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Foreword

[SO (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 work.
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Information technology — JPEG XL image coding system —

Part

1:

Core coding system
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cument specifies a set of compression methods for coding one or more images of bi-level, cont
eyscale, or continuous-tone colour, or multichannel digital samples.

cument:

bcifies a codestream syntax containing information for interpreting the compressed image da

)rmative references

owing documents are referred to in the text in such asway that some or all of their content con;
ments of this document. For dated references, onlythe edition cited applies. For undated refé
st edition of the referenced document (including.any amendments) applies.

76-1, Image technology colour management£= Architecture, profile format and data structure —
nICC.1:2022

[ 60559, Information technology — Microprocessor Systems — Floating-Point arithmetic

66-2-1, Multimedia systems and equipment — Colour measurement and management — Part 2-1
bment — Default RGB colour space — sRGB

BT.2100-2, Image parameter values for high dynamic range television for use in producti
tional programme exchange

BT.709-6, Parametér values for the HDTV standards for production and international prog
je

FC 7932:2016, Brotli Compressed Data Format

ST 428-1, D-Cinema Distribution Master — Image Characteristics

ecifies decoding processes for converting compressed image data to reconstructed image datq;

nuous-

[a;
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rences,

Part 2:

Colour
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3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

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

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

© ISO/IEC 2024 - All rights reserved
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3.1.1
bitstream
sequence of bytes

3.1.2
codestream
bitstream representing compressed image data

3.1.3
bundle
structured data consisting of one or more fields

3.14
field
numerical value or bundle, or an array of either

3.1.5
histogram
array df unsigned integers representing a probability distribution, used for entropy.cading

3.2 Ipputs

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

3.2.2
sample¢
integer| or real value, of which there is one per channel per pixel

3.2.3
grid
2-dimensional array

3.2.4
sample¢ grid
commdn coordinate system for all samples of an image, with top-left coordinates (0, 0), the first coordinate
increaging towards the right, and the second increasing towards the bottom

3.2.5
channel component
rectangular array of samplés having the same designation, regularly aligned along a sample grid

3.2.6
rectanfgle
rectangular area Within a channel or grid

3.2.7
width
width in*samples (number of columns) of a sample grid or a rectangle

3.2.8
height
height in samples (number of rows) of a sample grid or a rectangle

3.2.9
frame
single image (possibly part of an animation, composite, or multi-page image), i.e. a 2-dimensional array of pixels

© ISO/IEC 2024 - All rights reserved
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3.2.10

greyscale

image representation in which each pixel is defined by a single sample representing intensity (either
luminance or luma depending on the ICC profile)

3.2.11
opsin
photosensitive pigments in the human retina, having dynamics approximated by the XYB colour space

3.2.12
animation

series of pinhlrnc and fiming dn]ayc to Hicp]ay as avideomedium

3.2.13
tick
unit of ffime such that animation frame durations are integer multiples of the tick duration

3.2.14
compasite
series ¢f images that are superimposed

3.2.15
multi-page image
sequenice of pictures to display in a paged way

3.2.16
preview
lower-flidelity rendition of one of the frames (e.g., lower resolution), or a frame that represents thg entire
content of all frames

3.3 Brocesses

3.3.1
decoding process
proces$ which takes as its input a codestream and outputs an image

3.3.2
decoder
embodjment of a decoding process

3.3.3
encoding process
proces§ which takes as its.input image(s) and outputs compressed image data in the form of a codestream

3.34
encodér
embodjment ofan encoding process

3.3.5
losslegs
descriptive term for encoding and decoding processes in which the output of a decoding procedure is
identical to the input to the encoding procedure

3.3.6
lossy
descriptive term for encoding and decoding processes which are not lossless

3.3.7
upsampling
procedure by which the (nominal) spatial resolution of a channel is increased

© ISO/IEC 2024 - All rights reserved
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ampling

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

embod

ment f\F anontronu nhrnr]inn‘ Y\P‘nf‘ﬂ{"lll"ﬂ
rJ or

3.3.11
entrop
lossles
entrop

3.3.12
entrop
embod

3.3.13
chann

methodl of reducing total encoded entropy by removing correlations between channels

3.3.14
chann
factor

decorr

3.3.15

y decoding
b procedure which recovers the sequence of symbols from the sequence of bits produced
7 encoder

y decoder
ment of an entropy decoding procedure

p] decorrelation

] correlation factor
by which a channel should be multiplied by before adding it to another channel to undo the ¢
blation process

VarDC

lossy encoding of a frame that applies DCT to varblocks

3.3.16

quantization

metho

3.3.17
quanti
factort

34 1

3.4.1
raster
access

of reducing the precision of (DCT) coefficients

zation weight
hat a quantized coefficient is multiplied by prior to application of the inverse DCT in the decoding|

mage and codéstream organization

order
patternfrom left to right in the top row, then in the row below and so on

by the

hannel

process

3.4.2

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

3.4.3
block

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

3.4.4
varblo

ck

variable-size rectangle of one or more blocks

© ISO/IEC 2024 - All rights reserved
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3.4.5

group
naturally aligned rectangle covering up to 2" x 2" input pixels, with n between 7 and 10, inclusive

3.4.6
table of contents
data structure that enables seeking to a group or the next frame within a codestream

3.4.7
section
part of the codestream with an offset and length that are stored in a frame’s table of contents

&¢8J

coeffidient

input vlue to the inverse DCT
3.49

pass
data erfabling decoding of successively more detail

3.4.10
LF gropp
LF valyes from a naturally aligned rectangle covering up to 2n*3 x 2n+3 input-pixels

3.5 Abbreviated terms

DCT discrete cosine transform (as specified in 1.7)

HF all DCT coefficients apart from the LF coefficients,1.e. the high frequency coefficients
IDCT inverse discrete cosine transform (as specified in 1.7)

LF lowest frequency coefficients of DCT cgefficients, i.e. block averages

RGB additive colour model with red, green, blue channels

XYB absolute colour space based(on*gamma-corrected LMS (a colour space representing the re

of cone cells in the human ‘eye), in which X is derived from the difference between L and
green), Y is an average-0f-l'and M (behaves similarly to luminance), and B is derived from §

4 Cdnventions

4.1 Mathematical symbols

[a, b], (¢, d), [e,) closed or open or half-open intervals containing all integers or real numbers x (d
ing on context) such thata < x < b,c<x<d,e < x<f

sponse
M (red-
b (blue)

epend-

{a, b, c}} ordered sequence of elements

pi the smallest positive zero of the sine function ( 7 )

© ISO/IEC 2024 - All rights reserved
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pow (%, V) exponentiation, x to the power of y.

sqrt (x) square root, such that pow (sqrt (x) ,2) == xand sqrt (x) >= 0.Undefined forx < o.

cbrt (x) cube root, such that pow (cbrt (x),3) == x.

cos (r) cosine of the angle r (in radians).

srE) Gauss error function: erf (x) = é fxe_tz dt

N7 o0

log (%) natural logarithm of x. Undefined for x <= o.

log2 (x base-two logarithm of x. Undefined for x <= o.

floor (k) the largest integer that is less than or equal to x.

cell (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

sign (x sign of x, 0 if x is 0, +1 if x is positive, -1 if x iSegative.

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

sum (&) sum of all elements of the array/tuple/sequence a.

max (a) maximal element of the array/tuple/sequence a.

min (a) smallest element of the array/tuple/sequence a.

Unpackpigned (u) equivalent to u/2 if uiiséven, and - (u + 1) /2 if uis odd.

clamp (k, lo, hi) equivalent to min‘tfax (1o, x), hi).

InterpfetAsF16 (u) the real number resulting from interpreting the unsigned 16-bit integef u as a
binary16 floating-point number representation (cf. ISO/IEC 60559)

InterpfetAsF32 (u) the réal number resulting from interpreting the unsigned 32-bit integef u as a
bindry32 floating-point number representation (cf. ISO/IEC 60559)

NarrowflolI32 (x) the signed 32-bitinteger corresponding to the 32 least significant bits of the two's
complement representation of x

BitSet|(u,b) the bit corresponding to b is 1 in u: true if and only if u & b (bitwise ANID)

4.3 OQperators

This documen h rator fin he C++ programming lan ISO/IEC 14882 ith the

following differences:

/ division of real numbers without truncation or rounding. Division by zero is undefined.

<< left shift: x << sisdefinedasx * pow(2,s)

>> right shift: x >> sis defined as f1oor (x / pow(2,s))

Umod remainder: a Umod d is the unique integer r in [0, d) for whicha == r + g * dfor a suitable

integer g

© ISO/IEC 2024 - All rights reserved
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integer division: a 1div bisequivalenttoa / b, rounded towards zero to an integer value
logical AND (ss in C++), true if and only if both operands are true, with short-circuit evaluation

logical OR (| | in C++), false if and only if both operands are false, with short-circuit evaluation

The order of precedence for these operators is listed in Table 1 in descending order. If several operators
appear in the same line, they have equal precedence. When several operators of equal precedence appear at
the same level in an expression, evaluation proceeds according to the associativity of the operator (either
from right to left or from left to right).

4.4 F
This dd

// Inf
var =
if (va
/* Nor
(outl,

Table 1 — Operator precedence

Operators Type of operation Associativity
++x, - -x prefix increment/decrement left to right
x++, x— - postfix increment/decrement left te right

[}

logical/bitwise NOT

right to left

*, /, Idiv, Umod

multiplication, division, integer division, remainder

left to right

+, -

addition and subtraction

left to right

Variab]:s such as vararetypically referenced by text outside the source code.

The se

— Dijy

mbols. from 4.1 and functions from 4.2 are allowed;

riSion, remainder and exponentiation are expressed as specified in 4.3;

<<, >> left shift and right shift left to right
<,> <= >=== 1= |relational left to right
& bitwise AND left to right
A bitwise XOR left to right
| bitwise OR left to right
and logical AND left to right
or logical OR left to right
= assignment right to left
+=, —=, *= compound assignmeut right to left

seudocode

cument describes functionality @ising pseudocode formatted as follows:

brmative comment

1 (8) ;

r == 1) return; // Stqop executing this code snippet

hative specificatien:,var != 0 */

out2) = Functionpt(w»ar, kConstant);

antics of this pseudocode are those of the C++ programming language (ISO/IEC 14882), exce

pt that:

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

— /%
— All

=/ enclose normative directives specified using prose;

integers are stored using two’s complement;

— Expressions and variables of which types are omitted, are understood as real numbers.

Where unsigned integer wraparound and truncated division are required, umod and 1div (see 4.3) are used
for those purposes.

© ISO/IEC 2024 - All rights reserved
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5 Functional concepts

5.1 Image organization

A channel is defined as a rectangular array of (integer or real) samples regularly aligned along a sample grid
of width sample positions horizontally and height sample positions vertically. The number of channels may
be 1 to 4099 (see num extrain D.3).

A pixel is defined as a vector of dimension corresponding to the number of channels, consisting of samples
with a position matching that of the pixel.

An image s defined as a two-dimensional array of pixets, and widtt and hetgt e7gnt]Unless
otherwise mentioned, ‘raster order’ is used: left to right column within the topmost row, then left“to right
columi} within the row below the top, and so on until the rightmost column of the bottom row;

or a composite still image. Frames can have dimensions that differ from the image dimefisions, and they can

A codegtream may contain multiple image frames. These can constitute an animation (a sequence of iE\ages)
be blenyded over preceding frames. The frame that is being decoded is referred to as the“current’ frage.

5.2 Mirroring

Some gperations access samples with coordinates cx, cy that are outside\the current frame boungs. The
decoder redirects such accesses to a valid sample at the coordinates Mitror (cx, cy) as defined in the
following code:

Mirror[lD (coord, size) {
if (poord < 0) return MirrorlD(-coord - 1, size);
else|l if (coord >= size) return MirrorlD(2 * size - NN coord, size);
else| return coord;

}

Mirror|(x, vy) {
retupn (MirrorlD(x, width), MirrorlD(y, height));

5.3 (Group splitting

Channgls arelogically partitioned into naturally-aligned groups of group dimx group dimsamples. The effective
dimendion of a group (i.e. how many:pixels to read) can be smaller than group dim for groups on the yight or
botton] of the image. The decoder{ensures the decoded image has the dimensions specified in SizeHeader (D.2)
by crofping at the right and bottom as necessary. Unless otherwise specified, group_dimis 256.

LF grotyips likewise consistof group dim x group dim LF samples, with the possibility of a smaller effective
size on|the right and bgttom of the image.

Groupq can be decoded independently. A ‘table of contents’ (F.3) stores the size (in bytes) of eaclj group
to alloy seeking to any group. An optional permutation allows arbitrary reordering of groups within the
codestream,

5.4 (odestream organization

A bitstream is a sequence of bytes. A codestream is a bitstream that represent compressed 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 B.2.1.

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

© ISO/IEC 2024 - All rights reserved
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6 Encoder requirements

An encoder is an embodiment of the encoding process. This document does not specify an encoding process,
and any encoding process is acceptable as long as the codestream conforms to the codestream syntax
specified in this document. Annex O provides an informative description of such an encoding process.

7 Decoder requirements

A decoder is an embodiment of the decoding process. The decoder reconstructs sample values (arranged

on a rectangular sampling grid) from a codestream as specified in this document. Annexes A to N define an
Output +that a]fnrnc\fivn imp]nmnnfﬁf{nnc shall dup]irafn

© ISO/IEC 2024 - All rights reserved
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Annex A
(normative)

Codestream overview

A.1 Codestream structure

The co
by one
syntax|description (B.1), specify how a decoder reads the headers and frame(s).

lestream consists of image headers (Annexes D and N) and an ICC profile, if present (E.4),\fd
or more frames (Annex F), as shown in Table A.1. This table and those it references, togethet w

Table A.1 — Codestream structure

llowed
rith the

condition type name Annex
Headers |headets Annex [},
Annex N
headens.metadata.colour encoding.want icc icc E.4
headefs.metadata.have preview Frame preview frame Annex F
Frame |frames[0] Annex F
for (4 = 1; !frames[i - 1].frame header.is last; ++i) Frame frames[i] Annex F
The pieview frame is a self-contained frame whose FrameHeader (F.2) specifies 1f level=0, |frame

type=Kk|

A.2 Decoding process
Annex
Annex

After rq

Some A
in such

Annex

Annex

The de

The pr

RegularFrame and save_as_reference=0.

B specifies how the decoder parses hedder information.

C specifies how the decoder reads‘entropy-coded data.

an Annex or subclauge if its condition holds true.
H specifies the kModular frame encoding and Modular sub-bitstreams.
| specifies.the kVarDCT frame encoding.

coder-applies restoration filters as specified in Annex J.

bading the image header (Annexes D and E) and the frame header (Annex F), the decoder reads the frame
data (Alnnex G). The reconstructignyof the decoded image can be viewed as a pipeline with multiple stag

es.

nnexes or subclauses-begin with a condition; the decoder only applies the processing steps degcribed

esence/absence of additional image features (patches, splines and noise) is indicated in thg

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.

Finally, the decoder performs colour transforms as specified in Annex L.

NOTE

For an introduction to the coding tools and additional background, please refer to Reference [3].

© ISO/IEC 2024 - All rights reserved
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Annex B
(normative)

Header syntax

B.1 General

The co
can be
types d
in Tabl{

If the ¢
codest
to defa

A cond
rows o
with th

false,

If namg
to trug
each el

subsequent row, or the condition of the same row.

B.1.1

If a fie
type, it

lestream is organized into “bundles” consisting of one or more conceptually related “fields*
a bundle, or an array/value of a type from B.2. The graph of contained-within relationships b
fbundles is acyclic. This document specifies the structure of each bundle using tables struct
e B.1, with one row per field (in top to bottom order).

Table B.1 — Example structure of a table describing a bundle

condition type default name
Bool() £alde divs
divs 1 +u(5) 0 h div8
!div8 U32(1 +u(9),1+u(13),1+u(18),1+u(30) 8 * h_div8 |height
u(3) 0 ratio
div8 and !ratio 1+ u[5) 0 w_div8
1div8 and !ratio U32(1 +u(9), 1 +u(13), 1 + u(18Jxt + u(30)) d width width

ondition is blank or evaluates to true, the field with the name in the name column is read f1
ream (B.1.1) according to the field type in the type column. Otherwise, the field is instead inif
11t value in the default column (B.1.2).

btained from the current one by removing its condition and replacing the value of i in each

he current row has no effect.

 ends with [n] then the fields a fixed-length array with n entries. If condition is blank or ev
each array element is'read from the codestream (B.1.1) in order of increasing index. Oth
bment is initialized tp-default (B.1.2). The name is potentially referenced in the condition or ty

Reading a field

d is to héread from the codestream, the type entry determines how to do so. If it is a bas
is read-as described in B.2. Otherwise type is a (nested) bundle denoted Nested, residing w
bundle Parent. Nested is read as if the rows of the table defining Nested were inserted into t}

parent

definir]g Parent in place of the row that defined Nested. This principle is applied recursively, corresp

A field
btween
ired as

om the
ialized

tion of the form for (i = 0; conditianG) ++1i) is equivalent to replacing this row with a sequlence of

rolumn

e consecutive values assumed by the'loop-variable i until condition is false. If condition is ipitially

hluates
brwise,
'pe of a

ic field
rithin a
e table

onding

toa deptn-rlrst traversal or all Tields.

B.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 bundle, then default
is blank and each field of the bundle is (recursively) initialized to the default specified within the bundle’s
table. Otherwise, the field is set to default, which is a valid value of the same type.
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B.2 Field types

B.2.1

u(n)

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

B.2.2 (U32(d0, d1, d2, d3)
In this pubclause, “distribution” refers to one of the following three encodings of a range of values: v, p(n), or
offset 4 u(n). The dO, d1, d2, d3 parameters represent distributions.
U32(dd, d1, d2, d3) reads an unsigned 32-bit integer value in [0, 232) as follows. Therdecoder first reads a
u(2) frpm the codestream indicating which distribution to use (0 selects d0, 2 selects)d2 etc.). Let d|denote
this digtribution, which determines how to decode value.
If d is u} value is the integer u. If d is u(n), value is read as u(n). If d is offset + u(n),'the decoder reads v | u(n)
The regulting value is (offset + v) Umod (1 << 32).
NOTE The value of u is implicitly defined and not stored explicitly in the<€edestream.
EXAMPLE For a field of type U32(8, 16, 32, u(7)), the bits 10 resultifiywralue = 32.Fora U32(u(2), u(4), u(f), u(8))
field, thi bits 010111 resultin value = 7.
B.2.3 (U64()
U64() feads an unsigned 64-bit integer 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, ;s == 1, valueis 1 + u(4). If s == 2, value is 17(+ u(8).
Otherwise (s == 3), valueis read as specified by-the following code:
value F u(l2); shift = 12;
while |(u(l) == 1) {

if (phift == 60) {

vallue += u(4) << shift; // only=4, we already read 60
break;

}

valup += u(8) << shift; skt += 8;
}
EXAMPLE The largestpossible value 264 - 1 is encoded as 73 consecutive 1-bits.
B.2.4 |F16()
F16() reads a réalvalue in [-65504, 65504], as specified by the following code:
bitsle| = A4(16);
biased| €xp "= (bitslée >> 10) & Ox1F;
value E—TrterprethAstibotibitotov

The value of biased exp is not 31.

NOTE

B.2.5

This rules out NaN and infinities.

Bool()

Bool() reads a boolean valueasu (1) 2 true : false.
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Enum(EnumTable)

Enum(EnumTable) reads v = U32(0, 1, 2 + u(4), 18 + u(6)). The value v does not exceed 63 and is defined by
the table titled EnumTable. Such tables are structured according to Table B.2, with one row per unique value.

Table B.2 — Example structure of a table describing an enumerated type

An enu
in the
enume

B.2.7
The de

NOTE

B.3 |

This byindle, specified in Table B.3, is a field in bundles (ImageMetadata, FrameHeader, Restoratio}

which

An extg
identif
where
denote
are sto
extens
for all ¢

name value meaning
kD65 1 CIE Standard Illuminant D65: 0.3127, 0.3290
kCustom |2 Custom white point stored in colour encoding.white
kE 10 CIE Stﬂlldﬂl d Illulll;llﬂllt E (\'Liuﬂl CIICT s_y)- 1/’3 1//3
kDCI 11 DCI-P3 from SMPTE ST 428-1: 0.314, 0.351

merated type is interpreted as having the meaning of the row with the correspondingvalde. Th
name column (or where ambiguous, EnumTable.name) is an identifier used to refer to a paf
Fated value, and begins with the letter k, e.g., KRGB.

ZeroPadToByte()

Coder skips to the next byte boundary if not already at a byte boundary:Al skipped bits have Y

Since any padding bits are zero, they can serve as an additional indicator of codestream integrity.
xtensions

fan be extended (cf. Annex N).

Table B.3 — Extensions bundle

condition type default name
U64() =30 extensions
extensions != 0 U64() 0 extension bits[NumExt]

ension consists of zero or more-bits whose interpretation is established by Annex N. Each extel
ed by an ext_idin the range 0, 63), assigned in increasing sequential order. extensionsisab
the i-th bit (least-significant== 0) indicates whether the extension with ext _id = i is present.
5 the number of extensions present, i.e. number of 1-bits in extensions. Extensions that are }
red in ascending order/of their ext id.extension bits[i] indicates the number of bits stored
on whose ext id'=+ starting after extension bits has been read. The decoder reads all thg
xtensions whichare present.

e value
ticular

ralue 0.

©Filter)

nsion is
tarray
NumExt
bresent
for the
pse bits
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Annex C
(normative)

Entropy decoding

C.1 Overview

This A
variou

The co
the ded

The fol

— nujj

— nujj

— COJ

— us{
— 1z

—  wil

— Ify
— If

elements of the codestream.

lestream contains multiple independently entropy-coded streams. During decoding of'such a {

lowing variables (which are specified in the following clauses) are part of the entropy decoder
_dist, the pre-clustering number of distributions (context identifiers) which is given;
_clusters, the post-clustering number of distributions;
7, a bundle with LZ77 settings;
sters[num_dist], describing the context clustering;
\figs [num_clusters], hybrid integer configurations;
L prefix_code, a Boolean flag indicating if prefik.coding or ANS is used;
| len_conf, a hybrid integer configuration uséd to decode LZ77 lengths;
\dow[1 << 207, the LZ77 window of préviously-decoded symbols (initialized to all zeroes);
L to copy, copy pos, and num_deeoded: counters used for copying symbols from the LZ77 wing
se_prefix_ code: a set of numiclusters post-clustered prefix codes;
use_prefix code, i.e. when'the stream uses ANS:

log_alphabet sigeyindicating the alphabet size of the entropy-coded ANS symbols;

a set of num eTysters post-clustered probability distributions p[1 << log alphabet sizel;

offsets,and,cutoffsy

state, a 32-bit unsigned integer that represents the ANS state.

NOTE

num_de

AS an 1mplementation optimization, the variables 1z Ien conf, window, num TO coOpy, COPYy P
coded can be ignored in case 1z77.enabled is false.

C.2 Distribution decoding

C.2.1

General

hnex specifies an entropy decoder. Other Annexes and their subclauses indicate how itdsvised for

tream,

oder maintains an entropy coder state, which is initialized as specified in C.2. Thi§-state has to|persist
and can be updated during the decoding of the entropy-coded stream, as specified in-C.3.

state:

ow;

the alias\mapping for each post-clustered distribution (1og bucket size, bucket size, symbols,

os, and

This subclause describes how to decode the probability distributions and other stream initialization
information that is needed before the actual entropy decoding can start. When this Annex is referenced,

num_di

st is given; it denotes the number of pre-clustered probability distributions.
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The decoder first reads the LZ77 settings 1277 as specified in Table C.1.

Table C.1 — LZ77Params bundle

condition type name
Bool() enabled

enabled |U32(224,512,4096,8 +u(15)) |min_symbol

enabled |U32(3,4,5+u(2),9 +u(8)) min length

If1277.enabled, thedecodersets 1z dist ctx = num dist++,andreads1z len conf = HybridUintConfig (8)

as spegifiedin-6-2-3-

The de
as spe
sets 14
cluster
Hybrid

The de

true, then for 1 in [O, num_clusters): ifBOO]O is false, count[i] = 1, otherwiselr= u(4) isread, and cd

coder then reads the mapping clusters of the num dist distributions into num clusters ¢
ified in C.2.2. It then reads use prefix code as a Bool(). If use prefix code is falsg)the d

ed distribution, in increasing order of index i in [0, num clusters), the decoder geads config
JintConfig(log alphabet size) as specified in C.2.3.

coder then reads num clusters post-clustered distributions p(i] as follows. If use prefix |

lusters
ecoder

g alphabet size to 5 + u(2); otherwise, it sets log alphabet size to 15. Then“or each post-

s[1] =

code IS
unt [1]

=1 +|(1 << n) + u(n),whichisatmost1 << 15. After reading the counts, the decoder reads eath p(i]
(impliditly described by a prefix code) as specified in C.2.4, with alphabetssize = count[i].Ifuse fdrefix
code is|false, the distributions are read as specified in C.2.5.
C.2.2 |Distribution clustering
The pre¢bability distributions that symbols belong to can be clustered together. This subclause specifies how
this clystering is read by the decoder.
The oufput of this procedure is an array clusters with*hnm dist entries (one for each pre-clustered context),
with values in the range [0, num clusters). All integers in [0, num clusters) are present in this array, and
num_clfisters < 256. Positioniin this array indicates that contextiis merged into the corresponding fluster.
If num_ fist == 1, then num clusters = 1 and clusters[0] = 0, and the remainder of this subclause is
skippedl.
The defoder firstreads a Bool() is_simpTe indicating a simple clustering.If is simpleis true, it then decodes
a u(2) frepresenting the number of'bits per entry nbits. For each pre-clustered distribution, the decoder
reads d u(nbits) value that indicates the cluster that the given distribution belongs to.
Otherwise, if is simple is_false, the decoder reads a Bool() use mtf. The decoder then initializes a pymbol
decoder using a single distribution D, as specified in C.2.1, where if num dist == 2 then in the refursive
distriblition decoding;1277.enabled is false. For each pre-clustered distribution i, the decoder rgads an
integei| as specified’invC.3.3. Finally, if use mtf, the decoder applies an inverse move-to-front transform to
the clugter mapping-(see code below).
MTF (v[R56], Sndex) { value = v[index];
for (i = index; i; --1i) vI[i] = v[i - 1];
v[0] = value; }
InverseMefzeToFrontTransform(clustersnum di sty
for (i = 0; i < 256; ++i) mtf[i] = i;
for (i = 0; 1 < num dist; ++i) {
index = clusters([i]; /* index < 256 */
clusters[i] = mtf[index];
if (index != 0) MTF (mtf, index);
}
}
C.2.3 Hybrid integer configuration

The configuration for the hybrid unsigned integer decoder of C.3.3 is read from the bitstream as follows:
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ReadUintConfig(log alphabet size) {
config.split exponent = u(ceil (log2(log _alphabet size + 1)));
if (config.split exponent != log alphabet size) ({
nbits = ceil(log2(config.split exponent + 1));
config.msb in token = u(nbits);
/* config.msb_in token is <= config.split exponent */

nbits = ceil(log2(config.split exponent - config.msb in token + 1));
config.lsb in token = u(nbits);
} else { config.msb in token = 0; config.lsb in token = 0; }

/* config.lsb in token + config.msb in token is <= config.split exponent */
config.split = 1 << config.split exponent;
return config;

}
C.2.4 [Histogrant and prefixcode

A Huffiman histogram stream stores metadata required for decoding a Huffman symbol (Stream. See
IETF RFC 7932:2016 sections 3.4 (“Simple Prefix Codes”) and 3.5 (“Complex Prefix Codes?) for |[format
encoding description and definitions. The alphabet size mentioned in the RFC is explicitly specified as
parameter alphabet size when the histogram is being decoded, except in the special cdse of alphabdt size
== 1, where no histogram is read, and all decoded symbols are zero without reading@ny bits at all.

A Huffinan symbol stream stores a sequence of unsigned integers (symbols). Toread a symbol, the decoder
reads g series of bits via u(1), until the bits concatenated in left-to-right order eXactly match one of th¢ prefix
codes gssociated with the symbol. See IETF RFC 7932:2016 section 3.2 (“Use‘of Prefix Coding in th¢ Brotli
Format”) for a detailed description of how to build the prefix codes fromaHuffman histogram.

C.2.5 | ANS distribution decoding

ANS prjobabilities distributions are represented as an array with 1 << log alphabet size elemenfs with
values|in [0, 1 << 12], one per symbol, that sum to 1 <<, 2%;"i.e. they can be interpreted as reprefenting
symbo] probabilities with an implicit denominator of 1 <<' 12. Indexing the array with an out-of-pounds
value results in a 0 value.

To decg¢de a distribution D, the decoder follows thedollowing procedure (where 'read a number according to
a prefix code’ refers to C.2.4):

U8 () {|// reads an integer value in thg range [0, 256) using [1, 12) bits
if (h(l) == 0) return 0;
elsel { n = u(3); return u(n) + (I &KL n); }

}

table pize = 1 << log alphabetysize;
/* inifialize D as array wifh~table size entries with value 0 */

if (Bopl()) {
if (Bool()) { vl = U8« Wi/ v2 = U8(); /* vl != v2 */
D[vll.s~a(12); D[v2] = (1 << 12) - D[vl];
alphabet size = 1 + max(vl, v2);
} elpe { x = U8Q%/D[x] = 1 << 12; alphabet size =1 + x; }
retufn;
}
if (Bopl())
alphpbet {size = U8 () + 1;
for |(1/2.0; i < alphabet size; i++) D[i] = (1 << 12) Idiv alphabet size;
for [(¥7* 0; 1 < ((1 << 12) Umod alphabet size); i++) D[i]++;
return;
}
len = 0; while (len < 3) { 1if (Bool()) len++; else break; }
shift = u(len) + (1 << len) - 1;

/* shift <= 13 */
alphabet size = U8() + 3;

omit log = -1; omit pos = -1;
/* initialize same as array with alphabet size entries with value 0 */
for (i = 0; i < alphabet size; i++) {
logcounts[i] = /* read a number according to the following prefix code:
Number Code Number Code (bits parsed from right to left)
0 10001 7 010
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1 1011 8 101

2 1111 9 110

3 0011 10 000

4 1001 11 100001

5 0111 12 0000001

6 100 13 1000001
*/
if (logcounts[i] == 13) { rle = U8(); same[i] = rle + 5; i += 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 */
prev = 0; numsame = 0;
for (i =_0; i alphabet size; j44) {
if (pame[i] != 0) { numsame = same[i] - 1; prev =1 > 0 ? D[i - 1] : 0; }
if (pumsame > 0) { D[i] = prev; numsame--; }
elsel {
cofle = logcounts([i];
ifl (i == omit pos || code == 0) continue;
elge if (code == 1) D[i] = 1;
elpe { bitcount = min(max (0, shift - ((12 - code + 1) >> 1)), code - 1);
D[i] = (1 << (code - 1)) + (u(bitcount) << (code - 1 - bitcount)); }

}

totall count += D[i];
}
D[omit| pos] = (1 << 12) - total count;
/* D[ofnit pos] >= 0 */

C.2.6 | Alias mapping

For a gjven probability distribution D of symbols in the range [0s2 ¥< 1og alphabet size), tables of symbols,
offsetp and cutoffs are initialized according to the code below.

log bufket size = 12 - log alphabet size;

bucket| size = 1 << log bucket size;

table pize = 1 << log alphabet size;

if (/*] amount of symbols with nonzero probability in D */ == 1) {
s = J* index of the symbol with nonzero pkodbability */;
for (1 = 0; 1 < table size; i++) {

syfibols.push back(s); offsets.push back (bucket size * i); cutoffs.push back(0);

}

retufn;
}
for (i]= 0; i < alphabet size; &t++) |

cutofffs.push back(D[i]); symboils.push back(i);

if (putoffs[i] > bucket s&ze) overfull.push back(i);

else| if (cutoffs[i] < buckef size) underfull.push back(i);
}
for (i]= alphabet size;1 < table size; i++) {

cutofffs[i] = 0;

undefrfull.push back(i);
}
while |(overfull.\fze () > 0) {

/* upderfuld\gize() > 0 */

o = pverfull.back(); u = underfull.back(); overfull.pop back(); underfull.pop back();

by =| bu€két size - cutoffs[u];

cutofffs{o] -= by; symbols[u] = o; offsets[u] = cutoffs[o];

if (ewteffsteod brefer—sirer—yaderfutteush—Paed

else if (cutoffs|o S

}

\
7r

1 > backet_size) overfull.push back (o) ;

for (i = 0; i < table size; i++) {
if (cutoffs[i] == bucket size) { symbols[i] = i; offsets[i] = 0; cutoffs[i] = 0; }
else offsets[i] -= cutoffs[i];

}

The alias mapping of x under D and its corresponding initialized symbols, offsetsand cutoffs isthe output
of the procedure AliasMapping (x) specified in the code below, that produces a symbol in [0, 1 << log
alphabet size)and anoffsetin[0,1 << 12).
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) A

pos x & (bucket size - 1);

symbol = pos >= cutoffs[i] ? symbols[i] i;
offset = pos >= cutoffs[i] ? offsets[i] + pos : pos;
return (symbol, offset);

}

C.3 Symbol decoding

C3.1

General

The decoder reads integer symbols from an entropy coded stream as spec1f1ed in C.3.3 3 3. If use preflx code,

are rea
of cont

streamy),

C.3.2
The AN

the init

0x1300

The de

index
(symbo
state
if (st

C3.3

An uns
specifi
window
unless

ReadUi
if |
n

/* n
low
toke
toke
toke
resu
/* ¢
retu
}
kSpeci
{0,

3e, they

d according to C.3.2 3 2. In both cases the flnal decoded 1ntegers are reconstructed usmg a combjination

ext-dependent entropy decoding (using a prefix code or ANS), raw bits (read directly frem th

and possibly LZ77 (copying of previously decoded symbol sequences).

ANS symbol decoding

S decoder keeps an internal 32-bit unsigned integer state. Upon initialization of a new ANS

€ same

$tream,

Decode
if (
else

to

ial value of state is read as a u(32) from the codestream. At the end of’an ANS stream, state is
D0. There is only a single state variable per ANS stream; it is shared béetween different contexts.
oder decodes a symbol belonging to a given distribution D as specified by the code below:
= state & OXFFEF;
l, offset) = D.AliasMapping (index) ;
= D[symbol] * (state >> 12) + offset;
bte < (1 << 16)) state = (state << 16) | u(le);
Hybrid integer decoding
igned integer is read from an entropy coded stream given a pre-clustered context identifier| ctx as
bd by DecodeHybridvarLenUint in the following code. num to copy is initialized to 0 and th¢ array
[1 is initialized to all zeroes when the first;symbol is decoded from the stream. dist multipljerisO
ptherwise specified.
ht (config, token) {
Foken < config.split) return teken;
Config.split exponent - config.msb in token - config.lsb in token +
((token - config.split) >%» (config. msb 1n token + conflg lsb in _token));
< 32 */
= token & ((1 << config.lsb in token) - 1);
h = token >> config.lsb in token,
h &= (1 << config.fusb’in token) - 1;
h |[= (1 << config« msb_ln_token)
Lt = (((token &&Mm) | u(n)) << config.lsb in token ) | low;
bsult < (1 << 32) */
'n result;
b1Distagegs [120][2] = {
L}y, 1.0}, (1, 1}, {-1, 1}, {0, 2}, {2, O}, {1, 2}, {=1, 2}, {2, 1}, (-2, 1}, {2} 2},
2}1 {OI 3}1 {31 O}I {11 3}1 {_lr 3}1 {31 1}I {_31 l}l {21 3}1 { 2! 3}, {31 2},
2} " {0, 4}, {4, 0}, {1, 4}, (-1, 4}, (4, 1}, (-4, 1}, {3, 3}, {=3, 3}, {2, 4},
A}l I/I ’>}l {7/‘7 r)}’ {ﬁ’ E\}r {’2! /I}r {7’2! /I}r {Ar Q}r {7/Il Q}l {E\l m}l {11 I:}
5}/ {5 1}/ {757 1}! {27 5}! {72/ 5}/ {5/ 2}/ {75! 2}! {4! 4}! {741 4}1 {31 5}1
5}/ {5 3}/ {_51 3}, {Or 6}, {61 O}r {lr 6}, {_ll 6}1 {61 l}l {_61 1}I {21 6}1
6}/ {61 2}/ {_61 2}! {41 5}! {_41 5}/ {5/ 4}/ {_51 4}! {31 6}! {_31 6}/ {61 3}/
3, {0, 7%, {7, O}, (1, 7}, (-1, 7}, {5, 5}, {-5, 5}, {7, 1}, (=7, 1}, {4, 6},
6}/ {6/ 4}/ {767 4}r {27 7}r {72/ 7}/ {71 2}1 {777 2}7 {37 7}7 {731 7}1 {71 3}1
3}/ {5/ 6}/ { 5, 6}, {61 5}, {_6/ 5}/ {81 O}I {41 7}1 {_41 7}1 {71 4}1 {_71 4}1
1}, {8, 2}, {6, 6}, {-6, 6}, {8, 3}, {5, 7}, (=5, 7}, {7, 5}, (=7, 5}, {8, 4}, {6, 7T},
7, {7, 6}, {-7, 6}, (8, 5}, {7, 7}, (=7, 7}, {8, 6}, {8, 7} };
HybridVarLenUint (ctx) {
num_to copy > 0) { r = window[ (copy pos++) & OxFFFFF]; num to copy--; }
{
ken = /* Read symbol from entropy coded stream using D[clusters[ctx]] */;

© ISO/IEC 2024 - All rights reserved
18


https://standardsiso.com/api/?name=0bc3378abc9f5b75056af0adde46fec8

ISO/IEC 18181-1:2024(en)

if (1z77.enabled and token >= 1z77.min symbol) {

num_to copy = ReadUint(lz_len conf, token - 1z77.min_symbol) + 1z77.min_ length;

token = /* Read symbol using D[clusters[lz dist ctx]] */;

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

if (dist multiplier == 0) distance++;

else if (distance < 120) {
offset = kSpecialDistances[distance] [0];
distance = offset + dist multiplier * kSpecialDistances[distance][1];
if (distance < 1) distance = 1;

} else distance -= 119;

distance = min(distance, num decoded, 1 << 20);

copy pos = num decoded - distance;

return DecodeH?bridVarLenUint(clusters[ctx]);

r F ReadUint (configs[clusters[ctx]], token);

windpw[ (num_ decoded++) & OxXFFFFF] = r;
retufgn r;

NOTE It is not necessarily the case that num to copy is zero at the end of the stream.

© ISO/IEC 2024 - All rights reserved
19


https://standardsiso.com/api/?name=0bc3378abc9f5b75056af0adde46fec8

D.1 General

The de

The si

D.2 1
Table [

The de
Aspect

Aspect
if (
if (
if (
if (
if (
if (
if (

}

NOTE

ISO/IEC 18181-1:2024(en)

Annex D
(normative)

Image header

coder reads the Headers bundle (Table D.1) as specified in B.1.

Table D.1 — Headers bundle

condition type name subclause
u(16) signature
SizeHeader size D.2
ImageMetadata |metadata D.3

mage dimensions

.2 specifies the SizeHeader bundle.

Table D.2 — SizeHeader bundle

nature consists of the fixed two-byte sequence 0xFroa, i.e. it is eqtral to the value 2815.

Ratio (heightyN\fatio)
ratio

Ratio is computedias follows:

M. \return height;

condition type default name
BOOH) false div8
divs8 1+u(5) 0 h div8
!div8 U32(1 + u(9),1 +u(13), 1 +u(18),1 +u(30)) 8 * h div8 |height
u(3) 0 ratio
div8 and !ratio 1-+u(5) 0 w_div8
'div8 and !ratio U32(1 +u(9),1+u(13),1+u(18),1 +u(30)) d width width
fault value d widthisdefined as (ratio == 0 2 8 * w div8 : AspectRatio(height, ratio))

ratio =¥"2) return height * 6 Idiv 5;
ratio &x"3) return height * 4 Idiv 3;
ratioy== 4) return height * 3 Idiv 2;
rat™'== 5) return height * 16 Idiv 9;
raftio == 6) return height * 5 Idiv 4;
ratio == 7) return height * 2;

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

D.3 Image metadata

D.3.1

ImageMetadata

where

The ImageMetadata bundle, defined in Table D.3, holds information that applies to all Frames (including the
preview); decoders use it to interpret pixel values and restore the original image.
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Table D.3 — ImageMetadata bundle

condition type default name
Bool[) true all default
'all default Bool() false extra fields
extra fields 1+ u(3) 1 orientation
extra fields Bool() false have intr size
have intr size SizeHeader intrinsic_size
extra fields Bool() false have preview
have preview ProviewHeader preview
extra |[fields Boo](] false have animation
have gnimation AnimationHeader animation
lall default BitDepth bit depth
'all default Bool() true modular 1@Gb*t buffer
'all default U32(0, 1,2+ u(4-), 1+ u(lZ)) 0 num_ extxra
fall default ExtraChannellnfo ec Anfd[num_extra]
'lall default BOO](] true Xyb, encoded
fall default ColourEncoding colour encoding
extra |[fields ToneMapping tone mapping
'lall default Extensions extensions
Bool() default m
!defaylt m and xyb encoded OpsinlnverseMatrix opsin_inverse matrix
!defaylt m u(3) 0 cw_mask
BitSefl (cw mask, 1) F16() d up2 up2 weight[15]
BitSefj (cw mask, 2) F160 d up4 up4 weight [55]
BitSefl (cw mask, 4) F16O d up8 up8 weight[210]

If have|intr size,then intrinsic size denotes the recommended dimensions for displaying the im
applications are advised to resample the decoded image to the dimensions indicated in intrinsic_sf

have pfeview indicates whether the codestream includes a preview frame.

have ahimation indicates wheth€ryan AnimationHeader is included (animation) and whether Frame
(F.2) includes timing information.

modulaf 16bit buffers jAdicates whether signed 16-bit integers have a large enough range to stg
apply inverse transforms*to all the decoded samples in modular image sub-bitstreams (see Anne
false, B2-bit integers\have to be used. In any case, signed 32-bit integers suffice to store decoded s
in modular image-sub-bitstreams, as well as the results of inverse modular transforms. For somg

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

num_exfradsithe number of additional image channels. If it is nonzero, then ec_info signals the sema

each extta,channel.

age, i.e.
ze.

Header

re and
k H). If
amples
of the

ntics of

xyb_encodedis true if the stored image is in the XYB colour space. In L.2 it is specified how to convert XYB to RGB.

In the rest of this document, the three main colour components are referred to as X, Y, B, even in the case
where the XYB colour space is not used for the stored image; in that case the actual components are either R,

G BorCb,Y,CrorCM,Y.

colour_ encoding indicates the colour image encoding of the original image. This may differ from the
encoding of the stored image if xyb_encoded is true. This bundle is specified in Annex E.

tone mapping (Table E.9) has information for mapping HDR images to lower dynamic range displays. This

bundle is specified in E.3.
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OpsinlnverseMatrix is defined in L.2.1.

For the upsampling filters, custom weights are signalled depending on cw mask. The default weights
d up4 and d_up8 are defined in K.2.

D.3.2 Orientation

The orientation indicates which orientation transform the decoder applies after decoding the
(Table D.4), including the preview frame if present.

NOTE orientation matches the values used by JEITA CP-3451C (Exif version 2.3).

Table D.4 — Orientation

orientation first row | first column transform to apply

1 top left none

2 top right flip horizontally

3 bottom |right rotate 180

4 bottom |left flip vertically

5 left top transpose (rotate 90 clockwise'then flip horizontally)
6 right top rotate 90 clockwise

7 right bottom flip horizontally then rotate 90 clockwise

8 left bottom rotate 90 counterclockwise

D.3.3 | PreviewHeader

Table I].5 specifies the PreviewHeader bundle.

Table D.5 — PreviewHeader bundle

d up2,

image

condition type default name
Bool() div8
iv8 U32(16, 32, 14%(5), 33 + u(9)) 1 h divs
divs U32(1 + u(6)/65 + u(8), 321 + u(10), 1345 + u(12)) |8 * h_div8 |height
u(3) ratio
iv8 and !ratio U32[16, 32,1 + u(5), 33 + u(9)) 1 w_div8
div8 and !ratio U32(1 + u(6), 65 + u(8), 321 + u(10), 1345 + u(12)) d width width
The ddfault value 4 widsh is defined as in SizeHeader: d width = (ratio == 0 2 8 * w div8

AspectRatio (heighty\ratio)).

The pre¢view widti and height do not exceed 4096.

D.3.4 | AnimationHeader

3 . LI al A - La w00 D | n 1 1] 4 H £ o 1 . . o .
Animationtteaderdefimedim Tabte b6, hotds mreta=informatiomraboutamanmimatiomror-inrage sequer
is present if metadata.have animation.

Table D.6 — AnimationHeader bundle

condition type default name
U32(100,1000, 1 +u(10),1 +u(30)) |0 tps_numerator
U32(1, 1001, 1 +u(8), 1 + u(10)) 0 tps_denominator
U32(0, u(3), u(16), u(32)) 0 num_loops
Bool() false |have timecodes
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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.

NOTE

D.3.5

This document defines the interval between presenting the current and next frame in units of ticks. In
the case where metadata.have animation is false, the frames do not represent an animation, but layers that are
overlaid to obtain a composite image.

BitDepth

Table [

Thisin
colour
and/or
can be

float

bits p
on flo

If float]

If fioa
values.,
interpr

./ specifies the bitDepth bundle.

Table D.7 — BitDepth bundle

condition type default name
Boo]() false float sample
!float sample U32(8' 10,12,1 + u(6)) 8 bits per sample
float sample U32(32, 16, 24,1 +u(6)) |8 bits pery sample
float sample 1+u(4) 0 exp bits

formation describes how to interpret Modular-encoded integer samples, for extra channels and
channels if 'metadata.xyb encoded, as specified in G.4.2. For colour channels encoded with
with metadata.xyb encoded, this information is merely a suggestion for a sample representati
suitable for the image, but it does not impact the actual sample values.

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

t_sample: for integers the value is in range [1,81], for floating point the value is in range [5, 3
_sample is false, then integer samples of thexdecoded image are divided by (1 << pbits per samp]

L sample iS true, then exp bits is the.number of bits used for the exponent of floating point
Letmantissa bits = bits per_sambple — exp bits - 1.Integer samples of the decoded im
eted as floating point values with/1 sign bit, the indicated amount of exponent bits and manti

and otherwise following the principles of ISO/IEC 60559 with an exponent bias of (1 << (exp bits

- 1. TH
expone

NOTE
expone

D.3.6
Table [

e value of exp bits is in range [2, 8], and the value of mantissa bits isin range [2, 23].Ifa s
nt has the highest représentable value, the decoded value of this sample is unspecified.

On some CPUs and-floating-point formats, infinity/Not A Number are disallowed and the largest
1t is treated in the’same way as the next smaller one.

ExtraChannellnfo

.8 speeifies the ExtraChannellnfo bundle.

Table D.8 — ExtraChannellnfo bundle

for the
/arDCT
on that

b sample is the number of bits per channel of thé€ original image. The encoding of this value depends

D].
e) - 1.

sample
hge are
bsa bits
- 1))
hmple’s

bossible

condition type default name

Bool() true d alpha

'd_alpha Enum(ExtraChannelType) kAlpha |type

'd_alpha BitDepth bit depth

'd_alpha U32(0, 3,4, 1 +u(3)) 0 dim shift

'd_alpha U32(0, u(4), 16 + u(5), 48 + u(10)) 0 name_len

u(8) 0 name [name_len]

!d_alpha and type ==kAlpha

Bool() false |alpha associated
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Table D.8 (continued)
condition type default name
type == kSpotColour F16() 0 red
type ==KkSpotColour F16() 0 green
type ==KkSpotColour F16() 0 blue
type == KkSpotColour F16() 0 solidity
type ==KCFA U32(1, u(2), 3 +u(4), 19 + u(8)) 1 cfa_channel
Table D.9 specifies the meaning of the ExtraChannelType values.
Table D.9 — ExtraChannelType
name value meaning
kAlpha 0 Alpha transparency, where 0 means fully transparent
kDepth 1 Depth map. Higher values mean farther away from the camera.
kSpot(olour 2 Spot colour channel; red, green, blue indicate its colour and solidity in [0, 1] indicqtes the

overall blending factor, with 0 corresponding to fully transliicent (invisible) and 1 corre-
sponding to fully opaque.
kSelectionMask |3 Selection mask, which indicates a (fuzzy) region of interést) for example for image mahnipula-
tion 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 CMYK ICC profile is also present, and the RGB
samples are to be interpreted as CMY, where\Q,denotes full ink.

kCFA 5 Channel used to represent Colour Filter Array data (Bayer mosaic)

kThermal 6 Infrared thermography image. Higher'values mean warmer temperature.
kNonQptional |15 The decoder indicates it cannot safely interpret the semantics of this extra channel.
kOptidgnal 16 Extra channel that can be safelyignored.

Extra dhannels are interpreted according to theirtype and are rendered as specified in L.4.

dim_shfft is the base-2 logarithm of the downsampling factor of the dimensions of the extra channel with
respect to the main image dimensions defined in size. The dimensions of the extra channel are rounfded up.
The value 1 << dim shift does not exceed the group dim of any frame (F.2).

EXAMPLE dim shift == 3 implies 8x8 downsampling, e.g., a 3 x 3 extra channel for a 20 x 20 main image.

If name| 1en > 0, then the extra channel has a name name, interpreted as a UTF-8 encoded string.
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Annex E
(normative)

Colour encoding

E.1 General

The intlerpretation of RGB pixel data is governed by a colour space described by a colour profile, forve

sRGB iy
own c(g
space i

Pixel d
triplets
colour

NOTE
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andl re-quantizing it in another colour space is lossy.
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a colour space. Capture devices, display devices, and quantized (integer) pixel data can-all hay
lour space. Converting quantized pixels in one colour space to quantized pixels in a,different
5 a lossy operation.

ata can be encoded in two ways: either in the absolute XYB colour space, orcas*RGB triplets
or greyscale values which are to be interpreted according to the colour spac€ described by
profile.

Both ways are useful in different scenarios:
B is designed to match the human visual system and is excellent for lossy~compression.

en performing lossless compression, integer data has to be kept ifits original colour space, since conv

r space is always signalled in the metadata, and it has-a-different meaning in each scenario:

[he XYB scenario, the signalled colour space doesm6t give any information about how to interg
foded XYB pixels, since they are already in an_absolute colour space. It is merely intended to i
at colour space the original pixel data had, which can be useful when converting the decoded ix
eger data. To display the image data on a display device with a display profile, this is irrelevant
fices to convert from XYB to the display/colour space. The signalled colour space can be unused
e. Only in case there are multiple frames that need to be blended by the decoder, the signalled
ice is relevant (since the blending'whay have to be done in that colour space and not in XYB, see

bCr or greyscale pixel data=To display the image on a display device, the pixel data is to be cof
m the signalled colour space to the display colour space.

fadata.xyb encodédsflag (D.3) indicates which of the two scenarios is followed. In the case
La.xyb _encodedds,true, then metadata.colour encoding, metadata.bit depth, and the ICC
ed in this Annex)(if present) are merely suggestions as to a colour encoding and sample represe
\fter the intermediate conversion to the linear SRGB colour space specified in L.2 (unless the f
s a referénce frame and save before ct is false, in which case it is not merely a suggestion
space imwhich blending is performed, see F.2). If xyb_encoded is false, the decoded samples al
eted according to metadata.bit depth and the colour space defined in the following way:

kample
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the other scenario, the signalled colour space has direct meaning: it is the colour space of the RGB,
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to the colour space, white point, primaries, transfer function and rendering intent Of metadata.
colour encoding, as specified in E.2.

— Otherwise, the decoded samples are indicated to be interpreted according to an ICC profile decoded as
specified in E.4.
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EXAMPLE In this example, an original image is in the DCI-P3 colour space. In the case of lossless compression,
an encoder can 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 can also signal the DCI-P3 colour
space using metadata.colour encoding, set metadata.xyb _encoded to true, and convert the pixel values to the
XYB colour space before encoding them. In this case, a decoder decodes the image in the XYB colour space, and applies
L.2 to convert it to linear sRGB, which is an intermediate representation where some of the sample values can be
negative or higher than the nominal maximum value since they are outside the SRGB gamut. To display the image on an
sRGB display device, it can convert this intermediate representation to the sRGB colour space (i.e. apply clamping and
adjust the transfer curve). To save the image in another (integer-based) image format, it can 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.

E.2 (olourEncoding

The ColourEncoding bundle is specified in Table E.1. It references Table E.2 (Customxy), Table E.3
(ColougSpace), Table E.4 (WhitePoint), Table E.5 (Primaries), Table E.6 (TransferFunction), Taple E.7
(CustoinTransferFunction), and Table E.8 (RenderingIntent).

Table E.1 — ColourEncoding bundle

condition type default name
Bool() true all default

lall default BOO]() falge want icc
lall default Enum(ColourSpace) kRGB colour space
use desc and not xyb Enum(WhitePoint) kD65 white point
white point == WP.kCustom Customxy white
has_primaries Enum(Primaries) PR.KSRGB |primaries
primaries == PR.kCustom Customxy red
primaries == PR.kCustom Customxy green
primaries == PR.kCustom CustomXy blue
use _desc CustemTransferFunction tf
use_desc Enum(Renderinglntent) |kRelative |rendering intent

In Table E.1, CS denotes ColourSpace, WP denotes WhitePoint, PR denotes Primaries, use desc expands to
lall default and !want icc, not.®yb expands to colour space != kXYB, and has primaries expands to
use depc and not xyb and coléur space != kGrey.

want_ifcis true if and only(f'the codestream stores an ICC profile. If so, it is decoded as specified in k.4, and
describles the colour spaceZAlso, colour space is KGrey if and only if the ICC profile is greyscale. Otherwise,
there i$ no ICC profile.and the other fields describe the colour space.

Table E.2 — Customxy bundle

condition type name
U32(u(19), 524288 +u(19), 1048576 + u(20), 2097152 + u(21)) ux
U3Z(u(19), 524288 Fu(19), 1048576 F u(20), 2097152 F u(21)) T

x = UnpackSigned (ux) and y = UnpackSigned (uy) are the coordinates of a point on the CIE xy chromaticity
diagram, scaled by 106. The unscaled coordinates may be outside [0, 1] for imaginary primaries.
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Table E.3 — ColourSpace

name value meaning

kRGB 0 Tristimulus RGB, with given white point and primaries. This includes CMYK colour spaces; in that
case, the RGB components are interpreted as CMY where 0 means full ink, want _iccis true (see
Table E.1), and there is an extra channel of type kBlack (see Table D.9).

kGrey 1 Luminance, with a given white point; colour encoding.primaries are notread in this case

kXYB 2 XYB (opsin); colour encoding.white pointiskD65,colour encoding.primariesisnotread,
colour encoding.have gamma iS true, colour encoding.gamma is 3333333

kUnknown |3 None of the other table entries describe the colour space appropriately

Table E.4 — WhitePoint

name |value meaning
kD65 1 CIE Standard Illuminant D65: 0.3127, 0.3290
kCustom |2 Custom white point stored in colour encoding.white
KE 10 CIE Standard Illuminant E (equal-energy): 1/3, 1/3
kDCI 11 DCI-P3 from SMPTE ST 428-1: 0.314, 0.351

The mdaning column is interpreted as CIE xy chromaticity coordinates.

NOTE 1] The values are a selection of the values defined in ISO/IEC 23091-2¢

Table E.5 — Primaries

name |value meaning
kSRGB |1 0.639998686, 0.330010138; 0.300003784, 0.600003357; 0.150002046, 0.059997204
kCustgm |2 Custom red/green/blue primaries, whichiare stored in colour encoding.red/green/blug
k2100 9 0.708, 0.292; 0.170, 0.797; 0.131, 0.046+(As specified in ITU-R BT.2100-2)
kP3 11 0.680, 0.320; 0.265, 0.690; 0.150, 0:060 (As specified in SMPTE ST 428-1)

The vallues in the meaning column are intérpreted as CIE xy chromaticity coordinates: red; green; blue,
respectively.

NOTE 2| The values are a selection f the values defined in ISO/IEC 23091-2. The xy coordinates of kKSRGB are
quantized and match the values thatwwould be stored in an ICC profile.

Table E.6 — TransferFunction

name value meaning
k709 1 As specified in ITU-R BT.709-6
kUnknown |2 None of the other table entries describe the transfer function
KkLinear 8 The gamma exponentis 1
kSRGB 13 As specified in IEC 61966-2-1
kPQ 16 As specified in ITU-R BT.2100-2 (PQ)
kDCI 17 As specified in SMPTE ST 428-1
kHLG 18 As specified in ITU-R BT.2100-2 (HLG)

NOTE 3 The values are a selection of the values defined in ISO/IEC 23091-2.

NOTE4  Non-HLG signals are interpreted as being display-referred, and their conversion from and to HLG should
therefore include the HLG OOTF and inverse OOTF respectively, using intensity target as the peak display
luminance L; and computing ¥ as1.2 * pow(1.111, log2(Ly / 1000)).
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Table E.7 — CustomTransferFunction bundle

condition type default name
Bool[) false have gamma
have gamma u(24) gamma
'have gamma  |Enum(TransferFunction) |kKSRGB |transfer function

have gamma == false indicates the transfer function is defined by transfer function. Otherwise, the opto-
electrical transfer function is characterized by the exponent gamma / 107. This exponent is in (0, 1].

name value meaning
kPerceptual |0 As specified in ISO 15076-1 (vendor-specific)
kRelative 1 As specified in [SO 15076-1 (media-relative)
kSaturation |2 As specified in ISO 15076-1 (vendor-specific)
kAbsolute 3 As specified in ISO 15076-1 (ICC-absolute)

NOTE5| The values are defined by ISO 15076-1.

E.3 ToneMapping

The ToneMapping bundle is specified in Table E.9.

Table E.9 — ToneMapping bundle

condition type | default name
Boo]() true all default
'all default F16() 255 intensity target
lall default F160 0. min nits

'all default Bool() [false |relative to max display

'all default F16() 0 linear below

intenslity target is > 0. This is an upper bound on the intensity level present in the image in nits, and
represénts the intensity correspending to the value “1.0” (but the image need not contain a pixel this pright).

min nifsis>= 0and <= integsity target. Thisis alower bound on the intensity level present in th¢ image
in nits,[but the image neednet contain a pixel this dark.

linear| below represents’a value below which tone mapping leaves the values unchanged. If relative to
max_difplayis trué/inear below isaratioin [0, 1] of the maximum display brightness in nits. Otherwise, it
is an alysolute brightness in nits >= 0.

E.4 ICCprofile

This clause specifies how to decode an ICC profile.

NOTE These are standard display ICC profiles as defined by the International Colour Consortium.

E.4.1 Data stream

The decoder reads enc_size as U64(). The decoder reads 41 pre-clustered distributions as specified in C.1.
The decoder then reads enc_size integers as specified in C.3.3 to obtain decompressed bytes in the range
[0,255], using DecodeHybridVarLenUint (IccContext (index, prev _byte, prev prev byte)) where index is
the current byte index, prev byte and prev _prev byte are respectively the previous and second-previous
bytes or 0 if they do not exist yet, and the 1cccontext () function is defined in the code below. The resulting
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decompressed byte-based data is the encoded ICC stream. The decoder reconstructs the ICC profile from
this encoded ICC stream as described in the subsequent subclauses of this annex.

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

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

else if (bl >= 'A' and bl <= 'Z2') pl = 0;
else 1if (bl >= '0' and bl <= '9') pl = 1;
else if (bl == '.' or bl == "',"') pl = 1;
else if (bl <= 1) pl = 2 + bl;

else if (bl > 1 and bl < 16) pl = 4;

else if (bl > 240 and bl < 255) pl = 5;
else if (bl == 255) pl = 6;

else[pl = 7,

if (p2 >= 'a' and b2 <= 'z') p2 = 0;

else|l if (b2 >= 'A' and b2 <= '2') p2 = 0;
else|lif (b2 >= '0' and b2 <= '9') p2 = 1;
else|lif (b2 == '.' or b2 == "',") p2 = 1;
else|l if (b2 < 16) p2 = 2;

else|l if (b2 > 240) p2 = 3;

else|p2 = 4;

retupn 1 + pl + p2 * 8;

E.4.2

In this
by the

value
while
/* s
b =
valu
if |
shif
}

The en
the end

Encoded ICC stream

subclause and the following ones, Varint() reads an unsigned integer value of up to 63 bits as sy
following code:

shift = 0;
{
<= 56 */

~.

—~ b

+ A + © H ~— O
I~

(b & 127) << shift;
127) break;
5

’
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roded ICC stream is structured as showd in Table E.10. In this table, Varint() and u() are red
oded ICC stream, not from the JPEG XL codestream.

Table E.10 — ICC stream

ecified

d from

type name comment
Varint(]) output size the size of the decoded ICC profile, in bytes
Varint(]) conmgrds_size  |the size of the command stream, in bytes
u(8 * fommands command stream |sub-stream of the encoded ICC stream which contains command bytes
size)
u(8 * [femaining data stream sub-stream of the encoded ICC stream which contains data bytes, tarting
bytes]) directly after the command stream and ending at the end of the epncoded
ICC stream
The copimand stream is structured as shown in Table E.11. In this table, u() is read from the command

stream in the encoded ICC stream, not from the JPEG XL codestream.

Table E.11 — command stream

type comment

u(8 * [variable amount]) |commands for decoding tag list

u(8 * [remaining bytes]) |commands for decoding main content

The data stream is structured as shown in Table E.12. In this table, u() is read from the encoded data stream
in the encoded ICC stream, not from the JPEG XL codestream.
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Table E.12 — data stream

type

comment

u(s * [variable amount])

data for decoding ICC header

u(8 * [variable amount])

data for decoding ICC tag list

u(8 * [remaining bytes])

data for decoding maincontent

The resulting ICC profile, output by the decoder, is structured as shown in Table E.13. In this table, u() is
read from the resulting ICC profile, not the JPEG XL codestream.

ToroTe

type

name

comment

u(s * |

yariable amount])

ICC header

up to 128 bytes long. Decoding procedure specified in E4.3.

u(s * |

yariable amount])

ICC tag list

Decoding procedure specified in E.4.4.

u(s * |

Femaining bytes])

main content

Decoding procedure specified in E.4.5.

After d|
two inj
bytes,

bytes.

initiall
stream
stream

As des
conten
that or
list and

ecoding the output size and commands_size, the encoded ICC stream is considered to be divid
put streams: the command stream, which starts at the current position’and runs for commang
hnd the data stream, which starts directly after the command streamand contains all ren
The decoder maintains the current positions within the command/stream and the data {
 at the beginning of each respective stream, and increment each wlén a byte from the corresp
is read as indicated in the next subclauses. A stream position does not go beyond the last byte
, and the commands stream does not extend beyond the end ¢f the encoded ICC stream.

ribed in the next subclauses, the decoder decodes an I€C*header (E.4.3), ICC tag list (E.4.4), an

F (E.4.5) from those two streams. The decoded ICC praofile is the concatenation of these three [

Her, which is indicated in the next subclauses as appending bytes to the result or output. The
main content can be empty if the decoder finishes earlier.

If at anly time in E.4.3, E.4.4 or E.4.5, the ICC decodéris finished, then it returns the result as the ICC

The de
reads ¢
the dat

E.4.3
The he

The ne
stream
as (p 4

Each p
of the

charac
if (i

//

1 = e
ooTpPptTT

roder reads all bytes from the data stream'as well as all bytes from the command stream (th
xactly commands_size bytes from the command stream and reads exactly all remaining bytg
A stream). The size of the resulting ICC profile is exactly output_size bytes.

ICC header
hder is the first of three concatenated parts that the decoder outputs.

ader_sizein bytesislnin(128, output_size).The decoder reads header size bytesfronlt

e) & 255 and-appends it to the ICC result.

redicted value p is computed as specified by the following code, where i is the position in the
urrent Byte, starting from 0. header[j] refers to the earlier output header byte at position j
fers, and characters in strings, point to ASCII values.

Q or i == 1 or i == 2 or i == 3)

ed into
s size
haining
tream,
onding
of that

d main
artsin
[CC tag

profile.
atis, it
s from

ne data

. For each byte ¢, jt €omputes a prediction p as indicated below, then computes an output header byte

header
Single

: [ | b = . = = e : laal
TZeTIT meaTS—Ooyte T or oucpac TZe—ermcotet= oIT

// unsigned 32-bit integer in big endian order

IS
else 1
else i

s

IS
else
else
else
else
else
else
else

i
i
i
i
i
i
i

output size[i];

f (i ==8) p=4;

f (1 >= 12 and 1 <= 23) {

"mntrRGB XYZ "; // one space after "RGB" and one after "XYZ"
s[i - 12]; }

f (1 > 36 and 1 <= 39) { s = "acsp"; p = s[i - 36]; }

f ((1 == 41 or i == 42) and header[40] == 'A') p = 'P';

f (i == 43 and header[40] == 'A') p = 'L';

f (i == 41 and header[40] == 'M') p = 'S';

f (1 == 42 and header[40] == 'M'") p = 'F';

f (i == 43 and header[40] == 'M') p = 'T';

f (i == 42 and header[40] == 'S' and header[41l] == 'G') p = 'I"';

© ISO/IEC 2024 - All rights reserved
30


https://standardsiso.com/api/?name=0bc3378abc9f5b75056af0adde46fec8

ISO/IEC 18181-1:2024(en)

else if (i == 43 and header[40] == 'S' and header([41] == 'G') p = 32;
else if (i == 42 and header[40] == 'S' and header([41] == 'U') p = 'N';
else if (i == 43 and header[40] == 'S' and header[41l] == 'U') p "W';
else 1f (i == 70) p = 246;

else if (1 == 71) p = 214;

else if (1 == 73) p = 1;

else 1if (i 78) p = 211;

else 1if (i == 79) p = 45;

else if (i >= 80 and i1 < 84) p = header[4 + 1 - 80];

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.

E.4.4 [ICC tag list

The IC( tag list is the second of three concatenated output parts that the decoder outputs to theresulying ICC
profile| The decoder keeps reading from the same command stream and data stream as before, contirjuing at
the poditions reached at the end of the previous subclause.

To decgde the tag list, the decoder reads the number of tags as specified by the following code. If thg end of
the command stream is reached, the decoder is finished, the full ICC profile is decaded, the decoder ends this
procedure and skips the next subclause.

v = Vafint(); /* from command stream */
num taps = v - 1;
if (nup tags == -1) {

/* oufput nothing, stop reading the tag list, and proceed o E.4.5 */
}
/* Apppnd num_tags to the output as a big endian unsigned 32-bit integer (4 bytes) */
previops tagstart = num tags * 12 + 128;
previops tagsize = 0;

Then, the decoder repeatedly reads a tag as specified by the following code until a tag with tagcode gqual to
0 is redd or until the end of the command stream is r&ached.

commanfl = u(8); /* from command stream */
tagcodp = command & 63;
if (tapcode == 0) {
/* defoding the tag list is done, proéeed to E.4.5 */
}
tag = ['"; // 4-byte string with,tag name
if (tapcode == 1) {

// the tag string is set td %4‘custom bytes read from the data
tag F u(4 * 8) from data (stream;

} else|lif (tagcode == 2) 1
tag f "rTRC";

} else|l if (tagcode = 3)7 {
tag F "rXYz";

} else|lif (tagcodé)>* 4 and tagcode < 21) {
// the tag stAing is set to one of the predefined values

stripgs = {
"C:)rt", "tht", "bkpt", "rXYZ", "gXYZ", "bXYZ", "kXYZ", "rTRC", "gTRC",
"bI‘RC", "kTRC", "Chad", "deSC", "Chrm", "dmnd", "dmdd", "lumi"

i
tag E_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" or tag == "gXYZ" or tag == "bXYZ" or tag == "kXYZ" or
tag == "wtpt" or tag == "bkpt" or tag == "lumi") {

tagsize = 20;
}
if ((command & 128) != 0) tagsize = Varint(); /* from command stream */
previous tagstart = tagstart;
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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: tag, tagstart, tagsize */

if (tagcode == 2) {
/* append the following additional 6 groups of 4 bytes to the output:
"gTRC", tagstart, tagsize, "bTRC", tagstart, tagsize */
} else if (tagcode == 3) {
/* append the following additional 6 groups of 4 bytes to the output:
"gXYZ", (tagstart + tagsize), tagsize, "bXYZ", (tagstart + 2 * tagsize), tagsize */
}
E.4.5 |Main content
The mdin content is the third of three concatenated output parts that the decoder outputs to the tesulf
profile| The decoder keeps reading from the same command stream and data stream as béfdre, contir]

the poditions reached at the end of the previous subclause.

In

order (fow by row from left to right, starting with the top row) into a matrix with/width rows, and a
columijs as needed. The last column can have missing elements at the bottom iflen(bytes) is not a mu

wi
is
is

this

dth.
the
tran

includi

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 decgde the main content, the decoder reads from the command stream as specified by the followin
until the end of the command stream is reached (which.can be immediately).

co
if

mman
(co
num
byte
/* a
else
num
byte
widt
Shuf
/* a
else
flag
widt
orde
stri
if (
/* s
/* s
num
byte
if (
Sh
}
// R
// r
// r
for
N
pr
fo

subclause, shuffle (bytes, width) denotes the following operation: Bytes*are inserted in

[hose elements are skipped and no byte is taken from the input forthese missing elements: th
oncatenation of all rows excluding the possibly missing last element of each row. Then the

hg the missing elements which are now at the end of the lastrow.

H = u(8); /* from command stream */

hmand == 1) {

= Varint(); /* from command stream;.num > 0 */
5 = u(num * 8); /* from data streafm=*/

bpend bytes to output stream */

if (command == 2 or command _=233) {

Varint(); /* from command stkeam; num > 0 */
5 = u(num * 8); /* from data, stream */

h = (command == 2) 2?2 2 &4

fle (bytes, width);

ppend bytes to output, gtream */

if (command == 4)({

= u(8); /* from-eotmmand stream */
(flags & 3y.~1; /* width !
(flags &2y >> 2; /* order !=
He = width;

(flags & 16 != 0) { stride = Varint(); /* from command stream */ }
Lride *€4)< number of bytes already output to ICC profile */

AR

ing ICC
uing at

raster
S many
tiple of
e input
matrix

sposed, and bytes are overwritten with elements of the transposed matrix read in raster ordler, not

g code,

Fride = width */

= Vargnt (); /* from command stream; num > 0 */
5= W (num * 8); /* from data stream */

Width == 2 or width == 4) {

uffle (bytes, width);

un an Nth-order predictor on num bytes as follows, with the bytes

epresenting unsigned integers of the given width (but num is not

equired to be a multiple of width).

(i = 0; 1 < num; i += width) {

= order + 1;

ev = /* N-element array of unsigned integers of width bytes each */

r (J =0; 3 <N; ++3) {

prev([j] = /* read u(width * 8) from the output ICC profile starting from
(stride * (7 + 1)) bytes before the current output size,
interpreted as a big-endian unsigned integer of width bytes */
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// Compute predicted number p, where p and elements of prev are
// unsigned integers of width bytes each.

if (order == 0) p = prev[0];

else 1if (order == 1) p = 2 * prev[0] - prev[l];

else if (order == 2) p = 3 * prev[0] - 3 * prev[l] + prev[2];
for (j = 0; j < width and i + j < num; ++3j) {

val = (bytes[i + j] + (p >> (8 * (width - 1 - J)))) & 255;
/* append val as 1 byte to the ICC profile output */
}

else if (command == 10) {

/* append "XYZ " (4 ASCII characters) to the output */
/* append 4 bytes with value 0 to the output */
bytes = u(12 * 3); * from data fream *

/* append bytes to the output */

else|l if (command >= 16 and command < 24) {

stripgs = {"XYZ ", "desc", "text", "mluc", "para", "curv", "sf32",
/* append 4 bytes from strings[command - 16] to the output */

/* append 4 bytes with value 0 to the output */

elsel {

/* this branch is not reached */

"gbd " },.
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Annex F
(normative)

Frame header

General

SubsecJuent to headers (Annex D) and ICC profile, if present (E.4), the codestream consists of one’dr more

frames

NOTE

the var{DCT blocks that were used. In the case of DCT8x8, these are the DC coefficients. In the-case of bigg
sizes, t}[ese also include information derived from the low-frequency AC coefficients (which,are recovered u
procedt

of sma

The LF coefficients (G.2.2) always correspond to a 1:8 downsampled image, regardless of the

res described in 1.8), and these low-frequency AC coefficients are skipped in the HF\encoding (1.4). In
1

Table F.1 — Frame bundle

Each Frame is byte-aligned by invoking ZeroPadToByte() (B.2.7). It is read according t9.Tdbl¢ F.1.

sizes of
br block
sing the
he case

er 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 smaler-block DC.

condition type pame sub¢lause
FrameHeader frame header F.2
TOC toc F.3
LfGlobal 1f_global G.1
LfGroup 1f group[numdlf groups] G.2
encoding ==kVarDCT HfGlobal hf global G.3
PassGroup groupapass [num _groups * num passes] G.4

The orgler of the sections of Table F.1 that come:after TOC, is the conceptual order after undoing the o
permutation (see F.3). The actual bitstream order can be different due to this permutation.

The dimensions of a frame in pixels~{width and height) are size.width and size.height if |
header.haveicrop,Othermdsethey'aregﬁven.by frame header.width and frameiheader.height.Th
interprleted according to the sample grid before taking metadata.orientation into account. If upsamg
1 (whidh is a field in frame headdr), then width = ceil (width / upsampling) and height = ceil (hd
upsamplling).If 1f level »(o)which is also a field in frame header), then width = ceil (width / (1
* lf_level))).andheight = ceil (height / (1 << (3 * 1f level))).

Let nuj groups be equal to ceil (width/group dim) * ceil (height/group dim), where group dif
width gdnd height af-a group (5.3). num_1f groups denotes ceil (width / (group dim * 8)) * ceil (hq
(group| dim * 8)).NOtethatencoding,group_dimandrumLpassesarefkﬂdsinframe_headeL

F.2 HrameHeader

[ptional

frame
ese are
ling >
ight /
<< (3

is the
ight /

The decoder reads FrameHeader as specified in Table F.2.
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Table F.2 — FrameHeader bundle

condition type default name
Bool() true all default
'all default u(Z) kRegularFrame frame type
'all default u(l) kVarDCT encoding
'all default U640 0 flags
'all default and !metadata.xyb Bool() false do_ YCbCr
encoded
do_YCbCr and !flags.kUseLfFrame u(2) 0 jpeg_upsampling[3]
'all default and !flags.kUseLf- U32(1, 2,4, 8) 1 upsampling b‘
Frame r\q/
'all default and !flags.kUseLf- U32(1, 2,4, 8) 1 ec_upsampling [nur eXtral]
Frame| AN
encoding ==kModular u(2) 1 group_sizetq}\ft
!all default and metadata.xyb u(3) d xgms x_qm_scal%\
encoddd and encoding == kVarDCT . N
'all default and metadata.xyb u(3) 2 biq@c)ale
encoddd and encoding ==KkVarDCT .\
'all default and frame type !=KkRef-|Passes cg@l‘ses
erencgOnly o N
frame [type == KLFFrame 1+u(2) 0 /. o 1f level
'all default and frame type !=KLF- |Bool() false 0‘ have_crop
Frame \Q
have drop and frame type !=KkRefer- [U32(u(8), 256 Oi\\}\\ ux0
enceOnly +u(11), 2304 + 2
u(14), 1868 \Q\
u(30) ‘i\
have qrop and frame type !=KkRefer- |[U32(u( 12560 uy0
enceOnly +u(11),;2304 +
u(l 8688 +
u(30))
have drop C’%32(u(8), 2560 width
ot u(11), 2304 +
@ u(14), 18688 +
~O u(30))
have drop A U32(u(8), 2560 height
O +u(11), 2304 +
%\ u(14), 18688 +
O u(30))
'all default andk%\r/maliframe Blendinglnfo blending info
lall ¢ efault\@ normal frame Blendinglnfo ec_blending info[num exftra]
lall ¢ efau?s and normal frame and U32(0, 1, u(8), 0 duration
metadgta ve animation u(32))
Vad
!all_ce‘f@ult and normal frame and |1(32) 0 timecode
metadata.animation.have timecodes
!all default and normal frame Bool() lframe type is last
'all default and frame type !=KLF- |u(2) 0 save_as_reference
Frame and !is last
lall default and (frame type —— Bool() Inormal_frame |save_before_ct
kReferenceOnly or (resets canvas
and can_reference))
'all default U32(0,u(4),16 +|0 name len
u(5), 48 + u(10))
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Table F.2 (continued)

condition type default name
u(8) 0 name [name len]
'all default RestorationFilter restoration filter
(1)
'all default Extensions extensions
Let normal frame denote the expression (frame type == kRegularFrame or frame type ==

kSkipProgressive). 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 resets canvas denote the

expresfion full frame and blending info.mode == KReplace. Let can reference denote the expfression
lis laft and (duration == 0 or save as reference != 0) and frame type !'=KLFFrame.
frame fype is defined in Table F.3.
Table F.3 — FrameHeader.frame_type
hame value meaning
kRegularFrame |0 A regular frame, which is part of the decoded sequence of\ffames.
KLFFrame 1 Represents the LF of a future frame. Is not itself part ¢f the decoded sequence of ffames.
kReferlenceOnly |2 Frame will only be used as a source for Patches or frame blending. Is not itself part of the
decoded sequence of frames.
kSkipRrogressive |3 Same as kRegularFrame in terms of the (final) decoded sequence of frames, but d¢coders
do not progressively render previews of framies of this type.
encodihg is defined in Table F.4.
Table F.4 — FrameHeader.encoding
name |value meaning
kVarDCT |0 Var-DCT mode: the decoder will'perform IDCT on varblocks to obtain the decoded image.
kModylar |1 Modular mode: the decoderiwill perform a signalled chain of zero or more inverse (typicplly re-
versible) transforms.
NOTE | Var-DCT mode is suitable for lossy encodings and for lossless JPEG recompression; Modular mode is suitable for|lossless
encodings.
Both encodings split each frameinto groups. This document specifies the meaning of the encodings (e.g.,
kVarDLT) where they are referenced.
flags if defined in Table 5.
Table F.5 — FrameHeader.flags
name value meaning
kNoise xxxx xxx1 |Enable noise feature stage
kNoise xxxx xxx0 [Disable noise feature stage
kPatches xxxx xx1x | Enable patch feature stage
kPatches xxxx xx0x | Disable patch feature stage
kSplines xxx1 xxxx |Enable spline feature stage
kSplines xxX0 xxxx | Disable spline feature stage
kUseLfFrame xx1x xxxx |Enable use of special LF frames
kUseLfFrame xx0x xxxx | Disable use of special LF frames
kSkipAdaptiveLFSmoothing |0xxx xxxx |Enable adaptive LF smoothing
kSkipAdaptiveLFSmoothing |1xxx xxxx |Disable adaptive LF smoothing
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The bits of frame header.flags encode whether certain features are enabled or disabled in the current

frame,

EXAMP

as specified in references to this subclause.

LE1 Ifflags == 18,the decoder enables spline rendering and patch rendering.

When a flag name is used, its value is understood as the value of the corresponding bit (0 or 1).

EXAMP

LE2 Ifframe header.flags == 3,KkPatchesis considered to be 1.

If do_vcber, then the pixels are stored in YCbCr, and are converted to RGB as specified in L.3.

NOTE 1

These tran m Q % din-th h
the whqle frame orona per group ba51s These are always undone regardless of the value of save before led.

jpeg_u

In addltlon one or more reversible colour transforms can be applied in Modular mode (see H.6.3,

bsampling indicates the degree of subsampling for each YCbCr channel. 0 denotes) {thor

verticall} subsampling factors of {1, 1} for the given channel; 1 denotes {2, 2}, 2 denotes {2, 1} and 3 ¢

{1, 2}.
maxim
curren

upsamp

The horizontal and vertical size, in 8x8 blocks, of each channel is divided (rounding up)
pum subsampling factor across all channels, and then multiplied by the subsampling factor
[ channel.

ling and ec_upsampling also indicate subsampling, by a factor of 1, 2, 4,0r'8 (both horizontd

Verticsﬂly), for respectively the colour image and the extra channels. In the case of extra chann

subsa
upsam

pling is cumulative with the subsampling implied by dim_shift; foralextra channels, the cum
bling factor ec_upsampling[i] << ec_info[i].dim shift shallmotexceed 64.

Ifupsagpling > 1,then forall extra channels, (ec_upsampling[i] <&éc info[i].dim shift) >= upsa

The diyfision in groups is not affected by peg upsamplingand ec upsampling: evenifachannelis subs3

group §
a facto

plitting proceeds according to the location of samplesyand blocks in the image, after subsamp
- of upsampling. For example, if jpeg upsampling is equal to {0, 1, 1}, i.e. 4:2:0 chroma subsa

and the¢re is an alpha channel for which ec_upsamp1ingis 4, then the groups consist of 256x256 Y s
128x148 Cb and Cr samples, and 64x64 alpha samples, which all correspond to the same image regio

After d

coding subsampled channels, they are upsampled as specified in ].2 (in the case of jpeg upsar

and K.2 (in the case of upsampling and ec_upsampling).

The va

ue of group dimis setto 128 << g»dup size shift.

The ddfault value d xqms for x_gmuscale is defined as follows: d xgms = (metadata.xyb encodq

encodi

Passes

num_pa

hg == kVarDCT ? 3 : 2).

are defined in Table E6.

Table F.6 — Passes bundle

H.6.4).
ither to

zontal,
lenotes
by the
for the

lly and
bls this
ulative

mpling.

mpled,
ling by
mpling,
amples,
n.

pling)

d and

condition type default name
U32(1,2,3,4+u(3)) |1 num_passes
num passes != 1 U32(0, 1,2,3+ u(l)) 0 num ds
num passes != 1 u(Z) 0 shift[num passes—1]
UM _passes = 1 U3Z2(T, Z, 4, 8) T downsample [num_ds ]
num passes != 1 U32(0, 1,2, u[3)) 0 last pass[num ds]

sses indicates the number of passes into which the frame is partitioned.

num_ds indicates the number of (downsample, last pass) pairs between 0 and 4, inclusive. It is strictly smaller
than num passes.

shift[1i] indicates the amount by which the HF coefficients of the pass with indexiin the range [0, num_passes)
are left-shifted immediately after entropy decoding. The last pass behaves as if it had a shift value of 0.
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With 1 in the range [0, num_ds), downsample[i] indicates a downsampling factor in both x and y directions,
and last pass[i] indicates the zero-based index of the final pass that is to be decoded when the intention
is to display the image in a downsampled way with a downsampling factor downsample[i]. This index is at
most num passes — 1. The sequence downsample is strictly decreasing and the sequence 1ast_pass is strictly
increasing.

In addition to the (downsample, 1ast pass) pairs that are explicitly encoded in the codestream, the decoder
behaves as if a final pair equal to (1, num_passes — 1) were present.

If 1f 1evel != o0, the samples of the frame (before any colour transform is applied) are recorded as
LFFrame[1f 1evel-1] and may be referenced by subsequent frames.

If can_teference, then the samples of the decoded frame are recorded as Reference[save as referénfe] and
may bd referenced by subsequent frames. The decoded samples are recorded before any colout trapnsform
(XYB dr YCbCr) if save before ct is true, and after colour transform otherwise (in whichf¢ase they are
converfed to the RGB colour space signalled in the image header). Blending is performed before re¢ording
the reference frame. If !save before ct and frame type == KReferenceOnly, then width == sizq.width
and ne lght == size.height.

If have| crop, the decoder considers the current frame to have dimensions widtirx height, and upddtes the
rectangle of the image with top-left corner x0 = Unpacksigned (ux0), y0 = <UnpackSigned (uy0) With the
currenf frame using the given blend mode. If x0 or yo is negative, or the frame'extends beyond the gight or
botton] edge of the image, only the intersection of the frame with the intage is updated and contributes to
the dedoded image. If 'have crop, the frame has the same dimensions as the image.

Let exyra be true if and only if and the number of extra channels is at least one. blendinginfo gnd ec_
blendihginfo are defined in Table E.7.

Table F.7 — Blendingnfo bundle

condition type default name

uU32(0, 1, 2, 3 +|0 mode
u(2))

extra |and (mode ==KkBlend or mode == kMulAdd ) uU32(0, 1, 2, 3 +|0 alpha_chapnel
u(3))

extra |[and (mode ==KkBlend or mode ==kMulAdd or mode == |Bool() false |clamp

kMul )

!resefls canvas u(Z) 0 source

The mq@de values are defined.in-Table F.8. All blending operations consider as “previous sample” the sample
at the forresponding coordinates in the source frame, which is the frame that was previously stpred in
Reference[source] - if ne frame was previously stored, the source frame is assumed to have all samplg values
set to geroes. The b1éng”info affects the three colour channels. The extra channels are blended ac¢ording
to ec 4lend info_ifistead. The blending is done in the colour space after inverse colour transforns from
Annex [, have been applied (except for L.4). For blend modes kBlend and kMulAdd, “the alpha channel”
refers fo the extra channel with index alpha channel, sample is the value after blending, new samgle and
old_sapple are the corresponding values from the current and source frame respectively, and a1pHa, new
alpha and old alpha are the correspondmg values for the alpha channel If clamp is true, then for blend
modes k Yt gr-and for

blend mode kMul the Values ofnew _sample are clamped to [0, 1] before blending.
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Table F.8 — BlendMode (BlendingIinfo.mode)

name value meaning
kReplace |0 Each sample is overwritten with the corresponding new sample.
sample = new sample
kAdd 1 Each new sample is added to the corresponding previous sample.
sample = old sample + new sample
kBlend |2 Each new sample is alpha-blended over the corresponding previous sample. If the alpha channel
has premultiplied semantics (a1pha_associated == true), then

sample = new sample + old sample * (1 - new alpha)

Otherwise 1o (e alolho X oo le b old olobho % 14 ol X (]
P P P s —SSHRP ¢

new_alpha)) / alpha.

The blending on the alpha channel itself always uses the following formula instead{ s 1oH|
old alpha + new alpha * (1 - old alpha)

kMulAldd (3 Each new sample is multiplied with alpha and added to the corresponding previous sample.

sample = old sample + new alpha * new sample
For the alpha channel itself, the values of the source frame are preservéd; alpha = old |

alpha.

kMul

4 Each new sample is multiplied with the previous sample.
sample = old sample * new sample

durati
curren
frame,
particu
of the
presen

timeco

strictly
The de

Ifsave
colour

NOTE 2
blendin|
non-ICd

If name|

Finally]

F3 1

F3.1

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

s the next frame as the next page in a multi-page image.

He indicates the SMPTE timecode of the current frame, or 0. The decoder interprets groups o
from npost-significant to least-significant as hour, mintite, second, and frame. If timecode is nonze

but the frame may be composed together with the next frames, for example through blenc
lar, in the case that metadata.have animation is false, the.d€coder returns a single image cor
composition of all the zero-duration frames. If duratipn/has the value 0xFrrrrFFF, the d

larger than that of a previous frame with nonzero duration.
Coder ceases decoding after the current frame if is 1ast.

[before ct is false, then it is not that-case that both metadata.xyb encoded == true and met]

| encoding.want icc == true.
This implies that a decodertdoes not need to be able to interpret ICC profiles in order to perfory
p. It does however need to be\able to convert XYB to the colour space of metadata.colour encodin
case, when save before/ct’== false.

| 1en > 0, then the frame has a name name, interpreted as a UTF-8 encoded string.

restoration ikter is defined in ].1.

'0C

Géneral

ing the
furrent
ling. In
sisting
ecoder

f 8 bits

ro, it is

adata.

n frame
5 in the

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. When decoding a section, no more bits are read from the
codestream than 8 times the byte size indicated in the TOC; if fewer bits are read, then the remaining bits of

the sec

tion all have the value zero.

[fnum groups == 1 and num passes == 1, then there is a single TOC entry and a single section containing all frame
data structures. Otherwise, there is one entry for each of the following sections, in the order they are listed:

— one section for LfGlobal;

— num 1f groups sections, one per LfGroup (in raster order);
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— one section for HfGlobal;

— num groups * frame header.passes.num passes Sections, one per PassGroup.’Fhe first num _groups
PassGroup sections 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.

NOTE 1

Some of these sections may be empty in case encoding == kModular, i.e. their size in bytes is zero.

The decoder first reads permuted toc = Bool(). If and only if its value is true, the decoder reads permutation
(F.3.2) from a single entropy coded stream with 8 pre-clustered distributions, as specified in C.1, with size
equal to the number of TOC entries and skip = 0.

NOTE 2

E3.2

This sy
that de

Let Get]
in C.3.]

In case there is a single TOC entry, permuting is useless, but permuted_toc is still signalled.

Decoding permutations

bclause describes how for a given value of size and skip, the decoder reads a sequehce permy
scribes a permutation of size elements of which the first skip elements are notjmoved.

Context (x) denotemin (7, ceil (log2(x + 1))).The decoder first decodes aninteger eng, as s
b, using DecodeHybridvarLenUint (GetContext (size)). The value end is at\most size - skip.

tation

ecified
Then a

sequenice lehmer of size elements is produced as follows. It is zero-initialized For each index i in range

[skip,s
- 1]

The de
increag
range
leaving

F3.3

Before

The de
421171

The de
offset

prerm
is what

After d
codest

starting at the byté€ at position P + group offsets[i].

:[ 0)); this value is strictly less than size - 1.

kip + end}thevahuﬂlehmer[i]iSSGttODecodeHybridVarLenUint(GetContext(i > skip ? 1ls

coder then maintains a sequence of elements temp, initially containing the numbers [0, s
ing order, and a sequence of elements permutation, initially empty. Then, for each integer i
0, size), the decoder appends to permutation element témp[lehmer[i]], then removes it froi
the relative order of other elements unchanged. Finally;, permutation is the decoded permutat

Decoding TOC

coder reads each TOC entry in ordeinef increasing index via U32(u(10), 1024 + u(14), 17408 +
2 +u(30)).

roder then computes an array group offsets, which has 0 as its first element and subsequent
5 [1] are the sum of all TOCentries [0, i).

ted toc,the decoderpermutes group offsetsaccordingto permutation,suchthatgroup offs
was previously gréup” of fsets[permutation[i]].

ecoding the TOC; the decoder invokes ZeroPadToByte() (B.2.7). Let P be the byte position
‘eam at this\point. When decoding a group with index i, the decoder reads from the code

hmer[i

ize) in
in the
mn temp,
ion.

decoding the TOC, but after decoding :the TOC permutation, if present, the decoder invokes
ZeroPadToByte() (B.2.7).

u(22),

group_

ets[i]

in the
Stream
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Annex G
(normative)

Frame data sections

G.1 LfGlobal

G.1.1 | General

The defoder reads the bundles listed in Table G.1.

Table G.1 — LfGlobal bundle

condition type name subclause
kPatches Patches patches K.3.1
kSplines Splines splines K.4.1
kNoise NoiseParameters noise K.5.1
LfChannelDequantization |[1f_dedguant G1.2
encoding ==kVarDCT Quantizer Quantizer 1L.2.1
encoding ==KkVarDCT HF Block Context hf block ctx [.2.2
encoding ==KkVarDCT LfChannelCorrelatiof 1f chan_corr 1.2.3
GlobalModular gmodular 1.3

G.1.2 | LF dequantization weights
The defoder reads the bundles listed in Table.G.2.

Table G.2—<LfChannelDequantization bundle

condition type | default name
BOOK) true all default
lald/default F16() |1/32 mx 1f
I'#ll default F16() |[1/4 my 1f
'lall default F16() 1/2 m b 1f

From these values;the LF dequantization weights are computed as follows:

m x 1f] unscaded
m_y_ 1f] ungcated
m b 1f] uniscaled

m x 1f / 128;
my 1f / 128;
m b 1f / 128;
G-1.3 p‘nl"ﬂlnnnd"!ar

\V.Pavavicuvasavivyry

First, the decoder reads a Bool() to determine whether a global tree is to be decoded. If true, an MA tree is
decoded as described in H.4.2.

The decoder then decodes a modular sub-bitstream (Annex H), where the number of channels is computed
as follows:

num channels = num extra;
if (frame header.encoding == kModular) {
if (!frame header.do YCbCr and !metadata.xyb encoded
and metadata.colour encoding.colour space==kGrey) {
num channels += 1;
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} else {
num_channels += 3;
}
}

The dimensions correspond to width x height, except for extra channels with dim_shift > 0 (as specified in
D.3.6) which have dimensions ceil (width / (1 << dim shift)) X ceil (height / (1 << dim_shift)).

The channel order is:
— Ifencoding == kModular: first Grey or (Red, Green, Blue) or (Y’, X’, B’) or (Cb, Y, Cr)
— Th

Howevp
a widt}y
are appli

NOTE

smaller N
section|only encodes global palettes and colour transforms, and all of the actual image data is encoded in hodular
LF groups and modular groups, unless the Squeeze transform is used. If the Squeeze trahsform is used (a Haar-like
transfofm that results in a pyramid representation, see H.6.2) then the GlobalModular section does contain partial
image data corresponding to (very) downscaled versions of the image, though fof Targe images, the bulk of the pixel
data (i.¢. Squeeze residuals) is still encoded in groups.

G.2 LfGroup

G.2.1 | General

In the ¢lauses related to LfGroup, width and height referto the dimensions of the current LF group,|and all
coordinates are relative to the top-left corner of the current LF group. Table G.3 specifies LfGroup.

Table-G.3 — LfGroup

condition type name subclause
encoding == KVarDPCT LF coefficients 1f coeff G.2.2
ModularLfGroup |[mlf_group |[G.2.3
encoding ==kVarDCT HF metadata hf meta G.2.4

G.2.2 |LF coefficients

If the [kUseLfFrame flag in frame header is set, this subclause is skipped and the samplep from
LFFrame[frame headay.1f level] are used instead of the values that would be computed by this subclause
and L.5|2. For the purpose of determining the context when decoding HF coefficients (1.4), the quantjzed LF
coefficlents LfQuant are all set to —oo, that is, regardless of 1f thresholds, the value of 1f idx at thg end of
the funlction BTockcontext () (L1.4) is always equal to zero.

The d coder flrst reads extra prec:lsmn as a u(Z) Next the decoder reads a Modular sub- bltstream as

IT X ' ' Is with
ceil (height / 8) rows and ceil (width / 8) columns, where the number of rows and columns is optlonally
right-shifted by one according to frame header.jpeg upsampling.

Finally the LF is dequantized as specified in 1.5.2.

G.2.3 ModularLfGroup

In the partial image decoded from the GlobalModular section, the pixels in the remaining channel data
that correspond to the LF group are decoded as another modular image sub-bitstream (Annex H), where
the number of channels and their dimensions are derived as follows: for every remaining channel (i.e. not
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already decoded) in the partially decoded GlobalModular image, if that channel has hshift and vshift both
atleast 3, then a channel corresponding to the LF group rectangle is added, with the same hshift and vshift
as in the GlobalModular image, where the group dimensions and the x,y offsets are right-shifted by nshift
(for x and width) and vshift (for y and height).

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

NOTE

Since the LF group dimension isat most (8 * group dim) and hshift and vshift are>= 3,them

channel dimensions are group dim.

G.2.4
The de

Then, t
the firs

as XFr
nb blo

ceil (w

The pc
have ¢

HE metadata

aximum

Foder reads nb_blocks = 1 + u(ceil (log2(ceil (width / 8) * ceil (height / 8)))).

my and BFromy (these are the HF colour correlation factors); the third channel-has two ro

idth / 8) columns and is denoted as sharpness (it contains parameters for the restoration fil

he decoder reads a Modular sub-bitstream as described in Annex H, for an image with four chpnnels:
t two channels have ceil (height / 64) rows and ceil (width / 64) columns$;and are denoted

s and

bks columns and is denoted as BlockInfo, and the fourth channel has ceilyieight / 8) rows and

ter).

Fselect and HfMul fields are derived from the first and second rows.of81ockInfo. These twp fields
il (height / 8) rows and ceil (width / 8) columns. They ape reconstructed by iterating over

the columns of BlockInfo to obtain a varblock transform type typec(th€ sample at the first row) and a

quanti

at the ¢

ration multiplier mul (the sample at the second row). The typéis a bctselect sample and is|stored
oordinates of the top-left 8 x 8 rectangle of the varblock. This position is the earliest block in raster

order that is not already covered by other varblocks. The positiened varblock is completely contajined in

the cui

varblo

The trg

ks. The nfmul sample is stored at the same position and gets the value 1 + mu1.

nsform types (defined in 1.7) are associated with\the numerical values in Table I.1.

G.3 HfGlobal

The de

G.4 K

G.4.1

roder reads the structures in Table G4

Table G.4 — HfGlobal bundle

condition type name subclause
encoding ==KVarDCT Dequantization matrices 1.2.4
encodingC==kVarDCT Number of HF decoding presets |[1.2.6
encodirig == kVarDCT HfPass |[hf_pass[num_passes] I.3

PassGroup

Geéneral

rent LF group, does not cross group boundaries, and-also does not overlap with already-positioned

In this clause (and the clauses it refers to), width and neight refer to the size of the current group (at most
group_dim % group dim), and all coordinates are relative to the top-left corner of the group. See Table G.5.

Table G.5 — PassGroup bundle

condition name subclause
encoding ==KkVarDCT HF coefficients L4

Modular group data |G.4.2
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G.4.2 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
(Annex H). The values minshift and maxshift are defined as follows. If this is the first (or only) pass, then
maxshift = 3, otherwise maxshift is equal to the minshift of the previous pass. If there is an n such that the
current pass index is equal to last pass|[n], then minshift = log2 (downsample[n]), otherwise minshift =
maxshift (i.e. this pass contains no modular data).

NOTE If there is a non-final pass i such that downsample[k] == 1 and last pass[k] == i, then this pass
finalizes the modular data and any following passes will have minshift == maxshift == 0 so they contain no
modulardata ffhmloh fhpv could still contain VarDCT HE r‘nnfﬁmpnfd

The meber of channels and their dimensions are derived as follows: for every remaining channe| in the
partially decoded GlobalModular image (i.e. it is not a meta-channel, the channel dimensions €xceed|group
dim X group dim, and hshift < 3o0rvshift < 3,and the channel has not been already decoded in a previous
pass), If that channel has hshift and vshift such that minshift <= min(hshift,vshift) < makshift,
then a [channel corresponding to the group rectangle is added, with the same hshifthand vshift as in the
Globallodular image, where the group dimensions and the x,y offsets are right-shiftéd by nshift (fgr x and
width)|and vshift (for y and height). The decoded modular group data is thefi copied into the partially
decoded GlobalModular image in the corresponding positions.

When gll modular groups are decoded, the inverse transforms are applied-te’the at that point fully decoded
GloballMlodular image, as specified in H.6.

The re¢onstructed samples, which at this point are integers, are then interpreted according to the BitDepth
(D.3.5)} as follows. If imetadata.xyb encoded, then the colour channels (Grey, RGB or CbYCr) are intefpreted
accord|ng to metadata.bit depth. The extra channels are interpreted according to metadata.ec_iffo[i].
bit depth, where i is the index of the extra channel.
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Annex H
(normative)

Modular

H.1 General

This an

== kMe¢dular. It is also used to encode additional channels (alpha, depth and other extra chailne

auxilia

The m¢dular image sub-bitstream encodes an image consisting of an arbitrary numbe®-N"of channe

dimens
the ded

nex describes the modular image sub-bitstream, which encodes all the pixel data of a frameyif'e

'y images in the KVarDCT frame encoding. All Modular-encoded sample values have integer v4

ions are implicit (i.e. they are signalled or computed elsewhere). In the trivial case where N

oder takes no action. The channels are seen as an ordered list: channel[0], . ;)channel [N - 1]

Eachc

are taken into account, all channel dimensions are identical (with the gxception of subsampled
channdls and dimension-shifted extra channels, if present, and the HF Metadata encoding as descr
G.2.4). [fransformations can be applied to the image, which can result in changes to the number of c}
and thpir dimensions. The sub-bitstream starts with an encoding of the series of transformatio

was a

dimengions (so this information does not need to be explicitly signalled) and can afterwards ap
appropriate inverse transformations.

Channg
and ch
initiali
both ir
(in paf
dimens
hshift
hshift

The fin
Initiall

H.2 1
The de

annel has a width channel[i].width and height channel[i].height; initially, before transforn

lied, so the decoder can anticipate the corresponding changes in the number of channels an

Is have a power-of-two horizontal and verticalstbsampling factor, denoted by channel[i]|
annel[i].vshift, which are initialized to zero, except in the case of do vcbcr where th
ved according to the jpeg upsampling, and execept for the extra channels, if present, where t
itialized to the corresponding channel shift value. They can be modified by the transforn
ticular Squeeze). If the channel dimehsions correspond to a subsampling of the original
ions, this is denoted with positive values for hshift and vshift, where the horizontal factor
and the vertical factor is 1 << ~7shirft. If the dimensions are not related to the image dime
and vshift are -1. The sample.in-column x and row y of channel i is denoted as channel[i] (x

St nb_meta channels chapmnels are used to store information related to the Palette transforsi
/, b meta channels is SE4t0 zero, but transformations can modify this value.

mage decoding

roder reads the fields specified in Table H.1.

Table H.1 — ModularHeader bundle

condition type name

coding
Is) and
lues.

Is. The
is zero,

hations
YCbCr
ibed in
lannels
hs that
d their

ply the

hshift
ey are
ey are
hations
image
is 1 <<
nsions,
).

mation.

Bool() use _global tree
WPHeader (H.5.1) Wp_params
U32(0,1,2 +u(4),18 +u(8)) |nb_transforms

TransformInfo (H.6.1) transform[nb transforms]

The list of channels is initialized according to H.1. Their dimensions and subsampling factors are derived
from the series of transforms and their parameters (H.6).

First,if use _global treeis false, the decoder readsa MA tree and corresponding clustered distributions as
described in H.4.2; otherwise the global MA tree and its clustered distributions are used as decoded from
the GlobalModular section (G.1.3). The decoder then starts an entropy-coded stream (C.1) and decodes the
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data for each channel (in ascending order of index) as specified in H.3, skipping any channels having width or
height zero. Finally, the inverse transformations are applied (from last to first) as described in H.6.

H.3 Channel decoding

The decoding of individual samples of a channel i proceeds sequentially in raster order, with x the column
index of the current sample and v its row index. Predictors are computed based on seven previously decoded
samples near the current (yet unknown) sample c: nw, N, NE, W, NN, NEE, and ww, as shown in Table H.2.

Table H.2 — Neighbours used for prediction

-2 -1 0 +1 +2
-2 NN
-1 NW N NE NEE
0 WW W

Edge cases are dealt with as follows, where channel(i] (x, y) corresponds to the current sample c:

W = (x>0 ? channel[i](x = 1, y) : (y > 0 ? channel[i]l(x, v — 1) : Oy,

N = (y|> 0 ? channel[i](x, v — 1) : W);

NW = (kg > 0 and y > 0 ? channel[i](x - 1, yv — 1) : W);

NE = (k + 1 < channel[i].width and y > 0 ? channel[i](x + 1, y &) : N);
NN = (y > 1 ? channel[i](x, v — 2) : N);

NEE = |(x + 2 < channel[i].width and y > 0 ? channel[i](x + 2,(¥y - 1) : NE);
WW = (kg > 1 ? channel[i](x - 2, y) : W);

Table H.3 defines the different predictors; the result of predictof number x for a (yet to be decoded) sample
at coordinates (x, y) is denoted as prediction(x, y, k).

Table H.3 — Modular predictors

Predi¢tor Name Value
0 Zero 0

1 West W

2 North N

3 Avg(W,N) (W + N) Idiv 2

4 Select abs (NS NW) < abs(W — NW) ? W : N

5 Gradient clamp (W + N - NW, min(W, N), max (W, N))
6 Self-correcting~ \(prediction + 3) >> 3 (see H.5)

7 NorthEast NE

8 NorthWest NW

9 WestWest Ww

10 Ayg(W,NW) (W + NW) Idiv 2

11 Avg(N,NW) (N + NW) Idiv 2

12 Avg(N,NE) (N + NE) Idiv 2

13 AngH (6 * N -2 * NN + 7 * W + WW + NEE + 3 * NE + 8) Idiv 16

Using the MA tree and distributions D (H.2), channel i is reconstructed as follows, where the dist
multiplier from C.3.3 is set to the largest channel width amongst all channels that are to be decoded. The
function GetProperties () is defined in H.4.1 .

for (y = 0; y < channel[i].height; y++)
for (x = 0; x < channel[i].width; x++) {
properties = GetProperties (i, x, Vy);
leaf node = MA (properties);
diff = DecodeHybridVarLenUint (leaf node.ctx);
diff = UnpackSigned(diff) * leaf node.multiplier + leaf node.offset;
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channel[i] (x, y) = diff + prediction(x, y, leaf node.predictor);

}

H.4 Meta-adaptive (MA) context modeling

H.4.1

Meta-adaptive context model

The Meta-Adaptive context model uses a vector of signed 32-bit integer numbers, which are called
properties. To determine which context to use, a decision tree is used. The full structure of the tree is known
in advance by the decoder. It is explicitly signalled: H.2 describes where and H.4.2 describes how. The inner
nodes (decision nodes) of a MA tree contain a test of the form property[k] > value. If this test evaluates to

true, t onthoe ]nFt brah(‘h is fa]zan' r\t]nnvx'n'rica t]'\n rig]ﬂt bvc\nr‘]ﬂ 1S fa]znh p"rnnfuany 2 leaf Y\I\dﬂ lodS T ,ached’
which forresponds to a context 1n.ctx to be used to decode a symbol, a predictor 1n.predictortoybe used,
and a multiplier 1n.multiplier and offset 1n.offset to apply. The properties used in the MA context model
are given in Table H.4. Neighbouring already-decoded samples are defined as in Table H.2.
Table H.4 — Property definitions
Propefty Value
0 i (channel index)
1 stream index
2 y
3 X
4 abs()
5 abs(w)
6 N
7 W
8 x >0 ? W - /* (the value of property 9>at position (x - 1, y)) */ : W
9 W+ N - NW
10 W - NW
11 NW - N
12 N - NE
13 N - NN
14 W - WW
15 max_error (see H.5.1)
The stfeam index is defiped-as follows: for GlobalModular: 0; for LF coefficients: 1 + LF group index; for
ModulgrLfGroup: 1 + numnTf groups + LF group index; for HFMetadata: 1 + 2 * num 1f grougs + LF
group |ndex; for RAW déquantization tables: 1 + 3 * num 1f groups + parameters index (see 1.2.4); for
ModulgrGroup: 1 +3~* num 1f groups + 17 + num groups * passindex + group index.
The following code specifies a variable number of additional “previous channel” properties:
k = 16}
for (| =3 - 1; j >= 0; j--) |
if (Channmel{JT-Widtil = Chnannelli].widtllJ CONCinus;
if (channel[j].height != channel[i].height) continue;
if (channel[j].hshift != channel[i].hshift) continue;
if (channel[j].vshift != channel[i].vshift) continue;
rC = channel[j] (x, Vy):
rW = (x > 0 ? channel[jl(x - 1, vy) : 0);
rN = (y > 0 ? channel[j](x, v — 1) : rW);
rNW = (x > 0 and yv > 0 ? channel[jl(x - 1, v — 1) : rW);
rG = clamp (rW + rN - rNW, min(rW, rN), max(rW, rN));
property[k++] = abs(rC);
propertyl[k++] = rC;
property[k++] = abs(rC - xG);
propertyl[k++] = rC - rG;
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}

The function GetpProperties (i, x, y) returns an array of properties as defined above, where property
values that are not set by the above table and code are zero, and values v outside the int32 t range are setto
NarrowToI32 (v).

To find the MA leaf node, the MA tree is traversed, 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.

H.4.2 MA tree decoding

The MJA tree itself is decoded as follows. The decoder reads 6 pre-clustered distributions from the
codestream as specified in C.1, and then decodes the tree as specified by the following code:

decode| tree () {
ctx fid = 0; nodes_left = 1; tree.clear();
whilp (nodes left > 0) {
nofes left--;
prpperty = DecodeHybridVarLenUint (1) - 1;
if| (property >= 0) {
Hecision node.property = property;
Hecision node.value = UnpackSigned(DecodeHybridvVarLenUint (0)) ;

Hecision node.left child = tree.size() + nodes left + 1;
Hecision node.right child = tree.size() + nodes left + 2;
Lree.push back(decision node); nodes left += 2;

} plse {

leaf node.ctx = ctx id++;
leaf node.predictor = DecodeHybridVarLenUint (2);
leaf node.offset = UnpackSigned(DecodeHybridvarLen¥Uint (3));
mul log = DecodeHybridVarLenUint (4);
hul bits = DecodeHybridVarLenUint (5);
leaf node.multiplier = (mul bits + 1) << mul(dog;
L ree.push back(leaf node);
}
}
}

None df the values of mul 1og are strictly-arger than 30, and none of the values of mul bits are ptrictly
larger than (1 << (31 - mul log)) - 2s~Atthe end of this procedure, tree.size() <= (1 << 26).

MA (properties) denotes the leaf node resulting from traversing the MA tree using property|values
properkies.

Finally| the decoder reads (txee’size () + 1) / 2 pre-clustered distributions D as specified in C.1.

H.5 Self-correctingpredictor

H.5.1 | General

Predictor number 6 is a self-correcting, weighted predictor. For each sample (including samples that use a
differentpredictor), this predictor is invoked as specified in H.5.2. It computes a prediction (Which isused in
H.3) anld amax error (whichisusedin Table H4) aswell as 4 sub-predictor values subpred (il withiin [0, 4).

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

The true value corresponds to the decoded sample value. The true err for that sample is calculated as
NarrowTol32(prediction - (true value << 3)).Theerrorerr(i] of sub-predictor subpred[i] is computed
as follows: err[i] = (abs(subpred[i] - (true value << 3)) + 3) >> 3.

WPHeader (Table H.5) specifies the weight parameters of the self-correcting predictor.
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Table H.5 — WPHeader bundle

condition type | default name
Bool() |[true default wp
ldefault wp u(s) 16 wp pl
ldefault wp u(5) 10 Wp_p2
!default wp u(5) 7 wp_p3a
!default wp u(5) 7 wp_p3b
!default wp u[5) 7 wp_p3c
‘dp‘F:—)H'IT’_wn 11[':) 0 H'n_'n'%d
!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

H.5.2 | Prediction

The vafiables n3, nw3, NE3, w3, NN3, and ww3 are computed as the true valugs.of the corresponding samples x,
Nw, NE, i, NN, Wi (cf. Table H.2), left shifted by 3. Edge cases are dealt with.as described in H.3. Neighhouring
samplg symbols at the end of a variable name refer to the corresponding variable for the sample|at that
locatioh (e.g., true_err wisthe value of true err for the sample to-thie left of the current sample; err|i] Nis
the valjie of err 111 for the sample above the current sample).

Edge cqses for true erranderr[i] are dealt with as follows:
— if W, N or WW does not exist, the value 0 is used instead;
— if NW or NE does not exist, the value of N is used-instead.
For exdmple, at the rightmost border, true _ernWE is interpreted as true err N.

The sub-predictors are computed as specified by the following code:

subprepd[0] = W3 + NE3 - N3;

subprefd[1] = N3 - (((true err W\¢ true err N + true err NE) * wp pl) >> 5);
subpref[2] = W3 - (((true err W+ true err N + true err NW) * wp p2) >> 5);
subpref[3] = N3 - ((true ent NW * wp p3a + true err N * wp p3b +

true err NE X Wwp p3c + (NN3 - N3) * wp p3d + (NW3 - W3) * wp p3e) >> 5);

The weights weight [i]for-each of the 4 sub-predictions are computed as specified by the following code,
based ¢n the err values already computed for sub-predictors of earlier samples.

error2peight (erfysum, maxweight) {

shiff = flodr(log2(err sum + 1)) - 5;
if (phift ==0) shift = 0;
retufn 4 ¥~ ((maxweight * ((1 << 24) Idiv ((err sum >> shift) + 1))) >> shift);
}
err supldd = (err[i] N + err[i] W + err[i] NW + err[i] WW + err[i] NE) Umod (1 << 32);
if (x == width - 1) err sum[i] += err[i] W;
weight[i] = error2weight (err sum[i], wp wi);

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

sum weights = weight[0] + weight[1] + weight[2] + weight[3];
log weight = floor (log2(sum weights)) + 1;

for (i = 0; i < 4; i++) weight[i] = weight[i] >> (log weight - 5);
sum weights = weight[0] + weight[l] + weight[2] + weight[3];
s = (sum weights >> 1) - 1;

for (1 = 0; 1 < 4; i++) s += subpred[i] * weight[i];
prediction = s * ((1 << 24) Idiv sum weights) >> 24;
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// if true err N, true err W and true err NW don't have the same sign

if (((true err N " true err W) | (true err N " true err NW)) <= 0) {
prediction = clamp (prediction, min (W3, N3, NE3), max (W3, N3, NE3));
}
NOTE The integer divisions above can be implemented efficiently using a look-up table because the numerator is

always the same (1 << 24) and the denominator is an integer between 1 and 64.

The value of max_error is computed as specified by the following code:

max error = true_err_W H

if (abs(true err N) > abs(max error)) max error = true err N;
if (abs (true err NW) > abs(max error)) max error = true err NW;
if (ab:\LLueieJ_r_iL\m) dOS(MaX_error)) Max error — Ctrue _err_ NE;

H.6 Transformations

H.6.1 | General

Table H.6 lists the three kinds of Modular transforms:

Table H.6 — Transformld

name value meaning
KkRCT 0 Reversible Colour Transforni
kPalette 1 (Delta-)Palette
kSqueeze |2 Modified Haar transform

Table H.7 specifies the TransformInfo bundle. where tr is intexpreted as above.

Table H.7 — TransformInfo bundle

condition type name
u(2) (Transformld) tr

tr !=KkSqueeze |U32(u(3),8 +wu(6),72 +u(10),1096 + u(13)) begin_c
tr == KkRCT U32(6, u(2),2-+ u(4), 10 + u(6)) rct_type
tr ==KPalette |U32(1,3,4,1+u(13)) num_c
tr ==KkPalette |U32(u(8), 256 +u(10), 1280 + u(12), 5376 + u(16)) nb_colours
tr ==kPalette [U32(0, 1+ u(8), 257 + u(10), 1281 + u(16)) nb_deltas
tr ==kPalette( )(u(4) d pred
tr ==kSqueeze |[U32(0,1+u(4),9 +u(6),41 +u(8)) num_sq
tr ==kSqueeze |SqueezeParams (H.6.2.1) sp[num_sqg]

Table H.8 specifiesthe transformations.

Table H.8 — Transforms

Na re—mete—chanmeds €hanneHimpaet Subclause
KRCT no change no change H.6.3
kPalette |+ 1(or+ 2 - num cifbegin ¢ < nb meta |channelsbegin c+1luntilbegin ¢ + num c|H.6.4

channels) - 1 areremoved

depends on parameters (no change with defaults) |depends on parameters

T
N
N

kSqueeze
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Squeeze

H.6.2.1 Parameters

The sq
stepst

defaul{parameters are used which are derived from the image dimensions and numberof'‘channels.

For ev

Table H.9 — SqueezeParams bundle

condition type name
Bool() horizontal
Bool() in place
U32(u(3), 8 +u(6), 72 +u(10), 1096 + u(13)) |begin_c
U32(1, 2, 3,4 +u(4)) num_c

b be applied is defined by sp, which is an array of SqueezeParams (see Table H.9); if thesarray is

leeze transform consists of a series of horizontal and vertical squeeze steps. The sequefice’of queeze

empty,

bry squeeze step spli], the spli].num c input channels starting at position sp(i].begif c are

replacdd by the squeezed channels, and the residual channels are inserted either right after the sTeezed

channdls (if sp[i].in _place == true), or at the end of the channel list (otherwiSe):"'To determine the

ew list

of chanlnels (i.e. when interpreting the transformation description, before channel data decoding starts), the

steps afre applied in the order in which they are specified. After the channel'data has been decoded, t
the inverse transformation, the steps are applied in reverse order.

p apply

Letbedin = splil.begin cand end = begin + sp[i]l.num c - 13The channel list is modified as specified

by the

for (i
r =
if (

/*

/*

nb
}

for

/*
if

following code:

= 0; 1 < sp.size(); i++) {

sp[i].in place ? end + 1 : channel.size();
begin < nb meta channels) {

spli].in place is true */

end < nb meta channels */

| meta channels += sp[i].num c;

channel[c] .width;
channel[c].height;
w >0 and h > 0 */
(sp[i] .horizontal) {
thannel [c] .width = (w + d)\NIdiv 2;
i f (channel[c].hshift ¥=40) channel[c].hshift++;
residu = channel([c].dopy () ;
residu.width = w Idiwv. 2;
blse {
thannel [c] .height~= (h + 1) Idiv 2;
i £ (channel[cinwushift >= 0) channel[c].vshift++;
residu = chanhel[c].copy():;
residu.height = h Idiv 2;

(c = begin; c <= end; c++) {

Insentresidu into channel at index r + ¢ - begin */

The inverse transform is specified by the following code:

for (i = sp.size() - 1; 1 >= 0; i--) {
r = sp[i].in place ? end + 1 : channel.size() + begin - end - 1;
for (c = begin; ¢ <= end; c++) {
Channel output = channel([c].copy();
if (spl[i].horizontal) {

output.width += channel[r].width;

horiz isqueeze(channel[c], channel[r], output);
else {

output.height += channel[r].height;

vert isqueeze (channel[c], channel[r], output);
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channel[c] = output;
/* Remove the channel with index r */

}

The default parameters (the case when sp.size () == 0) are specified by the following code:

first = nb meta channels; count = channel.size() - first;

w = channel[first].width; h = channel[first].height;

if (count > 2 and channel[first + 1].width == w and channel[first + 1].height == h) {
param.begin c = first + 1; param.num c = 2; param.in place = false;
param.horizontal = true; sp.push back (param) ;

param.horizontal = false; sp.push back(param);

}

param.pegin c = first; param.num c = count; param.in place = true;
if (h p= w and h > 8) { param.horizontal = false; sp.push back(param); h = (h + 1) Idiy P; }
while [(w > 8 or h > 8) {

if (W > 8) { param.horizontal = true; sp.push back(param); w = (w + 1) Idiv 2; )/}

if (p > 8) { param.horizontal = false; sp.push back(param); h = (h + 1) Idiv,2s '}

}
H.6.2.7 Horizontal inverse squeeze step

This step takes two input channels of sizes w1 x # and w2 x g, and replaces them with one output chgnnel of
size (wp + w2) x H. Eitherw1 == w2 orwl == w2 + 1. The outputis reconstructed as follows:

horiz fisqueeze (input 1, input 2, output) {
for (y = 0; yv < H; y++) |

fof (x = 0; x < W2; x++) {
bvg = input 1(x, y); residu = input 2(x, y);
hext avg = (x + 1 < WL ? input 1(x + 1, y) : avg);
left = (x > 0 ? output((x << 1 ) -1, v) : avg);
Hiff = residu + tendency(left, avg, next avg);
first = avg + diff Idiv 2;
butput (2 * x, y) = first;
butput (2 * x + 1, y) = first - diff;

if] (Wl > W2) output (2 * W2) = input 1 (W2)4

The tendency function is specified by the:fellowing code:

tendenky (A, B, C) {
if (B >= B and B >= C) {

XF (4 *A -3 *C- B +(6)*Idiv 12;
ifl(X - (X&l) >2 * (Ay B)) X =2 * (A - B) + 1;
iff (X + (X & 1) >2 p~(B-C)) X=2* (B -C);

refurn X;

} elpe if (A <= B and-B <= C) {
XF (4*A-3,C-B - 6) Idiv 12;
1f] (X + (X & YN 2 *

1Ifl (X = (X &) <2 * (B -C)) X=2* (B - C);
rekurn X;

} elpe retwnny 0;

}
H.6.2.3 “Vertical inverse squeeze step

This step takes two input channels of sizes w x H1 and w x H2, and replaces them with one output channel of
sizew x (1 + H2).Eithern1 == n2 ora1 == #2 + 1. The outputis reconstructed as follows:

vert isqueeze (input 1, input 2, output) {
for (y = 0; yv < H2; y++) {
for (x = 0; x < W; x++) {
avg = input 1(x, y); residu = input 2(x, y);

next avg = (y + 1 < H1 ? input 1(x, y + 1) : avg);
top = (y > 0 ? output(x, (y << 1) - 1) : avg);
diff = residu + tendency(top, avg, next avg);
first = avg + diff Idiv 2;

output (x,2 * y) = first;
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first - diff;

if (H1 > H2)
for (x = 0; x < W; x++) output(x, 2 * H2) = input 1(x, H2);

}

H.6.3 RCT (reversible colour transform)

This transformation operates on three channels starting with begin c. These channels have the same
dimensions. Either begin ¢ >= nb meta channels and begin c + 3 <= channel.size(),0lbegin c + 3 <=
nb_meta channels. For every pixel position in these channels, the values (a, B, c) are replaced by (v(o7,

v[1], v[2]) values, as follows:

/* rct| type < 42 */

permuthtion = rct type Idiv 7;

type =| rct type Umod 7;

if (type == 6) { // YCoCg

tmp F A - (C >> 1);
E=F + tmp;
F=Ffmp - (B> 1);
D=F + B;
} elsel {
if (gype & 1) C = C + A;
if ((type >> 1) == 1) B = B + A;
if (f(type >> 1) == 2) B =B + ((A + C) >> 1);
D=HRhA;, E=B; F=2¢;

}

V[permptation Umod 3] = D;

V[ (perjputation+l+ (permutation Idiv 3)) Umod 3] E;

V[ (perputation+2- (permutation Idiv 3)) Umod 3] = F;

EXAMPLE If rct type == 10, thenpixels (6, B', R') arereplacedby (R' + G, G, B' + G).

H.6.4 | Palette

Letend ¢ = begin ¢ + num ¢ - 1. When updatingthe channel list as described in H.2, channels begfin c to

end_c, Which all have the same dimensions, are replaced with two new channels:

— ong meta-channel, inserted at the beginhing of the channel list and has dimensions width = nb dolours
anfl height = num c and hshift ="wshift = -1. This channel represents the colours or deltas of the
palette.

— ong channel (at the same position in the channel list as the original channels, same dimensions) which
contains palette indices.

Ifbegiq_c < nb_meta_channels,then end c < nb_meta_channelsistrue and nb meta channels {= 2 -

num_c. Ptherwise, nb métea channels += 1.

The defoder restores-the original pixels as specified by the following code:

kDeltapPaletteN2] [3] = {

{OI 0 O}r {41 4/ 4}1 {111 OI O}I {OI Or _13}1 {OI _121 O}I {_lol _101 —10},

(-18,| -18,X-18}, {-27, -27, -27}, {-18, -18, 0}, {0, O, -32}, {-32, 0, O}, {-37, -37, -B7},
{0, -BZ,~32}, {24, 24, 45}, {50, 50, 50}, {-45, -24, -24}, {-24, -45, -45}, {0, -24, -Pb4},
(-34, —H7—06+—124+5- 45452 32— 32— —32—8+
{-32, 0, 32}, {-24, -45, -24}, {45, 24, 45}, {24, -24, -45}, {-45, -24, 24}, {80, 80, 80},
{641 OI O}I {OI Or _64}1 {OI _641 _64}1 {_241 _241 45}/ {961 96! 96}/ {641 64! O}I

(45, -24, -24}, {34, -34, 0}, {112, 112, 112}, {24, -45, -45}, {45, 45, -24}, {0, -32, 32},
(24, -24, 45}, {0, 96, 96}, {45, -24, 24}, {24, -45, -24}, {-24, -45, 24}, {0, -64, 0},
{96, 0, 0}, {128, 128, 128}, {64, 0, 64}, {144, 144, 144}, {96, 96, 0}, {-36, -36, 36},
{45, -24, -45}, {45, -45, -24}, {0, 0, -96}, {0, 128, 128}, {0, 96, O}, {45, 24, -45},
{(-128, 0, 0}, {24, -45, 24}, {-45, 24, -45}, {64, 0, -64}, {64, —-64, -64}, {96, 0, 96},
(45, -45, 24}, {24, 45, -45}, {64, 64, -64}, {128, 128, 0}, {0, O, -128}, {-24, 45, -45} };
first = begin ¢ + 1; last = end ¢ + 1; bitdepth = metadata.bit depth.bits per sample;

for (1 = first + 1; 1 <= last; i++) /* Insert a copy of channel[first] at index i */;

for (¢ = 0; ¢ < num _c; c++)

for (y = 0; y < channel[first].height; y++)

© ISO/IEC 2024 - All rights reserved
53


https://standardsiso.com/api/?name=0bc3378abc9f5b75056af0adde46fec8

for (x = 0;
index =
if
} else if
index -=
if (index < 64) {
value =

} else {
index -=
for (i =
value =

}

1 celse Jf

604;
0;

(c 3) {

((index >>
+ (1 << max (0,

i< ¢;
(index Umod 5) *

x < channel[first].width;
channel [first + c] (x,
(index >= 0 and index < nb_colours)
(index >= nb colours) {

nb colours;

(2 * <))

i++)

ISO/IEC 18181-1:2024(en)

x++) |
is_delta =
{ value =

y)

Umod 4) *
bitdepth - 3));

index Idiv 5;

-1/

index =

((1 << bitdepth) 4;

((1 << bitdepth) -

(index < nb deltas);
channel[0] (index,

c);

1) / 4

index = (-index - 1)
value =
if (index & 1 == 0)
if (bitdepth > 8)
} else value = 0;

Channel [first + c] (x,
if (is_delta)

/* Rempve channel 0 */;

Umod 143;

kDeltaPalette[ (index + 1)
value =
value <<= min (bitdepth,

V)

channel[first + c] (x,

>> 1] [cl;
-value;

24) - 8;
= value;

y) += prediction (x,

vy, d_pred);
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Annex |

(normative)

VarDCT

Table I[1 specifies the different transform types that are used in the kVarDCT encoding, and thenu
values fhat are used to represent them in bctselect (c.f. G.2.4).
Table I.1 — Transform type values
Transform type Numerical value Dimensions in DctSel&et

DCT8x8 0 1x1
Hornuss 1 1x1
DCT2x2, DCT4x4 2,3 1x1
DCT16x16 4 2%2
DCT32x32 5 4x4
DCT16x8 6 2x1
DCT8x16 7 1x2
DCT32x8 8 4x7
DCT8x32 9 1x4
DCT32x16 10 4x2
DCT16x32 11 2x4
DCT4x8, DCT8x4 12,13 1x1
AFV0 - AFV3 14 - 17 1x1
DCT64x64 18 8x8
DCT64x32 19 8x4
DCT32x64 20 4%8
DCT128x128 21 16x16
DCT128x64 22 16x8
DCT64x128 23 8x16
DCT256%256 24 32x32
DET256x128 25 32x16
DCT128x256 26 16x32

1.2

I.2.1 Quantizer

Table [.2 specifies the Quantizer bundle.

merical

Table 1.2 — Quantizer bundle

condition

type

name

U32(1 + u(11), 2049 + u(11), 4097 + u(12), 8193 + u(16))  |global scale

U32(16,1 +u(5),1 +u(8),1 +u(16))

quant 1f
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The LF dequantization factors mxpc, mypc and mepc are computed as specified by the following code:

mXDC = (1 << 16) * m x 1f unscaled / (global scale * quant 1f);
mYDC = (1 << 16) * m y 1f unscaled / (global scale * quant 1f);
mBDC = (1 << 16) * m b 1f unscaled / (global scale * quant 1f);

1.2.2 HF block context decoding

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

where

ReadThreshold () denotes U32(u(4), 16 + u(8), 272 + u(16), 65808 + u(32)) and rReadBlockCtxMap () reads a

clustering map as in C.2.2.

/* inifTarfze gr_TNIesnolds To an empty VecTtor H

/* inifialize 1f thresholds to an array of 3 empty vectors */;

if (u(fl)) block ctx map = {O, 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,

7, 8, 9, 9, 10, 11, 12, 13, 14, 14, 14, 14, 14};

else {
for |(1i

nb| 1

fo

= 0; 1 < 3; i++) |
| 1f thr[i] = u(4);
r (3 = 0; J < nb 1f thr(il]; j++) {
Ik = UnpackSigned (ReadThreshold()) ;
L f thresholds[i].push back(t);
nb gff thr = u(4);
for [(1 = 0; 1 < nb gf thr; i++)
gf| thresholds.push back(l + U32(u(2), 4 + u(3), 12 + u(d)/44 + u(8))));
bsizp = 39 * (nb _gf thr + 1) * (nb _1f thr[0] + 1) * (nbf thr[l] + 1) * (nb 1f thr[2]
block ctx map = ReadBlockCtxMap () ;
/* npm _dist = bsize <= 39 * 64 and the resulting num clusters <= 16 */;

I.2.3 |LF channel correlation factors

Table 13 specifies the LfChannelCorrelation bundle;

Table 1.3 — LfChannelCorrelation bundle

condition type default name
BOOK) true all default
'all default U32(84256,24-u&ﬂ,258+1m16n 84 colour factor
'all default Fl6() 0.0 base correlation x
'all default F16() 1.0 base correlation b
'all defaudt u(8) 128 x factor 1f
lall default u(g) 128 b factor 1f

1.2.4 [Dequantization matrices

The dgqudntization matrices are used as multipliers for the HF coefficients, as specified in L5.]
are defined by the channel, the transform type and the index of the coefficient inside the varblo
parameters that define the dequantization matrices are read from the stream as follows. First, the d

+ 1);

5. They
k. The
ecoder

reads a Bool(). If this is true, all matrices have their default encoding as specified in 1.2.5. Otherwise, the
decoder reads 17 sets of parameters from the codestream, in ascending order. Each set of parameters is

used for the values of the pctselect field specified in Table 1.4.
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Table 1.4 — DctSelect values for dequantization matrices

Parameters index DctSelect values Matrix size (rows columns)
0 DCT 8x8

1 Hornuss 8x8

2 DCT2x2 8x8

3 DCT4x4 8x8

4 DCT16x16 16x16

5 DCT32x32 32x32

6 n(‘T1AyQ’ DCTAx16 ax16

7 DCT32x8, DCT8x32 8x32

8 DCT16x32, DCT32x16 16x32

9 DCT4x8, DCT8x4 8x8

10 AFVO0, AFV1, AFV2, AFV3 8x8

11 DCT64x64 64x64
12 DCT32x64, DCT64x32 32x64
13 DCT128x128 128x128
14 DCT64x128, DCT128%x64 64x128
15 DCT256x%256 256x256
16 DCT128x256, DCT256x128 |128x256

Eachp

encodi

Table 1.5 — Encoding mode and valid indices

irameter in this subclause is read using F16() (B.2.4) unléssotherwise specified. For each matyrix, the
hg mode is read as a u(3) and interpreted per Table .5,

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 0,1,2,39,10
5 AFV 0,1,2,39,10
6 DCT all
7 RAW all
The entoding mode réad for a given parameter index is such that the given index is specified as a valid index
for thaf encoding«n‘Table F.1. After reading the encoding mode, the corresponding parameters are fead as
specified by the following code, where the modular sub-bitstream refers to Annex H and setDefaulMode ()
sets pafams, det params, dct4x4 params, and encoding mode to the default values from [.2.5.
ReadDckParams () |
num ba¥ams = u(4) 4 1
vals = /* read 3 x num params matrix in raster order */;
for (i = 0; 1 < 3; 1i++) vals(i, 0) *= 64;
return vals;
}
if (encoding mode == Library) {
SetDefaultMode () ;
} else if (encoding mode == Hornuss) {

params = /* read 3 x 3 matrix in raster order,

} else if (encoding mode == DCT2) {

params = /* read 3 x 6 matrix in raster order,
} else if (encoding mode == DCT4) {

params = /* read 3 x 2 matrix in raster order,

dct params ReadDctParams () ;

multiply elements by 64 */;
multiply elements by 64 */;

multiply elements by 64 */;
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} else if (encoding mode == DCT) {
dct params = ReadDctParams () ;
} else if (encoding mode == RAW) {
params.denominator = F16();
params = /* read a 3-channel image from a modular sub-bitstream
of the same shape as the required quant matrix */;
} else if (encoding mode == DCT4x8) {
params = /* read 3 x 1 matrix in raster order */;
dct params = ReadDctParams () ;
} else if (encoding mode == AFV) {
params = /* read 3 x 9 matrix in raster order */;
for (i = 0; 1 < 3; i++) for (jJ = 0; Jj < 6; j++) params (i, j) *= 64;
dct params = ReadDctParams();
dCtZ 4 param = ReadDctParams () ;s

}

The degquantization matrices are computed for each possible value of the pctselect field as\the [nverse
of the weights matrix, that only depends on the corresponding parameters as specified in~Table 1.4 and is
computed per channel.

A weights matrix of dimensions X x Y is computed as specified by GetdcTQuantweights () in the following
code, gjven an array of parameters params.

Interpplate (pos, max, bands) {
if (pands.size() == 1) return bands[0];
scalpd pos = pos * (bands.size() - 1) / max;
scalpd index = floor (scaled pos);
frac| index = scaled pos - scaled index;
A = pands[scaled index];
B = pands[scaled index + 1];
intefpolated value = A * pow(B / A, frac index);
retufn interpolated value;

}

Mult(v) { if (v > 0) return 1 + v; else return IL.N/N(1 - v); }
GetDCTpPuantWeights (params) {
bandp.clear () ;
bandp.push back (params[0]) ;
for (1 = 1; 1 < params.size(); i++) {
bapds.push back(bands[i - 1] * Mult (params[i]));

/*| bands[i] > 0 */
}

for ((y = 0; yv < Y; y++)
fof (x = 0; x < X ; x++) {
Hx = x / (X - 1);
Hy =y / (Y = 1);
Histance = sqgrt (dx*dxg dy*dy);
weight = Interpolate)distance, sqgrt(2) + le-6, bands);
veights (x, y) = we€ight;

retufn weights;

}

For en¢oding,mode DCT, the weights matrix for channel c is the matrix of the correct size computefl using
GetDctpudntiWeights, using row c of det_params as an input.

For encoding mode DCT4, the weights matrix for channel c are obtained by copying into position (x, y) the
value in position (x Idiv 2, y Idiv 2) in the 4 x 4 matrix computed by GetbdctQuantieights using as an input
row c of det_params; coefficients (0,1) and (1,0) are divided by params (¢, 0), and the (1,1) coefficient is
divided by params (¢, 1).

For encoding mode DCT2, params (c, i) are copied in position (x, y) as follows, where rectangles are defined
by their top left and bottom right corners, and symmetric refers to the rectangle defined by the same points
but with swapped x and y coordinates:

— i == 0:positions (0,1) and (1, 0)
— i == 1:position (1,1)
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— i == 2:all positions in the rectangle ((2,0), (4,2)),and symmetric
— i == 3:all positions in the rectangle ((2,2), (4,4))
— i == a:all positions in the rectangle ((4,0), (8,4)),and symmetric
— i == s5:all positions in the rectangle ((4,4), (8,8))

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

For encoding mode DCT4x8, the weights matrix is obtained by copying into position (%, y) the value in

positio
params

For enc

fregs
5.4492
2.6629
weight
weight
lo =0
bands |
/* ba
for (i
band
/*
}
weight
weight
for (y
for
i
v

=

for (y
for
if

we

for (y
for
if

we

}

For end

denomi

For all
the we

1.2.5

e C uan [Shie] S

coefficient (0,1) is then divided by params (¢, 0).
oding mode AFV and channel c, the decoder obtains weights as specified by the following cod

= {0, 0, 0.8517778890324296, 5.37778436506804, 0, 0, 4.734747904497923,
15381693219, 1.6598270267479331, 4, 7.275749096817861, 10.4232276324565%5,
32286148962, 7.630657783650829, 8.962388608184032, 12.97166202570238%;

54x8 = /* 4 x 8 matrix produced by GetDctQuantWeights using row c_ofhvdct params */
54x4 = /* 4 x 4 matrix produced by GetDctQuantWeights using row,& ¢f dctd4x4 params
.8517778890324296; hi = 12.97166202570235;

D] = params(c, 5);

hds[0] >= 0 */

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

5[1] = bands[i - 1] * Mult(params(c, i + 5));

bands[i] >= 0 */

ights (2 * x + 1, 2 *\) = weightsidx4(x, V)’

oding mode RAW;the dequantization matrices are equal to the params matrices multiplied by g
hator.

pther enecoding modes, the dequantization matrices for channel c are the element-wise recipr
ghts matrix computed for channel c. None of the resulting values are non-positive or infinity.

Default values for each dequantization matrix

5 (0, 0) = 1; weights (0, 1) = params(c, 0); weight€é/f1¥y 0) = params(c, 1);
5 (0, 2) = params(c, 2); weights (2, 0) = params(e) 3); weights (2, 2) = params(c, 4)}
= 0; y < 4; y++)
(x = 0; x < 4; x++) {
f (x < 2 and y < 2) continue;
hl = Interpolate(fregs[y * 4 + x] - lo, hi * lo + le-6, bands);
bights (2 * vy, 2 * x) = val;
= 0; y < 4; y++)
(x = 0; x < 8; xt+) |
(x == 0 and y == 0) continue;
i ghts(x, 2 * v + 1) = weightsdw8{x, vy);
= 0; v < 4; yt++)
(x = 0; x < 4; x++) {
(x == 0 and y == 0) continue;

Ofdcti

%

*/

arams.

bcals of

The dequantization matrix encodings defined in Table 1.6 are used as the default encodings for each kind of
dequantization matrix.
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Table 1.6 — Default matrix parameters for each DctSelect

DctSelect mode dct_params, params

DCT8x8 DCT {{3150.0, 0.0, -0.4, -0.4, -0.4, -2.0}, {560.0, 0.0, -0.3, -0.3, -0.3, -0.3}, {512.0, -2.0, -1.0,
0.0,-1.0,-2.0} }, {}

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 dct4x4 params, {{1.0, 1.0}, {1.0, 1.0}, {1.0, 1.0} }

DCT16x16 DCT {{8996.8725711814115328, -1.3000777393353804, -0.49424529824571225,
=0439093 774457103443, —=0-6350101832695744—0-90177264050827612,

-1.6162099239887414}, {3191.48366296844234752, -0.674245821041p4355,
-0.80745813428471001, -0.44925837484843441, -0.35865440981033403,
-0.31322389111877305, -0.37615025315725483}, {1157.504081454872p0256,
-2.0531423165804414, -1.4, -0.50687130033378396, -0.427087306247B3904,
-1.4856834539296244, -4.9209142884401604} }, {}

DCT32k32 DCT {{15718.40830982518931456, -1.025,-0.98,-0.9012, -0.4, -0.48819395464, -0.421064,
-0.27}, {7305.7636810695983104, -0.80419582123064017-0.7633036457487539,
-0.55660379990111464, -0.49785304658857626,(-0.436995926835[12467,
-0.40180866526242109, -0.27321683125358037},43803.531737212150¢41536,
-3.060733579805728,-2.0413270132490346,-2.0235650159727417,-0.5495389509954993,
-0.4,-0.4,-0.3}}, {3

DCTf 6 x8,|DCT {{7240.7734393502,-0.7,-0.7,-0.2,-0.2,-0.2, -0:5},{1448.15468787004, -0.5, -05, 0.5,

DCT8x[L6 -0.2,-0.2,-0.2}, {506.854140754517, -1.4, -0.2:20.5, -0.5, -1.5, -3.6} }, {}
DCTR2x8,|DCT { {16283.2494710648897, -1.7812845336559429, -1.63090590126$3515,
DCT8xp2 -1.0382179034313539, -0.85, -0.7, -0.9, <1:2360638576849587}, {5089.15750884921511936,

-0.320049391452786891, -0.35362849922161446,-0.30340000000000003, -0.41, -0.5,
-0.5,-0.6},{3397.77603275308720128,-0.321327362693153371, -0.34507619223]117997,
-0.70340000000000003, -0.9, =1:0;-1.0, -1.1754605576265209} }, {}

DCT16x32,[DCT  |{{13844.97076442300573,-0,.97113799999999995, -0.658, —0.42026, -0.22712, -0.2206,
DCT32k16 -0.226,-0.6}, {4798.964084220744293, -0.61125308982767057, -0.83770786552491361,
-0.79014862079498627, -0.2692727459704829, —0.3827276946538$8551,
-0.22924222653091483, -0.20719098826199578}, {1807.236946760964614, -12, -1.2,
-0.7,-0.7,-0.7, -0.4,/=0.5} }, {}

DCT4x$,DCT8x4 |DCT4x8 |dct4x8 parans, (1.0, 1.0, 1.0}
AFVO0| AFV1,|AFV dct4x8 params, {{3072,3072, 256, 256, 256, 414, 0.0, 0.0, 0.0}, {1024, 1024, 50.0,(50.0,

AFV2, AFV3 50.0, 58,8:0,0.0, 0.0}, {384, 384, 12.0, 12.0, 12.0, 22, -0.25, -0.25, -0.25} }
DCT64K64 DCT {{23966:1665298448605, SeqA}, {8380.19148390090414, SeqB}, {4493.02378009847706,
SeqC}1.{}

DCT32x64,DCT {15358.89804933239925, SeqA}, {5597.360516150652990, SeqB}, {2919.961618960011210,
DCT64k32 SeqC} }, {}

DCT12Bx128  |DGT, {{47932.3330596897210, SeqA}, {16760.38296780180828, SeqB}, {8986.04756019¢95412,
SeqC}}, {}

DCT6l4x128,DCT {{30717.796098664792, SeqA}, {11194.72103230130598, SeqB}, {5839.92323792(02242,
DCT12Px64 SeqC}}, {}

DCT25px256 DCT {{95864.6661193794420, SeqA},{33520.76593560361656, SeqB}, {17972.09512039390824,

Coc1) ()
I A

DCT128x256,|DCT {{61435.5921973295970, SeqA}, {24209.44206460261196, SeqB}, {12979.84647584004484,
DCT256x128 SeqC}}, {}

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, SeqC is
the sequence -1.2,-1.2,-0.8,-0.7,-0.7,-0.4, -0.5. Furthermore, dct 4x8 paramsis {{2198.050556016380522,
-0.96269623020744692, -0.76194253026666783, -0.6551140670773547}, {764.3655248643528689,
-0.92630200888366945, -0.9675229603596517, -0.27845290869168118}, {527.107573587542228,
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~1.4594385811273854, -1.450082094097871593, -1.5843722511996204} } and dctax4 params is { {2200,
0,0, 0}, {392, 0, 0, 0}, {112, -0.25, —0.25, —0.5} }.

1.2.6 Number of HF decoding presets

The decoder reads num hf presets as u(ceil (log2 (num groups))) + 1. The number of pre-clustered
distributions for HF coefficients depends on num hf presets.

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

1.3 HfPass

I.3.1 |HF coefficient order

The defoder first reads used orders asu32 (0x5F, 0x13, 0x00, u(13)).Ifused orderss= 0, itreads 8 pre-
clustered distributions as specified in C.1. It then reads HF coefficient orders order{piTb] [c] as specified
by the fode below, where p is the index of the current pass, b is an Order ID (see Table’l.7), c is a component
index, and natural coeff order[b] is the natural coefficient order for Order ID ¥, as specified in [.3.2.

for (b= 0; b < 13; b++)
for (g = 0; c < 3; c++4)
if ([(used orders & (1 << b)) != 0) |
naf ord perm = DecodePermutation (b);
folr /* each coefficient index i */

brder [p] [b] [c] [1] = natural coeff order[b][nat ord petm[i]];
} elpe {
folr /* each coefficient index i */
brder [p] [b] [c] [1] = natural coeff order([b][i]:

}

DecodepPermutation (b) is defined as follows. The decoder reads a permutation nat ord perm from a single
stream| (shared during the above loop) as specified iirf.3.2, where size is the number of coefficients dovered
by transforms with Order ID b (SO size == natural coeff order[b].size ()) and skip = size / 64

1.3.2 [Natural ordering of the DCT coefficients

For evg¢ry pctselect value (Hornuss, PCT2x2, etc), the natural order of the coefficients is compyited as
followd. The varblock size (bwidth, Bheight) for a Dctselect value with name “DCTNxM” is bwidth = |max (8,
max (N,| M)) and bheight = mag (8, min (N, M)). The varblock size for all other transforms is bwjdth =
bheighk = 8. The natural ordering of the DCT coefficients is defined as a vector order of cell positjons (x,
y) between (0, 0) and (owidth, bheight), described below. The number of elements in the vector drder is
therefdre bwidth * bheigt®, and the vector is defined as the elements of LLF in their original order fgllowed
by the plements of HE-alSo in their original order. LLF is a vector of lower frequency coefficients, conftaining
cells (x} y) with x <smwidth / sandy < bheight / 8.The cells (x, y) that do not satisfy this condition|belong
to the higher frequtencies vector HF.

The rest of this*subclause specifies how to order the elements within each of the arrays LLF and HF. The
pairs (%, y)linfthe LLF vector is sorted in ascending order according to the value y * bwidth / 8 + x.[For the
pairs (x,'y)in the HF vector, the decoder first computes the value of the variables key1 and key2 as specified
by the following code:

cx = bwidth / 8; cy = bheight / 8;
scaled x = x * max(cx, cy) / cx;
scaled y = y * max(cx, cy) / cy;
keyl = scaled x + scaled y;

key2 = scaled x - scaled y;

if (keyl Umod 2 == 1) key2 = -key2;

The decoder sorts the (x, y) pairs on the vector HF in ascending order according to the value key1. In case of
a tie, the decoder also sorts in ascending order according to the value key?2.

The order ID is defined based on the bctselect as defined in Table 1.7.
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Table 1.7 — Order ID for DctSelect values

Order ID DctSelect
DCT8x8

Hornuss, DCT2x2, DCT4x4, DCT4x8, DCT8x4, AFV0, AFV1, AFV2, AFV3
DCT16x16

DCT32x32

DCT16x8, DCT8x16

DCT32x8, DCT8x%32

DCT3I2x1 A, DCT16x32

DCT64%x64

DCT32x64, DCT64x32

DCT128x128

DCT64x128, DCT128x64

DCT256x%256

DCT128x256, DCT256x128

O[O0 P|[UT|[ D W|IN|[R|O

[EnN
o

-
[E

[
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HF coefficient histograms

Let nb |olock ctx be equal to max (block ctx map) + 1.The decoder readsa histogram with 495 * dum hf

preset

5 * nb_block ctx pre-clustered distributions D from the codestream as specified in C.1.

1.4 Decoding of quantized HF coefficients
The decoder reads hfp = u(ceil(log2 (num hf presetsy,) ), which indicates the offset in the histogram,
which s given by offset = 495 * nb block ctx *»"hfp. These are chosen from the num hf fresets

possibiflities of the current pass.

To co

pute context, the decoder uses the procedures and constants in the following code, where c is

the cufrent channel (with 0=X, 1=Y, 2=B), s is-the Order ID (see Table 1.7) of the pctselect value|and gf

is the

ifMul value for the current varblock; and gdc (3] are the quantized LF values of LfQuant|(G.2.2)

corresponding to (the top-left 8x8 block within) the current varblock (taking into account jpeg upsqmpling

if need
in LfGl

BlockC
idx
idx
for
for
1f 1
for
1f 1
for
1f i
for

bd). The lists of thresholds gf thresholds and 1f thresholds[3], and block ctx map are as decoded
bal (G.1.1 and 1.2.2).

bntext () {
= (c < 2?2 c ™M1 :2N+* 13 + s;
= (gqf thresholdg.sfze() + 1);

(t : gf thresheglds) if (gf > t) idx++;
0; 1 < 3\#++) 1idx *= (1f thresholds[i].size() + 1);
0;
(¢t : 1f thApesholds([0]) if (gdc[0] >
Hx *= (Xf)thresholds[2].size() + 1);
(t : Isf=thresholds[2]) if (gdc[2] > t) 1f idx++;
)
>

[
I

t) 1f idx++;

’

t) 1f idx++;

Hx »=/(1f thresholds[l].size() + 1
(g=:M1f thresholds[1]) if (gdcl1]

retu

n-block ctx mapl[idx + 1f idx];

}

NonZer

osContext (predicted) {

if (predicted > 64) predicted = 64;
if (predicted < 8) return BlockContext() + nb block ctx * predicted;

retu
}
CoeffF
0,
15
23
27

rn BlockContext () + nb block ctx * (4 + predicted Idiv 2);

reqgContext [64] = {
o, 1, 2, 3, 4, 5, 6, 7, 8, 9, 110, 11, 12, 13, 14,
, 15, 1le¢, 16, 17, 17, 18, 18, 19, 19, 20, 20, 21, 21, 22, 22,

, 23, 23, 23, 24, 24, 24, 24, 25, 25, 25, 25, 26, 26, 26, 26,
, 27, 27, 27, 28, 28, 28, 28, 29, 29, 29, 29, 30, 30, 30, 30};

CoeffNumNonzeroContext[64] = {

0,

0o, 31, 62, 62, 93, 93, 93, 93, 123, 123, 123, 123,
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2,
0,

152,
180,
6, 206, 206, 206, 206, 206,
6, 206, 206, 206, 206, 206, 206, 206,
cientContext (k, non zeros, num blocks,
eros (non _zeros + num blocks - 1)
Idiv num blocks;
(CoeffNumNonzeroContext [non zeros] + CoeffFreqgContext[k])
+ BlockContext () * 458 + 37 * nb block ctx;

152,
180,

152,
180,

152,
180,

152,
180,

152,
180,

152,
206,
206, 206,

180,
206,
206, 206,
206, 206, 206,
size, prev) {
Idiv num blocks;

180,
206,

180,
206,
206,

180,
206,
206,
206},

180,
206,
206,

n * 2+

The function PredictedNonzeros (x, y) is defined as follows (wWhere Nonzeros is defined below):

PredicpedNenteros—{—i—t

if (k == 0 and y == 0) return 32;

if (k == 0) return NonZeros(x, y — 1);

if (y == 0) return NonZeros(x - 1, y);

retufn (NonZeros(x, y-1) + NonZeros(x-1, y) + 1) >> 1;
}
After delecting the histogram and coefficient order, the decoder reads symbols from an entropy-coded
stream|, as specified in C.3.3. The decoder proceeds by decoding varblocks in raster’erder; for each varblock
it readp channels Y, X, then B; if a channel is subsampled, its varblocks are skipped unless the varblock
corresponds to the top-left corner of a non-subsampled varblock. For the purposes of this orderinyg, each
varblog¢k corresponds to its top-left block. For each varblock of size w x g, ¢overing num blocks = (f§ / 8)
* (H 8)lﬂOCkS,ﬂNEdecoderreadsanintegernon_zerosLmingDecodeHybridVarLenUint(NonZerosContex
t (PredfictedNonZeros (x, y)) + offset).The decoder then sets the Nehzeros (x, y) value for each hlock in
the cuifrent varblock as follows: for each i in [0,w / 8)and j in [0, €,/ 78), Nonzeros (x + i, y + j) issetto
(non_zpros + num blocks - 1) Idiv num_blocks.Letsize = Wa* H.ForlthltherangeIﬁum_blocks,size}
the deqoder reads an integer ucoeff from the codestream, using becodeHybridvarLenUint (CoeffidientCo
ntext (k, non zeros, num blocks, size, prev) + offset), where prev is computed as specified in the
following code:
if (k F= num blocks) {

if (hon_zeros > size / 16) prev = 0;

else| prev = 1;
} elsel {

if (| [decoded coefficient at position k' - 1) is 0]]) prev = 0;

else| prev = 1;
}
The defoder then sets the quantized HF coefficient in the position corresponding to index order(p]|(s] [c]
[k] to unpackSigned (ucoeff), whete p is the index of the current pass and s and c are the Order|ID and
currenf channel index as above: [fucoeff != 0, the decoder decreases non zeros by 1. If non zeros feaches
0, the decoder stops decoding\further coefficients for the current block.
If this is not the first pass,the decoder adds decoded HF coefficients to previously-decoded ones.
I.5 Adaptive quantization
I.5.1 [General
In var-BeFmederquantized L and Hicoefficients-gXg¥and-gBare-convertedinteo-valuesdxXd¥and dB as
specified in 1.5.2 and L.5.3, respectively.

1.5.2

LF dequantization

If the kUseLfFrame flag in frame header is set, this subclause is skipped for that frame. Let mxpc, mydc and
mBDC be the three per-channel LF dequantization multipliers (see G.1.2).

For each LF group, the dequantization process is influenced by the number extra precision, as described in
G.2.3. Dequantized values are computed from the quantized values qx, qv, g8 in LfQuant (G.2.2) as specified
by the following code:
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dB
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mXDC * gX / (1 << extra precision);
mYDC * gY / (1 << extra precision);
mBDC * gB / (1 << extra precision);

After dequantizing LF coefficients and applying chroma from luma (L.6), the decoder applies the following
adaptive smoothing algorithm, unless the kSkipAdaptiveLFSmoothing flag is set in frame header. If this
adaptive smoothing procedure is applied, no 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
0.05226273532324128 for the current sample s, 0.20345139757231578 for horizontally/vertically adjacent
samples, and 0.0334829185968739 for diagonally adjacent samples. Let gap = max(0.5, abs(way - syx)/mxDC,

abS(wa\

Aftera
coeffic
LF ima

1.5.3

= sy)/mYDC, abs(wapg — sg)/mBDC). The smoothed valuel1s (wa - s) * max (0, 3 - 4 * gap)

pplying this smoothing, the decoder uses the process described in 1.8 to compute the top-left’x
ents of each varblock of size X x Y, using the corresponding x/8 x v/8 samples from theldequ

be.

HF dequantization

Every quantized HF coefficient quant is first bias-adjusted as specified by the following code, depen

its chai
oim =

if (ab
else ¢

The re

inel (0 for X, 1 for Y or 2 for B).
hetadata.opsin inverse matrix;

5 (quant) <= 1) quant *= oim.quant bias[channel];
hant -= oim.quant bias numerator / quant;

sulting quant is then multiplied by a per-block multiplierul based on the value of HfMul

coordinates of the 8 x 8 rectangle containing the current sample: Mmu1 = (1 << 16) / (quantizer.dg

scale
2) and

The fin
transfa

.6 (
This cl

Each X
chromj
(compy
specifi
kX

kB
Y

b
b

dx|
dB

>
[l

B

For LF

ayy

< Bfmul). For the X and B channels, it is then multiplied by by pow (0.8, frame header.x gm S
pow (0.8, frame header.b gm scale - 2),respecﬁvebn

al dequantized value is obtained by multiplying the result by a multiplier defined by the chan
rm type and the coefficient index inside thewarblock, as specified in 1.2.4.

hroma from luma
huse is skipped if any channel is subsampled.

Y and B coefficient is reconstructed from the dequantized coefficients dX, dY and dB using :
from luma model. The(Teconstruction uses the colour correlation coefficient multipliers kX
ted from constants defined in 1.2.3) to restore the correlation between the X/B and the Y cha
bd by the followingleode:

bse correlatioh™ + x factor / colour factor;
bse correlafdon b + b factor / colour factor;

+ kX *NY;
+ kB Y,

5.

8XY/8
hntized

ling on

at the
lobal
cale -

nel, the

) linear
and kB
nnel, as

Coefficients, x factor and b_factor correspond to x factor 1f — 128 and b_factor 1f

respect

2-D]. ags. Tue.

factor and b_factor are values from xFromy and BFromy (G.2.4), respectively, at the coordinates of the 64 x
64 rectangle containing the current sample.
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I.7 Forward and inverse DCT

1.7.1

General

In kVarDCT mode, the decoder applies forward and inverse two-dimensional Discrete Cosine Transforms
as specified in 1.7.3, .8, and L.9. In these clauses, a matrix of size RxC refers to a matrix with R rows and C
columns.

1.7.2

One-dimensional DCT and IDCT

One-dimensional discrete cosine transforms and their inverses (DCT) are computed as follows. The input is

avecto

Letin 4

ou

The inv
ink

1.7.3

In thig
dimens
RxC m{

NOTE
varbloc

The in

followilng code:

if (C

else d
dctl t
dctl =
varblo

1.8 1

I of s1ze S, where s 1S a power of two.

nd out denote the inputs and outputs. Then the forward DCT transform is defined as:
1 s—-1 Tk 1
—_—— — 7 . ] . — J—
K s(k O'l'ﬁ)anom" cos( . [n+2)) (I
erse DCT transform (IDCT) is defined as follows:

=out +2;:1\/§-0utn -cos(ﬂ(k+%)) (I
= s

Two-dimensional DCT and IDCT

subclause, Transpose is the matrix transpose and_ €elumnIDCT/ColumnDCT performs
ional IDCT/DCT on each column vector of the given matrix as defined in 1.7.2. The DCT transfq
itrix DCT_2D(samples) is specified by the following code:

ColumnDCT (samples) ;

= Transpose (dctl) ;

ColumnDCT (dctl t);

R) result = Transpose (dct2);
Esult = dct?2;

The final Transpose ensures the DET result has the same shape as the original varblock if the
k has more columns than rows, and-has the shape of its transpose otherwise.

verse DCT (IDCT) to obtaifina’ RxC matrix of samples IDCT_2D(coefficients) is specified

R) dct2 = TranspeseJlcoefficients);
Ct2 = coefficients;
= ColumnIDCT (dct2) ;
Transpose (dc&lIt) ;
Ck = ColumnZDET (dctl) ;

LF coefficients from downsampled image

This s

image (IF), for each Dctselect value.

bclduse specifies how to obtain the low frequency DCT coefficients LLF from an 8 times downs

1y

2)

a one
rm of a

priginal

by the

hmpled

The input is a matrix with bwidth / 8 columns and bheight / 8 rows containing the LF coefficients, or
equivalently, the downsampled image. The possible values for bwidth and bheight are 8, 16, 32, 64, 128 and 256.

The output is a matrix with max (owidth, bheight) / 8 columnsand min (owidth, bheight) / 8 rows. Ifthe
caller requires a matrix of a larger size, the decoder zero-initializes the other elements. The following code
specifies the function scaler.

ScaleF

(c, b) {

inverse scale f = cos(c * pi / (2 * b)) * cos(c * pi / b) * cos(2 * ¢ * pi / b);
return 1 / inverse scale f;
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For pctselect types DCT8x8, DCT8x16, DCT8x32, DCT16x8, DCT16x16, DCT32x8, DCT32x16, DCT32x32,
DCT32x64, DCT64%x32, DCT64x64, DCT64x128, DCT128%x64, DCT128x128, DCT128x256, DCT256x128, and
DCT256x256 the output is computed as specified by the following code:

cx = max (bwidth, bheight) / 8;
cy = min (bwidth, bheight) / 8;
dc = DCT_ 2D (input);
for (y = 0; yv < cy; y++)
for (x = 0; x < cx; x++)
output (x, y) = dc(x, y) * ScaleF(y, cy) * ScaleF(x, cx);

For pctselect types Hornuss, DCT2x2, DCT4x4, DCT8x4, DCT4x8, AFV0, AFV1, AFV2, AFV3, the output is
equa] tpthe input

1.9 (oefficients to samples

[.9.1 |General

Each of the subsequent subclauses in 1.9 specifies how the decoder converts the coeffi¢ients to pixeld where
Dctselkct matches one of the types listed in the heading of the subclause.

1.9.2 |DCTRxCwithR,C=8

The R x|C matrix of samples are obtained using samples = IDCT 2D (coefficients) forabpctselect value of JCTRxC.

1.9.3 [DCT2x2

The samples of a DCT2x2 varblock are computed from an 8x8Wblock of coefficients. auxIDCcT2%2 (block, s) is
specified by the following code, in which block is a matrix of'size SxS, and S is a power of two:

AuxIDC|r2x2 (block, S) {
resullt = block;
num Px2 =S / 2;

for [(y = 0; y < num 2x2; y++)

fof (x = 0; x < num 2x2; x++) {
C00 = block(x, V)’
01 = block(num 2x2 + x, y);
10 = block(x, y + num 2x2);
11 = block(num 2x2 + x, y + Hum 2x2);
00 = c00 4+ c01 + cl0 + cIvi;
r01l = c00 + c01 - cl0 7¢il;
10 = c00 - c01 + clQ™—+=C11;
r1l = c00 - c01 - ¢d0™+ cl1;
result(x * 2, y *%2)/= r00;
result(x * 2 + 1Ny * 2) = r01;
result(x * 2,y 2 + 1) = rl0;
result(x * 2N/J1, vy * 2 + 1) = rll;

retufrn resulty

}

When plock is larger than SxS, auxipct2x2 modifies only the top-left SxS cells. In that case, the decoder
copies therest of the cells from block to result, The inverse DCT2x2 is specified by the following codé:

block AuxIDCT2x2 (block, 2);
block AuxIDCT2x2 (block, 4);
samples = AuxIDCT2x2 (block, 8);

1.9.4 DCT4x4

The samples are computed from the 8x8 coefficient matrix as specified by the following code, in which b1ock
is a 4x4 matrix, and sample is the answer represented here as a 2x2 matrix whose elements are 4x4 matrices.

dcs = AuxIDCT2x2 (coefficients, 2);
for (y = 0; yv < 2; y++)
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for (x = 0; x < 2; x++) {
for (iy = 0; iy < 4; iy++)
for (ix = (iy == 0 2 1 : 0); ix < 4; ix++)
block(ix, 1y) = coefficients(x + ix * 2, y + iy * 2);
block (0, 0) = dcs(x, V)7
sample (x, y) = IDCT 2D(block):;

}

The decoder re-shapes the sample array to an 8x8 matrix using result (4 * i + k, 4 * j + L) = sample (i,
jl k! L) -

1.9.5 Hornuss

The 8xB input coefficients are transformed to 8x8 samples as specified by the following code:

dcs = PuxIDCT2x2 (coefficients, 2);
for (yl= 0; y < 2; y++)
for [(x = 0; x < 2; x++) {
blpck 1f = dcs(x, y);
repidual sum = 0;
fof (iy = 0; iy < 4; iy++)

for (ix = (iy == 0 2 1 : 0); ix < 4; ix++)
residual sum += coefficients(x + ix * 2, y + iy * 2);
safpple(4 * x + 1, 4 * y + 1) = block 1f - residual sum / 16.0;
fof (iy = 0; iy < 4; iy++)
for (ix = 0; ix < 4; ix++) {
if (ix == 1 and iy == 1) continue;
sample(x * 4 + ix, y * 4 + iy) =

coefficients(x + ix * 2, y + iy * 2) +
sample(4 * x + 1, 4 * y + 1);
t
sajpple (4 * x, 4 * y) =
coefficients(x + 2, y + 2) + sample(4 * x + 9% 4 * y + 1);
}

1.9.6 |DCT8x4

The 8xB samples are reconstructed from the 8x8\coefficients by dividing them into two 8x4 vertical blocks
samplef 8x4, as specified by the following code)jin which coeffs 4x8 denotes a temporary 4 x 8 matifix.

coef0 F coefficients (0, 0); coefl = coefficients (0, 1);
dcs = [[coefO + coefl, coefl - coefi};
for (x|= 0; x < 2; x++) {
coefffs 8x4(0, 0) = dcs[x];
for |(iy = 0; iy < 4; iy++)
fofp (ix = (iy == 0 ?2 1 =9 ; ix < 8; ix++) {
Coeffs 4x8(ix, 1y) = edefficients(ix, x + iy * 2);
}
sampfles 8x4[x] = IDGTT2D(coeffs 4x8);
}

1.9.7 [DCT4x8

The 8xB samplesare reconstructed from the 8x8 coefficients by dividing them into two 4x8 horizontal blocks
samplel 4x8;as specified by the following code, in which coeffs 4x8 denotes a temporary 4 x 8 matrjx.

coef0 Flepefficients (0, 0); coefl = coefficients (0, 1);
dCS = {Coelu + Coell, COCLU = COCLL1l},
for (y = 0; y < 2; y++) |
coeffs 4x8(0, 0) = dcsl[yl;
for (iy = 0; iy < 4; iy++)
for (ix = (iy == 0 2 1 : 0); ix < 8; ix++)
coeffs 4x8(ix, 1y) = coefficients(ix, y + 1y * 2);

samples_4x§[y] = IDCT 2D (coeffs 4x8);
}

1.9.8 AFVO, AFV1, AFV2, AFV3

The 8x8 samples are reconstructed from the 8x8 coefficients by dividing them into two 4x4 square
blocks and one horizontal 4x8, as specified by the following code. Four temporary 4x4 matrices coeffs
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afv, samples_afv, coeffs 4x4 and samples 4x4, as well as two temporary 4x8 matrices coeffs 4x8, and
samples 4x8 are used. The values of flip xand flip y are defined as follows: for AFVn, f1ip xis equal ton
& 1andf11pfylsequalt0n Idiv 2.

coeffs afv[0] = (coefficients(0, 0) + coefficients(0, 1) + coefficients(l, 0)) * 4.0;
for (iy = 0; iy < 4; iy++)
for (ix = (iy == 0 2 1 :
coeff afv[iy * 4 + ix]

0); ix < 4; ix++)
for (iy = 0; iy < 4; iy++) {
)

coefficients(ix * 2, iy * 2);

for (ix = 0; ix < 4; ix++) {
sample = 0;
for (3 = 0; j < 16; ++J) sample += coeff afv[j] * AFVBasis[]j][iy * 4 + ix];

samples afv(ix, iy) = sample;

}
}
for (iy = 0; iy < 4; iy++)
(

for x = 0; ix < 4; ix++)
saiples (flip x * 4 + ix, flip y * 4 + 1iy) =
samples afv(flip x == 1 ? 3 - ix : ix, flip y ==1 2 3 - iy : 1iy);
coeffs| 4x4 (0, 0) = coefficients (0, 0) - coefficients(l, 0) + coefficients (0, 1);
for (iy = 0; iy < 4; iy++)
for [(ix = (iy == 0 2 1 : 0); ix < 4; ix++)
copffs 4x4(ix, 1y) = coefficients(ix * 2 + 1, iy * 2);

samplep 4x4 = IDCT 2D (coeffs 4x4);
for (iy = 0; iy < 4; iy++)
for |[(ix = 0; ix < 4; ix++)
sapples ((flip x == 1 2 0 : 4) + ix, flip y * 4 + iy) =
samples 4x4 (ix, 1y);

coeffs| 4x8 (0, 0) coefficients (0, 0) - coefficients (0, 1);
for (i = 0; iy < 4; iy++)
for [(ix = (iy == 0 2 1 : 0); ix < 8; ix++)
copffs 4x8(ix, 1iy) = coefficients(ix, 1 + iy * 2);
samplep 4x8 = IDCT 2D (coeffs 4x8);
for (i = 0; iy < 4; iy++)
for |[(ix = 0; 1ix < 8; ix++)
sapples (ix, (flip y == 1 2 0 : 4) + 1iy) = samples 4x8(ix, 1iy);

The ARV transform uses the following orthonormalbasis:

arvBasfis (161 [16] = { {0.25, 0.25, 0.25, 0.25,°0:25, 0.25, 0.25, 0.25, 0.25, 0.25, 0.25, 0.25, 0.25, 0.2p, 0.25,
0.25}, {0.876902929799142 0.2206518106944235, -0.10140050393753763, -0.1014005039375375,
0.2206p18106944236, -0.10140050393753777, -0.10140050393753772, -0.10140050393753763,
-0.10140050393753758, -0.10140050393753769, -0.1014005039375375, -0.10140050393753768,
-0.10140050393753768, -0.10140050393753759, -0.10140050393753763, -0.101400503937p3741},
{0.0, 0.0, 0.40670075830260755, 0.44444816619734445, 0.0, 0.0, 0.19574399372(42936,
0.2929[100136981264, -0.40670075830260716, -0.19574399372042872, 0.0, 0.11379074460448091,
-0.44444816619734384, ~0.29291001369812636, -0.1137907446044814, 0.0}, {0.0, 0.0,
-0.212p5748058288748,.0.3085497062849767, 0.0, 0.4706702258572536, -0.1621205195722993, 0.0,
-0.212p5748058287047, -0.16212051957228327, -0.47067022585725277, -0.1464291867126764,
0.3085497062849487, 0.0, -0.14642918671266536, 0.4251149611657548,}, {0.0, -0.7071067811865474,
0.0, 0.0, 0.707106Y811865476, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0}, {-0.4105377591765233,
0.6235§185373547691, -0.06435071657946274, -0.06435071657946266, 0.6235485373947694,
-0.064B5071657946284, -0.0643507165794628, -0.06435071657946274, -0.06435071657946272,
-0.064B5671657946279, -0.06435071657946266, -0.06435071657946277, -0.06435071657946277,
-0.06435071657946273,-0.06435071657946274,-0.0643507165794626},{0.0,0.0,-0.4517556589999482,
0.15854503551840063, 0.0, -0.04038515160822202, 0.0074182263792423875, 0.39351034269210167,
-0.45175565899994635,  0.007418226379244351,  0.1107416575309343,  0.08298163094882051,
0.15854503551839705, 0.3935103426921022, 0.0829816309488214, -0.45175565899994796}, {0.0, 0.0,
-0.304684750724869, 0.5112616136591823, 0.0, 0.0, -0.290480129728998, -0.06578701549142804,
0.304684750724884, 0.2904801297290076, 0.0, -0.23889773523344604, -0.5112616136592012,
0.06578701549142545, 0.23889773523345467, 0.0}, {0.0, 0.0, 0.3017929516615495,
0.25792362796341184, 0.0, 0.16272340142866204, 0.09520022653475037, 0.0, 0.3017929516615503,
0.09520022653475055, -0.16272340142866173, -0.35312385449816297, 0.25792362796341295,
0.0, -0.3531238544981624, -0.6035859033230976,}, {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,
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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, -O0. 07946706605909573 -0. 4613374887461511 -0.13813540350758294,
-0.079 0303805,
-0.461B374887461554, O 12538059448564315 -0. 13813540350758452} {0.0, 0 0,-0. 17437602599 51067,
0.0702f90691196284, 0.0, -0.2921026642334881, 0.3623817333531167, 0.0, -0.1743760259965108,
0.3623B173335311646, 0.29210266423348785, -0.4326608024727445, 0.0702790691196281§, 0.0,
-0.432p608024727457, 0.34875205199302267,}, {0.0, 0.0, 0.11354987314994337, -0.07417504595810355,
0.0, 0.19402893032594343, -0.435190496523228, 0.21918684838857466, 0.11354987314994257,
-0.435[904965232251,  0.5550443808910661, -0.25468277124066463, 9:07417504595810233,
0.2191868483885728, -0.25468277124066413, 0.1135498731499429} }.
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Annex ]
(normative)

Restoration filters

J.1 General

The defoder supports two kinds of restoration filters: a Gabor-like transform and an edge-preserving filter.
The frgme header (see F.2) contains a restoration filter bundle, which is defined in Table J.1.
Table J.1 — RestorationFilter bundle
condition type default name
Boo]() true all default

'all default Bool() true gab

gab Bool() false gab custom

gab_cystom F16() 0.115169525 gab_x_weightl

gab cystom F16() 0.061248592 gab x weight2
gab_cystom F16() 0.115169525 gab_y weightl
gab_cystom F16() 0.061248592 gab_y weight2
gab_cystom F16() 0:115169525 gab b weightl
gab_cystom F16() 0.061248592 gab_b_weight?2

'all default u(Z) 2 epf iters

'all default and epf iters and Bool() false epf sharp custom
encoding ==KkVarDCT

epf sllarp custom F16() {0, 1/7, 2/7, 3/7, 4./7, 5/7, epf sharp lut[8]

6/7,1}

'all default and epf iters Boo]() false epf weight custom

epf _wqight custom F16() {40.0, 5.0, 3.5} epf channel scalel(jl]
epf wdqight custom u(32) 0 (ignored)

'all default and epf itecs Bool() false epf sigma custom

epf sigma custom andlehcoding == F16() 0.46 epf_quant_mul
kVarD(CT

epf sigma custom F16() 09 epf pass0 sigma scgle
epf sigma cuskom F16() 6.5 epf pass2 sigma scgle
epf_sigma, Cwstom F16() 2/3 epf border_ sad mul
'all default and epf iters and F16() 1.0 epf sigma for modular
encodirs—=kMeodwlar

'all default Extensions extensions

gab and epf_iters determine whether the Gabor-like transform (].3) and the edge-preserving filter (].4) are
applied. The other fields parameterize any enabled filter(s).

If restoration filter.gab, a convolution is applied to the entire frame as defined in [.3.

If restoration filter.epf iters, an edge-preserving adaptive filter is applied to the entire frame
immediately after applying the Gabor-like transform, as defined in ].4.
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In the case where frame header.do_vCbcCr, any subsampled channels (according to frame header.jpeg
upsampling are first upsampled as specified in J.2, before any restoration filter is applied.

J.2 Simple upsampling

Horizontal (vertical) upsampling is defined as follows: the channel width (height) is multiplied by two
(but limited to the image dimensions), and every subsampled pixel 8 with left (top) neighbour a and right
(bottom) neighbour c is replaced by two upsampled pixels with values 0.25 * a + 0.75 * Band 0.75 * B
+ 0.25 * c.Atthe image edges, the missing neighbors are replicated from the edge pixel, i.e. the mirroring
procedure of 5.2 is used.

NOTE This upsampling procedure corresponds to the so-called “triangle filter” that is commonly impleménted in
existing JPEG image decoders.

J].3 (Gabor-like transform

In this|subclause, C denotes x, y, or b according to the channel currently being precessed. The decoder
applieq a convolution to each channel of the entire image with the following symmetric 3x3 kernmel: the
unnortpalized weight for the center is 1, its four neighbours (top, bottom, Jeft/right) are restogation
filter| gab C weightl and the four corners (top-left, top-right, bottom-left, bottom-right) are restoqation
filter| gab C weight2. These weights are rescaled uniformly before convolution, such that the ning kernel
weightk sum to 1.

When the convolution references input pixels with coordinates <& cy outside the bounds of the griginal
image, the decoder instead accesses the pixel at coordinates Mipxor)(cx, cy) (5.2).

J.4 HKdge-preserving filter

].4.1 |General
In this pubclause, rf denotes restoration filtet:

The filter is only performed if rf.epf iterst— o.Ifitis performed, the filter operates in up to threg steps.
The oufput of each step is used as an input-for the following step.

In each step, an L1 distance metricis defined as specified in ].4.2. It is used to compute weights fpr each
referer]ce pixel (].4.3), and then the'pixel is updated using a weighted average (].4.4).

The firpt step is only done if«vf7epf iters == 3. In this step, for each reference pixel, the filter outputs a
pixel which is a weightedSum of the reference pixel and each of the twelve neighbouring pixels that have a
L1 distpnce of at most 2.

The se¢ond step is always done (if rf.epf iters > 0).In this step, for each reference pixel, the filter gutputs
a pixel which is aweighted sum of the reference pixel and each of the four neighbour pixels (top, bottpm, left
and right of thexcarrent one).

In both the flrst and the second step, the dlstance for each welght is computed over two cross shapes
consisting’o S p, bottc 3 A and the
pixel correspondlng to the Welght

The third step is only done if rf.epf iters >= 2. In this step, for each reference pixel, the filter outputs a
pixel which is a weighted sum of the reference pixel and each of the four neighbour pixels (top, bottom, left
and right of the current one). The distance for each weight is computed based on the reference pixel and the
pixel corresponding to the weight.

In this subclause, the filter may reference guide or input pixels with coordinates cx, cy outside the valid
bounds. The decoder behaves as if every such access were redirected to coordinates Mirror (cx, cy) (5.2).
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Distances

For a reference pixel in position (x, v), the decoder computes the distance value for the given neighbouring
pixel in position (x+cx, y+cy) as specified by the following code, in which sample (x, y, c) isthe sample in

channe

| c of the image in coordinates (x, y).

DistanceStepOandl (x, y, cx, cy) {

dist
for

= O; coords = { {Ol O}l {_11 O}I {11 O}I {OI _1}1 {Ol 1} };
(c = 0; c < 3; c++) |

for (/* (ix, iy) in coords */) {
dist += abs(sample(x + ix, y + iy, c) -

}

sample(x + cx + ix, y + cy + 1y, c)) * rf.epf channel scalelc];

}

retufn dist;

}

DistangeStep2(x, vy, cx, cy) {

dist
for

dipt += abs(sample(x, vy, c) -

}

retufn dist;

}
J.4.3

The conpvolution kernel for each reference pixel is determined by the five.weights of its neighbours an

refererjce pixel, computed using a decreasing function weight () spéeified by the following code:
Weight|(distance, sigma) {

step|= /* 0 if first step, 1 if second step, 2 if third step */;

step| multiplier = 1.65 * {rf.epf passO0 sigma scalé\Jl, rf.epf pass2 sigma scale};

if (f* either coordinate of the reference sample@is 0 or 7 UMod 8 */)

position multiplier = rf.epf border sad mul?y

else| position multiplier = 1;

inv_pigma = step multiplier[step] * 4 * (1 (7 sqrt(0.5)) / sigma;

scalpd distance = position multiplier * distance;

v = [L - scaled distance * inv_ sigma;

if (f <= 0) return 0;

retufn v;
}
Let quantization width and sharpriess denote the values of mul (as defined in [.5.3) and sharpness (3
the codrdinates of the 8 x 8 rectangle containing the reference pixel.
sigma i then computed as specified by the following code if the frame encoding is kVarDCT, else it i
rf.epf| sigma for modulde:
sigma [ quantizatienywidth * rf.epf quant mul;
sigma f= rf.epf sharp lut[sharpness];
If sigmp < 0.3 fona-given varblock, the decoder skips all steps on the pixels of that block: for each s
output|samples.are the same as the input sample in the given block.
J.4.4 | Weighted average

= 0;
(c = 0; ¢ < 3; c++) {

sample (x + ¢cx, y + cy, c)) * rf.epf channel scalelc];

Weights

d of the

.2.4) at

S set to

ep, the

The output of each step of the filter is computed as specified by the following code, in which sigma is the
sigma value for the block containing sample (x, y), and input (x, y, c) isthe input sample in channel ¢ and
position (x, y).

if (/*

kernel coords =

} else

step 0 */) {

{ {0, 0}, {-1, O}, {1, O}, {O, -1}, {O, 1},
{17 71}/ {1/ 1}/ {717 1}7 {711 71}! {721 O}I
{2, 0}, {0, 2}, {0, -2} };

{

kernelicoords = { {O( O}/ {71/ O}/ {1/ O}/ {O/ 71}( {O( 1} };

}

sum_we

ights = 0;
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