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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees coIIaborate in f|elds of mutual mterest Other mternatlonal organlzatlons governmental

and non-gome
technology,

Internationa
The main t
Standards 4

an Internatiq

Attention is

ISO and IEC have estabhshed a JOII’It techmcal comm|ttee ISO/IEC JTC 1.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
hsk of the joint technical committee is to prepare International Standards. \Draft Interna
dopted by the joint technical committee are circulated to national bodies for,voting. Publicati

nal Standard requires approval by at least 75 % of the national bodies casting a vote.

drawn to the possibility that some of the elements of this document may be the subject of p

rights. ISO and IEC shall not be held responsible for identifying any or all such’patent rights.

ISO/IEC 15

144-10 was prepared by Joint Technical Committee ISOAEC JTC 1, Information techng

Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information, in collaboration

ITU-T. The {dentical text is published as ITU-T Rec. T.809.

This second edition cancels and replaces the first edition (IS@ 15444-8:2008), which has been techn
revised.

ISO/IEC 15444 consists of the following parts, under the’general title Information technology — JPEG

image codin
Part 1:
Part 2:
Part 3:
Part 4:
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Part 6:
Part 8:

Part 9:
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Motion JPEG 2000
Conformance testing
Reference software
Compolnd image file format

Secure JPEG 2000

¢

onal
n as

atent

logy,
with

cally

2000

Interactivity tools, APls and protocols
Extensions for three-dimensional data
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INTERNATIONAL STANDARD
RECOMMENDATION ITU-T

Information technology — JPEG 2000 image coding system:
Extensions for three-dimensional data

1 Scope

This Recommendation | International Standard is a work item subdivision of ISO/IEC 15444 that provides extensions of
Rec. ITU-T T.800 | ISO/IEC 15444-1 and Rec. ITU-T T.801 | ISO/IEC 15444-2 for logically cuboidal data sets. In
particular, it respects all existing capabilities and syntax of Rec. ITU T T. 800| ISO/IEC 15444-1 and part of the

Lails £ ITLL. T T oNl | ICO /I IEA/I/I"\L' 1+ sl ba M 1+
eXIStlng uu}luuluuuo O 1ICTTTT O T .00~ | IoOTTIECT Z- TOT TITOTCr u\uuyuuuut uuusuo, wWITC-PTroUvIOTS—dary I‘IlatheS

and extepsions to some of those capabilities. Within these constraints, it provides an isotropic specification.for three-
dimensidnal data sets, i.e., the project provides identical processing capabilities in all three dimensiofis, evep though
Rec. ITYU-T T.800| ISO/IEC 15444-1 and Rec. ITU-T T.801 | ISO/IEC 15444-2 codestream syntax diff¢rentiates
between| the two spatial axes and the cross-component axis. The context models cursently used| in this
Recommendation | International Standard are as in Rec. ITU-T T.800 | ISO/IEC 15444-1 and Rec. ITU-T T.801 |
ISO/IEC]|15444-2. Improved context models will be introduced through an amendment.

2 Normative references

The follgwing Recommendations and International Standards contain provisions) which, through reference in [this text,
constitutg provisions of this Recommendation | International Standard. At thefime of publication, the editions findicated
were valid. All Recommendations and Standards are subject to revision, and parties to agreements based on this
Recommendation | International Standard are encouraged to investigate’the possibility of applying the mqst recent
edition of the Recommendations and Standards listed below. Members of IEC and ISO maintain registers of currently
valid Intgrnational Standards. The Telecommunication Standardization Bureau of the ITU maintains a list of currently
valid ITY-T Recommendations.

—  Recommendation ITU-T T.800 (2002) | IS®/IEC 15444-1:2004, Information technology — JPEG 2000
image coding system: Core coding systen:

—  Recommendation ITU-T T.801 (2002) | ISO/IEC 15444-2:2004, Information technology — JPEG 2000
image coding system: Extensions:

3 Terms and definitions
For the purposes of this Recommendation | International Standard, the following definitions apply:

3.1 3D bit-block: A (three-dimensional array of bits. In this Recommendation | International Standard, a
3D bit-block refers to all the bits of the same magnitude in all coefficients or samples. This could refer to a 3D pit-block
in a component, tile-component, 3D code-block, region of interest, or other.

3.2 3D codé-block: A rectangular three-dimensional grouping of coefficients from the same sub-bpnd of a
tile-component:

33 3D eode-block scan: The order in which the coefficients within a 3D code-block are visited during|a coding
pass. The3B—code-block s PlUbede T btlilJCb, cach uuubibﬁug of-fourrows (ot att 1culaiuiug rows1ftess—than four)
and spanning the width of the 3D code-block. Each stripe is processed column by column from top to bottom and from
left to right. The complete 3D code-block is consequently scanned slice by slice. Within a slice, Rec. ITU-T T.800 |
ISO/IEC 15444-1 is followed.

34 component (update of Rec. ITU-T T.801 | ISO/IEC 15444-2): Compressed data from the codestream
representing a single set of two- or three-dimensional data.

35 conforming reader (update of Rec. ITU-T T.800 | ISO/IEC 15444-1): An application that reads and
interprets a JP3D file correctly.

3.6 decomposition level (update of Rec. ITU-T T.801 | ISO/IEC 15444-2): A collection of sub-bands where
each coefficient has the same spatial impact or span with respect to the original samples. These include the
[HLX][HLX][HL|X] sub-band (e.g., LLL, LXL, XXH, ..., exclusive XXX) split out of the three-dimensional
decomposition sublevels.

Rec. ITU-T T.809 (05/2011) 1
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3.7 [H|ILIX][H|LX][H|L|X] sub-band: H refers to high-pass filtering and L to low-pass filtering, while X refers
to no filtering. The filter specified first refers to the horizontal filtering, the second to the vertical filtering and the third
to the axial filtering (i.e., respectively along X-, Y- and Z-axes). The filter ordering for this sub-band should always be
respected. The reconstruction will follow the inverse filtering order.

NOTE — The XXX sub-band does not exist (as defined in 3.6).

3.8 image (update of Rec. ITU-T T.800 | ISO/IEC 15444-1): The set of all components, which can have either
two- or three-spatial dimensions.

39 image area offset (update of Rec. ITU-T T.800 | ISO/IEC 15444-1): The number of reference grid points
down, to the right (and to an increased axial position) of the reference grid origin.

3.10 intermediate component (update of Rec. ITU-T T.801| ISO/IEC 15444-2): A single two- or
three-dimensional array of data involved in a stage of a multiple component transformation.

3.11 ] raer ate of Rec. : F AA4=1) AT [ STUT 9 ta of any
type within an array. The raster order starts with the top left data point of the first slice and moves to the“data point
immediately to the right, and so on to the end of the row. After the end of the row is reached, the next-data pojint in the
sequencyq is the left-most data point immediately below the current row. This order is continued to the ehd of fthe slice.
Thereaftgr the next slice is processed in case of a three-dimensional array. This order is contintied’to the end of the
array.

3.12 resolution (update of Rec. ITU-T T.801 | ISO/IEC 15444-2): The spatial relation of samples to a physical
space. In this Recommendation | International Standard, the decomposition levels of“\the wavelet transform create
resolutiohs that differ by powers of two in the horizontal, the vertical, or — in the three-dimensional case — [the axial
direction], or any possible combination of directions. The last (highest) decompositionlevel includes an [L|X][LX][L|X]
sub-band (note that XXX is non-existing), which is considered to be a lower(teésolution. Therefore, there is pne more
resolutioh level than decomposition levels.

3.13 resolution level (update of Rec. ITU-T T.800 | ISO/IEC 15444-1): Equivalent to decomposition lgvel with
the exception that the [L|X][L|X][L|X] sub-band is also a separate resolution level.

3.14 sample (update of Rec. ITU-T T.800| ISO/IEC “15444-1): One element in the two-dimensional or
three-dimensional array that comprises a component.

3.15 slice: A slice is a two-dimensional pixel subset of a volumetric entity, a volumetric code-block or a vplumetric
image. Al slice is positioned perpendicular to the axial or'z-axis.

3.16 spatial coordinates: Spatial coordinatescare indicated by x, y and z. Generally, the term axial will bg used to
address the Z dimension.

3.17 sub-band (update of Rec. ITU-T-T.800 | ISO/IEC 15444-1): A group of transform coefficients [resulting
from the|same sequence of low-pass andthigh-pass filtering operations.

3.18 sub-band order: Within“one resolution level, sub-bands are processed and signalled as dgfined in
Rec. ITU-T T.800 | ISO/IEC 15444-1 and Rec. ITU-T T.801| ISO/IEC 15444-2 for two-dimensional [filtering,
following a Morton scanninghorder [1]. The specification is extended to the three-dimensional case by deploying

consequgntly a three-dimefisional Morton scanning order.

3.19 tile (update of Rec. ITU-T T.800 | ISO/IEC 15444-1): A cuboidal array of points on the reference grid,
registerefl with an©offset from the reference grid origin and defined by a width (x dimension), a height (y dimenpion) and
a depth (£ dimension). The tiles that overlap are used to define tile-components.

4 Abbreviations

For the purposes of this Recommendation | International Standard, the abbreviations defined in clause 4 of
Rec. ITU-T T.800 | ISO/IEC 15444-1, and clause 4 of Rec. ITU-T T.801 | ISO/IEC 15444-2 also apply to this
Recommendation | International Standard.

5 Symbols (and abbreviated terms)

For the purposes of this Recommendation| International Standard, the symbols defined in clause4 of
Rec. ITU-T T.800 | ISO/IEC 15444-1, and clause 5 of Rec. ITU-T T.801 | ISO/IEC 15444-2 also apply to this
Recommendation | International Standard.

2 Rec. ITU-T T.809 (05/2011)
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6 General description

This Recommendation | International Standard defines a set of lossless (bit-preserving) and lossy compression methods
for coding continuous-tone, bi-level, grey-scale, colour digital volumetric images, or multi-component volumetric
images. This set of methods (see Annex A) extends the eclements in the core coding system described in
Rec. ITU-T T.800 | ISO/IEC 15444-1 and Rec. ITU-T T.801 | ISO/IEC 15444-2. Extensions which pertain to encoding
and decoding are defined as procedures which may be used in combination with the encoding and decoding processes
described in Rec. ITU-T T.800 | ISO/IEC 15444-1 and Rec. ITU-T T.801 | ISO/IEC 15444-2. Each encoding or
decoding extension shall be used only in combination with particular coding processes and only in accordance with the
requirements set forth herein. This Recommendation | International Standard also defines extensions to the compressed
data format, i.e., interchange format and the abbreviated formats.

In particular, for Rec. ITU-T T.801| ISO/IEC 15444-2, the following extensions are supported by this
Recommendation | International Standard:

1) wvariable DC offset;

2) arbitrary wavelet transform kernels;

3) multi-component transformations;
4) non-linear transformations;

5) region-of-interest.

Rec. ITU-T T.809 (05/2011) 3
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Annex A

Codestream syntax, extension

(This annex forms an integral part of this Recommendation | International Standard.)

Al Extended capabilities

The syntax in this annex supports the extensions in this Recommendation | International Standard. These marker
segments conform to the same rules as the syntax Annex A of Rec. ITU-T T.800 | ISO/IEC 15444-1. The addition of
parameter values to some marker segments in Rec. ITU-T T.800 | ISO/IEC 15444-1 and Rec. ITU-T T.801 |
ISO/IEC 15444-2, and the addition of new marker segments signal the information specific to the extensions in this
Recommendation | International Standard.

In every jmarker segment, the first two bytes after the marker shall be an unsigned value that denotes the length in bytes
of the marker segment parameters (including the two bytes of this length parameter but not the two bytes of the marker
itself).
When a marker segment that is not specified in this Recommendation | International Standard or in Rec. ITU-[I' T.800 |
ISO/IEC| 15444-1 and Rec. ITU-T T.801 | ISO/IEC 15444-2 is encountered in a codestream, the’decoder shall use the
length pprameter to discard the marker segment. Table A.1 shows the marker segment\tisage specified| for this
Recommendation | International Standard.
Table A.1 — List of markers and marker segménts
File-part Rec. ITU-T T.80x |
Symbol Code Main header P ISO/IEC 15444-x H¢ritage/
header
Extended
Delimit1ng markers and
marker|segments
Start of godestream SOC 0xFF4F required not allowed Rec. ITU-T T.800 (2002) |
ISO/IEC 15444-1:2004
Start of file-part SOT 0xFF90 fot allowed required Rec. ITU-T T.801 (2002) |
ISO/IEC 15444-2:2004
Start of flata SOD 0xFF93 not allowed last marker Rec. ITU-T T.800 (2002) |
ISO/IEC 15444-1:2004
End of godestream EOC 0xFFD9 not allowed not allowed Rec. ITU-T T.800 (2002) |
ISO/IEC 15444-1:2004
Fixed i1formati0n marker
segments
Image and tile size S1Z O0xFF51 required not allowed Rec. ITU-T T.800 (2002) |
ISO/IEC 15444-1:2004
Additionjal dimension image NSI 0xFF54 required not allowed
and tile $ize
Extendefl capabilities CAP 0xFF50 required not allowed Rec. ITU-T T.801 (2002)/
Amd.2 (2005)]
ISO/IEC 15444-2:2004/
Amd.2:2006
FunctiopalMmarker
segments
Coding style default COD 0xFF52 required optional Rec. ITU-T T.800 (2002) |
ISO/IEC 15444-1:2004,
Extended
Coding style component COC 0xFF53 optional optional Rec. ITU-T T.800 (2002) |
ISO/IEC 15444-1:2004,
Extended
Region-of-interest RGN O0xFF5E optional optional Rec. ITU-T T.801 (2002) |
ISO/IEC 15444-2:2004,
Extended
Quantization default QCD 0xFF5C required optional Rec. ITU-T T.800 (2002) |
ISO/IEC 15444-1:2004,
Extended

4 Rec. ITU-T T.809 (05/2011)
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Table A.1 — List of markers and marker segments

Tile-part Rec. ITU-T T.80x |
Symbol Code Main header P ISO/IEC 15444-x Heritage/
header
Extended
Quantization component QCC 0xFF5D optional optional Rec. ITU-T T.800 (2002) |
ISO/IEC 15444-1:2004,
Extended
Arbitrary transformation ATK 0xFF79 optional optional Rec. ITU-T T.801 (2002) |
kernels ISO/IEC 15444-2:2004
Component bit depth CBD 0xFF78 optional optional Rec. ITU-T T.801 (2002) |
definition ISO/IEC 15444-2:2004
Multipld component MCT OXFF74 optional optional Rec. TTU-T T.801 (2002) |
transformation definition ISO/IEC 15444-2:2004
Multipld component MCC 0xFF75 optional optional Rec. ITU-T-E.801 (2002) |
transforim collection ISO/IEC-15444-2:2004
Multipld component MCO 0XFF77 optional optional Rec. ITU-T T.801 (2002) |
transform ordering ISO/TEC 15444-2:2004
Non-lingarity point NLT 0xFF76 optional optional Rec. ITU-T T.801 (2002) |
transforation ISO/IEC 15444-2:2004
Variabld DC offset DCO 0XFF70 optional optional Rec. ITU-T T.801 (2002) |
ISO/IEC 15444-2:£004
Pointer marker segments
Tile-parf lengths TLM 0xFF55 optional not-allowed Rec. ITU-T T.800 (2002) |
ISO/IEC 15444-1:£004
Packet lgngth, main header PLM 0xFF57 optional not allowed Rec. ITU-T T.800 (2002) |
ISO/IEC 15444-1:£004
Packet lgngth, tile-part header PLT 0xFF58 not allowed optional Rec. ITU-T T.800 (2002) |
ISO/IEC 15444-1:£004
Packed packet headers, main PPM 0xFF60 optional not allowed Rec. ITU-T T.800 (2002) |
header ISO/IEC 15444-1:£004
Packed packet headers, tile- PPT 0xFF61 not allowed optional Rec. ITU-T T.800 (2002) |
part headler ISO/IEC 15444-1:2004
In bit stream markers and
marker|segments
Start of packet SOP 0xFF91 not allowed not allowed in Rec. ITU-T T.800 (2002) |
tile-part header, ISO/IEC 15444-1:2004
optional in bit
stream
End of gacket header EPH 0xFF92 optional inside | optional inside Rec. ITU-T T.800 (2002) |
PPM marker PPT marker ISO/IEC 15444-1:£004
segment segment or in
bit stream
Informgtional marker
segments
Comporfent registration CRG 0xFF63 optional not allowed Rec. ITU-T T.800 (2002) |
ISO/IEC 15444-1:2004,
Extended
Comment COM 0xFF64 optional optional Rec. ITU-T T.800 (2002) |
ISO/IEC 15444-1:2004
2 Required means the marker or marker segment shall be in this header, optional means it may be used.

A2 Extensions to Rec. ITU-T T.800 | ISO/IEC 15444-1 and Rec. ITU-T T.801 | ISO/IEC 15444-2
marker segment parameters

A2.1 Additional dimension image and tile size (NSI)

Function: Provides information about the uncompressed image such as the depth of the reference grid, the depth of
the tiles, and the separation of component samples with respect to the reference grid.

Usage: Main header. There shall be one and only one in the main header.

Rec. ITU-T T.809 (05/2011) 5
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Length:

NSI:

Lnsi:

Variable depending on the number of components.

ZRsiz"

NSI | Lnsi [Ndim Zsiz Z0siz ZTsiz ZTOsiz

ZRsiz'

Figure A.1 — Additional dimension image and tile size syntax (extended)

Marker code. Table A.2 shows the size and parameter values of the symbol and parameters for
additional dimension image and tile size marker segment.

Length of marker segment in bytes (not including the marker). The value of this parameter is
determined by the following equation:

Ndim:

Zsiz:
7Q0siz:
ZTsiz:

ZTOsiz:

ZRlsiz':

A2.2

Function:

Usage:

Length:

Lnsi=19+ Csiz (A-1)

Defines the dimensionality of the dataset (disregarding the component dimension), This valug is set to
3 by default.

Depth of the reference grid.
Depth offset from the origin of the reference grid to the front left upper corner of the image vplume.
Depth of one reference tile with respect to the reference grid.
Vertical offset from the origin of the reference grid to the front left'upper corner of the first tile.

Depth separation of a sample of the ith component with respéct to the reference grid. Thefre is one
occurrence of this parameter for each component, in order,

Table A.2 — Additional dimension.image and tile size
parameter values (extended)

Parameter Size (bits) Values
NSI 0] 0xFF54
Lnsi 16 20-16403

Ndim 8 3

Zsiz 32 1-2*2-1)
ZOsiz 32 0-2*>-1)
ZTsiz 32 1-(2** - 1)
ZTOsiz 32 1-2*2-2)
ZRsiz' 8 1-255

Coding style default (COD), Rec. ITU-T T.800 | ISO/IEC 15444-1 extended

Describes the coding style, number of decomposition levels and layering that is the default|used for
compressing all components of an image (if in the main header) or a tile (if in the tile-part heafler). The
parameter values can be overridden for an individual component by a COC marker segment in ¢ither the
main or tile-part header.

. ¢ . o header.
Addztzonally there may be at most one for each tile. If there are multlple tile-parts in a tile, and this
marker segment is present, it shall be found only in the first tile-part (7Psot = 0).

When used in the main header, the COD marker segment parameter values are used for all tile-
components that do not have a corresponding COC marker segment in either the main or tile-part header.
When used in the tile-part header, it overrides the main header COD and COCs and is used for all
components in that tile without a corresponding COC marker segment in the tile-part. Thus, the order of
precedence is the following:

Tile-part COC > Tile-part COD > Main COC > Main COD
where the "greater than" sign, >, means that the greater overrides the lesser marker segment.

Variable depending on the value of Scod (see Lcod parameter).

6 Rec. ITU-T T.809 (05/2011)
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Scod SPeod

Figure A.2 — Coding style default syntax

COD: Marker code. Table A.3 shows the size and values of the symbol and parameters for coding style
default marker segment.
Lcod: Length of marker segment in bytes (not including the marker). The value of this parameter is
determined by the following equation:
(17 e HRYR—Brecinets
Lcoc= ) - ) (A-2)
17+2 - number_of resolution_levels user_defined precincts
where maximum_precincts and user defined precincts are indicated in the Sced”paranjeter and
number_of resolution_levels is calculated by use of the number of decompositien level pgrameters
for each of the three dimensions, X, Y and Z, as indicated in the SPced parameter. The actual
equation for calculating the number of resolution levels is given in B.S.
Scqd: Coding style for all components. Table A.4 shows the value for the Scod.parameter.
SGicod: Parameters for coding style designated in Scod. The parameters/are-independent of components and
are designated, in order from top to bottom, in Table A.5. The.€oding style parameters Within the
SGcod field appear in the sequence shown in Figure A.3.
SPtod: Parameters for coding style designated in Scod. The parameters relate to all componenty and are
designated, in order from top to bottom, in Table A.6..The coding style parameters within the SPcod
field appear in the sequence shown in Figure A.3,
Table A.3 — Coding style default parameters values, extended
Parameter Size-(bits) Values
COD 16 0xFF52
Lcod 16 17-83
Scod 8 Table A.4
SGceod 32 Table A.5
SPcod variable Table A.6
] A Progression order
A 3 DIEIFVYGIH]|I1|lJIKILIMIN N[ B Number of layers
C Multiple component transformation
D Number of decomposition levels along X-axis
SGeod SPcod E Number of decomposition levels along Y-axis
F Number of decomposition levels along Z-axis
G Code-block width
H Code-block height
I Code-block depth
J Code-block style
K Iransiormation Kern€l along X-axis
L Transformation kernel along Y-axis
M Transformation kernel along Z-axis
N'-N" Precinct sizes
T.809(07) FA-3
Figure A.3 — Coding style parameter diagram of the SGcod and SPcod parameters
Rec. ITU-T T.809 (05/2011) 7
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Table A.4 — Coding style parameter values for the Scod parameter

\;/Elllsu];s g)ét];) Coding style
xxxx xxx0 Entropy coder, precincts with PPx = 15, PPy = 15 and PPz = 15
XXXX Xxx1 Entropy coder with custom precincts defined below
xxxx xx0x No SOP marker segments used
XXXX XX 1x SOP marker segments may be used
xxxX X0xx No EPH marker used
XXXX X1Xx EPH marker shall be used
All other values reserved

Table A.5 — Coding style parameter values for the SGceod parameter

Parameters (in order) Size (bits) Values Meaning of SGéod value
Progression order 8 Rec. ITU-T T.800 | Progression order.
ISO/IEC 15444-1
Table A.16
Number of layers 16 1-65535 Number oflayers
Mulfiple component transform 8 Rec. ITU-T T.801 | Multiple component transform usape

ISO/IEC 15444-2
Table A.8

Table A.6 — Coding style parameter values of the SPcod and SPcoc paramaters, extended

Parameters (in order) Size (bits) Values Meaning of SPcod valueg
Number|of decomposition levels along 8 0-32 Number of decomposition levels along
X-axis X-axis, Ny y, zero implies no
transformation
Number|of decomposition levels along 8 0-32 Number of decomposition levels ajong
Y-axis Y-axis, N;y, zero implies no
transformation
Number|of decomposition levels along 8 0-32 Number of decomposition levels along
Z-axis Z-axis, Nz, zero implies no transfgrmation
3D code-block width 8 Table A.7 Code-block width exponent offset alue,
xcb
3D code-block height 8 Table A.7 Code-block height exponent offset{value,
yeb
3D code-block depth 8 Table A.7 Code-block depth exponent offset yalue,
zch
3D code-block style Table A.8 Style of the 3D code-block codingpasses
Transfprmation kernel along X-axis Rec. ITU-T T.801 | Wavelet transformation used along X-axis
ISO/IEC 15444-2
Table A.10
Transformation kernel along Y-axis 8 Rec. ITU-T T.801 | Wavelet transformation used along Y-axis
INO/IEC [5444-2
Table A.10
Transformation kernel along Z-axis 8 Rec. ITU-T T.801 | Wavelet transformation used along Z-axis
ISO/IEC 15444-2
Table A.10
Precinct size variable Table A.9 If Scod or Scoc = xxxx xxx0, this

parameter is not present; otherwise, this
indicates precinct width, height and depth.

The first parameter (16 bits) corres

ponds

to the N;LLL sub-band. Each successive
parameter corresponds to each successive

resolution level in order.

Rec. ITU-T T.809 (05/2011)
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Table A.7 — Width, height or depth exponent of the 3D code-blocks for the
SPcod and SPcoc parameters

Values (bits)

MSB LSB 3D code-block width, height and depth

xxxx 0000 —xxxx 1011 3D code-block width, height and depth exponent values xcb = value, ycb = value
or zch = value.

NOTE - This redefines Rec. ITU-T T.800 | ISO/IEC 15444-1 significantly! The 3D
code-block width, height and depth are limited to powers of two with the minimum
size being 2° and the maximum being 2'°.

Further, the 3D code-block size is restricted so that 4 < xchb+ychb+zch < 18.

All other values reserved

T'able A.d — 3D code-block style 1or the SFcod and SFcoc paramaters, extended

\ll\zlsulgs (]?;t];) 3D code-block style
xxxx xxx0 No selective arithmetic coding bypass
XXXX XXx 1 Selective arithmetic coding bypass
xxxx xx0x No reset of context probabilities on coding pass boundaries
XXXX XX1x Reset context probabilities on coding pass boundaries
XXXX X0Xx No termination on each coding pass
XXXX X 1Xx Termination on each coding pass
xxxx 0xxx No causal contexts
XXXX 1XXX Causal contexts
xxx0 XXXX No predictable termination
xxx1 xxxx Predictable termination
xX0x XXXX No segmentation symbols are used
xx1x XXXx Segmentation symbols areused
All other values reseryed

Table A.9 — Precinct width, height and depth for the SPcod and SPcoc parameters, extended

Values (bits) . .
MSB LSB Precinct size
XXXX XXxX xxxx 0000 - 4 LSBs are the precinct width exponent PPx = value. This value may
XXXX XXXX XxxX 1111 only equal zero at the resolution level corresponding to the N;LLL band
xXxXX XXxX 0000-XXxX — Next 4 bits are the precinct height exponent PPy = value. This value
XXXX XXXX H hLXxxx may only equal zero at the resolution level corresponding to the N;LLL
band.
xxXxX 0000"XXXX XXXX — Next 4 bits are the precinct depth exponent PPz = value. This value may
xxxX 111 xxxX XXXX only equal zero at the resolution level corresponding to the N;LLL band
All other values reserved

A.2.3 | Cading style component (COC), Rec. ITU-T T.800 | ISO/IEC 15444-1 extended

Function: Describes the coding style and number of decomposition levels used for compressing a particular
component.
Usage: Main and first tile-part header of a given tile. The usage is optional in both the main and tile-part headers.

No more than one per any given component may be present in either the main or tile-part headers. If
there are multiple tile-parts in a tile, and this marker segment is present, it shall be found only in the first
tile-part (7Psot = 0).

When used in the main header, it overrides the main COD marker segment for the specific component.
When used in the tile-part header, it overrides the main header COD, main COC and tile COD for the
specific component. Thus, the order of precedence is the following:

Tile-part COC > Tile-part COD > Main COC > Main COD

where the "greater than" sign, >, means that the greater overrides the lesser marker segment.

Rec. ITU-T T.809 (05/2011) 9
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(A-3)

ents are

Length: Variable depending on the value of Scoc (see Lcoc parameter).
Scoc
COC | Leoe / l /
Ccoc  SPcoc
Figure A.4 — Coding style component syntax
COC: Marker code. Table A.10 shows the size and values of the symbol and parameters for the coding style
component marker segment.
Lcoc: Length of marker segment in bytes (not including the marker). The value of this parameter is
determined by the following equation:
14 maximum_precincts AND Csiz <257
I 15 maximum_precincts AND Csiz 2257
coc=
14+2 - number of resolution levels user_defined precincts AND Csiz <257
1542 - number_of resolution levels user_defined precincts AND Csiz=257
Cepe: The index of the component to which this marker segment relates. The compon
indexed 0, 1, 2, etc.
Scac: Coding style for this component. Table A.11 shows the values for®dch Scoc parameter.
SPgoc: Parameters for coding style designated in Scoc. The coding\style parameters within the SH

= Tm omTm oo aw >

KK

appear in the order sequence shown in Figure A.5.

Number of decomposition levels along X-axis
Number of decomposition levels along Y-axis
Number of decomposition levels along Z-axis
Code-block width

Code-block height

Code-block depth

Code-block style

Transformation kernel along X-axis
Transformation kernel along Y-axis
Transformation kernel along Z-axis

Precinct sizes

Eigure A.5 — Coding style parameter diagram of the SPcoc parameter

Table A.10 — Coding style component parameter values, extended

coc field

Parameter Size (bits) Values
falaYal 16 OxEES3
Lcoc 16 4-102
Ccoc 8 0-255; if Csiz <257
16 0-16383; if Csiz > 257
Scoc 8 Table A.11
SPcoc! variable Table A.6

10 Rec. ITU-T T.809 (05/2011)
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Table A.11 — Coding style parameter values for the Scoc parameter, extended

\ll\zls,u];s g)ét];) Coding style
xxxx xxx0 Entropy coder with maximum precinct values PPx = PPy = PPz =15
XXXX Xxx1 Entropy coder with precinct values defined in SPcoc
All other values reserved

2011 (E)

A.2.4  Region-of-interest (RGN), Rec. ITU-T T.801 | ISO/IEC 15444-2 extended

Function: Signals the presence of a region-of-interest (ROI) in the codestream.

Usage: Main and first tile-part header of a given tile. If there is RGN marker segment in the main header with a
Srgn = 0, there shall not be any RGN marker segment anywhere in the codestream with a non-zero Srgn
value for the component given by the corresponding Crgn value. Likewise, if there 1s RGN marker
segment in the main header with a non-zero Srgn value, there shall not be any RGN madrker| segment
anywhere in the codestream with a Srgn = 0 for the component given by the corresponding.Crgn| value.
When used in both the main header and the first tile-part header, the RGN in the.first tile-pajt header
overrides the main RGN for that tile. Also, an RGN specifying a single component (Crgn #A 65 535)
overrides on specifying all components (Crgn = 65 535). Thus the order of precedence is the following:

Tile-part RGN (Crgn # 65 535) > Tile-part RGN (Crgn = 65 535) > Main RGN (Crgn # 65 [535) >
Main RGN (Crgn = 65 535)
where the "greater than" sign, >, means that the greater overrides theé\€sser marker segment.
Length: Variable.
Srgn Binary shift
RGN |[|Lrgn | Crgn
XArgn YArgn ZArgn XBrgn YBrgn ZBrgn
SPrgn T.8(9(07)_FA-6
Figure A.6-=Region-of-interest syntax
RQN: Marker code. Table A.12 shows the size and values of the symbol and parameters for the fegion of
interest marker segment.
Lrgn: Length of the marker segiment in bytes (not including the marker).
Crgn: The index of the ‘e@mponent to which this marker segment relates. The components are| indexed
0,1, 2, etc.
Srgn: ROI style for the current ROI. Table A.16 of Rec. ITU-T T.801 | ISO/IEC 15444-2 shows the value
for the Srgn parameter.
SPrgn: Parameter for ROI style designated in Srgn. SPrgn is only signalled for Srgn =1 or Srgn =2
Table A.12 — Region-of-interest parameter values, extended
Parameter Size (bits) Values
RGN 16 OxFFSE
Lrgn 16 5-30
Crgn 16 Rec. ITU-T T.801 |
ISO/IEC 15444-2
Table A.17
Srgn 8 Rec. ITU-T T.801 |
ISO/IEC 15444-2
Table A.16
SPrgn variable Table A.13
Rec. ITU-T T.809 (05/2011) 11


https://iecnorm.com/api/?name=58a6574ece44d44d11efb51ad1235199

ISO/IEC 15444-10:2011 (E)

Table A.13 — Region of interest values from SPrgn parameter (Srgn =1 or Srgn = 2), extended

Parameters (in order) Size (bits) Values Meaning of SPrgn values

Binary shift 8 0-255 Binary shifting of coefficients in the region of
interest above the background.

XArgn (left) 32 0-2%2-1) Horizontal reference grid point from the origin of
the first point. (In the case of the ellipse, Srgn =2,
this value shall not exceed the width of the image.)

YArgn (top) 32 0-2*-1) Vertical reference grid point from the origin of the
first point. (In the case of the ellipse, Srgn = 2,
this value shall not exceed the height of the
image.)

ZArgn (front) 32 0-(2**-1) Axial reference grid point from the origin of the
first point. (In the case of the ellipse, Srgn =2,
This vatue shall ot exceed the depti of thg image.)
XBrgn (right) 32 0-2*2-1) Horizontal reference grid point from the ofigin of
the second point.
YBrgn (bottom) 32 0-2%-1) Vertical reference grid point from.the orig|n of the
second point.

ZBrgn (back) 32 0-2*-1) Axial reference grid point.from the origin pf the

second point.
A.2.5 Quantization component default (QCD), Rec. ITU-T T.800 | ISO/IEC 15444-1 extended
Function: Describes the quantization default used for compressing all compenents not defined by a QC{ marker
segment. The parameter values can be overridden for an indiyjidual component by a QC( marker
segment in either the main or tile-part header.
Usage: Main and first tile-part header of a given tile. There shall b¢'one and only one in the main header. There
may be at most one for all tile-part headers of a tileMf there are multiple tile-parts for a tile) and this
marker segment is present, it shall be found only in-the’first tile-part (7Psot = 0).
When used in the tile-part header, it overrides*the main QCD and the main QCC for thqg specific
component. Thus, the order of precedence is_the following:
Tile-part QCC > Tile-part QCD > Main QCC > Main QCD
where the "greater than" sign, >, me@ans that the greater overrides the lesser marker segment.
Length: Variable depending on the number of quantized elements.
QCD | Lgcd
Sqed SPqcd”
Figure A.7 — Quantization default style
QJD: Marker code. Table A.14 shows the size and values of the symbol and parameters for the qugntization
default marker segment.
Lqfd: Length of the marker segment in bytes (not including the marker). The value of this parpmeter is
determined by the following equation:
4+number of subbands no_quantization
Lgcd =45 scalar _quantization_derived (A-4)
5+2 - number_of subbands scalar _quantization_expounded
where number_of sub-bands (depending on number of decomposition levels along X, Y and Z axis)
is defined in the COD and COC marker segments, and no_quantization, scalar _quantization_derived,
or scalar_quantization_expounded is signalled in the Sqcd parameter.
NOTE — The Lqcd can be used to determine how many quantization step sizes are present in the marker segment.
However, there is not necessarily a correspondence with the number of sub-bands present because the sub-bands
can be truncated with no requirement to correct this marker segment.
12 Rec. ITU-T T.809 (05/2011)
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Sqcd: Quantization style for all components.

SPqcd*: Quantization step size value for the ith sub-band in the defined order (see Annex B). The number of
parameters is the same as the number of sub-bands in the tile-component with the greatest number of
decomposition levels, N;.

Table A.14 — Quantization default parameter values, extended

Parameter Size (bits) Values
QCD 16 0xFF5C
Lqcd 16 4-441
Sqcd 8 Rec. ITU-T T.800 |

ISO/IEC 15444-1

Tokl ADQ
T80 =%

SPqcd’ variable Rec. ITU-T T.800 |
ISO/IEC 15444-1
Table A.28

A.2.6 Quantization component (QCC), Rec. ITU-T T.800 | ISO/IEC 15444-1 extended
Function: Describes the quantization used for compressing a particular component.

Usage: Main and first tile-part header of a given tile. Usage is optional in both the main and tile-part headers. No
more than one per any given component may be present in either the\main or tile-part headers. If there
are multiple tile-parts in a tile, and this marker segment is presentyitishall be found only in thelfirst tile-
part (TPsot = 0).

Optional in both the main and tile-part headers. When used\in the main header, it overrides fthe main
QCD marker segment for the specific component. When used in the tile-part header, it overrides|the main
QCD, main QCC, and tile QCD for the specific ,eotmponent. Thus, the order of precedenge is the
following:

Tile-part QCC > Tile-part QCD>Main QCC > Main QCD
where the "greater than" sign, >, means thafthe greater overrides the lesser marker segment.

Length: Variable depending on the number of quantized elements.

Cqee  SPqcee

QCC | Lqce I%

Sqcc SPqcce

5 QA

Figure A.8 — Quantization component syntax

Qqc: Marker code. Table A.15 shows the size and values of the symbol and parameters for the qudntization
component marker segment.

Lqfe: Length of the marker segment in bytes (not including the marker). The value of this parpmeter is
determined by the following equation:

S=mumber of subbards o quantizatiom AND €5z <257
6 scalar_quantization derived AND Csiz <257
Lce= 6+2 - number_of subbands scalar_quantization_expounded AND Csiz <257 (A-5)
6+number_of subbands no_quantization AND Csiz 2257
7 scalar_quantization derived AND Csiz 2257
742 - number_of subbands scalar_quantization_expounded AND Csiz >257

NOTE — The Lgcc can be used to determine how many step sizes are present in the marker segment. However,
there is not necessarily a correspondence with the number of sub-bands present because the sub-bands can be
truncated with no requirement to correct this marker segment.

Rec. ITU-T T.809 (05/2011) 13
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Cqcc: The index of the component to which this marker segment relates. The components are
indexed 0, 1, 2, etc. (Either 8 or 16 bits depending on Csiz value.)

Sqcc: Quantization style for this component.

SPqcc: Quantization value for each sub-band in the defined order (see Annex D). The number of parameters

is the same as the number of sub-bands in the tile-component with the greatest number of

decomposition levels.

Table A.15 — Quantization component parameter values

Parameter Size (bits) Values
QCC 16 0xFF5D
Lqcc 16 5-443
Cqce 8 0-255; if Csiz <257
16 0-16383; if Csiz > 257
Sqcc 8 Rec. ITU-T T.800 |
ISO/IEC 15444-1
Table A.28
SPqcc! variable Rec. ITU-T T.800 |
ISO/IEC 15444-1
Table A.28
A.2.7 | Component registration (CRG), Rec. ITU-T T.800 | ISO/IEC 15444-1/extended
Function: Allows specific registration of components with respect to each/other. For coding purposes, thq samples
of components are considered to be located at reference grid‘points that are integer multiples pf XRsiz,
YRsiz and ZRsiz (see Annex B). However, this may be inappropriate for rendering the image. The CRG
marker segment describes the "center of mass" of .each component's samples with respe¢t to the
separation. This marker segment has no effect on deeoding the codestream.
NOTE — This component registration offset is with tespect to the image offset (XOsiz, YOsiz and ZOsif) and the
component separation (XRsiz', YRsiz' and ZRsiz'). Foreéxample, the horizontal reference grid point for thq left most
samples of component ¢ is XRsiz®-|XOsiztXRsiz¢|. (Likewise for the vertical and axial direction.) The
horizontal offset denoted in this marker segment'is in addition to this offset.
Usage: Main header only. Only one CRG may*be used in the main header and it is applicable for all tiles.
Length: Variable depending on the number of components.
CRG MNeerg | Xerg' | Yerg! " Yerg" | Zerg"
Figure A.9 — Component registration syntax
CRG: Marker, code. Table A.16 shows the size and values of the symbol and parameters for the cqmponent
registration marker segment.
Lerg: Length of the marker segment in bytes (not including the marker).
Xefg" Value of the horizontal offset, in units of 1465536 of the horizontal separation XRsiz', fqr the ith
component. Thus, values range from 065536 (sample occupies its reference grid point) fo XRsiz®
6 65536)-Gust-before-thenextsample's+reference—gridpoin his—value—isrepeatedtor every
component.
Yerg': Value of the vertical offset, in units of 1/65536 of the vertical separation YRsiz', for the ith component.
Thus, values range from 065536 (sample occupies its reference grid point) to YRsiz® (6553565536)
(just before the next sample's reference grid point). This value is repeated for every component.
Zerg': Value of the axial offset, in units of 1665536 of the axial separation ZRsiz', for the ith component.
Thus, values range from 065536 (sample occupies its reference grid point) to ZRsiz® (6553565536)
(just before the next sample's reference grid point). This value is repeated for every component.
14 Rec. ITU-T T.809 (05/2011)
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Table A.16 — Component registration parameter values

Parameter Size (bits) Values
CRG 16 0xFF63
Lerg 16 6-65534
Xerg' 16 0-65535
Yerg' 16 0-65535
Zerg' 16 0-65535

Extended capabilities (CAP), Rec. ITU-T T.801 (2002)/Amd.2 (05/2005) |
ISO/IEC 15444-2:2004/Amd.2:2006

2011 (E)

This Recommendation | International Standard requires the presence of the CAP marker segment in the main header,

with the
ISO/IEC
Internati

NOTH

speciffied in the amendment Rec. ITU-T T.801 (2002)/Amd.2 (05/2005) | ISO/IEC 15444-2:2004/Amd.2:2006.

For this
Rec. ITU
significal
enabled
marker s
before ef

Pcap tield signalling the use ot Rec. I'TU-T 1.809 | ISO/IEC 15444-10 as described i Rec. I'TU-
15444-2. Table A.17 explains the usage of its associated Ccap' parameter for this Recomme
nal Standard.

— These extended capabilities were developed after the first edition of Rec. ITU-T T.801 | ISO/IEG, 15444-2,

Recommendation | International Standard it is required for the Rsiz field of the SEZ marker segn
-T T.801 | ISO/IEC 15444-2) to signal the presence of the CAP marker segmentdyenabling the seco
nt bit. This prevents decoders that are unable to correctly handle Rec. ITU-T T.809 | ISO/IEC

codestreams from continuing. It is advisable that the CAP marker segment ‘appears immediately afte
egment, such that a decoder can easily recognize Rec. ITU-T T.809 | ISQAEC 15444-10 enabled cod
countering any extended marker segments.

Table A.17 — Ccap', extended

Values (bits) Coding style
MSB LSB
0000 0000 0000 0000 0000 No extended eapabilities
All other valves reserved

T.801 |
hdation |

and were

hent (see
nd-most-
5444-10
I the SIZ
estreams
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B.1

Annex B

Image and compressed image data ordering, extension

(This annex forms an integral part of this Recommendation | International Standard.)

Introduction

In this annex and all of its subclauses, the flow charts and tables are normative only in the sense that they are defining
an output that alternative implementations shall duplicate. This annex describes the various structural entities, and their
organization in the codestream: components, tiles, sub-bands and their divisions.

This annex is the extension of Rec. ITU-T T.800 | ISO/IEC 15444-1 Annex B with volumetric coding functionality, i.e.,

from tw
Rec. ITU
noted, al

B.2
Update g

Compon
arrays of]
compong

Each reg
N,LLL §
range [2;

Each sub
sub-band

B.3
Update d

The refe
Zsiz — 1
(XOsiz,

location

The sam
compongd

each conpponent.

Thus, thd
where x,

o to three spatial dimensions. The following subclauses will describe only the changed
-T T.800 | ISO/IEC 15444-1 Annex B that are needed to add the extra axial dimension. Unless
descriptions and specifications of Rec. ITU-T T.800 | ISO/IEC 15444-1 remain valid.

Introduction to image data structure concepts
f Rec. ITU-T T.800 | ISO/IEC 15444-1 clause B.1.

bnts no longer consist of two-dimensional-arrays of samples, but instead they consist of three-dim|
samples. Each component, ¢, now has parameters XRsiz", YRsiz" and ZRsiz’ which define the mapping
nt samples and the reference grid points.

olution level consists of either the [L|H|X][L|H|X][L|H|X] sub-bands (excluding the LLL sub-ban

7] (see Figure D.6).

-band has its own origin. The sub-band boundary conditighs’are unique for each of the [L|H|X][LH|X
S.

Component mapping to the reference grid
f Rec. ITU-T T.800 | ISO/IEC 15444-1 clause B.2.

fence grid becomes a three-dimensional\space of points with the indices from (0, 0, 0) to (Xsiz — 1,
. An "image area" is then defined whithe reference grid by the dimensional parameters, (Xsiz, Ysiz,
Y Osiz, ZOsiz). Specifically, the‘image area on the reference grid is defined by its reference grid
XOsiz, YOsiz, ZOsiz) and (Xsiz='1, Ysiz— 1, Zsiz— 1).

ples of component ¢ are' now at integer multiples of (XRsiz", YRsiz‘, ZRsiz) on the reference gi
nt domain is a sub-sampled version of the reference grid with the (0, 0, 0) coordinate as common

samples of component ¢ are mapped to a cuboid with corner coordinates (xo, yo, zo) and (x; — 1, y; —
vo, X1 and yj/are given by Rec. ITU-T T.800 | ISO/IEC 15444-1 Equation B-1 and z, and z, as:

[zom] [ Zsiz 1
Zy— zZ, =
ZRsiz® ZRsiz®

items to
explicitly

ensional-
between

1) or the

ub-band, thus changing the number of sub-bands per decomposition level, m, with m < Ny, from thiee to the

IILHX]

Ysiz — 1,
Vsiz) and
points at

id. Each
point for

y 21— 1)3

(B-1)

Thus, the three dimensions of component ¢ are given by:

(width, height, depth) = (x| - X0, V1 — Y0-21 — ZO)

The parameters Zsiz, ZOsiz and ZRsiz‘ are all defined in the NSI marker segment (see A.2.1).

B.4

Image area division into tiles and tile-components

Update of Rec. ITU-T T.800 | ISO/IEC 15444-1 clause B.3.
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The reference grid is partitioned into a regular sized three dimensional array of tiles. The tile size and tiling offset are
defined, on the reference grid, by dimensional pairs (X7siz, YTsiz, ZTsiz) and (XTOsiz, YTOsiz, ZTOsiz), respectively.
ZTsiz and ZTOsiz are parameters from the NSI marker segment.

Every tile is XTsiz reference grid points wide, Y7siz reference grid points high and ZT7siz reference grid points deep. The
upper left front corner of the first tile (tile 0) is offset from the upper left front corner of the reference grid by (X7Osiz,
YTOsiz, ZTOsiz). The tiles are numbered in raster order (i.e., from left to right, top to bottom, front to back). This
number is the tile index.

The tile grid offsets (XTOsiz, YTOsiz, ZTOsiz) are constrained to be not larger than the image area offsets. This is
expressed by Rec. ITU-T T.800 | ISO/IEC 15444-1 Equation B-3 and additionally by the following range:

0L ZT0siz< ZOsiz (B-3)
Also, thg-tie He (tile 0)

will confain at least one reference grld pomt from the 1mage area. Thrs is expressed by Rec ITU1 T.800 |
ISO/IEC]|15444-1 Equation B-4 and additionally by the following range:

ZTsiz+ ZTOsiz> ZOsiz (B-4)

The number of tiles in the horizontal (X) direction (numXtiles) and the vertical (Y) direction (num Ytiles) are|given by
Rec. ITU-T T.800 | ISO/IEC 15444-1 Equation B-5. The number of tiles for the axial (Z)~direction (numZtilgs) is the
following:

=

(B-5)

numZtiles = [Zszz - ZTOSZZ-‘

ZTsiz

For the purpose of this description, it is useful to have tiles indexed in terms of horizontal, vertical and axial |position.
Let p, bq the horizontal index of a tile and p, be the vertical index-of*a tile, then p. represents the axial index|of a tile,
ranging from 0 to (numZtiles — 1). The following expression redéfinés p, and p, (Rec. ITU-T T.800 | ISO/IEC] 15444-1
Equationy B-6) and defines p.:

p,, = mod(mod(t, numXtiles - numYtiles), numXtiles)

py = Lmod(r,nuthileiv . numYliles)J (B-6)
numXtiles
t
pz= Lnuthiles . nuthiZesJ
As for the coordinates of a particular tile on the reference grid, these are described by the following equations:
X0 (px,py,pz ): max (XTOsiz + Dy - XTsiz, XOsiz)
o (px,py, Z): max(YTOsiz +py- YTsiz,YOsiz)
1z (px,py,pz ): max(ZTOsiz + p, - ZTsiz, ZOsiz)
(px,py,pz )= rnm(XTOsiz + (px + 1)- XTsiz, Xsiz) el
(px,pv,p )= mln(YTOSlZ + (pv + 1)~ YTsiz, Ysiz)
tzl< x,py,pz) min(ZTO0siz +(p, +1)- ZTsiz, Zsiz)

Where $X(px Py D2)s Do(Pw Dy P2) and tzo(ps, p,, p.) are the coordinates of the upper left front corner of the tile and
xi1(px, Py P2) — 1, 91(ps, Py, p2) — 1 and tz,(p,, p,, p.) — 1 are the coordinates of the lower right back corner of the tile. We
will often drop the tile's coordinates in referring to a specific tile and refer instead to coordinates (#xo, 2o, zo)
and (tx1 lyl, tZl).

Thus, the dimensions of a tile in the reference grid are:

(tx, —txy, 1y, — 1y, 1z, — tz,)) (B-8)

Rec. ITU-T T.809 (05/2011) 17


https://iecnorm.com/api/?name=58a6574ece44d44d11efb51ad1235199

ISO/IEC 15444-10:2011 (E)

Within the domain of image component i, the coordinates of the upper left front hand sample are given by (zcx,, tcy,,
tczy) and the coordinates of the lower right back hand sample are given by (fcxy, fcy,, tczy), where texg, tey,, texy and tey,
are described in Rec. ITU-T T.800 | ISO/IEC 15444-1 Equation B-12 and fcz, and #cz, are given by the following
equation:

1zy 4]
[CZO = N fCZl = " (B-9)
ZRsiz' ZRsiz'

So, the dimensions of the tile-component in the reference grid are:

(tcxl — lcxg, ey — teyy, tezp — tczo) (B-10)

B.5 Transformed tile-component division into resolution levels and sub-bands

Update df Rec. ITU-T T.800 | ISO/IEC 15444-1 clause B.5.

NOTE — Although Rec. ITU-T T.809 | ISO/IEC 15444-10 (JP3D) allows a different number of decomposition llévels fpr each of
the thfee dimensions (horizontal denoted by X, vertical denoted by Y and axial denoted by Z), it is fundamentally diff¢rent from
Rec. ITU-T T.801 | ISO/IEC 15444-2 Annex F: "Arbitrary Decomposition of Tile-components". The decomposition| of a tile-
compgnent described in this Recommendation | International Standard is NOT arbitrary.

Each tile-component is wavelet transformed with Ny decomposition levels in th€) horizontal direction, Npy
decompgsition levels in the vertical direction and N;; decomposition levels in the axial direction as described
in Anney D. The direction with the highest number of decomposition levels also detetrmines the number of rgsolution
levels. Thus, with N; = max(N.x, Niy, N;7) as defined in D.3.2, there are (N,\ 1) distinct resolution levels| denoted
r =0, 1,]., N;. Each resolution level, r, is represented by the n[L|X][L|X][L|X}\band, with n = N, — r, where the actual
sub-band type is determined by the number of decompositions in each of the directions (see D.4.1). For example, when
Nixis 3,|N.yis 3 and N,z is 2, then at r = 0, the lowest resolution level isa@epresented by the 3LLX band, whilelfat, » = 1,
the resolfition level is represented by the 2LLL band. This clause describes the dimensions of this reduced resolution.

The given tile-component's coordinates with respect to the referénce grid at a particular resolution level, 7, yigld upper
left fron{ hand sample coordinates, (#rx,, tryo, trzo) and lowertight back hand sample coordinates, (frx; — 1,|try; — 1,
trzy — 1),|where:

; _ [ texgy ] fropy = [ texy ]
™o = Hmin(Np N x) M= omin(Ny—r, Npy)
B [ ¢y ] _ I ey ]
t’/y() - 2min(NL =, NLY) t”yl - 2min(NL =, NLY) (B-l 1)
trzn & B tezgy i frzs — [ fczy )
Z0 = Hmin(Nz—r, Ny z) 1= Hmin(Nz—r, Ny z)

In a similar manner, the tile ¢oordinates may be mapped into any particular sub-band, b, yielding upper left font hand
sample cpordinates (tbxontby,, thzo) and lower right back hand sample coordinates (tbx,—1, thy,—1, thz;—1) wherg:

b = texg —(2’”%_1 - X0p) b — tex —(2")%_1 - X0p)
0 2nxb 1 2nxb
eyt eyr—t24 =Ly
thyy = thy, = -
Y0 S N S (B-12)
than —| 160 — " - Z0p) ha | 17 — " - Z0p)
0 2an 1 2an

where nx, ny, and nz,, as defined in Equation B-13, represent the respective decomposition levels for the horizontal
(X), vertical (Y) and axial (Z) directions associated with sub-band b. The quantities (xo,, yop, zo,) are given in
Table B.1.
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nxp =min(N; —r+1, Ny y)

nyyp =rnin(NL—r+1, NLY) (B-13)
nzy =min(NL —I’+1, NLZ)
Table B.1 — Quantities (X0y, YO, Z0,) for sub-band b
Sub-band type X0y YOp 70,
[LIX]ILIX]LIX] 0 0 0
H[LIX][LIX] ! 0 0
[LIXJH[L[X] 0 1 0
HH[L|X] 1 1 0
[LIX][LIX]H 0 0 1
HI[LIX]H 1 0 1
[LIX]HH 0 1 1
HHH 1 1 1
For each sub-band, these coordinates define the tile boundaries in distinct sub-band domains. Furthermore, the
dimensigns of each sub-band are given by:
(thx, — thx, thy, — thy,, thz, — thz) (B-14)
B.6 Division of resolution levels into precincts
Update of Rec. ITU-T T.800 | ISO/IEC 15444-1 clause B.6.
Consider) a particular tile-component and resolution level whose bounding sample coordinates in the reduced resolution
image dqmain are (trx, try,, trzo) and (trx;—1, try\—1, trz)—1), as already described. Analogue to the method dedcribed in
Rec. ITUY-T T.800 | ISO/IEC 15444-1 clause B.6, the three-dimensional tile-component resolution level is partitioned
into predincts, using #rx,, trx;, try, and try;, and additionally“also #rz, and #rz,. The precinct is anchored at (0] 0, 0), so
that the yipper left front hand corner of any given precifict in the partition is located at integer multiples of (37, 27,
2"7%) where PPx, PPy and PPz are signalled in the COD or COC marker segments. As for PPx and PPy, PP may be
different|for each tile-component and resolution- Iéyel. PPz must be at least 1 for all resolution levels, r, excgpt when
r =0 where it is allowed to be zero.
The numpber of precincts which span the tile-component at resolution level, r, is given by Rec. ITU-T T.800 |
ISO/IEC]|15444-1 Equation B-16 and by the following equation:
2y - irzg trzy > trz,
numprecinctsdeep =| | PPz H PPz 1 0 (B-15)
0 trzy =trz
Even if Rec. ITU-TSE800 | ISO/IEC 15444-1 Equation B-16 or Equation B-15 of this Recommendation | Intdrnational
Standard| indicatesthat both numprecinctswide, numprecinctshigh, and numprecinctsdeep are non-zero, somg, or all,
precincty may. still be empty as explained in Rec. ITU-T T.800 | ISO/IEC 15444-1 clause B.6. The precinct irfdex runs
from 0 tq namprecincts —1 where numprecincts = numprecinctswide-numprecinctshigh-numprecinctsdeep in ragter order
(i.e., from Ieft to rignt, top to bottom, fromnt to back). The index is used in determining the order of appearance, in the
codestream, of packets corresponding to each precinct, as explained in Rec. ITU-T T.800| ISO/IEC 15444-1
clause B.12.
B.7 Division of sub-bands into code-blocks

Update of Rec. ITU-T T.800 | ISO/IEC 15444-1 clause B.7.

The sub-bands are partitioned into rectangular 3D code-blocks for the purpose of coefficient modelling and coding. The
size of each code-block is determined from three parameters, xch, ycb and zcb, which are signalled in the COD or COC
marker segments. The code-block size for each sub-band at a particular resolution level is determined as 2* by 2 by
27" where xcb’ and ycb' are described by Rec. ITU-T T.800 | ISO/IEC 15444-1 Equations B-17 and B-18 and zcb' is
given by:

Rec. ITU-T T.809 (05/2011)

19


https://iecnorm.com/api/?name=58a6574ece44d44d11efb51ad1235199

ISO/IEC 15444-10:2011 (E)

, (min(zch, PPz —1) r>0
zeh' = (B-16)

min(zeh, PPz) r=0
These equations reflect the fact that the code-block size is constrained both by the precinct size and the code-block size,
whose parameters, xcb, ycb and zcb, are identical for all sub-bands in the tile-component. Like the precinct, the code-

block partition is anchored at (0, 0, 0). Thus, all boundaries of code-blocks in the code-block partition are located at
x= gXZ’“'b ,y=g72" “b'and z = gZZZC” where g,, g, and g, are integers.

B.8 Packets

Update of Rec. ITU-T T.800 | ISO/IEC 15444-1 clause B.9.

All compressed image data representing a specific tile, layer, component, resolution level and precinct appears in the
codestredm in1 a contiguous segment called a packet. Packet data is aligned at 3-bit (one Dyte) boundaries.

As defingd in Annex D, resolution level » = 0 contains the sub-band coefficients from the N;LLL band,where| NV, is the
number pf decomposition levels as defined in clause D.3.2. Each subsequent resolution level, » >|0; corftains the
sub-band coefficients from the »[L|H|X][L|H|X][L|H|X] sub-bands, nLLLL excluded, as defined 'in) Annex D, where
n = N, —|r + 1. There are (N, + 1) resolution levels for a tile-component with N; decomposition devels.

The compressed image data in a packet is ordered such that the contribution from the LLE,"XLL, LXL, LIIX, LXX,
XLX, XKL, HLL, HXL, HLX, HXX, LHL, XHL, LHX, XHX, HHL, HHX, LLH, XL LXH, XXH, HLH, HXH,
LHH, XHH and HHH sub-bands appear in that order (i.e., Morton scanning order). Within each sub-Band, the
codeblodk contributions appear in raster order, confined to the bounds establishedby the relevant precinct. Resolution
level r|= 0 contains only the N,LLL band and resolution levels 7~=0" can only contain somd of the
N LHX]LHX]LIHIX] bands, excluded N;LLL. Only those codeblocks that contain samples from the| relevant
sub-band, confined to the precinct, have any representation in the packet.

Packet data is introduced by a packet header whose syntax is described in Rec. ITU-T T.800 | ISO/IEC(15444-1
clause BJ10 and is followed by a packet body containing the actual{code-bytes contributed by each of the relevpnt code-
blocks. The order defined above is followed in constructing both the packet header and the packet body.

B.9 Packet header information coding

Update gf Rec. ITU-T T.800 | ISO/IEC 15444-1 clause B.10.

B.9.1 Tag trees

Rec. ITY-T T.800| ISO/IEC 15444-1 clause B.10.2 describes two dimensional tag trees. For the purppse of a
three-dimensional extension, three-dimensional tag trees are required.

A 3D tap tree is a way of representing a three-dimensional array of non-negative integers in a hierarchical way. It
successiyely creates reduced reselution levels of this three-dimensional array, forming a tree. At every node of|this tree,
the minifnum integer of the top\(up to eight) nodes below is recorded. The notation, g;(m,, m,, m.), is the value at the
node thaf is m.th from thedeft;m,th from the top and m.th from the front, at the ith level. Level 0 is the lowest level of
the tag tree; it contains the fop node.

See Rec{ITU-T T.8007T ISO/IEC 15444-1 clause B.10.2 for further information on how to actually encode anld decode
values wjth the tag-tree. The description given there is independent of the number of actual dimensions.

B.9.2 QOrder of information within a packet

Update of Rec. ITU-T T.800 | ISO/IEC 15444-1 clause B.10.8.

The following is the packet header information order for one packet of a specific layer, tile-component, resolution level
and precinct.

bit for zero or non-zero length packet
for each subband ([L|H|X]ILIH|XILIH|X]) ) )
for all code-blocks in this subband confined to the relevant precinct, in raster order
code-block inclusion bits (if not previously included then tag tree, else one bit)
if code-block included
if first instance of code-block
zero bit-planes information
number of coding passes included
increase of code-block length indicator (Lblock)
for each codeword segment
length of codeword segment
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B.10  Progression order
Update of Rec. ITU-T T.800 | ISO/IEC 15444-1 clause B.12.

For a given tile-part, the packets contain all compressed image data from a specific layer, a specific component, a
specific resolution level, and a specific precinct. The order in which these packets are found in the codestream is called
the progression order. The ordering of the packets can progress along four axes: layer, component, resolution level and
precinct.

It is possible that components have a different number of resolution levels. In this case, the resolution level that
corresponds to the N;LLL sub-band is the first resolution level (» = 0) for all components. The indices are synchronized
from that point on.

B.10.1 Progression order determination

This clayse-desecribes the alaorithioac that dofingo thao 10 nocaihla o araccion ardore Thaoy ara haciaall 14 ntical to
S5e—aeScHoes—thHe—argortS—tatr—aeHhe—ne—1ve-possiore progression—oraers—iney—are—oasicarty—ta

those described in Rec. ITU-T T.800 | ISO/IEC 15444-1 clause B.12.1, but extended to three dimensions: The lines
printed i bold indicate the additions necessary for the third dimension.

The C marker segments signal which of the five progression orders are used (see Rec.."ITU-T T.800 |
ISO/IEC|15444-1 clause A.6.1). The progression order can also be overridden with the POC marker segment (see
Rec. ITY-T T.800 | ISO/IEC 15444-1 clause A.6.6) in any tile-part header. For each of the possible progressign orders,
the mechanism to determine the order in which packets are included is described below.

B.10.1.1| Layer-resolution level-component-position progression

See Rec.|ITU-T T.800 | ISO/IEC 15444-1 clause B.12.1.1.

B.10.1.2| Resolution level-layer-component-position progression

See Rec.|ITU-T T.800 | ISO/IEC 15444-1 clause B.12.1.2.

B.10.1.3| Resolution level-position-component-layer progression

Resolutign level-position-component-layer progression for threg.dimensions is defined as the interleaving of thg packets
in the following order:
forleachr =0,..., N,
foreach z =tz,,..., tz, - 1,
for eachy =ty,,..., ty, -1,
for each x =tx,,..., tx; -1,
foreachi=0,..., Csiz-1
if ((z divisible by ZRsiz(i) - 2”&y OR ((z =tz,) AND (trz, - 2O
NOT divisible by 277"t
if ((y divisible by YRsiz(i)- 27" DNy OR ((y =ty,) AND (try, - 2O
NOT divisible by 2PPYt=N.()Ty)y
if (x divisible Ry'XRsiz(i)- 27" N0y OR ((x = tx,) AND (trx, - 2"
NOT divisible by 2PNy
for the next'precinct, k, if one exists,
for each’l =0,..., L-1
packet for component i, resolution level r, layer I, and precinct k

In the abpve, k~can be obtained from:

I’ . 1] (r 7

B (AN || _ rx . . Ay ‘ (N AN || _ ryo

k=|| XRsiz(i)-2 LWJ + numprecinctswide(r,i)- | | | YRsiz(i)- 2 SPPY(rd)
2PPx(r,i) ZPP)’(VJ)

(B-17)

z
. (. - t
+ numprecinctswide - numprecinctshigh - (ZRSIZ(Z)QNL r~‘ - {F}’;ZZOWJ
2PPz(r,i)

To use this progression, XRsiz, YRsiz and ZRsiz values must be powers of two for each component.
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B.10.1.4 Position-component-resolution level-layer progression

Position-component-resolution level-layer progression is defined as the interleaving of the packets in the following

order:

foreach z =tz,..., tz, -1,

for

eachy =ty,,..., ty, -1,

for each x =tx,,..., tx, -1,
foreachi=0,..., Csiz-1

foreachr =0,..., N, where N, is the number of decomposition levels for component i,
if ((z divisible by ZRsiz(i)- 277" "1y OR ((z =tz,) AND (trz, - 2O
NOT divisible by 2P D+N.()Tyy)
if ((y divisible by YRsiz(i)- 27" D™y OR ((y =ty,) AND (try, - 2O
NOT divisible by 277" N.()-Tyyy
if (x divisible by XRsiz(i)- 27" ™0y OR ((x =tx,) AND (trx, - 2"

In the alove, & can be obtained from Equation B-17. To use this progression, XRsiz, YRsiz and“ZRsiz values

NOT Tivisibie Dy 2224y
for the next precinct, k, if one exists,
foreach|=0,...,L-1
packet for component i, resolution level r, layer |, and precinct k

powers df two for each component.

B.10.1.5

Compongnt-position-resolution level-layer progression is defined as the interleaving~of the packets in the f

order:

Component-position-resolution level-layer progression

forleach i =0,..., Csiz-1

far

eachz=tz,,..., tz,-1

for eachy =ty,,..., ty, -1,
for each x =tx,,..., tx, -1,

foreachr =0,..., N, where N, is the number of decomposition levels for component i,
if ((z divisible by ZRsiz(i)- 277" ")) OR ((z2*%tz,) AND (trz, - 2"
NOT divisible by 2P D+N.()Tyy)
if ((y divisible by YRsiz(i)- 2701 OR((y =ty,) AND (try, - 2"
NOT divisible by 27 *N.()Tyyy
if (x divisible by XRsiz(i)- 27" N0y OR ((x = tx,) AND (trx, - 2O
NOT divisible by 2PPX(" DN yyy
for the next precinct, k, if one-exists,

foreach|=0,...,,L-1
packet for component. i, tesolution level r, layer I, and precinct k

In the abpve, k can be obtained from'Equation B-17.

must be

ollowing

22

Rec. ITU-T T.809 (05/2011)


https://iecnorm.com/api/?name=58a6574ece44d44d11efb51ad1235199

ISO/IEC 15444-10:2011 (E)

Annex C

Coefficient bit modelling

(This annex forms an integral part of this Recommendation | International Standard.)

C1 Introduction

In this annex and all of its subclauses, the flow charts and tables are normative only in the sense that they are defining
an output that alternative implementations shall duplicate. This annex formally extends Rec. ITU-T T.800 |
ISO/IEC 15444-1 Annex D with volumetric coding functionality.

This annex defines the modelling and scanning of transform coefficient bits.

Code-blqcks (see Annex B) are decoded a bit-plane at a time starting from the most significant bit-plang with a non-
zero elerpent to the least significant bit-plane. For each bit-plane in a code-block, a special code-blockisean pattern is
used for pach of three coding passes. Each coefficient bit in the bit-plane appears in only one of the three coding passes
called sipnificance propagation, magnitude refinement, and cleanup. For each pass contexts are“ereated which are
provided| to the arithmetic coder, CX, along with the bit stream, CD (see Rec. ITU-T T.800 | ISO/IEC|15444-1
clause C|3).

C.2 Code-block scan pattern within code-blocks, extended

Each bitiplane of a code-block is scanned in a particular order. The 3D code=block is processed in stripes, each
consistinlg of four rows (or all remaining rows if less than four) and spanning_the width of the 3D code-blgck. Each
stripe is|processed column by column from top to bottom and from left\te’ right. The complete 3D codetblock is
consequgntly scanned slice by slice. Within a slice, Rec. ITU-T T.800 | ISO/IEC 15444-1 is followed.

C3 Context model updates

For the ¢ontext modelling, the model described in Rec. ITUSF T.800 | ISO/IEC 15444-1 Annex D is modified with
respect to the significance propagation and cleanup coding-passes.

The confext vector for a given current coefficient is\the binary vector consisting of the significance stafes of its
8 nearest-neighbour coefficients in the XY plane, asishown in Rec. ITU-T T.800 | ISO/IEC 15444-1 Figure D.2. Any
nearest rjeighbour lying outside the current cogfficient's code-block is regarded as insignificant (i.e., it is tfeated as
having a|zero significance state) for the purpose of creating a context vector for decoding the current coefficient.

Rather than using Rec. ITU-T T.800 | ISO/IEC 15444-1 Table D.1, the relevant contexts are specified by Table C.1
below.

Table C.1 ~Contexts for the significance propagation and cleanup coding passes

Slﬂ[ﬁa ;15 X}g‘&rﬁg{gﬁfﬁ;‘;}’ grof Sub-bands v;-;t[l[ir;]l;;?}lﬁl )z)]rientation of Sub b::;gs t:tlit(l)lnp;';mary (e l;)::z:zzt
XX{LH] HH[LHX]
2 H; Vi 2D; > H; Vi 2D; 2H+V) 2D;
2 x? X X 2 X X >3 8
1 > X > ] X > 1 2 7
1 0 >1 0 1 >1 0 2 6
1 0 0 0 1 0 >2 1 5
0 2 X 2 0 X 1 1 4
0 1 X 1 0 X 0 1 3
0 0 >2 0 0 >2 >2 0 2
0 0 1 0 0 1 1 0 1
0 0 0 0 0 0 0 0 0
9 Note that the context labels are indexed only for identification convenience in this Recommendation | International Standard.
The actual identifiers used is a matter of implementation.
®  x="don't care".

Rec. ITU-T T.809 (05/2011) 23


https://iecnorm.com/api/?name=58a6574ece44d44d11efb51ad1235199

ISO/IEC 15444-10:2011 (E)

D.1

Annex D

Discrete wavelet transformation of tile-components

(This annex forms an integral part of this Recommendation | International Standard.)

Introduction

In this annex and all of its subclauses, the flow charts and tables are normative only in the sense that they define an
output that alternative implementations shall duplicate.

This annex describes the three-dimensional forward discrete wavelet transformation applied to one tile-component and
specifies the inverse three-dimensional discrete wavelet transformation used to reconstruct the tile-component [3], [4]

and [5].
functiond
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D.3.1
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D.3.2
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D.3.3

See Rec.

D4

D4.1

The inve
tile-comy
parametd

This annex formally extends Rec. ITU-T T.800| ISO/IEC 15444-1 Annex F with volumetri
lity.
Tile-component parameters

the tile-component defined by the coordinates tcxy, tcxy, tcyo, tcyy, tczo and tczy given'in Rec. ITU-
15444-1 Equation B-12 and in Equation B-9 of this Recommendation | International Standard.
es (x,y,z) of the tile-component (with sample values /(x,y,z)) lie in the range defined by:

texy S x <texy, teyy <y <tcyy and fezy < z <tz

Discrete wavelet transformations

Low-pass and high-pass filtering (informative)

ITU-T T.800 | ISO/IEC 15444-1 clause F.2.1.

Decomposition levels

p-component is transformed into a set of three-dimensional sub-band signals (called sub-bang
ing the activity of the signal in various frequency bands, at various spatial resolutions. Ny denotes th
hposition levels in the horizontal directign,* N,y denotes the number of decomposition levels in thg

and N;; denotes the number of decomposition levels in the axial direction. For the purposq
endation | International Standard, weldefine N, = max(Nyy, Nix, Niy).

Discrete wavelet filters (informative)

ITU-T T.800 | ISO/IEC 15444-1 clause F.2.3.

Inverse discrete wavelet transformation

The IDWT-procedure

rse discrete wavelet transformation (IDWT) transforms a set of sub-bands, ay(u, vy, wp) into a DC-lev
ponent, (%, y, z) (IDWT procedure). The IDWT procedure (see Figure D.1) also takes as input t
rsdVrxy Ny and Nz, which represent the number of decomposition levels in each of the three dimen

c coding

[ T.800 |
Then the

(D-1)

Is), each
e number
vertical
of this

b] shifted
he set of
ions and

are sign

led"in the COD or COC markers (see A.2.2 and A.2.3).

—
ab(ubv Vi Wb) —>

N, —>»  IDWT Itxy2)

N, —>»

N, —» T.809(07)_FD-1

Figure D.1 — Inputs and outputs of the IDWT procedure

The sub-bands are labelled in the following way: an index /ev corresponding to the decomposition level, followed by
three letters of which each letter is either L, H or X. Thus a sub-band label is given as /ev[L|H|X][LH|X][LH|X].
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The sub-band b = lev[L|X][L|X][L|X] corresponds to a downsampled version of the sub-band (lev — 1)[L|X][L|X][L[X]
which has been low-pass filtered for those directions (horizontal, vertical and/or axial) that are denoted by the L letter.
If at decomposition level, (lev — 1), a specific direction is not low-pass filtered (i.e., the letter X was used), it may no
longer be low-pass filtered in any of the subsequent higher decomposition levels, n > (lev — 1). Thus, when the number
of decompositions in direction d (with d being either X, Y or Z), Ny, is less than /ev, the decomposition type of that
respective dimension is X; otherwise, it is L. The sub-band » = OLLL corresponds to the original tile-component.

Similarly to Rec. ITU-T T.800 | ISO/IEC 15444-1 clause F.3.1, the sub-bands are signalled in the codestream, in the
order given below:

N,LLL, N,XLL, N,LXL, N,LLX, N,LXX, N;XLX, N;XXL, N;HLL, N;HXL, N;HLX, N;HXX, N,LHL, N,XHL,
N,LHX, N,;XHX, N;HHL, N;HHX, N,LLH, N,XLH, N,LXH, N;XXH, N;HLH, N;HXH, N;LHH, N,XHH, N;HHH,
(N~DHLL, (N,~1)HXL, (N,~1)HLX, (N,~1)HXX, (N,~1)LHL, (N,~1)XHL, (N,~1)LHX, ..., IXHX, 1HHL, 1HHX,
ILLH, 1XLH, 1LXH, 1XXH, IHLH, 1HXH, 1LHH, 1XHH, IHHH.

Note thaf, from the list of sub-bands given above, only those sub-bands that exist, given the parameters N; x| N,y and
N,z willl be present in the codestream. These are the exact sub-bands necessary to fully reconstruct thehoriginal tile-

compondnt.

Yes .
> Lev =20 I(x3,2) = ayy, (x.0.2)

No

Ao XX LX) 3D_SR(amu g xge Host Vo, vV :wwwlr]leﬂ\ﬁ,)o]\‘rlx)

|

leyy = lev — 1

T.809(07) FD-2

Figure D.2 — IDWT procedure

As in Rec. ITU-T T.800 | ISOAEC 15444-1 clause F.3.1, the IDWT procedure starts with the initializatign of the
variable fev (the current decomposition level) to N;. The 3D_SR procedure (see D.4.2) is performed at every [evel lev,
where the level lev decreages at each iteration, until N; iterations are performed. The 3D SR procedure is iterfted over
the Jev[X][L|X][L|X] sub-band produced at each iteration.

Finally, fhe sub-band@gi 1o (toLLr t1iLL VoLLL ViLLL, WoLLL, WiLLL) 1S the output array I(x, y, z).

As defingd in Equation B-12, the indices of sub-band coefficients for a given sub-band b lie in the range defined by:

thxy <uy, <tbx,, thy, < v, <tby, and thz, < w, < tbz, (D-2)

D.4.2  The 3D_SR procedure

The 3D_SR procedure performs a reconstruction of sub-band age, ixjuxjux)(#v.w) from the given sub-bands
Qe LEXLEx) (4 v, w). The total number of coefficients of the reconstructed (lev—1)[L|X][L|X][L|X] sub-band is
equal to the sum of the total number of coefficients of the sub-bands used as input to the 3D_SR procedure.
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a
lev| LIHIX JLLJHIX J [LHX, >

a,,. . .
3D_SR e DILIL XN

A

NL‘\"NLYHVLZ —>

Uy, Uy, Vo, Vi W, W, —

T.809(07)_FD-3

Figure D.3 — Inputs and outputs of the 3D_SR procedure

The sub-bands @, mxjnxjwmx) (4 v,w) are merged into the array a(u,v,w), using the TO_ARRAY procedure. This
temporary array is used to store the intermediate results and is constantly updated as the 3D_SR procedure is executed.
Subsequently, the 3D SR procedure reconstructs each direction, d, for which lev < N, < N;, with d being X, Y or Z,
using the T—T()R_QR VFR_QR and AXIAI _QR I‘\Y‘ﬂ{‘Pd]ll‘PQ Y‘PQI’\P{‘ﬁVF‘]V The end result

is

the

sub-band

A(lev—1)[L|X

wxjLx) (4 v,w). Figure D.4 describes the 3D_SR procedure in detail.

a =TO_ARRAY (@ Yoo Uy Vo Vi We, w)

No

y

Yes

a =HOR_SR(a,u,,u,,v,, v, w,,wj.

No

é |

Yes

a = VER SR{a,uy,u,,v,, v, ,we,w,)

v

lev<N,,

No

Yes

Ao DILXILXILIX] AXIAL _SR(a,uy,u,,v,, v, ,wy,w,)

e_

T.809(07)_FD-4

Figure D.4 —3D_SR procedure

D.4.3

The TO_ARRAY procedure

The TO_ARRAY procedure takes all sub-bands of decomposition level lev and merges them into a three-dimensional
array a(u,v,w) as shown in Figure D.6. It takes as input the sub-bands e, mxLpxumx) (% v,w) and the horizontal,
vertical and axial extent of the coefficients of sub-band @, 1)xjxLix), given as ug, uy, vy, vi, wo and wy. The output
array takes the horizontal, vertical and axial extent of the coefficients as indicated by uy < u < uy, vo <v < v; and
Wwo<w < wy.

26
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Uy, Uy, Vo,V Wy, W, ——
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a(u,v,w)

T.809(07)_FD-5

Figure D.5 — Inputs and outputs of the TO_ARRAY procedure

levLLH

JevEHT L

levLHH

levLXH levHXH

éo

@/ID_INTERLEAVE procedure

D.4.4

levHHH

Figure D.6 — All possible sub-band configurations for 3D DWT

S

levXXH

T.809[07)_FD-6

As illustrated in Figure D.7, the 1D _INTERLEAVE procedure interleaves the low-pass and high-pass coefficients of a
wavelet transform. It takes as input a one-dimensional signal, Y(n), and rearranges the coefficient values within the
signal by interleaving them. The values of iy and 7, used by the 1D INTERLEAVE procedure represent the start and the
end of the signal respectively. The way the signal is interleaved to form the output is described by the

1D_INTERLEAVE procedure, given in Figure D.8.

Y(n) ——>|

1D_INTERLEAVE

iyd,

R

T.809(07)_FD-7

Figure D.7 — Parameters of the 1D_INTERLEAVE procedure
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1D INTERLEAVE

A4

i=lin2]

A4

Y'(2i) = Y(i)

i=i+1
iz[i2]

lYes

i=lin]

No

v

Yi+1) =Yi+[i,2 )

i=i+1

No

@ T.809(07)_FD-8

Figure D.§ — 1D _INTERLEAYVE procedure

D4.5 The HOR_SR procedure

The HOR SR procedute, -performs an interleave operation and a horizontal sub-band reconstruction of|a three-
dimensidnal array of ¢oefficients. It takes as input a three-dimensional array a(u,v,w), the horizontal, vertical pnd axial
extent of its coefficients as indicated by uy < u < uy, vo <v < v; and wy <w < w; (see Figure D.9) and praduces as
output a horizofitally filtered version of the input array, row by row and slice by slice.

a(u,v,w) —p)

a(u,v,w)

HOR_SR

Uy, Uy, Vo, Vi, Wo, W, ——

T.809(07)_FD-9

Figure D.9 — Inputs and outputs of the HOR_SR procedure

As illustrated in Figure D.10, the HOR SR procedure applies the one-dimensional sub-band reconstruction (1D SR
procedure) to each row of the input array a(u,v,w), and stores the result back in each row.
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V=1
W=,
iy=u,
i, = u,

A 4

Y(u) = a(u,vw)

!

Yoo =1D INTERI F‘A\/E(Vlu),{w{ A

p— 7

|

X(u) = 1D_SR(Y(u),iy,i,)

|

a(u,v,w) = X(u)

v

v=v+l

No

T.809(07)_FD-10

Figure D.10 —- HOR_SR procedure
D.4.6 | The VER_SR-procedure

The VER_SR procedure performs an interleave operation and a vertical sub-band reconstruction of a three-dinmiensional
array of foefficients. It takes as input a three-dimensional array a(u,v,w), the horizontal, vertical and axial extent of its
coefficients/as-indicated by uy < u < uy, vo <v < v; and wy <w < w; (see Figure D.11) and produces as|output a
vertically filtéred version of the input array, column by column and slice by slice.

As illustrated in Figure D.12, the VER SR procedure applies the one-dimensional sub-band reconstruction (1D_SR
procedure) to each column of the input array a(u,v,w), and stores the result back in each column.

a(u,v,w) —ypl

VER SR L4y

Horthio Vo Vi Wo Wy —— T.809(07)_FD-11

Figure D.11 — Inputs and outputs of the VER_SR procedure
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u=1u,
w=w,
iO = VO
il = Vl

A 4

Y(v) = a(u,vw)

!

V{\r) =1D INTERIL F‘A\/E(Vh) i)

D.4.7

The AX]
dimensid
extent off

LEASI

b

X(v) = 1D_SR(Y(v),iy.i,)

|

a(u,v,w) = X(v)

v

u=u+1

No

The AXTALSSR procedure

[AL SR (procedure performs an interleave operation and an axial sub-band reconstruction of
nal array of coefficients. It takes as input a three-dimensional array a(u,v,w), the horizontal, vertical
itg’ coefficients as indicated by uy <u < uy, vo <v < vy and wy < w < wy (see Figure D.13) and prq

output aif

Figure D.12 — VER_SR procedure

T.809(07) FD-12

axially filtered version of the input array, row by row and column by column.

a three-
hnd axial
duces as

As illustrated in Figure D.14, the AXIAL SR procedure applies the one-dimensional sub-band reconstruction (1D_SR

procedure) to each depth of the input array a(u,v,w), and stores the result back in each depth.

30

a(u,v,w) —p

Uy, Uy, Vo, Vi, W, W, ——

Figure D.13 — Inputs and outputs of the AXIAL_SR procedure
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V(\v} =1D INTERI F‘A\/E(V{u) i)

bl
p— 7T

|

X(v) = 1D_SR(Y(W),i,,i,)

|

a(u,v,w) = X(w)

v

u=u+1
No
Yes
v=y Il
No
vy,
Yes

T.809(07) FD-14

Figure D.14 — AXTIAL_SR procedure

D.4.8 | The 1D_SR procedure

The 1D _|SR procedure used to perform the sub-band reconstruction is given in Rec. ITU-T T.800 | ISO/IEC| 15444-1
clause F.3.6. Als0; all subsequent procedures and specifications, needed directly or indirectly by the 1D_SR procedure,
are giver] in‘Ree’. ITU-T T.800 | ISO/IEC 15444-1 Annex F.

D.5 Forward transformation (informative)

D.5.1 The FDWT procedure (informative)

The forward discrete wavelet transformation (FDWT) transforms DC-level shifted tile-component samples /(x,y,z) into
a set of sub-bands with coefficients a,(up, vy, wy) (FDWT procedure). The FDWT procedure (see Figure D.15) also takes
as input the number of decomposition levels in each of the three dimensions and are signalled in the COD or COC
markers (see A.2.2 and A.2.3).

As in Rec. ITU-T T.800 | ISO/IEC 15444-1 clause F.4.1, the FDWT procedure starts with the initialization of the
variable /ev (the current decomposition level) to 1 and assigns the three-dimensional array I(x,y,z) to sub-band
aoLLL(MoLLL, U1LLL VoLLL ViLLL WoLLL, WiLLL)- The 3D _SD procedure (see D.5.2) is performed at every level lev, where the
level /ev increases by one at each iteration, until N, iterations are performed. The 3D_SD procedure is iterated over the
(lev — D[LIX][L|X][L|X] sub-band produced at each iteration.
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The complete FDWT procedure is described in detail in Figure D.16.

Similar to what is described in Rec. ITU-T T.800 | ISO/IEC 15444-1 Annex F, the generated sub-bands are signalled in
the codestream in the order given below:

N,LLL, N,XLL, N,LXL, N,LLX, N,LXX, N;XLX, N,XXL, N;HLL, N;HXL, N;HLX, N;HXX, N,LHL, N,XHL,
N,LHX, N,XHX, N;HHL, N;HHX, N;LLH, N,XLH, N,LXH, N,XXH, N;HLH, N,;HXH, N,LHH, N,;XHH, N,HHH,
(N, — DHLL, (N, - )HXL, (N, — DHLX, (N, — DHXX, (N, — YLHL, (N, - UXHL, (N; - JLHX, ..., 1XHX, 1HHL,
1HHX, 1LLH, 1XLH, 1LXH, 1XXH, 1HLH, 1HXH, 1LHH, 1XHH, 1HHH.

Note that, from the list of sub-bands given above, only those sub-bands that exist, given the parameters Ny, N,y and
Nyz will be present in the codestream. These are the exact sub-bands necessary to fully reconstruct the original tile-
component. Also note that N [L|X][L|X][L|X] is the only [L|X][L|X][L|X] type sub-band that is signalled in the
codestream.

I(xy,z) —>

N, —»  FDWT Al

NL!

Ny, —» T.809(07)_FD-15

Figure D.15 — Inputs and outputs of the FDWT procedure

lev=1
aﬂLLL(’C'y'Z) = l(’C,J’,Z)

(alev[l,\ HExr Al HI \'}) [, 3D,SD(aﬂwn[l,\ X[ X X]au()ﬂul VoV Wy ’WI)

!

lev=1lev+ 1

T.809(07) FD-16

Figure D.16 — FDWT procedure

D.5.2 | The 3D_SD.procedure (informative)

The 3D| SD procedure performs a decomposition of a three-dimensional array of coefficients or [ samples
Agev— yUkILXGEXY S v, W) into a number of groups of sub-band coefficients ajevmxpxumx (4 v, w), depending on the
number ¢f decempositions Ny, N;yand N .

The total mumber of coefficients of the sub-band (lev— D CIXCXLXT 15 equat to the sum of the totat mumber of
coefficients of the sub-bands /ev[L|H|X][L|H|X][L|H|X] resulting from the 3D_SD procedure.

Figure D.17 describes the input and output parameters of the 3D_SD procedure.

A eyl xpr) ] X =———

ay, el xapd ol X vl xg

vy

NLA’:NL)’:NLZ_» 3Dst

Uy Uy Ve Vi Wo . W, ——

T.809(07)_FD-17

Figure D.17 — Inputs and outputs of the 3D_SD procedure
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The 3D_SR procedure (see Figure D.18) decomposes each direction, d, for which lev < Ny, < N, with d being X, Y or
Z, using the HOR_SD, VER SD and AXIAL SD procedures respectively. Subsequently, the three-dimensional array
a(u,v,w) is split into the different constructed sub-bands a.uxjrxLEx (. Vv,w). Of these sub-bands, the
lev[L|X][L|X][L|X] sub-band is used in the next iteration of the FDWT procedure for further decomposition (as long as
less than N, iterations occurred). The other sub-bands are further processed for signalling in the codestream.

lev<N,,

a= AXIAL_SD(a//uv-n[L\ Xt xil xp o sU1 5Vo Vi s Wy W)

No

lev <N,

Yes

a=VER_SR(a,u,,u,,v,,v,,w,,W,)

v

lev<N,,

No

Yes

a=HOR_SR(a,u,,u, ,ys.v M, .w,)

v

(ala\' wHxLH X][L\HIX]) = TO,SUBBAN DS(a, Uy, U, Vy,V, W, >Wl)

it

T.809(07)_FD-18

Figure D.18 — 3D_SD procedure

D.5.3 The TO_SUBBANDS, procedure (informative)

The TO|SUBBANDS procédure takes a three-dimensional array a(u,v,w) as input and returns the sub-pands as
indicated in Figure D.6 as\output. The array a(u,v,w) has the horizontal, vertical and axial extent of the coefflcients as
indicated by uy <u < ugp, Wp'<v < vy and wy <w < wy.

D.5.4 The AXIAL_SD procedure (informative)

The AXJAL SD"procedure performs an axial sub-band decomposition of a three-dimensional array of coefficients. It
takes as |npuf/a three-dimensional array a(u,v,w), the horizontal, vertical and axial extent of its coefficients as jndicated
by uy < u=uy, Vo SV < Vi and wo = W < Wy (5ee Figure D-19)and produces as output an axiaily tiftered version of the
input array, row by row and column by column. After the decomposition, a deinterleave operation is performed.

As illustrated in Figure D.20, the AXIAL SD procedure applies the one-dimensional sub-band decomposition (1D _SD
procedure) to each depth of the input array a(u,v,w), and stores the result back in each depth.

a(u,v,w) ——p

AXIAL_SD |4y

Uy U Vo, VWG W, e T.809(07)_FD19

Figure D.19 — Inputs and outputs of the AXIAL_SD procedure
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Xw) = a(u,y,w)

!

Y(w) =1D_SD(X(w), iy,1,)

-

Y(w)=1D_DEINTERLEAVE(Y(w), i,,1,)

.

a(u,y,w) = Y(w)

|

u=u-+1
No
U1,
Yes
v=vtl
No
Yes

.m T.809(07)_FD-20

Figure D.20 — AXTAL_SD procedure

D.5.S The VER SD procedure (informative)

The VER.SD procedure performs a vertical sub-band decomposrtron of a three drmensmnal array of coefficients. It
takes as lnput-ath mension EVEY ad exten sindicated
by ug <u <up vy <v <y and wo <w < wy (see Frgure D. 21) and produces as output a Vertrcally ﬁltered version of the
input array, column by column and slice by slice. After the decomposition, a deinterleave operation is performed.

As illustrated in Figure D.22, the VER _SD procedure applies the one-dimensional sub-band decomposition (1D_SD
procedure) to each column of the input array a(u,v,w), and stores the result back in each column.

a(u,vyw) —p
VER_SD  |A04%)

Uy Uy VoV W W, —— T.809(07)_FD-21

Figure D.21 — Inputs and outputs of the VER_SD procedure
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X(v) = a(u,v,w)

v

Y(v)=1D_SD(X(v).i, i,)

-

Y(v) = ID_DEINTERLEAVE(¥(v),i,,i,)

v

a(u, v, w) = Y()

|

u=u+1
No
U1,
Yes
w=w-+1
No
Yes

.@ T.809(07)_FD-22

Figure D.22 — VER_SD procedure

D.5.6 The HOR__SD procedure (informative)

The HOR . SD,procedure performs a horizontal sub-band decomposition of a three-dimensional array of coeff]cients. It
takes as lnput-athree-dimensional array o v ) the horizontal vertical and axial extent of its coefficients as indicated
by ug <u < uyp, vo <v < v and wy <w < wy (see Figure D.23) and produces as output a horizontally filtered version of
the input array, row by row and slice by slice. After the decomposition, a deinterleave operation is performed.

As illustrated in Figure D.24, the HOR_SD procedure applies the one-dimensional sub-band decomposition (1D_SD
procedure) to each row of the input array a(u,v,w), and stores the result back in each row.

a(u,yw) —

HOR sp | wvv)

Uy Uy VoV Wy oW —p

T.809(07)_FD-23

Figure D.23 — Inputs and outputs of the HOR_SD procedure
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X(u) = a(u,v,w)

!

Y(u) = 1D _SD(X(u),i,1,)

-

Y(u) = 1D_DEINTERLEAVE(Y(1),i..i,)

.

a(u,v,w) = Y(u)

|

v=v+1
No
V2V,
Yes
w=w+1
No
Yes

.@ T.809(07)_FD-24

Figure D.24 — HOR_SD procedure

D.5.7 The IDADEINTERLEAVE procedure (informative)
As illusfrated "in Flgure D.25, the 1D _ DEINTERLEAVE procedure delnterleaves the low- pass and 1

high-pass

coefficiek

efficient

values w1th1n the s1gna1 by demterleavmg them The values of io and i used by the lD DEINTERLEAVE procedure

represent the start and the end of the signal respectively. The way the signal is deinterleaved to form the
described by the 1D_DEINTERLEAVE procedure, given in Figure D.26.

X(n) —>|

ID DEINTERLEAVE | X(n)
- —

lo, 1, = T.809(07)_FD-25

Figure D.25 — Parameters of the 1D DEINTERLEAVE procedure
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output is


https://iecnorm.com/api/?name=58a6574ece44d44d11efb51ad1235199

ISO/IEC 15444-10:2011 (E)

1D DEINTERLEAV

A4

i=lin2]

A4

Y'() = Y(2i)

i=i+1
iz[i/2]

lYes

i=lin]

No

v

Y+ i,/2 1) = Y2i+1)

i=i+1

No

@ T.809(07)_FD-26

Figure D.26 — 1D_DEINTERLEAVE procedure
D.5.8 | The 1D_SD procedure (informative)

The 1D _|SD procedure lised to perform the sub-band decomposition is given in Rec. ITU-T T.800 | ISO/IEC| 15444-1
clause F}.6. Also, alDstibsequent procedures and specifications, needed directly or indirectly by the 1D_SD procedure,
are giver] in Rec. ITU-T T.800 | ISO/IEC 15444-1 Annex F.
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