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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of document should be noted. This document was drafted in accordance with the editorial rules of the 1ISO/
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Any feedback or questions on this document should be directed to the user’s national standards
body. A complete listing of these bodies can be found at https://www.iso.org/members.html and
https://www.iec.ch/national-committees.
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Introduction

This document is part of a series of standards for a low-latency lightweight image coding system, denoted
as JPEG XS. While ISO/IEC 21122-1 specifies a full set of compression coding tools needed to satisfy all the
requirements of JPEG XS, a targeted application can often work with a simpler and reduced set of coding
tools, and with or without tighter constraints, to meet its targeted goals. For this reason, profiles, levels,
and sublevels are defined in this document. These three concepts facilitate partial and reduced complexity
implementations of ISO/IEC 21122-1 depending on specific application use cases and requirements, while
also safeguarding interoperability.

This document specifies a limited number of profiles to represent interoperability subsets of the codestream
syntax specified in ISO/IEC 21122-1 with each profile serving specific application use cases. In other word,
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Information technology — JPEG XS low-latency lightweight

image

Part 2:

coding system —

Profiles and buffer models

1 Scope

This docunent defines several subsets of the syntax specified in ISO/IEC 21122-1 as prnofilés. It 3

lower boun
that a conf

ds on the throughput in the decoded domain via levels and the encodedydomain v
rming decoder implementation shall support. Furthermore, it defines.a buffer mode

interoperability between implementations in the presence of a latency constraint:
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3.1
blanking ¢
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ative references

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

122-1, Information technology — JPEG XS low-ldténcy lightweight image coding syste
system

5 and definitions
boses of this document, the terms.and definitions given in ISO/IEC 21122-1 and the follg

maintain terminology databases for use in standardization at the following addressg

ine browsing platform:@vailable at https://www.iso.org/obp

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

odestream.fragment
codestream fragment representing blanking periods

buffer moq

11so defines
a sublevels
] to ensure

constitutes
references,

m — Part 1:

wing apply.

S:

parameters

3.3

buffer model instance
specific configuration of a buffer model (3.2) specified by the assignment of well-defined values to the buffer
model parameters

3.4

channel model
model describing the temporal behaviour of the transmission channel (3.26) connecting an encoder and a decoder
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3.5

coded codestream fragment

continuous sequence of bits in the codestream containing exactly one packet body and a well-defined
number of packet headers, markers and marker segments

3.6
codestream fragment
either coded codestream fragment (3.5) or blanking codestream fragment (3.1)

3.7

cycle

clock cycle

single clock period of an encoder or decoder clocked implementation

3.8
decoder model
combination of a decoder unit (3.10) and a decoder smoothing buffer (3.9)

3.9
decoder smoothing buffer
memory bulffer that is used to level out changes in the number of bits read by a decoder unit (3.10) per time unit

3.10
decoder unit
module redding a variable number of bits (from the smoothing buffer)per time unit to generdte decoded
output pixdls at a fixed output rate

3.11
encoder model
combination of an encoder unit and an encoder smoothing-buffer (3.12)

3.12
encoder srpoothing buffer
memory buffer that is used to level out changes ifrtthe number of bits generated by an encoder unit (3.13) per
time unit

3.13
encoder unit
module trapsforming a sequence of input pixels with constant rate into a conforming codestream, producing
a bit sequence with variable number of bits generated per time unit

3.14
fill level
number of bits stored in-the encoder or decoder smoothing buffer (3.9)

3.15
horizontal|blanking period
timespan expressed in units of the grid point sampling rate between the last pixel of an imag¢ line — not
being the ldsthine-ofantmage—and-thefirstpixelof the nextimage tine

3.16

level

defined set of constraints on the number of decoded samples to be processed by an encoder or decoder, both
in the spatial and temporal dimensions

Note 1 to entry: The same set of levels is defined for all profiles. Individual implementations may, within the specified
constraints, support a different level for each supported profile (3.19)

3.17

nominal bits per pixel value

mean number of bits allocated per encoded pixel which is used to derive the sublevel constraints by assuming
an image with well-defined dimensions and frame rate derived from the level

© ISO/IEC 2024 - All rights reserved
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samples of all components at a single sampling grid point (3.20)

3.19
profile

specified subset of the codestream syntax together with admissible parameter values

3.20

sampling grid point
position on the sample grid, specified by integer horizontal and vertical offset relative to the origin of the
sample grid

3.21

smoothing
level- and 3
specified

3.22
start of trd
SoT

time at whfich the transmission channel starts transmission relative to thé start of encoding

codestream

3.23

sublevel
defined setj
unit of timg

Note 1 to emtry: The same set of sublevels is defined for alkprofiles. Individual implementations may

specified co

3.24
TDC disab

codestreanp that contains zero sr.T markers

Note 1 to en

3.25
TDC enabl

codestream that contains one.otxmore s.1 markers

Note 1 to en

3.26
transmiss

facility transferring bits from a source entity to a target entity

3.27

buffer unit
ublevel-dependent number of bits by which the smoothing buffer size of the @ecod

nsmission

fragment of a codestream

of constraints on the amount of codestream bits to-be-processed by an encoder or d
, per column, and per image

straints, support a different sublevel for each stpported profile

ed codestream

ry: See ISO/IEC 21122-1.

bd codestream

ry: See ISO/IEC 21;122-1.

on channel

er model is

of the first

ecoder, per

, within the

transmiss

on channel capacity

maximum number of bits per time unit that a transmission channel (3.26) can transfer from a source entity
to a target entity

3.28

vertical blanking period
timespan expressed in units of the grid point sampling rate between the last line of an image — including

the horizon

tal blanking periods (3.15) — and the first line of the next image

© ISO/IEC 2024 - All rights reserved
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4 Abbreviated terms

bpp
CBR

CFA
DWT
FBB
IDWT
IRCT
MLS
RCT
RGB
TDC

VBR

bits per pixel

constant bit rate

colour filter array

discrete wavelet transform

frame buffer bandwidth

inverse discrete wavelet transform

pls

inverse reversible colour transform
mathematically lossless

reversible colour transform

red green blue

temporal differential coding (see ISO/IEC 21122-1)

variable bit rate

number of bits required to encode a bitplane count in raw

nominal overall bit precision of the wavelet coefficients

precision in bits of component i

colour transformation type

wavelet coefficient ing¥ecinct p, line A, band b and position x

width of precincts'other than the rightmost precinct in sample grid points
width of précincts in multiples of 8 LL subsampled band sample grid points

the i -thncodestream in a sequence of codestreams

number of clock cycles between the first bit written into the decoder smoothing
the decoding start of the first fragment of the stream of codestream fragments

F buffer and

first fragment of codestream C(i)

last fragment of codestream C(i)

number of fractional bits in the representation of wavelet coefficients
height of the image in sampling grid points
height of a precinct in lines

maximum image height in sampling grid points

field in the picture header indicating the codestream size in bytes (see ISO/IEC 21122-1)

© ISO/IEC 2024 - All rights reserved
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L

'max
ldec (t)
Idec,avail (t)

Idec,max

lenc (t)

l

enc,max
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long header flag in the picture header

maximum number of sampling grid points per image

fill level of the decoder smoothing buffer in bits at the end of clock cycle ¢

number of bits that can be read from the decoding smoother buffer in clock cycle ¢

capacity in bits of the decoder smoothing buffer

fill level of the encoder smoothing buffer in bits at the end of clock cycle ¢t

capacity in bits of the encoder smoothing buffer

Isum (t)

Mf [p'ﬂ“'b'gf]

N bpp,max

sum of encoder and decoder smoothing buffer fill level in bits at clock cycle ¢t
frame buffer bitplane count for a group g in precinct p atline A of band,b
number of components in an image

size of the horizontal blanking line in sampling grid points

size of the vertical blanking period in sampling grid lines

number of coefficient groups within codestream fragment f

number of coefficient groups associated to a codestream fragment representing :
blanking period

 horizontal

number of coefficient groups associated'to a codestream fragment representinyg a vertical

blanking period

nominal number of bits allocated per pixel for compression

maximum number of decoded®its per pixel

number of fragments within a codestream C (i)

number of coefficients in a code group

maximum number of horizontal decomposition levels of all components
maximum.aumber of vertical decomposition levels of all components
nuniber of pixels in one coefficient group

number of precincts per sampling grid line

number of precincts per sampling grid column

number of decoder smoothing buffer units for a given profile

all integer numbers being strictly larger than zero

all integer numbers being greater than or equal to zero

number of frame buffer wavelet coefficients within one frame buffer group

level and sublevel indication of a codestream

quantization parameter to which precinct p is quantized for storage in the frame buffer

© ISO/IEC 2024 - All rights reserved
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quantization type

set of rational numbers

refinement parameter of the quantization to which precinct pis quantized for storage in the

frame buffer
maximum grid point sample rate (in samples per second) at decoder output
maximum bi-directional frame buffer bandwidth

maximum admissible encoded throughput in bits per second for a given level

Rtrans

Tdec (t)

S

¢ max
Spits (f)

Sd

Ssbo (P)
Ssbu (hn ls )
S

Il

simax (
sy 1]

sy [1]
Toma
Tdec

T,

enc

tdec,read (f )

tdec,start (f )

L

enc,write (f

m /1Y)

transmission channel capacity, expressed 1n bits per clock cycle

number of bits read and removed from the decoder smoothing buffer in clgckcy

targeted maximum number of bytes of a codestream

number of bits forming the codestream fragment f

number of components for which the wavelet decompositioh is suppressed
smoothing buffer offset in bits for a profile p

size of the smoothing buffer unit in bytes for level/ and sublevel I
maximum size of an encoded codestream inbytes of level I, and sublevel I
sampling factor of component i in horizental direction

sampling factor of component i in véptical direction

buffer model type
clock period defining the frequency by which code groups are processed by a de
clock period definingthe frequency by which code groups are processed by an g

timestamp in cycles at which codestream fragment f is removed from the decoq
ing buffer

timestamprin cycles at which decoder starts decoding codestream fragment f

timestamp in cycles at which the codestream fragment f is written to the encoc
ing buffer

cle t

coder
ncoder

ler smooth-

ler smooth-

frame buffer truncation point for hand b in precinct p

T¢[p,b]
W, [i]

width of component i in samples

maximum column width in sampling grid points for a given profile
width of the image in sampling grid points

maximum image width in sampling grid points

number of bits written into the decoder smoothing buffer in clock cycle ¢

width of band b of precinct p in coefficients

© ISO/IEC 2024 - All rights reserved
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W,[p] width of the precinct p in sampling grid points

Z set of all integer numbers

6 Conventions

6.1 Conformance language

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

6.2 Operators

NOTE any of the operators used in document are like those used in the C programming language.
6.2.1 Arithmetic operators

+ addition
suptraction (as a binary operator) or negation (as a unary prefix'\operator)
x multiplication

/ diyision without truncation or rounding
6.2.2 Logical operators

[l Ipgical OR
&& Ipgical AND

! Ipgical NOT

6.2.3 Relational operators

> greater than

= dreater than orequal to
< less than

< lpss than*or equal to

== gqual to

not equal to
6.2.4 Other operators

() expression

[] indexing of arrays

© ISO/IEC 2024 - All rights reserved
7


https://iecnorm.com/api/?name=b0f384355d60f8318adfe787436a30d1

ISO/IEC 21122-2:2024(en)

6.2.5 Precedence order of operators

Operators are listed in descending order of precedence. If several operators appear in the same line,
they have equal precedence. When several operators of equal precedence appear at the same level in an
expression, evaluation proceeds according to left-associativity — thus, evaluate from left to right.

() expression
[] indexing of arrays

- unary negation

X, / multiplication, division
+, - addition, subtraction
<, >, <, 2)0==, 1= relational comparison

6.2.6 Mathematical functions

[x] ceil of x, equals the smallest integer that is greater than or equal te" x
| x| floor of x, equals the largest integer that is less than or equalto x
-x ifx<0
1 absolute value of x, |x|=
x ifx>0
-1 ifx<0
sign(x) .
sign of x, sign(x)=:0 ifx=0
1 ifx>0
&(t) tep function, &(t) 0 1fe<0
step function, =
P 1 ift=0
max; (x;) maximum of a sequence of fymbers [x; | enumerated by the index i
3 the mathematical symbol to represent there exists
\4 The mathematicalisymbol to represent for all

7 Buffer model

7.1 Gengral system block diagram

The JPEG XS codlng system addresses appllcatlons where coded 1mages are transferred from A source to
a target, as-she c ' ' nput pixels
into a sequence of bits. These bltS are forwarded by means of a transmlssmn channel to the decoder that
decompresses the bits to produce a continuous stream of output pixels.

© ISO/IEC 2024 - All rights reserved
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Key
1  encoderclock
2 pixel data
3  encoder unit
4  encodey smoothing buffer
5 transmission channel
6  decodef smoothing buffer
7  decoder unit
8  decodey clock
9  variablg bit rate

Figure 1 — General system blockidiagram
The time injstances at which the encoder processes each pixel'ate determined by an encoding clock. Similarly,
the time instances at which the decoder produces eachigutput pixel are determined by a decading clock.
Both clockd are generated by the system.
NOTE Ih implementations, these clocks can be the.same or differ in both frequency and phase. The presented

model is ind

In accordar
as code grd
group to gr
buffer. Simij

In case the
an encoder
of bits ove
decouples t
the decode

Correct op¢
to pause th

bpendent of whether clocks are synchronized or not.

ce with ISO/IEC 21122-1, the pixels of an image are translated into coefficient groups 1
ups in the codestream. The number of bits necessary to code these code groups may
pup. Consequently, the encéder writes encoded bits at a variable rate into the encoder
larly, the decoder reads(the codestream at a variable rate from the decoder smoothin

maximum bit rate of the transmission channel is below the peak bit rate generated by t
smoothing buffet is necessary to decouple generation of bits by the encoder from tr
- the transmission channel. Similarly, a decoder smoothing buffer needs to be pr
he arrival ofbits at the rate afforded by the transmission channel and the consumptic
" per clogkeycle.

bration‘requires that the decoder buffer never overflows. This is because the decodel

epresented
y vary from
smoothing
o buffer.

he encoder,
ansmission
bvided that
n of bits by

" is not able

elarrival of bits from the transmission channel. Moreover, a buffer underflow in t

he decoder

buffer need

sto beavoided: This s because the decoder is Tequiredto output pixets imaccordar

ce with the

timing of its output interface. Hence it needs to be ensured that the bits to be read from the decoding buffer
to produce the next pixel in accordance with the decoding clock are available in this decoding buffer.

7.2

Influencing variables on the required buffer sizes

Avoiding any buffer overflow or underflow, as discussed in 7.1, requires sizing the decoder smoothing buffer
properly. Moreover, the time at which decoding starts is delayed relative to the starting time of encoding and
the start of transmission needs to be carefully set. Those values are influenced by many system parameters,
for example:

The maximum transmission channel bit rate.

© ISO/IEC 2024 - All rights reserved
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— The granularity at which the encoder writes the encoded data, and at which the decoder reads the

encoded data.
— The rate control strategy applied by the encoder.

These dependencies cause that encoders and decoders are only interoperable in well-defined
provided by means of the buffer model as defined in Annex B and Annex C.

7.3 Role of the buffer model

conditions

The core coding system defined in ISO/IEC 21122-1 can be implemented on a large variety of platforms using
many different implementation strategies. Thus, interoperability cannot be achieved by precisely specifying
the temporal behaviour of a conforming decoding implementation. Instead, the buffer model defines a

simplified flecoder model. Interoperability is then achieved by mandating that a conforming dé
decode all pit streams being decodable by the simplified decoder model. Similarly, a confeymi
shall not create bit streams that cannot be decoded by the simplified decoder model.

To this end
of the dec

Annex B defines a generic JPEG XS decoder model that precisely defines the tempora

pder model assuming a processing granularity of codestream packets.”While su
already defines some fundamental properties of the decodable codestreams,hit is still not s
ensure intgroperability. The reason is that otherwise codestreams could be constructed that wa
decodable by the decoder model if the transmission channel could transportbits arbitrarily fast.
this is obviously not the case. Consequently, interoperability also requires’defining a channel
which an eficoder sends the codestreams to the decoder.

Annex C ddfines such a channel model assuming a transmission ¢hannel with a fixed upper bit
related to the target compression ratio. Together with the decdder model of Annex B, it defines

coder shall
ng encoder

| behaviour

th a model
ufficient to
uld only be
In practice,
model over

rate that is
the packet-

based consfant bit rate buffer model. It describes the conditions for a low-latency interoperabili
any conforming encoder and any conforming decoder. These conditions are expressed by b
parameterg that are specified by the profiles and levels,'defined normatively in Annex A. The
of such conforming implementations are exemplified in Annex D. Since these properties
consequenges of normative Annex B and normative ‘Annex C, Annex D is informative only. In 3
informative¢ latency analysis of each block of theJPEG XS core coding system, as defined in ISO/I
is provided|in Annex E.

8 Interpretation of Bayer data

ISO/IEC 21122-1 defines coding tools and signalling for compression of Bayer-type CFA i
According to this specification,\each sampling grid point represents a super-pixel of four sens
containing jat least one sample of each component. Thus, Bayer data is interpreted as an image
componentfs, where each sammpling grid point describes four spatially disjoint sensor elements (d
per Bayer channel).

Moreover, ftegardless/of the Bayer sensor spatial subpixel arrangement, the Star-Tetrix colour ti
ISO/IEC 21]22-tdefines a strict order on the components assigning the red channel to component

y between
ffer model
properties
are direct
ddition, an
EC 21122-1,

mage data.
r elements
having four
ne element

ansform of
D, the green
ngement is

channels tg components 1 and 2, and the blue channel to component 3 The spatlal subpixel arrd
signalled by-the : h : :

of a Bayer-

type CFA. In this flgure squares represent 1nd1v1dua1 sensor elements and circles represent sampling grid
points. Groups of four sensor elements overlapping with the same sampling grid point form one super-pixel.
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Figure 2 — Example of the interpretation of a GRBG Bayer-type CFA'image

9 Conformance

The syntax of JPEG XS codestreams specified in ISO/IEC 211221 -eomes with a set of cpmpression
coding tools, capabilities, parameters, and configuration possibilities, for which Annex A provides the
normative fonstraints. As such, compliant JPEG XS codestreams(and decoder implementations| shall be in
accordance with the provisions given in Annex A. In addition;compliant JPEG XS codestreams and decoder
implementations shall also be in accordance with the packet-based JPEG XS decoder model as described in
Annex B and the packet-based constant bit rate buffer model as described in Annex C.
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Annex A
(normative)

Profiles, levels, sublevels and frame buffer bandwidth levels

A.1 General

Profiles, levels, sublevels and frame buffer bandwidth (FBB) levels specify restrictions on codestreams

and hence

levels may
Additionall
sublevels a

Each profil
supported
supported

The combination of a level and a sublevel defines a lower bound on the\throughput a conformi

implement

decoded dgmain, namely the maximum image width, the maximum image height, and the maxim

of sampling

The sublevg
for an enca
levels in th
size and th
decoder sm

By these m
the tool sel

In addition|
to be decoq
ISO/IEC 21
a conformi
perspectivg
means of th
buffer by tk

NOTE B
the profiles

[y, A.8 defines conformance points that further constrain the allowed combinatior]

imits on the capabilities needed to decode the codestreams. Profiles, levels, sublevg
also be used to indicate interoperability points between individual decoder implel

nd FBB levels for specific profiles.

by all decoders conforming to that profile. Encoders are not required'to make use of
n a profile.

ition shall support. To this end, the level gives upper bounds for the image parame

grid points to be processed per second.

ded image having maximum width and height.dn combination with the constraint
b decoded domain, this allows the derivation*of upper bounds on the admissible enc
e upper number of bits a decoder is required to decode per second. Moreover, it
oothing buffer unit, whose size is specified in A.4.

eans, the decoding smoothing buffer size can be derived from the profile. In combi
pction performed by a profile, this-allows to control the complexity of a decoder imple

codestreams that use the'srt marker of ISO/IEC 21122-1 need the support of a fj
led. In this context, a codestream is TDC enabled when it contains at least one ST 1
| 22-1), and TDC disabled-otherwise. The FBB levels provide a lower bound on the thro
hg decoder impleméntation shall support for accessing its frame buffer. From the

, FBB levels defifie’an upper bound on the required bandwidth to access the fram
e FBB level, this annex specifies the FBB model that places constraints on the usage (¢
e codestream:

ven though the definition for TDC enabled codestreams requires at least one S1.T marker, curr
hllow.-fixing SLH and SLT slice headers in a codestream.

t]ls and FBB
mentations.
s of levels,

e specifies a subset of algorithmic features and limits on their parameterization that shall be

all features

ng decoder
bters in the
um number

] defines upper bounds in the encoded domain, such as the nominal bits per pixel valye allocated

5 set by the
bded image
defines the

hation with
mentation.

ame buffer
narker (see
ighput that
rodestream
e buffer. By
f the frame

bntly none of

Figure A.1

epicts the relation between profile, level, sublevel, FBB level and the corresponding

constraints

they impose.
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constraints
y
sublevel .| compressedimage |, frame buffer
nominal bpp constraints bandwidth level
y
profile decoder model
featyres and parameter »  smoothing buffer
ranges size
A
decoder
> implementation <
complexity

Figure A.1 — Relationship between the different conformance.constraints and the impagt on the
decoder complexity

A.2 Profiles

A.2.1 Definition of profiles

Profiles spgcify subsets of coding tools that cofiforming decoders shall support. Moreover, profiles limit the
permitted parameter values. Consequently, profiles are differentiated along the following featurgs:

— compohent bit precision ( B[i]);

— maximum bits per pixel (bpp) in'the decoded domain (Nbpp,max );

— interndl precision ( B, , s€eISO/IEC 21122-1);

— numbef of bits to encode a bitplane count in raw ( B, see ISO/IEC 21122-1);
— numbef of fractional bits for DWT coefficients ( F,, see ISO/IEC 21122-1);

— non-linjear transform;

— raw-maodeSelection per packet flag (R, see ISO/IEC 21122-1):

— chroma sampling formats;

— colour transformation (C,;,, see ISO/IEC 21122-1);

pih’
— size and extent of the colour transformation (Cy, see ISO/IEC 21122-1 and NOTE 1);

NOTE1  The size and extent of the colour transformation is signalled in the cTs marker when Cp;p, is setto 3 (see

ISO/IEC 21122-1). For other values of Cpih , the cTs marker is not present.

— number of vertical wavelet decompositions ( Ny, , see ISO/IEC 21122-1);

© ISO/IEC 2024 - All rights reserved
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— number of horizontal wavelet decompositions ( Ny, see ISO/IEC 21122-1 and NOTE 2);

NOTE 2

equal to the number of horizontal wavelet decompositions.

As defined in ISO/IEC 21122-1, the number of vertical wavelet decompositions is always lower than or

— number of components for which to suppress the wavelet decomposition ( Sy, see ISO/IEC 21122-1);

— supported quantizer types (Qpih ,see ISO/IEC 21122-1);

— maximum column width (C,,, see ISO/IEC 21122-1 and NOTE 3);

NOTE3 T

he column width in sampling grid points is given by

JAL

{8xcw smax (s [i])x2"b* ifC,, >0
i

where

CW
factor for co

is indica

tempof
slice he
slice he
frame |
decodé

NOTE4 T

the maximu
smooth

NOTES5 T

header with
buffer

NOTE6 A
— long hg
For all prof]

Profile par
accordance

Table A.1, 1T

mponent i,and N| , is the number of horizontal wavelet decompositions.

h |
OLIICT

e
ted in the picture header (see ISO/IEC 21122-1), W is the image width, sy [1] is the horizon

al prediction control marker usage (rrc, see ISO/IEC 21122-1);
aders (stH and s1.1 usage, see ISO/IEC 21122-1);

ight;

puffer bandwidth model group size [Nfg ,see A.7.2);

r smoothing buffer size expressed in smoothing buffer units (N, see NOTE 4);

sbu’

he smoothing buffer unit size is determined by the ma%imum column width in Light-Sublin
m image width in other profiles. See A.5, Formula (A.3ahd A.5, Formula (A.4).

ing buffer offset (S see NOTE 5);

sbo’

he commonly used value of 1 024 bits (128-bytes) has been derived from a typical size o
but any extension markers.

model (T},q4, see NOTE 6);

decoder that supports Ty ,4 =2 ‘automatically also supports Ty, 4 =1 .

ader enforcement flag (L ,see ISO/IEC 21122-1).

les, the bit precisionB[i] (0<i<N_) of all components shall be identical.

hmeter values that allow the choice between more than one value shall always be
with ISO/IEC21122-1.

able A.Z, Table A.3, Table A.4, Table A.5, Table A.6, and Table A.7 list all the profiles

this docum|

ent.

ise

tal sampling

e profile and

the picture

selected in

specified in
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Table A.1 — JPEG XS Main profiles

Profile Main Main Main Main
420.12 422.10 44412 444412
Py field 0x3240 0x3540 0x3A40 0x3E40
Component bit precision 8,10, 12 8,10 8,10,12 8,10,12
Bli]
Maximum decoded bpp 18 20 36 48
Nbpp,max
Internal precision B,, 20 20 20 20
# bits to encode a bitplane 4 4 4 4
count in ray—5;
# fractionallbits for DWT 8 8 8 8
coefficients Fq
Non-linear {ransform Disallowed Disallowed Disallowed Disallowed
Raw-mode gelection per 0 0 0 0
packet flag IR,
Chroma sampling formats 4:2:0 4:0:0, 4:0:0, 440:0,
4:2:2 4:2:2, 412:2,
4744 4444,
4:3:2:4,
4:4:4:4
Colour trangformation Cpin 0 (None) 0 (None) 0 (None) for any |0 (None) flor any sam-
sampling format, pling format,

or optionally 1 or optionally 1 (RCT)
(RCT) for 4:4:4 for 4:4:4 hnd 4:4:4:4

Number of yertical decom- 1 0,1 0,1 Q9,1
positions N

L.y

Number of horizontal 1-5 1-5 1-5 1-5

decompositjons N,

Number cormpponents with 0 0 0 0

suppressed|decomposition

Sd

Quantizer type Qi 0(DZQ), 0 (DZQ), 0 (DZQ), 0 (DPZQ),
1°(Uniform) 1 (Uniform) 1 (Uniform) 1 (Uniform)

Column mogle C,, One column of full | One column except | One column except | One column except
image width when the number of | when the number of | when thg number of

vertical decomposi- | vertical decomposi- | vertical decomposi-
tion levels is zero? | tion levelsiszero? | tionlevglsis zero?

TPC marker] Disallowed Disallowed Disallowed Disallowed
Slice headetys SLH only SLH only SLH only SLH only
Slice heightipnmber of image 16 16 16 16
rows

Number of smoothing buffer 16 16 16 16
units, Ny, , of the decoder

model

Smoothing buffer offset S, 1024 1024 1024 1024
in bits

Buffer model T4 1,2 1,2 1,2 1,2
Long header enforcement 0 0 0 0
flag L,

a2 One column of full image width if the number of vertical decompositions is larger than 0, otherwise any column width
conforming with ISO/IEC 21122-1 is allowed.
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Table A.2 — JPEG XS Light profiles

Profile 4léizg.lit() 4l;1ig.h1t2 Liglz;tz-;il:)line
Py field 0x1500 0x1A00 0x2500
Component bit precision B[i] 8,10 8,10, 12 8,10
Maximum decoded bpp Nypp max 20 36 20
Internal precision B, 20 20 20
# bits to encode a bitplane count in raw B, 4 4 4
# fractional bits for DWT coefficients Fy 8 8 8
Non-linear fransform Disallowed Disallowed Dis3llowed
Long headef enforcement flag L, 0 0 0
Raw-mode §election per packet flag R 0 0 0
Chroma sampling formats 4:0:0, 4:0:0, 4:0:0,
4:2:2 4:2:2, 4:2:2
4:4;4
Colour tranpformation Cpih 0 (None) 0 (None) for any 0 (INone)
sampling format,
oroptionally 1
(RCT) for 4:4:4
Number of yertical decompositions Ny 0,1 0,1 0
Number of horizontal decompositions Ny 1-5 1-5 1-5
Number components with suppressed decomposi- 0 0 0
tion Sy
Quantizer type Qi 0~(DZQ) 0 (DZQ) 0 (DZQ),
1 (Upiform)
Column mogle C,, One column of full | One column of full | Maxim{im column
image width image width width of 2 048 grid
ppints
TPC marker] Disallowed Disallowed Disgllowed
Slice headetys SLH only SLH only SLH only
Slice height|in number of image rows 16 16 16
Number of §moothing buffer unitsy Wy, , of the 4 4 2
decoder mogdel
Smoothing buffer offset S§,- In bits 1024 1024 1024
Buffer mod¢l T, q 1,2 1,2 1, 2
Table A.3 — JPEG XS High profiles
Profile 2012 44412 43&22
Ppih field 0x4240 0x4A40 0x4E40
Component bit precision B[i] 8,10,12 8,10,12 8,10,12
Maximum decoded bpp Nypp max 18 36 48
Internal precision B, 20 20 20
# bits to encode a bitplane count in raw B, 4 4
# fractional bits for DWT coefficients Fy 8 8

a2 One column of full image width if the number of vertical decompositions is larger than 0, otherwise any column width

conforming with ISO/IEC 21122-1is allowed.
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Table A.3 (continued)

. High High High
Profile 420.12 444.12 444412
Non-linear transform Disallowed Disallowed Disallowed
Long header enforcement flag L, 0 0 0
Raw-mode selection per packet flag R 0 0 0
Chroma sampling formats 4:2:0 4:0:0, 4:0:0,

4:2:2, 4:2:2,

4:4:4 4:4:4,
4:2:2:4,
4:4:4:4

Colour trangformation Cpih 0 (None) 0 (Nope) forany |0 (None) flor any sam-
sampling format, pling format,
or optionally 1 or-optionally 1 (RCT)
(RCT) for 4:4:4 for4:4:4 and 4:4:4:4
Number of yertical decompositions NL'y 1,2 0,1,2 0,1, 2
Number of jorizontal decompositions Ny 1-5 1-5 1-5
Number cormpponents with suppressed decomposi- 0 0 0
tion Sy
Quantizer type Qpyp, 0 (DZQ), 0 (DZQ), 0 (bZQ),
1 (Uniform) 1 (Uniform) 1 (Uniform)
Column mogle C,, One column of full <\.One column except | One column except
image width when the number of | when thg number of
vertical decomposi- | vertical decomposi-
tion levels is zero? | tion levgls is zero?
TPC marker] Disallowed Disallowed Disallowed
Slice headets SLH only SLH only SLH only
Slice height|in number of image rows 16 16 16
Number of §moothing buffer units, Ny, , of the 16 16 16
decoder mogdel
Smoothing buffer offset Sy, in bits 1024 1024 1024
Buffer mod¢l Ty, q 1,2 1,2 1,2
a2 One colymn of full image width if-the number of vertical decompositions is larger than 0, otherwise any cplumn width

conforming

vith ISO/IEC 21122-1is.allowed.

Table A.4 — JPEG XS Additional High profiles

Profile CHigh

444.122

Pyjp field 0x4n44

Compenaent bit nracicion RBlil 8 10 12

A=A~ s TP OTTCTICo Lyl\,\,uvAuLAJ ¥ I

Maximum decoded bpp Ny, max 36

Internal precision B, 20

# bits to encode a bitplane count in raw B, 4

# fractional bits for DWT coefficients F, 8

Non-linear transform Disallowed

Long header enforcement flag L, 0

a

b
with 4:2:0 chroma sampling.

Additional restrictions, specified in A.8, apply when using this profile.

Conforming to ISO/IEC 21122-1, zero (0) vertical decompositions cannot be used in combination
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Table A.4 (continued)
Profile CHigh
444.122
Raw-mode selection per packet flag R 1
Chroma sampling formats 4:0:0,
4:2:0,
4:2:2,
4:4:4
Colour transformation Cpy, 0 (None) for any sampling
format,
or optionally 1 (RCT) for
4:4:4
Wavelet decompositions (N, Ny ) (3, 0) if not 4:2:0V, (4, 0)
if not 4:2:0P, (4, 1), (51);
(5,2)
Number components with suppressed decomposition Sy 0
Quantizer type Qpp 0 (DZQ),
1.(Uniform)
Column mode C,, 0 (disallowed)
TPC marker Disallowed
Slice headers SLH only
Slice height in number of image rows 16
Number of smoothing buffer units, N, , of the decodermodel 16
Smoothing buffer offset Sy, in bits 1024
Buffer model Ty, 4 1,2
a  Additional restrictions, specified in A.8, apply,when using this profile.
b  Conforming to ISO/IEC 21122-1, zero (0) vertical decompositions cannot be used in combination
with 4:2:0 chroma sampling.

TableA.5 — JPEG XS TDC profiles

Profile TDC 444.122 TDC MLS #44.123

Py field 0x4A45 0x6245
Componentfbit precision B[i] 8,10, 12 8,10/12
Maximum decoded bpp Ny max 36 36
Internal prqcision B,, 20 Component(precision
# bits to engode a bitplane count in raw B, 4 4
# fractional bitsforDWT coefficients Fy 8 0
Non-linear fransform Disallowed Disallgwed
Long header enforcement flag L, 0 0
Raw-mode selection per packet flag R 1 1
Chroma sampling formats 4:0:0, 4:0:0,

4:2:0, 4:2:0,

4:2:2, 4:2:2,

4:4:4 4:4:4

a  Additional restrictions, specified in A.8, apply when using this profile.

b Conforming to ISO/IEC 21122-1, zero (0) vertical decompositions cannot be used in combination with 4:2:0 chroma sampling.
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Table A.5 (continued)

Profile TDC 444.122 TDC MLS 444.122
Colour transformation Cpih 0 (None) for any sampling |0 (None) for any sampling
format, format,
or optionally 1 (RCT) for | or optionally 1 (RCT) for
4:4:4 4:4:4

Wavelet decompositions (N ,, Ny, )

(3, 0) if not 4:2:0P, (4, 0)
if not 4:2:00, (4, 1), (5, 1),

(3, 0) if not 4:2:0P, (4, 0)
if not 4:2:00, (4, 1), (5, 1),

(5,2) (5,2)

Number components with suppressed decomposition Sy 0 0
Quantiser e g 0 o

H{Hniferm HHHniH
Column mogle C,, 0 (disallowed) 0 (disallpwed)
TPC marker] Optional (allowed) Optional (allowed)
Slice headers SLI only SLI only
Slice height|in number of image rows 16 16
Frame buff¢r bandwidth model group size Ng, 8 8
Number of §moothing buffer units, N, , of the decoder model 16 16
Smoothing buffer offset S, in bits 1024 1034
Buffer mod¢l Ty, q 12 1,7
a  Additionjal restrictions, specified in A.8, apply when using this profile.

b Conform

ing to ISO/IEC 21122-1, zero (0) vertical decompositions canngtbe used in combination with 4:2:0 chroma sampling.

Table A.6 — JPEG XS-MLS profiles

Profile MLS.12 MLS{16
Byip field 0x6ECO 0x6FHDO
Componentfbit precision B[i] 8, 10,12 8,10,12)14, 16
Maximum decoded bpp Ny max 48 64
Internal prqcision B,, Component precision Component(precision
# bits to en¢ode a bitplane count in raw’ B, 4 5
# fractional bits for DWT coefficients F 0 0
Non-linear fransform Disallowed Disalldwed
Long headef enforcementilag L, 0 0
Raw-mode §election(per packet flag R, 0 0
Chroma sampling fermats 4:0:0, 4:0:p,
4:2:0, 4:2:0p,
4:2:2 4:2:P,
4:4:4, 4:4:4,
4:2:2:4, 4:2:2:4,
4:4:4:4 4:4:4:4

a  Conforming with ISO/IEC 21122-1, zero (0) vertical decompositions cannot be used in combination with 4:2:0 chroma

sampling.

b One column of full image width if the number of vertical decompositions is larger than 0, otherwise any column width

conforming with ISO/IEC 21122-1 is allowed.

¢ When T4 is setto 0 (Unconstrained), the Sg,, value becomes irrelevant because the buffer model assumes an infinite
large buffer exists (see C.5, Formula (C.9)).

© ISO/IEC 2024 - All rights reserved

19



https://iecnorm.com/api/?name=b0f384355d60f8318adfe787436a30d1

ISO/IEC 21122-2:2024(en)

Table A.6 (continued)
Profile MLS.12 MLS.16
Colour transformation Cpih 0 (None) for any sampling |0 (None) for any sampling
format, format,
or optionally 1 (RCT) for | or optionally 1 (RCT) for
4:4:4 and 4:4:4:4 4:4:4 and 4:4:4:4
Number of vertical decompositions NL'y 0ifnot4:2:03,1, 2 0ifnot4:2:03, 1,2
Number of horizontal decompositions Ny 1-5 1-5
Number components with suppressed decomposition Sy 0 0
Quantizer type Qpi, 0 (DZQ), 0 (DZQ),
1 (Ilhiﬂ'\vm) 1 (ITniF rm)

Column mogle C,, One column except when | One column/except when
the number of vertical the numper pf vertical
decomposition levelsis | decompositipn levels is

zeroP zergb

TPC marker] Disallowed Disallgqwed

Slice headetys SLH only SLH only

Slice height|in number of image rows 16 16

Number of §moothing buffer units, N, , of the decoder model Unconstraited Unconstrained

Smoothing buffer offset S, in bits IS 09

Buffer mod¢l Ty, q 0 (Unconstrained) 0 (Unconstrained)

a  Conform
sampling.

b One coly
conforming

¢ When T
large buffer g

Vith [SO/IEC 21122-1 is allowed.

xists (see C.5, Formula (C.9)).

ing with ISO/IEC 21122-1, zero (0) vertical decompositionsicannot be used in combination with 4:2:0 chroma
mn of full image width if the number of vertical decompositions is larger than 0, otherwise any cplumn width

md is set to 0 (Unconstrained), the Sg,, value écomes irrelevant because the buffer model assumgs an infinite

Table A.7— JPEG XS Bayer profiles

Profile LightBayer MainBayer HighBayer
Py field 0x9300 0xB340 0xC340
Componentfbit precision B[i] 10,12, 14,16 | 10,12, 14,16 10)12, 14, 16
Maximum decoded bpp Nppp,haz 64 64 64
Internal prqcision B,, 18 if NLT is 18ifNLTis [18if|NLT is used,
used, used, 20 iff NLT is not
20 if NLT is not | 20 if NLT is not useda
useda useda
# bits to enqode a-bitplane countin raw B, 4 4 4
# fractional‘bitsfor BWTcoeffictents Fq 6if by = 188 61f by = 1858 61 Bw =18,
if B, =20P if B, =20P 8if B, =20P

Non-linear transform

None, Quadrat-
ic, Extended

None, Quadrat-
ic, Extended

None, Quadrat-
ic, Extended

Long header enforcement flag L,

0,1

0,1

0,1

a  The internal precision, B,,, is selected in conformance with ISO/IEC 21122-1. The value 20 is used when the non-linear
transform is not used (i.e. no NLT marker is present), otherwise the value 18 is used (i.e. the NLT marker is present).

b The number of fractional bits for DWT coefficients, Fq ,is selected as specified in ISO/IEC 21122-1. The value 6 is used when

B, is set to 18, while the value 8 is used when B, is set to 20.

¢ In this profile, with zero (0) vertical decompositions, the raw-mode selection per packet flag will not influence the resulting
codestream. However, it is set to 1 to match with the MainBayer and HighBayer profiles.
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Table A.7 (continued)

interpreted as
4-dimensional

Profile LightBayer MainBayer HighBayer
Raw-mode selection per packet flag R 1¢ 1 1
Chroma sampling formats Bayer pattern | Bayer pattern | Bayer pattern

interpreted as
4-dimensional

interpreted as
4-dimensional

Buffer mode¢l T4

vectors vectors vectors
Colour transformation Cpih 3 (Star-Tetrix) | 3 (Star-Tetrix) | 3 (Star-Tetrix)
Size and extent of the colour transformation Cf 3 (Inline) 0 (Full), 0 (Full),
3 (Inline) 3 (Inline)
Number of vertical decompositions NL,, 0 0.1 0,1,2
Number of Jjorizontal decompositions Ny , 1-5 1-5 1-5
Number components with suppressed decomposition Sy 1 1 1
Quantizer type Qp, 0 (DZQ), 0 (DZQ), (DZQ),
1 (Uniform) 1 (Uniform) 1 (Uniform)
Column mogle C,, 0 (disallowed) | 0 (disallowed) | O (disallowed)
TPC marker] Disallowed Disallowed Disallowed
Slice headerys SLH only SLH only LH only
Slice height|in number of image rows 16 16 16
Number of §moothing buffer units, N, , of the decoder model 4 8 16
Smoothing buffer offset S, in bits 1024 1024 1024
1,2 1,2 1,2

B, issetto ]

8, while the value 8 is used when BW is set t@.20.

a2 The intefnal precision, B, , is selected in conformance with {SO/IEC 21122-1. The value 20 is used when the non-linear
transform is ot used (i.e. no NLT marker is present), otherwise the Value 18 is used (i.e. the NLT marker is present).

b The number of fractional bits for DWT coefficients, Fq Jisselected as specified in ISO/IEC 21122-1. The value 6fis used when

¢ Inthis profile, with zero (0) vertical decompositions, the raw-mode selection per packet flag will not influence|the resulting
codestream. However, it is set to 1 to match with theéyMainBayer and HighBayer profiles.

Figure A.2
Table A.5, 1

included in

represents the relation.ef_the profiles defined in Table A.1, Table A.2, Table A.3

Table A.4,

able A.6, and Table A.7 iterms of inclusivity. An arrow in the figure represents an implicit ... is
.. relation due to the profile specifications in Table A.1, Table A.2, Table A.3, Table A.4, Table A.5,

Table A.6, and Table A.7.
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TDC 444.12 TDC MLS 444.12
HighBayer High4444.12
High420.12 MLS.16
High444.12 y
MainBayer Main4444.12 [y CHigh444.12
Main420.12 MLS.12
Main444.12
LightBayer ¥
Main422.10
Light444.12 T
Light422.10 Light-Subline422.10
NOTE Tihis figure does not formulate any additional constraints on decoder implementations. Tlhe relations

presented there are implicit due to the profile specifications in Table A.1, Table A.2, Table A.3, Table A

Table A.6, an]

4, Table A.5,

a profile Q p

A.2.2 Pr¢file signalling in the picture header

The profile
image. Thij

respective

The unrest

ISO/IEC 21
conforman

All other va

NOTE T
evolve in thd

A.3 Levg

A.3.1 De

d Table A.7. That is, a codestream conforming to a given profile P in thjs.figure automatically
Fovided there is a path from P to Q in the direction of the arrows.

Figure A.2 — Inclusivity relation for the]JPEG XS profiles

of a codestream defines the capabilities ofi:a’decoder implementation necessary to
profile shall be indicated in the P, field of the picture header (see ISO/IEC 2117

alues as defined in Table A.1, Table A.2,"Table A.3, Table A.4, Table A.5, Table A.6, and

conforms to

decode the
2-1) by the

Table A.7.

ricted profile, indicated by havifig Py, equal to 0x0000, uses the full syntax

122-1 without any further coustraint. This Unrestricted profile shall not be cons
Ce point.

lues for Py, are reserved for ISO/IEC purposes.

he Unrestricted prefile is not a conformance point because the syntax defined in ISO/IEC
future.

Is

finition of levels

defined in
idered as a

21122-1 can

Levels define a Tower bound on the throughput in the decoded domain that a conforming decoder
implementation shall support. Levels are defined along the maximum allowed sampling grid points per line,
the maximum number of sampling grid points per column height, the maximum number of sampling grid
points per image, and the maximum sampling rate of grid points per second. These levels apply to all the
profiles defined. Table A.8 de fines all available levels.

Additionally, an unrestricted level exists that does not impose any constraint on maximum image width,
maximum image height, maximum number of grid point samples, or maximum grid point sample rate. The

Unrestrict

ed level shall not be considered as conformance point.
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Table A.8 — JPEG XS levels

Level2

Maximum
picture width
W%mx(sanb
pling grid
points)P

Maximum
image height
H,,. (sam-
pling grid
points)P

Maximum
number of
sampling grid
points
L. Per image
(sampling grid
points)P

Maximum grid
point sample
rate

Rs,max
(sampling grid
points/s)bc

Example resolutions (in
sampling grid points)d

1k-1

Bayer2k-1

1280

5120

2621440

83558400

1 280x720@60

2 048x1 080@60
2560x1 440@60

1280x72

@120

2k-1

Bayer4dk-1

2048

8192

4194 304

133 693 440

1920x1104
1920x1 04
2 048%1 53
2048x2 04
2 048x1 04

0@30
0@60
6@30
8@30
0@60

2560x1 44
3840x2 16
3840x2 16
4 096x3 07
4 096x4 09
4 096x2 16

D@120
0@30
0@60
2@30
6@30
0@60

4k-1

Bayer8k-1

4096

16 384

8912 896

267 386 880

1920x1 08
3840x2 16
4 096x2 14

D@120
0@30
0@30

3840x2 16
7 680x4 37
8 192x4 372

D@120
0@30
0@30

4k-2

4096

Bayer8k-2

16 384

16 777 216

534773760

1920x1 08
3840x2 16
4 096x3 07
4 096x4 09
4 096x2 16

D@240
0@60
2@30
6@30
0@60

3840x216(
7 680x4 37
8 192x6 14
8192x8 19
8 192x4 32

@240
0@60
4@30
2@30
0@60

a  Levels h
sampling gri
image is four

b Since ley
conforming

¢ The max]

hve double names to allow logical association with their supported resolutions. In the case of Bay
 represents a stper-pixel. This means that the total number of sampling grid points required to repr
times smalley (i-e. half width and half height) than the total number of sensor elements.

els define.maximum permissible sample counts and sample rates, a decoder conforming to a specifi
o all levels that only require a smaller sample count and sample rate than the given level.

pr data, each
bsent a Bayer

t level is also

mum number of sampling grid points is not identical to the product of the maximum image height and tlhe maximum

image width

d  In case of non-Bayer pattern data, each sampling grid point represents a set of samples over the components. In the case of
Bayer pattern data, each sampling grid point represents a super-pixel, i.e.a 2X2 arrangement of sensor elements.
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Table A.8 (continued)

Level?

Maximum
picture width
Winax (sam-
pling grid
points)P

Maximum
image height
H, .x (sam-
pling grid
points)P

Maximum
number of
sampling grid
points
L,..x per image
(sampling grid
points)P

Maximum grid
point sample
rate

Rs,max
(sampling grid
points/s)bc

Example resolutions (in
sampling grid points)d

4k-3

1920x1 080@480
2 048x1 080@480
4096x3 072@60
4 096x4 096@60

Bayer8k-3

4096

16 384

16 777 216

1069 547 520

3840x2 160@120
4 096x2 t6p@120

3840x216p@480
4.096x2 16)@480
8192x6 144@60
8 192x8 192@60
7 680x4 32D@120
8192x4 32p@120

8k-1

Bayerl6k-

8192

32768

35651 584

1 069-547 520

3840x2 16p@120
7 680x4 320@30
8 192x4 320@30

7 680x4 32D@120
15 360x8 640@30
16 384x8 60@30

8k-2

Bayerlok-

8192

32768

67 108 864

2139095 040

3840x2 16p@240
8192x6 144@30
8192x8 192@30
7 680x4 320@60
8 192x4 320@60

7 680x4 32p@240
16 384x12 288@30
16 384x16 384@30
15 360x8 6f0@60
16 384x8 6§0@60

8k-3

Bayerl6k-

8192

32768

67 108 864

4278190 080

3840x2 16p@480
4 096x2 160)@480
8192x6 144@60
8192x8 192@60
7 680x4 32D@120
8192x4 32p@120

7 680x4 32p@480
8 192x4 320@480
16 384x12 288@60
16 384x16 384@60

15360x8640@120
16 384x8 640@120

a  Levels have double names to allow logical association with their supported resolutions. In the case of Bayer data, each
sampling grid represents a super-pixel. This means that the total number of sampling grid points required to represent a Bayer
image is four times smaller (i.e. half width and half height) than the total number of sensor elements.

b Since levels define maximum permissible sample counts and sample rates, a decoder conforming to a specific level is also
conforming to all levels that only require a smaller sample count and sample rate than the given level.

¢ The maximum number of sampling grid points is not identical to the product of the maximum image height and the maximum

image width.

d  In case of non-Bayer pattern data, each sampling grid point represents a set of samples over the components. In the case of
Bayer pattern data, each sampling grid point represents a super-pixel, i.e.a 2X2 arrangement of sensor elements.

© ISO/IEC 2024 - All rights reserved

24


https://iecnorm.com/api/?name=b0f384355d60f8318adfe787436a30d1

ISO/IEC 21122-2:2024(en)

Table A.8 (continued)
Maximum Maximum grid
Maximum Maximum number of oint sample
picture width | image height | sampling grid p rat P . .
Level2 W, .. (sam- H_ .. (sam- points ate Example resolutions (in
max v max = . Rs max sampling grid points)d
pling grid pling grid Ly ax Per image l id
points)P points)P (sampling grid (sampling %l;l
points)b points/s)
10 240x7 680@30
10k-1 10 240x10 240@30
10 240x4 320@60
10 240x5 400@60
10 240 40960 104 857 600 3342336 000
204380%15 360@30
B 20 480%20480@30
Payerz0k 20 480%8 6}0@60
20.480x10 §00@60

a2 Levels h
sampling gri
image is four

b Since ley
conforming t

¢ The max
image width

d  In case g
Bayer patter

hve double names to allow logical association with their supported resolutions. In the)ease of Baygr data, each
[l represents a super-pixel. This means that the total number of sampling grid points required to repr¢sent a Bayer
times smaller (i.e. half width and half height) than the total number of sensor elements.

els define maximum permissible sample counts and sample rates, a decoder conferming to a specifi¢ level is also
o all levels that only require a smaller sample count and sample rate than the givén level.

mum number of sampling grid points is not identical to the product of the maXimum image height and tfhe maximum

f non-Bayer pattern data, each sampling grid point represents a set of samples over the components.
h data, each sampling grid point represents a super-pixel, i.e. a 2X?2)'arrangement of sensor elements.

n the case of

A.3.2 Lev

el signalling in the picture header

The level shall be indicated in the P, field of the picture header defined in ISO/IEC 21122-1 by the values

defined in

lable A.9.

Table A.9 — Signalling of thelevels of a codestream in the P, field

Level Binary value of B, field?
Unrestaicted 0000 00XX XXXX XXXX
-1
0000 01XX XXXX XXXX
Bayer2k-1
2k-1
0001 00XX XXXX XXXX
Bayer4dk-1
4k-1
0010 00XX XXXX XXXX
Bayer8k-1
4k-2
0010 01XX XXXX XXXX
Bayer8k-2
4 k_ 3 o010 10
Bayer8k-3 DA
8k-1
0011 00XX XXXX XXXX
Bayerl6kl
8k-2
0011 01XX XXXX XXXX
Bayerlok-2
8k-3
0011 10XX XXXX XXXX
Bayerl6k-3
10k-1
0100 00XX XXXX XXXX
Bayer20k-1
Reserved for ISO/IEC purposes all other values
a  AnXindicates either a0 ora 1, as defined in Table A.11 and Table A.19.
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A.4 Sublevels

A.4.1 Definition of sublevels

Sublevels define a lower bound on the throughput in the encoded domain that a conforming decoder
implementation shall support. Each sublevel is defined by a nominal bits per pixel (bpp) (see A.5, NOTE 1)
value Ny, giving the maximum number of bits per pixel for an encoded image of maximum permissible

number of sampling grid points according to the profile and level to which the decoder is conforming (see
A.2 and A.3).

Table A.10 lists the sublevels defined in this standard. The Fu11 sublevel shall only be used if the profile
value (Ppih) isnotunrestricted.

Additionallly, an Unrestricted sublevel exists that does not impose any constraint on the nomipal bits per
pixel. The Ynrestricted sublevel shall not be considered as conformance point.

Table A.10 — JPEG XS sublevels

Sublevel Nominal bpp, Nypp
Full Nbpp,max
Sublevl12bpp 12
Sublev9bpp 9
Sublev6bpp 6
Sublevi4bpp 4
Sublev3bpp 3
Sublev2bpp 2

A.4.2 Sublevel signalling in the picture header

The sublevpl shall be indicated in the B, field of the picture header defined in ISO/IEC 211P2-1 by the
values defined in Table A.11.

Table A.11 — Signalling-of the sublevels of a codestream in the P, field

Sublevel Binary value of B, field?
Unhrestricted XXXX XXXX 0XX0 0000
Full XXXX XXXX 1XX0 0000
Sublevl2bpp XXXX XXXX 0XX1 0000
Sublev9bpp XXXX XXXX 0XX0 1100
Sublev6bpp XXXX XXXX 0XX0 1000
Sublev4bpp XXXX XXXX 0XX0 0110
Sublev3bpp XXXX XXXX 0XX0 0100
Subtevebpp SRHO—GOT

Reserved for ISO/IEC purposes all other values

a  AnXindicates either a 0 or a 1, as defined in Table A.9 and Table A.19.
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A.5 Level and sublevel conformance

Decoders conforming to a particular level and sublevel shall comply to the following constraints derived
from the level and sublevel:

Sqimax : Maximum admissible size of the entire codestream in bytes from soc to roc, including all
markers. Sg .y is derived from Ny, and the maximum permissible number of sampling grid points
Lax defined by the level as follows:
Lipax XN
max bpp
Ssl,max z\‘ J (A1)
8
NOTE 1 e DItS per pixet IS eTe TefelTed to a3 tE total almournt of bits TEqUITEd across all the compgnent sample

valuesatag
super-pixel

R

t,max

grid pdint sample rate R

R

Moreover, t
smoothing

S

sbu =

|14

c,max

isd
W

C,max

The actual

o]

7
|14

C

The nomin3

encoded inj
the encode

tmax T

max 1S aip upper boundfor the allowed column width, €, <W,

ven sampling grid point. For Bayer images this represents the total amount of bits required
see Clause 8).

Maximum admissible encoded throughputin bits per second. R is derivedfrom th

t,max

smax Of the level and the nominal bits per pixel value Nyj,7 as follow

he size of the smoothing buffer unit Sg,,, in bits is derived, permitting computation of

buffer of the decoder model defined in Annex B and Annex C.

if either level or sublevel is Unrestricted

2,048 if profile is Light-Subline 422.10
i Whax Otherwise

rolumn width is computed py:
}C\ xmax (s, [i])x2"*if ¢,y >0
1

(¢ otherwise

,max *
i1 bits perpixel, Ny, is not identical to the maximum permissible number of bits per

age that does not have maximum width and height. In this case, the number of bits
l ilnage may be larger than Ny, as long as the constraints on the codestream def

Wemax XNppp  otherwise
pfined to be the maximum column width-and depends on the chosen profile as follows:

represent a

P maximum

S:

(A.2)

the overall

(A.3)

(A4)

(A.5)

pixel for an

er pixel for
ined by the

sublevels a

£ 11 1
€ 1011I0WcCd.

A decoder conforming to a specific level shall also fully decode codestreams signalling lower levels. Similarly,
a decoder conforming to a specific sublevel shall also fully decode codestreams signalling lower sublevels.

NOTE 2

to all sublevels defined by a smaller value of Nbpp . That s, sublevels are inclusive.

NOTE 3

still restricts the maximum decoded bits per pixel.

NOTE 4

sublevel to Unrestricted.
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super-pixel.

NOTE 6
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are not listed in the tables hereunder.

NOTE 7

Table A.13, Table A.14, Table A.15, Table A.16, and Table A.17.

The resulting constraints on conforming codestreams as specified in clause A.4 are listed in

Table A.12 — Codestream constraints for sublevel sublev2bpp (informative)

In the case of Bayer pattern data, the nominal bits per pixel, Nbpp' represents the number of bits per

Since the constraint on conforming codestreams for the Ful1 sublevel depends on the selected profile, they

Table A.12

Level Size of a smoothin_g Ma_ximum codestream | Maximum enco_ded rate
buffer unit S, (bits) size S max (bytes) R max (Mbits/s)

Tk-1 2560 655 360 167

2k-1 4096 1048576 267

4k-1 8192 2228224 534

4k-2 8192 4194 304 1069

4k-3 8192 4194 304 2139

8k-1 16 384 8912 896 2139

8k-2 16 384 16 777 216 4278

8k-3 16 384 16 777 216 8556
10k-1 20480 26 214 400 6 684

Table A.13 — Codestream constraints for sublevel sublev3bpp (informative)

Level Size of a smoothin_g Ma_ximum codestream | Maximum enco_ded ratg
buffer unit S, (bits) size Symax (bytes) R 1ox (Mbits/s)

1k-1 3840 983 040 250

2k-1 6 144 1572 864 401

4k-1 12 288 3342336 802

4k-2 12 288 6291456 1604

4k-3 12 288 6291 456 3209

8k-1 24 576 13 369 344 3209

8k-2 24 576 25165 824 6417

8k-3 24 576 25165 824 12835
10k-1 30720 39321 600 10 027

Table Add4 — Codestream const

raints for sublevel sublevabpp (informative)

Size of a smoothing

Maximum codestream

Maximum encoded rate

Loyl buffer unit S, (bits) size Sq .« (bytes) R 1ax  (Mbits/s)
TRt 5120 1310720 33%

2k-1 8192 2097 152 534

4k-1 16 384 4 456 448 1069

4k-2 16 384 8388608 2139

4k-3 16 384 8388608 4278

8k-1 32768 17 825792 4278

8k-2 32768 33554432 8556

8k-3 32768 33554 432 17 112
10k-1 40960 52 428 800 13369
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Table A.15 — Codestream constraints for sublevel sublevébpp (informative)

Level Size of a smoothin_g Ma.ximum codestream | Maximum enco_ded rate
buffer unit S, (bits) size Sq .« (bytes) R 1ox (Mbits/s)

1k-1 7 680 1966 080 501

2k-1 12288 3145728 802

4k-1 24576 6 684 672 1604

4k-2 24576 12 582912 3209

4k-3 24576 12 582912 6417

8k-1 49152 26 738 688 6417

8k-2 49152 50331648 12 835

8k-3 49152 50331 648 25669
10k-1 61 440 78 643 200 20054

Table A.16 — Codestream constraints for sublevel sublevobpp (informative)

Level Size of a smoothin-g Ma.ximum codestream | Maximum enco.ded rat¢
buffer unit S, (bits) size Sq .« (bytes) Ri}ax (Mbits/s)

1k-1 11520 2949120 752

2k-1 18 432 4718 592 1203

4k-1 36 864 10 027 008 2406

4k-2 36 864 18 874 368 4812

4%-3 36 864 18 874,368 9625

8k-1 73728 40 108032 9 625

8k-2 73728 75497 472 19 251

8k-3 73728 75 497 472 38503
10k-1 92 160 117 964 800 30081

Table A.17 — Codestream constraints for sublevel sublevi2bpp (informative)

Level Size of a smoothin-g Ma_ximum codestream | Maximum enco_ded rate
buffer unit Sy’ (bits) size S .« (bytes) R max (Mbits/s)
1k-1 15 360 3932160 1002
2k-1 24 576 6291 456 1604
4k-1 49152 13 369 344 3209
4k-2 49 152 25165 824 6 417
4%-3 49152 25165 824 12835
8k=l 98 304 53477 376 12 835
82 98 304 100 663 296 25669
SHe=3 58364 100-663296 51336
10k-1 122 880 157 286 400 40108

A.6 Frame buffer bandwidth levels

A.6.1 Definition of frame buffer bandwidth levels

For a TDC enabled codestream, the frame buffer bandwidth (FBB) levels define a constraint to provide a lower
bound on the throughput that a conforming decoder implementation shall support for accessing its frame
buffer. The throughput, given by B, and the constraint are specified by the FBB model as described in A.7.
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A TDC disabled codestream does not depend on a frame buffer, and hence, the FBB level constraint is not
applicable.

Table A.18 lists the FBB levels defined in this standard.

Additionally, an unrestricted FBB level does not impose any constraint on the frame buffer bandwidth. The
Unrestricted FBB level shall not be considered as conformance point.

Table A.18 — JPEG XS FBB levels

FBB level B
FbblevFull o
FbblevlZ2bpp 12
Fbblev4. Sbpp 4.5
Fbblev3bpp 3

A.6.2 Frdme buffer bandwidth level signalling in the picture header

The FBB shall be indicated in the B, field of the picture header defined in ISOAEC 21122-1 by the values
defined in Table A.19. A TDC disabled codestream shall set the FBB level to Unrestricted.

Table A.19 — Signalling of the FBB level of a codestréam in the P, field

FBB level Binary value of P, field?
Unrestricted XXXX XX00 X00X XXXX
FbblevFull AKHK XX11 X11X XXXX
Fbblevl2bpp XXXX XX11 X00X XXXX
Fbblev4.5bpp XXXX XX01 X00X XXXX
Fbblev3bpp XXKX XX00 X11X XXXX
Reserved for ISO/IEC purposes all other values
a  AnXindicates either a 0-ot’a 1, as defined in Table A.9 and Table A.11.

A.7 Frame buffer bandwidth level conformance

Decoders cpnforming to a particular’FBB level shall support a minimal throughput bound that i calculated
by the FBBmodel. This conformance only applies when decoding TDC enabled codestreams.

A.7.1 Frame buffer quantization

ISO/IEC 21122-1 refées' to an implementation-specific compute fb gr (p) method to compufe for each
precinct p| the cdrvesponding Q¢[p] and R;[p] quantization parameter values. These quantization

parameter values are explicitly signalled in the codestream and allow calculation of the truncdtion values
T [p,b], ope for each band b of each precinct p, as specified by the compute truncation flinction. As
described in ISO/TEC Z1122-1, wavelet prediction coefficients of each band b in each precinct p in the frame

buffer are quantized using dead-zone quantization with a reconstruction point r =0, by shifting with their
corresponding truncation value T [p,b].

A.7.2 Frame buffer bandwidth model

The FBB model provides the constraints for the signalled Q¢[p] and R¢[p] values—one pair per

precinct — thatany compliant TDCenabled codestream shall conform to. Doing so provides to implementations
an upper limit for the frame buffer access bandwidth required to decode the codestream. Any selection of
Qr [p] and R [p] for a precinct p in a codestream that complies to this model is considered valid.
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As specified in ISO/IEC 21122-1, given Q¢ [p] and R¢[p] for precinct p, a truncation point T [p,b] for band

b is computed by:

T¢[p,b]

=compute_truncation(b,Q¢ [p],R; [p],0)

(A.6)

Each wavelet coefficient c¢’[p,4,b,x] in precinct p, line A, band b and position x is quantized by its

respective Tf [p,b] to calculate the corresponding wavelet coefficient f[p,/l,b,x] in the frame buffer as:

sign(c’[p,/l,b,x])x“c’[p,}t,b,x]|/2Tf[p*b]J if x<Wpy, [p,b]

flp,A.b,x]= (A7)
0 otherwise

NOTE1  f[p,A,b,x] isidenticalto f[p,A,b,x] as defined in ISO/IEC 21122-1 when X <Wpyy [p,b]:
Consecutivp wavelet coefficients f[p,),,b,x] in the frame buffer are grouped into frame buffer] groups for
the purpose of modeling the frame buffer bandwidth. The number of frame buffer wavelet foefficients
within one| frame buffer group is denoted by N, and is constant throughout all lbands and precincts.
Permissibl¢ values of Ny, are defined by the profile.
With this frame buffer wavelet coefficient grouping, the contents of the group g; consists of the wavelet
coefficients f[p,/l,b,x] with x=g; XNigg +1 and 0<i< Ngg of the frame-buffer.
Then, let M¢[p,A,b,g¢] represent the frame buffer bitplane count, for-d group g in precinct p ptline A of
band b, calculated as:

M¢[p,A.b,gs]= max ({logz (|f[p,l,b,gf><Nfg+i]|+1)—|) (A.8)

0S1<Nfg
NOTE2 The bitplane count values M¢[p,A,b,g¢] aresbased on coefficients quantized by Q¢ [p] afd R [p], as
opposed to the bitplane count values M[p,4,b,g] as defined in ISO/IEC 21122-1.
Using the ffame buffer bitplane count values;@frame buffer storage cost Bgy,,, [p] for each precinct p is
calculated as:
D (By + (Mg [pihsb, g 1+sign(M¢ [p,2,b,g¢ 1)) x Ny, )
Vl,b,gf
Bf,bpp [ 9] = W [ ]XH (Ag)
p LPIXHp

NOTE3 The sign(x) funpetion used in A.7.2, Formula (A.9) generates a value of either 0 or 1, dgpending on
whether My [p,l,b,gf] is\zero or not (it cannot be negative). That is, sign bits are always included unless|the bitplane
count M¢ [p|A,b, g¢ |- 6fgroup g¢ is zero.

Finally, the
precinct p

FBB-model places the following constraint for storing framebuffer coefficients of eaclp individual

Vp . Bf,bpp [p] < Bf

where By is specified by the FBB level as described in A.6.1.

(A.10)

A decoder conforming to a specific FBB level shall also fully decode codestreams signalling lower FBB levels.

NOTE 4
all FBB level

s defined by a smaller value of By. Thatis, FBB levels are inclusive.
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del explanation

ISO/IEC 21122-2:2024(en)

This clause provides a high-level and informative explanation of the frame buffer bandwidth model as given

7.2,

by clause A

Equation A.7.2, Formula (A.9) allows to assign a cost (expressed in number of bits per pixel) to store values
of a precinct p in the frame buffer. The cost calculation is based on the sum of:

— The cost to signal one bitplane count per group of N¢, values using B, bits.

— The cost to signal Ng, sign bits, if the bitplane count is non-zero.

— The cost of the bitplane data bits for N¢, values.

This sum
Formula (A

s divided by the total number of values in the precinct, given by W, [p]xH,,

selection o
the selectid
profiles as

.6) and A.7.2, Formula (A.7) it follows that the cost By, [p] is directly controll
Q¢ [p] and R¢[p] for precinct p. As such, the model constrains for each individual

n of Q¢[p] and R¢[p] via A.7.2, Formula (A.10). The values of B, and Ng,’dre sped

specified in clause A.2, while B; is given by the frame buffer bandwidth level as §
clause A.6.1.

NOTE T

calculated b

Tabl

Table

y R

he resulting frame buffer bandwidth constraints (in Mbit/s) on confdpming codestreams ag
clause A.7 afe listed in Table A.20, Table A.21, and Table A.22. The bi-directignal bandwidth R

t,fb,max — 2><Rs,max X B .

t,fb,max

From A.7.2,
hble by the
precinct p
ified in the
pecified in

specified in
in Mbit/s is
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e A.20 — Frame buffer bandwidth constraints for FBB level Fbblev3bpp (informative)
Level Maximum frame Puffer access rate
(Mbits/s)
1k-1 501
2k-1 802
4k-1 1604
4k-2 3209
4k-3 6417
8kl 6417
8k=2 12 835
8k-3 25 669
10k-1 20 054
A.21 — Frame buffer bandwidth constraints for FBB level Fbblev4. 5bpp (informfative)
Level Maximum frame 'buffer access rate
(Mbits/s)
He=d 752
2k-1 1203
4k-1 2406
4k-2 4813
4k-3 9626
8k-1 9626
8k-2 19 252
8k-3 38504
10k-1 30081
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Table A.22 — Frame buffer bandwidth constraints for FBB level Fbblevi2bpp (informative)

A.8 Conf

For the cui
shall apply.

For the Tpc
as given in|

Signalling 1

Level Maximum frame _buffer access rate
(Mbits/s)

1k-1 2005
2k-1 3209
4k-1 6417
4k-2 12 835
4k-3 25669
8k-1 25669
8k-2 51338
8k-3 102 677
10k-1 80216

'ormance points

Table A.23 — High profile family,eanformance points

444.12 and Toc MLs 444 .12 profiles as given in Table A.5 at least one of the conform
lable A.24 shall apply.

bwer levels, sublevels, or FBB levels within one selectedconformance point is allowed.

h 444.12 profile as given in Table A.4 atleast one of the conformance.peints as given in Table A.23

ance points

Name Profile MaLXei‘l;:llm Maximum Sublevel Allow;?iﬁgrfﬁ?;s:tus bsam-
chigh-k-422-4 CHigh 444.12 2k< Sublev4bpp 4:0:0, 4}2:2
chigh-24k-444-4 CHigh 444.12 2k-1 Sublev4bpp 4:0:0, 4:2:0, 42:2, 4:4:4
chigh-2k-444-12 CHigh 444.12 2k-1 Sublevl2bpp 4:0:0, 4:2:0, 412:2, 4:4:4
chigh-4k-422-4 CHigh 444.12 4k-2 Sublev4bpp 4:0:0, 412:2
chigh-4k-444-4 CHigh 444()y2 4k-2 Sublev4bpp 4:0:0, 4:2:0, 42:2, 4:4:4
chigh-4k-444-12 CHigh 444.12 4k-2 Sublevl2bpp 4:0:0, 4:2:0, 412:2, 4:4:4
chigh-gk-422-4 CHigh 444.12 8k-2 Sublev4bpp 4:0:0, 4}2:2
chigh-gk-444-4 GHigh 444.12 8k-2 Sublevi4bpp 4:0:0, 4:2:0, 42:2, 4:4:4
chigh-8k-444-12 CHigh 444.12 8k-2 Sublevl2bpp 4:0:0, 4:2:0, 4{2:2, 4:4:4
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Table A.24 — TDC profile family conformance points

Maximum
number of
. . sampling grid
Name Profile Maximum | Maximum Sub Maximum FBB level | points L.
Level level .
per image
(sampling
grid points)
tdc-2k-fb4.5 TDC 444.12 2k-1 Sublevi4bpp Fbblev4.5bpp 2211840
tdc-2k-fbl2 TDC 444.12 2k-1 Sublev4bpp Fbblevl2bpp 2211840
tdc-mls-2k TDC MLS 444.12 2k-1 Sublev4bpp FbblevFull 2211840
tdc-4k-fbt FHE—444—F 3y Stubtev4bpp Fobtevt2bpp 3 847 360
tdc-mlsf4k TDC MLS 444.12 4k-2 Sublev4bpp FbblevFull 8 847 360
tdc-8k-|fb3 TDC 444.12 8k-2 Sublev4bpp Fbblev3bpp 35389 440
tdc-8k-fbl2 TDC 444.12 8k-2 Sublev4bpp Fbblevl2bpp 3p 389 440
tdc-mlsf8k TDC MLS 444.12 8k-2 Sublev4bpp FbblevEull 35389 440

NOTE The TPC family of conformance points in this table all reduce the maximum number of sampling grid poi
image from What the respective signalled level would otherwise allow. This is done to effectively constrain the may
the frame buffer in the decoder.

hts Lmax per
imum size of

Table A.25

provides as guidance a set of relevant design parameters that directly follov

conformange points given in Table A.5.

Table A.25 — Design parameters for the TDC conformance points (informative)

y from the

Name Maximum encogled rate MaxXimum frame ])uffer Maximum frame buffer
Rimax (Mbits/s) access rate (Mbits/s) size (kB, or 10> bytes)
tdc-pk-£fb4.5 534 1204 1 18(
tdej2k-£bl2 534 3208 3 1446
tdcfmls-2k 4813 9626 9 434
tdct4k-fbl2 2139 12 834 13 27p
tdcfmls-4k 19252 38504 39 81#
tdcf-8k-£b3 8556 12 834 13 27
tdey8k-£fbl2 8556 51 338 5308p
tdcfmls-8k 77 007 154 014 159 243
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Annex B
(normative)

Packet-based JPEG XS decoder model

B.1 General

This annex defines a generic JPEG XS decoder model that precisely defines the temporal behaviour of

a decoder |model assuming a processing granularity of codestream packets. The temporal
is necessally to derive the requirements on conforming codestreams for a given transmissi
as defined [in Annex C. The profiles and levels define the relevant parameters of the deceder
transmissign channel model to impose requirements on the codestreams and thus ensure inter
of any decoder implementation.

B.2 Codestream fragments

B.2.1 Co

ISO/IEC 21
segments a
header and

A coded coq
to the folloy

Each cq

ed codestream fragments

| 22-1 defines the JPEG XS codestream as a sequence of packéets, complemented by sev
hd packet headerslocated in various positions of the codestream. Each packet consists
a packet body. The last packet of a precinct may bef¢llowed by filler/padding bytes.

lestream fragment shall be a subset of consecutive bits of the codestream which is bui
ving rules:

ded codestream fragment shall contain‘éxactly one packet, consisting of its packet he

behaviour
on channel
model and
operability

bral marker
of a packet

taccording

hder and its

rodestream
ey shall be

packet[body.

— All hedders, marker segments and markers shall be assigned to the subsequent coded
fragmegnt of the same codestream. Ifsuch a coded codestream fragment does not exist, th
assigned to the previous coded codestream fragment.

— The pafding bits of a precinct shall be assigned to the previous coded codestream fragment.

Figure B.1 dlepicts the segmentation of a codestream into fragments.

[ | 2 4| 5|4|5174]5]6]3 5r14|5|6|7
\ N A — N > A » J o\ » J
8 8 8 8 8

Key

1  boxes (see B.2.1, NOTE) + codestream header

2 slice header

3  precinct header

4  packet header

5 packet body

© ISO/IEC 2024 - All rights reserved
35


https://iecnorm.com/api/?name=b0f384355d60f8318adfe787436a30d1

ISO/IEC 21122-2:2024(en)

6 filler/padding bytes
7  EOC marker
8  codestream fragment

NOTE See ISO/IEC 21122-3 for the definition of boxes that can precede the codestream header.

Figure B.1 — Coded codestream fragment

B.2.2 Blanking codestream fragments

In some systems, 1mages may be embedded mto larger plxel contamers as 1llustrated in Figure B.2. The
active image A hat pad the
active image to a spec1f1ed container size. Nbx and Nyy represent respectlvely the horlzontal and vertical

blanking périods, expressed in number of sampling grid points.

NOTE1 In the case of Bayer pattern data, each sampling grid point represents a 2X2~arrangement of sensor
elements.

" | N 2
<l Nb'x -
3 - Ll
Q\\ 4
- A
“y
Key
1  active plixel
2 blanking pixel
3 active ifnage area
4  blanking region

Figure B.2 — Blanking area

When the finderlyifnig transport channel allows transmission of bits of encoded data during the blanking
periods, improved-image quality, in terms of increased target number of bits per pixel, can be achieved by
considering the-blanking regions during which transmission occurs in the buffer model. This sHall be done
by inserting so’called blanking codestream fragments into the sequence of coded codestream frlagments as

depicted in Figure B.3.
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I =
I =
N

~
o

~
=

Feed 1 =

SN -4 N

p=(m-1)n p=(m-1)n+1

~
n

pdestream fragments for precinct p

tal blanking codestream fragment f

blanking codestream fragment

Figure B.3 — Blanking codestream fragments (n= N,

g =Npy)

number of columns, and m= Npy vertically aligned précincts. For consideration of t

codestreany fragment that terminates a row of horizontally aligned precincts. The size in

horizontal

blanking ca

Avertical b
of the ima

last horizontal blanking codestream fragment of the image in the case that horizontal blanking
>0). The size in bits af;the vertical blanking codestream fragment shall equal §

(i.e. when
The durati
Negyr asso

NOTE2 T

(as explaine
To avoid usi

cg,hz
destream fragment.

anking codestream fragment f shall'be inserted either after the last coded codestrea

in the case that horizontal blanking is not used (i.e. when N},

cghz

bn of the vertical blanking codestream fragment is expressed in number of coeffic
Ciated to the verticalblanking codestream fragment.

1 in ISO/IEC-21122-1), there is no strict integer relation between a pixel clock and a coefficient|

instead of pijxels.

NOTE 3

and N

héalues of Ncghz cgv

fo ISO/IEC 21122-1, the codestream comprises n=N,, horizontally aligned precin

e buffer model, a horizontal blanking codestream fragment f shall be inserted after

planking codestream fragment shall equal Sy (f)=0. The duration of the horizont

codestream fragment is expressed in number of coéfficient groups N associated to the

=0), or alternative

he time unit fop-the buffer model is based on coefficients groups. Since the number of all
covered by dll coefficient groups in the codestream is possibly larger than the number of image samples du

ng different‘clocks in the buffer model, the blanking periods are defined as a multiple of coeffi

+ are not signalled in the codestream itself but in the H

cts, where
he blanking

each coded

bits of the
al blanking

horizontal

m fragment
ly after the

r is enabled
bits (f) =0.

ent groups

coefficients
e to padding
group clock.
cient groups

uffer Model

Description

box, specitied in [SO/IEC 21122-3.
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B.2.3 Computation of the number of coefficient groups belonging to a horizontal blanking

codestrea

m fragment

The duration of the horizontal blanking period in pixels can be computed by

Ny,
27 XNy

Given that

N1 1
=0 sy [i]xsy 1]

X

corresponds to up to Ny o pixels, where:

[

a |
L

(B.1)

coefficient groups represent up to Ng pixels, one coefficient group

NP'Cg

Hence, N

N

This relatia
is not presg

S

cghz T

llvvc—l
=0 sy lilxsy 1]

h, may be computed as:

j
N
27 XNy

Np:Cg

n is informative only, because the relation between the duratiefivof a pixel and a coeffi
ribed by this document.

B.2.4 CO;JH
codestream fragment

The duratid
Nb,y X(

Consequen

N cgvt

This relatig
is not presg

B.3 Decq

Figure B.4 dlepicts the‘decoder block diagram that forms the base of any buffer model.

putation of the number of coefficient groups belonging to a vertical blan

n of the vertical blanking period in pixels can beccomputed by:

Wi +Nyy )
ly, Ncgyi may be computed as:

B

n is informative only, because the relation between the duration of a pixel and a coeffi
ribed by this document.

Np,y X (We + Npx )

Np,cg

pder model block diagram

(B.2)

(B-3)

cient group

king

(B.4)

(B.5)

cient group
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1
|
6| v
5
2 > e >
3
Dc2d ?
Key
1  clock
2 transmission channel
3 decodef smoothing buffer
4  decodef unit
5 output pixels
6  decoder model
Figure B.4 — JPEG XS decoder‘model
The decodgr model consists of a decoder unit, clocked by ayperiodic signal with period T. Wit
clock cycle| the decoder unit starts decoding a new coefficient group, which — when not beif
coefficient |groups — may eventually be output in fofm>»of decoded output pixels. For this p
decoder unlfit reads with each clock cycle a variable fumber of bits from a decoder smoothing
decoder smoothing buffer has well-defined capacity; allowing a maximum number of bits to be
decoder shall be able to read a variable number:6f'bits per clock cycle, following a first-in-first-ou
This meang that when a bit v; is written int¢-the decoder smoothing buffer before bit v,, then
shall not bg read after bit v,.
The decoder smoothing buffer is connécted to a bit source that writes bits into the decoder smoot]

In Figure B.4, this bit source is represented as a transmission channel, because for typical
applicationf, a decoder is connected to an encoder by means of such a transmission channel. ]
general, any other bit sourceiswvalid as well. The value D_,4 in Figure B.4 defines the number of

the start ofldecoding needs to be delayed relative to the time at which the first bit of the codestr¢
in the decoder smoothing buffer. Different methods are possible to generate this value, and thi
does not prescribe any of them.

B.4 Dec¢der-smoothing buffer

h each new
1g blanking
irpose, the
buffer. This
stored. The
It semantic.
this bit v;

hing buffer.
ow-latency
However, in
Clock cycles

Pam arrives
5 document

Bits written at clock cycle t into the decoding smoothing buffer are available to the decoder unitimmediately
atclockcycle t. Let ljo max € N be the maximum number of bits that can be stored in the decoder smoothing

buffer. Let I3, (t) be the number of bits stored in the decoder smoothing buffer at the end of clock cycle t.
Let wy,. (t) be the number of bits written into the decoder smoothing buffer in clock cycle t. Let ry.. (t) be
the number of bits read and removed from the decoder smoothing buffer in clock cycle t . Then the following

shall hold for a conforming implementation of the decoder model:

Idec,avail (t) :Idec (t_1)+Wdec (t)

Tdec (t) s Idec,avail (t) < Idec,max
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lgec (t) =ljec (t_1)+wdec (t)_rdec (t) :Idec,avail (t)_rdec (t) (B.8)

B.5 Buffer model types

Table B.1 defines the buffer model types defined in this document.

Table B.1 — Buffer model types

Value of Tj);,,q Meaning

0 No upper limit of the decoder buffer assumed

Constantbitrate buffer model with limited transmission ]:\fnnr‘y’ see C 4.1 For ula (C7)

2 Constant bit rate buffer model with full use of decoder smoothing buffer (variable transmis-
sion latency), see C.4.1, Formula (C.7)
3-2p5 Reserved for ISO/IEC purposes
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Annex C
(normative)

Packet-based constant bit rate buffer model

C.1 General

This annex defines transmission channel models assuming a fixed upper bit rate that is related to the target

compressio
buffer mod
conditions

Annex A.

C.2 Decq

In order to
encoder for

tdec,star

D.qeN is
is the clock

the decoding smoothing buffer. To process codestream'fragment f, all coded bits of codestrea

f shall be

Idec,avai

The coded
tdec,read (f

tdec,rea(

The numbe

Mdec (t)

n ratio. Together with the decoder model of Annex B, it defines the packet-based consf
], [t describes the conditions for a low-latency interoperability of any conforming dec
hre expressed by buffer model parameters that are specified by the profiles and level

dder unit

lecode a codestream fragment f >1, the decoder unit reads all bits:that have been gene
this codestream fragment f . Processing of codestream fragment:f e N starts atcycle t

(i) _ tchannel,start & DCZd iff =1
Cg tdec,start (f~1)+ Ncg (f) otherwise

the delay of the decoding start relative to the start’of the transmission channel. ¢

f-1

i=1 N

t (f) = tchannel,start +Dcpq +

chaj
cycle in which the transmission channel writes the first bit of the considered code

rontained in the smoothing buffer:

(tdec,start (f)) 2 Sbits (f)

hits of each codestream fragment fe N are removed from the decoder smoothing bu
€ N . The latter is computéd as follows:

f .
(f):tdec,start (f)+Ncg (f)_lztchannel,start +Dc2d +(2i:1Ncg (1))_1

Ir of bits removed from the decoding smoothing buffer at clock cycle t is defined as fo

{Sbits (H) Ffe N:tgecread (f)=t

otherwise

ant bit rate
oder. These
5 defined in

rated by the
lec,start (f):

c.1)

hnel,start €Z
ttream into
n fragment

(C.2)

ffer at cycle

(C.3)
[lows:

(C.4)

The decods

0
r modelis-described by pcpudn codeinTable C1
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Table C.1 — Decoder model pseudo code

Operation Notes
wait ( tgeestart (1)) Wait for tgec sart (1) clock cycles
£f=1 Reset the codestream fragment counter
while (!end of stream) ({ Repeat until the end of the codestream is reached
At this time, all bits required to decode codestream
fragment f shall be available in the decoding smoothing
buffer
wait ( Neg(f)- 1) Wait for Neg (f)—1 clock cycles. Neg (f) is the process-
ing time of codestream fragment f
bits =|read bits ( Spis(f)) Read Sy (f) from the smoothing buffer and femove
them from smoothing buffer
decode [bits) Decode the bits in the codestream fragment ff
wait (1 Wait another clock cycle to complete codestrepm
fragment f
ft=1f¢11 Advance to the next codestream fragment
} End of while
C.3 Encoder-decoder system model
The packetibased constant bit rate buffer model is intended forapplications where an encoder i§ connected
to a decodgr by a transmission channel with a maximum upper bit rate R,.,,s (for VBR applichtions) or a
constant bif rate R,.,,s (for CBR applications) that equals:the target compression rate.
1
e 5 10~ ‘
| _____________________
| ! L2 /
| |
| [ —— ———r=r
2 1 l : : 9
————— » 3 > AU 6 > > 38 >
: : ______I‘: -l N
: : AN AN
o N N
|
S — 4 5 7 T
c2d
Key
1 clock
2 input pixXels
3 encoder unit
4  encoder smoothing buffer
5  start of transmission (SoT)
6  transmission channel
7  decoder smoothing buffer

© ISO/IEC 2024 - All rights reserved
42


https://iecnorm.com/api/?name=b0f384355d60f8318adfe787436a30d1

ISO/IEC 21122-2:2024(en)

8
9
10 decoder model

decoder unit
output pixels

Figure C.1 — System model (dashed elements are informative only)

Figure C.1 illustrates the corresponding block diagram. It extends the decoder model of Figure B.4 by
showing the encoder feeding the transmission channel. Both the encoder and the decoder are assumed to be
clocked by a common periodic signal with period T =T, . =T4ec-

The packet-based cconstant bit rate buffer model can also be applied in 51tuat10ns where the transmission
channel opgrate S 3 . 2 gr a channel
with a majimum b1t rate Then however means shall be prov1ded to transform the actual trfansmission
behaviour into one corresponding to C.4.

C.4 Transmission channel model

C4.1 Trgnsmission channel with maximum bit rate
The transrission channel model shall write at most R,.,,s€Q bits per clock cycle into the decoder
smoothing puffer for all clock cycles t 2t annel start -
NOTE Tihe clock cycles also include those for the blanking regions defined by Negp, and Neg y; -
SC max X8
Rirans 7 (C.5)
Zf 1 Cg
In Formula](C.5), Sc,max is the maximum size of the entire codestream in bytes from soc to eoc, ipcluding all
markers. Infcase that the L4 field of the picture header is not equal to zero, S ..« shall equal the) L .4 value.
In many applications, the compression to apply’is defined by a bits per pixel value Biarget - In guch a case,
S¢max €an pe computed as:
Wf ><Hf ><Btarget
Semax :{ (C.6)
8
The cumulgtive number of bit§ written into the decoder smoothing buffer can be computed as:
t
ZTZOWdec (T) = |_(t _tchannel,start )XRtrans J (C-7)
The value of ¢ nnelstart depends on the system configuration, and in particular on the encoder. In a full
system, tchndelstart Should be determined by the encoder in such a way that the decoder buffer does not

overflow.

C.4.2 Transmission channel with constant bit rate

For transmission channels with constant bit rate, the transmission channel model shall write R, € Q bits

per clock cycle into the decoder smoothing buffer for all cycles t >¢

NOTE

channel,start *

This includes the blanking regions defined by Ny, , and Nb,y .

The value of ¢.anpelstart Shall be setin such a way that the transmission channel (or any other bit source) is

able to generate a continuous stream of bits without any interruption.

© ISO/IEC 2024 - All rights reserved
43


https://iecnorm.com/api/?name=b0f384355d60f8318adfe787436a30d1

ISO/IEC 21122-2:2024(en)

The cumulative number of bits written into the decoder smoothing buffer can be computed as

t
Z =0 Wdec (T) = L(t - tchannel,start )>< Rtrans _| (C-S)

The value of tpannelstart depends on the system configuration, and in particular on the encoder. In a full
system, tpannelstart Should be determined by the encoder.

The transmission channel is therefore described by Table C.2.

Table C.2 — Transmission channel pseudo code

Operation Notes
r=20 Remaining fractional bits

wait (fchapnelstart ) Wait until transmission channel starts.to'writle bits

while (!epd of stream) { Repeat until the source stops sending bits
write blts (| Ryans 7)) Write | Rypaps +7 | bits to the decoder smoothing buffer
r = Ryank* * = | Riyans +7 | Update the number of fractional bits
wait (1 Wait for one cycle

} Continue sending data

C.4.3 Relation between the two transmission channel models

In case anfencoder generates only codestreams having the maximum size S .., both channel models
defined in C.4.1 and C.4.2 are effectively the same due to/phe definition of R, in C.4.1, Fomula (C.5).

Consequently, the transmission channel model with constant bit rate can be used to dimension fhe system.
The transnjission channel with maximum bit rate then allows interrupting transmission in case the encoder
does not pad the codestream to the maximum size:

It is the responsibility of the encoder to manage;the transmission in such a way that the decoder puffer does
not overflo.

C.5 Dec¢der smoothing buffer model

The decodgr smoothing buffer shall behave as described in B.4. Based on the selected buffer model type
defined in B.5, the size of the decoding smoothing buffer [je. max is computed as follows:

oo, Tyma =0

* _ : cbr =
Idec,max _Ssbo + mm(ldec,max ’ I_Rtrans ><VVf /Np,cg ><ATmax,lines J) Tbmd =1

cbr _ C9
Idec,max Tyma =2 (C9)
h 1 i I(;ec,max R < I*
where dec,max *— R XRiraps |= dec,max
trans
NOTE Tymq =1 essentially leads to a system where the maximum transmission latency in lines is independent of

the image width W} and the target compression rate R,.,,¢ - See D.3.

C.6 Buffer model instance

The following buffer model parameters are specified for the profiles, levels or sublevels, referring to the
buffer model defined in C.5:
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jcbr N base size of the decoder smoothing buffer in bits due to sublevel and profile, not including the

dec,max smoothing buffer offset defined in Table C.3. Can be infinite, if the level is Unrestricted, or
the sublevel is unrestricted.

NOTE1 Theactual number of bits that can be stored in the decoder smoothing buffer is given by C.4.1, Formula (C.7).

NOTE 2  In practice, in the case that Igggmax =oo, the buffer model does not apply at all. This happens when the

level is Unre

stricted, or the sublevel is Unrestricted.

AT ax lines upper bound for the transmission latency in lines. Can be infinite.
Sebo offset to the buffer size computation.
The buffer model combined with those values is called a buffer model instance.
C.7 Buffer model instance parameters
Table C.3 specifies how to derive the buffer model instance parameters from the profile, level and sublevel
constraintg for implementations conforming to the packet-based constant bitmate buffer mode| defined in
C.4.2 and C|5.
Table 4.3 — Derivation of the buffer model parameters for thepacket-based constant pit rate
buffer model
Buffer moglel instance parameters Value
IEEE max N bu ><Ssbu (See M)
AT hax lines Ngpy, » see Table A.1, Table A.2, Table A.3, Table A.4, Table A.5, Tahle A.6, and
Table A.7
Ssbo see Table Al Table A.2, Table A.3, Table A.4, Table A.5, Table A.6, and
Table A.7
C.8 Buffer model conformance
C.8.1 Comformance of a singlé godestream
A single codestream conformifigito the buffer model instance shall also be conforming with ISO/IEC 21122-1.
Finally, thefe shall exist a yalue D4 € N such that B.4, Formula (B.6), B.4, Formula (B.7), B.4, Fofmula (B.8)
and C.2, Formula (C.2) are valid for all cycles t, when the temporal behaviour of the channel and decoder
models corfesponds to-the specifications in C.2, C.3, C.4, C.5 and C.6.
In case th¢ tramsmission channel uses variable bit rate as defined in C.4.1, C.4.1, Formula| (C.5) only
establishes|aficupper bound on the number of bits 2;0 Wyec (T) written to the decoder smoothing buffer.

For a conforming codestream, there shall exista function wy,. (7) thatis consistent with C.4.1, Formula (C.5)
and for which B.4, Formula (B.6), B.4, Formula (B.7), B.4, Formula (B.8) and C.2, Formula (C.2) are true.

C.8.2 Conformance of a sequence of codestreams

This subclause defines the conformance of a sequence C=[C(1),---,C(n)] of codestreams to a buffer model

instance. For that, define the symbol ¢t i) as the clock cycle where the transmission channel

channel,start (
writes the first bit of codestream C(i). Further, define the symbol D.4(1) to be the delay between
tchannelstart (1) and the start of decoding of codestream C(1). Moreover, define the symbol Fg, (i) to be

the first codestream fragment of codestream C (i) and F, (i) to be the last codestream fragment of C (i) .
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Define S .« (i) to be the maximum size in bytes of codestream C(i), and define N (i) to be the number of
codestream fragments for codestream C(i).

Then, for conformance of C to a given buffer model instance, each codestream C(i) shall be conforming to
this buffer model instance according to C.8.1, and in addition, the following shall hold:

Vi<i<n: Edec,start (Fﬁrst (i + 1)) =tdecread (Flast (1)) +1 (C.10)

and
i)x8
<i c,max ( _
V1<i<n SN, - trans (C.11)
Lf:l Neg\J)

with R,.,,s| being constant forall i.
C.8.3 Decoder conformance
A decoder donforming to a buffer model instance shall be able to decode all codestreams that are fonforming
with the buffer model instance.
C.8.4 Engoder conformance
An encodet] is conforming to a buffer model instance if all codestredms’it generates are conforpning to the
buffer modgl instance. Moreover, the encoder shall provide the codéstream fragments at such tinle instances
so that the|decoder can receive them through the transmission channel at the time instances 3ssumed by
the buffer thodel.
C.8.5 Degoder implementation deviations

A decoder implementation conforming to a buffer medel instance may deviate from the tempor

i

of the deco

Her model defined in C.2. However, it is then the responsibility of the implementati

necessary neasures to ensure that this implementation can decode all conforming codestreams

C.8.6 Trs

Decoder im
as defined
provided ta
be defined

insmission channel deviations

in C4. In case the actwal transmission channel violates these assumptions, mea
transform the actualtransmission behaviour into one corresponding to C.4. These m
n application-spécific specifications.

behaviour
to take all
correctly.

plementations conforming.to a buffer model instance assume a bit rate transmission behaviour

ns shall be
pbans should
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Annex D
(informative)

Encoder model, latency bounds and codestream conformance
properties for the packet-based constant bit rate buffer model

D.1 General

Annex B an

d Annex C define the requirements on conforming decoders and codestreams suchtl

and decodg
implement:
the codestn

Based on t
conforming
This includ

D.2 Enc¢der model

r implementations of different vendors are interoperable. Moreover, they ensuré {
itions with low end-to-end latency are possible independent of the image content c
eam.

e subclauses of Annex B and Annex C, it is possible to derive some,fitndamental p1
codestreams and system implementations, consisting of a conforming encoder ai
bs a latency bound of conforming encoder-decoder systems.

hat encoder
hat system
bntained in

operties of
hd decoder.

The encoder unit of the system model described in C.3 generates aSequence of codestreams beinga sequence
of codestrgam fragments. Each codestream fragment fe N _iswritten to the encoder smoothing buffer at
cycle tencurite (f)€Ng. The latter depends on the numberof coefficient groups N, (i) in ¢odestream
fragment i
f . - f=1
tencuurife (F)=( 2, Neg (1) ~1=Neg (/) + (1)
encwrite 21=1 & & tonc (f—1) otherwise
Let Sy (f|) be the number of coded bits for codestream fragment f . Then data generation of the encoder
model is described by the pseudo code in Table D.1.
Table D.1 — Encoder model pseudo code
Operation Notes
f=1 Reset the codestream fragment counter
while (!end of stream) { Repeat until the codestream is interrupted
wait( OGN (f) - 1) Wait for Neg (f)—1 clock cycles
Write bits (Spi (f)) Write Sy (f) to the smoothing buffer
wait (1) Wait one clock cycle
ft=1f+1 Advance to the next codestream fragment
} End of while
D.3 Buffer relations

For the constant bit rate transmission channel model defined in C.4.2, the fill level of the encoder smoothing

buffer at th

e end of cycle te N is computed by:
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=Zofoz15bit5 (f)xg(t_tenc,write (f))

- ((t +1- tchannel start )XRtrans )Xé (t ~Lchannel start )
NOTE1 When tepcwrite (f)=0 and tpannerstart =0, the encoder produces data in the cycle t=0, and

transmission immediately starts at t =0.

From C.2, Formula (C.2) and D.2, Formula (D.1), it follows that:

tdec,rear ( f)

(D.2)

=ldecsthrt (1) *lenc,write (f)

=t
For a const]

channel,start +Dc2d +tenc,write (f)
hnt bit rate transmission channel model of C.4.2, the fill level of the decoder. smoothi

the end of dycle tgecstart (1)+ is computed as:

Idec (td

¢,start (1)+t)

= I_(tdec start (1) +t— tchannel,start + 1)X Rtrans J

2

where tge

[Sbits (f)xg(t_tenc,write (f))

L ..rt (1) is the cycle where the decoder starts decoding:

From this, it follows that

~—

lenc (t
=|_(tdec
_|_(tdec

For t 2t/

lenc (t)
leq (¢)
lsum =1

Rtrans

This is equ

Ienc (t)
g, (t)e
R

4

S

trans S

i+ Idec (tdec,start (1) + t)
start (1) +t- tchannel,start + 1) X Rtrans J

start (1) +t- tchannel,start + 1)XRtrans ng (t - tchannel,start )

nel start » it follows that

+'Idec (tdec,start (1)+t):Isum +& (t)E N
1

dec,start (1)XRtrans

valent to

+'Idec (tdec,start (1)+t) :l_lsum —| +&; (t)e N
{0,-1}

NSe, (t)=0

(D.3)

hg buffer at

(D.4)

(D.5)

(D.6)

(D.7)

NOTE2 & (t) and &, (t) represent mathematically small values that trend towards 0.
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