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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
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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
reasonable 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 may
be obtained from the patent database available at www.iso.org/patents.

Attention is|drawn to the possibility that some of the elements of this document may beythe SIJ1bject
of patent rights other than those in the patent database. ISO and IEC shall not be held responsible for
identifying gny or all such patent rights.
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Information technology — JPEG XL image coding sys

Part 1:
Core coding system

1 Scope

This [document defines a set of compression methods for coding one or more image

contipuous-tone greyscale, or continuous-tone colour, or multichannel digital samples.

This flocument:

— specifies decoding processes for converting compressed image data toteconstructed j

— sppecifies a codestream syntax containing information for interpreting the compressed

— drovides guidance on encoding processes for converting source image data to compi]
data.

2 Normative references

The following documents are referred to in the text in such a way that some or all of {

constlitutes requirements of this document. For“dated references, only the edition cited
undated references, the latest edition of the refeérenced document (including any amendme

ISO 15076-1:2010, Image technology colour management — Architecture, profile form
structure — Part 1: Based on ICC.1:2010

ISO/IEC 60559, Information technglogy — Microprocessor Systems — Floating-Point arithme

IEC 6]1966-2-1, Multimedia systeins and equipment — Colour measurement and managemen
Colour management — Default RGB colour space — sRGB

Rec. ITU-R BT.2100-2,dmage parameter values for high dynamic range television for use in pr]
international programme exchange

Rec. [ITU-R BTRZ09-6, Parameter values for the HDTV standards for production and
prognamme exchange

SMPTEST-428-1, D-Cinema distribution master — Image characteristics

tem —

5 of bi-level,

mage data;
image data;

essed image

heir content
applies. For
nts) applies.

at and data

tic

t — Part 2-1:

pduction and

fnternational

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:

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

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

© ISO/IEC 2022 - All rights reserved
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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
bitstream

sequence of

3.1.4
codestream
bitstream re

3.1.5
bundle
structured d

3.1.6
field
numerical v4

3.1.7
histogram
array of uns

3.1.8
set
unordered c

3.2 Input

3.21
pixel

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

presenting compressed image data

ata consisting of one or more fields

llue or bundle, or an array of either

gned integers representing a probability distribution, used for entropy coding

bllection of elements

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

3.2.2
sample
integer or re

3.2.3
greyscale

al value,.ofwhich there is one per channel per pixel

image repre

TITCeIToTT

<

eIttt rot vy rrrcirSocir

luminance 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

{either

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

©ISO/IEC 2022 - All rights r

eserved


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

ISO/IEC 18181-1:2022(E)

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)

3.2.1p
previjew
lower-fidelity rendition of one of the frames (e.g. lower resolution), or a frame that répresernts the entire
contgnt of all frames

3.3 |Processes

3.31
decofling process
procdss which takes as its input a codestream and outputs a continuous-tone image

3.3.2
decofler
embddiment of a decoding process

3.3.3
encofling process
procgss which takes as its input continuous-tone image(s) and outputs compressed imagg data in the
form fof a codestream

3.34
encofler
embddiment of an encoding process

3.3.5
lossless
descifiptive term for enc¢oding and decoding processes in which the output of a decoding procedure is
identjcal to the inputte.the encoding procedure

3.3.6
lossy
descijiptiveferm for encoding and decoding processes which are not lossless

3.3.7
upsa
procedure 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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entropy decoding
lossless procedure which recovers the sequence of symbols from the sequence of bits produced by the
entropy encoder

3.3.12

entropy decoder
embodiment of an entropy decoding procedure

3.3.13

Gabor-like transform

convolution

aith default or cigna”nr‘] 3x3 kernel for dnh]nr‘]{ing

3.3.14
tick
unit of time

3.4 Imaggq
3.4.1

grid
2-dimension

buch that animation frame durations are integer multiples of the tick duration

P organization

al array; a [x, y) means addressing an element of grid a at row y and column x. Whg

specified, addressing elements with coordinates outside of bounding ectangle (x < 0,0ory < 0, oj

width, Oy

3.4.2
sample grid

= height) is allowed

common cogrdinate system for all samples of an image, with top-left coordinates (0, 0), the

coordinate i

3.4.3
channel
component
rectangular

3.4.4
rectangle
rectangular

3.4.5
width

\creasing towards the right, and the second iicreasing towards the bottom

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

area within a channel or grid

width in sanpples of a sample grid or a rectangle

3.4.6
height
height in san

tre so
X >=

first

plés of a sample grid or a rectangle

3.4.7

raster order
access pattern from left to right in the top row, then in the row below and so on

3.4.8

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

3.4.1

1

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

3.4.1

2

section

part

fthe codestream with an offset and hnngfh thatare storedin a frame's table of conte

ts

3.5
3.5.1

DCT

coefflicient

input

3.5.2

value to the inverse DCT

quantization

meth

3.5.3
varb
varia

3.5.4

pd of reducing the precision of individual coefficients

ock
ple-size rectangle of input pixels

dct_hlock

an ar

3.5.5

ray with 64 elements corresponding to DCP coefficients of a (8 x 8) block

var-IDCT

lossy

3.5.6

encoding of a frame that applies\DCT to varblocks

LF cqgefficient
lowest frequency DCT coefficient, containing the average value of a block or the lowe]

coeff

3.5.7

cient within the 8 x:8'rectangle of a varblock of size greater than 8 x 8

HF cqefficients
all DT coeffieients apart from the LF coefficients, i.e. the high frequency coefficients

3.5.8
pass

st-frequency

data

3.5.9

L1l | mH £ 3 L lhials Lot
.,uauuus uct,uulus Ul DULLCDDIVCI)’ 111511C1 I'COUIULIVUILIS

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

3.5.1

0

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

3.5.1
chan
meth

1
nel decorrelation
od of reducing total encoded entropy by removing correlations between channels

© ISO/IEC 2022 - All rights reserved
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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: inverse discrete cosine transform (DCT-III as specified in 1.2)

LF:N/8xM
RGB: additiv
LMS: absolut

XYB: absoluf
between L a
S ("blue") chj

Annel

5 Conventions

/ 8 square of lowest frequency coefficients of N x M DCT coefficients
e colour model with red, green, blue channels
e colour space representing the response of cone cells in the human eye

e colour space based on gamma-corrected LMS, in which X is derived 'from the diffe
nd M, Y is an average of L and M (behaves similarly to luminance), and B is derived fro

rence
m the

5.1 Mathematical symbols
la, bl, (c,fd), [e, £) closed or open or half-opentintervals containing all integers of real
numbers x (depending en_context) such that
a<x<b, c<x<d e < x < f.
ta, b, ¢} ordered sequence of elements
o the smallestpositive zero of the sine function
5.2 Functions
sqrt (x) squakeroot, such that (sqrt (x))? == xand sqrt (x) >= 0. Undefined for{x < 0.
cbhrt (x) cube root, such that (cbrt (x))3 == x.
cos (r) cosine of the angle r (in radians)
erf (x) X
Gauss error function: erf (x) = iJ‘e_tz dt

\/; U
log(x) natural logarithm of x. Undefined for x <= 0.
log2 (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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clamp(x, lo, hi) equivalent to min ({max ({lo, x}), hi})

InterpretAsF16 (u) the real number resulting from interpreting the unsigned 16-bit integer u as a
binary16 floating-point number representation (cf. [ISO/IEC 60559)

InterpretAsF32 (u) the real number resulting from interpreting the unsigned 32-bit integer u as a
binary32 floating-point number representation (cf. ISO/IEC 60559)

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

sum(a) sum of all elements of the array/tuple/sequence a
max (4) maximal element of the array/tuple/sequence a
min (4) smallest element of the array/tuple/sequence a

5.3 |[Operators

This document uses the operators defined by the C++ programming lafiguage [2], with the following

diffefences:

X multiplication

*= a x= bisequivalenttoa = a x b

/ division of real numbers without truncationp rounding. Division by zero is undefined.
x7 exponentiation, x to the power of y

<< left shift: x << sisdefined as x x 23

>z right shift: x >> sis defined as;floor (x / 25)

Umod a umod d is the unique integer r in [0, d) for which a == r + gxd for a suitable intleger q
Idiv a 1div b is equivalentfe'a / b, rounded towards zero to an integer value

The grder of precedence for these operators is listed below in descending order. If seveifal operators
appear in the same line,\they have equal precedence. When several operators of equa
appedr at the same level in an expression, evaluation proceeds according to the associdtivity of the

operdtor (either from-right to left or from left to right).

precedence

Operators Type of operation Associativigy
43X, X prefix increment/decrement right to left
X7 exponentiation right to left
= togicat/bitwise NOT Tighttoteft
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
<y > <=, = 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
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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
exceptions:

SymboldTrom 5.1 and functions irom 5.2 are allowed,

Multipligation, division, remainder and exponentiation are expressed as specified in 5.3§

Functiofs can return tuples which unpack to variables as in the above example;

close normative directives specified using prose;

([ 1]eq

All integers are stored using two's complement;

Expressjons and variables of which types are omitted, are understood as’real numbers.

Where unsig ) are

used for tho

ned integer wraparound and truncated division are required, umod and 1div (see 5.3
e purposes.

Numbers wi
understood

th a Ox prefix are in base 16 (hexadecimal), and apastrophe (') characters inside them are

o have no effect.

EXAMPLE 0x0001'0000 == 65536.

6 Functipnal concepts

6.1 Image organization
mple

er of

A channel is defined as a rectangular array of (integer or real) samples regularly aligned along a s3
grid of widtj sample positions horizontally and height sample positions vertically. The numl}
channels maly be 1 to 4099 (see rtum*extra channels in A.6).

fined as a vector-of dimension corresponding to the number of channels, consisting of
1 a position matching that of the pixel. The index of a sample is numbered from 0 to number
1.

A pixel is dg
samples wit]
of channels {

An image is
Unless other

efined-as the two-dimensional array of pixels, and its width is width and height is n4
wise hentioned, channels are accessed in the following "raster order": left to right cqg

ight.
lumn

within the t

bpmost row, then left to right column within the row below the top, and so on unt

il the

rightmost column 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.

© 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.

Framg¢: 2970x1868 pixels

HF grpups:

11x7 groups of 256x256 pixels,
1x7 groups of 154x256 pixels,
7x1 groups of 256x76 pixels,

1 groyp of 154x76 pixels

LF grqups:

1 groyp of 256x233 LF coefficients
(covering 2048x1868 pixels),

1 groyp of 116x233 LF coefficients
(covering 922x1868 pixels)

Figure 1 — Group splitting example

6.3 |Codestream and bitstream

A bitstream is a finite sequence thyfnc A codestream is a bitstream that represent compi essed image

data and metadata. N bytes can also be viewed as 8 x N bits. The first 8 bits are the bits constituting the
first byte, in least to most significant order, the next eight bits (again in least to most significant 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 that is being decoded is referred to as the current frame.

6.5 Mirrdgring

Some operatjons access samples with coordinates cx, cythatare outside the image bounds.-The defoder
redirects sufch accesses to a valid sample at the coordinates MirroriD(cx, width), MNMirrorlp(cy,

height), def

ned in the following code:

MirrorlD (c¢pord, size) {
if (coord < 0) return MirrorlD(-coord - 1, size);
else if [coord >= size) return MirrorlD(2 x size - 1 - coord, siZe);
else retyrn coord;
}
7 Encoder requirements
An encoder s an embodiment of the encoding process. This document does not specify an encpding

process, and
syntax spec
process.

8 Decod

A decoder i
(arranged o
to L are nor
duplicate.

any encoding process is acceptable as long as-the codestream conforms to the codest
fied in this document. Annex M provides<@n informative description of such an enc

br requirements

s an embodiment of the (decoding process. The decoder reconstructs sample v

Ila rectangular sampling gtrid) from a codestream as specified in this document. Annd

ative in the sense that they are defining an output that alternative implementations

9 Codestream

9.1 Synta

The codestr

X

ream
bding

alues
xes A
shall

pant’is organized into "bundles" consisting of one or more conceptually related "fiel

1s". A

field can be a bundle, or an array/value of a type from 9.2. The graph of contained-within relationships
between types of bundles is acyclic. This document specifies the structure of each bundle using tables
structured as in Table 1, with one row per field (in top to bottom order).

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;

++1i) 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

10
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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

If a field is to be read from the codestream, the type entry determines how to do so. If it is a basic field
type,[iti i T 9-2- ISeType | ;Tegiding within
a parent bundle Parent. Nested is read as if the rows of the table defining Nested were/inserted into
the table defining Parent in place of the row that defined Nested. This principle is applied recursively,
corrgsponding to a depth-first traversal of all fields.

9.1.2| Initializing a field

If a field is to be initialized to default, the type entry determines how to do so. If it is a pundle, then

defaylt is blank and each field of the bundle is (recursively) initialized-to the default spefified within
the bpndle's table. Otherwise, if default is not blank, the field is set\td’de fault, which is a yalid value of
the shme type.

9.2 |Field types

9.2.1f u(n)

u(0) evaluates to the value zero without reading any bits. For n > 0, u(n) reads n bjts from the

codes
by th|

yet consumed bit in the first not yet fully,consumed byte of the codestream. The next bit

(inin
same
least-

9.2.2

In thi

tream, advances the position accordingly;"and returns the value in the range [0, 21)
e bits. The decoder first reads the least-significant bit of the value, from the least-si

creasing order of significance) is read from the next (in increasing order of significan

byte unless all its bits have already been consumed, in which case the decoder re4
significant bit of the next byte, and so on.

U32(do, d1, d2, d3)

s subclause, 'distkibution' refers to one of the following three encodings of a range of v

U32(
from
this d

Bits(I), or BitsOffset(n, offset). The dO, d1, d2, d3 parameters represent distributions.

0, d1, d2,:d3) reads an unsigned 32-bit value in [0, 232) as follows. The decoder first
the codestream indicating which distribution to use (0 selects d0, 2 selects d2 etc.).
istribution, which determines how to decode value.

represented
bnificant not
of the value
ce) bit of the
nds from the

alues: Val(u),

reads a u(2)
Let d denote

If d is

decoder reads v = u(n). The resulting value is (offset + v) Umod 232

NOTE

EXAMPLE

The value of u is implicitly defined by Val(u) and not stored in the codestream.

U32(Bits(2), Bits(4), Bits(6), Bits(8)) field, the bits 010111 resultin value = 7.

offset), the

For a field of type U32(Val(8), Val(16), Val(32), Bits(7)), the bits 10 result in value = 32. For a

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:

© ISO/IEC 2022 - All rights reserved 11
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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 Varint()

Varint() readls an unsigned integer value of up to 63 bits as specified by the following code:

value = 0;|shift = 0;
while (1)
b = u(8)
value +=|(b & 127) << shift;
if (b <=|127) break;
shift +=|7; [[ shift < 63 11;

9.2.5 US(]

U8() reads ajn integer value in the range [0, 256) using [1, 12) bits as specified by the following cogle:

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

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

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

9.2.6 F16()

S

F16() reads & binary16 representation (as specified in ISO/IEC 60559) of a real value in [-65504, 6§504].
value is as specified by the follewing code:

bitsl6 = ul[l6);
biased exp|= (bitsl64%>10) & Ox1F;
value = InferpretAsti6 (bitsl6);

The value offpiaéed exp is not 31.

NOTE T ;D I L{}CD Ublt I\Jal\“ Cllld ;llfill;ticbn

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.
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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 codestream,

iS a rr..l+:nln ofQ othavunica . —Q (Tl d O Tho rncyltic noial b 2ann
HHHPpre- 6o 0t WIS 6o —F oSS e eSSttt 5eqHart6-£e+o-

NOTH The effect of ZeroPadToByte() is skip to the next byte boundary if not already at albyte houndary, and
require all skipped bits to have value 0.

9.3 |Structure

The dodestream consists of headers (Annexes A, H) and an ICC profile, if present (Annex B)|, followed by
one or more frames (Annex C), as shown in Table 3. This table and those it references, together with the
syntgx description (9.1), specify how a decoder reads the headers and frame(s).

Table 3 — Codestream structure

condjition type name Annex
Headers |headers A H

headprs.metadata.want icc icc B

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

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

The greview frame is a self-contained frame whose FrameHeader (C.2) specifies 1f 1eve[i=0, frame
typeFkRegularFrame and saveias*reference=0.

10 Decoding process

Afterfreading the headeyand frame data (9.3 and Annexes A, B and C), the decoder can bg viewed as a
pipeline with multiplesstages, as shown in Figure 2.

Som¢g Annexes{or subclauses begin with a condition; the decoder only applies the prodessing steps
descijibed in.Such an Annex or subclause if its condition holds true.

Annef D specifies how the decoder reads entropy-coded data.

Annex 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)
¥ ¥
CfL (G) CfL (G)
L IT (1) J
(]
RF (])
y
PT (K.2)
(]
SP (K.3)
(]
NS (K.4)
v
CT (19
Key
DQ  dequantization
CfL  chromd from luma
IT integrzitransform
RF restoraftion filter
PT  patche
SP splines
NS noise
CT colour fransform
Figurg 2 £ Decoder block diagram after LF/HF coefficients of a frame have been read
14

© ISO/IEC 2022 - All rights reserved


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

ISO/IEC 18181-1:2022(E)
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

condjition type name subclause
Signature signature A2
SizeHeader sige A.3
ImageMetadata metadata A.6

A.2 [Signature

Tablel A.2 specifies the Signature bundle.

Table A.2 — Signature bundle

condjition type default name
u(8) ff
u(8) type

££ is R55. type is 10.

A.3 [Image dimensions

Tablg A.3 specifies theSizeHeader bundle.

Table A.3 — SizeHeader bundle

condjition type default |name

Bool() false small
smalll u(5) 0 height div8 mfnus 1
Ismall 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)

width = floor(height x 16 / 9)

width = floor(height x 5 / 4)
T 5 77

NPl |lwINRO

width = floor(height x 2 / 1)

ned in Table A.4.

have been trajnsmitted, the decoder can decode SizeHeader and access its fields.

Table A.5 sp

bcifies the PreviewHeader bundle.

Table A.5 — PreviewHeader bundle

like other bundles, SizeHeader provides a guarantee on when the decoder,canaccess its fie
se case, it can be helpful for the decoder to know the image dimensions before having receiv
Feam. Once at least 94 bits of the codestream are accessible, or the entire codestream is known to

field of sizeHeader oOr PreviewHeader != 0, their widtnh field are computed from kreighft and

ds. In
bd the

condition type default name
Bool() divs
divs U32(Val(16), Val(32), BitsOffset(5, 1), BitsOffset(9, 33)) 1 height div
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
ldivse &&|U32(BitsOffset(6, 1), BitsOffset(8, 65), BitsOffset(10, 321), |1 w_explicit
ratio==0 | |BitsOffset(12, 1345))

NOTE3 Th

width is defi
ratioisin th
do not excee

NOTE4 Th

d 4096,

e presence of PreviewHeader is signalled by metadata.have preview.

is eicoding cannot represent a zero-width or zero-height preview.

hed as follows, [f ratio == 0, then width = (div8 ? width div8 x 8:w explicit). Other
erange [Ly8)and width is computed as defined in Table A.4. The values of width and h

wise,
Eight

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
chromaticity diagram, scaled by 10°. The unscaled coordinates may be outside [0, 1] for imaginary
primaries.
Table A.7 — ColourSpace
name value meaning
kRGB 0 Tristimulus RGB, with various white points and primaries
kGrely 1 Luminance, with various white points; colour encoding.primaries|are ignored
kXYB 2 XYB (opsin); colour encoding.white pointiskD65, colour encodfing.
primaries isignored, colour encoding.have \gamma is true, and
colour encoding.gamma is 3333333
kUnkpown 3 None of the other table entries describe the colour space appropriatelyj
Table A.8 — WhitePoint
name value meaning
kD65 1 CIE Standard Illuminant D65:0.3127, 0.3290
kCusfom 2 Custom white point stored\in colour encoding.white
kE 10 CIE Standard Illumindnt E (equal-energy): 1/3, 1/3
kDCI 11 DCI-P3 from SMPTE'RP 431-2: 0.314, 0.351

The rfeaning column is interpreted as-CIE xy chromaticity coordinates.

NOTE1 Thevalu

es are a selection'of the values defined in [2].

Table A.9 — Primaries

name value meaning

kSRGP 1 0.639998686, 0.330010138; 0.300003784, 0.600003357; 0.150002046, 0.059997204
kCusfom 2 Custom red/green/blue primaries stored in colour encoding.red/greern|/blue
k210p 9 0.708, 0.292; 0.170, 0.797; 0.131, 0.046 (As specified in Rec. ITU-R BT.210012)

kP3 11 0.680, 0.320; 0.265, 0.690; 0.150, 0.060 (As specified in SMPTE RP 431-2)

The vatuesimthe meaning coturmm are interpreted as €iE Xy chrommaticity coordimatesTed; green; blue,

respectively.

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 exponentis 1
kSRGB 13 As specified in IEC 61966-2-1 sRGB

© ISO/IEC 2022 - All r
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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
condition type default name
Bool() false have gamma

have_gamma u(24) 10 000 000 gamma

'have gammg Enum(TransferFunction) TransferFunction.kSRGB transfer Kuhction

have gamma
opto-electri

Table A.12 — RenderingIntent

== false indicates the transfer function is defined by transfer funétion. Otherwis
al transfer function is characterized by the exponent gamma / 107, This exponent is in

b, the
(0, 1].

name value meaning
kPerceptual 0 As specified in ISO 15076-1:2010 (vendor-specific)
kRelative 1 As specified in ISO 15076-1:20{10 (media-relative)
kSaturation 2 As specified in ISO 15076-1:2010 (vendor-specific)
kAbsolute 3 As specified in ISO 15076-1:2010 (ICC-absolute)
NOTE4  The values are defined by ISO 15076-1:2010.
Table A.13 — ColourEncoding bundle
condition type default name
Boo]() true all default
lall default Boo]() false want icc
lall default Enum(ColourSpace) kRGB colour space
use _desc && not_xyb Enum(WhitePoint) kD65 white point
white point == WPkCustom Customxy white
use desc && not xyb-&&colour |Enum(Primaries) PR.kSRGB primaries
space = kGrpy
primaries =F PRik@ustom Customxy red
primaries =F PRkCustom Customxy green
primaries == 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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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
extensions !=0 U64() 0 extension bits[NumExt]

An e
extern
exter]
ext §
Exter

the number of bits stored for the extension whose ext i =i, starting aftef\extension b{

read.

A.6
Table

ktension consists of zero or more bits whose interpretation is established by An
sion is identified by an ext i in the range [0, 63), assigned in increasing sequ
sions is a bit array where the i-th bit (least-significant == 0) indicates whether the ex
=iis present. Nunext denotes the number of extensions present, i.e. number of\1+bits ir
1sions that are present are stored in ascending order of their ext i.extension bits

The decoder reads all these bits for all extensions which are present.

ImageMetadata

A.15 specifies the BitDepth bundle.

Table A.15 — BitDepth bundle

nex H. Each
ential order.
tension with
extensions.
i] indicates
ts has been

condjition

default |name

type

Bool() false float sample

'flo

ht_sample U32(Val(8), Val(10), Val(12); BitsOffset(6,1)) |8

bits per sample

floa

L sample 8 bits per sample

U32(Val(32), Val(16), Val{24), BitsOffset(6,1))

floa

L sample u(4)

exp bits minus_or]

float

bits |
depel
depel

exp
and i
expo
imag
mant|
bias ¢

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

per sample is the number of bits per channel of the original image. The encoding
1ds on floating_point_sample: for integers the value is in range [1, 31], for floating poin{
1d on the value expibitts minus one.

its minus_ope.ds one less than the amount of bits used for the exponent of floating
5 only present'if float sample is true. Let exp bits = exp bits minus one + 1 be th
nent bits-and let mantissa bits be bits per sample - exp bits - 1. The samples off
e are interpreted as floating point values with 1 sign bit, the indicated amount of expo
issa(bits and otherwise following the principles of the ISO/IEC 60559 standard with

of this value
restrictions

point values
le amount of
the original
hent bits and
an exponent
bits isin the

f2€xp-bits-1_ 1 The value of exp bits isin the range [2, 8], and the value of mantissa :

rang

[2,23F:

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

NOTE 1

possible exponent is treated in the same way as the next smaller one.

On some CPUs and floating-point formats, infinity/Not A Number are disallowed and the largest

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.

© ISO/IEC 2022 - All rights reserved
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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 fields BOO](] false have preview
have preview PreviewHeader Dreview
extra fields Bool() false have animation
have_animation AnimationHeader animation
lall default BitDepth bit depth
lall default Bool() true modular 16bit, buffers
fall default U32(Val(0), Val(1), BitsOffset(4, 2),|0 num_extraQc¢hannels
BitsOffset(12, 1))
fall_defauft ExtraChannellnfo extpgehannel info [num|
extxa” channels]
lall default Bool() true Xy encoded
lall default ColourEncoding colour encoding
extra fields ToneMapping tone mapping
lall default Extensions extensions
Bool() default transform
default trgnsform && OpsinlnverseMatrix opsin inverse matrix
xyb encode
default trgnsform u(3) 0 cw_mask
cw_mask & F16() d up? up2 weight [15]
cw _mask & ] F16() d up4 up4 weight [55]
cw_mask & F16() d up8 up8 weight[210]

The orienta
after decodi

Table A.17 — Orientation

tion=1+orientation (minus 1 indicates which orientation transform the decoder applies
g the image (Table A.17), including the preview frame if present.

orientation | [sideinfipstrow [sidein firstcolumn |transform to apply

1 top left none

2 top right flip horizontally

3 bettom right rotate 180°

4 bottom left flip vertically

5 left top transpose (rotate 90° clockwise then flip 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_s

ize.

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 a large enough range to store and
apply inverse transforms to all the decoded samples in modular image sub-bitstreams (see C.9). 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.

xyb 4
XYB 1

In th
case
aree

coloy

encodling of the stored image if xyb encoded is true.

ncoded is true if the stored image is in the XYB colour space. In L.2 it is specified ho
o RGB.

e rest of this document, the three main colour components are referred to as-X, Y, B
iwhere the XYB colour space is not used for the stored image; in that casé\the actual
therR,G,BorCb,Y,CrorC,M,Y.

r encoding indicates the colour image encoding of the original image. This may dif

W to convert

, even in the
components

fer from the

tone |mapping (Tables A.18) has information for mapping HDR images to lower dynamic range displays.
Table A.18 — ToneMapping bundle
condjition type default name
Bool() true all default

lall| default F16() 255 intensity target

lall| default F16() 0 min nits

lall| default BOOI() false relative to max displlay

lall| default F16() 0 linear below

intersity target is > 0. This is.anupper bound on the intensity level present in the imagp in nits, and
reprgsents the intensity corresponding to the value "1.0" (but the image need not contain a pixel this
brighit).
min fits is > 0 and <=siftensity target. This is a lower bound on the intensity level present in the

imag

lined
to mg

Othel

b in nits, but the-image need not contain a pixel this dark.

r below represents a value below which tone mapping leaves the values unchanged.
x_display{is true, linear below is a ratio in [0, 1] of the maximum display bright
wise, itis’an absolute brightness in nits >= 0.

If relative
ness in nits.
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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,-0.01095446, -0.03198464, -0.04455121,-0.02799790,
-0.00645912, 0.06390599, 0.22963888, 0.00630981, -0.01897349, 0.67537268, 0.08483369, -0.02534994,
-0.02205197,-0. 01667999 -0. 00384443} andd up8= { -0. 02928613 -0. 03706353 -0. 03783812 -0.03324558,

-0.00447632
-0.04002101
0.29895328,

-0.01450239
0.47416733,

0.49093869,
-0.03866988
-0.02788574
-0.01074016,
-0.01020207,
-0.00107783
-0.04831487
-0.01341764
-0.01372950
0.38194295,
0.62026135,
-0.04082742
-0.02946266
-0.01022545
-0.03797620
-0.00795586
0.02230594,
0.10805613,

-0.01893131
-0.02964169
0.74982506,

A.7 Anim

AnimationH
thatis prese

014229550, 0.56593398, 0.08045181, -0.02888298, -0.03680918, -0.00542229, -0.029
-0.02118180, -0.03942402, -0.00775547 -0.02433614, -0.03193943, 70.02030828, -0.040

-0.03965629,-0.05151616,-0.03814886,-0.01005819, 0118968273, 0.33063684, -0.0130
-0.04017465,0.13727832,0.36402234,0.01027896;0.01832107,-0.03365072, 0.0873
0.04338228,-0.02525993, 0.56408126, 0.00458352/-0.01648227,-0.04887868, 0.2458
0.04314807,-0.02213737,-0.04158014, 0.16637289, 0.65027023, 0.09621636,-0.0310
-0.00904519,-0.02790922,-0.02117818, 0.00%98662,-0.03995711, -0.01243427,-0.0223
0.00992055,-0.03600283,-0.01684920, -0.00111684,-0.00411204,-0.01297130,-0.0172
-0.00165306,-0.00313110,-0.01218016,-0.01763266,-0.01125620,-0.00231663, -0.0137
-0.05142937,-0.03117307,-0.00581944;-0.01064003, -0.03608089, -0.05272168, -0.0337
0.09628104,0.27129991,-0.00353779,-0.01734151,-0.03153981, 0.05686230, 0.2850
-0.02374955, 0.68214326, 0.050128048,-0.02320852, -0.04383616, 0.18459474, 0.7151
£0.03263677,-0.03637639, -0:01394373,-0.02511203,-0.01728636, 0.05407331, -0.0286
-0.00240854,-0.00446511,20.01636187,-0.02377053,-0.01522848,-0.00333334,-0.0081
-0.04499287,-0.02745350, -0.00612408, 0.02727416, 0.19446600, 0.00159832,-0.0223
0.11452620, -0.03348048, -0.01605681, -0.02070339, -0.00458223}.

ationHeader

pader, defined in Table A.19, holds meta-information about an animation or image seq
nt ifmetadata.have_animation.

0998,
7975,
7568,
0975,
2473,

lence

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 t

22

o 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
condjition type default name
BOOID true all default
tall] default F16() 11.031566901960783 inv_mat00
tall| default F16() -9.866943921568629 inv_mat 01
tall| default F16() -0.16462299647058826 invomat02
tall] default F16() -3.254147380392157 invimatl0
lall| default F16() 4.418770392156863 fhv_matll
tall] default F16() -0.16462299647058826 inv_matlz
lall| default F16() -3.6588512862745097 inv_mat20
lall| default F16() 2.7129230470588235 inv_mat21l
tall] default F16() 1.9459282392156863 inv_mat22
‘all] default F16() -0.0037930732552754493 opsin biasO
tall| default F16() -0.00379307%32552754493 opsin_biasl
'alll default F16() -0.0037930732552754493 opsin_bias2
talll default F16() 1-0:05465007330715401 quant_bias0
tall] default F16() 120.07005449891748593 quant_biasl
tall] default F16() 1-0.049935103337343655 quant_bias?2
lall| default F160 0.145 quant bias numerafor
A.9 |ExtraChannellnfo
Tablg A.21 specifies the-meaning of the ExtraChannelType values.
Table A.21 — ExtraChannelType
name value |meaning
kAlpha 0 Alpha transparency, where 0 means fully transparent
kDepkh t Bepthrmap
kSpotColour 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 6 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.

© ISO/IEC 2022 - All rights reserved 23


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

ISO/IEC 18181-1:2022(E)

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

condition type default name

Bool() true all default
fall_default ExtraChannelType kAlpha type
'all default BitDepth bit depth
fall_default U32(Val(0), Val(3), Val(4), BitsOffset(3,1)) |0 dim_shift
fall default U32(Val(0), Bits(4), BitsOffset(5,16), BitsOff-|0 name_ et

set(10,48))

u(8) 0 nage [name len]
lall default && type |Bool() false alpha_associate
== kalpha
type == kSpgtColour F16() 0 red
type == kSp¢tColour F16() 0 green
type == kSp¢tColour F16() 0 blue
type == kSp¢tColour F16() 0 solidity
type == kCEA U32(Val(1), Bits(2), BitsOffset(4, 3), BitsOff-|1 cfa_channel

set(8, 19)

Extra chann

dim shift i
with respec
rounded up.

EXAMPLE

If name len

bls are interpreted according to their tygednd are rendered as specified in L.6.

the base-2 logarithm of the downsampling factor of the dimensions of the extra chpnnel
to the main image dimensions defined in size. The dimensions of the extra channel are
The value 1 << dim shift doesnot exceed the xGrouppim of any frame (C.2).

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

> 0, then the extra channel has a name name, interpreted as a UTF-8 encoded string.

24
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Annex B
(normative)

ICC profile

General

The interpretation of RGB pixel data is governed by a colour space described by a celo

exa
all ha
differ

Pixel
YCbC
by a g

NOTE

Q.o Q o Q = ot =—

]t

(e

The

metad
presqg

u}lple sRGB is a colour space. Capture devices, display devices, and quantized (integer)

ve their own colour space. Converting quantized pixels in one colour space to quantiz
ent colour space is a lossy operation.

data can be encoded in two ways: either in the absolute XYB colour ‘space, or as
I triplets or grayscale values which are to be interpreted according tothe colour spa
iven colour profile.

1  Both ways are useful in different scenarios:
YB is designed to match the human visual system and is excelleiit for lossy compression.

Vhen performing lossless compression, integer data has to be kept in its original colouf
pnverting it and re-quantizing it in another colour spaee/is lossy.

pur space is always signalled in the metadata,;and it has a different meaning in each s

h the XYB scenario, the signalled colour spaée does not give any information about how
he encoded XYB pixels, since they are already in an absolute colour space. It is merely

ecoded image to integer data. To-display the image data on a display device with a di
his is irrelevant since it suffie€s to convert from XYB to the display colour space. T

lended by the decoder, the'signalled colour space is relevant (since the blending md
one in that colour space-and not in XYB, see C.2).

h the other scenarip, the signalled colour space has direct meaning: it is the colour
GB, YCbCr or grayscale pixel data. To display the image on a display device, the pixel
onverted from.the signalled colour space to the display colour space.

etadatal ®yb encoded flag (A.6) indicates which of the two scenarios is followed. In th
ata,s&D encoded istrue,metadata.colour encodingand the ICC profile described in {
nt) are merely suggestions as to a colour encoding to use after the intermediate cony

linea

profile, for
ixel data can
bd pixels in a

RGB triplets,
ce described

space, since

cenario:

f to interpret
' intended to

ndicate what colour space the original pixel data had, which can be useful when converting the

splay profile,
he signalled

olour space can be unusedin that case. Only in case there are multiple frames that need to be

y have to be

space of the
data is to be

b case where
his Annex (if
ersion to the

" SRGB colour space specified in L.2 (unless the frame is saved as a reference fram

e and save

before ct is true, see C.2). If xyb_encoded is false, the decoded samples are to be interpreted in the
following way:

If 'metadata.colour encoding.want icc, the decoded samples are indicated to be interpreted

aCCOFdingtOthecolour_space,white_point,primaries,transfer_functionznuirendering_intent
of metadata.colour encoding, as specified in A.4.

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
the sample values to integers at the bit depth that was signalled, and save the resulting image.

- L ol | | h | ol
The rest of tiisammex SPETIIIES [TOW (0 UECOUT dIT e protTIe:

NOTE 2  ICC profiles are standard display ICC profiles as defined by the International Colour Consortium. For
example, an sRGB profile indicates the RGB values are to be interpreted as values in the sRGB colour space.

B.2 Datastream

The bitstream is byte aligned as specified in 6.3. The decoder reads enc_size as U64(). The defoder
reads 41 clystered distributions as specified in D.3. The decoder then redds enc size integgrs as
specified in{D.3.6 to obtain decompressed bytes, using D[TccContexp<(index, prev byte, prev_
prev _byte) ]| where index is the current byte index, prev byte and pfev’prev byte are respectively
the previoug and second-previous bytes or 0 if they do not exist yetyand the Tcccontext () furlction
is defined in| the code below. The resulting decompressed byte-based data is the encoded ICC stfeam.
The decoderjreconstructs the ICC profile from this encoded ICEStream as described in the subsefjuent
subclauses df this annex.

IccContext|[i, bl, b2) {
if (i <=|128) return 0O;

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

else 1if [bl >= 'A' && bl <= 'Z2'") pl = 0;
else 1f [bl >= '0' && bl <= '9'") Rl™= 1;
else if [bl == "." || bl == ', H\pl = 1;
else if [bl <= 1) pl = 2 + Dbl%

else if [bl > 1 && bl < 16N\ pl = 4;

else 1if [bl > 240 && bl(<)255) pl = 5;
else if [bl == 255) plh= 6;

else pl ¥ 7;

if (b2 > 'al§® b2 <= 'z') p2 = 0;
else if [(BZ >= 'A' && b2 <= 'Z'") p2 = 0;

else 1f o — 0 = 92—
else if (b2 == "'"."'" || b2 == "',") p2 = 1;
else if (b2 < 16) p2 = 2;

else 1f (b2 > 240) p2 = 3;

else p2 = 4;

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

Varint() commands_size the size of the command stream, in bytes.

u(8 x k,uumlaudb_bi C} commrand-stream sttb-streamoftheencodedtcEstreanrwhich contains
command bytes

u(8 x| [[remaining bytes] 1) data stream sub-stream of the encoded ICC stseam which contains
data bytes, starting directly after tHe conjmand stream
and ending at the end of the encoded ICL stream

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

Table B.2 — command stream

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

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

Table B.3 — data stream

type comment

u(8 x| [ [variable amount] 1) data for decoding ICC header
u(8 x| [ [variable amount] 1) data for decoding ICC tag list
u(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 thi§ table, u() is
read from the resulting ICC profile, not the JPEG XL codestream.

Table B.4 — ICC profile

type name comment

u(8 x| [ pyariable amount] 1) ICC header up to 128 bytes long. Decoding prgcedure spec-
ified in B.4.

u(8 x [ [variable amount] ) ICC tag list Decoding procedure specified in B.5.

u(8 x [ [remaining bytes] 1) 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 ICC hpader

The header i the first of three concatenated parts that the decoder outputs.

The header |size in bytes is min (128, output size). The decoder reads header siz&bytes from the
data stream| For each byte e, it computes a prediction p as indicated below, then eomputes an output
header byteps (p + e) & 255 and appends it to the ICC result.

Each predicted value p is computed as specified by the following code, #vhere i is the position in
the header ¢f the current byte, starting from 0. header[j] refers to the ‘earlier output header| byte
correspondipg to i == j.Single characters, and characters in strings, point to ASCII values.

if (1 == [] i == [l 1 == [ 1 == 3)
// 'outpyt size[i]' means byte i of output size encoded as an
// unsigped 32-bit integer in big endian order

p = outpyt sizel[i];

else if (i|== 8) p = 4;
else 1f (i|>= 12 && 1 <= 23) {
s = "mntfRGB XYZ "; // one space after "RGEB" and one after "XYZ"
p =s[i 1 12]; }
else if (i|>= 36 && i <= 39) { s = "aa®p"; p = s[i - 36]; }
else if ((3 == 41 || 1 == 42) && hedder[40] == 'A') p = 'P';
else if (i|== 43 && header[40] =NA') p = 'L';
else if (i|== 41 && header[40]. = 'M') p = 'S';
else if (i|== 42 && header[40} == 'M') p = 'F';
else if (i|== 43 && header[40] == 'M') p 'T';
else 1if (i|== 42 && header[40] == 'S' && header[41l] == 'G') p = '1"';
else if (i|== 43 &&Acader[40] == 'S' && header[41l] == 'G') p = 32;
else if (i|== 42.&& header[40] == 'S' && header[41l] == 'U') p = 'N';
else if (i|== @A3MN&& header[40] == 'S' && header[4l] == 'U') p = "W';
else if (1 |=x(#0) p = 246;
else if (1 ==TI) p = 214;
else if (i == 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.
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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.

v = Varint () from command stream;
num_[ag = =1,
if (phum tags == -1) {

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

[ [Append num tags to the output as a big endian unsigned 32-bit intgger (4 outgdut
bytep) 11

prevjious tagstart = num tags x 12 + 128;

prevfious tagsize = 0;

Then| the decoder repeatedly reads a tag as specified by the folewing code until a tag With tagcode
equal to 0 is read or until the end of the command stream is reached.

commpnd = u(8) from command stream;
tagcpde = command & 63;
if (fagcode == 0) {
[[Hecoding the tag list is done, proceed,te B.6]]

tag f ""; // 4-byte string with tag nane
if (fagcode == 1) {
//| the tag string is set to 4 custom bytes read from the data

tap = u(4 x 8) from data stream;

} elpe if (tagcode == 2) {
tap = "rRTC";

} elpe if (tagcode == 3) {
tap = "rXyz";

} elpe if (tagcodg >= 4 && tagcode < 21) {

//| the tag string is set to one of the predefined values

stfings = {
'Cprt", "wtpt", "bkpt", "rXYZ", "gXYZ", "bXYZ", "kXYZ", "rTRC", "gTRC",
'bTRC'), "kTRC", "chad", "desc", "chrm", "dmnd", "dmdd", "lumi"

}i
tag = strings[tagcode - 4];

} else {

[[ 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
integer 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.

[[append the following 3 groups of 4 bytes to the output:
tart,

tag, tagf tagsize]]

) A
the following additional 6 groups of 4 bytes to the output:

if ==

(tagcodsg
[ [append
"gTRC"
"bTRC"

tagstart, tagsize,

tagstart, tagsize]]
3) |

the following additional 6 groups of 4 bytes to the output:

} else if [tagcode ==
[ [append
n gXYZ "

"HXYZ"

(tagstart + tagsize), tagsize,

(tagstart + 2 x tagsize), tagsize]]

B.6 Main|content

The main c

dntent is the third of three concatenated output parts that the decoder outputs tpo the

resulting IC

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

In this subcl

order (row

many colum

a multiple of

elements: th

[ profile. The decoder keeps reading from thersame command stream and data stregm as

huse, Shuffle (bytes, width) denotes:the following operation: Bytes are inserted in ffaster
y row from left to right, starting with the top row) into a matrix with width rows, ajnd as
hs as needed. The last column can have missing elements at the bottom if 1en (bytes) fis not
width. Those elements are skipped and no byte is taken from the input for these missing
e input is the concatenatiom of all rows excluding the possibly missing last element of each

row. Then th
read in rastd

e matrix is transposed,@nd bytes are overwritten with elements of the transposed matrix

r 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 decode th
until the end

e main content)\the decoder reads from the command stream as specified by the following| code,

bf the command stream is reached (which can be immediately).

command = (8) ~£¥Om command stream;

if (commandl €= 1) {
num = Varare—frem R Ere—S-Eee e
bytes = u(num x 8) from data stream;
[ [append bytes to output stream]]

} else if (command == | | command == 3) {
num = Varint () from command stream;
bytes = u(num x 8) from data stream;

width )
Shuffle (bytes, width);

? 2

(command

== 4;
[ [append bytes to output stream]]
) A

from command stream;

else 1if (command ==

u(8)

flags
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width = (flags & 3) + 1;
[[ width !'= 3)]1];
order = (flags & 12) >> 2;
[[ order != 3 ]11;
stride = width;
if ((flags & 16) != 0) {
stride = Varint () from command stream;
}
[[ stride x 4 < number of bytes already output to ICC profile 1]
[[ stride >= width 1];

nujn = Varint () from command stream; (1/

byfkes = u(num x 8) from data stream; (gl’

if| (width == || width == 4) { .,
Bhuffle (bytes, width); r\

} th
//] Run an Nth-order predictor on num bytes as follows, with tq%?bytes
//| representing unsigned integers of the given width (but n€5 is not
//| required to be a multiple of width). N\

fof (i = 0; i < num; i += width) ({ O\

N = order + 1; \%

brev = [[N-element array of unsigned integers oﬁé%idth bytes each]]
for (j = 0; j < N; ++3) {

prev([j] = [[read u(width x 8) from the <£2t ICC profile starting
from (stride x (7 + 1)) bytes before current output size,
interpreted as a big-endian unsignedQXDteger of width bytes]];

&

/ Compute predicted number p, wQSme p and elements of prev are

/ unsigned integers of width es each.
i f (order == 0) p = prev|[0 ()
blse if (order == 1) p :\%~x prev[0] - prev[l];
blse 1if (order == 2) Qg;@ x prev[0] - 3 x prev[l] + prev[2];
for (j = 0; j < width™~& i + j < num; ++3) {
val = (bytes[iet\N§] + (p >> (width - 1 - j))) & 255;

[ [append vatigg 1 byte to the ICC profile output]];

} N\

elpe if (Eommand == 10) {

[ [ppP XYZ " (4 ASCII characters) to the output]];
[[R d 4 bytes with value 0 to the output]];
bytes = u(l 8) from data streanm;

[[append bytes to the output]];

else 1f (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 o headers (Annex A) and ICC profile, if present (Annex B), the codestream consists-ofigne or
more frameq. Frames have the structure shown in Figure C.1. Each Frame is byte-aligned as-$peciffed in
6.3 and is repd 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 framq header
TOC table jof contents
LF LF glgbal

LFG LF groups

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

condjition type name
FrameHeader frame header
TOC toc
LfGlobal 1f global
LfGroup 1f group[num 1f groeups]
encofling == kVarDCT HfGlobal hf global
encofling == kVarDCT HfPass hf pass[num passes]
PassGroup group pasglium groups X num_passes]

The dlimensions of a frame in pixels (width and height) afe*size.width and size.heigh
headgqr.have crop, otherwise they are given by frame hegder.width and frame header.he

C.2 |FrameHeader

The decoder reads FrameHeader as specifiedin Table C.2.

Table G2 — FrameHeader bundle

t if ! frame
Lght.

condjition type default name
Boo]U true all_default

lall | default FrameType kRegularFrame frame type

'all| default u(1) 0 encoding

'all| default U64() 0 flags

lall| default && Bool() false do_YCbCr
!metpdata.xybrencoded

do YfbCr &&(!flags. u(2) 0 jpeg_upsampliing [3]
kUselL.fFrafie

lall| défatlt && !flags. U32(Val(1), Val(2), Val(4), 1 upsampling
kUselLfE¥fame Val(8))

lall default && !flags. U32(Val(1), Val(2), Val(4), 1 ec_upsampling [num_
kUseLfFrame Val(8)) extra channels]
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)

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
!= kReferenceOnly 256), BitsOffset(14, 2304),
BitsOffset(30, 18688))
have crop && frame tvpe |U32(Bits(8), BitsOffset(11, |0 v0
!= kReferepceOnly 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_framle BlendingInfo plending_info
normal_framje BlendingInfo ec_blending_info [num_
extra channels]
normal_frame && metadata. |U32(Val(0), Val(1), Bits(8), 0 duration
have animafion Bits(32))
normal_framle && metadata.|u(32) 0 timecode
animation.have timecode
normal_framle Bool() 'frame type is_last
lall default && frame u(2) 0 save as reference
type != kLfFrame && !is
last
lall default && frame Bool() d_sbct save_before_ct
type != kLFFlrame
fall default U32(Val(0y; Bits(4), BitsOff- |0 name_len
set(5,16);BitsOffset(10,48))
u(8) 0 name [name len]
tall_defauft RestorationFilter restoration filter
lall default Extensions extensions

In the cond
[frame_type

FrameType ik defined in Table C.3.

frame type == kSkipProgressive).

tion column; the abbrevation "normal_frame" denotes the condition !a11 defaul
== kRegularFrame ||

t &&

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.

34
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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.

Both encodings split each frame into groups. This document specifies the meaning of the encodings

Y 1 4l £ |
(e.g. JrDCT) WITere ey arc rererencea.

flagd is defined in Table C.5.

Table C.5 — FrameHeader.flags

name value meaning

kNoise XXXX XXx1 Enable noise feature stage
kNoise xxxx xxx0 Disable noise feature stage
kPatches XXXx xxlx Enable/patch feature stage
kPatches xxxXx xx0x Disable patch feature stage
kSplines xxx]l XXXX Enable spline feature stage
kSplines xxx0 xxxx Disable spline feature stage
kUseLfFrame xX1x xXxX Enable use of special LF frames
kUseLfFrame ®X0R (XRRX Disable use of special LF frames
kSkipAdaptiveLFSmoothing 0xXxXE)xxxXX Enable adaptive LF smoothing
kSkipAdaptiveLFSmoothing 1RXX XXXX Disable adaptive LF smoothing

The Hits of frame header.flags encode\whether certain features are enabled or disabled in the current
framg, as specified in references to.this subclause.

EXAMPLE if f1ags == 18, the decoder enables spline rendering and patch rendering.
When a flag name is used, its vValue is understood as the value of the corresponding bit (0 or 1).
EXAMPLE if frame (header. flags == 3, kPatches is considered to be 1.
If do_|vcber, then the pixels are stored in YCbCr, and are converted to RGB as specified in L.3.

NOTH In addition, one or more reversible colour transforms can be applied in Modular modg¢ (see C.9 and
L.4, L|5). These transforms are not signalled in the FrameHeader, but in the ModularHeader (C.9.2), and can be
appligd either to the whole frame or on a per-group basis. These are always undone, regardless gf the value of
save |befdre ct.

jpeg upsampling indicates the degree of subsampling for each YCbCr channel. 0 denotes {horizontal,
vertical} subsampling factors of {1, 1} for the given channel; 1 denotes {2, 2}, 2 denotes {2, 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 value of kGrouppim is set to 128 << group size shift.

Passes are defined in Table C.6.

Table C.6 — Passes bundle

condition type default name

U32(Val(1), Val(2), Val(3), BitsOffset(3,4)) |1 num_passes
num passes |= U32(Val(0), Val(1), Val(2), BitsOffset(1,3)) |0 num_ds
num_passes |= u(2) 0 sk ¥ [num_passes-1]
num_passes [= U32(Val(1), Val(2), Val(4), Val(8)) 1 downsample [num_ds]
num_passes |= U32(Val(0), Val(1), Val(2), Bits(3)) 0 last pass[num ds]

num passes indicates the number of passes into which the framesis partitioned.

num_ds indic
smaller than

shift[i] ind
num_pas ses)
shift value

downsample [

pass[i] (i im the range [0, num ds)) indicates the zero-based index of the final pass that is decod

order to ach

In addition

ates the number of (downsample, last pass) paits between 0 and 4, inclusive. It is st

num_passes.

licates the amount by which the HF coefficients of the pass with index i in the ran
are left-shifted immediately after entropy decoding. The last pass behaves as if it
Df 0.

i] (i in the range [0, num_ds)) indicates a downsampling factor in x and y direction.

eve a downsampling factor(of least downsample[i]. This index is at most num passes

[0 the (downsample, last pass) pairs that are explicitly encoded in the codestrean

rictly

ge [0,
had a

last
ed in
- 1.

1, the

decoder behpves as if a final pairequal to (1, num_passes - 1) were present.

If 1f 1evel [!= o0, the samplés of the frame (before any colour transform is applied) are recorded as
LFFrame[1£|1evel-1] apdinay be referenced by subsequent frames. Moreover, in this case, the defoder
considers the currentframe to have dimensions ceil (width / (1 << (3x1f level))) X ceil (heifht /
(1 << (3x1f] levelW™.

If either savq .&4¢ Teference != 0Orduration == 0,and!is last && frame type != kLFFrame, th¢n the
samples of tle-decodedframearerecordedasReferencefsere—as—referencelandmaybereferenced by

subsequent frames. The decoded samples are recorded before any colour transform (XYB or YCbCr) if
save before ct is true, and after colour transform 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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Table C.7 — BlendingInfo bundle

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 ==

kMul)

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

The fjode values are defined in Table C.8. All blending operations consider as “previous|sample” the

are |
inver
and

samplle at the corresponding coordinates in the source frame, which is the framg that w3
stor%ﬂin Reference[source] - if no frame was previously stored, the source frame is assu
all sample values set to zeroes. The blend info affects the three colour chahnels. The ex
lended according to ec blend info instead. The blending is don€-in the colour
e colour transforms from Annex L have been applied (except for L[:6). For blend m

AlphaWeightedadd, "the alpha channel” refers to the extra channel with index a1j

s previously
med to have
tra channels
space after
odes kBlend
ha channel,

"sample" is the rgb value or extra channel value after blending, "nhew_sample" and "old |sample" are
the cprresponding values from the current and source frame-respectively, and "alpha", ['new_alpha"
and "old_alpha" are the corresponding values for the alpha.channel. If c1amp is true, alpia values are
clamped to the interval [0, 1] before blending.
Table C.8 — BlendMode{BlendingInfo.mode)
name value |description
kRepflace 0 Each sample.s.éVverwritten with the corresponding new sample.
sample = new_sample
kAadd 1 Each new’sample is added to the corresponding previous sample.
sample = old_sample + new_sample
kBlehd 2 Each new sample is alpha-blended over the corresponding preyious sample.
If the alpha channel has premultiplied semantics (alpha aspociated ==
true), then
sample = new_sample + old_sample x (1 - new_alpha).
Otherwise sample = (new_alpha x new_sample
+ old_alpha x old_sample x (1 - new_a]pha)) / alpha
The blending on the alpha channel itself always uses the following formula
instead: alpha = old_alpha + new_alpha x (1 - old_alpha)
kAlpMametghtedaad 3 Each new sample 15 multiplied with alpha and added to the corresponding
previous sample.
sample = old_sample + alpha x new_sample
The blending on the alpha channel itself uses the following formula instead:
alpha = old_alpha + new_alpha x (1 - old_alpha)
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 >0, then the frame has a name nane, interpreted as a UTF-8 encoded string.

Finally, resforation filter iIs defined in Table C.9.
Table C.9 — RestorationFilter bundle

condition type default name

Bool() true gab
gab Bool() false gab_custom
gab custom F16O 0.115169525 gabr xweightl
gab custom F160 0.061248592 gab x weight2
gab_custom F16() 0.115169525 Gab_y_weightl
gab_custom F16() 0.061248592 gab_y weight2
gab custom F16O 0.115169525 gab b weightl
gab custom F16O 0.061248592 gab b weight2

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

5/7,6/7,1}

epf iters Bool() false epf weight custom
epf weight|custom F160 {40_0, 5.0, 3_5} epf channel scale[3]
epf weight|custom F16O 0.45 epf passl zeroflush
epf weight|custom F160 0.6 epf pass2 zeroflush
epf iters Bool() false epf sigma custom
epf sigma ¢ustom && encoding == F16() 0.46 epf quant mul
kVarDCT
epf sigma qustom F16() 09 epf passO sigma scale
epf sigma ¢ustom F16O 6.5 epf pass2 sigma scale
epf sigma_¢ustom F16() 2/3 epf border_ sad mul
epf iters ¢&{gncoding == kModular F16() 1.0 epf sigma for modular

extensions E€XTENsIons

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.

C.3.2 Decoding permutations

The d
denote min (8, ceil (log2(x + 1))).

tContext (x)

The decoder first decodes an integer end, as specified in D.3.6, using distribution D [GgtContext (size) ].
Then| (end - skip) elements of the 1ehmer sequence are produced as follows. For each| element, an
integpr lehmer[skip + 1i] is read as specified in D.3.6 using the distributionp[prev eler].prev elem
is lefmer([skip + i - 1] ifi > 0, or o0 otherwise. All other elements-of.the sequencg 1ehmer are
0. The decoder maintains a sequence of elements temp, initially containing“the numbers [0, size) in
increpsing order, and a sequence of elements permutation, initially empty. Then, for each integer i in
the range(o, size), the decoder appends to permutation elemeng femp[lehmer[i]], thep removes it
from[temp, leaving the relative order of other elements unchanged;)Finally, permutation is|the decoded
permutation.

C.3.3 Decoding TOC

The gequence of TOC entries are byte-aligned (6.3)«The decoder reads each TOC entry in order of
increpsing index via U32(Bits(10), BitsOffset(14, 1024), BitsOffset(22, 17408), BitsOffset(30, 4211712)).
None|of the TOC entries are zero.

The decoder then computes an array group sffsets, which has 0 as its first element and subsequent
groug offsets[i] are the sum of all TOCGentries [0, 1).

If pe muted_togc, the decoder permutes group offsets according to permutation, such|that group
offsdts[i] is what was pI‘eViOUSly group offsets|[permutation[i]].

Let p|be the index of the byté containing the next unread bit after decoding the TOC. Wheh decoding a
group with index i, the decoder reads from the codestream starting at the byte with indef p + group
offsdts[i].

C.4 |LfGlobal

C.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 C4.7
LfChannelDequantization C.4.2
frame header.encoding == kVarDCT Quantizer C.4.3
frame header.encoding == kVarDCT HF Block Context C.84
frame header.encoding == kVarDCT LfChannelCorrelation C.4.4
GlobalModular C4.8

C.4.2 LF channel dequantization weights

The decoderjreads the bundles listed in Table C.11.

Table C.11 — LfChannelDequantization bundle

condition type default name

u[l] true all default
'all default F16() 4096 m x 1% unscaled
lall default F16() 512 m¢y It unscaled
lall default F16() 256 m o 1f unscaled

C.4.3 QuaImtizer

Table C.12 specifies the Quantizer bundle.

Table C.12 =~ "Quantizer bundle

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

The LF dequpntization fadtors mxpc, mydc and mBDC are computed as specified by the following codp:

mXDC

m x|1f uns&aled / (global scale x quant 1f);

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

mBDC = m b|lf /unscaled / (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

40 © ISO/IEC 2022 - All rights reserved



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

ISO/IEC 18181-1:2022(E)

Table C.13 (continued)

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.

Otherwise, the patch dictionary contains a set of small image patches, to be added to the decoded image
in sp¢cified focations as specified 1IN K.Z.

The decoder reads a set of 10 clustered distributions b, according to D.3, and then réads the following
valugs from a single stream as specified in D.3.6.

In thjs subclause, ReadHybridVarLenUint(x) denotes reading an integer from“the stream using the
distribution D[x] as defined in D.3.6.

Each patch type has the following attributes:

— wlidth, height: dimensions of the image patch.

— gef: index of the reference frame the patch is taken from

— o0, yo:coordinates of the top-left corner of the patchinthe reference image

— gample(x, y, c):thesample from channel c atthe position (x, y) within the patch, cgrresponding
b the sample from channel c at the position &0 + %, y0 + y) in Reference[ref]. All referenced
amples are within the bounds of the reference frame.

wn_ct+

— dount: the number of distinct positions

— Ylending: arrays of count blend mede information structures, which consists of arfrays of mode,
lpha channel and.clamp

Q

— «, y: arrays of count positions,;where this patch is added to the image

The decoder first sets num patches = ReadHybridVarLenUint(0). For i in the range [0, nun| patches) in
ascerlding order, the decoder decodes patch[i] as specified by the following code:

patch([i].ref = ReadHybridVarLenUint (1) ;
patch[i] .x0 =, ReadHybridVarLenUint (3);

1.

1.
patch[i].y0(=ReadHybridVarLenUint (3) ;

1.

1%

]

patch[i].Width = ReadHybridvVarLenUint (2) + 1;
patch[d]height = ReadHybridVarLenUint (2) + 1;
patchfd count = RgadHuheridUarTenUint (7) 4 1
for (j = 0; j < patch[i].count; j++) {
if (3 == 0) |
patch[i].x[J] = ReadHybridVarLenUint (4);
patch[i].y[J] = ReadHybridVarLenUint (4);
} else {
patch[i].x[J] = UnpackSigned(ReadHybridVarLenUint (5)) +

patch[i].x[J - 11;
patch[i].y[J] = UnpackSigned(ReadHybridVarLenUint (5)) +
patch[i].y[] - 11;
}
[[the width x height rectangle with top-left coordinates (x, y) is
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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) {
patch[i] .blending[]j].alpha channel[k] = ReadHybridVarLenUint (8);

[[ this is a valid index of an extra channel 1]

}

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

C.4.6 Splipes

Spline data is present in the codestream if and only if the ksplinesflag in frame header (C.2) is pet. If
so, it consistp of an ANS stream (D.3). The decoder first reads sixclustered distributions as descriljed in
D.3, and then reads coordinates as specified by the following.code:

num splineg = ReadHybridVarLenUint (2) + 1;

quant adjugt = UnpackSigned (ReadHybridVarLenUimt(0)) ;
last x = 0

last y = 0

for (i = 0] i < num splines; i++) {

x = ReadiiybridVarLenUint (1) ;
y = ReadflybridVarLenUint (1) ;
if (1 !'=|0) {
x = UnpackSigned(x) + lasSt x;
y = UnpackSigned(y) t\last y;
}
(sp_x[1]] sp ylilNn="(x, vy):
last x =|x;

last y =|y7

}

For each of num_splines splines, the following steps are applied.The number of control points (including
the starting point) is read as num control points = 1 + ReadHybridvarLenUint (3). The result
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

t

t

he quantized DCT32 coefficients of the Y channel of the spline

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

— the quantized DCT32 coefficients of the o parameter of the spline (defining its thicknegs)
After]decoding, the DCT32 coefficients of the X, Y, B and o values are divided by quant ddjust >= 0
2 1 [+ quant adjust / 8 1 / (1 + quant adjust / 8).The co€fficients are then rpultiplied by
kChafnelWeight [channel], where channel is in the range [0, 4), cofresponding respectively to X, Y, B
and ¢, and kChannelWeight [4] iS {0.0042, 0.075, 0.07, 0.33334"

Beforle rendering splines, the decoder adds Y x base corredtion x and Y x base cofrelation b,
respdctively, to the X and B channels (see C.4.4).

C.4.7 Noise synthesis parameters

If thelkNoise flag in frame header (C.2) is not setjthis subclause is skipped for that frame.

The § LUT values representing the noise synthesis parameters at different intensity levels|are decoded
sequgntially as specified by the following code:

[for 1 = 0; i < 8; i++) lut[i] =ul10) / (1 << 10); |
C.4.4 GlobalModular

First)the decoder reads a u(1) to determine whether a global tree is to be decoded. If trug, an MA tree
is de¢oded as describedinD.7.2.

The decoder then decodes a modular sub-bitstream (C.9), where the number of channelf is equal to
(franje header.ewmgdding == kVarDCT ? 0 (!frame header.do YCbCr && !metadata.lxyb encoded
&& me¢tadata,celour encoding.colour space == kGrey ? 1 3)) + num extra chanpels and the
dimepsions €orrespond to width X height, except for extra channels with dim_shift > 0 |as specified
in C.9) which have dimensions ceil (width / 2dim_shift) x ceil (height / 2dim shift),

The dhannel orderis:

— 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 images, the bulk of the pixel data (i.e. Squeeze residuals) is still encoded in groups.

C.5 LfGrqup

C.5.1 Genpgral

In this subclause, width and height refers to the size of the current LF group, and.alb coordinatgs are
relative to the top-left corner of the LF group. Table C.14 specifies LfGroup.

Table C.14 — LfGroup

condition name type or subclause
ModularLfGroup C.5.2

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

frame head¢r.encoding == kVarDCT HF metadata C.54

C.5.2 ModularLfGroup

In the partidl image decoded from the GlobalModulak section, the pixels in the remaining channe| data
that corresppnd to the LF group are decoded as ahother modular image sub-bitstream (C.9), where the
number of channels and their dimensions are dérived as follows: for every remaining channel (i.e. not
already decqded) in the partially decoded GlobalModular image, if that channel has hshift and vknhift
both at least] 3, then a channel corresponding to the LF group rectangle is added, with the same hghift
and vshift &s in the GlobalModular imiage, where the group dimensions and the x,y offsets are fright-
shifted by hgnift (for x and widtn) dnd'vshift (for y and height).

The decoded modular LF group:data is then copied into the partially decoded GlobalModular image in
the correspdnding positions:

NOTE Sinpce the LF greup'dimension is (8 x kGroupDim) x (8 x kGroupDim) and hshift and vshift arg¢ >=3,
the maximun] channel ditensions are kGroupDim X kGroupDim.

C.5.3 LF cpefficients

catthic Ll < 3 leimmnd o d +lbhn ool from

If the kU 1l flog 10 = 1 2 ie g ie cubelaticn 1o cles <
selrTrrame TTa g 11T Trame_neadcr 1o ot IS Suuotiaust— IS opp Tt ant ChC™ SATITpIcS

LFFrame[frame header.1f frame] are used instead of the values that would be computed by this
subclause and E.2.

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)).

44 © ISO/IEC 2022 - All rights reserved


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

ISO/IEC 18181-1:2022(E)

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 HfMul 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
over the columns of BlockInfo to obtain a varblock transform type type (the sample at the first row) and
a quantization multiplier mu1(the sample at the second row). The type corresponds to a valid varblock

type fd-ammmmmﬂmr&nw&rwmrﬂimple and it
is stored at the coordinates of the top-left 8 x 8 rectangle of the varblock, which is positiened as much

towards the top and towards the left as possible without overlapping already-positionied varblocks .
The Hfmul 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 valuesjin ‘Table C.15.
Table C.15 — Transform type values
Transform type Numerical value Dimensions in DctSelect
DCT8x8 0 1x1
Hornuss 1 1x1
DCT2%2 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
DCT4x8 12 1x1
DCT8x4 13 1x1
AFV0 - AFW3 14 -17 1x1
DCT64 6% 18 8x8
DCT64%32 19 8x4
DCE32x64 20 4x8
PCT128x128 21 16x16
DCT128x64 22 16x8
DCT64x128 23 8x16
DCT256x%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 dequantization matrices are used as multipliers for the HF coefficients, as specified in E.3. They
are defined by the channel, the transform type and the index of the coefficient inside the varblock.
The parameters that define the dequantization matrices are read from the stream as follows. First,

the decoder|reads a u(1). If this is 1, all matrices have their default encoding as specified in C.6.3.
Otherwise, the decoder reads 11 sets of parameters from the codestream, in ascending order. Each set
of parametefs 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.¢olumns)
0 DCT 8x8
1 Hornuss 8x8
2 DCT2x2 8x8
3 DCT4x4 8x8
4 DCT16x16 16x16
5 DCT32x32 32x32
6 DCT16x8,DCT8x16 8x16
7 DCT32x8, DCT8x32 8x32
8 DCT16x32, DCT32x16 16x32
9 DCT4x8, DCT8x4 8x8
10 AFVO, AFV1, AFV2, ARV3 8x8
11 DCT64x64 64x64
12 DCT32x64, . DCT64x32 32x64
13 DCT128x128 128x128
14 DCT64%128, DCT128x64 64x128
15 DAT256%256 256x256
16 DET128x256, DCT256x128 128x256
Each paramgter in this‘subclause is read using F16() (9.2.6) unless otherwise specified.
For each matrix, thexeficoding 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

46

© ISO/IEC 2022 - All rights reserved


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

ISO/IEC 18181-1:2022(E)

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;

if (prreodtmgmode——FTbrary)—
pafams = [[default parameters from C.6.3]];
dck _params = [[default parameters from C.6.3]];
dcf4x4 params = [[default parameters from C.6.3]];

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

} elpe if (encoding mode == Hornuss) {
pafams = [[read 3x3 matrix in raster order, multiply elements'ky 64]];
} elpe if (encoding mode == DCT2) ({
pafams = [[read 3x6 matrix in raster order, multiply elelents by 64]];
} elpe if (encoding mode == DCT4) {
pafams = [[read 3x2 matrix in raster order, multiplky ‘elements by 64]];
dck params = ReadDctParams();
} elpe if (encoding mode == DCT) {
dck params = ReadDctParams () ;
} elpe if (encoding mode == RAW) {
pafams.denominator = F16();
ZefpoPadToByte () ;
pafams = [[read a 3-channel image,fxom a modular sub-bitstream (C.9) of

Fhe same shape as the required\guant matrix]];

} elpe if (encoding mode == DCTAx8) {
pafameters = [[read 3x]l mat¥ix in raster order]];
dcfk params = ReadDctPanyams'() ;
} elpe if (encoding mqdé == AFV) {
pafams = [[read 3x9\matrix in raster order]];
fop (i = 0; i <(3;77i++) for (j = 0; J < 6; j++) vals(i, j) x= 64;

dck params = ReadDctParams () ;

dcf4x4 paraws-= ReadDctParams () ;

}

The dequantization matrices are computed for each possible value of the pctselect field ap the inverse
Of thé—s S matrb—that-eonbr—depends—-onthe-correspondinsparameters-as cnacifind n Table C.17

e 25 tHo e Oty G e P eTha s O Tt COT T o p Ot g paT o Cte o oo o p Tttt

and 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) {
bands (0) = params[0];
for (i = 1; i < len; i++) {

bands (1) = bands(i - 1) x Mult (params[i]);
[[ bandis[i] >= 0 ]];
for (y|= 0; y < Y; y++)
for [x = 0; x < X ; x++) {
dx|=x / (X = 1);
dyl|=vy / (Y = 1);
dig$tance = sqrt(dx? + dy?);
welght = Interpolate(distance, sqgrt(2) + le-6, bands, numWands) ;
welghts (x, y) = weight;

}

For encoding mode pcT, the weights matrix for channel ¢ is'the matrix of the correct size computed
using GetDctfQuantieights, USIing row c of dct params as.ahl Input.

For encoding mode pcT4, the weights matrix for channel c are obtained by copying into position (k, v)
the value in position (x 1div 2, y 1div 2) inthe4 x 4 matrix computed by GetDctQuantWeights using
as an input fow c of dct_params; coefficients-(@;1) and (1,0) are divided by params(c, 0), and the
(1,1) coeffigient is divided by params (c, 1).

For encoding mode pcT2, params (¢, 1) /are copied in position (x, y) as follows, where rectangl¢s are
defined by their top right and bottom™eft corners, and symmetric refers to the rectangle defined ljy the
same points|but with swapped x andy coordinates:

— i == 0:positions (0, 1), (I3\0)

— i == 1:position (1,19

— i == 2: pll positioils in the rectangle ((2,0), (4,2)), and symmetric
— i == 3: pll positions in the rectangle ((2,2), (4,4))

— i 2 sl positensintherectangle a4 and symmetrie
— i == s:all positions in the rectangle ((4,4), (8,8))

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, 5.37778436506804, 0, O,

5.449245381693219, 1.6598270267479331, 4, 7.275749096817861,

2.662932286148962, 7.630657783650829, 8.962388608184032,

weights4x8 = [[4x8 matrix produced by GetDctQuantWeights
using row c of dct params]];

weightsdx4d = [[4x4 matrix produced by GetDctQuantWeights

using row c of dctd4x4 params]];

4.734747904497923,
10.423227632456525,
12.97166202570235};

lo = 0.8517778890324296;
hi = 12.97166202570235;
bands (0) = params(c, 5);
[[ bpmasT0T = U] 117
for (i = 1; i < 4; i++) {
bahds[i] = bands[i - 1] x Mult(params(c, i + 5));
[[| bands[1i] >= 0 11;
}
weights (0, 0) = 1;
weights (0, 1) = params(c, 0);
weights(l, 0) = params(c, 1);
weights (0, 2) = params(c, 2);
weights (2, 0) = params(c, 3);
weights (2, 2) = params(c, 4);
for |[(y = 0; yv < 4; y++)
fok (x = 0; x < 4; x++) {
if (x < 2 && y < 2) continue;
val = Interpolate(freqgs[y x 4 + x] - 4@p'hi - lo, bands, 4);
weight (2 x y, 2 x x) = val;
}
for ((y = 0; yv < 4; y++)
fof (x = 0; x < 8; x++) {
if (x == 0 && y == 0) continue;
lieights(x, 2 x y + 1) = weightsdx8(x, v);
}
for |(y = 0; y < 4; ytt)
fof (x = 0; x < 4g=Xt+) {
if (x == 0 &&(yy== 0) continue;
lieights (2 x. '+ 1, 2 x y) = weightsidx4d (x, Vy);
}
For epcoding mode raw, the weights are equal to the element-by-element inverse of the pajrams matrix,
divided by params.denominator.

Finally, the dequantization matrices for channel c are the element-wise inverses of the weights matrix
computed for channel c. None of the resulting values are non-positive or infinity.

C.6.3 Default values for each dequantization matrix

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 DCT2 {},{{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, -0.67424582104194355,
-0.80745813428471001, -0.44925837484843441, -0.35865440981038403,
-0.31322389111877305, -0.37615025315725483}, {1157.50408145487200256,
-2.0531423165804414,-1.4, -0.50687130033378396, -0.4270873062473B904,
-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, -0.4978530465885)626,
-0.43699592683512467, -0.40180866526242109, ~-0.27321683125358037},
{3803.53173721215041536, -3.060733579805728; -2.0413270132490346,
-2.0235650159727417,-0.5495389509954993, -0:4/-0.4, -0.3}}, {}

DCT16x8, DCT {{7240.7734393502,-0.7,-0.7,-0.2,-0.2,-0.2, 0.5, {1448.15468787004, -0.5, -0.5,
DCT8x16 -0.5,-0.2,-0.2, -0.2}, {506.854140754517,-1%4;-0.2, -0.5, -0.5, 1.5, -3.6}}, {}

DCT32x8, DCT {{16283.2494710648897, -1.7812845336559429, -1.630905901265B515,
DCT8x32 -1.0382179034313539, -0.85,,~%0.7, -0.9, -1.2360638576849587},

{5089.15750884921511936, -0.32D049391452786891, -0.3536284992216[1446,
-0.30340000000000003, -0.6%3 -0.5, -0.5, -0.6},{3397.7760327530872)128,
-0.321327362693153371, -0.34507619223117997, -0.70340000000000003| -0.9,
-1.0,-1.0, -1.1754605576265209}}, {}

DCT16x32, DCT {{13844.97076442300573; -0.97113799999999995, -0.658, -0.42026, -0.2R712,
DCT32x16 -0.2206, -0.226, -0%), {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,DCTYx4 |DCT4x8 {{2198.050556016380522, -0.96269623020744692, -0.7619425302666p783,
-0.6551140670773547}, {764.3655248643528689, -0.9263020088836H945,
-0.9675229603596517, -0.27845290869168118}, {527.10757358754P228,
-134594385811273854, -1.450082094097871593, -1.5843722511996204}},

{.0,1.0, 1.0}
AFVO, 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, -0.7619425302666p783,
-0.6551140670773547}, {764.3655248643528689, -0.9263020088836H945,
-0.9675229603596517, -0.27845290869168118}, {527.10757358754p228,
-1.4594385811273854, -1.450082094097871593, -1.5843722511996204}}

DCT64x64 DCT {{23966.1665298448605, SeqA}, {8380.19148390090414, SeqB},
{4493.02378009847706, SeqC}}, {}

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}}.

C.6.4 Number of HF decoding presets

cadar waod 3 . . ERP-Y IR TL Lnar oo
The geeotaerreaas TTanr_ 1T prescCo_ MITNIgs T do glce I (togzZ o _groups/ ) ) TICPCT l.lao)) number Of

coefflcient orders and histograms num hf presetsisequalto num hf presets minus ' /1.

NOTH The number of bits used to represent this number is not a constant because the.set of histograms and
orderf to be used is decided on a per-group basis.

C.7 |HfPass

C.7.1 HF coefficient order

The data described here is read num hf presets times (as decoded in C.6.4), once for edch preset in
ascerjding order. The decoder proceeds as specified by the code below, where natural cofeff order is
the nptural coefficient order defined by dcts, as specified,in\R2.5.

used| orders = U32(Val (0x5F), Val(0x13), Val(0)¢)Bits(13)); // 13-bit mask
if (psed orders != 0)
[[fead 8 clustered distributions D according to subclause D.3]];
for(p = 0; b < 13; b++)
if| ((used orders & (1 << b)) != 0)_ ¢
hat ord perm = DecodePermutationA);
for [[each 11]
order[i] = natural coeff_ order[nat ord perm[i]];
} pBlse {
for [[each 1i]]

order[i] = natuxal coeff order[i];

}

DecodePermutationt) is defined as follows. Let dcts be any pctselect value with an ord¢r that is the
currgntly decodéd one, as defined in L.2.5. The decoder reads a permutation nat_ord permfrom a single
strean (containing permutations for all orders) as specified in C.3.2, where size is the number of
coeff]cientscovered by dcts and skip = size / 64.

C.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 partial image decoded from the GlobalModular and ModularLfGroup sections, the pixels in the
remaining channel data that correspond to the group are decoded as another modular image sub-
bitstream (C.9). The values minshift and maxshift are defined as follows. If this is the first (or only)

pass, then m3
n such thatt
minshift

The number
the partially
kGroupDim X
in a previou
< maxshift,
vshift asin
by hshift (f]
copied into 4

When all m¢dular groups are decoded, the inverse transforms$care applied to the at that point

decoded Glo

C.8.3 HF ¢

The decoder
used for this
x hfp. These

To compute
the current
is the afMul
block within

xshift = 3, otherwise maxshift is equal to the minshift of the previous pass. If therd
hepassindexisequalto1ast7pass[n],then minshift log2 (downsample [n]) ,-0thé
naxshift (i.e. this pass contains no modular data).

of channels and their dimensions are derived as follows: for every remaining chan
decoded GlobalModular image (i.e. it is not a meta-channel, the channeldimensions e
kGroupDim, and hshift < 3 or vshift < 3, and the channel has not been already ded
pass), if that channel has hshift and vshift such that minshift~<="min (hshift,vs
then a channel corresponding to the group rectangle is added_with the same hshif

pr x and width) and vshift (for y and height). The decoded modular group data is
he partially decoded GlobalModular image in the correspoifiding positions.

balModular image, as specified in C.9.4.

oefficients

read hfp = u(ceil (log2 (num_hf pres&ts))), which indicates the coefficient order
group as well as the offset in the histogram, which is given by offset =495 x nb_bloc
are chosen from the num hf presets’possibilities of the current pass.

context, the decoder uses the*procedures and constants in the following code, wher
channel (with 0=X, 1=Y, 2=B),'s is the Order ID (see Table 1.1) of the pctselect value a
value for the current varblock, and qdc (3] are the quantized LF values of (the top-lef
) the current varblock (taking into account chroma subsampling if needed). The li

is an
rwise

hel in
kceed
oded
hift)
t and

the GlobalModular image, where the group dimensions and the'x,y offsets are right-shifted

then

fully

to be

kK ctx

e c is

md(qf

t 8x8
5ts of

thresholds ¢f thresholds andw¥ thresholds[3],andblock ctx map are as decoded in LfGlobal [C.4.1
and C.8.4).
BlockContext () {
idx = (c|< 2 ?2 ¥yl ¢ 2) x 13 + s;
idx x= (¢f thi#esholds.size() + 1);
for (t : qf»thresholds) if (gf > t) idx++;
for (i =Lloj p dawy idy v (1F theacholde (i AN R
1f idx = 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[1l]) if (gdc[l] > 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, 1, 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] = {
0, 0, 31, 62, 62, 93, 93, 93, 93, 23, 123, 123, 123,
152, 152, 152, 152, 152, 152, 152, 152, 180, 180, 180, 180, 180,
8o, 180, 180, 180, 180, 180, 180, 206, 206, 206, 206, 206, 206,
P06, 206, 206, 206, 206, 206, 206, 206, 206, 206, 206, 206, 206,
P06, 206, 206, 206, 206, 206, 206, 206, 206, 206, 206, 206};
CoeffficientContext (k, non zeros, num blocks, size, prev) ({
non| zeros = (non_ zeros + num blocks - 1) Idiv num blocks;
k =l k Idiv num blocks;
retprn (CoeffNumNonzeroContext[non zeros] + CoeffFreqgContextfk]) x 2 +
pkev + BlockContext () x 458 + 37 x nb block ctx;
}

For e
NonZg

After]
strea
varbl
the V

of th
in th

using
NonZzg

and t

if

nch block of the group, predictedNonZeros (x, y) corfesponds to the following fun
ros is defined below:

x ==y == 0, 32.

x == 0 && y != 0,NonZeros(x, y - 1).

x != 0 && y == 0,NonZeros(x - 1, wN\

x !'=0 && vy != 0, (NonZeros (x,-¢51) + NonZeros(x-1, y) + 1) >> 1.

selecting the histogram and cgéfficient order, the decoder reads symbols from an en
E‘l, as specified in D.3.6. Thé-decoder proceeds by decoding varblocks in raster or
ck it reads channels Y,-X;:then B; if a channel is subsampled, its varblocks are sk
arblock corresponds to-the top-left corner of a non-subsampled varblock. For t
s ordering, each vdrblock corresponds to its top-left block. For each varblock of
b image, covering hum blocks x x Yy / 64 blocks, the decoder reads an integg
D[NonZerosContext(PredictedNonZeros(x, v)) + offset} The decoder then c
ros (x, y) field for each block in the current varblock as follows. Let i be the differen
he x coordinate of the top-left block of the current varblock, and j the difference betw

ction, where

tropy-coded
ler; for each
pped unless
he purposes
size x Y
b’ non zeros
bmputes the
ce between x
een y and its

X

ycoordinate.Thenletcur = § x X + i.NonZeros(x, y) isthen (non_zeros + num blockp - 1) Idiv
num_Wlocks,Finally, for k in the range [num blocks, size), the decoder reads an integer ucopff from the
COdestreaIn,usingID[CoefficientContext(k, non zeros, num blocks, size, prev) + offset],vvhere
prev Iscomptitedasspecifiedinthe foHowingeode:
if (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 x in the
coefficient order for the current bctselect value to UnpackSigned(ucoef£). If ucoetf != 0, 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 (i = 0; i < 3; i++) f
nb 1f thr[i] = u(4);
for (3|= 0; § < nb 1f thr[i]; j++)
1f thresholds[i].push back (UnpackSigned(U32 (Bits(4), BitsOffset (8,
16), BitsOffset(l6, 272), BitsOffset (32, 65808))));

}
nb gf thr = u(4);
for (i =[0; 1 < nb gf thr; i++)
1f thresholds[i].push back (UnpackSigned (U32 (Bits(4), BitsOfif§egt (8,

16), BitsOffset(l6, 272), BitsOffset (32, (63808))));
}
nb gf thr = u(4);
for (i =|0; i < nb gf thr; i++)

gf thre¢sholds.push back(U32 (Bits(2), BitsOffset(8) 4),
BitsOffset (5, 12), Bitsoffset (8, 44)));
bsize = 27 x nb gf thr x nb 1f thr[0] x nb 1f_thr[l] x nb 1f thr[2];
block ctx map = [[ Read a clustering map asim D.3.5; num distributions

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

C.9 Modylar image sub-bitstream

C.9.1 Genpral

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

The modulay} image\sub-bitstream encodes an image consisting of an arbitrary number N of channels.
The dimensions @ne implicit (i.e. they are signalled or computed elsewhere). In the trivial case where
N is zero, the'decoder takes no action. The channels are described as an ordered list: channel [07],
channel[1l], ... , channel [N - I].

Each channel has a width and height (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.

channel[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.

C.9.2—lmage-decoding

The decoder reads the fields specified in Table C.22.

Table C.22 — ModularHeader bundle

condjition name
Bool() use gicbal tree
WPHeader Wp\params
U32(Val(0), Val(1), BitsOffset(4, 2), BitsOffset(8, 18)) nb_transforms
TransformInfo transform[nb transfdrms]

The list of channels is initialized according to C.9.1. Their-dimensions and subsampling
derived from the series of transforms and their parameters (C.9.4).

r factors are

First)ifuse global treeisfalse, the decoder readsaMA tree and corresponding clustered glistributions
as depcribed in D.4.2; otherwise the global MA tree’and its clustered distributions are use
from|the GlobalModular section (C.4.8). The decoder then starts an ANS stream (D.3) and|
data for each channel (in ascending order of ihdex) as specified in C.9.3, skipping any cha
widt} or height zero. Finally, the inversetransformations are applied (from last to first) as

€94,

Table C.23 specifies WPHeader and Table C.26 specifies TransformInfo, using TransformlId

Tablel C.24 and SqueezeParams-ds’defined in Table C.25.

Table C.23 — WPHeader bundle

1 as decoded
decodes the
hnels having
described in

hs defined in

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
Ldefaute—wp uf5) 7 we—p3k
!default wp u(S) 7 wp p3c
!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
condition |type name
BUUiLJ TrorTzomtet
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 — TransformlInfo bundle
condition type name
Enum(Transformld) tr
tr != kSqueefe U32(Bits(3), BitsOffset(6,8), BitsOffset(10, 72), BitsOffsét(1t3, 1096)) begin c
tr == kRCT U32(Val(6), Bits(2), BitsOffset(4, 2), BitsOffset(6, 10)) rct_type
tr == kPalefte U32(Val(1), Val(3), Val(4), BitsOffset(13, 1)) num_c

nb colouts

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

5377))
tr == kPalefte U32(Val(0), BitsOffset(8, 1), BitsOffset(10,257), BitsOffset(16, 1281)) nb_delta
tr == kPalefte u(4) d pred
tr == kSquegze U32(Val(0), BitsOffset(4, 1), BitsOffset(6, 9), BitsOffset(8, 41)) num_sq
tr == kSquegze SqueezeParams sp [num_sq]

C.9.3 Chapnel decoding

The actual fhannel data is decoded ‘as follows. The following code specifies prediction(x
predictor) for a sample at coordinates x, .

Yo

56

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

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

topright =|(x + I\ w && y > 0 ? channel[i](x + 1, yv - 1) : top);
topright2 # (x\# 2 < w && y > 0 ? channel[i](x + 2, y - 1) : topright);
leftleft =l (x¥> 1 ? channel[i] (x - 2, y) : left);

grad = top + left - topleft;

if (predictor == 0) return 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:

for (y = 0; y < channel[i].height; y++)
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 all
channels that are to be decoded, excluding the meta-channels) §/}

Hiff = UnpackSigned(diff) x leaf node.multiplier + leaf node{gffset;

Channel [i] (x, y) = diff + prediction(x, y, leaf node.predictor);

C.9.4 Transformations

Table C.27 specifies the transformations.

Table C.27 — Transforms

Namée nb_meta_channels Channels/dimensions impact Subclause
kRCT no change no change L4
kPaldtte +1 channels begin ¢ + luntilbegin ¢ + num ¢ - 1 are[L.5

reméved; one meta-channel is inserted in the beginning of
theschannel list

kSqupgeze no change depends on parameters, see 1.3 L3
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Annex D
(normative)

Entropy decoding

D.1 General

This Annex 5

pecifies an entropy decoder, as well as a meta-adaptive context model. Other Annexe

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

D.2 Histogram code

D.2.1 Huff

A Huffman
See IETF RHE
definitions.
when the hig

D.2.2 Huff

A Huffman
decoder rea
one of the pij
Coding in th
histogram.

D.3 ANS

D.3.1 Gen

This subclay
each of whia
values in [0
resultsina g

To decode th
distribution

'man histogram stream

histogram stream stores metadata required for decoding.a‘Huffman symbol st
C 7932:2016 section 3.5 ("Complex Prefix Codes") for format encoding descriptio1
[he alphabet size mentioned in the RFC is explicitly specified as parameter alphabet
togram is being decoded.

'man symbol stream

ymbol stream stores a sequence of unsigned-integers (symbols). To read a symbd
s a series of bits via u(1), until the bits concatenated in left-to-right order exactly 1

e Brotli Format") for a detailed description of how to build the prefix codes from Huf

eral

h is taken to bélong to a specific probability distribution p. p is represented as an ar
1 << 12])pene per symbol, that sum to 1 << 12. Indexing b with an out-of-bounds
value.

b, thedecoder first reads the LZ77 settings 1277 as specified in Table D.1.

s and

feam.
n and

| size

1, the
natch

efix codes associated with the symbol..See IETF RFC 7932:2016 section 3.2 ("Use of Prefix

fman

se describes a symbol-based stream that is decoded to a sequence of up to 8-bit synmbols,

ray of
value

e decoding information of sequence of integers encoded with num_dist clustered probability

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
distribution 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
alphabet 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

For a|given probability distribution b of symbols in the range [0, 1 << log alphabet~siite), tables of
symbols, offsets and cutoffs are initialized according to the code below.

log _pucket size = 12 - log alphabet size;

buckpt size = 1 << log bucket size;
if (|l [amount of symbols with nonzero probability in D]] == 1)/
s F [[index of the symbol with nonzero probability]];

fofp (1 = 0; 1 < (1 << 12); 1i++) {

Eymbols[i] = s;
pbffsets[i] = bucket size x 1i;
tutoffs[i] = 07
}
refurn;
}
max pymbol = [[highest-index symbol 4t D with nonzero probability]];

tablp size = 1 << log alphabet sizey

for (i = 0; i < max_symbol; A%+) {

cufoffs[i] = D[i];
if| (cutoffs[i] > bucket size) overfull[i] = i;
elbe underfull[i] _ =u2;

for |(1 = max symbol; i < table size; i++) {

cupoffs[i]l =0; underfull[i] = i;

whilp (dverfull.size() > 0) {
o ENoverfull.back();
u = underfull.back();
overfull.pop back(); underfull.pop back();

by = bucket size - cutoffs[u];

cutoffs[u] -= by;
symbols[i] = o;
offsets[i] = 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 = x >> log bucket size;

pos = x & (bucket size - 1);

else symppol = i;
offset =|offsets[i] + pos;
return ($ymbol, offset);

if (pos ¥}= cutoffs[i]) symbol = symbols[i];

D.3.3 ANS|symbol decoding

The ANS defoder keeps an internal 32-bit state. Upon creation of the.decoder (immediately hefore
reading the first symbol from a new ANS stream), state is initialized with-a u(32) from the codestfeam.

After the deg¢oder reads the last symbol in a given stream, state is 0x230000.

The decoder|decodes a symbo1l belonging to a given distribution ©-as specified by the code below:

index = stdqte & OxFFF;
(symbol, offset) = AliasMapping (D, index);
state = D[gymbol] x (state >> 12) + offset;

if (state (1 << 16)) state = (state << 16)

D.3.4 ANS|distribution decoding

To decode g distribution b, which is a (1 “ << log alphabet size)-element array having elerpents

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

table size|= 1 << log alphabet ssize;

[[ initialjze D as array with table size entries with value 0 ]]

if (u(l) =¢ 1) {
ns = u(l] + 1;
if (ns = 1) {
x = U8{[);
D[x] =|1l.Kk<J12;
} else {
vl =U8(); v2 = U8();
[[ vl !'= v2 ]]
D[v1l] = u(l2);
D[v2] = (1 << 1) - D[vl];
}
return;
}
if (u(l) == 1) {
alphabet size = U8() + 1;
i=0;

for (; i < ((1 << 12) Umod alphabet size);
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;

}

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

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

alphpbet size = U8() + 3;

kLogfountLut[128][2] = // this is for prefix decoding

{ {3y 10}, {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}y, {3, 7}, {4, 3}, {3, 6}, {3, 8}, {3, 9}, {4,,50
{3} 10}, {4, 43y, {3, 7}, {4, 1}, {3, 6}, {3, 8}, {3, 9}, {&, 2},
{3f 10}, {6, 11}, {3, 7}, {4, 3}, {3, 6}, {3, 8}, {3, 91a4, 5},
{3} 103}, {4, 43y, {3, 7}, {4, 1}, {3, 6}, {3, 8}, {3, N {4, 2},
{3} 10}, {5, 03}y, {3, 7}, {4, 3}, {3, 6}, {3, 8}, {39}, {4, 5},
{3} 10}, {4, 43y, {3, 7}, {4, 1}, {3, 6}, {3, 8}, A3 9}, {4, 2},
{3y 10}, {7, 13}, {3, 7}, {4, 3}, {3, 6}, {3, B {3, 9}, {4, 5},
{3} 10}, {4, 43y, {3, 7}, {4, 1}, {3, 6}, {38, {3, 9}, {4, 2},
{3f 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} 103}, {6, 11}, {3, 7}, {4, 3}, {3.®Y, {3, 8}, {3, 9}, {4, 5},
{3} 103}, {4, 43y, {3, 7}, {4, 1}, & 6}, {3, 8}, {3, 9}, {4, 2},
{3 10}, {5, 0}, {3, 7}, {4, 3}xa<3, 6}, {3, 8}, {3, 9}, {4, 5},
{3 10}, {4, 4}, {3, 7}, (4.8}, {3, 6}, {3, 8}, {3, 9}, {4, 2} };

omit| log = -1; omit pos =~xl
[[ ipitialize same as array with alphabet size entries with value 0 ]]
for |(i = 0; 1 < alphab&t size; i++) {

h Fu(7);

[[| bitstream #s .not advanced by 7 when reading these 7 bits ]1];

[[| advance itstream by kLogCountLut[h] [0] bits ]1];

lopcounts{i] = kLogCountLut[h][1];

if| (lgggoeunts[i] == 13) {

Flel = U8 (); same[i] = rle + 5; 1 += rle + 3; continue;

if (logcounts[i] > omit log) { omit log = logcounts[i]; omit pos = i; }
}
[[ 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) {
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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 coynt += D[1i];
}
D[omit pos] = (1 << 12) - total count;
[[ Dlomit gos] >= 0 ]]

D.3.5 Dist

In most cas
subclause sp
used for AN
correspondi

Let num disf
an array wit|
num clusten
into the cory

After decod
distribution

The decoder
au(2) repres
reads a u (nb

ribution clustering

s, the probability distributions that symbols belong to can be.clustered together
ecifies how this clustering is read by the decoder. When referring to a distribution
decoding, unless otherwise specified, the distribution to be used is the distribution
hg cluster.

ributions be the number of non-clustered distributions. The output of this proced
h num_distributions entries, with values in the range [0, num_clusters). All integers |
s) are present in this array. Position i in this array indicates that distribution i is m
esponding cluster.

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

firstreadsau(l) is_simple indicdting a simple clustering. [f is simpleis 1, itthen de
enting the number of bits per efitry nbits. For each non-clustered distribution, the de
i ts) value that indicates thecluster that the given distribution belongs to.

Otherwise,

decoder usi
decoder rea
to-front tran

i
:Eg a single distribution-p, as specified in D.3.1. For each non-clustered distribution

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

s an integer as specified in D.3.6. Finally, if use_mtf, the decoder applies an inverse 1
sform to the cluster mapping (see code below).

This
to be
bf the

ire is
n o,
brged

each

todes
roder

mbol
i, the
nove-

MTF (v[256]] index) {
value = y[index\;
for (i =|index) i; --1i) v[i] = v[i - 1];
v[0] = v4lué€,

}

InverseMoveToFrontTransform(clusters[num distributions])

{

for (i = 0; 1 < 256; ++1i) mtf[i] = i;
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;

tofer—t—t% corfTgTmsh—TT—tokem) +

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

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

kSpefialDistances([120][2] = {

{op 13, {1, 0O}, {1, 1}, 1y, {0, 2}, {2, O}, {1, 2}, {-1, 2%

{-1
{2y 1y, (-2, 1}y, {2, 2}, {-2, 2}, {0, 3}, {3, 0}, {1, 3}, {-1/\3},
3p 1y, (=3, 1}, {2, 3}, (=2, 3}, {3, 2}, {=-3, 2}, {0, 4}, N4, O},
{1y 4}, (-1, 4}, {4, 1}, {-4, 1}, {3, 3}, (=3, 3}, {2, 4%wvi{-2, 4},
{4y 2}, {-4, 2}, {0, 5}, {3, 4}, (-3, 4}, {4, 3}, {#A8}, {5, 0},
{1y 5y, (=1, 5}, {5, 1}, {=5, 1}, {2, 5}, (-2, 5}, {3 2}, {-5, 2},
{4} 43}, {-4, 4}, {3, 5}, {=3, 5}, {5, 3}, {-5, 3}, 40, 6}, {6, O},
{1} 6}, {-1, 6}, {6, 1}, {-6, 1}, {2, 6}, {-2£7%}, {6, 2}, {-6, 2},
{4y 53}, {-4, 5}, {5, 4}, {-5, 4}, {3, 6}, {-3%, 6}, {6, 3}, {-6, 3},
(op 73y, {7, 0y, AL, 7}, {=1, T}, {5, Ste %5, 5}, {7, 1}, (=7, 1},
{4y o}, {-4, o}, {6, 4}, {-6, 4}, {2, T, (-2, 7}, {7, 2}, {-7, 2},
3y 7y, =3, 7}y, {7, 3}, {7, 3}, {506}, {-5, 6}, {6, 5}, {-6, 5},
{8y O}, {4, 7}, (-4, 7}, {7, 4},057, 4}, (8, 1}, {8, 2}, {6, 6},

{_51 6}1 {81 3}1 {51 7}1 {_5/ 7}1 {71 5}1 {_71 5}1 {81 4}1 {61 7}1

DecofeHybridVarLenUint (ctx))® {

if| (num to copy > 0)a.{
= window|[ (copy~\pOs++) & OxFFFFF]; num to copy--;
} plse {

L (token>= 1z77.min symbol) {
numet© copy = ReadUint (1z len conf, token - 1z77.min symbol)
+ 1z 1z77.min length ;

token = [[ Read symbol using D[num dists] 1];

{_5/ 7}/ {7/ 6}/ {_71 6}1 {81 5}1 {71 7}1 {_71 7}1 {81 6}/ {8/ 7}};

Foken = [[«Re€ad symbol from entropy coded stream using D[ctx] ]];

distance = ReadUint (configs[lz ctx], token);
if (dist multiplier == 0) distance++;
else 1f (distance < 120) {

distance = kSpecialDistances[distance] [0];

} 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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window [ (num decoded++) & OxXFFFFF] r;

return r;

}

D.3.7 Hybrid integer configuration

The configuration for the hybrid unsigned integer decoder of D.3.6 is read from the bitstream as
specified in the following code:

ReadUintConfig(log alphabet size) {

split exponent

u(ceil (log2(log alpha size + 1)));

msb in t¢ken = 0, 1lsb in token = 0;
if (splif exponent != log alpha size) {
nbits § ceil (log2(split exponent + 1)); msb in token = u(nbits);
[[ msb|in token is <= split exponent 1]]
nbits § ceil(log2(split exponent - msb in token + 1));
Isb _in|token = u(nbits);
}
[[ 1Isb_im token + msb_in token is <= split_exponent ]]
split = << split exponent;
}
D.4 MetarAdaptive (MA) Context Modeling

D.4.1 Met

The Meta-Adlaptive context model uses a vector of:integer numbers, which are called propertig

determine v
advance by 1
and D.7.2 de
relevant for
form proper
branch is tal
asymbol, a
leaf node.ct]

The propert

h-Adaptive context model

'hich context to use, a decision tree.is used. The full structure of the tree is knot
he decoder; it is explicitly signalled@n the codestream (C.9.4 describes where it is sigr
scribes how it is signalled) so encoders can tune this tree to obtain a context model t
he actual image content. The ininer nodes (decision nodes) of a MA tree contain a test
Ly[K] > value. If this test evaliiates to true, then the left branch is taken, otherwise the

redictor to be used, anda multiplier and offset to apply. These are denoted respectiv
x, leaf_node.predictex;leaf node.multiplier, and leaf_node.offset.

es used in the MA context model are given in Table D.2. Assuming the value to be ded

s. To

vn in

alled

hat is
bf the

right

ten. Eventually a leaf nodé\is reached, which corresponds to a context to be used to efncode
bly as

oded

correspondg to the sampleat column x of row y of channel number c, the neighbouring already-de¢oded
pixels left, tdp, topleft topright, and leftleft are defined as in C.9.3 and toptop = (y > 1 2 channgl[i]
(x, vy = 2) [& top):
Table D.2 — Property definitions
Property |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 |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
10 left-topleft 0,
11 topleft-top AQ‘ vV
12 top-topright y\l/
13 top-toptop al ’
14 left-leftleft N
15 max_error (see E.1) y\u

The fpllowing code specifies a variable number of additional prevwiéthannel' properties

x = J6; \Gj"
for (1 = c¢c - 1; 1 >= 0; i--, k += 4) { Os\
if| (channel[i] .width != channel[c].width) contl@ ;
if| (channel[i] .height != channel[c].height inue;
if|] (channel([i] .hshift != channel[c]. hshlft%Qntlnue,
if] (channel[i].vshift != channel[c].vshi continue;
rv| = channel[i] (%, V) \\'QQ)
rlpft = (x > 0 ? channel[i] (x - 1, : 0);
rthbp = (y > 0 ? channel[i] (x, \Qn) : rleft);
rtppleft = (x > 0 && y > 0 2 *mel[i] (x =1, v - 1) : rleft);
rp| = median(rleft + rtop - "&fpleft, rleft, rtop);
prppertyl[k + 0] = abs(rv%()
prppertylk + 1] = rv;
prppertylk + 2] = (fv - rp);
prppertyl[k + 3] :§\— rp;
} C)

Q~
O
D
<</C)
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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();
while (n¢des left > 0) {
[ [propg¢rty = (read using T[1l] according to D.3.6) - 11]
if (pr¢perty == -1) {
leaf|node.ctx = ctx id++;
[[legf node.predictor = (read using T[2] according to D.3.6)]]
[[uoffset = (read using T[3] according to D.3.6)]]
leaf|node.offset = UnpackSigned (uoffset);
[[mu} log = (read using T[4] according to D.3.6)]]
[[mu}] bits = (read using T[5] according to D.3.6)]]
leaf|node.multiplier = (mul bits + 1) << mul log;
tree|push back(leaf node);
} elsel{
decig¢ion node.property = property;
[[uvdlue = (read using T[0] according to D&3W6) 1]
decig¢ion node.value = UnpackSigned (uvalug)’
decigion node.left child = tree.size(), # nodes left + 1;
decigion node.right child = tree.sizg() + nodes left + 2;
tree|push back(decision node); nodes left += 2;
}
}
}
None of the yalues of mul_log arestrictly larger than 30, and none of the values of mul_bits are stfrictly

larger than (
is defined as

Finally, the d

| << (31-mulilog))-2. Atthe end of this procedure, tree.size () <= (1<<26). MA(proper
the leaf nodeyresulting from traversing the MA tree with given property values propef

ecoder reads (tree.size () + 1) / 2 clustered distributions D as specified in D.3.

Fies)
ties.
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(normative)

Weighted predictor

E.1 General

This predictor is used in the Modular sub-bitstream (C.9). The decoding of individual samples proceeds
sequéntially in raster order, with x the column index of the current sample (starting\fsom|0) and y the
row ipndex of the current sample (starting from 0).

For gach sample, the predictor is invoked as specified in subclause E.2. It)computes g prediction
(whidh is used in C.9.3) and a max_error (which is used in Table D.1), as well'as 4 sub-preglictor values
subpited[i], withiin [0, 4).

After]decoding a sample, the decoder then computes true err andie®r[i] for the current sample and
storep them for use in predictions of next samples.

The frue value corresponds to the decoded sample value. The true err for that sample s calculated
as the difference between the prediction and the true valué of the sample (left-shifted by 3 bits). The
errorjerr[i] of sub-predictor subpred[i] is computed as\follows: err[i] = abs (((subpred[i] + 3) >>
3) -|true value).

E.2 |Prediction

The domputation of predictors is based oni$ix samples already scanned that are closest t¢ the current
samplle - the nw (NorthWest), v (North),n%’(NorthEast), w (West) samples, nn (North of North if in third
or further row, or same as ¥ when in-second row) and ww (West of West if in third or furthgr column, or
same|as w otherwise), as shown inFigure E.1.

-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

€.8. true

If no

€.8. true

NN sample exists, NN is set to N and subscripts NN to subscripts N,
erry,, corresponds to true err,.
ww  sample exists, ww is set to w and subscripts WW to subscripts W,
erry,, corresponds to true erry,.

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;
subpred[1l] = N - (((true erry + true erry + true erry) x wp pl) >> 5);
subpred([2] = et Tt T ) T2 5
subpred[3] |= N + (((true_erry, x wp_p3a + true erry x wp_p3b +

true ¢rry; x wp p3c + (NN - N) x wp p3d + (NW - W) x wp p3e) >> 5);

The weights
following co

err[ilocars

weight [i] for each of the 4 sub-predictions and mxe are computed as,specified b
de, based on the err values already computed for sub-predictors of eaflier samples.
. is taken to have value 0 if the corresponding sample does not exist.

y the

Here

error2weigl
shift
if (shift

return 4
}
err sum[i]

weight[1i]

Wt (err sum, maxweight) {
floor (log2 (err _sum + 1)) - 5;
< 0) shift = 0;
+ (maxweight x ((1 << 24) Idiv ((err_ sum >> shifit)N+ 1)));

err[i]y + err[i]y + err[ilyy + err(ily, + €rr{ilyg;

- error2weight (err sum[i], wp wi);

Thepredict
the followin

ion is then computed based on the sub-predictions and their weight values as specifi
b code:

ed by

sum weight
log weight
0

for

(1

S

0

prediction

for (i

if
predicti

}

sum_weighty

sum_we]

// if true]

(((true]

= + weight[1l] + weight[2] + weight[3];

weight [0]
floor (log2 (sum weights))

+0;

i++) wefght[1] >>

+ weight[2]

i < 4; (log_weight - 5);
weight[0]
ghts >> 1;
i< 4;
((1 << 289

weight[1i]

= + weight [.1( + weight[3];

i++) x weight[i];

>> 24;

s +=qsubpred[i]

S X

Idiv sum weights)
true enry and true erry,; have the same sign
<= 0) {

max (W, N, NE));

lerry,
(true _erry © true erryy))

min (W, N, NE),

lerry © truelerry) |

n clamp\prediction,

NOTE

Th

eifiteger divisions above can be implemented efficiently using a look-up table becauf

e the

numerator is

68
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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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Adaptive quantization

F.1 General

In var-DCT mode, quantized LF and HF coefficients gx, gy and gB are converted into values dx,ay aInd dB
as specified |n F.2 and E.3, respectively.

F2 LF dgquantization

If the xUseLfFrame flag in frame header is set, this subclause is skipped for that.frame. Let mxpc| mypc
and neDC be the three per-channel LF dequantization multipliers (see C.4.2).

For each LH group, the dequantization process is influenced by the-number extra precisi¢n, as
described in|C.5.2. Dequantized values are computed as specified by the;following code:

dX = mXDC gX / (1 << extra precision);
dY = mYDC qY / (1 << extra precision);

dB = mBDC gB / (1 << extra precision);

After dequaptizing LF coefficients, the decoder appliesithe following adaptive smoothing algorithm,
unless the k§kipadaptivelFsmoothing flag is set in firafe header. If this adaptive smoothing proc¢dure
is applied, n¢ channel is subsampled.

For each LF|sample of the image that is not in‘the first or last row or column, the decoder computes
a weighted average wa of the 9 samples that are in neighbouring rows and columns, using a weight
of 0.052262)3532324128 for the current_sample s, 0.20345139757231578 for horizontally/vertically
adjacent sampples, and 0.0334829185968739 for diagonally adjacent samples. Let gap = max|0.5,
abs (way-sy) {mXDC , abs (way-sy) /mYRC), abs (way-sz) /mBDC). The smoothed valueis (s - wa) x mpx (0,
3 - 4 x gap) + wa.

After applying this smoothing;the decoder uses the process described in 1.2 to compute the top-left x /
8 x v / g cpefficients of'each varblock of size x x v, using the correspondingx / 8 x vy / 8 samples
from the dequantized EFimage.

F3 HF dequantization

Every quantized HF coefficient quant 13 fITST bias-adjusted as specified by the following code, depending
on its channel (0 for X, 1 for Y or 2 for B).

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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Chroma from luma

This Annex only applies to var-DCT mode. This annex is skipped if any channel is subsampled.

S strtre Frrantizedss S TTe sing a linear
chro a from luma model The reconstructlon uses the colour correlatlon coeff1c1ent maltipliers kx and
kB (cpmputed from constants defined in C.4.4) to restore the correlation between the”X/B and the Y
chanpel, as specified by the following code:

kX =| base correlation x + x factor / colour factor;
kB =| base correlation b + b factor / colour factor;
Y = HgYy;

X = pgX + kX x Y;

B = @dB + kB x Y;

For LFF coefficients, x_factor and b_factor correspond to x ¢asfor 1f - 127 andb_factdr 1f - 127,
respdctively (C.4.4). For HF coefficients, x factor and b _factor are values from xrromy and BFromy
(C.5.4), respectively, at the coordinates of the 64 x 64 reétangle containing the current sample.
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Extensions

The extensions field in some header bundles enables backward- and forward-compatible codestream
extensions as described in A.5. Extensions for ImageMetadata, FrameHeader, and RestorationFilter are
not currentlf defined, so the decoder reads and 1gnores any extension bits speciiied there.
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Integral transforms

I.1 General

In vap-DCT mode, the decoder applies forward and inverse Discrete Cosine Transforms aq specified in
1.2.In .2, a matrix of size rxc refers to a matrix with r rows and c columns.

In mqdular mode, the decoder applies Squeeze as specified in [.3.

I.2 |Variable DCT

I.2.1| One-dimensional DCT and IDCT

One-@limensional discrete cosine transforms and their inverses)(DCT) are computed as [follows. The
input|is a vector of size s, where s is a power of two.

Let i and out denote the inputs and outputs. Then the fotward DCT transform is defined ds:

1 < k(1
autk:;(kzo ?71: \/E)Zinn : COS[T(n+ED
n=0

The ipverse DCT transform (IDCT) is defined as follows:

s—1
A 1
ih, —outy+ > ~2 - out, -cos| == k+=
ot + 37 - outy o i+ )

I.2.2| Two-dimensional DCT and IDCT

—

In thlis subclause, Transpose is the matrix transpose and ColumnIDCT/ColumnDCT performs a one
dimepsional IDCT/DCT-on each column vector of the given matrix as defined in .2.1. The D(T transform
of a RikC matrix bcTh2D (samples) is specified by the following code:

dctl| = ColumnDCT (samples) ;
dctl| t s~Transpose (dctl);
dct2| £Lo1umnDCT (dctl t);

if (& Ry—Tesutt — Irarnsposetacte)s

else 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 1DCT 2D (coefficients) is specified by the
following code:
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if (C > R) dct2 = Transpose(coefficients);
else dct2 = coefficients;

dctl t = ColumnIDCT (dct2);

dctl = Transpose (dctl t);

varblock = ColumnIDCT (dctl) ;

The remainder of this subclause uses the convention thata 4 x 4 matrix is stored in an array such that
entry (x, y) correspondstoindex4 = y + x.

The AFV trajisform uses the orthonormal basis speciiied by the following code:

AFVBasis[14][16] = {{0.25, 0.25, 0.25, 0.25, 0.25, 0.25, 0.25, 0.25, 0.25, 0.255\0.25|
0.25, 0.25) 0.25, 0.25, 0.25},

{0.8769029%29799142, 0.2206518106944235, -0.10140050393753763, -0.1014005039875375,
0.2206518106944236, -0.10140050393753777, -0.10140050393753772, -0.10140050893753763,

-0.1014005¢393753758, -0.10140050393753769, -0.1014005039375375, -0.1014Q050393753768|,
-0.10140050393753768, -0.10140050393753759, -0.10140050393753763, -0-1014005039375374[L},

{0.0, 0.0,]0.40670075830260755, 0.44444816619734445, 0.0, 0.0, 0.X957439937204293¢6,
0.2929100136981264, -0.40670075830260716, -0.19574399372042872,,_.0.0, 0.11379074460448p91,
-0.4444481¢619734384, -0.29291001369812636, -0.1137907446044814,)0.0},

{0.0, 0.0,(-0.21255748058288748, 0.3085497062849767, 0.0, 0,.470670225857253¢6,

-0.1621205195722993, 0.0, -0.21255748058287047, -0.16212051957228327,
-0.47067022585725277, -0.1464291867126764, 0.3085497062849487, 0.0, -0.14642918671266p36,
0.4251149611657548, },

{0.0, -0.7¢71067811865474, 0.0, 0.0, 0.70710678118¢%4%6, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0}
0.0, 0.0, ¢.0, 0.0, 0.0},

{-0.4105371591765233, 0.6235485373547691, -0.06435071657946274, -0.06435071657946266,
0.62354853713547694, -0.06435071657946284, -0s0043507165794628, -0.06435071657946274,

-0.06435071657946272, -0.06435071657946279,85+0.06435071657946266, -0.0643507165794627]7,
-0.06435071657946277, -0.064350716579462787 -0.06435071657946274, -0.064350716579462¢6}},

{0.0, 0.0,1-0.4517556589999482, 0.15852H03551840063, 0.0, -0.04038515160822202,
0.00741822¢3792423875, 0.39351034269210167, -0.45175565899994635, 0.00741822637924435[1,
0.1107416575309343, 0.08298163094882051, 0.15854503551839705, 0.3935103426921022,
0.08298163(09488214, -0.4517556589999479¢6},

{0.0, 0.0,|-0.304684750724869,* 0.5112616136591823, 0.0, 0.0, -0.290480129728998,
-0.06578701549142804, 0.304€84750724884, 0.2904801297290076, 0.0, -0.23889773523344604,
-0.5112616136592012, 0.Q6378701549142545, 0.23889773523345467, 0.0},

{0.0, 0.0,]0.301792951%6615495, 0.25792362796341184, 0.0, 0.16272340142866204,
0.09520022¢5347503742.0..0, 0.3017929516615503, 0.09520022653475055, -0.162723401428661[/3,

-0.3531238%44981629), 0.25792362796341295, 0.0, -0.3531238544981624,
-0.60358590332309%6, },

{0.0, 0.0, |0£40824829046386274, 0.0, 0.0, 0.0, 0.0, -0.4082482904638628,
-0.4082482904638635, 0.0, 0.0, -0.40824829046386296, 0.0, 0.4082482904638634,
0.408248290463863, 0.0},

{0.0, 0.0, 0.1747866975480809, 0.0812611176717539, 0.0, 0.0, -0.3675398009862027,

-0.307882213957909, -0.17478669754808135, 0.3675398009862011, 0.0, 0.4826689115059883,
-0.08126111767175039, 0.30788221395790305, -0.48266891150598584, 0.0},

{0.0, 0.0, -0.21105601049335784, 0.18567180916109802, 0.0, 0.0, 0.49215859013738733,

-0.38525013709251915, 0.21105601049335806, -0.49215859013738905, 0.0,
0.17419412659916217, -0.18567180916109904, 0.3852501370925211, -0.1741941265991621, 0.0},

{0.0, 0.0, -0.14266084808807264, -0.3416446842253372, 0.0, 0.7367497537172237,
0.24627107722075148, -0.08574019035519306, -0.14266084808807344, 0.24627107722075137,
0.14883399227113567, -0.04768680350229251, -0.3416446842253373, -0.08574019035519267,

-0.047686803502292804, -0.14266084808807242},
{0.0, 0.0, -0.13813540350758585, 0.3302282550303788, 0.0, 0.08755115000587084,
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-0.07946706605909573, -0.4613374887461511, -0.13813540350758294, -0.07946706605910261,
0.49724647109535086, 0.12538059448563663, 0.3302282550303805, -0.4613374887461554,
0.12538059448564315, -0.13813540350758452},

{0.0, 0.0, -0.17437602599651067, 0.0702790691196284, 0.0, -0.2921026642334881,
0.3623817333531167, 0.0, -0.1743760259965108, 0.36238173335311646, 0.29210266423348785,

-0.4326608024727445, 0.07027906911962818, 0.0, -0.4326608024727457,
0.34875205199302267, },

{0.0, 0.0, 0.11354987314994337, -0.07417504595810355, 0.0, 0.19402893032594343,

-0.435190496523228, 0.21918684838857466, 0.11354987314994257, -0.4351904965232251,
0.5550443808910661, -0.25468277124066463, -0.07417504595810233, 0.2191868483885728,

-0.25468277124066413, 0.11354987314994291}};

The AFV IDCT transform arv_1pcT of a square 4x4 varblock from coefficients to sampids|is computed
as spgcified by the following code:

for (1 = 0; 1 < 16; ++1) {
safple = 0;
fof (3 = 0; 7 < 1lo6; ++j) sample += coefficients[]j] x AFVBasis[JJ{1];

safppples[i] = sample;

1.2.3| Coefficients to samples

I.2.3J1 General

Each [of the subsequent subclauses in [.2.3 specifies hew the decoder converts the coeffici¢nts to pixels
wherp Dctselect matches one of the types listed,inithe heading of the subclause.

1.2.3.2 DCT8x8,DCT8x16, DCT16x8, DCT16x16, DCT8x32, DCT32x8, DCT16x32, D(T32x16,
DCT32x32, DCT32x64, DCT64x%32, DCT64%64, DCT64x128, DCT128x64, DCT128x128,
DCT128x256, DCT256%x128, DCT256%256

The Hxc matrix of samples are obtained using samples = IDCT 2D(coefficients) fora Dctfelect value
of DCTRxC.

1.2.3.3 DCT2x2

The gamples of a DCT2x2 varblock are computed from an 8x8 block of coefficients. AuxTpdr2x2 (block,
s) is specified by the-following code, in which b1lock is a matrix of size sxs, and s is a powef of two:

AuxIpPCT2x2 (hdck, S) {
nup_2x2«=\S / 2;
fof Ays= 0; y < num 2x2; y++)

¥’ (x = 0; x < num 2x2; x++) |
c00 = block

(x, y)s
c0l = 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 = AuxIDCT2x2 (block, 2);
block = AuxIDCT2x2 (bhlock, 4) -

samples = AuxIDCT2x2 (block, 8);

1.2.3.4 D(T4x4

The sampleg are computed from the 8x8 coefficient matrix as specified by the following code, in ywhich
block is a 444 matrix, and sample is the answer represented here as a 2x2 matrix.whose elements are

4x4 matrices.

dcs = AuxIPCT2x2 (coefficients, 2);
for (y = 0} v < 2; y++)
for (x =[0; x < 2; x++) {
for (iy = 0; iy < 4; iy++)

for [ix = (iy == 0 2 1 : 0); ix < 4; ix++)
bleck(ix, iy) = coefficients(x + ix x 2, y +\dy x 2);
block((, 0) = dcs(x, y);
sample|[x, y) = IDCT 2D(block);

}

The decoder| re-shapes the sample array to an8%8 matrix using result (4 = i + k, 4 x J +

sample (i, j|, k, L).

1.2.3.5 H(I'nuss
The 8x8 inp

t coefficients are transformed to 8x8 samples as specified by the following code:

dcs = AuxIPCT2x2 (coefficients, 2);
for (y = 0} v < 2; y+H)
for (x =|0; x < 2/)x+F+) {
block 1f

des (x, v);
residugl sum\= 0;

for (iy.&/70; iy < 4; iy++)

for X =Ty == 0 7 T T 0O);7 X T IXT )
residual sum += coefficients(x + ix x 2, y + 1y 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.

coef(Q = coefficients (0, 0); coefl = coefficients(0, 1);

dcs F {coefO + coefl, coef(O - coefl};
for |(x = 0; x < 2; x++) {

copffs 8x4(0, 0) = dcs[x];

fofp (iy = 0; iy < 4; iy++)

Ffor (ix = (iy == 0 2 1 : 0); ix < 8; ix++) {
coeffs 4x8(ix, 1y) = coefficients(ix, x + iy x 2);
sanples_8x4[x] = IDCT_ZD(coeffs_4x8);

1.2.3.7 DCT4x8

The §x8 samples are reconstructed from the 8x8 coef gicients by dividing them into two 448 horizontal
blocKs samples 4x8, as specified by the following cadé, in which coeffs 4x8 denotes a temporary 4 x 8
matrix and 1pcT 2D is defined in L.2.2.

coefp = coefficients (0, 0); coefl = coefficients (0, 1);
dcs F {coef0 + coefl, coefO - coefl}s
for ((y = 0; y < 2; y++) |

copffs 4x8(0, 0) = decslyl;

fop (iy = 0; iy < 4; iy++)

Ffor (ix = (iy == 0 ? A\N0); ix < 8; ix++)
coeffs 4x8(ix, 1iy) = coefficients(ix, y + iy x 2);
safpples 4x8[y] = IBEI" 2D (coeffs 4x8);

1.2.3.8 AFVO;AFV1, AFV2, AFV3

The §x8 sampies are reconstructed from the 8x8 coefficients by dividing them into tw¢ 4x4 square
blocKs and-one horizontal 4x8, as specified by the following code. Four temporary 4x4 matiyices coeffs_
afv, dJamples afv, coeffs 4x4 and samples_4x4, as well as two temporary 4x8 matrices coelffs 4x8, and
samples 4x8 are used. Arv_1pcT and 1pcT_2D are defined in L.2.2. The values of f1ip x and flip y are
defined as follows: for AFVn, f1ip xisequalton s« 1and f1ip yisequalton 1div 2.

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(l, 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);
samples 4x4 = IDCT 2D (coeffs 4x4);
for (iy = 0; iy < 4; iy++)
for (ix #F 0; ix < 4; ix++)
sampleg ((flip x == 1 2 0 4) + ix, flip y x 4 + 1iy) =
samples 4x4(ix, 1iy);
coeffs 4x8[0, 0) = coefficients(0, 0) - coefficients(l, 0);
for (iy = ¢; iy < 4; iy++)
for (ix # (iy == 0 2 1 0); ix < 8; 1ix++)
coeffs|4x8(ix, 1y) = coefficients(ix, 1 + iy x 2);
samples 4x3 = IDCT 2D(coeffs 4x8);
for (iy = ¢; iy < 4; iy++)
for (ix F 0; ix < 8; ix++)
sampleg (ix, (flip y == 1 2 0 4) + iy) = samples 4x4 (d&xy 1iy);

1.2.4 Natural ordering of the DCT coefficients

For every Dd
as follows. Tj

max (8, md
transforms i
order of cell
elements in
of LLF in the
of lower fred

8)).The cell

The rest of t
pairs (x, y)
the pairs (x
specified by

tselect value (Hornuss, DCT2x2, etc), the.natural order of the coefficients is com
he varblock size (bwidth, bheight) for asbctselect value with name “DCTnxM” is b
x (N, M)) and bheight = max (8, min (N} M)), respectively. The varblock size for all
S bwidth = bheight = 8. The naturaliordering of the DCT coefficients is defined as a v
positions (x, y) between (0, 0) and (bwidth, bheight), described below. The numl
The vector order is therefore bwidth x bheight, and the vector is defined as the elern
ir original order followed by the elements of 5r also in their original order. L1F is a v
uency coefficients, containing cells (x, vy) with (x < (bwidth / 8)) && (v < (bhei
5 (x, y) that do not satisfy this condition belong to the higher frequencies vector sr.

in the 11F vectoris sorted in ascending order according to the value y x bwidth +
y) in the arwveetor, the decoder first computes the value of the variables key1 and kg
the followinig-code:

his subclause specifies how to order the elements within each of the arrays L1F and &u¥.

buted
width
other
ector
ber of
nents
ector
yht /

The
. For
y2 as

CcxX

scale

width 487

% cy)

cy = bheight / 8;

X x max(cx,

/ cx;

scale

W y x max(cx, cy) / cy;

keyl
key?2
if

(keyl Umod 2

scaled x + scaled y;
scaled x - scaled y;
) 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 order ID

78

the decoder also sorts in ascending order according to the value key2.

is defined based on the pctselect 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

DCT32x8, DCT8x32

DCT32x16 DCT16x32

DCT64x64

DCT32x64, DCT64x32

O[O0 W|IN|R|O

DCT128x128

[EnN
o

DCT64x128, DCT128x64

[uny
[uny

DCT256x256

Juny
N

DCT128x256, DCT256x128

1.2.5| LLF coefficients from downsampled image

This |subclause specifies how to obtain the low frequency DCT coefficients LLF from|

dowrjsampled image (LF), for each DctSelect value.

The ipput is a matrix with bwidth / 8 columns and bietght / 8 rows containing the LF co
equivjalently, the downsampled image. The possible:values for bwidth and bheight are 8, 14

The gutput is a matrix with max (bwidth, bheight) / 8 columns and min (bwidth,

rows| If the caller requires a matrix of a larger.size, the decoder zero-initializes the other e

following code specifies the function scale

bh

an 8 times
efficients, or
, 32, and 64.

bight) / 8
ements. The

I8 (N} u) {
epp = (u == 0) ? sqgqrt(0.5)_ ; ¥;
refurn sqgrt (2.0 / N) x epg.X cos(u x m / (2.0 x N));

D8 (N} u) { return 1 / WN°'x I8(N, u)); }
I(N,|u) { return (N(== 8) 2 I8(N, u) : D8(N, u); }
D(N,|u) { return W == 8) ? D8(N, u) : I8(N, u); }
C(N,|n, x) {
if| (n > Ny Weturn 1 / C(n, N, x);
if| (n =="N) return 1;
elpelreturn cos(x x m / (2 x N)) x C(N / 2, n, x);
}
ScaleF (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

output (x,

0; x < cx; x++)

v) v)

X

bheight, vy)
bwidth, x);

dc (%, x ScaleF (cy,

ScaleF (cx,

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 squeezd
squeeze stef

s to be applied is defined by sp, which is an array of SqueezeParams (see Table-C.25);

transform consists of a series of horizontal and vertical squeeze steps. The sequelllce of

if the

array is empity, default parameters are used which are derived from the image dimensions ahd number

of channels.

For every squeeze step sp(i], the sp[i].num c

are replaced
squeezed ch
determine t
channel dat:
channel datz:
order.

Let begin
+ 1

: chann

The channel

input channels starting at position sp[i].be
by the squeezed channels, and the residual channels are insertedeither right aftg
annels (if sp[i].in place true), or at the end of the chanhel list (otherwis
he new list of channels (i.e. when interpreting the transforimation description, b
decoding starts), the steps are applied in the order in which'they are specified. Aftg
1 has been decoded, to apply the inverse transformation; the steps are applied in re

begin + sp[i].num c - l,andwaffset

(sp[i].in place

sp[i].begin ¢, end
lel.size());

list is modified as specified by the followingcode:

yin c
r the
). To
efore
b1 the
verse

P end

0
spli
(c

(sp

for (i

r

for
if

4
chanf
chant
resi
resi
else
h

chanf

chant

1;

.in place ? end + 1

i++) |

: channel.gtze () ;

{

i < sp.size()
c <= end; c++)
{
hannel[c] .width;

el [c].width (w + 19
hel [c] .hshift++;

begin;
i] .horizontal)

Tdiv 2;

u channel[c]{copy () ;
u.width w Idiv 2;

{

hannel e\ height;

hel [clsheight (h + 1)

he Y [od.vshift++;

Idiv 2;

resi

}

residu.height

i = channel [c]

copy () ;

h Idiv 2;

[[Insert residu into channel at index r + c¢ - begin]]
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