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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

member

s 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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etails of any patent rights identified during the development of the. decument will be in thee
tion and/or on the ISO list of patent declarations received (see wwxviso.org/patents) or the [EC
tent declarations received (see patents.iec.ch).

e name used in this document is information given for the‘convenience of users and does nqt
e an endorsement.

bxplanation of the voluntary nature of standards,.the meaning of ISO specific terms anfd
ons related to conformity assessment, as well-as information about ISO's adherence t|
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fument was prepared by Joint TechnicalCommittee ISO/IEC JTC 1, Information technolog]
mittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

-~

—

ond edition cancels and replaces:the first edition (ISO/IEC 21122-1:2019), which has bee
lly revised.

ng tools for compressing-colour filter array images (CFA images) have been added;

ng tools that enabledossless coding of images with up to 12 bits per sample have been added;
port for 4:2:0'sampled images has been added.

hl] partsdn)the ISO/IEC 21122 series can be found on the ISO and IEC websites.

dback(or questions on this document should be directed to the user’s national standard
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body. A

eomplete listing of these bodies can be found at www.iso.org/members.html an

www.ieC.cCh/national-committees.

© ISO/IEC 2022 - All rights reserved


http://www.iso.org/directives
http://www.iec.ch/members_experts/refdocs
http://www.iso.org/patents
http://patents.iec.ch
http://www.iso.org/iso/foreword.html
http://www.iec.ch/understanding-standards
http://www.iso.org/members.html
https://www.iec.ch/national-committees
https://standardsiso.com/api/?name=c722b707f8fa9bbf222929d6ce6ddd3c

ISO/IEC 21122-1:2022(E)

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
ynder reasonable and non-discriminatory terms and conditions with appiicants throughouttije world.
Ih this respect, the statements of the holders of these patent rights are registered with {SO/apnd IEC.
Ihformation may be obtained from the patent database available at www.iso.org/patents:

f patent rights other than those in the patent database. ISO and IEC shall not béh€ld responfsible for

Attention is drawn to the possibility that some of the elements of this document-may be th¢ subject
g
iflentifying any or all such patent rights.
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Information technology — JPEG XS low-latency lightweight

image coding system —

Part 1:

Core coding system

1 Scope

n this document allow lightweight encoder and decoder implementations that limit the en

oo Tl vulilawkill @ Ville Hille S = |

ecessary to ensure such latency is beyond the scope of this documeént.

This document:

data.

Normative references

[ NS]

There are no normative referencesin this document.

L)

Terms and definitions, abbreviated terms and symbols

3.1 Terms and definitions

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

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

—+CAEC Electropedia: available at https://www.electropedia.org/

his document defines the syntax and an accompanying decompression process‘that is capable to
epresent continuous-tone grey-scale, or continuous-tone colour digital images without visugl loss at
hoderate compression rates. Typical compression rates are between 2:1 and'6:1 but can also be higher
epending on the nature of the image. In particular, the syntax and the.decoding process gpecified

1-to-end

hitency to a fraction of the frame size. However, the definition of transmission channel buffef models

-+ specifies decoding processes for converting compresSedimage data to reconstructed image data;
-+ specifies a codestream syntax containing information for interpreting the compressed imdge data;

-+ provides guidance on encoding processes forconverting source image data to compressgd image

[50 and IEC'maintain terminology databases for use in standardization at the following addresfses:

3.1.1
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
filter types that are applied in the filter cascade reconstructing spatial image samples from i
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, ner
empty bjtplane

3.1.6
bitplan¢ count subpacket
subset of a packet which decodes to the bitplane counts of all code groups within a packetyfollowed by
paddingland optional filler bytes

Note 1 toentry: See subclause C.5.3.

3.1.7
byte
group of 8 bits

3.1.8
colour fiilter array
CFA
rectangular array of sensor elements yielding a 1-component picture where the colour to which a sensqr
element|is sensitive to depends on the position of the senser element

3.1.9
codestream
compregsed image data representation that incltides all necessary data to allow a (full or approximate)
reconstruction of the sample values of a digital image

3.1.10
code grpup
group of quantization indices in sjgh=magnitude representation before inverse quantization

3.1.11
coefficient
input value to the inversewavelet transformation resulting from inverse quantization

3.1.12
coefficient group
number|of horizentally 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
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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

deadzone quantizer

duantizer whose zero bucket has a size different from all other buckets
3

d

e

1.19
ecoder
mbodiment of a decoding process

1.20
ecoding process
rocess which takes as its input a codestream and outputs a continttous-tone image

A1.21

ecomposition level
et of wavelet coefficients resulting from a particularidevel of recursive application of a|wavelet
Fansform

[l P SC] solill« NIV

1.22
ownsampling
rocedure by which the spatial resolution of acomponent is reduced

1.23
ncoder
mbodiment of an encoding process.

D D ol «MI)

3.1.24

g¢ncoding process

gdrocess which outputs compressed image data in the form of a codestream
3

e

e

1.25
ntropy decoder
mbodiment of:an-entropy decoding procedure

1.26

ntropy-decoding
pssless-procedure which recovers the sequence of symbols from the sequence of bits producegd by the
ntropy encoder

D@ — D

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
inverse

3.1.32
inverse
inverse
inverse
thatis iy

Note 1 to

3.1.33

LL band
input to
vertical

3.1.34

lossless
descripf]
decodin

3.1.35

lossless
mode of
of the pf

3.1.36
lossy
descripf]

3.1.37
packet
segment
of the b4

3.1.38
padding

quantization
procedure to quantization by which the decoder recovers a representation of the coefficients

reversible multi component transformation

RCT

ransformation across multiple component sample values located at the same,sample grid poin
jvertible without loss

[

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

a series of wavelet filters where only inverse low-pass filters are applied in horizontal anfd
direction

ive term for encoding and decoding processescand procedures in which the output of the
b procedure(s) is identical to the input to the encoding procedure(s)

coding
operation which refers to any one of‘the coding processes defined in this document in which al
ocedures are lossless

ive term for encoding and,;decoding processes which are not lossless

of the codestream containing entropy coded information on a single precinct, line and a subsgt
nds within this precinct and line

e

bits wit

(i

inthe codestream whose only purpose is to align syntax elements to byte boundaries and th4
1aforn ot o

carry n

3.1.39

TIITOTTIITa CIroTT

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

3.1.40

precision

number

3.1.41

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

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
coefficient

3.1.44

wavelet

uantization index magnitude
solute value of a quantization index

.1.45
mple
ne element in the two-dimensional image array which comprises a component

1.46

mple grid

mmon coordinate system for all samples of an image, the samples_at\the top left edge of th
ave the coordinates (0,0), the first coordinate increases towards-the right, the second tow
ottom

1.47

ign subpacket

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

Note 1 to entry: See subclause C.5.5.

tribute of code groups that applies if,.depending on the Run Mode flag in the picture header,
least one of coefficients in the code gioup is non-zero, or the bitplane count prediction residu
de group is non-zero

.1.49
ignificance group

sfignificance subpacket

1.50

ignificance subpacket

subset of a packet that identifies which significance groups within a packet are insignificant,
y paddingdnd optional filler bytes

ote 1'to-entry: see subclause C.5.2

e image
hrds the

within a

pither at
al of the

roup of a horizontally™ adjacent code groups sharing the same significance information in the

Followed

J: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

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

3.1.56
unifor
quantizg

3.1.57
upsamp

procedure by which the spatial resolution of a component is increased

quantizer
br whose buckets are all of equal size

ling

3.1.58

wavelet filter type

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

Note 1 tgentry: Unlike the band type, the wavelet filter type does netinclude component information.

3.2 Abbreviated terms

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

LSB least significant bit

MSB most significant bit

3.3 Symbols

BJc] bit precision of component ¢

B wavelet filter'type

b band.type

b, [B,i] band existence flag for filter type f 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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herwise

Ce colour transformation reflection and extension flags

Cw width of precincts in multiples of 8 LL subsampled band sample grid positions
D[p,b] bitplane count coding mode of band b in precinct p

D.[p,s] raw coding mode override flag for packet s in precinct p

DCO DC offset

d,[B.1] horizontal decomposition level of wavelet filter type § of component i
ay[B1] vertical decomposition level of wavelet filter type f of component i
d,[c] horizontal position of component c in a CFA super pixel

g lcl vertical position of component c in a CFA super pixel

R exponent of the slope of the linear region of the extended nen-linearity
= colour transformation exponent of first chroma compofient

& colour transformation exponent of second chroma tomponent

Hs sign packing flag

Hslc slice coding mode

Hq number of fractional bits in the repreSentation of wavelet coefficients
d[p] gain of subband b

Hy[B k] height of filter type 5 of component k in wavelet coefficients

H_[i] height of the componentin sample points

H; height of the imagein sampling grid points

H, height of a precinct in lines

Hy height of a slice in precincts

I|p,b,A,s] lin€inclusion flag, setifline A of band b and precinct p is included in packet s, reset of
K6y 6] Component within CFA super pixel at position &y, &,

I,[p,b] first line of band b in precinct p

I;p.b] last line + 1 of band b in precinct p

Lcod codestream length in bytes

L.yilp:s] size of the bitplane count subpacket of precinct p and packet s in bytes
LyalD)S] size of the data subpacket of precinct p and packet s in bytes

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

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

© ISO/IEC 2022 - All rights reserved
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Lsig [p:S]
M[p,A,b,g]

Mtop [plA' bhg]

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

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

vertical predictor of the bitplane count of precinct p, line A, band b and code group g
number of components in an image

number of code groups in precinct p and band b

Ny,

Np'y
Nyc[p]
Olc,x,y]

Qle,xy]
P[b]
Plev
Ppih
Ppoc
Qlp]

number of bands per component

number of coefficients in a code group

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

number of bands in the wavelet decomposition of the image (wayélet filter types time
components)

[72)

maximal number of horizontal decomposition levels

number of horizontal decomposition levels of component'i

maximal number of vertical decomposition levels @ver all components
number of vertical decomposition levels of compoénent i

number of precincts per sampling grid liné

number of precincts per sampling grid‘¢olumn

number of packets in precinct p

unscaled output of the inverse wavelet transformation at coordinates x and y of the cony
ponent ¢

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

level a partioular codestream complies to

profilea particular codestream complies to

progression order in which bands are transmitted in the codestream

quantization parameter of precinct p

Qpih

quantization type of the picture

raw-mode selection per packet flag

run mode used for significance coding

refinement of precinct p

reconstructed sample value at position x,y for component ¢

number of components for which wavelet decomposition is suppressed

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

s, li] sampling factor of component i in horizontal direction

syli] sampling factor of component i in vertical direction

s[p,A,b,x] sign of the wavelet coefficient in precinct p, line A, band b and position x.

T1 first threshold of the extended non-linearity

12 second threshold of the extended non-linearity

T[p,b] truncation position of precinct p and band b

Top[p:b] vertical Truncation position predictor of precinct p and band b

T[8,xy] temporary wavelet coefficient of filter type [ at location x,y.

v[xy] sample value at the sample grid position x,y

vlp.A,b,x] quantization index magnitude of the wavelet coefficiertin precinct p, line 4, bai
position x

Wy B.k] width of filter type 8 of component k in waveletrcoefficients

W.[i] width of component i in samples

We width of the image in sampling grid poifits

W,lp] width of the precinct p in sampling‘grid points

Woblp:b] width of subband b of precinct.p’in coefficients

Wt, wavelet filter type for horizontal filtering

wt, wavelet filter type forvertical filtering

ALyl one-dimensionaltemporal array of wavelet coefficients

Acrg[c] horizontallcomponent registration of component c relative to the sample grid

Ycrg|c] verticahcomponent registration of component c relative to the sample grid

Ysih vertical slice order within the picture

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

4 cConventions

nd b and

4.1 Conformance language

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

4.2 Operators

NOTE

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

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

umod xumod a is the unique value y between 0 and a-1 for which y+Na = x with a suitahle integer N
4.2.2 Logical operators

[l logical OR

&& logical AND

! logical NOT

4.2.3 Relational operators

> greater than

> greater than or equal to

< less than

< less than or equal to

== equal to

I= not equal to

4.2.4 Precedence order of operators

NOTE Operators are listed below in descending order of precedence. If several operators appear in the samle
line, they have equal precedence. When several operators of equal precedence appear at the same level in 4
expression, evaluationProceeds according to the associativity of the operator either from right to left or frorE
left to right.

Operatgrs Type of operation Associativity

0 expression fefttoright

[ 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 © ISO/IEC 2022 - All rights reserved
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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
[ x| 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
1pg,(x) logarithm to the basis of 2, e.g. log,(1)=0 and log,(2)=1
sfign(x) sign of x, 0 if x is 0, +1 if x is positive, -1 if x is negative
x square root of x, i.e. non-negative number y such thatyxy=x
damp(x,min,max)  clamp x to the range [min,max]

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

max;(x;) maximum of a sequence of numbers {X;)enumerated by the index i
max(a,b) a if a>b, otherwise b
hin;(x,) minimum of a sequence of numbers {x;} enumerated by the index i
min(a,b) a if a<b, otherwise b

5 Functional concepts

(|

.1 Sample grid, sampling and components

n image is defined as a(rectangular array of scalar or vectorial samples regularly aligng
sample grid of W; samiple positions horizontally and H; sample positions vertically. W; is c3
vidth and H; is called(the height of the image. The vector dimension of the image samples corr
b the number of colour components present and is indicated by N, the number of componen
mage. Each dimension of this vectorial data corresponds to one component of the image, and {
epresents one_of multiple colour channels of the data. Components may be red, green and
uma (Y) and~Chroma (Cb,Cr). These are only non-exhaustive examples of components, and ot
are possible.

| il T vl s s~ * S Ha >

given component may or may not populate every point on the sample grid. The distance, or {

bd along
illed the
esponds
ts of the
ypically
blue, or
her uses

fampling

A
factor, between sample points of a component shall be constant in each spatial dimension th

oughout

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
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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

containi

ng at least one sample of each component. Thus CFA data is interpreted as an image having

four components, where each sampling grid point describes four spatially disjoint sensor elements (one

element

per channel).
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DR ERER

s represent individual sensor elements and circles represent sampling grid points. Groups of four sensd
hts overlapping with the same sampling grid point form @ne super pixel.

—

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

1, regardless of the CFA sensor spatial subpixel arrangement, the Star-Tetrix colour transform
ocument defines a strict order onthe components assigning the red channel to component (),
n channels to components 1 and 2; and the blue channel to component 3. The spatial subpix¢l
ment is signalled by the CRG marker. Figure 1 shows only one of the four potential subpix¢l
ments of a Bayer-type CFA«

avelet decomposition

fument provides-an efficient representation of image signals through the mathematical togl
et analysis. The wavelet filter process specified in Annex E separates each component intp
bands, where each band consists of multiple coefficients describing the image signal of p
mponent within a frequency domain specific to the wavelet filter type, i.e. the particular filtdr
nding to the band.

ceefficients are grouped into precincts, where each precinct includes all coefficients over all

bands t

at contribute to a spatial region oI the 1mage. kEach precinct 1s 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

12

its height. Bands, band types, precincts and slices are formally defined in Annex B.

© ISO/IEC 2022 - All rights reserved


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

ISO/IEC 21122-1:2

5.4 Codestream

022(E)

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 compresse

d 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.

he codestream consists of multiple syntax elements: marker segments define control info

— e

nformation such as magnitude, signs or significance of parts of the encoded image data.

o o

n the organization of the codestream. Packets and subpackets are specified in"Annex C.

6 Encoder requirements

—

equirements specified in Annex A. Annex C to Annex G includetinformative subclauses that
How an encoder may be implemented.

7 Decoder

7.1 Decoding process general provisions

ecoding can be grouped into a syntax analysis partin block 1, an entropy decoding stage cong
hultiple blocks 2.1 to 2.4, an inverse quantization in block 3, an inverse wavelet transformation|
and an inverse multiple component transformation in block 5. In block 6, sample values are
C offset is added, and they are clamped to their nominal ranges.

o B e oWl

rmation

ecessary to steer the decoding process, and entropy coded data organized in packets that re¢present
mage information itself. Packets are further grouped into subpackets, each of which includes particular

1l marker segments defined in this text are specified in Annex A. This annex alsg@ provides an gverview

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

indicate

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

isting of
in block
scaled, a

© ISO/IEC 2022 - All rights reserved
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1: A

2.2:C.5.3,C.6 >  23:C54 »  24:C55
Z[.] M[.] v[.]

ViD,ADX] S AD,X]

\ /

2.1: C.5.2

3:D

c[p,Ab,x]

o[xy.c]

5:F

Q[x,y,c]

6:G

‘ R[xy;c]
Figure 2 — Decoder overview

In Block{1, described in Annex A, the decodef.analyses the codestream syntax and retrieves informatiop
on the Idyout 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 thie
procedufres given in Annex Cte_form significance information, sign information, bitplane courjt
information and quantization-indices. This operation is performed in blocks 2.1 to 2.4 in Figure 2.

In block 2.1, significancé\information is decoded from the significance subpacket as specified i
subclauge C.5.2. Denoted-by the array Z[p,A,b,j], significance information indicates the presence (
significgnt code groups*within the jth significance group. Each significance group corresponds to a ru
of code groups indeXed by precinct p, line A and band b. A code group is significant if, depending o
the Run|Mode flag’/Rm in the picture header, it either contains non-zero coefficients, or has a non-zer
bitplane couritprediction residual.

OB 5 =0

InblockR.2/bitplane counts are decoded from the Bitplane count subpacket as specified in subclause C.5.
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].
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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 ran

ge of the

it-precision of the output, giving the final reconstructed output sample values R[x,y,c] populdting the

spmple grid positions xxs,[c], yxs,[c]. This procedure is specified in Annex G.

.2 Decoder requirements

decoder is an embodiment of the decoding process. The decoding process convefts a codestiream by
erforming the process specified in this document to sample values arranged ©n a rectangular gampling
rid. Annexes A to G describe and specify the decoding process. All decoding processes are nofmative.
ecoder conformance and test procedures to test for conformance are spéeified in ISO/IEC 211{22-4.

here is no normative or required specification for the particular internal steps or ordering of|internal
perations to be performed within the decoder that is used to praduce the normatively specified result.
nly the result that is externally observable as the decoded output image produced by the dgcoder is
quired to match the result produced by the decoding processes specified in this documenf up to a
nformance-level dependent error bound that is specified*in ISO/IEC 21122-4. The descriptjons use

articular implementation techniques for illustrative purposes only, and any implementatio

tp this document.

h that is

le to reproduce the same result as those generated‘by the algorithms specified herein is confforming

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

Codestream syntax

A.1 General

A.1.1 Marker segments and entropy coded data

=

The compressed data format consists of an ordered collection of syntax elements. This”documer
distingdishes between three types of syntax elements: Marker, marker segments and entropy coded datd.
Markerq serve to identify the various structural parts of the codestream. Most markers start markdr
segments, where marker segments signal the characteristics of the encoded image and encapsulate
parametfers configuring the decoder. Some markers stand alone. Entropy codéed data consists of the
input to[the decoding procedure described in Annexes C to G which reconstructs this data to the outpy
image.

(i

A.1.2 Key to syntax information

JPEG XS|codestream syntax elements belong to one of two categories: fixed-length numerical value
or variaple-length codes. In the syntax tables, the “Syntax?.column indicates the category to whic
each coglestream syntax element belongs, in the “Size” celumn the size of each field is identified (
applicable). Fixed-length numerical values and are unsigned integers and are denoted by u (n), wher
n is the|number of bits used to represent the valuesVariable-length codes are denoted by vic, se
subclauge C.7 for the normative decoding proceduré’of variable length codes. Bit strings and variable
length cpdes appear in the codestream with the left bit first; numerical values appear most-significar
bit first.|The notation pad (n) indicates a variabl¢'number padding bits. Padding aligns the bitstream t|
an n-bit poundary, i.e. to an 1nteger multipleCof n bits relative to the start of the bitstream. Thus, pad (n|
expandq to 0 to n-1 bits depending on the'position within the bitstream. While padding bits can hay
arbitrarly values, a decoder shall ignare their value. The notation £i11 () indicates an arbitrary numbg
of filler bytes a decoder shall remove-without interpreting their value. The amount of filler bytes can b
inferred| from a length field of a eorresponding syntax element.

CD'-:(D‘/Oc—rl('bev—f,:T\‘“

Syntax ¢lements may be conditionally included in the codestream; this is indicated by it clauses in the
Syntax dolumn of the syntaxtables. All syntactical elements enclosed in curly brackets following the i|f
clause afe only included\fthe expression following the i f clause is non-zero.

The seqiience of multiple similar elements is indicated by for clauses in the Syntax column of the synta|

c-rDCDx

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

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.

Vavelet coefficients are grouped into precincts. A precinct includes entropy coded data dec
rectangular array of wavelet coefficients per bands such that the included wavelet ¢o8
ontribute to a given spatial region of the image. A precinct is represented in the codestre
recinct header, entropy coded data followed by filler bytes.

bding to
fficients
am by a

V
a
C
12
The entropy coded data is organized in multiple packets, where each packet s ¢ontributes to|one line
A and one or multiple bands b of a precinct p. Each packet consists of multiple'subpackets where each
sjubpacket contributes to one aspect of the data, such as significance, bitplané counts, magnifude and
sfgns. Filler bytes and padding does not have any impact on the decodéd-image. The purpoge of the
filler bytes is to prevent buffer underflow of a potential transmission-butfer, the purpose of pgdding is
tp align the syntax elements in the bitstream to byte boundaries. Beeoders learn the numbei of filler
Bytes following the precinct from the precinct header specified. in"subclause C.2, and the nymber of
flller bytes in the subpackets from the subpacket header in spécified in subclause C.3. Decodgrs shall
ignore the value of the filler bytes.
NOTE1 Filler bytes are in no relation to the output of the pad () function defined in subclause A.1L2 whose
purpose is to ensure alignment of the codestream to byte boundaries only.
NOTE 2  Buffer models, profiles and levels are spegified in ISO/IEC 21122-2 and are beyond the scope of this
document.
Hrecincts are grouped into slices. Each slice‘consists of an integral number of precincts, and|extends
dver the full width of the image. Even thaugh the wavelet coefficients within each slice can be decoded
ihdependently, the wavelet transformation runs across slices. A slice is represented in the codestream
by a slice header and one or multiple\precincts following the slice header.
Higure 2 gives an overview ofithe hierarchy of JPEG XS codestream syntax structures, Table A.1 defines
the overall codestream syntax
Table A.1 — JPEG XS codestream syntax overview
Syntax Notes Defined in
icture () {
SOC mardf () Identifies this codestream as JPEG XS code- Table A.3
- stream
A Identifies the capabilities a decoder needs to
1 k
GERPilities marker () support to be able to decode the codestream {able 4.6
picture header () Detines the overall structure of the code- Table A.7
- stream
component table () Defines the pre(?ision e_md sampling factors of Table A 15
- all components in the image T
weights table () Defines w_eight and gain factors that steer Table A.24
- the decoding process. T
nonlinearity marker () Optional definition of nqn-linearities for Table A 16
- component reconstruction T
cwd_marker () Optionally disable wavelet decomposition on Table A 18
some components
© ISO/IEC 2022 - All rights reserved 17
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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
= =0 o= )
for (t90,p=07 tendofimage; t=t+l) { | e tis the slice index and p the precinct
index
slicq header () Identifies the ordering of slices Table'A.25
Loops over all precincts in a slice, where t is
for (y=0;u<N,[t];p=p+1,u=u+l) { |thesliceindex, pis the precinctindexand u
enumerates precincts within a slice
comdute packet inclusion (p) Dete.rmlne the packets that are part of this Table B.4
- - precinct. T
predinct header (p) D_eflnes pI‘edICt.IOI‘l modes and the quantiza- Table C.1
- tion of the precinct =
for(s=0;s<N,.[p];s=s+l) { Loop over all packets of this precifict
padket header (p,s) Defines flags and sizes of thepdcket Table C.3
padket body (p, s) Contains the entropy coded{data of this Table C.3
packet T
} End of loop over subpackets
Possible byte-aligned filler bytes at the end
of the precinct.to reach the target bitrate. A
£113() decoder shdlldgnore this data. Subclause C.2 Subclause C.2
specifies how to determine the number of
filler bytes.
} End(of loop over precincts within a slice
} End of loop over slices
EOC_mgrker () Identifies the end of the JPEG XS codestream Table A.4
}
NOTE 3 | The number of packets N, [p] depends on the precinct index p and is computed by the compute|
packet finclusion (p) function specified in Table B.4; in particular, the last precinct of the picture will, by this
procedute, include less bands than all other precincts if the picture height is not divisible by the precinct height.
A.3 rkers@nd marker segments
Markerd serve the purpose to identify the various structural parts of the codestream format. Markers
may eithéristand alone, or may start marker segments containing a related group of parameters. A
marker segment consists of a marker, Tollowed by a two-byte length Ield, Tollowed by the parameters 1n

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
pgments and hence require an increase in the size the marker segments. Such additional fields can be rjecessary
b decode the codestream. The above ensures that decoders fail properly when attempting to decodéan’pxtended
pdestream syntax that they do not support.

o &+ n

=z

OTE2  Other International Standards implement bit-stuffing or byte-stuffing procedures to engure that
narkers can be identified uniquely without decoding or interpreting entropy coded data segment$. This is
ot the case for this document. If a decoder loses synchronization with the codestream, lower level fransport
echanisms are required to regain synchronization as it is not possible to search the codestream for [markers;
it patterns within the entropy coded data segment can replicate the byte sequences used to identify marker
bgments.

S = 9

w_o

Table A.2 — JPEG XS codestream markers

Code assignment Symbol Description Mandatory/Optional Referenge
xff10 s0C Start of codestream |Mandatory A4l
xffll EOC End of codestream .jMandatory A4.2
xff12 PIH Picture header Mandatory A44
xffl13 CDT Component table Mandatory A4.5
xffl4 WGT Weights table Mandatory A4.11
xff15 CoM Extensign“marker |Optional A.4.10
xffl6 NLT Nonlinearity marker | Optional A4.6
x££17 CwD Gomponent-depend- |Optional A47

ent wavelet decom-
position marker

=xffl18 CTS Colour transforma- |Mandatory if Cpih=3, A48
tion specification shall not be present
marker otherwise.
xff19 CRG Component registra- |Optional, mandatory if |A.4.9
tion marker Cpih=3
xf£20 SLH Slice header Mandatory A4.12
xf£50 CAP Capabilities Marker |Mandatory A4.3
All otherwalues Optional Reserved for fufure
ISO/IEC purposgs

\.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

Functiopn: Identifies the end of a JPEG XS codestream.

Usage: $hall be the last marker segment in a codestream. There shall be exactly one EOC markerat thie

end of e

ich JPEG XS codestream.

Table A.4 — End of codestream marker syntax

Syntax Notes Size Values

end of |codestream() {

EOC u(16) 0xff11

}

A.4.3 (Capabilities marker

Functiop: Identifies capabilities required to decode a JPEG XS eodestream.

Usage: $hall be the second marker segment in a codestream. There shall be exactly one CAP markdr

which shall be placed behind the SOC marker.

NOTE 1 | The above implies that the CAP marker is always present, even when the cap[] array is empty.

Table Al5 specifies the assignment of capabilities to bits, Table A.6 the syntax of the CAP markdr

segment. Furthermore, Lcap shall be selected such that for Lcap>2, cap[(Lcap-2) x8-8] to cap[(Lcap-2)

x8-1] arfe not all 0.

NOTE 2 | This condition on the cap array can always be arranged by selecting a smaller Lcap.

NOTE 3 | Bit 0 of the capability marker is intentially unused.

Table A.5 — Capability bit assignment
Bit pumber i in cap[hatray Bit value Meaning

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

1 1 Support for Star-Tetrix transform and
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 sy[i]=1 for all components i

4 1 component i with s, [i]>1 present

20
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Table A.5 (continued)

Bit number i in cap[] array

Bit value

Meaning

5 Support for component-dependent
wavelet decomposition not required
5 Support for component-dependent
wavelet decomposition required
6 Support for lossless decoding not
required
b Support for lossless decoding fjequired
$ Support for packet-based-raw-mode
switch not required
8 Support for packet-based raw-mode
switch required,
Table A.6 — Capabilities marker syntax
Syntax Notes Size Values
fapabilities marker () ({
CAP u(16) 0xff50
Lecap Size of the capabilities marker in bytes |u(16) Variablg¢
(not including the marker)
for (1=0;1i<(Lcap—-2)x8;i=i+1) { Loop over capabiliti€s bits
cap[i] Requirement of capability i. cap[i] is 1 u(1)
if capability iis required for decoding a
codestream, and 0 otherwise.
} End of l6op over capabilities bits
padding Pad.to an integer number of bytes pad(8)
A.4.4 Picture header
Tlable A.7 defines the syntax.ofithe picture header.
HRunction: Provides infofmation on the dimensions of the image, the precision of its component and the
donfiguration of the décoder.
Usage: Shall be thiesthird marker segment in a codestream directly after the CAP marker. Therg shall be
gxactly one PLH\marker 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 ron
constant bitrate coding is used. 0 if variable |- -’
bitrate coding is used.
Profile this codestream complies to. Decod- 0 for no restrictions, see IS/
Ppih ers should abort decoding if they identify a |u(16) IEC 21122-2 for rof’iles
profile they do not implement. p '
Level and sublevel to which this codestream 0 for no restrictions, see 1S0/
Plev complies. Decoders should abort decoding if |u(16) IEC 21222-2 for add{tional levels
they identify a level they do not support. ’
We Width of the image in sample grid positions |u(16) max, (s, [i Jx MNix (216 1)
He Height of the image in sample grid positions |u(16) max; (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 u(16) N
field is 0, precincts are as wide as the image’ Wy umod (8xC,, xmax; (s [i])x2"
See subclause B.5 for details. > max; (s [i])szL-X
- 1.4
H,, {-Ielgh‘.c of a slice in precincts other‘than the u(ie) |1— (216 ~1)
ast slice
N, Number of components in the image 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 Numl.)e.r offractional bits in the wavelet u4) [860r02
coefficients
B, Namber 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
. Colour transformation to be used for inverse | 9
Cpih decorrelation ut4) | See Table A.
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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NOTE1 The condition on Cw ensures that all but the rightmost precincts have in the LL band at least 8 samples,
and that all bands of the rightmost precincts are non-empty.

NOTE2  Incase WfxN.>16376 and Ny =0, or for components that do participate in the wavelet decomposition,
it can happen that Lg,,[p,s] = 2048 or L, [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

B[0] 0 B[i]=B][0] for all i. This combination indicates losslesy coding.

A NLT marker segment shall be pres-
18 6 ent. Bit 2 or bit 3 of the CAP marker
segment shall be 1, see subclause A.4.3

Bits 2 and 3 of the CAP marker seg-
ment not present or shall be 0.

This combination is usedjin case a pon-line-
arity is present.

20 8 Regular case.

Table A.9 — Colour transformation

Cpih Meaning

No colour transform

| Reversible RGB to YCbCr colour transformdtion (see Annex F)

] Star-Tetrix transform (see Annex F)
?,4-15 Reserved for ISO/IEC purposes

Table A.10 =~ Quantizer type

Qpih Meaning

Deadzone quantizen(see Annex D)

| Uniform quantizer(see Annex D)

?-3 Reserved for [SO/IEC purposes

Table A.11 — Sign handling strategy

Ks Meaning

Signs encoded jointly with the data

| Signs encoded separately

?-3 Reserved for ISO/IEC purposes

Table A.12 — Run mode

Rm Meaning
b
\

n T 1. . N
RUILS TIIUITALE ATTU PITUICLIUIT TTSIUUALS

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

© ISO/IEC 2022 - All rights reserved 23


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

ISO/IEC 21122-1:2022(E)

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.

FunctioLx: This marker segment specifies the component precision and the sampling factors of €ac
ent in the image. The number of components itself is given by the N. parameter of the pigttn

compon
header.

Usage: There shall be exactly one component table in each JPEG XS codestream. It shall precede thie

first slice header.

Table A.15 — Component table syntax

D =

Syntax Notes Size Values
compongnt table() {
CDT u(16) 0xff13
Ledt Size of the segment in bytes, not including u(16) 2XN, +2
the marker
Loop over components. The number of
for(cq40;c<N_;c = c + 1) { components is specified in the picture
header.
Blc] Bit precision of component ¢ u(8) 8-16
sylel Horizontal samplifg factor of component |u(4) 1 or 2 for com-
c ponents 1 and
2,1 for all other
components
sylecl Vertica) 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.

Functio
transformation.

Usage:

: Definestanr optional non-linear transform to be applied after inverse multiple componer

(i

erd_or one nonlinearity marker segments may be present in a codestream. If present, aEI}er

nonlinedrity marker segment shall precede the first slice header in the codestream and shall follow t

picture header. This marker shall not be presentif Fq=0, i.e. In the Tossless 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
24
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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=a—c x21° Compute the DCO offset from two’s comple-
ment representation.
}
f (Tpnlt == 2) { Additional data for extended nnn-]innnrify
T1 Upper threshold for region 1, in units of Bw u(32) 1—2B%w41
T2 Upper threshold for region 2, in units of Bw u(32) ~2Bw11
E Exponent of the linear slope in region 2 u(8) 1—4
Table A.17 — Tnlt encoding
Tnlt Meaning

Quadratic no

n-linearity

Extended non-linearity

All other values

Reserved for

ISO/IEC use

ol «| =

—

A.4.7 Component-dependent wavelet decompesition marker

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

unction: Optionally suppresses the wavelet@decomposition for one or more components. If this
b not present, the value of Sd shall be 0.

[sage: Zero or one component-depénident wavelet decomposition marker segments may be
N a codestream. Shall only be present if N >3. If present, shall precede the first slice headgr in the
dodestream and shall follow the picture header.

Table A.18 — Component-dependent wavelet decomposition marker segment syntax

marker

present

Syntax Notes Size Values
wd marker () {
CWD u(l6) |0xff17
Lewd Size of the marker segment, not including |u(16) |3
the marker
sd Number of components for which the 1—N -1
wavelet decomposition is suppressed. Furthermore, Sd shall be delected
u(8) sueh-thatall-compenentsthat are
excluded from the wavelet trans-
formation have s,[c]=1 and s, [c]=1
}

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.

© ISO/IEC 2022 - All rights reserved
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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

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

Cs Size and extent of the transformation u(4) See Table. A.20

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

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

Table A.20 — C;encoding

Cs Meaning
0 Full transformation, access to the line below and abovelrequired
3 Restricted in-line transformation, no access to neighbouring lines

All othet values

Reserved for ISO/IEC use

A.4.9

Component registration marker

Table A.P1 defines the syntax of the component registration marker segment.

Function: Defines the relative placement of the~component to the sample grid. If not present, the

compongnts are placed at the vertices of the sampling grid.

Usage: Zero or one component registration.marker shall be present in a codestream. If Cpih=3, exactl
one CR{ marker segment shall be present. If present, any CRG marker segment shall precede the fir§
slice hedder in the codestream and shall follow the picture header.

Table A.21 — Component registration marker segment syntax

<<

(i

Syntax Notes Size Values
crg _magker () {
CRG u(16) 0xff19
Lecrg Size of the marker segment, not including the u(16) Variable, at least 4
marker
for (cq40; €<y ; c=c+1) { Loop over all components
Xcrglc] Relative horizontal placement of component c u(16) Q—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.

26
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Table A.21 (continued)

Syntax

Notes

Size

Values

Ycrg[c]

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

Relative vertical placement of componentcto |u(16)

0—65535

sample grid point below.

End of loop over all components

A.4.10 Extension marker
Tlable A.22 defines the syntax of the extension marker segment.

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

Table A.22 — Extension markersegment syntax

Usage: Zero or more extension marker segments may be presentiin a codestream. If present, any
gxtension marker segment shall precede the first slice header in the'Codestream.

Syntax Notes Size Valgies
¢xtension marker () {
coM u(16) 0xff15
Lcom Size of the marker ségment, not including the u(16) Variable, jat least
marker 4
Tcom Type of the extension u(16) See TablgA.23
Dcom User-defined data Variable |Variable
Padding Paddingto an integer number of bytes pad(8) 0
Table A.23 — Tcom encoding
Tcom Meaning
x0000 Vendor of the encoder, Dcom is a zero-terminated, ISO 10646 encoded string idertifying
the vendor of the encoder
x0001 Copyright statement that the codestream creator want to convey to users of the ¢ode-
stream. The interpretation of this statement is beyond the scope of this documenit. Dcom
is a zero-terminated, ISO/IEC 10646 encoded string identifying this statement.
(x8000-0xffff Vendor-specific information. Tcom identifies the type of extension and the vendof.
Mtothervatres ReservedfortS6AECuse

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 .Qi7p of the seement in bytes, notinclud- Tt Variable
ing the marker
for (b40;b < Ny; b = b+l) { Loop over all bands.
if (', [b]) | Check whether band b exists
G[b] Gain of band b u(8) 0-15
P[b] Priority of band b u(8) 0-255
} End of test whether b exists.
} End of loop over bands
}
NOTE Example weights tables for various configurations are given in Annex"H. These configurations hay

[=Pe)

been optlimized for PSNR performance of the encoder. Other choices are paSsible and can result in improve|
visual qulality for a certain viewing distance.

A.4.12 $lice header
Table A.P5 defines the syntax of the slice header.

Function: This marker segment identifies the start of a\slice and provides sufficient information for thie
order of|the slices within the image.

Usage: A codestream contains one or more sliee-headers. The entropy coded data for one slice follow
the slice header and extends either to the next slice header or the end of the codestream. Even thoug
the slicelheader includes the relative orderof the slice in the image, a codestream shall contain slices ih
incremepntal order, i.e. progressing from the top of the image to the bottom of the image.

- n

Table A.25 — Slice header syntax

Syntax Notes Size Values
slice Header () {
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

3.1 Dimensions of chroma subsampled image planes

b a rectangular arrangement of integer sample values aligned to the sampling grid of the im
amples of a component are not required to populate every possible position en the sampl
he horizontal spacing between samples of component i is denoted by s, [i] and 1s Called the h
pmpling factor. The vertical spacing of component i is denoted by s, [i] and is cdlled the vertical §
ictor. Both, horizontal and vertical sampling factors, are signalled in the component table 4
h subclause A.4.5. Figure B.1 provides an example of how samples aréedassigned to position
ampling grid.

WV =SSN U 3 vy e Ny =]

—

he number of samples in every row of component i is given by

i=| 2t
Welr] M

The number of samples in each column of component iNis given by

H
Hc[i]:|r f. “
sy 1]

W; and H; are the horizontal and vertical-dimensions of the sampling grid of the image as sig]
he picture header.

—

n image consists of N_components aligned along a regular rectangular sampling grid. Each conponent

age. The
ng grid.
brizontal
fampling
pecified
s on the

nalled in

Figure B.1 — Sampling grid for 4:2:2 sampling

© ISO/IEC 2022 - All rights reserved

29


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

ISO/IEC 21122-1:2022(E)

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 Dijvision of the subsampled image plane into bands

Each component i is decomposed by a wavelet transformation with N'; ,[i] horizontal and N°, /[1]
vertical [decomposition levels, where

N,L,x [1] = NL,X . N,L,X I:I:I =0

fori < N —Sd, and , _
N,LJ [1] = NL,y —log, (sy [1]) ¢ N Ly [1] =
That is, the number of horizontal decomposition levels applied to componerit dis given by the maximal
horizontal decomposition level N, and the vertical wavelet decomposition depth depends on the
vertical [subsampling factor syli] and the maximal decomposition level Ny, for all components thgt
participte in the wavelet decomposition and is otherwise 0. For vértically subsampled components,
the numper of vertical decomposition levels is reduced by 1.

foriZNC - Sd

Band types are enumerated by two letters indicating the horizontal and vertical filter type, each qf
which can be either H indicating high-pass filtering or L for~low-pass filtering, where the first lettqr
corresppnds to the horizontal filter type and the second(letter corresponds to the vertical filter typ¢.
The filt¢r type is followed by two subscripts indicating the horizontal decomposition level d, and
the vertjcal decomposition level d,. The algorithm.of the wavelet transformation itself is specified ip
Annex E| The filter type, as the collection of horizontal and vertical filtering and horizontal and vertical
decomppsition depth, is collapsed into a single'number f by a procedure given by subclause B.3.

The widkh Wy [,i] of filter type B at d,[B,i]\horizontal decompositions of component i is given by:

W, [B,i }_[ZS/C[[[;]]—‘ for a horizontally low-pass filtered band and W, [S,i]= szzlfc’f[:]]_l—‘/ZJ for

[s9)

horizontally high-pass filtered band.

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

<)

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

vertically high=pass filtered band.

—_—

In case ¢fc0vertical wavelet decompositions, a vertical high-pass does not exist and Hy[f,i] is identica

tO H [1] 11 £31e 4 0 4ezaz] 4o 4 4t
c LU 4Il' TIITT Ty PTS D LU TUULITS U CULITPUIITIITU 1.

B.3 Band indices, horizontal and vertical decomposition levels

Bands are the result of the wavelet decomposition of a component i with a wavelet filter 5. The wavelet
filter type B is an index in the range of 0 to Ng-1, where 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

(N4, )+ 7, ifd, >d,

b= {(NLJ -N, ) +T, 427, + 3><(NL_‘y - dy) otherwise.

od

OTE1  For N <N, interchange N; , with Ny ; and d, with d,. However, this case needs notto be cqnsidered
) this document.

—

NOTE 2  For 5 horizontal and 0 vertical levels, the above formula results in Table\B1, for 5 horizonftal and 1
viertical levels, the above formula results in Table B.2; for 5 horizontal and 2 vertical levels, it results in Table B.3.
The enumeration of bands in the tables follows the language of subclause B.2. I iSsimportant to observ¢ that the
aissignment of wavelet filter types f does not depend on sampling, i.e. the assigniment is identical for 4:4:4, 4:2:2
and 4:2:0 sampling.

NOTE 3  For components i< N.-Sd and s, [i]>1, the wavelet filter types = N, ,+2-N; , and f= N| ,+3-N|| , are not
populated and do not carry any data. See also subclause B.4.
\
C

OTE4  For components i > N.-Sd, only the wavelet filter ty¥pe’f=0 is populated, all other filter typps do not
arry data.

a) Jol1l 2| 3 4 7
5 6

8 9

b) fo[3]l 6 [ 9 12 21
15 18

24 27

o 147 | 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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The functions d,[$,i] and d [ ,i] map a component index i and and a wavelet filter type ff into a horizontal
or vertical decomposmon Yevel

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:

N, (I =SAXN g+

NOTE 7 | If some components are subsampled in the vertical direction or omitted from the‘ wavelgt
decompgsition, N; deviates from the total number of wavelet bands accumulated over all componefts. This |s
intentiorfal. Wavelet filter types that are not present in some components are instead excluded by the. mechanisin
of the bapd-inclusion flags I[p,b,A,s] and the band-existence flags b,[f,i].

For i<N-5d, the band index b is computed from the wavelet filter type f# and the component index i ip
the following way:

b=(IN.-Sd)xB+i

For izN t-5d, only =0 is populated, all other bands are empty, and the bahd index b is given by
b=(|N. —Sd)xNg +i

[¢)

NOTE 8 | By the above convention, iterating over increasing b corresponds to a progression order with th
component index as fast and the wavelet filter type as slow variable. Components that participate in the wavelg
decompagsition are transmitted in the first block, followed by all components which are not decomposed.

ot

B.4 Band existence flags

[

In case fthe wavelet decomposition is suppressed, not all of the Ny wavelet filter types are preser
for all cpmponents, see Figure B.2 for an)example. The presence of a band given a filter type and
compongnt is encoded in the array bg[f;i]. The value of b,[f,i] is 1 if the wavelet filter type f is presern
in in component i, and is 0 if it does-not exist. The value of this array shall be computed as as follows:

—+ 2

0 if B>0andi>=N,—-Sd or

bebil=l0 ity 2" My BB gmods, [1]40

1 otherwise

That is,|a bandds) excluded if either the wavelet filter type is nonzero and the component is nd
decomppsed,sor the first line of the wavelet band is not divisible by the vertical subsampling facto
Note that the right hand side of the middle condition is identical to L,[p,b], the first line of the bang
defined [n'subclause B.6. The shaded areas of Figure B.2 corresponds to wavelet filter types  for whic

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:

- L i3 =+

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, ,

HL; o

DWW N =[O

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

Wavelet filter type S Wavelet filtering and decomposition depths
(subscripts.argd, and d,)
Ll 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
HH, ;

V|0 |N|an|n| )N | = |O

NOTE T The above tables, the wavelet Tilter Ty pes are indicated by Two capital [evels, 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 coefficients are partitioned into a rectangular grid of N, . xN, , precincts, where N,  is the
number of precincts per line of the sampling grid, and N, is the number of precincts per column. Each
column other than the rightmost column is

c - 8xCwxmax, (s, [i])x2"bx if Cw>0
i Wi otherwise

sample pridpositions wide, where W and Cw are signaited il the picture neader, and the S,i11.a
signallefl in the component table. Each precinct contains coefficients from a rectangular area l«
coefficignts from all bands. These coefficients, in turn, correspond to a rectangular region of\ilnag
data.

D = @

NOTE While not a requirement specified in this document, it is generally advisable to select €W in such a waly
that the gightmost column is approximately of the same size as that of all other columns.

The number N, , of precincts per line and the number N, of precincts per column are defined as follows:

Wi Hy
N, J=|—]| and N, ,=
P IVCS -‘ Py ’VZNL'Y -‘

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

[

Precincys are assigned sequential numbers p, denoted as ‘precinct indices, where p runs from 0 tp
N, (xN,1-1 with N, . and N, , defined as above. The sequential number enumerates the precincts on the
samplm:r gridina raster scan manner, i.e. firstly from leftto right, and secondly from top to bottom.

Precinc number p is H), =2y sampling grid lines high and w, [p] sampling grid columns wide,
where the latter is computed as

A

C if pumod Ny, <N, -1
L lp]

N ((Wf —1)umod C,)+1 otherwise

—

Denote py (x,,y},) the coefficientpesitions within band b, where b is the band corresponding to filte
type B apd component i as defined in subclause B.3. Then x,, runs from 0 to Wy,[$,i]-1 and y}, runs from
to Hy[B4]-1, with W[ 5,i] and H[f,i] the band dimensions as defined in subclause B.2. A sample in ban
b at position (x,y,,) is pattof precinct p if and only if

3 d g :
_| o xsyli]x2 ylP) and pumodN. . = xp, s, [1]x 2P ]
Nplx oMLy P

[P

=

CS

~

where di[8,1} and dy[B,i] are the horizontal respectively vertical decomposition depth of component
and flltpr type N —and N, _are the number of horizontal and vertical decomposition levels, and s [i]

and s [i] are ‘the horizontal and vertical sampling factors of component i.

W, [p]

The width W, [p,b] of band b in precinct p is computed by W, [p,b]= { ALl for ahorizontally
[i ]><2

W
low-pass filtered band and pr[P:b]ZH p[p][']] T ]/ZJ for a horizontally high-pass filtered

s, []x 2%l
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.
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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

3 PR 33 £1 1 . y r 72 I r 23 3 £
(:KLIUDIVE) cid Inmc oI odid o 11 precct p. L40|_[},UJ dllU L1 p,0] dI'C COLIIpULEd 45 10110WS.

Lo [p,b] _ zmax(NL_y —dy[i,ﬂ],O) 7 [B] and

1y [p.b]) =1y 6] i (1, [ ]| L 2™ e S0 gm0,

p.X

where f and i are computed from b as indicated in subclause B.3. FigurgB.3 provides an exar
an image is divided into precincts, lines, bands and packets.

NOTE1 By this definition, line numbers enumerate lines in the sampling grid, irrespectively of th
spbsampling factor of a component. For vertically subsampled components, odd line numbers are exd
means of the line inclusion flags, see subclause B.7.

=z

OTE2 By these formulae, the bottommost precinct of a.pi€ture can contain bands that contain fe
han the bands in all other precincts. In particular, some of these bands can be even empty.

ot

ple how

b vertical
luded by

wer lines
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a)

Lo[2,01=0

L[20] =1~ >

Lo2A71=2 —>

Li22471=4 —

b)

Figure B.3 — Precincts, slices and packets

NOTE 3 | In Figure B.3, a 5 leye] horizontal and 2 level vertical decomposition using 4:4:4 or 4:2:2 samplinlg
with a sljce-height of 16 is preSented. Medium lines indicate precinct boundaries, thin lines band boundaries and
thick lings the image boundary. Dotted lines belong to a separate slice. The precinct denoted by a) depicts the
band ind|ces for all band$ that contribute to component 0, the precinct indicated by b) depicts the packet indices.
The shaded area in b)‘¢onsists of a single packet. Note that some bands extend over two lines. Subpackets cajn
extend oyer severalbands, but include only a single line of a group of bands. Band indices for component 0 onl
are shown for preeinct p=1, the grouping of lines of bands into packets is demonstrated for precinct p=3. Column
are disalled and-precincts extend over the full image. Note further that the presence of a band in the precinct fg
the last grecinct of the picture cannot be easily inferred from Figure B.3.

y
S
r

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

Notes

Name
moalt

o ot 1ncliucion (o) L
g g g 3

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

Iterate over all band indices

N
for (A=0;A< 2 Y ;a=n+1) |

Iterate over all lines

N
for (s=0;s<Nyx2 LY ss-s+1)

Iterate over all possible packet’indices

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

Reset packet inclusion flag

}

End of loop over packetindices

}

End of loop overlines

}

End of loop over'bands

s=0

Reset packetindex

Br=max (Ny ,, Ny ,)-min(Ng ., Ny ,)+1 Numbetof included bands in the first pagket
for (B=0;p<B;p= p+1) Laop over filter types
for (i=0;1<N_-Sd;i=i+1) { Eoop over wavelet-decomposed compongnts
if (b, [B,1i]) { Check whether the band corresponding|to filter
type f and component i exists
b= (N,-Sd) xB+1 Compute the band index from the filter fype and
the component, see subclause B.3
Ilp,b,0,s]=1 f; bands of all components included in the fiijst packet

}

}

End ofloop over wavelet-decomposed conjponents

}

End of loop over wavelet filter types

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

Loop over proxy levels until all wavelet t
covered

ypes are

N -d_| 0%
for (A=0;A< 2 LY Y[ BO];A=A+1) {

Loop over all lines within the band

for (B=Boi B<Peh3s/ p=B+1) { Loop over all filter types within the resolution level
r=1 Indicate to create a new packet
for (150,4<N_ -Sd;i=1i+1) Loop over components
1TENBRLIR,1T) | Check whether the band corresponding|to filter
type f and component i exists
b= (N,-Sd) xB+1i Compute the band index from the filter fype 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 LOOD over lines
for (A 40;a< 2 Y sa=a+1) | P

for (=N -Sd;i<N;;i=i+1) { Loop over components that do not participaté ip
the wavelet decomposition

b= (N.-Sd) xNg+1i Compute the band from the component. The filtef
type is always 0
if (A+Lglp,b] < Lilp,bl) | Check whether the line is in the' precinct
s=4+1 Create a new packet
I[g,b,A+Ly[p,b],s]1=1 Include the line in the pré&cinct
}
} End loop over camponents
} End loop over lines
Ny [plfFs+l Define thé.number of packets in total
}
NOTE For $Sd=0, the above algorithm results for 3 components, 5 horizontal and 0 vertical wavelg

decompagsition and 4:4:4 or 4:2:2 sampling in the line inclusion*flags as listed in Table B.5, for 3 components,
horizontgl and 1 vertical wavelet decomposition in Table Bi6 and for 3 components, 5 horizontal and 2 vertic3
wavelet flecomposition in Table B.7. For 3 components, 5, horizontal levels and 4:2:0 sampling, Table B.8 list
the lines|and included bands for 1 vertical decomposition level, Table B.9 for 2 vertical decomposition level
For Sd>0} the components that do not participate in\the wavelet decomposition follow the regular component
with the[component as fast and the line as slowlvariable. For Sd=1, 4 components and 4:4:4:4 sampling and
vertical flecomposition level, the above algorithm results in the packet layout indicated in Table B.10, for th
same corlfiguration and 2 vertical decomposition levels in Table B.11.

o —R 77Ty — Ul ~+

Talple 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 — Lineinclusion 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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Packet index s

Line number A

Included bands

o

(12,13,14)

(15,16,17)

(18,19,20)

(21,22,23)

(24,25,26)

(27,28;29)

(21,22,23)

(24,25,26)

O[O (N|O} | U |W|IN |-

W WL ININIO|FR|-

(27,28,29)

Table B.8 — Line inclusion flags for one vertical decomposition level and.4:2:0 samplin

Sd=0

1g and

Packet index s

Line number A of luma
component

Line number A of chro-
ma components

Included bands

0

0

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

(15,16,17)

(18)

(21

Table B.9 — Line inclusion flags for two vertical decomposition levels and 4:2:0 sampli}

Sd=0

g and

Packet index s

Line number A of ltima
componént

Line number A of chro-
ma components

Included bands

0

0

(0,1,2) (3,4,5) (6,7,8) (910,11)

(12,13,14)

(15)

(18)

(21,22,23)

(24,25,26)

(27,28,29)

(21

(24)

O | RAN N | U [ DA WIN| - |O

W WIRLRINNIO|R|R[O

(27)

Sd=1

pHng with

Packet index s

Line number A

Included bands

0

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

(15,16,17)

(18,19,20)

(21,22,23)

(24)

A T WIN|- O

0
1
1
0
1

(24)
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Table B.11 — Line inclusion flags for two vertical decomposition levels and 4:4:4:4 sampling
and 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 6 242223

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)

B8 D

of joine
through
corresp
group si
for thesg
the wav

Consea.{ive coefficients of line A in precinct p and band b aregrouped into code groups for the purpose

The nunpber of code groups Ncg[p,b] of precinct p and band b is computed as follows:

Nl

where
coefficid

B9 G

If signif]
groups.
The firs

jvision of precinct lines into code groups

coding. The number of coefficients within one code group is denoted by N, and is constant
ut all bands and precincts. The first sample 'of the first code group in a line of a precingt
pnds to the first coefficient of that line. In casetthe width of the line is not a multiple of the code
ze, the last code group is padded to include:¥, samples. An encoder can output arbitrary values
e samples. A decoder shall ignore samples resulted from padding in all subsequent steps such as
blet transformation.

0,b]= [W,,[p,b] / Ny

-

/ob[P,D] is the width ofprecinct p and band b in coefficients and N, is the size of a code group i
nts.

rouping of code groups into significance groups

icance._coding is enabled, multiple code groups are furthermore grouped into significande
A sigiiificance group comprises S, consecutive code groups of a line A in precinct p and band b.
[ eode group of the first significance group corresponds to the first code group of the precing

[

line. ThelaStsisnificance-sroup-of-aprecinctHnemavcoveronlvasmallernumberof-code-oroups
. e1a5t51

TIITT TT T T T TIT TIrC—T1T T TIT THrorrCr— ot T T T w8
COICC— g T oup— oo preT Tt < Ty COvVeT O y T T ot DT o TotOtT—gToups

significance group is significant if at least one code group within the significance group contains at

least on

e 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= [Wpy[p,b] / (NgxSJ)1

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.

40
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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

LL £l ozl
L llsl ULIICI VVIOU
drecincts, such that the first slice is aligned to the top of the image, where H; is signalled imth¢ picture

Header, H; is the height of the picture, H, is the height of a precinct in lines and N, , is-the nymber of
grecincts per row.
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Annex C
(normative)

Entropy decoding

C.1 Entropy decoding general provisions

Encoded image data is structured in slices, see subclause B.10, where each slice includes the'wavelgt
coefficignts necessary to reconstruct a horizontal stripe of the image. Slices are represented in thie
codestrg¢am by slice headers and subsequent precincts, see subclause A.4.12 for the syntax of a slide
header. |Data following the slice header represents one or multiple precincts, where\precincts are
included in raster scan order, left to right, top to bottom. Precincts are not enclosed|in markers. Each
precinct consists of a precinct header, one or multiple packets, and optional fillet bytes, see Table A.[lL
for detalls. Subclause C.2 specifies the structure of the precinct header.

Each pafcket s of a precinct p consists of a packet header and a packet-body which itself includgs
multiplg subpackets. Subclause C.3 specifies the structure of the packetheader, and subclause C.4 t
structurle of the packet body. Each subpacket contributes directly or-indirectly to the quantizatio
index mpgnitudes v[p,A,b,x] and wavelet coefficient signs s[p,A,b,x]¢Some subpackets are optional; theijr
existende is indicated by flags in the precinct header or picturéheader, depending on the type of t
subpackiet.

NOTE 1 | This document does not define a mechanism to _resSynchronize the decoder to marker or packg
boundaries. The entropy coded data can contain byte sequences that reassemble markers or marker segments.
lower leyel transport protocol beyond the scope of this docitment is needed to ensure proper resynchronizatio
to frameor slice boundaries.

==

—_—

The sigrlificance subpacket includes for each significance group a single bit that, if set, indicates that a
code grdups within the corresponding significance groups are insignificant. A code group is insignificar
if contains only zero coefficients, or its'bjtplane count prediction residual is zero, depending on t

Run Modle flag Rm in the picture header. The significance subpacket is an optional packet that is onl
included if bit 1 of the bitplane count.coding mode D[p,b] field in the precinct header is non-zero and t

raw modle override flag D [p,s] field in the packet header is 0. The significance subpacket is defined ip
subclauge C.5.2.

(s

The bitplane count subpacket defines for all code groups in significant significance groups the bitplane
count M[p,A,b,g] of a eode group g. The bitplane count together with the truncation position T[p,4]
specifie$ the numbet of'bitplanes included for all coefficients within a code group. The bitplane courjt
subpacket is a mandatory packet that is always present. It is specified in subclause C.5.3.

[}

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

s¥)

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.

Qutput: Size of the precinct in bytes including filler bytes L, [p], precinct quantization Q[p], precinct
efinement R[p] and bitplane count coding modes D|[p,b] for all bands b.

—

Table C.1 — Precinct header syntax

Name Notes Size Valyes
precinct header (p) {
Length of the entropy coded data in this pre-
cinct including filler bytes measured in bytest
The number of bytes in this field counts from 920_
Lprc [Pl the end of the precinct header of this précinct u(24) 1-(2%°-1)
up to, but not including the first byte.of'the
next precinct header, slice header o’EOC.
Precinct quantization. This fiéldis input to
the algorithm specified in subclause C.6.2 to _
2lpl 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
algorithm specifiedin subclause C.6.2 to se- L
RIp] lect the truncation position T[p,b] of all bands u(8) 0-(N,.-1)
of this precinct.
for (b=0;b<N ;b=b+1) { Loop ovérall bands
if (', [b]) | Checkwhether band b exists
D[p,b] Bitplane count coding mode of band b. u(2) See Table C.2
}
} End of loop over bands
padding Pad to next byte boundary pad(8) 0
The D[p,b] field\consists of two consecutive bits per band in the precinct header. It specifies how the
Hitplane counts of the code groups of wavelet coefficients are encoded. Table C.2 lists valid enncodings
for this fi€ld in binary, where an "x" indicates a bit position whose value shall be ignored for the jpurpose
df deterfmtining a specific function. The bitplane count encoding mode selected by the D[p,b] fields can
He overridden by the D [p,s] field in the subpacket header, see Table C.3. If D [p,s] is non-zero, bitplane
doumits 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 Packet header

Data fol
s repres
bands w
header 3
are sped

The D[}
precinct
Regardl
encoded
not be p

In additjon to the above, the following constraint shall hold if the RI field of the picture header is 0: For

given pri
precinct
the sam

owing the precinct header of precinct p consists of one or multiple packets, where each packe
bnts the quantization indices of one or multiple bands b and one line A of the precinct p and a
ithin this packet, see Table A.1 for a breakdown of the syntax. A packet consists of a packd
nd one or multiple subpackets. Table C.3 specifies the syntax of the packet header. Subpacket
ified in subclause C.5.

p,s] flag in the packet header indicates whether the bitplane countinformation of packet s i
p is encoded in raw. By that, D_[p,s] overrides the D[p,b] mode seléetion in the precinct heade
pss of the value of D [p,s], the D[p,b] flags shall be present in _the precinct header. Packet
in the raw mode do not include significance information and the significance subpacket sha
resent for packets whose D [p,s] field is non-zero.

— »n 7 =

ecinct p and band b, the D, [p,s] flag shall be identicalfer all packets s that include band b withi
p, i.e. raw and non-raw coding of bitplane counts(shall not be mixed within the same band i
p precinct. Formally: for all precincts p and all ‘packets s and s’, D, [p,s] == D,[p,s’] if there is

band b gnd line indices A and A" such that I[p,b,A,s] =-1<and I[p,b,A’,s’]=1. This restriction does not appl
if Rlis 1
X
D.[0,0] =0 D[0,4]=0 N
D.[0,7]=0F
D{05]=0% -
D,[0,8] = oF
Dr[1,0y =0 D,[14]=1 ;\
1 =
DI17]=1%
D[1,5]= 0% _
D.[1,8]=0F

NOTE 1

Figure C.1 — A valid selection of raw mode override flags for R1=0

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
for (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 datdif the packet is
non-empty

Dr[p,s] Raw modepverride flag. If this bit is u(1) 0,1
non-zere,-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.

if (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.

Laae [P, 8] Size of the data subpacket in bytes. u(15) |0-3R767

Lone [P s] Size of the bitplane count subpacketin [u(13) [0-8[191
bytes

Lignlp,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.

} else { End of short packet header
Laac [RS] Size of the data subpacket in bytes. u(20) |0-1048575
Lege [P 8] Size of the bitplane count subpacket in |[u(20) 0-1048575
bytes
Loga [P/ S] Size of the sign subpacketin bytesif [u(15) [0-3P767

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[#,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-
unpacH significance(p,s); packet is not included in the packet
header and can be inferred from
the size of the line and the band.

unpacH bitplane count(p,s); Decode bitplane count information.
This subpacket includes Lg¢[p;s]
bytes.

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

if (Fg==1) { The sign subpacket is only included
if sign coding is enabled in the
picture héader, see Table A.7 for the
definition of Fs.

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

} End of if sign packing enabled

C.5 Subpackets

C.5.1 Nomenclature

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

® wn

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

npack significance(p,s) {

for (b=0;b<N;;b=b+1) { Loop over all bands
for (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.

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

ent if indicdted’ by bit #1 of D[p,b] in
the precinct’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
Padding Pad to the next byte boundary pad(8)

(¢.5.3 Bitplane count subpacket

(.5.3.1 * Purpose of the Bitplane count subpacket

TheBitplamre countsubpacketdecodes tothe bitptane counts of thecode groups of apacketsof 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 bit
sum of 4

Formall
defined
if no sig
While L
either by

Lsig

Let L',

b in pre

’
Liofl
raw
Let Liot

the raw

raw]
LtOt

Then, th
holds.

plane count subpackets and significance subpackets contributing to b is at most as large asthle
11 sizes of encoding the bitplane count of the same subpackets in the raw mode.

y: Let L.,[p,s] be the size of the bitplane count subpacket of precinct p and packet!s_ini byte
n Table C.3. Let Lg;,[p,s] be the size of the significance subpacket of precinct p and packet s, or
hificance data is 1ncluded

o wm

iglp,s] is not explicitly signalled, it can be inferred from the size of the bandsicontributing to §
 the number of bytes generated by the algorithm specified in Table C.5, 0requivalently by

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

»S|=
p.s] 5
[p,b] be the sum of sizes of all bitplane count and significafige subpackets contributing to banfd
inct p:
Npe=114[p,b}-1
Z Z [p,b,A,s] ( cnt [pv5]+Lsig [p,s])
s=0 A=Ly[p,b]

[p,b] be the amount of bytes required to-ehcode the bitplane count of band b in precinct p ip
coding mode:

Npe =114 [pb]-1 3 sl .
I:p,b] = Z z I[p,bls]xz [p,b A ] NCgI:p’b:I B,
s=0 A=Ly[p.b] 8

e codestream shall be constructed in such a way that for all b and p, L'y [p,b]< LS [p, Y]
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Dy[p,0] =7 Dy[p,A] = D7[p4]) =

NN\

/

// In

U/ )

re—— D\{p4] = DopAl )= 1

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

NOTE Figure C.2 demonstrates which comparisons are made<o test the validity of a mode decis
single precinct p with a 5 level horizontal, 2 level vertical wavelet-decomposition. Thick lines represent

encoded in a single packet. The overall rate of the bitplare)count subpackets in the shaded areas is g
once for all packets covering the area encoded with the‘hitplane count coding mode D[p,b] and D [p,s]
(fop row) and once in raw mode D [p,s]=1 (bottom ¥6w). Areas over which the rate is summed are d|
lich a way that the raw mode flags are consistent'with the condition specified in subclause C.3. The
punt coding modes D[p,b] and raw mode overridéflags D [p,s] in a codestream are populated in such a
he rate in any of the shaded areas is not larger than the rate of the same area in the bottom row. A tr
uboptimal way to satisfy this constraint would be to select D [p,s]=1 for all packets.

wn o n

(.5.3.3 Bitplane count mode selection for RI=1

h case RI=1, the bitstream shall be constructed in such a way that that for all bands b and all lin
um of the sizes of all bitplane count subpackets and significance subpackets contributing to b
b at most as large as the.sum of all sizes of encoding the bitplane count of the same subpacke
Qhw mode.

— ey

Hormally: Let L fp,s] and Lg;,[p,s] be defined as in subclause C.5.3.2.

et L’ltot [p5sT be the sum of sizes of all bitplane count and significance subpackets contrih
drecinct piand packet s:

ion for a
precinct

boundaries, thin lines band boundaries and dotted lines pagket boundaries. The shaded area to the top left is

omputed
as given
efined in
bitplane
way that
ivial, but

es A, the
in line A
ts in the

uting to

"\
L ot [p,s]:= Lent [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
in the raw coding mode:

N-1L[pb]1r, [p,b,2,5]x N, [p.b]xB,

L s]=Y Y :

b=0 A=Ly[p.b|

packet s

Then, the codestream shall be constructed in such a way that for all p and s, L, [p,s]< L7 [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 _encdding valid(p) {

validdl

Assume validity

if (RY==0) {

Check for packet-based raw-mode switch

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

Loop over all subbands of the precinct

rawdize=0

Number of bits required to eficode this band in raw
mode

bytdsize=0

Number of bytes

for{s=0;s<Ng.;s=s+l) {

Loop over all packets-in the precinct

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

{

Loop over all linés)in the band

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

Include onlyif the band b is present in the given
packet s, line'and precinct, see subclause B.7.

Hytesize = bytesize + L, [p,s]

Include-snumber of bytes required for bitplane
count'coding

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

Include number of bytes required for significance
coding

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

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

if (Ilp,b',A,s]) {

Only if band b'is included in the same subpacket

rawsize = rawsize + B, xN_g[p,®1]

Reserve B, bits per included bitplane count for
each line in this precinct. N.,[p, b'] is specified 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 (oytesize~X [rawsize/87) {

Check buffer limit condition

valid=0 Invalid if buffer size constraint violated
} End of check whether bitrate constraint is satisfieql
} End ofloopoverbands |
} else { End of band-based raw-mode switch, start of pack-

et-based switch.

for (S:O;s<Npc; s=s+1) {

Loop over all packets in the precinct

rawsize = 0

bytesize = L., [p,s] + Lgi4lp,s]

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

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

Loop over all subbands of the precinct

for (}x=LO [P, b];A<L; [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,

b] 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

valid=0

Invalid if buffer size constraint violated

}

End of loop over all packets

End of line-based raw-modeswitch

oo T/ |

OTE
eld of the packet header.

- =z

—

o

(.5.3.5 Bitplane count subpacket syntax

Jutput: 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

able C.7 specifies the syntax of the bitplane count subpacket depending on D[p,b] and D [p,s] and gives
eference to the corresponding subclauses.

The number of filler bytes at the end of the bitplane count subpacket can be inferred from th¢ L_,.[p,s]

hput: precinct and packet whose bitplane counts are\to be decoded, significance flags Z[p,A,b}x] of the
ne and precinct if significance coding is enabled:

Name Notes Size Réference
npack bitplane count(p,s) {
for (b=0;b<N;;b=b+1) { Loop over all bands
for (A=Lj[p,bl;A<L;[p,blLAAzA+1) { Loop over all lines of this band
if (I[p,b,A,s]) | Include only if the line is present in the
given band and packet, see subclause B.7.
if (Drlp,s]=Find Detect whether raw coding is enabled for
this packet
unpack €aw(p,b,A); Decode with the raw coding mode Variable Subdlause C.6.4
} elgsenif ((D[p,b] & 1) == 0) { Select the bitplane count coding mode
unipaek nopred(p,b,A) ; No prediction with or without sig-flags Variable Subdlause C.6.6
y else {
unpack vertical (p,b,2); Vertical prediction with or without sig- Variable Subglause 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 packet header.

The number of filler bytes at the end of the data subpacket can be inferred from the Lg,[p,s] field of

Input: precinct and packet whose coefficient data is to be decoded, bitplane counts of all code groups of

all bandf of the given line and precinct, truncation positions oI all [ines and bands of the given precing

and lind.

The truncation positions T[b,p] are computed from the information in the precinct headé

specifiefl in subclause C.2 and the weights table specified in subclause A.4.6 according to the algorithy

given in|subclause C.6.2.

Output:
packet

the giveh precinct p and packet s.

Table C.8 — Syntax of the data subpacket

Magnitudes of the quantization index magnitudes v[p,],b,x] in all bands of the precinct p an
and if sign packing is disabled, additionally quantization index signs s[p,,b)x] of all bands i

t
I
n

= ="

Name

Notes

Size

Values

unpack [data (p,s) |

for (b40;b < Np;b=b+1l) {

Loop ovérall bands of the
precinet

for (=L, [p,b]

i A<L; [p,b];A=A+1)

{

Looprover 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.

foy(g=0;g<N 4 [p,bl;g=g+l)

{

Include data for all groups
in this precinct and line.

v p,A,b,Nng+k] =0

Reset quantization index
magnitude

i (Mlp,2,b,9]>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:O;k<Ng;k=k+l) {

Loop over all members of
the code group. The defini-
tion of the group size N, is
specified in subclause B.8. ﬁ

sIp,A, b, Nyxg+k]

Sign bit of the coefficient in
the current band, line and

u(1)

0,1

group

}

End of loop over coefficients

}

End of sign inclusion

for (i=M[p,A,b,g9]-T[p,b

]_

’

i20;1i=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-
zation index magnitude in
the precinct, line, band and

group

u(l)

0,1
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Table C.8 (continued)

Name

Notes Size

Values

v[p,A,b,Nng+k]:v[p,A,b,Nng+k}+(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

Padding

Pad to the nextbyte bound-
ary

pad(8)

filler bytes

Arbitrary'number of filler  |fill()

bytes

0o

.5.5 Sign subpacket

oQ

=z

OTE1
he packet header.

—t

recinct and subpacket.

Q.o @ Tl e

oefficients in the preginct and line.

Table C.9 — Syntax of the sign subpacket

able C.9 specifies the syntax of the sign subpacket. This subpacket includes the sign informat{on of all
oefficients of all code groups of a given precinct and line within a precinct. This subpacket shall only
e present if the sign packing flag Fs specifie@in subclause A.4.3 is set to 1.

The number of filler bytes at the'end of the sign subpacket can be inferred from the Lg,,[p,5] field of

hput: precinct and packet whoseJsign data is to be decoded, decoded coefficient magnitud¢s of the

Jutput: array of signs sfp;4,b,x] of all bands in the given precinct and packet, coefficient arrjay of all

Name Semantics Size Values
npack signs(p,s) {
for (b=0;b<N;;b=b+1) { Loop over all bands
for (A=Ly[p,b] i A<L, [p,b];A=A+1) { Loop over all lines of this band
ITT (TID, 0, A, 51T ( Include only if the band 1S 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,A, 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

}

th nF ]nnp o\ver handc

Paddin

g Pad to the next byte boundary pad(8)

filler

bytes Arbitrary number of filler bytes fill()

}

NOTE 2

meaning
sign bits
to force {

C6 B

c.6.1

The bity
Bitplang
coding 1
The dec
significg

The bit]
defines

the quantization step size. The computation-of'the truncation position is specified in subclause C.6.2.

Vertical
position

Miopl P
way that
topmost

NOTE
independ

C.6.2
Table C.

As the data subpacket always transmits coefficients in groups of 4, it can happen that it include
ess coefficients near the right edge of a wavelet band. By the above table, the sign.subpacket includg
even for such meaningless coefficients whenever they are non-zero. It is advisableythetigh not necessary,
uch meaningless coefficients to 0 at the encoder side.

" wn

tplane count decoding

Bitplane count decoding general provisions

lane count decoding process decodes the bitplane counts M[p,A,b,g] from the contents of thie
count subpacket by a process specified in subclause €:5.3 that depends on the bitplane cour
hode D[p,b] in the precinct header and the raw mode override flag D [p,s] in the packet heade
pding process may optionally predict bitplane<€ounts vertically, and may optionally emplo
nce flags to skip over insignificant code groups.

—

<

-

plane count decoding process requires furthermore the truncation position T[p,b], whic
Lhe bitplane at which transmission of*ceefficient data stops, and hence indirectly determing

[72)

prediction modes also require-access to the bitplane counts M, [p,A,b,g] and truncatio
T,onLDsb] of the line directly above the current line within the same Band The computation g
b,g] and T, [p,b] is specified in subclause C.6.3. The codestream shall be constructed in such
vertical prediction is never selected as bitplane count coding mode for the topmost lines of thie
precinct of a slice or(the image.

— =

The above reqtineément ensures that wavelet coefficients within different slices can be decoded
ently of each ofher.

Computation of the truncation position

|0 specifies the computation of the truncation position T[b,p] of band b and precinct p from the

precinct

duantization Q[p] and precinct refinement R[p], both specified in the precinct header specified

in subclause C.Z, and the band priority F|b| defined by the weights table specilied 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 band

priority

Output:

54

P[b].

Truncation position T[b,p] of band b in precinct p.
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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
}
T[b,p]=clamp (Q[p]-G[b]~-r,0,15) Compute the truncation position as the precinct guantizatjon

minus the band gain from the Weights Table, minius the number of
additional refinement bitplanes, then clamp‘to-the valid rapge.

redictor

ertical prediction modes require an entire row of bitplane counts above the current line as t
f the prediction. In addition, the truncation position of the line above is also required. The co

0 wn O < L o B

ence in particular not at the top of the image.

wn o <

pecified in subclause B.6.

rlte ..}

hctor syli] of the component the bandb is part of.

(
fosition predictor Ty, [b,p]
N
t

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

.6.3 Computation of the vertical bitplane count predictor and/truncation positign

source
stream

hall be constructed in such a way that vertical predictiondsyhot selected at the first line of a dlice, and

he process specified in Table C.11 computes from a giveh precinct p, line A and band b the corregponding
ertical predictor M,,[p,A,b,g] and the vertical truincation predictor Ty,,[p,A,b,g]. For that, it requires
he first line Ly[p,b] and the last line L;[p,b] of band b and precinct p, where L,[p,b] and L,|p,b] are

hput: Precinct index p, line index A, band\index b, bitplane counts M[p,A,b,g] of precinct p and jprecinct
=N, first line L,[p,b] and last line L;[p,b] of band b of precinct p. Let s, be the vertical subgampling

Jutput: Vertical predictors M, [p,A,b,g] of all code groups g of precinct p, line A and band b; trincation

OTE Vertical prediction cannot be selected at the start of the slice, and hence at the top of the image. Hence,
he algorithm as specified)here always accesses bitplane counts within the current slice and within the fmage.

in the precinct

Syntax Notes
omputg\predictor (p,b,A) {
for (g=0;9<N_4[b];g=g+l) { Loop over all code groups of this band
if (A-s, < Lylp,bl) { Check whether the given line is the first line of the band
in the precinct
Migp [Pr A, 0, g1=M[p-N, ,,L;[p,b]-s,,b,g] Predict from the last line of the precinct above if A is the
top line of the band in the precinct
} else {
Miop [P/ N, D, gl=M[p, A=s,, b, g] Precinct from the line above A if this line still in the same
precinct
}
} End of loop over all code groups
if (A-s, < Lglp,b]) Check whether the given line is the first line of the band

© ISO/IEC 2022 - All rights reserved
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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 of the bitplane count subpacket specified in this subclause is selected if D [p,s] in the packg
header i 1, indicating the raw mode. The bitplane count subpacket contains in this case bitplane count
M[p,A,b,g] directly, using B, bits per code group. Table C.12 specifies the decoding of the bitplane count

in the ra

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

Output:

v n ~+

'w mode.

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

Table C.12 — Raw mode

Name Notes Size Values

unpack [raw (p,b,A) {

for (d=0;9<N_g4[p,b];g=g+l) { Include predicted bitplane counts for all code

groups. N, is specified in subclause B.8.
M[p A,b,g] Bitplane count ericoded in B, bits u(B,) 0-(28r-1)

} End of loop aver code groups
}
C.6.5 Differential bitplane count decoding for vertical prediction
The syntax of the bitplane count subpacket specified in this subclause is selected if the bitplane count
coding node D[p,b] in the preciict header indicates vertical prediction and the raw mode override
flag DF[IIS] in the packet headet.is 0. Table C.13 specifies how to decode bitplane counts in the vertical
mode. The bitplane count subpacket contains in this case bitplane count prediction residuals which are

n

used to
shall alw

Input: p
informa
Z[pAbg

Fecover the bitplanecounts from the residuals by inverse vertical prediction. The codestrear]
fays be construeted in such a way that the bitplane counts M[p,A,b,g] are between 0 and (25r-1).

D

recinct index'p, band b and line index A whose magnitude data is to be decoded, significand
Lion of the precinct and line whose magnitude information is to be decoded. Significance flag
] in cagse significance coding is enabled by the bitplane count coding mode D[p,b].

[72)

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.4[p,b]ig=g+1l) { Include predicted bitplane counts for all code

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

t = max(T[p,b],Tp [P, 0]) Compute effective truncation position for

prediction

56
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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]) Dec_og? p‘rediction residual encoded with vlc(mtop,T[p,b])
vartabtetengtircode
} else {
if (Rm == 0) | Test the run mode
Am=0 Non-significant groups have a zero bitplane
count prediction residual.
} else {
Am=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‘group
M[p,A,b,9] = m, +Am Predict from m,,, 0 (28r-1)
} End of loop over code groups

e o =15 = o

Ny

o

.6.6 Variable length bitplane count decoding without prediction

Table C.14 — No-prediction mode

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

he syntax of the bitplane count subpacket specified in this subclause is selected if D[p,B] in the
recinct header indicates no prediction andthe raw mode override flag D [p,s] in the packe
b 0. Table C.14 specifies how to decode bitplane counts in the no-prediction mode. The bitpla
ubpacket contains in this case variable {ength encoded bitplane counts. The codestream shall always
e constructed in such a way that thebitplane counts M[p,A,b,g] are between 0 and (257-1).

[ header
he count

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

Name Notes Size Values
npack nopred(p,b,A) {
for (g=0;9<N_4[p,b]l;g=g+1l) { Include predicted bitplane counts for all code
groups. N, is specified in subclause B.8.
has = Tlpn bl Sat nradictartathatriineatinny nacitinny
TOp T = et P e ettt —to Tt trattattrO T pOSTTIoT
if ((D[p,b] & 2) == 0 || Decode prediction residual only if either
o significance information was not included,
z2lp, b, Lg/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)

Name Notes Size Values
m = m.,, +Am Predict from my,,
Mlp,A,b,g] = m 0-(25r-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 Yariable length decoding primitive

Table C.15 specifies the variable length decoder vic() primitive which decodes a signed quidntity in thie
context [1,t) of a predictor r and a truncation position t. This coding primitive is used thréoughout this

annex. A codestream shall not contain more than 32 1-bits as input for the vlc decodes. Detecting suchp
condition indicates that the decoder has lost synchronization with the source. This-establishes an errdr
conditiojn whose handling is beyond the scope of this document.
Input: A predictor r and a truncation position t.
Outputya signed quantity x.
Table C.15 — Decoding a signed quantity with vlc
Syntax Semantics Size | Values
vlic(r,Y4) {
©=max (r-t, 0) Compute the threshold for'the alphabet switch
x=0 Reset the bitcounter.
do {
b u(l) |01
if () |
x =[x+l Count the number of 1-bits
}
} whille(b && x < 32) Repeat as long as 1-bits are found in the stream
if (x| 32) {
erroy () A codestream shall not contain more than 32 consecutive
1-bits
}
if (x> 2x0) & Check whether this is the unary sub-alphabet
retugn x-9© If so, decode unary subalphabet
} elsq &f M(x > 0) | Check for non-zero symbol, signed sub-alphabet
if (x & I) 1 Check for an odd codeword
return —|_x / 2'| Return a negative value for odd codewords
} else {
return |_x / 2J 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 vic

Syntax

Semantics

Ylc _encode (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 > 06) {

Check for the unary sub-alphabet case

n=x+2806

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

} else {

Instead in the binary sub-alphabet casé

X = xX %X 2

Reserve two bits per symbol in the biwary sub-alphabet

if (x < 0) {

n=-x-1

Encode negative numbers withran odd number of bits

} else {

Encode positive numbeps with an even number of bits

End of binary alphabet coding

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

Write out.aSequence of n one-bits

out (1) Write outa single 1-bit
} End ofloop 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 G

Inverse
position
quantiz:
and the

This do
the Qpih
D.2 In

Table D
selected

twice thle size of all regular buckets, and the reconstruction point of this quantizer is in the middle

each bu
and ban

Input: P
bitplane

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

Output:

bneral

Huantization computes the wavelet coefficients c[p,A,b,x] in all precincts p, lines A, bands p anfd
s x from the decoded quantization index magnitudes v[p,A,b,x] and their signs s[p,A,b,x}. Inverse
ition is controlled by the truncation position T[p,b] which depends on the precinct and band,
bitplane count M[p,A,b,g] of the code group the quantized wavelet coefficient is part of.

ument offers multiple inverse quantization processes, the selection of which is controlled by
elements of the picture header, see subclause A.4.3 for details.

verse deadzone quantization

1 specifies the inverse deadzone quantization process. The inverse deadzone quantizer i
if the Qpih element of the picture header is 0. The zerg)bucket of the deadzone quantizer i

T = 7h

cket. The quantization bucket size is given by the tkuncation position T[p,b] of the precinct
d b.

recinct index p, line index A, band index b, trung¢ation positions T[p,b] of this precinct and band
counts M[p,A,b,g] of the precinct, line and\band and quantization index magnitudes v[p,A,b, %]

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

Table D.1 — Inverse deadzone quantization

Syntax Notes
deadzorje dequant (p,A,b) {
for (x907 x<W,, [P, b] ; x=x£l)~{ Iterate over all coefficients of band b in
precinct p
g = |x/NJ Compute the code group index from the
coefficient position
if (Mlp,A,bpal/ > Tlp,b] && vip,A,b,x] = 0) { Check whether a non-zero number of bit-
planes is included in this code group and
whether the coefficient is non-zero
r =Ll Tlp, bl) 1 Compute-thereconstructionpoint
o = 1-2s[p,A,b,x] Compute the sign of the reconstructed
coefficient
clp,A,b,x] = o x ((vlp,A,b,x]<< T[p,b]) + r) Reconstruct the coefficient
} 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 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]

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

P
t

P
f

Jutput: Wavelet coefficients c[p,A,b,x]

2M+1

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

rocedure 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
he implementation precision. This can be seen from the Neumann series —W = Zk 0¥ K While
— X =

x—1 -

multiplication with A can also be carried out explicitly, readers should be awax€ that a single-precision floating

oint implementation of the above formula will typically generate results.different from the algoritim in the
llowing table, and is hence not acceptable.

Table D.2 — Inverse uniform-q@antization

Syntax

Notes

niform dequant (p,A,b) {

for(x=O;x<pr[p,bJ;x=x+l) {

Iterate over all coefficients of band A in
precinct p

g = Lx/ngl

Compute the code group index from|the
coefficient position

if (M[p,2,b,g] > Tlp,b] && v[p, AjD7x]

'=0)

{

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

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

Compute the sign of the reconstructpd
coefficient

© = v[p, A Db, x]<<T [P, b1

Get zero-order approximation

¢ = M[p,A,b,g] { Tib,p] + 1

Extract the scale value

for(p = 0; . %0; 0 = @0 >> ()

{

Sum over the Neumann series

P =P+t @

Sum up partial terms

}

clp,%b,x] = o x p

Insert the sign and reconstruct the doeffi-
cient

) e'lse {

No bitplanes included or coefficient |s zero

B

P

L 1o,
LMy My al

pal
OCL LU ZC€T0

}

End of test for sufficient bitplanes and
non-zero

End of loop over all coefficients

D.4 Deadzone quantization
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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 (xqUTRW 1D, D)7 X=xT 1] 1 Tterate over all cOellicients of band b In precinct p
if (qlp,2,b,x] < 0) Test for the sign of the coefficient
slp/r,b,x] =1 Coefficient is negative
vipr,b,x] = (-clp,A,b,x])>>T[p,Db] Compute the amplitude from the coefficient
} elde {
slpr,b,x] =0 Coefficient is positive
vip|r,b,x] = clp, A, Db, x]>>T[p,Db] Compute the amplitude from the céefficient
} End of the sign check of the coefficient
} End of loop over all coefficients
}

D.5 Uniform quantization

Table D4t provides guidance on the implementation of a uniform quantizer whose output is compatible
with thg normative inverse uniform quantization proceduré specified in subclause D.3.

Input: Hrecinct index p, line index A, band index b, truneation 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].

OutputiQuantization index magnitudes v[p,A,b,x] and and their signs s[p,A,b,x]

NOTE The procedure given here is equivalent to mid-point quantization of a scalar quantizer with buckgt
2M+1
ize A
size A=f———F—.
pM+1-T _¢

Table D.4 — Uniform quantization

Syntax Notes
uniforn quant (p, A, b)~1
for (x90; x<Wy, [p, gx=x+1) | Iterate over all coefficients of band b in precinct p
g = |x/NJ Compute the code group index from the coefficient posi-
tion
if (MIpsA,o,g] > Tlp,bl) | Does the coefficient contain sufficient bitplanes?
¢ =M@, A, b,gl - Tlb,pl + 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

.6 Bitplane count computation

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

o

able D.5 provides guidance on the computation of the bitplane counts M[p,A,b;g}/from the
efficients c[p,A,b,g]. The bitplane counts M[p,A,b,g] are input to the uniform ox deadzone quantization
nd are encoded in the bitplane count subpacket of the precinct p.

Ipput: Precinct index p, line index A, band index b, truncation positions Ffp;b] of this precinct a

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

Table D.5 — Bitplane countcomputation

wavelet

nd band

Syntax

Notes

fompute bitplane counts (p,A,b) {

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

Iterate‘over all code groups of the band b

Vmax:o

Setthe maximum of the coefficient amplitude to zero

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 < Wy lp,bl) {

Test whether the position is within the band

if (clp, A, b,x] < 0) | Test for the sign of the coefficient
if (-clp, A, b,x] >vi N A Check for a new maximum
Vimax = —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

1if (clp,20)x] >v

max) {

Check for a new maximum

Vimax

&P, N, b, x]

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 prec

inct

ad ofl 11 | L
LIIU U ITUUp UVEl 4dll LUUT sl Uup Tt S5

for (m=0;v,,>0;V .y = Vpa>>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

E.1 General
In this ahnex, the flow charts and tables are normative only in the sense that they are defining anjeutpyt
that altgrnative implementations shall duplicate.
NOTE In order to achieve a low latency requirement and to conform to one or multiple profiles specified
in ISO/IEC 21122-2, decoder implementations would need to run the inverse wavelet transformation stegs
specified in this annex interleaved with the entropy decoding steps of Annex C and the inverse‘quantization stegs
of Annex|D. The algorithms given in this annex assume for the ease of presentation thatall'wavelet coefficients ¢f
an image|are available entirely.
This anphex describes the forward discrete wavelet transformation appliéd to one component and
specifie$ the inverse discrete wavelet transformation used to reconstruct the component.
E.2 Djscrete inverse wavelet transformation
The alggrithm specified in Table E.1 takes the wavelet coefficients c[p,A,b,x] of all precincts, lines angd
bands a$ input and transforms them by inverse wavelet transformation into the sample values O[k,x,y].
Input: [hversely quantized coefficients c[p,A,b,x] of allprecincts, all lines, all bands for all positions.
Output: Inversely wavelet transformed sample yalues O[k,x,y]
Table E.1 — Inverse wavelet transformation
Syntax Notes
inversq transformation() {
for (kq0; k<N_; k=k+1) { Loop over components
reorder_coefficients (k) Rearranges components from all pre-
cincts into a rectangular grid
Dy=mipn (N'; [k],N'§ a[k])) Compute number of initial horizontal
transformations to perform
for (d,=N'"y ,[k]yd,>D,;d,=d,~1) { Loop over horizontal decomposition
levels
hor Jtranstorm (k, LLgy 1, w1y k) » Llax, nr y (k) 7 Bhaxr vy k1) Horizontally transform the LL gy yp(4
and HL ., v1.pq bands of component
into the LLgy 1,y 1q 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
64 © ISO/IEC 2022 - All rights reserved


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

Table E.1 (continued)

ISO/IEC 21122-1:2022(E)

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,LH, , ,,LH, ,,HH,, )

Horizontally transform the LH ;and

HH, ;bands of component k int ) the
LH,.,4 band of component'k., The out-
put band is a temporary bahnd that is
only required for theinverse cqmputa-
tion of the wavelettransformation.

ver_transform(k,LLdﬂlwﬂ,LLd_Ld,LHd_Ld)

Vertically transform the LL;; gband
and LH;, 4 band of component f into
the LL ;1 g4, bdnd of componentk. The
outputdband is a temporary band that is
only required for the inverse cqmputa-
tion of the wavelet transformation.

End of horizontal and vertical decom-
positions

assign_output (k, LLj )

Assign the output of component k to
the values of the temporary bapd LL o

End of loop over components

E.3 Coefficient reordering and scaling

T

T+ W

P

o

Jutput: Tempordry band array T[f,x,y] as input to the wavelet filter.

Table E.2 — Coefficient reordering

he algorithm specified in Table E.2 assigns the dequantized coefficients c[p,A,b,x] from all grecincts
and component k to temporary bands\F[§,x,y], where f indicates the wavelet filter type and x gnd y the
pmpling position. It also applies-antadditional scaling step that improves the precision of the|wavelet
ransformation. The temporary.bands are required as input to the inverse wavelet filter. The syjmbols f,
[B.k] and Ny are defined in subclause B.3, b,[B.k] in subclause B.4.

hput: Component indeX k and inversely quantized wavelet coefficients c[p,A,b,x] of all precincts, all
nes, all bands and all positions. Width W, [b] and heights Hy [b] of all bands b.

Syntax

Notes

feorder coefficients (k) {

fof (B=0;B<N cR=QA+1)

Itarata guvar all cuhhandc r\(:rompo-
rtefFate-ovV-eFaH-SHB B hRaS-o6+¢€

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
dy[k.B] d.[k,B] Compute the precinct index p from
y ,
pEN, , X XSy [k]x2 + xx sy [K]x27 the horizontal position x and'vertical
p, ZNL'y C, position y.
A= yumod ZNL ylogzsy [kI-dy [k,B] Compute the l.1ne w1th1'n the precinct
from the vertical position y

C Compute the pesitton within the pref

&|= x umod # cinct from the horizontal position x

s, [k]x 2K
TR, x,yl=clp,A,b,§] << Fq Assignmand scale the wavelet coeffi-

cient in'the precinct p line A band b
andhorizontal position & to the tem-
porary band coefficient T in band S,
column x and row y.

End of loop over columns

End of loop over all rows

End of check over filter existence

End of loop over all wavelet filter
types

E.4 Inverse horizontal filtering

The algd
pass inp

Input: (
high-paj;

Output:

rithm specified in Table E.3wapplies an inverse horizontal wavelet filter on a low-pass and high
ut band and generates ceéfficients in a temporary output band.

omponent index k,-output wavelet filter type f, and two input filter types, low-pass f; an
s By and wavelet-coefficients in temporary bands T[f],x,y] and T[By,x.y].

Wavelet coeffisients in temporary output band T[f,,x,y]

Table E.3 — Horizontal inverse wavelet transformation

Syntax

Notes

hor_trgn form(k, Bgr IRL., |Rn\ {

Horizantalluzinuarca trancfar tha lavs mace cnnfficinnte 2 n
FeFHZeRtany HversetHaRStoriteow

e

P
uuuuuuuuuuuuuuuuu PT ot

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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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

o

igh-pass f; and wavelet coefficients in temporary bands T3;,x,y] and T[fy,x,y].

Jutput: Wavelet coefficients in temporary output band:T'[B,x,y]

Table E.4 — Vertical inverse wavelet transformation

LIPor X/ YI=ITX] ASSIgn Inversely transrormed wavelet Coelrricients to tne utput
band
} End of loop over columns

} End of loop over all rows
E.5 Inverse vertical filtering
The algorithm specified in Table E.4 applies an inverse vertical wavelet filter on a low-pass apd high-
dass input band and generates coefficients in a temporary output band:
Input: Component index k, output wavelet filter type S, and two input filter types, low-pass B, and
ly

$yntax

Notes

yer transform(k, BO, BrrBy) |

Vertically inverse transform the low-pass coefficients ; anfl high-

pass coefficients B to the output band 5, in component k.

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

Iterate over all columns of band b

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

Iterate over all rows of band b

Ly/2]

i =

Compute the input sample position in the source band

if (y umod 2 = 0) {

If even sample position

X[y]=T[By, x,1] Assign the low-pass input to the even samples of the tempotary
array X
} else { Else odd sample position
XIyl1=T Ry vy 1] Assign the high-pass samples to the odd samples of the temporary

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

: oo IR T P
TIIVerse L IlCter ID(gPgr K177

Performsaminverse fitteringom 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

position

s 0to 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 (i41;1<2;1=1+1) { Loop over two samples beyond the edge of the temporary array
X[-1)=X[1] Reflect sample at the left boundary
X[Z+3-1]=X[2Z2-1-1] Reflect samples at the right boundary
} End of loop over sample extension
}
NOTE Due to requirements formulated for the picture header elements- W}, H; and Cw, pathological casgs
such as gmpty bands or bands of length Z=1 do not appear, such that bands,are at least two coefficients wide qr
high.
E.7 Inverse wavelet filtering with the 5-3 filter
The algqrithm specified in Table E.6 computes the inverse-wavelet transformation with the 5-3 wavelgt
filter. It generates from the interleaved low-pass and-high-pass input samples X output samples in thie
output drray Y.
Input: Array X[x] of wavelet coefficients and size of the array Z.
OutputiArray 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
inversq filter 1D(Z) {
for (140;1<2+1;1=1+2)CA Loop over even samples
YI119X[1] - (X[17DIWX[1+1]+2)>>2) Reconstruct even samples from low-pass
} End of loop over even samples
for (i91;i<Zxd=1+2) { Loop over odd samples
YL]9X [ AC(Y[1-11+Y[1+1])>>1) Reconstruct odd samples from high-pass

End nflnnp aover add Qamplpc

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[fS,x,y].

Table E.7 — Output assignment

Syntax Notes

assign output (k,p) {

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.

bands of component k.

for (x=0;x<W [k];x=x+1) { Loop over the row of the band data. The width of the component c is
denoted by W_[k] and has been specified in subclause B.1.
Olk,x,y]=T[R,x,V] Assign to the output coefficients O the reconstructed values 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 wavelet transformation at encogler side.
The discrete wavelet transformation takes sample values, Qfk,x,y] and computes from them|wavelet
doefficients c[p,A,b,x].
Ipput: Sample values O[k,x,y] of all components k at all sample positions x and y.
Qutput: Wavelet coefficients c[p,A,b,x] of all precinets, all lines, all bands for all positions.
Table E.8 provides the steps necessary to implement a forwards wavelet transformation.
Table Ei8'— Wavelet transformation
Syntax Notes
forwards_transformation() ({
for (k=0;k<N_;k=k+1) { Loop over components
assign_input (k) Place data of component kfinto the
input buffer of the wavelet filter
Dy=min (N'; [k]«ND;, ([k]) Compute the number of injtial
transformations to performn
for (d=1;d&D,7d=d+1) { Loop over the horizontal gnd ver-
tical decomposition levels
ver _fwd transform(k,LLy_q,4-1,LLg-1, 4, LHg q,q) Vertically transform the LLg1,41
band into the LL;; yand LH ;. 4
bands of component k.
Frer—fwd—transformts g o bhg o g o) Hortzontalty tramsformrthe 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

End of horizontal and vertical

decomposition

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

Loop over horizontal-only decom-

position levels

© ISO/IEC 2022 - All rights reserved

69


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

ISO/IEC 21122-1:2022(E)

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
insen t_ Fetertstio Phacescoeffictentsof LUlupuucuta

into precincts

} End of loop over components

E.10 Irjput coefficient assignment

Table EP provides guidance on how to assign the sample values in the input‘'array O[k,x,y] to thee
tempordry wavelet band T[f,x,y].

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

Outputy Temporary array T[B,x,y] filled with input data as wavelet coefficients of the LL , band.

Table E.9 — Input assignment

Syntax Notes
assign [input (k) { Assign the output of eguiponent k to the temporary LL ; band
for (yq40; y<H [k];y=y+1l) A Loop over the columns of the band data. The height of the component ¢

is denoted by Hg[¢}'and has been specified in subclause B.1.

for (4=0;x<W [k];x=x+1) { Loop over therow of the band data. The width of the component c is
denoted by W_[c] and has been specified in subclause B.1.

T[LNy,0,%,y1=0[k, %, 7] Assigintothe input coefficients O the reconstructed values to the tem-
porary wavelet band T[LL (,xy], i.e. set the LL, ; band to the input dataj

} End of loop over rows

} End of loop over colums

E.11 Hprizontal wavelet transformation

=

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

Input: (omponent index k, output wavelet filter type B, and two input filter types, low-pass f; and

hlgh-pa s 1 - waveolot caofficientsin temnorarvaoutnut hand 713 v 1l
SSpwaveret HHEIe RS H-temPporary- ot pitBaRa—1pu=3A4

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

70 © ISO/IEC 2022 - All rights reserved


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

ISO/IEC 21122-1:2022(E)

Table E.10 (continued)

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

T = X721

Lompute the Imput sample posItion I1n the source pand

if (x umod 2 = 0) {

If even sample position

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

Assign the even samples to the low-pass output.

} else {

Else odd sample position

T [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

o

P —

E.12 Vertical wavelet transformation

able E.11 provides guidance how to perform a vertical'wavelet filter from wavelet coefficie
emporary band and to create low-pass and high-pass.output bands.

hput: Component index k, output wavelet filterdype S, and two input filter types, low-pas
igh-pass fj; and wavelet coefficients in a tempordry input band T[f,,x,y]

Qutput: Wavelet coefficients in temporary-output bands T[f|,x,y] and T[By,x.y].

Table E.11 — Vertical forward wavelet transformation

ints in a

5, and

$yntax

Notes

yer fwd transform(k, ., BuBy)

{

the low-pass coefficients 8 and high-pass coefficients f;.

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

for(x=O;x<Wb[BO,k];x=x+1) {

Iterate over all columns

for (y=0; y<Hp [Boi]7y=y+1) |

Iterate over all rows

XIy1=T By, xaY] Retrieve one column of the wavelet coefficients and store them in
the temporary column
} End of loop over colums
extend\Samples (H, [B,, k]) Symmetrically extend the samples X across the boundary
fud\filter 1D (Hy[Bg, k1) Performs wavelet filtering on the temporary array X
Tor (y=0; y<Hy [Bq, 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
TRy, x,1]=Y[y] Assign the even samples to the low-pass output
} else { Else odd sample position
T[By,y,1]=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 fillter 1D(2) {
for (i4-1;1<z+1;i=1+2) { Loop over odd samples
YIi19X[1]- ((X[1-11+X[1+1])>>1) Generate the high-pass in the odd samiples
} End of loop over odd samples
for (i90;1<z;1i=1i+2) { Loop over even samples
Y119X 11+ ((Y[1-11+Y [i+1]+2)>>2) Update the even samples to.generate the low-pass
} End of loop over even samples
}
E.14 Insertion of coefficients into precincts
Table E.JL3 provides guidance on how to assign the wavelét transformed coefficients c[p,A,b,x] in thie

tempord

Input: C
step, wi

Output:

ry bands to the precincts.

omponent index k and temporary band arrayT[f,x,y] containing the output of the wavelet filtdr
ith Wy,[b] and heights Hy[b] of all bands,

Wavelet 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 (B0; p<Ng; p=p+1) { Iterate over all subbands of component k
if (Ye[B, k] == 1) A Check whether the corresponding filter type exists

in component k

if (k < N_-Sd)\¢ Check whether this is a regular component

b= (N, -Sd)xBitk Compute the band from the filter type § and the

component k

} ellsey|

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'ﬂ]

yxs, [k]x2P) {
X +

Ny, C

Wy s

2

|

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

72

© ISO/IEC 2022 - All rights reserved


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

ISO/IEC 21122-1:2022(E)

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

it (T, x,y] >=0) {

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

pgative

clp,2,b, E1=(T[B,x,y]l+r) >> Fgq

Insert the scaled wavelet coefficient frem, th
temporary band S into precinct p line)Aband
horizontal position x.

e
b and

} else {

If negative

clp, Ab, E1=—((-T[B,x,y]+r)

>> Fq)

Insert the scaled wavelet cpefficient from th
temporary band £ into pfecinct p line A band
horizontal position x.

b and

End of check for sign

End of loop over.eelumns

End of loop‘over all rows

End of ¢heck if band exists

End-efloop over all wavelet filter types
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Annex F
(normative)

Multiple component transformations
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hnex, the flow charts and tables are normative only in the sense that they are defining ah|outpy
rnative implementations shall duplicate.

In order to achieve a low latency requirement and to conform to one or multiple profil€s specified i
P1122-2, decoder implementations would need to run the inverse multiple component steps specified i
x interleaved with the inverse discrete wavelet transformation steps of Annex E= The algorithms given
nex assume for the ease of presentation that all sample values of an image are@available entirely.

=)

verse multiple component transformation

'se multiple component transformation shall be applied to{the output sample values OJc,x,)
avelet transformation if the Cpih element of the picture leader specified in subclause A.4.3 i
[ from 0, see Table A.9. Cpih shall be 0 if there are less than 3 components, i.e. if N.<3, or if any ¢
pling factors s,[i] and s, [i] for i<3 are different from¢1:Furthermore, Cpih shall be smaller tha
e are less than 4 components, i.e. if N <3, or if anyef the sampling factors s,[i] and s,[f] for i<
rent from 1.

W= - »n —

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

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

Cpih Inverse Multiple Component Transformation

0 No transformation, set Q[c,x,y] = O[c,x,y] for all components c, all columns x
and atl-rows y.

1 inverse_rct(), see subclause F.3, to compute Q]c,x,y] from O[c,x,y] for all com-
porients c<3.

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

3 inverse_star_tetrix(), see subclause E.5, to compute Q[c,x,y] from O[c,x,y] for all
components c<4.

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

y

Al othervalues Reserved for ISO/IEC purposes.

E3 1

verse reversibie muttipte component transfornration (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:

74

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<Hgry=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]

1, = Ul X, Y]

Retrieve Input components

0p = ig=((i+1i,)>>2)

Reconstruct the green component

0p = 01 + 1, Reconstruct the red component
0, = o t i Reconstruct the blue component
QLo,x,y] = o Assign the red output

Qll,x,y] = o Assign the green output
Ql2,x,y] = o, Assign the blue output

End of loop over columns

End of loop over rows

ot b

and H;.

E4 Forward reversible multiple component transformation

Table F.3 — Forwarnds reversible multiple component transformation

able F.3 provides guidance on the forward multiplécomponent colour decorrelation transfdrmation
hat is inverted by the procedure specified in subclatuse F.3 at the decoder side.

Input: Scaled intermediate image sample values Q2[c,x,y] and the dimensions of the sampling grid W;

Qutput: Decorrelated sample values O[¢,x,y] suitable as input of the forward wavelet transfornpation.

Syntax

Notes

forward rct () {

for (y=0; y<Hg; y=y+10\{

Loop over rows of the image

for (x=0; x<W¢;x=X#1) |

Loop over the columns of the image

io = Q0,2

i, = QL %, V]

i, = QL2 x,v]

Retrieve input components

O = (Lg+2x1+1,) >>2 Compute the luma component

Q"= 1, - i, Compute the Cb chroma component
0, = 1p — 15 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
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F.5 Inverse Star-Tetrix transform

F.5.1 Reconstruction with the Star-Tetrix transformation
Table F.4 specifies the inverse Star-Tetrix transformation that is applied if 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 Hy 9f
the sampling grid.

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

Table F.4 — Inverse Star-Tetrix transform

Syntax Notes Referénce
inversq star tetrix() {
inv_ayg_step () ReconstructY, from Y, and A Table F.5
inv_dqlta_step() Reconstruct Y; from Aand Y, Table¥6
inv_Y |step () Reconstruct G; and G, from Yy, Y, and |Table'F.7
Cr' Cb
inv_CHCr_ step() Reconstruct R and B from C,, C,, and Table F.8
Gy Gy
for (yq0;y<Heiy=y+1) | Loop over rows of the image

for (§=0; x<Wg; x=x+1) Loop over the columns of tHe\image

{
QLO/fx, ¥yl = 0?[2,x,y] Assign the red output
QILfx, vyl = 0?[3,x,y] Assign the first greenoutput
Ql2fx, vyl = 0110,x,y] Assign the second-green output
QL3fx, vyl = 01[1,x,y] Assign the blue output
} End of logpsover columns

} End ofloop over rows

F5.2 Inverse average step

Table E.p specifies thenverse average step which reconstructs the Y, component from Y, and A. Thie
access()|function is sperified in subclause F.5.7.

Input: The outptit array of the inverse wavelet transformation O[c,x,y] and the dimensions W;and H; qf
the samplinggrid.

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

wlfolxrﬂ:o[orer]—

I_Alt tALL tA FA
8

Reconstruct Y, from Y, and A

|

wl[llxly]:o[llxly

Copy remaining components over

Copy remaining components over

]
wl[2,X,Y]=O[2,X,Y]
0)1[3,X, y]:O[3,XIY]

Copy remaining components over

}

End of loop over columns

}

End of loop over rows

5.3 Inverse delta step

SR

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

P

able F.5 specifies the inverse delta step which reconstructs the Y,~component from Y, angl A. The

hput: The output array of the inverse average step w![c,x,y]cand the dimensions W; and H; of the

wn

ampling grid.

Qutput: The second lifting step output w?[c,x,y] of the image.

Table F.6 — Inverse delta step

Syntax

Notes

nv_delta 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

Y, = wl'laccess (3,x,y,-1, 1M

Read the Y, component to the top-left

Read the Y, component to the top-right

Y, = wllaccess(3,x,y,5%,+1)

Read the Y, component to the bottom-left

)
Y . = wllaccess (3,x,y,+k,-1)]
]
]

Y, = wollaccess (3,x.y,+1,+1)

Read the Y, component to the bottom-right

w2 [3,x,y]=0 [3, x G+

e AL TNy Yy
L J
4

Reconstruct Y; from Y, and A

0 [1, % =0 [1,%,y]

Copy remaining components over

QZ[ZIXIY}:®1[2IXIY]

Copy remaining components over

@20, x,y]=0l[0,x,y]

Copy remaining components over

}

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() {
for (y=0;y<He; y=y+1l) | 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,
B, = w?[access(0,x,y,+1,0)] Read the Cy component to the right of G,
R, [o°[access(U,%,y,0,-17] Read the C, component to the top of G,
R, = w?[access (0,x,y,0,+1)] Read the C. component to the bottom of G,
w30l x, y1=02[0,x,y]- Compute G, from Y, and neighbouring C,, and.C..sam-
|_2’32 (B + B, )+2°L (R, + Rb)J ples
8
B.= p?[access (3,x,y,0,-1)] Read the C, component to the top 6f{G;
B,= p?[access(3,x,y,0,+1)] Read the C, component to the bottom of G;
R, = w?[access(3,x,y,-1,0)] Read the C. component to theleft of G,
R, = w?laccess (3,x,y,+1,0)] Read the C. component to-the right of G;
w33}, %, y1=02[3,x,y]- Compute G, from Y, ahd neighbouring C and C, sam-
L2ez (B + By )+2 (Ry + Rr)J les
8
o3[, %, y1=0?[1,%,y] Copy remaining components over
032 %, y1=0212,%,y] Copy remaining components over
} End‘of loop over columns
} End of loop over rows
}

F.5.5 Inverse C,C, step

Table F.§ specifies the inverse C,C, step which reconstructs the R and B components from G; and G, anfd
Cy, C.. The access() function is specified in subclause F.5.7.

Input: The output array of the third lifting step w?[c,x,y] and the dimensions W; and H; of the samplinlg
grid.

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

Table F.8 — Inverse C,C, step

Syntax Notes
inv_cbdr,Step () {
for (y=osp<Hrip=srti—t Loopoverrowsoftheimage
for (x=0;x<Wg;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,
G, = w’laccess(1,x,y,+1,0)] Read the G component to the right of C,,
Gy = w’laccess(l,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,,
01, x,y]=03[1,x,y]+ Compute B from Cy and neighbouring G samples
|_G1+ G +G + GbJ
4
G, = w’laccess(2,%,y,-1,0)] Read the G component to the left of C.
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Syntax

Notes

r

= w3[access (2,%,y,+1,0)]

Read the G component to the right of C,

G, = w3[access(2,x,y,0,-1)]

Read the G component to the top of C,

G, = w3[access(2,x,y,0,+1)]

Read the G component to the bottom of C,.

0i[2,x,y]=03[2,x,y]+

G+ G.+G. + G
|_l r t bJ

Compute R from C, and neighbouring G samples

4

0¥[0,x,y]=03[0,x%,y]

Copy remaining components over

w*[3,x, YJ:®3[3/X/ vl

Copy remaining components over

}

End of loop over columns

}

End of loop over rows

o>t =3

H5.6 Super pixel look-up tables

Table F.9 — CFA Pattern type derived fromthe component registration

able F.9 specifies the CFA pattern type C, depending on the values of thé component registratign values
crg[c],YCrg|c] found in the component registration marker, see sub¢lause A.4.9.

Component index ¢ Xcrg|c] Ycrgc] CFA Pattern Type C, Notes
(Subpixel arrange-
ment and ghroma

exponent 3ssign-

menq)
0 0 0 0 RGGE
1 32768 0 e isthe C weight
2 0 32768 e, is the Cy, weight
3 32768 32768
0 32768 32768 0 BGGR
1 32768 0 eq is the Cy, [weight
2 0 32768 e, is the C, weight
3 0 0
0 32768 0 1 GRBG
1 0 0 e, is the C. weight
2 32768 32768 e, is the C, weight
3 0 32768
0 0 32768 1 GBRG
T 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

CTS marker segment as indicated in the table.

Exchanging the registration of R and B does not change C,, but can require exchanging e; and e, in the

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

T T U1

2 1 1,0

3 1 0,0
Table F.11 specifies its inverse function k[6,,6,]. Given a displacement vector 6,,6, and & CFA patterp
t)_/pe1 Cy [[6,,6,] evaluates to the component indyex c at the given displacement vector within'a CFA supdr
pixel.

Table F.11 — Component index by displacement vector

Displacement 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 T 3
F.5.7 C(oordinate access function
Table F.12 specifies a function that computes the component and coordinates of a sub-pixel relative to
sub-pixql at a given coordinate and efa given component

Input: T

offset rjand r, the sample grid dimensions W; and Hj, the colour transformation CFA pattern type {

and the

Output:

he coordinates (x,y) and component c in the sample grid of a super pixel of a CFA array, a sample

I

Colour transformation reflection and extension flags Cr.

A triple (c,x,J of component ¢, x position and y position within the sample grid.

Table F.12 — Coordinate access function

Syntax Notes
access(c,x,v,r,.,r,) {
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-
(C. == 3 &5 .45 > 1)1 tempted to the line above, or the access is in-line, and an
£ ry+oylel access is made to the line below, or the access would go
(2y+r +8,[c] < 0) || beyond the sample grid
(2y+r,+3,[c] >= 2H;)) {
r, =-r, If so, reflect back into the line
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