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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 inter

national

organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the

work

jhe procedures used to develop this document and those intended for its further, maif
re described in the ISO/IEC Directives, Part 1. In particular, the different approeval
eeded for the different types of document should be noted. This document’was dr

tenance
criteria
hfted in
tives or

1
dccordance with the editorial rules of the ISO/IEC Directives, Part 2 (see www.iSe.org/dire
www.iec.ch/members_experts/refdocs).

ttention is drawn to the possibility that some of the elements of this document may be the
f patent rights. ISO and IEC shall not be held responsible for identifying any or all sucl
ights. Details of any patent rights identified during the development\0of'the document will &
htroduction and/or on the ISO list of patent declarations received (see-www.iso.org/patents) o
st of patent declarations received (see https://patents.iec.ch).

=== o %

Any trade name used in this document is information given4or the convenience of users and
gonstitute an endorsement.

or an explanation of the voluntary nature of standards, the meaning of ISO specific tel
xpressions related to conformity assessment, as well as information about ISO's adhei
he World Trade Organization (WTO) principles in the Technical Barriers to Trade (T
rww.iso.org/iso/foreword.html. In the IEC, seelwww.iec.ch/understanding-standards.
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This document was prepared by Joint Teehnical Committee ISO/IEC JTC 1, Information ted
Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

A list of all parts in the ISO/IEC 1818% series can be found on the ISO and IEC websites.
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Introduction

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

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

The holder of this patent right has assured ISO and IEC that they are willing to negotiate licences under
reasonaple and non-discriminatory terms and conditions with applicants throughout the world. In this
respect,|the statement of the holder of this patent right is registered with ISO and IEC. Information'ma
be obtained from the patent database available at www.iso.org/patents.

[

Attentij? is drawn to the possibility that some of the elements of this document may be the subje¢
of patenft rights other than those in the patent database. ISO and IEC shall not be held résponsible fo
identify|ng any or all such patent rights.

—
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Information technology — JPEG XL image coding system —

Part 1:
Core coding system

1 Scope

|

his document defines a set of compression methods for coding one or more irhages of|bi-level,
dontinuous-tone greyscale, or continuous-tone colour, or multichannel digital samples.

This document:
-+ specifies decoding processes for converting compressed image data toréconstructed image data;
1 specifies a codestream syntax containing information for interpreting the compressed imgge data;

-+ provides guidance on encoding processes for converting source image data to compressdd image
data.

Normative references

[ NS

—

he following documents are referred to in the text in such a way that some or all of their| content
onstitutes requirements of this document. For<dated references, only the edition cited applies. For
yndated references, the latest edition of the referenced document (including any amendments)|applies.

Q

p—

50 15076-1:2010, Image technology colour management — Architecture, profile format dnd data
{ructure — Part 1: Based on 1CC.1:2010

N

]

50/1EC 60559, Information technelogy — Microprocessor Systems — Floating-Point arithmetic

p—

EC 61966-2-1, Multimedia systems and equipment — Colour measurement and management — Part 2-1:
olour management — Default RGB colour space — sRGB

~

Rec. ITU-R BT.2100-2mage parameter values for high dynamic range television for use in produdtion and
©ternational progrdminie exchange

~.

Rec. ITU-R BTR709-6, Parameter values for the HDTV standards for production and intennational
drogramme gxChange

JMPTEST428-1, D-Cinema distribution master — Image characteristics

3 “Terms and definitions

For the purposes of this document, the following terms and definitions apply.
[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at https://www.electropedia.org/

© ISO/IEC 2022 - All rights reserved 1
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3.1 Data storage

3.1.1
byte
8 consecutive bits encoding a value between 0 and 255

3.1.2
big endian
value representation with bytes in most to least-significant order

3.1.3
bitstregm
sequenck of bytes from which bits are read starting from the least-significant bit of the first byte

3.14
codestream
bitstream representing compressed image data

3.1.5
bundle
structurjed data consisting of one or more fields

3.1.6
field
numeridal value or bundle, or an array of either

3.1.7
histogram
array oflunsigned integers representing a probability distribution, used for entropy coding

3.1.8
set
unordergd collection of elements

3.2 Inputs

3.21
pixel
vector of dimension corresponding to the number of channels, consisting of samples

3.2.2
sample
integer ¢r real value, ef which there is one per channel per pixel

3.2.3
greyscale
image r¢presentation in which each pixel is defined by a single sample representing intensity (eithe
luminaqce or luma depending on the ICC profile)

—

3.2.4
continuous-tone image
image having samples consisting of more than one bit

3.2.5
opsin
photosensitive pigments in the human retina, having dynamics approximated by the XYB colour space

3.2.6
burst
sequences of images typically captured with identical settings

2 © ISO/IEC 2022 - All rights reserved
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3.2.7
animation
series of pictures and timing delays to display as a video medium

3.2.8

composite

series of images that are superimposed

3.29

frame

single image (possibly part of a burst or animation or composite)

3.2.10

Hreview

lpwer-fidelity rendition of one of the frames (e.g. lower resolution), or a frame that reptesents the entire
dontent of all frames

3.3 Processes

331

decoding process

fdrocess which takes as its input a codestream and outputs a contintious-tone image
3.3.2

decoder

gmbodiment of a decoding process

3.3.3

dncoding process

drocess which takes as its input continuous-tone image(s) and outputs compressed image data in the
fprm of a codestream

334

dncoder

gmbodiment of an encoding process

3.3.5

lpssless

descriptive term for enceding and decoding processes in which the output of a decoding prodedure is
iflentical to the input to the encoding procedure

3.3.6

lpssy

descriptive term for encoding and decoding processes which are not lossless

3.3.7

upsampling

fdrecedure by which the (nominal) spatial resolution of a channel is increased

3.3.8
downsampling
procedure by which the spatial resolution of a channel is reduced

3.39

entropy encoding

lossless procedure designed to convert a sequence of input symbols into a sequence of bits such that the
average number of bits per symbol approaches the entropy of the input symbols

3.3.10
entropy encoder
embodiment of an entropy encoding procedure

© ISO/IEC 2022 - All rights reserved 3
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3.3.11

entropy decoding
lossless procedure which recovers the sequence of symbols from the sequence of bits produced by the

entropy
3.3.12

encoder

entropy decoder
embodiment of an entropy decoding procedure

3.3.13

Gabor-1
convoluf

3.3.14

tick
unit of t

3.4 Image organization

3.4.1
grid
2-dimen
specifie
width, O

3.4.2

sample
commor
coordin

3.4.3

channe
compor
rectang

344

rectangle

rectang

3.4.5
width
width in

3.4.6
height
height i

jke transform
ion with default or signalled 3x3 kernel for deblocking

me such that animation frame durations are integer multiples of the tick duration

sional array; a [x, y] means addressing an element of grid a atarow y and column x. Where s
1, addressing elements with coordinates outside of boundingrectangle (x < 0,ory < 0,0rx >
"y >= height) is allowed

orid
coordinate system for all samples of an imagegZwith top-left coordinates (0, 0), the firg
ite increasing towards the right, and the second‘increasing towards the bottom

ent
hlar array of samples having the samie designation, regularly aligned along a sample grid

hlar area within a channel.or grid

samples of a sample grid or a rectangle

| samples of a sample grid or a rectangle

=}

(i

3.4.7

raster order

access p

3.4.8

attern from left to right in the top row, then in the row below and so on

naturally aligned
positioning of a power-of-two sized rectangle such that its top and left coordinates are divisible by its
width and height, respectively

3.49
block

naturally aligned square rectangle covering up to 8 x 8 input pixels

© ISO/IEC 2022 - All rights reserved


https://standardsiso.com/api/?name=50f7aa612a2b5571bb34a59013ee9316

ISO/IEC 18181-1:2022(E)

3.4.10
group
naturally aligned square rectangle covering up to 2 x 20 (with n between 7 and 10, inclusive) input
pixels

3.4.11
table of contents
data structure that enables seeking to a group or the next frame within a codestream

art of the codestream with an offset and length that are stored in a frame's table of contents

.5 DCT

5.1
efficient
ihput value to the inverse DCT

.5.2
uantization
ethod of reducing the precision of individual coefficients

ariable-size rectangle of input pixels

.5.4
ct_block
n array with 64 elements corresponding to DET coefficients of a (8 x 8) block

1pssy encoding of a frame that applies PCT to varblocks

.5.6

F coefficient
lpwest frequency DCT coéfficient, containing the average value of a block or the lowest-frequency
efficient within the 8 x 8 rectangle of a varblock of size greater than 8 x 8

5.7
F coefficients
Il DCT coeffieients apart from the LF coefficients, i.e. the high frequency coefficients

21 x 20 LF values from a naturally aligned rectangle covering up to 223 x 203 input pixels

3.5.10

quantization weight

factor that a quantized coefficient is multiplied by prior to application of the inverse DCT in the decoding
process

3.5.11
channel decorrelation
method of reducing total encoded entropy by removing correlations between channels

© ISO/IEC 2022 - All rights reserved 5
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3.5.12

channel correlation factor

factor by which a channel should be multiplied by before adding it to another channel to undo the
channel decorrelation process

4 Abbreviated terms

DCT: discrete cosine transform (DCT-II as specified in 1.2)

IDCT: inferse discrete cosine transform [DCT-IIT as specified in L.Z]

LF: N / § x M / 8 square of lowest frequency coefficients of N x M DCT coefficients
RGB: addlitive colour model with red, green, blue channels

LMS: abgolute colour space representing the response of cone cells in the human eye

XYB: absolute colour space based on gamma-corrected LMS, in which X is derived from the difference
betweer) L and M, Y is an average of L and M (behaves similarly to luminance), aid B'is derived from thie
S ("bluel) channel

5 Conventions

5.1 Mpathematical symbols

—

la, bl,| (c, d), [e, £) closed or open or half-openintervals containing all integers or rea
numbers x (depending ofi*context) such that

a<x<hb, c<x <X e <x<f.
ta, b, pl ordered sequence of elements

o the smallest positive zero of the sine function

5.2 Functions

sqrt (x) square root, such that (sqrt (x))2 == xand sqrt (x) >= 0. Undefined for x <
cbrt (x) cuiberoot, such that (cbrt (x))3 == x.
cos (r) cosine of the angle r (in radians)
erf (x) 2 X )

Gauss error function: erf (x) = —Je_t dt

Jr
0

log (%) natural logarithm of x. Undefined for x <= 0
1og2 (x) base-two logarithm of x. Undefined for x <= 0.
floor (x) the largest integer that is less than or equal to x
ceil (x) the smallest integer that is greater than or equal to x
abs (x) absolute value of x: equal to x if x < 0, otherwise x
sign(x) sign of x, 0 if x is 0, +1 if x is positive, -1 if x is negative
UnpackSigned (u) equivalenttou / 2 ifuis even,and -(u+ 1) / 2 if u is odd

6 © ISO/IEC 2022 - All rights reserved
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lo, hi) equivalent to min ({max ({lo, x}), hi})

binary16 floating-point number representation (cf. [ISO/IEC 60559)

binary32 floating-point number representation (cf. ISO/IEC 60559)

the real number resulting from interpreting the unsigned 16-bit integer u as a

the real number resulting from interpreting the unsigned 32-bit integer uas a

len(a) length (number of elements) of array a

gum (a) sum of all elements of the array/tuple/sequence a
nax (a) maximal element of the array/tuple/sequence a
min (a)

L

—

Umod

Idiv

(@)

smallest element of the array/tuple/sequence a

.3 Operators

his document uses the operators defined by the C++ programming language [2], with the f
differences:

multiplication

a x= bisequivalenttoa = a x b

bllowing

division of real numbers without truncation:@x rounding. Division by zero is undefined.

exponentiation, x to the power of y

left shift: x << sis defined as x x 2s

right shift: x >> sis defined as.fToor (x / 25)

a Umod d is the unique integerr in [0, d) for which a == r + gxd for a suitable integer

a 1div b is equivalent to’a / b, rounded towards zero to an integer value

The order of precedence forythese operators is listed below in descending order. If several o

q

perators

pear in the same liné, they have equal precedence. When several operators of equal prgcedence
pear at the same lével in an expression, evaluation proceeds according to the associativity of the
perator (either frentright to left or from left to right).
Operators Type of operation Associativity
T2, X prefix increment/decrement right to left
& exponentiation right to left
Yo logical/bitwise NOT right to left
x, /, Idiv, Umod multiplication, division, integer division, remainder left to right
tr - addition and subtraction left to right
<<, >> left shift and right shift left to right
< >, <= = relational left to right
= assignment right to left
t=, -=, x= compound assignment right to left
5.4 Pseudocode
This document describes functionality using pseudocode formatted as follows:
© ISO/IEC 2022 - All rights reserved 7
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// Informative comment
var = u(8); // Defined in 9.2.1
if (var == 1) return; // Stop executing this code snippet

[ [Normative specification: var != 0]]

(outl, out2) = Function(var, kConstant);

Variables such as var are typically referenced by text outside the source code.

The semantics of this pseudocode are those of the C++ programming language [2], with the following
exceptigrs:

— Synjbols from 5.1 and functions from 5.2 are allowed;
— Mulfiplication, division, remainder and exponentiation are expressed as specified in 5.3;
— Funftions can return tuples which unpack to variables as in the above example;

— [[ |1 enclose normative directives specified using prose;

— All irtegers are stored using two's complement;

— Expfessions and variables of which types are omitted, are understoodas real numbers.

[}

Where ynsigned integer wraparound and truncated division are requiréd, umod and 1div (see 5.3) ar
used forjthose purposes.

Numberf with a 0x prefix are in base 16 (hexadecimal), and apestrophe (') characters inside them are
understpod to have no effect.

EXAMPLE 0x0001'0000 == 65536.

6 Functional concepts

6.1 Image organization

A channgl is defined as a rectangular,array of (integer or real) samples regularly aligned along a sample
grid of yidth sample positions hofizontally and height sample positions vertically. The number gf
channel$ may be 1 to 4099 (see ;mim’/extra channels in A.6).

A pixel |s defined as a vector/of dimension corresponding to the number of channels, consisting of
samples|with a position matehing that of the pixel. The index of a sample is numbered from 0 to numbe
of chanirlels - 1.

—

An imagle is defined’as the two-dimensional array of pixels, and its width is width and height is height.
Unless gtherwisesmentioned, channels are accessed in the following "raster order": left to right colump
within the topmost row, then left to right column within the row below the top, and so on until thie
rightmopt-¢olumn of the bottom row.

6.2 Group splitting

Channels are logically partitioned into naturally-aligned groups of kGroupDim X kGroupDim Samples.
The effective dimension of a group (i.e. how many pixels to read) can be smaller than kGrouppim for
groups on the right or bottom of the image. The decoder ensures the decoded image has the dimensions
specified in sizeHeader by cropping at the right and bottom as necessary. Unless otherwise specified,
kGroupDim iS 256.

LF groups likewise consist of kGroupdim % kGroupbdim LF samples, with the possibility of a smaller
effective size on the right and bottom of the image.

8 © ISO/IEC 2022 - All rights reserved
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Groups can be decoded independently. A 'table of contents' stores the size (in bytes) of each group to
allow seeking to any group. An optional permutation allows groups to be arranged in arbitrary order
within the codestream.

EXAMPLE Figure 1 shows an example of the HF groups and LF groups of an image.

ey

rame: 2970x1868 pixels

F groups:

1x7 groups of 256x256 pixels,
x7 groups of 154x256 pixels,
x1 groups of 256x76 pixels,

[ I S S e s

group of 154x76 pixels

LF groups:

Y group of 256x233 LF coefficients
(Fovering 2048x1868 pixels),

Y group of 116x233 LF coefficients
(Fovering 922x1868 pixels)

Figure 1 — Group splitting example

4.3 Codestream and bitstream

A bitstream is a finite sequence of bytes. A codestream is a bitstream that represent compress¢d image
atajand metadata. N bytes can also be viewed as 8 x N bits. The first 8 bits are the bits constit
rSthyte, I ies 0 1110 [gnificantorder, the nexteight bits (agaim imiea 0 1110 fgmificant order)
constitute the second byte, and so on. Unless otherwise specified, bits are read from the codestream as
specified in 9.2.1.

NOTE Ordering bits from least to most significant allows using special CPU instructions to isolate the least-
significant bits.

Subsequent Annexes or subclauses indicate some elements of the codestream are byte-aligned. For
such elements, the decoder takes actions before and after reading the element as follows. Immediately
before encountering the element, the decoder invokes ZeroPadToByte() (9.2.9). After finishing reading
the element, the decoder invokes ZeroPadToByte() (9.2.9).

© ISO/IEC 2022 - All rights reserved 9
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ZeroPadToByte specifies that the padding bits, if any, are zero for the codestream to be valid. This can
serve as an additional indicator of codestream integrity.

6.4 Multiple frames

A codestream may contain multiple frames. These can constitute an animation, a burst (arbitrary
images with identical dimensions), or a composite still image with one or more frames rendered on top
of the first frame.

NOTE The frame thatis hoina docadoed icroforrad taoacthe curront frameo
o

6.5 Mjrroring

Some oplerations access samples with coordinates cx, cythatare outside theimage bounds.,The decode
redirectls such accesses to a valid sample at the coordinates MirroriD(cx, width), GirroriD(cy),
height)]|defined in the following code:

—

Mirror]D (coord, size) {
if (dqoord < 0) return MirrorlD(-coord - 1, size);
else |if (coord >= size) return MirrorlD(2 x size - 1 - coord, st2e);

else |[return coord;

7 Engoder requirements

process,|and any encoding process is acceptable as long'as the codestream conforms to the codestrea
syntax gpecified in this document. Annex M providestan informative description of such an encodin
process

An encoder is an embodiment of the encoding process. This document does not specify an encodil:E

8 Dec¢oder requirements

A decoder is an embodiment of the- decoding process. The decoder reconstructs sample values
(arrangg¢d on a rectangular sampling grid) from a codestream as specified in this document. Annexes A
to L arenormative in the sense that'they are defining an output that alternative implementations sha
duplicatg.

—_—

9 Codestream

9.1 Syntax

The codpstream is organized into "bundles” consisting of one or more conceptually related "fields".
field can be abundle, or an array/value of a type from 9.2. The graph of contained-within relatlonshlp

betweer +rnaoc afbundlac ic 2oy oly Thic docyiyaant cinacs ifinctha ctrnotinnn AfF Aol oy dla sicing +o1h]
Ty ptS S BHREGTES1S u\._y\,ll\. TS GOttt Speees—Tnet-—-5tt HetHre-et-eacouhare IS 2esyy tabte

structured as in Table 1, with one row per field (in top to bottom order).

v n =

Table 1 — Structure of a table describing a bundle

condition type | default | name

If condition is blank or evaluates to true, the field is read from the codestream (9.1.1). Otherwise, the
field is instead initialized to defau1t (9.1.2).

A condition of the form for(i = 0; condition; ++i) is equivalent to replacing this row with a
sequence of rows obtained from the current one by removing its condition and replacing the value of i
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in each column with the consecutive values assumed by the loop-variable i until condition is false. If
condition is initially false, the current row has no effect.

If name ends with [n] then the field is a fixed-length array with n entries. If condition is blank or
evaluates to true, each array element is read from the codestream (9.1.1) in order of increasing index.
Otherwise, each element is initialized to default (9.1.2). The name is potentially referenced in the
condition Or type of a subsequent row, or the condition of the same row.

9.1.1 Reading a field

[ a field is to be read from the codestream, the type entry determines how to do so. If it is & tj;ic field
ype, it is read as described in 9.2. Otherwise type is a (nested) bundle denoted Nested, residinig within
parent bundle Parent. Nested is read as if the rows of the table defining Nested were, inserted into
he table defining Parent in place of the row that defined Nested. This principle is applied recpursively,
orresponding to a depth-first traversal of all fields.

O ct Q) =

\0

.1.2 Initializing a field

F a field is to be initialized to default, the type entry determines howto’do so. If it is a bunglle, then
efault is blank and each field of the bundle is (recursively) initializéd)to the defau1it specifiel within
he bundle's table. Otherwise, if default is not blank, the field is setto default, which is a valid|value of
he same type.

—+ =+ O =

(o)

9.2 Field types

A0

2.1  u(n)

(0) evaluates to the value zero without reading any bits. For n > 0, u(n) reads n bits from the
odestream, advances the position accordingly; and returns the value in the range [0, 2") represented
y the bits. The decoder first reads the least-significant bit of the value, from the least-significant not
et consumed bit in the first not yet fully)consumed byte of the codestream. The next bit of the value
n increasing order of significance) isfread from the next (in increasing order of significance) bit of the
ame byte unless all its bits have already been consumed, in which case the decoder reads from the
bast-significant bit of the next byte, and so on.

—_—un < oo <

9.2.2 U32(do,d1,d2, d3)

]

h this subclause, 'distribution’ refers to one of the following three encodings of a range of valueg: Val(u),
its(n), or BitsOffset(n, otfset). The d0, d1, d2, d3 parameters represent distributions.

0

32(d0, d1, d2,'d3) reads an unsigned 32-bit value in [0, 232) as follows. The decoder first readls a u(2)
Fom the codestream indicating which distribution to use (0 selects d0, 2 selects d2 etc.). Let ¢l denote
his distribution, which determines how to decode value.

= —h

p—

F d is Val(u), value is the integer u. If d is Bits(n), value is read as u(n). If d is BitsOffset(n, offget), the
decoeder reads v = u(n). The resulting value is (offset + v) Umod 232

NOTE The value of u is implicitly defined by Val(u) and not stored in the codestream.
EXAMPLE For a field of type U32(Val(8), Val(16), Val(32), Bits(7)), the bits 10 result in value = 32. For a
U32(Bits(2), Bits(4), Bits(6), Bits(8)) field, the bits 010111 resultin value = 7.

9.2.3 U64()

U64() reads an unsigned 64-bit value in [0, 264) using a single variable-length encoding. The decoder
first reads a u(2) selector s. If s == 0, value is 0. If s == 1, value is BitsOffset(4, 1) (9.2.2). If s == 2, value
is BitsOffset(8, 17). Otherwise s == 3 and value is read from a 12-bit part, zero or more 8-bit parts, and
zero or one 4-bit part as specified by the following code:
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value = u(l2); shift = 12;

while (u(l) == 1) {

if

(shift == 60) {

value += u(4)

<< shift;

// only 4, we already read 60

break;

}

value += u(8) << shift; shift += 8;

}

EXAMPLE the largest possible value (264 - 1) is encoded as 73 consecutive 1-bits.

9.2.4 |arint()

Varint()|reads an unsigned integer value of up to 63 bits as specified by the following code;

value 4 0; shift = 0;
while (1) {
b = 4(8);
valud += (b & 127) << shift;
if (4 <= 127) break;
shify += 7; [[ shift < 63 11;

9.2.5 p8()

U8() reqds an integer value in the range [0, 256) using [112) bits as specified by the following code:

if (u(l) == 0) value = 0;

)
else {|n = u(3); value = u(n) + (1 << n); }

EXAMPLE The bit 0 results in value 0, bits 1000 result in value 1, bits 10011 in value 3.

9.2.6 F16()

F16() repds a binary16 representation (as specified in ISO/IEC 60559) of areal value in [-65504, 65504.
value is|as specified by the following code:

bitsl6 |= u(l6);
biased [exp = (bitsl6~3> 10) & Ox1F;
value § InterpretAgEY6 (bitsl6) ;

The valye of piaded exp is not 31.

NOTE Thisrules out NaN and infinities.

9.2.7 Bool()

Bool() reads a boolean value as u(1) ? true : false.

9.2.8 Enum(EnumTable)
Enum(EnumTable) reads v = U32(Val(0), Val(1), BitsOffset(4, 2), BitsOffset(6, 18)). The value v does

not exceed 63 and is a value defined by the table in the subclause titled EnumTable. Such tables are
structured according to Table 2, with one row per unique value.

12 © ISO/IEC 2022 - All rights reserved



https://standardsiso.com/api/?name=50f7aa612a2b5571bb34a59013ee9316

ISO/IEC 18181-1:2022(E)

Table 2 — Structure of a table describing an enumerated type

name |value meaning

An enumerated type is interpreted as having the meaning of the row where value is v. name (or where
ambiguous, EnumTable.name) is an identifier for purposes of referring to the same meaning elsewhere in
this document. name begins with a k prefix, e.g. krcB.

9.2.9 ZeroPadToByte()

The decoder reads a u(n), where n is zero if p, the 0-based index of the next unread bit in the codé¢stream,
b a multiple of 8, otherwise n = 8 - (p Umod 8). The result is equal to zero.

—

=z

OTE The effect of ZeroPadToByte() is skip to the next byte boundary if not already at a byte bounfary, and
equire all skipped bits to have value 0.

—

2O

.3 Structure

=]

he codestream consists of headers (Annexes A, H) and an ICC profile, if present (Annex B), followed by
ne or more frames (Annex C), as shown in Table 3. This table and those\it references, together with the
yntax description (9.1), specify how a decoder reads the headers andframe(s).

w o

Table 3 — Codestream structure

¢ondition type name Apnex
Headers |headers AlH

headers.metadata.want icc icc B

headers.metadata.have preview Frame preview frame C
Frame frames[0] C

for (1 = 1; !frames[i - 1].frame header.is last; ++1i) |Frame frames[j_] C

The preview frame is a self-contained-frame whose FrameHeader (C.2) specifies 1f 1eve1=0, frame
tlype=kRegularFrame and saveiasireference=0.

10 Decoding process

fter reading the header.-and frame data (9.3 and Annexes A, B and C), the decoder can be vieyed as a
ipeline with multiple stages, as shown in Figure 2.

ome Annexes<or subclauses begin with a condition; the decoder only applies the processipg steps
escribed in_Sdch an Annex or subclause if its condition holds true.

Q. N -

oY

nnex D'specifies how the decoder reads entropy-coded data.

Anuex 'E specifies how the decoder transforms channels decoded as residuals of a self-correcting
weighted predictor into reconstructed samples

The decoder converts adaptively quantized integers to DCT coefficients as specified in Annex F.

Annex G specifies how the decoder recorrelates channels stored as differences w.r.t. a linear function of
another channel for the purpose of decorrelation (‘chroma from luma').

The decoder performs or skips inverse integral transforms as specified in Annex I.
The decoder applies zero, one or two or restoration filters as specified in Annex J.

The presence/absence of additional image features (patches, splines and noise) is indicated in the frame
header. The decoder draws these as specified in Annex K. Image features (if present) are rendered after
restoration filters (if enabled), in the listed order.
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Finally, the decoder performs zero, one or more colour-space transforms as specified in Annex L.

NOTE

For an introduction to the coding tools and additional background, refer to the Joint Photographic
Experts Group (JPEG) committee JPEG XL website [5],

EXAMPLE The lossless mode does not involve adaptive dequantization.
LF HF
Y Y
DQ(F) DQ(F)
Y Y
CfL (G) CfL (G)
L IT (1) J
(]
RF (])
y
PT (K.2)
(]
SP (K.3)
(]
NS (K.4)
v
CT (I3
Key
DQ dejquantization
CfL  chfoma from luma
IT infegral transform
RF restoration filter
PT pakches
SP splines
NS nojise
CT colour transform
Figure 2 < Decoder block diagram after LF/HF coefficients of a frame have been read
14
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Annex A
(normative)

Headers

A.1 General

The decoder reads the Headers bundle (Table A.1) as specified in 9.1.

Table A.1 — Headers bundle

¢ondition type name subclayse
Signature signature A2
SizeHeader size A3
ImageMetadata metadata A6

A.2 Signature

=

able A.2 specifies the Signature bundle.

Table A.2 — Signature bundle

¢ondition type default name
u(8) ff
u(8) type

| is 255. type is 10.

NS

1.3 Image dimensions

=

able A.3 specifies the-SizeHeader bundle.

Table A.3 — SizeHeader bundle

¢ondition type default |name
Bool() false small
mall u(S) 0 height div8 minus| 1
sferl 1 U32(Bits(9), Bits(13), Bits(18), Bits(30)) |0 height minus_1
u(3) 0 ratio
small && ratio==0 u(5) 0 width div8 minus 1
lsmall && ratio==0 U32(Bits(9), Bits(13), Bits(18), Bits(30)) |0 width minus_ 1

height is defined as sma11 ? (height div8 minus 1 + 1) x 8 : height minus 1 + 1.width is defined as
follows. If ratio ==0, then width = small? (width div8 minus 1+1)x8:width minus 1 + 1.Otherwise,
ratio is in the range [1, 8) and width is computed as defined in Table A.4.

NOTE1 These encodings cannot represent a zero-width or zero-height image.
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Table A.4 — AspectRatio

ratio Meaning

width coded separately

width = height

width = floor(height x 12 / 10)
width = floor(height x 4 / 3)
width = floor(height x 3 / 2)

If the r4

ratio ay

NOTE 2

a stream
entire co|
have bee

Table A.

WIdth = fToor(Reight X 16 / 9)
width = floor(height x 5 / 4)
width = floor(height x 2 / 1)

Nl WwWwINR|[O

tio field of sizeHeader Or PreviewHeader != 0, their width field are computed from*height and
defined in Table A.4.

Unlike other bundles, SizeHeader provides a guarantee on when the decoder ean access its fields. In
ing use case, it can be helpful for the decoder to know the image dimensions béfore having received th
destream. Once at least 94 bits of the codestream are accessible, or the entire.¢odestream is known tjo
h transmitted, the decoder can decode SizeHeader and access its fields.

[¢)

b specifies the PreviewHeader bundle.

Table A.5 — PreviewHeader bundle

conditign type default name
Bool() divs
div8 U32(Val(16), Val(32), BitsOffset(5, 1), BitsOffset(9, 33)) 1 height_div8
ldivs U32(BitsOffset(6, 1), BitsOffset(8, 65), BitsOffset(10, 321), |8 x height div8 |height
BitsOffset(12, 1345))
u(3) ratio
divs && U32(Val(16), Val(32), BitsOffset(5,1), BitsOffset(9, 33)) 1 width_div8
ratio=¢0
ld i v 8| &&|U32(BitsOffset(6, 1), BitsOffset(8, 65), BitsOffset(10, 321), |1 w_explicit
ratio=F 0 |BitsOffset(12, 1345))
NOTE 3 | The presence of PreviewHeader is signalled by metadata.have preview.
width is|defined as followswHf ratioc == 0, then width = (div8 ? width div8 x 8 1w _explicit). Otherwis¢

ratiolis
do note

NOTE 4

-

in the range [1;8)-and width is computed as defined in Table A.4. The values of width and heighft
xceed 4096.

This encoding cannot represent a zero-width or zero-height preview.

A.4 ColourEncoding

The ColourEncoding bundle is specified in Table A.13. It references Table A.6 (Customxy), Table A.7
(ColourSpace), Table A.8 (WhitePoint), Table A.9 (Primaries), Table A.10 (TransferFunction), Table A.11
(CustomTransferFunction), and Table A.12 (RenderingIntent).

16
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Table A.6 — Customxy bundle

condition type default [name
U32(Bits(19), BitsOffset(19, 524288), BitsOffset(20, 1048576), BitsOff-|0 ux
set(21, 2097152))
U32(Bits(19), BitsOffset(19, 524288), BitsOffset(20, 1048576), BitsOff-|0 uy
set(21, 2097152))

x = UnpackSigned(ux) and y = UnpackSigned(uy) are the coordinates of a point on the CIE xy

romaticityv diagram ccaled by 106 The unscaled caonrdinates mav he autcide [0 11 for i aginary
Trere) S 7 o) o N T hhdh b A A |
grimaries.

Table A.7 — ColourSpace

name value meaning

FRGB 0 Tristimulus RGB, with various white points and primarie§

(Grey 1 Luminance, with various white points; colour encoding.primaries are {gnored
(XYB 2 XYB (opsin); colour encoding.white point iskB65, colour encoding.

primaries isignored, colour encoding.have gamma is true, and
colour encoding.gamma is 3333333

KUnknown 3 None of the other table entries describe thé.colour space appropriately

Table A.8 — WhitePoint

name value meaning

D65 1 CIE Standard Illuminant D652,0.3127, 0.3290

(Custom 2 Custom white point stored'in colour encoding.white
(E 10 CIE Standard I[lluminant E (equal-energy): 1/3, 1/3

(DCI 11 DCI-P3 from SMPTE'RP 431-2: 0.314, 0.351

The meaning column is interpreted as'ClE xy chromaticity coordinates.

NOTE1 The values are a selection-ef the values defined in [2].

Table A.9 — Primaries

name value (meaning
(SRGB 1 0.639998686, 0.330010138; 0.300003784, 0.600003357; 0.150002046, 0.059997204
(Custom 2 Custom red/green/blue primaries stored in colour encoding.red/green/blye
k2100 9 0.708, 0.292; 0.170, 0.797; 0.131, 0.046 (As specified in Rec. ITU-R BT.2100-2)
L P3 11 0.680, 0.320; 0.265, 0.690; 0.150, 0.060 (As specified in SMPTE RP 431-2)
Thevalues in the meaning column are interpreted as CIE xy chromaticity coordinates: red; grefen; blue,

—

eSpectively.

NOTE 2 The values are a selection of the values defined in Rec. ITU-T H.273 | ISO/IEC 23091-2:2019 [3] The xy
coordinates of kSRGB are quantized and match the values that would be stored in an ICC profile.

Table A.10 — TransferFunction

name value meaning

k709 1 As specified in Rec. ITU-R BT.709-6

kUnknown 2 None of the other table entries describe the transfer function
kLinear 8 The gamma exponent is 1

kSRGB 13 As specified in IEC 61966-2-1 sRGB
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Table A.10 (continued)

name value meaning

kPQ 16 As specified in Rec. ITU-R BT.2100-2 (PQ)

kDCI 17 As specified in SMPTE ST 428-1

kHLG 18 As specified in Rec. ITU-R BT.2100-2 (HLG)
NOTE3 The values are a selection of the values defined in Rec. ITU-T H.273 | ISO/IEC 23091-2:2019 [3],

Table A.11 — CustomTransferFunction bundle
conditign type default name
Bool() false have gamma

have_ggmma u(24) 10 000 000 gamma

'have ghmma Enum(TransferFunction) TransferFunction.kSRGB transfer cfuhction

have gapma == false indicates the transfer function is defined by transfer funétion. Otherwise, thie
opto-eléctrical transfer function is characterized by the exponent gamma / 107. FHis exponent is in (0, 1].

Table A.12 — RenderingIntent

name value meaning
kPercegtual 0 As specified in ISO 15076-1:20}0(vendor-specific)
kRelative 1 As specified in ISO 15076-1:2010 (media-relative)
kSaturdtion 2 As specified in ISO 15076-142010 (vendor-specific)
kAbsolyte 3 As specified in ISO 15076-1:2010 (ICC-absolute)
NOTE 4 | The values are defined by ISO 15076-1:2010.
Table A.13 — ColourEncoding bundle
conditign type default name
Boo]() true all default
lall ddfault Bool() false want icc
lall ddfault Enum(ColourSpace) kRGB colour space
use _dedqc && not_xyb Enum(WhitePoint) kD65 white point
white gdoint == WP.kCusgtom Customxy white
use deqc && not xyb&& colour |Enum(Primaries) PR.kSRGB primaries
space !9 kGrey
primaries == PRXkCustom Customxy red
primaries s PR.kCustom Customxy green
primarie&==PR.kCustom Customxy blue
use_desc CustomTransferFunction tf
use desc Enum(RenderingIntent) kRelative rendering intent

In Table A.13, CS denotes ColourSpace, WP denotes WhitePoint, PR denotes Primaries, use desc expands

tolall default && lwant icc,and not xyb expandsto colour space != kxYB.

want_icc is true if and only if the codestream stores an ICC profile. If so, it is decoded as specified in
Annex B, and describes the colour space. Also, colour space is kGrey if and only if the ICC profile is
greyscale. Otherwise, there is no ICC profile and the other fields describe the colour space.

The applicability of ColourEncoding is specified in ImageMetadata (A.6) and Annex B.

18
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A.5 Extensions

This bundle, specified in Table A.14, is a field in bundles (ImageMetadata, FrameHeader,
RestorationFilter) which can be extended (cf. Annex H).

Table A.14 — Extensions bundle

condition type default name
U64() 0 extensions
¢xtensions !=0 U64() 0 extension bits[NumExt]

n extension consists of zero or more bits whose interpretation is established by Anhex|H. Each
xtension is identified by an ext i in the range [0, 63), assigned in increasing séquential order.
xtensions is a bit array where the i-th bit (least-significant == 0) indicates whetherthe extensiion with
xt i=1is present.NumExt denotes the number of extensions present, i.e. number0f1-bits in extgnsions.
xtensions that are present are stored in ascending order of their ext i.exteWsion bits[i] ipdicates
he number of bits stored for the extension whose ext i =i, starting after extension bits las been
ead. The decoder reads all these bits for all extensions which are present.

low S o i o w B O N O N ¢ > M >

NS

1.6 ImageMetadata

=

able A.15 specifies the BitDepth bundle.

Table A.15 — BitDepth bundle

¢ondition type default |[name
Bool() false float sample
float_sample U32(Val(8), Val(10), Val(123;BitsOffset(6,1)) |8 bits_per_ sample
Float_sample U32(Val(32), Val(16), Val(24), BitsOffset(6,1)) | 8 bits_per_ sample
float sample u(4) exp bits minus one

flloat_sample is the data type of sanmiple values (true for floating point, false for integers).

its per sample is the number of bits per channel of the original image. The encoding of this value
epends on floating_point (sample: for integers the value is in range [1, 31], for floating point restrictions
epend on the value exp bits minus one.

Q. Q. O

exp bits minus oné~IS one less than the amount of bits used for the exponent of floating point values
and is only presentif float sample is true. Let exp bits = exp bits minus one + 1 be the amount of
gxponent bits-and let mantissa bits be bits per sample - exp bits - 1. The samples of the|original
mage are interpreted as floating point values with 1 sign bit, the indicated amount of exponent|bits and
hantissadbits and otherwise following the principles of the ISO/IEC 60559 standard with an gxponent
ias of 2&xp-bits-1. 1, The value of exp bits isin the range [2, 8], and the value of mantissa bits|isin the
ange [2, 23].

Tl o=l

[

a sample’s exponent has the highest representable value, the decoded value of this sample is
unspecified and platform-dependent.

NOTE1 On some CPUs and floating-point formats, infinity/Not A Number are disallowed and the largest
possible exponent is treated in the same way as the next smaller one.

The ImageMetadata bundle, defined in Table A.16, holds information that applies to all Frames
(including the preview); decoders use it to interpret pixel values and restore the original image.
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Table A.16 — ImageMetadata bundle

condition type default name
Bool() true all default
lall default Bool() false extra fields
extra fields u(3) 0 orientation minus 1
extra fields Bool() false have intr size
have intr size SizeHeader intrinsic_size
extra flTeTds Bool(]) Talse Nnave _preview
have pheview PreviewHeader preview
extra flields Bool() false have animation
have_animation AnimationHeader animation
lall dgfault BitDepth bit depth
lall ddfault Bool() true modular lé6bitlbuffers
fall dgqfault U32(Val(0), Val(1), BitsOffset(4, 2),|0 num_extra channels
BitsOffset(12, 1))
fall_dgqfault ExtraChannellnfo extr& thannel info [num
extra channels]
lall dgqfault Bool() true Xyb encoded
lall dgfault ColourEnCOding colour encoding
extra flields ToneMapping tone mapping
lall ddfault Extensions extensions
Bool() default transform
defauly transform && OpsinlnverseMatrix opsin inverse matrix
xyb endoded
defauly transform u(3) 0 cw_mask
cw masK & 1 F16() d up? up2 weight [15]
cw masK & 2 F16() d up4 up4 weight [55]
cw_masH & 4 F16() d up8 up8 weight[210]
The ori¢ntation=1+orientationsminus 1 indicates which orientation transform the decoder appligs

after de¢oding the image (Table.A\17), including the preview frame if present.
Table A.17 — Orientation
orientation |sidein firstrow |side in first column [transform to apply
1 top left none
2 top. right flip horizontally
3 bottom right rotate 180°
4 bottom left flip vertically
5 left top transpose (rotate 90° clockwise then tlip horizontally
6 right top rotate 90° clockwise
7 right bottom flip horizontally then rotate 90° clockwise
8 left bottom rotate 90° counterclockwise
NOTE2  orientation matches the values used by JEITA CP-3451C (Exif version 2.3).

If have intr size, then intrinsic size denotes the recommended dimensions for displaying the
image, i.e. applications are advised to resample the decoded image to the dimensions indicated in
intrinsic size.

have preview indicates whether the codestream includes a preview and preview frame.

20
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have animation indicates whether an AnimationHeader is included (animation) and whether

FrameHeader (C.2) includes timing information.

modular 16bit buffersindicates whether signed 16-bit integers have alarge enough range tos
apply inverse transforms to all the decoded samples in modular image sub-bitstreams (see C.9)

tore and
.If false,

32-bit integers have to be used. In any case, signed 32-bit integers suffice to store decoded samples in
modular image sub-bitstreams, as well as the results of inverse modular transforms. For some of the

intermediate arithmetic (e.g. predictor computations), 64-bit arithmetic is needed.

num extra channels is the number of additional image channels. If it is nonzero, then extra channel

info signals the semantics of each extra channel.

dyb encoded is true if the stored image is in the XYB colour space. In L.2 it is specified hew to convert
NYB to RGB.
Ih the rest of this document, the three main colour components are referred to @s X, Y, B, evgn in the
dase where the XYB colour space is not used for the stored image; in that case}the actual components
are eitherR,G,BorCb,Y,CrorC, M, Y.
dolour encoding indicates the colour image encoding of the original image. This may differ from the
gncoding of the stored image if xyb encoded is true.
tlone mapping (Tables A.18) has information for mapping HDR images to lower dynamic range displays.
Table A.18 — ToneMapping bundle
¢tondition type default name
Bool() frue all default

all default F16() 255 intensity target

all default F16() 0 min nits

all default BOOI() false relative to max display

all default F16() 0 linear below
intensity target is > 0. This is an\upper bound on the intensity level present in the image in hits, and
represents the intensity corresponding to the value "1.0" (but the image need not contain a gixel this
bright).
rin nits is > 0 and <=lgtensity target. This is a lower bound on the intensity level present in the
inage in nits, but the imdge need not contain a pixel this dark.
llinear below represents a value below which tone mapping leaves the values unchanged. If r41ative
tlo max_displeyniS true, linear below is a ratio in [0, 1] of the maximum display brightnesg in nits.
(therwise, it,is an absolute brightness in nits >= 0.
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For the upsampling filters, custom weights are signalled depending on cw_mask. The default
weights are defined as follows: d up2 = {-0.01716200, -0.03452303, -0.04022174, -0.02921014,
-0.00624645,0.14111091, 0.28896755, 0.00278718,-0.01610267, 0.56661550, 0.03777607,-0.01986694,
-0.03144731,-0.01185068,-0.00213539 },d_up4 ={-0.02419067,-0.03491987,-0.03693351, -0.03094285,
-0.00529785,-0.01663432,-0.03556863,-0.03888905, -0.03516850, -0.00989469, 0.23651958, 0.33392945,
-0.01073543,-0.01313181,-0.03556694, 0.13048175, 0.40103025, 0.03951150,-0.02077584, 0.46914198,
-0.00209270,-0.01484589,-0.04064806, 0.18942530, 0.56279892, 0.06674400,-0.02335494, -0.03551682,
-0.00754830,-0.02267919, -0.02363578,0.00315804, -0.03399098, -0.01359519,-0.00091653,-0.00335467,
-0.01163294,-0.01610294, 0 00974088 -0.00191622, -0. 01()95446 0 03198464 -0. 04455121 O 02799790
-0.00645%5
-0.02203197,-0. 01667999 0 00384443} andd up8 {- O 02928613 0 03706353 0 03783812 0 033245
-0.00447632,-0.02519406,-0.03752601,-0.03901508,-0.03663285,-0.00646649, -0.02066407,-0.03838633,
-0.04003101,-0.03900035,-0.00901973,-0.01626393,-0.03954148, -0.04046620,-0.03979621, -0.0122448!
0.29895B28,0.35757708,-0.02447552,-0.01081748, -0.04314594, 0.23903219, 0.41119301, ,0.0057304 ¢
-0.01450239,-0.04246845, 0.17567618, 0.45220643, 0.02287757,-0.01936783,-0.0358325%5;0.1157247%
0.47416733,0.06284440,-0.02685066, 0.42720050, -0.02248939,-0.01155273,-0.04562755, 0.28689496
0.49093B69,-0.00007891, -0.01545926,-0.04562659, 0.21238920, 0.53980934, 0.03369474,-0.0207021
-0.0386¢988, 0.14229550, 0.56593398, 0.08045181,-0.02888298,-0.03680918, -0.00542229, -0.0292047}
-0.02784574,-0.02118180,-0.03942402,-0.00775547,-0.02433614, -0.03193943, -0:02030828, -0.0404 4014

-0.01020207,-0.01231907,-0.00638988,-0.00071592,-0.00279122,-0.00957115, -0.01288327,-0.0073093}
-0.00107783,-0.00210156,-0.00890705,-0.01317668,-0.00813895, -0.00153491, -0.02128481, -0.04173044
-0.04831487,-0.03293190,-0.00525260,-0.01720322,-0.04052736, -0,05045706,-0.03607317,-0.0073803
-0.01341764,-0.03965629,-0.05151616,-0.03814886,-0.01005819,0:18968273, 0.33063684, -0.0130010}
-0.01373950,-0.04017465,0.13727832,0.36402234,0.01027890, -0.01832107,-0.03365072, 0.08734506
0.38194p95, 0.04338228,-0.02525993, 0.56408126, 0.00458352,-0.01648227,-0.04887868, 0.24585519%
0.62026[135, 0.04314807,-0.02213737,-0.04158014, 0.16637289, 0.65027023, 0.09621636, -0.0310138%
-0.04082742,-0.00904519,-0.02790922,-0.02117818, 0.00798662,-0.03995711, -0.01243427,-0.0223170%
-0.02944266,0.00992055,-0.03600283,-0.01684920, -0.00111684,-0.00411204,-0.01297130,-0.0172372},
-0.01022545,-0.00165306,-0.00313110,-0.01218016,<0.01763266,-0.01125620,-0.00231663, -0.01374149
-0.03797620,-0.05142937,-0.03117307,-0.00581914, -0.01064003, -0.03608089, -0.05272168, -0.0337567(
-0.00793586, 0.09628104, 0.27129991,-0.00353779,-0.01734151,-0.03153981, 0.05686230, 0.2850099%
0.02230p94,-0.02374955, 0.68214326, 0.05018048, -0.02320852,-0.04383616, 0.18459474, 0.7151797%
0.10805613,-0.03263677,-0.03637639,-0.01394373,-0.02511203,-0.01728636, 0.05407331,-0.0286756
-0.01893131,-0.00240854,-0.00446514,-0.01636187,-0.02377053,-0.01522848, -0.00333334, -0.00819975%,
-0.02964169,-0.04499287,-0.02745350, -0.00612408, 0.02727416, 0.19446600, 0.00159832,-0.02232473,
0.74982p06, 0.11452620, -0.03348048, -0.01605681, -0.02070339, -0.00458223}.

A.7 AnimationHeader

AnimatipnHeader, defined in Table A.19, holds meta-information about an animation or image sequende
thatis pfesent iffnetadata.have animation.

Table A.19 — AnimationHeader bundle

condition |type default |name
U32(Val(100), Val(1000), BitsOffset(10, 1), BitsOffset(30, 1)) 0 tps_numerator
U32(Val(1), Val(1001), BitsOffset(8, 1), BitsOffset(10, 1)) 0 tps_denominator
U32(Val(0), Bits(3), Bits(16), Bits(32)) 0 num_loops
Bool() false have timecodes
NOTE This document defines the interval between presenting the current and next frame in units of ticks.

In the case where metadata.have animation is false, the frames do not represent an animation, but layers that
are overlaid to obtain a composite image.
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tps numerator / tps denominator indicates the number of ticks per second.
num_loops is the number of times to repeat the animation (0 is interpreted as infinity).
have timecodes indicates whether time codes are signalled in the frame headers.

A.8 OpsinlnverseMatrix

OpsinlnverseMatrix, defined in Table A.20, specifies parameters related to the inverse XYB colour

transform.
Table A.20 — OpsinlnverseMatrix bundle
¢ondition type default name
BOOID true all default
all default F16() 11.031566901960783 inv_mat00
all default F16() -9.866943921568629 inv_matgl
all default F16() -0.16462299647058826 inv(Tat02
all_default F16() -3.254147380392157 NG/matl10
all default F16() 4.418770392156863 inv_matll
all default F16() -0.16462299647058826 inv_matlz
all default F16() -3.6588512862745097 inv_mat20
all default F16() 2.7129230470588235 inv_mat21l
all_default F16() 1.9459282392156863 inv_mat22
all default F16() -0.0037930732552754493 opsin_bias0
all default F16() -0.0037930%32552754493 opsin_biasl
all_default F16() -0.0037930732552754493 opsin bias2
all default F16() 1-0.05465007330715401 quant_bias0
all_default F16() 1-0.07005449891748593 quant_biasl
all default F16() 1-0.049935103337343655 quant_bias?2
all default F160 0.145 quant bias numerator
A.9 ExtraChannellnfo
Tlable A.21 specifies the)meaning of the ExtraChannelType values.
Table A.21 — ExtraChannelType
name value |meaning
(Alpha 0 Alpha transparency, where 0 means fully transparent
KDegt i 1 Depth map
[SpotColour 2 Spot colour channel; red, green, blue indicate its colour and solidity in [0, 1]
indicates the overall blending factor, with 0 corresponding to fully translucent
(invisible) and 1 corresponding to fully opaque.
kSelectionMask 3 Selection mask, which indicates a (fuzzy) region of interest, for example for image
manipulation purposes. Pixels with value zero do not belong to the selection,
pixels with the maximum value do belong to the selection.
kBlack 4 The K channel of a CMYK image. If present,a CMYKICC profile is also present, and
the RGB samples are to be interpreted as CMY, where 0 denotes full ink.
kCFA 5 Channel used to represent Colour Filter Array data (Bayer mosaic)
kThermal Infrared thermography image. Sample values are in units of Kelvin.
kNonOptional 15 The decoder indicates it cannot safely interpret the semantics of this extra channel.
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Table A.21 (continued)

name value |meaning

kOptional 16 Extra channel that can be safely ignored.

Table A.22 specifies the ExtraChannellnfo bundle.

Table A.22 — ExtraChannellnfo bundle

conditiqn type default name

BOOIO true all default
fall_dgqfault ExtraChannelType kAlpha type
'all dffault BitDepth bit depth
fall_dgqfault U32(Val(0), Val(3), Val(4), BitsOffset(3,1)) |0 dim_shifg
fall_dgqfault U32(Val(0), Bits(4), BitsOffset(5,16), BitsOff- |0 name_den

set(10,48))

u(8) 0 name [name_len]
lall ddfault s& type |Bool() false alpha_associated
==kAlpha
type ==[kSpotColour F16() 0 red
type ==[kSpotColour F16() 0 green
type ==[kSpotColour F16() 0 blue
type ==|kSpotColour F16() 0 solidity
type ==| kCFA U32(Val(1), Bits(2), BitsOffset(4, 3), BitsOff-|1 cfa_channel

set(8, 19)

Extra channels are interpreted according to their tygz'and are rendered as specified in L.6.

dim shift is the base-2 logarithm of the downsampling factor of the dimensions of the extra channgl
with redpect to the main image dimensions.defined in size. The dimensions of the extra channel are
rounded up. The value 1 << dim_shift doeshot exceed the kGrouppim of any frame (C.2).

EXAMPLE dim shift == 3 implies 8 x 8 downsampling, e.g. a 3 x 3 extra channel for a 20 x 20 main image

If name len >0, then the extra chanhelhas a name name, interpreted as a UTF-8 encoded string.
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Annex B
(normative)

ICC profile

.1 General

he interpretation of RGB pixel data is governed by a colour space described by a colaur prpfile, for
ample sRGB is a colour space. Capture devices, display devices, and quantized (integer) pixel data can

11 have their own colour space. Converting quantized pixels in one colour space taxquantized pixels in a
different colour space is a lossy operation.

ixel data can be encoded in two ways: either in the absolute XYB colout,space, or as RGB|triplets,
CbCr triplets or grayscale values which are to be interpreted accordingto the colour space described
y a given colour profile.

o =<

NOTE1 Both ways are useful in different scenarios:

- XYBis designed to match the human visual system and is excellent for lossy compression.

-  When performing lossless compression, integer data has to be kept in its original colour spdce, since
converting it and re-quantizing it in another colour spacge:is lossy.

jary

colour space is always signalled in the metadata,and it has a different meaning in each scenaio:

- Inthe XYB scenario, the signalled colour space does not give any information about how to ipterpret
the encoded XYB pixels, since they are already in an absolute colour space. It is merely int¢nded to
indicate what colour space the original pixel data had, which can be useful when convernting the
decoded image to integer data. Todisplay the image data on a display device with a display profile,
this is irrelevant since it sufficés'to convert from XYB to the display colour space. The fignalled
colour space can be unused'in that case. Only in case there are multiple frames that negd to be
blended by the decoder, the-signalled colour space is relevant (since the blending may hgve to be
done in that colour spaee-and not in XYB, see C.2).

+ In the other scenario;’the signalled colour space has direct meaning: it is the colour spage of the
RGB, YCbCr or grayscale pixel data. To display the image on a display device, the pixel datg is to be
converted fremthe signalled colour space to the display colour space.

he metadatalyb encoded flag (A.6) indicates which of the two scenarios is followed. In the cage where
etadata,=yb encodedistrue, metadata.colour encodingand the ICC profile described in this Annex (if
resent)-are merely suggestions as to a colour encoding to use after the intermediate conversign to the
near sRGB colour space specified in L.2 (unless the frame is saved as a reference frame and save
efore ct is true, see C.2). If xyb_encoded is false, the decoded samples are to be interpretgd in the

alio il crniso M=

bllatazing vazavg.
CHOWARE-Way-

— If !metadata.colour encoding.want icc, the decoded samples are indicated to be interpreted
according to the colour space,white point,primaries, transfer function and rendering intent
of metadata.colour encoding, as specified in A.4.

— Otherwise, the decoded samples are indicated to be interpreted according to an ICC profile decoded
as specified in the remainder of this Annex.
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EXAMPLE An original image could be in the DCI-P3 colour space. For lossless compression, an encoder could
signal the DCI-P3 colour space using metadata.colour encoding, set metadata.xyb_encoded to false, and
encode the pixel values as they are. For lossy compression, an encoder could also signal the DCI-P3 colour space
using metadata.colour encoding, setmetadata.xyb encoded to true, and convert the pixel values to the XYB
colour space before encoding them. In this case, a decoder would decode the image in the XYB colour space, and
apply L.2 to convert it to linear sRGB, which is an intermediate representation where some of the sample values
could be negative or higher than the nominal maximum value since they are outside the sSRGB gamut. To display
the image on an sRGB display device, it would convert this intermediate representation to the sSRGB colour space
(i.e. apply clamping and adjust the transfer curve). To save the image in another (integer-based) image format, it
could convert the intermediate representation to the suggested DCI-P3 colour space that was signalled, quantize

h 1 1 4= . el - | el il 4= H 11l pa | 41 L -
t € Sampre-vartes—to lllLCSCl S dl LIIT UIU ucp\.u rat vwados alsuqucu, allua 5aviU LUIIT 1 cauluus 1111(15C.

The rest| of this annex specifies how to decode an ICC profile.

NOTE 2 | ICC profiles are standard display ICC profiles as defined by the International Colour Consoxtium. Fd
example)an sRGB profile indicates the RGB values are to be interpreted as values in the sRGB colourspace.

—

B.2 Data stream

=

The bitgtream is byte aligned as specified in 6.3. The decoder reads enc_sizewa$ U64(). The decodd
reads 4] clustered distributions as specified in D.3. The decoder then reads enc size integers a
specifiefl in D.3.6 to obtain decompressed bytes, using D[TccContext'inmdex, prev byte, prevl
prev _byfe)] where index is the current byte index, prev byte and prey» prev byte are respective:E:

[72)

the previous and second-previous bytes or 0 if they do not exist yet, and the Tcccontext () functio
is defingd in the code below. The resulting decompressed byte-based data is the encoded ICC strea
The decpder reconstructs the ICC profile from this encoded ICE stream as described in the subsequer
subclauges of this annex.

—+ -

IccContflext (1, bl, b2) {
if (i <= 128) return 0O;

if (Y1 >= 'a' && bl <= 'z') pl = 0O;

else |if (bl >= 'A' && bl <= 'Z") pl =:6;
else |if (bl >= '0' && bl <= '9") pl\= 1;
else|if (bl == "'." || bl == "',"y pl = 1;
else |if (bl <= 1) pl = 2 + bI%

else |[1f (bl > 1 && bl < 1§) 1l = 4;

else |[1f (bl > 240 && blrx+255) pl = 5;
else |if (bl == 255) ¥+ 6;

else |pl = 7;

if (2 >= 'a~& b2 <= 'z') p2 = 0;
else|if (b2=>= 'A' && b2 <= 'Z') p2 = 0;
(b2 >= '0' && b2 <= '9'") p2
(b2 == "' || b2 == ","') p2
else if (b2 < 16) p2 = 2;
(b2 > 240) p2 = 3;
else p2 = 4;

Il
=

else |if

else |1 £

else 1if

return 1 + pl + p2 * 8;
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B.3 Encoded ICC stream

The encoded ICC stream is structured as shown in Table B.1. In this table, Varint() and u() are read
from the encoded ICC stream, not from the JPEG XL codestream.

Table B.1 — ICC stream

type name comment

Varint() output_size the size of the decoded ICC profile, in bytes

Yarint() commands_size the size of the command stream, in bytes,

(8 x commands_size) command stream sub-stream of the encoded ICC stream whieh contains
command bytes

(8 x [[remaining bytes] 1) data stream sub-stream of the encoded ICC stream whichcontains
data bytes, starting directly after. the command stream
and ending at the end of the encoded ICC strpam

—

he command stream is structured as shown in Table B.2. In this table, u() is read from the cpmmand
tream in the encoded ICC stream, not from the JPEG XL codestream.

v

Table B.2 — command stream

type comment
1|1(8 x [ [variable amount] ]) commands for décoding tag list
1]1(8 x [ [remaining bytes] ]) commands for, decoding main content

The data stream is structured as shown in Table B.3.'In this table, u() is read from the encodled data
stream in the encoded ICC stream, not from the JPEG XL codestream.

TableB.3 — data stream

type comment

1|1(8 x [ [variable amount] ]) data for decoding ICC header
1Il(8 x [ [variable amount] ]) data for decoding ICC tag list
111(8 x [ [remaining bytes] 1) data for decoding main content

The resulting ICC profile, output by the decoder, is structured as shown in Table B.4. In this table, u() is
read from the resulting)ICC profile, not the JPEG XL codestream.

Table B.4 — ICC profile

type name comment

(8 x [ Lvariable amount] 1) ICC header up to 128 bytes long. Decoding procedyre spec-
ified in B.4.

{8~ 1 [variable amount] ]) ICC tag list Decoding procedure specified in B.5.

u(8 x [ [remaining bytes] ) main content Decoding procedure specified in B.6.

After decoding the output size and commands size, the encoded ICC stream is considered to be
divided into two input streams: the command stream, which starts at the current position and runs
for commands_size bytes, and the data stream, which starts directly after the command stream and
contains all remaining bytes. The decoder maintains the current positions within the command stream
and the data stream, initially at the beginning of each respective stream, and increment each when a
byte from the corresponding stream is read as indicated in the next subclauses. A stream position does
not go beyond the last byte of that stream, and the commands stream does not extend beyond the end
of the encoded ICC stream.
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As described in the next subclauses, the decoder decodes an ICC header (B.4), ICC tag list (B.5) and main
content (B.6) from those two streams. The decoded ICC profile is the concatenation of these three parts
in that order, which is indicated in the next subclauses as appending bytes to the result or output. The
ICC tag list and main content can be empty if the decoder finishes earlier.

If at any time in subclauses B.4, B.5, or B.6 the ICC decoder is finished, then it returns the result as the
ICC profile. The decoder reads all bytes from the data stream as well as all bytes from the command
stream (that is, it reads exactly commands size bytes from the command stream and reads exactly all
remaining bytes from the data stream). The size of the resulting ICC profile is exactly output _size
bytes.

B.4 1dC header

The heagler is the first of three concatenated parts that the decoder outputs.

The heafer size in bytes is min (128, output size). The decoder reads header si#gbytes from the
data strpam. For each byte e, it computes a prediction p as indicated below, then-.computes an outpyt
header hyte as (p + e) & 255 and appends it to the ICC result.

Each prgdicted value p is computed as specified by the following code, where i is the position i

—

the headler of the current byte, starting from 0. header(j] refers to theZearlier output header byte
corresppnding to i == 5. Single characters, and characters in strings, peint to ASCII values.
if @x=0 11 1=1111==21]1==23)

// '"dutput size[i]' means byte i of output size encodeds as an
// urlsigned 32-bit integer in big endian order

p = dqutput sizel[i];

else iff (1 == 8) p = 4;
else 1ff (1 >= 12 && 1 <= 23) {
s = '"ImntrRGB XYZ "; // one space after "REB" and one after "XYZ"
p = q[1 - 12]1; }
else iff (1 >= 36 && 1 <= 39) { s = "agsp"; p = s[i - 36]; }
else ifl ((1 == 41 || 1 == 42) && héader[40] == 'A') p = 'P';
else iflf (i == 43 && header[40] == “A') p = 'L';
else ifl (i == 41 && header[404~~~ 'M') p = 'S';
else iff (1 == 42 && header[40] == 'M') p = 'F';
else iff (1 == 43 && header[40] == 'M') p T
else 1fl (1 == 42 && header[40] == 'S' && header[41l] == 'G') p = '1"';
else ifl (i == 43 &&{hegdder[40] == 'S' && header[41l] == 'G') p = 32;
else ifl (i == 42_8&& header[40] == 'S' && header[41l] == 'U') p = 'N';
else if] (i == _43y%& header[40] == 'S' && header[4l] == 'U') p = "W';
else ifl (1 ==.70) p = 246;
else iff (AN== 71) p = 214;
else il & == 73) p = 1:
else if (i == 78) p = 211;
else if (i == 79) p = 45;
else if (i >= 80 && 1 < 84) p = header[4 + 1 - 80];

i
else p = 0;

If output size is smaller than or equal to 128, then the above procedure has produced the full output,
the ICC decoder is finished and the remaining subclauses are skipped.

28 © ISO/IEC 2022 - All rights reserved


https://standardsiso.com/api/?name=50f7aa612a2b5571bb34a59013ee9316

ISO/IEC 18181-1:2022(E)

B.5 ICC taglist

The ICC tag list is the second of three concatenated output parts that the decoder outputs to the
resulting ICC profile. The decoder keeps reading from the same command stream and data stream as

before, continuing at the positions reached at the end of the previous subclause.

To decode the tag list, the decoder reads the number of tags as specified by the following code. If the end
of the command stream is reached, the decoder is finished, the full ICC profile is decoded, the decoder

ends this procedure and skips the next subclause.

¥ = Varint () from command stream;
hum tags = v - 1;
f (num tags == -1) {

[ [output nothing, stop reading the tag list, and proceed to B.6]]

[Append num tags to the output as a big endian unsigned 32-bit integer (4 output
ytes) 1]

previous tagstart

num tags x 12 + 128;
0;

previous tagsize

Then, the decoder repeatedly reads a tag as specified by the following code until a tag with|tagcode
gqual to 0 is read or until the end of the command stream is reached.
ommand = u(8) from command stream;
tagcode = command & 63;
£ (tagcode == 0) {
[[decoding the tag list is done, proceed td~“B.6]]
tag = ""; // 4-byte string with tag ndue
f (tagcode == 1) {
// the tag string is set to 4 custom bytes read from the data
tag = u(4 x 8) from data stnéam;
else if (tagcode == 2) {
tag = "rRTC";
else if (tagcode == 3) ){
tag = "rXYyz";
else if (tagcode == 4 && tagcode < 21) {
// the tag s%zing is set to one of the predefined values
strings = {
"eprt"gaVwtpt", "bkpt", "rxyz", "gxXYz", "bXYz", "kXYz", "rTRC", "gTRC",
"bTREC"), "kTRC", "chad", "desc", "chrm", "dmnd", "dmdd", "lumi"
bi
£ag = strings[tagcode - 4];
+ t
[[ this branch is not reached ]]
}
tagstart = previous tagstart + previous tagsize;
if ((command & 64) != 0) tagstart = Varint() from command stream;
tagsize = previous tagsize;
if (tag == "rXYZ" || tag == "gXYZ" || tag == "bXYZ" || tag == "kXYZ" ||
tag == "wtpt" || tag == "bkpt" || tag == "lumi") {
tagsize = 20;
}
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if ((command & 128) != 0) tagsize = Varint () from command stream;

previous tagstart = tagstart;

previous tagsize = tagsize;

The procedure appends the computed ICC tag(s) to the output as specified by the following code. Any

int

eger values such as tagsize, tagstart and any operations on them are always appended as big endian

32-bit integers (4 bytes), when appended to the output.

[l

if

}

apper]ld the following 3 groups of 4 bytes to the output:

tag, |tagstart, tagsize]]
(tadcode == 2) {

[[apdend the following additional 6 groups of 4 bytes to the output:
"gQRC", tagstart, tagsize,
"bIRC", tagstart, tagsizel]]

else |if (tagcode == 3) {

[[apdend the following additional 6 groups of 4 bytes to the outputy
"g¥qYz", (tagstart + tagsize), tagsize,
"b¥YZ", (tagstart + 2 x tagsize), tagsize]]

B.6 Miain content

Th

resulting ICC profile. The decoder keeps reading from the-Same command stream and data stream ds
before, dontinuing at the positions reached at the end_ef the previous subclause.

In this spibclause, shuffle (oytes, width) denotes-the following operation: Bytes are inserted in rastg
order (rpw by row from left to right, starting with the top row) into a matrix with width rows, and a
many cdlumns as needed. The last column can-have missing elements at the bottom if 1en (bytes) is ng
a multigle of width. Those elements are skipped and no byte is taken from the input for these missin|

ele

row. Th¢n the matrix is transposed;.and bytes are overwritten with elements of the transposed matri
read in faster order, not including(the missing elements which are now at the end of the last row.

EXAMPLE shuffling the list (1,2, 3, 4, 5, 6, 7) with width 2 results in the list (1, 5, 2, 6, 3, 7, 4).

To

until the fend of the commayd stream is reached (which can be immediately).

e maln content is the third of three concatenated output parts that the decoder outputs to thie

-+ \n =

£
mentp: the input is the concatenation of all rows excluding the possibly missing last element of each
X

decode the main content, the decoder reads from the command stream as specified by the following codg,

co
if

mmand = u(8) Axom command stream;
(conmand ==3Y) {

num F§ Varinht () from command stream;

byted = J)u(num x 8) from data stream;

[ [append bytes to output stream]]

else 1if (command == | | command == 3) {
num = Varint () from command stream;
bytes = u(num x 8) from data stream;
width = (command == 2) 2?2 2 : 4;

Shuffle (bytes, width);
[ [append bytes to output stream]]

else if (command == 4) {

flags = u(8) from command stream;
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width = (flags & 3) + 1;
[[ width != 3)11;

order = (flags & 12) >> 2;
[[ order != 3 ]11;

stride = width;

if ((flags & 16) != 0) {
stride = Varint () from command stream;
}
Tstrice z TTUMpDEer O DYLES already output To ICC prorire I

[[ stride >= width ]]; (]/%
num = Varint () from command stream; Q
bytes = u(num x 8) from data stream; '\’
if (width == || width == 4) { (b
Shuffle (bytes, width); '\
}
// Run an Nth-order predictor on num bytes as follows, with éﬁytes
// representing unsigned integers of the given width (but 6&\ s not
// required to be a multiple of width).
for (i = 0; 1 < num; i += width) {
N = order + 1;
prev = [[N-element array of unsigned integers oQ%dth bytes each]]
for (3 = 0; 7 < N; ++3) {
prev([j] = [[read u(width x 8) from the O@Jt ICC profile starting
from (stride x (7 + 1)) bytes before t}@ current output size,
interpreted as a big-endian unsigne 3 teger of width bytes]];
} .
// Compute predicted number p, wh&\e p and elements of prev are
// unsigned integers of width 'Is@es each.
if (order == 0) p = prev[O](\}‘
else if (order == 1) p :@)\< prev[0] - prev[l];
else if (order ==
for (3 = 0; J < wi Qs%@ i+ 3 < num; ++73) {
val = (bytes[i %S? (p >> (width - 1 - 3))) & 255;
[ [append val@ 1 byte to the ICC profile output]];

} &
else if (Qmmand —= 10) {
[app@ "XYZ " (4 ASCII characters) to the output]];

.3 x prev|[0] - 3 x prev[l] + prev[2];

a§ 4 bytes with value 0 to the output]];
bﬁ 12 x 8) from data stream;

append bytes to the output]];

} else if (command >= 16 && command < 24) {
strings = {"XYZ ", "desc", "text", "mluc", "para", "curv", "sf32",
"gbd "};
[[append 4 bytes from strings[command - 16] to the output]];
[[append 4 bytes with value 0 to the output]];
} else {

[[this branch is not reached]];
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Annex C
(normative)

Frames

C.1 General
Subsequent to headers (Annex A) and ICC profile, if present (Annex B), the codestream consists of one dr
more frgmes. Frames have the structure shown in Figure C.1. Each Frame is byte-aligned as specified ip
6.3 and [s read according to Table C.1.
FH C.2
TOCC.3
LF C4
LFG C.5
HF C.6
No
HFP C.7
HFG C.8
Key
FH frame header
TOC table of contents
LF ILF global
LFG ILEgroups
DCT  kvarDCT encoding?
HF HF global
HFP HF pass data
HFG  HF groups

Figure C.1 — Per-frame data

Let num groups denote ceil(width / kGroupDim) x ceil(height / kGroupDim), where kGroupDim is the
width and height of a group (6.2). num 1f groups denotes ceil(width / (kGroupDim x 8)) x ceil(height /
(kGrouppim x 8)). Note that encoding and num_passes are obtained from FrameHeader (C.2).
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width and height are interpreted as the dimensions of the sample grid, not its rotated/mirrored
interpretation (which is indicated by metadata.orientation).

NOTE

The LF coefficients (C.5.3) always correspond to a 1:8 downsampled image, regardless of the sizes

of the var-DCT blocks that were used. In the case of DCT8x8, these are the DC coefficients. In the case of bigger
block sizes, these also include information derived from the low-frequency AC coefficients (which are recovered
using the procedures described in 1.2.5), and these low-frequency AC coefficients are skipped in the HF encoding
(C.8.3). In the case of smaller block sizes like DCT4x4, the 'LF coefficient' is effectively the average of the smaller-
block DC coefficients, and the HF encoding effectively contains the remaining information to restore the smaller-

block DC.
Table C.1 — Frame bundle
¢ondition type name
FrameHeader frame_ header
TOC toc
LfGlobal 1f global
LfGroup 1f group[num 1f grgups]
¢ncoding == kVarDCT HfGlobal hf global
¢ncoding == kVarDCT HfPass hf pass[num p&asses]
PassGroup group pass fnum_groups X num_passes]

(.2 FrameHeader

The decoder reads FrameHeader as specified4in Table C.2.

TableC:2 — FrameHeader bundle

The dimensions of a frame in pixels (width and height).are 'size.width and size.height if|!frame
Header.have crop, otherwise they are given by frame hea@er.width and frame header.height

¢ondition

type default name
Boo]O true all default
all default FrameType kRegularFrame frame type
all default u(1) 0 encoding
all default U64() 0 flags
all default && Bool() false do_YCbCr
metadata.xybrencoded
o _YCbCr &&\Vflags. u(2) 0 jpeg_upsampling|3]
tUseLfFrame
all defatlt && !flags. U32(Val(1), Val(2), Val(4), 1 upsampling
tUselLCFrame Val(S))
471 default && !flags. U32(Val(1), Val(2), Val(4), 1 ec_upsampling| [num_
(USeLfFrame Vai(8J) extra—chamrets]
encoding == kModular u(2) group_ size shift
lall default && u(3) x_qm_scale
encoding == kVarDCT &&
metadata.xyb encoded
lall default && u(3) 2 b gm scale
encoding == kVarDCT &&
metadata.xyb encoded
lall default && frame Passes passes
type != kReferenceOnly
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Table C.2 (continued)

!= kReferenceOnly

condition type default name

frame type == kLFFrame U32(Val(1), Val(2), Val(3), 0 1f level
Val(4))

lall default && frame Bool() false have_crop

type != kLFFrame

have crop && frame type |U32(Bits(8), BitsOffset(11, 0 =0

256), BitsOffset(14, 2304),

Rt LL LN 40, 00N
DILSUTISTL{(OVU, IO0UO0GO]J)

have chop && frame type
!= kReflerenceOnly

U32(Bits(8), BitsOffset(11, 0 v0
256), BitsOffset(14, 2304),
BitsOffset(30, 18688))

have crop

U32(Bits(8), BitsOffset(11, |0 width
256), BitsOffset(14, 2304),
BitsOffset(30, 18688))

have crop

U32(Bits(8), BitsOffset(11, |0 height
256), BitsOffset(14, 2304),
BitsOffset(30, 18688))

normal_frame BlendingInfo blending info
normal_frame BlendingInfo ec_blending info [num|
extra channels]

normal_frame && metadata. |U32(Val(0), Val(1), Bits(8), |0 duration
have arlimation Bits(32))
normal_frame && metadata.|u(32) 0 timecode
animatilon.have timecode
normal_frame Bool() *frame_type is_last
lall dqfault && frame u(2) 0 save as reference
type !4 kLFFrame && !is
last
lall dqfault && frame Bool() d_sbct save_before_ct
type != kLFFrame
'all_dgqfault U32(Val(0),"Bits(4), BitsOff- |0 name_len

set(5,16), BitsOffset(10,48))

u(8) 0 name [name len]
fall_dgqfault RestorationFilter restoration filter
lall ddfault Extensions extensions

In the dondition column; the abbrevation "normal_frame" denotes the condition 'all default &
[frame_t ype == kReglTarFrame || frame type == kSkipProgressive) .

FrameType is defined in Table C.3.

Table C.3 — FrameType

name value meaning

kRegularFrame 0 A'regular’ frame, which is part of the decoded sequence of frames.

kLFFrame 1 Represents the LF of a future frame. Is not itself part of the decoded
sequence of frames.

kReferenceOnly 2 Frame will only be used as a source for Patches. Is not itself part of the
decoded sequence of frames.

kSkipProgressive 3 Same as kRegularFrame in terms of the (final) decoded sequence of
frames, but decoders do not progressively render previews of frames
of this type.

encoding is defined in Table C.4.
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Table C.4 — FrameHeader.encoding

name value meaning
kVarDCT 0 Var-DCT mode: the decoder will perform IDCT on varblocks to obtain the decoded image.

NOTE This modeis suitable for lossy encodings and for lossless JPEG recompression.

kModular 1 Modular mode: the decoder will perform a signalled chain of zero or more inverse
(typically reversible) transforms.

NOTE This mode is suitable for lossless encodings.

HBoth encodings split each frame into groups. This document specifies the meaning of the eILcodings
(p.g. xvarpcT) where they are referenced.

fllags is defined in Table C.5.

Table C.5 — FrameHeader.flags

name value meaning
kNoise XXXX XXx1 Enable noise feature stage
kNoise XXX xxx0 Disable noise feature stage
kPatches XXXx xxlx Enablegpatch feature stage
kPatches xxxx xx0x Disable’patch feature stage
kSplines xxx]l XXXX Enable spline feature stage
kSplines xxx0 xxxx Disable spline feature stage
kUseLfFrame xX1x xXXxX Enable use of special LF frames
kUseLfFrame ®X0x FKEX Disable use of special LF frames
kSkipAdaptiveLFSmoothing 0xxx\ XXX Enable adaptive LF smoothing
kSkipAdaptiveLFSmoothing MEXX XXXX Disable adaptive LF smoothing
The bits of frame header.flags encode Whether certain features are enabled or disabled in thq current
frame, as specified in references to-this subclause.

HXAMPLE if f1ags == 18, the decoder enables spline rendering and patch rendering.

=

Vhen a flag name is used, itsvalue is understood as the value of the corresponding bit (0 or 1).
HXAMPLE if frameheader. flags == 3, kPatches is considered to be 1.
Ifdo_ycber, then thepixels are stored in YCbCr, and are converted to RGB as specified in L.3.

NOTE In addition, one or more reversible colour transforms can be applied in Modular mode (sef C.9 and
.4, L.5). Thése-transforms are not signalled in the FrameHeader, but in the ModularHeader (C.9.2), apd can be
applied either to the whole frame or on a per-group basis. These are always undone, regardless of the¢ value of
dave before ct.

=

jlpeg) upsampling indicates the degree of subsampling for each YCbCr channel. 0 denotes {hofizontal,
verticalf subsampling factors of {1, 1} for the given channel; I denotes {Z, ZJ, Z denotes {Z, 1} and 3
denotes {1, 2}. The horizontal and vertical size, in 8x8 blocks, of each channel is divided (rounding up)
by the maximum subsampling factor across all channels, and then multiplied by the subsampling factor
for the current channel.

upsampling and ec_upsampling also indicate subsampling, by a factor of 1, 2, 4 or 8 (both horizontally
and vertically), for respectively the colour image and the extra channels. In the case of extra channels
this subsampling is cumulative with the subsampling implied by dim shift.

If upsampling > 1, then for all extra channels, extra channel info[i].dim shift X ec upsampling([i]
>= ypsampling.
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The division in groups is not affected by jpeg upsampling and ec upsampling: even if a channel is
subsampled, group splitting proceeds according to the location of samples and blocks in the image,
after subsampling by a factor of upsampling. For example, if jpeg upsampling is equal to {0, 1, 1},
i.e. 4:2:0 chroma subsampling, and there is an alpha channel for which ec upsampling is 4, then the
groups consist of 256x256 Y samples, 128x128 Cb and Cr samples, and 64x64 alpha samples, which all
correspond to the same image region.

After decoding subsampled channels, they are upsampled as specified in L.7 (in the case of jpeg
upsampling) and L.8 (in the case of upsampling and ec_upsampling).

The valye of kGrouppim is set to 128 << group size shift.

Passes are defined in Table C.6.

Table C.6 — Passes bundle

conditign type default name

U32(Val(1), Val(2), Val(3), BitsOffset(3,4)) |1 num_pasgses
num _pagdses!=1 U32(Val(0), Val(1), Val(2), BitsOffset(1,3)) |0 num_ds
num_pagses !=1 u(2) 0 shift'[num passes-1]
num pagses!=1 U32(Val(1), Val(2), Val(4), Val(8)) 1 downsample [num_ds]
num_pagses!=1 U32(Val(0), Val(1), Val(2), Bits(3)) 0 last pass[num ds]

num paskes indicates the number of passes into which the frameds partitioned.

num_ds ipndicates the number of (downsample, last_pass) pairs’between 0 and 4, inclusive. It is strictly
smaller than num_passes.

shift[i] indicates the amount by which the HF coefficients of the pass with index i in the range [
num_paskes) are left-shifted immediately after entropy decoding. The last pass behaves as if it had
shift vdlue of o.

[s9)

downsample[i] (i in the range [0, num ds)).indicates a downsampling factor in x and y direction. 1ast
pass[il|(i in the range [0, num ds)) indicates the zero-based index of the final pass that is decoded i
order to|achieve a downsampling factor of least downsample[i]. This index is at most num passes - 1.

=2

In additfion to the (downsample, ¥adt pass) pairs that are explicitly encoded in the codestream, thie
decoder|behaves as if a final pait equal to (1, num_passes - 1) were present.

v

If 1f 1eyel '= 0, the saniples of the frame (before any colour transform is applied) are recorded a
LFFrame[1f level-1] and'may be referenced by subsequent frames. Moreover, in this case, the decode
considers the currentframe to have dimensions ceil (width / (1 << (3x1f level))) X ceil (height |/
(1 << (Bx1f _levelp)).

—

If either|save _&s“reference != 0oOrduration == 0,and!is last && frame type != kLFFrame, thent
samples|of the/decoded frame are recorded as Reference[save as reference] and may be referenced ll:Iyer
subsequ|ent frames. The decoded samples are recorded before any colour transform (XYB or YCbCr) |f
save before ct IS LTU€, and alter colour transiorm otherwise (In which case they are converted to the
RGB color space signalled in the image header). Blending is performed before recording the reference
frame.

If have crop, the decoder considers the current frame to have dimensions width x height, and updates
the rectangle of the previous frame with top-left corner x0, yo with the current frame using the given
blend mode. The dimension values respect the equations x0 + width <= size.width and y0 + height <=
size.height. If lhave crop, the frame has the same dimensions as the image. Let full frame be true
if and only if have crop is false or if the frame area given by width and height and offsets x0 and y0
completely covers the image area.

Let multi extra be true if and only if and the number of extra channels is at least two. blendinginfo
and ec_blendinginfo are defined in Table C.7.
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condition type default name
U32(Val(0), Val(1), Val(2),[0 mode
BitsOffset(2, 3))

multi extra && (mode == kBlend || U32(Val(0)‘ Va](l), Va](Z), 0 alpha channel

mode == kAlphaWeightedAdd) BitsOffset(3, 3))

multi extra && (mode == kBlend || BOOI[) false clamp

mode == kAlphaWeightedAdd || mode ==

SVITRE

lhode != kReplace || !full frame U32(Val(0), Va](l), Val(Z), 0 source
Val(3))

The mode values are defined in Table C.8. All blending operations consider as “previous san
S

stored in Reference[source] - if no frame was previously stored, the source frame is assumed

Il sample values set to zeroes. The blend info affects the three colour chanuels. The extra ¢
jre blended according to ec blend info instead. The blending is done in the colour spg
inverse colour transforms from Annex L have been applied (except for1s6). For blend mode
and kAlphaWeightedadd, "the alpha channel” refers to the extra channel with index aipha |
"sample" is the rgb value or extra channel value after blending,<'iéew_sample" and "old_san]
the corresponding values from the current and source frame respectively, and "alpha”, "nev
and "old_alpha" are the corresponding values for the alpha ¢hannel. If c1amp is true, alpha v3

damped to the interval [0, 1] before blending.

Table C.8 — BlendMode{(BlendingInfo.mode)

ple” the

pmple at the corresponding coordinates in the source frame, which is the framethat was previously

to have
hannels
ce after
b kBlend
thannel,
ple" are
v_alpha"
lues are

value

name description

(Replace 0 Each sample jsloverwritten with the corresponding new sample.

sample = new_sample

FAdd 1 Each néw’sample is added to the corresponding previous sample.

sample = old_sample + new_sample

FBlend 2 Edch new sample is alpha-blended over the corresponding previous

If the alpha channel has premultiplied semantics (alpha associ
true), then

sample = new_sample + old_sample x (1 - new_alpha).

Otherwise sample = (new_alpha x new_sample

instead: alpha = old_alpha + new_alpha x (1 - old_alpha)

+ old_alpha x old_sample x (1 - new_alpha))) / alpha

The blending on the alpha channel itself always uses the following| formula

sample.
ated ==

FAlphaWeightedAdd 3

Each new sample is multiplied with alpha and added to the corredponding

previous sample.

sample = old_sample + alpha x new_sample

alpha = old_alpha + new_alpha x (1 - old_alpha)

The blending on the alpha channel itself uses the following formula instead:

kMul 4 Each new sample is multiplied with the previous sample.

sample = old_sample x new_sample

duration (in units of ticks, see AnimationHeader) is the intended period of time between presenting
the current frame and the next one. If duration is zero and !is 1last, the decoder does not present the

current frame, but the frame may be composed together with the next frames, for example

through

blending. In particular, in the case that metadata.have animation is false, the decoder returns a single

image consisting of the composition of all the zero-duration frames.
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timecode indicates the SMPTE timecode of the current frame, or 0. The decoder interprets groups of 8
bits from most-significant to least-significant as hour, minute, second, and frame. If t imecode is nonzero,
itis strictly larger than that of a previous frame with nonzero duration.

The decoder ceases decoding after the current frame if is 1ast.

The default value for save before ct is d sbct = ! (full frame && (frame type == kRegularFrame
|| frame type == kSkipProgressive) && blending info.mode == kReplace && (duration == 0 ||
save as reference != 0) && !is last).
If name len > U, then the Irame has a name name, Interpreted as a UlF-o encoded string.
Finally, |restoration filter is defined in Table C.9.
Table C.9 — RestorationFilter bundle

conditign type default name

Bool() true gab
gab Bool() false gab_cugtom
gab cudtom F16O 0.115169525 gab(xXyweightl
gab cugtom F160 0.061248592 dab/ x weight2
gab_cudtom F16() 0.115169525 Jab_y_weightl
gab_cugtom F16() 0.061248592 gab_y weight2
gab cugtom F16O 0.115169525 gab b weightl
gab cudtom F16O 0.061248592 gab b weight2

u(Z) 2 epf iters
epf itdrs && encoding = kVarDCT Bool() false epf sharp custom
epf shgdrp custom F16O {0, 1/7, 2/7, 3/7, 4/7, epf sharp lut[8]

5/7,6/7,1}

epf itdrs Bool() false epf weight custom
epf weilght custom F160 {40_0, 5.0, 3_5} epf channel scale[3]
epf weilght custom F16O 0.45 epf passl zeroflush
epf weilght custom F160 0.6 epf pass2 zeroflush
epf itdrs Bool() false epf sigma custom
epf sidgma custom && encodihg == F16() 0.46 epf quant mul
kVarDCT
epf sigma custom F16() 09 epf passO sigma scale
epf sidgma custom F16O 6.5 epf pass2 sigma scale
epf_ sidma_custom F16() 2/3 epf border_ sad mul
epf itdrs &&wehcoding == kModular F16() 1.0 epf sigma for modular

Extensions extensions

gab and epf iters determine whether the Gabor-like transform (J.2) and the edge-preserving filter
(].3) are applied. The other fields parameterize any enabled filter(s).

C.3 ToC

C.3.1 General

The codestream consists of parts called sections. The TOC (Table of Contents) is an array of numbers.
Each TOC number indicates the size in bytes of a section. Each section is aligned to a byte boundary,
as defined in 6.3. If num groups == 1 and num passes == 1, there is a single TOC entry and section
containing all frame data structures. Otherwise, there is one entry for each of the following sections,
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in the order they are listed: LfGlobal, one per LfGroup in raster order, one for HfGlobal followed by
HfPass data for all the passes, and num_groups X frame header.passes.num passes PassGroup. The first
PassGroup are the groups (in raster order) of the first pass, followed by all groups (in raster order) of
the second pass (if present), and so on.

The decoder first reads permuted toc = u(1).Ifand only ifits value is 1, the decoder reads permutation
from a single entropy coded stream with 8 clustered distributions, as specified in D.3, with size equal
to the number of TOC entries and skip = 0.

32 Decoding pprmnfnﬁnnc
(=]

he decoder computes a sequence lehmer containing size elements as follows. Let GetCordtext (x)
enote min (8, ceil (log2(x + 1))).

he decoder first decodes an integer end, as specified in D.3.6, using distribution D[Gtcontext|(size) ].
hen, (end - skip) elements of the 1ehmer sequence are produced as follows: Eor each element, an
hteger lehmer [skip + i] isread as specified in D.3.6 using the distribution.D{prev elem]. pfev elem
b lehmer[skip + 1 - 1] if i > 0, or 0 otherwise. All other elements-of the sequence 1epmer are
. The decoder maintains a sequence of elements temp, initially containing the numbers [0, [size) in
hcreasing order, and a sequence of elements permutation, initially empty. Then, for each int¢ger i in
he range(0, size), the decoder appends to permutation elementtemp[lehmer(i]], then removes it
Fom temp, leaving the relative order of other elements unchanged. Finally, permutation is the decoded
ermutation.

e o Milen s Al i N il el S (O Y « I

)

.3.3 Decoding TOC

—

he sequence of TOC entries are byte-aligned (6.3)~The decoder reads each TOC entry in jorder of
hcreasing index via U32(Bits(10), BitsOffset(14, 1024), BitsOffset(22, 17408), BitsOffset(30, 4211712)).
None of the TOC entries are zero.

—

—

he decoder then computes an array group stfsets, which has 0 as its first element and suljsequent
droup offsets(i] are the sum of all TOCcentries [0, i).

]

f permuted togc, the decoder permutes group offsets according to permutation, such that group
ffsets[i] iS what was pI‘eViOUSly group offsets|[permutation[i]].

Q

—

et p be the index of the byte.Containing the next unread bit after decoding the TOC. When defoding a
roup with index i, the decoder reads from the codestream starting at the byte with index p 4 group
ffsets[1].

aQ

Q

(.4 LfGlobal

(.4.1 General

The decoder reads the bundles listed in Table C.10.
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Table C.10 — LfGlobal bundle

condition name subclause
(frame header.flags & kPatches) != 0 Patches C.4.5
(frame header.flags & kSplines) != 0 Splines C4.6
(frame header.flags & kNoise) != 0 NoiseParameters C.4.7
LfChannelDequantization C.4.2
frame header.encoding == kVarDCT Quantizer C4.3
frame Header.encoding —= KvarDCT HF BIlock Context C.84
frame Header.encoding == kVarDCT LfChannelCorrelation C44
GlobalModular C4.8

C.4.2 LF channel dequantization weights

The decpder reads the bundles listed in Table C.11.

Table C.11 — LfChannelDequantization bundle

condition type default name

u[l] true all defamdht
'all default F16() 4096 m x 1Funscaled
lall default F16() 512 m &/ I unscaled
lall default F16() 256 mvb 1f unscaled

C.4.3 (Quantizer

Table C.]12 specifies the Quantizer bundle.

Table C.12 - Quantizer bundle

conditign type default name
U32(BitsOffset(11,1), BitsOffset(11, 2049), Bit- | 1 global_scale
sOffset(12, 4097), BitsOffset(16, 8193))
U32(Val(16), BitsQffset(5,1), BitsOffset(8,1),|1 quant_1f
BitsOffset(16,1))

The LF dequantization facters mxpc, mydc and mBDC are computed as specified by the following code:

mXDC

m x 1f unsédred / (global scale x quant 1f);
mYDC =|m y 1f dmecaled / (global scale x quant 1f);

mBDC =|m b l1ftnscaled / (global scale x quant 1f);

C.4.4 Default and LF channel correlation factors

Table C.13 specifies the LfChannelCorrelation bundle.

Table C.13 — LfChannelCorrelation bundle

condition type default name
u(1) true all default
'all default U32(Val(84),Val(256), BitsOffset(8, 2), Bit-|84 colour factor
sOffset(16, 258))
lall default F16O 0.0 base correlation x
lall default F16() 1.0 base correlation b
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condition type default name
'all default u(8) 127 x factor 1f
'lall default u(8) 127 b factor 1f

C.4.5 Patches

If the kpatches flag in frame header is not set, this subclause is skipped for that frame.

C

—

h specified locations as specified in K.2.

<

alues from a single stream as specified in D.3.6.

Q=

istribution D[x] as defined in D.3.6.

lwul

ach patch type has the following attributes:
—  width, height: dimensions of the image patch.

ref: index of the reference frame the patch is taken from

samples are within the bounds of the referenee frame.

count: the number of distinct positions

alpha channel and.clamp

%, vt arrays of count positions'where this patch is added to the image

—

he decoder first sets num(patches = ReadHybridVarLenUint(0). For i in

QD

therwise, the patch dictionary contains a set of small image patches, to be added to the dec6ds

he decoder reads a set of 10 clustered distributions p, according to D.3,

h this subclause, ReadHybridVarLenUint(x) denotes reading an integer frenvthe stream u

%0, y0:coordinates of the top-left corner of the patchin'the reference image

sample (x, y, c):the sample from channel c at thé\position (x, y) within the patch, corres
to the sample from channel c at the position (&0 + x, y0 + y) in Reference[ref]. All re

blending: arrays of count blend made information structures, which consists of arrays

scending order, the decoder decodes patchi] as specified by the following code:

d image
and then reads the fi

bllowing

sing the

ponding
ferenced

Ofrnode,

the range [0, num patlches) in

ref
x0

atch[i
atch[i
atch[i
atch[i
atch [
ateh\{1

ReadHybridvVarLenUint (1) ;
RéadHybridvVarLenUint (3) ;
ReadHybridVarLenUint (3) ;
ReadHybridVarLenUint (2)

ReadHybridVarLenUint (2)
ReadHybridvVarLenUint (7)

yvO
width

height

+ 1;

+ 1;

O e S ——

].
].
1.
1
A\
1.

count

(73 = 0; 7 < patch[i].count;

+ 1;

F Or

) |

if (3 == 0) {

patch[i].x[]]

ReadHybridVarLenUint (4) ;
ReadHybridVarLenUint (4) ;

patchl[i].y[]]
else {

patch[i].x[]] UnpackSigned (ReadHybridVarLenUint (5)) +
patch[i].x[J - 11;
patch[i].y[7] UnpackSigned (ReadHybridVarLenUint (5))

patch[i].y[] - 11;

+

}

[[the width x height rectangle with top-left coordinates (x, V)

© ISO/IEC 2022 - All rights reserved

is

41


https://standardsiso.com/api/?name=50f7aa612a2b5571bb34a59013ee9316

ISO/IEC 18181-1:2022(E)

fully contained within the framel]l];

for (k = 0; k < num extra channels+1; k++) {
mode = ReadHybridVarLenUint (5);
[[ mode < 8 1]
patch[i] .blending[j] .mode[k] = mode;

if ((mode == kBlendAbove || mode == kBlendBelow ||
mode == kAlphaWeightedAddAbove || mode == kAlphaWeightedAddBelow)
&& [[ there is more than 1 alpha channel ]]1) {
pdTCH I~ DIending i - aIpna CNannel (K] = Readnypriavarienuint(er;

this is a valid index of an extra channel ]]

if (mode == kBlendAbove || mode == kBlendBelow ||
mode == kAlphaWeightedAddAbove || mode == kAlphaWeightedAddBelow
| | mode == kMul) {
pdtch[i] .blending[j].clamp[k] = ReadHybridVarLenUint (9);

C.4.6 S$plines

-

Spline dpta is present in the codestream if and only if the ksplisgsflag in frame header (C.2) is set.
so, it cor}sists of an ANS stream (D.3). The decoder first reads six clustered distributions as described i
D.3, and|then reads coordinates as specified by the following:code:

-

num_spllines = ReadHybridVarLenUint (2) + 1;
quant gdjust = UnpackSigned (ReadHybridVarLenUint (0));
last x|= 0;
last y|= 0;
for (i|= 0; i < num splines; i++) {
x = HeadHybridVarLenUint (1) ;
y = HeadHybridVarLenUint (1) ;
if (4 !'= 0) {
UnpackSigned(x) + léast x;

b3
1l

y q4 UnpackSigned(y) H Dbast y;

(sp_¥q[i]l, sp_y[il)y~(x, ¥);

}

For each ofnum spllnes splines, the following steps are applied.The number of control points (includi
the Sta Lllls lJUllle lb Lcad adS uum (_,UIlL_LUJ. pUJ.lll.D = J. T nedun ULJ.U. d.J’.L:@IlUJ.Ill.\D} th 1cou1t
of applying double delta encoding to the control point coordinates (separately for x and y) and then
dropping the very first control point is read as interleaved values (x1, y1, x2, y2...) via UnpackSigned (
ReadHybridvVarLenUint (4)). That is, for a starting point (sp _x, sp_y), DecodeDoubleDelta (sp x, {x1,
x2...}) and,DecodeDoubleDelta(spAy, {yl, y2}}) give the x and y coordinates of the Splhle% control
points, as specified in the following code:

DecodeDoubleDelta (starting value, delta[n]) ({
[[Append starting value to the list of decoded values]];
current value = starting value;

current delta = 0;

for (i = 0; 1 < n; ++i) {
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current delta += delta[i];
current value += current delta;

[[Append current value to the list of decoded values]];

}

Then, UnpacksSigned (ReadHybridvarLenUint (5)) is used four times thirty-two times to obtain, in this
order, sequences of thirty-two integers representing the following coefficients of the spline along its arc
length:

- the quantized DCT32 coefficients of the X channel of the spline

- the quantized DCT32 coefficients of the Y channel of the spline

- the quantized and decorrelated coefficients of the B channel of the spline

— the quantized DCT32 coefficients of the o parameter of the spline (definingts thickness)

After decoding, the DCT32 coefficients of the X, Y, B and o values are divided by quant adju$t >= 0
?l 1 + quant adjust / 8 : 1 / (1 + quant adjust / 8).The coéffiCients are then multiplied by
KChannelWeight [channel], where channel is in the range [0, 4), corresponding respectively fo X, Y, B
and o, and kChannelWeight [4] iS {0.0042, 0.075, 0.07, 0.3333f.

Hefore rendering splines, the decoder adds Y x base correlation x and Y x base correlphtion b,
espectively, to the X and B channels (see C.4.4).

—

(.4.7 Noise synthesis parameters

[f the kNoise flag in frame header (C.2) is not setythis subclause is skipped for that frame.

—

he 8 LUT values representing the noise synthesis parameters at different intensity levels are decoded
equentially as specified by the following code:

W

[for (1 = 0; i < 8; i++) lut[i] =Nr10) / (1 << 10); |

(.4.8 GlobalModular

v w]

irst, the decoder reads a (i(1) to determine whether a global tree is to be decoded. If true, an[MA tree
t decoded as described inD.7.2.

—

he decoder then devodes a modular sub-bitstream (C.9), where the number of channels is equal to
frame header.ebepding == kVarDCT ? 0 : (!frame header.do YCbCr && !metadata.xyb [encoded

& metadata.gelour encoding.colour space == kGrey ? 1 : 3)) + num extra channels and the
imensionsOrrespond to width x height, except for extra channels with dim shift > 0 (as gpecified
h C.9) which have dimensions ceil (width / 2dim shift) x ceil (height / 2dim_shift),

. —

—

he channel order is:

1f = = | s — 1M .
T rame—ReaterreReoe RS MO T e

' Al '
GreenBlue}-or-¥-X5-B3-er{¥/Cb, Cr)

77

— Then the extra channels (if any), including alpha channel, in ascending order of index.
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However, the decoder only decodes the first nb_meta channels channels and any further channels that
have a width and height that are both at most kGrouppnim. At that point, it stops decoding. No inverse
transforms are applied yet.

NOTE The remaining channels are split into groups and are decoded later (see C.5.2 and C.8.2). If the image
is smaller than kGroupDim x kGroupDim, the entire image is encoded in the GlobalModular section. Otherwise,
the GlobalModular section only encodes global palettes and colour transforms, and all of the actual image data
is encoded in modular LF groups and modular groups, unless the Squeeze transform is used. If the Squeeze
transform is used (a Haar-like transform that results in a pyramid representation, see I.3) then the GlobalModular
section does contain partial image data corresponding to (very) downscaled versions of the image, though for
large im4ges, tThe bulk of the pixel data (1.€. SqUeeZe residuals) 1S stilt encoded I groups.

C.5 LiGroup

C.5.1 General

In this gubclause, width and height refers to the size of the current LF group, and all coordinates are
relative [to the top-left corner of the LF group. Table C.14 specifies LfGroup.

Table C.14 — LfGroup

conditign name type or subclause
ModularLfGroup C.5.2

frame Header. encoding == kVarDCT LF coefficients C.5.3

frame Header.encoding == kVarDCT HF metadata C.54

C.5.2 ModularLfGroup

In the partial image decoded from the GlobalModulab section, the pixels in the remaining channel datp
that corfespond to the LF group are decoded as another modular image sub-bitstream (C.9), where thie
number|of channels and their dimensions are derived as follows: for every remaining channel (i.e. nqt
already decoded) in the partially decoded.GlgbalModular image, if that channel has hshift and vshif
both at least 3, then a channel corresponding to the LF group rectangle is added, with the same nshi it
and vshjft as in the GlobalModular image, where the group dimensions and the x,y offsets are right
shifted By hshift (for x and width) and vshift (for y and height).

The decpded modular LF groupldata is then copied into the partially decoded GlobalModular image i
the corrpsponding positions.

-

NOTE Since the LF group‘dimension is (8 x kGroupDim) x (8 x kGroupDim) and hshift and vshift are >= 3,
the maximum channel dimensions are kGroupDim X kGroupDim.

C.5.3 LF coefficients

If the x{seff¥rame flag in frame header is set, this subclause is skipped and the samples frox
LFFrame[¢pame header.l1f frame] are used instead of the values that would be computed by thi
subclause and F.Z.

[Z=]

The decoder first reads extra precision as a u(2). Next, the decoder reads a Modular sub-bitstream
as described in C.9, to obtain the quantized LF coefficients 1.fouant., which consists of three channels
with ceil (height / 8) rows and ceil (width / 8) columns, where the number of rows and columns is
optionally right-shifted by one according to frame header.jpeg upsampling.

Finally the LF is dequantized as specified in F.2.

C.5.4 HF metadata

The decoder reads nb blocks = u(ceil (log2(ceil (width/8) x ceil (height/8)).
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Then, the decoder reads a Modular sub-bitstream as described in C.9, for an image with four channels:
the first two channels have with ceil (height/64) rows and ceil (width/64) columns, and are denoted
as xrromy and Brromy (these are the HF colour correlation factors); the third channel has two rows and
nb_blocks columns and is denoted as BlockInfo, and the fourth channel has ceil (height / 8) rows
and ceil (width / 8) columns and is denoted as sharpness (it contains parameters for the restoration
filter).

The pctselect and #fMul fields are derived from the first and second rows of Blockinfo. These two
fields have ceil (height / 8) rowsand ceil (width / 8) columns. They are reconstructed by iterating

verthe columnsofriockrnfotoobtain a varblock transform type + ype (the sample at the first row) and
a quantization multiplier mu1(the sample at the second row). The type corresponds to a valid yarblock
type and covers a rectangle that does not cross group boundaries; this is the pctselectsample and it
i$ stored at the coordinates of the top-left 8 x 8 rectangle of the varblock, which is positiened jas much
tpwards the top and towards the left as possible without overlapping already-positioned varblocks .
The nfmul sample is stored at the same position and gets the value 1 + mu1.
The transform types (defined in 1.2) are associated with the numerical valuesin’Table C.15.
Table C.15 — Transform type values
Transform type Numerical value Dimensions in DctSelect

DCT8x8 0 1x1

Hornuss 1 1x1

DCT2x2 2 1x1

DCT4x4 3 1x1

DCT16x16 4 2x2

DCT32x32 5 4x4

DCT16x8 6 2x1

DCT8x16 7 1x2

DCT32x8 8 4x1

DCT8x32 9 1x4

DCT32x16 10 4x2

DCT16x32 11 2x4

DCT4x%8 12 1x1

DCT8x4 13 1x1

AFVO - AEV3 14 -17 1x1

DCT 64 36 18 8x8

DCT64%32 19 8x4

BCT32x 64 20 4x8

DCT128x128 21 16x16

DCT128%64 22 16x8

DCTGAXT2S 23 oXx106

DCT256%256 24 32x32

DCT256x128 25 32x16

DCT128x%256 26 16x32

C.6 HfGlobal

C.6.1 General
The decoder reads the structures in Table C.16.
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Table C.16 — HfGlobal bundle

condition name subclause
frame header.encoding == kVarDCT Dequantization matrices C.6.2
frame_header.encoding == kVarDCT Number of HF decoding presets C.6.4

C.6.2 Dequantization matrices

The dequantlzatlon matrlces are used as multlpllers for the HF coeff1c1ents as spec1fled in E. 3 They

The parpmeters that deflne the dequantlzatlon matrlces are read from the stream as follows First,
the dec¢der reads a u(1). If this is 1, all matrices have their default encoding as specified iC.6.3

of parameters is used for the values of the pctselect field specified in Table C.17.

Table C.17 — DctSelect values for dequantization matrices
Parameters index DctSelect values Matrix size (rows x-eolumns)
0 DCT 8x8
1 Hornuss 8x8
2 DCT2x2 8x8
3 DCT4x4 8x8
4 DCT16x16 1ox16
5 DCT32x32 32x32
6 DCT16x8,DCT8x16 8x16
7 DCT32x8, DCT8x32 8x32
8 DCT16x32, DCT32x16 16x32
9 DCT4x8, DCT8x4 8x8
10 AFVO, AFV1, AFV2, AFV3 8x8
11 DCT64x64 64x64
12 DCT32x64, DCP64x32 32x64
13 DCT128x&28 128x128
14 DCTG4*428, DCT128x64 64x128
15 DETY56x256 256x256
16 DET128x256, DCT256x128 128x256
Each pafameter in this'subclause is read using F16() (9.2.6) unless otherwise specified.
For eacH matrix, th&ehcoding mode is read as a u(3) and interpreted per Table C.18.
Table C.18 — EncodingMode and valid indices
encoding mode Name Valid index
0 Library all
1 Hornuss 0,1,2,3,9,10
2 DCT2 0,1,2,3,9,10
3 DCT4 0,1,2,3,9,10
4 DCT4x8 0,1,2,3,9,10
5 AFV 0,1,2,3,9,10
6 DCT all
7 RAW all
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The encoding mode read for a given parameter index is such that the given index is specified as a valid
index for that encoding in Table C.18. After reading the encoding mode, the corresponding parameters
are read as specified by the following code:

ReadDctParams () {
num_params = u(4) + 1;
vals = [[read 3 x num params matrix in raster order]];

for (i = 0; 1 < 3; i++4) wvals (i, 0) x= 64;

return vals;

| £ (encoding mode == Library) {
params = [[default parameters from C.6.3]];
dct params = [[default parameters from C.6.3]];
dcté4x4 params = [[default parameters from C.6.3]];

[[replace encoding mode with the default mode from C.6.3]];

else if (encoding mode == Hornuss) {

params = [[read 3x3 matrix in raster order, multiply elements{by 6411];
else if (encoding mode == DCT2) ({

params = [[read 3x6 matrix in raster order, multiply eleménts by 64]];
else if (encoding mode == DCT4) {

params = [[read 3x2 matrix in raster order, multipl§ elements by 64]];
dct params = ReadDctParams();

else if (encoding mode == DCT) ({

dct params = ReadDctParams () ;

else if (encoding mode == RAW) {

params.denominator = F16();

ZeroPadToByte () ;

params = [[read a 3-channel image,.from a modular sub-bitstream (C.9) of

the same shape as the required quant matrix]];

else if (encoding mode == DCT¥4x8) {

parameters = [[read 3x1 mateix in raster order]];

dct params = ReadDctParams () ;

else if (encoding mode )== AFV) {

params = [[read 3x9\matrix in raster order]];

for (i = 0; 1 <3/ i++) for (j = 0; j < 6; j++) vals(i, j) x= 64;

dct params = ReadDctParams();

dctd4x4 params = ReadDctParams () ;

The dequantization matrices are computed for each possible value of the pctselect field as the inverse
df the Weights matrix, that only depends on the corresponding parameters as specified in Tgble C.17
qnd is computed per channel.

A weights matrix of dimensions xxy is computed as specified by GetbcTQuantweights () in the following
code, given an array of parameters params of length 1en.

Interpolate (pos, max, bands, len) {

if (len == 1) return bands[O0];
scaled pos = pos x (len - 1) / max;
scaled index = floor(scaled pos);

frac index = scaled pos - scaled index;
A = bands[scaled index];

B = bands([scaled index + 1];
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interpolated value = A x (B / A)frac index;
return interpolated value;
}
Mult (v) |
if (v > 0) return 1 + v;
return 1 / (1 - v);
}
GetDCTQuantWeights (params) {

banddt0T = paramsior
for (i = 1; 1 < len; i++) {
barlds (i) = bands(i - 1) x Mult (params[i]);
[[ Joands[i] >= 0 11;
foyq (y = 0; yv < Y; y++)
for (x = 0; x < X ; x++) {
dx = x / (X = 1);
dy =y / (Y = 1);
distance = sqrt(dx? + dy?);
weight = Interpolate(distance, sqgrt(2) + le-6, bands, numbehds);
weights (x, y) = weight;

}

For enc¢ding mode pcT, the weights matrix for channel c_issthe matrix of the correct size computefd
using GeftDctQuantieights, USing row c of dct_params aSNan input.

For encdding mode pcT4, the weights matrix for channel c are obtained by copying into position (x, v
the valup in position (x 1div 2, y 1div 2) inthe4\x 4 matrix computed by GetDctQuantWeights usi
as an input row c of dct_params; coefficients @) 1) and (1,0) are divided by params(c, 0), and t
(1,1) cdefficient is divided by params (c, 1)3%

For encqding mode DcT2, params (¢, i) @re copied in position (x, y) as follows, where rectangles ar
defined py their top right and bottom left corners, and symmetric refers to the rectangle defined by th|
same pojints but with swapped x and\y coordinates:

[

— i =¢ 0:positions (0, 1), &, 0)

— i =% 1:position (1, %)

— i =¢ 2:all positions’in the rectangle ((2,0), (4,2)), and symmetric
— i =3 3:all pesjtions in the rectangle ((2,2), (4,4))

— i =% 4axall'positions in the rectangle ((4,0), (8,4)), and symmetric
— i =—S-alpositiensinthereetangle—t44—6-6

For encoding mode Hornuss, coefficient (1, 1) is equal to params (¢, 2).Coefficients (0, 1) and (1,0) are
equal to params (¢, 1), and all other coefficients to params (¢, 0).Coefficient (0, 0) is 1.

For encoding mode pcT4xs, the weights matrix is obtained by copying into position (x, y) the value in
position (x, y 1div 2) inthe 8 x 4 matrix computed by GetbctQuantieights using as an input row c of
dct params; coefficient (0, 1) is then divided by params (c, 0).

For encoding mode arv and channel ¢, the decoder obtains weights as specified by the following code:
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fregs = {0, 0, 0.8517778890324296,
5.449245381693219,
2.662932286148962,

weights4x8 =

5.37778436506804,
1.6598270267479331, 4,
7.630657783650829,

using row c of dct params]];
weightsdx4d =

using row c of dctd4x4 params]];
lo 0.8517778890324296;

0,
7.275749096817861,
8.962388608184032,

[[4x8 matrix produced by GetDctQuantWeights

0,

[[4x4 matrix produced by GetDctQuantWeights

4.734747904497923,
10.423227632456525,
12.97166202570235};

hi 12.97166202570235;
ands (0) = params(c, 5);
[ bands[0] >= 0) 11;

(1 =1; 1 < 4; i++) {

bands[i] = bands[i - 1]
[[ bands[i] >= 0 17];

For

x Mult (params(c, i + 5));

feights 1;

feights = params(c, 0);
1)
2);
3);

4);

params (c,
feights params (c,

Yeights params (c,

(
(
feights (
(
(
(

feights params (c,
4;

< 4;

< y++)
X x++) |

if (x < 2 && y < 2) continue;

val = Interpolate(fregs[y x 4 + x] - 26w”hi - 1lo,

weight (2 x vy, 2 =

}
(y = 07

for (x = 0;
if

X X)

val;

for y < 4; yt++)
x < 8;
(x == 0 && y == 0)

x y + 1) =

x++) |
contiwye;

weights (x, 2
}

for

weightsdx8 (x, Vy);

0; yv < 4;
(x = 05
(x == 0 && y~== 0)

Cxv+ 1, 2

(y y++)
for

if

x < 4, x#+) {

continue;

*y)

weights (2
}

weightsdx4 (x, vy);

bands,

4);

Q.

ivided by params.denominator.

or encoding mode raw, the weights are equal to the element-by-element inverse of the params

matrix,

Himally, the dequantization matrices for channel c are the element-wise inverses of the weights matrix

C.6.3 Default values for each dequantization matrix

3t add ol g Io £iel o e lein ool Sra ;o o iy POIE-EN SEPg P Y
HpoatCaTOT it T IO C O e T e SUTtITg v araCsSar C IO pOSTtrv C-OT THTITTITY .

The dequantization matrix encodings defined in Table C.19 are used as the default encodings for each

kind of dequantization matrix.

Table C.19 — Default matrices for each DctSelect

DctSelect mode dct_params, params

DCT8x8 DCT

0.0, 0.0, -1.0, -2.0}}, {3

{{2560.0, 0.0, -0.4, -0.4, -0.4, -2.0}, {563.2, 0.0, -0.3, -0.3, -0.3, -0.3}, {512.0, -3.0,
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Table C.19 (continued)

DctSelect mode dct_params, params

Hornuss Hornuss {}, {{280.0, 3160.0, 3160.0}, {60.0, 864.0, 864.0}, {18.0, 200.0, 200.0}}

DCT2x2 DCT?2 {},{{3840.0,2560.0,1280.0, 640.0,480.0,300.0},{960.0, 640.0, 320.0, 180.0, 140.0,
120.0}, {640.0, 320.0, 128.0, 64.0, 32.0, 16.0}}

DCT4x4 DCT4 {{843.649426659137152, 0.0, 0.0, 0.0}, {289.6948005482115584, 0.0, 0.0, 0.0},
{137.04727932185712576, -0.25, -0.25, -0.5}}, {{1.0, 1.0}, {1.0, 1.0}, {1.0, 1.0}}

DCT16x16 DCT {{8996.8725711814115328, -1.3000777393353804, -0.49424529824571225,
-0.439093774457103443, -0.6350101832695744, -0.90177264050827612,
-1.6162099239887414}, {3191.48366296844234752, -0.6742458210419435%,
-0.80745813428471001, -0.44925837484843441, -0.35865440981033403,
-0.31322389111877305, -0.37615025315725483}, {1157.50408145487200254,
-2.0531423165804414,-1.4, -0.50687130033378396, -0.42708730624733904),
-1.4856834539296244, -4.9209142884401604}}, {}

DCT32x32 DCT {{15718.40830982518931456, -1.025, -0.98, -0.9012, -0.4,<0.48819395464,
-0.421064, -0.27}, {7305.7636810695983104, -0,8041958212306401,
-0.7633036457487539, -0.55660379990111464, -0,49785304658857626,
-0.43699592683512467, -0.40180866526242109, \~0+27321683125358037},
{3803.53173721215041536, -3.060733579805728," -2.0413270132490344,
-2.0235650159727417,-0.5495389509954993, <0674, -0.4, -0.3}}, {}

DCT16x4, DCT {{7240.7734393502,-0.7,-0.7,-0.2,-0.2,-0.2, -0:5%}, {1448.15468787004, -0.5, -0.5,

DCT8x14 -0.5,-0.2,-0.2,-0.2}, {506.854140754517,€}.4,-0.2, -0.5, -0.5, -1.5, -3.6}}, {}

DCT32x4, DCT {{16283.2494710648897, -1.7812845336559429, -1.630905901265351Y,

DCT8x37 -1.0382179034313539, -0.85,..-0.7, -0.9, -1.2360638576849587},
{5089.15750884921511936, -0.320049391452786891, -0.35362849922161444,
-0.30340000000000003, -0.61y, -0.5, -0.5, -0.6},{3397.7760327530872012§,
-0.321327362693153371, -0:34507619223117997, -0.70340000000000003, -0.9,
-1.0,-1.0,-1.1754605576265209}}, {}

DCT16x32, DCT {{13844.970764423005%3/ -0.97113799999999995, -0.658, -0.42026, -0.22712,

DCT32x16 -0.2206, -0.226, :0.6}, {4798.964084220744293, -0.61125308982767057%,
-0.83770786552491361, -0.79014862079498627, -0.2692727459704829,
-0.38272769465388551, -0.22924222653091453, -0.20719098826199578]},
{1807.236946760964614, -1.2,-1.2,-0.7,-0.7,-0.7,-0.4, -0.5}}, {}

DCT4x8,[pCT8x4 |DCT4x8 {{2198.050556016380522, -0.96269623020744692, -0.76194253026666783,
-0.6553140670773547}, {764.3655248643528689, -0.92630200888366945,
-0,9675229603596517, -0.27845290869168118}, {527.10757358754222§,
-134594385811273854, -1.450082094097871593, -1.5843722511996204}},
{1.0, 1.0, 1.0}

AFVO0, AFV1, AFV2, |AFV {{3072, 3072, 256, 256, 256, 414, 0.0, 0.0, 0.0}, {1024, 1024, 50.0, 50.0,

AFV3 50.0, 58, 0.0, 0.0, 0.0}, {384, 384, 12.0, 12.0, 12.0, 22, -0.25, -0.25, -0.25}}},
{{2198.050556016380522, -0.96269623020744692, -0.76194253026666783,
-0.6551140670773547}, {764.3655248643528689, -0.92630200888366945,
-0.9675229603596517, -0.27845290869168118}, {527.10757358754222§,
-1.4594385811273854, -1.450082094097871593, -1.5843722511996204}}

DCT64xq44 DCT {{23966.1665298448605, SeqA}, {8380.19148390090414, SeqB},
{4493 02372009847706_ SeqCy {}

DCT32x64, DCT {{15358.89804933239925, SeqA}, {5597.360516150652990, SeqB},

DCT64x32 {2919.961618960011210, SeqC}}, {}

DCT128x128 DCT {{47932.3330596897210, SeqA}, {16760.38296780180828, SeqB},
{8986.04756019695412, SeqC}}, {}

DCT64x128, DCT {{30717.796098664792, SeqA}, {11194.72103230130598, SeqB},

DCT128x64 {5839.92323792002242, SeqC}}, {}

DCT256%256 DCT {{95864.6661193794420, SeqA}, {33520.76593560361656, SeqB},
{17972.09512039390824, SeqC}}, {}

DCT128x256, DCT {{61435.5921973295970, SeqA}, {24209.44206460261196, SeqB},

DCT256x128 {12979.84647584004484, SeqC}}, {}
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In the above table, the following abbreviations denote a sequence of numbers: SeqA is the sequence
-1.025, -0.78,-0.65012, -0.19041574084286472, -0.20819395464, -0.421064,
-0.32733845535848671; SeqB is the sequence -0.3041958212306401, 0.3633036457487539,
-0.35660379990111464, -0.3443074455424403, -0.33699592683512467, -0.30180866526242109,
-0.27321683125358037, and SeqC is the sequence -1.2, -1.2,-0.8, -0.7, -0.7, -0.4, -0.5.

If mode != AFV, dct4x4 params is empty, otherwise it is {{843.649426659137152, 0.0, 0.0, 0.0},
{289.6948005482115584, 0.0, 0.0, 0.0}, {137.04727932185712576, -0.25, -0.25, -0.5}}.

6.4 Number of HE decoding prncpfc

—

he decoder reads num hf presets minus_1asu(ceil (log2 (num_groups))). The (per-pass)nymber of
pefficient orders and histograms num hf presetsisequalto num hf presets minus 1f 471

Q

=z

OTE The number of bits used to represent this number is not a constant because the Set of histogfams and
orders to be used is decided on a per-group basis.

(.7 HfPass

(.7.1 HF coefficient order

—

he data described here is read num hf presets times (as decoded in C.6.4), once for each pgreset in

ascending order. The decoder proceeds as specified by the code below, where natural coeff |order is
the natural coefficient order defined by dcts, as specifiedimL2.5.

sed orders = U32(Val (0x5F), Val(0x13), Val(0)¢(\Bits(13)); // 13-bit mask

f (used orders != 0)

[[read 8 clustered distributions D according to subclause D.3]];
for (b = 0; b < 13; b++)
if ((used orders & (1 << b)) != 0) +

nat ord perm = DecodePermutatiénA);

for [[each 1i]]

order[i] = natural coeffjorder[nat ord perm[i]];

} else {

for [[each 1i]]

order[i] = natural coeff order[i];

}

fecodePermutatibm() is defined as follows. Let dcts be any pctselect value with an order thiat is the
durrently deceded one, as defined in L.2.5. The decoder reads a permutation nat_ord perm fron a single
sfream (contdining permutations for all orders) as specified in C.3.2, where size is the number of
doefficients)covered by dcts and skip = size / 64.

0o

.7:2. " HF coefficient histograms

Let nb block ctx be equal to max (block ctx map)+1. The decoder reads a histogram with 495 x num
hf presets X nb_block ctx clustered distributions D from the codestream as specified in D.3.

C.8 PassGroup

C.8.1 General

In all subclauses of C.8, width and height refers to the size of the current group (at most kxGroupDim %
xGroupDim), and all coordinates are relative to the top-left corner of the group.
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Table C.21 — PassGroup bundle

condition name subclause
frame header.encoding == kVarDCT HF coefficients C.8.3
Modular group data C.8.2

C.8.2 Modular group data

In the partlal 1mage decoded from the GlobalModular and ModularLfGroup sectlons the plxels in the

minshiffp =

The number of channels and their dimensions are derived as follows: for every remaining channel i
the part
kGroupDfim X kGroupDim, and hshift < 3 or vshift < 3, and the channel has not-beén already decode
in a preyious pass), if that channel has hshift and vshift such that minshift \x*>min (hshift,vshift]
< maxshift, then a channel corresponding to the group rectangle is added,'with the same hshift an
vshift ds in the GlobalModular image, where the group dimensions and the,y offsets are right-shifte
by hshi
copied i

When a
decoded

C.8.3

The decpder read hfp = u(ceil (1log2 (num hf preséts))
used for|this group as well as the offset in the histogram, which is given by offset =495 x nb _block ct
x hfp. These are chosen from the num hf presets’possibilities of the current pass.

CDS\_JI

hat the pass index isequal to 1ast _pass(n], then minshift =
maxshift (i.e. this pass contains no modular data).

logZ(downsample[n]),OtheFMHS

ally decoded GlobalModular image (i.e. it is not a meta-channel, the channel dimensions excee

b - s

Ft (for x and width) and vshift (for y and height). The decoded modular group data is the
nto the partially decoded GlobalModular image in the corresponding positions.

1 modular groups are decoded, the inverse transforms'are applied to the at that point fully
GlobalModular image, as specified in C.9.4.

HF coefficients

)y, which indicates the coefficient order to b

X D

To compyute context, the decoder uses the.procedures and constants in the following code, where c is
the current channel (with 0=X, 1=Y, 2=B};= is the Order ID (see Table 1.1) of the pctselect value and off
is the affmu1 value for the current varblock, and qdc[3] are the quantized LF values of (the top-left 8x8
block wijthin) the current varblo¢k)(taking into account chroma subsampling if needed). The lists gf
thresholds gf thresholds andl# thresholds[3],andblock ctx map are as decoded in LfGlobal (C.4.1
and C.8.4).
BlockCdntext () {

idx 4 (¢ < 2 2 d)2¥1 : 2) x 13 + s;

idx A= (gf thxgSholds.size() + 1);

for (t : gfi—tHresholds) if (gf > t) idx++;

for (i %0/ 1 < 3; i++) idx x= (1f thresholds[i].size() + 1);

1f igx~5 0;

for (t : 1f thresholds[0]) if (gdc[0] > t) 1f idx++;

1f idx x= (1f thresholds[2].size() + 1);

for (t : 1f thresholds[2]) if (gdc[2] > t) 1f idx++;

1f idx x= (1f thresholds[0].size() + 1);

for (t : 1f thresholds[1]) if (qdc[1l] > t) 1f idx++;

return block ctx map[idx + 1f idx];
}
NonZerosContext (predicted) {

if (predicted > 64) predicted = 64;

if (predicted < 8) return BlockContext() + nb block ctx x predicted;
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return BlockContext () + nb block ctx x (4 + predicted Idiv 2);
}
CoeffFregContext[64] = {
o, o0, 11, 2, 3, 4, 5 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 15, 1e, 16, 17, 17, 18, 18, 19, 19, 20, 20, 21, 21, 22, 22,
23, 23, 23, 23, 24, 24, 24, 24, 25, 25, 25, 25, 26, 26, 26, 26,
27, 27, 27, 27, 28, 28, 28, 28, 29, 29, 29, 29, 30, 30, 30, 30};
CoeffNumNonzeroContext [64] = {

07 07 3T %2, 92, 93, I3, I3, I3 ST IZ37 IZ37IZ3T
152, 152, 152, 152, 152, 152, 152, 152, 180, 180, 180, 180, 180,
180, 180, 180, 180, 180, 180, 180, 206, 206, 206, 206, 206, 206,
206, 206, 206, 206, 206, 206, 206, 206, 206, 206, 206, 206, 206,
206, 206, 206, 206, 206, 206, 206, 206, 206, 206, 206, 206};
foefficientContext (k, non zeros, num blocks, size, prev) ({

non zeros = (non_ zeros + num blocks - 1) Idiv num blocks;

k = k Idiv num blocks;

return (CoeffNumNonzeroContext[non zeros] + CoeffFreqgContext[K}) x 2 +

prev + BlockContext () x 458 + 37 x nb block ctx;

vl

or each block of the group, PredictedNonzeros (x, y) corresponds to the following function
onzeros is defined below:

=

+ ifx ==y == 0, 32.

+ ifx == 0 && y != 0,NonZeros(x, y - 1).
+ ifx 1= 0 ss y == 0,NonZeros(x - 1, .y
+ ifx '= 0 s& y !'= 0, (NonZeros (x, .¥31) + NonZeros(x-1, y) + 1) >> 1.

fter selecting the histogram and cgefficient order, the decoder reads symbols from an entroq
tream, as specified in D.3.6. THe Jdecoder proceeds by decoding varblocks in raster order;
arblock it reads channels Y, X, .then B; if a channel is subsampled, its varblocks are skippe
he varblock corresponds-~to*the top-left corner of a non-subsampled varblock. For the ¢
f this ordering, each varblock corresponds to its top-left block. For each varblock of size
n the image, covering~num blocks = x x Y / 64 blocks, the decoder reads an integer nd
sing D[NonZerosCdntext (PredictedNonZeros (x, y)) + offset]. The decoder then comp
onzeros (x, y) field for each block in the current varblock as follows. Let i be the difference bg
and the x coordinate of the top-left block of the current varblock, and 5 the difference between
coordinate.Thenlet cur = § x X + i.NonZeros (x, y) isthen (non_zeros + num blocks -
rum_bloc¥s)Finally, for k in the range [num blocks, size), the decoder reads an integer ucoeff
COdestrearn,usingID[CoefficientContext(k, non zeros, num blocks, size, prev) + offset
dreviisicomputed as specified in the following code:

Z o = o o < n o

<

1, where

y-coded
for each
d unless
urposes
X x Y
n_zeros
utes the
tween x
v and its
1) Idiv
‘rom the
1, where

1f (k == num blocks) {
if (non_zeros > size / 16) prev = 1;
else prev = 0;
} else {
if ([[decoded coefficient at position (k - 1) is 0]]) prev = 0;
else prev = 1;

}

The decoder then sets the quantized HF coefficient in the position corresponding to index
coefficient order for the current bctselect value to UnpackSigned(ucoef£). If ucoetf '= 0, the

k in the
decoder

decreases non_zeros by 1.If non zeros reaches o, the decoder stops decoding further coefficients for

the current block.
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If this is not the first pass, the decoder adds decoded HF coefficients to previously-decoded ones.

C.8.4 HF Block Context decoding

The decoder reads a description of the block context model for HF as specified by the following code:

if (u(l)) block ctx map = { 0, 1, 2, 2, 3, 3, 4, 5, 6, 6, 6, 6, 6,
7, 8 9, 9, 10, 11, 12, 13, 14, 14, 14, 14, 14,
8, 9, 9, 10, 11, 12, 13, 14, 14, 14, 14, 14};

else {
for (1 = 0; 1 < 3; i++) {
nb |1f thr[i] = u(4);
fog (3 = 0; 3 < nb 1f thr[i]; j++)
Jf thresholds[i].push back (UnpackSigned(U32 (Bits(4), BitsOffset (8,
16), BitsOffset(l6, 272), BitsOffset (32, 65808))));

nb gff thr = u(4);

for (i = 0; 1 < nb gf thr; i++)

If thresholds[i].push back (UnpackSigned (U32(Bits(4), BitsOfffset (8,
16), BitsOffset(l6, 272), BitsOffset (32, %5808))));

nb gff thr = u(4);
for (i = 0; i < nb gf thr; i++)

gf |[thresholds.push back(U32 (Bits(2), BitsOffset (8304),
BitsOffset (5, 12), Bitsoffset (8, 44)));
bsizq = 27 x nb_gf thr x nb 1f thr[0] x nb 1f thr[1l] x nb 1f thr(2];
blocH ctx map = [[ Read a clustering map as@gin D.3.5; num distributions

= bsize <= 1344 and the resulting num clusters <= 16 ]];

C.9 Modular image sub-bitstream

C.9.1 General

This sufjclause describes the(modular image sub-bitstream, which encodes all the pixel data of a framle
if frame [header.encoding =2 kModular. It is also used to encode additional channels (alpha, depth an
extra chpnnels) and auxiliary images in the other frame encoding.

[om

The modlular image-sub-bitstream encodes an image consisting of an arbitrary number N of channel$.
The dimensionsare implicit (i.e. they are signalled or computed elsewhere). In the trivial case wher
N is zerp, the_decoder takes no action. The channels are described as an ordered list: channel[0]],
channell[1¥N .. , channel[N - 1].

D

Each channel has a width and heignt (channel[i].width, channel[i].height), Initially, before
transformations are taken into account, all channel dimensions are identical (with the exception of
dimension-shifted extra channels, if present, and the HF Metadata encoding as described in C.5.4).
Transformations can be applied to the image, which can result in changes to the number of channels
and their dimensions. The sub-bitstream starts with an encoding of the series of transformations that
was applied, so the decoder can anticipate the corresponding changes in the number of channels and
their dimensions (so this information does not need to be explicitly signalled) and can afterwards apply
the appropriate inverse transformations.

Channels also have a power-of-two horizontal and vertical subsampling factor, denoted by channe1[i].
hshift and channel[i].vshift, which are initially set to zero (except for the extra channels, if present,
where both are initialized to the corresponding channel shift value), but which can be modified
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by the transformations. If the channel dimensions correspond to a subsampling of the original
image dimensions, this is denoted with positive values for nshift and vshift, where the horizontal
subsampling factor is 2rshift and the vertical subsampling factor is 2vshite, [f the dimensions are not
related to the original dimensions, the hshift and vshift values are set to -1.

C

hannel[i] (x, y) denotes the value of the sample in column x and row y of channel 1.

The first no meta channels channels are used to store information related to transformations that
require extra information (for example a colour palette). Initially, nb meta channels is set to zero, but
transformations can increment this value.

(
T

.9.2 Image decoding
he decoder reads the fields specified in Table C.22.

Table C.22 — ModularHeader bundle

¢ondition |type name
Bool() useglobal tree
WPHeader wp Jparams
U32(Val(0), Val(1), BitsOffset(4, 2), BitsOffset(8, 18)) nb_transforms
TransformInfo transform[nb transforms

QL —

s o = Q)

==

he list of channels is initialized according to C.9.1. Theirvdimensions and subsampling fag
erived from the series of transforms and their parameters (C.9.4).

irst,ifuse global treeisfalse,the decoder reads @MA tree and corresponding clustered distr
s described in D.4.2; otherwise the global MA tree'and its clustered distributions are used as
Fom the GlobalModular section (C.4.8). The décoder then starts an ANS stream (D.3) and dec
ata for each channel (in ascending order ofiindex) as specified in C.9.3, skipping any channel
idth or height zero. Finally, the inverse transformations are applied (from last to first) as des¢
9.4.

tors are

ibutions
decoded
bdes the
5 having
ribed in
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able C.23 specifies WPHeader and,Table C.26 specifies TransformInfo, using Transformld as defined in
able C.24 and SqueezeParams as defined in Table C.25.
Table C.23 — WPHeader bundle
condition type default name
u(l) true default wp

!default wp u(5) 16 wp pl

!default wp u(5) 10 wp_ p2

!default wp u(5) 7 wp_ p3a

!default wp u(5) 7 wp_p3b

'default wp u(5) 7 wp p3cC

!default wp u(5) 0 wp p3d

!default wp u(5) 0 wp p3e

!default wp u(4) 13 wp_ w0

!default wp u(4) 12 wp wl

!default wp u(4) 12 wp_ w2

!default wp u(4) 12 wp w3
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Table C.24 — Transformld

name value description
kRCT 0 Reversible Colour Transform
kPalette 1 Palette
kSqueeze 2 Haar-like transform
Table C.25 — SqueezeParams bundle
conditign |type name
Bool() horizontal
Bool() in place
U32(Bits(3), BitsOffset(6,8), BitsOffset(10, 72), BitsOffset(13, 1096)) begin ¢
U32(Val(1), Val(2), Val(3), BitsOffset(4, 4)) num_c
Table C.26 — TransformInfo bundle
conditign type name
Enum(Transformld) tr
tr != kSqueeze U32(Bits(3), BitsOffset(6,8), BitsOffset(10, 72), BitsOffset('3, 1096)) begin c
tr ==kHCT U32(Val(6), Bits(2), BitsOffset(4, 2), BitsOffset(6, 10)) rct_type
tr ==kHalette U32(Val(1), Val(3), Val(4), BitsOffset(13, 1)) num_c

tr ==kHalette

U32(BitsOffset(8, 1), BitsOffset(10, 257), BitsQffset(12, 1281), BitsOffset(16,

nb colours

5377))
tr ==kHalette U32(Val(0), BitsOffset(8, 1), BitsOffset(10,,257), BitsOffset(16, 1281)) nb_deltas
tr ==kHalette u(4) d pred
tr == kdqueeze U32(Val(0), BitsOffset(4, 1), BitsOffset(6, 9), BitsOffset(8, 41)) num_sq

tr == kqqueeze

SqueezeParams

sp [num_sq]

C.9.3 (Channel decoding

The actpal channel data is decoded as follows. The following code specifies prediction (x,
predictpr) for a sample at coordinates x, v

left =|(x > 0 ? channelfi}(x - 1, vy) (y > 0 ? channel[i](x, v - 1) :0);
top = (y > 0 ? channelfit] (x, v - 1) : left);

toplefy = (x > 0 &&\¢ > 0 ? channel[i]l(x - 1, v - 1) : left);

topright = (x + T w && vy > 0 ? channel[i]l(x + 1, yv - 1) : top);
toprigHt2 = (/2 < w && y > 0 ? channel[i](x + 2, yv - 1) : topright);
leftleflt =, (&> 1 ? channel[i] (x - 2, y) : left);

grad = |top, %+ left - topleft;

if (predicTtor == 0) TECUrIr O,

if (predictor == 1) return left;

if (predictor == 2) return top;

if (predictor == 3) return (left + top) Idiv 2;

if (predictor == 4) return (abs(grad-left) < abs(grad-top) ? left : top);
if (predictor == 5) return median(grad, left, top);

if (predictor == 6) return ([[ 'prediction' of Annex E ]] + 3) >> 3;

if (predictor == 7) return topright;

if (predictor == 8) return topleft;

if (predictor == 9) return leftleft;

if (predictor == 10) return (left + topleft) Idiv 2;
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if (predictor == 11) return (topleft + top) Idiv 2;
if (predictor == 12) return (top + topright) Idiv 2;
if (predictor == 13) return (6 x top - 2 x toptop + 7 x left + leftleft +

topright2 + 3 x topright + 8) Idiv 16;

The decoder uses the MA tree and clustered distributions D as described in C.9.2.

The channel data is then reconstructed as specified by the following code:

= L 0 L. 1ol L. 3 NS SRS
+ » 7 TorRe T T e TSy vi

for (x = 0; x < channel[i].width; =x++) {

[[properties are defined in D.4.1]11];

leaf node = MA (properties);

[[diff = (read integer using D[leaf node.ctx] according to D.3.6,
with dist multiplier set to the largest channel width amongst alh
channels that are to be decoded, excluding the meta-channels) N

diff = UnpackSigned(diff) x leaf node.multiplier + leaf node.ofifset;

channel[i] (x, y) = diff + prediction(x, y, leaf node.predig¢f{er);

(.9.4 Transformations

=

able C.27 specifies the transformations.

Table C.27 — Transforms

Name nb_meta_channels Channels/dinienhsions impact Subklause
KRCT no change no change L4
kPalette +1 channelsbegin ¢ + luntilbegin ¢ + num ¢ - 1 are|L.5

remgdved; one meta-channel is inserted in the beginning of
the.channel list

kSqueeze no change depends on parameters, see .3 L3
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D.1 G
This An

their subclauses indicate how these are used for various elements of the codestream.

D.2 H

D.2.1

A Huffmpan histogram stream stores metadata required for decoding @+ Huffman symbol streamnj.

See IET

definitigns. The alphabet size mentioned in the RFC is explicitly spegified as parameter alphabet sizfe
when the histogram is being decoded.

D.2.2

A Huffnjan symbol stream stores a sequence of unsigned“integers (symbols). To read a symbol, the
decoder|reads a series of bits via u(1), until the bits concatenated in left-to-right order exactly match

one of t

Coding in the Brotli Format") for a detailed description of how to build the prefix codes from Huffmap
histogrgm.

D3 A

D.3.1

This suljclause describes a symbol-based stream that is decoded to a sequence of up to 8-bit symbols,

each of which is taken to belong to a specific probability distribution p. p is represented as an array qf

values itl [0, 1 << 12]fene per symbol, that sum to 1 << 12.Indexing o with an out-of-bounds valuge
i

results

To decode the decoding information of sequence of integers encoded with num_dist clustered probability

distribu

Annex D
(normative)

Entropy decoding

bneral

hex specifies an entropy decoder, as well as a meta-adaptive context model. Other Annexes and

jstogram code

Huffman histogram stream

F RFC 7932:2016 section 3.5 ("Complex Prefix Codes") for format encoding description anfd

Huffman symbol stream

e prefix codes associated with the symbol. §ee IETF RFC 7932:2016 section 3.2 ("Use of Prefiix

NS

eneral

a o value.

Fions, the decoder first reads the LZ77 settings 1277 as specified in Table D.1.

Table D.1 — LZ77Params bundle

condition |[type default name
Bool() false enabled
enabled U32(Val (224), Val(512), Val(4096), BitsOffset(15, 8)) 224 min_symbol
enabled U32(Val (3), Val(4), BitsOffset(2, 5), BitsOffset(8, 9)) 3 min_length
If 1277.enabled, the decoder then reads the Hybriduintconfig for the LZ77 length symbols (1z_1en

conf) as specified in D.3.7, with 10g alphabet size equal to 8. The decoder then reads the clustering
of the num dist distributions (if 1z77.enabled, num dist + 1) as specified in D.3.5, unless only one

distribu

tion is to be decoded, in which case D.3.5 is skipped. The decoder then reads use prefix code

asau(l).Ifuse prefix code is1,thedecodersetslog alphabet sizeto5+u(2); otherwise,itsetslog

alphabe

58

t_size to 15. The decoder then reads the Hybriduintconfig for each clustered distribution, in
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increasing order of index, as specified in D.3.7. If use _prefix code is 0, the decoder reads the clustered
distributions as specified in D.3.4. Otherwise, the decoder reads the symbol count for each clustered
distribution as follows: if u(1) is 0, the count is 1, otherwise n = u(4) is read, and the count is equal to 1
+ (1 << n) + u(n). The symbol count is at most 1<<15 for any distribution. The decoder then proceeds to
read the clustered distribution’s histograms as specified in D.2.1.

The decoder reads integers from the entropy coded stream as specified in D.3.6. If use prefix code
is 1, symbols from an entropy coded stream with this set of distributions are read according to D.2.2.
Otherwise, they are read according to D.3.3.

D.3.2 Alias mapping

Hor a given probability distribution b of symbols in the range [0, 1 << log alphabet fslize), fables of
ymbols, offsets and cutoffs are initialized according to the code below.

(%)

og_bucket size = 12 - log alphabet size;

]|

)

ucket size

hax symbol =

able size =

else under

for (i = max

cutoffs[i]

thile (overf

= 1 << log_bucket size;

£ ([[amount of symbols with nonzero probability in D]] == 1)\
s = [[index of the symbol with nonzero probability]];
for (1 = 0; 1 < (1 << 12); 1i++) {
symbols[i] = s;
offsets[i] = bucket size x i;
cutoffs[i] = 0;
}
return;

[ [highest-index symbol in'D with nonzero probability]];
1 << log alphabet sizey

for (1 = 0; 1 < max symbol; X#) {
cutoffs[i] = D[i];
if (cutoffs[i] > bucKefi'size) overfull[i] = i;

full[i] =\d5

_symPel; 1 < table size; i++)

= )0; underfull[i] = 1i;

ull.size() > 0) {

o =~overfull.back();
= tnderfull.back();
£ 1.1 =N el <l £ 1.1 =N el
TP oS T RS S T e T PP oo ST
by = bucket size - cutoffs[u];
cutoffs[u] -= by;
symbols[i] = o;

offsets[1]

= cutoffs[o];

if

(cutoffs|o]

< bucket size)

underfull.push back (o) ;

else overfull.push back(o);
}
for (1 = 0; 1 < table size; i++) {
if (cutoffs[i] == bucket size) {

symbols[i] = 1i;
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offsets[i] = 0; cutoffs[i] = 0;

} else offsets[i] -= cutoffs[i];

}

The alias mapping of x under D and its corresponding initialized symbols, offsets and cutoffs is the
output of the procedure a1iasMapping (x) specified in the code below, that produces a symbol in [0, 128)
and an offsetin [0, 1 << 12).

AliasMapping (x) {

i = 4
pos S
if ({
else
offsqg

retun

TOg _DUcCKet size;
x & (bucket size - 1);
os >= cutoffs[i]) symbol = symbols[i];
symbol = 1i;
t = offsets[i] + pos;
n (symbol, offset);

D.3.3 |

The AN
reading
After th

The dec

ANS symbol decoding

b decoder keeps an internal 32-bit state. Upon creation of the décoder (immediately beforje
the first symbol from a new ANS stream), state is initialized with.a u(32) from the codestreanp.
e decoder reads the last symbol in a given stream, state is 0£230000.

bder decodes a symbol belonging to a given distribution das specified by the code below:

index 3
(symbo]]
state 4
if (stg

state & OxFFF;
, offset) = AliasMapping (D, index);
D[symbol] x (state >> 12) + offset;
te < (1 << 16)) state = (state << 16)~fFu(l6);

D.3.4 |

To deco

representing symbol probabilities and summing to 1 << 12, the decoder follows the code:

ANS distribution decoding

[72)

de a distribution b, which is a((i* << 1log alphabet size)-element array having element

table dize = 1 << log alphabet_size;
[[ inifialize D as array with table size entries with value 0 ]]
if (u(l) == 1) {
ns =lu(l) + 1;
if (rs == 1) {
x 74 U8();
D[¥] = 1 .2XxV12;
} elde {
vl [=C88(); v2 = U8();
[[ v T=wv2 ]]
D[vl] = u(l2);
D[v2] = (1 << 1) - D[vl];
}
return;
}
if (u(l) == 1) {
alphabet size = U8() + 1;
i=0;
for (; 1 < ((1 << 12) Umod alphabet size); i++)
D[i] = floor((l1 << 12) / alphabet size);
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for (; i < alphabet size; i++)
D[i] = floor((l1 << 12) / alphabet size);
return;
}
len = 0;
while (len < 3) {
if (u(l)) lent+;

else break;

hift = u(len) + (1 << len) - 1;

[ shift <= (1 << 12) + 1 1]

lphabet size = U8() + 3;

kLogCountLut[128][2] = // this is for prefix decoding
{3, 10}y, {7, 12%, {3, 7}, {4, 3}, {3, 6}, {3, 8}, {3, 9}, {4, 5},
{3, 10}, {4, 43y, {3, 7}, {4, 1}, {3, 6}, {3, 8}, {3, 9}, {4, 2},
{3, 10}, {5, 0}, {3, 7}, {4, 3}, {3, 6}, {3, 8}, {3, 9}, {4,594,
{3, 10}, {4, 43y, {3, 7}, {4, 1}, {3, 6}, {3, 8}, {3, 9}, {4y\\Z},
{3, 10}, {6, 11}, {3, 7}, {4, 3}, {3, 6}, {3, 8}, {3, 9}r.t4, 5},
{3, 10}, {4, 43y, {3, 7}, {4, 1}, {3, 6}, {3, 8}, {3, 2, {4, 2},
{3, 10}, {5, 0}, {3, 7}, {4, 3}, {3, 6}, {3, 8}, {3, 9}, {4, 5},
{3, 10}, {4, 4}, {3, 7}, {4, 1}, {3, 6}, {3, 8},4{8, 9}, {4, 2},
{3, 10}, {7, 13}, {3, 7}, {4, 3}, {3, 6}, {3, 8}~ {3, 9}, {4, 5},
{3, 10}, {4, 43y, {3, 7}, {4, 1}, {3, 6}, {348}, {3, 9}, {4, 2},
{3, 10}, {5, 0}y, {3, 7}, {4, 3}, {3, 6}, 3, 8}, {3, 9}, {4, 5},
{3, 10}, {4, 43y, {3, 7}, {4, 1}, {3, 6} {3, 8}, {3, 9}, {4, 2},
{3, 10}, {6, 11}, {3, 7}, {4, 3}, {3,,8, {3, 8}, {3, 9}, {4, 5},
{3, 10}, {4, 43y, {3, 7}, {4, 1}, &6}, {3, 8}, {3, 9}, {4, 2},
{3, 10}, {5, 0}, {3, 7}, {4, 3yx3, 6}, {3, 8}, {3, 9}, {4, 5},
{3, 10}, {4, 4}, {3, 7}, (4. 4%, (3, 6}, {3, 8}, {3, 9}, {4, 2} };

mit log = -1; omit pos =+4l7

[ initialize same as afxay with alphabet size entries with value 0 1]
for (1 = 0; 1 < alphabet size; i++) |

h = u(7);

[[ bitstream ,A8 1ot advanced by 7 when reading these 7 bits ]1];

[[ advance O)tstream by kLogCountLut[h] [0] bits ]1;

logcounts 4] = kLogCountLut[h] [1];

if (logcounts([i] == 13) {
rdé.= U8(); same[i] = rle + 5; 1 += rle + 3; continue;
X
M (logcounts[i] omit log) { omit Jlog = logcounts[i]: omit pos = j;: }

}
[[ omit pos >= 0 ]]
[[ omit pos + 1 >= alphabet size) || (logcounts[omit pos + 1] != 13) 1]
prev = 0; numsame = 0;
for (i1 = 0; 1 < alphabet)size; i++) {
if (same[i] != 0) {
numsame = samel[i] - 1;
prev =i > 0 ? D[1i - 1] : O;
}

if (numsame > 0) {

© ISO/IEC 2022 - All rights reserved 61


https://standardsiso.com/api/?name=50f7aa612a2b5571bb34a59013ee9316

ISO/IEC 18181-1:2022(E)

D[i] = prev; numsame--;
} else {
code = logcounts[i];
if (i == omit pos || code == 0) continue;
else if (code == 1) D[i] = 1;
else {
bitcount = min(max (0, shift - ((12 - code + 1) >> 1)), code - 1);
D[i] = (1 << (code - 1)) + (u(bitcount) << (code - 1 - bitcount));
}
}
total count += D[1i];
}
D[omit |pos] = (1 << 12) - total count;
[[ Dlonjit pos] >= 0 ]]
D.3.5 Distribution clustering
In most|cases, the probability distributions that symbols belong to can be“clustered together. This
subclauge specifies how this clustering is read by the decoder. When reférping to a distribution to be

used for
corresp

Let num |
an array
num clu
into the

After de
distribu

The dec
au(2) rd
reads a

Otherwi
decoder
decoder]

nding cluster.

distributions be the number of non-clustered distribdtions. The output of this procedure i
with num distributions entries, with values in the range [0, num clusters). All integersin [0
sters) are present in this array. Position i in this array indicates that distribution i is merge
corresponding cluster.

coding the clustering map, the decoder decodes the num clusters histograms, one for eac
fion, appearing in the bitstream in increasing index order, as specified in D.3.4.

pder firstreadsau(l) is_simple indicating a simple clustering. If is_simpleis 1, it then decode
presenting the number of bits per.efitry nbits. For each non-clustered distribution, the decode
L (nbits) value that indicates thé cluster that the given distribution belongs to.

se, if is simple is 0, the decoder reads a u(1) use mtf. The decoder then initializes a symbc

reads an integer as specified in D.3.6. Finally, if use_mtf, the decoder applies an inverse move

ANS decoding, unless otherwise specified, the distribution to be.used is the distribution of thie

using a single distribution/o , as specified in D.3.1. For each non-clustered distribution i, thie

v

™ ~

- »n

1

to-frontftransform to the cluster mapping (see code below).
MTF (v[456], index) (
valugq = v[index N
for (i = indéxy’ i; --1i) vI[i] = v[i - 1];
v[0] |= valu&sy
}
InversqMoveToFrontTransform(clusters[num distributions]) {
for (i = 0; 1 < 256; ++1i) mtf[i] = 1i;
for (i = 0; i < num distributions; ++i) {
index = clusters[i]; clusters[i] = mtf[index];
if (index !'= 0) MTF(mtf, index);

}

D.3.6 Hybrid integer coding

An unsigned integer is read from an entropy coded stream given a clustered context identifier ctx as
specified by becodetybridvarLenUint in the following code. configs[ctx] isthe HybriduintConfig read
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for the given clustered distribution ctx, as specified in D.3.1 and D.3.7. num_to_copy is initialized to 0
when the first symbol is decoded from the stream. dist multiplier is 0 unless otherwise specified
when referencing this subclause.

ReadUint (config, token) {
if (token < config.split) return token;
n = config.split exponent + ((token - config.split) >>

(config.msb in token + config.lsb in token));

Isb = token & ((1 << config.lsb in token) - 1);

token = token >> config.lsb in token;

token &= (1 << config.msb in token) - 1;

token |= (1 << config.msb in token);

return (((token << n) | u(n)) << config.lsb in token ) | 1lsb;

rSpecialDistances[120][2] = {

{o, 1}, {1, 0}, {1, 1}, 1y, {0, 2}, (2, O}, {1, 2}, (-1, 2},

{-1
{2, 1}, {-2, 1}, {2, 2}, {-2, 2}, {0, 3}, {3, 0}, {1, 3}, {-18/31},
{3, 1y, (=3, 1}, {2, 3}, {=2, 3}, {3, 2}, {=3, 2}, {0, 4},(t4, O},
{1, 4}, (-1, 4}, {4, 1}, {-4, 1}, {3, 3}, (=3, 3}, {2, 4y {-2, 4},
{4, 2}, {-4, 2}, {0, 5}, {3, 4}, (-3, 4}, {4, 3}, {=%4\3}, {5, O},
{1, 5}, {-1, 5}, {5, 1}, {=5, 1}, {2, 5}, {-2, 5}, 45, 2}, {-5, 2},
{4, 4}, {-4, 4}, {3, 5}, {=3, 5}, {5, 3}, {-5, 3H~ 0, 6}, {6, 0},
{1, 6}, {-1, 6}, {6, 1}, {-6, 1}, {2, 6}, {-2,6}, {6, 2}, {-6, 2},
{4, 5}, {-4, 5}, {5, 4}, {-5, 4}, {3, 6}, {-3,76}, {6, 3}, {-6, 3},
{o, 73y, {7, 0y, AL, 7}, {=1, 7}, {5, Stpo{<5, S5}, {7, 1}, (=7, 1},
{4, o}, {-4, 6}, {6, 4}, {-6, 4}, {2, 1, (-2, 7}, {7, 2}, {-7, 2},
{3, 7y, =3, 7}, {7, 3}, {-7, 3}, {5.<6}, {-5, 6}, {6, 5}, {-6, 5},
{8, 0}, {4, 7}, (-4, 7}, {7, 4}, -7, 4}, (8, 1}, {8, 2}, {6, 6},

{_61 6}1 {81 3}1 {51 7}1 {_5/ 7}/ {71 5}1 {_71 5}1 {81 4}1 {61 7}1
{_6/ 7}/ {7/ 6}/ {_71 6}1 {81 5}1 {71 7}1 {_71 7}1 {81 6}/ {8/ 7}};

becodeHybridVarLenUint (cgx\™ {
if (num _to copy > 0)-\
r = window[ (copw pos++) & OxFFFFF]; num to copy--;
} else {
token = [[ (Read symbol from entropy coded stream using D[ctx] 11];
if (tokgn™\>= 1z77.min symbol) {
num_‘To' copy = ReadUint (1z len conf, token - 1z77.min symbol)
+ 1z 1z77.min length ;
token = [[ Read symbol using D[num dists] ]1];

distance = ReadUint (configs[lz ctx], token);

1T (dist multiplier == U) distancett;
else 1f (distance < 120) {
distance = kSpecialDistances[distance] [0];
distance += dist multiplier x kSpecialDistances[distance][1];
} else distance -= 119;
distance = min(distance, num decoded, 1 << 20);
copy pos = num decoded - distance;

return DecodeHybridVarLenUint (ctx) ;

}
r = ReadUint (configs[ctx], token);
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windo
retur

}

w[ (num decoded++) & OxXFFFFF] = r;

n r;

D.3.7 Hybrid integer configuration

The con

figuration for the hybrid unsigned integer decoder of D.3.6 is read from the bitstream as

specified in the following code:

ReadUir]
splif
msb_ i
if (9

nbi
[l
nbi
1sH
}
[[ 15
splif

TConiig(log alphabet size) [

_exponent = u(ceil (log2(log _alpha size + 1)));

n token = 0, 1lsb in token = 0;

plit exponent != log alpha size) {

ts = ceil(log2(split exponent + 1)); msb in token = u(nbits);

msb in token is <= split exponent ]]
ts = ceil(log2(split exponent - msb in token + 1));

 in token = u(nbits);

b _in token + msb_in_token is <= split_exponent ]]

= 1 << split exponent;

D.4 Meta-Adaptive (MA) Context Modeling

D.4.1 Meta-Adaptive context model

The Met
determi
advance
and D.7.
relevant
form pr
branch i
a symbd
leaf nod

The pro
corresp

a-Adaptive context model uses a vector of integer numbers, which are called properties. Tp
he which context to use, a decision tree-is used. The full structure of the tree is known ip
by the decoder; it is explicitly signalled(n the codestream (C.9.4 describes where it is signalled
P describes how it is signalled) so endoders can tune this tree to obtain a context model that {s
for the actual image content. The'inner nodes (decision nodes) of a MA tree contain a test of thie
perty[Kk] > value. If this test evaluates to true, then the left branch is taken, otherwise the right
s taken. Eventually a leaf node is reached, which corresponds to a context to be used to encode
1, a predictor to be used, anid*a multiplier and offset to apply. These are denoted respectively as
e.ctx, leaf_node.predictoryleaf_node.multiplier, and leaf_node.offset.

perties used in the@MA context model are given in Table D.2. Assuming the value to be decode
nds to the samplejat column x of row y of channel number c, the neighbouring already-decode

jorpen

pixels left, top, topleft, topright, and leftleft are defined as in C.9.3 and toptop = (y > 1 2 channel[i]]
(x, vy -|2) : top)
Table D.2 — Property definitions
Propé¢rty |Value
0 ¢ (channel index)
1 stream index:
for GlobalModular: 0
for LF coefficients: 1 + LF group index
for ModularLfGroup: 1 + number of LF groups + LF group index
for HFMetadata: 1 + 2 x (number of LF groups) + LF group index
for RAW dequantization tables: 1 + 3 x (number of LF groups) + table index
for ModularGroup: 1 + 3 x (number of LF groups) + (number of tables) + num groups x pass
index + group index
y
X
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property
property
property
property

rp = median(rleft + rtop —<i§bpleft, rleft, rtop);

[k + 0] = abs(rv)
[k + 1] = rv; é
[k + 2] =a€S)QV—rp);
[k + 3] f:)v - rp;

Property |Value
4 abs(top)
5 abs(left)
6 top
7 left
8 if x > 0: left - (the value of property 9 at position (x-1,y))

otherwise: left
9 left+top-topleft (ﬂ,
10 left-topleft qgv
11 topleft-top X f\ e
12 top-topright . Q;\
13 top-toptop kqs\
14 left-leftleft c.
15 max_error (see E.1) RN\ ;
The following code specifies a variable number of additional ‘previ hannel' properties:
k= 16; C)\
for (i = c - 1; 1 >= 0; i--, k += 4) { <k

if (channel[i].width != channel[c].width) continde;

if (channel[i].height != channel[c].height) inue;

if (channel[i].hshift != channel[c].hshiftcbcontinue;

if (channel[i].vshift != channel[c].vshiﬁg} continue;

rv = channel[i] (x, Vy);

rleft = (x > 0 ? channel[i] (x - 1, 4Sg2 0);

rtop = (y > 0 ? channelli] (x, vy \O) : rleft);

rtopleft = (x > 0 && y > 0 2 nelf[i](x - 1, y - 1) : rleft);
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To find the MA leaf node, the MA tree is traversed using the above properties until a leaf node is

reached,

starting at the root node tree (0] and for each decision node 4, testing if property[d.property]

> d.value, proceeding to the node tree[d.left child] if the test evaluates to true and to the node
tree[d.right child] otherwise, until a leaf node is reached.

D.4.2 MA tree decoding

The MA tree itself is decoded as follows. The decoder reads 6 clustered distributions T from the
codestream as specified in D.3, and then decodes the tree as specified by the following code:
decode |tree () {
ctx id = 0; nodes_left = 1; tree.clear();
whilq (nodes left > 0) {
[[droperty = (read using T[1l] according to D.3.6) - 11]
if |(property == -1) {
Jeaf node.ctx = ctx id++;
[leaf node.predictor = (read using T[2] according to D.3.6)]]
[uoffset = (read using T[3] according to D.3.6)]]

}

eaf node.offset = UnpackSigned (uoffset);

[mul log = (read using T[4] according to D.3.6)]]
[mul bits = (read using T[5] according to D.3.6)]]
eaf node.multiplier = (mul bits + 1) << mul log;

ree.push back(leaf node);

1se {

ecision node.property = property;

[uvalue = (read using T[0] according to Dy38.)]]

ecision node.value = UnpackSigned (uvalug)y

ecision node.left child = tree.size()\\+'nodes left + 1;
ecision node.right child = tree.sizg() + nodes left + 2;

ree.push back(decision node); nodes left += 2;

None of
larger tH
is define

Finally, {

the values of mul_log are strictly larger than 30, and none of the values of mul_bits are strictly
an (1 << (31-mul 1log))42. Atthe end of this procedure, tree.size () <= (1<<26). MA(properties|
d as the leaf node x€sulting from traversing the MA tree with given property values properties.

he decoder veads (tree.size () + 1) / 2 clustered distributions D as specified in D.3.

66
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Annex E
(normative)

Weighted predictor

E.1 General

—

his predictor is used in the Modular sub-bitstream (C.9). The decoding of individual samples proceeds
equentially in raster order, with x the column index of the current sample (starting from 0) and y the
rpow index of the current sample (starting from 0).

(%)

Hor each sample, the predictor is invoked as specified in subclause E.2. It €éémputes a prddiction
(Which is used in C.9.3) and a max_error (which is used in Table D.1), as wgll as 4 sub-predictqr values
ubpred[i], withiin [0, 4).

)]

fter decoding a sample, the decoder then computes true err andersi] for the current sample and
tores them for use in predictions of next samples.

o

he true value corresponds to the decoded sample value. The true err for that sample is cglculated
s the difference between the prediction and the true value of the sample (left-shifted by 3 Hits). The
rror err [i] of sub-predictor subpred[i] is computed as follows: err[i] = abs (((subpred[i] [+ 3) >>
) — true value).

W O O

=

.2 Prediction

he computation of predictors is based onsix samples already scanned that are closest to the current
ample - the nw (NorthWest), n (North),"~#’(NorthEast), w (West) samples, nn (North of North if in third
r further row, or same as ¥ when inssecond row) and ww (West of West if in third or further column, or
ame as w otherwise), as shown inFigure E.1.

v O v

-21-1]1 0 [+1

Figure E.1 — — Neighbours used for prediction

The variables , nw, NE, w, NN, and ww are computed as the true values of their corresponding samples left
shifted by 3, and these symbols in subscripts refer to the corresponding variable for the sample at that
location (e.g. true erry).

The variables x and y are the coordinates of the current sample. When x or y are near the borders, some
neighbour samples might not exist. Unless otherwise noted, the following replacements are done for
non-existing samples:

— If no w~E sample exists, N is set to N and subscripts NE to subscripts N,
€.8. true erry COI‘I'eSpOHdS to true erry.
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— If no wn sample exists, NN is set to N and subscripts NN to subscripts N,
eg.true_errmwCOFFeSpondStOtrue_errw

— If no ww sample exists, ww is set to w and subscripts WW to subscripts W,
&g.true_errmwCorreSpondStOtrue_errW

When computing a sample that is not in the first row or first column of the image, the sub-predictors
are computed as specified by the following code:

subpred[0] = W + NE - N;

subpredq[1l] = N - (((true erry + true erry + true erry) x wp pl) >> 5);
subpredq[2] = W - (((true err, + true erry + true erry) x wp p2) >> 5);
subpredq[3] = N + (((true_erry; x wp_p3a + true _erry x wp_p3b +

tyue erry; x wp p3c + (NN - N) x wp p3d + (NW - W) x wp p3e) >> 5);

The weilghts weight[1] for each of the 4 sub-predictions and mxe are computed as-specified by thie
followirE code, based on the err values already computed for sub-predictors of earlier samples. Here
err[il;dearioy 1S taken to have value 0 if the corresponding sample does not exist.

error2Weight (err sum, maxweight) {

shifyy = floor(log2(err sum + 1)) - 5;

if (ghift < 0) shift = 0;

retuyn 4 + (maxweight x ((1 << 24) Idiv ((err sum >> shif®y + 1)));
}
err sunf[i] = err[i]y + err[ily + err[i]y, + errlily, + &r(i]ygs
weight [i] = error2weight (err sum[i], wp wi);

The prefiiction is then computed based on the sub-predictions and their weight values as specified by
the following code:

sum weights = weight[0] + weight[l] + weight[2] + weight[3];

log weilght = floor (log2(sum weights)) +[1;

for (i|= 0; i < 4; i++) weight[i] =~we&ight([i] >> (log weight - 5);

sum weights = weight[0] + weight[l]™+ weight[2] + weight[3];

s = sunl weights >> 1;

for (i|= 0; 1 < 4; i++) s +=subpred[i] x weight[i];

predictfion = s x ((1 << 249 Tdiv sum weights) >> 24;

// if frue erry, true efry and true erry, have the same sign

if (((Yrue_erry ~ true~erry) | (true erry " true erry)) <= 0) {
predilction = clampwprediction, min(W, N, NE), max (W, N, NE));

}

NOTE The_integer divisions above can be implemented efficiently using a look-up table because the
numeratgr istalways the same (1 << 24) and the denominator is an integer between 1 and 64.
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The value of max_error is computed as specified by the following code:

max_error = true_errw;

if (abs(true erry) > abs(max error)) max error = true erry;
if (abs(true_erry) > abs(max_error)) max error = true errg;
if (abs(true erry,) > abs(max error)) max error = true erryg;
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Annex F
(normative)

Adaptive quantization

F.1 General

In var-DCT mode, quantized LF and HF coefficients gx, gy and gB are converted into values dx, dvjand dp
as specified in F.2 and E.3, respectively.

F2 LF dequantization

If the x(seLfFrame flag in frame header is set, this subclause is skipped for that frame. Let mxpc, myDC
and neD¢ be the three per-channel LF dequantization multipliers (see C.4.2).

For each LF group, the dequantization process is influenced by the humber extra precision, as
describgd in C.5.2. Dequantized values are computed as specified by thefollowing code:

dX = m¥DC x gX / (1 << extra precision);
dY = myYDC x qY / (1 << extra precision);

dB = mHDC x gB / (1 << extra precision);

After ddquantizing LF coefficients, the decoder applies.the following adaptive smoothing algorithm,
unless the kskipadaptiveLFsmoothing flag is setin frame header. If this adaptive smoothing procedun
is appligd, no channel is subsampled.

[}

For eaclj LF sample of the image that is not in‘the first or last row or column, the decoder computg
a weighted average wa of the 9 samples that are in neighbouring rows and columns, using a weigh
of 0.05426273532324128 for the current ;sample s, 0.20345139757231578 for horizontally/verticall
adjacent samples, and 0.0334829185968739 for diagonally adjacent samples. Let gap = max (0.5
abs (waytsy) /mXDC , abs (way-sy) /m¥RE’, abs (wag-sg) /mBDC). The smoothed value is (s - wa) x max (0],
3 - 4 x|lgap) + wa.

—+

<

After applying this smoothjng, the decoder uses the process described in [.2 to compute the top-left x
8 x v /| & coefficients of-each varblock of size x x v, using the correspondingx / 8 x v / 8 sample
from th¢ dequantized EEimage.

wn -

F.3 HF dequantization

Every quiantized HF coefficient quant is first bias-adjusted as specified by the following code, dependin
on its channt1 (0 for X, 1 for Y or 2 for B). F

oim = metadata.opsin inverse matrix;

if (abs(quant) <= 1) quant x= oim.quant bias[[channel]];

else quant -= oim.quant bias numerator / quant;

The resulting quant is then multiplied by a per-block multiplier, the value of afmu1 at the coordinates of
the 8 x 8 rectangle containing the current sample, and, for the X and B channels, by 0. gframe_header.x_am_
scale - 2 gnd 0. g8frame_header.b_gm_scale - 2, respectively.

The final dequantized value is obtained by multiplying the result by a multiplier defined by the channel,
the transform type and the coefficient index inside the varblock, as specified in C.6.2.
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Annex G
(normative)

Chroma from luma

ThisAnrex-ontyapphesto-var- D mode—This-annexisskippedifanychanneHssubsampled-
Hach X, Y and B sample is reconstructed from the dequantized samples dx, dy and dB using|a linear
cdhroma from luma model. The reconstruction uses the colour correlation coefficient multipliers xx and
KB (computed from constants defined in C.4.4) to restore the correlation between the X/B aphd the Y
dhannel, as specified by the following code:

X = base correlation x + x factor / colour factor;

kB = base correlation b + b factor / colour factor;

Y = dy;

¥ = dX + kX x ¥;

B =dB + kB x Y;

Hor LF coefficients, x_factor and b_factor correspond to x_factor 1f - 127andb_factor 1f - 127,
respectively (C.4.4). For HF coefficients, x factor and b~fattor are values from xrromy and Brromy
(C£.5.4), respectively, at the coordinates of the 64 x 64 rectangle containing the current sample
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Annex H
(normative)

Extensions

The ext erreten ficlrl i o hasdar b dlac anabhlac haoolrayaad ndforuazard oo arilhla cadactn o

macaonaa 2
TO I SOTIIC IIC ot T oot s CTaoTC s~ oatiyv ar o oo toT vvar o CoOTrpatrorC—CoatsTtroar

extensidns as described in A.5. Extensions for ImageMetadata, FrameHeader, and RestorationFilter‘age
not currently defined, so the decoder reads and ignores any extension bits specified there.
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Annex I
(normative)

Integral transforms

Il11 General

]

h var-DCT mode, the decoder applies forward and inverse Discrete Cosine Transforms as spe
2. In 1.2, a matrix of size rxc refers to a matrix with r rows and ¢ columns.

[t

Ih modular mode, the decoder applies Squeeze as specified in [.3.

112 Variable DCT

I{2.1 One-dimensional DCT and IDCT

(Jne-dimensional discrete cosine transforms and their inverses)(DCT) are computed as follg
put is a vector of size s, where s is a power of two.

—

Ifet in and out denote the inputs and outputs. Then the farward DCT transform is defined as:

1 < k(. @
outk:—(kzo ?71: \/E)Zinn . cos[—(n+—D
s o s 2

The inverse DCT transform (IDCT) is defined-as follows:

s-1
in;, =out, +2\/§ - out,, ~cos(ﬂ[k+l)j
n=1

S 2

I{2.2 Two-dimensional'BCT and IDCT

]

h this subclause, Transpose is the matrix transpose and ColumnIDCT/ColumnDCT perform
dimensional IDCT/DET-0n each column vector of the given matrix as defined in [.2.1. The DCT tr]
df a RxC matrix DgE_2D (samples) is specified by the following code:

cified in

ws. The

S a one
ansform

ctl = ColumnrBCT (samples) ;
ctl t = Rranspose (dctl);
ct2 =S€elumnDCT (dctl t);
f ACYV> R) result = Transpose (dct2);

¢15e result = dct2;

NOTE The final Transpose ensures the DCT result has the same shape as the original varblock if the original

varblock has more columns than rows, and has the shape of its transpose otherwise.

The inverse DCT (IDCT) to obtain a rRxc matrix of samples I1DCT 2D (coefficients) is specifie
following code:
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if (C > R) dct2
else dct2
dctl t

dctl

Transpose (coefficients);

coefficients;

ColumnIDCT (dct2) ;
Transpose (dctl t);
ColumnIDCT (dctl) ;

varblock

The remainder of this subclause uses the convention thata 4 x 4 matrix is stored in an array such that
entry (x; y) COITESponds o IMdexX 7 = v + x.

The AFV transform uses the orthonormal basis specified by the following code:

AFVBas]
0.25, (

{0.8769
0.22069

-0.1014
-0.1014

{0.0, (
0.2929]
-0.4444

{0.0, (@

-0.162]
-0.4704
0.42517

s[l6][16] {{0.25, 0.25,
.25, 0.25, 0.25, 0.25},

02929799142, 0.2206518106944235,
18106944236, -0.101400503937537717,

0050393753758,

0.25,

-0.10140050393753769,
0050393753768, -0.10140050393753759,

.0, 0.40670075830260755,
00136981264, -0.40670075830260716,
4816619734384, -0.29291001369812636,

.0, -0.21255748058288748,

205195722993, 0.0,
7022585725277, -0.1464291867126764,
49611657548, },

{0.0, H40.7071067811865474,
0.0, 040, 0.0, 0.0, 0.0},

{-0.41Q5377591765233, 0.6235485373547691,
0.6235485373547694, -0.06435071657946284,

-0.06435071657946272,
-0.06435071657946277, -0.064350716579462737

{0.0, .0, -0.4517556589999482,
0.0074182263792423875,
0.1107416575309343,

0.0, 0.0,

-0.06435071657946279,

0.39351034269210167,
0.08298163094882051, 0.
0.0829416309488214, -0.4517556589999479¢6},

{0.0, 4.0, -0.304684750724869,
-0.065718701549142804,
-0.5114616136592012, 0.0©678701549142545,

{0.0, .0, 0.30179295%6%€15495, 0.2579236279
0.0952(00226534750374™N0<0, 0.301792951661550

-0.3531238544981629%, 0.25792362796341295,
-0.6034985903323097%6, },

{0.0, .0, 0440824829046386274,
-0.4089482904638635, 0.0, 0.0,
0.4082482904%63863, 0.0},

{0.0, O0OF 17478660975480800 0 08126111746

0.304684750724884, 0.

0

0.0, 0.0, O
-0.408248290

Q

0.25,

-0.
-0.10140050393753772,

0.44444816619734445,
-0.19574399372042872,

0.30854970628497¢67,
-0.21255748058287047,

0.70710678118654%6,

-0.06435071657946274,
-0..0643507165794628,

0.15852503551840063,

(0.5112616136591823,

0.25, 0.25, 0.25,

10140050393753763,

-0.1014005039375375,
-0.10140050393753763,
0.0, 0.0,

-0.11379074460448145
0.0,

0.3085497062849487,

0.0, 0.0,

-0.
=0.06435071657946266,
-0.06435071657946274,

0.0,
-0.45175565899994635,
15854503551839705,

0.0, 0.0,
2904801297290076, 0.0,
.23889773523345467,

6341184, 0.0,
3, 0.09520022653475055,

0.0,

.0, 0.0,

46386296, 0.0,

717539, 0 Q0. 0.0,

0.25,

-0.1014005039875375,
-0.10140050893753763,

-0.10140050393753768,

0.29574399372042936,
Q-
0.0},

0£4706702258572536,

-0.16212091957228327,
0.0,

-0.06435071657946266,

-0.04038515160822202,

0.3935103426921022,

-0.290480129728998,

0.0},
0.16272340142866204,

-0.3531238544981624,

-0.4082482904638628,
0.4082482904638634,

=0.36753080009862027

0.25, 0.25, ,0%25,

-0\N0140050393753741},

@, 0.11379074460448091,

-0.14642918671266536,

0.0, 0.0, 0.0, 0.0,

06435071657946274,
-0.06435071657946277,
-0.0643507165794626},

0.007418226379244351,

-0.23889773523344604,

-0.16272340142866173,

-0.307882213957909, -0.17478669754808135, 0
-0.08126111767175039, 0.30788221395790305,

{0.0, 0.0, -0.21105601049335784, 0.18567180

-0.38525013709251915, 0.21105601049335806,
0.17419412659916217, -0.18567180916109904,

{0.0, 0.0, -0.14266084808807264, -0.3416446
0.24627107722075148, -0.08574019035519306,
0.14883399227113567, -0.04768680350229251,

-0.047686803502292804, -0.14266084808807242
{0.0, 0.0, -0.13813540350758585, 0.33022825

.3675398009862011, 0.0,
-0.48266891150598584, 0

916109802, 0.0, 0.0, O.

-0.49215859013738905, 0
0.3852501370925211, -0.

842253372, 0.0, 0.73674
-0.14266084808807344, O
-0.3416446842253373, -0

by

50303788, 0.0, 0.087551

0.4826689115059883,
.0},

49215859013738733,

.0,
1741941265991621,

97537172237,
.24627107722075137,
.08574019035519267,

0.0},

15000587084,

74
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-0.07946706605909573,
0.4972464710953508¢6,
0.12538059448564315,

{0.0, 0.0, -0.1743760
0.3623817333531167, 0

-0.4326608024727445,

-0.4613374887461511,
0.12538059448563663,
-0.13813540350758452}

2599651067,
.0,

0.07027906911962818,

0.0702790691196284,
-0.1743760259965108,

-0.13813540350758294,
0.3302282550303805,

’

0.0,

0.0,

-0.4613374887461554,

-0.2921026642334881,
0.36238173335311646,

-0.4326608024727457,

-0.07946706605910261,

0.29210266423348785,

0.34875205199302267, },

{0.0, 0.0, 0.11354987314994337, -0.07417504595810355, 0.0, 0.19402893032594343,
-0.435190496523228, 0.21918684838857466, 0.11354987314994257, -0.4351904965232251,
5550443808910661, -0,25468277124066463, -0,07417504595810233, 0,2191868483885728
£0.25468277124066413, 0.1135498731499429}};
The AFV IDCT transform arv_1pcT of a square 4x4 varblock from coefficients to sampfdsis computed
as specified by the following code:
For (1 = 0; i < 16; ++i) {
sample = 0;
for (3 = 0; j < 16; ++J) sample += coefficients[]j] x AFVBasis[j] i];
samples[i] = sample;
[}12.3 Coefficients to samples
112.3.1 General
Hach of the subsequent subclauses in [.2.3 specifies how the decoder converts the coefficients fo pixels
where Dctselect matches one of the types listed inthe heading of the subclause.
1|12.3.2 DCT8x8,DCT8x16, DCT16x8, DCT16x16, DCT8x32, DCT32x8, DCT16x32, DCT32x16,
DCT32x32, DCT32x64, DCT64x%32, DCT64%64, DCT64%x128, DCT128x64, DCT128x128,
DCT128x256, DCT256%x128, DCT256%256
The rxc matrix of samples are obtained using samples = IDCT 2D(coefficients) forabctsSeldct value
df DCTRxC.
112.3.3 DCT2x2
The samples of a DCT2x2 varblock are computed from an 8x8 block of coefficients. aux1pcT2x4 (b1lock,
) is specified by theZfollowing code, in which b1lock is a matrix of size sxs, and s is a power of tjwo:
AuxIDCT2x2 (Floek, S) {
num 2x2 25 / 2;
for (W% 0; y < num 2x2; y++)
for (x = 0; x < num_ 2x2; x++) {
c00 = block(x, vy);
cO0l = block(num 2x2 + x, y);
cl0 = block(x, y + num 2x2);
cll = block(num 2x2 + x, y + num 2x2);
r00 = c00 + c01 + cl0 + cl1;
r0l = ¢c00 + ¢c01 - ¢cl10 - cl1;
rl0 = ¢c00 - ¢c01 + c10 - cl1;
rll = c00 - c01 - cl10 + cl1;
result(x x 2, y x 2) = r00;
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result(x x 2 + 1, y x 2) = r01;
result(x x 2, y x 2 + 1) = rl0;
result(x x 2 + 1, vy x 2 + 1) = rll;

}

When block is larger than sxs, auxipct2x2 modifies only the top sxs cells. In that case, the decoder
copies the rest of the cells from block to result. The inverse DCT2x2 is specified by the following code:

block 4 AuxIDCT2x2 (block, 2);
block § AuxIDCT2x2 (block, 4);
sampled = AuxIDCT2x2 (block, 8);

1.2.3.4 | DCT4x4

The saniples are computed from the 8x8 coefficient matrix as specified by the following code, in which
block is|a 4x4 matrix, and sample is the answer represented here as a 2x2 matriX whose elements ar
4x4 matyices.

[}

dcs = AuxIDCT2x2 (coefficients, 2);
for (y|= 0; v < 2; y++)
for (x = 0; x < 2; x++) {

fon (iy = 0; iy < 4; iy++)

flor (ix = (iy == 0 2 1 : 0); ix < 4; ix++)
block(ix, 1iy) = coefficients(x + ix x 2, y +%Xly x 2);
bldck (0, 0) = dcs(x, y);
sanple (x, y) = IDCT 2D(block);

}

The decpder re-shapes the sample array to ani8%8 matrix using result (4 = i + k, 4 x 3 + L)
sample (L, j, k, L).

1.2.3.5 | Hornuss

The 8x8|input coefficients are tfansformed to 8x8 samples as specified by the following code:

dcs = HuxIDCT2x2 (coefficilents, 2);
for (y|= 0; v < 2; y++)
for (x = 0; x < 2¢~wH+) |
blqck 1f = dcd(x, vy)7
redidual sdmy&= O;
foyq (iy =07 iy < 4; iy++)

florA(ix = (iy == 0 2 1 : 0); ix < 4; ix++)

residual sum += coefficients(x + ix x 2, y + iy x 2);
sample(4 x x + 1, 4 x y + 1) = block 1f - residual sum / 16.0;
for (iy = 0; iy < 4; diy++)

for (ix = 0; ix < 4; ix++) {
if (ix == 1 && iy == 1) continue;
sample (x x 4 + ix, y x 4 + 1iy) =
coefficients(x + ix x 2, y + iy x 2) +

sample (4 x x + 1, 4 x y + 1);
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sample (4 x x, 4 x y) =
coefficients(x + 2, y + 2) + sample(4 x x + 1, 4 x y + 1);

1.2.3.6 DCT8x4

The 8x8 samples are reconstructed from the 8x8 coefficients by dividing them into two 8x4 vertical
blocks samples 8x4, as specified by the following code, in which coeffs 4x8 denotes a temporary 4 x 8
matrix and 1pct 2D is defined in 1.2.2.

oef0 = coefficients (0, 0); coefl = coefficients (0, 1);
cs = {coef(Q + coefl, coef0 - coefl};
for (x = 0; x < 2; x++) {
coeffs 8x4(0, 0) = dcs[x];
for (iy = 0; iy < 4; iy++)
for (ix = (iy == 0 2 1 : 0); ix < 8; ix++) {
coeffs 4x8(ix, 1y) = coefficients(ix, x + iy x 2);
}
samples_8x4[x] = IDCT_ZD(coeffs_4x8);

112.3.7 DCT4x8

he 8x8 samples are reconstructed from the 8x8 coef fittents by dividing them into two 4x8 hdrizontal
locks samples 4x8, as specified by the following code, in which coeffs 4x8 denotes a temporgry 4 x 8
natrix and 1pct 2D is defined in 1.2.2.

o lloulli—

oef0 = coefficients (0, 0); coefl = cogfficients (0, 1);
cs = {coef(Q + coefl, coef0 - coefl};
for (y = 0; v < 2; y++) |
coeffs 4x8(0, 0) = decslyl;
for (iy = 0; iy < 4; iy++)
for (ix = (iy == 0 2?2 1 :+0); ix < 8; ix++)
coeffs 4x8(ix, 1y)\= coefficients(ix, y + iy x 2);

samples 4x8[y] = IDCT 2D(coeffs 4x8);

o

2.3.8 AFVO{AFV1, AFV2, AFV3

he 8x8 samples are reconstructed from the 8x8 coefficients by dividing them into two 4x4 square
locks anndvone horizontal 4x8, as specified by the following code. Four temporary 4x4 matrices|coeffs
fv, sdmples afv, coeffs 4x4 and samples 4x4,as well as two temporary 4x8 matrices coeffs [4x8, and
amples 4xg are used. Arv_1pcT and 1pcT 2D are defined in L.2.2. The values of f1ip x and flfip y are

afinad ac follawc: for AEVp -1 icoaualta n ¢ 1 and oo - icoaqualta n - o 2
eHR e a5 T OWSTHor Nyt p—=IS equdatoR——aha IS equattoR+ta=r T

n_ o o

coeffs afv (0, 0) =
(coefficients (0, 0) + coefficients(0, 1) + coefficients(l, 0)) x 4.0;
for (iy = 0; iy < 4; iy++)
for (ix = (iy == 0 2 1 : 0); ix < 4; ix++)
coeff afv(ix, iy) = coefficients(ix x 2, iy x 2);

samples afv = AFV_IDCT (coeff afv);

for (iy = 0; iy < 4; iy++)
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for (ix = 0; ix < 4; ix++)
samples (flip x x 4 + ix, flip y x 4 + iy) =
samples afv(flip x == 1 ? 3 - ix ix, flip y == 1 2 3 - iy iy);
coeffs 4x4(0, 0) = coefficients (0, 0) - coefficients (0, 1)
+ coefficients (1, 0);
for (iy = 0; iy < 4; iy++)
for (ix = (iy == 0 2?2 1 0); ix < 4; ix++)
coeffs 4x4(ix, 1y) = coefficients(ix x 2 + 1, iy x 2);
samplek_ﬁ a = LL)L,L_ U(COGIIS_H a)y
for (iy = 0; iy < 4; iy++)
for (ix = 0; ix < 4; ix++)
sanples ((flip x == 1 2 0 4) + ix, flip y x 4 + 1iy) =
damples 4x4(ix, 1iy);
coeffs |4x8 (0, 0) = coefficients (0, 0) - coefficients(l, 0);
for (iy = 0; iy < 4; iy++)
for (ix = (iy == 0 2 1 0); ix < 8; 1ix++)
coqffs 4x8(ix, 1y) = coefficients(ix, 1 + iy x 2);
sampleq 4x8 = IDCT 2D(coeffs 4x8);
for (iy} = 0; iy < 4; iy++)
for (ix = 0; ix < 8; ix++)
sanples (ix, (flip y == 1 2 0 4) + iy) = samples 4x4€i%, 1iy);
1.2.4 Natural ordering of the DCT coefficients
For evelly pctselect value (Hornuss, DCT2x2, etc), thesnatural order of the coefficients is computed
as follows. The varblock size (bwidth, bheight) for a\pctselect value with name “DCTxxM” is bwidth
= max (8], max (N, M)) and bheight = max (8, min{X} M)), respectively. The varblock size for all othegr
transforjms is bwidth = bheight = 8. The naturalordering of the DCT coefficients is defined as a vectqr
order of|cell positions (x, y) between (0, 0) and (bwidth, bheight), described below. The number qgf
elementp in the vector order is therefore bwigth x bheight, and the vector is defined as the elements
of LLF in] their original order followed by-the elements of ur also in their original order. LLF is a vectdr
of lower]frequency coefficients, containing cells (x, y) with (x < (owidth / 8)) && (v < (bheight |/
8)). The[cells (x, y) that do not satisfy this condition belong to the higher frequencies vector HF.
The rest| of this subclause specifies how to order the elements within each of the arrays ..r and #r. Thie
pairs (x} y) inthe 1LF vector is'sorted in ascending order according to the value y =« bwidth + x. FQr
the pairy (x, y) inthe 8Evector, the decoder first computes the value of the variables key1 and kxey2 as
specifiefl by the following code:
cy = bwidth{A*8; cy = bheight / 8;
sdaled x“\&ux x max(cx, cy) / cx;
sdaled\y~= y x max(cx, cy) / cy;
kdyl~=" scaled x + scaled y;
keyZ = scaled X - scaled y;
if (keyl Umod 2 == 1) key2 = -key2;

The decoder sorts the (x, y) pairs on the vector #r in ascending order according to the value xey1. In
case of a tie, the decoder also sorts in ascending order according to the value key2.

The order ID is defined based on the Dctselect as defined in Table I.1.
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Table 1.1 — Order ID for DctSelect values

Order ID |DctSelect

DCT8x8

Hornuss, DCT2x2, DCT4x4, DCT4x8, DCT8x4, AFV0, AFV1, AFV2, AFV3
DCT16x16

DCT32x32

DCT16x8, DCT8x16

DCTsZ2%x8, DUT8x52
DCT32x16, DCT16x32
DCT64x64

DCT32x64, DCT64x32
DCT128x128

DCT64x128, DCT128x64
DCT256x256
DCT128x256, DCT256x128

O |0 || |Ul|D|W|IN |- |O

[EnN
o

[uny
[uny

Juny
N

[}12.5 LLF coefficients from downsampled image

=]

his subclause specifies how to obtain the low frequency/DCT coefficients LLF from an
ownsampled image (LF), for each DctSelect value.

= O

he input is a matrix with bwidth / 8 columns and bheight / 8 rows containing the LF coeffig
quivalently, the downsampled image. The possibleyalues for bwidth and bheight are 8, 16, 32

aQ

8 times
ients, or
and 64.

t)y / 8
nts. The

The output is a matrix with max (bwidth, bheight) / 8 columns and min (bwidth, bheigh
rpws. If the caller requires a matrix of a largerSize, the decoder zero-initializes the other elems
fpllowing code specifies the function scale®
8(N, u) {
eps = (u == 0) ? sqgrt(0.5) /7 \;

return sqrt (2.0 / N) x eps x cos(u x m / (2.0 x N));

P8 (N, u) { return 1 //~(N/x I8(N, u)); }
(N, u) { return (N°%= 8) ? I8(N, u) : D8(N, u); }
P(N, u) { return«N == 8) ? D8(N, u) : I8(N, u); }
(N, n, x) {

if (n > Ny ) réturn 1 / C(n, N, x);

if (n ==\N) return 1;
elsewefurn cos(x x m / (2 x N)) x C(N / 2, n, x);
¢gleF (N, n, x) { return sgrt(n x N) x D(N, x) x I(n, x) x C(N, n, x); }

For DctSelect types DCT8x8, DCT8x16, DCT8%x32, DCT16x8, DCT16x16, DCT32x8, DCT32x16, DCT32x32,
DCT32x64, DCT64x32, DCT64%x64, DCT64x128, DCT128%x64, DCT128x128, DCT128x256, DCT256x128,

and DCT256x256 the output is computed as specified by the following code:

cx = bwidth / 8;
cy = bheight / 8;
dc = DCT 2D (input);

for (y = 0; y < cy; y++)
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for (x = 0; x < cx; x++)
output (x, y) = dc(x, y) x ScaleF(cy, bheight, y) x
ScaleF (cx, bwidth, x);

For DctSelect types IDENTIFY, DCT2x2, DCT4x4, DCT8x4, DCT4x8, AFVO0, AFV1, AFV2, AFV3, the output
is equal to the input.

1.3 Squeeze

[.3.1 Parameters

The squpeze transform consists of a series of horizontal and vertical squeeze steps. The sequence of
squeeze|steps to be applied is defined by sp, which is an array of SqueezeParams (see Table C.25); if thie
array is empty, default parameters are used which are derived from the image dimensions,and numbdr
of chanrjels.

Q

For evely squeeze step sp[i], the sp[i].num c input channels starting at poS§ition sp[i].begin |
are replpced by the squeezed channels, and the residual channels are inserted either right after t
squeezef channels (if sp[i].in place == true), or at the end of the chiannel list (otherwise).
determihe the new list of channels (i.e. when interpreting the transformation description, befo
channel|data decoding starts), the steps are applied in the order in which they are specified. After t
channel{data has been decoded, to apply the inverse transformation, the steps are applied in reverse
order.

Letbegin = sp[i].begin ¢, end = begin + sp[i].num c - l,andwaffset = (sp[i].in place ? end
+ 1 : channel.size()):

The chapnel list is modified as specified by the following.code:

for (i|= 0; 1 < sp.size() - 1; i++) {

r = dp[i].in place ? end + 1 : channel,ghze();

for (c = begin; c <= end; c++) {

if |(spl[i] .horizontal) {

W = channel[c].width;
dhannel[c] .width = (w + ®)\Idiv 2;
dhannel[c] .hshift++;
Hdesidu = channel[c]zeopy () ;
desidu.width = w Tdav 2;
} dlse {
H = channel Jo]\vheight;
dhannel [¢] Mieight = (h + 1) Idiv 2;
dhannelle¥.vshift++;
Hdesidw ™= channel[c].copy();
Helshdu.height = h Idiv 2;

}

[[Insert residu into channel at index r + c¢ - begin]]
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