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Foreword

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

The

International Organization for Standardization (ISO) and International Electrotechnical

Commission (IEC) draw attention to the fact that it is claimed that compliance with this document may
involve the use of a patent.

ISO and IEC take no position concerning the evidence, validity and scope of this patent right. The
holder of this patent right has assured ISO and IEC that he/she is willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this
respect, the statement of the holder of this patent right is registered with ISO and IEC. Information may

beo

tained from:

INTO|
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mile Francqui 9

5 Mont-Saint-Guibert, Belgium
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tegrated Circuits IIS

Jolfsmantel 33

B Erlangen, Germany
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Information technology — JPEG XS low-latency lightweight
image coding system —

Part 1:
Core coding system

1

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

This flocument:

Ther¢ are no normative references in-this document.

3

3.1

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

ISO apd [EC majntain terminological databases for use in standardization at the following

Ycope

specifies a decoding process for converting compressed image data to reconstructed i
specifies a codestream syntax containing infornfation for interpreting the compressed

drovides guidance on encoding processes for cenverting source image data to compresse

Normative references

Terms and definitions, abbreviated terms and symbols

Terms and definitions

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

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

mage data;
image data;

1 image data.

hddresses:

1EC F']nr‘frnpndia- available at http /www electropedia orga/

3.1.1
band
input data to a specific wavelet filter type (3.1.49) that contributes to the generation of one of the
components (3.1.13) of the image

3.1.2

band type
single number collapsing the information on the component (3.1.13), and horizontal and vertical wavelet
filter types (3.1.49) that are applied in the filter cascade reconstructing spatial image samples (3.1.42)
from inversely quantized wavelet coefficients (3.1.10)

© ISO/IEC 2019 - All rights reserved
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3.1.3
bit
binary choic

3.14
bitplane
array of bits

3.1.5

122-1:2019(E)

e encoded as either 0 or 1

(3.1.3) having all the same significance (3.1.31)

bitplane count
number of significant bitplanes (3.1.4) of a code group (3.1.9), counting from the LSB up to the most

significant, g

on-emptyv hitplane

3.1.6

bitplane count subpacket

subset ofap
packet, follo

Note 1 to enty

3.1.7
byte
group of 8 b

3.1.8

codestream
compressed
reconstructi

3.1.9

code group
group of qu
(3.1.25)

3.1.10
coefficient
input value t

3.1.11
column
set of vertica

3.1.12

compression

process of re

3.1.13

cket (3.1.34) which decodes to the bitplane counts (3.1.5) of all code groups (3.1.9) wi
ved by padding (3.1.35) and optional filler bytes (3.1.24)

y: See subclause C.5.3.

ts (3.1.3)

image data representation that includes all necessary data to allow a (full or approxi
on of the sample (3.1.42) values of a digital imagé

nntization indices (3.1.40) in sign-magnitude representation before inverse quantiz

0 the inverse wavelet trahsformation resulting from inverse quantization (3.1.25)

lly aligned pre¢incts (3.1.36)

ducingthe number of bits (3.1.3) used to represent source image data

hin a

mate)

ation

component

two-dimensional array of samples (3.1.42) having the same designation such as red, green or blue in the
output or display device

3.1.14

continuous-

tone image

image whose components (3.1.13) have more than one bit (3.1.3) per sample (3.1.42)

3.1.15

data subpacket
subset of a packet (3.1.34) which consists of the quantization index magnitudes (3.1.41), followed by
padding (3.1.35) and optional filler bytes (3.1.24)

Note 1 to entry: See subclause C.5.4.
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3.1.16
deadzone quantizer
quantizer whose zero bucket has a size different from all other buckets

-1:2019(E)

Note 1 to entry: Based on this, inverse deadzone quantizers can be defined as inverse quantizers whose zero

bucke

t has a size different from all other buckets.

3.1.17
decoder
embodiment of a decoding process (3.1.18)

3.1.18

deco
proce

3.1.1
deco
set of
trang

3.1.2
enco
emba

3.1.2
enco
procg

ling process
ss which takes as its input a codestream (3.1.8) and outputs a continuous-tone imgge ||

D
mposition level
wavelet coefficients (3.1.10) resulting from a particular level of recursive.application
form

D
ler
diment of an encoding process (3.1.23)

1
ling process
ss which outputs compressed image data in the form of a codestream (3.1.8)

”

lossle
(3.1.9

py decoding

py encoding

) such that the average number of bits per symbol approaches the entropy of the inpu

3.1.2
fillen
integ
value

3.1.2
invel
inver

4
bytes
br number of bytes’(3.1.7) a decoder (3.1.17) will skip over on decoding without inte
s of the bytestitself

5
se quantization
e, procedure (3.1.38) to quantization (3.1.39) by which the decoder (3.1.17)

3.1.14)

of a wavelet

uence of bits

5s (3.1.28) procedure (3.1.38)-which converts a sequence of input symbols into a sequence of bits

t symbols

rpreting the

recovers a

reprd

sentation of the coefficients (3.1.10)

3.1.26

inverse reversible multi component transformation
inverse RCT

inverse transformation across multiple component (3.1.13) sample (3.1.42) values located at the same
sample grid (3.1.43) point that is invertible without loss

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

3.1.2

7

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

© ISO/IEC 2019 - All rights reserved
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3.1.28

lossless

being such that, for encoding and decoding procedures (3.1.38), the output of the decoding procedure(s)
is identical to the input to the encoding procedure(s)

3.1.29

lossless coding

mode of operation which refers to any one of the coding processes defined in this document in which all
of the procedures (3.1.38) are lossless (3.1.28)

3.1.30

sign subpacket
subset of a packet (3.1.34) that consists of the sign information of all non-zero quantizationdindices
(3.1.40) within a packet, followed by padding (3.1.35) and optional filler bytes (3.1.24)

Note 1 to entyly: See subclause C.5.5.

3.1.31

significancg
attribute of rode groups (3.1.9) that applies if, depending on the Run Mode flag in the picture h¢ader,
either at leajst one of coefficients (3.1.10) in the code group is non-zero, ot the bitplane count (B.1.5)
prediction r¢sidual of the code group is non-zero

3.1.32
significance¢ group
group of horjizontally adjacent code groups (3.1.9) sharing the same significance (3.1.31) informatjon in
the significance subpacket (3.1.33)

3.1.33
significance¢ subpacket
subset of a|packet (3.1.34) that identifies which«Significance groups (3.1.32) within a packdt are
insignificant, followed by padding (3.1.35) and optional filler bytes (3.1.24)

Note 1 to entrly: See subclause C.5.2.

3.1.34
packet
segment of the codestream (3.1.8) containing entropy coded information on a single precinct (3.1.36),
line and a supset of the bands (3.1.1) within this precinct and line

3.1.35

padding
bits (3.1.3) within the ¢odestream (3.1.8) whose only purpose is to align syntax elements to byte (B.1.7)
boundaries and that!carry no information

3.1.36
precinct
collection of quantization indices (3.1.40) of all bands (3.1.1) contributing to a given spatial region of
the image

3.1.37

precision

number of bits (3.1.3) allocated to a particular sample (3.1.42), coefficient (3.1.10), or other binary
numerical representation

3.1.38

procedure

set of steps which accomplishes one of the tasks which comprise an encoding (3.1.23) or decoding
process (3.1.18)

4 © ISO/IEC 2019 - All rights reserved
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3.1.39
quantization
method of reducing the precision (3.1.37) of the individual coefficients (3.1.10)

3.1.40
quantization index

-1:2019(E)

input to the inverse quantization (3.1.25) process which reconstructs a wavelet coefficient (3.1.10)

3141
quantization index magnitude
absolute value of a quantization index (3.1.40)

3.1.4p
sample
singl¢ element in the two-dimensional image array which comprises a component (3.1:13)

3.1.48
sample grid

common coordinate system for all samples (3.1.42) of an image, where the samples at the
of th¢ image have the coordinates (0,0), the first coordinate increases towards the right
towafds the bottom

3.1.44
slice
integlal number of precincts (3.1.36) whose wavelet coefficients (3.1.10) can be entr
indegendently

3.1.4p

cket

upsampling

top left edge
, the second

bpy-decoded

one line of a

of a wavelet

rhose buckets

procgduré (3.1.38) by which the spatial resolution of a component (3.1.13) is increased

3.1.49

wavelet filter type

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

number and

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

3.2 Abbreviated terms

LSB least significant bit

MSB most significant bit

© ISO/IEC 2019 - All rights reserved
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3.3 Symbols

Blc] bit precision of component c

B wavelet filter type

b band type

Bw nominal overall bit precision of the wavelet data

Br number of bits required to encode a bitplane count in raw

Cpih colour transformation type

c[p,Abx] wavelet coefficient in precinct p, line A, band b and position x

Cs width of precincts other than the rightmost precinct in sample grid pdsitions

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

Fs sign packing flag

Fslc slice coding mode

Fq number of fractional bits in the representation of wavelet coefficients

G[b] gain of subband b

Hpla] height of subband a in wavelet cgefficients

Hc[i] height of the component i inrsample points

Hr height of the image in sampling grid points

Hp height of a precinct in lines

Hg height of a slice)in precincts

I[p,b,A,s] line inclusion flag, set if line A of band b and precinct p is included in packet s, resqt
otherwise

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

L1[p,b] lastline+ 1 of band b in precinctp

Lcod codestream length in bytes

Ldat[p,s] size of the data subpacket of precinct p and packet s in bytes

Lent[p,s] size of the bitplane count subpacket of precinct p and packet s in bytes

Lsgn[p,s] size of the sign subpacket of precinct p and packet s in bytes

Lprc[p] length of the entropy coded data in precinct p

Lslc slice length in bytes

6 © ISO/IEC 2019 - All rights reserved
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M[p,A,b,g] bitplane count of precinct p, line A, band b and code group g

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

N¢ number of components in an image

Neg[p,b] number of code groups in precinct p and band b

Np number of bands per component

Ng number of coefficients in a code group

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

Nplt] number of precincts in slice t

NL number of bands in the wavelet decomposition of the image (wayelet filter|types times
components)

Npx number of horizontal decomposition levels

NLy number of vertical decomposition levels

Np,x number of precincts per sampling grid line

Np,y number of precincts per sampling grid celumn

Npc[H] number of packets in precinct p

O[c,xly] unscaled output of the inverse wavelet transformation at coordinates x andl y of the
component ¢

Qlc,xly] output of the inverse multiple component transformation at position x,y for fomponent c

P[b] priority of band b

Plev level a particulaf codestream complies to

Ppih profile a particular codestream complies to

Ppoc progression order in which bands are transmitted in the codestream

Q[p] quantization parameter of precinct p

Qpih quantization type of the picture

Rm run mode used for significance coding

R[p] refinement of precinct p

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

Ss size of a significance group in code groups

sx[i] 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

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

© ISO/IEC 2019 - All rights reserved 7
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Ttop[p,b] vertical truncation position predictor of precinct p and band b

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

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

v[p,A,b,x] quantization index magnitude of the wavelet coefficient in precinct p, line A, band b

and position x

Wy[b] width of band b in wavelet coefficients

We[i] width of componentiinsamples

We width of the image in sampling grid points

Wp[p] width of the precinct p in sampling grid points

Wpb[p,b] width of subband b of precinct p in coefficients

Wty wavelet filter type for horizontal filtering

Wty wavelet filter type for vertical filtering

X[yl one-dimensional temporal array of wavelet coefficients

Yslh vertical slice order within the picture

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

4 Conventions

4.1 Confdrmance language

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

4.2 Opergtors

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

+ hddition

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

x multiplication

/ division without truncation or rounding
<< left shift: x<<s is defined as xx2s

>>

right shift: x>>s is defined as Lx/ZSJ

Umod x umod a is the unique value y between 0 and a-1 for which y+Na = x with a suitable
integer N

8 © ISO/IEC 2019 - All rights reserved
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4.2.2 Logical operators

Il 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

NOTH Operators are listed below in descending order of precedence. If several operators appefr in the same
line, ey have equal precedence. When several operatorsfof)equal precedence appear at the saine level in an
exprefsion, evaluation proceeds according to the associativity of the operator either from right to left or from
left tg right.

Operjators Type of operation Associativity
0 expression left to right
[ indexing of arrays left to right

- unary negation

X, multiplication, division left to right
Umod modulo (remainder) left to right
+, = addition and subtraction left to right
<<, >% left shift and right shift left to right
<, > B relational left to right
& bitwise AND left to right

4.2.5 Mathematical functions

l’x‘| ceil of x: returns the smallest integer that is greater than or equal to x
LXJ 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

© ISO/IEC 2019 - All rights reserved 9
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sign(x)

clamp(x,min

max;(x;)

122-1:2019(E)

sign of x, 0 if x is 0, +1 if x is positive, -1 if X is negative

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

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

maximum of a sequence of numbers {x;} enumerated by the index i

5 Functional concepts

5.1 Samp

An image is
sample grid
width and H
to the numb
image. Each
represents ¢
Luma (Y) an
are possible

A given com
factor, betwy¢
the image. T
respectively|
component s

This docum
subsampled
specify how
the registrat
coordinate s

5.2 Wave

This docum

] id i i ,
defined as a rectangular array of scalar or vectorial samples regularly aligned*al
of Wr sample positions horizontally and Hf sample positions vertically. Wr.is, calle

er of colour components present and is indicated by N, the number ofomponents

ne of multiple colour channels of the data. Components may be red, green and blj
d Chroma (Cb,Cr). These are only non-exhaustive examples of coimponents, and othet

bonent may or may not populate every point on the sample-grid. The distance, or san
ben sample points of a component shall be constant in ®ach spatial dimension throu
he horizontal and vertical sampling factors of compenent i of an image are denoted b}
sy[i] where i enumerates the components. Ann€x'B provides further specificatio
ampling.

bnt does not specify how to interpret the<sample values, or how to reconstruct
components an array of samples that. p@pulates the entire sample grid, i.e. it doe
to upsample components to the full resolution of the sampling grid. It neither spe
ion of the components relative to each other. The sampling grid provides only an ab:
ystem for the computation of positions and dimensions of codestream elements.

et decomposition

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

multiple bap
given compd
correspondi

Wavelet coe
bands that d

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

ficients\are grouped into precincts, where each precinct includes all coefficients ov
ontribute to a spatial region of the image. Each precinct is encoded into one or muy

bng a
d the

is called the height of the image. The vector dimension of the image samples-corresponds

bf the

dimension of this vectorial data corresponds to one component of the image, and typjically

e, or
uses

ipling
bhout
¢ sx[i]
s on

from
S not
cifies
tract

ent provides an efficientrepresentation of image signals through the mathematicall tool

[ into
of a
filter

er all
Itiple

packets in thle c¢odestream 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. However, the wavelet transformation runs across
slice boundaries. A slice always extends over the full width of the image, but may only cover parts of its
height. Bands, band types, precincts and slices are formally defined in Annex B.

5.3 Codestream

The codestream is a linear stream of bits from the first bit to the last bit. For convenience, it can be
divided into (8-bit) bytes, starting with the first bit of the codestream. Bits within bytes are enumerated
from the LSB to the MSB, with the least significant bit having the index zero. Bits within bytes are
transmitted in decreasing magnitude order, with the MSB of a byte transmitted first and the LSB
transmitted last.
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Annex A specifies the codestream syntax that defines the coded representation of compressed image
data for exchange between application environments. Any compressed image data shall comply with
the syntax and code assignments appropriate for the decoding processes defined in this document.

The codestream consists of multiple syntax elements: marker segments define control information
necessary to steer the decoding process, and entropy coded data organized in packets that represent
image information itself. Packets are further grouped into subpackets, each of which includes particular
information such as magnitude, signs or significance of parts of the encoded image data.

All marker segments defined in this document are specified in Annex A. This annex also provides an
overview on the organization of the codestream. Packets and subpackets are specified in Annex C.

6 I

An ey

how

7 1

7.1

Figun

ncoder requirements

coder is an embodiment of a process that generates a codestream that conforms to the syntactical
requirements specified in Annex A. Annex C to Annex G include informative Stibclauses

n encoder may be implemented.

Decoder

Decoding process general provisions

e 1 provides an overview on the decoding process and the layout of this document.

deco

ing can be grouped into a syntax analysis part in/block 1, an entropy decoding stage

multiple blocks 2.1 to 2.4, an inverse quantization in Block 3, an inverse wavelet transforma
4 and an inverse multiple component transformatien in block 5. In block 6, sample values
DC offfset is added, and they are clamped to their hominal ranges.

rhat indicate

Codestream
consisting of
tion in block
are scaled, a
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1. A

2.1:C.5.2 »| 2.2:C.5.3,C.6 » 23:C54 » 24:C55
Z[.] ML..] V[.]

V[p,A,b,X] s[p,A,b,X]

3:D

c[p,A,b,X]

4. E

y OIxyc]

5F

Q[xy.cl

6: G

‘ REsy.cl
Figure 1 — Decoder overview

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

The subpackets of the entropy coded data segment of the codestream are then decoded by the
procedures |given in Annex C to form significance information, sign information, bitplane fount
information jand quantizationdndices. This operation is performed in blocks 2.1 to 2.4 in Figure 1.

In block 2.1, $ignificance information is decoded from the significance subpacket as specified in subdlause
C.5.2. Denoted by theartay Z[p,A,b,j], significance information indicates the presence of significant
code groups| within the jth significance group. Each significance group corresponds to a run off code
groups indekxed by-precinct p, line A and band b. A code group is significant if, depending on th¢ Run
Mode flag Rin in‘the picture header, it either contains non-zero coefficients, or has a non-zero bitplane
count prediqtien’residual.

In block 2.2, bitplane counts are decoded from the Bitplane count subpacket as specified in subclause
C.5.3 by the procedures specified in subclause C.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

trans

formation is specified in Annex F.

In block 6, a DC offset is added to the decorrelated sample values Q[x,y,c], they are scaled to their
nominal range and then clamped to the range of the bit-precision of the output, giving the final
reconstructed output sample values R[x,y,c] populating the sample grid positions xxsx[c], yxsy[c]. This

proc

7.2
A ded

performing the process specified in this document to sample values arranged 6nd rectangy

grid.

dureis cpnrifinr‘] m-Annex G

Decoder requirements

oder is an embodiment of the decoding process. The decoding process converts a co

Annexes A to G describe and specify the decoding process. All decoding*processes ar

in thq
same|
inclu

Ther
oper4

b sense that the decoded output image produced by an implementation of a decoder
as the decoded output image produced by the decoding progcessés specified in thi
ling those processes specified in Annexes A through G.

P is no normative or required specification for the particular internal steps or orderir
tions to be performed within the decoder that are used to produce the normativ

resul

The
imple
herei

decoﬂer is required to match the result produced by the decoding processes specified in th

L. Only the result that is externally observable as/the decoded output image prod
escriptions use particular implementation techniques for illustrative purposes o

h is conforming to this document.

destream by
lar sampling
e normative,
shall be the
s document,

g of internal
bly specified
uced by the
is document.
hly, and any

mentation that is able to reproduce the same result as those generated by the algorithms specified
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Annex A
(normative)

Codestream syntax

A.1 General

A.1.1 Mar

The compre
distinguishe
Markers ser
segments, W
parameters
to the decod

A.1.2 Key

JPEG XS cod
variable-leng
codestream
Fixed-length
of bits used
normative d
the codestrd
pad(n) indiqg
i.e. to an int
n-1 bits dep
a decoder s}
decoder shal

length field ¢f a corresponding syntax’element.

Syntax elem
“Syntax” col
“if” clause af

The sequend
syntax table

ker segments and entropy coded data

ksed data format consists of an ordered collection of syntax elements. This” docu
5 between three types of syntax elements: Marker, marker segments and entropy coded
Ve to identify the various structural parts of the codestream. Most markers start m
here marker segments signal the characteristics of the encoded image and encaps
ronfiguring the decoder. Some markers stand alone. Entropy coded-data consists of the
ng procedure described in Annexes C to G which reconstructs thisdata to the output i

to syntax information

pstream syntax elements belong to one of two categories: fixed-length numerical valu
th codes. In the syntax tables, the “Syntax” columh{indicates the category to which
syntax element belongs, in the “Size” column thegize'of each field is identified (if applic
numerical values are unsigned integers and-are denoted by u(n), where n is the n

pcoding procedure of variable length code§yBit strings and variable-length codes app
am with the left bit first; numerical values appear most-significant bit first. The nof
ates a variable number of padding bits. Padding aligns the bitstream to an n-bit boun
pger multiple of n bits relative to_the start of the bitstream. Thus, pad(n) expands t
bnding on the position within the bitstream. While padding bits can have arbitrary v
all ignore their value. The-notation fill() indicates an arbitrary number of filler by
| remove without interprétirg their value. The amount of filler bytes can be inferred f

bnts may be condjtionally included in the codestream; this is indicated by “if” clauses
imn of the syntax-tables. All syntactical elements enclosed in curly brackets followir
e only included:if the expression following the “if” clause is non-zero.

e of multiple similar elements is indicated by “for” clauses in the “Syntax” column
5. The-elements to repeat are enclosed in curly braces. The loop itself is specified thi

three syntajy

position of theleop, a condition on the count variable for continuing the loop, and an iteration statg

L elements: an initializer setting a dummy count variable indicating the current iter

ment
data.
arker
ulate
input
nage.

es, or
each
able).

mber
fo represent the value. Variable-length codés.are denoted by vlc; see subclause C.7 F(Lr the

bar in
ation
dary,
b 0 to
hlues,
rtes a
rom a

n the
g the

bf the
ough
ation

ment

that updates the count variable for the next Ioop. The three expressions are separated by semicola.

NOTE
language.

A.2 Codestream syntax general provisions

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

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 may not populate every possible position
on the sampling grid; see subclause B.1. The horizontal and vertical spacing between populated sample
positions of a component relative to the sampling grid are denoted the horizontal and vertical sampling
factors of the component and are indicated by the symbols sg[i] and sy[i]. Subsampling factors vary
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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

algor

ithm is specified in Annex E.

Wavelet coefficients are grouped into precincts. A precinct includes entropy coded data decoding to
a rectangular array of wavelet coefficients per bands such that the included wavelet coefficients

contr,

preci

The 4
A and

subp
signs
filler
to ali
byted
filler
ignorn

NOTE
purpd

NOTH
docur

Preci

ibute to a (nvnn cn:\ha] r'n(nnn of the lm::crn A hrnrlnrt‘ 1S rnr\rncnnfnﬂ inthe code

nct header, entropy coded data followed by flller bytes

ntropy coded data is organized in multiple packets, where each packet s contribute
one or multiple bands b of a precinct p. Each packet consists of multiple subpackets
icket contributes to one aspect of the data, such as significance, bitplane|counts, m
Filler bytes and padding does not have any impact on the decoded image. The p
bytes is to prevent buffer underflow of a potential transmission buffer, the purpose
gn the syntax elements in the bitstream to byte boundaries. Decoders learn the nui

bytes in the subpackets from the subpacket header specified in subclause C.3. Dd
e the value of the filler bytes.

1  Filler bytes are in no relation to the output of the,pad() function defined in subclaus
se is to ensure alignment of the codestream to byte boutrdaries only.

2
hent.

Buffer models, profiles and levels are specified‘in ISO/IEC 21122-2 and are beyond th{

Incts are grouped into slices. Each slice:¢onsists of an integral number of precincts,

stream by a

s to one line
where each

L;Ilgmtude and

rpose of the
bf padding is
nber of filler

following the precinct from the precinct header specified in‘subclause C.2, and the number of

coders shall

b A.1.2 whose

scope of this

and extends

over the full width of the image. Even though the wavelet coefficients within each slice cai be decoded
indegendently, the wavelet transformati@n runs across slices. A slice is represented in the codestream
by a glice header and one or multiple precincts following the slice header.
Figurne 1 gives an overview of the-hierarchy of JPEG XS codestream syntax structures. Table A.1 defines
the oyerall codestream syntax
Table A.1 — JPEG XS codestream syntax overview
Syntax Notes Defined in
Pictyre() {
SOC]marker(] Identifies this codestream as JPEG XS codestream Table A.3
. Identifies the capabilities a decoder needs to support ,:
capapilities. marker() to be able to decode the codestream Table 8.3
picture—headerty Befines-theoverattstructureof thecodestream Tabte A6
component_table() Defines the precision and sampling factors of all Table A.13
components in the image T
weights_table() Defmes weight and gain factors that steer the decod- Table A 16
ing process B
extension_marker() Optional extension of the codestream syntax Table A.14
Loop over all slices until all wavelet coefficients of
for(t=0,p=0;!endofimage;t=t+1) { |the image have been decoded, where tis the slice
index and p the precinct index
slice_header() Identifies the ordering of slices Table A.17
Loops over all precincts in a slice, where t is the slice
for(u=0;u<Np[t];p=p+1,u=u+l) { |index, p is the precinct index and u enumerates pre-
cincts within a slice
© ISO/IEC 2019 - All rights reserved 15


https://iecnorm.com/api/?name=fb8b2b6026210f6831ca546c732505f7

ISO/IEC 21

122-1:2019(E)

Table A.1 (continued)

Syntax Notes Defined in
compute_packet_inclusion(p) Determine the packets that are part of this precinct |Table B.4
precinct_header(p) Deflr_les prediction modes and the quantization of the Table C.1

precinct T
for(s=0;s<Npc[p];s=s+1) { Loop over all packets of this precinct
packet_header(p,s) Defines flags and sizes of the packet Table C.3
packet_body(p,s) Contains the entropy coded data of this packet Table C.3

} End of loop over subpackets
Possible byte-aligned filler bytes at the end of the
. precinct to reach the target bitrate. A decoder shall
fill(y ignore this data. Subclause C.2 specifies how to de- suhclause €.2
termine the number of filler bytes.
}
}
EOC_markei|() Identifies the end of the JPEG XS codestream Table A.4
}
NOTE The number of packets Npc[p] depends on the precinct index p-and is computed by the compute_
packet_inclusfion(p) function specified in Table B.4; in particular, the last préecinct of the picture will, by this
procedure, influde less bands than all other precincts if the picture heightis not divisible by the precinct height.
A.3 Markers and marker segments
Markers serye the purpose to identify the various structural parts of the codestream format. Markers

may either
marker segm
the marker 3
length of the
the length fi
are encoded

All markers
0xff. Table A

stand alone, or may start marker segments containing a related group of parametg¢rs. A

ent consists of a marker, followed by aitwo-byte length field, followed by the parametprs in
egment, denoted as payload data in’the following. The two-byte length field identifigs the
marker segment, which consists-ef the length of the payload data in bytes, and the sjize of
eld itself (two bytes). The length field does not include the size of the marker. Paranjeters
with the most significant byte first, a convention often denoted as big endian.

are assigned two-byte ‘codes: a 0xff byte followed by a byte that is not equal to 0x00 or

Table A.1, sy
marker and

Some markg
mandatory,

segment. Oplti

marker segr

required to lc

implement, i

2 lists all markers u$ed by this document, and, in combination with referenced tables|from
ecifies whether they stand alone or introduce a marker segment. The semantics of each
hssociated marker segment are further specified in subclause A.4.

r segments-are currently reserved for future ISO/IEC use. Marker segments cdn be

it should abort decodmg 7

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 specif

NOTE1 Fu

ied value, or is within the range specified in this document.

ture extensions of this document can include additional fields in the marker segments and hence

require an increase in the size the marker segments. Such additional fields can be necessary to decode the
codestream. The above ensures that decoders fail properly when attempting to decode an extended codestream
syntax that they do not support.

16
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Other International Standards implement bit-stuffing or byte-stuffing procedures to ensure that

markers can be identified uniquely without decoding or interpreting entropy coded data segments. This is not
the case for this document. If a decoder loses synchronization with the codestream, it is advisable that lower
level transport mechanisms regain synchronization as it is not possible to search the codestream for markers;
indeed, bit patterns within the entropy coded data segment can replicate the byte sequences used to identify
marker segments.

Table A.2 — JPEG XS codestream markers

Code assignment Symbol Description Mandatory/Optional Reference
0xff10 SocC Start of codestream |Mandatory A4l
Oxff1T EOC End of codestream Mandatory Ad.Z
0xff1)2 PIH Picture header Mandatory A44
0xff13 CDT Component table Mandatory A4S
0xff1i4 WGT Weights table Mandatory A47
0xff15 COM Extension marker Optional A4.6
0xff70 SLH Slice header Mandatory A4.8
0xffy0 CAP Capabilities Marker |Mandatory, A4.3
All ofher values Optional Reserved for future
ISO/IEC purposes

A4

A.4.1 Start of codestream
Func

document.

Usag

begin

Syntax description of marker segments

Table A:3 — Start of codestream marker syntax

tion: Identifies the codestream as containing an image represented in accordanfe with this

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

Syntax Notes Size Values
start| of_codestream() {
SOcC u(16) 0xff1(
}
A.4.2 Endofcodestream
Function:1dentifies the end of a JPEG XS codestream.

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

Function: [dentifies capabilities required to decode a JPEG XS codestream.

© ISO/IEC 2019 - All rights reserved
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Usage: Shall be the second marker segment in a codestream. There shall be exactly one CAP marker
behind the SOC marker.

Currently, this document does not define any capabilities, hence Lcap=2 and cap[i]=0 for all i. Future

extensions will be signalled by a non-zero element in the cap[i] array. Nevertheless, the CAP marker
shall be present.

Table A.5 — Capabilities marker syntax

Syntax Notes Size Values

capabilities_marker() {
CAP u(16) 0xff50

Lcap Size of the capabilities marker in bytes (notin-  |u(16) Variable
cluding the marker)

for(i=0;i<(Lqap-2)x8;i=i+1) { |Loop over capabilities bits

capli] Requirement of capability i. cap[i] is 1 if capabili- |u(1)
ty iis required for decoding a codestream, and 0
otherwise.
}
Padding Pad to an integer number of bytes pad(8)
}

A.4.4 Picture header
Table A.6 defines the syntax of the picture header.

Function: Pfovides information on the dimensions of the.image, the precision of its component ard the
configuratiopn of the decoder.

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

Table A:6 — Picture header syntax

Syntax Notes Size Values

picture_header() {

PIH u(16) |0xff12
Lpih Size ofithe segment in bytes (not including the marker) |u(16) |26
Size'of the entire codestream in bytes from SOC to EOC, 0—(232-1)
Lcod including all markers, if constant bitrate coding is used. |u(32)
0 if variable bitrate coding is used.
Profile this codestream complies to. Decoders should 0 for no restrictions
implement. profiles.
Level and sublevel to which this codestream com- 0 for no restrictions,
Plev plies. Decoders should abort decoding if they identify |u(16) |see ISO/IEC 21222-2 for
alevel they do not support. additional levels.

max; (SX [i])xZNL'X

— (216 - 1)

Wrg Width of the image in sample grid positions u(16)

maxi(sy [i])xZNL'y

— (216 - 1)

H¢ Height of the image in sample grid positions u(16)

18 © ISO/IEC 2019 - All rights reserved
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Table A.6 (continued)
Syntax Notes Size Values
0—(216-1)
Width of a precinct in multiples of such that either Cw=0 or
8xmax; (S [i])XZNL'X ) sample positions, other than qumod(8><CW x
Cw 7 ’ u(16)
the rightmost precincts. If this field is 0, precincts are . Nixys
as wide as the image. See subclause B.4 for details. max; (SX [1])><2 )=
max; (s, [i])XZNL'X
Hg) Height of a slice in precincts other than the last slice |u(16) 1—(216-4)
N¢ Number of components in the image u(8) 1—8
Ng Number of coefficients per code group u(8) 4
Ss Number of code groups per significance group u(8) 8
Bw Nominal bit precision of the wavelet coefficients u(8) 20
Fq Number of fractional bits in the wavelet coefficients |u(4) 8
By Number of bits to encode a bitplane count in raw u(4) 4
Fslc Slice coding mode u(1) See Table A.12
Ppog Progression order of bands within precincts u(3) See Table A.11
Cpih Cologr transformation to be used for inverse decor- u() See Table AT
relation
NL,x Number of horizontal wavelet transfoermations u(4) 1—8
NLy Number of vertical wavelet transformations u(4) 0 — min(NyJx,6)
Qpihl Inverse quantizer type u(4) See Table A.8
Fs Sign handling strategy u(2) See Table A.9
Rm Run mode u(2) See Table A.10
}
NOTH The condition on Cw ensuges'that all but the rightmost precincts have in the LL band atlepst 8 samples,
and that all bands of the rightmost precincts are non-empty.
Table A.7 — Colour transformation
Cpih Meaning
0 No colour transform
1 Reversible RGB to YCbCr colour transformation (see Annex F)
2-15 Reserved for ISO/IEC purposes
Table A.8 — Quantizer type
Qpih Meaning
0 Deadzone quantizer (see Annex D)
1 Uniform quantizer (see Annex D)
2-15 Reserved for ISO/IEC purposes
Table A.9 — Sign handling strategy
Fs Meaning
Signs encoded jointly with the data
Signs encoded separately
2-3 Reserved for ISO/IEC purposes
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Table A.10 — Run mode

Rm Meaning
0 Runs indicate zero prediction residuals
1 Runs indicate zero coefficients
2-3 Reserved for ISO/IEC purposes
Table A.11 — Progression order
Ppoc Meaning
0 Theprogressiomorderas defimed by subciause B-6 (Tesoiution-He-band-comporent)
1-7 Reserved for ISO/IEC purposes
Table A.12 — 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.13 dgfines the syntax of the component table.
Function: This marker segment specifies the component<{precision and the sampling factqrs of
each compohent in the image. The number of componentstitself is given by the N. parameter ¢f the
picture header.
Usage: Therje shall be exactly one component tableti“each JPEG XS codestream. It shall precede the
first slice header.
Table A.13 —€omponent table syntax
Syntax Notes Size Values
component_table() {
CDT u(16) 0xff13
Ledt Size of the segment in bytes, not including u(16) 2xN, +2
the marker
A, o Loop over components. The number of com-
for(c=0;e<Ngc =c+1) { ponents is specified in the picture header.
B|c] Bit precision of component c u(8) 8-16
sxlcl Horizontal sampling factor of component c u(4) 1 for all compo-
nents,
1 or 2 for compo-
nents ¢ >0
sylc] Vertical sampling factor of component c u(4) 1
} End of loop over components
}

A.4.6 Extension marker

Table A.14 defines the syntax of the extension marker segment.

Function: Extends the codestream by generic or vendor-specific metadata.

20
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Usage: Zero or more extension marker segments may be present in a codestream. If present, any
extension marker segment shall precede the first slice header in the codestream.

Table A.14 — Extension marker segment syntax

stream. The interpretation of this statemerit is beyond the scope of this dochment. Dcom
is a zero-terminated, ISO/IEC 646 encodedstring identifying this statement

Syntax Notes Size Values
extension_marker(){
COM u(16) 0xff15
Lcom Size of the marker segment, not including the marker u(16) Variable, at least 4
Tcom Type of the extension u(16) See Table A.15
Dcom User-defined data Variable |Variahle
Paddjng Padding to an integer number of bytes pad(8) 0
}

Table A.15 — Tcom encoding

Tcom Meaning

0x00p0 Vendor of the encoder, Dcom is a zero-terminated, [SO/TEC 646 encoded strirg identifying
the vendor of the encoder

0x00p1 Copyright statement that the codestream creator wants to convey to userg of the code-

0x80P0-0xffff

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

All other values

Reserved for ISO/IEC use

A.4.7
Table

Weights table

A.16 defines the syntax of the weightsitable.

Funcfion: 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 4

llows to determine the quantization of the wavelet coefficients in this band. Detai
use these parameters are specified in subclause C.6.2. The number of wavelet bands and

betwgen band, component and wavelet filter type are specified in Annex B.

s on how to
the relation

Usagp: There shall be@Exactly one weights table in each JPEG XS codestream. This marker|shall appear
before the first slicetheader in the codestream.
Table A.16 — Weights table syntax
Syntax Notes Size Values

weights<table() {

WGT u(16) 0xff14

Size of the segment in bytes, not including INN, +2

Lwgt the marker u(16) L

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

G[b] Gain of band b u(8) 0-15

P[b] Priority of band b u(8) 0-255

} End of loop over bands

}
NOTE Annex H lists example configurations for the weights table specified in Table A.16. These

configurations have been optimized for PSNR performance of the encoder. Other choices are possible and can
result in improved visual quality for a certain viewing distance.
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A.4.8 Slice header
Table A.17 defines the syntax of the slice header.

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

Usage: A codestream contains one or more slice headers. The entropy coded data for one slice follows
the slice header and extends either to the next slice header or the end of the codestream. Even though
the slice header includes the relative order of the slice in the image, a codestream shall contain slices in
incremental order, i.e. progressing from the top of the image to the bottom of the image.

Table A.17 — Slice header syntax

Syntax Notes Size Values
slice_header() {
SLH u(16) 0xff20
Lslh Size of the segment in bytes, not including u(16) 4
the 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 transmijssion errors corrupted the codestrepm.
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Annex B
(normative)

Image data structures

B.1 Dimensions of chroma subsampled image planes

Aninpage consists of N. components aligned along a regular rectangular sampling grid. Each component
is a rpctangular arrangement of integer sample values aligned to the sampling grid‘of the image. The
samplles of a component are not required to populate every possible position en the sampling grid.
The Horizontal spacing between samples of component i is denoted by s[i] andyis called the horizontal
sampling factor. The vertical spacing of component i is denoted by sy[i] and iscalléd the vertjcal sampling
factof. Both horizontal and vertical sampling factors are signalled in thé.component table specified
in supclause A.4.5. Figure B.1 provides an example of how samples are assigned to positions on the
samplling grid.

The rlumber of samples in every row of component i is given by
w.

/c [1:' = f.

sx 1]

The rfumber of samples in each column of component I'is given by

=

o

Wr and Hy are the horizontal and vertical dimensions of the sampling grid of the image aq signalled in
the p|cture header.

~
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NOTE1 In
indicated by

position of th|
structures su
should be red
such informa
of subsample
distinguish th

NOTE2 Fo

B.2 Divis

Each of the

vertical decq
vertical filte
where the fi
vertical filte
level dy and
specified in

o X o X o X o X o X o>
X o X o X o X o X o X o
X o X o X o X o X o X o
X o X o X o X o X o X o
X o X o X o X o X o X o
WX o XM o MW o X o MM o X o
WX o XM o X o W o M o X o
toXoXoXoXoXo

this figure, sx[0]=sy[0]=1 indicated by round dots, and sx[i]=2(sy[i]=1 for all other compg
Crosses, arrows point towards increasing x and y position. Even though this figure indicat
e sample values on the sampling grid from which inclusion or éxclusion of sample values in
Ch as bands or precincts is derived, the figure cannot be taken-as an indication how a full-scale
onstructed from a 4:2:2 sampled image or how compegnénts are registered relative to each
Lion is beyond the scope of this document. In particular, both centered and co-sited posit
d components are possible, though no syntax elements are provided within this docum
ese cases.

I 4:4:4 sampling, each sample grid point is pepulated by sample values of all components.

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

jon of the subsampled image plane into bands

components is deeamposed by a wavelet transformation with Ny, x horizontal and
mposition levelsi. Band types are enumerated by two letters indicating the horizontg
" type, each of which can be either H indicating high-pass filtering or L for low-pass filt
'st letter cofresponds to the horizontal filter type and the second letter corresponds 1
" type. Thefilter type is followed by two subscripts indicating the horizontal decompo
the vertical decomposition level dy. The algorithm of the wavelet transformation it;
Annex)E. The filter type, as the collection of horizontal and vertical filtering and horiz

and vertical

nents
bs the
mage
mage
bther;
oning
ent to

bring,
o the
sition
elf is
ontal
lause

decomposition depth, is collapsed into a single number 8 by a procedure given by subd

B.3. Finally, the filter type B and the componentindex ¢ are combined into a band index b by a procedure
also given in subclause B.3.

The width Wy[b] of band b at d«[[3] horizontal decompositions of component i is given by:

w, [b]:{

horizontally

We[i]

de[ﬁ]

We[i]

for a horizontally low-pass filtered band and W, |:b:|=
de[ﬁ]—l

}/2

high-pass filtered band.

The height Hp[b] of band b at dy[[] vertical decomposition levels of component i is given by:

24
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H, [b]:{
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Hli]

S4,8]

He[i]
zdy[ﬁ]_l

w for a vertically low-pass filtered band and H, [b] = {

high-pass filtered band.

-1:2019(E)

w/Z for a vertically

In case of 0 vertical wavelet decompositions, a vertical high-pass does not exist and Hp[b] is identical to
Hc[i] for all bands b contributing to component i.

B.3 Band indices, horizontal and vertical decomposition levels

filter|type B is an index in

3 T Ol Of a4 COMPOT Witita wavele 13-
the range of 0 to Ng-1, where Ng enumerates the number

wavelet filters. Ng is computed from the number of horizontal decomposition levels.Np, x
decomposition levels Ni, y as follows:

The

=

(5 :(2><min(NL'X ,NL,y)+maX(NL.x ’NL,}’)Jrl)

vavelet filter type B is computed from the horizontal decompesition depth dy

decomposition depth dy as follows: Set T to 1 if the band is a horizontat high-pass, otherwi

Simil

NOTE
docur

NOTH
vertid
The e

Table

arly, set Ty to 1 if the band is a vertical high-pass, otherwise §ef'ty to 0. Then for Ni, x2]

(NL,x_dx)-l_Tx ifdx>dy

(Npx =Ny, )+75+21, +3%(N, , —d ) otherwise.

For Ni, x<Ny, interchange Ny, x with Ny, y andudx with dy. However, this case is not cons

=

1
nent.

2  For 5 horizontal and 0 vertical levels; the above formula results in Table B.1; for 5 hor
al levels, the above formula results in Table B.2; for 5 horizontal and 2 vertical levels, it result
humeration of bands in the tables follow the language of subclause B.2.

wave
horiz
verti

Band

0to

N¢ as

The

B.1 provides the resulting enwmeration of wavelet filter types for 0 vertical and
let decompositions, Table B-2:the resulting enumeration of wavelet filter types for 1 v
ontal wavelet decompositions and Table B.3 the resulting enumeration of wavelet filte
fal and 5 horizontal wavelet decompositions.

5 are enumerated by a single sequential number b. This sequential number is an index
-1, where Ny, counts the number of bands. Ny, is computed from Ng and the number of]
follows:

N

N, =N %Npg

The wavelet
of different
and vertical

and vertical
se set T to 0.
NL,y compute

idered in this

izontal and 1
s in Table B.3.

5 horizontal
ertical and 5
r types for 2

in the range
components

]

paiid index b is computed from the wavelet filter type B and the component index i in the

following way:

b=N.xB+i
Table B.1 — Wavelet filter types for 0 vertical and 5 horizontal decomposition levels
Wavelet filter type Wavelet filtering and decomposition depths
(subscripts are dy and dy)
0 LLs,0
1 HLs,0
2 HL4,0
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Table B.1 (continued)

Wavelet filter type 8 Wavelet filtering and decomposition depths

(subscripts are dy and dy)

3 HL3,0

HLz2,0

5 HL1,0

Table

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

wadaveletrter type p wavelet HITETINE dd aeCoIlposItion deptn

(subscripts are dx and dy)

LLs,1

HLs 1

HL4 1

HL3,1

HL% 1

HI¥ 1

LH1,1

NN | WIN|-|O

HH1,1

Table

B.3 — Wavelet filter types for 2 vertical and 5‘horizontal decomposition levels

2]

Wavelet filter type Wavelet filtering and decomposition depth

(subscripts are dy and dy)

LLs 2

HLs 2

HL4 2

HL3 2

HL2 2

LH2 2

HH3,2

HL1,1

LH11

O/ N ||| B |W N~ |O

HH1 1

NOTE3 In
wavelet filter]

that have bee
pass filtering.

26

h :\pp]inr‘] inhorizontal and vertical direction. A letter Hindicates high-pncc Fi]fnring, aletter

the above tables, the wavelet filter types are indicated by two capital levels, giving the typeof the
inlhorizontal and vertical direction, and two subscripts, counting the number of decompogitions

low-
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B.4 Division of the wavelet-transformed image into precincts

The wavelet coefficients are partitioned into a rectangular grid of Np xxNp y precincts, where Np x is the
number of precincts per line of the sampling grid, and Ny y is the number of precincts per column. Each
column other than the rightmost column is

3 8><CW><maxi(sX|:i:|)><2NL'X if Cw>0
Wf otherwise

sample grid positions wide, where W and Cw are signalled in the picture header, and the s[i] are

ggnaUed_uLJhﬁ_cQnunnnﬂu;1abkL_Each_pnaunsL4xunaux1Jxxiﬁﬁuﬂns_ﬁxun_aJxxiangFku'area of
coeff]cients from all bands. These coefficients, in turn, correspond to a rectangular regiomoff image data.

NOTH While not a requirement specified in this document, it is generally advisable t0)selecti Cw in such a
way that the rightmost column is approximately of the same size as that of all other columuns:

The pumber Npx of precincts per line and the number Ny of precincts per,Column arg defined as
follows:

W H
f f
=|——|and N, , =
b,X |7CS “ D,y |72NL,y“

where Wris the width of the sampling grid, Hr is the height of th€ sampling grid, Cs is the cplumn width
in sappling grid positions and Ny, y the number of vertical_decomposition levels. Wy, Hf pnd Ny, y are
signallled in the picture header specified in subclause A4.8.

=

Precincts are assigned sequential numbers p, denoted as precinct indices, where p rurs from 0 to
Npx*Npy—1 with Ny x and Npy defined as above&The sequential number enumerates the precincts on
the sampling grid in a raster scan manner, i.e, figstly from left to right, and secondly from tap to bottom.

Precipct number p is H, =2NL'y sampling grid lines high and W), I:p:l sampling grid cdlumns wide,
wherp the latter is computed as

(] C if pumod N, , <N, -1
p =
P (Ws —1)umod Gy )+1 otherwise

=

Denote by (xp,ypb) the coefficient positions within band b, i.e. xp runs from 0 to Wyp[b]-1 and |y runs from
0 to Hp[b]-1, with Wy[b] and Hp[b] the band dimensions as defined in subclause B.2. Then a sample in
band|b at position(Xj;yp) is part of precinct p if and only if

b |y xs, []x2P]
A o

Xp XSy [i]deX[ﬁ]
C

m and pumodN, , =

—

px N

wheredxfftamddy{fiistheorizomtat respectivety verticatdecompuositiomdeptirof thefilter type B of
band b. The filter type B and the component i are computed from the band b as follows:

B=|b/N.| i=bumodN,

NL,x and Ny, y are the number of horizontal and vertical decomposition levels, and sx[i] and sy[i] are the
horizontal and vertical sampling factors of component i.

Mﬁ?[p]
2dx[B]

The width Wpp[p,b] of band b in precinct p is computed by W, [p,b]z{ w for a horizontally
wy[r]

low-pass filtered band and W, | p,b |=
pb I: ] Hrzdx [ﬁ:l_l

LZ‘ for a horizontally high-pass filtered band. By
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this definition, Wpp[p,b] indicates the number of wavelet coefficients and also the number of
quantization index magnitudes per line in precinct p and band b.

B.5 Division of precincts into lines

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

/le[O,Hp—l]

Band b in precinct p is included in lines A = Lo[p,b] and A < L1[p,b], where Lg is the start line andyl. the
(exclusive) end line of band b in precinct p. Lo[p,b] and L1[p,b] are computed as follows:

Lo[bp]e2"tr Pl e [b] and

Li[b,p]=Lo[b,p]+min| H, [b]_{Np szNL'y_dy[ﬁ] ,2NL»y‘dy[/5]
b,X

where 3 is computed from b as indicated in subclause B.4. Figure B.2 providesan example how an image
is divided info precincts, lines, bands and packets.

NOTE1 By these formulae, the bottommost precinct of a picture cancontain bands that contain fewer lines
than the bands in all other precincts. In particular, some of these bands.can be even empty.

Figure B.2 — Precincts, slices and packets
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NOTE 2 In Figure B.2, a 5 level horizontal and 2 level vertical decomposition with a slice-height of 4 is
presented. Medium lines indicate precinct boundaries, thin lines band boundaries and thick lines the image
boundary. Dotted lines belong to a separate slice. The precinct denoted by a) depicts the band indices for all
bands that contribute to component 0, the precinct indicated by b) depicts the packet indices. The shaded area
in b) consists of a single packet. Some bands extend over two lines. Subpackets can extend over several bands,
but include only a single line of a group of bands. Band indices for component 0 only are shown for precinct p=1,
the grouping of lines of bands into packets is demonstrated for precinct p=3. Columns are disabled and precincts

extend over the full image. The presence of a band in the precinct for the last precinct of the picture cannot be
easily inferred from Figure B.2.

B.6 Grouping of lines and bands into packets

Each precinct p is encoded in Ny packets enumerated by the packet index s, which runsfrom 0 to Np-1.
Each packet contains entropy coded data of one or multiple bands b, but only of one single ljne 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
inclugled in packet s is encoded in the line inclusion flags I[p,b,A,s]. This flag isynon-zero in case line A
of bapd b and precinct p is included in packet s, and zero if it is not. As indicated by Table A.1, the line
inclugion flags for precinct p are computed at the start of this precinct.

The dlgorithm in Table B.4 computes the line inclusion flags I[p,b,A,s] ahd the number of pa¢kets Ny per
precipct:

Input: horizontal and vertical decomposition depth Ny, x and Nf;3 number of components N¢, number of
bandp Ng, line start and end positions Lo[p,b] and L1[p,b] for:all'bands, precinct index p.

Outpput: line inclusion flags I[p,b,A,s] per precinct p, band b, line A and packet s, numbgr of packets
Npc[g] for precinct p.

Table B.4 — Computatjon of the line inclusion flags

Name Notes

compjute_packet_inclusion(p) {

s=0 Reset packet index

B1=max(NL x,NL,y)-min(Ng, N y)+L Number of included bands in the first packet
for(#=0;B<B1;B=B+1) { Loop over filter types

for(1=0;i<Ng;i=i+1) { Loop over components

I(p,NcxB+i,0,5)=1 1 bands of all components included in the first pagket

}
}
for(ffo= B1; Bo<Np;Bo=Bo+3) { Loop over proxy levels until all wavelet types are qovered

_ Loop over all lines within the band
for(h=pifcz M1y~ rLPo] ppiny ¢

for(B=Bg; B< Bo+3; B=PR+1) {

Loop over all filter types within the resolution level

if (A+Lo[p, NexB] < L1[p, NexB]) { Check whether the line is in the precinct
s=s+1

Create the next packet

for(i=0;i<Ng;i=i+1) { Loop over components
I(p,NexB+i,A+Lo[p, NexB],s)=1

End of loop over components

End of loop over filter types

}

} End of test for line within the precinct
}
}

End of loop over lines
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Table B.4 (continued)
Name Notes
} End of loop over proxy levels
Npc[p]=s+1 Define the number of packets in total
}
NOTE The above algorithm results for 3 components, 5 horizontal and 0 vertical wavelet decomposition in

the line inclusion flags as listed in Table B.5, for 3 components, 5 horizontal and 1 vertical wavelet decomposition
in Table B.6 and for 3 components, 5 horizontal and 2 vertical wavelet decomposition in Table B.7.

Table B.5 — Line inclusion flags for zero vertical decomposition level

Pdcketindex s Line number A Included bands
0 0 (0,1,2) (3,4,5) (6,7,8) (9,10,11)\(12,13,14),
(15,16,17)

Table B.6 — Line inclusion flags for one vertical decomposition level

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 twe.vertical decomposition levels

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

2 1 (15,16,17)
3 1 (18,19,20)
4 0 (21,22,23)
5 2 (24,25,26)
6 2 (27,28,29)
7 1 (21,22,23)
8 3 (24,25,26)
9 3 (27,28,29)

B.7 Divisionof precinct lines into code groups

Consecutive coefficients of line A in precinct p and band b are grouped into code groups for the purpose
of joined coding. The number of coefficients within one code group is denoted by Ng and is constant
throughout all bands and precincts. The first sample of the first code group in a line of a precinct
corresponds to the first coefficient of that line. In case the width of the line is not a multiple of the code
group size, the last code group is padded to include Ng samples. An encoder can output arbitrary values
for these samples. A decoder shall ignore samples resulted from padding in all subsequent steps such as
the wavelet transformation.
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The number of code groups N¢g[p,b] of precinct p and band b is computed as follows:

N

celb]=[ W [PD]/N, |

where Wpp[p,b] is the width of precinct p and band b in coefficients and Ng is the size of a code group in
coefficients.

B.8

Grouping of code groups into significance groups

If significance coding is enabled, multiple code groups are furthermore grouped into significance

groups. A significance group comprises Sg consecutive code groups of a line A in precinct,p

The f
line.

signi
least
depel

The 1

=z

wher

a code group and Sg is the size of a significance group in e€ode groups.

B.9

One d
verti
part

=

preci
preci

irst code group of the first significance group corresponds to the first code group.of|
[he last significance group of a precinct line may cover only a smaller numbet; of co
icance group is significant if at least one code group within the significance ‘grouy
one non-zero coefficient or one code group has a non-zero bitplane count predict
nding on the selection of the run-mode Rm.

umber of significance groups Ng[p,b] in band b is computed as follows:
L[p.b]=| Wy [p0]/(Ng xS, ) |

e Wpb[b] is the width of the band b in precinct p in coefficients, Ng is the number of ¢

Grouping of precincts into slices

r multiple precincts are grouped into slie€s. Restrictions on bitplane count decoding
fal prediction is disabled across slice boundaries; this ensures that wavelet coefficig
f different slices can be decoded indeépendently of each other. Slice number t consists

Hy Hy
—— [umodHy |,if (t+1)xHg >| ——
£ [tj:Np,xX Hy H),

H; otherwise

hct in lines andNp x is the number of precincts per row.

and band p.
the precinct
de groups. A
contains at
ion residual,

befficients in

ensures that
bnts that are
of

hcts where Hg) issignalled in the picture header, Hris the height of the picture, Hp is the height of a
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Annex C
(normative)

Entropy decoding

C.1 Entropy decoding general provisions

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

Each packet]
multiple su
structure
index magn
their existen
the subpack

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

The signific
that all codsg
insignificant
Run Mode fl

included if bjit 1 of the bitplane count/coding mode D[p,b] field in the precinct header is non-zer

the raw mod
in subclause

olapthe packet body. Each subpacket contributes directly ‘9f/indirectly to the quantiz

ge data is structured in slices (see subclause B.9) where each slice includes the ‘w

by slice headers and subsequent precincts; see subclause A.4.8 for the syntax of a
following the slice header represents one or multiple precincts, where’ precinct
aster scan order, left to right, top to bottom. Precincts are not enclosed|int markers.
sists of a precinct header, one or multiple packets, and optional fillerbytes; see Tabl
bclause C.2 specifies the structure of the precinct header.

s of a precinct p consists of a packet header and a packet\body which itself ind
ackets. Subclause C.3 specifies the structure of the packet header, and subclause C

tudes v[p,A,b,x] and wavelet coefficient signs s[p,A,b;x]. Some subpackets are opt
ce is indicated by flags in the precinct header or piCture header, depending on the ty
L.

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

hnce subpacket includes for each“significance group a single bit that, if set, ind
groups within the corresponding significance groups are insignificant. A code grd
if it contains only zero coefficiénts, or its bitplane count residual is zero, depending d
hg Rm in the picture headér! The significance subpacket is an optional packet that is

e override flag Dy[pss] field in the packet header is 0. The significance subpacket is de
C.5.2.

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

The data su

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

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

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

slice
s are
Each
eA.l

ludes
4 the
ation
onal;
pe of

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

nts. A
ration

cates
up is
n the
only
b and
fined

plane

[p,b]
rount

rhose

bitplane count is Targer than the truncation position. If the Fs flag of the picture header is 0, the data
subpacket also contains the signs s[p,A,b,x]. The data subpacket is defined in subclause C.5.4.

The sign subpacket defines for all non-zero quantization index magnitudes v[p,A,b,x] the sign s[p,A,b,x]
of this quantization index. The sign subpacket is an optional packet that exists only if the Fs flag in the
picture header is non-zero. If the sign subpacket does not exist, signs are included in the data subpacket.
The sign subpacket is defined in subclause C.5.5.

The bitplane count, data and sign subpackets may contain an arbitrary number of filler bytes at their
end. A decoder can infer the number of filler bytes from the corresponding length field in the packet
header. The value of the filler bytes shall be ignored by a decoder.

NOTE 2 Theentropy coded data segment does not use markers to indicate the presence or absence of particular
packet types. Instead, the picture header includes all necessary information to decide upon the presence of a
particular packet.
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C.2 Syntax of the precinct

A precinct is represented in the codestream by a precinct header, one or multiple packets, and -
optionally - filler bytes following the entropy coded data. The amount of filler bytes following the
precinct can be inferred from the Lprc[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.

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

Output: size of the precinct in bytes including filler bytes Lprc[p], precinct quantization Q[p], precinct
refinement R[p] and hifp]nnp count r‘nding mades n[p’h] forallbandsh

Table C.1 — Precinct header syntax

Name Notes Size Values
precinct_header(p) {

Length of the entropy coded data in this pre-
cinct including filler bytes measured in bytes.
The number of bytes in this field countsfrem
[p] the end of the precinct header of this preeinct
up to, but not including the first byte of'the
next precinct header, slice header 677EOC.

Lpr¢ u(24) 1-(240-1)

Precinct quantization. This field'is input to
the algorithm specified in subclause C.6.2 to
select the truncation positions T[p,b] of all
bands of this precinct.

Q[p u(8) 0-31

Precinct refinement.This field is input to the
algorithm specifjed in subclause C.6.2 to se-
lect the truncation position T[p,b] of all bands
of this precinct.

for(p=0;b<Np;b=b+1) { Loop over-all bands

D[p,b] Bitplane count coding mode of band b. u(2) See Thble C.2
} End of loop over bands
Padgling Pad to next byte boundary pad(8) 0

u(8) 0-(N|-1)

The D[p,b] field consists of two consecutive bits per band in the precinct header. It specifies how the
bitpldne counts ofithe’code groups of wavelet coefficients are encoded. Table C.2 lists valjd encodings
for this field in binary, where an "x" indicates a bit position whose value shall be ignored for| the purpose
of defermininga specific function. The bitplane count encoding mode selected by the D[p/b] fields can
be overridden by the Dy[p,s] field in the subpacket header; see Table C.3. If D¢[p,s] is non-zero, bitplane
counts in'the corresponding subpacket are encoded in raw mode (see subclause C.6.4), regdrdless of the
valug of.the D[p,b] field. A total number of N;, D[p,b] fields shall be present, regardless of fhe values of
the Dy[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.
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Table C.2 — Bitplane count coding modes

D[p,b] Bitplane count coding mode
x0 Prediction from zero
x1 Vertical prediction
0x Significance coding disabled
1x Significance coding enabled

NOTE Table C.2 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 following the precinct header of precinct p consists of one or multiple packets, where €ach placket
s representg the quantization indices of one or multiple bands b and one line A of tlié precinct p and
all bands within this packet; see Table A.1 for a breakdown of the syntax. A packeticonsists of a packet
header and ¢ne or multiple subpackets. Table C.3 specifies the syntax of the packetheader. Subpackets
are specified in subclause C.4.

The D;[p,s] flag in the packet header indicates whether the bitplane count.information of packet s in
precinct p islencoded in raw. By that, D;[p,s] overrides the D[p,b] mode-selection in the precinct h¢ader.
Regardless ¢f the value of Dy[p,s], the D[p,b] flags shall be present.in the precinct header. Packets
encoded in the raw mode do not include significance information and the significance subpacket] shall
not be presept for packets whose Dy[p,s] field is non-zero.

In addition o the above, the following constraint shall hold: for a given precinct p and band b, the
D[p,s] flag shall be identical for all packets s that include band b within precinct p, i.e. raw and nop-raw
coding of bifplane counts shall not be mixed within the same band in the same precinct. Formally: for
all precincty p and all packets s and s’, Dy[p,s] == Dy|p,s’] if there is a band b and line indices A and X’
such that I[[pb,A,s] =1 and I[p,b,A,s"]=1.

Blojo=0 DI041=0 _

D{0,7]=0*

D{0,51=0x_
D[0,8]=0¥

Bl1,01=0 DL 4]=1x _

D{1,7]=1

D1,5]=0» _

a4 ol

DL, 8=0”

Figure C.1 — A valid selection of raw mode override flags

NOTE Figure C.1 demonstrates a valid composition of raw-mode override flags for 5 horizontal and 2 vertical
decomposition levels and two precincts. 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. 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 Dy[p,s] for precinct p and packet s, length in bytes of the data subpacket
Ldat[p,s], length in bytes of the bitplane count subpacket Lcnt[p,s], and length in bytes of the sign
subpacket Lsgn[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 present
for (=0;b=<Nsb=b+1¢ toopoverattbamds
for(A=Lo[p,b];A<L1[p,b];A=A+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.6.
ph$l Include the packet header
} End of line is included
} End of loop over lines
} End of loop over bands
if (ph==1) { Only include data if the packet is fion-empty
Dr[i),s] Raw mode override flag. If this bit is u(1) 0,1

non-zero, bitplane count infermation of
this packet is encoded i raw mode, re-
gardless of the value @f the D[p,b] flags in
the precinct header:

if (WexNe < 32768 && N,y < 3) { Depending on theywidth of the picture, the
number of components and the number of
vertical degomposition levels, select the
syntax ofithe picture header. See Table A.6
for thezdefinition of Wg, N and N, .

Ldat[p,s] Size of the data subpacket in bytes. u(15) 0132767
Lent[p,s] tS)ize of the bitplane count subpacket in u(13) (J-8191
ytes
Lsgn[p,s] Size of the sign subpacket in bytes if Fs=1. | u(11) (q-2047
If Fs=0, this field shall be present, but is ig-
nored. Fs is specified in the picture header,
see Table A.6.
}else { End of short packet header
Ldat[p,s] Size of the data subpacket in bytes. u(20) 0-1048575
Lant[p,s] 1iize of the bitplane count subpacket in u(20) 0-1048575
ytes
Lsgn{p;s] Size of the sign subpacket in bytes if Fs=1. | u(15) 032767

If Fs=0, this field shall be present, but is ig-
nored. Fs is specified in the picture header,
see Table A.6.

} End of condition for packet header size

} End of test for non-empty packet

C.4 Packet body

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

Input: precinct index p and packet index s.

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

Table C.4 — Syntax of the packet body

Name Notes Reference

packet_bodyfpsi¥

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

unpack_bitplane_count(p,s); Decode bitplane count informa-
tion. This subpacket includes
Lent[p,s] bytes.

unpack_datd(p,s); Decode wavelet magnitude data. Table C.8
This subpacket includes Ldagfp;s]|
bytes.

if (Fs==1) { The sign subpacket is onlyincluded

if sign coding is enabled in the
picture header, se€) Table A.6 for the
definition of Fs.

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

} Endcofif sign packing enabled

C.5 Subppckets

C.5.1 Nomenclature

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

C.5.2 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 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. Table C.5 specifies the syntax of the significance subpacket.

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.
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Table C.5 — Syntax of the significance inclusion information

Name Semantics Size Values

unpack_significance(p,s) {

for(b=0;b<Ny;b=b+1) { Loop over all bands
for(A=Lo[p,b];A<L1[p,b];A=A+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.6.
if (D¢[p,s] == 0) { Include only if the raw override flag is not set
if (D[p,b] & 2) { Significance information is only present if indicat-

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

for(j=0;j<Ns[p,bl;j=j + 1) { Loop over all significance groups of this precinct,
band and line. A definition of Ng[p,b] is given in
subclause B.8.

Z|p,A,b)j] Significance information of this significance groupyufl) 0,1

End of loop over significance groups

End of significance coding enabled

End of line included

End of loop over lines

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

End of loop over bands

padding Pad to the next byte bowrtdary pad(8)

C.5.3 Bitplane count subpacket

The Hitplane count subpacket decodes to the bitplane counts of the code groups of a packet|s of precinct
p. The syntax of the packet depends on the bitplane count coding mode D[p,b] of the precinct header
and the raw mode override flag D;[p,s]signalled in the packet header.

Furthermore, the codestream shal be constructed in such a way that for all bands b, the sum of the
sizes|of all bitplane count subpackets contributing to b is at most as large as the sum df all sizes of
encodling the bitplane count ofthe same subpackets in the raw mode.

Formfally: Let Lent[p,slbe the size of the bitplane count subpacket of precinct p and packlet s in bytes
defingpd in Table C.3.

Let He the sum¢fsizes of all bitplane count subpackets contributing to band b in precinct p:

Npc—1Lq [p,b]—l

L[ pb]= D P AusIXLen [p.5]

c=0 21 [ 11
s=0—A=LypH

o~

Let LoY [p,b] be the amount of bytes required to encode the bitplane count of band b in precinct p in
the raw coding mode:

Noe Halp b}t N[ p,b' A Ny [ p,b']xB
Lot [p.b]:= 2 2 I[p,b,A,s]x Z 8Cg .
s=0 A=Ly[p.b] b'=0

Then, the codestream shall be constructed in such away that forallband p, L, [ p,b |< L3¢ [ p,b] holds.

NOTE1 This condition ensures an upper bound for the buffer size a decoder has to reserve for entropy-coded
bitplane count data. An encoder can always satisfy this condition by selecting the raw mode for the bitplane
count coding mode if the size of the bitplane count subpacket becomes too large.
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Figure C.2 — Rate constraints for band and packet mode Selections
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suboptimal w

Table C.6 sp¢
above condit

Input: preci

Output: an i

fure C.2 demonstrates which comparisons are made to test‘the validity of a mode decisior]
t p with a 5 level horizontal, 2 level vertical wavelet decomposition. Thick lines represent pr
hin lines band boundaries and dotted lines packet beundaries. The shaded area to the top
single packet. The overall rate of the bitplane count/subpackets in the shaded areas is com
hckets covering the area encoded with the bitplane.count coding mode D[p,b] and D;[p,s] as

modes D[p,b] and raw mode override flags By[p,s] in a codestream are populated in such a wa
y of the shaded areas is not larger than-the rate of the same area in the bottom row. A trivi
ay to satisfy this constraint would betoselect D [p,s]=1 for all packets.

cifies an algorithm that checks:the validity of the encoding of a precinct p by checkir
ion for all bands b in p:

ct index p

hdicator valid that\is' 1 in case the precinct mode selection is valid, or 0 in case it is in|

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

for a
ecinct
left is
puted
given

once in raw mode Dy[p,s]=1 (bottom row). Areas over which the rate is summed are defined in
such a way that the raw mode flags are consistent with the condition specified in subclause C.3. The bif

plane
y that
hl, but

g the

walid.

Name Notes
is_encoding_yalid(p){
valid=1 Assume validity
for(b=0;b<Np;b=b+1) { Loop over all subbands of the precinct
rawsize=0 Number of bits required to encode this band in raw mode
bytesize=0 Number of bytes

for(s=0;s<Np¢;s=s+1) {

Loop over all packets in the precinct

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

Loop over all lines in the band

if (I[p,b,A,s]) { Include only if the band b is present in the given packet s, line and
precinct, see subclause B.6.
bytesize = bytesize + Lcnt[p,b] Number of bytes required for this subpacket

for(b'=0;b'<Np;b'= b'+1) {

part of

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

if (I[p,b",A,

sP) {

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

Name

Notes

rawsize = rawsize + ByxNcg[p, b']

Reserve By bits per included bitplane count for each line in this pre-

cinct. Neg[p, b'] is specified in subclause B.7.

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 (blytesize > [rawsize/8—|) {

Check buffer limit condition

valid=0 Invalid if buffer size constraint violated

} End of check whether bitrate constraint is satisfied
} End of loop over bands
}

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

NOTH3
field qf the packet header.

The number of filler bytes at the end of the bitplane count'subpacket can be inferred from the Lent[p,s]

Input: precinct and packet whose bitplane counts are to be decoded, significance flags Z[p}A,b,x] of the

Out

line and precinct if significance coding is enabled.
jut: 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

© ISO/IEC 2019 - All rights reserved

Name Notes Size Reference
unpafk_bitplane_count(p,s){
for(§=0;b<Ny;b=b+1) { Loop over all bands
for(A=Lo[p,b];A<L1[p,b];A=A+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 sub-
clause B.6.
if (Pr[p,s]==1)4 Detect whether raw coding is ena-
bled for this packet
unjpack_raw(p,b,A); Decode with the raw coding mode Variable Sybclause
Ch.4
}elsenf((D[p,b] & 1) ==0) { Select the bitplane count coding mode
unpack_nopred(p,b,A); No prediction with or without sig- Variable Subclause
flags C.6.6
}else{
unpack_vertical(p,b,A); Vertical prediction with or without |Variable Subclause
sig-flags C.6.5
} End of bitplane count coding mode
selection
} End of if line is present in subpacket
and band
} End of loop over lines
} End of loop over bands
39
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Table C.7 (continued)
Name Notes Size Reference
padding Pad to the next byte boundary pad(8)
filler bytes Arbitrary number of filler bytes fill()
}

C.5.4 Data subpacket

This subpacket includes the coefficient data of all significant code groups of a given precinct and line

within a pre

inct, It also requires the bitplane count of each code group and the truncation positjon of

each subban

NOTE Th
the packet he

Input: preci
all bands of
and line. Th
specified in

hder.

given in sub

Output: mag

d. Table C.8 specifies the syntax of the data subpacket.

e number of filler bytes at the end of the data subpacket can be inferred from the Ldat[p,s] fleld of

hct and packet whose coefficient data is to be decoded, bitplane counts of all code grotips of
he given line and precinct, truncation positions of all lines and bandsof the given précinct
b truncation positions T[b,p] are computed from the information il the precinct header
bubclause C.2 and the weights table specified in subclause A.4.6/aeeording to the algorithm
flause C.6.2.

rnitudes of the quantization index magnitudes v[p,l,b,x]\in-all bands of the precinct p and

packet s, andl if sign packing is disabled, additionally quantization iiidex signs s[p,l,b,x] of all bands in

the given pr¢

pcinct p and packet s.

Table C.8 — Syntax of the data subpacket

Name Notes Size Valuds
unpack_data[p,s) {
for(b=0;b < Ni;b=b+1) { Loop over all bands*of the precinct
for(A=Lo[p,B];A<L1[p,b];A=A+1) { |Loop over all lines of this band
if (I[p,b,A,s]) { Include onlyif the line is present in the given
band and,packet, see subclause B.6.
for(g=0;g<Ncg[p,b];g=g+1) { Include data for all groups in this precinct and line.
v[p,A,b,Ngkg+k] =0 Reset quantization index magnitude
if (M[p,A,blg]>T[p,b]) { Include only signs if a non-zero number of bit-
planes is included.
if (Fs==0) { Check whether sign packing is enabled.
for(k=0;k<Ng;k=k£1) { Loop over all members of the code group. The
definition of the group size Ng is specified in
subclause B.7.
s[p,A,b,Ngxg+K] Sign hit of the coefficientin the current band, line [u(1) 01
and group
} End of loop over coefficients
} End of sign inclusion
for(i=M[p,A,b,g]-T[p,b]-1; Loop over all bit positions
i20;i=i-1) {
for(k=0;k<Ng;k=k+1) { Loop over all members of the code group
d Binary data of the quantization index magnitude |u(1) 0,1
in the precinct, line, band and group
v[p,A,b,Ngxg+K]= Set the corresponding bit in the quantization
v[p,A,b,Ngxg+k]+(d<<i) index magnitude
} End of loop over code group members

40

© ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=fb8b2b6026210f6831ca546c732505f7

ISO/IEC 21122-1:2019(E)

Table C.8 (continued)

Name Notes Size Values
} End of loop over bitplanes
} End of non-zero number of bitplanes included
} End of loop over code groups
} End of line and band included in subpacket
} End of loop over lines
} end of loop over bands
padring Pad to the next bvte boundary pnd(R)
filley bytes Arbitrary number of filler bytes fill()
}

C.5.3 Sign subpacket

This pubpacket includes the sign information of all coefficients of all code.groups of a gi
and ljne within a precinct. This subpacket shall only be present if the sign’ packing flag F§

subclpuse A.4.3 is set to 1. Table C.9 specifies the syntax of the sign sibpacket.

NOTH The number of filler bytes at the end of the sign subpacket €an be inferred from the Lsg

the pqcket header.

Input: precinct and packet whose sign data is to be degoded, decoded coefficient magn

precihct and subpacket.

Outpput: array of signs s[p,A,b,x] of all bands in the\given precinct and packet, coefficien

coeff]cients in the precinct and line.

Table C.9 — Syntax of the sign subpacket

[ven precinct
specified in

n[p,s] field of

tudes of the

t array of all

Name Semantics Size Values
unpafgk_signs(p,s) {
for(B=0;b<Ny;b=b+1) { Loop over all bands
for(A=Lo[p,b];A<L1[p,b];A=A+1){) | Loop over all lines of this band
if (I[p,b,A,s]) { Include only if the band is present in the given
line and packet, see subclause B.6.
for[g=0;g<Ncg[p,b];8=g+1) { Include data for all groups in this precinct and
line. See B.7 for a definition of N¢g.
foif(k=0;k<Ngsk=k+1) { [terate over all members of the code group.
if [v[p, B, Ngxg+k]!=0) { Only include sign information if the quantization
index magnitude is non-zero
skp, b, Npxg+k] Sign bit of non-zero quantization index magnitude [u(1) 01
} End of non-zero code group
} End of loop over coefficients
} End of loop over groups
} End of line and band included in subpacket
} End of loop over lines
} End of loop over bands
padding Pad to the next byte boundary pad(8)
filler bytes Arbitrary number of filler bytes fill()
}
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C.6 Bitplane count decoding

C.6.1 Bitplane count decoding general provisions

The bitplane count decoding process decodes the bitplane counts M[p,A,b,g] from the contents of the
bitplane count subpacket by a process specified in subclause C.5.3 that depends on the bitplane count
coding mode D[p,b] in the precinct header and the raw mode override flag Dy[p,s] in the packet header.
The decoding process may optionally predict bitplane counts vertically, and may optionally employ

significance

flags to skip over insignificant code groups.

The bitplane count decodmg process requ1res furthermore the truncation p051t10n T[p,b], Wthh

defines the
the quantizati

Vertical pre
position Tye
of Mtop[pr)\;
such a way
lines of the t

NOTE Th
independentl
C.6.2 Com

Table C.10 sq

liction modes also require access to the bitplane counts Mgop[p,A,b,g] andltrung
h[p,b] of the line directly above the current line within the same band. The ‘comput
b,g] and Tiop[p,b] is specified in subclause C.6.3. The codestream shallbg’construct
that vertical prediction is never selected as bitplane count coding mode for the toy
bpmost precinct of a slice or the image.

e above requirement ensures that wavelet coefficients within différent slices can be de
/ of each other.

putation of the truncation position

ecifies the computation of the truncation positionF[b,p] of band b and precinct p fro

precinct quantization Q[p] and precinct refinement R[p], both' specified in the precinct header spe

in subclause)

C.2, and the band priority P[b] defined by the -weights table specified in subclause

The truncation position T[b,p] is required for multiple inverse prediction processes as well as fq

inverse quar

Input: band

priority P[b].

tization defined in subclause D.1.

index b, precinct index p, precinct guantization Q[p], precinct refinement R[p] and

Output: trupcation position T[b,p] of band'b in precinct p.

Table C.10 —-Computation of the truncation position

ation
ation
ed in
most

coded

m the
cified
r the

band

Syntax Notes
compute_trupcation(p,b) {
if (P[b]<R[p]p { Compare the priority of the band P[b] as specified in the weights tablle
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=0 No refinement otherwise
}

T[b,p]=clamp(Q[p]-G[b]-1,0,15)

Compute the truncation position as the precinct quantization minus

ment bitplanes, then clamp to the valid range.

band gain from the weights table, minus the number of additional refine-

the

}

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

predictor

Vertical prediction modes require an entire row of bitplane counts above the current line as the source
of the prediction. In addition, the truncation position of the line above is also required. The codestream
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shall be constructed in such a way that vertical prediction is not selected at the first line of a slice, and
hence in particular not at the top of the image.

The process specified in Table C.11 computes from a given precinct p, line Aand band b the corresponding
vertical predictor Mgop[p,A,b,g] and the vertical truncation predictor Ttop[p,A,b,g]. For that, it requires
the first line Lo[b,p] and the last line L1[b,p] of band b and precinct p, where Lg[b,p] and L1[b,p] are
specified in subclause B.5.

Input: precinct index p, line index A, band index b, bitplane counts M[p,A,b,g] of precinct p and precinct
p-Np,x firstline Lo[b,p] and last line L1[b,p] of band b of precinct p.

Output: vertical predictors Mop[p,A,b,g] of all code groups g of precinct p, line A and band b; truncation
positjon predictor Top[b,p]

NOTE Vertical prediction cannot be selected at the start of the slice, and hence at the top,ofthefimage. Hence,
the alporithm as specified here always accesses bitplane counts within the current slice and Withir] the image.

Table C.11 — Computation of the vertical bitplane countpredictor

Syntax Notes
compute_predictor(p,b,A) {
for(g=0;g<Ncg[b];g=g+1) { Loop over all code groups of(this band
if (A1 < Lo[b,p]) { Check whether the given line’is the first line of the band i the precinct
Mtg¢p[p,A,b,g]=M[p-Np x,L1[b,p]-1,b,g] |Predict from the last lifie of the precinct above if A is the fop line of
the band in the precinct
}elde {
Mgp[p,A,b,g]=M[p,A-1,b,g] Precinct from the line above A if this line still in the sam¢ precinct
}
} End of'loop over all code groups
if (AFL < Lo[b,p]) { Check whether the given line is the first line of the band i the precinct
Tiop[p,b]=T[p-Np,x,b] Predict from the precinct above if A is the top line of the pand in the
current precinct
}elde{
Trop[p,b]=T[p,b] Precinct from the line above if still in the precinct
}
}

C.6.4 Bitplanécount decoding for the raw mode

The syntax.ofthe bitplane count subpacket specified in this subclause is selected if D¢[p,s] |n the packet
head¢r is(1,jindicating the raw mode. The bitplane count subpacket contains in this case bitplane counts
M[p,\;bsg] directly, using By bits per code group. Table C.12 specifies the decoding of [the bitplane
countsin the raw mode.

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

Output: bitplane counts M[p,A,b,g] for all other code groups g of precinct p, band b and line A.
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Table C.12 — Raw mode

Name Notes Size Values
unpack_raw(p,b,A) {
for(g=0;g<Ncg[p,b];g=g+1) { Include predicted bitplane counts for all code
groups. Ncg is specified in subclause B.7.
M[p,A,b,g] Bitplane count encoded in B} bits u(Byp) 0-(2Br-1)
} End of loop over code groups
}

C.6.5 Differential bitplane count decoding for vertical prediction

The syntax I
coding modj

flag Dr[p;S]
mode. The b

f the bitplane count subpacket specified in this subclause is selected if the bitplane fount
e D[p,b] in the precinct header indicates vertical prediction and the raw mode ovérride
n the packet header is 0. Table C.13 specifies how to decode bitplane counts’in the vefrtical
tplane count subpacket contains in this case bitplane count prediction;residuals whigh are

used to recoyer the bitplane counts from the residuals by inverse vertical predjction. The codestiream

shall always

Input: preci
information

Z[p,A,b,g] in
Output: bitg

Table C.13 — Vertical mode

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

be constructed in such a way that the bitplane counts M[p,A,b,g] are between 0 and (4Br-1).

hct index p, band b and line index A whose magnitude data is\te’be decoded, significance
of the precinct and line whose magnitude information is to.be decoded. Significance|flags
case significance coding is enabled by the bitplane count.ceding mode D[p,b].

Name Notes Size Values
unpack_vertical(p,b,A) {
compute_pr¢dictor(p,b,A) Compute the prediction values, see subclause C.6.3
for(g=0;g<N}g[p,b];g=g+1) { Include predicted bitplane counts for all code
groups. Negdsspecified in subclause B.7.
t = max(T[pjb],Ttop[p,b]) Compute €ffective truncation position for predic-
tion
Meop = max(Meop[p,A,b,g],t) Compute predictor
if (D[p,b] &2) ==0|| Decode prediction residual only if either sig-
7T b _=0 nificance information was not included, or the
[p.A, 'I_g Ss J] ==0){ corresponding significance group was signalled
as significant
Am=vlc(m, T[p,b]) Prediction residual encoded with variable vlc(r,t)
length code
}else{
if (Rm ==0J% Testthe runm mode
Am=0 Non-significant groups have a zero bitplane count
prediction residual.
}else {
Am=T[p,b]-m¢op 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,g] = mtop +Am Predict from mgop 0-(2Br-1)
} End of loop over code groups
}
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C.6.6 Variable length bitplane count decoding without prediction

The syntax of the bitplane count subpacket specified in this subclause is selected if D[p,b] in the
precinct header indicates no prediction and the raw mode override flag D¢[p,s] in the packet header
is 0. Table C.14 specifies how to decode bitplane counts in the no-prediction mode. The bitplane count
subpacket contains in this case variable length encoded bitplane counts. The codestream shall always
be constructed in such a way that the bitplane counts M[p,A,b,g] are between 0 and (2Br-1).

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

Outplut: bitplane counts M[p,A,b,g] for all code groups g of precinct p, band b and line A

Table C.14 — No-prediction mode

Name Notes Size Values

unpagk_nopred(p,b,A) {

for(g=0;g<Ncg[p,b];g=g+1) { Include predicted bitplane counts for all cede
groups. N¢g is specified in subclause B.%
meop = T[p,b] Set predictor to the truncation positien
if (D[p,b] &2)==0] Decode prediction residual only.if-either sig-
o g, == [T normatin s ot or
as significant
AmpEvic(myop, T[p,b]) prediction residual enedoded with variable vlc(r,t)
length code
Yelde {
Am§g0 Non-significant groups have bitplane count T[p,b].
} End of significance included
m = [Meop +Am Predictfrom mygop
M[p|A,b,g] = m 0-(2Br-1)
} End of loop over code groups
} End of test on significance of code group

C.7 |Elementary variable length decoding primitives

C.7.1 Variablelength decoding primitive

Tablel C.15-Specifies the variable length decoder vlc() primitive which decodes a signed quantity in the
contgxt/[r;t) of a predictor r and a truncation position t. This coding primitive is used thrpughout this
annex-Acodestream shall not contain mare than 32 1-bhits as input for the vlc decoder Detécting such a
condition indicates that the decoder has lost synchronization with the source. This establishes an error
condition whose handling is outside the scope of this document.

Input: a predictor r and a truncation position t.

Output: a signed quantity x.
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Table C.15 — Decoding a signed quantity with vic

Syntax Semantics Size Values
vic(rt) {
6=max(r-t,0) Compute the threshold for the alphabet
switch
x=0 Reset the bitcounter.
do{
b u(1) 0,1
if (b) {
x=x+1 Increment x
}
} while(b && x < 32) Repeat as long as 1-bits are found in the
stream
if (x=32){
error() A codestream shall not contain more than 32
consecutive 1-bits
}
if (x>20){ Check whether this is the unary sub-alphabet
return x-0
Yelseif (x> 0) { Check for non-zero symbol, signed sub-al-
phabet
if(x&1){ Check for an odd codeword
return - [x 2"| Return a negative value for odd ¢odewords
}else{
return LX/‘ J Return a positive value foran even codeword
}
}else {
return 0 Return zero.fora zero codeword
}
}
C.7.2 Variable length . encoding primitive
Table C.16 grovides guidance on the implementation of an algorithm that inverts the vlc() defoder
primitive and encodes’a signed quantity x in the context of a predictor r and a truncation position|t.
Input: a predlictorT, 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 t

Table C.16 — Encoding a signed quantity with vic

Syntax Semantics
vlc_encode(x,rt) { Encode x in the context of rand t
0 = max(r-t,0) Compute the threshold for the alphabet switch
if (x>0){ Check whether we are in the unary sub-alphabet
n=x+0 Compute the number of one-bits to write in the unary case
}else{
X=xx2 Two bits per symbol in the binary sub-alphabet
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Table C.16 (continued)

Syntax Semantics
if(x<0){
n=-x-1 Encode negative numbers with an odd number of bits
}else{
n=x Encode positive numbers with an even number of bits
}
}
for(i=Qi<n;i=i+1) { Write out a sequence of n one-hits
out(|l) Write out a single 1-bit ,\Q
) D
out() Write out 0 as the comma bit f\ i
—
) %
v
} aN
2
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Annex D
(normative)

Quantization

D.1 General

Inverse quaptization computes the wavelet coefficients c[p,A,b,x] in all precincts p, lines A;bahds p
and positionjs x from the decoded quantization index magnitudes v[p,A,b,x] and their signs\s[p,A,b,x].
Inverse quanjtization is controlled by the truncation position T[p,b] which depends on the‘precindt and
band, and thg bitplane count M[p,A,b,g] of the code group the quantized wavelet coefficient is parf of.

This documént offers multiple inverse quantization processes, the selection of which is controlled by

the Qpih elements of the picture header; see subclause A.4.3 for details.

D.2 Inver

Table D.1 sy

se deadzone quantization

ecifies the inverse deadzone quantization process. The inverse deadzone quantizer is

selected if the Qpih element of the picture header is 0. The zero bucket of the deadzone quantifer is

twice the siz
each bucket
and band b.

Input: preci
bitplane cou
and their sig

Output: way

e of all regular buckets, and the reconstruction point of this quantizer is in the midflle of
The quantization bucket size is given by the trfuncation position T[p,b] of the precinct p

hctindex p, line index A, band index b, trurcation positions T[p,b] of this precinct and pand,
hts M[p,A,b,g] of the precinct, line and band and quantization index magnitudes v[p,},b,x]
ns s[p,A,b,x].

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

Table D, =~ Inverse deadzone quantization

Syntax Notes
deadzone_dejquant(p,A,b) {
for(x=0;g<Wjpb[p,b];x=x+1) { Iterate over all coefficients of band b in precinct p
g= LX/NgJ Compute the code group index from the coefficient position
if (M[p,A,b,g] > T[p,b}&& v[p,A,b,x] !I=0) { |Check whether a non-zero number of bitplanes is included in this
code group and whether the coefficient is non-zero
r=(1<<T[pbP>>1 Compute the reconstruction point
o =1-2s[p,A,b,x] Compute the sign of the reconstructed coefficient
c[p,A,b,x] =0 x ((v[p,A,b,x]<< T[p,b]) + 1) Reconstruct the coefficient
}else { No bitplanes included or coefficient is zero
c[p,Abx]=0 Set to zero
} End of test for sufficient bitplanes and non-zero coefficient
} End of loop over coefficients
}
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D.3 Inverse uniform quantization

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

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

Outr 1w wavelet coefficients r[p,).,h,Y]

2M+1

NOTH The bucket size of the uniform inverse quantizer is given by AZW' The rgconstruction
277 4

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

. : . : . 1 S :
the implementation precision. This can be seen from the Neumann series 1 = =Y =:>_4X . While
X~ -1/x
k0

multiplication with A can also be carried out explicitly, a single-precision flodting point implemeptation of the
abovd formula will typically generate results different from the algorithniifithe following table, and is hence not
acceplable.

Table D.2 — Inverse uniform-quantization

Syntax Notes

unifgrm_dequant(p,A,b) {
for(3=0;g<Wpp[p,b];x=x+1) {
g=|x/Ng|

if (M[p,A,b,g] > T[p,b] && v[p,A,b,x] I=0) { _{Eheck whether a non-zero number of bitplanes is included and
whether the coefficient is non-zero

Iterate*qver all coefficients of band b in precinct p

Compute the code group index from the coefficient ppsition

o =[1-2s[p,A,b,x] Compute the sign of the reconstructed coefficient

¢ =[v[p,A,b,x]<<T[p,b]

Get zero-order approximation

¢=M[p,Abg]-T[bp]+1

Extract the scale value

for(p=0;9>0, o= >>¢{

Sum over the Neumann series

p{p+o

Sum up partial terms

}
c[p]A,b,x] =0 xp Insert the sign and reconstruct the coefficient
}elde { No bitplanes included or coefficient is zero
c[pA,b,x]=0 Set to zero
} End of test for sufficient bitplanes and non-zero
} End of loop over all coefficients

}

D.4 Deadzone quantization

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

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]

© ISO/IEC 2019 - All rights reserved 49


https://iecnorm.com/api/?name=fb8b2b6026210f6831ca546c732505f7

ISO/IEC 21122-1:2019(E)

Table D.3 — Deadzone quantization

Syntax

Notes

deadzone_quant(p,A,b) {

for(x=0;g<Wpp[p,b];x=x+1) {

Iterate over all coefficients of band b in precinct p

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

Test for the sign of the coefficient

s[p,Ab,x] =1 Coefficient is negative

v[p,A,b,x] = (-c[p,A,b,x])>>T|[p,b] Compute the amplitude from the coefficient
}else{

s[p,A,b,x] = Coefficientis positive

v[p,A,b,x] =[c[p,A,b,x]>>T[p,b]

Compute the amplitude from the coefficient

End of the sign check of the coefficient

End of loop over all coefficients

}
}
}

D.5 Unifdrm quantization

Table D.4 pr¢vides guidance on the implementation of a uniform quantizer\whose output is comphtible

with the norjmative inverse uniform quantization procedure specifieddnsubclause D.3.

Input: precipct index p, line index A, band index b, truncation positions T[p,b] of this precinct and pand,

bitplane coupts M[p,A,b,g] of the precinct, line and band and wavelet coefficients c[p,A,b,x].

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

NOTE THe procedure given here is equivalent to mid*point quantization of a scalar quantizer] with
bucket size 4 :%.
Table D.4 —Uniform quantization
Syntax Notes

uniform_quant(p,A,b) {

for(x=0;g<Wjpp[p,b];x=x+1) {

Iterate over all coefficients of band b in precinct p

g=|x/Ng]|

Compute the code group index from the coefficient position

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

Does the coefficient contain sufficient bitplanes?

¢=Mp,Abg] - T[b,p] 44

Extract the scale value

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

Test for the sign of the coefficient

s[p,Ab,x] =[1 Coefficient is negative

d =-c[p,A,bx] Compute the amplitude from the coefficient
}else{

s[p,A,bx] =0 Coefficient is positive

d =c[p,A,b,x] Compute the amplitude from the coefficient
} End of sign check

v[p,Ab,x] = ((d << ¢) - d + (1 << M[p,A,b,g])) | Quantize and round to nearest
>> (M[p,A.b,g]+1)

}else{ Coefficient does not include sufficient number of bitplanes
s[pbAx]=0
v[p,b,A,x] =0 Quantize to zero
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Table D.4 (continued)
Syntax Notes
} End of check for number of included bitplanes
} End of loop over all coefficients
}

D.6 Bitplane count computation

Table D.5 provides guidance on the computation of the bitplane counts M[p,A,b,g] from the wavelet

coefflcients c[p,A,b,g]. The bitplane counts M]p,A,b,g] are input to the uniform- ¢r deadzone
quantization and are encoded in the bitplane count subpacket of the precinct p.
Input: precinct index p, line index A, band index b, truncation positions T[p,b] of this'precihct and band
and wavelet coefficients c[p,A,b,x].
Outpput: bitplane counts M[p,A,b,g] of precinct p, line A and band b.
Table D.5 — Bitplane count computatien
Syntax Notes
compjute_bitplane_counts(p,A,b) {
for(g=0;g<Ncg[b];g=g+1) { Iterate over all code’groups of the band b
Vmak=0 Set the maximum of the coefficient amplitude to zer
for(k=0;k<Ng;k=k+1) { Iterate over all members of the code group
x = Ngxg+k Computeposition of the quantized coefficient
if (4 < Wpp[p,b]) { Testwhether the position is within the band
if (¢[p,A,b,x] <0){ Test for the sign of the coefficient
if (Fc[p, A,b,x] >Vmax) { Check for a new maximum
Vihax = -C[p, A,b,X] Update the maximum of the coefficient amplitude
} End of test for a new maximum
}else { End of test for the sign of the coefficient
if (c[p, A,b,X] >Vmax) { Check for a new maximum
Vihax = ¢[p, A,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 precinct
} End of loop over all code group members
for(=Q¥max>0;Vmax = Vmax>>1) { Loop over bitplanes of vy,
m = m+1 Include an additional bitplane
} End of loop over bitplanes of viax
M[p,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 anney, the flow charts and tables are normative only in the sense that they are defining an oLtput

that alternatfive implementations shall duplicate.

NOTE Inforder to achieve a low latency requirement and to conform to one or multiple-profiles spdcified
in ISO/IEC 2]1122-2, decoder implementations would need to run the inverse wavelet transformation|steps
specified in this annex interleaved with the entropy decoding steps of Annex C and the inverse‘quantization steps

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

an image are pvailable entirely.

nts of

This annex |describes the forward discrete wavelet transformation applied to one componenf and

specifies the inverse discrete wavelet transformation used to reconstyuctthe component.

E.2 Discrlete inverse wavelet transformation

The algorithim specified in Table E.1 takes the wavelet coefficients c[p,A,b,x] of all precincts, lines and
bands as inpjut and transforms them by inverse wavelet transformation into the sample values O[k,x,y].

Input: inverpely quantized coefficients c[p,A,b,x] of allprecincts, all lines, all bands for all position

Output: invgrsely wavelet transformed sample yalues O[k,x,y]

Table E.1 — Inverse wavelet transformation

%

Syntax

Notes

inverse_trangformation() {

for(k=0;k<N|;k=k+1) {

LEoop over components

reorder_coefficients(k)

Rearranges components from all precincts into a rectangular grid

Dx=min(Ny, (.NL,y)

Compute number of initial horizontal transformations to perform

for(dx=NL x;dx>Dx;dx=d%-1) {

Loop over horizontal decomposition levels

hor_transform(k,Elgx-1,NLy,

Lde,NLy,HLd (,NLy)

Horizontally transform the LLgx NLy and HLqx,NLy bands of component k into
the LLdx-1,NLy band of component k. The output band is a temporary band
thatis only required for the inverse wavelet transformation T

}

End of the horizontal decompositions

for(d=Dy;d>0;d=d-1) {

Loop over the horizontal and vertical decomposition levels

hor_transform(k,LL4-1,d,
LL4,q,HLd,d)

Horizontally transform the LLg4 4 and HLq 4 bands of component k into the
LLg-1,q band of component k. The output band is a temporary band that is
only required for the inverse computation of the wavelet transformation

hor_transform(k,LHq-1,4,
LHg,d,HHg,q)

Horizontally transform the LHq ¢ and HHq,gbands of component k into the
LHg-1,q band of component k. The output band is a temporary band that is
only required for the inverse computation of the wavelet transformation.

ver_transform(k,LLg.1,d-1,
LLg-1,d,LHd-1,d)

Vertically transform the LL4-1,4 band and LHg.1,q4 band of component k into
the LL4-1,d-1 band of component k. The output band is a temporary band that
is only required for the inverse computation of the wavelet transformation.

}

End of horizontal and vertical decompositions
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Table E.1 (continued)

Syntax

Notes

assign_output(k,LLo,0)

Assign the output of component k to the values of the temporary band LLg,o

}

End of loop over components

}

E.3 Coefficient reordering and scaling

The algorithm specified in Table E.2 assigns the dequantized coefficients c[p,A,b,x] from all precincts

and gomponent k to temporary bands T[[5,x,y], where B indicates the wavelet filter type and x and y the
samplling position. It also applies an additional scaling step that improves the precision of the wavelet
trangformation. The temporary bands are required as input to the inverse wavelet filter. The symbols 8
and Ng are defined in subclause B.3

Inpuf: component index k and inversely quantized wavelet coefficients c[p;A,b,x] of all precincts, all

lines)all bands and all positions. Width Wy[b] and heights Hy[b] of all bands b.

Outpjut: temporary band array T[(,x,y] as input to the wavelet filter.

Table E.2 — Coefficient reordering

Syntax

Notes

reorder_coefficients(k) {

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

[terate over all subbands of component k

b= K+NexB

Compute the band index b from the filter type 3
and the component index k

for(y=0;y<Hp[b];y=y+1) {

Iterate over all rows of band b

for[x=0;x<Wp|[b];x=x+1) { Iterate over all colums of band b
Compute the precinct index p from the|horizontal
d
yxs,[k]x2 sLF] XRS [k]xzd" (4] position x and vertical positiony.
p — Np,X N t
2 L,y CS

Al y umod ZNL'y_dy[ﬁ]

Compute the line within the precinct ffom the ver-
tical position y

SN S
Tk <2 L]

= x umod

e

Compute the position within the precifct from the
horizontal position x

T[B,x,y}=cfp,A,b,E] << Fq

Assign and scale the wavelet coefficiert in the
precinct p line A band b and horizontal|position & to
the temporary band coefficient T in bahd 3, column

Xand row y.

} End of loop over columns
} End of loop over all rows
} End of loop over all wavelet filter types
}

E.4 Inverse horizontal filtering

The algorithm specified in Table E.3 applies an inverse horizontal wavelet filter on a low-pass and high-
pass input band and generates coefficients in a temporary output band.
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Input: component index Kk, output wavelet filter type o and two input filter types, low-pass B, and
high-pass By and wavelet coefficients in temporary bands T[BL,x,y] and T[By,x,y].

Output: wavelet coefficients in temporary output band T[Bo,x,y]

Table E.3 — Horizontal inverse wavelet transformation

Syntax Notes
hor_transform(k,Bo,8L,8u) { |Horizontally inverse transform the low-pass coefficients 3, and high-pass coef-
ficients By to the output band ,.
b=k+NcxBo Compute the band index b from the filter type 8 and the component index k
for(y=0;y<Hp[b];y=y+1) { [terate over all rows of band b
for(x=0;x<Wp[b];x=x+1) { Iterate over all columns of band b
i= I_X/ZJ Compute the input sample position in the source band
if (xumod P =0) { if even sample position
X[x]=T[BL.},y] Assign the low-pass input to the even samples of the temporary array X
}else { else odd sample position
X[x]=T[Bu.Ly] Assign the high-pass samples to the odd samples ofithe temporary array X
} End of check for even/odd coefficients
} End of loop over columns
extend_sampples(Wyp[b]) Symmetrically extend the samples X across the boundary
inverse_filt¢r_1D(Wp[b]) Performs an inverse filtering on the(temporary array X
for(x=0;x<Wp[b];x=x+1) { Iterate over all columns of bandb
T[Bo,x,y]=Y[x] Assign inversely transformedwavelet coefficients to the output band
} End of loop over columns
} End of loop over all rows
}

E.5 Inverse vertical filtering

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

Input: compgonent index K{output wavelet filter type o and two input filter types, low-pass |, and
high-pass 3 and wavelet coefficients in temporary bands T[f1,x,y] and T[By,x,y].

Output: wayelet coefficients in temporary output band T[fo,x,y]

Table E.4 — Vertical inverse wavelet transformation

Syntax Notes
ver_transform(k,Bo,BL,BH) { |Vertically inverse transform the low-pass coefficients i, and high-pass coeffi-
cients By to the output band f,.
b= k+Ngxf, Compute the band index b from the filter type  and the component index k
for(x=0;x<Wp[b];x=x+1) { Iterate over all columns of band b
for(y=0;y<Hp[b];y=y+1) { Iterate over all rows of band b
i= I_Y/ZJ Compute the input sample position in the source band
if (yumod 2 =0) { If even sample position
X[y]=T[BL,x,i] Assign the low-pass input to the even samples of the temporary array X
}else{ Else odd sample position
54
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Table E.4 (continued)
Syntax Notes
X[y1=T[Bn,y.i] 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(Hp[b])

Symmetrically extend the samples X across the boundary

inverse_filter_1D(Hp[b]);

Performs an inverse filtering on the temporary array X

for(y=0;y<Hp[b];y=y+1) {

Iterate over all columns of band b

Assign inversely transformed wavelet coefficients to the output ha

d

T[Bq X v]:Y[v]

}

End of loop over columns

}

End of loop over all rows

}

E.6 [Symmetric extension

The allgorithm specified in Table E.5 extends the samples in the tempotary array X across th
of thg band and prepares the sample array X for the inverse wavelet transformation.

Inpu
positjons 0 to Z-1.

[: array X[x] of wavelet coefficients and size Z of the arrayX. The array is assumed ta

Outpjut: array X of wavelet coefficients that have been §ymmetrically extended.

Table E.5 — Symmetric coefficient extension

b boundaries

be filled for

Syntax

Notes

extenyd_samples(Z) {

for(if1;i<2;i=i+1) {

Loop over two Samples beyond the edge of the temporary array

X[-]=X[i]

Reflect sample at the left boundary

X[Zpi-1]=X[Z-i-1]

Reflectsamples at the right boundary

}

Endof loop over sample extension

}
NOTE Due to requirements formulated for the picture header elements Wy, Hrand Cw, pathologilcal cases such
as empty bands or bands of length Z=1 do not appear, such that bands are at least two coefficients wfde or high.

E.7 |Inverse wavelet filtering with the 5-3 filter

The glgorithm specified in Table E.6 computes the inverse wavelet transformation with the

5-3 wavelet

filter. Trgenerates fTom the Interteaved tow-pass and mgh-pass Mmput sampies X output samples in the

output array Y.

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

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

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

Syntax

Notes

inverse_filter_1D(Z) {

for(i=0;i<Z+1;i=i+2) {

Loop over even samples

Y[i]=X[i]-((X[i-1]+X[i+1]+2)>>2)

Reconstruct even samples from low-pass
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Table E.6 (continued)

Syntax Notes

}

End of loop over even samples

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

Loop over odd samples

Y[i]=X[i]+((X[i-1]+X[i+1])>>1)

Reconstruct odd samples from high-pass

}

End of loop over odd samples

}

E.8 Assignmentofeutputeoefficients———————————————————————————————

This step as

T[B,x,y] to th

Input: comp

coefficients

Output: out|
array T[B,x,}

cigns the output of the inverse wavelet transformation contained in the temparary
e output array O[K,x,y].

onent index k and wavelet type B indicating an LL¢ ¢ band and temporary array of w{
'[B,x,y] of that band.

put array O[c,x,y] filled with wavelet coefficients from the LLog bdnd of the temp

].

Table E.7 — Output assignment

array

velet

brary

Syintax Notes
assign_outpyt(k,B) { Assign the output of component c froth the temporary band 3
for(y=0;y<HE[K];y=y+1) { Loop over the columns of the band data. The height of the component c is denoted
by H¢[k] and has been specified.in'subclause B.1.
for(x=0;x<W.[k];x=x+1) {  |Loop over the row of the banddata. The width of the component c is denoted by
W,[k] and has been specifiedin subclause B.1.
O[k,x,y1=T[B.x.y] Assign to the output ceefficients O the reconstructed values from the tempofary
wavelet band T[(,x,y]
} End of loop overtows
} End of loop, gver colums
}
E.9 Discrlete forwards wavelet transformations
Table E.8 prjovides guidelines for implementing a forwards wavelet transformation at encoder] side.
The discretd wavelet-ttansformation takes sample values O[k,x,y] and computes from them wavelet

coefficients

Input: samp

C[p,A,b,X]:

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

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

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

Table E.8 — Wavelet transformation

Syntax Notes

forwards_transformation() {

for(k=0;k<N

ok=k+1) { Loop over components

assign_input(k)

Place data of component k into the input buffer of the wavelet filter

Dx=min(Ny,

o NLy) Compute the number of initial transformations to perform

for(d=1;d<Dy;d=d+1) {

Loop over the horizontal and vertical decomposition levels
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