resid_abs[nodeldx][k] and pthisec_resid_sign|[nodeldx][k] together specify, in accordance

with PtnSec|
that applies
[k] specifies
sign[nodeldy

PtnSecResid
(1 - 2 x

9.3.3 Tree¢

Residual[nodeldx][k], theé\k-th component of the second coordinate-prediction res
after conversion from-angular to Cartesian coordinates. ptn_sec_resid_sign[nog
whether (when 0). the residual's sign is positive or (when 1) negative. If ptn_sec_}
][ k] is not preserit,)it shall be inferred to be 0.

lual [nodeIdx N k]
ptn sec p@sid sign[nodeldx] [k])

x ptn sec resid abs[nodeIdx] [k]

traversal for reconstruction of point positions

idual
eldx]
esid_

9.3.3.1 St

te variables

The reconstruction of point positions from predictive tree nodes is specified in terms of the following

state variabl

at depth

the dept

110

es:

dpth in the predictive tree for the current node.

h of the current node in its predictive tree.

The variable Ptnldx, the node index of the current node in the node traversal order.

The variable PtnCnt, a count of nodes parsed from the bitstream.

The array PtnStack, a stack of ancestor node indexes; PtnStack[dpth] is the node index of the ancestor

The variable PtnDepth, indicating the size of the stack of ancestor node indexes and equivalent to
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Each predictive tree is decoded according to the recursive application of 9.3.3.3, starting from its root

node:

— At the start of each tree, the stack of ancestor node indexes is empty, PtnDepth = 0.

— The root node of the first tree has node index Ptnldx = 0.

— The index of each subsequent tree's root node is the successor to the index of the last node in the
preceding tree.

Predictivetrees are decoded white Prfdx s tess than prmeme.————— |

for
Ptr

9.3.3
This

lowli—|

— 1

— 1
S
S

PtnSt
ptnCh
for

Pty
}

After
index

PtnDd
9.3.4

9.3.4

PtnIdx = 0; PtnIdx < PtnCnt; PtnIdx++) {
Depth = 0
* decode predictive tree with root node index Ptnldx; see 9.3.3.3 &}

3 Recursive decoding of a subtree
ubclause specifies the reconstruction of a node with index Ptnldx and the remainder g

he point positions for the node are reconstructed and appended to the output pointlist
y 9.3.4.

he node's index is appended to the stack of ancestor’node indexes.

he subtrees for every child node are reconstricted in turn by the recursive applig
ubclause: the index of the first child node is Ptnldx + 1; each subsequent child node
uccessor to the last node index of the preceding subtree.

ack[PtnDepth++] = PtnIdx /* push Xk

ildCnt = ptn_child cnt xorl[Ptnkdx] * 1

i = 0; i < ptnChildCnt; i++) {

Idx++

* Recursively reconstruct thé i-th child subtree (9.3.3.3) */

the node's subtree has‘béen reconstructed, the node is removed from the stack of a
es.

pth-— /* pop Ak
Reconstruction of point coordinates

1 (General

fits subtree:

5 as specified

ation of this
index is the

ncestor node

This

subclanse Qpprifipc the reconstruction of the paint positions for a node with index Pt

PtnDepth of a predictive tree.

9.3.4.2 Reconstructed STV coordinates

nldx at depth

The node's reconstructed STV coordinates are specified by the expression PtnPos[k]. They are the sum
of a prediction (predStv) and a scaled residual (residStv), with negative coordinates clipped to 0. The

predi

cted position is:

— when angular geometry coding is disabled: derived from the reconstructed STV coordinates of

a

ncestor nodes (9.3.4.6);

— when angular geometry coding is enabled: a conversion from the node's reconstructed angular

C

oordinates (9.3.4.5).
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PtnPos[k]
where
predStv

Max (0, predStv([k] + residStv[k])

[k] : PtnPred[k]

geom_angular enabled ? PtnAngStv[k]

The scaled STV coordinate residuals, specified by residStv[ k], are:

residual

when enabled; and

coded by the node's first residual when angular geometry coding is disabled, and by its second

— scaled by the 3-fractional-bit, fixed-point, geometry scale factor specified by the expression sf for
the node's QP; scaling shall round to the nearest integer with half-values rounded up.

residStv[k]

DivExp2Up (resid[k] x sf, 3)

where
st 8
resid[K

9.3.4.3 Re

When angul
the expressi
(residAng).

It is a requi
minusl.

PtnAng[k]

The residual
@-componer]

residAng[k]
where
phiOffs

9.3.4.4 Pdoints represented by a node

The reconst
PointPos and

0;

for (i =
for (k
PointPg

if (ged
Point

9.34.5 Pr

+ (PtnQp[PtnIdx] & 7) << PtnQp[PtnIdx] / 8
geom_angular enabled ? PtnSecResidual [PtnIdx] [k]

: PtnResidual [PtnIdx] [k]

]

constructed RPI node coordinates

hr geometry coding is enabled, the node's reconstructed RPI coordinates are specifi
bn PtnAng[k]. They are the sum of an angular coordinate predictien' (9.3.4.6) and a res

rement of bitstream conformance that PtnAng[2] shall b€in the range 0 .. num_be

PtnPred[k] + residAnglk]

RPI coordinates specified by residAng[k] aresthe sum of the coded primary residual
t offset, phiOffset.

0)

PtnResidual [PtnIdx] [k] + (k =="? phiOffset :

et := PtnPhiMul [PtnIdx] x

(ptree,ang azimuth step minusl + 1)

ructed STV and, if applieable, RPI point coordinates are appended to the output poin
PointAng for each pointrepresented by the node.

i £ ptn dup pofmt’ cnt[PtnIdx]; i++, PointCnt++)
0; k < 3; kt++p
s [PointCnt] {k]= PtnPos[k]
m_angular,. @&nabled)
Ang [Poinf€nt] [k]

PtnAng[k]

pdicted STV coordinates for angular coded geometry

ed by
idual

ams_

and a

t lists

When angular geometry coding is enabled, the node's RPI coordinates are converted to Cartesian STV

coordinates,

PtnAngStv [k

k ==0
k ==1
== 2
where
o := Pt
¢ := Pt
i := Pt

112

as specified by PtnAngStv|[k], for prediction of the coded position.
] := AngularOrigin[k] + (

? DivExp2Fz (p x IntCos (¢, ptree ang azimuth pi bits minusll + 11), 24)
? DivExp2Fz (p x IntSin (¢, ptree ang azimuth pi bits minusll + 11), 24)

? DivExp2Fz (DivExp2Fz (BeamElev[i] x p, 15) - BeamOffsetV[i], 3) : na)
nAng[0] << ptree ang radius scale log2

nAng (1]

nAng (2]
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9.3.4.6 Prediction from ancestor nodes

Node coordinates can be predicted from up to three ancestor nodes. Depending upon whether angular
geometry is enabled or disabled, the prediction is for either RPI or STV coordinates. The coordinates of
the parent, grandparent and great-grandparent nodes are specified by ptnP[k], ptnG[k] and ptnU[k],
respectively.

ptnP[k] = PtnRef[1] [k]
ptnG[k] := PtnRef[2] [k]
ptnU[k] := PtnRef[3] [k]
PtnRef [ancestor] [k] := geom angular enabled ? PointAng[ptIdx] [k] : PointPos|[ptIdx] [k]
whex
gtIdx := PtnStack[PtnDepth - ancestor]

The pgredicted coordinates, specified by PtnPred|[k], are:
— When the prediction mode is 0 and if angular geometry is:
—+ disabled, the origin (0, 0, 0);

-+ enabled, a coordinate specified by predAngMode0[k] whose {p-component is ptn|radius_min,
and whose @- and i-components are the same as the parentroede, or zero if the predicted node
is the root node of a predictive tree.

— When the prediction mode is 1, the coordinates of the pakent node;

— Wwhen the prediction mode is 2, the coordinates of the parent node, translated by the ve¢tor from the
second to first ancestor;

— When the prediction mode is 3, the coordinates of the parent node, translated by the ve¢tor from the
third to the second ancestor.

PtnPged[k] :=
gredMode == 0 && geom angular emapPled ? predAngModel [k]
gredMode == 0 ? 0 :
gredMode == 1 ? ptnP[k]
gredMode == 2 ? ptnP[k] + ptnP[k] - ptnGlk]
gredMode == 3 ? ptnP[k]. £, ptnG[k] - ptnU[k] : na
whgre
gredMode := ptn pred, mede[PtnIdx]
predjngModeO[k] :=
k 4= 0 ? penradius min :
PtijDepth > 0 ?,.p&aP[k] : 0

10 Slice attributes

10.1| General

This clause specifies the reconstruction of a single slice attribute for the coded slice geometry. The
reconstructed attribute values are stored in the array PointAttr.

10.2 Point coordinates

10.2.1 General

Attribute coding can use either the slice's reconstructed STV point positions or the points' scaled
angular coordinates.

The expression AttrPos|ptldx][ k] specifies the coordinates of each point for attribute coding:

— When attr_coord_conv_enabled is 0, AttrPos is equivalent to PointPos.
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— Otherwise, AttrPos[ptldx][ k] are angular point coordinates as specified by 10.2.2.

AttrPos[ptIdx] [k] := attr coord conv enabled
? AttrPosAng[ptIdx] [k]
: PointPos[ptIdx] [k]

10.2.2 Conversion to scaled angular coordinates

The conversion is specified by the expression AttrPosAng|[ptldx][k]. The point's angular coordinates
shall be offset by the minimum angular coordinates and scaled. Any negative coordinate after
conversion shall be clipped to 0.

AttrPosAng[ptIdx] [k] := DivExpz2Up(relPos x attr coord conv_scalelk], 8)

where

relPos |:= Max (0, PointAng[ptIdx][k] - minAng[k])
minAng[lk] := geom tree type == 1 && k == 1

? -Exp2 (ptree ang azimuth pi bits minusll + 10)

: 0

It is a requirement of bitstream conformance that attr_coord_conv_scale shall nof’gatise any converted
coordinate, AittrPosAng[ptldx][k], to be greater than Exp2(MaxSliceDimLog?2) = 1.

10.3 Syntaik element semantics

10.3.1 Attrjbute data unit coefficients

The array AttrCoeff, with elements AttrCoeff|coeffldx][c],<Contains transform coefficient values.
Elements of the array shall be initialized to zero.

zero_run_length_prefix, zero_run_length_minus3_div2, zero_run_length_minus3_mod2| and
zero_run_langth_minus11 together specify, in acce¥dance with the expression ZeroRunLength, the
number of cpnsecutive transform coefficient tuples-with all components equal to zero. Any of [zero_
run_length_minus3_div2, zero_run_length_minygs3_mod2 and zero_run_length_minus11 that are not
present shal| be inferred to be 0.

ZeroRunLength := zero run length prefix
+ 2 x zero_run_ length minus3 div2 ;% zero run length minus3 mod2
+ zero run length minusll

10.3.2 Attrjbute coefficient tiples

Attribute cogfficient values‘are signalled for a coeffldx-th coefficient tuple when at least one comppnent
is not equal {o zero.

coeff abs[c] and ‘\eeeff_sign[c] together specify the c-th transform coefficient comppnent
AttrCoeff| copffldx|[c]. coeff_sign|[c] specifies whether (when 0) the coefficient's sign is positiyve or
(when 1) negative. If coeff_sign[c] is not present, it shall be inferred to be 0.

The coefficients of the coeffldx-th tuple are specified by the derivation of AttrCoeff:

for (¢ = 0; ¢ < AttrDim; c++) {
absVal = coeff abs[c]

if (¢ == AttrDim - 1)
if (AttrDim == 1
|| AttrDim == 2 && coeff abs[0] == 0
|| AttrDim == 3 && coeff abs[0] == 0 && coeff abs[l] == 0)
absVal++
AttrCoeff[coeffIdx][(c + 1) % AttrDim] = (1 - 2 x coeff sign[c]) x absVal

}

NOTE When a point is eligible for direct prediction, the LSBs of coeff_abs encode the direct predictor mode.

114 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=458b17f08c948477860ec1b8ac09b16b

ISO/IEC 23090

10.3.3 Raw attribute values

-9:2023(E)

raw_attr_component_length, when present, specifies the length in bytes of each syntax element raw_
attr_value.

raw_attr_value[ptldx][c] specifies the attribute value for the c-th component of the ptldx-th point
in canonical point order. The length in bits of each syntax element is specified by the expression
RawAttrValueBits.

RawAttrValueBits := raw attr width present
? 8 x raw _attr component length
: AttrBitDepth

10.4
This
Attril

for
fo
i

10.5

10.5.

The 1
appli

The t

vectdrs are calculated for each application ef the transform, weighted in proportion to the|

of ea
coeff

The 1
by:

— 1
— §

Then
proce

— B

Raw attribute decoding
subclause applies when attr_coding_type is 3.

pute values shall be set equal to the corresponding raw_attr_value syntakX’elements.

ptIdx = 0; ptIdx < PointCnt; ptIdx++)
(c = 0; ¢ < AttrDim; c++)
ointAttr([ptIdx][c] = raw attr value[ptIdx] [c]

Attribute decoding using the region-adaptive hierarchical transform

1 General

egion-adaptive hierarchical transform specified by 10.5 is a recursive two-point {
bs when attr_coding_type is 0.

ransform constructs a spatial tree of 3D¢ransform blocks using the slice geometry (1

ch coefficient. A transform domain ‘prediction process predicts AC coefficients f
cients of certain adjoining blocks:

econstruction process is spec¢ified for a single attribute component Cidx € 0 .. AttrDim

happing coded coefficients to the transform tree (10.5.3); and
caling the coded coefficients (10.5.4).

in turn fofseach level, starting from the root of the transform tree (Lvl = Raht|
eding dewn the tree until completing level 0:

erfofming transform domain prediction of coded coefficients (10.5.5); and

— apn]vinc the inverse transform (10.5 6)
r-J O 7

Ther

ransform. It

0.5.2). Basis
significance
rom the DC

— 1. It starts

RootLvl) and

econstructed attribute values are specified by 10.5.7.

10.5.2 Transform tree

10.5.
The t

2.1 General

ree of transform bocks is defined recursively:

— Intreelevel 0, each block groups together points with identical attribute coordinates.

— Each subsequent tree level I shrinks the preceding level I - 1 by a factor of two in each dimension;
each 2x2x2 block groups together up to eight blocks from the preceding level.
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An example tree is illustrated in Figure 18. The points a to f are grouped into blocks according to their
attribute coordinates: C groups together c, d and e. The weight of each block is the number of points
spanned by the block (10.5.2.3): C has a weight of 3; B with a weight of 5 groups together C, b and f; A
with a weight of 6 groups together B and a.

RahtBlkWeight AttrPos
vl =2 =1 vl=0 v
4 —
11 b f
5 I
o o 3g c.e
© A o p RN N e I
£ Y 1 L ~ | I_,
0 [
0 2 4, S
RahtCoeff
D~
o—¢
5 [ xafe = f TX_}d
gl : 6 J Z of =55 [9] c
o b
e g 1 5
A B C
Key
atof poits
AtoC  trarsform blocks
X trar{sform coefficients at input to inverse transformy’for labelled block
© invgrse transformed coefficient
o inhgrited DC coefficient (See RahtDcCoeff)

1tog coefficient weights (See RahtCoeffWeightM)

Figure 18 — Example RAHT tree, block weights and transform structure

10.5.2.2 State variables
The RAHT tyee is specified.in terms of the following state variables:

— The spafse array RahtCoeff of transform block coefficients; RahtCoeff[IVI][ bs][bt][bv][i] is the i-th
coefficignt forthe block located at (bs, bt, bv) in transform level Ivl. Unset elements shall be inferred
to be 0.

— The array RahtBIkLoc of transform block locations; RahtBIkLoc[IVI[[nldx][K] is the location of the
nldx-th coded block in transform level Ivi.

— The array RahtBlkCnt of node counts per tree level; RahtBlkCnt[Ivl] is the number of blocks in
transform level IvL.

— The variable RahtLvICnt, the number of transform levels.

116 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=458b17f08c948477860ec1b8ac09b16b

ISO/IEC 23090-9:2023(E)

10.5.2.3 Transform block weight

The weight of the DC transform coefficient for a block located at (bs, bt, bv) in transform level vl is
specified by the expression RahtBlkWeight[Ivi][bs][bt][bv]. It is equal to the number of points that the
coefficient applies to.

NOTE1 The sum of all block weights in any transform level is equal to the number of coded points (PointCnt).

NOTE 2  Ablock's weight is equal to the sum of its child block weights.

RahtBlkWeight[1vl] [bs] [bt] [bv] :=
RahtBlkWeight = 0

foxr /rd—Tr*] — ﬂ,- I\i-Tr\] D -ih-*-(”‘hi-,- I\i-Tr\] L)
RahtBlkWeight += isPointInSubtree[ptIdx]
whdre
JsPointInSubtree [ptIdx] =
bs == AttrPos[ptIdx][0] >> 1vl
&& bt == AttrPos[ptIdx][1l] >> 1lvl
&& bv == AttrPos[ptIdx][2] >> 1lvl

10.5.2.4 Number of transform levels and per-level block order

The rfoot node of the transform tree is the lowest block in the treewith a DC coefficient tHat spans the
entirg geometry; i.e. it has a weight equal to the number of coded(points, PointCnt.

The tree level containing the root node is RahtRootLvl:

RahtHootLvl := RahtLvlCnt - 1

Within a transform level, blocks are ordered for ceefficient coding by ascending Mortontcoded block
locat{on, as specified by the derivation of RahtBlkLoc. Empty blocks are ignored.
for {(RahtLvlCnt = 0; !done; RahtLvlCnt+H)

fof (mIdx = 0, nIdx = 0, wSum = 0; wSum < PointCnt; mIdx++) {
bs, bt, bv) = FromMorton (mIdx)

WSum += RahtBlkWeight [RahtLvACnt] [bs] [bt] [bv]

1f (RahtBlkWeight [RahtLvlCn®l}[bs] [bt] [bv] == 0)
continue
BahtBlkCnt [RahtLv1Cnt i+t
HahtBlkLoc [RahtLvlgntd] [nIdx] [0] = bs
HahtBlkLoc [RahtLy®€nt] [nIdx] [1] = bt
BahtBlkLoc[RahthvlCnt] [nIdx] [2] = bv
B Idx++
done = RaligBlkWeight [RahtLvlCnt] [bs] [bt] [bv] == PointCnt

10.5.2.5- 2x2x2 transform block coefficient weights

Transform coefficient weights are specified for each directional stage of the two-point transform
for 2x2x2 transform blocks by the expression RahtCoeffWeightM|[Ivl][stage][bs][bt][bv][m]; the
parameter(s):

— bs, bt and bv specify a transform block location in tree level Ivi, vl > 0;

— m specifies the transform coefficient index in forward transform stage stage.

RahtCoeffWeightM[1lvl] [stage] [bs] [bt] [bv] [m] := RahtCoeffWeight[lvl] [stage][s][t][V]
where

S

t

v

2 x bs + FromMorton[m] [0]
2 x bt + FromMorton[m] [1]
2 x bv + FromMorton[m] [2]
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Within a block, coefficient weights are determined iteratively starting from its child block weights
(stage 0) to the transform block coefficient weights of stage 3. At each transform stage and for each pair
of inverse-transformed values a and b, the weight for the DC (wL) and AC (wH) coefficient is the sum of
the weights for a and b. If the weight for either a or b is 0, the AC coefficient weight is 0.

The expression RahtCoeffWeight[Ivl][stage][s][t][v] specifies the derivation of a weight in transform
stage stage for the coefficient corresponding to the block located at (s, ¢, v) in tree level Ivi - 1.

RahtCoeffWeight[1lvl] [stage] [s][t] [V]

stage == 0 ? RahtBlkWeight[lvl - 1] [s][t][v] :
stage == 1 ? v $ 2 == 0 2?2 wL[O]J[O][1] : wH[O][O][-1]
stage == 2 ? t % 2 == 0 2 wL[O0][1][O0] wH[O0] [-1][0]
stage 2 —— o164 e =
where

wL[ds] [[dt] [dv] := wSum[ds] [dt] [dv]
wH[ds] [[dt] [dv] := wSum[ds] [dt] [dv] x wHnz[ds] [dt] [dv]
wSum [dg|] [dt] [dv] := wP[s][t][v] + wP[s + ds][t + dt][v + dv]
wHnz [dg|] [dt] [dv] := wP[s][t][v] x wP[s + ds][t + dt]l[v + dv] > 0
wP[s] [t]] [v] := RahtCoeffWeight[lvl][stage - 1][s][t][V]

NOTE RdhtBlkWeight[IvI][s][t][v] = RahtCoeffWeight[IvI][3][2 x s][2 x t][2 x v]; IVI5 0

In the examyple of Figure 18, block B has stage 0 coefficient weights of 1, 3 and™1; stage 1 and 2 weights

of 1, 4 and 1jand stage 3 weights of 5, 4 and 5. RahtCoeffWeight[1][1][3][0][2] would be 4.

10.5.3 Coefficient order

10.5.3.1 General

This subclau form

tree.

se specifies the correspondence between coded transform coefficients and the tran:

Starting fro
coded for ea

n the root of the transform tree and proceeding in breadth-first order, coefficients are
Ch transform block; all transform blocks within one tree level are coded before those pf the

next level. W

The order of]
greater than

The mapping

ithin a tree level, blocks shall be traversed in ascending Morton order of block location.

coefficients within a transfdrm block is specified by 10.5.3.2 for 2x2x2 blocks (tree
0) and 10.5.3.3 for blocks:of'co-located points (tree level 0).

b from the coded order to the transform tree is specified in terms of the following vari

evels

hbles:

Lvl, the index of the mapped transform level;

— Coeffldx| the index into'the decoded coefficient array AttrCoeff for the next mapped coefficient.
CoeffIdx = |0
for (Lvl = RahtLvI€tnt; Lvl =2 0; Lvl-—-) {
if (Lvl ¥ O\
. /% SeleN\10.5.3.2 */
} else {

.. /* See 10.5.3.3 */
}
}

10.5.3.2 Mapping for a tree level of 2x2x2 transform blocks
This subclause applies to tree levels greater than 0.

For each 2x2x2 transform block, up to 7 AC coefficients are mapped from the bitstream to coefficient
indexes within the block. In the case of the root transform block, the DC coefficient is additionally
mapped.

Table 28 specifies the order in which transform block coefficients are coded; RahtCoeffOrder([i] is the
block index of the i-th coded coefficient.
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Only coefficients with a non-zero transform coefficient weight are coded.

Table 28 — 2x2x2 RAHT coefficient coding order

i 0|12 |3 ]4]|5
RahtCoeffOrder[i] | 0 | 4 | 2 | 1 | 6 | 5 | 3

for (nIdx = 0; nIdx < RahtBlkCnt[Lvl]; nIdx++) {

bs = RahtBlkLoc[Lvl] [nIdx][0]
bt = RahtBlkLoc[Lvl] [nIdx][1]
bv = RahtBlkLoc[Lvl] [nIdx] [2]

fof (i = 0; 1 < 8; i++) {

* skip the DC coefficient that will be inherited */
1f (1 == 0 && Lvl < RahtRootLvl)

continue

1f (RahtCoeffWeightM[Lv1l] [3] [bs] [bt] [bv] [RahtCoeffOrder[i]] > O
RahtCoeff[Lvl] [bs] [bt] [bv] [RahtCoeffOrder[i]] = AttrCoeff[COeFfIdx++] [Cidk]

10.5.8.3 Mapping for co-located points
This gubclause applies to the final tree level (Lvl == 0), after all other tree levels have been mapped.

Each|transform block with a node weight w greater than*1 codes w - 1 AC coefficients wijith the same
attrilpute coordinates.

for (nIdx = 0; nIdx < RahtBlkCnt[0]; nIdx+#H\J

ns |= RahtBlkLoc[0] [nIdx] [0]
nt |= RahtBlkLoc[0] [nIdx] [1]
nv |= RahtBlkLoc[0] [nIdx] [2]

fod (i = 1; 1 < RahtBlkWeight[O0]lLns] [nt] [nv]; i++)
HahtCoeff[0] [ns] [nt] [nv] [1] A AttrCoeff[CoeffIdx++][Cidx]

10.5.4 Coefficient scaling

10.5.4.1 General

This subclause specifies the scaling of coded coefficients for a block located at (Bs, Bt, Bv)|in tree level
Lvl. I shall be applied to every block in every tree level in any order.

If a regional QP offset is present (i.e. attr_region_cnt > 0), a tree (10.5.4.4) is specified thpt blends QP
offsefs along region boundaries according to the structure of the RAHT tree.

10.5.4.2 For a transform block

Within a transform block, coded coefficients shall be scaled according to a per-coefficient QP. The DC
coefficient is not scaled except when coded in the root node of the transform tree.

mCnt := Lvl > 0 ? 8 : RahtBlkWeight[O0] [Bs] [Bt] [Bv]
for (m = 0; m < mCnt; m++) {
/* skip the DC coefficient that will be inherited */

if (m == 0 && Lvl < RahtRootLvl)
continue
RahtCoeff[Lvl] [Bs] [Bt] [Bv] [m] = RahtCoeffScaled[Lvl] [Bs] [Bt] [Bv] [m]

}
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The scaling of the m-th coded coefficient of a transform block located at (bs, bt, bv) in tree level vl is
specified by the expression RahtCoeffScaled|Ivl][bs][bt][bv][m]: it is scaled by the fixed-point step size
AttrQstep[gp] (10.7.4) and represented as a 15 fractional-bit, fixed-point coefficient value.

RahtCoeffScaled[1lvl] [bs] [bt] [bv] [m] := coeff x AttrQstepl[gp] << 7
where
coeff := RahtCoeff[lvl] [bs] [bt] [bv] [m]
gp := RahtCoeffQp[lvl] [bs][bt] [bv] [m]

10.5.4.3 Per coefficient QP

The expression RahtCoeffQp|Ivl]| bs][ bt][bv][ m] specifies the QP for the m-th coefficient of the transform
block locatedl at (bs, bt, bv) in tree level Ivi for the Cidx-th attribute component:

— rgnOffsdt[qc] is the per-coefficient offset from the region-dependent QP offset tree.
— dpth is the depth of the transform block in the RAHT tree.

RahtCoeffQp[1lvl] [bs] [bt] [bv] [m] := AttrQpl[dpth] [rgnOffset] [Cidx > 0]
where
dpth :5 RahtRootLvl - 1vl
rgnOffset[gc] := RahtTreeQpOffsetM[1lvl] [bs] [bt] [bv][m] [gc]

10.5.4.4 Region-dependent QP offset tree

The integer,|averaged region-dependent QP offset for each coefficient of a 2x2x2 transform blgck is
specified by|the expression RahtTreeQpOffsetM[Ivl][bs][bt][bv]ni]. The parameter(s):

— bs, bt and bv specify a transform block location in treelevel Ivi;
— m specifiies the transform coefficient index from the final forward transform stage.
RahtTreeQp(ffsetM[1vl] [bs] [bt] [bv] [m] :=

1vl == |0 ? RahtTreeQpOffset[ 0][3][bs]dbt] [bv][gc] >> 4
: RahtTreeQpOffset[lvl] [3] [ms¥mt] [mv] [gc] >> 4

where
ms := 2 x bs + FromMorton[m] [0]
mt := 2| x bt + FromMorton[m] [1]
mv := 2 x bv + FromMorton [m] [«

The fixed-pqint, region-dependent QP offset tree is structurally identical to the transform tree. It is
specified reqursively for a QP eomponent gc by RahtTreeQpOffset[IVI][s][t][v][qc]:

— For treellevel 0, the offsetis the regional QP offset for a point with attribute coordinates (s, t, ).

— For eacl subsequenttree level /, a 2x2x2 block of QP offsets is averaged for each transform stjge in
turn. Eagh QP offsetin a block at stage 0 is that of the DC transform block coefficient for a child plock
in the pyeceding level I - 1.

W1th1n a blO b e vanch cobhcnaninnt trancfoy ctagn avunpragne Alangthatwrancfornnd avic A dia ot il"S Of

CIS, Tt SO ST UCTIIC I ot STUT T St 5TV CTO S U5, atUTT S T T ot STOT T O oA TS, ot uaCTTIc P

QP offsets from the preceding stage that have a non-zero transform coefficient weight. For a pair of QPs
a and b with respective weights wa and wb:

— The weight for the corresponding DC coefficient is a + b divided by 2 if wa and wb are non-zero, or 1
otherwise.

— The weight for the corresponding AC coefficient is b if wa and wb are non-zero, or 0 otherwise.

Averages shall be calculated using four fractional bits.

RahtTreeQpOffset[lvl] [stage] [s][t][Vv][gc] :=

1lvl == 0 ? RahtRegionQpOffset([qgs][gt][gv][gc] << 4 :

stage == 0 ? RahtTreeQpOffset[lvl - 1][3][2 x s][2 x t][2 x v][qgc]
stage == 1 2?2 v $ 2 == 0 2 gpL[O0][0][1] : gpH[O][O][-1]

stage == 2 ? t & 2 == 0 ? gpL[0][1][0] : gpH[O][-1][0]
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stage == 3 ? s $ 2 == 0 2?2 gpL[1][0]([0] : gpH[-1][0][0] : na

where
gpL[ds] [dt] [dv] = gpSum[ds] [dt] [dv] >> gpHnz[ds] [dt] [dV]
geH[ds] [dt] [dv] := gpC[s][t]([v] x gpHnz[ds] [dt] [dv]
gpSum[ds] [dt] [dv] := gpCls][t][v] + gpCl[s + ds][t + dt][v + dv]
gpHnz [ds] [dt] [dv] := wC[s][t][v] x wC[s + ds][t + dt][v + dv] > O
geCls][t] [Vv] = RahtTreeQpOffset[lvl][stage — 1][s][t][v]I[gc]
wC[s][t] [V] = RahtCoeffWeight[lvl][stage - 1][s][t][V]

An example tree is illustrated in Figure 19 for the transform tree of Figure 18. The hatched area has a
regional QP offset of +6; co-located points c, d and e have an offset of +6; points b and f, 0. In block A,
the stage 3 QPs are used to scale the transform coefficients. For the coefficient at m = 0, 334, the QP is
the mean of the stage 2 QPs 1% and 6; for the coefficient at m = 4, it is 1%. Scaling of coefficient uses the
integpr part of the fractional QP.

RahtTreeQpOffset RahtRegionQpQffset
=1 vl=0 \
b
4 = v
O]«—e
f 2 Slol~—d - oo
£ S 3 olg slol~—c Jf
/ ~ b i Led___[ee
a
0 (I IR |
~—_———
A B C 0 2 # S
Key
btof| points (See Figure 18)
Ato C| transform blocks (See Figure 18)
x transform coefficients at input to inverse transform for labelled block
o inverse transformed coefficient
o inherited DC coefficient (See RahtDcCogff)

otos| QP values (See RahtTreeQpOffset)

Figure 19--= Example region-dependent QP offset tree

10.5.p Transform domain prediction

10.5.5.1 General

This $ubclause-applies when raht_prediction_enabled is 1. It specifies the transform domaijn prediction
for a plock leeated at (Bs, Bt, Bv) in tree level Lvl. It shall be performed for every eligible bldck (10.5.5.2)
in theg tree level, in any order, by:

— gemerating a prediction block (16-5-547;
— weighting the values of the prediction block (10.5.5.5) and applying the forward transform (10.5.5.6);

— adding the resulting AC transform coefficients to the coefficient residuals in the coefficient tree.

The prediction block and its transform is specified in terms of the eight-element array RahtPredBlk;
RahtPredBIk[m] is the prediction block value for the Morton-coded location m.

if (RahtPredkEligible[Lvl] [Bs] [Bt][Bv]) {
for (m = 0; m < 8; m++)
RahtPredBlk[m] = RahtPredW[m]
. /* in-place, forward transform of RahtPredBlk (10.5.5.6) */

for (m = 1; m < 8; m++)
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RahtCoe

ff[Lvl] [Bs] [Bt] [Bv] [m] += RahtPredBlk[m]

10.5.5.2 Eligibility

When enabled, transform domain prediction shall be performed for 2x2x2 transform blocks unless the

block:

is the root of the transform tree;

is adjoined (10.5.5.3) by fewer than raht_prediction_samples_min non-empty blocks; or

has an

The express
(bs, bt, bv) ir

RahtPredEl]i]
&& 1vl
&& 1vl
&& Raht]
&& Raht]

10.5.5.3 Ad

A prediction
located blocl

The express
predict the i

RahtNeighCnl
where
neighWg

The express
ancestor of
be considersd

RahtNeighCnl
1vl >=
where
neighCnf
minAnce

The express

cestor, except the root block, that 1s adjoined by fewer than raht_prediction_subiree_
non-emppty blocks.

ion RahtPredEligible[IvI][bs][bt][bv] specifies whether the transform blockAocat
tree level vl is eligible.

gible[1lvl] [bs] [bt] [bv] := raht prediction enabled
> 0
RahtRootLvl

>

NeighCnt[1vl] [bs] [bt] [bv] raht prediction samples min
NeighCntMinAncestor[1vl] [bs] [bt] [bv] 2 raht prediction’subtree min

joining blocks

block is generated from up to 19 transform blocks/that contain a DC coefficient: th
x and those that adjoin the predicted block by a face/or an edge.

jon RahtNeighCnt[IvI][bs][bt][bv] is the number of non-empty blocks that can be us
lock located at (bs, bt, bv) in tree level lvi.

t[1vl] [bs] [bt] [bv]

SumN19 [neighWeightGtO0]

1ightGtO[ds] [dt] [dv] RahtBlkWelght [1vl] [bs + ds][bt + dt][bv + dv] > 0

ion RahtNeighCntMinAncestorfvl][bs][bt][bv] is lowest value of RahtNeighCnt for

he block located at (bs, bt; hv)) in tree level Ivl. In determining eligibility, the root node
d to have 19 adjoining hlocks.

tMinAncestor [1vl] [bs] [bt] [bv]
RahtRootLvl — 1 3%19 : Min(neighCntP, minAncestorCnt)
tP :=
storCnt

RahtNeighCnt[1lvl + 1][bs / 2][bt / 2][bv / 2]
RahtNeighCntMinAncestor[lvl + 1][bs / 2][bt / 2][bv / 2]

on SumN19[expr] sums the result of applying expr to the relative tree location of ez

the 19 possible adjacent blocks.

min

ed at

€ CO-

ed to

any
shall

ich of

SumN19 [expn
SumN19 =
for (ds

for (d
for
if

S

t
(

] =

0

-1; ds < 1; ds++)

= -1; dt < 1; dt++)
dv = -1; dv < 1; dv++)

(Abs (ds) + Abs(dt) + Abs(dv) < 3)
umN19 += expr[ds] [dt] [dv]

10.5.5.4 Upsampling

10.5.5.4.1 Normalized DC values

The samples used to generate an upsampled prediction block are transform-block DC coefficients
(10.5.6.2) normalized by their weight as specified by RahtDcNorm; RahtDcNorm|[Ivl][bs][bt][bv] is the
sample value for the block located at (bs, bt, bv) in tree level IvL.
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RahtDcNorm[lvl] [bs] [bt] [bv] :=
DivExp2Fz ( (coeff >> wShift) x (IntRecipSqrt(w) >> 25 - wShift), 30)

where
w := RahtBlkWeight[lvl] [bs] [bt] [bV]
coeff := RahtDcCoeff[1lvl] [bs] [bt] [bv]
wShift := w > 1024 ? IntLog2(w — 1) >> 1 : O

10.5.5.4.2 Exclusion of adjoining blocks

Adjoining blocks shall be excluded from the upsampling process if either their weight is zero or the
normalized DC value for their primary attribute component is:

l +la la .72 43 Ll ad £ 1 ad lal 1
I OO LIIdIll Ul Cl.il.l(ll LU U, 4 UIITITS tIIdat U LUTIuldtlttu UIUCLLK, Ul
— gdreater than or equal to 2,5 times that of the co-located block.

The pxpression RahtPredExcluded|[ds][dt][dv] specifies whether the block with relative location
(ds, dt, dv) is excluded from contributing to the upsampled prediction of the block (Bs, Bt, Bv).

RahtBredExcluded[ds] [dt] [dv] :=

idx == 0 ? empty || sample < limitMin || sample 2 limitMax
. /* Value of RahtPredExcluded[ds] [dt] [dv] fofx @¢idx == 0 */
whdre
gmpty := RahtBlkWeight[Lvl] [Bs] [Bt] [Bv] == 0
dample := 10 x RahtSample[Lvl][Bs + ds][Bt + dt] [Bvt~dv]
JimitMin := 2 x RahtSample[Lvl] [Bs] [Bt] [Bv]
JimitMax := 25 x RahtSample[Lvl] [Bs] [Bt] [Bv]

10.5.5.4.3 Upsampled prediction block

The spmples of the 2x2x2 prediction block are the.weighted averages of the adjoining blockd normalized
DC vdlues. For each sample, the weight for the adjoining block depends upon the relative pogitions of the
block and the sample location.

The dxpression RahtPred|[m] specifies thewvalue for the Morton-coded sample location m; Where:
— SumN19[w] is sum of the weight'of each adjoining block;

—  SumN19[wNeigh] is the sum.of the weighted normalized DC values for each adjoining block;

—

he 15 fractional-bit, fixed-point reciprocal of the sum of weights, RahtPredRecipW|x] id specified by
able 29.

—]

NOTH Samples ¢hat correspond to child blocks with block weights equal to zero do not confribute to the
upsampled prediefion block.

RahtBred[mphN# SumN19 [wNeigh] x RahtPredRecipW[SumN19[w]]
whdre
y[dsMdt] [dv] := RahtPredExcluded[ds] [dt] [dv] ? 0 : RahtPredWeight[ds] [dt] [fv] [m]
YNedgh [ds] [dt] [dv] := w[ds][dt] [dv] x RahtDcNorm[Lvl][Bs + ds][Bs + dt][Bs { dv]

The expression RahtPredWeight[ds][dt][dv][m] is the weight to be applied to the normalized DC value
of the block with relative tree location (ds, dt, dv) for the Morton-coded prediction block sample location
m. The weight shall be 4 for the co-located block, 2 for blocks that adjoin by a face and 1 for blocks that
adjoin by only an edge.

RahtPredWeight [ds] [dt] [dv] [m] := (m & adjMask) == adjLoc ? weight : O
where
weight := 4 >> (ds # 0) + (dt # 0) + (dv # 0)
orton(ds # 0, dt # 0, dv # 0)

adjMask :=

M
adjLoc Morton(ds > 0, dt > 0, dv > 0)
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Table 29 — Values of RahtPredRecipW|x]

b.¢ 0 1 2 3 4 5 6 7 8 9
RahtPredRecipW[x] 8192 | 6554 | 5461 | 4681 | 4096 | 3641 | 3277 | 2979 | 2731 | 2521

10.5.5.5 Weighted prediction block

The forward transform of an upsampled prediction block shall use weighted sample values. Each
sample shall be weighted by its corresponding transform coefficient weight. The weighted sample value
is specified by RahtPredW[m] for the block located at (Bs, Bt, Bv) in tree level Lvl.

RahtPredW[u] —DTvE PZT \r\cLhL,rJ_L—;d[m] W, 15;
where
w := IntSgrt (RahtCoeffWeightM[Lv1][0] [Bs] [Bt][Bv] [m] << 30)

10.5.5.6 Fofward transform for a 2x2x2 block prediction block

The forward transform for a 2x2x2 prediction block comprises transforming pairs 'of coefficients plong
each axis.

First, along the V axis:

rahtFwdlD[2
rahtFwdlD[2
rahtFwdlD[2
rahtFwdlD[2

rahtFwdlD[1}] [0] [
rahtFwdlD[1] [1] [
rahtFwdlDI[1]] [4] [
rahtFwdlD[1}] [5] [

Third, along|the S axis:

rahtFwd1D[0f] [0] [
rahtFwdlD([O] [1] [
rahtFwd1D[0f] [2] [
rahtFwdlD[0f] [3] [
The expressjon rahtFwd1D[k}{aldx][bldx] specifies the invocation of the in-place, forward, two-point
transform fdr the aldx-th and b1dx-th coefficients along the k-th axis.

rahtFwdlD[K] [aldx] [b&d%Y := RahtFwd (aCoeff, bCoeff, wa, wb)
where
aCoeff |:= RahtRredBlk[aldx]
bCoeff |:= RahtPredBlk[bIdx]
wa := RahtCeeffWeightM[Lvl] [stage] [Bs] [Bt] [Bv] [aldx]
wb := Raht€oeffWeightM[Lvl] [stage] [Bs] [Bt] [Bv] [bIdx]
stage := 2 - k

10.5.5.7 Forward two-point transform

This subclause specifies the in-place, forward, two-point transform RahtFwd(aCoeff, bCoeff, wa, wb). Its
parameters are:

— the expressions aCoeff and bCoeff that identify the coefficients to be transformed in-place;
— the weights wa and wb that are the coefficient weights for aCoeff and bCoeff, respectively.

NOTE The specification of the forward two-point transform applies only to prediction blocks for the
reconstruction of point attributes.

The transform basis vectors 15-fractional-bit, fixed-point coefficients a and b:
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IntSgrt (wa << 30) x IntRecipSgrt(wa + wb) >> 40
IntSgrt(wb << 30) x IntRecipSqgrt(wa + wb) >> 40

If both wa or wb are 0, the transform result is:

if |
vyl

If eit

NOTH If either wa or wb is zero, the respective opposing coefficient b or a is not necessarily/213.

Otherwise (both wa and wb are greater than 0), the transform result is:

The transform result replaces the input coefficients:

aCoe
bCoe

10.5.

10.5
This

be applied to every block in the tree levelin‘any order.

10.5

wa == 0 && wb == 0)
=vyh =0

her wa or wb is 0, the transform result is:

0 || wb == 0) {
# 0 ? aCoeff : bCoeff

Q

=w
=0

wa # 0 && wb # 0) {
= DivExp2Fz (aCoeff x a, 15) + DivExp2Fz (bCoeff x b, 15)
= DivExp2Fz (bCoeff x a, 15) - DivExp2Fz(aCoeff x b, 15)

1f
1f

yl
vh

6 Inverse transform

6.1 General

subclause specifies the inverse transform for a block located at (Bs, Bt, Bv) in tree lev

6.2 DC transform coefficient inheritance

bl Lvl. It shall

Each|block other than the roet:node of the transform tree shall inherit its DC coeffici¢nt from the

corrgsponding inverse-transformed coefficient in its parent block. The inherited coeffic
roungled to retain two fraetional bits, with half values rounded away from zero.

if (
Ra

Ivl < RahtRoothmwl)
HtCoeff[Lv1l](Bsd [Bt] [Bv] [0] = DivExp2Fz (RahtDcCoeff[Lvl] [Bs] [Bt][Bv], 13) <

ient shall be

13

For a|block located at (bs, bt, bv) in tree level Ivl, the corresponding coefficient in the pajrent block is

spec

Raht
wh

10.5

ified by \RahtDcCoeff[IvI][ bs][bt][bv].

c@oeff [1vl] [bs] [bt] [bv] := RahtCoeff[lvl + 1][bs / 2][bt / 2][bv / 2] [mP]
qra

mP := Morton[bs & 1][bt & 1][bv & 1]

.6.3 For a 2x2x2 transform block

The inverse transform for a 2x2x2 block located at (Bs, Bt, Bv) in tree level Lvl comprises transforming
pairs of coefficients along each axis.

First, along the S axis:

raht
raht
raht
raht

Seco

Inv1D[0] [0] [4]
InvlD[0][1] [5]
InvliD[0][2] [6]
Inv1D[0][3][7]
nd, along the T axis:
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rahtInvlD[1
rahtInvlD[1
rahtInvlD[1
rahtInvlD[1

rahtInvlD[2
rahtInv1lD[2
rahtInvlD[2
rahtInvlD[2

090-9:2023(E)

The expression rahtinvlD[k][aldx][bldx] specifies the invocation of the in-place inverse transform for

the aldx-th qud prax—thrcoefficlents atong the kthaxisof the block————————— |

rahtInv1D[K
where

aCoeff [:

bCoeff
wa := R
wb := H
stage :

10.5.6.4 Fo

The inverse
iteratively ty

for (i 1;
rahtInvDy

The express
coefficient.

rahtInvDup |
where

aCoeff [:

bCoeff
wa

R

10.5.6.5 In

This subclay
parameters

— the expi
coefficid

— the weig

I co-located points

] [aldx] [bIdx]

RahtInv (aCoeff, bCoeff, wa, wb)
= RahtCoeff[Lvl] [Bs] [Bt] [Bv] [aldx]

:= RahtCoeff[Lvl] [Bs] [Bt] [Bv] [bIdx]
ahtCoeffWeightM[Lvl] [stage] [Bs] [Bt]
ahtCoeffWeightM[Lvl] [stage] [Bs] [Bt]
2 -k

(
[

v] [aldx]

B
Bv] [bIdx]

transform for a block of co-located points located at (Bs, Bt, Bv) in tree level 0 comyj
ansforming the block's DC coefficient paired with each-Successive block coefficient.

i < RahtBlkWeight[O0] [Bs] [Bt] [Bv];
o [1]

it++)

ion rahtinvDup[i] specifies the invocation<of)the in-place inverse transform for th

i] = 1)

RahtInv (aCoeff, bCoeff, wa,

RahtCoeff[0] [Bs] [Bt] [Bv] [O]
:= RahtCoeff[0] [Bs] [Bt] [Bv]{i]
ahtBlkWeight [0] [Bs] [Bt] [By]v— i

yerse two-point transferm

se specifies the insplace, inverse, two-point transform Rahtlnv(aCoeff, bCoeff, wa, wi
hre:

essions atoeff and bCoeff that respectively identify low- and high-frequency tran;s

rises

e i-th

). Its

form

The transfor

a
b :

IntSqgr
IntSqgr

nts;

hts iva'and wb that are the respective coefficient weights for aCoeff and bCoeff.
mbhacicunctarc icn JE Frontinnal Tt 1o d st ~onff letlante o and b

III'UAdoIo VOLLULI O UoL 1 U 11dattivIIidl UIL, T'TIACTU l.l\.llll\- CULCITIVIVIItO U At o

t(wa << 30) x IntRecipSgrt(wa + wb) >> 40

t(wb << 30) x IntRecipSqgrt(wa + wb) >> 40

If either wa or wb is 0, the transform result is:

== 0
wa #
wb #

NOTE

[l wb == 0) {
0 ? aCoeff : O
0 ? aCoeff : O

If either wa or wb is zero, the respective opposing coefficient b or a is not necessarily 215,

Otherwise (both wa and wb are greater than 0), the transform result is:
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if (wa # 0 && wb # 0) {

ya = DivExp2Fz (aCoeff x a, 15) - DivExp2Fz (bCoeff x b, 15)
yb = DivExp2Fz (bCoeff x a, 15) + DivExp2Fz (aCoeff x b, 15)
}

10.5.7 Reconstructed attribute values

Reconstructed attribute values are specified by the expression RahtRecon[s][t][v][i] for an i-th co-
located point with attribute coordinates (s, t, v). They are:

— extracted from inverse transformed blocks in the bottom two tree levels; unique points from tree
level 1; duplicate points from tree level 0; then

— rpunded to discard the 15 fractional bits of the fixed-point representation, with halve values
rpunded away from zero; then

— dlipped to be within the attribute value range [0, AttrMaxVal].
RahtHecon([s] [t][v][1i] := Clip3(0, AttrMaxVal, DivExp2Fz(value, 15))
whgre
YJalue := RahtBlkWeight[O0][s][t][v] == 1

? RahtDcCoeff[0][s][t][V]
: RahtCoeff[0] [s][t][v]I[i]

The mapping of the slice geometry to reconstructed attributé-values shall map points with identical
attrilpute coordinates to successive elements i of RahtRecon[s][t][v][i] in canonical point ¢rder. i.e. the
i-th element shall be the i-th instance of the attribute coordinates (s, ¢, v) from the start of AttrPos.

The following is specified in terms of the sparse artay’dupPtldx; dupPtldx[s][t][v] is th¢ cumulative
count of points with attribute coordinates (s, ¢, v). Unset elements of dupPtldx shall be infefred to be 0.

for (ptlIdx = 0; ptlIdx < PointCnt; ptIdx++),{
AttrPos[ptIdx] [0]

AttrPos|[ptIdx][1]

AttrPos[ptIdx] [2]

dupPtIdx[s] [t] [V]

PtIdx[s][t] [v]++

Q.
[
=

PointAttr[ptIdx] [Cidx] = RahtRecon[s][t][v][1i]

10.6( Attribute decoding using levels of detail

10.6./1 General

The gttribute decoding processes specified by 10.6 are distance-based prediction schemes that use a
hierafchicalfevel-of-detail representation of the slice geometry. They apply when attr_cqding_type is
either or2.

Detail levels are defined by an iterative subsampling process (10.6.5). The finest detail level comprises
all points in the slice geometry. With each iteration, a coarser detail level is generated from the previous
coarsest detail level.

Every detail level comprises a list of points present in the detail level, and is associated with a list of
refinement points. A refinement point is a point that is present in a detail level and not present in any
coarser detail level; the refinement points for detail level Ivl, when combined with the coarser detail
level lvl + 1, form detail level Ivl.

For each refinement point, a set of neighbouring points is determined (10.6.6) using inter- and intra-
detail-level searches. The neighbouring points form a predictor set that is used to predict attribute/
transform coefficient values.
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Attribute reconstruction (10.6.7) proceeds from the coarsest to the finest detail level. Transform
coefficients are coded in the same order.

A coded transform coefficient is associated with each refinement point. The transform (10.6.12)
comprises two operations: an update step that modifies the predicting points and a prediction step that

adds the transform coefficient to a predicted attribute/coefficient value.

LoD, = AttrPos @

XooopooopmooopoeooxooopmooopooopoooXo o
O X O Ol X
Q / ) Q
\. Q
LoD, =1 LoD, R = LoD, \ LoD, 4 o
XDDDX[]E]E]X‘OOOOOOOO‘Ol.OOOOOOOOOOOOOOO D/ °

LoD

\ R = LoD \ LoD,

X X X

oooooo

R

2

Figul

An example
corresponds
periodic sub
points in Lol
pointeinR,
level search
are associatg
points in Lol

10.6.2 Synt

lod_dist_log
dist_log2 for
be inferred t

‘e 20 — Example of points in three detail levels and their spatial arrangement

level-of-detail hierarchy is illustrated in Figure 20. LoDy is the finest detail leve
to all points in the slice. The generation of subsequent ‘detail levels is performed

sampling with samplingPeriod equal to 4. The numbefr-of detail levels is limited to 3
D, that are not assigned to LoD, are in refinement list'\R,. The attribute value for the m
for LoD, is predicted from a set of spatially neighboturing points found using an inter-d
bf LoD, and an intra-detail-level search of points earlier in R,. Transform coefficient v
pd with each refinement point and coded fromi'R, to R,. The refinement list R, comprig
D,

ax element semantics

2_offset specifies an offset ta'the APS-specified finest detail level block size lod_ix
LoD generation and predictor searches. When lod_dist_log2_offset is not present, it
o be 0.

10.6.3 Reconstruction process

The reconst

deriving

searchir

uction of pointattribute values comprises:
a set of détail levels from the slice geometry (10.6.5);

g for-point predictors (10.6.6);

determi

| and
using
. The
irked
etail-
alues
es all

itial_
shall

hing transform coefficient weights (10.6.11); and

reconstructing attribute values from coded coefficients (10.6.7).

The reconstructed values are stored in the array PointAttr.

10.6.4 State variables

Levels of detail are specified in terms of the following state variables; the index Ivl identifies a detail

level:

— The variable Lod(Cnt, a count of detail levels generated from the slice geometry.

— Thearray LodPtCnt, the size of each detail level; LodPtCnt[Ivl] is the number of points in the identified
detail level.
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— The array LodPtldx, identifying points in each detail level by their canonical point order index;
LodPtldx[Ivl][i] is the AttrPos index of the i-th point in the identified detail level.

— The array LodRfmtPtCnt, the size of each detail level's refinement list; LodRfmtPtCnt[Ivl] is the
number of points in the refinement list for the identified detail level.

— The array LodRfmtPtldx, identifying points in each refinement list by their canonical point order
index; LodRfmtPtldx[IvI][i] is the AttrPos index of the i-th refinement point for the identified detail
level.

Point predictors are specified in terms of the following state variables; the index ptldx identifies a point
by its index into AttrPos:

o

— The array PredCnt; PredCnt[ptldx] is the size of the predictor set for the identified poir]

The array PredPtldx,identifies point predictors by their canonical point order indeX; PreqPtldx[ptldx]
[pi] is the AttrPos index of the ni-th point in the predictor set for the identified point.
j|
t

he array PredWeight of point predictor weights; PredWeight| ptidx][ni}isthe predictign weight for
he predictor identified by PredPtldx|ptldx][ni].

|
=

he array CoeffWeight of transform coefficient weights; Coeffieight[ptidx] is the nprmalization
Feight for the transform coefficients associated with the identified point.

<

10.6.5 Levels of detail

10.6.5.1 General generation process

The ¢ffect of this process is to represent the LoDystructure in the state variables LodCnt, LodPtCnt,
LodPtldx, LodRfmtPtCnt and LodRfmtPtldx.

The finest detail level shall contain the entirte slice geometry (10.6.5.2). It is identified by thie detail level
indey 0.

a single point remains or lod_max:_levels_minus1 subsampled detail levels have been prjoduced. The

DetaiElevels shall be iteratively subsampled (10.6.5.4), starting from the finest detail level, until either
variaple Lvl identifies the detaillevel to be subsampled.

Lvl § O
for {; Lvl < lod mag~fevels minusl; Lvl++) {
if | (LodPtCnt [Lvlfk== 1)
reak

* subsamplel\bodPtIdx[Lvl] */

}
LodCijt = Luvl + 1

The ¢oarsest detail level is identified by the detail level index LodCnt — 1. All points in [the coarsest
detai| level shall be assigned to the coarsest level's refinement list (10.6.5.3).

10.6.5.2 The finest detail level

The AttrPos point indexes of the finest detail level shall have an initial one-to-one correspondence with
the canonical point order of the slice geometry.

for (ptIdx = 0; ptIdx < PointCnt; ptIdx++)
LodPtIdx[0] [ptIdx] = ptIdx
LodPtCnt[0] = PointCnt

Unless attr_canonical_order_enabled is 1, the point indexes of the finest detail level shall be sorted
in ascending order of their respective Morton-coded attribute coordinates. The sorted order shall be
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identical for the decoding of all attributes in a single slice with identical attribute coordinate arrays

(AttrPos).

NOTE

requirement for identical orders.

An example (inefficient) sorting process is:

for (1 = 0;
for (j
iPtIdx
JPtIdx
iMorton

i < LodPtCnt[0]; i++)

i+ 1; j < LodPtCnt[0]; 7j++)
LodPtIdx[0] [1]
LodPtIdx([0][7]

Morton (AttrPos[iPtIdx][0],

{

AttrPos[iPtIdx][1], AttrPos[iPtIdx][2])

Performing a stable sort for each attribute or reusing the reordered points would satisfy the

JjMorton
if (iM-g
Swap (

}

10.6.5.3 Th

= Morton (AttrPos[]jPtIdx] [0],
rton > jMorton)

[LodPtIdx[0] [1],

AttrPos[jPtIdx] [1], AttrPos[jPtIdx][2])

LodPtIdx[0][J])

e coarsest detail level

After generdtion of the LoD hierarchy, all points in the coarsest detail level shall be-assigned to t

refinement |

for (i 0;
LodRfmtPY

st.

i < LodPtCnt[LodCnt - 1]; 1++)
Tdx [LodCnt - 1][i] LodPtIdx[LodCnt - 1][1i]

10.6.5.4 Generation of a single detail level

The coarser

detail level Lvl + 1 shall be produced by subsampling'the points of detail level Lvl.

The followi

The exp|
level.

The exp|
level.

The exp
detail le

The exp
detail le

The exf]
refinem

Subsampling
for the inpuf

T; definitions are used in the specification of the.subsampling processes:

ession InLodPtCnt is an alias for LodPtCat[Lvl], the number of points in the input

ression InLodPtldx[i] is an alias for“LodPtldx|Lvl][i], the point indexes of the input

ression OutLodPtCnt is an alias for LodPtCnt[Lvl + 1], the number of points in the o

vel.

ression OutLodPtldx[i] is an alias for LodPtldx[Lvl + 1][i], the point indexes of the o
vel.

ression OutRfmtPtldx[i] is an alias for LodRfmtPtldx[LvI][i], the point indexes d
ent list forddetail level Lvl.

partitions points in the input detail level into an output detail level and the refineme
détail level. The partitioning process shall preserve the relative ordering of points

input detail

he its

Hetail

Hetail

utput

utput

f the

ht list
n the

evel

Subsampling shall proceed according to:

— block-based subsampling (10.6.5.8) if lod_scalability_enabled is 1, or lod_decimation_mode is 2;

— periodic

subsampling (10.6.5.5) if lod_decimation_mode is 1; or

distance-based subsampling (10.6.5.6) otherwise.

10.6.5.5 Periodic subsampling

Periodic subsampling generates a subsampled output detail level by sampling every one-in-sampling-
period points in the input detail level.
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The sampling period for the current detail level is subsamplingPeriod.

samplingPeriod := 2 + lod sampling period minus2[Lvl]

-9:2023(E)

Input points shall be assigned to either the output detail level or the refinement list according to their
index in the input detail level modulo the sampling period:

OutLodPtCnt = outRfmtPtCnt = 0
for (1 = 0; 1 < InLodPtCnt; i++) {

10.6.5.6 Distance-based subsampling

Distajnce-based subsampling generates a subsampled output detail level by:

BlkSjzeLog2 := lod initial dist log2 + lod dist log2 offsefi’+ Lvl + 1

The gubsampling process is specified in terms of the following state variables; the indexes
identjfy the block location (bs, bt, bv):

The points in the input detail level shdll be processed sequentially. For each input point:

OutLqgdPtCnt ~A\eutRfmtPtCnt = 0

[

if (i % samplingPeriod)

OutRfmtPtIdx [outRfmtPtCnt++] = InLodPtIdx[i]
else
OutLodPtIdx [OutLodPtCnt++] = InLodPtIdx[i]

2 BlkSizeLog 2 (3454, 4 cubic bloc

%)

patially partitioning the input detail level into a lattice of

dssigning at most one point from each block to the subsampled detail level.

The sparse array MapSub; MapSub|[bs][bt][bv] eqiiaMo 1 indicates that the identified bl
d single point previously assigned to the subsampled detail level. Unset elements of]
ipferred to be 0.

The sparse array MapPtldx, identifies<points assigned to the subsampled detail
MapSub[bs][bt][bv] is 1, MapPtldx[bs]}bt][bv] is the AttrPos index of the point ass
sjubsampled detail level.

The variable Ptldx is the AttrPos index of the point.

The block location (Bs, Bt, Bv) is determined from the point's attribute coordinates.

—

epending upom the result of a per-point test (10.6.5.7), the point shall be assigned
dutput detail level or the refinement list. The result of the test is the variable IsSubsam

ks; and

bs, bt and bv

ock contains
MapSub are

level. When
gned to the

to either the
pledPoint.

for (i = Q\*'< InLodPtCnt; i++) {

Ptldx # IMLodPtIdx|[i]

Bs |=<{&CtrPos [PtIdx] [0] >> BlkSizeLog?2

Bt |I=\"ttrPos[PtIdx][1] >> BlkSizelLog?2

Bv = AttrPos[PtIdx][2] >> BlkSizeLog2

. /* IsSubsampledPoint = result of per-point test (10.6.5.7) */

if (MapSub[Bs] [Bt] [Bv] || —IsSubsampledPoint)
OutRfmtPtIdx [outRfmtPtCnt++] = PtIdx

else {
OutLodPtIdx[OutPtCnt++] = PtIdx
MapSub[Bs] [Bt] [Bv] = 1
MapPtIdx[Bs] [Bt] [Bv] = PtIdx

}

}
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10.6.5.7 Per-point decision for distance-based subsampling

The derivation of IsSubsampledPoint specifies whether the point shall be assigned to the output detail
level.

A point shall be assigned to the output detail level unless the squared distance between it and any
previously assigned point from a set of adjacent blocks within an availability window is less than
or equal to sqRadius. Each availability window shall be a 128x128x128 block volume identified by
(Bs>>7,Bt>>7 Bv>>7).

sgRadius = 3 << 2 x (BlkSizeLog2 - 1)

N
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Figure 21 — Example decisions using distance-based subsampling

Example perfpoint decisions are illustrated in Figure@t. Subsampling generates three detail levels. The
points assigfped to LoD, by subsampling LoD (when Lvl = 0) are not within the shaded radius +/sqRadius

of any other| point in LoD;. The block size used“to subsample LoD, is BlkSizeLog2 = 1. All poin{s are
within a single availability window.

The array npighPtldx is a neighCnt-element list of AttrPos indexes of points present in the adjacent
blocks of thg output detail level thatare within the availability window. Table 30 specifies the re|ative
locations of the adjacent blocks.

neighCnt = |0
for (i = 0;] 1 < 19; i+%) .1
ns = Bs H adjBlkOffiset[i
nt Bt H adjBlkeffset[i
nv Bv H adjBlkOffset[1
unavailable # [ns » Bs)
if (unavalilable)
continue

110]
101]
1102]
>> 7 || (nt ~ Bt) >> 7 || (nv ~ Bv) >> 7

if (MapSub[ns] [nt] [nv])
neighPtIdx [neighCnt++] = MapPtIdx[ns] [nt] [nv]
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Table 30 — Adjacent block coordinates, adjBlkOffset[i][ k], relative to (Bs, Bt, Bv)

_ k _ k _ k ] k
! 0 1 2 ! 0 1 2 ! 0 1 2 ! 0 1 2
0 | -1 0 0| 5 | 1 1 0] 10 | 11 o| -1 15 1] -1 ]
1 -1 0| 6 0 1] -1 11| -1 <1 0| 16 | -1 1| -1
2 ol -1 7 1 0] -1]12] 1 1117 | .1 | 1 1
3 -1 1| 8 1] 1 0| 13 1| 1 118 ] 1| -1
4 | 1 0 1] 9 0| -1 ] -1 14 1 1] 1

The point’s attribute coordinates shall be compared to those of each point identified by-the neighPtldx
array| to determine the value of IsSubsampledPoint.

IsSuljsampledPoint = 1
for {i = 0; 1 < neighCnt; i++) {

sgqlfist = 0
fo (k = 0; k < 3; k++) {
d = AttrPos[neighPtIdx[i]][k] - AttrPos[PtIdx] [k]

4gDist += d x d

if | (sghist < sgRadius)
IsSubsampledPoint = 0

10.6.5.8 Block-based subsampling

BlocK-based subsampling generates a subsampled output detail level by:

2BIkSizeLog2 i, 04 cubic blodks;

— spatially partitioning the input detail levelinto a lattice of
— grouping together blocks, in Morton oftder, according to the number of points they contain; and
— adssigning one point from each block group to the subsampled detail level.

BlkSjzeLog2 := lod initial di¥& log2 + lod dist log2 offset + Lvl + 1

NOTH Under certain conditions, blocks correspond to nodes of the occupancy tree. For instarjce, when lod_
scalaBility_enabled is 1.

A list] of block groups ‘shall be generated by traversing the input detail level in canonical| point order.
Consegcutive blocks.shall be grouped together until the group spans at least minGrpPts poirjts.

minGypPts :=~Md scalability enabled ? 0 : 2 + lod sampling period minus2[Lod]

The drray-grpBdry, with elements grpBdry[grpldx], identifies block group boundaries as[indexes into
the inpat detail level array InLodPtldx.

for (i = 1, grpStart = 0; 1 < InLodPtCnt; i++) {
ptIdx = InLodPtIdx[i]
ptIdxPrev = InLodPtIdx[i - 1]
bdrys (AttrPos[ptIdx] [0] ~ AttrPos|[ptIdxPrev][0]) >> BlkSizelLog2
bdryT (AttrPos[ptIdx] [1] ~ AttrPos|[ptIdxPrev][1l]) >> BlkSizelog2
bdryV = (AttrPos|[ptIdx][2] "~ AttrPos[ptIdxPrev][2]) >> BlkSizeLog2
if (bdryS | bdryT | bdryV)
if (i - grpStart = minGrpPts)
grpBdry[grpCnt++] = grpStart = i

}
grpBdry[grpCnt++] = InLodPtCnt

For each group of blocks, a test (10.6.5.9) shall be performed to determine the index of the point to
be assigned to the output detail level. All other points shall be assigned to the refinement list. The

© ISO/IEC 2023 - All rights reserved 133


https://iecnorm.com/api/?name=458b17f08c948477860ec1b8ac09b16b

ISO/IEC 23090-9:2023(E)

variables GrpStart and GrpEnd identify the start and end of a block group. The result of the test is the
variable IdxOfSubsampledPoint.

OutLodPtCntSize = outRfmtPtCnt = 0

for (GrpStart = grpldx = 0; grpldx < grpCnt; GrpStart = grpBdry[grpldx++]) {
GrpEnd = grpBdry[grpIldx]
. /* IdxOfSubsampledPoint = result of per-point test (10.6.5.9) */

for (i = GrpStart; i < GrpEnd; i++) {

if (IdxOfSubsampledPoint == 1)

OutLodPtIdx [OutLodPtCnt++] = InLodPtIdx[i]
else

OutRfMCPTCICOX [OUCRIMCPCCNICT T = INLOOPCIOX L]

10.6.5.9 Per block-group decision for block-based subsampling

The derivation of IdxOfSubsampledPoint specifies the input detail level index of the)point in the plock
group that shall be assigned to the output detail level.

The distanceg to the block group centroid shall be used to select the point assigned to the output {letail
level. The block group centroid and point distances shall be calculatedyusing attribute coordinates
quantized by Exp2(BlkSizeLog2 — 1). The distance metric shall be the Manhattan distance.

<7

o o ° °
9 ) n
Q °
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o ol o o oelfn \ X "
Q Q \
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LoD, : o R —— LoD, : D —_— LoD, : x
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Figure 22 — Example decisions using block group subsampling with minGrpPts = 3

Example pex-point decisions.are illustrated in Figure 22. Subsampling generates two detail levells. To
subsample [JoD, the pgints are grouped into block groups containing a minimum of three points. In
this exampld, the bloeksize for LoD (Lvl = 0) is BlkSizeLogZ2 = 1. The first block group (solid shading)
comprises fdur pointsfrom three blocks each with one, one and two points, respectively. The first{point
that is the clpsest to the centroid of the points in the block group is assigned to LoD;.

3 4+ id cbhaoll Lo +1 £ 1 3 A ottt A3 s s i AC Al
The block group—tefrtrota sam ottt St orar qattZzeaarcr e cooratiates;,centrotastiin Gt ided

by the number of points in the block group, numPtsInGrp.
numPtsInGrp := GrpEnd - GrpStart

for (k = 0; k < 3; k++)
centroidSum[k] = 0

for (i = 0; i < numPtsInGrp; i++) {
ptIdx = InLodPtIdx[GrpStart + 1i]
for (k = 0; k < 3; k++)
centroidSum[k] += AttrPos[ptIdx][k] >> BlkSizeLog2 - 1
}

The array ptDist maps the index of each point in the block group to the distance between it and the
centroid.

134 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=458b17f08c948477860ec1b8ac09b16b

ISO/IEC 23090-9:2023(E)

for (i = 0; 1 < numPtsInGrp; i++) {
ptIdx = InLodPtIdx[GrpStart + 1i]

ptDist[i] = 0
for (k = 0; k < 3; k++) {
posk = AttrPos[ptIdx][k] >> BlkSizeLog2 - 1
ptDist[i] += Abs(posk x numPtsInGrp - centroidSuml[k])

}
}

The point closest to the block group centroid shall be assigned to the output detail level. In the case that
the block group contains multiple closest points, the selected point is the closest point with:

— when lod_scalability_enabled is 1 and Lvl is odd: the greatest InLodPtIldx index;

— when lod_scalability_enabled is 0 or Lvl is even: the lowest InLodPtldx index.

last |:= lod scalability enabled ? Lvl & 1 : 1
minIdx = 0
for (i = 1; 1 < numPtsInGrp; i++)
if|(last ? dist[i] < dist[minIdx] : dist[i] < dist[minIdx])
MminIdx = i

IdxOfSubsampledPoint = GrpStart + minIdx
10.6.6 Predictor search

10.6.6.1 General process

The points used to predict the refinement points of each{detail level shall be determined by a search
(10.6/6.3).

The dffect of this process is to represent the point predictors in the state variables PredCht, PredPtldx
and AredWeight.

When attr_coding_type is 2, no searches shall be performed for the refinement points ofthe coarsest
detai] level.

maxLyl = LodCnt - (attr coding stiype == 2)
for (Lvl = 0; Lvl < maxLvl; Iwil++)
fod (RfmtIdx = 0; RfmtIdx' <)LodRfmtPtCnt[Lvl]; RfmtIdx++) {
/* find predictors (10~.6.6.3) of the current point */
}

10.6.6.2 Minimumsreference detail level for inter-level predictor searches

The variable MinInterRefLvl identifies the finest detail level that shall be used as a reference for inter-
detai| level prediction. When lod_scalability_enabled is 1, it shall be the finest detail level with fewer
refingmentpoeints than the total number of refinement points associated with all finer detail levels.

MinIfjtérReflvl = 1
1if (ladh scalakbility enabled) {
for (Ivl = 1; 1lvl < LodCnt - 1; 1lvl++) {
if (LodRfmtPtCnt[lvl] < slice num points minusl - LodPtCnt[lvl])
break
MinInterRefLvl++
}
}

10.6.6.3 Predictor search for a single refinement point

For a refinement point with index Rfmtldx in detail level Lvi, a search shall be performed to find the
closest neighbouring points from a set of candidate neighbours.

The search process is specified in terms of the following variables:

— The variable Ptldx, the AttrPos index of the refinement point.
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— The variable RefLvl, the reference detail level used for inter-level predictor searches.

PtIdx
ReflLvl

Ma

LodRfmtPtIdx [RfmtIdx]

x(Lvl + 1, MinInterRefLvl)

An inter-detail-level search shall be performed prior to any intra-level search. Except for the coarsest
detail level, the following inter-level searches shall be performed:

— aninitial search (10.6.6.6);

— if fewer than three predictors are found (PredCnt[ Ptldx] < 3), an extended search (10.6.6.7).

When Lvl is

reaterthan or pr}n:\] to prr—\{‘]_inh‘a_min_]nd’ an intra-detail-level search (1(\ 66 Q) sh

11 be

performed.

After complq
the predicto

pting the searches, weights shall be calculated for each predictor (10.6.6.9), during v
I set is pruned and re-sorted. When pred_blending_enabled is 1, predictor weights sh

blended (10.

b.6.10).
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Figure 23 — Example of searches performed for a single refinement point

predictor search is illustrated in Figure 23. Searches are performed for the refing
of LoD ; other points in R, are denoted a, f and 6. Points in the next coarsest detail

arked a to f. After the initial intep-level search, the predictor setis { ¢, b }. Then, since

redictors were found, an, extended inter-level search is performed over +pred_intel
P points in the LoD, poinglist. This search adds predictor d to the predictor set { c,

htra-level search is performed over pred_intra_lod_search_range previous points i
dictor set for vy is{&,'5, a }.

Clusion of accandidate point in the predictor set (InsertPredictor)

se defines the function InsertPredictor(candPtldx) that conditionally inserts a cand

point into the predictor set of the current refinement point. Each candidate shall be tested again

refinement [

oint’s'predictor set to determine if and where it is to be inserted.

vhich
all be

ment
level,

Ffewer

" lod_
b, d ).
N RO .

idate
5t the

The parameter candPtldx is the AttrPos index of the candidate point.

A candidate shall only be inserted into the a point's neighbour set once. If candPresent is 1, the candidate
is not inserted into the predictor set.

candPresent
for (i 0;
candPrese

0
i < PredCnt[PtIdx]; i++)
nt |= PredPtIdx[PtIdx] [1i]

== candPtIdx

Otherwise (the candidate is not already present), the spatial distance between the candidate and the
refinement point shall be used to decide the inclusion in the predictor set. The distance shall be

calculated as the biased ¢! norm weighted by PredBias.

dist = Bias

136

edNorml (PtIdx, candPtIdx)
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The point shall be inserted into the predictor set, with elements ordered according to the biased A
distance to the refinement point. Points at the same distance shall be ordered by insertion order, with
earlier members being ordered before later members.

for (i = 0; 1 < PredCnt[PtIdx]; i++)
if (dist < BiasedNorml (PtIdx, PredPtIdx[PtIdx][i1]))
break
for (j = PredCnt[PtIdx]; J > i; j—-)
PredPtIdx [PtIdx] [j] = PredPtIdx[PtIdx][] - 1]
PredPtIdx[PtIdx][1i] = candPtIdx

The size of the predictor set shall be limited to three elements by discarding the furthest predictor if
necegsary:

Preddnt [PtIdx] = Min (3, PredCnt[PtIdx] + 1)

10.6.6.5 Distance computation using the biased L1 norm (BiasedNorm1)

This [subclause defines the function BiasedNorm1(ptldxA, ptldxB) thats-the weighted Manhattan
distapce between two points.

The garameters ptldxA and ptldxB are two AttrPos indexes.

The fesult of this function is specified by the expression BiasedNorm1. The expression pos|[ptldx][k]
specifies the attribute coordinates used to calculate the distance: when lod_scalability_gnabled is 1,
coordinates shall be quantized according to the detail level.

BiasgdNorml (ptIdxA, ptIdxB) := dist[0] + dist[ld\# dist[2]
whdre
dist[k] := Abs(pos[ptIdxA][k] - pos[ptldxB}[k]) x PredBias|[k]
gos [ptIdx] [k] := lod scalability enabled

? (AttrPos[ptIdx][k] >> Lvl) << Lyk
: AttrPos[ptIdx] [k]

10.6.6.6 Initial inter-level predictor-search

The ipitial inter-level search shallbe performed by spatially partitioning the reference detail level into

a lattjice of 2B8/KS7eLog2 gi764 cuibit blocks. Only blocks adjacent to the block containing thf refinement
point{that are within an availability window shall be searched.

BlkSjzeLog2 := lod imitial dist log2 + lod dist log2 offset + Lvl + 1

The Hlock locationy(bs; bt, bv) identifies the block containing the refinement point.

bs :q4 AttrPos]tIdx][0] >> BlkSizelLog2
bt :g AttrRos[PtIdx][1] >> BlkSizeLog2
bv :§4 AtgrROs[PtIdx][2] >> BlkSizeLog2

The gvailability window shall be a 128x128x128 block volume identified by (bs >> 7, bt >> ¥, bv >> 7).

The search shall proceed over the search blocks in the order specified by Table 31. Within each search
block, points shall be searched in ascending order of index within the reference detail level.

st bt + searchBlkOffsets
sV bv + searchBlkOffsets
unavailable = (ss © bs) >>
if (unavailable)

continue

for (si = 0; si < 27; sit++) {
ss = bs + searchBlkOffsets]|

= [

= [

for (i = 0; 1 < LodPtCnt[RefLvl]; i++) {
candPtIdx = LodPtIdx[RefLvl] [i]
cs = AttrPos[candPtIdx] [0]
ct AttrPos[candPtIdx] [1]
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cv = AttrPos|[candPtIdx] [2]

inSblk = cs 2 (ss << BlkSizelLog2) && cs < (ss + 1 << BlkSizeLog2)
inSblk &= ct 2 (st << BlkSizelLog2) && ct < (st + 1 << BlkSizeLog2)
inSblk &= cv 2 (sv << BlkSizeLog2) && cv < (sv + 1 << BlkSizeLog2)

if (inSblk)
InsertPredictor (candPtIdx)
}
}

NOTE For each search block, the indices i for which inShlk is true are consecutive.

Table 31 — Search block coordinates, searchBlkOffsets|i][ k], relative to (bs, bt, bv)

_ k _ k _ k _ k
! o 1 | 2 ! o | 1| 2 ! o | 1] 2 ! 00,1 || 2
0 0 o] o] 7 0 1 1| 14 | 1 0] -1 [ 21 D[ -1 1
1 | o] o] 8 1 0 1| 15 1| 1 0 | 22 1 1 |1
2 ol -1 o] 9 1 1 o 16| ol 1] -1 [-23 'HEENIE
3 0 o] -1]10] o] 1 1|17 ] 1 0| -1l24 | 11 IE!
4 1 o] o] 11 ] 1 0 1 18] -1 | =1 0| 25 | -1 ] 1 1
5 0 1 0| 12 | 1 0 | 19 1 1 1126 1| 1|
6 0 0 1|13 ] o 1| -1]20] 1

10.6.6.7 Extended inter-level search

The extended inter-level search evaluates predictor candidates over a span of indexes in the refefence
detail level.

The span shall be centred around the index centreiin the reference detail level. It shall be the index of:

— if atleagt one predictor has been found forthe current point: the first predictor; or

if (PredCnt|[PtIdx])

for (centljre = 0; centre < LodPLf€nt[Reflvl] - 1; centre++)
if (LodPtIdx[Reflvl] [centreN #= PredPtIdx[PtIdx][0])
breakl

— otherwipe (no predictors‘have been found): the first point with Morton-coded attribute coordinates
greater than those of thecurrent point.

if (PredCnt][PtIdx] =£=0) {
mortonCurPt = Morton[AttrPos[PtIdx]]
for (centlre =07 centre < LodPtCnt[RefLvl] - 1; centre++) {

mortonfentre/= Morton[AttrPos[LodPtIdx[RefLvl] [centre]]]
if (moyteACurPt < mortonCentre)
brea

}
}

The extended search shall proceed over each index offset i of the following, in order: 0, +1, -1, +2, -2,
+3 .. pred_inter_lod_search_range, and —(3 .. pred_inter_lod_search_range).

A predictor candidate shall be evaluated for each valid search index centre + i that is within the range
specified by pred_inter_lod_search_range and does not exceed the bounds of the reference detail level.

if (Abs (i) £ pred inter lod search range)

if (centre + 1 > 0 && centre + i < LodPtCnt [RefLvl])
InsertPredictor (LodPtIdx[RefLvl] [centre + i])
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10.6.6.8 Intra-level search

The intra-level search evaluates predictor candidates over a span of indexes in the refinement list
of the current detail level. Intra-level predictor candidates shall precede the refinement point in the
refinement list.

A predictor candidate shall be evaluated for each valid search index offset —i from the refinement point,
fori=1. pred_inter_lod_search_range, that does not exceed the bounds of the refinement list.

for (1 = 1; 1 < Min(RfmtIdx, pred intra lod search range); i++)
InsertPredictor (LodRfmtPtIdx [Lvl] [RfmtIdx — 1])

10.6.6.9 Predictor set pruning and generation of prediction weights

After|the predictor search for a refinement point is complete, its predictor set shallche’prupned, weights
computed for each qualifying predictor and the predictors ordered according to weight.

The dize of the predictor set shall be limited to pred_set_size_minusl + 1 eleinents by discarding the
furthgest predictors if necessary.

Pred(qnt [PtIdx] = Min(pred set size minusl + 1, PredCnt[PtIdx})

Predjctor weights shall be calculated using the biased squared distance between each pfedictor and
the clirrent point.

for (ni = 0; ni < PredCnt[PtIdx]; ni++)
digt[ni] = BiasedNorm2 (PtIdx, PredPtIdx[PtIdx] [n¥])

If thelfirst predictor is spatially coincident with the current point, all other predictors shall be discarded.

if (dist[0] == 0)
PrgdCnt [PtIdx] = 1

When lod_scalability_enabled is 1, predictors with an unbiased squared distance grg¢ater than a
threshold shall be discarded:

if (Jod scalability enabled) {
thfeshold = 3 x (pred max ramge minusl + 1) << 2 x Lvl
fod (ni = 1; ni < PredCnt[N£Idx]; ni++)
1f (Norm2 (ptIdx, PredBtIdx[PtIdx][ni]) > threshold) {
PredCnt [PtIdx] =.ni
break

The gredictors&hall be reordered according to their biased squared distance to the currenft point:

— An array*order shall have elements such that dist[order[i]], for i = 0 .. PredCnt[Ptldx] - 1, is an
ascending stable sorting of the array dist.

— The members of the predictor set and the dist array shall be permuted according to the elements of
the array order.

The predictor distances shall be normalized by the smallest distance to produce initial weights.

n = Max (0, IntLog2(dist[0] - 8))
for (ni = 0; ni < PredCnt[PtIdx]; ni++)
weight[ni] = DivExp2Up (dist[ni], n)

Any predictors with a weight 256 times greater than or equal to the smallest weight shall be discarded.

if (PredCnt[PtIdx] == 3 && weight[2] 2 256 x weight[0])
PredCnt [PtIdx] = 2
if (PredCnt[PtIdx] == 2 && weight[l] 2 256 x weight[0])
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PredCnt [PtIdx] = 1

The final weights shall be derived as:

if (PredCnt[PtIdx] == 1)
PredWeight [PtIdx] [0] = 256
if (PredCnt[PtIdx] == 2) {
PredWeight [PtIdx] [1] = Div(weight[0], weight[0] + weight[1l], 8)
PredWeight [PtIdx] [0] = 256 - PredWeight[PtIdx][1]
}
if (PredCnt[PtIdx] == 3) {
dld2 = weight[l] x weight[2]
d0d2 = wep-ehtio] weight{2]
d0dl = welight[0] x weight[1]

sum = dl1d2 + d0d2 + do0dl

PredWeighlt [PtIdx] [2] = Div(d0dl, sum, 8)

PredWeighlt [PtIdx] [1] Div (d0d2, sum, 8)

PredWeighlt [PtIdx] [0] 256 - PredWeight [PtIdx][1] - PredWeight[PtIdx] [2]

10.6.6.10 Blending of predictor weights

When a poinpt has three predictors in its predictor set and pred_blending.enabled is 1, the predictor
weights shalll be blended according to the distance between the predictifg points.

The squared| distance between each of the three predictors shall be ‘determined:

distA := Norm2 (PredPtIdx[PtIdx] [0], PredPtIdx[PtIdx][1])
distB := Norm2 (PredPtIdx [PtIdx] [0], PredPtIdx[PtIdx] 2N
distC := Norm2 (PredPtIdx[PtIdx][1], PredPtIdx[PtIdxi[2])

Blending wejghts shall be selected according to distance:

bl := disth < distB 2 1 : 5
b2 := disth £ distC ? 5 : 1
b3 := distH £ distC 2 1 : 5

The predictqr weights shall be blended and.updated:

if (PredCn{[PtIdx] == 3 && pred lernding enabled) {

w0 = PredWeight [PtIdx] [0]

wl = PredWeight [PtIdx][1]

w2 = PredWeight [PtIdx] [2]

wOp = w0 |x 10 + wl x (& - b2) + w2 x b3 >> 4

wlp = w0 |x bl + w2 x\{6 — b3) + wl x 10 >> 4
PredWeighlt [PtIdx] O] = wOp

PredWeighlt [PtTdx]T1l] = wlp

PredWeighlt [PEIdXx] [2] 256 — wOp - wlp

10.6.6.11 Distance computation using the biased L2 norm (BiasedNorm2)

This subclause defines the function BiasedNorm2(ptldxA, ptldxB) that is the weighted squared distance
between two points.

The parameters ptldxA and ptldxB are two AttrPos indexes.

The result of this function is specified by the expression BiasedNorm2. The expression pos[ptidx][k]
represents the attribute coordinates used to calculate the distance: when lod_scalability_enabled is 1,
coordinates shall be quantized according to the detail level.

BiasedNorm2 (ptIdxA, ptIdxB) := dist2[0] + dist2[1] + dist2[2]
where
dist[k] := Abs(pos[ptIdxA][k] - pos[ptIdxB][k]) x PredBiasl[k]
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dist2[k] := dist[k] x dist[k]
pos[ptIdx][k] := lod scalability enabled
? (AttrPos[ptIdx][k] >> Lvl) << Lvl
: AttrPos[ptIdx] [k]

10.6.6.12 Distance computation using the unbiased L2 norm (Norm2)

This subclause defines the function Norm2(ptldxA, ptldxB) that is the squared distance between two
points.

The arguments ptidxA and ptldxB are two AttrPos indexes.

The pesuttof thisfunction {s—specified by tire expression Norm2—The expression pos|ptldx][ k]
reprgsents the attribute coordinates used to calculate the distance. when lod_scalabilityenabled is 1,
coordinates shall be quantized according to the detail level.

Normd (ptIdxA, ptIdxB) := dist2[0] + dist2[1] + dist2[2]
whdre
dist[k] := Abs (pos[ptIdxA][k] - pos[ptIdxB][k])
dist2[k] := dist[k] x dist[k]
gos [ptIdx] [k] = lod scalability enabled

? (AttrPos|[ptIdx][k] >> Lvl) << Lvl
: AttrPos[ptIdx] [k]

10.6.7 Reconstruction of attribute values

10.6.7.1 General process

Each|detail level shall be processed in turn, proceeding from the coarsest to the finest levgl, according
to atffr_coding_type (10.6.7.3, 10.6.7.4). The variablerLvl is the index of the current detail leyel.

for (Lvl = LodCnt - 1; Lvl 2 0; Lvl--)
* process a detail level */

10.6.[7.2 Coefficient processing order within a detail level

With]n a detail level, processing-proceeds in coded coefficient order. The variable Ptldx i the AttrPos
index of the current coefficient. The variable Coeffldx is the AttrCoeff array index of|the current
coefficient.

for (rfmtIdx = 0; rfmtVdx < LodRfmtPtCnt[Lvl]; rfmtIdx++) {
Ptldx = LodRfmtREtTax [Lvl] [rfmtIdx]
CogfflIdx = LodRtCnt[Lvl] - rfmtIdx

* processe@urrent coefficient */

10.6.7.3 \Processing a detail level (attr_coding_type = 1)

Wherrattr_coding_type 15 1, the following operations shait be performed in turn for each coefficient in
the coefficient processing order of the current detail level:

— Prediction mode information is decoded from an encoded coefficient tuple (10.6.8.1). The result is
the variable PredMode.

— The unencoded coefficient tuple is scaled (10.6.9.1) to produce transform coefficients.

— Transform coefficient components are divided by 256 with half-values rounded up.

for (c = 0; ¢ < AttrDim; c++)
PointAttr[PtIdx] [c] = DivExp2Up (PointAttr[PtIdx][c], 8)

— Transform coefficient components are predicted using inter-component prediction (10.6.10.2) to
form prediction residuals.
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— The attribute value is predicted and combined with the prediction residual (10.6.12).

for (c = 0;
PointAttr

The reconstructed attribute value is clipped.

c < AttrDim;
[PtIdx] [c]

ct+)
Clip3 (0,

= AttrMaxVal, PointAttr[PtIdx][c])

10.6.7.4 Processing a detail level (attr_coding_type = 2)

When attr_coding_type is 2, the following operations shall be performed in turn, each over all the

coefficients i

n the detail level:

Coefficig

Transfot

Transfor
If Lvl is less 1

Attribut
update ¢

Attribut
with the

When Lvl is

away from z
if (Lvl ==
for (ptId
for (c
Point]

10.6.8 Prediction mode coding

10.6.8.1 General

This subclau
It applies wh
PredMode sh

A per-transfiorm-coefficiént test (10.6.8.2) shall be performed to determine whether the coeff]

tuple encode

If PredModel

nt tuples are scaled (10.6.9.1) to produce transtorm coetticients.

m coefficient components are predicted using last-component prediction (10.6.10.3).
m coefficients are weighted by transform coefficient weights (10.6.11.4).
han LodCnt - 1, the transform shall be applied (10.6.12):

e values predicted from the coarser detail level, Lvl + 1, are modified by the tran:
perator (10.6.12.1).

e values corresponding to coefficients in the current detail level are predicted and com
scaled transform coefficient to produce the detail level output (10.6.12.1).

0, the reconstructed attributes values shall be divided by 256 with half-values roy
bro and clipped to the maximum attribute value;

0)

x = 0; ptIdx < PointCnt; ptIdx++t)

= 0; c < AttrDim; c++)

Attr[ptIdx][c] = Clip3(0, AttrMaxVald, DivExp2Fz (PointAttr[ptIdx][c], 8))

se specifies the conditional coding of the prediction mode PredMode in coefficient t
en pred_direct_maxhidx_plusl is greater than zero; when pred_direct_max_idx_plus
all be 0.

s a prediction mode. The result of the test is the variable PredModePresent.

Presentis:

form

bined

nded

iples.
L is O,

icient

false, Pr

pidMode shall be 0;

true, the coded prediction mode (PredModeCoded) shall be decoded according to the number of

attribute components (10.6.8.3, 10.6.8.4) and the maximum codable prediction mode PredModeMax.
As a side-effect of decoding the prediction mode, the coefficient tuple (in AttrCoeff) is updated.

PredModeMax :

The predicti

PredMode

142

pred direct max idx plusl + -pred direct avg disabled

on mode shall be derived from the coded prediction mode:

PredModePresent ? PredModeCoded + pred direct avg disabled : O
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10.6.8.2 Presence of an encoded direct prediction mode
The derivation of PredModePresent specifies the presence of an encoded direct prediction mode:

— Adirect prediction mode shall not be coded when disabled, or for refinement points with fewer than
two predictors.

if (PredCnt[PtIdx] < 2 || pred direct max idx plusl == 0)
PredModePresent = 0

— Otherwise, a prediction mode shall be coded for a refinement point if, for any component, the
absolute difference in attribute value between any of its predictors exceeds a bit-depth adjusted
threshotd:

for (ni = 0; ni < PredCnt[PtIdx]; ni++) {

ptldx = PredPtIdx[PtIdx] [ni]

fo (c = 0; ¢ < AttrDim; c++) {
ninval[c] = ni ? Min(minVal[c], PointAttr([ptIdx][c]) PointAttr [ptIdx] [c]
naxVal[c] = ni ? Max(maxVal[c], PointAttr[ptIdx][c]) : PointAttAlptIdx][c]

}
}
maxDiff = 0
for {c = 0; ¢ < AttrDim; c++)
maxDiff = Max (maxDiff, maxVal[c] - minVal[c])

threghold = pred direct threshold << Max (0, AttrBitDepth > 8)
PredjodePresent = maxDiff 2 threshold

10.6.8.3 Decoding process for single-component attributes

For single-component attributes (AttrDim == 1), the\prediction mode PredModeCoded is enfoded by the
LSBs|of the coefficient magnitude:

PredNodeCoded = 0
absCqeff = Abs (AttrCoeff[CoeffIdx] [0
if (BredModeMax == 4) {
PrgdModeCoded = absCoeff & 3
abqCoeff >>= 2

if

BredModeMax == 3) {
PrgdModeCoded = absCoeff & 1
abqCoeff >>= 1

if | (PredModeCoded]) {
BredModeCoded (+3 absCoeff & 1
dbsCoeff >>=\\

if

BredModeMax == 2) {
PrgdModeCoded = absCoeff & 1
abqCéeff >>= 1

}

After decoding the prediction mode, the coefficients shall be updated.

AttrCoeff[CoeffIdx][0] = Sign (AttrCoeff[CoeffIdx][0]) x absCoeff

10.6.8.4 Decoding process for multi-component attributes

For multi-component attributes (AttrDim > 1), the prediction mode PredModeCoded is encoded by the
LSB of the last two component's coefficient magnitude:

PredModeCoded = 0

absCoeffA = Abs (AttrCoeff[CoefflIdx] [AttrDim - 2])

absCoeffB = Abs (AttrCoeff[CoeffIdx] [AttrDim - 1])

if (PredModeMax == 4) {
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PredModeCoded
absCoeffA >>=
absCoeffB >>=
}
if (PredModeMax
PredModeCoded
absCoeffA >>= 1
if (PredModeCoded) {
PredModeCoded += absCoeffB & 1
absCoeffB >>= 1
}

((absCoeffA & 1) << 1) + (absCoeffB & 1)

ol

3) |
absCoeffA & 1

if (PredModeMax == 2) {
PredModeCoded = absCoeffA & 1
absCoeff =1

}

After decoding the prediction mode, the coefficients shall be updated.

sgnCoeffA
sgnCoeffB

Sign (AttrCoeff[CoeffIdx] [AttrDim
Sign (AttrCoeff[CoeffIdx] [AttrDim -

21)
11)

AttrCoeff[(QoeffIdx] [AttrDim - 2]
AttrCoeff[(QoeffIdx] [AttrDim - 1]

sgnCoeffA x absCoeffA
sgnCoeffB x absCoeffB

10.6.9 Scaljng

10.6.9.1 Ddrivation of per-point QP

The QP for p point depends upon the detail level and its atfribute coordinates as specified by the
expression lodCoeffQp[qc] for a QP component qc:

— rgnOffset[qc] is the per-coefficient offset from the région-dependent QP offset tree.

— dpth is the depth of detail level in the LoD hierarchy.

LodCoeffQpllac] := AttrQpldpth] [rgnOffset]|€idx > 0]
where
:= AftrPos[PtIdx] [0]

t := A{trPos[PtIdx] [1]

:= AtltrPos[PtIdx] [2]
dpth :5 LodCnt - 1 - Lvl
rgnOffslet[gc] := AttrRegionQpOffset[s][t][v] [gc]

10.6.9.2 Scaling by quantization step size

The coefficignt tuple shalt-be scaled by the quantization step size (10.7.4) for the primary and secomdary
attribute components:

for (¢ = 0;] ¢ € AtrDim; c++)
PointAtty[RAdx] [c] = AttrCoeff[CoeffIdx][c] x AttrQstep[LodCoeffQplc > 0]]

10.6.10Coefficient prediction

10.6.10.1 Syntax element semantics

last_comp_pred_coeff_diff[dpth] specifies in accordance with LastCompPredCoeff[dpth] the two-
fractional-bit, fixed-point scale factor applied at depth dpth of the LoD hierarchy to second coefficient
components to predict third coefficient components. The syntax element codes the scale factor relative
to LastCompPredCoeffPrev[dpth].

LastCompPredCoeff [dpth] := last comp pred enabled
? LastCompPredCoeffPrev[dpth] + last comp pred coeff diff[dpth]
: 0
LastCompPredCoeffPrev|[dpth] := dpth == 0 ? 4 : LastCompPredCoeff[dpth - 1]
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It is a requirement of bitstream conformance that LastCompPredCoeff[dpth] shall be in the range
-128..127 for dpth € 0 .. lod_max_levels_minusl1.

inter_comp_pred_coeff_diff[dpth][c] specifies in accordance with InterCompPredCoeff[dpth][c] the
two-fractional-bit, fixed-point scale factor applied at depth dpth of the LoD hierarchy to first coefficient
components to predict c-th coefficient components. The syntax element codes the scale factor relative
to InterCompPredCoeffPrev|dpth]|c].

InterCompPredCoeff [dpth] [c] := inter comp pred enabled
? predCoeff + inter comp pred coeff diff[dpth] [c]
: 0

Lol ]
T CIT T

T o n \Wal £.c
T =T

[c]

q
T

q

KS

Integcompbredcoetits et
It is @ requirement of bitstream conformance that InterCompPredCoeff[dpth][c] shall be [in the range
-128|.. 127 for dpth € 0 .. lod_max_levels_minus1.

10.6.10.2 Inter-component prediction

When attr_coding_type is 1 and inter_comp_pred_enabled is 1, setondary attribut¢ coefficient
complonents are residuals to a prediction by the first scaled coefficient.component. The pr¢dicted value
shall round the two fractional bits from the scale factor, with half-values rounded up.
for {c = 1; ¢ < AttrDim; c++) {

icgCoeff = InterCompPredCoeff[LodCnt - 1 - Lvl]|[c]

PodntAttr [PtIdx] [c] += DivExp2Up (icpCoeff x PointAttr [PtIdx][0], 2)
}

10.6.10.3 Last-component prediction

When attr_coding_type is 2 and last_comp_pred:.enabled is 1, the third attribute coefficient component
is, if present, a residual to a prediction by the.second scaled coefficient component. The prddicted value
shall round the two fractional bits from the'scale factor towards negative infinity.

if (4ttrDim == 3) {
lcgCoeff = LastCompPredCoeff [liodCnt — 1 - Lvl]
PointAttr[PtIdx] [2] += DivExp2Floor (lcpCoeff x PointAttr[PtIdx][1l], 2)

10.6.11Transform coefficient weights

10.6.11.1 General

Coefflicient weights represent the relative significance of a coefficient. Coefficients with lafger weights
have p greaterinfluence on the decoded attribute values.

The gqrray CoeffWeight is initialized by setting all elements to 256.

for (i = 0; 1 < PointCnt; i++4)
CoeffWeight[i] = 256

The derivation of coefficient weights depends upon whether LoD scalability is enabled.

10.6.11.2 Non-scalable case

When lod_scalability_enabled is 0, coefficient weights are calculated accumulatively, proceeding from
the finest to the coarsest detail level.

The accumulated coefficient weight of each refinement point in a detail level shall be distributed to the
points in its predictor set. The distribution is proportional to the respective predictor weights:

for (lvl = 0; 1lvl < LodCnt - 1; 1lvl++)
for (rfmtIdx = 0; rfmtIdx < LodRfmtPtCnt[lvl]; rfmtIdx++) {
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ptIdx = LodRfmtPtIdx[lvl] [rfmtIdx]
coeffW = CoeffWeight [ptIdx]
for (ni = 0; ni < PredCnt[ptIdx]; ni++) {
predW = PredWeight [ptIdx] [ni]
CoeffWeight [PredPtIdx[ptIdx] [ni]] += DivExp2Up (coeffW x predW, 8)
}

10.6.11.3 Scalable case

When lod_scalability_enabled is 1, a single weight shall be assigned to all refinement points within a
detail level:

for (1lvl =1[1; 1lvl < LodCnt - 1; 1lvl++) {
weight = [(slice num points minusl + 1) / LodPtCnt[lvl]
for (rfmtiidx = 0; rfmtIdx < LodRfmtPtCnt[lvl]; rfmtIdx++)
CoeffWelight [LodRfmtPtIdx[1lvl] [rfmtIdx]] = weight x 256

10.6.11.4 Application to coefficient scaling

Transform cpefficients shall be scaled by the integer reciprocal square root oftheir coefficient weight
and divided py 236 with half-values rounded away from zero.

weight = IntRecipSqrt (CoeffWeight [PtIdx])
for (¢ = 0;] ¢ < AttrDim; c++)
PointAtty[PtIdx] [c] = DivExp2Fz (PointAttr[PtIdx][c] x welght, 36)

10.6.12Transform

10.6.12.1 Update operation

When attr_doding_type is 2, the transform update operator shall redistribute coefficient valyes to
predicting ppints in the coarser detail level.

for (ptIdx F 0; ptIdx < PointCnt; ptIdx#+)
updateN[gtIdx] = updateD[ptIdx] =\B
for (rfmtIdx = 0; rfmtIdx < LodRfm{PtCnt[Lvl]; rfmtIdx++) {
rfmtPtIdx] = LodRfmtPtIdx[Lvl] (rfmtIdx]
coeffW = [CoeffWeight [rfmtPL{Idx]
for (ni H 0; ni < PredCntf¢xfmtPtIdx]; ni++) {
nPtIdx F PredPtIdx[rfmtBtIdx] [ni]
nWeight] = DivExp2Up (PredWeight [rfmtPtIdx] [ni] x coeffW, 8)
update[nPtIdx] +=\mWeight
for (¢ F 0; c < /MAtE€rDim; c++)
updatleN [nPtIdx M c] += nWeight x PointAttr[rfmtPtIdx] [c]
}
}
for (ptlIdx s, ptIdx < PointCnt; ptIdx++)
if (updatleDiptIdx])
PointAttr[ptIdx] —-= Div(updateN|[ptIdx], updateD[ptIdx], O0)

10.6.12.2 Direct prediction

When attr_coding_type is 1 and PredMode for a refinement point is greater than zero, its value shall be
predicted to be the same as the point with predictor set index PredMode - 1. If the indicated predictor is
invalid, prediction shall not be performed.

It is a requirement of bitstream conformance that PredMode shall be less than or equal to
PredCnt| Coeffldx].

if (PredMode && PredMode < PredCnt[PtIdx])

for (c = 0; ¢ < AttrDim; c++)
PointAttr [PtIdx] [c] += PointAttr[PredPtIdx[PtIdx] [PredMode - 1]][c]
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10.6.12.3 Average prediction

When attr_coding_type is 2 or PredMode for a refinement point is 0, the weighted average of the
predictor set shall predict the value of the refinement point:

if (PredMode == 0)
for (c = 0; ¢ < AttrDim; c++) {
sum = 0
for (ni = 0; ni < PredCnt[PtIdx]; ni++)
sum += PredWeight [PtIdx] [ni] x PointAttr[PredPtIdx[PtIdx][ni]][c]
PointAttr[PtIdx] [c] += DivExp2Fz (sum, 8)
}

10.7| Attribute quantization parameters

10.7./1 Syntax element semantics

attr_qp_offset[qgc] specifies per-slice offsets used to derive QPs for the primary (gc 5§ 0) and any
secorjdary (qc = 1) attribute components. When attr_qp_offset[qc] is not present, it shall b inferred to
be 0.

attr_qp_layers_present specifies whether (when 1) or not (when O)}\pér-transform-layer QP offsets are
presdnt in the ADU.

attr_qp_layer_cnt_minus1 plus 1 specifies, when present, the number of levels in the LoD hierarchy or
RAHT tree for which QP offsets are signalled.

attr_gqp_layer_offset[dpth][qc] specifies QP offsets Gsed for the primary (qc = 0) and arly secondary
(gc =[1) attribute components. Each offset appliesito transform coefficients at depth dpth of the LoD
hierafchy or RAHT tree. If the LoD hierarchy or RAHT tree has a greater number of levels than attr_qp_
layer|cnt_minusl + 1, attr_gp_layer_offset[attréqp_layer_cnt_minus1][qc] also specifies the QP offsets
for transform coefficients at a depth greater than attr_qp_layer_cnt_minus1.

The dxpression AttrQpLayerOffset[dpth|fqc] specifies the per layer QP offsets at depth dpth of the LoD
hierafrchy or RAHT tree.

Attr¢pLayerOffset[dpth] [gcl. ¢5 attr gp layers present > 0
? 4qttr gp layer offset[MihXattr gp layer cnt minusl, dpth)][gc]
HE(

attr_gp_region_cnt specifies the number of spatial regions within the slice that have a regjon QP offset
signallled.

NOTE In profiles specified in this version of this document, all but the first region are ignored.

attr_gqp_region_bits_minus1 plus 1 specifies the length in bits of each syntax element attf_qp_region_
origin_xyz,) attr_qp_region_size_minusl_xyz, attr_gqp_region_origin_rpi and attr_qp_region_size_
minus 1 vpi.

attr_qp_region_origin_xyz[i|[k] and attr_qp_region_size_minus1_xyz[i][k] specify, when present,
the i-th spatial region in the slice where attr_qp_region_offset[i][gc] applies. The region is a bounding
box in the slice coordinate system with lower corner XYZ coordinates attr_qp_region_origin_xyz[i][ k]
and dimensions attr_qp_region_size_minusl_xyz[i][k] + 1.

attr_qp_region_origin_rpi[i][k] and attr_qp_region_size_minus1_rpi[i][k] specify, when present,
the i-th spatial region in the slice where attr_qp_region_offset[i][gc] applies. The region is a bounding
box in the scaled angular coordinate system (10.2.2) used for attribute coding with lower corner RPI
coordinates attr_qp_region_origin_rpi[i][k] and dimensions attr_qp_region_size_minus1_rpi[7][k] + 1.

The expressions AttrRegionQpOrigin[i][ k] and AttrRegionQpSize[i][ k] specify the k-th component of the
bounding box origin and size for the i-th QP region in attribute coordinates.
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