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Foreword

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

work.
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Introduction

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

ISO and [EC take no position concerning the evidence, validity and scope of these patent rights.

The holders of these patent rights have assured ISO and IEC that they are willing to negotiate licences
under reasonable and non-discriminatory terms and conditions with applicants throughout the world.
In this respect, the statements of the holders of these patent rights are registered with ISO and IEC.

Infor

Atten
of pa
ident|

mation may be obtained from the patent database available at www.iso.org/patents,

tion is drawn to the possibility that some of the elements of this documentmay b¢
fent rights other than those in the patent database. ISO and IEC shall not be héld res
fying any or all such patent rights.

e the subject
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INTERNATIONAL STANDARD

ISO/IEC 21122-1:2022(E)

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

Part 1:
Core coding system

1 Scope

This [document defines the syntax and an accompanying decompression process.'that i
reprgsent continuous-tone grey-scale, or continuous-tone colour digital images without Y
moddrate compression rates. Typical compression rates are between 2:1 and 61 but can a
depending on the nature of the image. In particular, the syntax and the“decoding procs
in this document allow lightweight encoder and decoder implementations that limit th
latenty to a fraction of the frame size. However, the definition of transmission channel b
necegsary to ensure such latency is beyond the scope of this document.

This flocument:

2

Ther¢ are no normative references 1n this document.

3

3.1
For the purposes of this document, the following terms and definitions apply.

[SO apd IEG-m3dintain terminology databases for use in standardization at the following ad

specifies a codestream syntax containing infornfation for interpreting the compressed
drovides guidance on encoding processes for converting source image data to compr]
data.

Normative references

Terms and definitions, abbreviated terms and symbols

Terms and definitions

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

s capable to
risual loss at
so be higher
bss specified
b end-to-end
uffer models

specifies decoding processes for converting compresSedimage data to reconstructed jmage data;

image data;

essed image

dresses:

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

311
band
input data to a specific wavelet filter type (3.1.58) 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 2022 - All rights reserved
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3.1.3

bit

binary choice encoded as either 0 or 1
314

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 count subpacket
subset of a packet which decodes to the bitplane counts of all code groups within a packet, followed by
padding and|optional filler bytes

Note 1 to entrly: See subclause C.5.3.

3.1.7
byte
group of 8 bits

3.1.8
colour filtef array
CFA
rectangular prray of sensor elements yielding a 1-component picture where the colour to which a sensor
element is sgnsitive to depends on the position of the sensor element

3.1.9

codestream
compressed [image data representation that includes all necessary data to allow a (full or approxijnate)
reconstruction of the sample values of a digitalimage

3.1.10
code group
group of quantization indices in sign-magnitude representation before inverse quantization

3.1.11
coefficient
input value fjo the inverse'wavelet transformation resulting from inverse quantization

3.1.12
coefficient group
number of hprizontally adjacent wavelet coefficients from the same band

3.1.13
column
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

2 © ISO/IEC 2022 - All rights reserved


https://iecnorm.com/api/?name=c722b707f8fa9bbf222929d6ce6ddd3c

ISO/IEC 21122-1:2022(E)

3.1.16
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
deadpzone quantizer
quantizer whose zero bucket has a size different from all other buckets

3.1.1p
decofler
embddiment of a decoding process

3.1.2p
decofing process
procgss which takes as its input a codestream and outputs a continueus-tone image

3.1.21
decomposition level
set of wavelet coefficients resulting from a particular/level of recursive application ¢f a wavelet
trangform

3.1.2p
downsampling
proc¢dure by which the spatial resolution of acomponent is reduced

3.1.28
encofler
embddiment of an encoding process:

3.1.2¢
encofling process
proc¢ss which outputs compressed image data in the form of a codestream

3.1.2p
entr¢gpy decoder
embddiment ofanentropy decoding procedure

3.1.2

entr¢py decoding
losslgss.procedure which recovers the sequence of symbols from the sequence of bits profluced by the
entropy encoder

3.1.27
entropy encoder
embodiment of an entropy encoding procedure

3.1.28

entropy encoding

lossless procedure which converts a sequence of input symbols into a sequence of bits such that the
average number of bits per symbol approaches the entropy of the input symbols

© ISO/IEC 2022 - All rights reserved 3
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3.1.29
filler bytes

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

bytes itself
3.1.30

grayscale image
continuous-tone image that has only one component

3.1.31
inverse qua

ntization

inverse pro

3.1.32

inverse rev
inverse RCT
inverse tran
that is invert

Note 1 to entr

3.1.33

LL band
input to a sq
vertical dire

3.1.34
lossless
descriptive

dureto qn:\hfi’7ah'nn hy which the decoder recovers a rnprncnnfnfinh ofthe coefficie

prsible multi component transformation

sformation across multiple component sample values located at the same-sample grid
ible without loss

y: See subclauses F.3 and F.4.

bries of wavelet filters where only inverse low-pass filters are applied in horizonta
ction

ferm for encoding and decoding processes.and procedures in which the output ¢

decoding procedure(s) is identical to the input to the encoding procedure(s)

3.1.35

lossless coding

mode of ope

"ation which refers to any one of the coding processes defined in this document in whi

of the procedlures are lossless

3.1.36
lossy

descriptive fferm for encoding and.decoding processes which are not lossless

3.1.37
packet
segment of t
of the bands

3.1.38

he codestream containing entropy coded information on a single precinct, lineand a s
within.this precinct and line

ts

point

1 and

f the

ch all

ubset

padding

bits within the codestream whose only purpose is to align syntax elements to byte boundaries and that
carry no information

3.1.39
precinct
collection of

3.1.40
precision

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

number of bits allocated to a particular sample, coefficient, or other binary numerical representation

3.1.41
procedure

set of steps which accomplishes one of the tasks which comprise an encoding or decoding process

4
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3.1.42
quantization
method of reducing the precision of the individual coefficients

3.1.43
quantization index

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

coefficient

3.1.44
quantization index magnitude

absolutewvalue of a nln:\n‘l'i'7qfinn index

3.1.4p
sample
one ejlement in the two-dimensional image array which comprises a component

3.1.4p
sample grid

common coordinate system for all samples of an image, the samples at the top left edge
have |the coordinates (0,0), the first coordinate increases towards<he’right, the second
bottgm

3.1.47
sign subpacket

of the image
towards the

subsgt of a packet that consists of the sign information®of all non-zero quantization indices within a

packgt, followed by padding and optional filler bytes
Note ] to entry: See subclause C.5.5.

3.1.4B
signifficance

attrilpute of code groups that applies if,-depending on the Run Mode flag in the picture heafer, either at

least [one of coefficients in the code group is non-zero, or the bitplane count prediction re
code group is non-zero

3.1.4P
significance group

significance subpacket
subsgt of a packet that identifies which significance groups within a packet are insignific
by padding and optional filler bytes

sidual of the

htion in the

int, followed

Note ] te'éntry: see subclause C.5.2

3.1.51
slice

integral number of precincts whose wavelet coefficients can be entropy-decoded independently

3.1.52
star-tetrix

decorrelation transformation that combines a spatial with an inter-component decorrelation

transformation particularly tuned for CFA pattern compression

Note 1 to entry: see subclause F.5

© ISO/IEC 2022 - All rights reserved
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3.1.53
subpacket
substructure of a packet containing information of one or multiple bands of one line of a single precinct

3.1.54

super pixel

2x2 arrangement of sensor elements in a CFA pattern array containing at least one sensor element for
each colour filter type

3.1.55
truncation position

number of least cignifir‘anf hifp]:\hnc notincludedinthe qn:lnh"7:11'inn index of 2 wavelet coefficient

3.1.56
uniform quantizer
quantizer whose buckets are all of equal size

3.1.57
upsampling
procedure by which the spatial resolution of a component is increased

3.1.58
wavelet filter type
single numbgr that uniquely identifies each element of the wavelet filterwith regard to the numbdr and
type of horigontal and vertical decompositions

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

3.2 Abbr¢viated terms

JPEG XS informal name of this standard where-XS stands for “extra speed”

LSB least significant bit

MSB most significant bit

3.3 Symbpls

BJc] bit precision of component ¢

B wavelet filter type

b bandtype

b, [B,i] band existence flag for filter type  in component i. 1 if the filter exists, 0 otherwise
b',[b] band existence flag for band type b. 1 if the filter exists, 0 otherwise.

Bw nominal overall bit precision of the wavelet data

B, number of bits required to encode a bitplane count in raw

Cpih colour transformation type

c[p,Ab,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

6 © ISO/IEC 2022 - All rights reserved
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colour transformation reflection and extension flags

width of precincts in multiples of 8 LL subsampled band sample grid positions
bitplane count coding mode of band b in precinct p

raw coding mode override flag for packet s in precinct p

DC offset

horizontal decomposition level of wavelet filter type § of component i

€
Fs

Fslc

H sl
I[p,b,}A,s]
k[6,, 5y]

Ly[p.p]

vertical decomposition level of wavelet filter type f of component i
horizontal position of component c in a CFA super pixel

vertical position of component c in a CFA super pixel

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

sign packing flag

slice coding mode

number of fractional bits in the representation of wavelet coefficients
gain of subband b

height of filter type 5 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

lineinclusion flag, setifline A of band b and precinct p is included in packet s, redet otherwise
Component within CFA super pixel at position &y, &,

first line of band b in precinct p

Ly[p,b]
Lcod
Lenelps]
Ldat[prs]
Lh
Lprc[p]
Lsgn[pvs]

lastline + 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 data subpacket of precinct p and packet s in bytes

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

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

© ISO/IEC 2022 - All rights reserved 7
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Lsig[p,s] size of the significance subpacket of precinct p and packet s in bytes
M[p,A,b,g] bitplane count of precinct p, line A, band b and code group g

M,,,[PAb,g] vertical predictor of the bitplane count of precinct p, line 4, band b and code group g

N. number of components in an image

Ng[p.D] number of code groups in precinct p and band b

Ng number of bands per component

N, number of coefficients in a code group

N,[p,b] number of significance groups per line band b of precinct p

N, [t] number of precincts in slice ¢

Ny, number of bands in the wavelet decomposition of the image (wayelet filter types fimes
components)

Ny maximal number of horizontal decomposition levels

N L li] number of horizontal decomposition levels of componenti

Ny maximal number of vertical decomposition levelsgver all components

Ny li] number of vertical decomposition levels of component i

Ny, number of precincts per sampling grid liné

N,y number of precincts per sampling grid-column

Ny [p] number of packets in precinct p

Olc,x,y] unscaled output of the inverse wavelet transformation at coordinates x and y of the|com-
ponent ¢

Qlc,x,y] output of the inverse multiple component transformation at position x,y for compongnt ¢

P[b] priority of band.b

Plev level a particular codestream complies to

Ppih profile-a’particular codestream complies to

Ppoc progression order in which bands are transmitted in the codestream

Q[p] quantization parameter of precinct p

Qpih quantization type of the picture

RI raw-mode selection per packet flag

Rm run mode used for significance coding

R[p] refinement of precinct p

R[c,x,y] reconstructed sample value at position x,y for component ¢

Sd number of components for which wavelet decomposition is suppressed

8 © ISO/IEC 2022 - All rights reserved
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size of a significance group in code groups

sampling factor of component i in horizontal direction

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

Xcrg|

Yerglp

Yslh
Z[p,A

b,j]

truncation position of precinct p and band b

vertical Truncation position predictor of precinct p and band b
temporary wavelet coefficient of filter type £ at location x,y.
sample value at the sample grid position x,y

quantization index magnitude of the wavelet coefficientsin precinct p, line A
position x

width of filter type B of component k in wavelet eoefficients

width of component i in samples

width of the image in sampling grid poiuts

width of the precinct p in sampling'grid points

width of subband b of precinct'p'in coefficients

wavelet filter type for horizontal filtering

wavelet filter type for'vertical filtering

one-dimension@ljtemporal array of wavelet coefficients
horizontal.component registration of component c relative to the sample gri
verticalcomponent registration of component c relative to the sample grid
Vertical slice order within the picture

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

4 Conventions

4.1 Conformance language

, band b and

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

4.2.1 Arithmetic operators

© ISO/IEC 2022 - All rights reserved
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& bitwise AND operation

+ addition

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

x multiplication

/ division without truncation or rounding

<< left shift: x<<sis defined as xx25

>> Fight shift: x>>s is defined as |x/25]

umod x umod a is the unique value y between 0 and a-1 for which y+Na = x with a suitable-inte
4.2.2 Logical operators

[l logical OR

&& logical AND

! logical NOT

4.2.3 Reldtional operators

> breater than

> breater than or equal to

< ess than

< ess than or equal to

== pqual to

I= hot equal to

4.2.4 Pre¢edence order of operators

NOTE Ogerators are listed below in descending order of precedence. If several operators appear in the
line, they haye equal precedence. When several operators of equal precedence appear at the same level
expression, eyaluation proceeds according to the associativity of the operator either from right to left ot
left to right.

Operators Type ol operation Assgeciativity

0 expression left to right

[ indexing of arrays left to right

- unary negation

X, multiplication, division left to right

mod modulo (remainder) left to right

+, - addition and subtraction left to right

10

122-1:2022(E)

ger N

same
in an
from
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<<, >> left shift and right shift left to right
<,> 5,2 relational left to right
& bitwise AND left to right

4.2.5 Mathematical functions

[x] ceil of x: returns the smallest integer that is greater than or equal to x
Lx] floor of x: returns the largest integer that is less than or equal to x

|x] absolute value of x, |x| equals —x for x < 0, otherwise x

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

sign(¥) sign of x, 0 if x is 0, +1 if x is positive, -1 if x is negative

Jx square root of x, i.e. non-negative number y such thatyxy=x

clamp(x,min,max)  clamp x to the range [min,max]

clamp(x,min,max) equals min if x < min, maxif x > max or otherwise x

max;|(x;) maximum of a sequence of numbers,{X;p enumerated by the index i
max(f,b) a if a>b, otherwise b
min;(ix,) minimum of a sequence of nuhibers {x;} enumerated by the index i
min(q,b) a if a<b, otherwise b

5 Hunctional concepts

5.1 |Sample grid, sampling and components

An itpage is defined as a rectangular array of scalar or vectorial samples regularly aligned along
a sampple grid of W; sample positions horizontally and H; sample positions vertically. W;fis called the
width and H; is called the height of the image. The vector dimension of the image samples [corresponds
to th¢ number of ¢oleur components present and is indicated by N, the number of compgnents of the
image. Each dimension of this vectorial data corresponds to one component of the image, and typically
reprgsents one,'of multiple colour channels of the data. Components may be red, green [and blue, or
Lumg (Y) and Chroma (Cb,Cr). These are only non-exhaustive examples of components, arjd other uses
are ppssiblé.

A giveTT COMpOTIEt Tay Or ay ot pOpulate every poimt o the sampie 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
sy[i] respectively s, [i] 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 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.

© ISO/IEC 2022 - All rights reserved 11
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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).

19
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of this docul
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5.3 Wave
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bresent individual sensor elements and circles represent’sampling grid points. Groups of four 5
verlapping with the same sampling grid point form'one super pixel.

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

gardless of the CFA sensor spatial\subpixel arrangement, the Star-Tetrix colour tran
ment defines a strict order on.the components assigning the red channel to compon
annels to components 1 and!2, and the blue channel to component 3. The spatial sul
[ is signalled by the CRG\mxarker. Figure 1 shows only one of the four potential sut
[s of a Bayer-type CFA,

et decomposition

of wavelet analysis. The wavelet filter process specified in Annex E separates each componen

multiple baj
given compd

ds, where each band consists of multiple coefficients describing the image signa
nent within a frequency domain specific to the wavelet filter type, i.e. the particular

ensor

form
ent 0,
pixel
pixel

ent provides-an efficient representation of image signals through the mathematicall tool

r into
of a
filter

correspondi

hgto the band.

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.

12
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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 t

imag
infor

All m
on th

6 I

An er

e information itself. Packets are further grouped into subpackets, each of which inclad
mation such as magnitude, signs or significance of parts of the encoded image data.

b organization of the codestream. Packets and subpackets are specified itf Annex C.

ncoder requirements

requirements specified in Annex A. Annex C to Annex G include.informative subclauses

how 4

7 1

7.1

Figur

n encoder may be implemented.

Decoder

Decoding process general provisions

e 2 provides an overview on the decoding process and the layout of this document.

deco

ing can be grouped into a syntax analysis partin block 1, an entropy decoding stage

at represent
bs particular

hrker segments defined in this text are specified in Annex A. This annex also’provides|an overview

coder is an embodiment of a process that generates a codestream that conforms to the syntactical

rhat indicate

Codestream
consisting of

multiple blocks 2.1 to 2.4, an inverse quantization in block 3, an inverse wavelet transformdtion in block
4 and an inverse multiple componenttransformation in block 5. In block 6, sample values

DCo

set is added, and they are clamped to their nominal ranges.

are scaled, a
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1: A

2.4:C5.5

\ /

2.2:C5.3,C6 > 2.3:C.5.4

\ /

2.1: C.5.2

v[p,AbX] s[p,AbXx]

3:D

c[p,Ab,x]

o[xy.c]

5:F

Q[x,y,c]

6:G

‘ R[Xyc]
Figure 2 — Decoder overview

In Block 1, d¢scribed in Annex A, the decodeft analyses the codestream syntax and retrieves infornjation
on the layouf of the sampling grid, and the-dimensions of slices and precincts.

The subpackets of the entropy coded data segment of the codestream are then decoded by the
procedures |given in Annex C to form significance information, sign information, bitplane fount
information jand quantizationsindices. This operation is performed in blocks 2.1 to 2.4 in Figure 2.

In block 2.1, significance_information is decoded from the significance subpacket as specifipd in
subclause C|5.2. Denaoted by the array Z[p,A,b,j], significance information indicates the presence of
significant cpde growps'within the jth significance group. Each significance group corresponds tofa run
of code groyps indexed by precinct p, line A and band b. A code group is significant if, dependihg on
the Run Mode flag/Rm in the picture header, it either contains non-zero coefficients, or has a non-zero
bitplane coupt\prediction residual.

Inblock 2.2, bitplane counts are decoded from the Bitplane count subpacket as specified in subclause C.5.3
by the procedures specified in subclause E.6 The integer array M[p,A,b,g] indicates the bitplane counts
of the wavelet coefficients 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 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 coefficients c[p,A,b,x].

14 © ISO/IEC 2022 - All rights reserved


https://iecnorm.com/api/?name=c722b707f8fa9bbf222929d6ce6ddd3c

ISO/IEC 21122-1:2022(E)

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.

In block 6, a DC offset is added to the decorrelated sample values Q[x,y,c], an optional non-linear
transformation is applied, they are scaled to their nominal range and then clamped to the range of the
bit-precision of the output, giving the final reconstructed output sample values R[x,y,c] populating the

samplegrid pasitions xxs Icl yxs Icl This nrocedureis specifiedin Annex G
5 g X7 =yt i Sectere ek

7.2 |Decoder requirements

A dedoder is an embodiment of the decoding process. The decoding process converts a codestream by
performing the process specified in this document to sample values arranged on'd rectangular sampling
grid. [Annexes A to G describe and specify the decoding process. All decoding*processes arge normative.
Decofler conformance and test procedures to test for conformance are spegified in ISO/IE( 21122-4.

Ther¢ is no normative or required specification for the particular intérnal steps or ordering of internal
operations to be performed within the decoder that is used to prdduce the normatively specified result.
Only the result that is externally observable as the decoded eutput image produced by the decoder is
required to match the result produced by the decoding progesses specified in this document up to a
confdrmance-level dependent error bound that is specified in ISO/IEC 21122-4. The desdriptions use
partifular implementation techniques for illustrative{puirposes only, and any implementation that is
able §o reproduce the same result as those generatedby the algorithms specified herein i§ conforming
to this document.
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Annex A
(normative)

Codestream syntax

A.1 General

A.1.1 MarKker segments and entropy coded data

ment
data.
arker
ulate
f the

tput

The comprepsed data format consists of an ordered collection of syntax elements. This”docy
distinguishejs between three types of syntax elements: Marker, marker segments and entyropy coded,
Markers serye to identify the various structural parts of the codestream. Most markers start m
segments, where marker segments signal the characteristics of the encoded image and encapy
parameters [configuring the decoder. Some markers stand alone. Entropy coded data consists
input to the flecoding procedure described in Annexes C to G which reconstructs this data to the o
image.

A.1.2 Key|to syntax information

hlues,
vhich
ed (if
vhere
b, see
able-
Ficant
hm to

JPEG XS codestream syntax elements belong to one of two categories: fixed-length numerical v
or variable-length codes. In the syntax tables, the “Syntax’)celumn indicates the category to ¥
each codestfeam syntax element belongs, in the “Size” column the size of each field is identifi
applicable). Fixed-length numerical values and are unsigned integers and are denoted by u (n),
n is the number of bits used to represent the value(Variable-length codes are denoted by v1
subclause C.J for the normative decoding procedure’of variable length codes. Bit strings and var
length codeq appear in the codestream with theleft bit first; numerical values appear most-signi
bit first. Thelnotation pad (n) indicates a variable'number padding bits. Padding aligns the bitstre
an n-bit boundary, i.e. to an integer multipleof n bits relative to the start of the bitstream. Thus, phd (n)
expands to () to n-1 bits depending on the position within the bitstream. While padding bits can| have
arbitrary values, a decoder shall ignore'their value. The notation fi11 () indicates an arbitrary number
of filler bytep a decoder shall removewithout interpreting their value. The amount of filler bytes cfan be
inferred from a length field of a corresponding syntax element.

n the

Syntax elem
Syntax coluy

clause are only included if the expression following the i f clause is non-zero.

The sequeng
tables. The ¢

bnts may be conditionally included in the codestream; this is indicated by irf clauses
hn of the syntaxtables. All syntactical elements enclosed in curly brackets following t

e of multiple similar elements is indicated by for clauses in the Syntax column of the s
lements to repeat are enclosed in curly braces. The loop itself is specified through

he it

yntax
three
sition

syntax elem

bntssan initializer setting a dummy count variable indicating the current iteration po

of the loop, a condition on the count variable for continuing the loop, and an iteration statement that
updates the count variable for the next loop. The three expressions are separated by semicola.

NOTE
language.

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

A.2 Codestream syntax general provisions

A JPEG 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
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factors of the component and are indicated by the symbols s,[i] and s,[i]. Subsampling factors vary
between 1 and 2. The codestream 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 from entropy coded wavelet
coefficients arranged in multiple wavelet bands, see Annex B for details. The wavelet reconstruction
algorithm is specified in Annex E.

Wavelet coefficients are grouped into precincts. A precinct includes entropy coded data decoding to

a re

contrjibute to a given spatial region of the image. A precinct is represented in the cgdg

preci

The ¢ntropy coded data is organized in multiple packets, where each packet s contribute
A and one or multiple bands b of a precinct p. Each packet consists of multiple subpackets

subp
signs.
filler

to align the syntax elements in the bitstream to byte boundaries. Décoders learn the nur

byteq following the precinct from the precinct header specified i subclause C.2, and the number of

filler

ignore the value of the filler bytes.

NOTH1 Filler bytes are in no relation to the output of the.pad () function defined in subclaus
purpdse is to ensure alignment of the codestream to bytedbptmndaries only.

NOTH2  Buffer models, profiles and levels are specified in ISO/IEC 21122-2 and are beyond the
docurpent.

Precincts are grouped into slices. Each slice consists of an integral number of precincts,
the full width of the image. Even though the wavelet coefficients within each slice can be decoded
indegendently, the wavelet transformation runs across slices. A slice is represented in the
by a glice header and one or multipléprecincts following the slice header.

over

Figurne 2 gives an overview of-thehierarchy of JPEG XS codestream syntax structures, Tabl

tanoular arrny of wavelet coefficients por bands such that the included swwavelet
(=]

1ct header, entropy coded data followed by filler bytes.

icket contributes to one aspect of the data, such as significance, bitplané counts, mq

bytes is to prevent buffer underflow of a potential transmission buffer, the purpose

bytes in the subpackets from the subpacket header in spevified in subclause C.3. Dg

the o

berall codestream syntax

Table A.1 — JPEG XS codestream syntax overview

coefficients
stream by a

s to one line
where each
ignitude and

Filler bytes and padding does not have any impact on the decoded image. The purpose of the

bf padding is
nber of filler

coders shall

b A.1.2 whose

scope of this

and extends

codestream

e A.1 defines

Syntax Notes Defined in
Pictphre () {
s0c| max®Ss 1) Identifies this codestream as JPEG XS code- Table A.3
B stream
capSTTTTes TR D) Identifies the capabilities a decoder needs to Table A 6
P - support to be able to decode the codestream +aDie 8.5
picture header () Defines the overall structure of the code- Table A7
- stream E—
component table () Defines the precision e_md sampling factors of Table A15
- all components in the image T
weights table () Defines w_elght and gain factors that steer Table A .24
- the decoding process. T
nonlinearity marker () Optional definition of nqn-llnearltles for Table A.16
- component reconstruction T
cwd_marker () Optionally disable wavelet decomposition on Table A.18
some components T

© ISO/IEC 2022 - All rights reserved
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Table A.1 (continued)
Syntax Notes Defined in
cts marker () Colour tr_ansformatlon §pec1f1cat10n for the Table A.19
star-tetrix transformation T
Optional component registration, mandatory
crg_marker () if the star-tetrix transformation is used Table A.21
extension marker () Optional extension of the codestream syntax Table A.22
Loop over all slices until all wavelet coef-
. ficients of the image have been decoded
for (t=0,p=0; !endof jt=t+1 : . O, y
or P cndorimage ot where t is the slice index and p the precinct
index
slice_hegder () Identifies the ordering of slices TableAi25
Loops over all precincts in a slice, where t is
for (u=0; y<N,[t];p=p+1,u=u+l) { |the sliceindex, pis the precinctindexand u
enumerates precincts within a slice
compute |packet inclusion (p) Dete.rmlne the packets that are part of this Table B.4
T - precinct. T
precinct header (p) D_eflnes pI‘edICt.IOI‘l modes and the quantiza- Table C.1
- tion of the precinct =
for (s=04s<N,.[p];s=s+l) { Loop over all packets of this precinct
packet |header (p, s) Defines flags and sizes of the packet Table C.3
packet |body (p, s) Contains the entropy codéd data of this Table C.3
packet T
} End of loop over subpackets
Possible byte-alighed filler bytes at the end
of the precinctto’reach the target bitrate. A
£i11() decoder shallignore this data. Subclause C.2 Subclause C.p
specifies how to determine the number of
filler bytes.
} End(of loop over precincts within a slice
} End of loop over slices
EOC_markef () Identifies the end of the JPEG XS codestream Table A.4
}
NOTE3  The number of pagkets N, [p] depends on the precinct index p and is computed by the compute
packet incllusion (p) fungtion specified in Table B.4; in particular, the last precinct of the picture will, Hy this
procedure, influde less bands than all other precincts if the picture height is not divisible by the precinct height.
A.3 Markersiand marker segments
Markers serve-the-purpose-toidentifthevarious-structural parts-ofthe-codestream-format—Markers

Tt p U posStTto IOty trtv o ioa s St acturor pot to o tiiccoac ot T ror o e ol

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 significant 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, 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
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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.

NOTE1 It is possible that future editions of this document will include additional fields in the marker
segments and hence require an increase in the size the marker segments. Such additional fields can be necessary
to decode the codestream. The above ensures that decoders fail properly when attempting to decode an extended

codeskream syntax that they do not support.
NOTH2  Other International Standards implement bit-stuffing or byte-stuffing procedures tp ensure that
markers can be identified uniquely without decoding or interpreting entropy coded idatd segments. This is
not the case for this document. If a decoder loses synchronization with the codestream, lower lgvel transport
mechfnisms are required to regain synchronization as it is not possible to search, the'Ccodestreany for markers;
bit patterns within the entropy coded data segment can replicate the byte sequences used to id¢ntify marker
segménts.
Table A.2 — JPEG XS codestream marKers
Cpde assignment Symbol Description Mandatory/Optional Refgrence

Ox££ffo s0C Start of codestream |Mandatory A4l
Oxffll EOC End of codestream {Mandatory A4.2
Oxffl2 PIH Picture header Mandatory A44
Oxfffl3 CDT Component table Mandatory A4.5
Oxffl4 WGT Weights table Mandatory A411
Oxff[l5 coM Extensionsmarker Optional A.4.10
Oxfff6 NLT Nonlinearity marker |Optional A4.6
Oxf£EL7 CwD Component-depend- |Optional A4.7

ent wavelet decom-

position marker
Oxfffs CTS Colour transforma- |Mandatory if Cpih=3, A48

tion specification shall not be present

marker otherwise.
Ox£ffL9 CRG Component registra- |Optional, mandatory if |A.4.9

tion marker Cpih=3
0x££fpo SLH Slice header Mandatory A4.12
Ox££fpo CAP Capabilities Marker |Mandatory AA43
All other values Optional Reserved for future

1 ISO/IEC pufposes

A.4 Syntax description of marker segments

A.4.1 Start of codestream

Function: Identifies 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.
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Table A.3 — Start of codestream marker syntax

Syntax

Notes

Size Values

start of codestream()

{

SOC

u(l6)  |0xff10

}

A.4.2 End of codestream

Function: Identifies the end of a JPEG XS codestream.

Usage: Shall be the last marker segment in a codestream. There shall be exactly one EOC marker at the
EG XS codestream.

end of each |

Table A.4 — End of codestream marker syntax

Syntax Notes Size Values
end of codg¢stream() {
EOC u(16) 0xff11
}
A.4.3 Capabilities marker

Function: Id

Usage: Shal

NOTE1 Th

Table A.5 sy
segment. Fu
x8-1] are no

NOTE2 Th

NOTE3 Bi

tall 0.

Table A.5 — Capability bit assignment

entifies capabilities required to decode a JPEG XS eodestream.

e above implies that the CAP marker is always present, even when the cap[] array is empty.

is condition on the cap array'can always be arranged by selecting a smaller Lcap.

0 of the capability marker is intentially unused.

be the second marker segment in a codestream. There shall be exactly one CAP mprker
which shall be placed behind the SOC marker.

ecifies the assignment of capabilities to bits, Table A.6 the syntax of the CAP mprker
rthermore, Lcap shall be selected-such that for Lcap>2, cap[(Lcap-2) x8-8] to cap[(Lcap-2)

Bit number i in cap[].array Bit value Meaning

1 0 Support for Star-Tetrix transform|not
required, and support for CTS marker
not required

1 1 Suyyul +for-Star-Fetrixtransformrand
CTS marker required

2 0 Support for quadratic non-linear
transform not required

2 1 Support for quadratic non-linear
transform required

3 0 Support for extended non-linear trans-
form not required

3 1 Support for extended non-linear trans-
form required

4 0 sy[i]=1 for all components i

4 1 component i with s, [i]>1 present
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Bit number i in cap[] array Bit value Meaning
5 0 Support for component-dependent
wavelet decomposition not required
5 1 Support for component-dependent
wavelet decomposition required
6 0 Support for lossless decoding not
required
6 1 Support for lossless decoding required
switch not required
8 1 Support for packet-baséd raw-mode
switch required,
Table A.6 — Capabilities marker syntax
Syntax Notes Size Values
capapilities marker() {
CAP u(16) 0xff50
Lcap Size of the capabilities marker in bytes |u(16) Vatiable
(not including the marKker)
for (f=0;i<(Lcap-2)x8;i=i+1) { Loop over capabilities bits
cap[i] Requirement of capability i. cap[i] is 1 u(1)
if capability iis required for decoding a
codestreaimn,.and 0 otherwise.
} End of 106 over capabilities bits
padfiing Pad.to an integer number of bytes pad(8)
}
A.4.4 Picture header
TablglA.7 defines the syntax of the picture header.
Funcftion: Provides information on the dimensions of the image, the precision of its component and the
configuration of the décoder.
Usage: Shall be the'third marker segment in a codestream directly after the CAP marker. There shall be
exactlly one PIHunarker in a JPEG XS codestream.

© ISO/IEC 2022 - All rights reserved
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Table A.7 — Picture header syntax

Syntax Notes Size Values
picture header() {
PIH u(16) |0xff12
. Size of the segment in bytes (not including 26
Lpih the marker) u(1e)
Size of the entire codestream in bytes 0_ (232 ~1)
Leod from SOC to EOC, including all markers, if u(32)
constant bitrate coding is used. 0 if variable
bitrate codingis used
Profile this codestream complies to. Decod- 0 for no restrictions. seeTSO
Ppih ers should abort decoding if they identify a |u(16) IEC 21122-2 for rof’iles
profile they do not implement. p 3
Level and sublevel to which this codestream 0 for no restrictidns. see ISO
Plev complies. Decoders should abort decoding if |u(16) IEC 21222-2 for add{tional lebvels
they identify a level they do not support. ’
We Width of the image in sample grid positions |u(16) max, (s [,- Jx MNix (216 1)
He Height of the image in sample grid positions |u(16) nrax, (Sy [,J) x ZNLJ’ - (216 -1
Width of a precinct in multiples of 0— (2% 1)
8xmax; (s, [i])xZNL"‘ ) sample positions, such that either Cw=0 or
Cw other than the rightmost precincts. If this ¢ )#(16) -
field is 0, precincts are as wide as the image. Wy umod (8xC,, xmax; (s [i])x¢ ™)
See subclause B.5 for details. > max; (s [i])szL-X
- 1.4
1, Helgh‘F of a slice in precincts otherthan the u(ie) |1— (216 ~1)
last slice
N, Number of components in.theimage u(8) [1—8
Ny Number of coefficients pér'code group u(8) |4
s, Number of code groups per significance u(8) |8
group
By Nominal bit precision of the wavelet coeffi- u(8) [20,18 or B[0] 2
cients
Fq Numbe_r of\fractional bits in the wavelet u4) [860r02
coefficients
B, Numiber of bits to encode a bitplane count in u) |4
raw
Fslc Slice coding mode u(1) |[See TableA.14
Ppoc Progression order of bands within precincts |u(3) |[See Table A.13
Coih Colour transformation to be used for inverse 7 SeeTABIe R
P decorrelation ut®) ce lable A7
Number of horizontal wavelet transforma- 1-8
NL X i u[4)
’ tions
N Number of vertical wavelet transformations max;(log, (s, [{]))-min(N ,,6)
L,y _ 3 u[4) y ’
of non-vertically subsampled components
Lh Long header enforcement flag u(l) |Oorl
Rl Raw-mode selection per packet flag u(l) (Oor1l
Qpih Inverse quantizer type u(2) |[SeeTableA.10
Fs Sign handling strategy u(2) |[SeeTableA.11
Rm Run mode u(2) |[SeeTable A.12

a  See Table A.8 for valid combinations of Bw and Fq and further restrictions.
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and that all bands of the rightmost precincts are non-empty.

NOTE

2

The condition on Cw ensures that all but the rightmost precincts have in the LL band at least 8 samples,

In case WfxN_>16376 and N| =0, or for components that do participate in the wavelet decomposition,

it can happen that Lg,,[p,s] = 2048 or L'dat[p,s] > 32768. As such sizes cannot be expressed by the short header,
the Lh flag allows to enforce long headers. Lh can safely remain 0 as long as at least one vertical decomposition is

performed.
Table A.8 — Valid combinations of Bw and Fq
Bw Fq Additional constraints Notes
[n] Q D[i]—n[ﬂ] forallg Thic comhbination indicatoaslag less Coding_
ANLT marker segment shall be pres- This combination is used-in cafe a non-line-
18 6 ent. Bit 2 or bit 3 of the CAP marker arity is present i
segment shall be 1, see subclause A.4.3 yisp '
Bits 2 and 3 of the CAP marker seg-
a 8 ment not present or shall be 0. Regular case.
Table A.9 — Colour transformation
Cpih Meaning
0 No colour transform
1 Reversible RGB to YCbCr 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
Qpih Meaning
0 Deadzone quantizerfsee Annex D)
1 Uniform quantizer(see Annex D)
2-3 Reserved for;ISO/IEC purposes
Table A.11 — Sign handling strategy
Fs Meaning
0 Signs encoded jointly with the data
1 Signs encoded separately
2-3 Reserved for ISO/IEC purposes
Table A.12 — Run mode
Rm Meaning
0 Runs indicate zero prediction residuals
1 Runs indicate zero 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-component)
1-7 Reserved for ISO/IEC purposes
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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 defines the syntax of the component table.
Function: This marker segment specifies the component precision and the sampling factors of each

component ifi the Image. The number of components Itself 1s given by the N, parameter of the picture
header.

Usage: Therje shall be exactly one component table in each JPEG XS codestream. It shall precede the
first slice header.

Table A.15 — Component table syntax

Syntax Notes Size Values
component ftable() {
CDT u(16) 0xff13
Ledt Size of the segment in bytes, not including u(16) 2XN, +2
the marker
Loop over components. The-tumber of
for(c=0;c{N_;c = c + 1) { components 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 conp-
c ponents 1 ar:}
2,1 for all other
components
sylecl Vertical sampling factor of componentc |u(4) 1-5,[c]

} End'of loop over components

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 comppnent
transformatjon.

U . Z ar aonn moanli by ol ne cagraantc oy o o £ 30 o ~odnctnay T o
sage- er \vpy UIlIC 1TIUIIIIIICar l\,)’ ITIIATINCT J\,Slll\,llbo llla] v A lJl COLCIIU TITI d CUULOLIrvarlii. 11 Pl COVCIIL, 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 Fq=0, i.e. in the lossless mode.

Table A.16 — Nonlinearity marker segment syntax

Syntax Notes Size Values
nonlinearity marker () {
NLT u(16) 0xff16
Inlt Size of the marker segment, not including the |u(16) S5or12
marker
Tnlt Type of the non-linearity u(8) See Table A.17
if (Tnlt == 1) { Additional data for quadratic non-linearity
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Table A.16 (continued)
Syntax Notes Size Values
c Read sign bit of the DC offset u(1) 0—1
a Read the remaining bits of the DC offset u(15) 0—215-1
DCO=0—0 x21° Compute the DCO offset from two’s comple-
ment representation.
}
if (Tnlt == 2) { Additional data for extended non-linearity
T1 Upper threshold for region 1, in units of Bw u(32) 1—2Bw-1
T2 Upper threshold for region 2, in units of Bw u(32) Bw-1
E Exponent of the linear slope in region 2 u(8) —4
}
}
Table A.17 — Tnlt encoding
Tnlt Meaning
1 Quadratic non-linearity
2 Extended non-linearity

All otlher values

Reserved for ISO/IEC use

A.4.7

Component-dependent wavelet decomposition marker

Tablel A.18 defines the syntax of the component-dépendent decomposition marker.

Funcftion: Optionally suppresses the waveletdecomposition for one or more components. |
is nof present, the value of Sd shall be 0.

Usagp: Zero or one component-dependent wavelet decomposition marker segments ma

in a

codegtream and shall follow the picture header.

[ this marker

y be present

odestream. Shall only be present if N >3. If present, shall precede the first slice hieader in the

excluded from the wavelet trans-
formation have s,[c]=1 and s, [c]=1

Table A.18 — Component-dependent wavelet decomposition marker segment syntax
Syntax Notes Size Values
cwd marker () {

CWp u(16) |0xff17

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

Sd Number of components for which the 1—N -1
wavelet decomposItion 1s suppressed. Furthermore, Sd shall be selected

u(8) such that all components that are

A.4.8 Colour transformation specification marker

Table A.19 defines the syntax of the colour transformation specification marker segment.

Function: Defines parameters of the Star-Tetrix transformation.
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Usage: Zero or one colour transformation specification markers shall be present in a codestream. Shall
be present if and only if Cpih=3, i.e. if the Star-Tetrix transformation is in use. Shall precede the first
slice header in the codestream and shall follow the picture header.

Table A.19 — Colour transformation specification marker segment syntax

Syntax Notes Size Values

cts marker () {

CTS u(16) 0xff18

Lcts Size of the marker segment, not including the marker u(16) 4

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

Cs Size and extent of the transformation u(4) See Table!A2()

e; Exponent of first chroma component u(4) 0.3

e, Exponent of second chroma component u(4) 03
}

Table A.20 — C;encoding

Cs Meaning
0 Full transformation, access to the line below and abovepequired
3 Restricted in-line transformation, no access to neighbouring lines
All other valyes Reserved for ISO/IEC use

A.4.9 Conjponent registration marker
Table A.21 dpfines the syntax of the component registration marker segment.

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

Usage: Zero|or one component registrationimarker shall be present in a codestream. If Cpih=3, extactly
one CRG marker segment shall be present: If present, any CRG marker segment shall precede the first
slice header |n the codestream and shall follow the picture header.

Table A.21 ~Component registration marker segment syntax

Syntax Notes Size Values
crg marker() {
CRG u(16) 0xff19
Lecrg Size of the marker segment, not including the u(16) Variable, at ldast 6
marker
for (c=0;c<N;;T=CF1IT 1 L Ooop over all components
Xcrglc] Relative horizontal placement of componentc |u(16) 0—65535

to the sample grid points in units of 1/65536. 0
indicates placement at the horizontal position
of the sample grid, a positive value a displace-
ment to the right 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 point to the right.
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Table A.21 (continued)

Syntax Notes Size Values

Yerg[c] Relative vertical placement of componentcto |u(16) 0—65535
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 bottom 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 point below.

} End nF]r\np overall r‘r\mpr\nnnf‘c

A.4.10 Extension marker

TablelA.22 defines the syntax of the extension marker segment.

Funcfion: Extends the codestream by generic or vendor-specific metadata,

Usagp: Zero or more extension marker segments may be presentdn a codestream. If present, any
exter]sion marker segment shall precede the first slice header in the\.codestream.

Table A.22 — Extension marker-Segment syntax

Syntax Notes Size Values
extepsion marker () {
coM u(16) 0xff15
Leop Size of the marker, segment, not including the u(16) Varigble, at least
marker 4
Tcopm Type of the extension u(16) See Table A.23
Dcof User-defined data Variable |Varigble
Padping Padding'to an integer number of bytes pad(8) 0
}

Table A.23 — Tcom encoding

Tcom Meaning

0x00p0 Vendor of the encoder, Dcom is a zero-terminated, ISO 10646 encoded stringidentifying
the vendor of the encoder

0x00p1 Copyright statement that the codestream creator want to convey to users of|the code-
stream. The interpretation of this statement is beyond the scope of this docyment. Dcom
is a zero-terminated, 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.4.11 Weights table
Table A.24 defines the syntax of the weights table.

Function: This marker segment contains parameters required to set the gain of each band relative
to the precinct quantization. Together with the parameters in the precinct header, see subclause C.2,
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.
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Usage: There shall be exactly one weights table in each JPEG XS codestream. This marker shall appear
before the first slice header in the codestream and shall follow the picture header.

Table A.24 — Weights table syntax

Syntax Notes Size Values
weights table () {
WGT u(16) 0xff14
Lwgt iSrilzgetﬁitrl;l(;:Egrment in bytes, not includ- u(16) Variable
for (b=0;b[<T Ny ; D = DTI) { LoOp over all bands.
if (o', [4]) | Check whether band b exists
G[b] Gain of band b u(8) 0-15
P[b] Priority of band b u(8) 0255
} End of test whether b exists.

} End of loop over bands

}

NOTE Exfmple weights tables for various configurations are given in Anmiex H. These configurationg have
been optimizpd for PSNR performance of the encoder. Other choices are possible and can result in improved
visual quality] for a certain viewing distance.

A.4.12 Slic¢ header
Table A.25 dpfines the syntax of the slice header.

Function: This marker segment identifies the start of aslice and provides sufficient information for the
order of the plices within the image.

Usage: A codlestream contains one or more slice’headers. The entropy coded data for one slice follows
the slice healder and extends either to the next'slice header or the end of the codestream. Even though
the slice heafer includes the relative orderof the slice in the image, a codestream shall contain slifes in
incrementaljorder, i.e. progressing from the top of the image to the bottom of the image.

Table A.25 — Slice header syntax

Syntax Notes Size Values
slice headgr () {
SLH u(16) 0xff20
Lslh Size of the segment in bytes, not including the u(16) 4
marker
Index of the slice, counting from line 0 (at the top 0-(216-1)
Yslh of the image) downwards (towards the bottom[u(16)

of the image)

NOTE Slice indices ease to regain synchronization in case transmission errors corrupted the codestream.
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Annex B
(normative)

Image data structures

Dimensions of chroma subsampled image planes

An injage consists of N. components aligned along a regular rectangular sampling grid.£Eae
is a rpctangular arrangement of integer sample values aligned to the sampling grid‘of'th
samplles of a component are not required to populate every possible position en the sampling grid.

The h
samp
facto
in su

orizontal spacing between samples of component i is denoted by s, [i] andyis called tl
ling factor. The vertical spacing of component i is denoted by s [i] and is called the vert,
. Both, horizontal and vertical sampling factors, are signalled in the.component ta
bclause A.4.5. Figure B.1 provides an example of how samples are @assigned to pos

samplling grid.

The 1

=

The 1

~

W an
the p

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

] )

umber of samples in each column of component #is given by

| [i1= Hy
-5

d H; are the horizontal and vertical-dimensions of the sampling grid of the image ag
cture header.

h component
e image. The

e horizontal
ical sampling
ble specified
tions on the

signalled in

X o X o X o X o X
N XN -X-X-X
X o X o X o X o X
o D o B ¢ ] ¢ I ¢ BJ o
x x p_¢ x x
Mo -0 -X° X
X o X o X o X o X

Figure B.1 — Sampling grid for 4:2:2 sampling
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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,[i]=2 S [1] 2 corresponding to 4:2:0 sampling is lndlcated by boxes and arrows point
towards increasing x and y p051t10n 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 marKker, if present, or can be derived by means beyond this document. In particular, both
centred and co-sited positioning of subsampled components are possible.

NOTE 2  For 4:4:4 sampling, each sample grid point is populated by sample values of all components.

B.2 Divisje

Each compopent i is decomposed by a wavelet transformation with N’} ,[i] horizontal and”N
vertical decamposition levels, where
N [i]=0

[ _|i|=N
R L’X[ ] bx _ fori <N, -Sd, and ,

N Ly [1] = NL,y —log, (sy [1]) N Ly [1] =
That is, the mumber of horizontal decomposition levels applied to componeriti-is given by the makimal
horizontal decomposition level N, and the vertical wavelet decomposition depth depends op the
vertical subsampling factor syli] and the maximal decomposition level N\, for all componentg that
participate in the wavelet decomposition and is otherwise 0. For vertically subsampled components,
the number pf vertical decomposition levels is reduced by 1.

Ly [l ]

foriZNC Sd

Band types pre enumerated by two letters indicating the herizontal and vertical filter type, eqgch of
which can b either H indicating high-pass filtering or L.forlow-pass filtering, where the first |etter
correspondd to the horizontal filter type and the second\letter corresponds to the vertical filter|type.
The filter type is followed by two subscripts indicating the horizontal decomposition level d| and
the vertical decomposition level d,. The algorithm®*of the wavelet transformation itself is specifjed in
Annex E. The¢ filter type, as the collection of horizontal and vertical filtering and horizontal and vejrtical
decompositipn depth, is collapsed into a singlendmber f by a procedure given by subclause B.3.

The width Wy [p,i] of filter type f at d,[f,i] horizontal decompositions of component i is given by:

W.|i W.|i
Wb[ﬁ'i]:[,d C[[[H]—‘ for a horizontally low-pass filtered band and Wb[ﬁ,i]:HZd[;f[:]]_l—‘/ZJ for a
29xLP xLP

horizontally|high-pass filtered-band.

The height H,[B,1] of filtertype B at d,[B,i] vertical decomposition levels of component i is given by:

H, [B,i]:hic[g']i]—‘ for a vertically low-pass filtered band and Hb[ﬁ,i]:H%}/ZJ for a

vertically high<pass filtered band.

In case of 0 vertical wavelet decompositions, a vertical high-pass does not exist and H[f,i] is identical
to H_[i] for all filter types f§ contributing to component i.

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 Ny enumerates the number of different
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wavelet filters. Ny is computed from the number of horizontal decomposition levels N , and vertical
decomposition levels Ny , as follows:

Ng =(2xmin(Ny, Ny, , )+ max(Ny, Ny, o )+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 =N, , compute

(N —d,)+7, ifd, >d,

UNL <~ N y ) +7, + Zry +3X (NL_y - dy) otherwise.

B =

NOTH1  For Ny ,<N, , interchange N; , with Ny ; and d, with d,. However, this case needs-not to pe considered
in thig document.

NOTH2  For 5 horizontal and 0 vertical levels, the above formula results in Table\B.%, for 5 hoygizontal and 1
vertidal levels, the above formula results in Table B.2; for 5 horizontal and 2 verticalNevels, it resultls in Table B.3.
The ehumeration of bands in the tables follows the language of subclause B.2. Itjs important to obperve that the
assigmment of wavelet filter types f does not depend on sampling, i.e. the assignment is identical fpr 4:4:4, 4:2:2
and 4(2:0 sampling.

NOTH3  For componentsi< N.-Sd and s [i]>1, the wavelet filter types.f= N, ,+2-N, , and f= N| ,+B-N; , are not
populated and do not carry any data. See also subclause B.4.

NOTH4  For components i > N.-Sd, only the wavelet filter type f=0 is populated, all other filtef types do not
carry|data.

) Joj1] 2 | 3 4 7
5 6

8 9

b) o3[ 6 | 9 12 21
15 18

24 27

) |1[4p7 | 10 13 22

25 28

d [2/5] 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 types in 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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[5,i] map a component index i and and a wavelet filter type ffinto a horizontal
vel.

The functions d,[f,i] and d [
or vertical decomposmon

le

NOTE6  The functions d,[f,i] and d [/3 i] are in general component dependent; in the example from Figure B.2,
d,[0,0]=2, but d, [0,1]=1.

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

NL Z(Nc

~Sd)xNg +5d

NOTE7 If

decompositio
intentional. W
of the band-in

some components are subsampled in the vertical direction or omitted from the’ W
h, N; deviates from the total number of wavelet bands accumulated over all componénts. 1
(avelet filter types that are not present in some components are instead excluded by the . mech
clusion flags I[p,b,A,s] and the band-existence flags b, [f,i].

avelet
his is
Anism

For i<N_-5d,[the band index b is computed from the wavelet filter type f# and the component ind¢x i in
the following way:
b=(N,qSd)xB+i
For izN_~Sd,|only f=0 is populated, all other bands are empty, and the band index b is given by
b=(N,Sd)xNg +i
NOTE8 By the above convention, iterating over increasing.h_corresponds to a progression order with the
component index as fast and the wavelet filter type as slow variable. Components that participate in the wpvelet

decompositio

B.4 Band

In case the
for all comp
component i
in in compor

h are transmitted in the first block, followed by,all components which are not decomposed.

existence flags

wavelet decomposition is suppressed, not all of the N wavelet filter types are pr
onents, see Figure B.2 for aiexample. The presence of a band given a filter type

5 encoded in the array b;[J5,f]. The value of b,[f,i] is 1 if the wavelet filter type S is pr
ent 7, and is 0 if it does noet exist. The value of this array shall be computed as as folloy

esent
hnd a
esent
VS:

0 if B>0andi>=N,—-Sd or
beBi1H0 it T 2" My BB o gmods, [1]#0
1 otherwise
That is, a bpnd (is ‘excluded if either the wavelet filter type is nonzero and the component is not

decomposed

ofthe first line of the wavelet band is not divisible by the vertical subsampling f]

actor.

Note that th

e right hand side of the middle condition 1s 1dentical to Lolp,bj, the 1first [ine of the

and,

defined in subclause B.6. The shaded areas of Figure B.2 corresponds to wavelet filter types f for which

bx [ﬁ,l]:O

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:
b [(N.—Sd)xB+i]=b, [B,i] fori<N,—Sd
b[ (N, -Sd)xNg +i|=b,[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 S Wavelet filtering and decomposition depths
(subscripts are d, and d,)

LLs g

HLs

HL,,

HL3,

HL,

b | WIN| - |O

L1L
TTLT
1,0

Table B.2 — Wavelet filter types for 1 vertical and 5 horizontal decomposition [levels

Wavelet filter type S Wavelet filtering and deeomposition|depths
(subscriptsared, and d,)
LLg 4
HLs 4
HL,

HL; 4
HL2_1
HL; 4
LHy 4
HH, ;

N OV | Hh|WwWiIN|-k|O

Table B.3 — Wavelet filter types for:2 vertical and 5 horizontal decomposition |levels

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

HLs ,

HL, ,

HL;,

HL, ,

LH, ,

HH, ,

HL; 4
LHy 4

LILY

D |0 || |U|BH I | = | O

NOTE In the 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, Sd=0.
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B.5 Division of the wavelet-transformed image into precincts

The wavelet

number of precincts per line of the sampling grid, and N,

coefficients are partitioned into a rectangular grid of N, ,xN,,, precincts, where N, ,
y is the number of precincts per column.

column other than the rightmost column is

8x

.

Cwxmax; (s, [i])x2"lx if Cw>0

We otherwise

is the

Each

sample grid positions wide, where W; and Cw are signalled in the picture header, and the s,[i] are
signalled in the component table. Each precinct contains coefficients from a rectangular area of

coefficients
data.
NOTE w

that the right

The number

Ny =

where W;is
in sampling
signalled in

Precincts ar
N N -1

samplmg gridina raster scan manner, i.e. firstly from left to right, and secondly from top to botto

Precinct nu
where the |

Denote by (¥,
mponent i as defifed in subclause B.3. Then x; runs from 0 to Wy [S,i]-1 and y}, runs ff

typefandc

to Hy[B,1]
b at position

p

i

alrter is computed as

-1, with Wy [B,i] and)H,[B,i] the band dimensions as defined in subclause B.2. A sample in

hile not a requirement specified in this document, it is generally advisable to select Gw in such
most column is approximately of the same size as that of all other columns.

IV, « of precincts per line and the number N,, ; of precincts per column are defined as fol

|

the width of the sampling grid, H; is the height of the sampling grid, C; is the column
grid positions and N, the number of vertical decomposition levels. Wy, Hy and N
he picture header specified in subclause A.4.3.

Hy

-‘ and Np‘y=[ N

2Ly

f

B

e assigned sequential numbers p, denoted as ‘precinct indices, where p runs from
vith N, and N, , defined as above. The sequential number enumerates the precincts g

ber p is H, =2y sampling grid.dines high and W, [p] sampling grid columns

CS
((Wf =1)umod Cg)+1

if pumod Ny , <N, -1

otherwise

,Yp) the coefficient\positions within band b, where b is the band corresponding to

(xp.yy,) is partiof precinct p if and only if

Vb XSy ]2 P xp, s, [1]x 2P ]

L)

p.X

i
N, and pumod N, =l‘ c ‘

2

S

from all bands. These coefficients, in turn, correspond to a rectangular region of, image

a way

lows:

width

y are

0 to
n the

im.

wide,

filter
om0
band

where d,[B,i] and dy[B,i] are the horizontal respectively vertical decomposition depth of component i
and f11ter type f. NL xand Ny , are the number of horizontal and vertical decomposition levels, and s,][i]

and s [i] are

The width W, [p,b] of band b in precinct p is computed by Wy, [p,b] ={

low-pass filtered band and pr[p,b]zu

the horizontal and vertical sampling factors of component i.

W, [p]
[i]x 2% AL

Sx

W, [p] ‘ | |
(]2 = /2| for a horizontally high-pass fil
Sy |1]x27% -

- w for a horizontally

tered

band. By this definition, W, [p,b] indicates the number of wavelet coefficients and also the number of
quantization index magmtudes per line in precinct p and band b.

34

© ISO/IEC 2022 - All rights reserved


https://iecnorm.com/api/?name=c722b707f8fa9bbf222929d6ce6ddd3c

ISO/IEC 21122-1:2022(E)

B.6 Division of precincts into lines

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

/lel:O,Hp—l:I

Band b in precinct p is included in lines A > L,[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:

=

N —d, |1,p],0
b [p,b]=2" Ly =P 2 18] and

=~

(98] =Ly 6]+ min (1, [B.1]- [HZ( L1080,
p.X

wherg f and i are computed from b as indicated in subclause B.3. Figure' B.3 provides an ¢xample how
an imjage is divided into precincts, lines, bands and packets.

NOTH1 By this definition, line numbers enumerate lines in the sampling grid, irrespectively ¢f the vertical
subsampling factor of a component. For vertically subsampled compeiients, odd line numbers arg excluded by
meank of the line inclusion flags, see subclause B.7.

NOTH2 By these formulae, the bottommost precinct of a-picture can contain bands that contajin fewer lines
than ghe bands in all other precincts. In particular, some ofthese bands can be even empty.
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a)

Lo[2,01=0

L[20] =1~ >

Lo227]=2 —>

Li[2,27]=p — "

Figure(B;3 — Precincts, slices and packets

NOTE3 In|Figure B.3, a 5 levelyhorizontal and 2 level vertical decomposition using 4:4:4 or 4:2:2 sampling
with a slice-hgight of 16 is presented. Medium lines indicate precinct boundaries, thin lines band boundari¢s and
thick lines thg image boundary. Dotted lines belong to a separate slice. The precinct denoted by a) depidts the
band indices for all band§that contribute to component 0, the precinct indicated by b) depicts the packet infdices.
The shaded afea in b)(consists of a single packet. Note that some bands extend over two lines. Subpackets can
extend over spveral®hands, but include only a single line of a group of bands. Band indices for component ) only
are shown for precinct p=1, the grouping of lines of bands into packets is demonstrated for precinct p=3. Columns
are disabled gnd precincts extend over the full image. Note further that the presence of a band in the precinct for
the last precinct of the picture cannot be easily inferred from Figure B.3.

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,b,A,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,b,A,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 Nj, line start and end positions Ly[p,b] and L,[p,b] for all bands, precinct index p.

Output: Line inclusion flags I[p,b,A,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
fol (A=0;A< 2 Y ;a=n+1) |

Iterate over all lines

N
fpr (s=0;s<Nyx 2 LY ss-s+1)

Iterate over all possible pacKet indicps

[ [p,b,A,s]=0

Reset packet inclusion flag

End of loop over packetindices

End of loop over lines

End of loop ever’bands

s=0

Reset packetindex

B=thax (Ny, ., Ny ) -min(Ny ., Ny  )+1

Numberiof included bands in the firgt packet

for|(B=0;pB<B,;B= B+1) {

Lopp-over filter types

fof (1=0;i<N_-Sd;i=i+1) {

Loop over wavelet-decomposed components

[

(b, [B,1]) |

Check whether the band corresponfding to filter
type f and component i exists

b= (N_—Sd) xB+1i

Compute the band index from the fiflter type and
the component, see subclause B.3

[ [p,b,0,s]=1

f; bands of all components included in the first packet

End ofloop over wavelet-decomposed components

End of loop over wavelet filter types

for|(By=PR;7 BO<NB;BO=BO+3) {

Loop over proxy levels until all wavg¢let types are
covered

N -d A0y
fol (A=0;A< 2 LY Y[ BO];A=A+1) {

Loop over all lines within the band

h

br (B=B(7 B<Bot37"p=p+1) {

Loop over all filter types within the rgsolution level

=1

Indicate to create a new packet

for (1=Q3ixkN_—-Sd;i=i+1) {

Loop over components

1L (b [B,1]) |

Check whether the band corresponding to filter
type f and component i exists

b= (N,-5d) xp+1

Compute the band index from the filter type and
the component, see subclause B.3

if ( (A + Lolp,b]) umod s, [i] == 0)

{

Check whether the band is excluded due to 4:2:0
subsampling

if (MLolp,b] < Lilp,b]) A

Check whether the line is in the precinct

s=s+r

Potentially start a new packet

I [plbl}\+L0 [p,bl,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
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Table B.4 (continued)

Name Notes
} End check whether band exists

} End of loop over components

} End of loop over filter types

} End of loop over lines

} End of loop over proxy levels

N Loop over lines
for (A=0;A< 2 Y ;a=r+1) | p

for (i=N_{Sd;I<N_; 1=1F1) [

Loop over components that do not participate in
the wavelet decomposition

b= (N.-8¢) xNg+1i Compute the band from the componént:-Thelfilter

type is always 0

if (ML{lp,b] < Lilp,b]) | Check whether the line is in the precinct

s=s+1 Create a new packet

I[p,b,d+Lylp,b],s]1=1 Include the line in the precinct

}

} End loop over cgmponents
} End loop overlines
Ny [pl=s+1 Define the@umber of packets in total

}

NOTE For Sd=0, the above algorithm results for 3 components, 5 horizontal and 0 vertical whpvelet
decompositiop and 4:4:4 or 4:2:2 sampling in the line inclusion’flags as listed in Table B.5, for 3 compongnts, 5
horizontal and 1 vertical wavelet decomposition in Table B#% and for 3 components, 5 horizontal and 2 veértical
wavelet decomposition in Table B.7. For 3 componentsy5. horizontal levels and 4:2:0 sampling, Table B.8 lists
the lines and|included bands for 1 vertical decompasition level, Table B.9 for 2 vertical decomposition |evels.
For Sd>0, the|components that do not participate iri4he wavelet decomposition follow the regular compopents,
with the component as fast and the line as slow Vvariable. For Sd=1, 4 components and 4:4:4:4 sampling [and 1
vertical decomposition level, the above algorithm results in the packet layout indicated in Table B.10, fpr the
same configuration and 2 vertical decomposition 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 Sd=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.6 — Line‘inclusion flags for one vertical decomposition level and 4:4:4 or 4:2:2 sampling

and Sd=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)
1 0 (15,16,17)
2 1 (18,19,20)
3 1 (21,22,23)

Table B.7 — Line inclusion flags for two vertical decomposition levels and 4:4:4 or 4:2:2
sampling and Sd=0

Packet index s

Line number A

Included bands

0

0

(0,1,2) (3,4,5) (6,7,8) (9,10,11)
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Table B.7 (continued)

Packet index s Line number A Included bands
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.8 — Line inclusion flags for one vertical decomposition level and 4:2:0 sanjpling and

Sd=0
Packet index s Line number A of luma | Line number A of chroy Included bands
component ma components
0 0 0 (0,1,2) (3,4,5)|(6,7,8)
(9,10,11),(12,13,14)
1 0 0 (15,16,17)
- (18)
- (21)

Tahle B.9 — Line inclusion flags for two vertical decomposition levels and 4:2:0 sampling and

Sd=0
Packet index s Line number A oflitrma | Line number A of chro- Included bgnds
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 (21,22,2B)

5 2 2 (24,25,2p)

6 2 2 (27,28,29)

7 1 - (21

8 3 - (24)

9 3 - 27)

Table B.10 — Line inclusion flags for one vertical decomposition level and 4:4:4:4 sampling with
Sd=1

Packet index s Line number A Included bands

0 (0,1,2) (3,4,5) (6,7,8) (9,10,11) (12,13,14)
0 (15,16,17)
1 (18,19,20)
1 (21,22,23)
0

1

(24)
(24)

A T WIN|- O
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Table B.11 — Line inclusion flags for two vertical decomposition levels and 4:4:4:4 sampling

and Sd=1
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)
10 0 (30)

11 1 (30)

12 2 (30)

13 3 (30)

B.8 Divis

Consecutive

of joined codling. The number of coefficients within one code group is denoted by N, and is con

throughout
corresponds
group size, t
for these san
the wavelet

The number

Neglp. b1

where W, [1
coefficients.

B.9 Grou

If significan

jon of precinct lines into code groups

coefficients of line A in precinct p and band b ar€ grouped into code groups for the pu

hll bands and precincts. The first sample ‘ef-the first code group in a line of a pre
to the first coefficient of that line. In casethe width of the line is not a multiple of the
he last code group is padded to include N; samples. An encoder can output arbitrary v
hples. A decoder shall ignore samplesresulted from padding in all subsequent steps st
ransformation.

of code groups Nglp,b] of precinct p and band b is computed as follows:

[W,p[p.b] / Ng]

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

ping of code groups into significance groups

re/coding is enabled, multiple code groups are furthermore grouped into signifi

"pose
stant
cinct
code
alues
chas

up in

fance

groups. A sig

nificance group comprises S. consecutive code groups of a line A in precinct p and b{

ind b.

The first code group of the first significance group corresponds to the first code group of the precinct
line. The last significance group of a precinct line may cover only a smaller number of code groups. A
significance group is significant if at least one code group within the significance group contains at
least one non-zero coefficient or one code group has a non-zero bitplane count prediction residual,
depending on the selection of the run-mode Rm.

The number of significance groups N[p,b] in band b is computed as follows:
Ny[p.bl= TWp[p,b] / (NgxS) |

where W, [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 in code groups.
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B.10 Grouping of precincts into slices

One or multiple precincts are grouped into slices. Restrictions on bitplane count decoding ensures that
vertical prediction is disabled across slice boundaries; this ensures that wavelet coefficients that are
part of different slices can be decoded independently of each other. Slice number ¢ consist of

H H
[ —ﬂ umod Hy | if (t+1)xHg > [—ﬂ
Np [t]sz,xx Hp Hp

H otherwise

precincts, such that the first slice is aligned to the top of the image, where H is signalled in the picture
header, H; is the height of the picture, H, is the height of a precinct in lines and N, , isrtlle number of
precipcts per row.

© ISO/IEC 2022 - All rights reserved 41


https://iecnorm.com/api/?name=c722b707f8fa9bbf222929d6ce6ddd3c

ISO/IEC 21122-1:2022(E)

Annex C
(normative)

Entropy decoding

C.1 Entropy decoding general provisions

Encoded im
coefficients
codestream
header. Dat
included in
precinct co
for details. S

Each packet]

multiple subjpackets. Subclause C.3 specifies the structure of the packet header, and subclause C

structure of
index magni
existence is
subpacket.

NOTE 1 Th
boundaries. T|
lower level tr
to frame or sl

The significg
code groups
if contains d
Run Mode fl
included if b
raw mode o}
subclause C.

ge data is structured in slices, see subclause B.10, where each slice includes the,w

by slice headers and subsequent precincts, see subclause A.4.12 for the symntax of 3
following the slice header represents one or multiple precincts, where’ precinct

aster scan order, left to right, top to bottom. Precincts are not enclosed|int markers.

sists of a precinct header, one or multiple packets, and optional fillet\bytes, see Tabl
bclause C.2 specifies the structure of the precinct header.

s of a precinct p consists of a packet header and a packet\body which itself ing

the packet body. Each subpacket contributes directly «0f/indirectly to the quantiz
fudes v[p,A,b,x] and wavelet coefficient signs s[p,A,b,x]..Seme subpackets are optional;
indicated by flags in the precinct header or picturé header, depending on the type

he entropy coded data can contain byte sequences that reassemble markers or marker segmse
hnsport protocol beyond the scope of this doefment is needed to ensure proper resynchroni
ce boundaries.

nce subpacket includes for each sighificance group a single bit that, if set, indicates tH
within the corresponding significance groups are insignificant. A code group is insigni

hg Rm in the picture headér! The significance subpacket is an optional packet that is
t 1 of the bitplane count.coding mode D[p,b] field in the precinct header is non-zero ar
rerride flag D [p,s] field in the packet header is 0. The significance subpacket is defir
b.2.

The bitplang
count M[p,A
specifies the
subpacket is

The data su

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

velet
ecessary to reconstruct a horizontal stripe of the image. Slices are represented {t the

slice
s are
Each
eA.l

ludes
4 the
ation
their
f the

is document does not define a mechanism tq résynchronize the decoder to marker or packet

nts. A
ration

atall
Ficant

nly zero coefficients, or its bitplane count prediction residual is zero, depending on the

only
d the
ed in

plane

Tlp.b]

count

rhose

bpacket defines the quantization index magnitudes v[p,A,b,x] for all code groups v

bitplane count is Targer 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.

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.

NOTE 2 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.
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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 L, [p] field in the precinct header. Decoders shall ignore the filler
bytes and skip over it, without interpreting the data stored there. Table C.1 specifies the syntax of the
precinct header. Table C.2 specifies the encoding of the bitplane count coding modes.

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

Output: Size of the precinct in bytes including filler bytes L, [p], precinct quantization Q[p], precinct
refinement P[p] and hifp]nnp count r‘nding maodes DLn h] forallbandsh

Table C.1 — Precinct header syntax

Name Notes Size Values

precfinct header (p) {

Length of the entropy coded data in this pre-
cinct including filler bytes measured in bytes.
L. Jip] The number of bytes in this field countsfrem
=9 the end of the precinct header of this preeinct
up to, but not including the first byte of'the
next precinct header, slice header 6v7EOC.

u(24) 1-(2%0-1)

Precinct quantization. This field'is input to
the algorithm specified in subclause C.6.2 to

Qlpf select the truncation positions T[p,b] of all u(8) 0-31
bands of this precinct.
Precinct refinement. This field is input to the
e e ree LN
of this precinct.
for|(b=0;b<N ;b=b+1) { Loop overall bands
if] (o', [b]) | Checkwhether band b exists
D[lp,b] Bitplane count coding mode of band b. u(2) See Thble C.2
}
} End of loop over bands
padfing 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 the code groups of wavelet coefficients are encoded. Table C.2 lists valjd encodings
for this fiéld\in binary, where an "x" indicates a bit position whose value shall be ignored for| the purpose
of detefmining a specific function. The bitplane count encoding mode selected by the D[p|b] fields can
be overriddemrby the b ip;stfretdimthesubpacket header, seefabte €3 B p;stismom=zero, bitplane
counts in the corresponding subpacket are encoded in raw mode, see subclause C.6.4, regardless of the
value of the D[p,b] field. The same number of D[p,b] fields shall be present, regardless of the values of
the D, [p,s] fields and regardless whether some bands are not included at all because the last precinct is

partially cut off at the bottom of the sampling 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 a slice; this condition ensures that wavelet coefficients in different slices can be
entropy decoded independently of each other.

Table C.2 — Bitplane count coding modes

D[p,b] Bitplane count coding mode

x0 prediction from zero
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Table C.2 (continued)

D[p,b] Bitplane count coding mode

x1 Vertical prediction

0x Significance coding disabled

1x Significance coding enabled

NOTE The above table indicates that bit #1 indicates the presence of significance coding and bit #0 whether

vertical or no

prediction is selected.

C.3 Pack

Data followi
S represents
bands withi
header and g
are specified

The D [p,s]
precinct p is
Regardless

encoded in 4
not be prese

In addition t
given precin|
precinct p, i.

P | 1
EL IICAUCT

ne or multiple subpackets. Table C.3 specifies the syntax of the packet header. Subp
in subclause C.5.

lag in the packet header indicates whether the bitplane count,information of packe
encoded in raw. By that, D [p,s] overrides the D[p,b] mode selection in the precinct hq
pf the value of D [p,s], the D[p,b] flags shall be present ini the precinct header. Pa
he raw mode do not include significance information and-the significance subpacket
nt for packets whose D, [p,s] field is non-zero.

b the above, the following constraint shall hold if the RI field of the picture header is 0:
ct p and band b, the D [p,s] flag shall be identicalMor all packets s that include band b w
e. raw and non-raw coding of bitplane counts;shall not be mixed within the same ba

hg the precinct header of precinct p consists of one or multiple packets, where €ach placket
the quantization indices of one or multiple bands b and one line A of the precinct p apd all
h this packet, see Table A.1 for a breakdown of the syntax. A packet consists of a placket

ckets

tsin
bader.
ckets
shall

Fora
rithin
nd in

the same precinct. Formally: for all precincts p and all pdackets s and s°, D, [p,s] == D,[p,s’] if there is a
band b and line indices A and A" such that I[p,b,A,s] =d-and I[p,b,A’,s’]=1. This restriction does not ppply
if Rlis 1.
X
D.[oJo] =0 D[0,4]=0 N
D.[0,7]=0F
D[0,5]= 0N .
D,[0,8] £ oF
¥
D,[1J0]=0 D,[1,4]=1 ;\
1 =
D,[1,7]=1F
D[1,5]=0% _
D,[1,8]=0F
Figure C.1 — A valid selection of raw mode override flags for R1=0
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 RI=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.3 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.
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Output: Raw mode override flag D [p,s] for precinct p and packet s, length in bytes of the data
subpacket L4,[p,s], length in bytes of the bitplane count subpacket L_,.[p,s], and length in bytes of the
sign subpacket Ly, [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.3 — Syntax of the packet header

Name Notes Size Values

packet header (p,s) {

ph=0 Assume the packet header is not pres-
ent
for|(b=0;b<N;;b=b+1) { Loop over all bands
fof (A=L,[p,bl;A<L;[p,b]l;A=A+1) { Loop over all lines of this band
if (Ilp,b,2,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 is included

} End of loop over lines

} End of loop over bands

if |(ph==1) { Only include data if the packet is
non-empty

Drfp,s] Raw mode override flag. If this bit is u(1) 0,1
non-zera, bitplane count information
of this.packet is encoded in raw mode,

regardless of the value of the D[p,b]
flags in the precinct header.

1f (WexN, < 32752 && Lh == 0) { Depending on the width of the picture
and the number of components, select
the syntax of the header. See Table A.7
for the definition of W}, N.and Lh.

bat [P/ 8] Size of the data subpacket in bytes. u(15) |0-32767
e [P/ s] Size of the bitplane count subpacketin [u(13) |0-8191
bytes

Lo [P/ S] Size of the sign subpacketin bytesif |u(11) |0-2047
Fs=1.1f Fs=0, this field shall be present,
but is ignored. Fs is specified in the
picture header, see Table A.7.

} plse { End of short packet header
hat [P7 8] Size of the data subpacket in bytes. u(20) [0-1048575
LacLP s] Size of the bitplane count subpacketin [u(20) [0-1048575
bytes

Lignlp,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.

} 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 WxN_ < 32752. It is thus advisable to enforce long headers
with Lh=1 if the codestream contains components that are not vertically decomposed or do not participate in the
wavelet filtering process, and if WxN_.216376.
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C.4 Packet body

Table C.4 specifies the syntax of the packet body precinct p and packet s. The packet body of packet
s in precinct p consists 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 quantization index signs
s[p,A,b,x] of a single line A and one or multiple bands b of precinct p.

Input: Precinct index p and packet index s.

Output: Bitplane counts M[p,A,b,g], quantization index magnitudes v[p,A,b,x] and quantization index
signs s[p,A,b,x] for precinct p, line A, and all bands b in subpacket s.

Table C.4 — Syntax of the packet body

Name Notes Reference

packet body (p,s) {

Decode significance information. | Table)C.5
The size of the significance sub-
unpack_si¢nificance (p,s); packet is not included in the packet
header and can be inferred from
the size of the line and the band.

unpack_bigplane count(p,s); Decode bitplane count information.
This subpacket includes L,y p;s]
bytes.

unpack_data(p,s); Decode wavelet magnitude data. Table C.8
This subpacket inchudes Ly, [p,s]
bytes.

if (Fs== { The sign subpacket is only included
if sign codifg is enabled in the
picture header, see Table A.7 for the
definition of Fs.

unpack _sjgns(p,s); Decode wavelet magnitude data. Table C.9
This subpacket includes Ly, [p,s]
bytes.

} End of if sign packing enabled

C.5 Subppckets

enclature

ckets.
ands
ay be

The entropy| coded-data segment following the packet header is transmitted in multiple subpq
Each subpadkét/eontains data of a specific type that is relevant to one line but one or multiple
of the preci Tt ; i i TOTT,

present.

C.5.2 Significance subpacket

Table C.5 specifies the syntax of the significance subpacket. This subpacket includes for every
significance group of code groups one bit that identifies whether all code groups in the significance
group are insignificant. The bitplane count subpacket does not include information for insignificant
significance groups and the bitplane counts of the code groups within such significance groups are
inferred. This subpacket is optional. It is only included if bit #1 of the D[p,b] field of the precinct header
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is set to 1 and the raw mode override flag D [p,s] is set to 0. See subclause C.3 for the specification of the
precinct header.

NOTE The packet header does not include the size of the significance subpacket, it can be inferred from the
included bands.

Input: Precinct 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 precinct p and
packets.

Table C.5 — Syntax of the significance subpacket

Name Semantics Size Values

unpafk significance(p,s) {

for|(b=0;b<N;;b=b+1) { Loop over all bands
fof (A=Ly[p,b] ;A<L; [p,b]; A=A+1) { Loop over all lines of this band
if (Ilp,b,2,s]) A Include only if the line is present

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

Lf (D.[p,s] == 0) { Include only if the raw\override flag is
not set
if (Dlp,b] & 2) { Significance information is only pres-

ent if indicated’by bit #1 of D[p,b] in
the precinict header is set.

for(3=0;J<Ng[p,bl;J = 3 + 1) { Loop over all significance groups of
this'precinct, band and line. A defini-
tion of N[p,b] is given in subclause B.9.

Z[p,,b,]] Significance information of this signif- |u(1) 0,1
icance 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
Padfiing Pad to the next byte boundary pad(8)

C.5.3 Bitplane count subpacket

C.5.34—Purpese-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 contraints apply depend on the raw-mode selection per packet flag RI of the picture header,
see subclause A.4.4. In case RI=0, the constraints indicated in subclause C.5.3.2 apply. In case RI=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
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algorithm succeeds. Subclause C.5.3.5 specifies the syntax and the decoding algorithm for the bitplane
count subpacket.

NOTE

The purpose of these constraints are to ensure an upper bound for the buffer size a decoder has to

reserve for entropy-coded bitplane count data. An encoder can always satisfy the constraints by selecting the

raw mode for

the bitplane count coding mode if the size of the bitplane count subpacket becomes too large.

C.5.3.2 Bitplane count mode selection for R1=0

In case RI=0, the codestream shall be constructed in such a way that for all bands b, the sum of the sizes
of all bitplane count subpackets and significance subpackets contributing to b is at most as large as the

~ £ P2k +k k £ l £ f+h h ] £ +h d
sum ofall sizes-of-enee Ing a-bi n ane-counte e-SarRe-SHb v\f\n rets-H-theraw-mede

Formally: Lg
defined in T4

co-oTr-crrcotTIT or-trre-Strrc-> Pava~avn

t L.,:[p,s] be the size of the bitplane count subpacket of precinct p and packet-s in
ble C.3. Let L;

if no signific

While Lg;,[p
either by the

Lsig [p.s]=

Let L'\ [P,
b in precinct

L'ior[p.1]

Let L3 [p.1

hnce data is 1ncluded

s] is not explicitly signalled, it can be inferred from the size of the bands!contributin
number of bytes generated by the algorithm specified in Table C.5, or equivalently by

D, [P A sIx(1=De[p,s])x(D[p,s]> 1)xN [p,b]
8

] be the sum of sizes of all bitplane count and significante subpackets contributing to
p:

Npe—114[p,b]-1

=2 2!

s=0 A=Ly[p,b]

[p,b,A,s] ( cnt [pv5]+Lsig [p,s])

] be the amount of bytes required toencode the bitplane count of band b in precing

the raw coding mode:

raw
LtOt

[p.b]

Then, the cd
holds.

Npc_ ([pb]-1

=Y Y I[phAs]x z

s=0 A= Lo[pb]

destream shall be ¢onstructed in such a way that for all b and p,

I[pb', A s]chg [p.b']xB,
8

< Lraw

L tor [P, D] < Loy

iglp,s] be the size of the significance subpacket of precinct p and packet §,

bytes
or0

b to s,

b

band

t pin

[p,b]
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0] =7
D;‘}?O] Dy[p4] = D;[p,4]) =
; B
<
——
D/[p,0] =1 J XN
D.[p,4] = D;|p,4] y=2
e— (P41 = D7p41)
Figure C.2 — Rate constraints for band and packet'mode selections
NOTH Figure C.2 demonstrates which comparisons are madg. to test the validity of a mode decision for a

single

boundaries, thin lines band boundaries and dotted lines packet boundaries. The shaded area to

encod
once

(top 1
such

count
the r3
suboq

C.5.3

In caj
sum
is at 1
raw 1

Form

Let 1!

preci

precinct p with a 5 level horizontal, 2 level vertical wavelet-decomposition. Thick lines repr

ed in a single packet. The overall rate of the bitplafie €ount subpackets in the shaded area
or all packets covering the area encoded with thelhitplane count coding mode D[p,b] and D
ow) and once in raw mode D,[p,s]=1 (bottom fow). Areas over which the rate is summed 4
h way that the raw mode flags are consistent/with the condition specified in subclause C.3

bsent precinct
the top left is
5 is computed
[p,s] as given
re defined in
The bitplane

coding modes D[p,b] and raw mode override.flags D [p,s] in a codestream are populated in sych a way that

te in any of the shaded areas is not larger than the rate of the same area in the bottom row
timal way to satisfy this constraint would be to select D [p,s]=1 for all packets.

3 Bitplane count mode selection for RI=1

e RI=1, the bitstream shall'be constructed in such a way that that for all bands b and a
f the sizes of all bitplane count subpackets and significance subpackets contributing
most as large as the:sum of all sizes of encoding the bitplane count of the same subp
hode.

ally: Let Lepifp,s] and Lg;e[p,s] be defined as in subclause C.5.3.2.

hct p-and packet s:

A trivial, but

11 lines A, the
to b in line A
hckets in the

tot LP-s]'be the sum of sizes of all bitplane count and significance subpackets conptributing to

L’ltot [p,s]:=

Lcnt [p'5]+Lsig [p,S]

Let th';g‘w [p,s] be the amount of bytes required to encode the bitplane count of precinct p and packet s

in the raw coding mode:

N-1L[pb]-1
[raw _ I =1 I[p,b,ﬂ,,s]chg [p,b]xBr
‘tot [p,s] T Z Z 8
b=0 A=Ly[p.b|
Then, the codestream shall be constructed in such a way that for all p and s, L’ltot [p,s]<

holds.
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C.5.3.4 Validation algorithm for bitplane count and raw mode override selection

Table C.6 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.6 — Testing the validity of a precinct encoding

Name

Notes

is _encoding valid(p) {

valid=1

Assume validity

if (R1==0)] {

Check for packet-based raw-mode switch

for (b=0; <N, ;b=b+1) {

Loop over all subbands of the precinct

rawsizes0

Number of bits required to encode this band i raw
mode

bytesiz¢=0

Number of bytes

for (s=0{s<Ng.;s=s+1) {

Loop over all packets in the precinct

for(A:LO[p,b];A<L1[p,b];A:A+1) {

Loop over all linesin the band

if (Ifp,b,A,s]) {

Include only ifithe band b is present in the givén
packet s,dine-and precinct, see subclause B.7.

bytegize bytesize + L., [p,s]

Includespimber of bytes required for bitplane
count‘coding

bytegize = bytesize + Lg;,[p,s]

laclude number of bytes required for significance
coding

for(p'=0;b"'<N;;b'= b'+1) {

Loop over all bands that contribute to the sanfe
packet s band b is part of

if [I[p,b',A,s]) {

Only if band b'is included in the same subpacket

raysize = rawsize + B, xN_4[p, B}

Reserve B, bits per included bitplane count fo1
each line in this precinct. N.,[p, b'] is specifieq 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 (byt¢size % [rawsize/87) {

Check buffer limit condition

valid=0 Invalid if buffer size constraint violated
} End of check whether bitrate constraintis satisfied
} End of loop over bands
} else { End of band-based raw-mode switch, start of pack-

et-based switch.

for(s:O;s<Npc;s:s+l) {

Loop over all packets in the precinct

rawsize = 0

bytesize = L., [p,s] + Lgj,lp,s]

Include number of bytes required for bitplane
count coding and significance coding

for (b=0;b<N;;b=b+1) {

Loop over all subbands of the precinct

for(A=LO[p,b];A<L1[p,b];A:A+1) {

Loop over all lines in the band

if (Ilp,b,2,s]) A

Only if band b is included in the subpacket
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Table C.6 (continued)

Name Notes

rawsize = rawsize + B xN_ [p, Db] Reserve B, bits per included bitplane count for
each line in this precinct. Ncg[p, b] is specified in

subclause B.8.

} End of check for band inclusion

} End of loop over lines

} End of loop over bands

if (bytesize > [rawsize/87) ({ Check buffer limit condition

72 11d=0 Invalid if buffer size constraint violatdd

} End of loop over all packets

} End of line-based raw-mode’switch

C.5.3{5 Bitplane count subpacket syntax
Ta

blelC.7 specifies the syntax of the bitplane count subpacket depeniding on D[p,b] and D,[p,s] and gives
refergnce to the corresponding subclauses.

NOTEH The number of filler bytes at the end of the bitplane colint subpacket can be inferred from the L_,,[p,s]
field qf the packet header.

Inpuf: precinct and packet whose bitplane counts aréto be decoded, significance flags Z[p,A,b,x] of the
lineId precinct if significance coding is enabled,

Outpput: Bitplane counts M[p,A,b,g] in all bands-of the precinct p and packet s.

Table C.7 — Syntax of the Bitplane count subpacket

Name Notes Size Reference
unpad¢k bitplane count (p,s) {
for |b=0;b<N;;b=b+1) { Loop over all bands
fof (A=Lylp, bl i A<L[p, bl;AsA+1) Loop over all lines of this band
if (Ilp,b,A,s]) | Include only if the line is present in the
given band and packet, see subclause B.7.
1f (Drlp,s]==1 .1 Detect whether raw coding is enabled for
this packet
unpack_faw(p,b,A); Decode with the raw coding mode Variable Subclause C.6.4
else N\t ((D[p,b] & 1) == 0) | Select the bitplane count coding mode
udpack nopred(p,b,A); No prediction with or without sig-flags Variable Subclause C.6.6
=rse—t
unpack_vertical (p,b,2); Vertical prediction with or without sig- 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.8 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 subband.

NOTE The number of filler bytes at the end of the data subpacket can be inferred from the Lg,[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[b,p] are computed from the information in the precinct header
specified in gubclause C.2 and the weights table specified in subclause A.4.6 according to the algorithm
given in sub¢lause C.6.2.
Output: Magnitudes of the quantization index magnitudes v[p,],b,x] in all bands of the precinct p and
packet s, and if sign packing is disabled, additionally quantization index signs s[p,l,b] of all bands in
the given pr¢cinct p and packet s.
Table C.8 — Syntax of the data subpacket
Name Notes Size | Values
unpack datg (p,s) |
for (b=0;b|< N ;b=b+1) { Loop over.all bands of the
preciget
for (A=Lgllp,b];A<L;[p,bl;A=A+1) { Legp.over all lines of this
band
if (Ilpfb,2,s]) A Include only if the line
is present in the given
band and packet, see
subclause B.7.
for (g=0;9<N_s[p,b];g=g+l) { Include data for all groups
in this precinct and line.
vIp,Ab,Noxg+k] = 0 Reset quantization index
magnitude
if (Mp,A,b,g9]>T[p,b]) | Include only signs if a
non-zero number of bit-
planes is included.
if (Fs == 0) { Check whether the sign
subpacket is disabled
for [k=0; k<Ngik=k+1l) { Loop over all members of
the code group. The defini-
tion of the group size N, is
specified in subclause §.8.
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,A,b,g]-T[p,b]l-1; 120;i=1i-1) { Loop over all bit positions
for (k=0; k<Ng; k=k+1) { Loop over all members of
the code group
D Binary data of the quanti-  |u(1) 0,1

zation index magnitude in
the precinct, line, band and

group
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Table C.8 (continued)

Name Notes Size Values

vip, A, b, Nyxgt+k]=v[p, A, b, Nyxgtk]+ (d<<i) Set the corresponding bit
in the quantization index
magnitude

} End of loop over code group
members

} End of loop over bitplanes

} End of non-zero number of
bitplanes included

End of loop over code
groups

} End of line and band includ-
ed in subpacket

} End of loop over lines

} End of loop over\bands

PadHing Pad to the néxt byte bound- |pad(B)
ary

filller bytes Arbitrary' number of filler  |[fill()
bytes

—

5.

(&1 |

Sign subpacket

C.

Table C.9 specifies the syntax of the sign subpacket» This subpacket includes the sign information of all
coefficients of all code groups of a given precinet and line within a precinct. This subpacKet shall only
be present if the sign packing flag Fs specified\in subclause A.4.3 is set to 1.

NOTH1  The number of filler bytes at the'énd of the sign subpacket can be inferred from the Lg,.[p,s] field of
the pqcket header.

Inpuf: precinct and packet whose-sign data is to be decoded, decoded coefficient magnitudes of the
precihct and subpacket.

Outpjut: array of signs s[p,A;b,x] of all bands in the given precinct and packet, coefficienf array of all
coefficients in the preeinet and line.

Table C.9 — Syntax of the sign subpacket

Name Semantics Size Values
unpafk signs(p,s) {
for|(b=0% b<N;;b=b+1) { Loop over all bands
for (A=Ly[p, bl A<L, [p,b];A=A+1) { Loop over all lines of this band
if (Ilp,b,A,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,blig=g+l) { Include data for all groups in this precinct
and line. See B.8 for a definition of N,.
for (k=0; k<Ny; k=k+1) { Iterate over all members of the code
group.
if (vip,2,b,Nyxg+k] 1=0) { Only include sign information if the quan-
tization index magnitude is non-zero
s[p,,b,Nyxg+k] Sign bit of non-zero quantization index u(1) 0,1
magnitude
} End of non-zero code group
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Table C.9 (continued)

Name Semantics Size Values

} End of loop over coefficients

} End of loop over groups
} End of line and band included in subpack-
et
} 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()

}

NOTE 2  As| the data subpacket always transmits coefficients in groups of 4, it can happen that it in¢ludes
meaningless goefficients near the right edge of a wavelet band. By the above table, the sign-subpacket in¢ludes
sign bits even|for such meaningless coefficients whenever they are non-zero. It is advisable, though not necessary,
to force such meaningless coefficients to 0 at the encoder side.
C.6 Bitplane count decoding
C.6.1 Bitplane count decoding general provisions
The bitplang count decoding process decodes the bitplane couhts M[p,A,b,g] from the contents ¢f the
Bitplane count subpacket by a process specified in subclause)€64.3 that depends on the bitplane fount
coding modg¢ D[p,b] in the precinct header and the raw mode override flag D [p,s] in the packet h¢ader.
The decoding process may optionally predict bitplane‘counts vertically, and may optionally employ
significance [flags to skip over insignificant code groups:
The bitplang¢ count decoding process requires.furthermore the truncation position T[p,b], which

defines the bitplane at which transmission of ¢éefficient data stops, and hence indirectly determines
I 2

the quantiz

Vertical prefliction modes also require;-access to the bitplane counts M, [p,A,b,g] and trung
position T;, |[p,b] of the line directly-above the current line within the same Band The computat

M,,p[p,Abyg]land Ty, [p,b] is specified in subclause C.6.3. The codestream shall be constructed in §
way that vertical predlctlon is never selected as bitplane count coding mode for the topmost lines
topmost prefinct of a slice or the image.

NOTE THe above requirement ensures that wavelet coefficients within different slices can be de
independently of each ofher.

C.6.2 Comnputation of the truncation position

dtion step size. The computation-of the truncation position is specified in subclause C.§.2.

ation
on of
uch a
bf the

coded

Table C.10 speeifi

precinct quantization Q[p] and precinct reflnement R[p], both spec1f1ed in the precmct header spe

o the

cified

in subclause C.2, and the band priority P[b] defined by the weights table specified in subclause A.4.11.
The truncation position T[b,p] is required for multiple inverse prediction processes as well as for the

inverse quantization defined in subclause D.1

Input: Band index b, precinct index p, precinct quantization Q[p], precinct refinement R[p] and
priority P[b].

Output: Truncation position T[b,p] of band b in precinct p.

band
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Table C.10 — Computation of the truncation position

Syntax

Notes

compute truncation(p,b)

{

if (P[bI<R[p]) {

Compare the priority of the band P[b] as specified in the weights
table with the refinement threshold R[p] in the precinct header

r=1 An additional bitplane is included for bands with priorities below
the refinement threshold
} else {
r=20 No refinement otherwise

pl=clamp (Q[p]-G[b]-r,0,15)

Compute the truncation position as the precinct-quan
minus the band gain from the Weights Table, rhinus th
additional refinement bitplanes, then clamp’to the val

rization
e number of
id range.

C.6.3

predictor

Verti
of the

Computation of the vertical bitplane count predictor and truncation po:

cal prediction modes require an entire row of bitplane countsjyabove the current line z

sition

1s the source
codestream

shall
hencg

The
verti
the f
speci

Inpu

p _NPJX

facto

Outpjut: Vertical predictors Mtop[p,l,b,g] of all code groups g of precinct p, line A and band

posit

NOTE

the al

prediction. In addition, the truncation position of the line-above is also required. Thq
be constructed in such a way that vertical prediction isinot selected at the first line ¢
 in particular not at the top of the image.

rocess specified in Table C.11 computes from a given precinct p, line A and band b the cq

rst line Ly[p,b] and the last line L,[p,b] of band b and precinct p, where L,[p,b] an
fied in subclause B.6.

[: Precinct index p, line index A, band index b, bitplane counts M[p,A,b,g] of precinct p
, first line Ly[p,b] and last line Ly{p,b] of band b of precinct p. Let s, be the vertical
sy [i] of the component the ban@?b is part of.

on predictor T,,,[b,p]

Vertical predictien cannot be selected at the start of the slice, and hence at the top of the
borithm as specified here always accesses bitplane counts within the current slice and within

Table C.11 — Computation of the vertical bitplane count predictor

f a slice, and

rresponding

pal predictor M,,[p,A,b,g] and the vertical truncation predictor T,,[p,A,b,g]. For that, it requires

d L,;[p,b] are

and precinct
subsampling

b; truncation

image. Hence,
the image.

Syntax Notes

comp

hte predictor(p,b,A) |

for

{ hi

(a=0-ag<N bl -g=q+1)
5 = Tyt

1 oep-overall-code-croupns-of
Vet

+
=TOop cottgTrotupSorT

¢ ]

hand
Sahe

1
T

if

(A=sy < Lylp,bl) | Check whether the given line is the first line

in the precinct

of the band

M

top [p, A, b,gl=M [prp,Xr Ly [p,Db] 7Syr b,qg]
top line of the band in the precinct

Predict from the last line of the precinct above if A is the

}

else {

Precinct from the line above A if this line stil
precinct

MUm[p,A,b,g]:M[p,A—sy,b,g]

lin the same

}

}

End of loop over all code groups

if

(A=sy, < Lglp,bl) | Check whether the given line is the firstline

in the precinct

of the band
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Table C.11 (continued)

Syntax Notes
Tiop [P, DI=T[P-Ny ,,b] Predict from the precinct above if A is the top line of the
band in the current precinct
} else {
Tioplp, 01=T[p, D] Precinct from the line above if still in the precinct

}

}

C.6.4 Bitplane count decoding for the raw mode.

The syntax (f the bitplane count subpacket specified in this subclause is selected if D [p,s] in\thé p
header is 1, indicating the raw mode. The bitplane count subpacket contains in this case bitplane c
M[p,A,b,g] difrectly, using B, bits per code group. Table C.12 specifies the decoding of thebitplane c

in the raw

Input: preci

Output: Bity

ode.
hct index p, band b, and line index A whose bitplane counts are to be‘decoded.

lane counts M|[p,A,b,g] for all other code groups g of precinct p,’5and b and line A.

Table C.12 — Raw mode

acket
bunts
bunts

Name Notes Size Valuep
unpack raw[p,b,A) {
for (g=0;¢<N_s[p,b];g=g+l) { Include predicted bitplane counts for all code
groups. N, is specified in subclause B.8.
M[p,A,bfg] Bitplane count.encoded in B, bits u(B,) 0-(28r-1)
} End of loop qver code groups
}
C.6.5 Differential bitplane count deceding for vertical prediction
The syntax ¢f the bitplane count subpacket specified in this subclause is selected if the bitplane fount
coding mod¢ D[p,b] in the precinct header indicates vertical prediction and the raw mode ovédrride
flag D,[p,s] ip the packet headeris 0. Table C.13 specifies how to decode bitplane counts in the vejrtical
mode. The bitplane count subpacket contains in this case bitplane count prediction residuals whigh are
used to recoyer the bitplane-Counts from the residuals by inverse vertical prediction. The codestiream
shall always|be constru¢ted in such a way that the bitplane counts M[p,A,b,g] are between 0 and (457-1).
Input: precipct indexp, band b and line index A whose magnitude data is to be decoded, signifitance
information |of thejprecinct and line whose magnitude information is to be decoded. Significance|flags
Z[p,A,b,g] in pasessignificance 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.13 — Vertical mode
Name Notes Size Values

unpack vertical (p,b,A)

{

compute predictor (p,b,A)

Compute the prediction values, see
subclause C.6.3

for (g=0;9<N., [p,b];g=g+1)

{ Include predicted bitplane counts for all code

groups. N, is specified in subclause B.8.

t

max (T

[P, o], T oplp,b]) Compute effective truncation position for

prediction
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Table C.13 (continued)

Name Notes Size Values
Mo, = max (M, [p,A,b,g],t) Compute predictor
if ((D[p,b] & 2) == 0 || Decode prediction residual only if either
ctohe, Lars,dy - o) 1 [SEnfcnceinformaion was ot nluded,
signalled as significant
Am=vlc (m.,,T[p,b]) Decode prediction residual encoded with vlc(mtop,T[p,b])
variable length code
} else {
if (Rm == 0) { Test the run mode
(\m=0 Non-significant groups have a zero bitplane
count prediction residual.
1 else {
(=T [p, b] -m Non-significant groups have a bitplane count
of T[p,b].
} End of run mode selection
} End of test on significance of code\greup
MIp,2,b,g] = m,, +Am Predict from m,,, 0-(25r-1)
} End of loop over code groups
}
C.6.4 Variable length bitplane count decoding without prediction

The

precipct header indicates no prediction and‘the raw mode override flag D [p,s] in the p
is 0. Table C.14 specifies how to decode bitplane counts in the no-prediction mode. The bi
subpacket contains in this case variablefength encoded bitplane counts. The codestream
be copstructed in such a way that the bitplane counts M[p,A,b,g] are between 0 and (257-1).

Inpuf: precinct index p, band b and line index A whose magnitude data is to be decoded,

syntax of the bitplane count subpacket specified in this subclause is selected if D[p,b] in the

hcket header
[plane count
shall always

significance

information of the precinct and\line whose magnitude information is to be decoded. Significance flags

Z[p,A}b,g] in case significance*€oding is enabled by the bitplane count coding mode D[p,b].

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

Table C.14 — No-prediction mode

Name Notes Size Values
unpafk nopred(p,b,A) {
for|(9307 g<N 4 [p,b];g=g+1l) { Include predicted bitplane counts for all code
groups. N, 1s specified in subclause B.8.
M, = Tlp,Db] Set predictor to the truncation position
if ((D[p,b] & 2) == 0 || Decode prediction residual only if either
2o, a.b, La/s. |1 == significance information was not included,
(s A0, Lo/S 1] == 0) | or the corresponding significance group was
signalled as significant
Am=vlc (m..,,T[p,b]) Decode prediction residual encoded with vlc(my,,, T[p,b])
variable length code
} else {
Am=0 Non-significant groups have bitplane count
T[p,b].
} End of significance included
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Table C.14 (continued)

Notes Size

Values

Predict from my,,

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.15 specifies the variable length decoder vic() primitive which decodes a signed quantity in the
context (r,t) jof a predictor r and a truncation position t. This coding primitive is used.throughout this
annex. A codestream shall not contain more than 32 1-bits as input for the vlc decoder Detecting quch a
condition inglicates that the decoder has lost synchronization with the source. Thig establishes anferror
condition whose handling is beyond the scope of this document.

Input: A predictor r and a truncation position t.

Output: a signed quantity x.

Table C.15 — Decoding a signed quantity with vlc

Syntax Semantics Size | Vajues
vlic(r,t) {

6=max (r-t40) Compute the threshold fer the alphabet switch
x=0 Reset the bitcounter?
do {

b u(l) (01

if (b) |

x = x+1 Countthe number of 1-bits

} while(b|&& x < 32)

Repeat as long as 1-bits are found in the stream

if (x 2 3%) {

error ()

A codestream shall not contain more than 32 consecutive
1-bits

}

if (x > 2%x6) ({

Check whether this is the unary sub-alphabet

return x16

If so, decode unary subalphabet

} else if (x > 0) {

Check for non-zero symbol, signed sub-alphabet

if (x & 1) {

Check for an odd codeword

return —rx/21

Return a negative value for odd codewords

} else {

return LX/ZJ

Return a positive value for an even codeword

}

} else {

return 0

Return zero for a zero codeword

}

}
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C.7.2 Variable length encoding primitive

Table C.16 provides guidance on the implementation of an algorithm that inverts the vlc() decoder
primitive and encodes a signed quantity x in the context of a predictor r and a truncation position ¢.

Input: A predictor r, a truncation position t and a signed quantity x to be encoded.

Output: a sequence of bits encoding x given the context consisting of r and ¢

Table C.16 — Encoding a signed quantity with vlc

Svntax

Semantics

vlc pncode (x,r,t) {

Encode x in the context of rand t

6 =|max (r-t,0)

Compute the threshold for the alphabet switch

if |(x > 6) {

Check for the unary sub-alphabet case

nfF x + 06

Compute the number of one-bits to write in the unary c4

} ellse {

Instead in the binary sub-alphabet case

X F x x 2

Reserve two bits per symbol in the-bivary sub-alphabet

if| (x < 0) {

n=-x -1

Encode negative numbers with‘an odd number of bits

} Blse {

n|= x

Encode positive numbeps with an even number of bits

End of binary alphabet coding

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

Write out a'séquence of n one-bits

ouf (1) Write outa single 1-bit
} End of Toop writing 1-bits
out|(0) Write out 0 as the comma bit

© ISO/IEC 2022 - All rights reserved
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Annex D
(normative)

Quantization

D.1 General

Inverse qualltization computes the wavelet coefficients c[p,A,b,x] in all precincts p, lines A, bands
'om the decoded quantization index magnitudes v[p,A,b,x] and their signs s[p,A,5,x] Inverse

positions x f
quantization
and the bitp

This documg
the Qpih eler

D.2 Inver

Table D.1 sy
selected if tl
twice the sif
each bucket
and band b.

Input: Preci

bitplane coujnts M[p,A,b,g] of the precinct, line and band and quantization index magnitudes v[p,

and their sig

Output: Way

is controlled by the truncation position T[p,b] which depends on the precinct’and
ane count M[p,A,b,g] of the code group the quantized wavelet coefficient isypart of.

ent offers multiple inverse quantization processes, the selection of which is controll
hents of the picture header, see subclause A.4.3 for details.

se deadzone quantization

ecifies the inverse deadzone quantization process. The inverse deadzone quanti
e Qpih element of the picture header is 0. The zero bucket of the deadzone quanti
e of all regular buckets, and the reconstruction point of this quantizer is in the mid
The quantization bucket size is given by the ttuncation position T[p,b] of the prec
hctindex p, line index A, band index b, trutication positions T[p,b] of this precinct and
ns s[p,A,b,x].

relet coefficients c[p,A,b,x]

Table D, =~ Inverse deadzone quantization

p and

band,

ed by

rer is
zer is
dle of
nct p

band,
A, b, x|

Syntax Notes

deadzone ds

quant (p, A, b) |

for (x=0;x

Iterate over all coefficients of band b in
precinct p

Wop [P, 017 x=x+1)) {

g = |lx/N

J

Compute the code group index from the
coefficient position

if (M[p,]

L, b, gl) > Tlp,b]l && vp,A,b,x] = 0) { Check whether a non-zero number of bi

planes is included in this code group an

g

whether the coefficient is non-zero

(1 << T[p,b])

>> 1 Compute the reconstruction point

1-2s [pr}\l br XJ

Compute the sign of the reconstructed
coefficient

c [pl)\lbl

x] o x ((vlp,A,b,x]<< T[p,b]) + 1) Reconstruct the coefficient

} else {

No bitplanes included or coefficient is z

ero

clp, 2, b,

x] Set to zero

}

End of test for sufficient bitplanes and
non-zero coefficient

End of loop over coefficients
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Table D.2 specifies the inverse uniform quantization process. The inverse uniform quantizer is selected
if the Qpih element of the picture header is 1. The uniform quantizer uses all equally-sized buckets
whose size is determined from the truncation position T[p,b]. Compared to the inverse deadzone
quantizer, the inverse uniform quantizer requires an additional scaling step.

Input: Precinct index p, line index A, band index b, truncation positions T[p,b] of this precinct and band,
bitplane counts M[p,A,b,g] of the precinct, line and band and quantization index magnitudes v[p,A,b,x]

and their signs s[p,A,b,x].

Outr it Wavelet coefficients r‘[‘n,)’h’ y]

NOTE

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

2M+1

W 2 The rgconstruction

procedure as given by this subclause is identical to the multiplication of oxv[p,A,b,x] with A within the limits of

X 1 o
the implementation precision. This can be seen from the Neumann series X W = Zk x % While
— X E

x—1h" -0

multiplication with A can also be carried out explicitly, readers should be aware that a single-pre¢ision floating
point|implementation of the above formula will typically generate results/different from the algorithm in the

following table, and is hence not acceptable.

Table D.2 — Inverse uniform guantization

Syntax

Notes

unifprm dequant (p,A,b) {

for (x=O;x<pr [p, bl;x=x+1) {

Iterate over all coefficients of baind b in
precinct p

g F Lx/ngd

Compute the code group index ffrom the
coefficient position

if] Mlp,A,b,9] > Tlp,b] && v[p, MD7x]

'=0)

{

Check whether a non-zero number of bit-
planes is included and whether [the coeffi-
cientis non-zero

ol= 1-2s[p,A, b, x]

Compute the sign of the reconstructed
coefficient

ol = vip, A, b, x]<<T[ppb]

Get zero-order approximation

¢f = Mlp, 2, b,9] A Dib,p] + 1 Extract the scale value
fpr(p = 07 o207 0 = ¢ >> 0) | Sum over the Neumann series
b = p + @ Sum up partial terms
}
cflp, N, b,x] = 0 x p Insert the sign and reconstructithe coeffi-
cient
} else { No bitplanes included or coefficient is zero

clp, A, b,x] = 0

Set to zero

}

End of test for sufficient bitplanes and
non-zero

End of loop over all coefficients

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.
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Input: Precinct index p, line index A, band index b, truncation positions T[p,b] of this precinct and band,
bitplane counts M[p,A,b,g] of the precinct, line and band and wavelet coefficients c[p,A,b,x].

Output: Quantization 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];ix=x+1) { Iterate over all coefficients of band b in precinct p
if (clp,Mbex] < 0) { Test for the sign of the coefficient
slp, A, bfx] =1 Coefficient is negative
vip,A,bix] = (-clp,A,b,x])>>T[p,Db] Compute the amplitude from the coefficient
} else {
slp, 2, bfx] =0 Coefficient is positive
vip, A, bgx] = clp, A, Db, x]>>T[p,Db] Compute the amplitude from the coefficient
} End of the sign check of the coefficient
} End of loop over all coefficiéuts
}

D.5 Unifdrm quantization

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

Input: Precihct index p, line index A, band index b, trurication positions T[p,b] of this precinct and pand,
bitplane coupts M[p,A,b,g] of the precinct, line and band and wavelet coefficients c[p,A,b,x].

Output: Qugntization index magnitudes v[p,A,by%] 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 Bucket
2 V+1
ize A
size A= .
oMH-T _4

Table D.4 — Uniform quantization

Syntax Notes
uniform quant (p, A, b))~
for (x=0; x{W, [p, 0] /x=x+1) { Iterate over all coefficients of band b in precinct p
g = |x/njJ Compute the code group index from the coefficient pofsi-
tion
if (Mlp, A7P70] TTe o7 Does the coelficient contain suificient bitplanes?
¢ = Mlp,2,/b,9] - Tlb,p] + 1 Extract the scale value
if (clp,2,b,x] < 0) A Test for the sign of the coefficient
slp, A, b,x] =1 Coefficient is negative
d = -clp,A,b,x] Compute the amplitude from the coefficient
} else {
slpe, 2, b,x] =0 Coefficient is positive
d = clp,A,b,x] Compute the amplitude from the coefficient
} End of sign check
vip, A b, x] = ((d << () - d + (1 << Quantize and round to nearest
M[p,A,b,g])) >> (M[p,7,b,gl+1)
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Table D.4 (continued)
Syntax Notes
} else { Coefficient does not include sufficient number of bitplanes
slp,b,A,x] =0
vip, b, A, x] = 0 Quantize to zero

}

End of check for number of included bitplanes

}

End of loop over all coefficients

}

ble D.5 provides guidance on the computation of the bitplane counts M[p,A,b,g]"from
coefficients c[p,A,b,g]. The bitplane counts M[p,A,b,g] are input to the uniform ordeadzone
and are encoded in the bitplane count subpacket of the precinct p.

Input: Precinct index p, line index A, band index b, truncation positions T[p,b] of this preci

and wavelet coefficients c[p,A,b,x].

Outpput: Bitplane counts M[p,A,b,g] of precinct p, line A and band b.

D.6 |Bitplane count computation
Ta

Table D.5 — Bitplane count gomputation

the wavelet
quantization

hct and band

Syntax

Notes

comppte bitplane counts(p,A,b)

{

for|(g=0;g<N.4[b];g=g+l) {

Iterate’over all code groups of the band b

Vid=0

Setthe maximum of the coefficient amplitude to zefo

for(k:O;k<Ng;k:k+l) {

Iterate over all members of the code group

x| = Nyxgtk

Compute position of the quantized coefficient

if (x < Wylp,bl) {

Test whether the position is within the band

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

Test for the sign of the coefficient

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

max ) {

Check for a new maximum

Vaax = —Clp, A, b, x] Update the maximum of the coefficient amplitude
} End of test for a new maximum
else { End of test for the sign of the coefficient

if (clp, 200y %] >v

max) {

Check for a new maximum

v = §lp, A, b, x]

max

Update the maximum of the coefficient amplitude

}

End of test for a new maximum

End of test for the sign of the coefficient

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

End of loop over all code group members

for (m=0;v,,,>0; vV .y = Vpax>>1)

{

Loop over bitplanes of v,

m = m+l

Include an additional bitplane

}

End of loop over bitplanes of v, .,

Mlp,A,b,g] = m

Install bitplane count

}

End of loop over all code groups

}
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Annex E
(normative)

Discrete wavelet transformation

ral

that alternatfive implementations shall duplicate.

NOTE In
in ISO/IEC 2
specified in th

, the flow charts and tables are normative only in the sense that they are defining an olltput

order to achieve a low latency requirement and to conform to one or multiple-profiles spgcified
|122-2, decoder implementations would need to run the inverse wavelet transformation|steps
is annex interleaved with the entropy decoding steps of Annex C and the inverse‘quantization steps

of Annex D. The algorithms given in this annex assume for the ease of presentation thatall wavelet coefficignts of

an image are

This annex
specifies the

E.2 Discr

hvailable entirely.

ete inverse wavelet transformation

describes the forward discrete wavelet transformation applied to one component and
inverse discrete wavelet transformation used to reconstrpuctthe component.

The algorithim specified in Table E.1 takes the wavelet coefficients c[p,A,b,x] of all precincts, lines and

bands as inp|
Input: Inver

Output: Invg

cely quantized coefficients c[p,A,b,x] of all\precincts, all lines, all bands for all position

ersely wavelet transformed sample yalues O[k,x,y]

Table E.1 — Inverse wavelet transformation

ut and transforms them by inverse wavelet ¢ransformation into the sample values O[f,x,y].

%

Syntax

Notes

inverse tr

nsformation () {

for (k=0;k

N k=k+1) {

Loop over components

reorder

oefficients (k)

Rearranges components from all gre-
cincts into a rectangular grid

D,=min (N

b LK1, Nk

Compute number of initial horizortal
transformations to perform

for (d,=N1

L, (KA, >D, s dy=d,~1) {

Loop over horizontal decompositign
levels

hor trar

TSTOTM (K, Lhg, 1, v Ly (k17 Blaw, v Ly (k)7 Blanr v/ oy (1])

Horizontally transtorm the LL g, yipyx
and HLg, v, bands of component
into the LLgy 1, y1yq band of compo-
nent k. The output band is a temporary
band that is only required for the
inverse wavelet transformation

}

End of the horizontal decompositions

for (d=D,;

d>0;d=d-1) {

Loop over the horizontal and vertical
decomposition levels
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Syntax

Notes

hor_transform(k,LLdﬂ’d,LL¢d,HLd,&

Horizontally transform the LL; ; and
HL, 4 bands of component k into the
LL,.1,4 band of component k. The out-
put band is a temporary band that is
only required for the inverse computa-
tion of the wavelet transformation

hor_transform(k,LHg 1, 4, LHy 4, HHg, g)

Horizontally transform the LH; ; and
HH, ;bands of component k into the

LH.  _handof t .
o balal 0. r‘nmpnnnn k. The Out

put band is a temporary band that is

only required for the-inyer
tion of the waveletftransfo

se computa-
rmation.

<

ar_transform(k,LL&leﬂ,LLd_Ld,LHd_Ld)

Vertically transform the L
and LH;, ; band of compo}
the LL ;1 41'bdnd of compo
outputdand is a temporar
onlyrequired for the inver
tielr of the wavelet transfo

41,4 band
hent k into
nent k. The
 band that is
se computa-
rmation.

End of horizontal and vert
positions

cal decom-

aspign_output (k, LLj )

Assign the output of comp
the values of the temporarj

bnent k to
y band LL ,

End of loop over components

E.3 |Coefficient reordering and scaling

The glgorithm specified in Table E.2 assigns the dequantized coefficients c[p,A,b,x] from pll precincts
and domponent k to temporary bands, T 5,x,y], where f indicates the wavelet filter type and x and y the
samplling position. It also applies an-additional scaling step that improves the precision of the wavelet
trangformation. The temporary bands are required as input to the inverse wavelet filter. The symbols f,

b[B.k] and Ng are defined in subclause B.3, b,[B.k] in subclause B.4.

Input: Component index.k and inversely quantized wavelet coefficients c[p,A,b,x] of all precincts, all

lines,fall bands and all\positions. Width W, [b] and heights Hy [b] of all bands b.

Outpjut: Temporary-band array T[f,x,y] as input to the wavelet filter.

Table E.2 — Coefficient reordering

Syntax

Notes

reorder coefficients (k) {

for (B=0; B<Ng; B=p+1) {

Iterate over all subbands of compo-
nent k

if (b, [B,kl==1) {

Check whether filter type [ exists in
component k

if (k < No-sd) |

Check whether this is a regular
component

b= (N_,~Sd) xB+k

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

} else {
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Table E.2 (continued)

Syntax

Notes

b= (N_-Sd) xNg+k

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

End of decision for band computa-
tion

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

Iterate over all rows of band b

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

Iterate over all colums of band b

| k zdy[," ,,’3} ! + aq lK ,UJ t Cuull_)ut\. th\. Pt L,\.;u\.t ;ud\,A 14 fl m
X X ’ : s .
p=N,|, X ISy L] + xxsy [k]x2 the horizontal position x and‘veeftical
P NLy Cs position y.
A=y hmod ZNL,y_IOgZSy[k]_dy[k'ﬂ] Compute the line within the prefcinct

from the vertical position y

C

S

=xymod| ——
: LX [K]x20LP] w

Compute the position within th¢ pre-
cinct from the horizontal positipn x

T[R,xqyl=clp,A,b,&] << Fg

Assignafid scale the wavelet cogffi-
cientin the precinct p line A band b
andyhorizontal position £ to the tem-
porary band coefficient T in barld S,
column x and row y.

End of loop over columns

End of loop over all rows

End of check over filter existend

[¢)

End of loop over all wavelet filte
types

—

E.4 Inverfse horizontal filtering

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

pass input band and generates ceefficients in a temporary output band.

Input: Component index k,output wavelet filter type B, and two input filter types, low-pass fj and

high-pass fi{ and wavelet«¢ogfficients in temporary bands T[f,x,y] and T[fy,x,y].

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

Table E.3 — Horizontal inverse wavelet transformation

Syntax

Notes

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

Horizontally inverse transform the low-pass coefficients 5; and
high-pass coefficients B to the output band f3,,.

for (y=0; y<Hp [By, k] ;y=y+1) |

Iterate over all rows of band b

for (x=0; x<W, [By, k] 7 x=x+1) |

Iterate over all columns of band b

i= Ix/2]

Compute the input sample position in the source band

if (x umod 2 = 0) {

If even sample position

X[X]:T[BLIiI vl

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

} else {

Else odd sample position

X[X]:T[BHIiIY]

Assign the high-pass samples to the odd samples of the tempo-
rary array X
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Table E.3 (continued)

Syntax

Notes

}

End of check for even/odd coefficients

}

End of loop over columns

extend samples (W, [B,, k])

Symmetrically extend the samples X across the boundary

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

Performs an inverse filtering on the temporary array X

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

Iterate over all columns of band b

T[Bg,x,y]l=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 dlgorithm specified in Table E.4 applies an inverse vertical wavelet filter on a low-p3
pass |nput band and generates coefficients in a temporary output batid.

Inpuf: Component index k, output wavelet filter type 5, and ®@wo input filter types, low
high-pass fj; and wavelet coefficients in temporary bands T[§; x,y] and T[fy,x,y].

Output: Wavelet coefficients in temporary output band-T'{£,x,y]

Table E.4 — Vertical inverse wavelet transformation

ss and high-

tpass f; and

Syntax

Notes

veritransform(k,BO,BL,BH) {

Vertically inverse transform the low-pass coefficients f; and high-
pass coefficients B to the output band S, in component k.

for|(x=0; x<W, [Bg, k] ;x=x+1) {

Iterate over all columns of band b

fof (y=0; y<Hy [By, k] ;y=y+1) |

Iterate over all rows of band b

= Ly/2]

-

Compute the input sample position in the source band

-

t (y umod 2 = 0) {

If even sample position

’{[Y]:T[BL,X/ i]

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

H else {

Else odd sample position

K[Y]:T[BH, Y i]

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

}

End of test for even/odd coefficients

}

End of loop over columns

extend samples (H, [By, k])

Symmetrically extend the samples X across the boundary

inverse filter 1D (H,[Ry, k]);

Performs an inverse filtering on the temporary array X

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

Iterate over all columns of band b

T[BOIXI y1=Y[yl

Assign inversely transformed wavelet coefficients to the output
band

End of loop over columns

End of loop over all rows
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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.

Output: Array X of wavelet coefficients that have been symmetrically extended.

Table E.5 — Symmetric coefficient extension

Syntax Notes
extend samples (Z) {
for(i=1;1i32;i=1i+1) { Loop over two samples beyond the edge of the temporary array
X[-11=X[1] Reflect sample at the left boundary
X[Z+1i-1]3X[Z2-1-1] Reflect samples at the right boundary

} End of loop over sample extension

}

NOTE Dye to requirements formulated for the picture header elements W}, H; and Cw, pathological|cases
such as empty bands or bands of length Z=1 do not appear, such that bands\are at least two coefficients wjide or
high.
E.7 Inverse wavelet filtering with the 5-3 filter

The algorithm specified in Table E.6 computes the inverse'wavelet transformation with the 5-3 wavelet
filter. It gengrates from the interleaved low-pass and~high-pass input samples X output samples in the
output array Y.

Input: Array X[x] of wavelet coefficients and size of the array Z.

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

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

Syntax Notes
inverse filter 1D(Z) {
for (1=0;142+1;i=1+2)8d Loop over even samples
YI1]=X[1]- ((X[1yD¥X[1+1]+2)>>2) Reconstruct even samples from low-pass

} End of loop over even samples

for (i=1;1i{2z24x51+2) { Loop over odd samples

Y[1]=X[1]F (YT Ty (T t])>>1) Reconstruct odd samples from high-pass

} End of loop over odd samples

}

E.8 Assignment of output coefficients

Table E.7 provides guidance on the assignment of the output of the inverse wavelet transformation
contained in the temporary array T[f,x,y] to the output array O[k,x,y].

Input: Component index k and wavelet type f indicating an LL, ; band and temporary array of wavelet
coefficients T[S,x,y] of that band.
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Output: Output array O[c,x,y] filled with wavelet coefficients from the LL;, band of the temporary
array T[B,x,y].

Table E.7 — Output assignment

Syntax

Notes

assign output (k, B)

{

Assign the output of component k from the temporary band

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

{

Loop over the columns of the band data. The height of the component ¢
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

denocted- by WUkl and-hasbeen-specifiedin-subclause B
J cL™]1 L3 [ —

Oftk, %, y1=T[p,x,V] Assign to the output coefficients O the reconstructed valuef from the
temporary wavelet band T[f,x,y]
} End of loop over rows
} End of loop over colums
}
E.9 |Discrete forwards wavelet transformations
Table E.8 provides guidelines for implementing a forwards wayelet transformation at gncoder side.

The dliscrete wavelet transformation takes sample values Q[k;x,y] and computes from them wavelet

coeff

Inpu

Output: Wavelet coefficients c[p,A,b,x] of all precingts, all lines, all bands for all positions.

Table

cients c[p,A,b,x].

[: Sample values O[k,x,y] of all components k at alh sample positions x and y.

E.8 provides the steps necessary to implement a forwards wavelet transformation.

Table E:8'— Wavelet transformation

Syntax Notes
forwhrds transformation ()
for|(k=0;k<N,; k=k+1) Loop over components
aspign_input (k) Place data of component k into the

input buffer of the wavelet filter

fmin(N'y [k, N Tk])

Compute the number [of initial
transformations to pgrform

fo

P (d=1;d€DG d=d+1)

Loop over the horizontal and ver-
tical decomposition lgvels

pr/fwd_transform(k,LLg y, 4.1, LLg 1,4, LHg 1, 4)

Vertically transform the LLd_Lg,_1
band into the LL;, sjand LH ;. 4

bands of component k.

hor fwd transform(k,LLgy 1,4, LLy, 4rHLg, )

Horizontally transform the LL .
1 band into the LL; ;and HL 4
bands of component k.

hor fwd_transform(k,LHy ; 4, LHy 4, HHg, g)

Horizontally transform the LH,.
1q band into the LH; ;and HH; 4
bands of component k.

End of horizontal and vertical
decomposition

for (dy=Dy+1;d <N'; ,[k];d,=d+1) {

Loop over horizontal-only decom-
position levels
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Table E.8 (continued)

Syntax Notes

hor fwd transform(k,LLgy 1, nrnyik)r Dlax, iy ik 7 Blaxr vy k) Horizontally transform the LL g, y.
1y and HLg, vy, bands of compo-
nentk from the LL g, 4,1, band of
component k.

} End of the horizontal decomposi-
tions
insert_coefficients (k) Places coefficients of components

into precincts

} End of loop over components

E.10 Input coefficient assignment

Table E.9 provides guidance on how to assign the sample values in the input,array O[k,x,y] to the
temporary wavelet band T[f,x,y].

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

Output: Tenjporary array T[B,x.y] filled with input data as wavelet ¢oefficients of the LL,  band.

Table E.9 — Input assignment

Syntax Notes
assign_inpyt (k) { Assign the output of component k to the temporary LL ; band
for (y=0; yfH [kl ;y=y+1) A Loop over the coluniiis of the band data. The height of the component ¢
is denoted by Hy[¢}'and has been specified in subclause B.1.
for (x=0; §<W_[k];x=x+1) { Loop over therow of the band data. The width of the component c if
denoted by-WW_[c] and has been specified in subclause B.1.
T[LLg, o, f,v1=0[k,%x,¥] Assign™to'the input coefficients O the reconstructed values to the tgm-
poraly wavelet band T[LL (,xy], i.e. set the LL, ; band to the input|data
} End of loop over rows

} End of loop over colums

E.11 HoriZzontal wavelet transformation

Table E.10 providés guidance on how to perform a horizontal wavelet filter from a temporary [input
band and to generate low-pass and high-pass output in temporary output bands.

Input: Component index k, output wavelet filter type B, and two input filter types, low-pass f; and
high-pass f};; wavelet coefficients in temporary output band T[S,x,y]

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

Table E.10 — Horizontal forward wavelet transformation

Syntax Notes
hor fwd transform(k, B, By, By) | Horizontally forward transform the low-pass coefficients ; and
high-pass coefficients S to the output band 5, in component k.
for (y=0;y<Hy[Bg, kl;y=y+1) { Iterate over all rows of band b
for (x=0; x<W, [By, k] ;x=x+1) { Iterate over all columns of band b
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Syntax

Notes

X[x]=T[Bg,%x,¥]

Copy input coefficients to temporary row

}

End of loop over columns

extend samples (W, [B,, k])

Symmetrically extend the samples X across the boundary

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

Performs wavelet filtering on the temporary array X

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

Iterate over all columns of band b

[x/2 ]

i =

Compute the input sample position in the source band

if (x umod 2 = 0) {

If even <nmp]r—\ pasition

F[BLI l,Y]:Y[X]

Assign the even samples to the low-pass output.

1 else {

Else odd sample position

¥ [BHI i, y1=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

Input: Component index k, output wavelet filter-type S, and two input filter types, low
high-pass f;; and wavelet coefficients in a temporary input band T[f,,x,y]

Outpput: Wavelet coefficients in temporarygutput bands T[f],x,y] and T[By,x.y].

E.11 provides guidance how to perform a vertical{wavelet filter from wavelet coe
tempprary band and to create low-pass and high-pass output bands.

Table E.11 — Vertical forward wavelet transformation

fficients in a

rpass f, and

Syntax

Notes

ver [fwd transform(k, B, Bk Bg)

{

Vertical forward transform the coefficients in the inpfit band g, to

the low-pass coefficients ; and high-pass coefficients

Pu-

for (X=O;X<Wb[BO, k] xaxl) |

Iterate over all columns

fof (y=0; y<Hp [By k];y=y+1)

{

Iterate over all rows

X[yl=T[By, %W

Retrieve one column of the wavelet coefficients and st
the temporary column

ore them in

}

End of loop over colums

exferidhsamples (Hy [B,, k])

Symmetrically extend the samples X across the bound

ary

fwh—Eilter 1D(H B ki);

Daosf log £21+ H ot A4
TCTTOTTIITS vwwav CTC T T CCT TS U CrCtCTIpUTar y ditay 7x

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

{

Iterate over all rows

i =

Ly/2]

Compute the input sample position in the source band

if (y umod 2 = 0) {

If even sample position

T[BL,X:i]:YEYJ

Assign the even samples to the low-pass output

} else {

Else odd sample position

T[By,y,11=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

outputin the array Y.

Input: Array X[x] of wavelet coefficients and size of the 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_filter[1D(z) {

for (i=-1;1<Z+1;i=1+2) {

Loop over odd samples

1]- ((X[1-1]1+X[1+1])>>1)

Generate the high-pass in the odd saniples

End of loop over odd samples

Z;i=i+2) |

Loop over even samples

+((Y

[1-1]14+Y[1i+1]42)>>2)

Update the even samples tg.generate the low-pass

End of loop over even saniples

E.14 Insertion of coefficients into precincts

Table E.13 provides guidance on how to assign the wavelet transformed coefficients c[p,A,b,x] in the
temporary bands to the precincts.

Input: Component index k and temporary band array-T[f,x,y] containing the output of the wavelet|filter
step, width W, [b] and heights H[b] of all bands,

Output: Wayelet coefficients c[p,A,b,x] of allprecincts, lines, bands and positions.

Table E.13 ==-Coefficient insertion into precinct

Syntax

Notes

insert coefficients (k) |

for (B=0; p{Ng; p=p+1) { Iterate over all subbands of component k
if (b [B/k] == 1) A Check whether the corresponding filter type exlists
in component k
if (k <N, —Sdi={ Check whether this is a regular component

b= (N_—dd)5p+k

c

Compute the band from the filter type 5 and the
component k

} else {

b= (N.-Sd) 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<W, [B, k] ;x=x+1)

{

Iterate over all colums of band b

XXS, [k]deX[k'm

yxs, [k]x2P) {
X +

2"y

C

N

|

Compute the precinct index p from the horizontal
position x and vertical position y.
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Table E.13 (continued)

Syntax Notes
A=y umod ZNL‘y—logzsy[k]—dy[k,ﬁ] Compu_te_ the line within the precinct from the verti-
cal position y
C Compute the position within the precinct from the
& =xumod W horizontal position x
s, [k]x29Ik:P
r = (I<< Fq) >> 1 Compute the rounding offset

if (TIB,x,y] >= 0) |

Check for the sign of the coefficient, if non-negative

Ao = (T sy ) o Iasert-the-sealed-waveleteoefficientfrom the
temporary band S into precinct p liné Apand b and
horizontal position x.
} else { If negative

clp,2,b, &1==-((-T[B,x,y]l+r) >> Fq)

Insert the scaled wavelet coefficient fro
temporary band g into pregcinct p line A
horizontal position x.

m the
band b and

End of check for sign

End of loop overcolumns

End of loop(over all rows

End of cheek if band exists

End ofloop over all wavelet filter types
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Annex F
(normative)

Multiple component transformations

F.1 General

In this annes
that alternat

NOTE In
ISO/IEC 2112
this annex inf
in this annex

F.2 Inver

, the flow charts and tables are normative only in the sense that they are defining ah o
ive implementations shall duplicate.

P-2, decoder implementations would need to run the inverse multiple component steps speci
erleaved with the inverse discrete wavelet transformation steps of Annex E.Fhe algorithms
hssume for the ease of presentation that all sample values of an image are@yailable entirely.

se multiple component transformation

An inverse ultiple component transformation shall be applied to, the output sample values O

of the wavel
different fro
the sampling
2 if there ar¢
are different

The inverse

et transformation if the Cpih element of the picture h€ader specified in subclause A.

order to achieve a low latency requirement and to conform to one or multiple profiles specif

Ltput

ied in
ied in
given

x|
1.3 is

p less than 4 components, i.e. if N <3, or if any.ef the sampling factors s,[i] and s,[1] f
from 1.

Table F.1 — Selection of the inverse multiple component transformation

m 0, see Table A.9. Cpih shall be 0 if there are less thafi 3 components, i.e. if N.<3, or if 4
F factors s,[i] and s, [i] for i<3 are different from¢d.‘Furthermore, Cpih shall be smaller

multiple component transformation shall.be selected from Cpih according to Table F.1

iny of
than
ri<3

Cpih Inverse Multiple Component Transformation

0 No transformation, set Q[c,x,y] = O[c,x,y] for all components c, all columns

and allrows y.

ponents c<3.

Set Q[c,x,y] = O[c,x,y] for all components c=3.

inverse_rct(), see subclause F.3, to compute Q[c,x,y] from O[c,x,y] for all cd

m-

components c<4.

Set Q[c,x,y] = O[c,x,y] for all components c=4.

inverse_star_tetrix(), see subclause E.5, to compute Q[c,x,y] from O[c,x,y] for all

All of

hér’yvalues Reserved for ISO/IEC purposes.

F.3 Inverse reversible multiple component transformation (inverse RCT)

Table F.2 specifies the inverse reversible multiple component transformation that is applied if Cpih

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 Q[c,x,y] of the image.
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Table F.2 — Inverse reversible multiple component transformation

Syntax Notes
inverse rct() {
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

io = 0[0,x%,vy]

i, = 0[1,x,vy]

i, = 0[2,%,y] Retrieve input components

O, = d.—((] *+1' ) 2) Reconstructthe green rnmpnnnnf
op = o + 1, Reconstruct the red component
op = o + i, Reconstruct the blue component
Qo, x, vyl = o Assign the red output

Ql,x,yl = o Assign the green output
Q2,x,y] = o, Assign the blue output

} End of loop over columns

—

End of loop over rows

4 |Forward reversible multiple componenttransformation

E
Tableg F.3 provides guidance on the forward multiplé«component colour decorrelation transformation
that is inverted by the procedure specified in subclatise F.3 at the decoder side.

Inpuf: Scaled intermediate image sample valies Q[c,x,y] and the dimensions of the sampling grid W;
and H;.

Outpput: Decorrelated sample values O[¢;%,y] suitable as input of the forward wavelet trangformation.

Table F.3 — Forwairds reversible multiple component transformation

Syntax Notes
forwprd rct() {
for|(y=0; y<Hgiy=y+1{] X Loop over rows of the image
fof (x=0; x<Wg;xgx+l) | Loop over the columns of the image

if = QI0, x4y

il = Qlipxsv]

ip = Q2,x,vy] Retrieve input components

op SV(ig+2xi,+1,)>>2 Compute the luma component

0, = i, - i; Compute the Cb chroma component
0, = iy - i; Compute the Cr chroma component
O0[0,x,y] = o Assign the luma output

Oll,x,y] = oy Assign Cb

O[2,x,y] = o, Assign Cr

} End of loop over columns

} End of loop over rows

© ISO/IEC 2022 - All rights reserved 75


https://iecnorm.com/api/?name=c722b707f8fa9bbf222929d6ce6ddd3c

ISO/IEC 21122-1:2022(E)

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 Cpih 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.9.

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

Table F.4 — Inverse Star-Tetrix transform

intermediate image samples values Q]c,x,y] of the image.

Syntax Notes Referénce
inverse stqr tetrix() {
inv_avg_step () ReconstructY, from Y, and A Table F.5
inv_delta|step() Reconstruct Y, fromAandY, Table. K6
inv_Y_step () Reconstruct G; and G, from Y;, Y, and |TdbleF.7
C,. Cy
inv_CbCr_gtep () Reconstruct R and B from C,, C, and Table F.8
Gy, Gy
for (y=0; y{He; y=y+1) | Loop over rows of the image
for (x=0; x<Wg;x=x+1) Loop over the columns of thelimage
QLo0,x,v] = 0*[2,x%,y] Assign the red output
Qll,x,v] = 0*[3,x%,y] Assign the first green output
Ql2,%,y] = 0'10,%,y] Assign the secondgreen output
QI3,x%,y] = o'[1l,x,y] Assign the blue output
} End of lopp-over columns
} End of loop over rows
}
F.5.2 Invdrse average step
Table E.5 specifies theinverse average step which reconstructs the Y, component from Y, and A. The
access() fungtion is specified in subclause F.5.7.
Input: The qutptt array of the inverse wavelet transformation O[c,x,y] and the dimensions W;and H; of

the sampling

 grid.

Output: The first lifting step output w![c,x,y] of the image.

Table F.5 — Inverse average step

Syntax

Notes

inv_avg step() {

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 the image

Ay, = Olaccess(0,x,y,-1, -1)] Read the delta component to the top-left
A, = Olaccess(0,x,y,+1,-1)1 Read the delta component to the top-right
Ay, = Olaccess (0,%,y,-1,+1)] 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

w1[0,XIYJ:O[OrXrY]—

I_Alt tALL TA +Aer

Reconstruct Y, from Y, and A

ol[1,%,y]1=0[1,%,Yy] Copy remaining components over
0l[2,%,y]1=0[2,%,Yy] Copy remaining components over
O (S =3 CopyremaiRecomponents-over
} End of loop over columns
} End of loop over rows
}
F.5.3| Inverse delta step

Tabld E.5 specifies the inverse delta step which reconstructs the Y;(component from Y

access() function is specified in subclause F.5.7.

and A. The

Inpuf: The output array of the inverse average step w![c,xyl-and the dimensions W; and H; of the

samplling grid.
Outpjut: The second lifting step output w?[c,x,y] of the iniage.

Table F.6 — Inverse delta step

Syntax

Notes

inv_pelta step() {

for|(y=0; y<Hg; y=y+1) |

Loop over rows of the image

fof (x=0; x<Wg; x=x+1) {

Loop over the columns of the image

Y|, = wllaccess(3,x,y,-1, <L)] Read the Y, component to the top-left
Y}, = ollaccess (3,x,y, t1%=T) ] Read the Y, component to the top-right
Y|, = ollaccess(3,x,y,—1,+1)] Read the Y, component to the bottom-left
Y}, = o'laccess (3,&5Y, +1,+1)] Read the Y, component to the bottom-right

02 [B,x,y]1=01[3, x,y)F Reconstruct Y; from Y, and A

| Be A% *Yp i |
4
of [1, xryd=el (1, x,y] Copy remaining components over
of [Z,%7y1=0!12,x,Y] Copy remaining components over
Oy = ey COpy TemaiTing COMPUITENtS UVET
} End of loop over columns
} End of loop over rows
}
F.5.4 InverseY step

Table F.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(

) Ao

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 the image

B, = w?[access(0,x,y,-1,0)]

Read the C component to the left of G,

= @?[access (0,%,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,

Rb = ©2 [access (0 7,0, 4+71)1] Read the Pr rnmpnnnnf tothe hottom of FL
03[0, %, Y1=02[0,x,y]- Compute G, from Y, and neighbouring C,, and-C . dam-
e o ples
E (By + B, )+271 (R + Rb)J

8

B.= w’[access (3,x,y,0,-1)]

Read the C; component to the top,of|G{

B = w’[agccess (3,x,y,0,+1)]

Read the C, component to the bottom of G;

R, = w?[jaccess (3,x,y,-1,0)]

Read the C. component to the,left of G;

R, = w?[fccess (3,x,y,+1,0)] Read the C. component to‘the right of G;
w3[3,x,Y1=02[3,x,y]- Compute G, from Y;-and neighbouring C and C, dam-
ples
|_‘e2 (B + By )+2 (Ry + Rr)J
8
031, x,1=02[1,x%,y] Copy remaining components over
032, %, 1=02[2,%,y] Copy rémaining components over
} End'efloop over columns
} End of loop over rows
}
F.5.5 Invdrse C,C, step

Table F.8 spd
Cy, C. The aq

Input: The g
grid.

Output: The

cifies the inverse C,C, stepWhich reconstructs the R and B components from G, and G, and

cess() function is specified in subclause E.5.7.

utput array of the third lifting step w3[c,x,y] and the dimensions W; and H; of the sanjpling

fourth liftingstep output w#[c,x,y] of the image.

Table F.8 — Inverse C,C, step

Syntax

Notes

inv_cbcr step() {

for (y=0; y<Hg;y=y+1) |

Loop over rows of the image

for (x=0; x<W¢;x=x+1) |

Loop over the columns of the image

G, = o®laccess(1l,x%,y,-1,0)] Read the G component to the left of C,
r = w’laccess(1,x,y,+1,0)] Read the G component to the right of C,,
¢ = o’[access(1,x,y,0,-1)] Read the G component to the top of C,,
G, = w’laccess(1,x%,y,0,+1)] Read the G component to the bottom of C,,

®4[1rXrY]:003[1,X/Y]+

|Gt Gr#Ge+ 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.
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Table F.8 (continued)
Syntax Notes
G, = o3laccess(2,x,y,+1,0)] Read the G component to the right of C,
G, = w3laccess(2,%,y,0,-1)] Read the G component to the top of C,
G, = w’laccess(2,x,y,0,+1)] Read the G component to the bottom of C,
wil2,x,y]1=03[2,%,y]+ Compute R from C, and neighbouring G samples
|_Gl+ G, +G + GbJ
4
@040, %,y]1=03[0,%,v] Copy remaining components over
of [3,%,y1=03[3,x,y] Copy remaining components over
} End of loop over columns
} End of loop over rows
}

F.5.6 Super pixel look-up tables

TablgF.9 specifies the CFA pattern type C, depending on the values ofthe component registfation values
Xcrg[F],YCrg[c] found in the component registration marker, see sthclause A.4.9.

Table F.9 — CFA Pattern type derived from the component registration

Comjponent index ¢ Xcrg|c] Ycrgc] CFA Pattern Type C, Notes
(Subpixel arrange-
ment dnd chroma
exponjent assign-
ent)
0 0 0 0 RGGB
1 32768 0 e isthe C. weight
2 0 32768 e, is the C,, weight
3 32768 32768
0 32768 32768 0 BGGR
1 32768 0 ey is the C,, weight
2 0 32768 e, is the C, weight
3 0 0
0 32768 0 1 LRBG
1 0 0 e, is the C. weight
2 32768 32768 e, is te C, weight
3 0 32768
0 0 32768 1 GBRG
1 0 0 e, is the C, 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, 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 0,1
1 0 1,1
2 0 0,0
3 0 1,0
0 1 1,1
1 1 0,1
2 1 10
3 1 0,0

Table F.11 specifies its inverse function k[6,,6.

type C,, k[6,
pixel.

]. Given a displacement vector 6,,6,, and a- GFA p3
0,] evaluates to the component indyex c at the given displacement vector wjithin a CFA

Table F.11 — Component index by displacement vector

ttern
super

Displac¢ment vector §,,8, CFA pattern type C; Component index k[§,,5, ]
0,1 0 0
1,1 0 1
0,0 0 2
1,0 0 3
1,1 1 0
0,1 1 1
1,0 1 2
0,0 1 3
F.5.7 Coordinate access function

Table F.12 specifies a function that computes the component and coordinates of a sub-pixel relativie to a
sub-pixel at § given coordinate and ¢f a'given component
Input: The cpordinates (x,y) and.component c in the sample grid of a super pixel of a CFA array, a sgmple
offset r, and r, the sample grid dimensions W; and Hy, the colour transformation CFA pattern type C,
and the colofir transformatten reflection and extension flags Cy.
Output: A trjiple (c,x,)J0f component ¢, x position and y position within the sample grid.
Table F.12 — Coordinate access function
Symtax Notes
access (C, X, Y, Iy, ry) {
if ((2x+r,+5,.[c] < 0) || Check whether the access would go beyond the sample
(241,45, [c] >= 207)) | grid
r, =-r, If so, reflect back into the line
}
if ((Cp == 3 && r+d,[c] < 0) ] Check whether the access is in-line and an access is at-
. —— 3 es ro4B - tempted to the line above, or the access is in-line, and an
(Cr == ry*toylel )1 access is made to the line below, or the access would go
(2y+r +8,[c] < 0) || beyond the sample grid

(2y+r +0,[c] >= 2H{)) |

ry =—ry

If so, reflect back into the line
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