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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 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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INTERNATIONAL STANDARD ISO/IEC 15444-15
RECOMMENDATION ITU-T T.814

Information technology — JPEG 2000 image coding system: High-throughput JPEG

Summary.

2000

The conpputational complexity of the block-coding algorithm of Rec. ITU-T T.800 | ISO/IEC 15444-1 canbe’a challenge

in somelapplications.

Rec. ITU-T T.814 | ISO/IEC 15444-15 specifies a high-throughput (HT) block-coding algorithm that-¢an be used in place

of the block-coding algorithm specified in Rec. ITU-T T.800 | ISO/IEC 15444-1.

The HT block-coding algorithm increases decoding and encoding throughput and allows mathematically lossless
transcoding to and from the block-coding algorithm specified in Rec. ITU-T T.800 | ISOAEC 15444-1. This is achieved at

the expdnse of some loss in coding efficiency and substantial elimination of quality s€alability.

The HT jplock-coding algorithm adopts a coding pass structure like that of the block-coding algorithm of Rec. I'l
| ISO/IBC 15444-1. No more than three coding passes are required for any given'code-block in the final codes

U-T T.800
tream, and

arithmefic coding is replaced with a combination of variable length coding\teols, adaptive run-length coding pnd simple

bit-packiing. The algorithm involves three passes: a significance propagation pass (HT SigProp coding pass), a
refinem¢nt pass (HT MagRef coding pass) and a cleanup pass (HT cleanup coding pass).

magnitude

The HT|MagRef coding pass is identical to that of the block-coding algorithm of Rec. ITU-T T.800 | ISO/IEC 15444-1,
operatinlg in the bypass mode, except that code bits are packédninto bytes with a little-endian bit order. That fis, the first

code bit|in a byte appears in its LSB, as opposed to its MSB

The HT|SigProp coding pass is also very similar to that of the block-coding algorithm of Rec. ITU-T T.800
15444-1], operating in the BYPASS mode, with the fellowing two differences:

endian bit packing order; and

» the significance bits associated with a set of four stripe columns are emitted first, followed by thg

immediately after thessame sample's magnitude bit.

| ISO/IEC

*  code bits are again packed into_bytes of the raw bit-stream with a little-endian bit order, instgad of big-

associated

sign bits, before advancing to the next set of stripe columns, instead of inserting any requirpd sign bit

The HT|cleanup coding pass_is;showever, significantly different from that of the block-coding algorithm of Rec. ITU-T

T.800 | ISO/IEC 15444-1,,andmost of ITU-T T.814 | ISO/IEC 15444-15 is devoted to its description.

Aside fipm the block-coding algorithm itself and the parsing of packet headers, the HT block-coding algorithm preserves

the syntfix and semantics of other parts of the codestream specified in Rec. ITU-T T.800 | ISO/TEC 15444-1.
Recommendatioml TU-T T.814 (2019) is a common text with ISO/IEC 15444-15:2019, both in their first editid

History
Edition Recommendation  Approval  Study Group Unique ID*
1.0 ITU-T T.814 2019-06-13 16 11.1002/1000/13912

*

To access the Recommendation, type the URL http://handle.itu.int/ in the address field of your web browser,
by the Recommendation's unique ID. For example, http://handle.itu.int/11.1002/1000/11830-en.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years, establishes

the topics for study by the ITU-T study groups which, in turn, produce Recommendations on these to

pics.

The appyoval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolutid
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NOTE

Recommendation, the expression "Administration" is used for conciseness to indicate
munication administration and a recognized operating agency.

nce with this Recommendation is voluntary. However, the Recommendation may contair
ry provisions (to ensure, e.g., interoperability” or applicability) and compliance W
hendation is achieved when all of these mandatoty'provisions are met. The words "shall" or sor
ry language such as "must" and the negative €quivalents are used to express requirements. T}
rds does not suggest that compliance with the Recommendation is required of any party.
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vs attention toithe possibility that the practice or implementation of this Recommendation may

bf a claimed-Intellectual Property Right. ITU takes no position concerning the evidence, Ve:I:idity or

ility of.¢laimed Intellectual Property Rights, whether asserted by ITU members or others o
mmendation development process.

tside of

As of th

b 'date of approval of this Recommendation, ITU had received notice of intellectual property, p

rotected

by patents, which may be required to implement this Recommendation. However, implementers are cautioned
that this may not represent the latest information and are therefore strongly urged to consult the TSB patent
database at http://www.itu.int/ITU-T/ipr/.

© ITU 2019

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the prior
written permission of ITU.
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

Information technology — JPEG 2000 image coding system: High-throughput JPEG 2000

1 Scope

This Recommendation | International Standard specifies an alternate block-coding algorithm that can be used in place of
the block-coding algorithm specified in Rec. ITU-T T.800 | ISO/IEC 15444-1. This alternate block-coding algorithm
offers a significant increase in throughput at the expense of slightly reduced coding efficiency, while a) allowing
mathematically lossless transcoding to and from codestreams that use the block-coding algorithm specified in Rec. ITU-T
T.800 | ISO/IEC 15444-1, and b) preserving codestream syntax and features specified in Rec. ITU-T T.800 | ISO/IEC
15444-1.

Recommiendation ITU-T T.814 (2019) is a common text with ISO/IEC 15444-15:2019, both in their first editiop.

2 Normative references

The follgwing Recommendations and International Standards contain provisions which, through reference in fthis text,
constitut¢ provisions of this Recommendation | International Standard. At the time of publication, the editions |ndicated
were valid. All Recommendations and Standards are subject to revision, and parties {o."agreements based on this
Recommiendation | International Standard are encouraged to investigate the possibility of applying the most receft edition
of the Rgcommendations and Standards listed below. Members of IEC and ISO maintain registers of currerjtly valid
Internatignal Standards. The Telecommunication Standardization Bureau of the [TU/maintains a list of curregtly valid
ITU-T Rpcommendations.

2.1 Identical Recommendations | International Standards

—  Recommendation ITU-T T.800 (2019) | ISO/IEC 15444-1:2019, Information technology — JPEG 2000
image coding system: Core coding system.

2.2 Paired Recommendations | International Standards equivalent in technical content

—  Recommendation ITU-T H.273 (2016), Coding-independent code points for video signal type
identification.

— ISO/IEC 23001-8:2016, Informationtechnology — MPEG systems technologies — Part 8:| Coding-
independent code points.

2.3 Additional references

— ISO/IEC 15076-1, Image stechnology colour management — Architecture, profile format ¢nd data
structure — Part 1: Based-on ICC.1:2010.

3 Terms and definitions

For the purposes of this Reecemmendation | International Standard, the terms and definitions given in Rec. ITU-T T.800 |
ISO/IEC|15444-1 apply-.

4 Abbreviations

For the purpeses of this Recommendation | International Standard, the abbreviations and symbols defined in Regc. ITU-T
T.800 | ISO/IEC 15444-1 and the following apply.

AZC All Zero Context

CcuUP Cleanup coding Pass

CPF Corresponding Profile

CxtVLC Context adaptive Variable Length Code
EMB  Exponent Max Bound

FRAG Fragmented

HT High-Throughput

HTJ2K High-Throughput JPEG 2000

© ISO/IEC 2019 - All I"ightS reserved Rec. ITU-T T.814 (06/2019) 1
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HTIRV High-Throughput Irreversible
HTREV High-Throughput Reversible
LSB Least-Significant Bit

MAGB Magnitude Bound

MagRef Magnitude Refinement
MagSgn Magnitude and Sign

MRP  MagRef coding pass

MSB  Most-Significant Bit

SigProp Significance Propagation

U-VLC Unsigned residual VLC
VLC  Variable Length Coding

5 Conventions and symbols

For the gurposes of this Recommendation | International Standard, the symbols defined invrRee. ITU-T T.800 |[ISO/IEC
15444-1 pnd the following apply:

Dcup[n] Byte n of an HT Cleanup segment

Dref[n] Byte n of an HT Refinement segment

Hblk  Height of a code-block, measured in samples
Lecup  Length in bytes of HT Cleanup segment
Lref Length in bytes of HT Refinement segment
MEL  Adaptive run-length coding algorithm
MEL E MEL Exponent Table

Pcup  HT Cleanup segment prefix length

QH Height of a code-block, measured in quads
QW Width of a code-block, measured in quads
Scup  HT Cleanup segment suffix length

SPP HT SigProp coding Pass

u ext U-VLC éxtension component

u pfx  U-VLCprefix component

u_sfx AU<VLC suffix component

WbIK ™ Width of a code-block, measured in samples
Z<{blk Number of passes that can be processed within an HT Set

6 Conformance

6.1 HTJ2K codestream

A high-throughput JPEG 2000 (HTJ2K) codestream shall conform to Annex A.

6.2 HTJ2K decoding algorithm

The HTJ2K decoding algorithm processes an HTJ2K codestream as specified in Rec. ITU-T T.800 | ISO/IEC 15444-1
together with any additional signalled capability, with the exception of HT code-blocks, as defined in Annex B, in which
case the following applies:

*  the HT code-blocks are processed according to clause 7; and

2 Rec. ITU-T T.814 (06/2019) © ISO/IEC 2019 - All rights reserved
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»  the resulting number of magnitude bits Nj,, the magnitude bits MSB,(b)and the sign bits s, are processed
according to Rec. ITU-T T.800 | ISO/IEC 15444-1, together with any additional signalled capability.

NOTE 1 — If the two most significant bits of Ccap!® are 0 for a codestream, all code-blocks are HT code-blocks and the decoding
procedures defined in Annexes C and D of Rec. ITU-T T.800 | ISO/IEC 15444-1 are not used.

NOTE 2 — The processing of HT code-blocks specified herein is compatible with the additional capabilities specified in Rec. ITU-T

| ISO/IEC 15444-2.

NOTE 3 — The symbols N;,, MSB;(b) and s, are defined in Rec. ITU-T T.800 | ISO/IEC 15444-1.

6.3

JPH file

A JPH file shall conform to Annex D.

7

HT block-decoding algorithm

7.1

7.1.1

This clayse specifies the process for extracting bit-streams from an HT set and its associated*‘parameters Z_|

S blk,

Ifz bl
be 0.

There arg

NOTH
but th
cleany

As illustiated in Figure 1, the HT segments are comprised of byte-streams, each an ordered sequence of bytes. F

byte-stre

Retrieving bit-streams from HT segments

General

hs defined in Annex B.

k equals 0, no HT segments are available for the code-block, and so all sample output values for the bl

at most two HT segments available to the HT block-decoding algorithnt:
*  The HT cleanup segment holds the coded bytes belonging te.the HT cleanup coding pass (CUP)

*  The HT refinement segment holds the coded bytes belofiging to the HT significance propagation
coding pass and, optionally, an HT magnitude refinement (MagRef) coding pass. The HT rd
segment is available if and only if Z b1k is greatetthan 1, while an HT MagRef coding pass is
ifand only if Z b1k is equal to 3.

1 — Multiple sets of HT cleanup and HT refinement segments can be found within the codestream for a given c

e decoding procedure described here processes onlynZ blk coding passes, whose coded bytes are found withi
p segment and, if Z b1k is greater than 1, the ong HT refinement segment that follows this HT cleanup segment

hm, a bit-stream, which is an orderedisequence of bits, can be unpacked as follows:

*  The magnitude and sign (MagSgn) bit-stream is recovered from the MagSgn byte-stream, whicl
forward from byte 0 of the ' HT cleanup segment for a total of Pcup bytes, with prefix length,
Lcup — Scup; where Lecup is the length (in bytes) of the HT cleanup segment, and Scup i
length.

*  The adaptive ‘tun-length coding algorithm (MEL) bit-stream is recovered from the MEL byt
which extends forward from byte Pcup of the HT cleanup segment, for at most Scup bytes.

*  The vatiable length coding (VLC) bit-stream is recovered from the VLC byte-stream, which
backward from the last byte of the HT cleanup segment, for at most Scup bytes. The VLC and M
stteams may overlap.

blk and

ock shall

SigProp)
finement
available

de-block,
n one HT

rom each

h extends
Pcup =
5 a suffix

B-stream,

extends
EL byte-

length of the HT refinement segment.

*S(/If Z blk is greater than 1, the SigProp bit-stream is recovered from the SigProp byte-streafn, which
exterds forwards fromr byte6-of the H T refmement segment, forat most &r GT—b’yTES_W'lTWE‘T:I], ef is the

* Ifz blkisequal to 3, the MagRef bit-stream is recovered from the MagRef byte-stream, which extends
backwards from the end (byte Lref-1) of the HT refinement segment, for at most Lref bytes. The

MagRef and SigProp byte-streams may overlap.

© ISO/IEC 2019 - All I"lghtS reserved Rec. ITU-T T.814 (06/2019)
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Pcup = Lcup — Scup bytes Scup bytes

MagSgn byte-stream >E> MEL byte-stream >
' <
i

HT Cleanup segment

VLC byte-stream

Lecup bytes

MagRef byte-stream

SigProp byte-stream ><

HT Refinement segment

The HT

The HT 1

The suff]

where D

After S

trefbytes TETA(TO_FOT
Figure 1 — HT segments and their byte-streams

leanup segment:
»  shall have length Lcup such that 2 < Lcup < 65535;

»  shall not contain any consecutive pair of bytes whose value, as a big-endian 16-bit unsigned
exceeds OxFF8F;

*  shall not terminate with a byte whose value is 0XFF.

efinement segment:
+  shall have length Lref satisfying 0 < Lref <2047,

»  shall also contain no consecutive pair of bytes whose¢, value, as a big-endian 16-bit unsigned
exceeds OxFF8F;

»  shall not terminate with a byte whose value is 0%FF.
x length Scup is found from the last two bytes of the HT cleanup segment as follows:
Scup= (16 x Dcup[Lcup~1]) + (Dcup[Lcup-2] & O0xO0F)
up [n] denotes byte n of the HT cleanipdsegment, and where n takes value from 0 to Lcup-1.

tup is recovered from its last two bytés, Dcup [n] is accessed using the following procedure:

integer,

integer,

Pro
Ret
Sta

if

els

r

fedure: modDcup
hirns: Modified Dcup axray
re: Dcup, pos

(pos == Lcups,—1)
bturn OxFE
b 1f (pes == Lcup - 2)

btdrn”Dcup [pos] | O0xOF

else

return Dcup[pos]

NOTE 2 — This procedure overwrites the last byte and the four least-significant bits (LSBs) of the second-last byte of the HT
cleanup segment with 1s.

The value of Scup obtained in this way, shall satisfy:

2 < Scup < min(Lcup, 4079)

Furthermore, the codestream shall be constructed such that, if Scup < Lcup, so that Pcup > 0, byte Pcup-1 of the
HT cleanup segment shall not have the value OxFF.

NOTE 3 — The importMagSgnBit procedure in clause 7.1.2 effectively synthesizes a byte equal to OxXFF to replace any

byte e

qual to OxXF'F that might have been discarded during encoding to satisfy this constraint.
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Details of the procedures to be used in recovering each bit-stream from its respective byte-stream are provided in
clauses 7.1.2 to 7.1.6.

Similar to the HT cleanup segment, Dref [n] denotes byte n of the HT refinement segment, where n takes values from
0 to Lref-1, except that no modification is made to the bytes of the HT refinement segment.

The procedure error () denotes a state resulting from a codestream that does not conform to this specification, and for
which behaviour is undefined.

7.1.2 Magsgn bit-stream recovery

HT MagSgn bits are retrieved from the HT MagSgn byte-stream, as required by other elements of the decoding procedure,
using the importMagSgnBit procedure in the following. This procedure is part of a state machine with state variables
MS pos,MS bits,MS tmp and MS last that are initialized using the initMS procedure, prior to first use of the
importMagSgnBit procedure for an HT code-block.

Progedure: initMS
Stafe: MS pos, MS bits, MS tmp, MS last

MS pos = 0
MS bits = 0

MS fmp = 0O

MS last = 0

Progedure: importMagSgnBit
Retprns: next MagSgn bit
Stafe: MS pos, MS bits, MS tmp, MS last

if (MS bits == 0)
MS bits = (MS last == 0xFF)? 7 :8
if (MS pos < Pcup)

MS tmp = modDcup (Dcup xMS pos)

if ((MS_tmp & (1<&MSybits)) != 0)
error ()
else if (MS_ pos %=="Pcup)

MS tmp =(0xXFF
else
ertror()

MS (Tast = MS_ tmp

MSvpos = MS pos + 1

bit = MS tmp & 1
MS tmp = MS tmp >> 1
MS bits = MS bits - 1

return bit

NOTE 1 — These procedures effectively unpack bits from the HT MagSgn byte-stream in little-endian order, skipping over stuffing
bits that appear in the MSB position of any byte that follows a byte equal to OXFF.

NOTE 2 — The value of Pcup can be as small as 0.

NOTE 3 — The procedure in the foregoing effectively appends at most one byte equal to OxXFF to the HT MagSgn byte-stream,
which is sufficient to allow recovery of all required HT MagSgn bits if the codestream conforms to this
Specification.

© ISO/IEC 2019 - All I"ightS reserved Rec. ITU-T T.814 (06/2019) 5
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NOTE 4 — The importMagSgnBit procedure is designed such that the MSB of a byte that follows a byte equal to OxFF is
0, unless that byte does not contribute to the MagSgn bit-stream. This is intended to simplify decoder implementations.

7.1.3

MEL bit-stream recovery

MEL bits are retrieved from the MEL byte-stream, as required by other elements of the decoding procedure, using the
importMELBit procedure in the following. This procedure is part of a state machine with state variables MEL pos,
MEL bits, MEL tmp that are initialized using the initMEL procedure, prior to first use of the importMELBit

procedur

e for an HT code-block.

Procedure: initMEL
State: MEL pos, MEL bits, MEL tmp

MEL|pos = Pcup

MEL|bits = 0

MEL| tmp = 0

Progedure: importMELBit

Retprns: next MEL bit

Stafe: MEL pos, MEL bits, MEL tmp

if [MEL bits == 0)
MEL bits = (MEL tmp == OxFF) 2 7 : 8
if (MEL pos < Lcup)
MEL tmp = modDcup (Dcup,MEL pos)
MEL pos = MEL pos + 1
else
MEL tmp = OxFF
MEL|bits = MEL bits - 1
bit|= (MEL tmp >> MEL bits) & _¥
rethrn bit
NOTH — These procedures effectively unpack bits from the MEL byte-stream in big-endian order, skipping over stuffin

7.1.4

HT VLC
the impd
VLC bi

appeall_i[n the MSB position 0f any byte that follows a byte equal to OXFF.

T VLC bit=stream recovery

bits areretrieved from the HT VLC byte-stream, as required by other elements of the decoding procedy
rtVECB1t procedure in the following. This procedure is part of a state machine with state variables vV
tS/VLC tmp and VLC last that are initialized using the initVLC procedure in the following, pri

o bits that

re, using
.C_pos,
br to first

tVTTf‘ﬁ'# d foron TIT ~ d4 1] 1

use of th

O OT T T T prottturcTor a1 COatoToCIe

Procedure: initVLC
State: VLC pos, VLC bits, VLC tmp, VLC last

VLC pos = Lcup-3

VLC last = modDcup (Dcup ,Lcup-2)

VLC tmp = VLC last >> 4

VLC bits = ((VLC tmp & 7) < 7)24:3
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Procedure: importVLCBit
Returns: next VLC bit
State: VLC pos, VLC bits, VLC tmp, VLC last

if

bit
VLC
VLC

ret

(VLC bits == 0)
if (VLC pos >= Pcup)

VLC tmp = modDcup (Dcup, VLC pos)
else

error ()

VLC bits = 8

if (VLC last > 0x8F) and ((VLC tmp & 0x7F) == 0x7F)
VLC bits = 7

VLC last = VLC tmp

VLC pos = VLC pos - 1

= VLC tmp & 1

| tmp = VLC tmp >> 1

| bits = VLC bits - 1

irn bit

NOTH — These procedures effectively unpack bits from the HT VLC bytesstream in little-endian order, while consumir
reverse order, skipping over stuffing bits that appear in the MSB position 6f any byte whose 7 LSBs are all 1s if the byt

last ¢

Scup|value.

7.1.5

Ifz bl
other ele

is part offa state machine with state variables SPpos, SP_bits, SP_tmp and SP_last that are initialized
initSP procedure in the following, prior tofifst use of the importSigPropBit procedure for an HT code

nsumed was larger than Ox8F', and also skipping over the 12-bits'that were replaced with 1s after using them {

[HT SigProp bit-stream recovery

¢ is greater than or equal to 2, HT SigProp bits are retrieved from the HT SigProp byte-stream, as re
ments of the decoding procedure, using the’importSigPropBit procedure in the following. This g

g bytes in
e that was
o find the

juired by
rocedure
using the
block.

Progedure: initSP

Stafe: SP _pos, SP_bits, SP tmp, SP_last
SP_pos = 0

SP_bits =0

SP_fmp = 0

SP_last = 0

© ISO/IEC 2019 - All I"lghtS reserved Rec. ITU-T T.814 (06/2019)
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Procedure: importSigPropBit
Returns: next SigProp bit
State: SP _pos, SP bits, SP tmp, SP last

if (SP_bits == 0)
SP bits = (SP_last == OxFF) ? 7 : 8
if (SP_pos < Lref)
SP _tmp = Dref[SP pos]
SP pos = SP pos + 1
if ((SP_tmp & (1<<SP bits)) != 0)
error ()
else
SP tmp = 0
SP last = SP tmp
bit|= SP_tmp & 1
SP_fmp = SP tmp >> 1
SP_bits = SP bits - 1
rethrn bit
NOTH 1 — These procedures are similar to those used to import bits from,the. HT MagSgn byte-stream, except that a s¢parate set
of staje variables is used, and any bytes required from beyond the Dre £ buffer are taken to be 0 — no byte equal tol OXFF is
synthgsized by the decoder.
NOTH 2 — The importSigPropBit procedure is designed suchithat the MSB of a byte that follows a byte equal to JxFF is 0,
unlesq that byte is not involved in the SigProp decoding process.«This property can simplify decoder implementations.
7.1.6 HT MagRef bit-stream recovery
If Z_blkisequal to 3, HT MagRef bits are retri¢ved from the HT MagRef byte-stream, as required by other elgments of
the decogling procedure, using the importMagRefBit procedure in the following. This procedure is part ¢f a state
machine|with state variables MR pos, MRMbits, MR tmp and MR last that are initialized using the [initMR
procedurg in the following, prior to first gse of the importMagRefBit procedure for an HT code-block.
Progedure: initMR
Stafe: MR pos, MR bits§y MR tmp, MR last
MR pos = Lrefe=\1
MR bits = 0
MR last =0XFF

MR

Fmp, =0

Rec. ITU-T T.814 (06/2019)

© ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=6b2169cf1fd40d7d3fa510557237c524

ISO/IEC 15444-15:2019 (E)

Procedure:
Returns:
State: MR pos,

importMagRefBit
next HT MagRef bit
MR bits, MR tmp, MR last

if (MR bits == 0)
if (MR pos >= 0)
MR tmp = Dref[MR pos]
MR pos = MR pos - 1
else
MR tmp = 0
MR bits = 8
if (MR last > 0x8F) and ((MR tmp & O0x7F) == 0x7F)
MR bits = 7
MR last = MR tmp
bit|= MR tmp & 1
MR fmp = MR tmp >> 1
MR bits = MR bits - 1
rethrn bit
NOTH

— These procedures are similar to those used to import bits from the VLC byte-stream, except that there are no inf
skip and the initialization conditions are such that the MSB of the last byte in'the HT MagRef byte-stream will be ski

tial bits to
bped if its

seven|LSBs are all 1. Also, any bytes required from before the start of the/DreT buffer are taken to be 0.
7.2 Quad-based scanning pattern
Figure 2 [illustrates the quad-based scanning pattern that is folowed when decoding an HT cleanup coding pass{ The HT
code-blogk samples are arranged within an array of quads‘where QW is the width of the code-block, measured n quads,
QH is thel height of the code-block measured in quads,\and
[Wblk]
W F
© 2
[Hblk]
H *+
© 2

where Wip1k and Hb1k are the width and height of the HT code-block, measured in samples.
If Wb1k|is not divisible by 2, the HT code-block is padded with an extra column of samples on the right, so fhat each
quad spaps two sample colunins. Similarly, if Hb1k is not divisible by 2, the HT code-block is padded with an ¢xtra row
of sampl¢s on the bottom, 50 that each quad spans two sample rows and includes exactly four samples. All padded samples
shall havg output values equal to 0.

[} [ -

~
2l A, Jr
VI V] V| ¥ o | V| 3
quad 0 quadl B _,/—/”ciu}adQW -1
t A T~
2R 2R
T814(19)_FO2
quad QW quad QW + 1
Figure 2 — Quad-based scanning pattern used in the HT cleanup pass
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Throughout this clause, the symbol g is used to identify quads, as an index that takes values in the range
0 < g < QWXQH
Following the quad-based scan of Figure 2, locations n within the HT code-block take values in the range
0<n<4xQWXQH
which can also be written as
n=4q+j
where:
J = 0 identifies the top-left sample within its quad;

Jj = 1 identifies the bottom-left sample within its quad;

J = 2 iddntifies the top-right sample within its quad; and
j = 3 iddntifies the bottom-right sample within its quad.
7.3 HT cleanup decoding algorithm
7.3.1 [Overview
Figure 3 [illustrates the operation of the HT cleanup decoding algorithm.
AZC (¢, = 0) . |
bl > Bl . > :
________ B2 I
S, i
¢ NV :
D2 > B3 «—
k1 off l
€€ U, |
B4 o Pq () v ! !
y y y
K u
D3, s 4 »  B6 J LL
m, i, St
D4 r ' Y
: D5 B8 <
— B10 Q2
cl B9 B12 C4
> B11 3
T814(19)_F03
B1: Compjutecontexts, as described in clause 7.3.5.

B2: DecodeMELsymbots;asdescribed-mrchause7-373-

B3: Decode CxtVLC codewords, as described in clause 7.3.5.

B4: Compute y, from py, as described in clause 7.3.7.

BS5: Form exponent predictors, as described in clause 7.3.7.

B6: Compute MagSgn bit counts m,, and implicit-1 flags i,,, as described in clauses 7.3.2 and 7.3.8.
B7: Decode U-VLC codewords, as described in clause 7.3.6.

BS8: Decode MagSgn values, as described in clause 7.3.8.

B9: Extract byte-streams from HT cleanup segment, as described in clause 7.1.1.

B10: Extract MagSgn bit-stream from bit-stuffed MagSgn byte-stream, as described in clause 7.1.2.
B11: Extract MEL bit-stream from bit-stuffed MEL byte-stream, as described in clause 7.1.3.

B12: Extract VLC bit-stream from bit-stuffed VLC byte-stream, as described in clause 7.1.4.

C1: HT cleanup segment.

C2: MagSgn bit-stream.

C3: MEL bit-stream.

C4: VLC bit-stream.
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D1: Retrieved neighbouring significance patterns.

D2: Gene

rated significance patterns.

D3: Retrieved neighbouring magnitude exponents.

D4: Gene
D5: Gene

rated magnitude exponents.
rated code-block samples.

M1: Storage for code-block samples and derived quantities, with quad-based scanning, as described in clause 7.2.

N1: First

S1: De-interleave quad-pair VLC bits, as described in clause 7.3.4

line-pair of code-block only.

Figure 3 — Operation of the HT cleanup decoding algorithm (informative). Each block in the diagram refers to

7.3.2

This clay

The HT
code-blo

Sample thagnitudes shall satisfy

NOTE 1 — The upper bound here comes from the combination of a) the maximum numbef of bit-planes (37) for any

band
codes

The sign

Padded spmples that have been added to HT code-blocks with odd¢width or height, as explained in clause 7.2, s

o, =0.
significa

The sign|

with each of the quad's samples; that is,

defined 4

For signifficant samples (g, = 1) theimagnitude and sign values are encapsulated within an HT MagSgn value
s follows:
v =2(1, — 1) + 5,
hitude exponent'E; for a sample is derived from its magnitude as follows:

The mag|

Table 1 j
exponent

the clause that defines its operation

Significance, exponents, predictors, MagSgn values and EMB pattern bits

leanup coding pass produces magnitude values ., along with sign values s,, € {0,1} for eagh sample
Ck, where s,, = 1 corresponds to a negative value, and all values with zero magnitude shalkhave s,, =

0<p, <27

see clause B.10.5 of Rec. ITU-T T.800 | ISO/IEC 15444-1), and b) the maximumdyalue of SPrgn (37) allowed
reams (see clause A.5).

ficance of a sample o,, € {0,1} identifies whether its magnitude is 031t satisfies:

_{o if i, =0
T if S0

nt, and satisfies:

Og = Oygq | O4q+1 | O4q+2 | Oag+3

ficance pattern for a quad g, denoted pgs.ds a 4-bit value comprised of the 1-bit significance values a

Pg = Oaq T 20441 + 404442 + 804443

E, = min{E € N| (2p, — 1) < 2}

rovides.a detailed elaboration of the relationship between sample magnitude u and exponent E. No n
shall'have a value larger than 75.

se introduces notation and formulae that are used to describe the block-decoding procedures associated with the
HT clearjup coding pass, as presented in clauses 7.3.3 to 7.3.8.

fthe HT
D.

riven sub-
in HTJI2K

hall have

The significance of an entire quad g is denoted g4 € {0,1}, indicating whether any sample in thg quad is

ssociated

v, that is

agnitude

© ISO/IEC 2019 - All I"lghtS reserved Rec. ITU-T T.814 (06/2019)
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Table 1 — Mapping of sub-band sample magnitudes to magnitude exponents

W E,

0 0

1 1

2 2
3to4 3
5to8 4
9to 16 5
273 + 110274 75

For signifficant samples, the HT MagSgn value v,, is determined by unpacking m,, bits from the HT MagSgn.b

as expla
significa
quad g t

where th

The decq

The valyl
indicates
unsigned

The exp
are the q

and

The signt

ned in clause 7.3.8 and adding i, - 2™n, where i, € {0,1}. For insignificant samples, m,, =N,
1t samples m,, is obtained by subtracting a 1-bit quantity k,, € {0,1} from a common exponent/botind
which location n belongs. These quantities are linked by the following relationships:

my =0y Uy —ky
in<k,<o,
b magnitude exponents of all samples in a quad q satisfy

E, < Ug forn € {4q,4q + 1,4q + 2,49 + 8}

e of U, is decoded in two steps, the first of which decodes an "unsigned residual offset" value ugff €

whether u is 0, while the second step decodes the value of g — 1 for quads in which ugff=1 , meanin

residual is non-zero.

nent max bound (EMB) pattern information for a quad g consists of two 4-bit patterns, E_g and 6';, W
hantities i,, and k,, introduced in the foregoing. That is,

6_](; = k4q + 2k4q+1 + 4k4q+2 + 8k4q+3

_1 2 . . .
€= lag + 2i4q41 + 4lagez + Bisges

ficance pattern p,, EMB knownbit pattern e_g and EMB known-1 pattern 6_; are decoded together with u

on a singlle variable length codeword for the quad gq.

In this
maximuil

NOTH
quad's
for so
patter]
for th

pecification, 6_',; and 6‘,} are both 0 if ugff = 0. Moreover, if ugff =1, the value of U, shall be equ
h of the magnitud€ exponents E,,, of the quad's samples.

2 — The EMBpatterns 6_1[; and e‘é provide information about whether individual magnitude exponents E;, are eg
maximum ndagnitude exponent. The variable length codewords for a quad may provide the decoder with EMB in
ne, none dr all samples in the quad; the known bit pattern E_g identifies which samples have such information. Th
h 6'; provides the EMB information itself; each bit i,, in this pattern is 1 if k,, = 1 and E,, is equal to the maximunj
quad.

der determines the quad's U, value by adding an unsigned residual yalue u, to an exponent predictor #

t-stream,
vhile for
/y for the

q-
0,1} that
b that the

hose bits

ff
h > based

al to the

ual to the
formation
b known-1
exponent

7.3.3

MEL symbol decoding procedure

The HT cleanup coding pass decoding procedure involves at most one MEL symbol S,‘I“‘fl for each quad g, that is retrieved
by decoding the MEL bit-stream using the decodeMELSym procedure in the following. This procedure is part of a state
machine with state variables MEL k, MEL run and MEL one that are initialized using the initMELDecoder

procedur

e in the following, prior to first use of the decodeMELSym procedure for an HT code-block.

The MEL decoding procedure uses an exponent table MEL _E [ ], whose entries are listed in Table 2.

12
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Procedure: initMELDecoder
State: MEL k, MEL run, MEL one

MEL_k =
MEL run

o
o

MEL one = 0

Procedure: decodeMELSym

Returns: next MEL symbol Smel

State: MEL k, MEL run, MEL one

if (MEL run == 0) and (MEL one == 0)
eval = MEL E[MEL k]
bit = importMELBit
if (bit == 1)
MEL run = 1 << eval
MEL k = min(12,MEL k+1)
else
MEL run = 0
while (eval > 0)
bit = importMELBit
MEL run = 2 * MEL run + bit
eval = eval - 1
MEL k = max(0,MEL k-1)
MEL one =1
if [(MEL run > 0)
MEL run = MEL run - 1
return 0
else
MEL one = 0

return 1

Table 2 - MEL Exponent Table MEL_E [k]

k exponent MEL E k

exponent MEL E

© ISO/IEC 2019 - All rights reserved

0 0 7 2
1 0 8 2
2 0 9 3
3 1 10 3
4 1 11 4
5 1 12 5
6 2
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7.3.4 Quad-pair interleaved decoding for the VLC bit-stream

This clause describes the quad-pair interleaving structure that shall be followed when decoding bits from the VLC bit-
stream to produce significance patterns p4, unsigned residuals u,; and EMB patterns e_‘; and (:75. The decoding procedures
themselves are described in clauses 7.3.5 and 7.3.6.

Figure 4 illustrates the sequence of decoding steps. For each pair of horizontally adjacent quads, the variable length
decoding procedure identified as CxtVLC is performed first, for each of the quads; as described in clause 7.3.5, this
consumes between 0 and 7 bits from the VLC bit-stream. Next, the variable length U-VLC prefix decoding process is
performed for each of the two quads. As described in clause 7.3.6, this consumes between 0 and 3 bits from the VLC bit-
stream for each of the quads, and uniquely determines the number of U-VLC suffix bits that shall occur for each of the
two quads. Any U-VLC suffix bits associated with the first quad in the pair are retrieved from the VLC bit-stream before
those associated with the second quad. Finally, the decoder extracts any U-VLC extension bits for the quad-pair,
extracting first the extension bits for the first quad in the pair and then the extension bits for the second quad in the pair.
As explafined in clause 7.3.6, the number of extension bits for a quad is 0 or 4, and is determined by the yalhe of the
corresponding U-VLC suffix.

U-VLC ¢xtensions shall have zero length in cases where the sample magnitudes ,, cannot exceed 23°:

EXAMPLE — If the parameter B specified in clause 8.7.3 is less than or equal to 36, a decoder can rely upon thefact that th¢re will be
no U-VL( extensions.

quad ¢ = 2g quad g = 2g+1

. .
| CxtVIIC |} CXtVLC | | U-VLCprefix 1i U-VLCprefix i | U-VECsuffix 1 U-VLCsuffix 1 | U-VLCext 1 U-VICext
| (0-7bils) 1} (0-7bits) 1 1 (0-3 bits) . (0-3 bits) | (0,195 bits) i: (0, 1 or 5 bits) . 1 (0 or 4bits) i: (0 or 4 bits) :
Lo}~ (I L VS SN PPVE S SUP. Ny PPN S S ] [

) ’ /f“ f ,f\\ i' ’f 1’—
Tl el it S _,:"‘5:',_"_4__:“_':‘:—:-’..’ ______________________ ""T_814(1g)_|=04

Figure 4 — Quad-pair interleaving of VLC decoding steps
(Azrows identify dependencies)

If Qw is qdd, the final quad-pair on eachtow only has a first quad. For such quad-pairs, the decoder shall not perfform any
of the defoding steps suggested in the foregoing for the missing second quad.

7.3.5 JDecoding of significance and EMB patterns and unsigned residual offsets

This clayse describes the, context-adaptive variable length decoding procedure that is used to decode the sighificance
pattern pf,, the unsigned-residual offset ugff and the EMB patterns E_g and 6'(} for each quad q.

The decqding procedure depends upon a context value ¢, that is computed from the significance of a set of neighbouring
samples, |as shown in Figure 5.
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and in th
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and in th

Quads g
process,

decode
and for A

The ded
different
code-blo
in clause
result. A
type. Thg
cq fields

initial (g = QW) and initial (g < QW) line-pairs within a HT code-block
The superscript labels (nw, n, ne, nf, w, sw, f, and sf) are used to identify the relevant neighbours

hbours used in the first row of quads for the HT code-block, where g < QW, are denoted

sw o w sf £y — (04g—1,04g—2,04qg—3,04g-4) ifq >0
(03", 0Y,0%,05) { (0,0,0,0) ifg =0

s case the context value is computed as follows:

cqg = (oh|o) + 20y + 403"

hbours used in non-initial quad rows of the HT code-block, where ¢~>"QW, are denoted
F O4(q—ow)+1s cge = Os(g-Qm)+3»
u {04(q_QW)_1 if mod(q,0w) # 0 and of = {04(q_QW)+5 if mod(q + 1,0W) # 0

0 otherwise a 0] otherwise

s case the context value is computed as follows:
cq = (07" |0q) + 2(07]07") + 4(o¥loy

for which ¢, = 0 are identified as all zérg“Context (AZC) quads and receive special treatment in the
which is represented by the decodeSigEMB procedure in the following. This procedure relies
[MELSym procedure, as well as a decodeCxt VLC procedure in the following, which is used for non-A}
ZC quads that are determined:té_be significant because the decodeMELSym procedure returns a 1.

odeCxtVLC procedure itself is based on a separate prefix code for each context ¢ . Prefix codes ai
ated based on quad-type\- i.e., whether the quad being decoded belongs to the first row of quads fo
Lk (@ < QW) or not. Bifs from the VLC bit-stream are imported using the importVLCbit procedure

7.1, until one of thecodewords of the prefix code is matched, revealing the tuple (pg, ugff, 6'15, 6';) as thg
hnex C proyides the code tables CxtVLC table 0 and CxtVLC table 1, corresponding to ea
function®est_match returns true if a codeword prefix cwd, length 1en and context ¢, match the y

of an_entry in the table. The function get_match returns the (pg, ugff, E_g, E_;) values from the matchi

e 5 — Significance neighbourhood information used to form coding contexts ¢, for quads found.in non-

(1)

2)

decoding
upon the
V.C quads

e further
r the HT
lescribed
decoded
ch quad-
v, 1, and
g entry.
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Procedure: decodeCxtVLC
Input: quad index g and context ¢q
Returns: (pwu8¢€§€é) tuple for quad g

if (g < QW)

table = CxtVLC table 0
else

table = CxtVLC table 1
len =1

cwd = importVLCbit

while (!test_match(table,cq,cwd,len))

bit = importVLCbit

cwd = cwd | (bit << 1len)

len = len + 1

(Pg» gﬁégéé) = get_match (table, ¢4, cwd, len)

off =k =1
rethrn (pgug, € €g)

Progedure: decodeSigEMB
Inppt: guad index g and context ¢g
Retfirns: (pwugﬁéa€é) tuple for quad g

if ¢qg == 0)
sym = decodeMELSym
if (sym == 0)
return (pq,ugff,Eg,E}l) = (0,0,0,0)
(pg, 15", €5, €1) = decodeCxtvic

off =k =1
rethrn (pgug’, € €q)

7.3.6 [Decoding of'unsigned residuals

This clayse describes ‘the procedure used to decode the unsigned residual value u, for a quad q in which the|decoded
value of pgT is- T If ug™ = 0, the unsigned residual u, is 0 and no further unsigned residual decoding is requirgd for the
quad.

When ug” = 1, the value of u, is decoded with the aid of a U-VLC variable Iength decoding procedure that involves up
to three steps. The first step is to decode the variable length U-VLC prefix. For certain prefix values, a second step is
required, in which a U-VLC suffix is decoded. The number of U-VLC suffix bits that need to be decoded from the VLC
bit-stream is determined entirely by the U-VLC prefix value. If the U-VLC suffix value is greater than 27, a third step is
required, in which 4 bits are imported from the VLC bit-stream to form a U-VLC extension code. The U-VLC prefix,
suffix and extension decoding steps for each pair of quads are interleaved, as described in clause 7.3.4.

Table 3 provides the complete U-VLC code that is used as-is to decode the u, value for quads belonging to a non-initial

line-pair of the HT code-block —i.e., whenever ¢ = QW. The same method is used to decode the u, values for quad-pairs
off _
=1

belonging to the initial line-pair of the HT code-block, where quads g, and g, of the quad-pair do not both have ug;

and ugf = 1. The final decoded value for u, in these cases is:

u=u pfx+tu sfx+4*u ext 3)
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where u_pfx is decoded using the decodeUPrefix procedure, thenu sfx is decoded using the decodeUSuffix

procedure, then u_ext is decoded using the decodeUExtension procedure, all of which appear in the following.

Table 3 — U-VLC code used to encode unsigned residuals u > 0. The prefix string here is matched against bits
from the VLC bit-stream from left to right, consuming l,,(u) bits. The suffix and extension words are unsigned

integers with [ (u) and [, (u) bits that are imported from the VLC bit-stream in little-endian order (i.e., least
significant bit first)

u Prefix Suffix Extension L | LW |l.(w L, + L(uw) + 1, (w)
cwd u_pfx u_sfx u_ext

1 " 1 -- -- 1 0 0 1
2 Q1" 2 == == 2 Q Q 2
3 '001" 3 (u-13) -- 3 1 0 4
4 '001" 3 (u-13) -- 3 1 0 4
5 '000" 5 (u—-75) -- 3 5 0 8
6 '000" 5 (u-5) -- 3 5 0 8
32 '000" 5 27 -- 3 5 8
33 '000" 5 28+mod((u-33).4) [(u—33)/4] 3 5 12
34 '000" 5 28+mod((u-33),4) [(u—33)/4] 3 5 12
74 '000" 5 29 10 3 5 4 12

Profedure: decodeUPrefix

Retpirns: U-VLC prefix value u pfx

bit|= importVLCBit

if [bit == 1) return 1

bit|= importVLCBit

if [bit == 1) return 2

bit|= importVLCBit

retphrn (bit == 1)? 3:4

© ISO/IEC 2019 - All rights reserved
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Procedure: decodeUSuffix
Input: U-VLC prefix value u pfx
Returns: U-VLC suffix value u sfx

if (u_pfx < 3) return O
val = importVLCBit
if (u pfx == 3) return val
for (i=1; i < 5; i++)
bit = importVLCBit
val = val + (bit << 1)
rethrn val
Progedure: decodeUExtension
Inppt: U-VLC suffix value u_sfx
Retprns: U-VLC extension value u_ext
if [u_sfx < 28) return 0
val|= importVLCBit
for| (i=1; i < 4; i++)
bit = importVLCBit
val = val + (bit << i)
rethrn val
For quads belonging to the first line-pair of the HT code-block (i.e., when g < QW), the process used to deco le a non-
zero U, Yalue (i.e., when uOff is 1) is modified whete quads g, and g, of a quad-pair are found to have both u =1 and
uggf 1{ In this case, a single MEL symbol sé‘ﬁ'z is decoded for the quad-pair by invoking the decodeMELSym
procedurg. For clarity, this is done after the decodeCxtVLC steps have been performed for the quad-pair to which quad
q belongp. The decoding of u,, and u; then proceeds in one of two ways, depending upon the value of the decoled MEL
symbol sgfqlz Ifs(‘l"l'i}z = 1, the decodeUPrefix, decodeUSuffix and decodeUExtension procedure§ are used
to decod¢ prefix, suffix and extension values u_pfx,u sfxand u_ext, exactly as in the foregoing, for each quad, and
the decodled u, values are fopndifrom
u=2+u pfx+u sfx+4*u ext 4)
Otherwide, if s{{le(;z =(0; the first quad's unsigned residual u,, is found using Formula (3), but decoding of the second
quad's upsigned residual u,, depends upon the decoded u,, values. Specifically, where u,, > 2, the U-VIC prefix
decoding step(for'u,, is replaced by using importVLCBit directly to import a single bit w,;, from the VLC bjit-stream

and setting 8/ /pfx = uy; + 1; the decoded u,, value is then

uqz = Up;; +1

Where u,, < 2 the decoding of u,, proceeds in the same way as u,,, using Formula (3).

7.3.7

NOTE — When ugff = u"ff =1and s{;‘zl = 0, the condition u,, > 2 means that the decodeUPrefix procedure for

the first quad returns u pf x > 2, or equivalently, that the first quad's U-VLC prefix has length 3.

Determination of predictors and exponent bounds

This clause describes the procedure by which a decoder computes exponent predictors k, for each quad q, and combines
these with the unsigned residual values u, to deduce exponent bounds U, .

For the first row of quads in an HT code-block (g < QW), the exponent predictor satisfies

18
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K, =1

2019 (E)

For all other quads, K, is computed from the magnitude exponents of neighbouring decoded samples from the preceding
line in the HT code-block, as illustrated in Figure 6. Specifically, the exponents that are used are:

Eq = Esqq-om+1,  Eq° = Esg-omy+3s

nw —
Eq" =

{E4(q—QW)—1 if mod(q,QW) 0 and Enf _ {E4(q—QW)+5 if mod(q + 1,QW) *0
0 otherwise a 0 otherwise

The decoder derives these exponents from decoded sample magnitudes u,,, using the procedure expounded via Table 1.

These ex

where v,

The expd

The decq

where E

lines 2m=2, 2m—] ————=— -
nw n ne nf
Eq Eq Eq E‘l
lines 2m, 2m+] ———=—= -
L —
quad ¢ T.814(19) F06

Figure 6 — Neighbourhood information used to form exponent predictors for quads in
non-initial line-pairs of a block

ponents are converted to an exponent predictor kg, using
K, = max{1,y, - (max{E}™, EXE®, EN} — 1)},
€ {0,1} indicates whether quad g has more than one significant sample. Specifically,

_ {0 ifp, € {0,1,2:4,8}
Ya 1 otherwisé

nent bound U, for quad q is obtained from
Uy =xq Ty,
ded unsigned residual u, shall have the smallest non-negative value that is consistent with the constra
U, = E, foreachn € {4q,4q + 1,49 + 2,4q + 3}

is the magnitude expdnént associated with each decoded sample magnitude u,,.

7.3.8 [Unpacking the HT MagSgn bit-stream

Using thg
the numh

er of bits¥m,, according to

m, = o, - U, — k,, foreachn € {4q,4q + 1,4q + 2,4q + 3}

exponent bound Uy, significance pattern p, and EMB patterns E_g and 6'; for each quad, the decoder dg

(5)

(6)
nt
termines

and then recovers the HT MagSgn values for each sample, following the scanning pattern in Figure 2, by using procedure
decodeMagSgnValue that appears in the following. Here, g,,, k,, and i,, are the individual bits of the 4-bit patterns
Pq> e_g and E_;, respectively, as explained in clause 7.3.2.
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Procedure: decodeMagSgnValue
Input: number of mag-sign bits m, and known-1 value i, for a sample n

Returns: HT MagSgn value v, for the sample

val

for

val

=0

(1=0; 1 < my; 1i++)
bit = importMagSgnBit
val = val + (bit << 1)

= val + (i, << my)

return val

From thg

NOTH
row o
expon

7.4

This clay
than 1. T|
SigProp

in the HT|
HT codd
informat
additiond

HT SigP
ITU-TT
used to i
scanning|
HT code
lines.

To facil
neighboy

Ifbit 3 o
locationg
eight suc

Ifbit3 o
locations

_ {[vn/ZJ +1 ifm,#0 o = {mod(vn, 2) ifm, #0
Hn = 0 ifm,=0 "~ 0 ifm, =0
— Before the decodeMagSgnValue procedure can be used to reconstruct HT MagSgn values$ within a current

f quads, samples from the preceding row of quads must be decoded and at least some ®f)them converted to 1
ents, so as to enable computation of k; and U, values for the current non-initial row of quads.

HT SigProp decoding procedure

decoded HT MagSgn values v,,, the decoder recovers magnitude values y,, and sign bits s,, as'folowd:

hon-initial
nagnitude

se describes the procedure for decoding an HT SigProp coding passywhich is performed when z_blk
he decoder uses significance information o,, produced by decoding the HT cleanup pass, together wi
bit-stream, to recover binary refinement values 7, € {0,1} an@refinement indicators z,, € {0,1} for ea

1 sign values s,, are also decoded for samples whese 1, = 1.

order. In following the stripe-orientedyscan of Figure 7, the decoder shall skip any location that lies ot
Lblock, which means that the last stripe in the block is truncated, if necessary, to Hblk — 4 - [(Hb1Xk

tate the explanation, two neighbourhoods of the sample at location n are introduced: a prd
rhood JV,,; and a scansgatisal neighbourhood MV;,.

f the SPcod or SPcog¢ Tield is O (see clause A.4), the propagation neighbourhood JV;, for a sample cons
within the HI ‘eode-block that are immediate neighbours of the sample with location n; for clarity,
h neighbours/-for all samples apart from those that lie on the boundaries of the HT code-block.

f the SRcod or SPcoc field is 1 (see clause A.4), the propagation neighbourhood JV,, for a sample cons
withinjthe same stripe or a previous stripe, that are immediate neighbours of the sample with location

NOTH

s greater
the HT
sample

code-block. Prior to performing the HT SigProp decodingprocedure, the 7, and z,, values for all samplles in the
-block are set to 0. The decoder then progressively updates these values, depending on the sighificance
on from the HT cleanup pass, as well as the bits found within the HT SigProp bit-stream. During thi§ process,

Fop decoding follows the same four-line stripe-eriented scanning pattern as the block decoder defined in REC.
800 | ISO/IEC 15444-1, which is illustrateéd in Figure 7. In this Specification, however, the location n that is
lentify individual samples conforms to.the notation introduced in clause 7.2, corresponding to the quiad-based

tside the
—1)/4]

pagation

sts of all
there are

sts of all
n.

N>Samples on the last line of a stripe have at most six propagation neighbours in this case, while samples on

ther lines

within a stripe have at most eight propagation neighbours.

The scan-causal neighbourhood 3V, is the subset of V;, corresponding to samples that appear earlier than the sample with
location n in the stripe-oriented scan.

NOTE 2 — As illustrated in Figure 7, the location of a sample in the stripe-oriented scan affects the number of samples that belong
to its scan-causal neighbourhood.
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Figure 7

In the e

The HT
on a qua|

step by ifivoking the decodeSigPropMag procedure in the following, for four stripe columns (a column-gro

which it
decode
proceedi

SEAEAE AT AE A |

3 * * 4 . 3 * /3

Tl ' { (a)

/ I

s BIE ‘f

! 7

! ¢ 3

AERFAFEPE B | FiF

7 7 / 7 7

NN AN 20 2NE

Al Z & i I J 54 hd

RIS AR AR
T.814(19) B07

— Stripe-oriented scan illustrating scan-causal neighbourhoods V', for a sample n, where sampl
are ordered according to the quad-based scanning convention of Figure 2.

kample, the HT code-block has height H=7, so the last stripe (b) in thestripe-oriented scan has on

lines, whereas stripe (a) has four

BigProp decoding procedure involves a magnitude decoding step-and a sign decoding step, that are in
-column basis. Following the stripe-oriented scan of Figure 7, the decoder performs the magnitude

basses through the same samples a second time, in the.same order, performing the sign decoding step
SigPropSign procedure in the following. The proc¢ess is repeated for all column-groups in a strip
g with the next stripe. If the HT code-block width Wolk is not divisible by 4, the number of colunj

e indices

ly three

erleaved
decoding
lp), after
using the
e, before
Ins in the

final colymn-group of each stripe is reduced to mod (Wblk, 4) .
Progedure: decodeSigPropMag
Inppt: sample location n, significeance values ¢ and existing refinement values
Sid¢ effects: May change z, and-r,
mbr|= 0
if (o, == 0)
for each m ey
mbr = mbr | op
for each mE]\_/‘n
mbr = mbr | T,
if wbe—1=—=0
set z, = 1
set 1, = importSigPropBit
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Procedure: decodeSigPropSign

Input: sample location n and refinement value 7,

Side effects: May change sign value s,

set §, = importSigPropBit

7.5

This clat

HT MagRef decoding procedure

se describes the prnr‘PAan for dPr‘nﬂing an HT Mﬂgppf r‘nding pass, which is pprfnrfnpd when Z blk is equa]

to 3. Thg

MagRef pit-stream, to recover binary refinement values 7;, € {0,1} and refinement indicators z, € {0,1} for eac

in the HT
determin|

HT Mag|
illustrate
notation

The HT
decode

decoder uses significance information o,, produced by decoding the HT cleanup pass, together_wit

code-block. Prior to performing the HT MagRef decoding procedure, 7, and z,, for each sample have t
bd by the HT SigProp decoding procedure, which shall be performed first.

Ref decoding follows the same four-line stripe-oriented scanning pattern as the HT, SigProp coding

ntroduced in clause 7.2, corresponding to the quad-based scanning order.

MagRef decoding procedure involves only a magnitude decoding step/that is performed by app
[MagRe fValue procedure in the following to each sample, following the‘four-line stripe-oriented sca

h the HT
h sample
he values

pass, as

1 in Figure 7. Again, however, the location n that is used to identify individual samples here conforfns to the

ying the
n.

Pro
Inp
Sid

if

Fedure: decodeMagRefValue
ht: sample location n and significance value oy,
e effects: May change z, and 17y

(0, !'= 0)
set z, =1

set 1, = importMagRefBit

7.6

This clay
values 1;)
E of Reg
describe
15444-1

sp(%, ¥),

The prog
associate

Sample output values

se describes the process whereby a decoder converts decoded magnitude values p,,, sign values s, rd
and refinement indicatots z, into values for processing by the inverse quantization procedure defined
L ITU-T T.800 | ISQ/TEC 15444-1, after the application of any applicable region of interest transforn
| in Annex H of Reg. ITU-T T.800 | ISO/IEC 15444-1. Following the notation in Rec. ITU-T T.800 |
these values«ate the number of magnitude bits N, (x,y), the magnitude bits MSB; (b, x,y) and the
where (x,y7) dentifies a location within sub-band b, and 1 < i < N;(x,y).

edure.here depends upon the quantity S blk that identifies the number of skipped magnitude b
d with-the HT cleanup coding pass, as described in Annex B. In what follows, b identifies the sub-band|

finement
n Annex
Jation, as
ISO/IEC
sign bits

it-planes
to which

a decode

d HT code-block belongs, and (x,,, V,,) denotes the sub-band-based coordinates of the sample with locd

tion n in

this decoded HT code-block.

The number of decoded magnitude bit-planes is found from

Npy(xp,¥n) =S blk+1+2z,

while the sign bits are assigned as

For each

Finally, i

22

Sp (xn: Yn) = Sn

iintherange 1 < i < S blk + 1, the magnitude bit MSB; (b, x, y) is given by

MSB; (b, xp, ¥,) = mod (I%JZ)

f z,, is non-zero,
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8 Constrained codestream sets

8.1 Overview

Clause 8 defines sets of HTJ2K codestreams, each conforming to one or more specified constraints.

These sets partition the space of all possible HTJ2K codestreams as a function of implementation throughput and
complexity. They are provided to simplify the task of creating profiles and defining decoder capabilities.

EXAMPLE — In order to reduce implementation complexity, a profile definition can specify that only HTJ2K codestreams that belong
to the HTONLY set specified in clause 8.2 are permitted.

8.2 HTONLY, HTDECLARED and MIXED sets

The HTOQNLY set is the set of HTJ2K codestreams where all code-blocks are HT code-blocks.

The HTIDECLARED set is the set of HTJ2K codestreams where all code-blocks within a given tile-component fire either
a) HT cofde-blocks, or b) code-blocks as specified in Rec. ITU-T T.800 | ISO/IEC 15444-1.

The MIXNED set is the set of all HTJ2K codestreams that are not in the HTDECLARED set!

NOTE 1 — A codestream that belongs to the HTONLY set also belongs to the HTDECLARED set, but the converse is rot true. In
particplar, an HTJ2K codestream where all code-blocks conform to Rec. ITU-T T{8007| ISO/IEC 15444-1 belong to the
HTDHCLARED set, but not the HTONLY set.

NOTH 2 — Decoding of HTJ2K codestreams that belong to the HTONLY set does notrequire decoding of code-blocks thdt conform
to Req. ITU-T T.800 | ISO/IEC 15444-1.

8.3 SINGLEHT and MULTIHT sets

The SINGLEHT set is the set of HTJ2K codestreams where at.most one HT set is ever present for each HT code-block.

The MULTIHT set is the set of all HTJ2K codestreams that are'not in the SINGLEHT set.
NOTH — Although a decoder is not required to decode more\than one HT set for any HT code-block, parsing is more cqmplex for
codesfreams in the MULTIHT set.

EXAMPLE — The use of multiple non-empty HT sets in‘@/code-block results in redundancy. This can be used, for instance, [in content
distributign systems to avoid the need for decoding and re-encoding code-blocks when transcoding to different coded data [rates. The
resulting franscoded codestream, however, normally/contains at most one HT set per HT code-block.

8.4 RGN and RGNFREE-sets

The RGNFREE set is the set of HTJ2K codestreams that do not contain any RGN marker segment.

The RGN set is the set of alt HTJ2K codestreams that are not in the RGNFREE set.

NOTE 1 — Whether an HTJ2K codestream contains RGN marker segments impacts HT cleanup magnitude bounds as dgscribed in
clausq 8.7.3.

NOTH 2 — RGN marker segments are typically used in the progressive communication of images that contain defirfed spatial
regiotfs of interest; however, the HT block-coder does not provide an effective mechanism for progressive coding.

NOTH 3 + The presence of RGN marker segments complicates the dequantization procedure that is applied after block dlecoding.

8.5 HOMOGENEOUS and HETEROGENEOUS sets

The HOMOGENEOUS set is the set of HTJ2K codestreams where:

*  none of the functional marker segments, e.g., COD, COC, RGN, QCD, QCC, and POC, are present in any
tile-part header; and

*  no PPT marker segment is present.

The HETEROGENEOUS set is the set of all HTJ2K codestreams that are not in the HOMOGENEOQOUS set.

NOTE — Decoder configuration information can be retrieved entirely from the main header if the HTJ2K codestream belongs to
the HOMOGENEOUS set. Conversely, decoding codestreams that belong to the HETEROGENEOUS set can require a decoder to
be reconfigured between tiles, which cannot be done until after its first tile-part is encountered.
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8.6

LOCAL and FRAG sets

The LOCAL set is the set of HTJ2K codestreams where:

+  the exponents PPx and PPy satisfy PPx + PPy < 16, except in the lowest resolution level within each tile-

component, where PPx + PPy < 14; and

+ either (i) the codestream has only one quality layer, as identified via the SGcod parameter, or (ii) the
progression order value for the SGeod, SPcoc, and Ppoc parameters is in the range 2 to 4 (see Table A.16

at Rec. ITU-T T.800 | ISO/IEC 15444-1).

The FRAG set is the set of all HTJ2K codestreams that are not in the LOCAL set.

NOTE 1 — The first condition in the foregoing limits the extent to which co-located code-blocks from sub-bands with different
orientations can be separated within the codestream. The second condition prevents individual code-block byte-streams from being
fragmented across non-consecutive packets within the codestream. Together, these conditions can reduce the amount of compressed

data r

NOTH 2 — Fragmentation is typically used in combination with quality scalability; however, the HT block-coder dees/n|
an effpctive mechanism for progressive coding.

8.7

8.7.1

Clause 8

procedurg. The bounds depend upon whether an irreversible spatial wavelet transfofmation is employed, so ther|

types of

where orfly reversible transforms are associated with HT code-blocks.

NOTH — Unlike the block-decoding algorithm specified in Rec. ITU-T T.800 (ISO/IEC 15444-1, the HT block-coding
does ot allow decoders to discard bits in order to accommodate limitations\to their internal working precision. As a
magnftude bound affects implementation complexity. At the time of this\writing, a reasonable magnitude bound for

imple

8.7.2

The hightthroughput reversible (HTREV) set is the set:0f HTJ2K codestreams where every tile-component that
one or mpre HT code-blocks signals a reversible transform.

The hightthroughput irreversible (HTIRV) set is.the set of all HTJ2K codestreams that are not in the HTREV s¢
NOTE 1 — The use of reversible transforms impacts the MAGBEp sets, as described in clause 8.7.3.
NOTE 2 - In transcoding operations that'reduce image resolution by discarding the k& highest resolution levels from

comp
codes

8.7.3

= 2 dad 1 d P2 | s
et g CCac Wit GCCoOaiT g a-Coatsteai:

Bounded magnitude sets

Overview
7 defines sets that correspond to bounds on the magnitudes p,, that are prodticed by the HT cleanup

pounded magnitude sets: those in which an irreversible transform is associated with HT code-blocks; 4

nentations is B = 31, where the interpretation of B is found in.elause 8.7.3.

[HTIRYV and HTREY sets

nent, the magnitude bound B is\increased by & for codestreams in the HTIRV set, while no such adjustment ig
reams in the HTREV set.

IMAGBp? sets

bt provide

decoding
e are two
nd those

algorithm
result, the
PU-based

contains

=

each tile-
made for

Each MAGB» set specified in Table 4 is associated with a value of the parameter B, and consists of th¢ HTJ2K
codestregms where athHT Cleanup magnitudes u,, of a given sub-band b are smaller than 4,4, Where:
Upouna = 255B > 31 or the sub-band's transformation type is not an irreversible transform; or
Upouna/= 200 B8LB+p1-1} where n,, is the sub-band decomposition level, otherwise.
NOTHE>1f no RGN marker segmentispresentinthe codestreamthen all magnitudes s necessarily satisfy u 237 IfRGN

L3

marker segments are present in an HTJ2K codestream, then all magnitudes M necessarily satisfy p, < 274,

NOTE 2 — If the arbitrary decomposition extensions specified in Annex F of Rec. ITU-T T.801 | ISO/IEC 15444-2 is used, the sub-
band decomposition level n;, can be an even or an odd integer multiple of %2. The expression [n;] ensures that ppgyng is always an
integer power of 2.

EXAMPLE — A decoder can increase throughput by using a hardware-accelerated implementation if the HT cleanup magnitudes are
below a given threshold, i.e., if the HTJ2K codestream belongs to a set where parameter B is below a certain threshold; and reverting
to a slower software implementation otherwise.
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Table 4 — HT cleanup magnitudes bound codestream sets

Set MAGBP | Parameter B
MAGBo 8
MAGB; 9
MAGB: 10
MAGB3 11
MAGB;4 12
MAGBs 13
MAGBs 14
MAGBy 15
MAGB+ 16
MAGBy 17
MAGB10 18
MAGBI11 19
MAGB:2 20
MAGB:3 21
MAGB14 22
MAGB;:s 23
MAGBi16 24
MAGB17 25
MAGB:s 26
MAGBI19 27
MAGB20 RV
MAGB:21 35
MAGB:22 39
MAGB2 43
MAGB24 47
MAGB:s 51
MAGB26 55
MAGB27 59
MAGB2s 63
MAGB29 67
MAGB30 71
MAGB31 74

8.8 CPFn.Ssets
The set JPF} consists of all HTJ2K codestreams that can be obtained using the following procedure.
NVILTER Ree FFH-F-F-R00

|
LUt Ul UL all RLLTT UL 1.0UV T1

. Let C2 be an HTJ2K codestream.

JICONA A 18444 1
w1 Tt 1

[SAW/B S w]

| vs £ + 4 £1 AL
T COUCSUCanTCOTTOTITIITEtO PTOTITUT V.

*  Block transcoding. Each code-block in C2 is either unchanged from C1 or transcoded to an HT code-block
by decoding and then re-encoding such that it conforms to Annex B. The final HT cleanup pass of each
transcoded code-block corresponds to the final cleanup pass from the original code-block in Cl1, except
where this cleanup pass involve sample magnitudes y,, that are inconsistent with constraints imposed on
C2, in which case the smallest number of original coding passes necessary to avoid such inconsistency are
discarded. If, after any such discarding, the original code-block in C1 has a SigProp pass that follows the
final cleanup pass, the transcoded code-block in C2 has a corresponding HT SigProp pass. Similarly, if the
original code-block in C1 has a MagRef pass that follows the final non-discarded cleanup pass, the
transcoded code-block in C2 has a corresponding HT MagRef pass.

NOTE 1 — Constraints on C2 are signalled using the CAP marker segment, as specified in clause A.3, and the PRF marker segment,
as specified in Rec. ITU-T T.800 | ISO/IEC 15444-1.

© ISO/IEC 2019 - All rights reserved
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*  Packetization. For each packet of C1, there shall be a corresponding packet of C2 and vice-versa. The
code-block-coding passes within each packet in C2 shall be identical to the coding passes included within
each packet in C1, with the exception only of those coding passes from C1 that are discarded as specified
in the foregoing.

*  Marker segment generation. All functional, fixed information and pointer marker segments from CI1 are
preserved in C2, except that the values of the SPcod/SPcoc parameter in COD/COC marker segments are
modified to reflect the use of HT block coding, the SIZ, CAP and PRF marker segments are modified or
introduced according to the requirements of Annex A, and SOT, PLT, PLM and TLM marker segments
are updated to reflect the lengths of the transcoded code-blocks. No new marker segments are introduced
into C2 that were not present in C1, apart from the CAP marker segment, and, optionally, a PRF marker
segment.

*  Codestream ordering. For each tile-part header of C1, there is a corresponding tile-part header in C2, and
vice-versa, and all tile-part headers and packets for C2 appear in the same order as the corresponding tile-

NOTH
with
ITU-T

9

Annex E

part headers and packets in C1.

2 — There is no one-to-one mapping between the set CPFy and the set of Rec. ITU-T T.800 | ISO/IEC 15444-1, codestreams
rofile number N since the termination of codeword segments is not uniquely defined in either this Specification, jor in Rec.
T.800 | ISO/IEC 15444-1.

Media types

specifies media types as defined in [IETF RFC 6838.
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Annex A

HTJ2K codestream syntax

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

General

This annex specifies the extensions and constraints to the codestream syntax specified in Rec. ITU-T T.800 | ISO/IEC

15444-1
Table A.

necessary to support HT code-blocks.

1 lists the marker segments affected by this Specification.

Table A.1 — Marker segments affected by this Specification (informative)

Extensions to marker segments specified in
Rec. ITU-T T.800 | ISO/IEC 15444-1 CAP, COD, COC

Constraints to marker segments specified in

Rec. ITU-T T.800 | ISO/IEC 15444-1 SIZ, RGN

Marker segments specified in this

Recommendation | International Standard CRE

Unless specified otherwise in clauses A.2 to A.6, an HTJ2K codestream syntax shall conform to Annex A of Rdc. ITU-T

T.800 |1

BO/IEC 15444-1, together with any other signalled capability.

In the tabjles of this annex, the symbol "r" denotes bits that'are reserved, and the symbol "x" denotes bits whose Yalue can

be either

For HTJ]

NOTH
codes

A2
Bit 14 of

A3

A3.1
The CAF

Oorl.

K codestreams conforming to this Specification, the value of each bit denoted with an "r" shall be 0.

— The behaviour of implementationsxthat conform to this Specification is left unspecified when processing gn HTJ2K
ream where the value of any bit deneted with an "r" is not 0.

SIZ marker segment

Rsiz shall be equal to 15

CAP marker segment
General

marker'segment shall be present.

The valu

e 0f Peap!® shall be equal to 1

NOTE 1 — Pcap'? is the 15 most significant bit of the Pcap field.

Table A.2 defines values for the Ccap'® field.
NOTE 2 — The Ccap'’ field contains information that allows a decoder to fast-fail gracefully, optimize its throughput, or generally

simpli

© ISO/IEC 2019 - All rights reserved
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Table A.2 — Ccap'’ syntax and semantics

Values (bits) Capability
MSB LSB

00xxX XXXX XXXX XXXX All code-blocks are HT code-blocks.

10xXX XXXX XXXX XXXX Each tile-component either consists entirely of HT code-blocks, or consists entirely
of code-blocks conforming to Rec. ITU-T T.800 | ISO/IEC 15444-1.

11xX XXXX XXXX XXXX Code-blocks within a tile-component can either be HT code-blocks, or conform to
Rec. ITU-T T.800 | ISO/IEC 15444-1.

01xx XXXX XXXX XXXX Reserved for future use by ITU-T | ISO/IEC

XX0X XXXX XXXX XXXX Zero or one HT set is present for any HT code-block.

XX1IX XXXX XXXX XXXX More than one HT sets can be present for an HT code-block, indicating that the
eodestream,—when—deeoded—ean—result—in—different—qualityreeonstraetipns (see
Annex B).

xR0 KXXX XXXX XXXX No region-of-interest marker present

xxx]1 KXXX XXXX XXXX Region-of-interest marker can be present

XXXX PRXK XXXX XKXXX Homogeneous codestream

XXXX [LXXX XXXX XXXX Heterogeneous codestream

XXXX KRXXX xX0X XXXX HT code-blocks only used with reversible transforms

XXXX KXXX XXIX XXXX HT code-blocks can be used with irreversible transforms

XXXX KXXX XXXP PPpPPpP Bits p' specify the HT cleanup magnitude bound

XXXX RYYY FIrXX XXXX Reserved for future use by ITU-T | ISOAEE

A.3.2 |Bits 14-15 of Ccap'®

If Bits 14 and 15 of Ccap' are 0, then:
*  the codestream shall belong to the HTONLY set\specified in clause 8.2; and
*  bits 6 and 7 of all SPcod or SPcoc values are,equal to 0.

If bit 14 pf Ccap'® is 0 and bit 15 of Ccap'® is 1, then:
*  the codestream shall belong to the. HEDECLARED set specified in clause 8.2; and
*  bit 7 of all SPcod or SPcoc values 1s equal to 0.

If bit 14 pf Ccap' is 1 and bit 15 of Ccap'-is 1, then the codestream may belong to the MIXED set specified |in clause
8.2.

NOTH — A codestream that belongs to-the HTONLY set can still contain SPcod or SPcoc values where both bits 6 and 7 are equal
to 1.

A.3.3 |[Bit 13 of Ccap™®

If bit 13 pf Ccap' is Oxthen the codestream shall belong to the SINGLEHT set specified in clause 8.3.
If bit 13 pf Ccap'*(s)l, then the codestream may belong to the MULTIHT set specified in clause 8.3.
A3.4 [Bit12 of Ccap'®

If bit 12 bf' €Cap's is 0, then the codestream shall belong to the RGNFREE set specified in clause 8.4

If bit 12 of Ccap'® is 1, then the codestream may belong to the RGN set specified in clause 8.4.

A3.5 Bit11 of Ccap'®

If bit 11 of Ccap'® is 0, then the codestream shall belong to the HOMOGENEOUS set specified in clause 8.5.
If bit 11 of Ccap'® is 1, then the codestream may belong to the HETEROGENEOUS set specified in clause 8.5.
A.3.6 Bit 5 of Ccap'®

If bit 5 of Ccap®? is 0, then:
*  the codestream shall belong to the HTREV set specified in clause 8.6; and

+ tile-components for which an irreversible transform is signalled shall have bit 6 of the SPcod or SPcoc
value equal to 0.
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If bit 5 of Ccap'? is 1, then the codestream may belong to the HTIRV set specified in clause 8.6.
A.3.7 Bits 0-4 of Ccap'®

The codestream shall belong to the MAGB» set specified in clause 8.7.3, with the parameter B equal to:

8 P=0
P+8  P<20
4(P-19)+27, 20 <P<31
74, P =31

B =

where
P =Y%,Ccap;®-2¢, and

Ccap}® is bit i of Ccap*® with i = 0 corresponding to the LSB.

NOTH — Upper bounds on the HT cleanup magnitudes u,, can also be determined from quantization parameters foundin|QCD and
QCC marker segments, possibly modified by the presence of RGN marker segments. These bounds can be smaller than fthe bound
signalled by bits 0-4 of Ccap'’.

A4 [COD and COC marker segments
The COIp and COC marker segments defined in Rec. ITU-T T.800 | ISO/IEC 15444-1 are mpdified as follows.

For a given SPcod or SPcoc value, if bit 6 is equal to 0:
*  no code-blocks within the corresponding tile-component shall be HT ¢ode-blocks; and

+  the semantics of the SPcod or SPcoc value are as defined in Table\A.19 at Rec. ITU-T T.800 |[ISO/IEC
15444-1.

Table A.3 — SPcod and SPcoc parameters semantics whenbits 6 and 7 are 1 and 0, respectively

Value (bits)
Code-block style
MSB LSB
Olrr Orrr No vertically causal cefitext
Olrr lrrr Vertically causal context

For a givien SPcod or SPcoc value, if bit 6 is equal to 1 and bit 7 is equal to 0:

»  all code-blocks within the corresponding tile-component shall be HT code-blocks as defined in Annex B;
and

. the semantics of the SPcod or SPcoc value shall be as defined in Table A.3.

Table A4 +SPcod and SPcoc parameters semantics when bits 6 and 7 are 1

Value (bits)
Code-block style
MSHB LSB

lxxxx0r No reset of context probabilities on coding pass boundaries (does not apply to HT code-blpcks)

10 rlr Reset context probabilities on coding pass boundaries (does not apply to HT code-blocks) |

1lxx Orxr No vertically causal context (applies to both Rec. ITU-T T.800 | ISO/IEC 15444-1 and HT code-
blocks)

1lxx lrxr Vertically causal context (applies to both Rec. ITU-T T.800 | ISO/IEC 15444-1 and HT code-
blocks)

11x0 xrxr No predictable termination (does not apply to HT code-blocks)

11x1 xrxr Predictable termination (does not apply to HT code-blocks)

110x xrxr No segmentation symbols are used (does not apply to HT code-blocks)

111x xrxr Segmentation symbols are used (does not apply to HT code-blocks)

For a given SPcod or SPcoc value, if bit 6 is equal to 1 and bit 7 is equal to 1:

*  zero or more of the code-blocks within the corresponding tile-component shall be HT code-blocks as
defined in Annex B, and the remaining code-blocks shall conform to Rec. ITU-T T.800 | ISO/IEC 15444-1;
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» ifacode-block is an HT code-block, and given its first non-zero length codeword segment:

— the first bit of that codeword segment length, as defined in clause B.10.7.1 of ITU-T T.800 |
15444-1, shall be 0; and

ISO/IEC

—  Lblock, as defined in clause B.10.7.1 of ITU-T T.800 | ISO/IEC 15444-1, shall be greater than 3.
*  Rec. ITU-T T.800 | ISO/IEC 15444-1 code-blocks shall use neither selective arithmetic coding bypass nor

termination on each coding pass; and
. the semantics of the SPcod or SPcoc value shall be as defined in Table A 4.

NOTE — An HT code-block can be differentiated from a Rec. ITU-T T.800 | ISO/IEC 15444-1 code-block by processing the code-
block assuming it conforms to Annex B. Failure of such processing indicates that the code-block might conform to Rec. ITU-T

T.800

A.S

| ISO/IEC 15444-1.

RGN marker segment

If the RQ

A.6

Function: The corresponding profile (CPF) marker segment is provided to facilitate the reversiblefranscoding

codestred

Zero or d

If the CHF marker segment is present, the HTJ2K codestream shall be in the set CREx;-as specified in clause 8.

equal to

NOTH
the C/

CPFnum|
4095, in
codestred

CPFnum|

Usage: (

and, if pfesent, the PRF marker segment, but\before any other marker segments defined in Rec. ITU-T T.800 |

15444-1)
Length:

CPF

N marker segment is present, the value of the SPrgn parameter shall be less than or equal to 37.

CPF marker segment

ms to and from codestreams that conform to Rec. ITU-T T.800 | ISO/IEC 15444-1.

ne CPF marker segment shall be present in an HTJ2K codestream.

he CPFnum parameter of the CPF marker segment.

— An HTJ2K codestream that contains a CPF marker segment is subject to the’constraints specified in the Ccap
AP marker segment, and by any profile signalled in the PRF marker segment.

shall be equal to the value found in bits 0 to 11 of Rsiz of the corresponding codestream, unless tha
which case CPFnum shall be equal to the PRFnum value found in the PRF marker segment of the corre
m.

is computed from the Pcpfintegers as follows:
N
CPFnum =—-1 + z pcpfi . 216:(i-1)

i=1

ptional. If present, the CPF marker segment shall appear after the SIZ marker segment, CAP marker

Variable. See Figure A.1.

CPF | Lepf | Ppepf Pepf

T.814(19)_FA.1

Figure A.1 — Corresponding profiles syntax

Marker Code.

fHTJ2K

B, with X

15 field of

value is
sponding

segment
ISO/IEC

Lepf

where N,

Pepf

30

Tength in bytes of the CPF marker segment (not inciuding the marker). Z.cpt IS given by the 10ilowing
Lepf = 2 + 2N
the number of Pcpf' values used to express CPFnum, is given by:

log,(1 + CPFnum
N = g2( = ) 1

Pcpf! are 16-bit integers that encode CPFnum. Pcpf ¥ shall not be zero.

formula:
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Table A.5 — Corresponding profile parameter values

Parameter Size (bits) Value
CPF 16 0xFF59
Lepf 16 4-65534
Pcpf 16 0x0000-0xFFFF

© ISO/IEC 2019 - All I"lghtS reserved Rec. ITU-T T.814 (06/2019) 31


https://iecnorm.com/api/?name=6b2169cf1fd40d7d3fa510557237c524

ISO/IEC 15444-15:2019 (E)

Annex B

HT data organization

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

B.1 HT sets

As illustrated in Figure B.1, an HT code-block consists of:

« 3P, coding passes, called placeholder passes, for which no codeword segment bytes appear in the
codestream;

+  followed by groups of coding passes, called HT sets, each of which consists of three coding passes, except

forthe lact HT cot which concicte of 1 2 o 3 nnr];ng passes
ForteHastH1—Se—WiHeH =0+ 3-c0a P

NOTH — In many cases, the first coding pass contribution from a code-block to any packet will include an HT cleanupp pass and
have mon-zero length. However, placeholder passes can be used to preserve quality layer boundaries from a codestream that was
encoded using the block-coding algorithm from Rec. ITU-T T.800 | ISO/IEC 15444-1 and was subsequently transcoded. |Similarly,
placeljolder passes can be used to provide suggested quality layer boundaries to use when transcoding‘the: HT blogck-coding
algorithm representation to one that uses the block-coding algorithm from Rec. ITU-T T.800 | ISO/IEC 15444-1.

The codipg passes within an HT set are defined as follows:
*  The first coding pass is an HT cleanup coding pass;
«  Ifpresent, the second coding pass is an HT SigProp coding pass;

»  Ifpresent, the third coding pass is an MagRef coding pass.

(a) (b) (a) b @ P
[ B BN | [} (] (] (] (] (]
(B NN [} [] ] (] (] ]
[ N L0 ] ] ' (] ]
RHEE paa] C 8 s M L &Y s oM cC 4P
(BN N AEEN Y J BN U + P " R N ¢« P ¢ R 00 U P
RHEE vaa | PPy Py P 3 P N
(B A [ | [] ] ] ] )
[ NN (| ] (] ] (] []
(B N [} [] ] ] (] []
———
(©) (d) (d) (d)
T.814(1p)_FB.1

Figuge B.1 — HT code-block structure: The solid vertical lines indicate HT set boundaries. The dotted lines
indicate coding pass boundariés. (a) are HT cleanup segments, (b) are HT refinement segments, (c) are
placeholder passes and (d) are HT sets.

B.2 |HT segments

As illustfated in Figute.B.1, coding passes are arranged in HT segments based on a set 7 of coding pass indices

Each indpx in the'set 7" defines one HT segment and corresponds to the last coding pass of the HT segment.

T = l ](3P0 +Ty), where T}, = [3?k]
keN

An HT cleanup segment is an HT segment that contains an HT cleanup coding pass.

An HT refinement segment is an HT segment that contains an HT SigProp coding pass.

B.3  Packets, Z blk and S_blk

The packet, as defined in Rec. ITU-T T.800 | ISO/IEC 15444-1, that contains the first HT cleanup coding pass for a code-
block shall include only one HT cleanup coding pass.

NOTE 1 — This packet can contain at most two additional coding passes: HT SigProp coding pass and HT MagRef coding pass.

Each codeword segment for a given code-block in a packet terminates with either:

* acoding pass of the code-block with an index in set T defined in clause B.2; or
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» the last coding pass of the code-block included in the packet.

The bytes of an HT segment are obtained by concatenating the bytes of its constituent codeword segments, and the length

of an HT

segment is the sum of the lengths of those codeword segments.

Except for the first HT cleanup segment of a code-block, the length of an HT cleanup segment shall be either 0 or greater

than 1.

The length of the first HT cleanup segment of a code-block shall be greater than 1.

If the length of an HT cleanup segment within an HT set is 0, then the length of any HT refinement segment in the same
HT set shall be 0.
NOTE 2 — HT sets that contain only zero-length HT segments can be used to skip bit-planes between non-empty HT sets.

Given an

HT set, z_blk is defined as follows:

NOTH
z bl
MagR

quality.

Given an

where P
and S_s

NOTE 4

* 7 DIk =0, 1l the length of the H1 cleanup segment is U;
* Z blk=1,if the HT cleanup segment is the only segment of the HT set whose length is pot"0;

* 7 blkis the number of coding passes in the HT set, otherwise.

3 — As detailed in clause 7.1.1, Z_blk is the number of coding passes processed by the decodets, The condit]
k is equal to 1 allows multiple HT cleanup coding passes to be included for a code-block, withoutincluding any §
ef code bytes, while avoiding any concern that the empty coding passes might be decoded, impacting reconstrug

HT set, the number of skipped magnitude bit-planes S_b1lk is defined as follows:

S blk=P+Po+S skip

s the number of zero-bit-planes recovered from the packet that contaus the first contribution for the co
kip is the number of HT sets preceding the given HT set.

— The first contribution for the code-block can consist only-ofiplaceholder passes.

on where
igProp or
ted image

le-block,
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Annex C

CxtVLC tables

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

Annex C specifies the CxtVLC_table 0and CxtVLC table 1 coding tables thatare used by the decodeCxtVLC
procedure.

The values of a coding table are specified using the bracket notation { {...}, {...} }, where inner pair of brackets are
separated by commas and each inner pair of brackets specifies the values of the fields of an entry. The values of the fields
are separated by commas and appear in the following order: Cqr P ugff, E’,;, Eé, w,l,.

Hexadecimal notation is indicated by prefixing the hexadecimal number by "0x". For example, 0x41 represents an eight-

bit string
Numeric

The field
VLC bit-

CxtVL(C

| table O is specified as follows:

having only its second and its last bits (counted from the most to the LSB) equal to 1.

hl values not enclosed in single quotes and not prefixed by "0x" are decimal values.

w represents the codeword as a little-endian integer, meaning that the LSB of the integer,Ww appears first in the
stream, followed by the second LSB and so forth, for a total number of bits indicated by, field [,,,.

Cxt
{0,
{0,

0x1,
0x2,
0x2,
0x3,
0x3,
0x3,
0x4,
0x4,
0x5,
0x5,
0x5,
0x6,
0x6,
0x7,
0x7,
0x7,
0x8,
Ox®,

VLC table O

0x1,
0x0,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x0,
0x1,
0k1Yy
0x0,

0x1,

= {{0,

0x1,
0x0,
0x2,
0x0,
0x2,
0x3,
0x0,
0x4,
0x0,
0x4,
0x5,
0x0,
0x0,
0x0,
0x2,
0x2,
0x0,
0x8,

0x1,
0x0,
0x2,
0x0,
0x2,
0x1,
0x0,
0x4,
0x0,
0x4,
0x1,
0x0,
0xQY
0x0,
0x2,
0x0,
0x0,
0x8,

0x1,

0x3F,
0x00,
O0x7F,
0x11,
0x5F,
0x1F,
0x02,
0x13,
0x0E,
0x23,
0x0Fy
0x03,
Ox6F,
Ox2F,
Ox4F,
0x0D,
0x04,

0x3D,

0x0,

T},
3},
T},
Sty
T},
T},
3},
6},
5},
6,
7Y,
6},
T},
T},
T},
6},
3},
6},

0x0,

0x0,

0x06,

4},

0x9,
0x9,
0xA,
0xA,
0xA,
0xB,
0xB,
0xB,

0xC,

0x0,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x1,

0x0,

0x0,
0x0,
0x0,
0x8,
0xA,
0x0,
0x1,
0x1,
0x0,

0x0,
0x0,
0x0,
0x8,
0x2,
0x0,
0x1,
0x0,
0x0,

0x1D,
0x2D,
0x01,
0x35,
0x77,
0x37,
0x57,
0x09,

0x1E,

6},
6},
Sty
6},
T},
T},
T},
6},
5},
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{0, 0OxC,
{0, 0xC,
{0, 0xC,
{0, 0OxD,
{0, 0OxD,
{0, 0xD,
{0, 0xD,
{0, OxE,
{0, OxE,

0x1,
0x1,
0x1,
0x0,
0x1,
0x1,
0x1,
0x0,

0x1,

0xC,
0xC,
0xC,
0x0,
0x1,
0x5,
0xD,
0x0,
0x2,

0xC,
0x4,
0x8,
0x0,
0x1,
0x4,
0x8,
0x0,
0x2,

0x17,
0x15,
0x25,
0x67,
0x27,
0x47,
0x07,
0x7B,

0x4B,

T},
6},
6},
T},
T},
T},
T},
T},

T},

{0, OxE,
{0, OxE,
{0, ]| 0xF,
{0, ]| 0xF,
{0, OxF,
{0, OxF,
{0, OxF,
{0, ]| 0xF,
{0, ]| 0xF,
{0, ]| 0xF,
{0, OxF,
{0, | OxF,
{1,10x0,
{1,|0x1,
{1,|0x1,
{1,]0x2,
{1,]0x2,
{1,]0x3,
{1,]10x3,
{1,|0x4,
{1,|0x4,
{1,|0x5,
{1,|0x5,
{1,]0%£5,

0x1,
0x1,
0x0,
0x1,
0x1,
0x1,
0x1,
0x1,
0x1,
0x1,
0x1,
0x1,
0x0,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x 05,
OxT,

0x1,

0xA,
OxE,
0x0,
0x9,
0xB,
OxF,
OxF,
OxE,
OxE,
OxF,
OxF,
OxF,
0x0,
0x0,
0x1,
0x0,
0x2,
0x0,
0x0,
0x0,
Ox4y
0x0,
0x4,

0x5,

0x8,
0x4,
0x0,
0x9,
OxA,
0xC,
0x8,
0x6,
0x2,
0x5,
0x4,
0x1,
0x0,
0x0,
0x1,
0x0,
0x2,
0x0,
0xQ,
0x0,
0x4,
0x0,
0x4,

0x1,

0x05,
0x3B,
0x5B,
0x1B,
0x6B,
0x2B,
0x39,
0x73,
0x19,
0x0B,
0x29,
0x33,
0x00,
0x0E,
Ox1F,
0x06,
0x3B)
O0x1B,
0x3D,
0x0A,
0x2B,
0x0B,
0x33,

0x7F,

6},
T},
T},
T},
T},
T},
6},
T},
6},
T},
6},
T},
2},
4},
T},
43,
6},
6},
6},
4},
6},
6},
6},
T},

{1, Uxo,
{1, 0x6,
{1, 0x7,
{1, 0x7,
{1, 0x7,
{1, 0x8,
{1, 0x8,
{1, 0x9,
{1, 0x9,

U%0,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x0,

0x1,

UxX0,
0x0,
0x0,
0x2,
0x2,
0x0,
0x8,
0x0,
0x0,

Ux0,
0x0,
0x0,
0x2,
0x0,
0x0,
0x8,
0x0,
0x0,

UXI3,
0x23,
0x3F,
0x5F,
0x03,
0x02,
0x1D,
0x2D,

0x0D,

of,
6},
T},
T},
6},
4},
6},
6},
6},
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0xA,
0xA,
0xA,
0xB,
0xB,
0xB,
0xC,
0xC,

0xC,

0x0,
0x1,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,

0x1,

0x0,
0x8,
0xA,
0x0,
0x1,
0x1,
0x0,
0x8,

0xC,

0x0,
0x8,
0x2,
0x0,
0x1,
0x0,
0x0,
0x8,

0x4,

0x35,
0x15,
Ox6F,
0x2F,
0x4F,
0x11,
0x01,
0x25,
0x05,

6},
6},
T},
T},
T},
6},
Sty
6},
6},

0xD,
0xD,
0xD,
0xD,
0xE,
0OxE,
0OxE,
OxE,
OxF,
OxF,
OxF,
OxF,
OxF,
OxF,
0x0,
0x1,
0x1,
0x2,
0x2,
0x3,
0x3,
0x3,
0x4,

0x4,

0x0,
0x1,
0x1,
0x1,
0x0,
0x1,
0x1,
0x1,
0x0,
0x1,
0x1,
0x1,
0x1,
0x1,
0x0,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x 1S,
0x0,

0x1,

0x0,
0x1,
0x5,
0xD,
0x0,
0x2,
0xA,
OxE,
0x0,
0xB,
0x8,
0xA,
OxE,
OxF,
0x0,
0x0,
0x1,
0x0,
0x2,
0x0,
Ox1;
0x3,
0x0,

0x4,

0x0,
0x1,
0x4,
0x8,
0x0,
0x2,
0x8,
0x4,
0x0,
0x8,
0x8,
0x2,
0x4,
0x1,
0x0,
0x0,
0x1,
0x0,
0xL,
0x0,
0x1,
0x2,
0x0,

0x4,

0x0F,
0x17,
0x39,
0x77,
0x37,
0x57,
0x19,
0x67,
0x07,
0x29,
0x27,
0x09,
0x31,
0x47,
0x00,
0x0E,
0x1B)
0x0%6,
O0x3F,
0x2B,
0x33,
0x7F,
0x0A,

0x0B,

T},
T},
6},
T},
T},
T},
6},
T},
T},
6},
T},
6},
6},
T},
2},
43,
6},
4},
T},
6},
6},
T},
4},
6},

U%5,
0x5,
0x5,
0x5,
0x6,
0x6,
0x7,
0x7,

0x7,

UxU,
0x1,
0x1,
0x1,
0x0,
0x1,
0x0,
0x1,

0x1,

0%0,
0x5,
0x5,
0x5,
0x0,
0x0,
0x0,
0x2,
0x3,

U%0,
0x5,
0x1,
0x4,
0x0,
0x0,
0x0,
0x2,

0x1,

UX01L,
0x2F,
0x13,
0x23,
0x03,
0x5F,
Ox1F,
0Ox6F,

0x11,

Sty
T},
6},
6},
6},
T},
T},
T},
6},
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{2, 0x7,
{2, 0x8,
{2, 0x8,
{2, 0x9,
{2, 0x9,
{2, 0xAa,
{2, 0xAa,
{2, 0xB,

{2, 0xB,

0x1,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x0,

0x1,

0x7,
0x0,
0x8,
0x0,
0x0,
0x0,
0x0,
0x0,
0x2,

0x4,
0x0,
0x8,
0x0,
0x0,
0x0,
0x0,
0x0,
0x2,

0x37,
0x02,
Ox4F,
0x3D,
0x1D,
0x2D,
0x0D,
0x0F,

0x77,

T},
4},
T},
6},
6},
6},
6},
T},

T},

{2, 0xB,
{2,]0xC,
{2,|0xC,
{2,|0xC,
{2, 0xD,
{2, 0xD,
{2, 0xD,
{2,|0xD,
{2,|0xE,
{2,|0xE,
{2, 0xE,
{2, 0xF,
{2,|0xF,
{2,|0xF,
{2,|0xF,
{2, 0xF,
{2, 0xF,
{3,]0x0,
{3,10x1,
{3,10x1,
{3,10x2,
{3,]0x2,
{3,10x3,
{3,]0%£3;

0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x1,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x1,
0x1,
0x1,
0x1,
0x0,
0x0,
0x1,
0x0,
0x 1S,
0x0,

0x1,

0x2,
0x0,
0x4,
0xC,
0x0,
0x8,
0xC,
0xD,
0x0,
0x2,
0x2,
0x0,
OxF,
0x1,
0x3,
0x7,
OxF,
0x0,
0x0,
0x1,
0x 05
0x2,
0x0,

0x1,

0x0,
0x0,
0x4,
0x8,
0x0,
0x8,
0x4,
0x1,
0x0,
0x2,
0x0,
0x0,
0x1,
0x1,
0x2,
0x4,
0x8,
0x0,
0xQ,
Ox1,
0x0,
0x2,
0x0,

0x1,

0x35,
0x15,
0x25,
0x57,
0x17,
0x05,
0x39,
0x67,
0x27,
0x7B,
0x19,
0x47,
0x29,
0x09,
0x07,
0x31,
0x3B)
0x00,
0x04,
0x3D,
0x0cC,
Ox4F,
0x1D,

0x05,

6},
6},
6},
T},
T},
6},
6},
T},
T},
T},
6},
T},
6},
6},
T},
64,
T},
3},
4},
6},
5}y,
T},
6},
6},

{3, Tx3,
{3, 0x4,
{3, 0x4,
{3, 0x5,
{3, 0x5,
{3, 0x5,
{3, 0x5,
{3, 0x6,
{3, 0x6,

UxT,
0x0,
0x1,
0x0,
0x1,
0x1,
0x1,
0x0,

0x1,

UX3,
0x0,
0x4,
0x0,
0x5,
0x5,
0x5,
0x0,

0x4,

U%Z,
0x0,
0x4,
0x0,
0x5,
0x1,
0x4,
0x0,

0x4,

OXTE,
0x16,
0x2D,
0x06,
0x1A,
0x0D,
0x35,
0x3F,

0x5F,

5},
6},
Sty
Sty
6},
6},
T},
T},
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{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,

0x6,
0x7,
0x7,
0x7,
0x7,
0x7,
0x7,
0x8,
0x8,

0x1,
0x0,
0x1,
0x1,
0x1,
0x1,
0x1,
0x0,

0x1,

0x6,
0x0,
0x6,
0x6,
0x7,
0x7,
0x7,
0x0,
0x8,

0x2,
0x0,
0x6,
0x4,
0x3,
0x1,
0x2,
0x0,
0x8,

0x1F,
Ox6F,
0x2F,
0x15,
0x77,
0x25,
0x0F,
0x04,

0x07,

T},
T},
T},
6},
T},
6},
T},
Sty

T},

0x9,
0x9,
0x9,
0xA,
0xA,
0xA,
0xB,
0xB,
0xB,
0xB,
0xB,
0xC,
0xC,
0xC,
0xD,
0xD,
0xD,
0xD,
0xD,
0xD,
0xD,
OxE,
OxE,

0XE,

0x0,
0x1,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x1,
0x1,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x1,
0x1,
0x1,
0x1,
0x1,
0x 05,
OxT,

0x1,

0x0,
0x1,
0x9,
0x0,
0x8,
0xA,
0x0,
0xB,
0x1,
0x3,
0xB,
0x0,
0x4,
0xC,
0x0,
0x9,
0xD,
0xD,
0xD,
0xD,
0xD;
0x0,
OxE,

0x4,

0x0,
0x1,
0x8,
0x0,
0x8,
0x2,
0x0,
0x1,
0x1,
0x2,
0x8,
0x0,
0x4,
0x8,
0x0,
0x9,
0x5,
0x1,
0xC,
Ox4,
0x8,
0x0,
0x4,

0x4,

0x39,
0x37,
0x57,
0x19,
0x29,
0x17,
0x67,
0x27,
0x47,
0x09,
0x7B,
0x31,
0x11,
0x3B,
0x5B,
0x1B,
0x2B)
Ox21,
0x6B,
0x01,
0x4B,
0x0B,
0x73,
0x13,

6},
T},
T},
6},
6},
T},
T},
T},
T},
6},
T},
6},
6},
T},
T},
T,
T},
6},
T},
6},
T},
T},
T},
T},

UXE,
0xE,
OxF,
OxF,
OxF,
OxF,
OxF,
OxF,

OxF,

UxT,
0x1,
0x0,
0x1,
0x1,
0x1,
0x1,
0x1,

0x1,

U%C,
0xE,
0x0,
0xA,
0xB,
OxF,
OxF,
OxE,

OxF,

U%S,
0x2,
0x0,
0xA,
0x9,
0xC,
0x8,
0x6,
0x5,

UX3E,
0x33,
0x53,
0x0E,
0x63,
0x03,
0x12,
0x23,

0x1E,

of,
T},
T},
6},
T},
T},
5},
T},
6},
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{3, OxF,
{3, OxF,
{3, OxF,
{3, OxF,
{4, 0xO0,
{4, 0x1,
{4, 0x1,
{4, 0x2,
{4, 0x2,

0x1,
0x1,
0x1,
0x1,
0x0,
0x0,
0x1,
0x0,

0x1,

OxF,
OxF,
OxF,
OxF,
0x0,
0x0,
0x1,
0x0,
0x2,

0x4,
0x3,
0x1,
0x2,
0x0,
0x0,
0x1,
0x0,
0x2,

0x02,
0x43,
0x1c,
0x2E,
0x00,
0x0E,
0x3F,
0x06,

0x1B,

5ty
T},
Sty
6},
2},
4},
T},
4},
6},

{4,10x3,
{4,]10x3,
{4,10x3,
{4,|0x4,
{4,]|0x4,
{4,]0x5,
{4,]0x5,
{4, 0x0,
{4, 0x0,
{4,|0x7,
{4,]0x7,
{4,]0x7,
{4,10x8,
{4,10x8,
{4,10x9,
{4,10x9,
{4, 0xA,
{4, 0xA,
{4,|0xAa,
{4,|0xAa,
{4,|0xB,
{4, 0xB,
{4, 0xB,

{4,|0£e,

0x0,
0x1,
0x1,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x1,
0x1,
0x0,
0x 1S,
OxT,

0x0,

0x0,
0x2,
0x3,
0x0,
0x4,
0x0,
0x0,
0x0,
0x0,
0x0,
0x4,
0x4,
0x0,
0x8,
0x0,
0x0,
0x0,
0xA,
0xA,
0xA,
0x 05
OxB,
0x0,
0x0,

0x0,
0x2,
0x1,
0x0,
0x4,
0x0,
0x0,
0x0,
0x0,
0x0,
0x4,
0x0,
0x0,
0x8,
0x0,
0x0,
0x0,
OxA,
0xL,
0x8,
0x0,
0x2,
0x0,
0x0,

0x2B,
0x3D,
O0x7F,
0x04,
0x5F,
0x0B,
0x33,
0x13,
0x23,
Ox1F,
0x6F,
0x03,
0x02,
0x1D,
0x11,
0x77,
0x01)
OXLF,
0x2D,
0x0D,
Ox4F,
0x0F,
0x35,
0x15,

6},
6},
T},
4},
T},
6},
6},
6},
6},
T},
T},
6},
4},
6},
6},
T,
Sty
T},
6},
6},
T},
T},
6},
6},

{4, UXC,
{4, 0xC,
{4, 0OxD,
{4, 0OxD,
{4, 0OxD,
{4, OxE,
{4, OxE,
{4, OxE,

{4, OxE,

UxT,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x1,

0x1,

U%S,
0xC,
0x0,
0x1,
0x1,
0x0,
0x4,
0xC,

OxE,

UxS,
0x4,
0x0,
0x1,
0x0,
0x0,
0x4,
0x8,
0x2,

0%25,
0x37,
0x57,
0x07,
0x05,
0x17,
0x39,
0x19,
0x67,

of,
T},
T},
T},
6},
T},
6},
6},
T},
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OxF,
OxF,
OxF,
OxF,
OxF,
OxF,
OxF,
0x0,
0x1,

0x0,
0x1,
0x1,
0x1,
0x1,
0x1,
0x1,
0x0,
0x0,

0x0,
0x9,
0x9,
0x7,
0x7,
0xB,
OxF,
0x0,
0x0,

0x0,
0x9,
0x1,
0x6,
0x2,
0x8,
0x4,
0x0,
0x0,

0x27,
0x47,
0x29,
0x7B,
0x09,
0x31,
0x3B,
0x00,

0x1A,

T},
T},
6},
T},
6},
6},
T},
3},
5},

0x1,
0x2,
0x2,
0x3,
0x3,
0x3,
0x3,
0x4,
0x4,
0x5,
0x5,
0x5,
0x6,
0x6,
0x6,
0x7,
0x7,
0x7,
0x7,
0x7,
0x7,
0x8,
0x8,
0%9,

0x1,
0x0,
0x1,
0x0,
0x1,
0x1,
0x1,
0x0,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x1,
0x1,
0x1,
0x1,
0x 05,
OxT,

0x0,

0x1,
0x0,
0x2,
0x0,
0x3,
0x3,
0x3,
0x0,
0x4,
0x0,
0x4,
0x5,
0x0,
0x2,
0x6,
0x0,
0x6,
0x6,
0x7,
0x7,
Ox7y5
0x0,
0x8,
0x0,

0x1,
0x0,
0x2,
0x0,
0x3,
0x2,
0x1,
0x0,
0x4,
0x0,
0x4,
0x1,
0x0,
0x2,
0x4,
0x0,
0x6,
0x4,
0xe3,
0x2,
0x1,
0x0,
0x8,
0x0,

0x7F,
0x0A,
0x1D,
0x2D,
0x5F,
0x39,
0x3F,
0x12,
Ox1F,
0x0D,
0x35,
0x6F,
0x15,
0x25,
Ox2F,
0x4F,
0x5%)
0x05,
0x0F,
0x77,
0x37,
0x02,
0x19,
0x26,

T},
5},
6},
6},
T},
6},
T},
Sty
T},
6},
6},
T},
6},
6},
T},
T,
T},
6},
T},
T},
T},
Sty
6},
6},

U%9,
0x9,
0xA,
0xA,
0xA,
0xA,
0xB,
0xB,

0xB,

UxT,
0x1,
0x0,
0x1,
0x1,
0x1,
0x0,
0x1,

0x1,

U%S,
0x9,
0x0,
0xA,
0xA,
0xA,
0x0,
0x9,
0x9,

U%S,
0x1,
0x0,
0xA,
0x2,
0x8,
0x0,
0x9,
0x8,

OxX17,
0x67,
0x1cC,
0x29,
0x09,
0x31,
0x27,
0x07,

0x11,

T},
Sty
6},
6},
6},
T},
T},
6},
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{5, O0xB, 0x1, OxB, 0x3, 0x47, 7},
{5, 0xB, 0x1, O0xB, 0x2, 0x21, 6},
{5, 0xB, 0x1, 0OxB, 0x1, 0x7B, 7},
{5, 0xC, 0x0, 0x0, 0x0, 0x01, o6},
{5, 0xC, 0x1, 0x8, 0x8, Ox3E, 6},
{5, 0xC, 0x1, 0xC, 0x4, 0x3B, 7},
{5, 0xb, 0x0, 0x0, 0x0, 0x5B, 7},
{5, 0xDb, 0Ox1, 0x9, 0x9, Ox6B, 7},
{5, O0xD, 0Ox1, 0x9, 0x8, OxlE, 6},

{5, 0xDb, 0Ox1, OxD, 0x5, Ox1B, 7},
{5,]10xD, 0Ox1, OxD, 0Ox4, Ox2E, 6},
{5, 0xDb, 0Ox1, OxD, 0Ox1, O0x2B, 7},
{5, 0xE, 0x0, 0x0, 0x0, O0x4B, 7},
{5, 0xE, 0x1, Ox6, 0x6, 0x0B, 7},
{5, 0xE, O0x1, OxE, OxA, 0x33, 7},
{5, 0xE, 0x1, OxE, 0x2, OxOE, 6},
{5, 0xE, 0Ox1, OxE, 0xC, 0x73, 7},
{5,]0xE, 0xl1l, O0xE, 0x8, 0x36, 6},
{5,|0xE, 0x1l, OxE, 0x4, 0x53, 7},
{5, 0xF, 0x0, 0x0, 0x0, O0x13, 7},
{5, 0xF, Ox1, O0x7, 0x7, 0x43, 7},
{5,|0xF, 0x1, 0x7, 0x6, 0xl6, 6},
{5,|0xF, 0x1, 0x7, 0x5, 0x63, 7},
{5, 0xF, 0Ox1, OxF, 0xC, 0x23, 7},
{5, 0xF, Ox1, OxF, O0x4, 0x0C, 53,
{5,| 0xF, 0x1, 0OxD, 0x9, 0x03/.7},
{5, 0xF, Ox1, OxF, OxA, Ox8D, 7},
{5,|0xF, 0xl1, OxF, 0x8, -0x14, 5},
{5,|0xF, 0xl1, OxF,(0x3, 0x7D, 7},
{5, 0xF, 0Ox1, OxE,” 0x2, 0x04, 5},
{5, 0xF, O0x1,/~0xF, O0x1, O0x06, 6},
{6,|0x0, «0x0, O0x0, 0x0, 0x00, 3},
{6,]0%2,0x0, 0x0, 0x0, 0x04, 4},

{6, OxI, OxI, OxI, UxI, OUxX03, o07J,
{6, 0x2, 0x0, 0x0, 0x0, 0x0C, 5},
{6, 0x2, Ox1, 0x2, 0x2, 0x0D, 6},
{6, 0x3, 0x0, 0x0, 0x0, Ox1lA, 5},
{6, 0x3, Ox1, 0x3, 0x3, 0x3D, 6},
{6, 0x3, 0Ox1, 0x3, 0Ox1, 0Ox1D, 6},
{6, 0x3, 0x1, 0x3, 0x2, 0x2D, 6},
{6, O0x4, 0x0, 0x0, 0x0, O0x0A, 5},
{6, O0x4, O0x1, Ox4, 0x4, Ox3F, 7},
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0x5,
0x5,
0x5,
0x6,
0x6,
0x6,
0x7,
0x7,

0x7,

0x0,
0x1,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,

0x1,

0x0,
0x1,
0x5,
0x0,
0x2,
0x6,
0x0,
0x6,
0x6,

0x0,
0x1,
0x4,
0x0,
0x2,
0x4,
0x0,
0x6,

0x4,

0x35,
0x15,
O0x7F,
0x25,
0x5F,
Ox1F,
Ox6F,
Ox4F,

0x05,

6},
6},
T},
6},
T},
T},
T},
T},
6},

0x7,
0x7,
0x7,
0x8,
0x8,
0x9,
0x9,
0x9,
0xA,
0xA,
0xA,
0xB,
0xB,
0xB,
0xB,
0xB,
0xB,
0xC,
0xC,
0xC,
0xC,
0xD,
0xD,

0D,

0x1,
0x1,
0x1,
0x0,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x1,
0x1,
0x1,
0x1,
0x0,
0x1,
0x1,
0x1,
0x 05,
OxT,

0x1,

0x7,
0x7,
0x7,
0x0,
0x8,
0x0,
0x1,
0x9,
0x0,
0x2,
0xA,
0x0,
0x9,
0x9,
0xB,
0xB,
0xB,
0x0,
0xC,
0xC,
0xCy
0x0,
0x5,

0x5,

0x3,
0x1,
0x2,
0x0,
0x8,
0x0,
0x1,
0x8,
0x0,
0x2,
0x8,
0x0,
0x9,
0x1,
0xA,
0x2,
0x8,
0x0,
0xC,
0x8,
0x4,
0x0,
0x5,

0x4,

0x2F,
0x36,
0x77,
0x12,
0x0F,
0x39,
0x37,
0x57,
0x19,
0x29,
0x17,
0x67,
0x47,
0x09,
0x27,
0x31,
0x7B)
Ox11,
0x07,
0x21,
0x3B,
0x5B,
0x33,
0x01,

T},
6},
T},
5ty
T},
6},
T},
T},
6},
6},
T},
T},
T},
6},
T},
64,
T},
6},
T},
6},
T},
T},
T},
6},

%D,
0xD,
OxE,
OxE,
OxE,
0xE,
0xE,
OxE,

OxF,

UxT,
0x1,
0x0,
0x1,
0x1,
0x1,
0x1,
0x1,

0x0,

U%C,
0xD,
0x0,
OxE,
0x2,
0xE,
0xE,
OxE,

0x0,

U%S,
0x1,
0x0,
0x2,
0x2,
0xC,
0x8,
0x4,

0x0,

UX1E,
0x6B,
0x2B,
0x4B,
0x0B,
0x73,
0x3E,
0x53,
0x13,

T},
T},
T},
T},
T},
6},
T},
T},
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{6, OxF, 0x1, Ox6, 0Ox6, Ox1E, 6},
{6, OxF, 0x1, OxE, O0xA, Ox2E, 6},
{6, OxF, 0x1, OxF, 0x3, OxOE, 6},
{6, OxF, 0x1, OxF, 0x2, 0x02, 5},
{6, OxF, 0Ox1, O0xB, 0x9, 0x63, 7},
{6, OxF, 0Ox1, OxF, 0xC, Oxle, 6},
{6, OxF, 0xl1l, OxF, 0x8, 0x06, 6},
{6, OxF, O0x1, OxF, 0x5, 0x23, 7},

{6, OxF, 0Ox1, OxF, Ox1, Ox1C, 5},

{6, 0xF, O0x1, OxF, O0x4, Ox26, 6},
{7,10x0, 0x0, 0x0, 0x0, O0x12, 5},
{7,10x1, 0x0, 0x0, 0x0, 0x05, 6},
{7,10x1, Oxl1l, Oxl1l, 0Ox1l, Ox7F, 7},
{7,10x2, 0x0, 0x0, 0x0, 0x39, 6},
{7,10x2, 0x1, 0x2, 0x2, Ox3F, 7},
{7,10x3, 0x0, 0x0, 0x0, Ox5F, 7},
{7,10x3, 0x1, 0x3, 0x3, Ox1lF, 7},
{7,10x3, 0x1, 0x3, 0x2, Ox6F, 7},
{7,10x3, 0x1, 0x3, 0Ox1, Ox2F, 7},
{7,10x4, 0x0, 0x0, 0x0, Ox4r, 7},
{7,]10x4, O0x1, Ox4, O0x4, OxO0F, 7},
{7,]10x5, 0x0, 0x0, 0x0, 0x57, 7},
{7,]10x5, 0x1, Ox1, Ox1, 0x19, 6},
{7,|0x5, 0xl1l, Ox5, 0x4, 0x77, 7},
{7,]10x6, 0x0, 0x0, 0x0, O0x37, 74,
{7,]0x6, 0x1, 0x0, 0x0, 0x29/)._6},
{7,10x7, 0x0, 0x0, 0x0, Ox17, 7},
{7,10x7, 0x1, Ox6, Ox6, -Ox67, 7},
{7,10x7, 0xl1l, O0x7,(0x3, 0x27, 7},
{7,10x7, 0xl1l, Ox7, 0x2, 0x47, 7},
{7,10x7, O0x14~0x7, 0x5, O0x1B, 7},
{7,]10x7,«0xT, O0x7, Ox1, 0x09, 6},
{7,|0%£7,0x1, O0x7, 0x4, 0x07, 7},

{7, UOx8, UxU, UxXO, UxX0O, OX/B, 77,
{7, 0x8, 0x1, 0x8, 0x8, 0x3B, 7},
{7, 0x9, 0x0, 0x0, 0x0, Ox5B, 7},
{7, 0x9, 0Ox1, 0x0, 0x0, 0x31, 6},
{7, 0xA, 0x0, 0x0, 0x0, 0x53, 7},
{7, 0xa, 0xl, 0x2, 0x2, 0x11l, 6},
{7, O0xA, 0x1, OxA, 0x8, OxoB, 7},
{7, O0xB, 0x0, 0x0, 0x0, Ox2B, 7},

{7, 0xB, O0x1, 0x9, 0x9, 0x4B, 7},
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{7, O0xB,
{7, 0xB,
{7, 0xB,
{7, 0xB,
{7, 0xB,
{7, 0xC,
{7, 0xC,
{7, 0xC,

{7, 0xD,

0x1,
0x1,
0x1,
0x1,
0x1,
0x0,
0x1,
0x1,

0x0,

0xB,
0xB,
0xB,
0xB,
0xB,
0x0,
0x8,
0xC,

0x0,

0x3,
0x1,
OxA,
0x2,
0x8,
0x0,
0x8,
0x4,

0x0,

0x0B, 7},
0x73, 7},
0x33, 7},
0x21, 6},
0x13, 7},
0x63, 7},
0x23, 7},
0x43, 7},
0x03, 7},

{7, 0xD,
{7, 0xD,
{7,|0xD,
{7,|0xD,
{7, 0xD,
{7, 0xD,
{7, 0xE,
{7,|0xE,
{7,|0xE,
{7,|0xE,
{7, 0xE,
{7, 0xE,
{7,|0xE,
{7,|0xF,
{7,|0xF,
{7, 0xF,
{7, 0xF,
{7, 0xF,
{7,|0xF,
{7,|0xF,
{7,|0xF,
{7, 0xF,
{7, 0xF,

{7, 0%F,

0x1,
0x1,
0x1,
0x1,
0x1,
0x1,
0x0,
0x1,
0x1,
0x1,
0x1,
0x1,
0x1,
0x0,
0x1,
0x1,
0x1,
0x1,
0x1,
0x1,
0x1,
0x 1S,
OxT,

0x1,

0x9,
0xD,
0xD,
0xD,
0xD,
0xD,
0x0,
0x6,
OxE,
OxE,
0OxE,
OxE,
OxE,
0x0,
OxF,
OxF,
OxF,
OxF,
OxF,
OxF,
OxE',
OxF,
OxF,

OxF,

0x9,
0x5,
0x1,
0xC,
0x4,
0x8,
0x0,
0x6,
0xA,
0x2,
0xC,
0x8,
0x4,
0x0,
OxF,
0xD,
0x7,
0x5,
0xB,
0x3,
0x9,
0x1,
OxE,

0x6,

0x7D, 7},
0x5D, 7},
0x01, 6},
0x3D, 7},
0x3E, 6},
0x1D, 7},
O0xe6D, 7},
0x2D, 7},
0x0D, 7},
Ox1E, 6},
0x4D, 7},
0x0E, 6},
0x75, 7},
0x15, 7},
0x06, 5},
0x35, 74,
0x55/,.7},
0x1ia, 5},
0x25, 7},
0x0A, 5},
0x2E, 6},
0x00, 4},
0x65, 7},
0x36, 6},

{7, OXF,
{7, OxF,
{7, OxF,
{7, OxF,

{7, OxF,

UxT,
0x1,
0x1,
0x1,

0x1,

UXT,
OxF,
OxF,
OxF,

OxF,

URE,
0x2,
0xC,
0x8,

0x4,

002, 57T,
0x0C, 4},
Oxle6, 6},
0x04, 4},
0x08, 41}

CxtVLC table 1 isspecified as follows:

CxtVLC table 1

{0, 0x1,

0x1,

= {{0,

0x1,

0x1,

0Ox1, 0x0, O0xO0,

0x27, 6},

0x0,

0x00,

3},
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{0, 0x2,
{0, 0x2,
{0, 0x3,
{0, 0x3,
{0, 0x4,
{0, 0x4,
{0, 0x5,
{0, 0x5,
{0, 0x6,

0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,

0x0,

0x0,
0x2,
0x0,
0x0,
0x0,
0x4,
0x0,
0x0,
0x0,

0x0,
0x2,
0x0,
0x0,
0x0,
0x4,
0x0,
0x0,
0x0,

0x06,
0x17,
0x0D,
0x3B,
0x02,
0x07,
0x15,
0x2B,

0x01,

3},
6},
Sty
6},
3},
6},
Sty
6},
5},

{0,]0x6,
{0,]10x7,
{0,]0x7,
{0,]0x8,
{0,]0x8,
{0,]0x9,
{0,]0x9,
{0,]0xA,
{0,]0xA,
{0,]0xA,
{0, 0xB,
{0, 0xB,
{0,]0xC,
{0,]0xC,
{0,]0xC,
{0, 0xD,
{0, 0xD,
{0, OxE,
{0, ]| 0xE,
{0, ]| 0xE,
{0, ]| 0xF,
{0, OxF,
{0, OxF,
{1,]0%0,

0x1,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x0,
0x1,
0x1,
0x0,
0x 1S,
OxT,

0x0,

0x0,
0x0,
0x0,
0x0,
0x8,
0x0,
0x0,
0x0,
0x8,
0xA,
0x0,
0x0,
0x0,
0x8,
0xC,
0x0,
0x0,
0x0,
0x4,
0x4,
0x 05
Ox1,
0x1,

0x0,

0x0,
0x0,
0x0,
0x0,
0x8,
0x0,
0x0,
0x0,
0x8,
0x2,
0x0,
0x0,
0x0,
0x8,
0x4,
0x0,
0x0,
0x0,
Oxd,
0x0,
0x0,
0x1,
0x0,
0x0,

0x7F,
0x1F,
0x1B,
0x04,
0x05,
0x19,
0x13,
0x09,
0x0B,
0x3F,
0x5F,
0x33,
0x11,
0x23,
Ox6F,
0x0F,
0x03)
OXLF,
Ox4F,
0x3D,
0x77,
0x37,
0x1D,

0x00,

T},
T},
6},
3},
5},
5},
6},
Sty
6},
T},
T},
6},
5}y,
6},
T},
T,
6},
T},
T},
6},
T},
T},
6},
1},

{1, OxTI,
{1, 0x1,
{1, 0x2,
{1, 0x2,
{1, 0x3,
{1, 0x3,
{1, 0x3,
{1, 0x4,
{1, 0x4,

UxU,
0x1,
0x0,
0x1,
0x0,
0x1,
0x1,
0x0,

0x1,

0%0,
0x1,
0x0,
0x2,
0x0,
0x1,
0x3,
0x0,

0x4,

UxU,
0x1,
0x0,
0x2,
0x0,
0x1,
0x2,
0x0,

0x4,

0X05,
0x7F,
0x09,
Ox1F,
0x1D,
0x3F,
0x5F,
0x0D,

0x37,

41y
T},
4},
T},
Sty
T},
T},
Sty
T},
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0x5,
0x5,
0x6,
0x6,
0x7,
0x7,
0x8,
0x8,
0x9,

0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,

0x0,

0x0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x8,
0x0,

0x0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x8,
0x0,

0x03,
Ox6F,
0x2F,
0x4F,
0x0F,
0x77,
0x01,
0x17,

0x0B,

6},
T},
T},
T},
T},
T},
4},
T},
6},

0x9,
0xA,
0xA,
0xB,
0xB,
0xC,
0xC,
0xD,
0xD,
OxE,
0OxE,
OxF,
OxF,
OxF,
0x0,
0x1,
0x1,
0x2,
0x2,
0x3,
0x3,
0x3,
0x4,

0x4,

0x1,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x1,
0x0,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x 1S,
0x0,

0x1,

0x0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x4,
0x4,
0x0,
0x0,
0x1,
0x0,
0x2,
0x0,
0x25
0x3,
0x0,

0x4,

0x0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x4,
0x0,
0x0,
0x0,
0x1,
0x0,
0xL,
0x0,
0x2,
0x1,
0x0,

0x4,

0x57,
0x33,
0x67,
0x27,
0x2B,
0x13,
0x47,
0x07,
0x7B,
0x3B,
0x5B,
0x1B,
0x6B,
0x23,
0x00,
0x09,
O0x7E)
0x01,
0x23,
0x3D,
Ox3F,
Ox1F,
0x15,

0x5F,

T},
6},
T},
T},
T},
6},
T},
T},
T},
T},
T},
T},
T},
6},
1},
43,
T},
4},
6},
6},
T},
T},
Sty
T},

UX5,
0x5,
0x6,
0x6,
0x7,
0x7,
0x8,
0x8,
0x9,

UxU,
0x1,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,

0x0,

UX0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x8,
0x0,

U%0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x0,
0x8,
0x0,

UX03,
Ox6F,
0x2F,
Ox4F,
0x0F,
0x17,
0x05,
0x77,

0x37,

of,
T},
T},
T},
T},
T},
5},
T},
T},
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{2, 0x9,
{2, 0xA,
{2, 0xA,
{2, 0OxAa,
{2, 0OxAa,
{2, 0xB,
{2, 0xB,
{2, 0xB,

{2, 0xC,

0x1,
0x0,
0x1,
0x1,
0x1,
0x0,
0x1,
0x1,

0x0,

0x0,
0x0,
0xA,
0xA,
0xA,
0x0,
0xB,
0x0,
0x0,

0x0,
0x0,
OxA,
0x2,
0x8,
0x0,
0x2,
0x0,
0x0,

0x57,
0x1D,
0x7B,
0x2D,
0x67,
0x217,
0x47,
0x07,

0x0D,

T},
6},
T},
6},
T},
T},
T},
T},
6},

{2,]0xC,
{2, 0xD,
{2,|0xD,
{2,|0xE,
{2, 0xE,
{2, 0xE,
{2, 0xF,
{2,|0xF,
{2,|0xF,
{2,|0xF,
{2, 0xF,
{3,]0x0,
{3,10x1,
{3,10x1,
{3,10x2,
{3,]0x2,
{3,]0x3,
{3,]0x3,
{3,]0x3,
{3,]0x3,
{3,10x4,
{3,]10x4,
{3,10x5,
{3,]0%£5;

0x1,
0x0,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x1,
0x1,
0x1,
0x0,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x1,
0x1,
0x0,
0x 1S,
0x0,

0x1,

0x0,
0x0,
0x0,
0x0,
0x4,
0x4,
0x0,
0x4,
0x5,
0x7,
OxF,
0x0,
0x0,
0x1,
0x0,
0x2,
0x0,
0x3,
0x3,
0x3,
0x 05
x4,
0x0,

0x1,

0x0,
0x0,
0x0,
0x0,
0x4,
0x0,
0x0,
0x4,
0x1,
0x2,
0x8,
0x0,
0x0,
0x1,
0x0,
0x2,
0x0,
0x3,
0xL,
Ox1,
0x0,
0x4,
0x0,

0x1,

0x3B,
0x5B,
0x1B,
0x6B,
0x2B,
0x4B,
0x0B,
0x73,
0x33,
0x53,
0x13,
0x00,
0x0A,
0x0B,
0x02,
0x23,
0x0E)
OxYE,
0x33,
0x13,
0x16,
0x3F,
0x03,

0x3D,

T},
T},
T},
T},
T},
T},
T},
T},
T},
T},
T},
2},
4},
6},
4},
64,
Sty
T},
6},
6},
5}y,
T},
6},
6},

{3, Ux5,
{3, 0x6,
{3, 0x6,
{3, 0x7,
{3, 0x7,
{3, 0x7,
{3, 0x7,
{3, 0x8,
{3, 0x8,

UxT,
0x0,
0x1,
0x0,
0x1,
0x1,
0x1,
0x0,

0x1,

UX5,
0x0,
0x0,
0x0,
0x4,
0x5,
0x7,
0x0,
0x8,

U%%,
0x0,
0x0,
0x0,
0x4,
0x1,
0x2,
0x0,
0x8,

UXIE,
0x1D,
0x5F,
0x2D,
0x2F,
0x1E,
Ox6F,
0x06,

0x4F,

6},
T},
6},
T},
6},
T},
5ty
T},
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{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{3,
{4,
{4,

0x9,
0x9,
0xA,
0xA,
0xA,
0xB,
0xB,
0xB,

0xB,

0x0,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x1,

0x1,

0x0,
0x0,
0x0,
0x2,
0xA,
0x0,
0x8,
0xB,

0xB,

0x0,
0x0,
0x0,
0x2,
0x8,
0x0,
0x8,
0x3,
0x2,

0x0D,
0x35,
0x15,
0x25,
0x0F,
0x05,
0x39,
0x17,

0x19,

6},
6},
6},
6},
T},
6},
6},
T},
6},

0xB,
0xC,
0xC,
0xD,
0xD,
0xD,
0OxE,
OxE,
OxE,
OxE,
OxF,
OxF,
OxF,
OxF,
OxF,
OxF,
OxF,
OxF,
OxF,
OxF,
0x0,
0x1,
0x1,

0%2,

0x1,
0x0,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x1,
0x1,
0x0,
0x1,
0x1,
0x1,
0x1,
0x1,
0x1,
0x1,
0x1,
0x1,
0x0,
0x 05,
OxT,

0x0,

0xB,
0x0,
0x0,
0x0,
0x4,
0x4,
0x0,
0x4,
0xC,
OxE,
0x0,
0x6,
0x7,
OxF,
OxF,
OxF,
0xA,
OxF,
OxF,
OxF,
0x 05
0x0,
0x1,

0x0,

0x1,
0x0,
0x0,
0x0,
0x4,
0x0,
0x0,
0x4,
0x8,
0x2,
0x0,
0x6,
0x3,
0xA,
0x2,
0x8,
0x8,
0x5,
Oxd ,
Ox4,
0x0,
0x0,
0x1,

0x0,

0x77,
0x29,
0x09,
0x37,
0x57,
0x31,
0x67,
0x27,
0x47,
0x6B,
0x11,
0x07,
0x7B,
0x3B,
0x21,
0x01,
0x5B)
O0x1B,
0x3E,
0x2B,
0x00,
0x0D,
0x7F,

0x15,

T},
6},
6},
T},
T},
6},
T},
T},
T},
T},
6},
T},
T},
T},
6},
64,
T},
T},
6},
T},
1},
Sty
T},
5},

U%Z,
0x3,
0x3,
0x4,
0x4,
0x5,
0x5,
0x6,
0x6,

UxT,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x0,

0x1,

U0XZ,
0x0,
0x0,
0x0,
0x4,
0x0,
0x0,
0x0,
0x0,

U%Z,
0x0,
0x0,
0x0,
0x4,
0x0,
0x0,
0x0,
0x0,

UX3F,
0x5F,
0Ox6F,
0x09,
0x23,
0x33,
Ox1F,
0x13,

0x2F,

T},
T},
4},
6},
6},
T},
6},
T},
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{4, 0x7,
{4, 0x7,
{4, 0x8,
{4, 0x8,
{4, 0x9,
{4, 0x9,
{4, 0xAa,
{4, 0xAa,

{4, O0xB,

0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,

0x0,

0x0,
0x0,
0x0,
0x8,
0x0,
0x0,
0x0,
0x0,
0x0,

0x0,
0x0,
0x0,
0x8,
0x0,
0x0,
0x0,
0x0,
0x0,

0x4F,
0x57,
0x01,
0x0F,
0x77,
0x37,
0x1D,
0x17,

0x67,

T},
T},
4},
T},
T},
T},
6},
T},

T},

{4, 0xB,
{4, 0xC,
{4,|0xC,
{4,|0xC,
{4, 0xC,
{4, 0xD,
{4, 0xD,
{4,|0xE,
{4,|0xE,
{4,|0xE,
{4, 0xF,
{4, 0xF,
{4,|0xF,
{4,|0xF,
{5,]0x0,
{5,]0x1,
{5,]0x1,
{5,10x2,
{5,10x2,
{5,]0x3,
{5,]0x3,
{5,10x4,
{5, 0x4,
{5,]0%5;

0x1,
0x0,
0x1,
0x1,
0x1,
0x0,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x1,
0x1,
0x0,
0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x 05,
OxT,

0x0,

0x0,
0x0,
0xC,
0xC,
0xC,
0x0,
0x0,
0x0,
0x2,
0x2,
0x0,
0x1,
0x3,
0x3,
0x0,
0x0,
0x1,
0x0,
0x2,
0x0,
0x 05
0x0,
0x4,

0x0,

0x0,
0x0,
0xC,
0x8,
0x4,
0x0,
0x0,
0x0,
0x2,
0x0,
0x0,
0x1,
0x2,
0x0,
0x0,
0x0,
0x1,
0x0,
0xL,
0x0,
0x0,
0x0,
0x4,

0x0,

0x6B,
0x05,
0x27,
0x47,
0x07,
0x7B,
0x3B,
0x5B,
0x1B,
0x03,
0x2B,
0x4B,
0x0B,
0x3D,
0x00,
0x1E,
0x3B)
Ox0A,
O0x3F,
0x1B,
0x0B,
0x02,
0x2B,

0x0E,

T},
5},
T},
T},
T},
T},
T},
T},
T},
6},
T},
T},
T},
6},
2},
SRy
6},
Sty
T},
6},
6},
4},
6},
5},

{5, TUx5,
{5, 0x5,
{5, Oxo,
{5, Oxo,
{5, 0x7,
{5, 0x7,
{5, 0x7,
{5, 0x8,
{5, 0x8,

UxT,
0x1,
0x0,
0x1,
0x0,
0x1,
0x1,
0x0,

0x1,

04,
0x5,
0x0,
0x0,
0x0,
0x2,
0x2,
0x0,
0x8,

U%%,
0x1,
0x0,
0x0,
0x0,
0x2,
0x0,
0x0,
0x8,

%33,
0x7F,
0x13,
Ox6F,
0x23,
0x5F,
0x15,
0x16,
0x03,

of,
T},
6},
T},
6},
T},
6},
Sty
6},
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{5,
{5,
{5,
{5,
{5,
{5,
{5,
{5,

0x9,
0x9,
0xA,
0xA,
0xB,
0xB,
0xB,
0xC,

0xC,

0x0,
0x1,
0x0,
0x1,
0x0,
0x1,
0x1,
0x0,

0x1,

0x0,
0x0,
0x0,
0x0,
0x0,
0x1,
0x1,
0x0,

0x4,

0x0,
0x0,
0x0,
0x0,
0x0,
0x1,
0x0,
0x0,

0x4,

0x3D,
Ox1F,
0x1D,
0x2D,
0x0D,
Ox4F,
0x35,
0x06,
0x25,

6},
T},
6},
6},
6},
T},
6},
Sty
6},

0xC,
0xD,
0xD,
0xD,
0xD,
0xE,
0OxE,
OxE,
OxE,
OxF,
OxF,
OxF,
OxF,
OxF,
OxF,
OxF,
OxF,
OxF,
OxF,
OxF,
0x0,
0x1,
0x1,

0%2,

0x1,
0x0,
0x1,
0x1,
0x1,
0x0,
0x1,
0x1,
0x1,
0x0,
0x1,
0x1,
0x1,
0x1,
0x1,
0x1,
0x1,
0x1,
0x1,
0x1,
0x0,
0x 05,
OxT,

0x0,

0xC,
0x0,
0x1,
0x5,
0xD,
0x0,
0x2,
0xA,
OxE,
0x0,
0x9,
0xD,
OxF,
OxF,
0x7,
OxF,
OxF,
OxF,
OxF,
OxF,
0x 05
0x0,
0x1,

0x0,

0x8,
0x0,
0x1,
0x4,
0x8,
0x0,
0x2,
0x8,
0x4,
0x0,
0x9,
0x5,
0x3,
0x1,
0x6,
0xC,
0x4,
OxA,
0x8,
0x2,
0x0,
0x0,
0x1,

0x0,

0x2F,
0x05,
0x77,
0x39,
0x0F,
0x19,
0x57,
0x01,
0x37,
0x1A,
0x17,
0x67,
0x07,
0x29,
0x27,
0x09,
0x31)
0x47,
0x11,
0x21,
0x00,
0x02,
0x03,
0x0¢C,

T},
6},
T},
6},
T},
6},
T},
6},
T},
5ty
T},
T},
T},
6},
T},
64,
6},
T},
6},
6},
3},
4},
6},
4},

U%Z,
0x3,
0x3,
0x3,
0x4,
0x4,
0x5,
0x5,
0x5,

UxT,
0x0,
0x1,
0x1,
0x0,
0x1,
0x0,
0x1,

0x1,

U%Z,
0x0,
0x2,
0x3,
0x0,
0x4,
0x0,
0x4,

0x5,

U%Z,
0x0,
0x2,
0x1,
0x0,
0x4,
0x0,
0x4,

0x1,

UxX3D,
0x1D,
0x0D,
0x7F,
0x04,
0x2D,
0x0A,
0x35,

0x2F,

of,
6},
6},
T},
4},
6},
5},
6},
T},
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{6, Ox6, 0x0, 0x0, 0x0, 0Ox15, o6},
{6, 0x6, Oxl, O0x2, 0x2, Ox3F, 7},
{6, Ox6, 0x1, Ox6, 0x4, Ox5F, 7},
{6, 0x7, 0x0, 0x0, 0x0, 0x25, 6},
{6, 0x7, 0x1, 0x2, 0x2, 0x29, 6},
{6, 0x7, 0x1, 0x3, 0Ox1, Ox1lFr, 7},
{6, 0x7, 0x1, 0x7, 0x4, Ox6F, 7},
{6, 0x8, 0x0, 0x0, 0x0, O0x1l6, 5},
{6, 0x8, 0x1, 0x8, 0x8, 0x05, 6},

{6,]10x9, 0x0, 0x0, 0x0, 0x39, 6},
{6,]10x9, 0x1, 0x0, 0x0, 0x19, 6},
{6,]0xA, 0x0, 0x0, 0x0, 0x06, 5},
{6,]0xA, 0x1, OxA, O0xA, O0OxO0F, 7},
{6,]0xA, O0x1, OxA, 0x2, 0x09, o6},
{6,]0xA, O0x1, OxA, 0x8, Ox4r, 7},
{6,]0xB, 0x0, 0x0, 0x0, OxOE, 6},
{6,]0xB, 0x1, O0xB, 0x2, 0x77, 7},
{6,]0xB, 0x1, 0x2, 0x2, 0x37, 7},
{6,]0xB, 0x1, OxA, 0x8, 0x57, 7},
{6,]0xB, 0Ox1, OxB, Ox1, O0x47, 7},
{6,]0xC, 0x0, 0x0, 0x0, Ox1lA, 5},
{6,]0xC, 0Ox1, 0OxC, 0xC, O0x17, 7},
{6,]0xC, 0xl1l, 0xC, 0x8, 0x67, 7},
{6,|0xC, 0xl1l, OxC, 0x4, 0x27, 7},
{6,]0xD, 0x0, 0x0, 0x0, O0x31, 64,
{6,|0xD, 0x1, OxD, 0x4, OxO0%,_7},
{6,]0xD, Ox1, Ox4, Ox4, OxYB, 7},
{6,]0xD, 0x1, 0xC, O0x8, -0x3B, 7},
{6,]0xD, 0Ox1, OxD,(0Ox1, 0x2B, 7},
{6,|0xE, 0x0, O0x0O;” 0x0, 0x1l, 6},
{6,| 0xE, O0x1,/~0xE, Ox4, Ox5B, 7},
{6,| OXE, «0xT, 0x4, 0x4, O0x1B, 7},

{6,|0kLE,~0x1, OxE, O0xA, 0Ox6B, 7},

{6, OXE, OUxI, UXE, UX8, OUxXZIL, o0J,
{6, OxE, 0xl1l, OxE, 0x2, 0x33, 7},
{6, OxF, 0x0, 0x0, 0x0, 0x01, o6},
{6, OxF, 0Ox1, 0x3, 0x3, O0x4B, 7},
{6, OxF, Ox1, 0x7, Ox6, 0xO0B, 7},
{6, OxF, 0Ox1, OxF, OxA, 0x73, 7},
{6, OxF, 0Ox1, OxF, 0x2, Ox3E, 6},
{6, OxF, 0Ox1, OxB, 0x9, 0x53, 7},

{6, OxF, 0Ox1, OxF, 0xC, 0x63, 7},
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OxF,
OxF,
OxF,
OxF,
0x0,
0x1,
0x1,
0x2,

0x2,

0x1,
0x1,
0x1,
0x1,
0x0,
0x0,
0x1,
0x0,

0x1,

OxF,
OxF,
OxF,
OxF,
0x0,
0x0,
0x1,
0x0,
0x2,

0x8,
0x5,
0x4,
0x1,
0x0,
0x0,
0x1,
0x0,
0x2,

0x1E,
0x13,
0x2E,
0x23,
0x04,
0x33,
0x13,
0x23,

0x7F,

6},
T},
6},
T},
4},
6},
6},
6},

T},

0x3,
0x3,
0x3,
0x4,
0x4,
0x5,
0x5,
0x5,
0x6,
0x6,
0x7,
0x7,
0x7,
0x7,
0x7,
0x7,
0x8,
0x8,
0x9,
0x9,
0xA,
0xA,
0xB,

0%B,

0x0,
0x1,
0x1,
0x0,
0x1,
0x0,
0x1,
0x1,
0x0,
0x1,
0x0,
0x1,
0x1,
0x1,
0x1,
0x1,
0x0,
0x1,
0x0,
0x1,
0x0,
0x 1S,
0x0,

0x1,

0x0,
0x1,
0x3,
0x0,
0x4,
0x0,
0x1,
0x5,
0x0,
0x0,
0x0,
0x7,
0x4,
0x7,
0x7,
0x7,
0x0,
0x8,
0x0,
0x0,
0x 05
0x0,
0x0,

0xB,

0x0,
0x1,
0x2,
0x0,
0x4,
0x0,
0x1,
0x4,
0x0,
0x0,
0x0,
0x4,
0x4,
0x3,
0x1,
0x2,
0x0,
0x8,
0xQ,
0x0,
0x0,
0x0,
0x0,

0x1,

0x03,
0x3F,
Ox6F,
0x2D,
0x5F,
0x16,
0x3D,
Ox1F,
0x1D,
0x77,
0x06,
0x2F,
Ox4F,
0x0F,
0x0D,
0x57,
0x35)
0x37,
0x15,
0x27,
0x25,
0x29,
0x1A,

0x17,

6},
T},
T},
6},
T},
5},
6},
T},
6},
T},
5},
T},
T},
T},
6},
T,
6},
T},
6},
T},
6},
6},
Sty
T},

UXE,
0xB,
0xB,
0xC,
0xC,
0xD,
0xD,
0xD,

0xD,

UxT,
0x1,
0x1,
0x0,
0x1,
0x0,
0x1,
0x1,

0x1,

ey
0x3,
0xB,
0x0,
0x0,
0x0,
0xD,
0x1,

0x5,

UxT,
0x2,
0x8,
0x0,
0x0,
0x0,
0x1,
0x1,

0x4,

UX6 7,
0x05,
0x7B,
0x39,
0x19,
0x0cC,
0x47,
0x07,
0x09,

6},
T},
6},
6},
5},
T},
T},
6},
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{7, O0xD, 0Ox1, OxD, 0x8, 0Ox1B, 7},
{7, OxE, 0x0, O0x0, 0x0, 0x31, 6},
{7, OxE, 0Ox1, OxE, 0x2, 0x3B, 7},
{7, OxE, 0Ox1, 0x2, 0x2, Ox5B, 7},
{7, OxE, 0Ox1, OxA, 0x8, Ox3E, 6},
{7, OxE, 0Ox1, OxE, 0x4, 0x0B, 7},
{7, Oxr, 0x0, Ox0, 0x0, 0x00, 3},
{7, OxF, 0x1, OxF, OxF, Ox6B, 7},

{7, OxF, 0O0x1, OxF, 0x7, 0x2B, 7},

{7, 0xF, 0Ox1, OxF, 0xB, O0x4B, 7},
{7,]0xF, 0Ox1, OxF, 0x3, 0Ox1ll, 6},
{7,|0xF, 0xl1, 0x7, 0x6, 0x21, 6},
{7, 0xF, 0Ox1, OxF, OxA, 0x01, 6},
{7, 0xF, O0x1, OxF, 0x2, OxOA, 5},
{7, 0xF, 0Ox1, OxB, 0x9, OxlE, 6},
{7,]0xF, O0x1, OxF, 0xC, OxOE, 6},
{7, 0xF, 0Ox1, OxF, 0x8, 0x12, 5},
{7,]0xF, 0x1, OxF, 0x5, Ox2E, 6},
{7, 0xF, 0Ox1, OxF, Ox1, 0x02, 5},

{7,|0xF, 0Ox1, OxF, 0x4, 0x1C, 5}}
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D.1

Annex D

JPH file format

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

General

The JPH file format conforms to the JP2 file format specified in Rec. ITU-T T.800 | ISO/IEC 15444-1, unless specified
otherwise in this annex.

D.2  JP2 Header box
In contraft to the JP2 file format, if the UnkC field is non-zero it is not required that a Colour Specification boXrbe present
within the JP2 Header box.
If the JP2 Header box does not contain a Colour Specification box:
+  the colourspace of the image data is unspecified; and
«  no Typ' field shall be equal to 0.
D.3 [File Type box
The BR fiield shall be equal to ' jph\040"'.
The Minv field shall be 0.
One CL1| field shall be equal to the value ' jph\040"'.
D.4 |[Colour Specification box
D.4.1 |Additional METH values
This standard defines the METH values listed in Table:D. 1.
Table DAI'— Additional METH values
Value Meaning
0-2 As specified in Rec. ITU-T T.800\ISO/IEC 15444-1.
3 Any International Color Consortium (ICC) method. This Colour Specification box indicates that the colourspage of the
codestream is specified byan’embedded input ICC profile. Contrary to the Restricted ICC method defined in thd JP2 file
format, this method altews for any input ICC profile, described in ISO/IEC 15076-1.
5 Parameterized coldurspace as specified in Rec. ITU-T H.273 | ISO/IEC 23001-8
D.4.2 | Any International Color Consortium method
When th¢ METH field is equal to 3, the Colour Specification box shall be organized as specified in Figure D.1 gnd Table
D.2.
m
= 9 S =
= o 2 =
- e~ - @)
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T.814(19)_FD.1
Figure D.1 — Organization of the contents of a Colour Specification box when METH =3
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Table D.2 — Format of the contents of the Colour Specification box

Field name Size (bits) Value

PROFILE Variable ICC input profile as defined by ISO/IEC 15076-1, specifying the
transformation between the decompressed code values and the PCS.
Any input ICC profile, regardless of profile class, may be contained
within this field.

NOTE — This method is equivalent to the Any ICC method specified in Rec. ITU-T T.801 | ISO/IEC 15444-2.

D.4.3 Parameterized colourspace

When the METH field is equal to 5, the Colour Specification box shall be organized as specified in Table D.3 and Figure
D.2.

2
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< ) = 421 > E
T.814(19)_FD.2

Figure D.2 — Organization of the contents of a Colour Specification box when METH =§

Table D.3 — Format of the contents of the Colour'Specification box

Field name Size (bits) Value
(OLPRIMS 16 One of the/@olourPrimaries enumerated values specified in Rlec.
ITU-T B.273 | ISO/IEC 23001-8
'RANSFC 16 One ofithe TransferCharacteristics enumerated values specifi¢d in
Recy ITU-T H.273 | ISO/IEC 23001-8
MAATCOEFFS 16 One of the MatrixCoefficients enumerated values specified in Rec.
ITU-T H.273 | ISO/IEC 23001-8
VIDFRNG 1 Value of the VideoFullRangeFlag specified in Rec. ITU-T HR73 |
ISO/IEC 23001-8
VIDFRNG RSVD 7 Reserved for future use by ITU-T | ISO/IEC

D.5 |Contiguous codestream box

The Contiguous Codestream bex shall contains a valid and complete HTJ2K codestream as specified in clause .1.

NOTE — Rec. ITU-T T.800 [{ISO/IEC 15444-1 specifies that, when displaying the image, all codestreams after the first cpdestream
found]in the file are ignored, and that Contiguous Codestream boxes can be found anywhere in the file except before the JP2 Header
box.

D.6 |Channel Definition box
D.6.1 |Single alpha channel

In contrast to the JP2 file format, which supports multiple alpha channels, JPH only supports a single alpha channel.

If the Channel Definition box is present, at most one Typ' field shall be equal to 1 or 2, and the corresponding Asoc! field
shall be equal to 0.

D.6.2 Multiple channels per colour
In contrast to the JP2 file format, multiple channels can be associated with the same colour.
There may be more than one channel with the same Typ' and Asoc' value pair.

EXAMPLE — Multiple channels of the same colour in a Bayer pattern can be described using the same Typ' and Asoc' value pair, and
but different component registration position, as carried in the optional CRG marker segment.
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D.6.3 Application-specified colour

This standard defines the additional Typ' values listed in Table D.4.

Table D.4 — Additional Typ' field value

Value

Meaning

3

The colour associated with this channel is application-defined.

When Typ' is equal to 3, the value of Asoc' shall be between 0 and 2'° -1 and is application-defined.

Asoc' values are application-specific.
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Media type specifications and registrations

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

General

Many Internet protocols are designed to carry arbitrary labelled content. The mechanism used to label such content is a
media type, which is defined in IETF RFC 6838 and consists of a top-level type, a subtype, and in some instances, optional
parameters.

The media type specifications of clauses E.2 and E.3 have a matching registration in the Internet Assigned Numbers

Authorit{ central registry, as specitied in IETF RFC 6838.
E.2 JPH file
E.2.1 [General
The imalge/jph media type refers to content that consists of a single JPH file as specified in \Annex D.
E.2.2 |Registration
Typg name: image
Subtype name: Jjph
Reqpiired parameters: N/A
Optlonal parameters: N/A
Encpding considerations: See Section 4.1 of RFC-.3745.
Secfirity considerations: See Section 3 of RFC{(3M5.
Int¢roperability considerations: N/A
Published specification: Rec. ITU-T T.814 } ISO/IEC 15444-15
Applications: Multimedia and scientifi¢
Fragment identifier considerations:-}WA
Restrictions on usage: N/A
Addjtional information:
eprecated alias names fex~this type: N/A
Magic number (s): See (Section 4.4 of RFC 3745
'ile extension (s) : jrh
Macintosh File Pyp& Code(s): N/A
Objg¢ct Identifiegsy N/A
Contact name: «ISO/IEC JTC 1/SC 29/WG 1 Convenor
Contact email\ address: sc29-sec@itscj.ipsj.or.jp
Intgndedsusage: COMMON
Chapgg,eontroller: ITU-T & ISO/IEC JTC 1
E.3  Single HTJ2K codestream
E.3.1 General

The image/jphc media type refers to content that consists of a single HTJ2K codestream, as specified in clause 6.1.
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