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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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of document should be noted. This document was drafted in accordance with the editorial rules of the ISO/
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Information technology — JPEG XL image coding system —

Part 1:

Core coding system

1 Scop

This docum
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ITU-R BT.7
exchange
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ent specifies a set of compression methods for coding one or more images of bi-level,
ale, or continuous-tone colour, or multichannel digital samples.

ent:
bs decoding processes for converting compressed image data to reconstructed image
bs a codestream syntax containing information for interpretingthe/compressed imag

s guidance on encoding processes for converting source image data to compressed ir

ative references

g documents are referred to in the text in such@way that some or all of their content
ts of this document. For dated references, only:the edition cited applies. For undated
lition of the referenced document (including.any amendments) applies.

|, Image technology colour management “<= Architecture, profile format and data structu
(C.1:2022

h59, Information technology — Microprocessor Systems — Floating-Point arithmetic

-1, Multimedia systems andequipment — Colour measurement and management — Par
100-2, Image parameter values for high dynamic range television for use in prod
1l programme exchange

09-6, Parameter values for the HDTV standards for production and international

D32:2016, Brotli Compressed Data Format

SMPTE ST 1

rontinuous-
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b data;

nage data.

constitutes
references,

re — Part 2:

t 2-1: Colour

luction and

brogramme

128-1, D-Cinema Distribution Master — Image Characteristics

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the pur

poses of this document, the following terms and definitions apply.

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

IEC Ele

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

ctropedia: available at https://www.electropedia.org
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3.11
bitstream

sequence of bytes

3.1.2
codestream

ISO/IEC 18181-1:2024(en)

bitstream representing compressed image data

3.1.3
bundle

structured data consisting of one or more fields

3.1.4
field

numerical yalue or bundle, or an array of either

3.1.5
histogram

array of unpigned integers representing a probability distribution, used for entropy-coding

3.2 Inputs

3.21
pixel

vector of 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

3.24
sample grid

common cdordinate system for all samples of an image, with top-left coordinates (0, 0), the first]
increasing fowards the right, and thesecond increasing towards the bottom

3.2.5

channel cdqmponent
rectangular array of samples-having the same designation, regularly aligned along a sample grid

3.2.6
rectangle

rectangular areawithin 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

3.29
frame

coordinate

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
2


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

ISO/IEC 18181-1:2024(en)

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 pictures and timing delays to display as a video medium

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

3.2.14
composite
series of images that are superimposed

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

3.2.16

preview
lower-fidelity rendition of one of the frames (e.g., lower resplution), or a frame that represents the entire
content of g1l frames

3.3 Procagesses

3.3.1
decoding process
process whiich takes as its input a codestreaniand outputs an image

3.3.2
decoder
embodiment of a decoding process

3.3.3
encoding process
process whiich takes as its input image(s) and outputs compressed image data in the form of a coglestream

3.34
encoder
embodimeTt oflan encoding process

3.3.5
lossless
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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3.3.8
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downsampling
procedure by which the spatial resolution of a channel is reduced

3.39

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

3.3.10

entropy encoder
embodiment of an entropy encoding procedure

3.3.11

entropy de
lossless pr
entropy en

3.3.12
entropy de

embodiment of an entropy decoding procedure

3.3.13
channel de
method of 1

3.3.14
channel co
factor by W
decorrelati

3.3.15
VarDCT
lossy encod

3.3.16
quantizati
method of §

3.3.17
quantizati
factor that 3

3.4

3.4.1
raster ord

Image and codestream organization

coding
pcedure which recovers the sequence of symbols from the sequence of bits produ
foder

coder

correlation
educing total encoded entropy by removing correlations between channels

rrelation factor
hich a channel should be multiplied by before adding it to another channel to undo
bn process

ing of a frame that applies DCT to varblocks

pn
educing the precision of (DCT) coefficients

pn weight
quantized coeffi€ient is multiplied by prior to application of the inverse DCT in the decod

e

access patt

ced by the

he channel

ling process

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

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,

3.4.3
block

respectively

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

3.4.4
varblock

variable-size rectangle of one or more blocks

© ISO/IEC 2024 - All rights reserved
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3.4.5
group

ISO/IEC 18181-1:2024(en)

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

3.4.8

coefficient;
input value

3.4.9
pass
data enabli

3.4.10
LF group
LF values f1

3.5 Abbi

DCT
HF
IDCT
LF
RGB

XYB

4 Conve

4.1 Mathematicalsymbols

to the inverse DCT

hg decoding of successively more detail

om a naturally aligned rectangle covering up to 2n*3 x 2n+3 inpGt pixels

r‘eviated terms

liscrete cosine transform (as specified in 1.7)

1l DCT coefficients apart from the LF coefficients, i.e. the high frequency coefficients
nverse discrete cosine transform (as specified in 1.7)

owest frequency coefficients of DCT ceefficients, i.e. block averages

hdditive colour model with red, gréen, blue channels

bf cone cells in the human:eye), in which X is derived from the difference between L
breen), Y is an average of L and M (behaves similarly to luminance), and B is derived fx

ntions

hbsolute colour space basedwon gamma-corrected LMS (a colour space representing tle response

hind M (red-
om S (blue)

5 X (depend-

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

{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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4.2 Functions

ISO/IEC 18181-1:2024(en)

pow (%, y) 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) = ijxe_tz dt

Jr Jo

log (%) naturallogarithm of « Undefined for < <= ¢

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

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

ceil (x) the smallest integer that is greater than or equal to x.

abs (x) absolute value of x: equal to -x if x < 0, otherwise x:

sign(x) sign of x, 0 if x is 0, +1 if x is positive, -1 if x iS'ne€gative.

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

sum(a) 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.

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

clamp(x, lo, hi) equivalent to min\(fax (1o, x), hi).

InterpretAsF16 (u) the real number resulting from interpreting the unsigned 16-bit infeger v as a
binary16floating-point number representation (cf. ISO/IEC 60559)

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

NarrowToI3Z (x) the signed 32-bit integer corresponding to the 32 least significant bits|of the two's
complement representation of x

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

4.3 Operators

This document uses the operators defined by the C++ programming language (ISO/IEC 14882), with the

following differences:

/

<<

>>

Umod

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

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

I‘ight shift: x >> sis defined as floor(x / pow (2,s))

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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Idiv

and

or

ISO/IEC 18181-1:2024(en)

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).

Table 1 — Operator precedence

4.4 Pseu

This docunj
// Informd
var =
if (var =4
/* Normat i
(outl, out

Variables s
The seman

Symbo

u (8)];

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

[}

logical/bitwise NOT

right to left

*, /, Idiv, Umod

multiplication, division, integer division, remainder

left to right

+, -

addition and subtraction

left to right

<<, >> left shift and right shift left to right
<, >, <=, >=, ==, |= 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 assignmeint right to left
docode

ent describes functionality-using pseudocode formatted as follows:

tive comment

’

1) return;

[ve specificatiqh®
Functionf(vat,

2) =

// Stp executing this code snippet
var != 0 */

kConstant) ;

ich as varaaretypically referenced by text outside the source code.

ics of.this'pseudocode are those of the C++ programming language (ISO/IEC 14882),

sfrom 4.1 and functions from 4.2 are allowed,;

bxcept that:

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

/* */ enclose normative directives specified using prose;

All integers are stored using two’s complement;

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

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 is defined as a two-dimensional array of pixels, and its width is width and height is height. Unless
otherwise mentioned, ‘raster order’ is used: left to right column within the topmost row, then left to right

column wit]

A codestre:
or a compo
be blended

5.2 Mirrn

Some oper
decoder re
following ¢

MirrorlD (doord, size) {
if (coord < 0) return MirrorlD(-coord - 1, size);
else if |(coord >= size) return MirrorlD(2 * size - 4 %' coord, size);
else retlurn coord;

}

Mirror (x,
return

}

(

5.3 Groy

Channels ar
dimension
bottom of t
by cropping

LF groups likewise consist.of group dim x group dim LF samples, with the possibility of a small

size on the

Groups can
to allow se

hin the row below the top, and so on until the rightmost column of the bottom row.

im may contain multiple image frames. These can constitute an animation (a sequenc
Site still image. Frames can have dimensions that differ from the image dimensions, a
over preceding frames. The frame that is being decoded is referred to as the current

oring

itions access samples with coordinates cx, cy that are outsidésthe current frame b
Hirects such accesses to a valid sample at the coordinategirror (cx, cy) as def
hde:

) |

MirrorlD(x, width), MirrorlD(y, hedight));

p splitting

elogically partitioned into naturally-aligned groups of group dimx group dimsamples.]]
bf a group (i.e. how many pixels to read) can be smaller than group dim for groups on
e image. The decoder ensures the decoded image has the dimensions specified in SizeH
at the right and bottom as necessary. Unless otherwise specified, group dimis 256.

right and bottom of the image.

be deceded independently. A 'table of contents’ (F.3) stores the size (in bytes) of
pking to any group. An optional permutation allows arbitrary reordering of groups

e of images)
nd they can
frame.

ounds. The
ined in the

he effective
the right or
eader (D.2)

er effective

each group
within the

codestreanr.

5.4 Codestream 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 alternative implementations shall duplicate.

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

Codestream overview

A.1 Codestream structure

The codestream consists of image headers (Annexes D and N) and an ICC profile, if present (E.4), followed

by one or nfore frames (Annex F), as shown in Table A.1. This table and those it references, togetljer with the
syntax des¢ription (B.1), specify how a decoder reads the headers and frame(s).
Table A.1 — Codestream structure
condition type name Annex
Headers |headers Annex D,
Aniex N
headers.m¢tadata.colour encoding.want icc 1éc E.A4
headers.m¢tadata.have preview Frame preview frame AnI]!eX F
Frame |frames[0] Annex F
for (i = 1; !frames[i - 1].frame header.is last; ++i) Frame frames[i] Anmex F
The previ¢w frame is a self-contained frame whose FrameHeader (F.2) specifies 1f level=0, frame
type=kRegularFrame and save as reference=0.
A.2 Decoding process
Annex B spgcifies how the decoder parses header information.
Annex C spgcifies how the decoder reads entropy-coded data.
After readipg the image header (Annexes D and E) and the frame header (Annex F), the decoder reads the frame
data (Annex G). The reconstruction of the decoded image can be viewed as a pipeline with multiple|stages.

Some Anne
in such an 4

Annex H sp
Annex | spe

The decodd

kes or subclausesbegin with a condition; the decoder only applies the processing step
Annex or subclduse if its condition holds true.

ecifies the’kModular frame encoding and Modular sub-bitstreams.

cifiesthe kVarDCT frame encoding.

s described

rapplies restoration filters as specified in Annex |.

The presence/absence of additional image features (patches, splines and noise) is indicated in the frame
header. The decoder draws these as specified in Annex K. Image features (if present) are rendered after

restoration
Finally, the

NOTE

filters (if enabled), in the listed order.

decoder performs colour transforms as specified in Annex L.

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

Header syntax

B.1 General

The codestream is organized into “bundles” consisting of one or more conceptually related “fie

Ids”. A field

can be a bundle, or an array/value of a type from B.2. The graph of contained-within relationshi
types of bupndles is acyclic. This document specifies the structure of each bundle using tab]es| st
in Table B.1|, with one row per field (in top to bottom order).

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

ps between
ructured as

condition default nam

type

false div8

Bool()

178 1+u(5) 0 h_div

1divs U32(1 +u(9),1+u(13),1+u(18), 1 + u(30) 8 * h_div8

height

u(3) 0 ratio

dijv8 and !ratio 1+u(5) 0

w_div

!div8 and !ratio d_width width

U32(1 +u(9), 1 +u(13), 1 + u(18),1 + u(30))

If the condition is blank or evaluates to true, the field with the name in the name column is re
codestream (B.1.1) according to the field type in the type column. Otherwise, the field is instead
to default vplue in the default column (B.1.2).

A condition of the form for (i = 0; conditiong; ++i) is equivalent to replacing this row with a
rows obtained from the current one by removing its condition and replacing the value of i in e
with the copsecutive values assumed by the'loop-variable i until condition is false. If conditio

false, the dqurrent row has no effect.

If name ends with [n] then the field-is a fixed-length array with n entries. If condition is blank g
to true, ea¢h array element is tead from the codestream (B.1.1) in order of increasing index.
each elemept is initialized tg"default (B.1.2). The name is potentially referenced in the condition
subsequenf row, or the condition of the same row.

B.1.1 Reading a field

If a field is|to be read from the codestream, the type entry determines how to do so. If it is 3

hd from the
| initialized

sequence of
ach column
h is initially

r evaluates
Otherwise,
or type of a

basic field
ng within a

type, it is read as descrlbed in B.2. Otherw1se type is a (nested) bundle denoted Nested re51d1
parent bunkde 3 A A
defining Parent in place of the row that deflned Nested Thls pr1nc1ple is applled recurswely, cor
to a depth-first traversal of all fields.

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, t
is blank and each field of the bundle is (recursively) initialized to the default specified within t
table. Otherwise, the field is set to default, which is a valid value of the same type.

© ISO/IEC 2024 - All rights reserved
11

ato the table
responding

hen default
he bundle’s


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

ISO/IEC 18181-1:2024(en)

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 subq

offset + u(n). The dO0, d1, d2, d3 parameters represent distributions.

U32(do, d1
u(2) from ¢
this distrib

Ifdis u, val
The resulti

NOTE T

EXAMPLE
field, the bit

B.2.3 U6

U64() read
first reads
Otherwise

value =
while
if

u
(u (4
(shiff
value
break;

}

value +35

}
EXAMPLE

B.2.4 F1¢
F16() read;

lause, “distribution” refers to one of the following three encodings of a range of value

d2, d3) reads an unsigned 32-bit integer value in [0, 232) as follows. The decoder f

he codestream indicating which distribution to use (0 selects d0, 2 seleets\d2 etc.). L
ution, which determines how to decode value.

ue is the integer u. If d is u(n), value is read as u(n). If d is offset + ufn), the decoder reac
hg value is (offset + v) Umod (1 << 32).

he value of u is implicitly defined and not stored explicitly in the codestream.

For a field of type U32(8, 16, 32, u(7)), the bits 10 result in\value
5 010111 resultin value 7.

(0

5 an unsigned 64-bit integer value in [0, 26%) using a single variable-length encoding. T
O u(2) selector s. If s == 0, valueis 0. Ms" == 1,valueis 1 +u(4).If s == 2, value i

[s == 3), value is read as specified by.the following code:

32.Fora U32(u(2), u(4

; shift
) |

0) {
) << shift;

12;

2) s =
== 1
== 6
4 // onkys4, we already read 60

[~ (]

1
)

t
=

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

The largestpossible value 264 - 1 is encoded as 73 consecutive 1-bits.

()
area) value in [-65504, 65504], as specified by the following code:

5: u, u(n), or

rst reads a
et d denote

), u(6), u(8))

he decoder
s 17 + u(8).

bitsl6

biased exp
value In

£

T

(bitslo >> 10) & Ox1F;
terpretAsF1l6 (bitslo);

L
sy

The value of biased exp is not 31.

NOTE T

his rules out NaN and infinities.

B.2.5 Bool()

Bool() reads a boolean valueasu (1) 2 true :

false.
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B.2.6 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

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 [lluminant E (equal-energy): 1/3, 1/3
kDCI 11 DCI-P3 from SMPTE ST 428-1: 0.314, 0.351

An enumer

hted type is interpreted as having the meaning of the row with the corresponding valu

in the name column (or where ambiguous, EnumTable.name) is an identifier used to refer'to g

enumerate

B.2.7 Ze1
The decodd

NOTE S

B.3 Exte
This bundl

l value, and begins with the letter Kk, e.g., KRGB.

oPadToByte()
r skips to the next byte boundary if not already at a byte boundary. All skipped bits h

nce any padding bits are zero, they can serve as an additional indicatof of codestream integr

nsions

e, specified in Table B.3, is a field in bundles (ImageMetadata, FrameHeader, Restor

which can e extended (cf. Annex N).

An extensig
identified b
where the i
denotes thg
are stored

extension ¥

Table B.3 — Extensions bundle

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

n consists of zero or more bits whose interpretation is established by Annex N. Each ¢
y an ext_idin the rangé [0, 63), assigned in increasing sequential order. extensions i
Lth bit (least-significant == 0) indicates whether the extension with ext id = i is pres
number of extensions present, i.e. number of 1-bits in extensions. Extensions that
n ascending order-of their ext id.extension bits[i] indicates the number of bits st
Vhose ext idw=1; starting after extension bits has been read. The decoder reads a

for all extesions which'are present.

b, The value
particular

hve value 0.

ty.

ationFilter)

extension is
5 a bit array
ent. NumExt
hre present
bred for the
1 these bits
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Annex C
(normative)

Entropy decoding

C.1 Overview

This Annex specifies an entropy decoder. Other Annexes and their subclauses indicate how it is used for

various ele

The codest

the decodel

and can be

The following variables (which are specified in the following clauses) are part ofcthe entropy dec

— num di
— num_cl
— 1z77,a
— cluste
— config
— use pr
— 1z len
— window
— num_to
— Ifuse j
— If tuse]

— 1lo

— as

— the
of

ments of the codestream.

updated during the decoding of the entropy-coded stream, as specified iniC.3.

5, the pre-clustering number of distributions (context identifiers), which is given;
isters, the post-clustering number of distributions;

bundle with LZ77 settings;

s [num_dist], describing the context clustering;

5 (num_clusters], hybrid integer configurations;

-fix code, a Boolean flag indicating if prefix‘coding or ANS is used;

| conf, a hybrid integer configuration used to decode LZ77 lengths;

refix code: a set of nun ¢rusters post-clustered prefix codes;
| prefix code, i.e. wHen'the stream uses ANS:

_alphabet sife,indicating the alphabet size of the entropy-coded ANS symbols;

alias-mdpping for each post-clustered distribution (1og bucket size, bucket siz
Fseit's, and cutoffs);

A

[1 << 20], the LZ77 window of préviously-decoded symbols (initialized to all zeroes);

rfeam contains multiple independently entropy-coded streams. During decoding'ef Sugh a stream,
maintains an entropy coder state, which is initialized as specified in C.2. This state hgs to persist

pder state:

| copy, copy pos, and num_decoded: counters used for copying symbols from the LZ77 window;

bt of num eMisters post-clustered probability distributions (1 << log alphabet sifel;

e, symbols,

— state, a 32 bitumnsignedinteger that represents the ANS state:

NOTE As an implementation optimization, the variables 1z len conf, window, num to copy, copy pos, and

num_decode

d can be ignored in case 1z77.enabled is false.

C.2 Distribution decoding

C.2.1 General

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 dist 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 specified in C.2.3.

sets log a
clustered d
HybridUindg

The decodg
true, then fi
=1+ (1

(implicitly
code iS falj

C.2.2 Dis

The probab
this clusten

The output
with values
num clustg

Ifnum_dist
skipped.

The decodsg
a u(2) repr
reads a u(n

Otherwise,
decoder us
distributio}
integer as s
the cluster

MTF (v [256]

phabet size to 5 + u(2); otherwise, it sets log alphabet size to 15. Thefr\for
istribution, in increasing order of index i in [0, num clusters), the decoderreads co
Config(log alphabet size) as specified in C.2.3.

r then reads num clusters post-clustered distributions p(i] as follows: If use pre
pr i in [0, num clusters):if Bool() is false, count[i] = 1, otherwise n="u(4)isread, ar
< n) + u(n), whichisatmost1 << 15.After reading the counts) the decoder read
lescribed by a prefix code) as specified in C.2.4, with alphabet 64 ze
e, the distributions are read as specified in C.2.5.

count[i].lfu

tribution clustering

ility distributions that symbols belong to can be clustered together. This subclause sp
ing is read by the decoder.

of this procedure is an array clusters with num _dist entries (one for each pre-cluster
in the range [0, num clusters). All integéfs in [0, num clusters) are present in this
rs < 256. Positioniin this array indicates that context i is merged into the correspong

== 1, then num_clusters 1.and clusters[0] 0, and the remainder of this S

r firstreads a Bool() is_sidple indicating a simple clustering. If is simpleis true, itth
esenting the number of bits per entry npits. For each pre-clustered distribution,
bits) value that indicates the cluster that the given distribution belongs to.

if is simple is,£alse, the decoder reads a Bool() use mtf. The decoder then initializ

1 decoding; 1277 .enabled is false. For each pre-clustered distribution i, the decod
pecified-itr C.3.3. Finally, if use mtf, the decoder applies an inverse move-to-front ty
mapping (see code below).

Shdex) { value v[index];

for (1 — indew. 4+ ——7) z[11 [ 11
7 7 ==t T e

InverseMoveToFrontTransform(clusters [num dist])

for (1
for (1
index
cluste
if
}
}

(index != 0)

v[0]

}

value;
{

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

0; 1 < num dist; ++i) {
clusters[i]; /* index < 256 */
mtf [index];

MTF (mtf,

rs[i]
index) ;

C.2.3 Hybrid integer configuration

rs clusters
he decoder
each post-
hfigs[i]

Fix code IS
ldcount[i]
s each D[1]
se prefix

ecifies how

bd context),
array, and
ing cluster.

ubclause is

en decodes
he decoder

bs a symbol

ng a single distribution D, as specified in C.2.1, where if num dist == 2 then in the recursive

br reads an
ansform to

The configuration for the hybrid unsigned integer decoder of C.3.3 is read from the bitstream as follows:

© ISO/IEC 2024 - All rights reserved
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ReadUintCo
config.s
if (conf

nbits

config.msb in token

/* con
nbits

config.lsb in token

} else {
/* confi
config.s
return c

}

ISO/IEC 18181-1:2024(en)

nfig(log alphabet size) {
plit exponent u(ceil (log2 (log_alphabet size + 1)));
ig.split exponent != log alphabet size) {
ceil (log2 (config.split exponent + 1));
u(nbits);
fig.msb_in token is <= config.split exponent */
ceil (log2(config.split exponent - config.msb in token + 1));
u(nbits);
config.msb in token 0; config.lsb in token 0; 1}
g.lsb in token + config.msb in token is <= config.split exponent */
plit 1 << config.split exponent;
onfig;

C.2.4 Histogram and prefix code

A Huffma
I[ETF RFC
encoding
parameter
== 1, wherj

A Huffman
reads a ser
codes asso
Format”) fd

C.2.5 AN

ANS probal
values in [
symbol prd
value resul

To decode 4
a prefix cog

table sizd
/* initiall

histogram stream stores metadata required for decoding a Huffman symbol d
932:2016 sections 3.4 (“Simple Prefix Codes”) and 3.5 (“Complex Prefix Codes’)
scription and definitions. The alphabet size mentioned in the RFC is explicitly 3
b 1phabet size when the histogram is being decoded, except in the special case of a1p
e no histogram is read, and all decoded symbols are zero without reading any bits at 3

symbol stream stores a sequence of unsigned integers (symbols). To®ead a symbol, {
es of bits via u(1), until the bits concatenated in left-to-right order-exactly match one ¢
fiated with the symbol. See IETF RFC 7932:2016 section 3.2 (“Use’of Prefix Coding i
r a detailed description of how to build the prefix codes from a‘Huffman histogram.

S distribution decoding

ilities distributions are represented as an array with 1 << log alphabet size ele
, 1 << 12], one per symbol, that sum to 1 <<, 9%2/i.e. they can be interpreted as r¢
babilities with an implicit denominator of 1.<<* 12. Indexing the array with an ou
s ina 0 value.

e’ refers to C.2.4):

reads an integer value in the~frange [0, 256) [1, 12) bits

) return O;
u(3); return u(n)

using

+

= (<€ n); }

1 << log alphabet ¥ize;
ize D as array with table size entries with value 0 */

tream. See
for format
pecified as
habet size

1.

he decoder
f the prefix
n the Brotli

ments with
bpresenting
t-of-bounds

distribution D, the decoder follows thefollowing procedure (where 'read a number dccording to

if (Bool ()] {
if (Bool()) { vl = U8 v2 = U8(); /* vl != v2 */
D[vl]e="d(12); D[v2] = (1 << 12) - D[vl];
alphabet size = 1 + max(vl, v2);
} else {| x = U8 D[x] = 1 << 12; alphabet size =1 + x; }
return;
}
if (Bool ()|) A
alphabet] siMe = U8 () + 1;
for (i = 0; 1 < alphabet size; 1I++) D[i] = (I << IZ) TIdiv alphabet size;
for (1 = 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

© ISO/IEC 2024 - All rights reserved
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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; i++) {
if (same[i] != 0) { numsame = same[i] - 1; prev =1 > 0 ? D[1 - 1] 0; 1}
if (numsame 0) { D[i] = prev: pumsame-—-: }
else {
code A logcounts([i];
if (i |7= omit pos || code == 0) continue;
else if (code == 1) D[i] = 1;
else {| bitcount = min(max (0, shift - ((12 - code + 1) >> 1)), code - 1);
D[i] = (1 << (code - 1)) + (u(bitcount) << (code - 1 - bitcount)hM }
}
total cqunt += D[i];
}
D[omit pod] = (1 << 12) - total count;
/* D[omit [pos] >= 0 */
C.2.6 Alias mapping
For a given jprobability distribution D of symbols in the range [0/1 << log_alphabet size), tables
offsets anfl cutoffs are initialized according to the code below:.
log bucket size = 12 - log alphabet size;

bucket sig
table sizsg
if (/* amd
s = /* i
for (i
symboll

}
return;

}

for (1 0
cutoffs.
if (cutd
else 1if (

}

for (1 al
cutoffs]
underfull

}
while (ovqg
/* under
o over

e = 1 << log bucket size;

1 << log_glphabeg_size;

unt of symbols with nonzero probabddity in D */ == 1) {
ndex of the symbol with nonzero pkxobability */;
0; 1 < table size; i++) {
s.push back(s); offsets.push Back (bucket size * 1i); cutoffs.push back(0);

; 1 < alphabet size; A%%) {

push back(D[i]); symbelds.push back(i);

ffs[i] > bucket size) overfull.push back(i);
cutoffs[i] < buecket size) underfull.push back(i);

lphabet size;\3& < table size;
1] 0;

i+4+) |

1.push bagk(1i) ;

rfullgsize() > 0) {

full.gize() > 0 */

full.back(); u = underfull.back(); overfull.pop back(); underfull.pop back

== 1

by = bu
cutoffs]|
if
else if

}

for
if

(i =20

}

(cutoffso]

(cutoffs[i]
else offsets[i]

}\ct DJ.. < TCOL LT [uJ
o] by; symbols[u]
< bucket size)

(cutoffs[o] > bucket size)

= 0; offsets[u] cutoffslo];
underfull.push back(o);
overfull.push back (o) ;

{
{ symbols([i]

; 1 < table size; i++)
== bucket size)
cutoffs[i];

i; offsets[i] 0; cutoffs[i] 0; }

of symbols,

~.

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 s

ize)andjﬂloffsetin[o,l << 12}
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) A

i = x >> log bucket size; 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

C.3.1 General

The decoder reads integer symbols from an entropy coded stream as specified in C.3.3. If use prefix code,
entropy coded symbols are read according to C.2.4, using the corresponding prefix code. Otherwise, they
are read according to C.3.2. In both cases the final decoded integers are reconstructed using a combination

of context-flependent entropy decoding (using a prefix code or ANS), raw bits (read directly fro

stream), an

C.3.2 AN

The ANS dg
the initial
0x130000. ]

The decodsd

index s
(symbol, d
state D

if (state

C.3.3 Hy

An unsignég
specified b
window[] i
unless othe

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

S symbol decoding

coder keeps an internal 32-bit unsigned integer state. Upon initialization of a new A
Falue of state is read as a u(32) from the codestream. At the end. P an ANS strea
here is only a single state variable per ANS stream; it is shared hetween different coi

ate & OxFFEF;

ffset) = D.AliasMapping(index) ;
symbol] * (state >> 12) + offset;
< (1 << 16)) state = (state << 16) | u(le6);

prid integer decoding

d integer is read from an entropy coded stteam given a pre-clustered context ident
Y DecodeHybridvarLenuint in the followilg code. num to copy is initialized to 0 an
initialized to all zeroes when the first symbol is decoded from the stream. dist mulf
rwise specified.

r decodes a symbol belonging to a given distribution D as specifiéd by the code below:

m the same

NS stream,

Im, state is

htexts.

ifier ctx as
H the array
iplieris O

ReadUint (donfig, token) {
if (tokgn < config.split) return token;
n = conflig.split exponent - confidg.msb in token - config.lsb in token +
((tdgken - config.split) >> (conflg msb 1n token + conflg lsb in _token));
/* n < 32 */
low = tdken & ((1 << config.isb in token) - 1);
token = [token >> config.¥sb in token,
token &4 (1 << config, msh in token) - 1;
token |H (1 << config\ msb_ln_token)
result H (((token «&™)) | u(n)) << config.lsb in token ) | low;
/* resullt < (1 <<{J32) */
return yesult;
}
kSpecialDilstanceés[120][2] = {
{0, 1}, I 0}, {1, 1}, {-1, 1}, {0, 2}, {2, O}, {1, 2}, {-1, 2}, {2, 1}, {-2, 1}{ {2, 2},
{-2, 2} /\‘"4+—3Fr—=—H+——+3—3——=——3—323F—=—=
{_31 2}/ {OI 4}/ {41 O}I {ll 4}/ {_ll 4}! {41 l}l {_41 l}l {31 3}/ {_31 3}! {21 4}!
{721 4}1 {41 2}1 { 4( 2}/ {O( 5}/ {3( 4}/ {73( 4}/ {4( 3}/ {741 3}1 {51 O}l {1l 5}1
{71/ 5}/ {5/ 1}/ { 5r 1}7 {27 5}r {72/ 5}/ {51 2}1 {757 2}7 {47 4}7 {741 4}1 {31 5}1
{_3/ 5}/ {5/ 3}/ { 5, 3}, {Or 6}, {61 O}r {lr 6}1 {_11 6}1 {61 l}l {_61 1}I {21 6}1
{_21 6}/ {61 2}/ {_61 2}! {41 5}! {_41 5}/ {5/ 4}/ { 5! 4}! {31 6}! {_31 6}/ {61 3}/
{761 3}1 {Ol 7}1 {71 O}l {1( 7}/ {711 7}1 {51 5}1 {75( 5}/ {7( 1}/ {771 1}1 {41 6%
{74/ 6}/ {6/ 4}/ {767 4}r {27 7}r {72/ 7}/ {71 2}1 { 7! 2}7 {37 7}7 {731 7}1 {71 3}1
{_7/ 3}/ {5/ 6}/ { 5, 6}, {61 5}, {_6/ 5}/ {81 O}I {41 7}1 {_41 7}1 {71 4}1 {_71 4}1
{81 l}l {81 2}! {6 6}! {_61 6}/ {8/ 3}/ {5/ 7}/ {_51 7}! {71 5}! {_71 5}/ {8/ 4}/ {61 7}/
{-6, 7}, {7, 6}, (-7, 6}, {8, 5}y, {7, 7}y, {=7, 7}, {8, 6}, {8, 7} };
DecodeHybridVarLenUint (ctx) {
if (num to copy > 0) { r = window[ (copy pos++) & OxFFFFF]; num to copy--; }
else {
token = /* Read symbol from entropy coded stream using D[clusters[ctx]] */;
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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 DecodeHybridVarLenUint (clusters[ctx]);
}
r = ReadUint (configs[clusters[ctx]], token);
}
window[ (jnum decoded++) & OXFFFFF] = r;

return 1

}

NOTE I is not necessarily the case that num to_ copy is zero at the end of the stream.
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Annex D
(normative)

Image header

The decoder 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

The signatfire consists of the fixed two-byte sequence 0xFroa, i.e. it is equalto the value 2815.

D.2 Image dimensions

Table D.2 specifies the SizeHeader bundle.

Table D.2 — SizeHeader bundle

condition type default name
BOOH) false div8
dijv8 1+u(5) 0 h div§
'divs U32(1 + u(9))1 +u(13), 1 +u(18), 1 + u(30)) 8 * h_div8 |height
u(3) 0 ratio
dijv8 and !'ratio 1-+u[5) 0 w_div§
'div8 and !ratio U32(1 +u(9), 1 +u(13),1 +u(18), 1 + u(30)) d_width width

The defaulyvalue d_width isdefined as (ratio

AspectRatilo is computed.asfollows:

0 2 8 * w div8

: AspectRatio (height, rat

L 0) ), where

AspectRatilo (heightySratio) {
if (ratiJo == 19Nreturn height;
if (ratijo =#2) return height * 6 Idiv 5;
if (ratio &38) return height * 4 Idiv 3;
if (ratiJons= 4) return height * 3 Idiv 2;
if (ratio == 5) return height * 16 Idiv 9;
if (ratio == 6) return height * 5 Idiv 4;
if (ratio == 7) return height * 2;
}
NOTE This encoding cannot represent a zero-width or zero-height image.

D.3 Image metadata

D.3.1 ImageMetadata

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.

© ISO/IEC 2024 - All rights reserved

20


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

ISO/IEC 18181-1:2024(en)

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 PreviewHeader preview
extra fields Boo](] false have animation
have animgtion AnimationHeader animation
lall defafplt BitDepth bit depth
'all defaplt Bool() true modular nhebi¥t buffers
lall defaglt U32(0, 1,2+ u(4-), 1+ u(lZ)) 0 num_ extxa
‘all_defaglt ExtraChannellnfo ec_info[num_extrq]
lall defaglt BOO](] true xyk encoded
fall defaplt ColourEncoding €¢olour encoding
extra fields ToneMapping tone mapping
‘all_defaplt Extensions extensions
Bool() default m
!default 1 and xyb encoded OpsinInverseMatrix opsin_inverse maffrix
!default i u(3) 0 cw_mask
BitSet (cw|mask, 1) F16() d up2 up2 weight[15]
BitSet (cw|mask, 2) F160 d up4 up4 weight [55]
BitSet (cw|mask, 4) F16O d up8 up8 weight[210]
Ifhave intf size,then intrinsic size denotes the recommended dimensions for displaying the image, i.e.
applicationf are advised to resample the decoded image to the dimensions indicated in intrinsifc size.
have previlew indicates whether the cagdestream includes a preview frame.
have animgtion indicates whether an AnimationHeader is included (animation) and whether FrpmeHeader
(F.2) includes timing information.
modular 1€oit buffers indicates whether signed 16-bit integers have a large enough range tp store and
apply inveylse transforms-to all the decoded samples in modular image sub-bitstreams (see Annex H). If

false, 32-bjit integer§drave to be used. In any case, signed 32-bit integers suffice to store decoded samples

in modula
intermedia

num_extra

each extra channel.

image\sub-bitstreams, as well as the results of inverse modular transforms. For §
e arithmetic (e.g., predictor computations), 64-bit arithmetic is needed.

ome of the

emantics 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,BorCh,Y,Cror(C,M,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_up2,
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 image
(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

orlentation 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 Pre¢viewHeader

Table D.5 specifies the PreviewHeader bundle.

Table D.5 — PreviewHeader bundle

condition type default name
Bool() divs
divs U32(16, 32, 1%4d(5), 33 + u(9)) 1 h divs
tdivp U32(1 +u(6); 65 + u(8), 321 + u(10), 1345 + u(12)) |8 * h_div8 |heilght
u(3) ratlio
div8|and !ratio U32(16, 32,1 + u(5), 33 +u(9)) 1 w_divs
'divp and !ratio UB2(1 + u(6), 65 + u(8), 321 + u(10), 1345 + u(12)) d width width
The defaulf value 4 width is defined as in SizeHeader: d width = (ratio == 0 2 8 *|w div8

AspectRati]o (height,{¥atio)).

The previey width and height do not exceed 4096.

D.3.4 AnimatienHeader

AnimationHeader, defined in Table D.6, holds meta-information about an animation or image sequence that
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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tor / tps_denominator indicates the number of ticks per second.
s the number of times to repeat the animation (0 is interpreted as infinity).

odes indicates whether time codes are signalled in the frame headers.

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.

D.3.5 BitDepth

Table D.7 specifies the BitDepth bundle.

This inform
colour char

and/or with metadata.xyb encoded, this information is merely a suggestion for a sample represel

can be suit
float samp

bits per s
on float s

If float san

If float s4
values. Let
interpreted
and otherw

- 1. The vallue of exp bits is in range [2, 8], and the value of mantissa bits is in range [2, 23].1

exponent h

NOTE d
exponentis

D.3.6 Ext
Table D.8 s

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 per), sample
float sample 1+u(4) 0 exp bits

ation describes how to interpret Modular-encoded integer samples, for extra channels
inels if 'metadata.xyb encoded, as specified in G.4.2. For@elour channels encoded w

hble for the image, but it does not impact the actual sample values.

1e is the data type of sample values (t rue for floating point, false for integers).

bmple: for integers the value is in range [1,31], for floating point the value is in range

9

pleis false, then integer samples of the,decoded image are divided by (1 << bits per

ple is true, then exp bits is thesnumber of bits used for the exponent of floating p
antissa bits = bits per sample - exp bits - 1.Integer samples of the decode
as floating point values with-1 sign bit, the indicated amount of exponent bits and m
ise following the principles of ISO/IEC 60559 with an exponent bias of (1 << (exp

hs the highest representable value, the decoded value of this sample is unspecified.

n some CPUs and floating-point formats, infinity/Not A Number are disallowed and the larg
reated in the.same way as the next smaller one.

raChannellnfo

pecifies the ExtraChannellnfo bundle.

and for the
ith VarDCT
ntation that

ample is the number of bits per channel of the original image. The encoding of this value depends

5, 32].
ample) - 1.

bint sample
1 image are
antissa bits
bits - 1))
f a sample’s

rest possible

Table D.8 — ExtraChannellnfo bundle

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 ==kSpotColour 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 — ExtraChannelTvpe

name value meaning

kAlpha 0 Alpha transparency, where 0 means fully transparent

kDepth 1 Depth map. Higher values mean farther away from the camera.

kSpotColoyr 2 Spot colour channel; red, green, blue indicate its colour and solidity in [0, 1] indicates the
overall blending factor, with 0 corresponding to fully translteent (invisible) gnd 1 corre-
sponding to fully opaque.

kSelectionMask |3 Selection mask, which indicates a (fuzzy) region of interést;for example for image manipula-
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 GMY¥K ICC profile is also present, aind the RGB
samples are to be interpreted as CMY, where Q)denotes full ink.

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

kThermal 6 Infrared thermography image. Highervalues mean warmer temperature.

kNonOptiopal |15 The decoder indicates it cannot safely interpret the semantics of this extra chapnel.

kOptional 16 Extra channel that can be safelydgnored.

Extra chanpels are interpreted according to theitttype and are rendered as specified in L.4.

dim_shift |s the base-2 logarithm of the downsampling factor of the dimensions of the extra chhannel with

respect to the main image dimensions defined in size. The dimensions of the extra channel are jounded 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 extraxchannel has a name nane, interpreted as a UTF-8 encoded string.
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Annex E
(normative)

Colour encoding

E.1 General

The interpretation of RGB pixel data is governed by a colour space described by a colour profile, for example

sRGB is a cq
own colour

space is a lgssy operation.

Pixel data
triplets or

colour profile.

NOTE Hoth ways are useful in different scenarios:

XYB is designed to match the human visual system and is excellent for logsy‘compression.

When p
and re-

erforming lossless compression, integer data has to be kept in its original colour space, since
uantizing it in another colour space is lossy.

A colour sppce is always signalled in the metadata, and it has'adifferent meaning in each scenari

In the XYB scenario, the signalled colour space does.not give any information about how to if
encoded XYB pixels, since they are already in an absolute colour space. It is merely intended
what cplour space the original pixel data had, which can be useful when converting the decod
integer|data. To display the image data on a display device with a display profile, this is irrelej
sufficef to convert from XYB to the display€olour space. The signalled colour space can be un
case. Oply in case there are multiple frames that need to be blended by the decoder, the sign
space if relevant (since the blending may have to be done in that colour space and not in XYB

In the
YCbCr
from th

bther scenario, the signalled colour space has direct meaning: it is the colour space
br greyscale pixel data. To display the image on a display device, the pixel dataistob
le signalled colour space to the display colour space.

The netaddta.xyb encoded flag (D.3) indicates which of the two scenarios is followed. In the

metadata.®yb encodedeiS\true, then metadata.colour encoding, metadata.bit depth, and the
described in this Annex-(if present) are merely suggestions as to a colour encoding and sample rep
to use afteif the intermediate conversion to the linear sSRGB colour space specified in L.2 (unless t
saved as a reference frame and save before ct is false, in which case it is not merely a sugges
colour spage.ir which blending is performed, see F.2). If xyb_encoded is false, the decoded sampl
interpreted e —de 33 iedirthe g

— If!metadata.colour encoding.want icc, the decoded samples are indicated to be interprete

lour space. Capture devices, display devices, and quantized (integer) pixel data canal
space. Converting quantized pixels in one colour space to quantized pixels in a.diffe

fan be encoded in two ways: either in the absolute XYB colour space, orias RGB trif
preyscale values which are to be interpreted according to the colour space describec

1 have their
rent colour

lets, YCbCr
| by a given

ronverting it

o:

terpret the
to indicate
ed image to
rant since it
sed in that
hlled colour
, see F.2).

of the RGB,
b converted

case where
ICC profile
resentation
he frame is
fion but the
es are to be

d according

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
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 ColourEncoding

The ColoutEncoding bundle is specified in Table E.1. It references Table E.2 (Customixy)| Table E.3
(ColourSpate), Table E.4 (WhitePoint), Table E.5 (Primaries), Table E.6 (TransferFunction)] Table E.7
(CustomTrgnsferFunction), and Table E.8 (RenderingIntent).

Table E.1 — ColourEncoding bundle

condition type default name
Bool() true all default

lalll default BOO]() falge want icc
lalll default Enum(ColourSpace) KkRGB colour space
usq desc and not xyb Enum(WhitePoint) kD65 white point
whilte point == WP.kCustom Customxy white
haq primaries Enum(Primaries) PR.KSRGB |primaries
primaries == PR.kCustom Customxy red
primaries == PR.kCustom Customxy green
primaries == PR.kCustom Customxy blue
usq desc CustemTransferFunction tf
usq_desc Enum(Renderingintent) |KkRelative |rendering intent

In Table E.], CS denotes ColourSpace, WP denotes WhitePoint, PR denotes Primaries, use desc|expands to
lall defaylt and !want icc, not xyb expands to colour space != kXYB, and has primaries|expands to
use desc gnd not xyb and colour space != kGrey.

want_icc i true if and only.if the codestream stores an ICC profile. If so, it is decoded as specified in E.4, and
describes the colour space~Also, colour space is KGrey if and only if the ICC profile is greyscale.|Otherwise,
there is no [CC profile.dnd 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
U32(u(19), 524288 + u(19), 1048576 + u(20), 2097152 + u(21)) uy

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 meaning column is interpreted as CIE xy chromaticity coordinates.

NOTE1 T

he values are a selection of the values defined in ISO/IEC 23091-2.

Table E.5 — Primaries

name |value meaning
kSRGB ] 0.639998686, 0.330010138; 0.300003784, 0.600003357; 0.150002046, 0.059997204
kCustom | Custom red/green/blue primaries, which<are stored in colour encoding.red/greenfblue
k2100 | 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 values|in the meaning column are interpreted as CIE xy chromaticity coordinates: red; green; blue,
respectivelly.
NOTE 2  The values are a selection.-of\the values defined in ISO/IEC 23091-2. The xy coordinates of kKSRGB are

quantized and match the values that would be stored in an ICC profile.

Table E.6 — TransferFunction

NOTE 3

NOTE 4

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
kLinear 8 The gamma exponentis 1
kSRGEB 13 As-speeifiedintEC6196621
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)

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

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
BOOK) 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].

Table E.8 — RenderingIntent

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)

NOTES5  The values are defined by ISO 15076-1.

E.3 Tone¢Mapping

The ToneMppping bundle is specified in Table E.9.

intensity |

min nits ig
in nits, but

linear bel
max displg
is an absolu

Table E.9 — ToneMappingbundle

condition

type | default name

Bool() |true all default

'all default F16D 255 intensity target

lall default F160 0 min nits

'all default Bool(}ftalse relative to max display
'all default F160 0 linear below

target is > 0. This is an \upper bound on the intensity level present in the image
represents [the intensity correspondihg to the value “1.0” (but the image need not contain a pixel

>= 0and <= intgngity target. Thisis alower bound on the intensity level present i
the image need not contain a pixel this dark.

ow represents a value below which tone mapping leaves the values unchanged. If re
v is trué, Dinear belowisaratioin [0, 1] of the maximum display brightness in nits. O
te brightness in nits >= o.

n nits, and
his bright).

n the image

lative to
therwise, it

E.4 ICC profile

This clause specifies how to decode an ICC profile.

NOTE

E.4.1 Data stream

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

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 encode

d 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 (b2 >= 'a' and b2 <= 'z') p2 = 0;
else if o = ana o =T P2 = U,
else if [(b2 >= '0' and b2 <= '9') p2 = 1;
else if |[(b2 == '.' or b2 == "',"') p2 = 1;
else if |(b2 < 16) p2 = 2;
else if |[(b2 > 240) p2 = 3;
else p2 [ 4;
return I + pl + p2 * 8;

E.4.2 Eng

In this subdg
by the follo

value = 0;

while (1)
/* shift
b
value +5
if (b <A
shift +4

}

The encodgq
the encode

wing code:

u (8)];

roded ICC stream

lause and the following ones, Varint() reads an unsigned intéger value of up to 63 bits

shift 0;

{
<= 56 */

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

7;

d ICC stream is structured as show# in Table E.10. In this table, Varint() and u() are
1 ICC stream, not from the JPEG XL codestream.

Table E.10 — ICC stream

hs specified

b read from

type name comment
Varint() outputwsize the size of the decoded ICC profile, in bytes
Varint() comimands_size |the size of the command stream, in bytes
u(8 * comnlands Comimand stream |sub-stream of the encoded ICC stream which contains commpnd bytes
size)
u(8 * [remdining data stream sub-stream of the encoded ICC stream which contains data byfes, starting
bytes]) directly after the command stream and ending at the end of the encoded

ICC stream

The command 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

comment
data for decoding ICC header

type
u(s * [variable amount])

u(s = [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 t

he resulting ICC profile, not the JPEG XL codestream.

Table E.13 — ICC profile

ty l-'" llalll\' \'Ullllll\'llt
u(8 * [varigble amount]) ICC header up to 128 bytes long. Decoding procedure specified in E4.3.
u(8 * [varigble amount]) ICC tag list Decoding procedure specified in E.4.4.
u(8 * [remgining bytes]) main content |Decoding procedure specified in E.4.5.
After decoding the output size and commands_size, the encoded ICC stream is considered to be divided into

two input §
bytes, and
bytes. The
initially at t
streamisr
stream, ang

As describg
content (E.

the data stream, which starts directly after the command stream and contains all
decoder maintains the current positions within the command stream and the d
he beginning of each respective stream, and increment eachrwhen a byte from the cor
bad as indicated in the next subclauses. A stream position do€s not go beyond the last
| the commands stream does not extend beyond the endcof the encoded ICC stream.

1.5) from those two streams. The decoded ICC pfofile is the concatenation of these th

that order,
list and ma

If at any tin
The decodgq
reads exact
the data sty

E.4.3 1C(
The headen

The headen
stream. For
as (p + e)

Each predi
of the curr

which is indicated in the next subclauses as appending bytes to the result or output.
n content can be empty if the decoder finishes'earlier.

he in E.4.3, E.4.4 or E.4.5, the ICC decoder is finished, then it returns the result as the

ly commands size bytes from the ¢command stream and reads exactly all remaining
eam). The size of the resulting IGC profile is exactly output_size bytes.

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

| size in bytes is\min (128, output size). The decoder reads header size bytes fra

& 255 and-appends it to the ICC result.

ted value’p is computed as specified by the following code, where i is the position in
bnt Wyte, starting from 0. header (5] refers to the earlier output header byte at positi

characters,

andcharacters in strings, point to ASCII values.

treams: the command stream, which starts at the current positionnand runs for compnands size

remaining
hta stream,
responding
byte of that

d in the next subclauses, the decoder decodes an J€G.header (E.4.3), ICC tag list (E.4.4)), and main

ree parts in
The ICC tag

ICC profile.

r reads all bytes from the data streain as well as all bytes from the command strearn (that is, it

bytes from

m the data

each byte e, it computes a prediction p as indicated below, then computes an output header byte

the header
jon 5. Single

if (1 == 0

// ‘'outp

or i == 1 or i == 2 or i == 3)
ut size[i]' means byte i of output size encoded as an

// unsigned 32-bit integer in big endian order

P outp
else if (i
else if (i

s "mnt

P s[i
else if (i
else if ((
else 1if (
else 1if (

(
(
(

else if
else if
else if

ut size[i];
== 8) p = 4;
>= 12 and 1 <= 23) {
rRGB XYZ "; // one space after "RGB" and one after "XYZ"
- 121; }
>= 36 and i1 <= 39) { s = "acsp"; p = s[i - 36]; }
i == 41 or 1 == 42) and header[40] == 'A') p = 'P';
== 43 and header[40] == 'A') p = 'L';
== 41 and header[40] == 'M') p = 'S'";
== 42 and header([40] == 'M') p = 'F';
== 43 and header([40] == 'M') p = 'T';
== 42 and header[40] == 'S' and header[41l] == 'G') p = 'I';
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else
else
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= 43 and header[40] == 'S' and header[41] 'G') p = 32;
== 42 and header[40] == 'S' and header[41l] == 'U') p = 'N';
== 43 and header[40] 'S' and header[41] 'U') p "W';
== 70) p = 246;
== T71) p = 214;
==73) p=1;

78) p = 211;
== 79) p = 45;

80 and i < 84) p header([4 + 1 - 807];

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 ICCtaglist

The ICC tag
profile. The

the positiofs reached at the end of the previous subclause.

To decode {
the comma
procedure

v = Varint]
num_tags
if (num_ tg
/* output

}

/* Append
previous 4
previous {

list is the second of three concatenated output parts that the decoder outputs to thers
decoder keeps reading from the same command stream and data stream as before, cc

hd stream is reached, the decoder is finished, the full ICC profile is de¢oded, the decod
hind skips the next subclause.

(); /* from command stream */

v - 1;
gs == -1) {

nothing, stop reading the tag list, and proceed¢td E.4.5 */

num tags to the output as a big endian unsigrhed 32-bit integer *

agstart num_tags * 12 + 128;
agsize 0;

(4 bytes)

esulting [CC
ntinuing at

he tag list, the decoder reads the number of tags as specified by the following code. If the end of

er ends this

de equal to

Then, the decoder repeatedly reads a tag as specified by.the following code until a tag with tagcd
0 is read orjuntil the end of the command stream is.réached.
command = |lu(8); /* from command stream */
tagcode = |command & 63;
if (tagcode == 0) {
/* decodilng the tag list is done, pxecéeed to E.4.5 */
}
tag = ""; |// 4-byte string with «tag name
if (tagcode == 1) {
// the tlag string is set to*4 custom bytes read from the data
tag = u(4 * 8) from dataestream;
} else if |(tagcode == 2) ({
tag = "fITRC";
} else if |(tagcode ==\3) {
tag = "XYZ";
} else if |[(tagcoden>= 4 and tagcode < 21) {
// the tlag string is set to one of the predefined values
strings [ {
"eprt", fwmtpt", "bkpt", "rXYz", "gXYzZ", "bXYZ", "kXYZ", "rTRC", "gTRC",
"BLTRC"|, \"KTRC", "chad", "desc", "chrm", "dmnd", "dmdd", "lumi"
bi
tag = strings[tagcode - 4];
} else {
/* this branch is not reached */
}
tagstart = previous_ tagstart + previous tagsize;
if ((command & 64) != 0) tagstart = Varint(); /* from command stream */
tagsize = previous tagsize;
if (tag == "rXYZ" 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,
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),

tagstart, tagsize */

tagsize

}
E45 M

incontent

*/

The main cpntent is the third of three concatenated output parts that the decoder outputs tothers
profile. Thg decoder keeps reading from the same command stream and data stream as béfore, cd
the positions reached at the end of the previous subclause.

In this subflause, shuffle (bytes, width) denotes the following operation: Byte§-‘are insertg
order (row|by row from left to right, starting with the top row) into a matrix with width rows, a
columns as|needed. The last column can have missing elements at the bottonriflen(bytes) is not g
width. Thoge elements are skipped and no byte is taken from the input for¢hese missing element
is the concptenation of all rows excluding the possibly missing last element of each row. Then
is transposed, and bytes are overwritten with elements of the transpgsed matrix read in raste

esulting [CC
ntinuing at

d in raster

ind as many

multiple of
s: the input
the matrix
r order, not

bwing code,

including the missing elements which are now at the end of the lastarow.
EXAMPLE Shuffling the list (1, 2, 3,4, 5, 6, 7) with width 2 result$ in the list (1, 5, 2, 6, 3, 7, 4).
To decode the main content, the decoder reads from the centmand stream as specified by the foll
until the end of the command stream is reached (which.can be immediately).
command = |u(8); /* from command stream */
if (command == 1) {

num = Varint(); /* from command stream;.mum > 0 */

bytes = fu(num * 8); /* from data stream~*/

/* appenjd bytes to output stream */
} else if |(command == 2 or command =%%3) {

num = Varint(); /* from command 8Eream; num > 0 */

bytes = fu(num * 8); /* from dat@“stream */

width = |(command == 2) ? 2 iy

Shuffle (bytes, width);

/* appern|d bytes to output.gtream */
} else if |(command == 4) ({

flags = [u(8); /* from| cdommand stream */

width = |(flags & 3) \%*1; /* width != 3 */

order = |[(flags &ZD2Y) >> 2; /* order != 3 *x/

stride H width;

if ((flags & 467 != 0) { stride = Varint(); /* from command stream */ }

/* stride *(4,X number of bytes already output to ICC profile */

/* stride =" "width */

num = Variwt () ; * from command stream; num Q0 *

bytes = u(num * 8); /* from data stream */

if (width == 2 or width == 4) {

Shuffle (bytes, width);

}

// Run an Nth-order predictor on num bytes as follows,
// representing unsigned integers of the given width

// required to be a multiple of width).

with the bytes
(but num 1is not

for (i = 0; 1 < num; i += width) {
N = order + 1;
prev = /* N-element array of unsigned integers of width bytes each */
for (j = 0; 3 < N; ++3j) |
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(l2 * 8); /* from data stream */
/* append bytes to the output */
else if (command >= 16 and command 24) {

strings | {"XYZ ", "desc", "text", "mluc", "para", "curv", "sf32",
/* appernjd 4 bytes from strings[command - 16] to the output */
/* appenld 4 bytes with value 0 to the output */
else {
/* this [oranch is not reached */

"gbd " },.
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Annex F
(normative)

Frame header

eral

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

frames. Ead

NOTE

sizes, these

T
the var-DCT]

h Frame is byte-aligned by invoking ZeroPadToByte() (B.2.7). It is read according to |

he LF coefficients (G.2.2) always correspond to a 1:8 downsampled image, regardless of
blocks that were used. In the case of DCT8x8, these are the DC coefficients. In the'case of
hlso include information derived from the low-frequency AC coefficients (which.are recover

[able F.1.

the sizes of
bigger block
ed using the

procedures flescribed in 1.8), and these low-frequency AC coefficients are skipped in the HE)encoding (1.4). In the case
of smaller block sizes like DCT4x4, the “LF coefficient” is effectively the average of the smaller-block DC|coefficients,
and the HF dncoding effectively contains the remaining information to restore the smaler-block DC.
Table F.1 — Frame bundle
candition type name subclause
FrameHeader |frame header F.2
TOC toc I3
LfGlobal 1f global .1
LfGroup 1f group[pumhlf groups] (.2
encoding #=KkVarDCT HfGlobal hf_globak G.3
PassGroup group pass[num groups * num passes] .4
The order df the sections of Table F.1 that comeafter TOC, is the conceptual order after undoing the optional

permutation (see F.3). The actual bitstreanrorder can be different due to this permutation.

The dimen
header.hav
interpreted
1 (which is
upsampling
* 1f level

Let num gr

width and heightofa’group (5.3). num 1f groups denotes ceil (width / (group dim * 8)) * cei

(group_din

sions of a frame in pixels,(width and height) are size.width and size.height
e crop, otherwise they(are given by frame header.width and frame header.height]
according to the sample grid before taking metadata.orientation into account. If up
q field in frame he&der), then width = ceil (width / upsampling) and height
). If 1f level » '‘o{which is also a field in frame header), then width = ceil (width
)) ).and height ceil (height / (1 << (3 * 1f level))).

cei

ups be equal to ceil (width/group dim) * ceil (height/group dim), where groug

*,8) ). Note that encoding, group dim and num passes are fields in frame header.

if ! frame
. These are
sampling >
1l (height /
(1 << (3

dim is the
1 (height /

F.2 FrameHeader

The decode

r 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
Frame
lall defaplt and !flags.kUseLf- U32(1,2,4,8) |1 eC_upsamplinq[nﬂ;bmtra]
Frame fa)
encoding #=KkModular u(2) 1 group_size_wj‘l{t
'all defaflt and metadata.xyb u(3) d xgms X gm_ sca é\'
encoded apd encoding ==KVarDCT N
'all defaylt and metadata.xyb u(3) 2 biqm@a‘le
encoded amfd encoding ==KVarDCT C.
N4
'all defaplt and frame type !=KkRef-|Passes \%ﬁses
erenceOnly o) N
N
frame typ¢ == KLFFrame 1+u(2) 0 i \% 1f level
'all defaylt and frame type !=KLF- |Bool() false 6\ i have crop
Frame AQ
have crop|and frame type !=KkRefer- [U32(u(8), 256 OQ\) ux0
enceOnly +u(11), 2304 +.§
u(14), 18688%{)
u(30)) o,
have crop|and frame type !=KkRefer- |[U32(u( j\,\>56 0 uy0
enceOnly +u(1152304 +
u(l 8688 +
4E0)
have crop \L_}}gz(u(g), 2560 width
‘\\C) +u(11), 2304 +
()" |u(14), 18688 +
N u(30))
have crop O U32(u(8), 2560 height
O +u(11), 2304 +
@, u(14), 18688 +
DN u(30))
'all defaflt anQ@\:maliframe B]ending[nfo blending info
'all defaflt eﬁ,?normaliframe Blendinglnfo ec_blending info[nup extra]
lall defa &ﬁ(ﬁ'nd normal frame and U32(0, 1, u(8), 0 duration
metadata. e _ClllJl_lllcltJl_\Jll ULJLJJ
!all default and normal frame and u(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 +
u(5), 48 +u(10))

0

name len
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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 yo completely covers the image area. Let resets canvas denote the

expression full frame and blending info.mode == KReplace. Let can reference denote the expression
lis last and{duraticn == 0 or save as reference =0} and frame tvoe |=KLFFrame
frame typdis defined in Table F.3.

Table F.3 — FrameHeader.frame_type

do not progressively render previews of framies of this type.

namg value meaning
kRegularFrame |0 A regular frame, which is part of the decoded sequence of frames.
KkLFFrame 1 Represents the LF of a future frame. Is not itself partofithe decoded sequencg of frames.
kReferenc¢Only |2 Frame will only be used as a source for Patches opframe blending. Is not itself part of the
decoded sequence of frames.
kSkipProgressive |3 Same as kRegularFrame in terms of the (final) decoded sequence of frames, Qut decoders

encoding i§

defined in Table F.4.

Table F.4 — FrameHeader.encoding

name (value meaning
kVarDCT |0 Var-DCT mode: the decoder wilbperform IDCT on varblocks to obtain the decoded image.
kModular (1 Modular mode: the decoder will perform a signalled chain of zero or more inverse (typically re-
versible) transforms.
NOTE Var{DCT mode is suitable for lossyencodings and for lossless JPEG recompression; Modular mode is suitable for lossless
encodings.
Both encodings split each frame.into groups. This document specifies the meaning of the encqdings (e.g.,
kVarDCT) where they are réterenced.
flags is defined in Table'E5.
Table F.5 — FrameHeader.flags
name value meaning
kNoise XXXX XXX1 [ETMabie NoiSe feature Stage
kNoise xxxx xxxX0 | 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, as specified in references to this subclause.

EXAMPLE 1

If flags == 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).

EXAMPLE 2

If frame header.flags == 3, kPatches is considered to be 1.

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

NOTE 1

In addition, one or more reversible colour transforms can be applied in Modular mode (see H.6.3, H.6.4).

These transforms are not signalled in the FrameHeader, but in the ModularHeader (H.2), and can be applied either to
the whole frame or on a per-group basis. These are always undone, regardless of the value of save before ct.

jpeg upsa
vertical} s
{1, 2}. The
maximum

current chg

upsampling
vertically),
subsamplin]
upsampling

Ifupsampli

The divisio
group split
a factor of
and there i

b

ling indicates the degree of subsampling for each YCbCr channel. 0 denotesy{
sampling factors of {1, 1} for the given channel; 1 denotes {2, 2}, 2 denotes {2,}ldn
horizontal and vertical size, in 8x8 blocks, of each channel is divided (rounding
fubsampling factor across all channels, and then multiplied by the subsampling fa
nnel.

and ec_upsampling also indicate subsampling, by a factor of 1, 2, 4.0¥ 8 (both horiz
for respectively the colour image and the extra channels. In the case of extra ch
g is cumulative with the subsampling implied by dim_shift; foxall extra channels, the
factor ec_upsampling[i] << ec_info[i].dim shift shall fiotexceed 64.

hg > 1,then forall extra channels, (ec_upsampling[i] <4 ee info[i].dim shift) >

hin groups is notaffected by jpeg upsamplingand g&{upsampling: evenifachanneliss
[ing proceeds according to the location of samplessand blocks in the image, after subs
ipsampling. For example, if jpeg_upsampling:is equal to {0, 1, 1}, i.e. 4:2:0 chroma su
5 an alpha channel for which ec_upsamp1in&lis 4, then the groups consist of 256x256

128x128 Cl and Cr samples, and 64x64 alpha samples,which all correspond to the same image r

horizontal,
d 3 denotes
up) by the
ttor for the

ontally and
annels this
cumulative

hpsampling.

ubsampled,
ampling by
bsampling,
Y samples,
egion.

psampling)

coded and

After decoding subsampled channels, they are upsampled as specified in ].2 (in the case of jpeg 4
and K.2 (in the case of upsampling and ec_upsampling).
The value df group dimis setto 128 << grbup size shift.
The defaulf value d xgms for x qm-sgale is defined as follows: d xgms = (metadata.xyb en
encoding == kVarDCT ? 3 : 2).
Passes are flefined in Table E-6,
Table F.6 — Passes bundle
condition type default name
U32(1,2,3,4+u(3)) |1 num_passes

fium passes != 1 U32(0,1,2,3-+u(1n 0 num ds

num passes != 1 u(Z) 0 shift[num passes—1]

num passes != 1 U32(1,2'4,8) 1 downsample [num ds]

num passes != 1 U32(0,1,2,u(3n 0 last pass[num ds]

num_passes

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 level 0, 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_reference, then the samples of the decoded frame are recorded as Reference[save as reference] and
may be ref erded-befere-any-eoteny transform
(XYB or Y( se they are
converted { b recording
the referen size.width
and height

Axranca v culhcaoiinnt £ Qo 129N

4k + T
LI CIICCU U)’ OMUJ\'\'IM\'II\— ITAIIICO. 11IIC

bCr) if save before ct is true, and after colour transform otherwise (in which, ¢a
o the RGB colour space signalled in the image header). Blending is performed befor
ce frame. If !save before ct and frame type == KReferenceOnly, then widtk’ ==
== size.height.

docadad coxanlac on o
G CCoOtCo—Sampres—arc—TeC

b, the decoder considers the current frame to have dimensions width,X\height, and ipdates the
f the image with top-left corner %0 UnpackSigned (ux0), y0 BopackSigned (uyp) with the
me using the given blend mode. If x0 or yo0 is negative, or the frafne extends beyond fhe right or
e of the image, only the intersection of the frame with the image is updated and comtributes to

 image. If 'have crop, the frame has the same dimensions g5 the image.

If have cro
rectangle g
current fra
bottom edg
the decode

Let extra e true if and only if and the number of extra channéls"is at least one. blendingirfo and ec_

blendinginfo are defined in Table E.7.

Table F.7 — Blendinglnfo bundle

default
0

type name
u32(0, 1, 2, 3 +
u(2))
u32(0, 1, 2, 3 +
u(3))
Bool()

condition

mode

(mode ==KkBlend or mode ==kMulAdd ) alpha |channel

extra and

false |clamp

extra and| (mode ==KkBlend or mode == KMulAdd or mode ==

kMul )

!resets c

0

nvas sSourcqy

u(2)

The mode v
at the corr
Reference|;
set to zero¢
to ec_blen
Annex L h3
refers to th
old sampls

esponding coordinates in the source frame, which is the frame that was previousl

s. The b1&ad info affects the three colour channels. The extra channels are blende

alues are defined<inTable F.8. All blending operations consider as “previous sample”
ource] —if noframe was previously stored, the source frame is assumed to have all sa

_info.jfstead. The blending is done in the colour space after inverse colour trans

the sample
y stored in
mple values
] according
forms from

ve been applied (except for L.4). For blend modes kBlend and kMulAdd, “the alpha channel”

e €xtra channel with index alpha channel, sample is the value after blending, new |

sample and

are the corresponding values from the current and source frame respectively, and

lpha, new

alpha and old alpha are the corresponding values for the alpha channel. If clamp is true, then for blend
modes kBlend and kMulAdd, values of new _alpha are clamped to the interval [0, 1] before blending, and for

blend mode

KkMul, the values of new_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

Each new sample is added to the corresponding previous sample.
sample

old sample + new sample

kBlend

2

has premultiplied semantics (a1pha_associated == true), then

sample
Otherwise sample
new_alpha)) / alpha.

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

Each new sample is alpha-blended over the corresponding previous sample. If the alpha channel

(new_alpha * new sample + old alpha * old sample *

(1

I'ne blending on the alpha channel 1tsell always uses the [ollowing formula mstead:
old alpha + new alpha * (1 - old alpha)

hlpha

kMulAdd

Each new sample is multiplied with alpha and added to the corresponding prewious

sample
For the alpha channel itself, the values of the source frame are preseryed:’alpha

old sample + new alpha * new sample

sample.

old alpha.

kMul

Each new sample is multiplied with the previous sample.
sample

old sample * new sample

duration U
current fra
frame, but
particular,
of the co
presents t

timecode if
from mostH
strictly larg

The decodd

Ifsaveibef
colour eng

NOTE2 T
blending. It
non-ICC casq

Ifname_len

Finally, res

F3 TOC

n units of ticks, see AnimationHeader) is the intended period.of time between pre

me and the next one. If duration is zero and !is_last, the decoder does not present

the frame may be composed together with the next frames, for example through t

n the case thatmetadata.have animationis false, the @ecoder returns a single imagg
osition of all the zero-duration frames. If duration’has the value 0xFFFFFFFF, t
next frame as the next page in a multi-page image:

dicates the SMPTE timecode of the current frame, or 0. The decoder interprets grou
significant to least-significant as hour, minute, second, and frame. If timecode is nc
rer than that of a previous frame with nonzero duration.

r ceases decoding after the current frame if is 1ast.

bre ct is false, then it is not thattase that both metadata.xyb encoded == true ang
oding.want icc == true.

his implies that a decoder-does not need to be able to interpret ICC profiles in order to pe
Hoes however need to be able to convert XYB to the colour space of metadata.colour enc
,when save before ‘&t false.

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

Foration Milter is defined in [.1.

senting the
the current
lending. In
b consisting
he decoder

ps of 8 bits

nzero, it is

| netadata.

rform frame
bding in the

F.3.1 General

The codestream consists of parts called sections. The TOC (Table of Contents) is an array of numbers. Each
TOC number indicates the size in bytes of a section. 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 section

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:

— num 1f

one section for LfGlobal;

groups sections, one per LfGroup (in raster order);
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one section for HfGlobal;

*

oups frame header.passes.num passes sections, one per PassGroup.The first

num_groups

PassGroup sections are the groups (in raster order) of the first pass, followed by all groups (in raster

order)

NOTE1 S

of the second pass (if present), and so on.

ome 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 De

This subcl
ihe

that descr

Let GetConf
in C.3.3, us
sequence 1
[skip,skip
- 171 : 0))

The decod;
increasing
range [0, s
leaving the

F3.3 De

Before deg
ZeroPadTol

The decodgq
4211712 +

The decoddq
offsets[i]

prermuted
is what was

After dec

ol
codestrea

starting at

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

roding permutations

se describes how for a given value of size and skip, the decoder reads a seqtience p
es a permutation of size elements of which the first skip elements are not meved.

ext (x) denotemin (7, ceil(log2(x + 1))).The decoder firstdecodes an‘integer eng,
ng DecodeHybridvarLenUint (GetContext (size)). The value end is atthost size - s
thmer Of size elements is produced as follows. It is zero-initialjzed. For each index
+ end}thevahuﬂlehmer[i]iSSGttODecodeHybridVarLenUint(GetContext(i > skip
; this value is strictly less than size - i.

br then maintains a sequence of elements temp, initiallg-containing the numbers
prder, and a sequence of elements permutation, initially empty. Then, for each inte
ze), the decoder appends to permutation elementtémp[lehmer[i]], then removes it
relative order of other elements unchanged. Finally, permutation is the decoded pern

roding TOC

oding the TOC, but after decoding the TOC permutation, if present, the decod
Byte() (B.2.7).

r reads each TOC entry in order, of increasing index via U32(u(10), 1024 + u(14), 174
1(30)).

r then computes an arraygroup offsets, which has 0 as its first element and subseqj
are the sum of all TOC entries [0, i).

| toc, the decodernpermutes group offsetsaccordingto permutation, such thatgroup |
previously gréup offsets[permutation[i]].

ing the TOC; the decoder invokes ZeroPadToByte() (B.2.7). Let P be the byte pos
at this point. When decoding a group with index i, the decoder reads from the
Lhe byteat position P + group offsets[i].

ermutation

hs specified
kip. Then a
i in range
? lehmer([i

0, size) in
ber i in the
from temp,
jutation.

er invokes

08 + u(22),

ient group

offsets[i]

tion in the
rodestream
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Annex G
(normative)

Frame data sections

G.1 LfGlobal

G.1.1 General

The decoddr 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 _@eduant G1.2
encoding ==kVarDCT Quantizer duantizer 1L.2.1
encoding ==KkVarDCT HF Block Context hf block ctx 1.2.2
encoding ==KkVarDCT LfChannelCorrelatiofy 1f chan_corr 1.2.3
GlobalModular gmodular G.1.3

G.1.2 LF dequantization weights
The decoddr reads the bundles listed in Table G22.

Table G.2 —LfChannelDequantization bundle

condition type | default name
BOOK) true all default
1all default F16() |1/32 mx 1f
hall default F16() 1/4 my 1f
'lall default F16() 1/2 m b 1f

From thesevalues;the LF dequantization weights are computed as follows:

m x 1f ungcaled
m y 1f ungcaléd
m b 1f unscaled

m x 1f / 128;
my 1f / 128;
m b 1f / 128;

G.1.3 GlobalModular

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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{
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 channe

l order is:

If encoding == kModular: first Grey or (Red, Green, Blue) or (Y’, X’, B’) or (Cb, Y, Cr)

— Then the extra channels (if any), including alpha channel, in ascending order of index.

channels and any further channe

s that have

However, the decader only decades the first nh meta channel

a width and
are applied

NOTE T

height that are both at most group_dim. At that point, it stops decoding. No inverse
yet.

he remaining channels are split into groups and are decoded later (see G.2.3 and"G.4.2). If

smaller thaf group dim, the entire image is encoded in the GlobalModular section. Otherwise, the Gl

section only]
LF groups a
transform t
image data

encodes global palettes and colour transforms, and all of the actual image data is encoded
hd modular groups, unless the Squeeze transform is used. If the Squeeze, transform is used
at results in a pyramid representation, see H.6.2) then the GlobalModular section does co

rresponding to (very) downscaled versions of the image, though for large images, the bull

0
data (i.e. Sqll‘eeze residuals) is still encoded in groups.

G.2 LfGn

G.2.1 Gel

In the claus
coordinate

G.2.2 LF

If the KUs
LFFrame|[f
and [.5.2. F
coefficients
the functio

oup

heral

es related to LfGroup, width and height refer.to the dimensions of the current LF gr
b are relative to the top-left corner of the current LF group. Table G.3 specifies LfGrou

Table:G.3 — LfGroup

condition type name subclause
encoding ==KVarDCTF LF coefficients 1f coeff G.2.2
ModularLfGroup |mlf_ group |G.2.3
encoding ==KVarDCT HF metadata hf meta G.2.4
coefficients
eLfFrame «lag in frame header is set, this subclause is skipped and the saf

Fame_header~1f level] are used instead of the values that would be computed by thi
br the purpose of determining the context when decoding HF coefficients (1.4), the
LfQuant are all set to —oo, that is, regardless of 1f thresholds, the value of 1£ idx

hB87ockcontext () (1.4) is always equal to zero.

P!

transforms

the image is
bbalModular
in modular
(a Haar-like
htain partial
£ of the pixel

bup, and all
D.

hples from
s subclause
antized LF
the end of

The decoder first reads extra precision as a u(2). Next, the decoder reads a Modular sub-bitstream as
described in Annex H, to obtain the quantized LF coefficients LfQuant, which consists of three channels with
ceil (height / 8) rowsand ceil (width / 8) columns, where the number of rows and columns is optionally
I‘ight-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 is at most (8 * group dim) and hshift and vshift are>= 3,the maximum
channel dimensions are group dim.

G.2.4 HF metadata

The decodgrreadsmr—iocks—t—rtcerttogetoertwtthr——8———ce T tretgirt——8 -

Then, the (;Lcoder reads a Modular sub-bitstream as described in Annex H, for an image with foyr channels:

the first tw
asS XFromY 4
nb blocks

ceil (width

The Dctsel
have ceil (
the column
quantizatig
at the coor
order that
the current
varblocks.

The transfd

G.3 HfGI
The decodd

ro channels have ceil (height / 64) rows and ceil (width / 64) columns,/and g
ind BFromy (these are the HF colour correlation factors); the third channelthas tw
columns and is denoted as BlockInfo, and the fourth channel has ceilqneight / 8§

ect and HfMul fields are derived from the first and second rowsof BlockInfo. Thesg
height / 8) rows and ceil (width / 8) columns. They arédeconstructed by ite
s of BlockInfo to obtain a varblock transform type type/{thé sample at the first
n multiplier mul (the sample at the second row). The tygesiS a dDctselect sample af
linates of the top-left 8 x 8 rectangle of the varblock. This position is the earliest blo
is not already covered by other varblocks. The positiened varblock is completely c
LF group, does not cross group boundaries, and¢also does not overlap with already
[he fvul sample is stored at the same position‘@nd gets the value 1 + mu1.

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

obal

r reads the structures in Table G.4.

Table G.4 — HfGlobal bundle

re denoted
b rows and
) rows and

/ 8) columns and is denoted as sharpness (it contains parameters fpr the restoratiogn filter).

b two fields
rating over
row) and a
d is stored
ck in raster
bntained in
-positioned

condition type name subclause
encoding ==kVarDCT Dequantization matrices 1.2.4
encodingl=# kVarDCT Number of HF decoding presets |[1.2.6
encoding’ == kVarDCT HfPass |hf_pass[num passes] 1.3
G.4 PasqGroup
G.4.1 General

In this clause (and the clauses it refers to), width and nheight 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
modular data (though they could still contain VarDCT HF coefficients).

The numberofchannels and their dimensionsare derived asfollows: for every remaining chqnnel in the
partially dgcoded GlobalModular image (i.e. it is not a meta-channel, the channel dimensions.ex¢eed group
dim x groug dim, and hshift < 3o0rvshift < 3,and the channel has not been already decoded’ir} a previous
pass), if that channel has hshift and vshift such that minshift <= min(hshift,vshifit) <| maxshift,
then a channel corresponding to the group rectangle is added, with the same hshift ahd vshift as in the
GlobalModIlar image, where the group dimensions and the x,y offsets are right-shifted by hshif: (for x and
width) and|vshift (for y and height). The decoded modular group data is then copied into the partially
decoded GlpbalModular image in the corresponding positions.

When all modular groups are decoded, the inverse transforms are applied\to the at that point fujly decoded
GlobalModuilar image, as specified in H.6.

The reconsfructed samples, which at this point are integers, are thenrinterpreted according to the BitDepth
(D.3.5), as follows. If Imetadata.xyb_encoded, then the colour chahnels (Grey, RGB or CbYCr) are |nterpreted
according 0 metadata.bit depth. The extra channels are intefpreted according to metadata.ec info[i].
bit depth,where i is the index of the extra channel.
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Annex H
(normative)

Modular

H.1 General

This annex describes the modular image sub-bitstream, which encodes all the pixel data of a frame if encoding

== kModul
auxiliary in

The modul
dimension§
the decode

ar. It is also used to encode additional channels (alpha, depth and other extra ch:
nages in the kKVarDCT frame encoding. All Modular-encoded sample values have integ

hir image sub-bitstream encodes an image consisting of an arbitrary numbex 'N"of ch
are implicit (i.e. they are signalled or computed elsewhere). In the trivial case wher
' takes no action. The channels are seen as an ordered list: channel[0],p.5 thannel [N

Each channel has a width channel1(i].width and height channel[i].height; initially, before trans

are taken

channels aj
G.2.4). Trar
and their ¢

nto account, all channel dimensions are identical (with the_exception of subsam
1d dimension-shifted extra channels, if present, and the HF Metadata encoding as d
sformations can be applied to the image, which can result.in thanges to the number
imensions. The sub-bitstream starts with an encoding. ef the series of transform

was appliegl, so the decoder can anticipate the corresponding changes in the number of channe

dimensions
appropriats

Channels h
and channg
initialized

both initia
(in particu
dimensiong
hshift and|
hshift and

The first n
Initially, nb
H.2 Imaj
The decodsd

(so this information does not need to be explicitly signalled) and can afterward
p inverse transformations.

nve a power-of-two horizontal and vertical subsampling factor, denoted by channel
1[i].vshift, which are initialized to zgro, except in the case of do vcbcr whet
hccording to the jpeg upsampling, and.€xcept for the extra channels, if present, whe
ized to the corresponding channel shift value. They can be modified by the trans
lar Squeeze). If the channel dimefisions correspond to a subsampling of the orig
, this is denoted with positive values for hshift and vshift, where the horizontal fa
the vertical factor is 1 <<_yshift. If the dimensions are not related to the image (¢
vshift are -1. The sample in‘column x and row y of channel i is denoted as channel [

_meta channels channelS are used to store information related to the Palette tran
| meta channels is set\to zero, but transformations can modify this value.

e decoding

r reads the fields specified in Table H.1.

Table H.1 — ModularHeader bundle

innels) and
br values.

annels. The
e N is zero,
- 17,

formations
pled YCbCr
escribed in
of channels
ations that
s and their
5 apply the

[i] .hshift
e they are
re they are
formations
inal image
Ctor is 1 <<
limensions,
1(x, y).

sformation.

condition name

type

Bool()

WPHeader (H.5.1)

U32(0, 1, 2 + u(4), 18 + u(8))
TransformInfo (H.6.1)

use global tree

wp_params

nb transforms

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

) NN

1 NW N NE NEE

0 Wi W
Edge casesjare dealt with as follows, where channel[i] (x, y) corresponds to the current sampl¢ c:
W= (x>0 ? channel[i] (x - 1, V) (y > 0 ? channel[i] (x, v — 1) ONs
N = (y >0 ? channel[i](x, v — 1) : W);
NW = (x >0 and y > 0 ? channel[i](x - 1, yv — 1) : W);
NE = (x + |1 < channel[i].width and y > 0 ? channel[i](x + 1, y =\ : N);
NN = (y >|1 ? channel[i](x, v — 2) : N);
NEE = (x H 2 < channel[i].width and y > 0 ? channel[i] (x + 2fy — 1) : NE);
WW = (x >|1 ? channel[i](x - 2, y) : W);
Table H.3 (Ifines the different predictors; the result of predictet 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

Predictor Name Value
0 Zero 0
1 West W
2 North N
3 Avg(W,N) W + N)oIadv 2
4 Select abs (N “/NW) < abs(W - NW) ? W : N
5 Gradient ckamp (W + N - NW, min (W, N), max (W, N))
6 Self-correcting /{ ¥grediction + 3) >> 3 (see H.5)
7 NorthEast NE
8 NorthWest NW
9 WestWest Ww
10 Avg(W,NW) (W + NW) Idiv 2
11 Atrg (N NW) (N + NW) Tdiv 2
12 Avg(N,NE) (N + NE) Idiv 2
13 AvgAll (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
for (x
proper
leaf n
diff
diff

y < channel[i].height; y++)
0; X < channel[i].width; x++)
ties GetProperties (i, x, Vv);
ode MA (properties);
DecodeHybridVarLenUint (leaf node.ctx);

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, then the left branch is taken, otherwise the right branch is taken. Eventually a leaf node 1n is reached,
which corresponds to a context 1n.ctx to be used to decode a symbol, a predictor 1n.predictor to be used,

and a multiplier Tn-multiplier and OffSET In.of fset O apply. 1 N€ properties used in the MA coftext model

are given i} Table H.4. Neighbouring already-decoded samples are defined as in Table H.2.

Table H.4 — Property definitions

Property Value
0 | (channel index)

1 Stream index

2 y

3 X

4 Abs(N)

5 hbs ()

6 N

7 o

8 kK >0 7?2 W - /* (the value of property 94t position (x - 1, y)) */ : W
9 [ + N - NW

10 [0 - NW

11 NW - N

12 N - NE

13 N — NN

14 v — WW

15 ax_error (see H.5.1)

The stream index is defined-as follows: for GlobalModular: 0; for LF coefficients: 1 + LF grouj
ModularLfGroup: 1 + nim -1f groups + LF group index; for HFMetadata: 1 + 2 * num 1f ¢
group indek; for RAW2dequantization tables: 1 + 3 * num 1f groups + parameters index (se
ModularGrpup: 1 +( 3 * num 1f groups + 17 + num groups * passindex + group index.

The followilng cede specifies a variable number of additional “previous channel” properties:

b index; for
roups + LF
e 1.2.4); for

k = 16;
for (3 =1 - 1; J >= 0; j--) {
if (channel[]j].width != channel[i].width) continue;
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, V)

rW (x > 0 ? channel[j]l(x - 1, y) : 0);

rN (y > 0 ? channel[j]l(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 MA tree itself is decoded as follows. The decoder reads 6 pre-clustered distributions from the

Codestrea accnacifiad in C 1 andtbhan dacadactha traa nc cnacifiad bhatha follavwiinag cada-
aS-SpecHieahedhHa e aecoaeste e e S Speceaby+tneorovwWihng-coae:

decode trge () {
ctx id H 0; nodes left = 1; tree.clear();
while (rjodes left > 0) {
nodes |left--;
property = DecodeHybridVarLenUint (1) - 1;
if (pyoperty >= 0) {
decilsion node.property = property;
decilsion node.value = UnpackSigned (DecodeHybridVarLenUint (0) )z

decilsion node.left child = tree.size() + nodes left + 1;
decil]sion node.right child = tree.size() + nodes left + 2;
treq.push back(decision node); nodes left += 2;

} elsq {

leaf] node.ctx = ctx id++;

leaf] node.predictor = DecodeHybridVarLenUint (2);

leaf|l node.offset = UnpackSigned (DecodeHybridvarLenUint (3));
mul [log = DecodeHybridVarLenUint (4);

mul |pits = DecodeHybridVarLenUint (5);

leaf]l node.multiplier = (mul bits + 1) << muljN}og;

treq.push back(leaf node);

}
}

None of th¢ values of mul 1og are strictly larger than 30, and none of the values of mul bits pre strictly
larger than| (1 << (31 - mul log)) - 2."Atthe end of this procedure, tree.size() <= (1 << 26).

MA (propertlies) denotes the leaf nodé resulting from traversing the MA tree using property values
propertiegd

=

Finally, the|decoder reads (treeetsize () + 1) / 2 pre-clustered distributions D as specified in (.1

H.5 Self{correctingpredictor

H.5.1 General

Predictor numiber 6 is a self-correcting, weighted predictor. For each sample (including sample$ that use a
different predictor), this predictor is invoked as specified in H.5.2. It computes a prediction (Which is used in
H.3) and amax_error (Which is used in Table H.4), as well as 4 sub-predictor values subpred (i1, 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
!default wp u(s) 0 wp_p3d
!default_wp u(5) 0 wp_p3e
!default wp u(4) 13 wp_w0
!default wp u(4) 12 wp_wl
!default wp u(4) 12 wp_w2
!default wp u(4) 12 wp_w3

H.5.2 Prediction

The variab
NW, NE, W, NN
sample syn
location (e.
the value o

es N3, NW3, NE3, W3, NN3, and ww3 are computed as the true value§ofthe corresponding

ww (cf. Table H.2), left shifted by 3. Edge cases are dealt with'as described in H.3. Ne
bols at the end of a variable name refer to the corresponding variable for the san
b, true_err Wisthe value of true err for the sample to the left of the current sample;
err[i] for the sample above the current sample).

I samples N,
ighbouring
ple at that
err[i] NIis

wing code,

Edge cases|for true err and err(i] are dealt with as follows:
— if W, N por WW does not exist, the value 0 is used instead;
— if NW ar NE does not exist, the value of N is us¢@\instead.
For example, at the rightmost border, true ernpNE is interpreted as true err N.
The sub-predictors are computed as specified by the following code:
subpred[0]] = W3 + NE3 - N3;
subpred[1]] = N3 - (((true err W 'true err N + true err NE) * wp pl) >> 5);
subpred[2]] = W3 - (((true err.W™% true err N + true err NW) * wp p2) >> 5);
subpred[3]| = N3 - ((true erraNW * wp _p3a + true err N * wp p3b +
true err NE A\wp p3c + (NN3 - N3) * wp p3d + (NW3 - W3) * wp p3e) >> 5)

The weightls weight [i] foreach of the 4 sub-predictions are computed as specified by the folld
based on tHe err values already computed for sub-predictors of earlier samples.
error2weight (err\5dm, maxweight) {

shift = [flodr(log2(err sum + 1)) - 5;

if (shiflc & ©) shift = 0;

return N ((maxweight * ((1 << 24) Tdiv ((err sum >> shift) + 1))) >> shift);
}
err sum[i] = (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 weight
log weight
for (1
sum_weight
s
for

(i =20

prediction

O .

(sum_weights >> 1)

s = weight[0] + weight[l] + weight[2] + weight[3];

= floor (log2 (sum weights)) + 1;

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

— 1;
i++) s += subpred[i]
((1 << 24) Idiv sum weights)

i< 4;
S*

* weight[i];
>> 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 (abs(true err NE) > abs(max error)) max error = true err NE;

H.6 Transformations

H.6.1 General

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

Table H.6 — Transformld

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

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

Table H.7 — TransfermInfo bundle

condition type name
u(2) (TransformId) tr

tr !=KkSqueeze |U32(u(3),8+u6), 72 +u(10),1096 + u(13)) begin_c
tr == KkRCT U32(6, u(2)52+ 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 specifiésthe transformations.

Table H-8— Transforms
Name nb_meta channels Channel impact Subclause
KRCT no change no change H.6.3
kPalette |+ 1(or+ 2 - num cifbegin ¢ < nb meta |channelsbegin c+1luntilbegin c + num c|H.6.4
channels) - 1 areremoved
kSqueeze |depends on parameters (no change with defaults) | depends on parameters H.6.2
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H.6.2 Squeeze

H.6.2.1 Parameters

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

The squeez
steps to be
default par

For every

replaced by
channels (i
of channelg
steps are aj
the inverse

Let begin F

by the follo

for (1 =
r

if

sp i
(begi]
/* spll
/* end
nb met

}

for (c H
w = ch
h = cHh
/* W
if (sp
chan
if
resi
resi
elsd
chan
if
resi
resi
}

/* Ing

O .

e transform consists of a series of horizontal and vertical squeeze steps. The sequenge
hpplied is defined by sp, which is an array of SqueezeParams (see Table H.9); if the\afr

kqueeze step spli], the spli].num c input channels starting at position sp[i] .
' the squeezed channels, and the residual channels are inserted either‘right after th
[sp[i].in place == true), or at the end of the channel list (otherwise)-To determine
(i.e. when interpreting the transformation description, before channel data decoding]
pplied in the order in which they are specified. After the channél/data has been decod
transformation, the steps are applied in reverse order.

sp[i].begin_carmiend begin + sp[i].num c - 1% The channel list is modified

wing code:

{

channel.size () ;

{

;1 < sp.size(); i++)
].in place ? end + 1
n < nb meta channels)
i].in place is true */

< nb meta channels */
a channels += sp[i].num c;
begin; c¢ <= end; c++) {
annel [c] .width;
annel[c] .height;

0 and h > 0 */

[i] .horizontal) {
nel(c].width = (w + 1),Idiv 2;

channel[c] .hshift >= 0
du channel[c].eopy ()
du.width w IdivuN2;
{
nel[c].height (h + 1
channel [¢hywshift >= 0
du chanfel [c] .copy ()
du . height h Idiv 2;

) channel[c].hshift++;

Idiv 2;
channel[c] .vshift++;

)
)

ert, 'résidu into channel at index r + ¢ - begin */

}

of squeeze
hy is empty,

hmeters are used which are derived from the image dimensions and number,of channgls.

egin c are
e squeezed
the new list
starts), the
ed, to apply

hs specified

}

The inverse transform is specified by the following code:

(i = s
r spli
for (c

Channe

if (sp
outp
hori
else
outp
vert

for

p.size() - 1; 1 >= 0; i--) {

].in place ? end + 1 channel.size() + begin - end - 1;
begin; ¢ <= end; c++) {

1 output = channel[c].copy();

[1] .horizontal) {

ut.width += channel[r].width;
z isqueeze (channel[c], channel[r], output);

{
ut.height += channel[r].height;

_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.begin c = first; param.num c = count; param.in place = true;
if (h >= w—and h 8y [ paramhoxri ntal = false; so push back(param)s h = (h o 13 Idiv 2; }
while (w 3 8 or h > 8) { B

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

if (h >|8) { param.horizontal = false; sp.push back(param); h = (h + 1) Idiv¢¥w }

}
H.6.2.2 Hprizontal inverse squeeze step

This step takes two input channels of sizes w1 x # and w2 x g, and replaces them with one outpuf channel of
size (w1 + [g2) x 0. Eitherw1 == w2 orw1 == w2 + 1. The outputis reconstructed as follows:

horiz isqyeeze (input 1, input 2, output) {
for (y 4 0; yv < H; y++) {

for (X 0; x < W2; x++) {
avg |= input 1(x, y); residu = input 2(x, vy);
nexf avg = (x + 1 < Wl ? input 1(x + 1, y) : avg);
lefg = (x > 0 ? output((x << 1 ) -1, v) : avg);

diffl = residu + tendency(left, avg, next avg);

firdt = avg + diff Idiv 2;
outdut (2 * x, y) = first;
outgut (2 * x + 1, y) = first - diff;
}
if (Wl > W2) output (2 * W2) = input 1 (W2%;

The tendency function is specified by the:fellowing code:

tendency (4, B, C
if (A >4 B and
* —

B >= C) {
X = (4 A 3 *C - B + 6) Idiv 12;
if (X |- (X & 1) > 2 * (AN~ B)) X =2 * (A - B) + 1;
if X X & 1) >2 ¥ B - C)) X 2 * (B - C);

return X;
} else if (A <= B afid.B <= C) {

X = (4*2a-3A5C-B - 6) Idiv 12;
if X X&M< 2 * (A -B)) X=2* (A-B) - 1;
if X X&&Y <2 * (B-C)) X=2* (B-2C);

returny X;
} else retlirn” 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; y < 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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output (x,2 * y + 1) = first - diff;

}

}

if (H1 > H2)

for (x 0;

2 * H2)

x < W; x++) output(x,

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 */

permutatiqm=—TCC _Cype IdIv 77
type = rcy type Umod 7;
if (type 9= 6) { // YCoCg
tmp = A |- (C >> 1);
E =C + |[tmp;
F=tmp |- (B >> 1);
D =F + |B;
} else {
if (typg & 1) C = C + A;
if ((tyge >> 1) == 1) B =B + A;
if ((tyge >> 1) == 2) B B+ ((A+C) > 1);
D=2A; fl=B; F =2¢C;
}
Vi permutation Umod 3] = D;
V[ (permutation+l+ (permutation Idiv 3)) Umod 3] E;
V[ (permutgtion+2- (permutation Idiv 3)) Umod 3] = F;

EXAMPLE

H.6.4 Palette

Letend c
end c, whid

one me
and he

palettel.

one ch
contaii

Ifbegin_c
num_c. Othsg

The decodsd

kDeltaPaldg
{0, 0, 0}

10, then pixels (G, B', R') aremeplacedby (R' + G, G, B' + G).

If rct _type

begin ¢ + num c - 1. When updatingthe channel list as described in H.2, channels
h all have the same dimensions, are replaced with two new channels:

ta-channel, inserted at the beginning of the channel list and has dimensions width
i ght num c and hshift wshift

innel (at the same position in the channel list as the original channels, same dimens
s palette indices.

< nb_meta_channels,then end ¢ < nb meta channels IS true and nb_meta_channe
rwise, nb meta‘channels += 1.

r restores)the original pixels as specified by the following code:

ttel72][3]
(%, 4, 4},

{

{111 OI O}I {OI _13}1 {OI _lOI _101 —10},

14

0,
(10

-12, 0

1.0 (27 27 270 1.0 o fa) o (27 2

ls +=

{-18, -1
{O/ 7321
{-34, -34
{_321 Or

{64, 0, O
(45, -24,
(24, -24,
{96, 0, O
{45, -24,
{-128, 0,
{45, -45,

first be
for
for (c

for

(1 = first + 1;
O.
(y = 0;

= = \>ar = =

I 1
-45, -45},
{7327 OI 732}/ {OI 732!

7 T

{0,

Ir

{50,

v +Yr Y7 I VY r
50, 50}, {—-45, -24, -24},
{-45, —-45, -24}, {64, 64, 064},
32}, {-24, {45, 24, 45}, {24, -24, -45}, {-45, -24, 24}, {80,
}I {OI Or _64}1 {OI _641 _64}1 {_241 _241 45}/ {961 96! 96}/ {641 64! O}I
24}, {34, -34, 0}, {112, 112, 112}, {24, -45, -45}, {45, 45, -24}, {0,
45}, {0, 96, 96}, {45, -24, 24}, {24, -45, -24}, {-24, —45, 24}, {0, -64,
}, {128, 128, 128}, {64, 0, 64}, {144, 144, 144}, {96, 96, 0}, {-36, -3¢,
-45}, {45, -45, -24}%, {0, 0, -96}, (0, 128, 128}, {0, 96, 0}, {45, 24,
0}, {24, -45, 24}, {-45, 24, -45}, {64, 0, —64}, {64, —-64, —-64}, {96,
24}, {24, 45, —-45}, {64, 64, —64}, {128, 128, 0}, {0, 0, —-128}, {-24,

T

{
7
732}( {

YT 1 ’ r {
{24, 24, 45}, -24,
0, —-24},

’ O}r {7247
-45, -24}%,

0,
45,

gin ¢ + 1; last end ¢ + 1; bitdepth metadata.bit depth.bits per sample;
i <= last; i++) /* Insert a copy of channel[first] at index i */;
¢ < num c; c++)

y < channel[first].height;

’

y++)
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for (x = 0; x < channel[first].width; x++) {
index = channel[first + c](x, y); is delta = (index < nb deltas);
if (index >= 0 and index < nb colours) { value = channel[0] (index, c);
} else if (index >= nb colours) ({
index -= nb colours;
if (index < 64) {
value = ((index >> (2 * c)) Umod 4) * ((1 << bitdepth) - 1) / 4
+ (1 << max (0, bitdepth - 3));
} else {
index -= 64;
for (1 = 0; 1 < ¢; 1i++) index = index Idiv 5;
value = (index Umod 5) * ((1 << bitdepth) - 1) / 4;

}

ISO/IEC 18181-1:2024(en)

} else if (c < 3) {

index = (-index - 1) Umod 143;

value = kDeltaPalettel[ (index 4+ 1) 11lcl:

ifl] (index & 1 == 0) value = -value;

ifl (bitdepth > 8) value <<= min (bitdepth, 24) - 8;
} ellse value = 0;
channel [first + c] (x, y) = value;

if
}

/* Remove

(

is delta) channel[first + c](x, y) += prediction(x,

channel 0 */;

vy, d_pred);
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Annex I
(normative)

VarDCT

I.1 Transform types

Table 1.1 specifies the different transform types that are used in the kVarDCT encoding, and the numerical

values thatfare used to represent them in bctselect (c.f. G.2.4).
Table I.1 — Transform type values
Transform type Numerical value Dimensions in DctSeleat

DCT8x8 0 1x1
Hornuss 1 1x1
DCT2x2, DCT4x4 2,3 1x1
DCT16x16 4 2x2
DCT32x32 5 4x4
DCT16x8 6 2x1
DCT8x16 7 1x2
DCT32x8 8 4x1
DCT8x32 9 1x4
DCT32x16 10 4x2
DCT16x32 11 2x4
DCT4x8, 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 Decoding quantization and decorrelation parameters

I.2.1 Quantizer

Table [.2 specifies the Quantizer bundle.

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

© ISO/IEC 2024 - All rights reserved
55


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

ISO/IEC 18181-1:2024(en)

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.

/* initialize gf thresholds to an empty vector */;

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

if (u(l)) prock ctx map = 10, 1, ; T S, 3, 4, o, ©, 6, 0, 6, 0,

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 (i 4 0; i < 3; 1i++) {
nb 1f |thr[i] = u(4);
for (3] = 0; J < nb_1f thr([i]; j++) {
t = |UnpackSigned (ReadThreshold()) ;
1f thresholds[i].push back(t);
}
}
nb gf thr = u(4);
for (1 9 0; 1 < nb gf thr; i++)
gf thresholds.push back(l + U32(u(2), 4 + u(3), 12 + u(5).)44 + u(8))));
bsize =[39 * (nb_gf thr + 1) * (nb 1f thr[0] + 1) * (nb _¥f ‘thr[l] + 1) * (nb_1f thyf[2] + 1);
block cyx map = ReadBlockCtxMap () ;
/* num_dist = bsize <= 39 * 64 and the resulting nup~&lusters <= 16 */;

I.2.3 LF channel correlation factors

Table 1.3 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 F16() 0.0 base correlation x
'all default F16() 1.0 base correlation b
'all defaul®t u(8) 128 x factor 1f
lall defadtt u(g) 128 b factor 1f

1.2.4 Deguantization matrices

The dequatttizatiomr mmatrices are used as muttiptiers forthe HF coeffictents,asspecified i 1.5.3. They
are defined by the channel, the transform type and the index of the coefficient inside the varblock. The
parameters that define the dequantization matrices are read from the stream as follows. First, the decoder
reads a 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 DCT16x8, DCT8x16 8x16

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

Each parameter in this subclause is read using F16() (B.2.4) unless-otherwise specified. For eachjmatrix, the

encoding nfode is read as a u(3) and interpreted per Table I.5¢

Table I.5 — Encoding mode and valid indices

encoding_mode Name Valid index
0 Library all
1 Hornuss 0,1,2,3,9,10
2 DCT2 0,1,2,3,9,10
3 DCT4 0,1,2,3,9,10
4 DCT4x8 0,1,2,3,9,10
5 AFV 0,1,2,3,9,10
6 DCT all
7 RAW all

The encodipg mode rédd for a given parameter index is such that the given index is specified as a|valid index
for that engoding in-Table F.1. After reading the encoding mode, the corresponding parameters jare read as
specified by the following code, where the modular sub-bitstream refers to Annex H and setDeffultMode ()

sets params, d€¥ params, dct4x4 params, and encoding mode to the default values from [.2.5.

ReadDctParams () {
num params = u(4) + 1;
vals = /* read 3 x num params matrix in raster

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() ;

order */;

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 () ;

dct4x4 params = ReadDctParams();

}

The dequantization matrices are computed for each possible value of the pctselect field as.the inverse
of the weights matrix, that only depends on the corresponding parameters as specified in~Ilable 1.4 and is
computed per channel.

A weights natrix of dimensions X x Y is computed as specified by GetdcTQuantweidhfs () in thle following
code, given|an array of parameters params.

Interpolate (pos, max, bands) {
if (bands.size() == 1) return bands[0];
scaled fgos = pos * (bands.size() - 1) / max;
scaled ijndex = floor(scaled pos);
frac index = scaled pos - scaled index;
A = bands[scaled index];
B = bands[scaled index + 1];
interpollated value = A * pow(B / A, frac index);
return interpolated value;

}

Mult(v) { |[if (v > 0) return 1 + v; else return 1& (1 - v); }
GetDCTQuantWeights (params) {
bands.cllear () ;
bands.pysh back (params[0]) ;
for (i 4 1; 1 < params.size(); i++) {
bands.push back(bands([i - 1] * Mult (params[i]));
/* bands[i] > 0 */
}

for (y 4 0; yv < Y; y++)
for (¥ = 0; x < X ; x++) {
dx 4 x / (X - 1);
dy qy / (Y = 1);
distyance = sqgrt (dx*dzxo% dy*dy) ;
weight = Interpolatefdistance, sgrt(2) + le-6, bands);
weights (x, y) =, weight;

return wWeights;

}

For encodipg.mode DCT, the weights matrix for channel c is the matrix of the correct size computed using
GetDctQuantWeights, USINg TOW C Of dct_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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all positions in the rectangle ((2,0), (4,2)),and symmetric

all positions in the rectangle ((2,2), (4,4))
all positions in the rectangle ((4,0), (8,4)),and symmetric

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
position (%, y Idiv 2) in the 4 x 8 matrix computed by GetDctQuantWeights using as an input row c of dct

params,; CO€

fficient (0,1) is then divided by params (c, 0).

For encodirlg mode AFV and channel c, the decoder obtains weights as specified by the following|

fregs {0
5.44924539
2.66293228
weights4x§
weights4x4
1o 0.85]]
bands[0]
/* Dbands |
for (i

bands[1i]

/* band

}
weights
weights
for

For encodiy

denominatd

For all othe
the weights

1 .

, 0, 0.8517778890324296, 5.37778436506804, 0, 0, 4.734747904497923,
1693219, 1.6598270267479331, 4, 7.275749096817861, 10.423227632456525,
6148962, 7.630657783650829, 8.962388608184032, 12.97166202570235%;

= /* 4 x 8 matrix produced by GetDctQuantWeights using row c EJ)dct param
= /* 4 x 4 matrix produced by GetDctQuantWeights using row €&pf dctd4x4 paj
7778890324296; hi = 12.97166202570235;

params (c, 5);

0] >= 0 */

;01 < 4; i++) |

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

s[i] >= 0 */

0) = 1; weights (0, 1) = params(c, 0); weightg&(1ly 0) = params(c, 1);

2) = params(c, 2); weights (2, 0) = params (&,\8); weights (2, 2) = params(c
;y < 4; y++)

0; x < 4; x++) {

< 2 and y < 2) continue;

Interpolate(fregsly * 4 + x] - lo, hi = lo + le-6, bands);
ts(2 * y, 2 * x) = val;

;y < 4; ytit)

0; x < 8; x++) {
== 0 and y == 0) continue;

s(x, 2 *y + 1) = weightsdx31(x, vy):

;y < 4; ytt)

0; x < 4; x++) {
== 0 and y == 0) eontinue;

s(2 * x + 1, 2 *Sy)" = weightsdx4 (x, v);

g mode RAW,\the dequantization matrices are equal to the params matrices multiplied
.

r encoding modes, the dequantization matrices for channel c are the element-wise re
nmdatrix computed for channel c. None of the resulting values are non-positive or infin

code:

*/

ams */

by params.

ciprocals of
ity.

I.2.5 Default values for each dequantization matrix

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,
-0.439093774457103443, -0.6350101832695744, -0.90177264050827612,
-1.6162099239887414}, {3191.48366296844234752, -0.67424582104194355,
—0.80745813428471001, —-0.44925837484843441, -0.358654409B1033403,
-0.31322389111877305, -0.37615025315725483}, {1157.504081454(87200256,
-2.0531423165804414, -1.4, -0.50687130033378396, -0.427087%30424733904,
-1.4856834539296244, -4.9209142884401604} }, {}

DCT32x32 DCT {{15718.40830982518931456, -1.025, -0.98, -0.9012, -0.4, -0.48819395464{ -0.421064,
-0.27}, {7305.7636810695983104, -0.8041958212306401;(50.7633036457487539,
-0.55660379990111464, -0.49785304658857626,0~0.436995926[83512467,
-0.40180866526242109, -0.27321683125358037}, {3803.53173721215041536,
-3.060733579805728, -2.0413270132490346,-2.0235650159727417,-0.5495389509954993,
-0.4,-04,-0.3}}, {3}

DCT16Kk8,DCT {{7240.7734393502,-0.7,-0.7,-0.2,-0.2,-0.2, =0.5}, {1448.15468787004, -0.p, 0.5, 0.5,

DCT8x16 -0.2,-0.2,-0.2},{506.854140754517, -1.4, -0:2;~+0.5, -0.5, -1.5, -3.6} }, {}

DCT32k8,DCT { {16283.2494710648897, -1.7812845336559429, -1.6309059012653515,

DCT8x32 -1.0382179034313539,-0.85,-0.7,-0.9, =1:2360638576849587}, {5089.15750884921511936,
-0.320049391452786891, -0.35362849922161446,-0.30340000000000003(-0.61, -0.5,
-0.5,-0.6},{3397.77603275308720128, -0.321327362693153371, -0.34507619223117997,
-0.70340000000000003, -0.9, =1:0;-1.0, -1.1754605576265209} }, {}

DCT16x|32,DCT {{13844.97076442300573, -0097113799999999995, -0.658, -0.42026, -0.227[12, -0.2206,

DCT32x16 -0.226,-0.6},{4798.964084220744293,-0.61125308982767057,-0.83770784552491361,
-0.79014862079498627, -0.2692727459704829, -0.38272769465388551,
-0.22924222653091453, -0.20719098826199578}, {1807.236946760964614, -1.2, -1.2,
-0.7,-0.7,-0.7,-0.4,=0.5} }, {}

DCT4x8,DCI'8x4 |DCT4x8 |dct4x8 params, {1.0,1.0, 1.0}

AFVO0, AFV1,/AFV dct4x8 paxams, { {3072,3072, 256, 256, 256, 414, 0.0, 0.0, 0.0}, {1024, 1024, $0.0, 50.0,

AFV2, AFV3 50.0, 58, 0.0} 0.0, 0.0}, {384, 384, 12.0,12.0, 12.0, 22, -0.25, -0.25, -0.25} }

DCT64x64 DCT {{23966.1665298448605, SeqA}, {8380.19148390090414, SeqB}, {4493.02378[009847706,
SedCih{}

DCT32x|64,DCT {{15358.89804933239925, SeqA}, {5597.360516150652990, SeqB}, {2919.96161960011210,

DCT64x32 SeqC} }, {}

DCT128x128 DCT {{47932.3330596897210, SeqA}, {16760.38296780180828, SeqB}, {8986.04754019695412,
SeqC} }, {}

DCT64x128MDCT {{30717.796098664792, SeqA}, {11194.72103230130598, SeqB}, {5839.92323[792002242,

DCT128x64 SeqC}}, {}

DCT256%x256 DCT {{95864.6661193794420, SeqA},{33520.76593560361656, SeqB}, {17972.09512039390824,
SeqC}}, {}

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 pr

distributions for HF coefficients depends on num hf presets.

NOTE

is decided on a per-group basis.

1.3 HfPass

e-clustered

The number of bits used to represent this number is not a constant because the set of histograms to be used

I.3.1 HF
The decodsd

coefficient order

r first reads used_orders asu32 (0x5F, 0x13, 0x00, u(13)).Ifused orders, =10, it]

clustered distributions as specified in C.1. It then reads HF coefficient orders order[p] [b] [c] 3

by the code
index, and j

for
for
if

(b
(c =
((usq
nat orf
for /¥
ords
} else {
for /%
ords

}

DecodePerr
stream (shg
by transfor

I.3.2 Naf

For every

follows. Th
max (N, M)
bheight
y) between
therefore b
by the elem
cells (x,y) {
to the highe

The rest of

O .

below, where p is the index of the current pass, b is an Order ID (see Table 1.7), c is a
latural coeff order[b] isthe natural coefficient order for Order ID p).as specified in

b < 13; b++)
c < 3; c++)
d orders & (1 << b)) != 0) {
d perm DecodePermutation (b) ;
each coefficient index i */
r[p] [b]l[c][i] natural coeff order[b][nat ord p&rm[i]];

’

0;

each coefficient index i */
ripl[bllc][i] natural coeff order[b][i]:

utation (b) is defined as follows. The decoder reads a permutation nat ord perm ff
ired during the above loop) as specifiedii'F.3.2, where size is the number of coefficie
ms with Order ID b (SO size == natural coeff order[b].size ()) and skip

size

fural ordering of the DCT coefficients

ctselect value (Hornuss,-DCT2x2, etc), the natural order of the coefficients is c
e varblock size (bwidth,pheight) for a betselect value with name “DCTNxM” is bwidt
and pbheight max«(8, min (N, M)). The varblock size for all other transforms i
8. The natural ordering of the DCT coefficients is defined as a vector order of cell g
(0, 0) and (bwidtb, pheight), described below. The number of elements in the vect
;idth * bheight, and the vector is defined as the elements of LLF in their original ord
ents of HE4lso in their original order. LLF is a vector of lower frequency coefficients
yith x <dwidth / sandy < bheight / 8.The cells (X, y) that do not satisfy this cond
br frequencies vector HE.

eads 8 pre-
s specified
component

om a single
hts covered
64.

pmputed as

h max (8
S bwidth

ositions (x,
or order is
er followed
containing
tion belong

4

nd HF. The

this subclause specifies how to order the elements within each of the arrays LLF 3

pairs (x,y)

£1 I N : T 1 1 1 PR | 1
II'UIC LLET VELLUL IS SUI'tCU I dSCCITULTE OTUTT dLLUTUITE LU UIT Vd4Iuc 'y Dwidthn o

+ x. For the

pairs (%, y) in the HF vector, the decoder first computes the value of the variables key1 and key2 as specified
by the following code:

cx bwidt
scaled x
scaled y
keyl
key2
if

(keyl Umod 2 ==

h / 8; cy
X * max(cx, cy)
y * max(cx, cy)

= bheight / 8;
/ cx;

/ cy;

scaled x + scaled y;
scaled x - scaled y;

) 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

DCT32x16, DCT16x32

DCT64%x64

1.3.3 HF

Letnb blo
presets *

1.4 Decq

The decodsg
which is gi
possibilitie

To comput
the currenf
is the nfmy
correspond
if needed).

DCT32x64, DCT64x32
DCT128x128

DCT64x128, DCT128x64
DCT256x256
DCT128x256, DCT256x128

O ([ O0IN| ||| W|IN|=R|O

[EnN
o

-
[E

[
[\

coefficient histograms

k_ctx be equal to max (block ctx map) + 1.The decoder reads a histogram with 495
nb block ctx pre-clustered distributions D from the codéstream as specified in C.1.

pding of quantized HF coefficients

r reads nfp u(ceil (log2 (num_hf presets))), which indicates the offset in the
ven by offset 495 nb block ctx hfp. These are chosen from the num |
5 of the current pass.

* *

e context, the decoder uses the pretedures and constants in the following code,
channel (with 0=X, 1=Y, 2=B), s is“the Order ID (see Table 1.7) of the pctselect v
1 value for the current varbloek, and gdc (3] are the quantized LF values of LfQu
ing to (the top-left 8x8 block within) the current varblock (taking into account jpeg |
The lists of thresholds gfibresholds and 1£ thresholds[3],and block ctx map are

* num_ hf

histogram,
hf presets

where c is
hlue and gf
ant (G.2.2)
upsampling
as decoded

in LfGlobal|(G.1.1 and 1.2.2).
BlockContgxt () |
idx = (q <2 2?2 c 1 :2)'* 13 + s;
idx *= (gf thresholdsisize() + 1);
for (t : gf threshplds) if (gf > t) idx++;
for (i 4 0; 1 < ) u++) idx *= (1f thresholds[i].size() + 1);
1f idx o 0;
for (t : 1f thhkesholds[0]) if (gdc[0] > t) 1f idx++;
1f idx %= (If,thresholds[2].size() + 1);
for (t : X# _thresholds[2]) if (gdc[2] > t) 1f idx++;
1f idx *=X1f thresholds[l]l.size() + 1):
for (t : 1f thresholds[1]) if (gdc[1l] > t) 1f idx++;
return block ctx map[idx + 1f idx];
}
NonZerosContext (predicted) {
if (predicted > 64) predicted = 64;
if (predicted < 8) return BlockContext() + nb block ctx * predicted;
return BlockContext () + nb block ctx * (4 + predicted Idiv 2);
}
CoeffFregContext[64] = {
o, o, 1, 2, 3, 4, 5, ¢, 7, 8, 9, 10, 11, 12, 13, 14,
15, 15, 16, 16, 17, 17, 18, 18, 19, 19, 20, 20, 21, 21, 22, 22,
23, 23, 23, 23, 24, 24, 24, 24, 25, 25, 25, 25, 26, 26, 26, 26,
27, 27, 27, 27, 28, 28, 28, 28, 29, 29, 29, 29, 30, 30, 30, 30};
CoeffNumNonzeroContext[64] = {
0, 0, 31, 62, 62, 93, 93, 93, 93, 123, 123, 123, 123,
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152, 152, 152, 152, 152, 152, 152, 152, 180, 180, 180, 180, 180,
180, 180, 180, 180, 180, 180, 180, 206, 206, 206, 206, 206, 206,
206, 206, 206, 206, 206, 206, 206, 206, 206, 206, 206, 206, 206,
206, 206, 206, 206, 206, 206, 206, 206, 206, 206, 206, 206};
CoefficientContext (k, non zeros, num blocks, size, prev) {
non_zeros = (non_zeros + num blocks - 1) Idiv num blocks;
k = k Idiv num blocks;
return (CoeffNumNonzeroContext[non zeros] + CoeffFregContext[k]) * 2 +
prev + BlockContext () * 458 + 37 * nb block ctx;

}

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

PredictedNonZeros (x, y) |
if (x == 0 and y == 0) return 32;
if (x ==5—0) return NonZor (2, 1)
if (y =9 0) return NonZeros(x - 1, y);
return (NonZeros(x, y-1) + NonZeros(x-1, y) + 1) >> 1;

}

After selec
stream, as
it reads ch
correspond
varblock cd
* (H / 8
t (Predictd
the current
(non_zeros
the decode
ntext (k,
following c

1]

if (k == n
if (non |
else prqg
else {
if ([[dg
else pr9g

}

The decodq
[k] to Unpg
current chg

0, the decodler stops decoding further coefficients for the current block.

If this is no

.5 Ada

ting the histogram and coefficient order, the decoder reads symbols from an ent
specified in C.3.3. The decoder proceeds by decoding varblocks in raster-order; for ea

s to the top-left corner of a non-subsampled varblock. For the purposes of this ord
rresponds to its top-left block. For each varblock of size w x H,, covering num blocks
blocks, the decoder reads an integer non_zeros using becodefiytridvarLenUint (NonZ
dNonzeros (x, y)) + offset).The decoder then sets the NonZeros (x, y) value for ei
varblock as follows: for each i in [0, w / 8) and j in [0, a/8), NonZeros (x + i, y +
+ num blocks - 1) Idiv num_blocks.Letsize = W H.Forkintherange[num_bl
I reads an integer ucoeff from the codestream, using decodeHybridvarLenUint (Coe

on _zeros, num blocks, size, prev) + offset),vvhere prev iS conlputedAas Sped
pde:

um blocks) {

zeros > size / 16) prev = 0;

v = 1;

coded coefficient at position (k' - 1) is 0]]) prev = 0;

v 1;

r then sets the quantizedHF coefficient in the position corresponding to index orde
ckSigned (ucoeff), where p is the index of the current pass and s and c are the O1
nnel index as abovellf ucoeff != 0, the decoder decreases non zeros by 1. If non ze

F the first pass;.the decoder adds decoded HF coefficients to previously-decoded ones

ptivesquantization

I.5.1 Ge

ropy-coded
ch varblock

hnnels Y, X, then B; if a channel is subsampled, its varblocks are skipped unless the varblock

ering, each
(W / 8)
erosContex
ich block in
j) is set to
ocks,size}

fficientCo

ified in the

r [p] [s] [c]
der ID and
-os reaches

heral

In var-DCT mode, quantized LF and HF coefficients gX, qY and gB are converted into values dX, dY and dB as
specified in 1.5.2 and L.5.3, respectively.

I.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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* C_[X /
* gy /
* qB /

(1 << extra precision)
(1 << extra precision)
(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(waY— SY)/mYDC, abS(waB— SB)/mBDC).The smoothed value is (wa — s) * max(0, 3 - 4 * gap) + s.

After apply
coefficients
LF image.

1.5.3 HF

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

its channel

oim = metd
if (abs(gy

else quany

The resulting quant is then multiplied by a per-block multipliefMul based on the value of &

coordinate
scale * HA
2)andpow

The final dg
transform f{

.6 Chrq
This clause

EachX,Y a
chroma fro

Im luma model. The Feconstruction uses the colour correlation coefficient multiplier§

ing this smoothing, the decoder uses the process described in [.8 to compute the top:le
of each varblock of size X x Y, using the corresponding x/8 x v/8 samples from the’d

dequantization

(0 for X, 1 for Y or 2 for B).

data.opsin inverse matrix;
ant) <= 1) quant *= oim.quant bias[channel];
-= oim.quant bias numerator / quant;

5 of the 8 x 8 rectangle containing the current sample: mu1 (1 << 16) / (quantiz
Mul). For the X and B channels, it is then multiplied’by by pow (0.8, frame header.x |
0.8, frame header.b gm scale - 2),respecﬁvebh

pquantized value is obtained by multiplying the result by a multiplier defined by the ¢
ype and the coefficient index inside the'warblock, as specified in [.2.4.

)ma from luma
is skipped if any channel is-subsampled.

hd B coefficient is reconstructed from the dequantized coefficients dX, dY and dB us

from constants defihed in [.2.3) to restore the correlation between the X/B and the Y
’ the following ‘code:

correlation*x + x factor / colour factor;
correlation b + b factor / colour factor;

’

X Y
B Y ;

*
¥

ftx/8xv/8
equantized

pending on

fMul at the
er.global
om scale -

hannel, the

ing a linear
kX and kB
channel, as

(computed
specified b
kX = base |
kB = base |
Y = dy;

X =dXx + §
B =dB +
For

LF coefficients, x factor and b factor correspond to x factor 1f — 128 and b factor 1f — 128,

respectively (1.2.3). LF coefficients are not modified if f1ags.kUseLfFrame is true. For HF coefficients, x
factor and b_factor are values from xFromy and Brromy (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

I.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.

[.7.2 One-dimensional DCT and IDCT

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

Let in and g
Outk =
The inverssg

iny, = o\

ut denote the inputs and outputs. Then the forward DCT transform is defined as:
1 s—-1 Tk 1

- (k==071: in. - kbl -

s(k O'l'ﬁ)anom" cos( . [n+2))

DCT transform (IDCT) is defined as follows:

to + 2 ;:\/5 -out,, - cos(?(k +%))

.7.3 Two-dimensional DCT and IDCT

In this sul
dimensiong

1 IDCT/DCT on each column vector of the given matrix as defined in 1.7.2. The DCT tr

RxC matrig DCT_2D(samples) is specified by the following code:

dctl = Coll
dctl t = T
dct2 = Coll
if (C > R)

else resull

NOTE T
varblock has

The invers
following c

if (C > R)
else dct2

detl t =@
dctl = Trd
varblock

1.8 LLF

umnDCT (samples) ;
ranspose (dctl) ;
umnDCT (dctl t);
result Transpose (dct2) ;
dct2;

t =
he final Transpose ensures the DET result has the same shape as the original varblock if
more columns than rows, and hasthe shape of its transpose otherwise.

e DCT (IDCT) to obtainya RxC matrix of samples IDCT_2D(coefficients) is speci
pde:

dct?2 TranspqQSetcoefficients);
coefficients;

olumnIDCT (det?2Y ;

nspose (deght) ;
ColumnEDE€T (dctl) ;

coefficients from downsampled image

bclause, Transpose is the matrix transpose and,ColumnIDCT/ColumnDCT peerIr

(L1)

(1.2)

ms a one
nsform of a

the original

fied by the

This subcla

image (LF),

Fala £33 +ol 1 0 £ Q &3 pa |
I CUTITIVITIILS LI TT UL d11T U L1IIICS UU

I 1 4 | ATPN-IS PN | £ N
oC DPCLIIICD ITUVV LU UDLdIIl LIIT 1IUVV 11 Cl.iucll\._y G

for each pctselect value.

nsampled

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,
invers

b) {
e scale f

= (2 * b)) * cos(c * pi / b) * cos(2 * ¢ * pi / b);

cos(c * pi /

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
equal to the input.

1.9 Coefficients to samples

.9.1 General

Each of the|subsequent subclauses in 1.9 specifies how the decoder converts the coefficients to pjxels where
Dctselect atches one of the types listed in the heading of the subclause.

1.9.2 DC[RxCwithR,C=8

The R x Cmatrix of samples are obtained using samples = IDCT 2D (coefficfents) forapctselect valug of DCTRxC.

1.9.3 DC[I2x2

The samplds of a DCT2x2 varblock are computed from an 8x8 block of coefficients. auxIpCcT2%2 (Hlock, s) is
specified by the following code, in which b1lock is a matrix of size SxS, and S is a power of two:

AuxIDCT2xZ(block, S) {
result = block;
num 2x2 | S / 2;
for (y § 0; y < num 2x2; y++)

for ( = 0; x < num 2x2; x++) {
c00 block(x, v);
c01

(

block (num 2x2 + x, y);
(
(

cl0 [ block(x, y + num 2x2);

cll [ block(num 2x2 + x, yefohum 2x2);
r00 |F c00 + c01 + cl0 + 11y

r0l F c00 + c01 - cl1l0 —-.cT1;

rl0 |F c00 - c01 + cl0% cl11;

rll | c00 - c01 — oTQ\+ cl1;

resylt(x * 2, y *2)"= r00;

resylt(x * 2 + &,y * 2) = r01;
resylt(x * 2,.%0% 2 + 1) = rl0;
resylt(x * 241, vy * 2 + 1) = rll;

}

return resuls;

}

When block is Targer than SxS, auxipcT2x2 modifies only the top-left SxS cells. Tn that case, the decoder
copies the rest of the cells from block to result. The inverse DCT2x2 is specified by the following code:

block = AuxIDCT2x2 (block, 2);
block = AuxIDCT2x2 (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 8x8 input coefficients are transformed to 8x8 samples as specified by the following code:

IDCT2x2 (coefficients, 2);
for (y o v < 2; y++)
for (x o 0; x < 2; x++) {
block |1f = dcs(x, y);

dcs = Aux

residdal sum 0;
for (iy = 0; iy < 4; iy++)
for |(ix = (iy == 0 2 1 : 0); ix < 4; ix++)
rgsidual sum += coefficients(x + ix * 2, y + iy * 2);
samplg(4 * x + 1, 4 * y + 1) = block 1f - residual sum / 16.0;
for (iy = 0; iy < 4; iy++)
for |(ix = 0; ix < 4; ix++) {
iff (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);
}
samplg(4 * x, 4 * y) =
cdefficients(x + 2, y + 2) + sample(4 * x + ¢, 4 * y + 1);
}

1.9.6 DC[I8x4

The 8x8 samples are reconstructed from the 8x8\coefficients by dividing them into two 8x4 verftical blocks
samples_8x4, as specified by the following codeyin which coeffs 4x8 denotes a temporary 4 x 8 matrix.

coef0 = cgefficients (0, 0); coefl = coefficients (0, 1);

dcs = {cogf0 + coefl, coef0 - coefly};
for (x = Oy x < 2; x++) {
coeffs §x4(0, 0) = dcs[x];
for (iy |F 0; iy < 4; iy++)
for (ix = (iy == 0 2 1 &0); ix < 8; ix++) {
coeflfs 4x8(ix, 1iy) /~Coefficients(ix, x + 1y * 2);

}
samples |8x4[x] = IDET 2D (coeffs 4x8);
}

1.9.7 DC[l'4x8

The 8x8 samplés are reconstructed from the 8x8 coefficients by dividing them into two 4x8 horiz¢ntal blocks
samples 4xgpds’specified by the following code, in which coeffs 4x8 denotes a temporary 4 x 8 matrix.

coef0 = coefficients (0, 0); coefl = coefficients (0, 1);
dcs = {coef0 + coefl, coeflO - coefl};
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]

(iy =

(coefficients (0, 0) + coefficients (0, 1)

+ coefficients (1,

0))

* 4.0;

for 0; 1y < 4; 1iy++)
for (ix = (iy == 0 2 1 : 0); ix < 4; ix++)
coeff afv[iy * 4 + ix] = coefficients(ix * 2, iy * 2);
for (iy = 0; iy < 4; iy++) {
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 =10; 1y < 4; 1iy++)
for (ix | 0; ix < 4; ix++)
samplgs (flip x * 4 + ix, flip y * 4 + 1iy) =
samgles afv(flip x == 1 ? 3 - ix : ix, flip y == 1 2 3 - iy : 1iy);

coeffs 4x4

(0, 0) = coefficients (0, 0) - coefficients(l, 0)

for (iy =10; iy < 4; iy++)
for (ix|F (iy == 0 2 1 : 0); ix < 4; ix++)
coeffq 4x4 (ix, 1y) = coefficients(ix * 2 + 1, iy * 2);
samples 434 = IDCT 2D (coeffs 4x4);
for (iy =10; iy < 4; iy++)
for (ix |F 0; ix < 4; ix++)
samplgs ((flip x == 1 2 0 : 4) + ix, flip y * 4 + iy) =
samgles 4x4 (ix, iy);
coeffs 4x8§(0, 0) = coefficients(0, 0) - coefficients(0, 1);
for (iy =10; iy < 4; iy++)
for (ix|F (iy == 0 2 1 : 0); ix < 8; ix++)
coeffq 4x8(ix, 1y) = coefficients(ix, 1 + iy * 2),

samples_4x§ = IDCT 2D(coeffs 4x8);
for (iy =10; iy < 4; iy++)
for (ix |F 0; ix < 8; 1ix++)
samplgs (ix, (flip y == 1 2 0 : 4) + 1iy) = samples 4x8(ix, 1iy);
The AFV transform uses the following orthonormal*basis:

AFVBasis [

6][16]

0.25}, {0.876902929799142, 0.2206518106944235, -0.10140050393753763, -0.1014005P39375375,
0.2206518106944236, -0.10140050393753777, -0.10140050393753772, -0.10140050893753763,
-0.10140030393753758, -0.10140050393753769, -0.1014005039375375, -0.10140050B93753768,
-0.10140030393753768, -0.10140050393753759, -0.10140050393753763, -0.10140050393753741},
{0.0, 0.0 0.40670075830260755, 0.44444816619734445, 0.0, 0.0, 0.19574399872042936,
0.2929100136981264, -0.40670075830260716, -0.19574399372042872, 0.0, 0.11379074460448091,
-0.444448]16619734384, =0.29291001369812636, -0.1137907446044814, 0.0}, {0.0, 0.0,
-0.21255748058288748).0.3085497062849767, 0.0, 0.4706702258572536, -0.1621205195722993, 0.0,
-0.21255748058287047, -0.16212051957228327, -0.47067022585725277, -0.1464291867126764,
0.3085497(062849487, 0.0, -0.14642918671266536, 0.4251149611657548,}, {0.0, -0.7071067B11865474,
0.0, 0.0, 0.y071067811865476, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0}, {-0.4105377p91765233,
0.6235485] 73547691 -0. 06435071657946274 -0. 06435071657946266 0. 6235485 873547694,
-0.0643507 b57946272,
-0. 06435071657946279 —0 06435071657946266 —O 06435071657946277 —O 06435071657946277

+ coefficients (0,

= { {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

NI

0.25, 0.25,

-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, -0.07946706605909573, -0.4613374887461511, -0.13813540350758294,
-0.07946706605910261, 0.49724647109535086, 0.12538059448563663, 0.3302282550303805,
-0.461337 = 599651067,
0.0702790491196284, 0.0, -0.2921026642334881, 0.3623817333531167, 0.0, -0.1743760259965108,
0.36238173335311646, 0.29210266423348785, -0.4326608024727445, 0.0702790691196£2818, 0.0,
-0.4326608$024727457, 0.34875205199302267,}, {0.0, 0.0, 0.11354987314994337, -0.07417504595810355,
0.0, 0.19402893032594343, -0.435190496523228, 0.21918684838857466, 0.11354987314994257,
-0.4351904965232251,  0.5550443808910661, -0.25468277124066463, ~0:07417504595810233,
0.2191868483885728, -0.25468277124066413, 0.1135498731499429} }.
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Annex ]
(normative)

Restoration filters

J.1 General

The decoder supports two kinds of restoration filters: a Gabor-like transform and an edge-preserving filter.

The frame header (see F.2) contains a restoration filter bundle, which is defined in Table f1-
Table J.1 — RestorationFilter bundle
condition type default name
Boo]() true all default

lall defaglt BOO](] true gab

gab Bool() false gab custom

gab_custof F16() 0.115169525 gab_x_weightl

gab custonp F16() 0.061248592 gab x weight2
gab_custon F16() 0.115169525 gab_y weightl
gab_custonp F16() 0.061248592 gab_y_weight2

gab custoj F16() 0915169525 gab b weightl
gab_custof F16() 0.061248592 gab_b_weight?2

'all defaglt u(Z) 2 epf iters

'all defaflt and epf iters and Boolf) false epf sharp custdm
encoding #=KkVarDCT

epf sharp|custom F16() {0, 1/7, 2/7, 3/7, 4./7, 5/7, epf sharp lut[{]

6/7,1}

'all defaplt and epf iters Boo]() false epf weight cusfom

epf weighf custom F16() {40.0, 5.0, 3.5} epf channel scglel3l]
epf weigh{ custom u(32) 0 (ignored)

'all defaflt and epf itekrs Bool() false epf sigma custdm

epf sigma|custom and.®ncoding == F16() 0.46 epf_quant_mul
kVarDCT

epf sigma|custom F16() 09 epf pass0 sigmg scale
epf sigma]cusiton F16() 6.5 epf pass2 sigmg scale
epf sigma|custom F16() 2/3 epf border sad |mul
'all default and epf iters and F16() 1.0 epf sigma for modular
encoding == KkModular

'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 ].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

imaaaa docadarc
HAaEe-ae€66e+s:

This upsampling procedure corresponds to the so-called “triangle filter” that is commonly implemented in
existing JPEG

J].3 Gab

In this sub
applies a ¢
unnormaliZ
filter.gal
filter.gaQ

weights suin to 1.

When the
image, the

J.4 Edg;s

].4.1 Gel
In this subq

The filter i3
The output

In each ste

reference plixel (].4.3), and then the'pixel is updated using a weighted average (].4.4).

The first st
pixel which
L1 distancq

The second
a pixel whi
and right o

=

pr-like transform

clause, C denotes X, y, or b according to the channel currently being ptrecessed. T
bnvolution to each channel of the entire image with the following symmetric 3x3
ed weight for the center is 1, its four neighbours (top, bottom, left) right) are re
| ¢ weight1 and the four corners (top-left, top-right, bottom-left, bottom-right) are re
| ¢ weight2. These weights are rescaled uniformly before convelution, such that the

ronvolution references input pixels with coordinates e¢x,\¢y outside the bounds of t
lecoder instead accesses the pixel at coordinates Mizrdp(cx, cy) (5.2).

e-preserving filter

heral
lause, rf denotes restoration filtek:

only performed if rf.epf iters > 0. Ifitis performed, the filter operates in up to {
of each step is used as an inputfor the following step.

p, an L1 distance metrie'is-defined as specified in ].4.2. It is used to compute weig}

ep is only done if #f.epf _iters == 3.In this step, for each reference pixel, the filte
is a weighted §um of the reference pixel and each of the twelve neighbouring pixels
of at most 2.

step is.dlways done (if rf.epf iters > 0).In this step, for each reference pixel, the fi
h is,aWeighted sum of the reference pixel and each of the four neighbour pixels (top,
[ thie'eurrent one).

he decoder
kernel: the
storation
storation
nine kernel

he original

hree steps.

its for each

r outputs a
that have a

ter outputs
bottom, left

In both the first and the second step, the distance for each weight is computed over two cross shapes
consisting of five pixels (center, top, bottom, left and right), where the centers are the reference pixel and the
pixel corresponding to the weight.

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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tances

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
channel c of the image in coordinates (x, v).

DistanceSt
dist
for (c =

for (/
dist
sa

}
}

O .

eplOandl (x, vy, cx, cy) {
2 coords = { {Ol O}l {_11 O}I {11 O}I {OI _1}1 {Ol 1} };
0; c < 3; ct++) {
* (ix, iy) in coords */) {
+= abs(sample (x + ix, y + iy, c) -
mple(x + cx + ix, y + cy + 1y, c)) * rf.epf channel scalelc];

return dist:
}
DistanceStep2 (x, vy, cx, cy) {
dist = O
for (¢ o 0; c < 3; c++) {
dist H= abs(sample(x, vy, c) -
samgle (x + cx, y + cy, c)) * rf.epf channel scale[c];
}
return dist;

}

J.4.3 Welights

The convoly

reference piixel, computed using a decreasing function weight () specified by the following code:

Weight (difg
step =
step mull
if (/* s

pos
else pofd
inv_ sigm
scaled d
v 1 -
if (v <H

return Y,

}

Let quantiz
the coordin

sigma is thg
rf.epf sig

sigma qy
sigma *= 4

ition kernel for each reference pixel is determined by the five weights of its neighbour

tance, sigma) {
* 0 1if first step, 1 if second step, 2 if thiyd step */;
tiplier 1.65 * {rf.epf passO sigma scalé,/ I, rf.epf pass2 sigma scale};
ither coordinate of the reference sampleéds 0 or 7 UMod 8 */)
ition multiplier rf.epf border_ sad mglr;
ition multiplier = 1;
a step multiplier[step] (L vsgrt (0.5))
istance position multiplier * distance;
scaled distance * inv_ sigma;

0) return 0;

’

x4 0% / sigma;

ation width and sharprmess denote the values of mul (as defined in 1.5.3) and sharpne
ates of the 8 x 8 rectangle containing the reference pixel.

n computed as specified by the following code if the frame encoding is kVarDCT, els
ma for modulat.

antizatiewidth * rf.epf quant mul;
f.epf sharp lut[sharpness];

Ifsigma <

output sam|ples are the same as the input sample in the given block.

0.3 for-agiven varblock, the decoder skips all steps on the pixels of that block: for ea

s and of the

s (G.2.4) at

e it is setto

ch step, the

J4.4 We

ighted average

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,

if (/* ste

kernel c

} else {

kernel coords

}

sum weight

v)-
p 0 */) |
oords = { {0, 0}, {-1, 0}, {1, 0}, {0, -1}, {0, 1},
{17 71}/ {1/ 1}/ {717 1}7 {711 71}! {721 O}I
{2, 0}, {0, 2}, {0, -2} };
= { {0, 0}, {-1, O}, {1, O}, {O, -1}, {O, 1} };

s 0;
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