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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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 ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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International Standard ISO/IEC 21122-1:2024(en)

Information technology — JPEG XS low-latency lightweight
image coding system —

Part 1:
Core coding system

1 Scope

This docunjent specifies the syntax and an accompanying decompression process that isicapable o represent
continuousftone grey-scale, or continuous-tone colour digital images without viSual loss af moderate
compressign rates. Typical compression rates are between 2:1 and 18:1 but can jalse be higher depending
on the natyre of the image. In particular, the syntax and the decoding process specified in thiy document
allow lightyeight encoder and decoder implementations that limit the end-to-end latency to a frdction of the
frame size.|However, the definition of transmission channel buffer modelsecessary to ensure sjuch latency
is beyond the scope of this document.

This docunjent:
— specifies decoding processes for converting compressed infage data to reconstructed image [data;
— specifigs a codestream syntax containing information fer interpreting the compressed imagg data;

— provides guidance on encoding processes for converting source image data to compressed irhage data.

2 Normiative references

There are rjo normative references in this document.

3 Terms$ and definitions, abbreviated terms and symbols

3.1 Terms and definitions

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

«\

ISO and IE( maintain terminology databases for use in standardization at the following addressg

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

— IECElec

3.1.1

band

input data to a specific wavelet filter type (3.1.54) that contributes to the generation of one of the components
(3.1.14) of the image

3.1.2

band type

single number collapsing the information on the component, and horizontal and vertical wavelet filter types
that are applied in the filter cascade reconstructing spatial image samples from inversely quantized wavelet
coefficients

© ISO/IEC 2024 - All rights reserved
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3.1.3
bit

ISO/IEC 21122-1:2024(en)

binary choice encoded as either 0 or 1

3.14
bitplane

array of bits having all the same significance

3.1.5

bitplane count
number of significant bitplanes of a code group, counting from the LSB up to the most significant, non-empty

bitplane

3.1.6

bitplane C(Lunt subpacket

subset of a
padding an

Note 1 to en

3.1.7
byte

packet which decodes to the bitplane counts of all code groups within a packet, f

d optional filler bytes

ry: See subclause C.5.3.

group of 8 bits

3.1.8
colour filte
CFA
rectangula
element is §

3.19

codestrea
compresse
reconstruc

3.1.10
code group
group of qu

3.1.11
coefficient
input value

3.1.12

I array

array of sensor elements yielding a 1-componentdmage where the colour to whi

ensitive to depends on the position of the sensorjelément

];limage data representation that includes all necessary data to allow a (full or ap
fion of the sample values of a digital ifmage

antization indices in sign-nmragnitude representation before inverse quantization

to the inverse wavelet transformation resulting from inverse quantization

coefficient| group

number of]

3.1.13
column

norizontally adjacent wavelet coefficients from the same band

ollowed by

th a sensor

proximate)

set of vertically aligned precincts

3.1.14

component

two-dimensional array of samples having the same designation such as red, green or blue in the output or
display device

3.1.15

compression
process of reducing the number of bits used to represent source image data

© ISO/IEC 2024 - All rights reserved
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3.1.16
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continuous-tone image
image whose components have more than one bit per sample

3.1.17

data subpacket
subset of a packet which consists of the quantization index magnitudes, followed by padding and optional

filler bytes

Note 1 to entry: See subclause C.5.4.

3.1.18

deadzone quantizer

quantizer v

3.1.19
decoder

cazara hyaclrat ho iza diffarant frron 11
zZe Tt Tt

ha e cig athar kb Lotc
1165€ Foouerketa5a-5SHEe-arerent e airo

LR Pal
CITCT OO TCISTTS

embodiment of a decoding process

3.1.20
decoding

rocess

process whiich takes as its input a codestream and outputs a continuous-toneiimage

3.1.21
decompos
number of {

3.1.22
encoder

tion level
imes a wavelet filter is applied to reconstruct image data‘from wavelet coefficients

embodiment of an encoding process

3.1.23
encoding

rocess

process whiich outputs compressed image data in‘the form of a codestream

3.1.24
filler bytes

integer number of bytes a decoder will skip over on decoding without interpreting the values of the

3.1.25

intra coding

coding pro
Note 1 to en

3.1.26

inverse procedure to quantization by which the decoder recovers a representation of the coeffici

ess which decodesydata independent from data decoded in a previous frame

ry: ISO/IEC 21122-1:2022 only defined intra coding tools.

inverse ql%antization

bytes itself

|ents

3.1.27

inverse reversible multiple component transformation
inverse RCT

inverse transform across multiple component sample values located at the same sample grid point that is
invertible without loss

Note 1 to entry: See subclauses F.3 and F.4.

3.1.28
LL band

input to a series of wavelet filters where only inverse low-pass filters are applied in horizontal and vertical

direction

© ISO/IEC 2024 - All rights reserved
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3.1.29
lossless

ISO/IEC 21122-1:2024(en)

descriptive term for encoding and decoding processes and procedures in which the output of the decoding
procedure(s) is identical to the input to the encoding procedure(s)

3.1.30

lossless coding
mode of operation which refers to any one of the coding processes defined in this document in which all of
the procedures are lossless

3.1.31
lossy
descriptive

term for encoding and decoding processes which are not lossless

3.1.32
packet
segment of]
the bands v

3.1.33
padding
bits within
carry noin

3.1.34
precinct
collection g

3.1.35
precision
number of |

3.1.36
procedure
set of steps

3.1.37
quantizati
method of 1

3.1.38
quantizati
input to thd

3.1.39
quantizati

absolute vallue of a quantization index

the codestream containing entropy coded information on a single precinct, line and
yithin this precinct and line

the codestream whose only purpose is to align syntax elements)to byte boundari
formation

f quantization indices of all bands contributing to a given spatial region of the image

pits allocated to a particular sample, coefficient, or other binary numerical represents

which accomplishes one of the tasks’'which comprise an encoding or decoding proces

pn
educing the precision of the individual coefficients

pn index
inverse quantization process which reconstructs the quantization index to a wavelet

pn index magnitude

a subset of

bs and that

tion

coefficient

3.1.40

sample
one elemen

3.1.41

tin the two-dimensional image array which comprises a component

sample grid
common coordinate system for all samples of an image, the samples at the top left edge of the image have the
coordinates (0,0), the first coordinate increases towards the right, the second towards the bottom

© ISO/IEC 2024 - All rights reserved
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3.1.42

sign subpacket

subset of a packet that consists of the sign information of all non-zero quantization indices within a packet,
followed by padding and optional filler bytes

Note 1 to entry: See subclause C.5.5.

3.1.43

significance

attribute of code groups that applies if, depending on the Run Mode flag in the picture header, either at least
one of coefficients in the code group is non-zero, or the bitplane count prediction residual of the code group

iS non-zero

3.1.44
significang
group of a
subpacket

3.1.45

significang
subset of a
padding an

Note 1 to en

3.1.46
slice
integral nu

3.1.47

star-tetrix]
decorrelati
particularl

Note 1 to en

3.1.48
subpacket
substructu

3.1.49

super pixe
2x2 arrang]
colour filte

3.1.50
temporal ¢
TDC

e group
horizontally adjacent code groups sharing the same significance information ir(the s

e subpacket
packet that identifies which significance groups within a packet die insignificant,
 optional filler bytes

ry: see subclause C.5.2

mber of precincts whose wavelet coefficients can be€ntropy-decoded independently

bn transformation that combines a spatial with an inter-component decorrelation tran
F tuned for CFA pattern compression

ry: see subclause F.5

Fe of a packet containing-information of one or multiple bands of one line of a single p

|
ement of sensot elements in a CFA pattern array containing at least one sensor elemg

" type

lifferéntial coding

ignificance

followed by

sformation

recinct

bnt for each

coding pro

ess'which decodes a differential signal relative to a sample decoded in a previous fra

3.1.51

truncation position
number of least significant bitplanes not included in the quantization index of a wavelet coefficient

3.1.52

uniform quantizer
quantizer whose buckets are all of equal size

3.1.53

upsampling
procedure by which the spatial resolution of a component is increased

© ISO/IEC 2024 - All rights reserved
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3.1.54

wavelet filter type

single number that uniquely identifies each element of the wavelet filter with regard to the number and type
of horizontal and vertical decompositions

Note 1 to entry: Unlike the band type, the wavelet filter type does not include component information.

3.2 Abbreviated terms

JPEG XS informal name of this standard where XS stands for “extra speed”
LSB least significant bit
MSB most significant bit
3.3 Symbols
BJi] bit precision of component i
B wavelet filter type
band type

b,[B.i] band existence flag for filter type f§ in component i. 1 ifthe filter exists, 0 otherwige.
b, [b] band existence flag for band type b. 1 if the filtepexists, 0 otherwise.
B, nominal overall bit precision of the wavelet €oefficients
B, number of bits required to encode a bitplane count in raw

pih colour transformation type
c[p,A,b,x] wavelet coefficient residual in précinct p, line A, band b and position x
c'[p,A,b,x] wavelet coefficient in precinct p, line A, band b and position x
C, width of precincts other than the rightmost precinct in sample grid positions
C; colour transformation CFA pattern type derived from the component registration
Ce colour tranéformation reflection and extension flags
C, widthofprecincts in multiples of 8 LL subsampled band sample grid positions
D([p,b] bitplane count coding mode of band b in precinct p
Di[p,b] TDC mode of band b in precinct p
D.[p,s] raw coding mode override flag for packet s in precinct p
DCO DC offset
d,[B.1] horizontal decomposition level of wavelet filter type f§ of component i
dy[Bi] vertical decomposition level of wavelet filter type f§ of component i
o,[c] horizontal position of component c in a CFA super pixel
6yl vertical position of component c in a CFA super pixel

© ISO/IEC 2024 - All rights reserved
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exponent of the slope of the linear region of the extended non-linearity
colour transformation exponent of first chroma component

colour transformation exponent of second chroma component
contents of the frame buffer at precinct p, line A, band b and position x
sign packing flag

slice coding mode

number of fractional bits in the representation of wavelet coefficients

I sl
I[p,A,b,s]
k[é,, 6y]
Ly[p,b]
Ly[p.b]
Lcod
Lenelps]
Ldat [p,s]
Ly

Lprc[p]

Lsgn[pfs]

gain of band b

gain of band b under forced refresh

height of filter type 8 of component k in wavelet coefficients

height of the component i/ in sample points

height of the image in sampling grid points

height of a precinct in lines

height of a slice in precincts

slice TDC flag, set if wavelet coefficients withifi a slice may use TDC

line inclusion flag, set if line A of band b and-precinct p is included in packet s, rese
component within CFA super pixel atposition 8,, 5,

first line of band b in precinct p

last line + 1 of band b in precinct p

codestream length in.bytes

size of the bitplane count subpacket of precinct p and packet s in bytes

size of the datasubpacket of precinct p and packet s in bytes

long header flag in in the picture header, set if long headers are enforced, reset oth
length/of the entropy coded data in precinct p

size of the sign subpacket of precinct p and packet s in bytes

t otherwise

erwise

Lsig[pJS]
M[p,A,b,g]

Miop[pAbg]

size of the significance subpacket of precinct p and packet s in bytes

bitplane count of precinct p, line A, band b and code group g

vertical predictor of the bitplane count of precinct p, line A, band b and code group g

number of components in an image
number of code groups in precinct p and band b

number of bands per component

© ISO/IEC 2024 - All rights reserved
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Ny [pl

Olc,xy]

Qlex,y]
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number of coefficients in a code group

number of TDC selection groups per line in band b of precinct p
number of significance groups per line in band b of precinct p
number of precincts in slice t

number of bands in the wavelet decomposition of the image (wavelet filter types times com-
ponents)

maximal number of horizontal decomposition levels

llulll‘UCl Uf llUl iLUlltd} C‘lCLUlllpUbitiUll ICVCID Uf LUllllJUllUllt l.

maximal number of vertical decomposition levels over all components
number of vertical decomposition levels of component i

number of precincts per sampling grid line

number of precincts per sampling grid column

number of packets in precinct p

unscaled output of the inverse wavelet transformationh.at coordinates x and y of the compo-
nent ¢

output of the inverse multiple component transformation at position x,y for compg¢nent c
priority of band b

priority of band b under forced refresh

level a particular codestream caomplies to

profile a particular codestzéam complies to

progression order in which bands are transmitted in the codestream
quantization parameter of precinct p

quantization parameter to which precinct p will be quantized for storage in the frame buffer
quantization parameter of the data stored in the frame buffer corresponding to piecinct p

quantization adjustment for intra-coded coefficients that are intra-coded due to afrate-deci-
sion

quantizatiom adjustmrent forintra=toded coefficients thatare imtra=coded due torefresh,
overriding any rate-based TDC decision

quantization type of the image
raw-mode selection per packet flag
run mode used for significance coding
refinement of precinct p

refinement parameter of the quantization to which precinct p will be quantized for storage
in the frame buffer

© ISO/IEC 2024 - All rights reserved
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T2
T[p,b]
Toplp:b]
T[BxY]
vx,y]
v[p,A,b,x]

Wy[B K]

pr [p'b]
Wt

X

Wty

X[yl
Xerg[c]
Yerg[c]
vsl
Y[p.AbK]
Y,[b]
Z[pADbj]

ISO/IEC 21122-1:2024(en)

refinement parameter of the quantization of the data stored in the frame buffer correspond-

ing to precinct p

reconstructed sample value at position x,y for component ¢

number of components for which wavelet decomposition is suppressed
intra refresh hash mask exponent of band b

size of a TDC selection group in code groups

size of a significance group in code groups

sampting factorof componentimrhorizontatdirection

sampling factor of component i in vertical direction

sign of the wavelet coefficient in precinct p, line A, band b and position x.
first threshold of the extended non-linearity

second threshold of the extended non-linearity

truncation position of precinct p and band b

vertical truncation position predictor of precinct p and-band b
temporary wavelet coefficient of filter type [ atiecation x,).

sample value at the sample grid position x,y

quantization index magnitude of the wavelet coefficient in precinct p, line A, band
tion x

width of filter type f of component k in wavelet coefficients
width of component i in saniples

width of the image in-sampling grid points

width of the precinct p in sampling grid points

width of band-b’of precinct p in coefficients

waveletfilter type for horizontal filtering

wavelet filter type for vertical filtering

one-dimensional temporal array of wavelet coefficients

b and posi-

horizontal component registration of component c relative to the sample grid
vertical component registration of component c relative to the sample grid
slice index enumerating slices contiguously from top to bottom, starting at 0
TDC selection flag of precinct p, line A, band b and TDC selection group k
intra refresh position hash of band b

significance flag of precinct p, line A, band b and significance group j

© ISO/IEC 2024 - All rights reserved
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4 Conventions

4.1 Conformance language

The keyword "reserved"” indicates a provision that is not specified at this time, shall not be used, and may
be specified in the future. The keyword "forbidden" indicates "reserved" and in addition indicates that the
provision will never be specified in the future.

4.2 Operators

NOTE Many of the operators used in document are similar to those used in the C programming language.

4.2.1 Arithmetic operators

& bitwise AND operation
+ addition

- subtraction (as a binary operator) or negation (as a unary prefix opérator)

X multiplication

/ division without truncation or rounding

<< left shift: x<<s is defined as xx25

>> right shift: x>>s is defined as [x/25]

umod xumod a is the unique value y between 0 anda-1 for which y+Na = x with a suitableinteger N

4.2.2 Logical operators

[l logical OR
&& logical AND

! logical NOT

4.2.3 Relational operators

> greater than

> greatef than or equal to
< less than

< tessthan or equal to

== equal to

1= not equal to

4.2.4 Precedence order of operators

NOTE Operators are listed below in descending order of precedence. 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.

© ISO/IEC 2024 - All rights reserved
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Operators

0
[l

X

’

umod

+ -

<<, >>

<,> 5,2

&

ISO/IEC 21122-1:2024(en)

Type of operation Associativity
left to right

left to right

expression

indexing of arrays
unary negation
multiplication, division left to right
left to right
left to right
left to right
left to right

left to right

modulo (remainder)
addition and subtraction
left shift and right shift
relational

bitwise AND

4.2.5 Malthematical functions

log,(x)
sign(x)
Jx

clamp(x,mi

max,(x)
max(a,b)
min;(x;)

min(a,b)

5 Funct

5.1 Sam

An image i$

grid of W; s
called the
colour comp

1,max)

ceil of x: returns the smallest integer that is greater than or equalto x
floor of x: returns the largest integer that is less than or equal ito x
absolute value of x, |x| equals —x for x < 0, otherwise x

logarithm to the basis of 2, e.g. log,(1)=0 and log,(2)=1

sign of x, 0 if x is 0, +1 if x is positive, -1 if x is, iegative

square root of x, i.e. non-negative numbef,y such that yxy=x

clamp x to the range [min,max]
clamp(x,min,max) equals min if x.<Jnin, max if x > max or otherwise x

maximum of a sequence of nikmbers {x;} enumerated by the index i
a if a>b, otherwise b
minimum of a sequence of numbers {x;} enumerated by the index i

a if a<b, otherwise b

ional concepts

ple grid, sampling and components

defined-ds a rectangular array of scalar or vectorial samples regularly aligned along a sample
amplepositions horizontally and H; sample positions vertically. W is called the wid
lelght of the 1mage The vector dlmen31on of the 1mage samples corresponds to the

h and H; is
number of
dimension

of this Vectorlal data corresponds to one component of the 1mage and typlcally represents one of multiple
colour channels of the data. Components may be red, green and blue, or Luma (Y) and Chroma (Cb,Cr). These
are only non-exhaustive examples of components, and other uses are possible.

A given component may or may not populate every point on the sample grid. The distance, or sampling factor,
between sample points of a component shall be constant in each spatial dimension throughout the image.
The horizontal and vertical sampling factors of component i of an image are denoted by s,[i] respectively
syli] where i enumerates the components. Annex B provides further specifications on component sampling.

This document does not specify how to interpret the sample values, or how to reconstruct from subsampled
components an array of samples that populates the entire sample grid, i.e. it does not specify how to

© ISO/IEC 2024 - All rights reserved
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upsample components to the full resolution of the sampling grid. The sampling grid provides only an abstract
coordinate system for the computation of positions and dimensions of codestream elements.

5.2 Interpretation of CFA data

This document defines coding tools and signalling for compression of Bayer-type CFA image data. According
to this specification, each sampling grid point represents a super pixel of four sensor elements containing
at least one sample of each component. Thus CFA data is interpreted as an image having four components,
where each sampling grid point describes four spatially disjoint sensor elements (one element per channel).
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Squares represent individual sensor elements and circles represent sampling grid points. Groups of four|sensor
elementsfoverlapping with the same sampling grid point foxim one super pixel.

Figure 1 — Example of the interpretation of a GRBG Bayer-type CFA image

Moreover, regardless of the CFA sensor spatial subpixel arrangement, the Star-Tetrix colour tfansform of
this documgnt defines a strict order on.the-components assigning the red channel to component {), the green
channels tq components 1 and 2, and.the blue channel to component 3. The spatial subpixel arrgngement is
signalled by the CRG marker. Figuré 1'shows only one of the four potential subpixel arrangementg of a Bayer-
type CFA.

5.3 Wavelet decomposition

This docunjent provides'an efficient representation of image signals through the mathematical toql of wavelet
analysis. The wavélet filter process specified in Annex E separates each component into mulfiple bands,
where each band'consists of multiple coefficients describing the image signal of a given compongnt within a
frequency domadin specific to the wavelet filter type, i.e. the particular filter corresponding to the lrand.

Wavelet coefficients are grouped into precincts, where each precinct includes all coefficients over all bands
that contribute to a spatial region of the image. Each precinct is encoded into one or multiple packets in the
codestream syntax specified in Annex A.

Precincts are furthermore grouped into slices. Wavelet coefficients in precincts that are part of different
slices can be decoded independently from each other. Note, however, that the wavelet transformation runs
across slice boundaries. A slice always extends over the full width of the image, but may only cover parts of
its height. Bands, band types, precincts and slices are formally defined in Annex B.
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5.4 Codestream

The codestream is a linear stream of bits from the first bit to the last bit. For convenience, it can be divided
into (8-bit) bytes, starting with the first bit of the codestream. Bits within bytes are enumerated from the
LSB to the MSB, with the least significant bit having the index zero.

Annex A specifies the codestream syntax that defines the coded representation of compressed image data
for exchange between application environments. Any compressed image data shall comply with the syntax
and code assignments appropriate for the decoding processes defined in this document.

The codestream consists of multiple syntax elements: marker segments define control information necessary
to steer the decoding process, and entropy coded data organized in packets that represent image information
itself. Packets are further grouped into subpackets, each of which includes particular information such as
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Figure 2 — Decéder overview
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Lres'specified in subclause E.6 The integer array M[p,A,b,g] indicates the bitplane cc

ise C.5.3 by
unts of the

wavelet co

fficients in the code group g indexed by precinct p, line A and band b.

In block 2.3, Quantization index magnitudes v[p,A,b,x] in precinct p, line A, band b, and horizontal position x
are decoded from the data subpacket as specified in subclause C.5.4.

In block 2.4, the signs of the quantization indices s[p,A,b,x] are either interleaved in the data subpacket, or

included in

a separate sign subpacket as specified in subclause C.5.5.

In block 2.5, the TDC selection flags Y[p,A,b,k] are decoded from the TDC subpacket as specified in
subclause C.5.6. This subpacket only exists for slices that enable TDC, see subclause A.4.15. Otherwise, the

TDC selecti

on flags shall be inferred to be 0, indicating intra-coding.

In block 3, decoded quantization index magnitudes v[p,A,b,x] and signs s[p,A,b,x] are then inversely quantized
by the dequantizer specified in Annex D, giving wavelet coefficient residuals c[p,A,b,x].
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In block 7, wavelet coefficient residuals c[p,A,b,x] are optionally inversely temporally predicted by means of
the frame buffer f[p,A,b,x] and TDC selection flags Y[p,A,b,k] if they are present. The result of this operation
are the wavelet coefficients c’[p,A,b,x]. If the wavelet coefficient residuals are part of a precinct, band and
line that does not use TDC, then c¢’[p,A,b,x] shall be identical to c[p,A,b,x]. Inverse temporal decorrelation is
specified in Annex H.

In block 4, wavelet coefficients c’[p,A,b,x] are inversely wavelet transformed by the procedure specified in
Annex E. This process generates spatial sample values for all components, denoted by O[x,y,c]. Coordinates x
and y are here subsampled sampling grid positions of component c.

In block 5, spatial sample values O[x,y,c] undergo optionally an inverse multiple component transformation,
giving intermediate image sample values Q[x,y,c]. The inverse multiple component transformation is

specified in Annex F.
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Annex A
(normative)

Codestream syntax

A.1 General

A.1.1 Ma

The compt

distinguishes between three types of syntax elements: Marker, marker segments and entropy

Markers se
segments,

parameters
the decodiry

A.1.2 Ke)

JPEG XS cd
variable-len

codestreanp syntax element belongs, in the “Size” column the sjze’of each field is identified (if

Fixed-lengt
of bits use
normative

codestreanmy with the left bit first; numerical values appear most-significant bit first. The nota

indicates a
multiple of

the position within the bitstream. While padding bits can have arbitrary values, a decoder shall i

value. The

rker segments and entropycodeddata  ~~~~~~~~~=~=~=~=~==0© 0 @

essed data format consists of an ordered collection of syntax elements.~This

rve to identify the various structural parts of the codestream. Most markers st
where marker segments signal the characteristics of the encoded image and ¢
configuring the decoder. Some markers stand alone. Entropy coded data“consists of
g procedure described in Annex C to Annex H which reconstructs thisdata to the out

/ to syntax information

destream syntax elements belong to one of two categoties: fixed-length numerica
gth codes. In the syntax tables, the “Syntax” columf indicates the category to

h numerical values and are unsigned integers and\are denoted by u (n), where n is 1
1 to represent the value. Variable-length codeS/are denoted by vic, see subclause
lecoding procedure of variable length codes. Bit strings and variable-length codes ay

variable number padding bits. Padding aligns the bitstream to an n-bit boundary, i.e. t
n bits relative to the start of the bitstream. Thus, pad (n) expands to 0 to n-1 bits d¢

notation fi11 () indicates an arbitrary number of filler bytes a decoder shall remgd

interpretin

syntax element.

their value. The amount of filler bytes can be inferred from a length field of a cor]

document
coded data.
art marker
encapsulate
the input to
put image.

values, or
Which each
applicable).
he number
C.7 for the
pear in the
fion pad (n)
b an integer
pending on
gnore their
ve without
responding

Syntax eleinents may be conditionally included in the codestream; this is indicated by if clauses in the

syntax colu
clause are (

The sequer
tables. The

a condition
variable foy

mn of the syntax_tables. All syntactical elements enclosed in curly brackets folloy
nly included if theexpression following the i f clause is non-zero.

ce of multiple similar elements is indicated by for clauses in the Syntax column of]

on thecount variable for continuing the loop, and an iteration statement that update
thie'next loop. The three expressions are separated by semicola.

ving the if

the syntax

elements to.repeat are enclosed in curly braces. The loop itself is specified through three syntax
elements: an initializer setting a dummy count variable indicating the current iteration position

of the loop,
s the count

NOTE

programming language.

A.2 Codestream syntax general provisions

The loop syntax and the syntax for conditional inclusion of elements follow closely the syntax of the C

AJPEG XS codestream describes an image consisting of 1 to 8 components aligned along a regular rectangular
sampling grid. Each component is a rectangular arrangement of integer sample values on the sampling grid
of the image. The samples of a component need not populate every possible position on the sampling grid,
see subclause B.1. The horizontal and vertical spacing between populated sample positions of a component
relative to the sampling grid are denoted the horizontal and vertical sampling factors of the component
and are indicated by the symbols s,[i] and s,[i]. Subsampling factors may be either 1 or 2. The codestream
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reconstruction process described by this document assigns to each sample of each image component an
integer precision between 8 and 16 bits.

The dimensions of the image, along with the number of components, the sampling factors and the precision
of the components are encoded in a syntax element denoted as Picture Header. The samples in the image are
reconstructed by an inverse wavelet transformation and potentially from an inverse temporal prediction.
This reconstruction uses entropy coded wavelet coefficients and/or wavelet coefficient residuals arranged
in multiple wavelet bands, see Annex B for details, and potentially the contents of a frame buffer, see
Annex H. The wavelet reconstruction algorithm is specified in Annex E.

Wavelet coefficients are grouped into precincts. A precinct includes entropy coded data decoding to a
rectangular array of wavelet coefficients per bands such that the included wavelet coefficients contribute to
a given spatial region of the image. A precinct is represented in the codestream by a precinct header, entropy
coded data fottowed by fifter bytes-

The entroply coded data is organized in multiple packets, where each packet s contributes &g 'ong line A and
one or multiple bands b of a precinct p. Each packet consists of multiple subpackets where each subpacket
contributeq to one aspect of the data, such as significance, bitplane counts, magnitude-and signs. [Filler bytes
and padding does not have any impact on the decoded image. The purpose of the fillér bytes i to prevent
buffer und¢rflow of a potential transmission buffer, the purpose of padding is te.align the syntax elements
in the bitstfeam to byte boundaries. Decoders learn the number of filler bytes following the precinct from
the precindt header specified in subclause C.2, and the number of filler bytes in the subpackefs from the

subpacket

NOTE1 H
is to ensure

NOTE 2
document.

B

Precincts a
full width d

can be deit

codestrea

Figure 2 gi
overall cod
a particula
illustration
are normat

eader in specified in subclause C.3. Decoders shall ignore the\valte of the filler bytes

iller bytes are in no relation to the output of the pad () functiog-defined in subclause A.1.2 wh
hlignment of the codestream to byte boundaries only.

uffer models, profiles and levels are specified in ISO/IEC 21122-2 and are beyond the s

e grouped into slices. Each slice consists of aniintegral number of precincts, and exter
f the image. Even though the wavelet coefficients/wavelet coefficient residuals withi
ded independently, the wavelet transfermation runs across slices. A slice is represg
by a slice header and one or multiple‘precincts following the slice header.

Fes an overview of the hierarchy of JPEG XS codestream syntax structures, Table A.1
" order of the markers in a JPEG XS codestream, and the order presented in this table

of one possible syntactically correct order. Requirements on the placement of a sped
ively defined in the subclause of Annex A defining the marker.

Table A.1 — JPEG XS codestream syntax overview

ose purpose

cope of this

ds over the
n each slice
nted in the

defines the

bstream syntax. While Table A%l ists the syntax elements of JPEG XS, it does not attemjpt to define

is rather an
ific marker

Syntax Notes Defined in
Picture () | {
Identifies this codestream as JPEG XS code- Table A.3
SOC marker ()
- stream
e Tdemtifies the capabitities a decoder needs to Table A.6
capabilities marker()
- support to be able to decode the codestream
. Defines the overall structure of the code- Table A.7
picture header ()
- stream
component table () Defines the precision zfmd sampling factors of Table A.15
- all components in the image
weights table () Deflngs weight and gain factors that steer the Table A.25
decoding process.
. Defines weights and gain factors for forcibly Table A.26
£ h hts tabl . . -
refresh weights table() refreshed bands in TDC-enabled slices
. . Optional definition of non-linearities for com- Table A.16
nonlinearity marker () .
- ponent reconstruction
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Table A.1 (continued)
Syntax Notes Defined in
Optionally disable wavelet decomposition on Table A.18
cwd marker ()
- some components
Colour transformation specification for the Table A.19
cts marker () . .
- star-tetrix transformation
Optional component registration, mandatory if Table A.21
crg marker () . . .
- the star-tetrix transformation is used
Optional indication of TDC modes and refresh Table A.22
tpc marker ()
- groups.
extension_marker () Optional extension of the codestream syntax Table A.23
Loop over all slices until all wavelet coeffi-
for (£t=0,p$0; !endofimage; t=t+1) { cients of the image have been decoded, where t
is the slice index and p the precinct index
slice header () Identifies the ordering.of slices apd identifies
- the TDC mode of the slice. The slice header Table A.27| Table A.28
o shall be either an SLH or SLI header, depending * :
tde_slig¢e_header() on the profile of the codestream.
Loops over all precincts in a slice, whére tis
for (u=0;ufN,[t];p=p+l,u=u+l) the slice index, p is the precinct index and u
enumerates precincts within a slice
compute phcket inclusion (p) Dete.rmine the packets that afe’part of this bl B.4
- - precinct. o
precingt header (p) Defines pr(?diction modes and the quantization Table C.1
- of the precinct
for (s=0;s<Ny.[p];s=s+l) { Loop over all packets of this precinct
packef header (p,s) Defines flags and'sizes of the packet Table C.4
packet body (p,s) Contains the“eéntropy coded data of this packet Table C.5
} End of loop over subpackets
Possible byte-aligned filler bytes at the end
of the precinct to reach the target bitrate. A
£i110) decoder shall ignore this data. Subclause C.2 Subclajuse C.2
specifies how to determine the number of filler
bytes.
} End of loop over precincts within a slice
} End of loop over slices
EOC_marker () Identifies the end of the JPEG XS codestream Table A.4
}
NOTE3  The nuniber of packets N, [p] depends on the precinct index p and is computed by the compute packet_
inclusion (p) fangction specified in Table B.4; in particular, the last precinct of the image will, by thif procedure,
include less patidsthan all other precincts if the image height is not divisible by the precinct height.

A.3 Markers and marker segments

Markers serve the purpose to identify the various structural parts of the codestream format. Markers
may either stand alone, or may start marker segments containing a related group of parameters. A marker
segment consists of a marker, followed by a two-byte length field, followed by the parameters in the marker
segment, denoted as payload data in the following. The two-byte length field identifies the length of the
marker segment, which consists of the length of the payload data in bytes, and the size of the length field
itself (two bytes). The length field does not include the size of the marker. Parameters are encoded with the

most signif

icant byte first, a convention often denoted as big endian.

All markers are assigned two-byte codes: a 0xff byte followed by a byte that is not equal to 0x00 or 0xff.
Table A.2 lists all markers used by this document, and, in combination with referenced tables from Table A.1,
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specifies whether they stand alone or introduce a marker segment. The semantics of each marker and
associated marker segment are further specified in subclause A.4.

Some marker segments are currently reserved for future ISO/IEC use. Marker segments can be mandatory,
optional, or mandatory only if indicated by a capability signalled in the capability marker segment. Optional
marker segments may be ignored by decoder implementations by skipping over the marker segment by
using its length field. The capability marker may indicate the marker segments required to correctly decode
a given codestream. If a decoder encounters a capability it does not implement, it should abort decoding.

If the length field of a marker segment does not match the specified value or is not in the specified range, the
codestream is ill-formed. For that, decoders should check whether the marker length field has its specified
value, or is within the range specified in this document.

NOTE 1  [ispesstbtethattutireeditionsefthisdectmerwilnehideadeitenatHeldsinthemarker segments
and hence rpquire an increase in the size the marker segments. Such additional fields can be necessary to decode
the codestrdam. The above ensures that decoders fail properly when attempting to decode an extended|codestream
syntax that they do not support.
NOTE 2  (ther International Standards implement bit-stuffing or byte-stuffing procedure€s|to ensure that markers
can be identffied uniquely without decoding or interpreting entropy coded data segments: This is not the|case for this
document. If a decoder loses synchronization with the codestream, lower-level transport mechanisms are required
to regain sypchronization as it is not possible to search the codestream for markers; bit patterns within| the entropy
coded data §egment can replicate the byte sequences used to identify marker segments.
Table A.2 — JPEG XS codestream markers
Code agsignment Symbol Description Mandatory/Optional Reference

O0xff10 s0C Start of codestream |Mandatory A4.1
Oxffll EOC End of codestream Mandatory A4.2
Oxffl12 PIH Picture header Mandatory A44
Oxffl3 CDT Component table Mandatory A4S
Oxffl4 WGT Weights table Mandatory A.4.12
Oxffl15 CcoM Extension@marker Optional A.4.10
Oxffl6 NLT Nonlinearity marker |Optional A4.6
Oxffl7 CwD Component-depend- |Optional A4.7

eént'wavelet decompo-

sition marker
Ox£ff18 CTS Colour transforma-  |Mandatory if C,;,=3, shall |A.4.8

tion specification not be present otherwise.

marker
O0xffl9 CRG Component registra- |Optional, mandatory if A.49

tion marker Cpin=3
Oxffla TPC Temporal prediction |Optional A.4.10

control marker
Oxfflb WGR Refresh Weights table | Optional A.4.13
0xf£20 SLH Slice header Depending on profile, see [A.4.14

ISO/IEC 21122-2

Oxff21 SLI TDC enabling slice Depending on profile, see |A.4.15

header ISO/IEC 21122-2
0xf£50 CAP Capabilities Marker |Mandatory A4.3
All other values Optional Reserved for future ISO/

IEC purposes
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A.4 Syntax description of marker segments

A.4.1 Start of codestream

Function: [dentifies the codestream as containing an image represented in accordance with this document.

Usage: Shall be the first marker segment in a codestream. There shall be only one SOC marker at the
beginning of each JPEG XS codestream.

Table A.3 — Start of codestream marker syntax

Syntax Notes Size Values
start of codestream() {
soc u(16) 0xff10

}

A.4.2 End of codestream

Function: ldentifies the end of a JPEG XS codestream.

Usage: Shall be the last marker segment in a codestream. There shall be exactly one EOC markef at the end
of each JPE{: XS codestream.

Table A.4 — End of codestream marKer syntax
Syntax Notes Size Vplues
end of coflestream() {
EOC u(16) 0xff11

}
A.4.3 Capabilities marker
Function: ldentifies capabilities required todecode a JPEG XS codestream.
Usage: Shall be the second marker segment in a codestream. There shall be exactly one CAP marker which
shall be placed behind the SOC marker:
NOTE1  The above implies that the°‘CAP marker is always present, even when the cap[] array is empty.
Table A.5 specifies the assignment of capabilities to bits, Table A.6 the syntax of the CAP marker segment.
Furthermorte, Lcap shall be sélected such that for Lcap>2, cap[(Lcap-2) x8-8] to cap[(Lcap-2) x8-1] are not all 0.
NOTE 2  Tlhis condition on the cap array can always be arranged by selecting a smaller Lcap.
NOTE 3  Bit 0 ¢f the capability marker is intentially unused.
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Table A.5 — Capability bit assignment

Bit number i in cap[] array

Bit value

Meaning

Support for Star-Tetrix transform not
required, and support for CTS marker

not required

Support for Star-Tetrix transform and

CTS marker required

Support for quadratic non-lin
form not required

ear trans-

Support for quadratic non-linear trans-

form required

supportior extended non-lin
form not required

par trans-

Support for extendedmon-lin
form required

par trans-

sy[i]=1 for all components i

component i with s, [i]>1 pres

ent

Support.for,component-depe
let decomiposition not requir

hdent wave-
bd

Suppert for component-depe
let.decomposition required

hdent wave-

Support for lossless decoding
quired

notre-

Support for lossless decoding

required

Support for packet-based raw
switch not required

r-mode

Support for packet-based raw
switch required

r-mode

Support for TDC not required

Support for TDC required, a fi
is required

rame buffer

All other bif

v

Reserved for ISO/IEC purpos

19%
wn

Table A.6 — Capabilities marker syntax

Syntax

Notes

Size

Values

capabilit

les marker ()¢ {

CAP

u(16)

0xff5

Lcap

Size of the capabilities marker in bytes
(not including the marker)

u(16)

Varigble

for (1i=0;1

(MCap-2)x8;1i=1+1)

{

Loop over capabilities bits

capl[i]

Requirement of capability i. cap[i] is 1
if capability i is required for decoding a
codestream, and 0 otherwise.

u(1)

}

End of loop over capabilities bits

padding

Pad to an integer number of bytes

pad(8)

}

A.4.4 Picture header

Table A.7 defines the syntax of the picture header.
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Function: Provides information on the dimensions of the image, the precision of its component and the
configuration of the decoder.

Usage: Shall be the third marker segment in a codestream directly after the CAP marker. There shall be
exactly one PIH marker in a JPEG XS codestream.

Table A.7 — Picture header syntax

Syntax Notes Size Values
picture header() {
PIH u(16) 0xff12
Lpih Siz? o‘f_the ‘segmer‘lt ir\l bytes (not u(16) 26
HICTUUIIlg UIC IITdT'RET )
Size of the entire codestream in 0 (232 _1)
bytes from SOC to EOC, including all
Leod markers, if constant bitrate coding |u(32)
is used. 0 if variable bitrate coding
is used.
Profile this codestream complies to.
Poih Decoders should abort decoding if u(16) 0 for no restrictions, see ISO/IEC 21122-2
P they identify a profile they do not for profiles:
implement.
Level and sublevel to which this
Plev codestream complies. Decoders u(16) 0\for no restrictions, see ISO/IHC 21222-2
should abort decoding if they identi- for additional levels.
fy alevel they do not support.
Width of the image in sample grid ) N, 16
W positions ugl6) max, (s, [i])x2"* —(2'° 1)
Height of the image in sample grid . N, 16
He positions u(16) max; (sy [1])><2 A R )
Width of a precinct in multiples of 0 (216 ~1)
. N
8xmax; (s [i])x27* ) sample such that either C,,=0 or
c, positions, other than-the rightmost |16 ; Ny,
precincts. If this field s 0, precincts (16) Wy umod(8xC,, xmax; (s [iDx2™)
are as wide as.the\image. See >max; (s [i])szL,x
subclause B/5 for details. X
Height of a'slice in precincts other  ol6
Ho1 than tlielast slice u(16) 1—@ 1)
N, Number of components in the image |u(8) 1—8
N, Number of coefficients per code u(8) 4
group
s, Number of code groups per signifi- u(8) 8
cance group
B, Nominal bit precision of the wavelet u(g) 2018 or B[O} 2

coetlicients

Number of fractional bits in the a
Fa wavelet coefficients u(4) 8,60r0

Number of bits to encode a bitplane

B, : u(4) 4or52
count in raw
Fslc Slice coding mode u(1) See Table A.14
Ppoc Prog_resswn order of bands within u(3) See Table A.13
precincts
Comn colour transformaltlon to be used for () See Table A9
P inverse decorrelation I

2 See Table A.8 for valid combinations of B,,, B, and F; and further restrictions.
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Table A.7 (continued)
Syntax Notes Size Values
Number of horizontal wavelet trans- 1-8
NL x f i u(4]
’ ormations
Number of vertical wavelet transfor- max;(log,(s,[i]))-min(Ny ,,6)
N o mations of non-vertically subsam-  |u(4)
pled components
L, Long header enforcement flag u(1) Oor1l
R, Raw-mode selection per packet flag |u(1) Oorl
Qpin Inverse quantizer type u(2) See Table A.10
Fs Sign handling strategy u(?2) See Table A.11
Rm Run mode u(2) See Table A.12
2 See Tabl¢ A.8 for valid combinations of B, B, and F, and further restrictions.
NOTE1 The condition on C,, ensures that all but the rightmost precincts have in the LL band atleast 8 $amples, and
that all bands of the rightmost precincts are non-empty.
NOTE2  Incase WfxN >16376 and N, , =0, or for components that do participate in the wavelet decompgsition, it can

happen that|L
allows to en

Table A.8 — Valid combinations of B,,, B(,B[i] and F,

Lggnlp,s] 2 2048 or Lya:[p,S] = 32768. As such sizes cannot be expressed by the short heade}, the L, flag
force long headers. L, can safely remain 0 as long as at least one verti¢al decomposition is performed.

B, Fq B, Additional constraints Notes
B[i]=B]0] for all i. This combination indichtes lossless
B[0] 0 4 B[0] < 12 coding for source data wjith bit depth
<12.
BJ[i]=B]0] for all. This combination indicptes lossless
B[0] 0 5 B[0] > 12 coding for source data wjith bit depth
>12.
A NLTGnarker segment shall be
present. Bit 2 or bit 3 of the CAP This combination is usked in case a
18 6 4 : P
marker segment shall be 1, see non-linearity is present.
subclause A.4.3
Bits 2 and 3 of the CAP marker seg-
20 8 4 ment not present or shall be 0. Regular case.
Table A.9 — Colour transformation
Coin Meaning
0 No colour transform
1 Reversible colour transformation (see Annex F)
3 Star-Tetrix transform (see Annex F)
2,4-15 Reserved for ISO/IEC purposes
Table A.10 — Quantizer type
Qpin Meaning
0 Deadzone quantizer (see Annex D)
1 Uniform quantizer (see Annex D)
2-3 Reserved for ISO/IEC purposes
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Table A.11 — Sign handling strategy

Fs Meaning
Signs encoded jointly with the data
Signs encoded separately
2-3 Reserved for ISO/IEC purposes
Table A.12 — Run mode
Rm Meaning
Runs indicate zero prediction residuals
Runs indicate zera coefficients
2-3 Reserved for ISO/IEC purposes
Table A.13 — Progression order
Ppoc Meaning
0 The progression order as defined by subclause B.7 (resolution-line-band-compopent)
1-7 Reserved for ISO/IEC purposes
Table A.14 — Slice coding mode
Fslc Meaning
0 The wavelet transformation runs across sliCe boundaries
1 Reserved for ISO/IEC purposes

A.4.5 Component table

Table A.15

Function:
component

Usage: The

slice headetf.

lefines the syntax of the component table.

This marker segment specifies the component precision and the sampling fact
in the image. The number of components itself is given by the N, parameter of the pict

re shall be exactly one component table in each JPEG XS codestream. It shall prece

Table A.15 — Component table syntax

rs of each
ure header.

de the first

Syntax Notes Size Vialues
component |table () 4
CDT u(16) 0xff13
Lodt Size of the segment in bytes, not including u(16) 2xN, H2
the marker
For (c=0;c<N_jc=cil) | L.00p OVer CompOnents. The number of ComT-
ponents is specified in the picture header.
Blc] Bit precision of component ¢ u(8) 8-16
sylel Horizontal sampling factor of component ¢ |u(4) 1 or 2 for compo-
nents 1 and 2, 1 for
all other compo-
nents
s,lel Vertical sampling factor of component ¢ u(4) 1-s.[c]
} End of loop over components
}
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A.4.6 Nonlinearity marker
Table A.16 defines the syntax of the nonlinearity marker segment.

Function: Defines an optional non-linear transform to be applied after inverse multiple component
transformation.

Usage: Zero or one nonlinearity marker segments may be present in a codestream. If present, any
nonlinearity marker segment shall precede the first slice header in the codestream and shall follow the
picture header. This marker shall not be present if F;=0, i.e. in the lossless mode.

Table A.16 — Nonlinearity marker segment syntax

Syntax Notes Size alues
nonlinearjty marker () {
NLT u(16) 0xff16
Lnlt Size of the marker segment, not including the u(16) 5or 12
marker
Tnlt Type of the non-linearity u(8) See Table A.17
if(Tnlt = 1) { Additional data for quadratic non-linearity
c Sign bit of the DC offset u(1) 0—1
« Remaining bits of the DC offset u(15) 0—215-1
DCO=0—of21° Compute the DCO offset from two’s complement
representation.
}
if(Tnlt = 2) { Additional data for extended ton-linearity
T1 Upper threshold for region 1, in units of B, u(32) 1—2w-
T2 Upper threshold forgregion 2, in units of B, u(32) 1—28w-
E Exponent of the [inear slope in region 2 u(8) 1—4
}
}

Table A.17 — Tnlt encoding

Tnllt Meaning
1 Quadraticnon-linearity
2 Extefided non-linearity
All other vajues Reserved for ISO/IEC use

A.4.7 Component-dependent wavelet decomposition marker

Table A.18 ¢lefines the syntax of the component-dependent decomposition marker.

Function: Optionally suppresses the wavelet decomposition for one or more components. If this marker is
not present, the value of S; shall be 0.

Usage: Zero or one component-dependent wavelet decomposition marker segments may be present in a
codestream. Shall only be present if N.>3. If present, shall precede the first slice header in the codestream
and shall follow the picture header.
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Table A.18 — Component-dependent wavelet decomposition marker segment syntax

Syntax Notes Size Values
cwd marker () {

CWD u(l6) |0xff17

Lewd Size of the marker segment, not including the {u(16) |3
marker

S4 Number of components for which the wave- 1—N_-1
let decomposition is suppressed. Furthermore, S, shall be selected

u(8) such that all components that are

excluded from the wavelet transfor-
mation have s,[c]=1 and s, [c]=1

A.4.8 Colour transformation specification marker
Table A.19 glefines the syntax of the colour transformation specification marker segnient.
Function: Pefines parameters of the Star-Tetrix transformation.

Usage: Zerp or one colour transformation specification markers shall be present in a codestregm. Shall be
present if apd only if C,;;,=3, i.e. if the Star-Tetrix transformation is in use.Shdll precede the first §lice header
in the codestream and shall follow the picture header.

Table A.19 — Colour transformation specification‘'marker segment syntax

Synfax Notes Size Values

cts_marke F () {

CTS u(16) 0xff18

Lcts Size of the marker segment, notincluding the marker u(16) 4

Reserved Reserved for ISO/IEC purposes u(4) 0

Ce Size and extent of the transformation u(4) See Tablg A.20

e Exponent of first chreima component u(4) 0.3

e, Exponent of second-chroma component u(4) 0.3
}

Table A.20 — C;encoding

C Meaning
0 Full transformation, access to the line below and above required
3 Restricted in-line transformation, no access to neighbouring lines
All other vajues Reserved for ISO/IEC use

A.4.9 Component registration marker

Table A.21 defines the syntax of the component registration marker segment.

Function: Defines the relative placement of the component to the sample grid. If not present, the components
are placed at the vertices of the sampling grid.

Usage: Zero or one component registration markers shall be present in a codestream. If C,;,=3, exactly
one CRG marker segment shall be present. If present, any CRG marker segment shall precede the first slice
header in the codestream and shall follow the picture header.
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Table A.21 — Component registration marker segment syntax

Syntax

Notes

Size

Values

crg marker () {

CRG

u(16)

0xff19

Lcrg

Size of the marker segment, not including the
marker

u(16)

2+4xN,

for (c=0;c<N_;c=c+1) {

Loop over all components

Xcrglc]

Relative horizontal placement of component c to
the sample grid points in units of 1/65536. 0 indi-
cates placement at the horizontal position of the
sample grid, a positive value a displacement to the

u(16) 0—65

535

right of the sample grid position. A value of 52760
corresponds to a placement mid-way between the
sample grid point and the next sample grid point
to the right.

Ycrg[c]

Relative vertical placement of component c to the
sample grid points in units of 1/65536. 0 indicates
placement at the vertical position of the sample
grid, a positive value a displacement to the bot-
tom of the sample grid position. A value of 32768
corresponds to a placement mid-way between.the
sample grid point and the next sample grid peint
below.

u(16) 0—65

5B5

End of loop over all components

A.4.10 Temporal prediction control marker

Table A.22 flefines the syntax of the temporal prediction control marker segment.

Function:
identifies

shall be —og
temporal p
header, see

efines which TDC selection groups\are forcibly encoded without temporal pregliction and
e quantization adjustment for TDC selection groups. If the TPC marker is not gresent, the
inferred values of @bi and Qbr shall be 0, the inferred value of Si shall be 8, and the inferred valyies of Sh[b]

subclause C.2.

NOTE1 T

Usage: Zer

he value for Si is always equal to 8, even in the case that no TPC marker is present.

h or one tempotal prediction control markers shall be present in a codestream.

Table A.22 — Temporal prediction control marker segment syntax

, indicating that no position matches the hash position. That is, if this marker is not present, the
rediction of TDC selection groups only depends on the TDC mode selection D;[p,b] in the precinct

Syntax Notes Size Values
tpc marker ()4
TPC u(lo) Oxffla
Ltpc Size of the marker segment, not includ- |u (16) 4+2xN
ing the marker
S Size of a TDC selection group in code  |u(8) 8
groups
Obi Sign bit of Qy; u(l) 0—1
Ops Remaining bits of Q; u(3) 0—7
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Table A.22 (continued)

Syntax

Notes

Size

Values

— 3
Q3 =0t =0y X2

Compute the quantization adjustment
of wavelet coefficient residuals that
are intra coded due to TDC selection
flags Y[p,A,b,k] and D;[p,b] TDC mode
selection

Cbr

Sign bit of Q.

0—1

Oy,

Remaining bits of Q.

0—7

— _ 3
Qbr_O(br Opr* 2

Compute the quantization adjustment
of wavelet coefficient residuals that are

intra coded dueto pncih'nn:\] match,

see subclause H.7 for the condition and
details.

for (b=0;

<N;;b=b+1)

{

Loop over all bands

¥y [b]

Positional hash value of the intra-re-
fresh of band b

Sn[b]

Hash mask exponent for intra-refresh
of band b

}

}

NOTE2 1T
forcefully cq

A.4.11 Extension marker

Table A.23
Function: ]

Usage: Zer
marker seg|

Hefines the syntax of the extension marker segment.

xtends the codestream by generic or vendor-specific metadata.

Table A.23— Extension marker segment syntax

he hash value Yy [b] and the hash mask exponent S, [b] are fised to identify coefficient posit
ded without prediction from the frame buffer, see Annex.-H.8for details.

h or more extension marker segments may be present in a codestream. If present, an
ment shall precede the first slice header in the codestream.

ons that are

y extension

Syntax Notes Size Values
extension|marker () {
CoM u(16) 0xff15
Lcom Size of the marker segment, not including the mark- |u(16) Variable, at least 4
er
Tcom Type of the extension u(16) See Talple A.24
Dcom User-defined data Variable |Variable
padding Padding-to-anintegernumberof-bytes pad{S) 8
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Table A.24 — Tcom encoding

Tcom

Meaning

0x0000

Vendor of the encoder, Dcom is a zero-terminated, ISO 10646 encoded string identifying the
vendor of the encoder

0x0001

Copyright statement that the codestream creator want to convey to users of the codestream.
The interpretation of this statement is beyond the scope of this document. Dcom is a zero-ter-
minated, ISO/IEC 10646 encoded string identifying this statement.

0x8000-0xffff

Vendor-specific information. Tcom identifies the type of extension and the vendor.

All other values

Reserved for ISO/IEC use

A.4.12 Weights table

Table A.25

Function:

Hefines the syntax of the weights table.

[his marker segment contains parameters required to set the gain of each band rel

htive to the

precinct qu
determine

are specifig
and wavele

Usage: The
the first sli

fhe quantization of the wavelet coefficients in this band. Details on howtpdise these
d in subclause C.6.2. The number of wavelet bands and the relation)between band,
t filter type are specified in Annex B.

re shall be exactly one weights table in each JPEG XS codestream{This marker shall ap
'e header in the codestream and shall follow the picture header.

Table A.25 — Weights table syntax

antization. Together with the parameters in the precinct header, see subclause C.2, thlis allows to

parameters
component

pear before

Syntax Notes Size Values
weights tgble() {
WGT u(16) 0xff14
Lwgt f}ilzee n(:af1 ;E:rsegment in bytes, not including u(16) Variablg
for (b=0; < Ny; b = b+l) { Loop overzall bands.
if (b’ [Y]) A Checkwhether band b exists
G[b] Gain'of band b u(8) 0—15
P[b] Priority of band b u(8) 0—255
} End of test whether b exists.
} End of loop over bands
}
NOTE Example weights tables for various configurations are given in Annex I. These configuratior}s have been

optimized fd
for a certain|

r PSNR persformance of the encoder. Other choices are possible and can result in improved v
viewing:distance.

isual quality

A.4.13 Ref

resh Weights table

Table A.25 defines the syntax of the Refresh Weights table.

Function: This marker segment contains parameters required to set the gain of each band relative to the
precinct quantization for wavelet bands that select explicitly intra-prediction for refresh purposes through
the TDC selection flags D;[p,b] in the precinct header, see subclause C.2. Together with the parameters in the
precinct header, this allows to determine the quantization of the wavelet coefficients in this band. Details on
how to use these parameters are specified in subclause C.6.2. The number of wavelet bands and the relation
between band, component and wavelet filter type are specified in Annex B. If this marker is not present, the
inferred values for G_[b] shall be G[b] for all b, and the inferred values for P.[b] shall be P[b] for all b.

Usage: Zero or one Refresh Weights tables shall be present in each JPEG XS codestream. This marker shall
appear before the first slice header in the codestream and shall follow the picture header.
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Table A.26 — Refresh Weights table syntax

Syntax Notes Size Values
refresh weights table() {
WGR u(16) 0xff1b
Lwgr f}ilzeerzgiﬁirsegment in bytes, not including u(16) Variable
for(b=0;b < Nj; b = b+l) { Loop over all bands.
if (b’ [b]) | Check whether band b exists
G, [b] Refresh-Gain of band b u(8) 0—15
P [b] Refresh-Priority of band b u(8) 0—255
} End of test whether b exists.
} End of loop over bands
}

NOTE Tihe Refresh Weights table allows encoders to prioritize refreshed bands differently from banids for which
the intra-mdde is selected due to large temporal differences; such bands are usually given lewer priorities|than the the
weights in the (regular) Weights table.

A.4.14 Sli¢e header
Table A.27 flefines the syntax of the slice header.

Function: This marker segment identifies the start of an intra-onlyslice and provides sufficient information
for the ordgr of the slices within the image.

Usage: A cpdestream contains one or more slice headers. The entropy coded data for one slice [follows the
slice headel and extends either to the next slice header0yx'the end of the codestream. Even thoujgh the slice
header inclpdes the relative order of the slice in the image, a codestream shall contain slices in ipncremental
order, i.e. pfogressing from the top of the image to:the bottom of the image.

This partiqular slice header identifies slices:that only use intra coding tools, i.e. no data from|a previous
frame is required to decode the content of amrintra-only slice. For wavelet coefficients within an Jntra-coded
slice, the whvelet coefficients c’[p,A,b,x] are-set to c[p,A,b,x].

Table A.27 — Slice header syntax

Syntax Notes Size Vialues
slice headler () {
SLH u(16) 0xff20
Lslh Size of the segment in bytes, not including the u(16) 4
marker
Index of the slice regardless of the slice type, 0— (21%-1)
¥Ysl counting from line 0 (at the top of the image)|u(16)
downwards (towards the bottonrof the immage)
Isl =0 Indicate that the data in this slice is intra-only coded.
}
NOTE Slice indices ease to regain synchronization in case transmission errors corrupted the codestream.

A.4.15 TDC enabling slice header
Table A.28 defines the syntax of the TDC enabling slice header.

Function: This marker segment identifies the start of a TDC slice and provides sufficient information for the
order of the slices within the image.
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Usage: Similar to the slice header specified in subclause A.4.13, this marker introduces a slice, though all
precincts within this slice can reference data from the frame buffer. The entropy coded data for one slice
follows the slice header and extends either to the next slice header or the end of the codestream. Even
though the slice header includes the relative order of the slice in the image, a codestream shall contain slices
in incremental order, i.e. progressing from the top of the image to the bottom of the image.

The TDC enabling slice header identifies slices that can reference wavelet coefficients from the frame buffer;
a per-band flag recorded in the precinct header, see subclause C.2, indicates for entire bands within this slice
whether wavelet coefficients are temporally predicted. For temporally predicted wavelet coefficients, the
inverse temporal decorrelation procedure specified in subclause H.4 is applied to reconstruct the wavelet
coefficients c’[p,A,b,x] from the wavelet coefficient residuals c[p,A,b,x] decoded through the procedures
specified in Annex C. For intra-coded wavelet coefficients, c’[p,A,b,x] is set to c[p,A,b,x]. Temporal prediction,
and the selection of the prediction mechanism is specified in Annex H.

Table A.28 — TDC enabling slice header syntax

Syntax Notes Size Values
tdc slice|header () {
SLI u(il6) 0xff21
Lsli Size of the segment in bytes, not including the u(16) 4
marker
Index of the slice regardless of the slice-type, 0— (21%-1)
¥Ysl counting from line 0 (at the top of the image)|u(16)
downwards (towards the bottom of the itnage)
I. =1 Indicate that the data in this slice can‘u'se temporal
st prediction.
}
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Annex B
(normative)

Image data structures

B.1 Dimensions of chroma subsampled image planes

An image consists of N. components aligned along a regular rectangular sampling grid. Each component is

a rectangular arrangement of integer sample values aligned to the sampling grid of the image:.]|
of a compohent are not required to populate every possible position on the sampling grid./The
spacing beffween samples of component i is denoted by s,[i] and is called the horizontal sampling

vertical spgcing of component i is denoted by s,[i] and is called the vertical sampling factor. Both
and vertical sampling factors, are signalled in the component table specified in sub¢lause A.4.5

provides af

The numbe
c [1] =
The numbe)

Hc [1] =

W; and H; 3

he samples
horizontal
factor. The
horizontal
Figure B.1

example of how samples are assigned to positions on the sampling grid.

r of samples in every row of component i is given by

i
sx [1]

r of samples in each column of component i is given by

n w
sy 7]

re the horizontal and vertical dimensions-of the sampling grid of the image as sign

picture header.

hlled in the

Xie X o X o X o X
NN - -X-X
X o X o X o X o X
o D o B ¢ ] ¢ I ¢ BJ o
X o X o X o X o X
Mo -0 -X° X
XM o X o X o X o X

Figure B.1 — Sampling grid illustration
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NOTE1 In Figure B.1, 5,[0]=s/[0]=1 is indicated by round dots, s,[i]=2 s,[i]=1 coresponding to 4:2:2 sampling is
indicated by crosses, s [1] 2s, f 2 correspondmg to 4:2:0 sampling is 1nd1cated by boxes and arrows point towards
increasing x and y position. Even though this figure indicates the position of the sample values on the sampling grid
from which inclusion or exclusion of sample values in image structures such as bands or precincts is derived, the figure
cannot be taken as an indication how a full-scale image should be reconstructed from a 4:2:2 or 4:2:0 sampled image
or how components are registered relative to each other; such information is either provided by the CRG marker, if
present, or can be derived by means beyond this document. In particular, both centred and co-sited positioning of

subsampled

NOTE2 F

components are possible.

or 4:4:4 sampling, each sample grid point is populated by sample values of all components.

B.2 Division of the subsampled image plane into bands

Each comp
decomposit

N,L'y [i
That is, thg
horizontal
subsamplin
wavelet de
decomposif

Band types
can be eith
to the hori
followed by

level d,. The algorithm of the wavelet transformation‘itself is specified in Annex E. The filter {

collection d
into a singl

The width

bnent 1 1s decomposed by a wavelet transformation with N [i] horizontal and N,
ion levels, where

V,L,x [i]:: NL,x
]:: NL,y —lng (Sy [1])

=0
for
0

N,L,x [1]

Ly

for i<N,-Sd, and ) 2N, -Sd
i]:=

decomposition level Ny , and the vertical wavelet decomposition-depth depends on
g factor sy[i] and the maximal decomposition level Ny, for all comiponents that partic
fomposition and is otherwise 0. For vertically subsampled egihponents, the numbey
ion levels is reduced by 1.

are enumerated by two letters indicating the horizontal and vertical filter type, ea
er H indicating high-pass filtering or L for low-pass<{iltering, where the first letter ¢
rontal filter type and the second letter corresponds to the vertical filter type. The f
two subscripts indicating the horizontal decgmposition level d, and the vertical deg

f horizontal and vertical filtering and horizontal and vertical decomposition depth,
e number f by a procedure given by subelause B.3.

WV, [B,1] of filter type S at d,[f,i] horizontal decompositions of component i is given by:
w, w,

cli] cli]

W, [M{

horizontall

The height

de[ﬁ,i]—‘ for a horizontally low-pass filtered band and Wb['B'i]:HW

i high-pass filtered band.

[, [B,1] of filter typef at dy[ﬂ,i] vertical decomposition levels of component i is given |

|[[] vertical

e number of horizontal decomposition levels applied to component iis given by tlhe maximal

the vertical
ipate in the
of vertical

Ch of which
prresponds
Iter type is
omposition
ype, as the
s collapsed

/ZJ for a

y:

H. H
Hy[B.i]= L] for-a vertically low-pass filtered band and Hy [B,i]= i /2| forfa vertically
2 dy[p.i] 2 dy[B.i]-1
high-pass f]ltered-band.
In case of () vertical wavelet decompositions, a vertical high-pass does not exist and Hy[f,i] is jdentical to

H_[i] for all

L1 4 Vo) PR R 4 o
T Ty PpeS O CUIILTTUULITTE LU CULITPUIITTIU 1.

B.3 Band indices, horizontal and vertical decomposition levels

Bands are the result of the wavelet decomposition of a component i with a wavelet filter 5. The wavelet filter
type B is an index in the range of 0 to Ng-1, where N enumerates the number of different wavelet filters. Ng
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is computed from the number of horizontal decomposition levels N; , and vertical decomposition levels Ny ,
as follows:

Ng =(2><min(NL‘X,NL,y)+max(NL'X,NL’y )+1)

The wavelet filter type f is computed from the horizontal decomposition depth d, and vertical decomposition
depth d, as follows: Set 7, to 1 if the band is a horizontal high-pass, otherwise set 7, to 0. Similarly, set 7, to 1
if the band is a vertical high-pass, otherwise set 7, to 0. Then for N; ,2N; , compute

ﬁ:{ (N x —dy )+ if dy>d,
(Npx —Npy )+7y +27, +3x(Np, —d, ) otherwise.
NOTE 1 r N <N, ,interchange N, with N ; and d, with d,. However, this case needs not to be consifdered in this
document.
NOTE 2 r 5 horizontal and 0 vertical levels, the above formula results in Table B.1, for- 5/hori4qontal and 1
vertical levdls, the above formula results in Table B.2; for 5 horizontal and 2 vertical levels, it'results |n Table B.3.
The enumerjation of bands in the tables follows the language of subclause B.2. It is important to observe that the
assignment pf wavelet filter types f does not depend on sampling, i.e. the assignment is identical for 4:44, 4:2:2 and
4:2:0 samplipg.
NOTE3  For components i < N.-S; and s,[i]>1, the wavelet filter types f= Ni{#2=N; , and f= Ny +31N , are not
populated and do not carry any data. See also subclause B.4.
NOTE4  Hor componentsi> N_-S,, only the wavelet filter type =0 is populated, all other filter types do ng¢t carry data.
a) |Joj1] 2 | 3 4 7
5 6
8 9
b) [fo[3] 6 | 9 12 21
15 18
24 27
o |14 7 | 10 13 22
25 28
d) [J2f5/ 8 [ 11 14 23
26 29

Figure B.2 — Wavelet filter types and band indices for 4:2:0 sampling

NOTES5  Figure B.2 shows the wavelet filter typesin a), the band indices of the luma component in b), the band indices
for the Cb component in c) and the band indices for the Cr component in d) for a decomposition with 5 horizontal and 2
vertical levels, 3 components with 4:2:0 sampling and no decomposition suppression.
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The functions d,[p,i] and d [f,i] map a component index i and and a wavelet filter type f8 into a horizontal or
vertical decomposition level.

NOTE 6

d,[0,0]=2, but d, [0,1]=1.

The functions d,[f,i] and dy[B,i] are in general component dependent; in the example from Figure B.2,

Bands are enumerated by a single sequential number b. This sequential number is an index in the range 0 to
Ny -1, where N;, counts the number of bands. N| is computed from Ng and the number of components N, as

follows:

Ny, =(N,—Sd)xNg +Sd

NOTE 7

If some components are subsampled in the vertical direction or omitted from the wavelet decomposition,

N|, deviates
filter types
flags I[p,A,b,

For i<N =S
following W

b=(N,

For izN_-§
b=(N.

NOTE8 B
index as fas
are transmif

B.4 Ban

In case the
component
encoded in
and is 0 if it

by[B.i

Thatis,ab
or the first|
hand side d

5] and the band-existence flags b,[f,i].

ay:
—Sd)x B +i

, only f=0 is populated, all other bands are empty, and the band.index b is given by
— Sd)X NB +1i

y the above convention, iterating over increasing b corresponds to a progression order with th
and the wavelet filter type as slow variable. Compdnents that participate in the wavelet de
ted in the first block, followed by all components which are not decomposed.

[l existence flags

wavelet decomposition is suppressed, not all of the N wavelet filter types are pre
5, see Figure B.2 for an example, The presence of a band given a filter type and a co
the array b,[f,i]. The value of b [S,i] is 1 if the wavelet filter type f is present in in c
does not exist. The value.of this array shall be computed as as follows:

0 if B>0 and i=N,—-Sd or

2max(NL'y—d [[3],0)

0 if

1 otherwise

[i]#0

X7, [B]umod s,

ind is exclided if either the wavelet filter type is nonzero and the component is not d
line.of the wavelet band is not divisible by the vertical subsampling factor. Note th
f the-middle condition is identical to L,[p,b], the first line of the band, defined in sul

The shaded

from the total number of wavelet bands accumulated over all components. This is intentional. Wavelet
fhat are not present in some components are instead excluded by the mechanism of the, band-inclusion

, the band index b is computed from the wavelet filter type f and the component index i in the

e component
composition

sent for all
mponent is
bmponent i,

bcomposed,
at the right
bclause B.6.

areas of Figure B.2 corresponds to wavelet filter types f for which b, [3,1]=0.

The band-indexed band-existence flag b’ [b] is 1 if and only if the band b corresponding to filter type f and
component i exists, and is 0 otherwise. It can be derived from the band existence flags b,[f,i] as follows:

by [(N.

b [ (N,

-Sd)xf+il=by[B,i] fori<N.-Sd

—Sd)xNg +i|=by[B,i] fori=N,—Sd
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Table B.1 — Wavelet filter types for 0 vertical and 5 horizontal decomposition levels

Wavelet filter type B Wavelet filtering and decomposition depths
(subscripts are d, and d,)

LLs
HLs o
HL,
HL;
HL,
HL,

b WIN| RO

Table B.Z — Wavelet Tilter types for 1 vertical and 5 horizontal decomposition lev bls

Wavelet filter type S Wavelet filtering and decomposition“depths
(subscripts are d, and'dy)

LLs 4
HLg
HLy 4
HL;
HL,
HL, ;
LH, ;
HH, ;

N |WwIN|- O

Table B.3 — Wavelet filter types for 2 verticaland 5 horizontal decomposition levels

Wavelet filter type B Wavelet filtering and decomposition depths
(subscripts are d, and d,)

LLs ,
HLs
HL,,
HL;,
HL,,
LH, ,
HH, ,
HL,,
LH, 4
HH, ,

OO0 [N/ || D WIN|R|O

NOTE In thie'above tables, the wavelet filter types are indicated by two capital levels, giving the type of the wavelet
filter in horizontal and vertical direction, and two Subscripts, counting the number of decompositions that have been
applied in horizontal and vertical direction. A letter H indicates high-pass filtering, a letter L low-pass filtering. For all
of the above, 5,;=0.
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B.5 Division of the wavelet-transformed image into precincts

The wavelet coefficients are partitioned into a rectangular grid of N, xN,  precincts, where N, . is the
number of precincts per line of the sampling grid, and N, is the number of precincts per column. Each
column other than the rightmost column is

c{

sample grid positions wide, where W; and C,, are signalled in the picture header, and the s,[i] are signalled
in the component table. Each precinct contams coefficients from a rectangular area of coeff1c1ents from all
bands. These coefficients, in turn, correspond to a rectangular region of image data.

8xC,, xmax, (s, [i])x2"b* if C, >0
We otherwise

NOTE V
the rightmo

The numbe

N

px =

where W;i
sampling g
the picture

Precincts a
with N
a raster sca

Precinct nu
latter is cor

Denote by
B and comj

Hy[B,i]-1, v
position (x
14

[Pl

Vhile not a requirement specified in this document, it is generally advisable to select C,, in Sud
t column is approximately of the same size as that of all other columns.

I N,  of precincts per line and the number N, of precincts per column are defined as
W, H

—L£1 and Nyy= f
Cs v ZNL'y

b the width of the sampling grid, H; is the height of the samplifig,grid, C; is the colun
id positions and N| , the number of vertical decomposition fevels. Wy, Hy and Ny, are
header specified in subclause A.4.3.

e assigned sequential numbers p, denoted as precinct indices, where p runs from 0 to

xand N, defined as above. The sequential number epummerates the precincts on the samy

n mannetr, i.e. firstly from left to right, and secoudly from top to bottom.

[x,,,¥p,) the coefficient positions within band b, where b is the band corresponding tq
ponent i as defined in subclause B.3. Then x,, runs from 0 to W[f,i]-1 and y, run
yith Wy [B,i] and Hy[f,i] the band dimensions as defined in subclause B.2. A sample i

B J’bxsy[i]xzdy[ﬂ'i] Xp XSy []XZdX[ﬂ'i]

\\NPJX _

where d,[f
filter type {

Jp) is part of precinct p if and only if

i] and d,[p,i] are the horizontal respectively vertical decomposition depth of comp

and p umod Ny, {

ZNL,y CS

. NL . and NLy are the number of horizontal and vertical decomposition levels, and s

mberpis H, = Ny sampling grid lines high-and W), [p] sampling grid columns widd,
hputed as
C if p umod Npx <Npy -1
((Wf —1)umod C,)+1 otherwise

h a way that

follows:

hn width in
signalled in

N, xN,,
llng gri(i in

where the

filter type
5 from O to
n band b at

onent i and
W] and s, [1]

are the hor

The width

low-pass filtered band and W, [p,b]zH -

LUllLal auu vl LlLal balupuus lclL LUl ) Ul LUlll}JUllCllL l

W
W, [p.b] of band b in precinct p is computed by W, [p,b]= ¢
P P < BIH]]
sy [i]x2%
Wp [p]

«29x(B

} for a horizontally

2| for a horizontally high-pass filtered band.
[i]]-1

By this definition, W, [p,b] indicates the number of wavelet coefficients and also the number of quantization
index magnitudes per line in precinct p and band b.
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B.6 Division of precincts into lines

By the conditions in subclause B.4, each precinct includes coefficients from at most Hy =2 L.y lines of
wavelet coefficients. The line index A within a precinct varies between 0 and the precinct height H-1:

lel:O,Hp —1]

Band b in precinct p is included in lines A > Ly[p,b] and A < L;[p,b], where L, is the start line and L; the
(exclusive) end line of band b in precinct p. Ly[p,b] and L,[p,b] are computed as follows:

Lo [p,b] =2max(NL'y—dy [i,ﬁ],O) 'Ty [ﬂ] and

L [p.b] = Lo [p,b] + min (H, [ﬂ,i]{NP JXZmX(NL'y_dy[i'm’o) 2110
p.X

where  anld i are computed from b as indicated in subclause B.3. Figure B.3 proyvides an exaniple how an
image is diyided into precincts, lines, bands and packets.

NOTE1 By this definition, line numbers enumerate lines in the sampling gtid, irrespectively of |the vertical
subsampling factor of a component. For vertically subsampled components, odd.line numbers are excluded by means
of the line inlclusion flags, see subclause B.7.

NOTE 2 By these formulae, the bottommost precinct of a image can contain bands that contain fewer lijnes than the
bands in all pther precincts. In particular, some of these bands can be,even empty.
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a)

0]=1\

NOTE3 I
slice-height
the image b
all bands th
b) consists g
but include

grouping of
over the full
easily inferr]

b)

Figure B.3"— Precincts, slices and packets

W Figure B.3, a 5 level horizontal and 2 level vertical decomposition using 4:4:4 or 4:2:2 samn
bf 16 is presented. Medium lines indicate precinct boundaries, thin lines band boundaries an
bundary. Dotted lihies belong to a separate slice. The precinct denoted by a) depicts the ban
ht contribute to component 0, the precinct indicated by b) depicts the packet indices. The sh
f a single packet. Note that some bands extend over two lines. Subpackets can extend over se
nly a single‘lihe of a group of bands. Band indices for component 0 only are shown for prec
ines of'bands into packets is demonstrated for precinct p=3. Columns are disabled and pred
image.Note further that the presence of a band in the precinct for the last precinct of the ima
eddfrom Figure B.3.

pling with a
d thick lines
d indices for
hded area in
veral bands,
inct p=1, the
incts extend
ge cannot be

B.7 Grouping of lines and bands into packets

Each precinct p is encoded in N, packets enumerated by the packet index s, which runs from 0 to N, -1.
Each packet contains entropy coded data of one or multiple bands b, but only of one single line A of band b
and precinct p. All bands within a packet are coded jointly. Whether line A of band b in precinct p is included
in packet s is encoded in the line inclusion flags I[p,A,b,s]. This flag is non-zero in case line A of band b and
precinct p is included in packet s, and zero if it is not. As indicated by Table A.1, the line inclusion flags for
precinct p are computed at the start of this precinct.

The algorithm In Table B.4 computes the line inclusion flags I[p,A,b,s] and the number of packets N, per

precinct:
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Input: Horizontal and vertical decomposition depth N , and N , number of components N, number of
bands Ng, line start and end positions Ly[p,b] and L, [p,b] for all bands, precinct index p.

Output: Line inclusion flags I[p,A,b,s] per precinct p, band b, line A and packet s, number of packets N [p] for
precinct p.

Table B.4 — Computation of the line inclusion flags

Name Notes

compute packet inclusion(p) {

for (b=0;b<N ;b=b+1) { Iterate over all band indices

N Iterate over all lines
for (A=0;A<2 LY a=241) |

Iterate over all possible packet indigﬁ/&

N
for (s§0; s<N;x2 LY s5=g541) |

Ilp,3/b,s]1=0 Reset packet inclusion flag q:\\)
} End of loop over packet ind{iqe:s\ ‘
} End of loop over lines ,\(LV
} End of loop over ban@},s'\ )
s=0 Reset packet indef v
By=max (Nyf ., Ny ) -min (N ., N, )+1 Number of ir}g@&!d bands in the first pgcket
for (B=0; p<B,;p=p+1) | Loop overé{h;gl}types
for (i=0}i<N_-Sy;i=i+1) { Loop okwavelet-decomposed comporfents
if (b, [f,1]) | Ch%&ahether the band corresponding fo filter type
and component i exists

'éovmpute the band index from the filter {ype and the

b= (N_1{Sy4) xp+i Q
&S component, see subclause B.3

Ilp,0}b,s]=1 %) - f; bands of all components included in th¢ first packet
) R
Q‘
} @ End of loop over wavelet-decomposed cgmponents
} AQ\ End of loop over wavelet filter types
for (Bo=B4)i Bo<Ngi Bo=Po+3) { \L‘\V Loop over proxy levels until all wavelgt types are
O covered
N . . .
For (A=0 | r< N,y =dy [0.80] ??\:?\:fl’),(‘{ Loop over all lines within the band
for (B=By; B<Py+3;PB=p+1 )r'\$\ Loop over all filter types within the res¢lution level
r=1 C )\J Indicate to create a new packet
for (i0; i<chSdA§Ml) { Loop over components
1f (b} [B,1]) 6<‘ Check whether the band corresponding fo filter type
é B and component i exists
b=( C@D\BH Compute the band index from the filter fype and the
A\ component, see subclause B.3
1f((A + Lylp,b]) umod s [i] == 0) { Check whether the band is excluded due to 4:2:0
subsampling
if (MLylp,b]I<L;[p,b]) { Check whether the line is in the precinct
s=s+r Potentially start a new packet
Ilp, a+Lolp,b],b,s]=1 Include the line in the precinct
r=0 Packet has been created for this band type
} End check whether the line is included
} End check whether subsampling allows line inclusion
} End check whether band exists

© ISO/IEC 2024 - All rights reserved
40


https://iecnorm.com/api/?name=e3d32478b4541adfc481020c7702190f

ISO/IEC 21122-1:2024(en)

Table B.4 (continued)

Name Notes

End of loop over components

}

End of loop over filter types

}

End of loop over lines

}

End of loop over proxy levels

N
for (A=0;A<2 MY ;A=A+1) {

Loop over lines

for (i=N,

{

—S471<N,;i=i+1)
wavelet decomposition

Loop over components that do not participate in the

b= (N_~S4) xNy+i

Compute the band from the componen

type is always 0

t. The filter

if (AL [p,bI<L,[p,b]) | Check whether the line is in the precinc
s=s+1 Create a new packet
Ilp,AfLylp,b],b,s]=1 Include the line in the precinct
}
} End loop over compaorients
} End loop over lines
Ny [pl=s+l Define the numbeér of packets in total
}
NOTE For S;=0, the above algorithm results for 3 components, 5 horizontal and 0 vertical wavelet decomposition
and 4:4:4 o1 4:2:2 sampling in the line inclusion flags as listed in-Fable B.5, for 3 components, 5 horizontal and 1
vertical wavielet decomposition in Table B.6 and for 3 components,"5’horizontal and 2 vertical wavelet decomposition
in Table B.7]For 3 components, 5 horizontal levels and 4:2:0.sampling, Table B.8 lists the lines and induded bands
for 1 verticall decomposition level, Table B.9 for 2 vertical decomposition levels. For S;>0, the componentf that do not

participate
slow variabl
results in th|

b

the wavelet decomposition follow the regular components, with the component as fast an
e. For 5;=1, 4 components and 4:4:4:4 sampling and 1 vertical decomposition level, the aboy
e packet layout indicated in Table B.10, foxr the same configuration and 2 vertical decomposi

d the line as
e algorithm
ion levels in

Table B.11.
Table B.5 — Line inclusion flags for zero vertical decomposition level and 4:4:4 or 4:2:2 sampling
and ;=0
Packet index s Line number A Included bands
0 0 (0,1,2) (3,4,5) (6,7,8) (9,10,11) (12,13,14),
(15,16,17)
Table B.p — Line inclusion flags for one vertical decomposition level and 4:4:4 or 4:2:2 Jampling
and S;=0
Packet index s Line number A Included bands
0 0 (0,1,2) (3,4,5) (6,7.8) (9,10,11) (1P,13,14)
1 0 (15,16,17)
2 1 (18,19,20)
3 1 (21,22,23)
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Table B.7 — Line inclusion flags for two vertical decomposition levels and 4:4:4 or 4:2:2 sampling

and S;=0
Packet index s Line number A Included bands
0 0 (0,1,2) (3,4,5) (6,7,8) (9,10,11)
1 0 (12,13,14)
2 1 (15,16,17)
3 1 (18,19,20)
4 0 (21,22,23)
5 2 (24,25,26)
6 2 (27,28,29)
7 1 (21,22,23)
8 3 (24,25,26)
9 3 (27,28,29)

Table B.§ — Line inclusion flags for one vertical decomposition level and 4:2:0'samplingjand S;=0

Packdt index s Line number A of luma Line number A of chro- Included banfls
component ma components
0 0 0 (0,1,2) (3,4,5) (8,7.8)
(9,10,11),(12,13,14)
0 (15,16,17)
/ (18)
) (21)

Table B.9|— Line inclusion flags for two vertical deecomposition levels and 4:2:0 sampling and S;=0

Packdqt index s Line number A of luma Line number A of chro- Included banfs
component ma components

0 0 0 (0,1,2) (3,4,5) (6,7,8)(9,10,11)
1 0 0 (12,13,14)

2 1 - (15)

3 1 - (18)

4 0 0 (21,22,23)

5 2 2 (24,25,26)

6 2 2 (27,28,29)

7 1 - (21)

8 3 - (24)

9 3 - (27)

Table B.10 — Line inclusion fIags Tor one vertical decomposition Ievel and 4:4:4:4 sampling with S;=1

Packetindex s Line number A Included bands
0 (0,1,2) (3,4,5) (6,7,8) (9,10,11) (12,13,14)

(15,16,17)

(18,19,20)

(24)

i WIN|IR|O

0
1
1 (21,22,23)
0
1

(24)
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Table B.11 — Line inclusion flags for two vertical decomposition levels and 4:4:4:4 sampling and S;=1

Packet index s Line number A Included bands

0 (0,1,2) (3,4,5) (6,7,8) (9,10,1

1)

(12,13,14)

(15,16,17)

(18,19,20)

(21,22,23)

(24,25,26)

(27,28,29)

(21,22,23)

(24,25,26)

OO IN|N ||| WIN|R|O

(27,28,29)

[UnN
(e}

(30

-
-

(9

[N
[\

(30

WIN[ R | O|W WL |NIN|IO(FR |- |O

_
w

(30

B.8 Divi

Consecutive
joined codi
all bands a
first coeffid
group is pa
shall ignorsg

The numbe

Ncg [p,b

)

where Wy,

coeff1c1ent< .

sion of precinct lines into code groups

e coefficients of line A in precinct p and band b are grouped into code groups for the
ng. The number of coefficients within one code group,is-denoted by N, and is constant
hd precincts. The first sample of the first code gtoup in a line of a precmct corresp
ient of that line. In case the width of the line is i@t a multiple of the code group size, t
dded to include N, samples. An encoder can,output arbitrary values for these sampley.
samples resulte§ from padding in all subsequent steps such as the wavelet transforn

I of code groups N ,[p,b] of precinct p and band b is computed as follows:
= [Wyy[p.b] /Ny |

[p,b] is the width of precinct p and band b in coefficients and N, is the size of a co

B.9 Gro

If significa
significanc

group of the first significance group corresponds to the first code group of the line A. The last 5

group of a
least one ¢

)

p group comiprises S, consecutive code groups of a line A in precinct p and band b. Thie first code

ping of code groups into significance groups

e coding is.enabled, multiple code groups are furthermore grouped into significang

ine@ may cover only a smaller number of code groups. A significance group is sign

purpose of
throughout
pnds to the
he last code
A decoder
hation.

e group in

e groups. A

ignificance
ificant if at

group has @

The numbe

r of significance groups N,[p,b] in band b in every line A is computed as follows:

= [Wyy[p.b] / (Ng xS,

r one code

bde/group within the significance group contains at least one non-zero coefficient
mmmﬁmmw > ode Rm.

where W, [p,b] is the width of the band b in precinct p in coefficients, N, is the number of coefficients in a

code group

and S, is the size of a significance group expressed in number of code groups.
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B.10 Grouping of code groups into TDC selection groups

If TDC is enabled within a slice due to the TDC enabling slice header (SLI, see subclause A.4.15), multiple
code groups are furthermore grouped into TDC selection groups. A TDC selection group comprises S;
consecutive code groups of a line A in precinct p and band b. The first code group of the first TDC selection
group corresponds to the first code group of a line A. The last TDC selection group of a line A may cover
only a smaller number of code groups. The TDC subpacket specified in subclause C.5.6 decodes one flag per
TDC selection group. This flag selects per TDC selection group for all wavelet coefficients within this group
whether the inverse temporal decorrelation transformation specified in subclause H.4 is applied to them, or

whether ¢’[

p,A,b,x] is set to c[p,A,b,x], i.e. no decorrelation is performed. For details, see Annex H.

The number of TDC selection groups N;[p,b] in band b in every line A is computed as follows:

Ni [p'b

where W,
code group

= W P, BT/ Ng X571

p,b] is the width of the band b in precinct p in coefficients, N, is the number.of-coef
and S; is the size of a TDC selection group expressed in number of code groups.

B.11 Groyping of precincts into slices

One or mu
vertical pre
different sl

Ny [t]

precincts, s
header, H;i
per row.

tiple precincts are grouped into slices. Restrictions on bitplaneg count decoding e
diction is disabled across slice boundaries; this ensures thatwavelet coefficients thaf
ces can be decoded independently of each other. Slice nuniber t consist of

f

{1—1
Np x % H

p

H
—’ umod H; } if (t+1)xHg > {—f—‘
H
P
H otherwise

uch that the first slice is aligned to the top'of the image, where Hy, is signalled in
b the height of the image, H), is the heightofa precinctin lines and N, , is the number

ficients in a

hsures that
are part of

the picture
bf precincts
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Annex C
(normative)

Entropy decoding

C.1 Entropy decoding general provisions

Encoded image data is structured in slices, see subclause B.11, where each slice includes the wavelet

coefficien

4
codestrea

Data follow
scan order,
precinct he

specifies the structure of the precinct header.

Each packe
subpackets
the packet
vIp,A,b,x] a
by flags in

NOTE1 T
The entropy
transport pi
boundaries.

The TDC se
all code gr
residuals r¢
thatshallb
present if t
0xff21, se€
based TDC
(st.B, markg
is different

The signifi
code group
contains o
flag Rm in
of the bitpl

necessary to reconstruct a horizontal stripe of the image. Slices are represe
by slice headers and subsequent precincts, see subclause A.4.13 for the syntax of|a

ing the slice header represents one or multiple precincts, where precincts are‘inelud
left to right, top to bottom. Precincts are not enclosed in markers. Each precinct ¢
ader, one or multiple packets, and optional filler bytes, see Table A.1 fof details. Su

t s of a precinct p consists of a packet header and a packet body-which itself includ

Subclause C.3 specifies the structure of the packet header, arid subclause C.4 the g
body. Each subpacket contributes directly or indirectly to-the’quantization index 1
nd wavelet coefficient signs s[p,A,b,x]. Some subpackets are eptional; their existence
he precinct header or picture header, depending on thetype of the subpacket.

his document does not define a mechanism to resynchronize the decoder to marker or packet
coded data can contain byte sequences that reassémble markers or marker segments. 4
otocol beyond the scope of this document is needed to ensure proper resynchronization to f1

[ection subpacket includes for each TDGseléction group a single bit that, if it is set, in
bups within the corresponding TDC selection group are temporally predicted, i.e. t
lative to the contents of the frame biiffer. The TDC selection subpacket is an optiona
e included in precincts if I =1 and-;[ p,b]=3 for any band b. That is, the TDC selection s

subclause A.4.15) and the FDC mode of the precinct p and a band b of precinct p in
selection. It shall not bepresent for I =0 that is, for precincts that are part of an intr
r type 0x££20, see subctause A.4.13) or if the TDC mode D;[p,b] recorded in the pred

ted in the
lice header.
d in raster
nsists of a
clause C.2

es multiple
tructure of
magnitudes
s indicated

boundaries.
| lower-level
ame or slice

Hicates that
hey encode

[ subpacket

ubpacket is

he slice coding mode indicates<that the precinct is part of a TDC enabling slice (st.1, marker type

dicate flag-
a-only slice
inct header
luse C.5.6.

from 3 for all bands b.of precinct p. The TDC selection subpacket is specified in subclg

fance subpackét jincludes for each significance group a single bit that, if set, indica
5 within the dorresponding significance groups are insignificant. A code group is ins
ly zero coefficients, or its bitplane count prediction residual is zero, depending on th
the picture header. The significance subpacket is an optional packet that is only incl
hine count coding mode D|[p,b] field in the precinct header is non-zero and the raw mo

tes that all
gnificant if
b Run Mode
ided if bit 1

de override
D

.

flag D [p,s]

field in the packet header is 0. The significance subpacket is defined in subclause C.5.

The bitplane count subpacket defines for all code groups in significant significance groups the bitplane
count M[p,A,b,g] of a code group g. The bitplane count together with the truncation position T[p,b] specifies
the number of bitplanes included for all coefficients within a code group. The bitplane count subpacket is a
mandatory packet that is always present. It is specified in subclause C.5.3.

The data subpacket defines the quantization index magnitudes v[p,A,b,x] for all code groups whose bitplane
count is larger than the truncation position. If the Fs flag of the picture header is 0, the data subpacket also
contains the signs s[p,A,b,x]. The data subpacket is defined in subclause C.5.4.

The sign subpacket defines for all non-zero quantization index magnitudes v[p,A,b,x] the sign s[p,A,b,x] of
this quantization index. The sign subpacket is an optional packet that exists only if the Fs flag in the picture
header is non-zero. If the sign subpacket does not exist, signs are included in the data subpacket. The sign
subpacket is defined in subclause C.5.5.
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The bitplane count, data and sign subpackets may contain an arbitrary number of filler bytes at their end.
A decoder can infer the number of filler bytes from the corresponding length field in the packet header. The
value of the filler bytes shall be ignored by a decoder.

NOTE2  Theentropy coded data segment does not use markers to indicate the presence or absence of particular packet
types. Instead, the picture header includes all necessary information to decide upon the presence of a particular packet.

C.2 Syntax of the precinct

A precinct is represented in the codestream by a precinct header, one or multiple packets, and - optionally
- filler bytes following the entropy coded data. The amount of filler bytes following the precinct can be
inferred from the Lprc[ p] field in the precinct header Decoders shall i 1gnore the flller bytes and skip over it,
without inte ¥ r. Table C.2
specifies the encodmg of the bltplane count codmg modes

Input: Predinct index p of the precinct whose header is to be decoded.

Output: Size of the precinct in bytes including filler bytes L, [p], precinct quaxtization Q[p], precinct
refinement|R[p] and bitplane count coding modes D[p,b] and TDC modes D;|p,b] for.all bands b.

Table C.1 — Precinct header syntax

Name Notes Size Values

precinct header (p) {

Length of the entropy coded data in-this pre-
cinct including filler bytes meastred in bytes.
The number of bytes in this field counts from
the end of the precinct headef of this precinct
up to, but not including thefirst byte of the next
precinct header, slice header or EOC.

Ly, [Pl u(24) 1—(220-1)

Precinct quantizatien. This field is input to the
algorithm specified in subclause C.6.2 to select
the truncation(positions T[p,b] of all bands of
this precinct.

olpl u(8) 0—31

Precinctrefinement. This field is input to the
algorithm specified in subclause C.6.2 to select
the tirincation position T[p,b] of all bands of
this precinct.

R[p] u(8) 0—(2N|-1)

if (I > [0) | Is the precinct part of a TDC enabling slice?

Precinct frame buffer quantization level. This
field is input to the inverse temporal prediction
Q¢ [Pl algorithm specified in subclause H.4 to select  |u(8) 0—31
a quantization value for the data in the frame
buffer.

Precinct frame buffer refinement level. This
field is input to the inverse temporal prediction
R¢[p] algorithm specified in subclause H.4 to select  [u(8) 0—(2N-1)
arefinement value for the data in the frame
buffer.

} else { End of TDC enabling slice syntax

Initialize the frame buffer quantization to maxi-
mum for intra-coding

Initialize the frame buffer refinement for intra
coding.

for (b=0;b<N;;b=b+1) { Loop over all bands
if(b',[b]) | Check whether band b exists
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Table C.1 (continued)

Name Notes Size Values
D[p,b] Bitplane count coding mode of band b. u(2) See Table C.2
}
} End of loop over bands
PE(I, > 0) | gggl{ggnednsabling slices, signal the TDC modes
for (b=0;b<Ny;b=b+1) { Loop over all bands
if(b',[b]) | Check whether band b exists
D, [p,b] TDC mode of band b. u(2) See Table C.3
}
} End of loop over all bands
} End of TDC enabling slice syntax
padding Pad to next byte boundary pad(8) 0
}
The D[p,b] field consists of two consecutive bits per band in the precinct header. It specifies how the bitplane

counts of t
in binary, y

a specific f

D [p,s] field
subpacket 3

number of

some bands

he code groups of wavelet coefficients are encoded. Table C.2 lists’valid encodings f
here an “x” indicates a bit position whose value shall be ignored for the purpose of ¢
winction. The bitplane count encoding mode selected by the-D|p,b] fields can be overri
in the subpacket header, see Table C.4. If D_[p,s] is non-zero; bitplane counts in the cox

D[p,b] fields shall be present, regardless of the valués of the D [p,s] fields and regardls
are notincluded at all because the last precinct ispartially cut off at the bottom of the sa

br this field
etermining
den by the
responding

re encoded in raw mode, see subclause C.6.4, regardlessof the value of the D[p,b] fieldl. The same

bss whether
mpling grid.

The D[p,b] flags shall be populated in such a way that vertical prediction is never selected for the precinct at
the top of g slice; this condition ensures that waveleteoefficients in different slices can be entropy decoded
independertly of each other.
Table C.2 — Bitplane count coding modes

D[p,b] Bitplane count coding mode

x0 prediction fromzéro

x1 Vertical predietion

0x Significanee coding disabled

1x Signifieance coding enabled

NOTE1 The above table indicates that bit #1 indicates the presence of significance coding and bit|#0 whether
vertical or np predictioiiis selected.

The D;[p,b]|field shall be only present in precincts following TDC enabling slice headers. It consists of two
consecutive bits per band in the precinct header that specify how to reconstruct the temporally predicted
wavelet coeffietents L’[[J,}\,II,A] from—the—contents—oftheframebuffer j[[y,)L,II,A] atrd—wavetet coefficient

residuals c[p,A,b,x]. Table C.3 lists valid encodings for this field in binary.
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Table C.3 — TDC modes

Dl[pﬂb]

TDC mode

00

No temporal prediction, all wavelet coefficients of band b in precinct p are transmitted directly
and inverse temporal prediction is not applied to them, using the regular Weights table to
determine the truncation position.

10

Temporal prediction for all coefficients of band b in precinct p except for those in TDC selection
groups whose positions match the hash through Y, [b] and S},[b], see subclause H.4. Y} [b] and
Sy,[b] are signalled in the temporal prediction control marker (TPC marker, see Annex A.4.10
for details).

11

Temporal prediction selection through TDC selection flags Y[p,A,b,k] transmitted in the TDC
subpacket. Wavelet coefficients in the TDC selection groups whose positions match the hash
through Y, [b] and S,[b] are not temporally predicted (see subclause H.4), regardless of the

value of their TDC selection flag Y[p,A,b,k].

01

No temporal prediction, all wavelet coefficients of band b in precinct p are transmifted directly
and inverse temporal prediction is not applied to them, using the Refresh Weights table for
determining the truncation position.

C.3 Packet header

Data follow
represents
within this
one or mult
subclause (

ing the precinct header of precinct p consists of one or multiple-packets, where each packet s

the quantization indices of one or multiple bands b and one line 7 of the precinct p ar
packet, see Table A.1 for a breakdown of the syntax. A packet consists of a packet
iple subpackets. Table C.4 specifies the syntax of the packet header. Subpackets are
5.

The D [p,s]

p is encoded in raw. By that, D [p,s] overrides the D[p,b]anode selection in the precinct header.
e of D.[p,s], the D[p,b] flags shall be present.in‘the precinct header. Packets encoded

of the valu
mode do ng
whose D [p

In addition

given precinct p and band b, the D [p,s] flag-shall be identical for all packets s that include bai

precinct p,
same preci
line indiceg

flag in the packet header indicates whether the bitplane count information of packet g

t include significance information and thegsignificance subpacket shall not be present
s] field is non-zero.

to the above, the following constraint shall hold if the R, field of the picture header

i.e. raw and non-raw coding ofbitplane counts shall not be mixed within the same
nct. Formally: for all precinets p and all packets s and s’, D [p,s] == D_[p,s’] if there is a
Aand A’such that I[p,A,b,s}= 1 and I[p,A’,b,s’]=1. This restriction does not apply if R, i3

d all bands
header and
specified in

in precinct
Regardless
in the raw
for packets

is 0: For a
nd b within
band in the
band b and
1.

7
p.[0,0]=0

D0,5]= 0% _

D,[0,8] = 0F

D1,5]=0% _

D.[1,8] = 0F

Figure C.1 — A valid selection of raw mode override flags for R;=0
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NOTE1  Figure C.1 demonstrates a valid composition of raw-mode override flags for 5 horizontal and 2 vertical
decomposition levels and two precincts for R;=0. Thick lines indicate precinct boundaries, thin lines band boundaries,
dotted lines packet boundaries. The shaded region to the top left is represented by a single packet. Note that raw-mode
flags can vary between bands and precincts, but are identical within the same band. Not all raw mode override flags
are shown.

Table C.4 specifies the syntax of the packet header.
Input: precinct index p and packet index s of the packet whose packet header is to be decoded.

Output: Raw mode override flag D [p,s] for precinct p and packet s, length in bytes of the data subpacket
L4ac[p.s], length in bytes of the bitplane count subpacket L_,,[p,s], and length in bytes of the sign subpacket
Lggnl[p:s] of precinct p and packet s. The length of the significance packet is inferred from the number of
coefficients in the bands included in packet s and is not signalled.

Table C.4 — Syntax of the packet header

Name Notes Size Values

packet hegder (p,s) {

ph=0 Assume the packet header is not present
for (b=0;Pp<Ny;b=b+1) { Loop over all bands
for (A=L{[p,b];A<L;[p,b];A=A+1) { Loop over all lines of this band
if (I[pfr,b,s]) | Include only if the line is present

in the given band and ‘packet, see
subclause B.7.

ph=1 Include the packet header

} End of line s included

} End of loep over lines

} End of leop over bands

if (ph==1] { Only'include data if the packet is
non-empty

D.[p,s] Raw mode override flag. If this bit is u(1) 0f1
non-zero, bitplane count information of
this packet is encoded in raw mode, re-
gardless of the value of the D[p,b] flags
in the precinct header.

1f (WexNJ<32752 && Ly==0) { Depending on the width of the image
and the number of components, select
the syntax of the header. See Table A.7
for the definition of Wi, N_.and L.

Laat [P/ Pl Size of the data subpacket in bytes. u(15) |0F32767

Lone [P, k1 Size of the bitplane count subpacketin |u(13) |0}8191
bytes

LegnlP, r] Size of the sign subpacket in bytes if u(11) |0F2047
Ls=11fFs=0;+this-Held-shall be-present;
but is ignored. Fs is specified in the
picture header, see Table A.7.

} else { End of short packet header

Laae [P, s] Size of the data subpacket in bytes. u(20) |0-1048575

Lonte[Prs] Size of the bitplane count subpacketin |u(20) |0-1048575
bytes

LegnlpP,s] Size of the sign subpacket in bytes if u(15) |0-32767

Fs=1.1f Fs=0, this field shall be present,
but is ignored. Fs is specified in the
picture header, see Table A.7.
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Table C.4 (continued)

Name

Notes

Size

Values

}

End of condition for packet header size

}

End of test for non-empty packet

}

NOTE 2

In case a component is not vertically subsampled or excluded from the wavelet transformation by means

of the CWD marker, the data subpackets of such a component can grow larger than 32768 bytes or the sign subpacket
can grow larger than 2048 bytes, even if WyxN_< 32752. It is thus advisable to enforce long headers with L,=1 if the
codestream contains components that are not vertically decomposed or do not participate in the wavelet filtering

process, and if WxN_216376.

C4 PaclLet body

Table C.5 specifies the syntax of the packet body precinct p and packet s. The packet.body of|packet s in
precinct p fonsists of multiple subpackets, each of which contributes directly or indirectly to the bitplane
counts M[p|A,b,g], the quantization index magnitudes v[p,A,b,x] or wavelet coefficiedtrésidual sighs s[p,A,b,x]
of a single line A and one or multiple bands b of precinct p.
Input: Predinct index p and packet index s.
Output: Bitplane counts M[p,A,b,g], quantization index magnitudes™y[p,A,b,x] and wavelet| coefficient
residual signs s[p,A,b,x] for precinct p, line A, and all bands b in subpaeket s.
Table C.5 — Syntax of the packet body
Name Notes Reference
packet bodly (p,s) {
it s o) o Check whether this packet is part of a [Subclause A.4.13 and
sl TDC*enabling slice subclause A.4.1%

Decode TDC selection flags. The size |Subclause C.5.6

of the TDC subpacket is not includ-

ed in the packet header and can be

unpack tdc flags(p,s)

inferred from the size of the included
lines, bands and the TDC mode
D;[p,b] flags.

End of decision for TDC.

unpack sjgnificance(Pys)

Decode significance information. The
size of the significance subpacket is
not included in the packet header and
can be inferred from the size of the
line and the band.

Table C.6

unpack bltplane count (p,s)

Decode bitplane count information.
This subpacket includes L;[p,s]

hytes

unpack data (p,s)

Decode wavelet magnitude data. This
subpacket includes L 4,[p,s] bytes.

Table C.9

if (Fs==1)

{

The sign subpacket is only included if
sign coding is enabled in the picture
header, see Table A.7 for the defini-
tion of Fs.

unpack signs(p,s)

Decode wavelet magnitude data. This
subpacket includes L, [p,s] bytes.

Table C.10

End of if sign packing enabled
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C.5 Subpackets

C.5.1 Nomenclature

The entropy coded data segment following the packet header is transmitted in multiple subpackets. Each
subpacket contains data of a specific type that is relevant to one line but one or multiple bands of the precinct
indicated by the packet header. Depending on configuration, not all subpackets may be present.

C.5.2 Significance subpacket

Table C.6 specifies the syntax of the significance subpacket. This subpacket includes for every significance
group of code groups one bit thatidentifies whether all code groups in the significance group are insignificant.
The bitplane_count subpacket does not include information for insignificant significance groyps and the
bitplane copnts of the code groups within such significance groups are inferred. This subpacket|is optional.
It is only influded if bit #1 of the D[p,b] field of the precinct header is set to 1 and the raw mede-oyerride flag
D,[p,s] is sqt to 0. See subclause C.3 for the specification of the precinct header.

NOTE Tihe packet header does not include the size of the significance subpacket, it can b¢ inferred from the size of
the included|bands.

Input: Predinct p and packet s whose significance data is to be decoded

Output: Significance flags Z[p,A,b,j] of all significance groups and all bands of the given prefinct p and
packets.

Table C.6 — Syntax of the significance subpacket

Name Semantics Size Values

unpack si¢gnificance(p,s) {

for (b=0;Pb<N;;b=b+1) { Loop over all bands
for (A=L|[p,b];A<L;[p,b]l;A=A+1) { Loop over all lines of this band
if(I[pfr,b,s]) | Include only if the line is present

in the given band and packet, see
subclause B.7.

if (D Jp,s] == 0) { Include only if the raw override flag is
not set
if(Dlp,b] & 2) { Significance information is only present

ifindicated by bit #1 of D[p,b] in the
precinct header is set.

for(3=0;j<Ng[p,b]GH=3+1) | Loop over all significance groups of this
precinct, band and line. A definition of
N[p,b] is given in subclause B.9.

Z[p,2,b,3] Significance information of this signifi- |u(1) 0,1
cance group

} End of loop over significance groups

} End of significance coding enabled

} End of raw override is not set
} End of line included

} End of loop over lines

} End of loop over bands
padding Pad to the next byte boundary pad(8)

}
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plane count subpacket

C.5.3.1 Purpose of the bitplane count subpacket

The bitplane count subpacket decodes to the bitplane counts of the code groups of a packet s of precinct p. The
syntax of the packet depends on the bitplane count coding mode D[p,b] of the precinct header and the raw
mode override flag D [p,s] signalled in the packet header. Additional constraints apply to the selection of the
bitplane count coding mode D[p,b] and the raw mode override flag D [p,s]. Which constraints apply depend
on the raw-mode selection per packet flag R, of the picture header, see subclause A.4.4. In case R=0, the
constraints indicated in subclause C.5.3.2 apply. In case R;=1, the constraints indicated in subclause C.5.3.3
apply. Subclause C.5.3.4 specifies an algorithm that tests the correctness of the mode selection, and

codestreams shall be constructed in such a way that this algorithm succeeds. Subclause C.5.3.5 specifies the

syntax and

NOTE T
for entropy-
the bitplane

C532 B

In case Rj=
bitplane co
sizes of eng

Formally: L
in Table C.
significanc

While Lg;, [}
by the num

the Hnrnﬂing a]gnrifhm forthe ]m'fp]ann count cnhpar‘l(nf

he purpose of these constraints are to ensure an upper bound for the buffer size a decoderh
coded bitplane count data. An encoder can always satisfy the constraints by selecting the r
count coding mode if the size of the bitplane count subpacket becomes too large.

jtplane count mode selection for R;=0

), the codestream shall be constructed in such a way that for all bands’b, the sum of th¢

int subpackets and significance subpackets contributing to b isat most as large as th
oding the bitplane count of the same subpackets in the raw mode.

et L..[p,s] be the size of the bitplane count subpacket of préecinct p and packet s in by
L. Let Lsig[p,s] be the size of the significance subpacket of precinct p and packet s
e data is included.

b,s] is not explicitly signalled, it can be inferred\frem the size of the bands contributing
ber of bytes generated by the algorithm spegified in Table C.6, or equivalently by

D, A [p:5,2,51%(1=D, [p,s])x(Dfp,s]>> 1)xN, [p,b]

WS to reserve
hw mode for

b sizes of all
e sum of all

tes defined
or 0 if no

r to s, either

o band b in

nct p in the

Lig [p.5]= 8
Let L', [p|b] be the sum of sizes of all bitplane count and significance subpackets contributing {
precinct p:
Npc =114 [p,b]-
thot [P z 2 I[p b,A,s] ( cnt [p S]+L51g [P S])
s=0 A= LO D, b]
Let LZY [p}b] be the amount of bytes required to encode the bitplane count of band b in preci
raw codinglmode:
Npe—1L[p,b]- N-1 , ’
pe "M U I[p,b',A,s]xN, [p,b’]xB
LeY [p|b] 2 2 [p,b,2,s]x 2 [ ncg r
s=0 A=Lgy[p.b] b'=0 | i |
Then, the codestream shall be constructed in such a way that for all b and p, L'y, [p,b] < L5y
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D;?O] . D.[p,4] = Ds[p4]) ="
D,[p.0]=1 } \
——— Di|p3]= 1/ Di[p4]=Dy[p4]) =1

NOTE

A

Figure C.2 — Rate constraints for band and packet mode selections

igure C.2 demonstrates which comparisons are made to test thé validity of a mode decisior

precinct p wiith a 5 level horizontal, 2 level vertical wavelet decomposition.Thick lines represent precinct

thin lines b3
packet. The

the area eng
D,[p.s1=1 (b
are consiste
override flag
than the rat
select D [p,$

C533 B

In case R)=1,

of the sizes
as large as

Formally:

/1
Let L" o [4,

p and packg

/1
L™ ot (1

nd boundaries and dotted lines packet boundaries. The shaded area to the top left is encodd
pverall rate of the bitplane count subpackets in the shaded areas is computed once for all pack
oded with the bitplane count coding mode D[p,b] and B;[p,s] as given (top row) and once

bttom row). Areas over which the rate is summedare defined in such a way that the raw
nt with the condition specified in subclause C.3. Fhe bitplane count coding modes D[p,b] an
's D.[p,s] in a codestream are populated in such‘away that the rate in any of the shaded areas
b of the same area in the bottom row. A trivialbut suboptimal way to satisfy this constraint
=1 for all packets.

jtplane count mode selection for\R,=1

the bitstream shall be constructed in such a way that that for all bands b and all line
of all bitplane count subpackets and significance subpackets contributing to b in line
the sum of all sizes of encoding the bitplane count of the same subpackets in the raw 1

et L, [p.s] and Lg[p;s] be defined as in subclause C.5.3.2.

s] be the sum of sizes of all bitplane count and significance subpackets contributing]
ts:

s]E Lent [p15]+Lsig [p,s]

for a single
boundaries,
d in a single
ets covering
n raw mode

mode flags
d raw mode
is not larger
would be to

5 A, the sum
A is at most
node.

to precinct

Let LyTaW

[p,s] be the amount of bytes required to encode the bitplane count of precinct p and packet s in the

raw coding mode:
Nj-1Ly[p,b]
| lz‘ 1 pz‘ I[p,b,A,5]xNg [p,b]xB,
tot 3
Then, the codestream shall be constructed in such a way that for all p and s, L', [p,s]< '3 [p,s] holds.
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C.5.3.4 Validation algorithm for bitplane count and raw mode override selection

Table C.7 specifies an algorithm that checks the validity of the encoding of a precinct p by checking the
above condition for all bands b in p:

Input: Precinct index p

Output: An indicator valid that is 1 in case the precinct mode selection is valid, or 0 in case it is invalid.

Table C.7 — Testing the validity of a precinct encoding

Name Notes
is_encoding valid(p) {
valid=1 Assume validity
1f (Ry==0) { Check for packet-based raw-mode switeh
for (b=0}b<Ny;b=b+1) { Loop over all bands of the precinct
rawsizg=0 Number of bits required to ericdde this bajnd in raw
mode
bytesite=0 Number of bytes
for (s=0;s<Ny.;s=s+1) { Loop over all packets in the precinct
for (AfLg [P, bl A<L; [p,b];A=A+1) | Loop over all linés'in the band
if(Ifp,A,b,s]) | Include only-ifithe band b is present in the|given pack-
ets, line and precinct, see subclause B.7.
byt¢size = bytesize + L., [p,s] Include number of bytes required for bitplane count
coding
byte¢size = bytesize + Lg; [p,s] Include number of bytes required for signjificance
coding
for(b’=0;b’<N;;b’= b’+1) { Loop over all bands that contribute to the|same pack-
et sband b is part of
if[Ilp,A,b",s]) | Only if band b’is included in the same subpacket
rgwsize = rawsize + B, xN_4[p,b’"] Reserve B, bits per included bitplane cour|t for

each line in this precinct. N.[p, b’] is spedified in
subclause B.8.

} End of band b’is included in subpacket s
} End of loop over bands b’
} End of if line included
} End of loop over lines
} End of loop over subpackets
if (bytésize > f¥awsize/8]) { Check buffer limit condition
valid#0 Invalid if buffer size constraint violated
} End of check whether bitrate constraint i{ satisfied
} End-efloop-overbands
} else { End of band-based raw-mode switch, start of pack-
et-based switch.
for (s=0;s<Ng.;s=s+1) { Loop over all packets in the precinct
rawsize = 0
bytesize = L., [p,s] + Lgi4lp,s] Include number of bytes required for bitplane count
coding and significance coding
for (b=0;b<N ;b=b+1) { Loop over all bands of the precinct
for (A=Lg[p, 0] ;A<L;[p,b];A=A+1) | Loop over all lines in the band
if (Ilp, A, b,s]) | Only if band b is included in the subpacket
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Table C.7 (continued)

Name

Notes

rawsize =

rawsize + BIXNCg[p, bl

subclause B.8.

Reserve B, bits per included bitplane count for
each line in this precinct. N.[p, b] is specified in

End of check for band inclusion

End of loop over lines

}

End of loop over bands

if (bytesize> [rawsize/81) {

Check buffer limit condition

valid=0 Invalid if buffer size constraint violated
}
} End of loop over all packets
} End of line-based raw-mode switch
}
C.5.3.5 Bjtplane count subpacket syntax

Table C.8 s
reference t

NOTE T
of the packe

Input: preg
and precin

Output: Bif

b the corresponding subclauses.

header.

tif significance coding is enabled.

plane counts M[p,A,b,g] in all bands of the precinct p and packet s.

Table C.8 — Syntax of the bitplane count subpacket

pecifies the syntax of the bitplane count subpacket depending ow D[p,b] and D, [p,4
he number of filler bytes at the end of the bitplane count subpacket can be inferred from the }

inct and packet whose bitplane counts are to be decoded, significance flags Z[p,A,b,x

| and gives

L cntlps] field

| of the line

Name Notes Size Reference
unpack bitjplane count (p,s) {
for (b=0;g<N;;b=b+1) { Loop over all bands
for (A=Lg|lp, b] ;i A<L; [p,b];A=A+1) ~f Loop over all lines of this band
if(Ilp,,b,s]) { Include only if the line is present in the
given band and packet, see subclause B.7.
if (D, [p,sl==1) { Detect whether raw coding is enabled for
this packet
unpadk raw (p,b, X Decode with the raw coding mode Variable Jubclause C.6.4
} elsq if ((D[pyDN & 1) == 0) | Select the bitplane count coding mode
unpadk_nopxed (p,b,A) ; No prediction with or without sig-flags Variable Jubclause C.6.6
} elsq {
unpadk—rexrticallprbra) Verticalprediction-with-er-witheutsig Variable Subclause C.6.5
flags
} End of bitplane count coding mode selec-
tion
} End of if line is present in subpacket and
band
} End of loop over lines
} End of loop over bands
Padding Pad to the next byte boundary pad(8)
filler bytes Arbitrary number of filler bytes fill()

}
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C.5.4 Data subpacket

Table C.9 specifies the syntax of the data subpacket. This subpacket includes the coefficient data of all
significant code groups of a given precinct and line within a precinct. It also requires the bitplane count of
each code group and the truncation position of each band.

NOTE The number of filler bytes at the end of the data subpacket can be inferred from the L4, [p,s] field of the
packet header.

Input: precinct and packet whose coefficient data is to be decoded, bitplane counts of all code groups of all
bands of the given line and precinct, truncation positions of all lines and bands of the given precinct and
line. The truncation positions T[p,b] are computed from the information in the precinct header specified
in subclause C.2 and the weights table specified in subclause A.4.6 according to the algorithm given in
subclause (=6-2-

Output: Quantization index magnitudes v[p,A,b,x] in all bands of the precinct p and packetss,|and if sign
packing is ¢lisabled, additionally wavelet coefficient signs s[p,A,b,x] of all bands in the given prgcinct p and
packets.

Table C.9 — Syntax of the data subpacket

Name Notes Size Values
unpack data(p,s) {
for (b=0;h<N;;b=b+1) { Loop over:all bands of the
precinct
for (A=L{[p, bl ;A<L;[p,b];A=A+1) { Loop-over all lines of this
band
if(I[p]A,b,s]) { Include only if the line is

present in the given band and
packet, see subclause B.7

for (g07g<N4[p,b];g=g+l) { Include data for all groups in
this precinct and line.
for (k=0; k<Ng;k=k+1) { [terate over all members of
the code group
vIpfr, b, Nyxgtk] = 0 Reset quantization index
magnitude
} End of loop over code groups
if (M[p, A, b,g]>Tp,b]) ¥ Include only signs if a non-ze-
ro number of bitplanes is
included
if(fs == 0) { Check whether the sign sub-
packet is disabled
fof (k=0;R<Ng; k=k+1) { Loop over all members of the

code group. The definition of
the group size N, is specified
ill auludaubr; B-S
s[p,A,b,Nyxg+k] Sign bit of the coefficientin  |u(1) 0,1
the current band, line and
group

} End of loop over coefficients

} End of sign inclusion
for (i=M[p,),b,g]-T[p,b]-1; 120;i=i-1) Loop over all bit positions

for (k=0; k<Ng;k=k+1) { Loop over all members of the
code group
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Table C.9 (continued)

Name

Notes

Values

Binary data of the quantiza-
tion index magnitude in the
precinct, line, band and group

0,1

V[p,A,b,Nng+k]:v[p,A,b,Nng+k]+(d<<i)

Set the corresponding bit in
the quantization index mag-
nitude

End of loop over code group
members

End of loop over bitplanes

ETdof TIoT-ZeTo Mumper of
bitplanes included

End of loop over code groups

End of line and band included
in subpacket

}

End of loop over lineg

}

End of loop over bands

padding

Pad to the nextbyte bound-
ary

pad (8)

filler bytes

Arbitraryirmamber of filler
bytes

£i11 ()

C.5.5 Sign subpacket

Table C.10
coefficients

present if the sign packing flag Fs specified in subclduse A.4.3 is set to 1.

NOTE1 The number of filler bytes at the end.of the sign subpacket can be inferred from the Lsgn[p,s

packet header.

specifies the syntax of the sign subpacket. This subpacket includes the sign inform
of all code groups of a given precinct:and line within a precinct. This subpacket shall only be

ation of all

| field of the

Input: predinct and packet whose sign(data is to be decoded, decoded coefficient magnitudes of the precinct

and subpadket.

Output: arfray of signs s[p,Ash,x] of all bands in the given precinct and packet, coefficient grray of all

coefficientq in the precinctdnd line.

Table C.10 — Syntax of the sign subpacket

Name Semantics Size Values
unpack signg(p,/s) {
for (b=0;b<Nrh=h+1) | e
for (A=Lg[p, 0] ;A<L; [p,b];A=A+1) | Loop over all lines of this band
if(Ilp,A,b,s]) | Include only if the band is present in the
given line and packet, see subclause B.7.
for (g=0;9<N.4[p,b]ig=g+1l) { Include data for all groups in this precinct
and line. See B.8 for a definition of Ncg.
for (k=0; k<Ng;k=k+1) { Iterate over all members of the code group.
if(vIp,A, b, Nyxg+k] 1=0) | Only include sign information if the quanti-
zation index magnitude is non-zero
s[p,),b,Nyxg+k] Sign bit of non-zero quantization index u(l) 0,1
magnitude

© ISO/IEC 2024 - All rights reserved

57


https://iecnorm.com/api/?name=e3d32478b4541adfc481020c7702190f

ISO/IEC 21122-1:2024(en)

Table C.10 (continued)

Name Semantics Size Values

} End of non-zero code group

} End of loop over coefficients

} End of loop over groups

} End of line and band included in subpacket

} End of loop over lines

} End of loop over bands
Padding Pad to the next byte boundary pad(8)
filler bytes Arbitrary number of filler bytes £i11()

}

NOTE2 As the data subpacket always transmits coefficients in groups of 4, it can happen-that it includes
meaninglesq coefficients near the right edge of a wavelet band. By the above table, the sign subpacket includes sign
bits even for such meaningless coefficients whenever they are non-zero. It is advisable, though‘hot necesgary, to force
such meanirjgless coefficients to 0 at the encoder side.

C.5.6 TDLC subpacket

Table C.6 g4pecifies the syntax of the TDC subpacket. This subpacket\includes for every TDC selection
group of cpde groups one bit that identifies whether all coefficient\groups in the TDC sele¢tion group
are temporfally predicted. A set bit indicates TDC such that decoded“wavelet coefficient residpials can be
prediction forrections relative to the content of the frame bufferysee Annex H, in particular sulpclause H.4.
This subpagket is optional. It is only included if I >0, i.e. if the/packet is part of a TDC enabling slice. See
subclause A.4.13 and A.4.15 for the specification of the slice‘headers.

NOTE Tlhe packet header does not include the size of the\FDC subpacket, it can be inferred from tHe size of the
included banyds b, and the D;[p,b] flags of the bands of precinct p.

Input: Predinct p and packet s whose TDC selection‘flags are to be decoded.

Output: TDC selection flags Y[p,A,b,k] of all.EDC selection groups and all bands of the given prdgcinct p and
packet s.

Table'€C:11 — Syntax of the TDC subpacket

Name Semantics Size Values

unpack td¢ flags(p,s) |
for (b=0;p<N;;b=b+1) ( Loop over all bands

1£(D; [phbl==3) A Include TDC selection flags only if
enabled in the precinct header, see
subclause C.2.

for (A=L{ [, 0¥ A<L,[p, bl ;A=A+1) | Loop over all lines of this band
if (I [pPrroret—t

L | PR | 1 if el 1 H £
ITICITUUT Ullly IT LIICT ITITIIC IS lJl CTSTCIIU
in the given band and packet, see
subclause B.7.

for (k=0;k<N; [p,b];k=k+1) { Loop over all TDC selection groups of
this precinct, band and line. A definition
of Ni[p,b] is given in subclause B.10.

Y[p,A,b, k] TDC mode of this TDC selection group  |u(1) 0,1
} End of loop over TDC selection groups
} End of line included
} End of loop over lines
} End of TDC selection flags enabled
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Table C.11 (continued)

Name Semantics Size Values

} End of loop over bands

padding Pad to the next byte boundary pad(8)

}
C.6 Bitplane count decoding
C.6.1 Bitplane count decoding general provisions
The bitplane-coun ag e h e : 3% nten he Bitplane
count subpcket by a process spec1f1ed in subclause C 5 3 that depends on the bltplane count epding mode
D[p,b] in the precinct header and the raw mode override flag D [p,s] in the packet header,The decoding

process mg
skip over i

The bitplan
bitplane at
step size. T

Vertical pr
Tioplpsb] of]
and T, [P/
prediction

slice or theli

NOTE T
independent

C.6.2 Computation of the truncation position

Table C.12

precinct qyiantization q and precinct refinement r,

subclause (

y optionally predict bitplane counts vertically and can optionally employ significal
significant code groups.

e count decoding process requires furthermore the truncation position\7[p,b], which
which transmission of coefficient data stops, and hence indirectlydetermines the q
he computation of the truncation position is specified in subclause €.6.2.

rdiction modes also require access to the bitplane counts My, [p,A,b,g] and truncati
the line directly above the current line within the same band. The computation of M,
] is specified in subclause C.6.3. The codestream shall be eonstructed in such a way t
s never selected as bitplane count coding mode for the.topmost lines of the topmost
image.

he above requirement ensures that wavelet <Ceefficients within different slices can
ly of each other.

specifies the computation of the trudncation position T[p,b] of band b and precinct
; both specified in the precinct header {
.2, and the band priority P[b] defined by the Weights table specified in subclause A

ce flags to

defines the
nantization

on position
toplPAD,9]
hat vertical
recinct of a

be decoded

p from the
pecified in
4.12 or the

Refresh We
inverse pre

For the purj

T[p,b]=

where b is
decoded fr
the precing

ights table specified in subclause A.4.13. The truncation position T[p,b] is required f
diction processes as well as for the inverse quantization defined in subclause D.1.

pose of Annexes C and D, the truncation position T[p,b] shall be computed as follows:

rompute_truncation(b,Q[p],R[p],D;[p,b])

the band)index, Q[p] is the quantization of precinct p and R[p] the refinement of
m th&precinct header as specified in subclause C.2, and D;[p,b] is the TDC mode de
t hieader as specified in subclause C.2. If I = 0 indicating a slice that does not use TI

or multiple

precinct p,
coded from
C and thus

the precin

t header does not signal D.[p.b], the inferred value of D.[p.h] shall he 0

Input: Band index b, precinct index p, precinct quantization g, precinct refinement r and TDC mode d, band
gains G[b],G.[b] and band priorities P[b], P.[b].

Output: Truncation position of band b in precinct p with quantization q and refinement r in TDC mode d..
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Table C.12 — Computation of the truncation position

Syntax Notes

compute truncation (b,q,r,d)

{

£(d!i=1) { Check whether the regular tables are to be used
p=P[b] Use priority from regular Weights table
g=G[b] Use gain from regular Weights table
} else {
p=P_ [b] Use priority from Refresh Weights table
g=G, [b] Use gain from Refresh Weights table
}
£ (p<x) Compare the priority as specified in the seledted weights
table with the refinement threshold r
s =1 An additional bitplane is included for bands with priorities
below the refinement threshold
} else {
s =0 No refinement otherwise

return c

Lamp (g-g—s, 0, 2B5-1) Compute the truncation‘position as the precinc
tion minus the band gain from the selected Wei
minus the numberof additional refinement bity

clamp to the valid'range.

[ quantiza-
chts Table,
lanes, then

C.6.3 Computation of the vertical bitplane count predictor and truncation position

predictor

Vertical pr¢
the predict
be constru

particular not at the top of the image.

The proces
vertical pr¢
first line L,

subclause B.6

pdiction modes require an entire row of\bitplane counts above the current line as th
jon. In addition, the truncation positien of the line above is also required. The codes
‘ted in such a way that vertical prediction is not selected at the first line of a slice, a

5 specified in Table C.13 computes from a given precinct p, line A and band b the cor
pdictor M, [p,A,b,g] and-the vertical truncation predictor T, p,)\ b,g For that, it r
[p,b] and tﬁe last line L;[p,b] of band b and precinct p, where E b] and L,[p,b] are

Input: Pre
b, first li
syli] of the

Output: Ve
position pr

ne Ly[p,b] and-last line L;[p,b] of band b of precinct p. Let s, be the vertical subsam

inct index p, lihe/index A, band index b, bitplane counts M|[p,A,b,g] of precinct p and

fomponenthe band b is part of.

rtical predictors M,,,[p,A,b,g] of all code groups g of precinct p, line A and band b;
pdietor T, [b,p]

top

e source of
tream shall
nd hence in

responding
equires the
specified in

precinct p-
bling factor

truncation

NOTE

Vertical prediction cannot be selected at the start of the slice, and hence at the top of the image. Hence, the

algorithm as specified here always accesses bitplane counts within the current slice and within the image.
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Table C.13 — Computation of the vertical bitplane count predictor

Syntax Notes
compute predictor(p,b,A) {
for (g=0;g<N_4[b];g=g+l) { Loop over all code groups of this band
1f (A-s,<Lylp,bl) { Check whether the given line is the first line of the band in
the precinct
Migp [Py A, b, g1 =M[p-N, ,, L, [p,b]-s,,b,g] Predict from the last line of the precinct above if A is the top
line of the band in the precinct
} else {
Miop [P, A, D, g]=M[p, A5, D, g] Predict from the line above A if this line is still in the same
precinct
}
} End of loop over all code groups
if (A-s,<qylp,b]) A Check whether the given line is the firstline of the band in
the precinct
Tiop [P, B =T [p-N, ,,b] Predict from the precinct above ifA"is the top ling of the
band in the current precinct
} else {
Tioplp, D) =T[p,Db] Predict from the line abeve if still in the precinct, see

subclause C.6.2

C.6.4 Bitplane count decoding for the raw mode

The syntay of the bitplane count subpacket specified iy this subclause is selected if D [p,s] in| the packet
header is 1} indicating the raw mode. The bitplane~¢éunt subpacket contains in this case bitplane counts
M([p,A,b,g] directly, using B, bits per code group. Table C.14 specifies the decoding of the bitplarje counts in
the raw mo(de.

Input: predinct index p, band b, and line index A whose bitplane counts are to be decoded.

Output: Bifplane counts M[p,A,b,g] forall other code groups g of precinct p, band b and line A.

Table C.14 — Raw mode

Name Notes Size Values

unpack ray(p,b,A) {

for(g=0;gfN 4lp,blig=g+1) { Include predicted bitplane counts for all code
groups. N, is specified in subclause B.8.
M[p,A,b,g] Bitplane count encoded in B, bits u(B,) 0-(2¢r-1)
} End of loop over code groups

C.6.5 Differential bitplane count decoding for vertical prediction

The syntax of the bitplane count subpacket specified in this subclause is selected if the bitplane count
coding mode D[p,b] in the precinct header indicates vertical prediction and the raw mode override flag
D.[p,s] in the packet header is 0. Table C.15 specifies how to decode bitplane counts in the vertical mode.
The bitplane count subpacket contains in this case bitplane count prediction residuals which are used to
recover the bitplane counts from the residuals by inverse vertical prediction. The codestream shall always
be constructed in such a way that the bitplane counts M[p,A,b,g] are between 0 and (257-1).
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Input: precinct index p, band b and line index A whose magnitude data is to be decoded, significance
information of the precinct and line whose magnitude information is to be decoded. Significance flags
Z[p,A,b,g] in case significance coding is enabled by the bitplane count coding mode D[p,b].

Output: Bitplane counts M[p,A,b,g] for all code groups g of precinct p, band b and line A.

Table C.15 — Vertical mode

Name Notes Size Values
unpack vertical (p,b,2) {
compute_predictor (p,b, ) Compute the prediction values, see
subclause C.6.3
for (g=0; gfizterb oo trctode predicted bitptamre counts forattcode
groups. N, is specified in subclause B.8.
t = max(T[p,bl, T x [P, 0]) Compute effective truncation position for
prediction
Mo, = mpx (Mg [p, A, b,g],t) Compute predictor
if ((D[p,B] & 2)==0 || Decode prediction residual only if either
Zlp, A, b, |Lg/s . 11==0) { significance information was not included,
or the corresponding significance group was
signalled as significant
Am=vlc (htop, T[p,bl) Decode prediction residual encoded with Vlc(mtop,T[p,b])
variable length code
} else
if(Rm §= 0) { Test the run mode
Am=0 Non-significant groupsiaveé a zero bitplane
count prediction residual.
} else|{
Am=T [, b]-m; Non-significantgroups have a bitplane count
of T[p,b].
} End of run‘ode selection
} End. of'test on significance of code group
Mlp,A,blg] = mg+Am Predict from m,,, 0-(28r-1)
} End of loop over code groups
}

C.6.6 Variable length bitplane count decoding without prediction

The synta

way that t

of the bitplane count subpacket specified in this subclause is selected if D[p,b] in t
header indjcates ng prediction and the raw mode override flag D_[p,s] in the packet header is 0
specifies h¢w to.decode bitplane counts in the no-prediction mode. The bitplane count subpacKk
in this casg variable length encoded bitplane counts. The codestream shall always be constructg
bitplane counts M[p,A,b,g] are between 0 and (257-1).

he precinct

Table C.16
et contains
bd in such a

Input: precinct index p, band b and line index A whose magnitude data is to be decoded, significance
information of the precinct and line whose magnitude information is to be decoded. Significance flags
Z[p,A,b,g] in case significance coding is enabled by the bitplane count coding mode D[p,b].

Output: Bitplane counts M[p,A,b,g] for all code groups g of precinct p, band b and line A.
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Table C.16 — No-prediction mode

Name Notes Size Values

unpack nopred(p,b,A) {

for(g=0;9<N_4[p,blig=g+l) { Include predicted bitplane counts for all code
groups. N, is specified in subclause B.8.
Miop = Tlp,Db] Set predictor to the truncation position
if ((D[p,b] & 2)==0 || Decode prediction residual only if either
Zlp, A, b, Lg/s.11==0) { significance information was not included,

or the corresponding significance group was
signalled as significant

Am=vlc (mtop, T[p,b]) Decode prediction residual encoded with vlc(mtop,T[p,b])
variable length code
} else
Am=0 Non-significant groups have bitplane count
T[p,b].
} End of significance included
m = mg,,fAm Predict from my,,
Mlp,A,b)g] = m 0-(28r-1)
} End of loop over code groups

} End of test on significance of code group

C.7 Elementary variable length coding and decoding primitives

C.7.1 Variable length decoding primitive

Table C.17 |specifies the variable length decoder vlc() primitive which decodes a signed quantity in the
context (r,t] of a predictor r and a truncation position-t. This coding primitive is used throughout]this annex.
A codestrefim shall not contain more than 2Br+14-bits as input for the vlc decoder, where B, indicates the
number of pits in raw coding as indicated in.the picture header, see subclause A.4.4 for detail§. Detecting
such a con;liition indicates that the decoderhas lost synchronization with the source. This estiablishes an
error condition whose handling is beyond'the scope of this document.

Input: A predictor rand a truncation'position ¢, the number of bits to encode a bitplane count in rgw mode B,.

Output: a §igned quantity.

Table C.17 — Decoding a signed quantity with vlc

Syntak Semantics Sizel | Values
vic(r,t)
6=max (r-%,0) Compute the threshold for the alphabet switch
n=0 Reset the bitcounter
do {
b Read the next bit from the codestream u(l) |01
if (b) |
n=n+1 Count the number of 1-bits
}
} while(b && n < 2Brfl) Repeat as long as 1-bits are found in the stream
if(n > 2Br+l) {
error () A codestream shall not contain more than 32 consecutive
1-bits for B,=4 and no more than 64 consecutive 1-bits
for B.=5.
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Table C.17 (continued)

Syntax

Semantics

Size

Values

}

if(n > 2x0) {

Check whether this is the unary sub-alphabet

return n-6

If so, decode unary subalphabet

} else if(n > 0) {

Check for non-zero symbol, signed sub-alphabet

if(n & 1) { Check for an odd codeword
return —[n/2] Return a negative value for odd codewords
} else {

return |n/2]|

Return a positive value for an even codeword

}

} else {

return

Return zero for a zero codeword

}

}

C.7.2 Variable length encoding primitive

Table C.18 provides guidance on the implementation of an algorithm that)inverts the vlc() decods

and encodes a signed quantity x in the context of a predictor r and a triincation position t.

Input: A predictor r, a truncation position t and a signed quantity x’'to be encoded.

Output: a §equence of bits encoding x given the context consisting of r and t

Table C.18 — Encoding a signed quantity with vlc

b1 primitive

Syntax

Semantics

vlc_encod¢ (x,r,t) {

Encodéx in the context of rand t

68 = max (f-t,0)

Compute the threshold for the alphabet switch

if(x > 6] {

Check for the unary sub-alphabet case

n==x +|6

Compute the number of 1-bits to write in the unary case

} else { Instead in the binary sub-alphabet case
x = x x[2 Reserve two bits per symbol in the binary sub-alphabet
if(x < Q) {
n=-x|-1 Encode negative numbers with an odd number of bits
} else
n = x Encode positive numbers with an even number of bits

PP P 1.
ETTO O DITEATy aipITaoet TOUTITg

for (i=0;i<n;i=i+1) {

Write out a sequence of n 1-bits

out (1) Write out a single 1-bit
} End of loop writing 1-bits
out (0) Write out 0 as the comma bit

}

}
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Annex D
(normative)

Quantization

D.1 General

Inverse quantization computes the wavelet coefficient residuals c[p,A,b,x] in all precincts p, lines A, bands p

and positio|
quantizatig
bitplane co
position sh

This docu
Qpin eleme

NOTE I
residuals c[

D.2 Invefrse deadzone quantization

Table D.1 s
if the Q,p §
of all regul
quantizatig

Input: Pre
bitplane co
their signs

hs x from the decoded quantization index magnitudes v[p,A,b,x] and their signs s[p,4,1

i)

n is controlled by the truncation position T[p,b] which depends on the precinct axd b4
int M[p,A,b,g] of the code group the quantized wavelet coefficient is part of. Théetrtinc
h1l be computed according to subclause C.6.2.

ent offers multiple inverse quantization processes, the selection of whieh is contrg
s of the picture header, see subclause A.4.3 for details.

1 case the codestream does not use TDC and thus does not depend on afrare buffer, the wavel
,A,b,x] are identical to wavelet coefficients ¢’[p,A,b,x]. For details, see.Aninex H.2.

becifies the inverse deadzone quantization process,"The inverse deadzone quantizer
lement of the picture header is 0. The zero bucket of the deadzone quantizer is tw
ar buckets, and the reconstruction point of this quantizer is in the middle of each |
n bucket size is given by the truncation position T|[p,b] of the precinct p and band b.

finct index p, line index A, band index by truncation positions T[p,b] of this precinc
unts M[p,A,b,g] of the precinct, line-and band and quantization index magnitudes v][
5[p,A,b,x].

,x]. Inverse
nd, and the
htion T[p,b]

lled by the

bt coefficient

is selected
ice the size
bucket. The

t and band,
,A,b,x] and

Output: Wavelet coefficient residuals c[p,,b,x]
Table’D.1 — Inverse deadzone quantization
Syntax Notes
deadzone dJlequant (p, A, b) {
for (x=0; x<W,, [p,b] ;x=fl) | Iterate over all wavelet coefficient residuals of
band b in precinct p
g = x/N,J Compute the code group index from the wave-
let coefficient residual position
1f (Mlp,3,R¥G]1>T[p,b] && vIp,A,b,x] = 0) { Check whether a non-zero number jof bitplanes

is included in this code group and whether the
wavelet coefficient residual is non-zero

(1

<< Tlp,bl) >> 1 Compute the reconstruction point

1-2s [pl)\lbl X]

coefficient residual

Compute the sign of the reconstructed wavelet

clp, A, b,x] = ox((vlp,7,b,x]<< Tl[p,bl) + r) Reconstruct the wavelet coefficient residual
} else { No bitplanes included or wavelet coefficient
residual is zero
clp,2,b,x] =0 Set to zero
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Table D.1 (continued)

Syntax Notes

ro wavelet coefficient residual

End of test for sufficient bitplanes and non-ze-

End of loop

D.3 Inve

rse uniform quantization

Table D.2 specifies the inverse uniform quantization process. The inverse uniform quantizer is selected if

ment of the picture header is 1. The uniform gquantizer uses all equally-sized buckets

whose size

the @, ele
is determin
uniform qu

Input: Pre
bitplane co
their signs

Output: W

NOTE T

procedure aj
implementa

multiplicati
implementa
and is hence

ed from the truncation position T[p,b]. Compared to the inverse deadzone quantizer,
antizer requires an additional scaling step.

finct index p, line index A, band index b, truncation positions T[p,b] of this\precinc
unts M[p,A,b,g] of the precinct, line and band and quantization index magditudes v[
5[p,A,b,x].

velet coefficient residuals c[p,A,b,x]

2M+1

he bucket size of the uniform inverse quantizer is given by A= . The re

M+1-T
2 -1
5 given by this subclause is identical to the multiplication of oxv[p,A,b,x] with A within the

ion precision. This can be seen from the Neumann series 1
X f—
nwith A can also be carried out explicitly, readers should be aware that a single-precision f

not acceptable.

Table D.2 — Inverse uniform quantization

1 o | _
PO

the inverse

t and band,
p,A,b,x] and

ronstruction

limits of the

kK While

oating point

ion of the above formula will typically generate résults different from the algorithm in the following table

Syntax Notes

uniform d4

bquant (p, A, b) |

for (x=0;]

(<Wop, [P, D17 x=x+1) {

Iterate over all wavelet coefficient
band b in precinct p

residuals of

g = x/N,J Compute the code group index from the wave-
let coefficient residual position
if (M[p,3,b,g] > Tlp,Bl)&& vip,A,b,x] = 0) { Check whether a non-zero number jof bitplanes
is included and whether the waveldt coeffi-
cient residual is non-zero
o = 1-?s[p, 2, 07%] Compute the sign of the reconstrudted wavelet
coefficient residual
¢ = v[pNOHD, x]<<T[p,Db] Get zero-order approximation
¢ = Mlp,2,b,9] - T[p,b] + 1 Extract the scale value
for(p = 0; ¢ > 0; ¢ = ¢ >> () { Sum over the Neumann series

p=pPteo Sum up partial terms
}
clp,2,b,x] =0 x p Insert the sign and reconstruct the wavelet
coefficient residual
} else { No bitplanes included or wavelet coefficient
residual is zero
clp, A, b,x] =0 Set to zero
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Table D.2 (continued)

Syntax Notes

} End of test for sufficient bitplanes and non-ze-
ro wavelet coefficient residual

} End of loop

D.4 Deadzone quantization

Table D.3 provides guidance on the implementation of a deadzone quantizer whose output is compatible
with the normative inverse deadzone quantization procedure specified in subclause D.2.

Input: Preginct index p, line index A, band index b, truncation positions T[p,b] of this pre€itct and band,
bitplane cofints M[p,A,b,g] of the precinct, line and band and wavelet coefficient residuals[p)A,bjx].

Output: Qyantization index magnitudes v[p,A,b,x] and their signs s[p,A,b,x]

Table D.3 — Deadzone quantization

Syntax Notes
deadzone quant (p,A,b) {
for (x=0; x<W, [p,b];x=x+1) { Iterate over all wavelet coefficient residuals of band b in
precinct p
if(clp,3,b,x] < 0) { Test for thesign of the wavelet coefficient residual
slp, 2, p,x] =1 Waveletcoefficient residual is negative
vip, A B, x] = (-clp,A,b,x])>>T[p,Db] Compute the amplitude from the wavelet coefficfent resid-
ual
} else
slp, 2, Pp,x] =0 Wavelet coefficient residual is positive
vip, A B, x] = clp,A,b,x]>>T[p,b] Compute the amplitude from the wavelet coefficfent resid-
ual
} End of the sign check of the wavelet coefficient rpsidual
} End of loop
}

D.5 Uniform quantization

Table D.4 provides guidance on the implementation of a uniform quantizer whose output is compatible with
the normatjve inverse uniform quantization procedure specified in subclause D.3.

Input: Preg¢inctindex p, line index A, band index b, truncation positions T[p,b] of this precincf and band,
bitplane colnts M{p A h g] of the precinct, line and band and wavelet coefficient residuals c[p A,b]x].

Output: Quantization index magnitudes v[p,A,b,x] and and their signs s[p,A,b,x]

NOTE The procedure given here is equivalent to mid-point quantization of a scalar quantizer with
M+1
2

bucket size A=————+——.
HM+-T _{
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Table D.4 — Uniform quantization

Syntax

Notes

uniform quant (p,A,b) {

for(x=0;x<wmjp,b];x=x+1) {

Iterate over all wavelet coefficient residuals of band b in

precinct p

g = lx/n,J

Compute the code group index from the wavelet coefficient

residual position

if (M[p,A,b,g] > T[p,bl) {

Does the wavelet coefficient residual contain sufficient bit-

planes?

Z = M[pl}\lblg] - T[Prb] + 1

Extract the scale value

if(clp,2,b,x] < 0) {

Test for the sign of the wavelet coefficient residua

slp,A|b,x] =1

Wavelet coefficient residual is negative

d = - [pl}\lblx]

Compute the amplitude from the wavelet ceefficient residual

} elsel{

S[pIA blx] =0

Wavelet coefficient residual is positive

d = clp,A, b, x]

Compute the amplitude from theswavelet coefficient residual

} End of sign check
vip, A B, x] = ((d << ) - d+ (1 << Quantize and round to nearest
M[p,N,b,g])) >> (M[p,A,b,gl+1)
} else No bitplanes included-for this wavelet coefficient fesidual
slp,b,3,x] =0

Quantize to zero

End of chegkfor number of included bitplanes

End ofloop

D.6 Bitplane count computation

Table D.5 provides guidance on the computation of the bitplane counts M[p,A,b,g] from the wavele
residuals c|p,A,b,g]. The bitplane counts-M|[p,A,b,g] are input to the uniform or deadzone quant
are encodedl in the bitplane count subpacket of the precinct p.

Input: Preg¢inct index p, line index A, band index b, truncation positions T[p,b] of this precinct an

wavelet cogfficient residuals-€[p;A,b,x].

Output: Bifplane countsiM[p,A,b,g] of precinct p, line A and band b.

Table D.5 — Bitplane count computation

F coefficient
ization and

d band and

Syntax

Notes

compute_biltplane counts(p,A,b) |

for (g=0;9<N_4[b];g=g+l) {

Iterate over all code groups of the band b

Set the maximum of the wavelet coefficient residual amplitude to

for (k=0; k<Ng; k=k+1) {

Iterate over all members of the code group

X = Ng><g+k

Compute position of the quantized wavelet coefficient residual

1f (x<Wyy, [p,b]) |

Test whether the position is within the band

if (c[p, A, b, x]<0) {

Test for the sign of the wavelet coefficient residual

if (-clp, A, b, x]>V

max) {

Check for a new maximum

V, = _C[pl}\lblx]

max

Update the maximum of the wavelet coefficient residual ampli-
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Table D.5 (continued)

Syntax

Notes

}

End of test for a new maximum

} else {

End of test for the sign of the wavelet coefficient residual

if(clp, N, b, x]>v

max) {

Check for a new maximum

V. = C[pr)\lblx]

max

Update the maximum of the wavelet coefficient residual ampli-
tude

End of test for a new maximum

End of test for the sign of the wavelet coefficient residual

End of test whether coefficient is in the band of the precinct

End of loop over all code group members

N
Loop over bitplanes of v, ., (\q/\/\
O

Include an additional bitplane N q/

End of loop over bitplanes of v, O’
Install bitplane count (1/"

End of loop over all code groups q'>
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Annex E
(normative)

Discrete wavelet transformation

E.1 General

In this annex, the flow charts and tables are normative only in the sense that they are definin

g an output

that alternd

NOTE1 1
ISO/IEC 211
this annex i
The algorith
available en

This annex
the inverse

NOTE2 T
codestream
are identica
see Annex H|

itive implementations shall duplicate.
1 order to achieve a low-latency requirement and to conform to one or multiple profiles
hterleaved with the entropy decoding steps of Annex C and the inverse quantjzation steps

irely.

discrete wavelet transformation used to reconstruct the compefent.

he algorithms specified in this annex operate on the wayelet coefficients c¢’[p,A,b,x].

|7 which specifies in detail how to obtain ¢’[p,A,b,x] fromi\¢[p,A,b,x] in general.

E.2 Disdrete inverse wavelet transformation

The algorit
as input an

Input: Way

Output: In

hm specified in Table E.1 takes the waveletcoefficients c¢’[p,A,b,x] of all precincts, line
l transforms them by inverse wavelettransformation into the sample values O[k,x,y].

elet coefficients c’[p,A,b,x] of all precincts, all lines, all bands for all positions.

Fersely wavelet transformed saimple values O[k,x,y]

Table-E.1 — Inverse wavelet transformation

P2-2, decoder implementations would need to run the inverse wavelet transformation’steps

ms given in this annex assume for the ease of presentation that all wavelet coefficients of ¢

only uses the intra-coding mode, i.e. does not depend on a frame buffer, the wavelet coefficier
to the wavelet coefficient residuals c[p,A,b,x] which are the(©uitput of the inverse quantizatiof. For details

specified in
specified in
of Annex D.
n image are

describes the forward discrete wavelet transformation applied to,one component and specifies

In case the
ts ¢’[p,A,b,x]

t and bands

Syntax Notes

inverse t

ransformation()

{

for (k=0;

E<N_; k=k+1) S Loop over components

reorder |

| coeffidients (k)
cincts into a rectangular grid

Rearranges components from

all pre-

D, =min (N

" KT, N LKD) Compute number of initial ho

transformations to perform

fizontal

for (d,=N", ,[k];d,>D,;d,=d,~1)

{ Loop over horizontal decomp

levels

osition

hor transform (k, Ldefer,Ly[k] , LLdX,N’Ly[k] s HLgy s N’ Ly [] )

into the LL, 4, Ny
k. The output band is a tempo

wavelet transformation

Horizontally transform the LL g, y1y1x
and HLg, vy, bands of component
1q band of component

that is only required for the inverse

rary band

}

End of the horizontal decomp

ositions

for (d=D,

;d>0;d=d-1) {

decomposition levels

Loop over the horizontal and vertical
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Table E.1 (continued)

Syntax

Notes

hor_transform(k,LLy_q, 4, LLg, g HLgs4)

Horizontally transform the LL; ; and
HL; ; bands of component k into the LL ;.
vd band of component k. The output band
is a temporary band that is only required
for the inverse computation of the wave-
let transformation

hor_ transform(k,LHg 1, 4, LHy 4, HHg, 4)

Horizontally transform the LH, ; and
HH, sbands of component k into the LH,.
1d band of component k. The output band
is a temporary band that is only required

fortheinverse \,uuxputatiuu of the wave-
let transformation.

Ver_transform(k,LLgy q g-1,LLg_q,qsLHg 1, 4)

Vertically transform the.DL ;| ; band

and LH;, ;band of goraponentt k into the
LLgjq g1 band of ggmponent k.|The output
band is a tempdtary band that is only
required forythe inverse computation of
the wavelétjtransformation.

End of horizontal and vertical decompo-
sitions

assign_g¢utput (k, LLj )

Assign the output of component k to the
values of the temporary band|LL ,

End of loop over components

E.3 Coefficient reordering and scaling

The algorithm specified in Table E.2 assigns thé-wavelet coefficients c’[p,A,b,x] from all pré¢cincts and
component|k to temporary bands T[f,x,y], where indicates the wavelet filter type and x and y the sampling
position. It plso applies an additional scaling.step that improves the precision of the wavelet trangformation.
The temporary bands are required as inpat to the inverse wavelet filter. The symbols B, b[p.k]|and Ny are

defined in qubclause B.3, b,[£.k] in subglause B.4.

Input: Conmpponent index k and wavelet coefficients c’[p,A,b,x] of all precincts, all lines, all bapds and all

positions. Width W, [b] and heights H, [b] of all bands b.

Output: Temporary band array T[S,x,y] as input to the wavelet filter.

Table E.2 — Coefficient reordering

Syntax

Notes

reorder c¢efficients (k) {

for (B=0; <N p=pxl) |

Herate-overal-bandsefeefponent k

1f (b, [B, k]==1) {

Check whether filter type f exists in
component k

if (k<N.-Sy) {

Check whether this is a regular com-
ponent

b= (N,-S4) xp+k

Compute the band from the filter type
B and the component k

} else {

b= (N, S)><N+k

Compute the band from the compo-
nent k for non-decomposed compo-
nents

End of decision for band computation
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Table E.2 (continued)

Syntax

Notes

for (y=0; y<H,[B, k];y=y+1) {

Iterate over all rows of band b

for (x=0; x<Wy[B, k];x=x+1)

Iterate over all colums of band b

p=Npx X Ny,

2 Wy

yxs, [k]x2 P {

d, [k, Compute the precinct index p from
xXxsy [K]x2 ulk ] the horizontal position x and vertical
C position y.

A=y umod 2Ny

_IOgZSy [k]_dy [k'ﬁ]

Compute the line within the precinct
from the vertical position y

C

Compute the position within the pre-

ézxﬂma S

NPT

cinctfrom the horizontal p sition x

T[B,x,v]=c’ [P, N, b, 8] << Fy

Assign and scale the,wavelgt coef-
ficient in the precinct’p ling A band

b and horizontal.position |to the
temporary band’coefficient T in band
B, columnyx and row y.

End of loop over columns

End.ofloop over all rows

End of check over filter exigtence

End of loop over all wavelet filter
types

E.4 Inverse horizontal filtering

The algorithm specified in Table E.3 applies an inverse horizontal wavelet filter on a low-pass and high-pass

input band jand generates coefficients in a temporary output band.

Input: Component index k, output wavelet filter type 5, and two input filter types, low-pass f; and high-pass

Py and wavlelet coefficients in temporary-Bands T[f,x,y] and T[By,x.y].

Output: Wavelet coefficients in temperary output band T[f,,x,y]

Table E:3 — Horizontal inverse wavelet transformation

Syntax

Notes

hor transform(k, B, Be\By) |

Horizontally inverse transform the low-pass coefficients|$; and
high-pass coefficients fy; to the output band f,,.

for (y=0; y<Hy [Boplt; y=y+1) {

Iterate over all rows of band b

for (x=0}x<Wy [By, k] 7 x=x+1) {

Iterate over all columns of band b

1= [ xlk2N

Compute the input sample position in the source band

if(x umod 2 = 0) {

If even sample position

X[X]:T[BLI il y}

Assign the low-pass input to the even samples of the temporary
array X

} else {

Else odd sample position

X[x]=T [Py, 1,v]

Assign the high-pass samples to the odd samples of the temporary
array X

}

End of check for even/odd coefficients

}

End of loop over columns

extend samples (W, [By, k])

Symmetrically extend the samples X across the boundary

inverse filter 1D (W,[By,k])

Performs an inverse filtering on the temporary array X
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Table E.3 (continued)

Syntax Notes
for (x=0;x<W, [By, k] ;x=x+1l) { Iterate over all columns of band b
TRy, x,y]=Y[x] Assign inversely transformed wavelet coefficients to the output
band

} End of loop over columns

} End of loop over all rows

E.5 Inverse vertical filtering

The algorithm specified in Table E.4 applies an inverse vertical wavelet filter on a low-passyanifl high-pass
input band jand generates coefficients in a temporary output band.

Input: Component index k, output wavelet filter type 5, and two input filter types, low:pass f8; and high-pass
Py and wavlelet coefficients in temporary bands T[f,x,y] and T[By,x,y].

Output: Wavelet coefficients in temporary output band T[f,x,y]

Table E.4 — Vertical inverse wavelet transformation

Syntax Notes
ver transform(k,pq, By, By) | Vertically inverse transform the low-pass coefficients 8} aind high-
pass coefficients Sy telthe output band 5, in component k.
for (x=0; x<W, [Bg, k] ;x=x+1) { Iterate over all colamns of band b
for (y=0}y<H,[Bo,kl;y=y+1) { Iterate over all rows of band b
i = Ly2d Compute the input sample position in the source band
if(y upod 2 = 0) If even sample position
XLyl1=T [Py, x,1] Assignithe low-pass input to the even samples of the tempdrary array
X
} elsel{ Else odd sample position
X[yl=F[By,ry,i] Assign the high-pass samples to the odd samples of the temjporary
array X
} End of test for even/odd coefficients

} End of loop over columns

extend gamples (H,[Bg,K]) Symmetrically extend the samples X across the boundary
inverse_fllter 1D (HdBy, k1) Performs an inverse filtering on the temporary array X
for (y=0}y<Hp [Borkhiy=y+1) { Iterate over all columns of band b
T[Borx|y]=YIV] Assign inversely transformed wavelet coefficients to the ofitput band

} End of loop over columns

} ETd of toop over att Tows

}

E.6 Symmetric extension

The algorithm specified in Table E.5 extends the samples in the temporary array X across the boundaries of
the band and prepares the sample array X for the inverse wavelet transformation.

Input: Array X[x] of wavelet coefficients and size Z of the array X. The array is assumed to be filled for
positions 0 to Z-1.
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Output: Array X of wavelet coefficients that have been symmetrically extended.

Table E.5 — Symmetric coefficient extension

Syntax

Notes

extend samples (2)

{

for(i=1;1<2;i=i+1)

{ Loop over two samples beyond the edge of the temporary array

X[-11=X[1] Reflect sample at the left boundary
X[Z+i-1]1=X[Z2-1-1] Reflect samples at the right boundary
} End of loop over sample extension
}
NOTE Hue to requirements formulated for the picture header elements W;, H¢ and C,, pathologiealdases such as

empty band

5 or bands of length Z=1 do not appear, such that bands are at least two coefficients widéor’hi

E.7 Invefrse wavelet filtering with the 5-3 filter

The algorit
filter. It gen

array Y.

Input: Arr3
Output: Arx

hm specified in Table E.6 computes the inverse wavelet transformation with the !
erates from the interleaved low-pass and high-pass input samplesgX output samples i

y X[x] of wavelet coefficients and size of the array Z.

ray Y[x] of inversely wavelet transformed coefficients,valid at least for the indices 0 t

Table E.6 — Inverse wavelet filteping with the 5-3 filter

gh.

b-3 wavelet
the output

o Z-1.

Syntax

Notes

inverse f

L lter 1D(Z)

{

for (1=0;

| <Z+1;1i=1+2)

{ Loop over even samples

YIL]1=X[4]1- ((X[1-1]+4X[1+1]+2)>>2) Reconstruct even samples from low-pass
} End of loop over even samples
for (1=1;1<%Z;1=1+42) { Loop over odd samples
YIL]1=X[41+ ((Y[1-11+4Y[1+1])>>1) Reconstruct odd samples from high-pass
} End of loop over odd samples
}
E.8 Assignmentefoutput coefficients
Table E.7 provides-guidance on the assignment of the output of the inverse wavelet transformation contained
in the temporary array T[S,x,y] to the output array O[k,x,y].
Input: Coniporemntimdex kamd - wavetet typefimdicating am Lt g bamdamd temporary array of wavelet

coefficients T[S,x,y] of that band.

Output: Output array O[c,x,y] filled with wavelet coefficients from the LLg y band of the temporary array

T[Bxy]-
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Table E.7 — Output assignment

Syntax

Notes

assign output (k,B) {

Assign the output of component k from the temporary band 8

for (y=0;y<H [k];y=y+1)

{

Loop over the columns of the band data. The height of the component c is
denoted by H_[k] and has been specified in subclause B.1.

for (x=0; x<W_[k];x=x+1)

{

Loop over the row of the band data. The width of the component c is denot-
ed by W_[k] and has been specified in subclause B.1.

Olk,x,y]=TI[B,x,Y]

porary wavelet band T[S,x,y]

Assign to the output coefficients O the reconstructed values from the tem-

End of loop over rows

End of loop over colums

E.9 Disdrete forwards wavelet transformations

Table E.8

coefficientd c¢’[p,A,b,x].

Input: Sample values O[k,x,y] of all components k at all sample positions-x.and y.
Output: Wavelet coefficients ¢’[p,A,b,x] of all precincts, all lines, all. bands for all positions.

Table E.8 provides the steps necessary to implement a forward§wavelet transformation.

provides guidelines for implementing a forwards wavelet transformdtion at en
The discrete wavelet transformation takes sample values O[k,x,y] and computes from them f{

Table E.8 — Wavelet transformation

coder side.
he wavelet

Syntax

Notes

forwards ransformation ()

for (k=0; k<N_; k=k+1)

Loop over components

assign {nput (k)

Place data of component
input buffer of the wavel

k into the
et filter

Dy=min (N’ ,[k],N"y ,[k])

Compute the number of jnitial

transformations to perfa

rm

for (d=1}d<D,;d=d+1)

Loop over the horizonta
cal decomposition levels

and verti-

ver fwdl transform (ky LLgZ1,9-17Lhg-1,ar LHd_l,d)

Vertically transform the
band into the LL;, ;and
bands of component k.

LLg1,44
LHg4,4

hor fw@ transform(k, LLg_1,qrLLg, qr HLg, q)

Horizontally transform {
band into the LL; ; and K
of component k.

he LL ;1,4
L, 4bands

hor fw

Lran Fmrm(k'TNQ

Herizontallytransfermthe LH 4

band into the LH; ; and HH,; ; bands

of component k.

End of horizontal and vertical de-

composition

for (dy=Dy+1;d SN’ , [k];d,=d,+1) {

Loop over horizontal-only decom-

position levels

hor fwd transform(k, Lde—l,N’Ly[k] , Lde,N'Ly[k] rHLgxr N/ Ty [K] )

Horizontally transform the LLgy y
and HLg, v}, bands of component k
from the LL g, 4,51, band of compo-

nent k.
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Table E.8 (continued)

Syntax

Notes

tions

End of the horizontal decomposi-

insert coefficients (k)

into precincts

Places coefficients of components

End of loop over components

E.10 Input coefficient assignment

Table E9 p

wavelet ba

Input: Com

Output: Te

iovides guidance on how to assign the sample values in the input array O[k,x,y] to.the

d T[Bxy].

ponent index k and an array of input sample values O[k,x,y].

mporary array T[f,x,y] filled with input data as wavelet coefficients of the/LL , band

Table E.9 — Input assignment

temporary

Syntax

Notes

assign in

put (k) |

Assign the output of component kto)the temporary LL, , band

for (y=0;

y<H_ [k];y=y+1)

{

Loop over the columns of the band data. The height of the comp
denoted by H_[c] and has been specified in subclause B.1.

nent cis

for (x=0

x<W,[k];x=x+1)

{

Loop over the row of the,band data. The width of the component
ed by W_[c] and has been specified in subclause B.1.

cis denot-

T[LLy, of x,v1=01[k, %,¥] Assign to the inputicoefficients O the reconstructed values to the tempo-
rary wavelet band T[LLOIO,X, ],i.e. set the LLg o band to the input data
} End of loop over rows
} End of le@p over colums
}
E.11 Horjzontal wavelet transformation

Table E.10

and to gend

provides guidance.oh how to perform a horizontal wavelet filter from a temporary
rate low-pass and high-pass output in temporary output bands.

input band

Input: Component index'k, output wavelet filter type 5, and two input filter types, low-pass f8; and high-pass

Py wavelet

coefficierits-in temporary output band T[S,x,y]

Output: Filtered Wavelet coefficients in temporary bands T[f},x,y] and T[By,x,y].

Syntax

Notes

hor fwd transform(k,B,, By, By)

{

Horizontally forward transform the low-pass coefficients

high-pass coefficients f to the output band /5, in component k.

B and

for (y=0; y<Hy[Bg, k] ;y=y+1)

Iterate over all rows of band b

for (x=0; x<W, [By, k] s x=x+1)

{

[terate over all columns of band b

X[x]1=T

[BorXrY]

Copy input coefficients to temporary row

}

End of loop over columns

extend samples (W, [By, k])

Symmetrically extend the samples X across the boundary

fwd filter 1D(W,[By,k]);

Performs wavelet filtering on the temporary array X
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Table E.10 (continued)

Syntax

Notes

for (x=0; x<W, [b];x=x+1) {

Iterate over all columns of band b

x/2 ]

i =

Compute the input sample position in the source band

0) {

if(x umod 2 =

If even sample position

T[BLrirY]:Y[X]

Assign the even samples to the low-pass output.

} else {

Else odd sample position

TRy, i,y]=Y[x]

Assign the odd samples to the high-pass output.

}

End of even/odd decision

}

End of loop over columns

}

End of loop over all rows

}

E.12 Vertical wavelet transformation

Table E.11

provides guidance how to perform a vertical wavelet filter from ‘wavelet coeffi
temporary pand and to create low-pass and high-pass output bands.

cients in a

Input: Component index k, output wavelet filter type 8, and two input fjltertypes, low-pass f; and high-pass

Py and wavlelet coefficients in a temporary input band T[f,,x,y]

Output: Wavelet coefficients in temporary output bands T[S ,x,yl@and T[Sy,x.y].

Table E.11 — Vertical forward wavelet transformation

Syntax

Notes

ver fwd transform(k,B,, By, By)

{

Vertical forward transform the coefficients in the input b3
the low=pass coefficients | and high-pass coefficients f}.

nd g, to

for (x=0; %<W,[By, k] ix=x+1) { Iterate over all columns
for (y=0}y<Hy[Bg,kl;y=y+1) { [terate over all rows
X[yl1=T[Bg, %, V] Retrieve one column of the wavelet coefficients and store them in the
temporary column
} End of loop over colums
extend_gamples (H,[By, k1) Symmetrically extend the samples X across the boundary

fwd filfer 1D(Hy[By, kDG

Performs wavelet filtering on the temporary array X

for (y=0}y<Hy[Bq, k] ;y=y+1)

{

Iterate over all rows

Ly1/2.]

i =

Compute the input sample position in the source band

1if(y upod 2 =N0) {

If even sample position

T[By, 4, LIEVLY]

Assign the even samples to the low-pass output

} elsel|{

Else odd sample position

T[BHIYI]I-]:Y[Y}

Assign the odd samples to the high-pass output.

}

End of even/odd sample decision

}

End of loop over all columns

}

End of loop over all rows
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E.13 Forwards wavelet filtering with the 5-3 filter

Table E.12 provides guidance on how to implement

the forwards wavelet transformation with the 5-3

wavelet filter. It generates from the input samples in the array X interleaved low-pass and high-pass output

in the array Y.

Input: Array X[x] of wavelet coefficients and size of th

e array Z.

Output: Array Y[x] of wavelet transformed coefficients, valid at least for the indices 0 to Z-1.

Table E.12 — Forward wavelet filtering with the 5-3 filter

Syntax Notes
fwd filtef 1D(2) {
for (1=-1}i<z+1;i=1+2) { Loop over odd samples
YIL)1=X[4]1- ((X[1-11+4X[1+1])>>1) Generate the high-pass in the odd samples
} End of loop over odd samples
for (1=0;1<Z;1i=1+2) { Loop over even samples
YILT=X[{ 1+ ((Y[1-11+Y[i+1]1+2)>>2) Update the even samples to generate the low-gass
} End of loop over even samples
}

E.14 Insefrtion of coefficients into precincts

Table E.13 |

the precindts.

Input: Con

step, width| W, [b] and heights H,[b] of all bands.

Output: W

ponent index k and temporary band array“T[f,x,y] containing the output of the w

wvelet coefficients ¢’[p,A,b,x] of all préeincts, lines, bands and positions.

Table E.13 —<Coefficient insertion into precinct

brovides guidance on how to assign the wavelet céefficients ¢’[p,A,b,x] in the temporafry bands to

hvelet filter

Syntax

Notes

insert cog¢fficients (k) {

for (p=0; p<Ng; B=B+1) { Iterate over all bands of component k
1f (b, [B)k] == 1) { Check whether the corresponding filter type exists in
component k
if (k <|N_=Sy) | Check whether this is a regular component
b= (N_Sq) *Bik Compute the band from the filter type  angl the com-
ponent k
} else|{

b= (N=S4) xNg+k

Compute the band from the component k for non-de-
composed components

}

End of decision for band computation

for (y=0; y<H,[B, k];y=y+1) {

Iterate over all rows of band b

for (x=0; x<Wy[B, k];x=x+1) {

Iterate over all colums of band b

XXS, [k]xzdx[k'ﬁ]
c

N

yxs, [k
M

Yy

+[

|

Compute the precinct index p from the horizontal posi-
tion x and vertical position y.

A=y umod 2"y oBzsylKl-dyLkp]

Compute the line within the precinct from the vertical
position y
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Table E.13 (continued)

Syntax Notes
C Compute the position within the precinct from the
E=x umod s horizontal position x
s, [K]x2%LkA]
r= (I< Fy >> 1 Compute the rounding offset
1E(T[B,x,y] >= 0) | Check for the sign of the coefficient, if non-negative

c’ [p, A, b, E]:(T[B,X/Y]+r)>>Fq

Insert the scaled wavelet coefficient from the tempo-
rary band f into precinct p line A band b and horizontal

position x.

} else {

If negative

c' by, b, E]=-((-T[p,x,y]l+r)>> F)

Insert the scaled wavelet coefficient from.t
rary band f into precinct p line A band.bjan
position x.

he tempo-
il horizontal

End of check for sign

End of loop over columns

End of loop over all rows

End of check if band exists

End of loop over all\vavelet filter types
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Annex F
(normative)

Multiple component transformations

F.1 General

In this annex, the flow charts and tables are normative only in the sense that they are definin

g an output

that alterngtive implementations shall duplicate.

NOTE I

order to achieve a low-latency requirement and to conform to one or multiple prefiles

ISO/IEC 211R2-2, decoder implementations would need to run the inverse multiple component;steps spe
annex interleaved with the inverse discrete wavelet transformation steps of Annex E. Thecalgorithms

annex assu

F.2

An inverse

wavelet transformation if the C

e for the ease of presentation that all sample values of an image are available entirely.

Inverse multiple component transformation

multiple component transformation shall be applied to thecoutput sample values O[

. element of the picture header specified’in subclause A.4.3 is dif]

specified in
cified in this
biven in this

r,x,y] of the
ferent from

0, see TablgA.9. C,;, shall be 0 itpthere are less than 3 components, ife. if N.<3, or if any of the samplling factors
sxli] and s|i] for i<3 are different from 1. Furthermore, Cpih shall-be smaller than 2 if there are|less than 4
components, i.e. if N <3, or if any of the sampling factors s,[i]@and s, [i] for i<3 are different from 1.
The Invers¢ multiple component transformation shall be:selected from C,;, according to Table F.1:
Table F.1 — Selection of the inverse‘multiple component transformation
Cpin Inverse Multiple Component Transformation
0 No transformation, set Q[c,x,y] = O[c,x,y] for all components c, all colunins x and all
rows y.
1 inverse-1ct(), see subclause F.3, to compute Q][c,x,y] from O[c,x,y] for al] compo-
nents¢<3.
Set Q[c,x,y] = O[c,x,y] for all components c=3.
3 inverse_star_tetrix(), see subclause F.5, to compute Q[c,x,y] from O[c,x,}] for all
components c<4.
Set Q[c,x,y] = O[c,x,y] for all components c24.
Alllother valu€s Reserved for ISO/IEC purposes.

E3 Invelrse reversible multiple component transformation (inverse RCT)

Table F.2 specifies the inverse reversible multiple component transformation that is applied if C,;, equals 1:

Input: The output array of the inverse wavelet transformation O[c,x,y] and the dimensions W; and H; of the
sampling grid.

Output: The intermediate image samples values [c,x,y] of the image.
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Syntax

Notes

inverse rct() {

for (y=0; y<Hgry=y+1) |

Loop over rows of the image

for (x=0; x<Wg;x=x+1) {

Loop over the columns of the image

ig = 0[0,x,vy]

i, = 0[1,x,y]

i, = 0I[2,x%,y] Retrieve input components

07 = 1= ((i+1i,)>>2) Reconstruct the green component
Oy = 0 *+ 1, Reconstruct the red component
0, = o + 1, Reconstruct the blue component
QLo,x,y] = o Assign the red output

Qll,x,y] = o Assign the green output
Ql2,%x,¥] = o, Assign the blue output

End of loop over columns

End of loop over rows

F.4 Forward reversible multiple component transformation

Table F.3 prrovides guidance on the forward multiple component-colour decorrelation transforms3

inverted by the procedure specified in subclause F.3 at the décoder side.

Input: Scalpd intermediate image sample values Q[c,x,y] and the dimensions of the sampling grid

ition that is

W;and H;.

Output: Ddcorrelated sample values O[c,x,y] suitable'as input of the forward wavelet transformation.

Table F.3 — Forwards reversible multiple component transformation

Syntax

Notes

forward r¢t() {

for (y=0; y<H¢ry=y+1) |

Loop over rows of the image

for (x=0}x<Wg; x=x+1)

{

Loop over the columns of the image

lo=

0,x,y]

Q
i, = Qll,x,v]
Q

i, = Ql2,x,v] Retrieve input components

0g = (Jo+2xi£L,)>>2 Compute the luma component

op = i - 1) Compute the Cb chroma component
0, = i S\ Compute the Cr chroma component
O0[0,x,y] = o Assign the luma output

O[l,x,y] = o Assign Cb

O[2,x,y] = o, Assign Cr

End of loop over columns

End of loop over rows
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F.5 Inverse Star-Tetrix transform

F.5.1 Reconstruction with the Star-Tetrix transformation

Table F.4 specifies the inverse Star-Tetrix transformation that is applied if C,;, equals 3:

NOTE

This algorithm assigns the red decoder output to component 0, the green decoder outputs to components

1 and 2, and the blue component output to component 3, consistent with the rest of this document, in particular with

Table F.8.

Input: The output array of the inverse wavelet transformation O[c,x,y] and the dimensions W; and H; of the
sampling grid.

Output: T

ointermediate imaoge samnles values Olc vy vl ofthe image
=] g o1 =]

Table F.4 — Inverse Star-Tetrix transform

Syntax Notes Reference
inverse star tetrix() {
inv_avg_gtep () Reconstruct Y, from Y, and A Table E.5
inv_delta step() ReconstructY; fromAandY, Table’F.6
inv Y ste¢p() Reconstruct G; and G, from Y;, Y, and | Table’F.7
C. Cy
inv_CbCr|step () Reconstruct R and B from C, C, and Gy, ~| Table F.8
Gy
for (y=0; y<Hg;y=y+1) { Loop over rows of the image
for (x=0}x<Wg;x=x+1) { Loop over the columns of theimage
QL0,x,¥] = 0*[2,%,Y] Assign the red output
Qll,x,¥] = 0?3, x,y] Assign the first greencoutput
Ql2,x,¥] = o*[0,x,y] Assign the second green output
Q3,x,¥] = o*[1,%,v] Assign the bluerputput
} End of loop over columns
} End of loop over rows
}
F.5.2 Inverse average step

Table E.5 sp
function is

Input: The
sampling g

[id.

Output: The\first lifting step output w![c,x,y] of the image.

ecifies the invefseaverage step which reconstructs the Y, component from Y, and A. T
specified insubclause F.5.7.

output drray of the inverse wavelet transformation OJ[c,x,y] and the dimensions W¢a

he access()

nd H; of the

Table F.5 — Inverse average step

Syntax

Notes

inv_avg_step() {

for (y=0; y<H¢; y=y+1)

{

Loop over rows of the image

for (x=0;x<Wg;x=x+1) { Loop over the columns of the image
Ay = Olaccess(0,x,y,-1, -1)] Read the delta component to the top-left
Ay = Olaccess(0,x,y,+1,-1)] Read the delta component to the top-right

Olaccess (0,x,y,-1,+1)]

By, =

Read the delta component to the bottom-left
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Table F.5 (continued)
Syntax Notes
A, = Olaccess (0,x,y,+1,+1)] Read the delta component to the bottom-right
@' [0,%,y]=0[0,%,y]- ReconstructY, from Y, and A
{Alt A H A Ay, J
8
@ [1,%,y1=0[1,x%,y] Copy remaining components over
@' [2,%x,y]1=0[2,%,y] Copy remaining components over
ol[3,%,y]1=0[3,x%,Yy] Copy remaining components over
} End of loop over columns
} End of loop over rows
}

F.5.3 Inverse delta step

Table F.6 specifies the inverse delta step which reconstructs the Y; component from'Y, and A. Thhe access()
function is ppecified in subclause F.5.7.

Input: The putput array of the inverse average step w![c,x,y] and the dimensjens W;and H; of the sampling grid.

Output: The second lifting step output w?[c,x,y] of the image.

Table F.6 — Inverse delta step

Syntax Notes
inv delta]|step() {
for (y=0; y<H¢;y=y+1) | Loop over rows of the image
for (x=0}x<W.;x=x+1) { Loop over the columns of the image
Y;, = off [access (3,x%,y,-1, -1)] Read the Y, component to the top-left
Y,. = fflaccess (3,x,y,+1,-1)] Read the Y, component to the top-right
Y, = off [access (3,x,y,-1,+1)] Read the Y, component to the bottom-left
Y., = o [access (3,x,y,+1,+1)] Read the Y, component to the bottom-right
@[3, %, y]=0'[3,%,y]+ Reconstruct Y; from Y, and A
Ve + Y + Y +Yipy
—
02 [1,xfyl=0t[1,x,y] Copy remaining components over
0?[2,x|yl=0![2, £/¥] Copy remaining components over
©? [0, xfy] =0 [05%, v] Copy remaining components over
} End of loop over columns
} End ofloop over rows
}

E5.4 InverseY step

Table E.7 specifies the inverse Y step which reconstructs the G; and G, components from Y;, Y, and C, C..
The access() function is specified in subclause F.5.7.

Input: The output array of the second lifting step w?[c,x,y], the chroma weighting exponents e, and e, and
the dimensions W;and H; of the sampling grid.

Output: The third lifting step output w3[c,x,y] of the image.
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Table F.7 — Inverse Y step

Syntax

Notes

inv Y step() {

for (y=0; y<Hery=y+1) |

Loop over rows of the image

for (x=0; x<Wg;x=x+1) {

Loop over the columns of the image

B, = w’[access(0,x,y,-1,0)]

Read the C, component to the left of G,

= w?[access (0,%x,y,+1,0)]

Read the Cy, component to the right of G,

R, = w?[access(0,x,y,0,-1)]

Read the C. component to the top of G,

R, = w?[access(0,x,y,0,+1)]

Read the C,. component to the bottom of G,

@3 [0,x,y]=02[0,%,y]-

Compute G, from Y, and neighbouring C,, and C, samples

lzez (B, +B,)+2 (R, +Rb)‘
8

B.= w?[laccess (3,x,y,0,-1)]

Read the Cy, component to the top of G;

B,= w?[laccess (3,x,y,0,+1)]

Read the Cy, component to the Battom of G;

R, = wqlaccess (3,x,y,-1,0)]

Read the C, component to the left of Gy

R. = wqlaccess (3,x,y,+1,0)]

Read the C,. componentto the right of G;

(-‘\)3[3!}(! Y]=®2[3/X/ yl-
[Zez (B +Bp)+2° (R, +Rr)‘

8

Compute G from Y «afid neighbouring C, and C, samples

03 [1,xfyl=0?[1,x,y]

Copy remaining components over

w3[2,xfy]=0?[2,x,y]

CopyTremaining components over

Enrd\of loop over columns

End of loop over rows

F.5.5 Inverse C,C, step

Table F.8 specifies the inverse C,C, step which reconstructs the R and B components from G; an
C,. The accgss() function is specified in subclause F.5.7.

1 G, and Cy,

Input: The foutput array of the thirdTifting step w3[c,x,y] and the dimensions W; and H; of the sampling grid.

Output: The fourth lifting step output w#[c,x,y] of the image.

Table F.8 — Inverse C,,C,. step

Syntax

Notes

inv_cbcr gtepl()) {

for (y=0; y<Hy; y=y+1) {

Loop over rows of the image

for (x=0; x<Wg; x=x+1) {

Loop over the columns of the image

G, = w’laccess(1,x,y,-1,0)]

Read the G component to the left of C,,

. = w3laccess(1,x,y,+1,0)]

Read the G component to the right of C,,

G, = w3[access(1,x,y,0,-1)]

Read the G component to the top of C,

G, = w’[access(l,x,y,0,+1)]

Read the G component to the bottom of Cy,

0i[l,x,y]=03[1,x,y]+
Gy +G, +G; +Gy
4

Compute B from Cy and neighbouring G samples

G, = w3[access(2,x,y,-1,0)]

Read the G component to the left of C,

© ISO/IEC 2024 - All rights reserved

84



https://iecnorm.com/api/?name=e3d32478b4541adfc481020c7702190f

ISO/IEC 21122-1:2024(en)

Table F.8 (continued)
Syntax Notes
G, = w3laccess (2,x%,y,+1,0)] Read the G component to the right of C,
G, = w’[access(2,x%,y,0,-1)] Read the G component to the top of C,
G, = w’[access(2,x,y,0,+1)] Read the G component to the bottom of C,.
wil(2,x,y]1=03[2,%,y]+ Compute R from C, and neighbouring G samples
{Gl +G, +G, +Gy, J
4
@410, x%,y1=03[0,x,y] Copy remaining components over
0t [3,%,y]1=0313,x%,v] Copy remaining components over
} End of loop over columns
} End of loop over rows
}

F.5.6 Super pixel look-up tables

Table F.9 specifies the CFA pattern type C, depending on the values of the component registrdtion values
Xcrg|c],yCrg|c] found in the component registration marker, see subclause A.4.9.

Table F.9 — CFA Pattern type derived from the compeonent registration
Component index ¢ Xcrg|c] Ycrgc] CFA Pattern Type C, Nqgtes
(Subpixel arrange-
ment and chroma
exponent assign-
ment)
0 0 0 0 RGGB
1 32768 0 e, is the[C, weight
2 0 32768 e, is the|C,, weight
3 32768 32768
0 32768 32768 0 BGGR
1 32768 0 ey is the|Cy, weight
2 0 32768 e, is the|C, weight
3 0 0
0 32768 0 1 GRBG
1 0 0 eq is the|C, weight
2 32768 32768 e, is the|C, weight
3 0 32768
0 0 32768 1 GBRG
1 o o eris-thelCy, weight
2 32768 32768 e, is the C, weight
3 32768 0
All other combinations of Xcrg[] and Ycrg[] Reserved for ISO/IEC
purposes

NOTE Exchanging the registration of R and B does not change C,, but can require exchanging e; and e, in the CTS
marker segment as indicated in the table.

Table F.10 specifies for each component index ¢ between 0 the displacement vector 6,6, within a CFA super
pixel, dependent on the CFA pattern type C,. The value of C, is defined in Table F.9.
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Table F.10 — Component displacement vector by component index

Component index ¢

CFA pattern type C;

Displacement vector §,,5,

0

0,1

1,1

0,0

1,0

1,1

0,1

1,0

wWiN|Rr|o|lw|N|R|o

Rk (R Rr|lololo

0,0

Table F.11 jpecifies its inverse function k[6x,6y]. Given a displacement vector 6X,5y and a CFA patt
luates to the component index c at the given displacement vector within a CFAsuper j

k[5,,5,] ev

Table F.11 — Component index by displacement vector

ern type C,,
bixel.

Displgcement vector 6,,6,

CFA pattern type C;

Component index k[,

B,0,]

0,1

0

0

1,1

0,0

1,0

1,1

0,1

1,0

0,0

RlRrRrRr|lololo

WIN|[PR|O|W|IN|F-

F.5.7 Coordinate access function

Table F.12 dpecifies a function that computes.the component and coordinates of a sub-pixel relati

pixel at a given coordinate and of a given component

Input: The|coordinates (x,y) and component c in the sample grid of a super pixel of a CFA arrg

offset r, and r, the sample grid dimensions W;and Hy, the colour transformation CFA pattern typ
colour transformation reflection and extension flags C;.

Output: A riple (¢,x,y) of component c, x position and y position within the sample grid.

Table F.12 — Coordinate access function

ve to a sub-

y, a sample
e C, and the

2y+r,+8,lcl < 0) ||

(
(
(
(2y+r +8,[c] >= 2H.)) {

Syntax Notes
access (¢, X, ¥, 5, ry) {
if ((2x+T ot —+H Cheekwhether-the-access-wonld-go-beyond-thesample grid
(2x+r, +8,[c] >= 2W¢)) A
Ty =7Ty If so, reflect back into the line

}

1f((C; == 3 && ry+d,[c] < 0) | Check whether the access is in-line and an access is attempt-
Ce == 3 && ry+8,0c]l > 1) 1| ed to the line above, or the access is in-line, and an access is

made to the line below, or the access would go beyond the
sample grid

If so, reflect back into the line

© ISO/IEC 2024 - All rights reserved

86



https://iecnorm.com/api/?name=e3d32478b4541adfc481020c7702190f

ISO/IEC 21122-1:2024(en)

Table F.12 (continued)

Syntax Notes
2x+1, +8, [c] Compute horizontal sample position of the resulting compo-
X= - 5 nent and pixel
2y +1, + 5y [c] Compute vertical sample position of the resulting compo-
y= f nent and pixel
c=k[(r,+d,[c])umod2, (r, +3,[c])umod2] Compute component index at the CFA sample position
return (c,x,y) Provide results to caller
}

F.6 For\llard Star-Tetrix transform

F.6.1 Gu

Table F.13
compatible

NOTE This algorithm assigns the average luma signal to the first component/the’blue-green chroma
the second cpmponent, the red-green chroma difference to the third component\and the differential luma

dance on the encoder implementation

third compopnent, consistent with the rest of this document.

Input: Scalpd intermediate image sample values Q[c,x,y] and the dimensions of the sampling grid

provides guidance on the implementation of a forward Star-Tetrix_transformation that is
to the inverse transformation specified in subclause F.5.

Hifference to
signal to the

Weand Hg.

Output: Dgcorrelated sample values O[c,x,y] suitable as inputofithe forward wavelet transformation.

Table F.13 — Forward Star-Tetrix transform

Syntax Notes References
forward sfar tetrix() {
for (y=0; y<Hg;y=y+1l) A Loop over rows of the image
for (x=0}x<Wg;x=x+1) { Loop oy€b the columns of the image
02, x{y] = Q[0,%,y] Assigorthe red output
0t [3,x vyl = Q[1,%,y] Assign the first green output
[0, xfy] = Q[2,%,y] Assign the second green output
01, x [yl = Q[3,x,y] Assign the blue output
} End of loop over columns
} End of loop over rows
CbCr_step () Compute C.and Cy, from R, Band G;, |Table F.14
G,
Y_step() Compute Y; and Y, from G4, G, and C, |Table F.15
C
Tty
delta_step () Compute A from Y; and Y, Table F.16
avg_step () Compute Y, from Y, and A Table F.17
}

F.6.2 Forward C,C, step

Table F.14 provides guidance on the forward C,C, step which computes C, and C, from the components R, B
and Gy, G,. The access() function is specified in subclause E.5.7.

Input: The array of re-ordered input data w#[c,x,y] and the dimensions W;and H; of the sampling grid.

Output: The output of the first lifting step w3[c,x,y] of the image.
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Table F.14 — Forward C,C, step

Syntax Notes
CbCr step() {
for (y=0;y<Hgiy=y+1) | Loop over rows of the image
for (x=0; x<Wg;x=x+1) { Loop over the columns of the image
G, = wilaccess(1,x,y,-1,0)] Read the G component to the left of B
G, = olaccess(1,x,y,+1,0)] Read the G component to the right of B
G, = w'laccess(l,x,y,0,-1)] Read the G component to the top of B
G, = wilaccess(1,x,y,0,+1)] Read the G component to the bottom of B
w31, x,yl=04[1,x,y]- Compute C,, from neighbouring G samples
Gy +G, +G; +Gy
——
G, = oflaccess(2,%,y,-1,0)] Read the G component to the left of R
G, = oflaccess(2,x,y,+1,0)] Read the G component to the rightjof R
¢ = oflaccess(2,x,y,0,-1)] Read the G component to the,top 6f R
G, = olaccess(2,x,y,0,+1)] Read the G component to the.bottom of R
w32, xfy1=0%12,%,v]- Compute C. from R and neighbouring G sampl¢s
G +G, +G; +Gy
——
03[0, xfyl=010,x,y] Copy remainitlg components over
03 [3,xfyl1=0*[3,%,v] Copy remigining components over
} End ¢f100p over columns
} End\of loop over rows
}
F.6.3 Forward Y step
Table F.15 grovides guidance on the forward Y step which computes Y;, Y, from Gy, G, and Cy,, C.. The access()
function is ppecified in subclause F.5.7.
Input: The|output array of the firstlifting step w?[c,x,y], the choma weighting exponents e; and e, and the
dimensiony W;and H; of the sampling grid.
Output: THe output of the sé€cond lifting step w?[c,x,y] of the image.
Table F.15 — Forward Y step
Syntax Notes
Y step()
for (y=0; y<HY; y=y+1) { Loop over rows of the image

for (x=0; x<Wg; x=x+1) {

Loop over the columns of the image

B, = w3[access(0,x,y,-1,0)] Read the C, component to the left of G,

B, = w’laccess (0,x,y,+1,0)] Read the C, component to the right of G,
R, = w3[access (0,%,y,0,-1)] Read the C. component to the top of G,

R, = w*laccess (0,x,y,0,+1)] Read the C. component to the bottom of G,

@2[lel YJ=®3[O/X/ v+
22 (B +B; ) +2°1 (R +Ry)
8

Compute Y, from G, and neighbouring C;, and C.. sam-
ples

B.= w3[access(3,x,y,0,-1)]

Read the C component to the top of G,
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Table F.15 (continued)

Syntax Notes
B,= w3[access (3,x%,y,0,+1)] Read the C, component to the bottom of G
R, = w’[access(3,x,y,-1,0)] Read the C. component to the left of G;
R, = o®[access(3,%,y,+1,0)] Read the C. component to the right of G;
w?[3,x,y]1=03[3,x,y]+ Compute Y, from G; and neighbouring C; and C. sam-
22 (B, +By )+2° (R, +R,) ples
8
w21, %,y1=03[1,x,y] Copy remaining components over
02 [2,x,yl=0312 i Copy remaining components over
} End of loop over columns
} End of loop over rows
}

F.6.4 Forward delta step

Table F.16 provides guidance on the forward delta step which computes A ffom the Y; and Y, cpmponents.
The access() function is specified in subclause F.5.7.

Input: The foutput array of the forward Y step w?[c,x,y] and the dimensiens W;and H; of the sampgling grid.

Output: The third lifting step output w![c,x,y] of the image.

Table F.16 — Forward’delta step

Syntax Notes
delta step() |
for (y=0; y<H¢;y=y+1) | Loop over rows of the image
for (x=0}x<Wg;x=x+1) { Loop over the columns of the image
Y;, = flaccess(3,x%,y,-1, -1)] Read the Y, component to the top-left
Y., = of [access (3,x,y,+1,-1)] Read the Y, component to the top-right
Y, = f [access (3,x,y,-1,+1)4 Read the Y, component to the bottom-left
Y., = «flaccess(3,x,y,+1,+1)] Read the Y, component to the bottom-right
wl[3,x)yl=0?[3,x,y]- Compute A from Y; and Y,.
Yie + Yee +Yip + Vi
e
QUL, x|yl=0? [17%0y] Copy remaining components over
ol [2,x|y]=02%2} %, v] Copy remaining components over
@l [0, x)yu¥z0?10, x, y] Copy remaining components over
} End of Toop over columns
} End of loop over rows
}

F.6.5 Forward average step

Table F.17 provides guidance on the forward average step which computes Y, from Y, and A. The access()
function is specified in subclause F.5.7.

Input: The output of the third lifting step w![c,x,y] of the image and the dimensions W; and H; of the
sampling grid.

Output: The input to the forward wavelet transformation O[c,x,y].
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Table F.17 — Forward average step

Syntax

Notes

avg step () |

for (y=0; y<Hgry=y+1) |

Loop over rows of the image

for (x=0; x<Wg;x=x+1) {

Loop over the columns of the image

Ay = wllaccess(0,x,y,-1, -1)]

Read the delta component to the top-left

A = wllaccess (0,x,y,+1,-1)]

Read the delta component to the top-right

= wllaccess (0,x,y,-1,+1)]

Read the delta component to the bottom-left

= wllaccess (0,x,y,+1,+1)]

Read the delta component to the bottom-right

0[0,x,y]=0[0,x,y]+

Compute Y, from Y, and A

Ay +Ap + A + Ay, J
8

o[1,x,

7]:®1[11XrY]

\J

,\Qq’b‘
v

Copy remaining components over NG

ol[2,x,

7]=®1[21X1Y]

P 4
Copy remaining components over nq/

0[3,x,

=0l [3,x,Yy]

Copy remaining components m;gk v

End of loop over columns _ ‘],‘

End of loop over rows ‘Oy
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Annex G
(normative)

DC level shifting, non-linear transform and output clipping

G.1 General

In this annex, the flowcharts and tables are normative only in the sense that they are defining an

output that

alternativelimplementations shall duplicate.

NOTE In order to achieve a low-latency requirement and to conform to one or multiple profiles
ISO/IEC 211PR2-2, decoder implementations would need to run the output scaling, DC level shifting/ the 9
linear transformation and the output clipping specified in this annex interleaved with the inverse multipl
decorrelation transformation steps of Annex F. The algorithms given in this annex assume for the ease of
that all sample values of an image are available entirely.

G.2 Output scaling, DC level shifting and output clipping

The procesping steps specified in annex scale the output of the wavelettransformation or invey
component|decorrelation transformation to the component precision indicated in the component
DC level shifting to convert the signed output of the wavelet transformation or inverse multiple
transformdtion to unsigned sample values, and clamp the ceefficients to the valid sample rang
selects the|output scaling, DC level shifting and output clipping in accordance to the presencg

marker, angl the Tnlt value signalled in this marker if present:

Table G.1 — Selection of the Output Scaling

specified in
ptional non-
b component
bresentation

se multiple
table, apply
component
p. Table G.1
e of an NLT

NLT matker and Tnlt value Output scaling method

NLT nmparker not present Linear output scaling according to subclause G.3

NLT marKer present and Thlt=1 |Quadratie output scaling according to subclause G.4

NLT mark

er present and Tnlt=2 |Extended output scaling according to subclause G.5

G.3 Line

Table G.2 specifies the linear output scaling and clipping function that shall be used to reconst
sample valfies in caseno:NLT marker is present in the codestream.

ar output scaling

Input: Intgrmedidate’image sample values Q[i,x,y] of all components as generated by the iny
component{transformation specified in Table F.2, rows and columns, dimensions of all componen

ruct output

erse multi-
[s W [i] and
onent table

H_[i] complllted according to subclause B.1, and sample precisions B[i] as indicated by the comp

specified in subclause AZ.5.

Output: Reconstructed sample values R[i,x,y] of all components, all rows and columns.
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Table G.2 — Linear output scaling and level shifting

Syntax

Notes

linear output scaling() {

for (1=0;i<N_;i=i+1) {

¢=B,~B[1i] Compute scaling value from the nominal bit precision of the wave-
let coefficients signalled in the picture header and the component
precision of component i.
m=(1<<B[i])-1 Compute maximal value
for (y=0;y<H_ [i];y=y+1) A Loop over rows of the component
for (x=0;x<W_[1];x=x+1) { Loop over the columns of the component
v=Q[1i 77 Retrieve uutput oaluylc fronrthre-inverse ulu}tiylc component
transformation
v=v+ ([1<<B)>>1) Apply inverse DC level shift.
v= (v (1<<l) >>1) ) >>¢ Shift to the output range

v=clampp (v, 0, m)

Clamp to target range

Rli,x)y]=v Store final reconstructed value
} End of loop over columns
} End of loop over rows
} End of loop over components
}
NOTE As indicated in the table, the output scaling runs over all,components, including those that gre excluded

from the wayelet transformation.

G.4 Quagdratic output scaling

Table G.3 specifies the linear output scaling and clipping function that shall be used to reconst
sample valmes in case the codestream contains.ahn NLT marker, see subclause A.4.6, and the Thlit f]

ruct output
ield therein

has the valye 1.
Input: Intdrmediate image sample values Q[i,x,y] of all components as generated by the inverse multi-
component| transformation specified.in ' Table F.2, rows and columns, dimensions of all components W_[i]

and H_[i] cpmputed according to subclause B.1, and sample precisions B[i] as indicated by the

table speci

fied in subclause 0. The DC offset value DCO is defined in the NLT marker segment

component
specified in

subclause A.4.6.

Output: Reconstructed sample values R[i,x,y] of all components, all rows and columns.

Table G.3 — Quadratic output scaling and level shifting

Syntax

Notes

quadratic|output scaling()

{

for (1=0;i<N_;i=i+1) {

{=2xB,~B[i]

Compute scaling value from the nominal bit precision of the
wavelet coefficients signalled in the picture header and the com-
ponent precision of component i.

m=(1<<B[i])-1

Compute maximal value

for (y=0;y<H.[1];y=y+1)

{

Loop over rows of the component

for (x=0; x<W_[1];x=x+1)

{

Loop over the columns of the component

v=Q[1i,x,Vv]

Retrieve output sample from the inverse multiple component
transformation

v=v+((1l << B,)>>1)

Apply inverse DC level shift.
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