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Foreword

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

This |document specifies a limited number of profiles to represent interoperability|stubsets of the
codegtream syntax specified in ISO/IEC 21122-1 with each profile serving specific’ application use
cased. In other word, profiles select a subset of the available coding tools. In|addition, levels and
sublevels provide limits to the maximum throughput in respectively the encoded (codestr¢am) and the
decodled (spatial/pixel) domains. In this way, profiles, levels and sublevels allew designing ¢ost-efficient
impldmentations that serve the needs of the desired applications.

In addition to being light-weight, another major requirement of JREG"XS is to allow loy end-to-end
latenfy, limited to a fraction of the frame size. To ensure this dow-latency property, thlis document
also gpecifies a buffer model, consisting of a decoder model and“a transmission channe| model. The
modgdls show the interaction of a hypothetical reference decoder, including its smoothing buffer with a
constflant bitrate channel feeding this buffer. The size of the decoder smoothing buffer is computed from
the profile, level, and sublevel. Codestreams are formed<{such that the buffer of a decoder, operating
accorjding to this buffer model, never overflows ordinderflows. In effect, the buffer model provides
encodlers with the necessary information to generate codestreams that can be decoded by|an arbitrary
decodler implementation, ensuring system interoperability.

In adfition to the size of the decoder smoothing buffer, end-to-end latency also depends on the latency
inherfent to each processing step of the:éncoding-decoding chain whose methods are fescribed in
ISO/IEC 21122-1. To help implementers estimate the latency of their device, this documenit gives extra
information on the minimum latency that can be achieved by the different methods flescribed in
ISO/IEC 21122-1.

© ISO/IEC 2022 - All rights reserved v
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INTERNATIONAL STANDARD ISO/IEC 21122-2:2022(E)

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

Part 2:
Profiles and buffer models

1 Scope

This document defines a number of subsets of the syntax specified in ISO/IEC 211122-1 gs profiles. It
also defines lower bounds on the throughput in the decoded domain via levels andthe encoded domain
via syblevels that a conforming decoder implementation shall support. Furthermore, it defiines a buffer
modégl to ensure interoperability between implementations in the presenceof a latency constraint.

2 l]loormative references

The following documents are referred to in the text in suchnaway that some or all of fheir content
consfitutes requirements of this document. For dated references, only the edition cited|applies. For
undafed references, the latest edition of the referenced document (including any amendments) applies.

[SO/IEC 21122-1, JPEG XS low-latency lightweight imageé coding system — Part 1: Core coding system

3 Terms, definitions, symbols and abbreviated terms

3.1 |Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 21122-1 and the following
applyt

[SO apd IEC maintain terminology databases for use in standardization at the following adfiresses:

— IFO Online browsingplatform: available at https://www.iso.org/obp

]

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

3.1.1
blanan codestream fragment

placeholder codestream fragment representing blanking periods

3.1.2
buffer model

combination of a decoder model and a channel model whose behaviour can be defined by a set of
parameters

3.1.3

buffer model instance

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

3.1.4

channel model

model describing the temporal behaviour of the transmission channel connecting an encoder and a
decoder

© ISO/IEC 2022 - All rights reserved 1
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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

3.1.6

codestream fragment

either coded

3.1.7
cycle
single clock

3.1.8

codestream fragment, or blanking codestream fragment

neriod of an encoder or decoder clocked imp]nmnnfnfinn

decoder madel
combination| of a decoder unit and a decoder smoothing buffer

3.19
decoder sm

pothing buffer

memory bufffer that is used to level out changes in the number of bits read by a‘decoder unit per

unit

3.1.10
decoder un

t

module reading a variable number of bits per time unit to generateydecoded output pixels with a

rate

3.1.11

decompositiion level

set of wave
transform

3.1.12

et coefficients resulting from a particular level of recursive application of a wz:

encoder magdel
combination| of an encoder unit and an encoder smoothing buffer

3.1.13
encoder sm

pothing buffer

memory buffer that is used to level out changes in the number of bits generated by an encoder un

time unit

3.1.14
encoder un

t

module trarsforming/a sequence of input pixels with constant rate into a conforming codest

producing a

3.1.15
fill level

bit sequence with variable number of bits generated per time unit

time

fixed

velet

it per

ream,

number of bits stored in the encoder or decoder smoothing buffer

3.1.16

horizontal blanking period
timespan expressed in units of the grid point sampling rate between the last pixel of an image line — not
being the last line of an image — and the first pixel of the next image line

© ISO/IEC 2022 - All rights reserved
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3.1.17

level

defined set of constraints on the amount of decoded samples to be processed by an encoder or decoder,
both in the spatial and time 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.

3.1.18
nominal bits per pixel value

specified subset of the codestream syntax together with admissible parameter vdlues

3.1.2p
sampling grid point
positjon on the sample grid, specified by integer horizontal and vertical offset relative to [the origin of
the saqmple grid

3.1.211
smogthing buffer unit
level and sublevel dependent number of bits by which the smoothing buffer size of the dec¢der model is
specified

3.1.2p
startof transmission
SoT
time pt which the transmission channel starts{ransmission relative to the start of encoding of the first
codedtream fragment of a codestream

3.1.2B
sublevel
definpd set of constraints on the-amount of codestream bits to be processed by an encodef or decoder,
per upit of time, per column, and per image

Note ] to entry: The same_set of sublevels is defined for all profiles. Individual implementations mjy, within the
specified constraints, support a different sublevel for each supported profile.

3.1.2
trangmission echannel
facilify transfepring bits from a source entity to a target entity

3.1.2

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

3.1.26

vertical blanking period

timespan in units of the grid point sampling rate between the last line of an image — including the
horizontal blanking periods — and the first line of the next image

© ISO/IEC 2022 - All rights reserved 3
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3.2 Abbreviated terms

bpp bits per pixel

CFA colour filter array

DWT discrete wavelet transform

IDWT inverse discrete wavelet transform

RCT reversible colour transform

IRCT inverse reversible colour transform

3.3 Symbpls

c@ codestream i

D.q number of clock cycles between the first bit written into the decodingsmoothing buffgr and

the decoding start of the first codestream fragment of a stream‘ef codestream fragiments

Frirsie(C(1)) first codestream fragment of codestream C(i)
Fl.6:(C(D) last codestream fragment of codestream C(i)

H; height of the image in sampling grid points

H_ . maximum picture height in sampling grid points

max maximum number of sampling grid peiits per image

(3] fill level of the encoding smoothing-buffer in bits at the end of cycle t

liec(®) fill level of the decoding smoaothing buffer in bits at the end of cycle t

lenc max capacity in bits of the engoding smoothing buffer

ljec max capacity in bits of the decoding smoothing buffer

I number of bits that can be read from the decoding smoothing buffer in cycle t
lyum(@® sum of eneadér and decoder smoothing buffer fill level in bits at cycle t

N all integer numbers being strictly larger than zero

Nj dllinteger numbers being greater than or equal to zero

Ny « size of the horizontal blanking line in sampling grid point clock periods

Ny, size of the vertical blanking period in sampling grid lines

Nypp nominal number of bits allocated per pixel for compression

N, number of components in an image

N (f) number of coefficient groups within codestream fragment f

Neghy number of coefficient groups associated to a codestream fragment representing a hori-

zontal blanking period

4 © ISO/IEC 2022 - All rights reserved
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k cycle t
hof T)
|

hn encoder
h decoder

der smooth-

Neg v number of coefficient groups associated to a codestream fragment representing a vertical
blanking period

N(D) number of codestream fragments within a codestream i

N, number of coefficients in a code group

Ny« number of horizontal decomposition levels

Ny, number of vertical decomposition levels

N, number of precincts per sampling grid line

N, number of precincts per sampling grid column

Ny, number of decoder smoothing buffer units for a given profile

Q set of rational numbers

I'qeclt number of bits read and removed from the decoder smopthirig buffer in cloc

Ry ian. transmission channel capacity, expressed in bits per'‘cycle (having a duratio

Rt mat(lny I)  maximum admissible encoded throughput in bitsper second for a given leve

Rg mak maximum grid point sample rate (in samplés per second) at decoder output

Spits(f) number of bits forming the codestreamdragment f

Semay targeted maximum number of bytés'of an encoded codestream

Sepulby 19 size of the smoothing buffer unit in bytes for level I , and sublevel [

Sebo(D) smoothing buffer offset inbits for a profile p

Ssimak(Imy [)  maximum size of an encoded codestream in bytes of level I, and sublevel I

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

syli] sampling factor of component i in vertical direction

Tene clock period defining the frequency by which code groups are processed by

T4ec ¢lock period defining the frequency by which code groups are processed by

tencwhite(f) » timestamp in cycles at which the codestream fragment fis written to the encq
ing buffer

tdecstart() ~ timestamp in cycles at which decoder starts decoding codestream fragment f

tdecreaq(f) ~ timestampincycles at which codestream fragment fis removed from the decoder smooth-
ing buffer

Tbmd buffer model type

W_[i] width of component i in samples

W max maximum column width in sampling grid points for a given profile

Wyec(t) number of bits written into the decoder smoothing buffer in clock cycle ¢

© ISO/IEC 2022 - All rights reserved
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W

max

Z

width of the image in sampling grid points
maximum picture width in sampling grid points

set of all integer numbers

4 Conventions

4.1 Conformance language

The keywor{l "Teserved" indicates a provision that 1s not specified at this time, shall not be used, and
may be specjfied in the future. The keyword "forbidden" indicates "reserved" and in additionndicates
that the proyision will never be specified in the future.

4.2 Opergtors

NOTE M4ny of the operators used in document are similar to those used in the C programming language.
4.2.1 Arithmetic operators

+ adldition

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

x multiplication

/ division without truncation or rounding

4.2.2 Logical operators

[l lqgical OR

&& lqgical AND

! lqgical NOT

4.2.3 Relqtional operators

> greater than

> greatersthan or equal to

< less than

< less than or equal to

== equal to

I= not equal to

4.2.4 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 the associativity of the operator either from right to left
or from left to right.

© ISO/IEC 2022 - All rights reserved
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Operators Type of operation Associativity
0 expression left to right
[ indexing of arrays left to right

- unary negation

X, multiplication, division left to right
+, = addition and subtraction left to right
<,>E 2 relational left to right
& bitwise AND left to right
| bitwise OR left to right

4.2.5| Mathematical functions

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

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

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

40 step function f(t):{l £=0

0 otherwise

max;|(x;) maximum of a sequence of numbers [x;] enumerated by the index i

5 Buffer model

5.1 |General system block'diagram

The JPEG XS coding system addresses applications where coded images are transferred fffom a source
to a tprget, as shown innFigure 1. To this end, the encoder is compressing a continuous strgam of input
pixel$ into a sequence of bits. These bits are forwarded by means of a transmission chiannel to the
decodler that decempresses the bits to produce a continuous stream of output pixels.

© ISO/IEC 2022 - All rights reserved 7
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Figure 1 — General system block diagram

tances at which the encoder processes each pixel arecdetermined by an encoding

e time instances at which the decoder produces each)output pixel are determined

ck. Both clocks are generated by the system.

implementations, these clocks can be the same or differ in both frequency and phase. The pres
bendent of whether clocks are synchronized or naot

e with ISO/IEC 21122-1, the pixels of(an image are translated into coefficient g
as code groups in the codestream. The number of bits necessary to code these code g
m group to group. As a consequencé;the encoder writes encoded bits at a variable rat
smoothing buffer. Similarly, the decoder reads the codestream at a variable rate fro
othing buffer.

haximum bit rate of thetransmission channel is below the peak bit rate generated b
encoder smoothing buffer is necessary to decouple generation of bits by the encoder

transmissiot

I of bits over the transmission channel. Similarly, a decoder smoothing buffer needs

rlock.
by a

ented

foups
foups
e into
mn the

y the
from
to be

provided that decouples the @nrival of bits at the rate afforded by the transmission channel and the

consumptiot

Correct ope
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5.2

| of bits by the decoder per clock.

ation requires that the decoder buffer never overflows. This is because the deco
pause the arrival of bits from the transmission channel. Moreover, a buffer underfl
bufferineeds to be avoided. This is because the decoder is required to output pix

ler is
DW in
bls in
read

Influencing variables on the required buffer sizes

aiilable

Avoiding any buffer overflow or underflow, as discussed in subclause 5.1, 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.

— The granularity at which the encoder writes the encoded data and the decoder reads the encoded

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

These dependencies cause that encoders and decoders are only interoperable in well-defined conditions.
Defining these conditions is the purpose of the buffer model defined in Annex B and Annex C.

5.3

Role of the buffer model

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 decoder model. Interoperability is then achieved by mandating that a conforming

deco
confd
mode

To th
behay
a mo
suffid
that Y
arbit
defin|

Anne

€T shall decode all bit streams being decodable by the simpiified decoder mode
rming encoder shall not create bit streams that cannot be decoded by the simpli
1.

is end, Annex B defines a generic JPEG XS decoder model that precisely.défines f
iour of the decoder model assuming a processing granularity of codestream packets
del already defines some fundamental properties of the decodablercodestreams, i
ient to ensure interoperability. The reason is that otherwise codestreams could be
vould only be decodable by the decoder model if the transmission channel could ty
rarily fast. In practice, this is obviously not the case. Consequently, interoperability s
ing a channel model over which an encoder sends the codestreams to the decoder.

ix C defines such a channel model assuming a transmission channel with a fixq
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inter
buffe
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four ¢
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es the packet-based constant bit rate buffer model) 1t describes the conditions for 3
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Ch conforming implementations are exemplified in Annex D. Since these propertie
quences of Annex B and Annex C, Anne&(is informative only.

nterpretation of Bayer data
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Squares represent individual sensor elements and circles represent sampling grid points. Groups of four §ensor
elements dverlapping with the same sampling grid point form one super-pixel.

Figure 2 — Example of the interpretation of a GRBG Bayer-type CFA image

Moreover, rdgardless of the Bayer sensor spatial subpixel arrangement, the Star-Tetrix color trangform
of ISO/IEC 2]1122-1 defines a strict order on the components assigning the red channel to compongnt 0,
the green channels to components 1 and 2, and the blue chahnel to component 3. The spatial subpixel
arrangement is signalled by the CRG marker. Figure 2¢shows only one of the four potential subpixel
arrangements of a Bayer-type CFA.
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Profiles, levels and sublevels

General

-2:2022(E)

Profiles, levels and sublevels specify restrictions on codestreams and hence limits on-thg
need¢d to decode the codestreams. Profiles, levels and sublevels may also bgfused|
interpperability points between individual decoder implementations.

Each [profile specifies a subset of algorithmic features and limits on their pahameterizati

be s

featufes supported in a profile.

The

ported by all decoders conforming to that profile. Encoders are not.required to ma

mbination of a level and a sublevel defines a lower bound on the¢hroughput a conforn

capabilities
to indicate

bn that shall
ke use of all

hing decoder

implgmentation shall support. To this end, the level gives upper bounds for the image paraineters in the

deco
numh

The
alloc
set b}

encodled image size and the upper number of bits‘a'decoder is required to decode per secon

it def

By th
with
implg

Figui]
impo

ed domain, namely the maximum image width, the ma%imum image height and t}
er of sampling grid points to be processed per second.

ublevel defines upper bounds in the coded domain, such as the nominal bits pel
ited for an encoded image having maximum width and height. In combination with the
 the levels in the decoded domain, this allows:the derivation of upper bounds on th

nes the decoder smoothing buffer unit, . whose size is specified in subclause A.4.1.

ese means, the decoding smoothing-buffer size can be derived from the profile. In
the tool selection performed by‘\a-profile, this allows to control the complexity
mentation.

e A.1 depicts the relation-between level, sublevel, profile and the corresponding con
Se.

le maximum

pixel value
e constraints
e admissible
d. Moreover,

combination
bf a decoder

straints they
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level
uncompressed image
constraints

sublevel .| compressed image
nominal bpp g constraints
y
profile decoder model
features and parameter »  smoothing buffer
ranges size
y
decoder
> implementation
complexity

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

A.2 Profiles

A.2.1 Definitions of profiles

Profiles spe¢ify subsets of coding tools which conforming decoders shall support. Moreover, prpfiles
limit the permitted parameter values. ‘Consequently, profiles are differentiated along the follgwing
features:

— decoder|smoothing buffer size expressed in smoothing buffer units! (N,,);
— smoothing buffer offset? (S}, );

— compongnt bit precision (B][i]);

— internal|precision/Bw, see ISO/IEC 21122-1);

— number(offractional bits for DWT coefficients (Fg, see ISO/IEC 21122-1);

— non-linear transform;

— raw-mode selection per packet flag (RI, see ISO/IEC 21122-1);

— chroma sampling formats;

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

— size and extent of the colour tranformation3 (Cf; see ISO/IEC 21122-1) ;
— number of vertical wavelet decompositions;

— number of horizontal wavelet decompositions?;

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

12 © ISO/IEC 2022 - All rights reserved
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— supported quantizer types (Qpih, see ISO/IEC 21122-1);

— maximum column width5 (Cw, see ISO/IEC 21122-1);

— slice height

— buffer model (Tbmd)®

— long precinct header enforcement flag (Lh, see ISO/IEC 21122-1).

NOTE 1

ISO/IEC 21122-2:2022(E)

The smoothing buffer unit size is determined by the maximum column width in Light-Subline profile
and the maximum image width in other profiles. See Formulae (A.3) and (A.4).

NOTH?2

headdr without any extension markers.

NOTH 3

(see I$0O/IEC 21122-1). For other values of Cpih, the CTS marker is not present.

NOTE 4

equallto the number of horizontal wavelet decompositions.

NOTH5

The column width in sampling grid points is given by

The commonly used value of 1024 bits (128 bytes) has been derived from a typical siZe

8XCwxmax sy [i])XZNL'
1

Wy

of the picture

The size and extent of the colour transformation is signalled in the CTS markeér when (pih is set to 3

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

if Cw>0,

otherwise

wher¢ Cw is indicated in the picture header (see ISO/IEC 21122¢1), W; is the image width, s,[i] is|the sampling
factorf for component i, and N , is the number of horizontal wavelet decompositions.

NOTH 6

suppdrts Thmd = 1.

Tbmd = 2 includes Thmd = 1. This means that a decoder that supports Thmd = 2 auto

For all profiles, the bit precision B[i] (0 < i < Ng)-of all components, shall be identical.

matically also

Profile settings that allow the choice between more than one value shall always be selected in
accordance with ISO/IEC 21122-1.

TablelA.1, Table A.2, Table A.3, Table A.4, and Table A.5 list all of the profiles specified in this document.

Table A.1 — JPEG XS Main profiles

Profile Main Main Main Main
420.12 422.10 444.12 444412
Number N, of smoothing buffer units of 16 16 16 16
the decoder madel
Smo+thing buffer offset S, in bits 1024 1024 1024 1024
Comi)onent bit precision (BJ[i]) 8,10,12 8,10 8,10,12 8,10,12
Interlnal'precision (Bw) 20 20 20 20
# fractional bits for DWT coefficients (Fq) 8 8 8 8
Non-linear transform Disallowed Disallowed Disallowed Disallowed
Raw-mode selection per packet flag (RI) 0 0 0 0
Chroma sampling formats 4:2:0 4:0:0 4:0:0 4:0:0
4:2:2 4:2:2 4:2:2
4:4:4 4:4:4
4:2:2:4
4:4:4:4

a2  One column of full width if number of vertical decompositions larger than 0, otherwise any column width conforming
with ISO/IEC 21122-1 is allowed.

© ISO/IEC 2022 - All rights reserved
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Table A.1 (continued)

Profile Main Main Main Main
420.12 422.10 44412 4444.12
Colour transformation (Cpih) 0 (None) 0 (None) 0 (None) for 0 (None) for
any sampling any sampling
format, or op- | format, or op-
tionally tionally
1 (RCT) for 1 (RCT) for
4:4:4 4:4:4 and
4:4:4:4
Number ofvlerfirnl dnrnm};\ncifinnc 1 ﬂ, 1 n’ 1 ﬂ’ 1
Number of Horizontal decompositions [1-5] [1-5] [1-5] [A+5]
Number con}ponents with suppressed 0 0 0 0
decomposition (Sd)
Quantizer type (Qpih) 0 (DZQ) 0 (DZQ) 0(DZQ) 0 (DZQ)
1 (Uniform) | 1 (Uniform) 1 (Uniform) 1 (Unifoim)
Column mode (Cw) One column | One column One column One column
of full width | except when exceptwhen except when
the number | thétumber of | the number of
of vertical | yertical decom- | vertical decom-
decomposition]-position levels | position lgvels
levels is zerp 2 is zero? is zerof?
Slice height jn number of image rows 16 16 16 16
Buffer moddl (Thmd) 1,2 1,2 1,2 1,2
Long precintt header enforcement flag 0 0 0 0
(Lh)
3 One colunpn of full width if number of vertical decompositiofas larger than 0, otherwise any column width confofming
with ISO/IEC 41122-1 is allowed.

Table A.2 —JPEG XS Light profiles

Profile Light Light Light-Subline
422.10 444.12 422.10
Number N | of smoothing buffer units of the decoder 4 4 2
model
Smoothing huffer offset S, in bits 1024 1024 1024
Component pit precision (B}i}) 8,10 8,10,12 8, 1(
Internal precision (Bw) 20 20 20
# fractional pbits for DWT coefficients (Fq) 8 8 8
Non-linear transform Disallowed Disallowed Disalloyed
Raw-mode sglection per packet flag (RI) 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 transformation 0 (None) 0 (None) for 0 (None)
any sampling

format, or

optionally

1 (RCT) for

4:4:4

Number of vertical decompositions 0,1 0,1 0
Number of horizontal decompositions [1-5] [1-5] [1-5]
Number components with suppressed decomposition (Sd) 0 0 0

14 © ISO/IEC 2022 - All rights reserved
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Table A.2 (continued)

ISO/IEC 21122-2:2022(E)

umn permit-

umn permit-

Profile Light Light Light-Subline
422.10 444.12 422.10
Quantizer type (Qpih) 0 (DZQ) 0 (DZQ) 0 (DZQ)
1 (Uniform)
Column mode (Cw) Only one col- | Only one col- Maximum

column width

of vertical decom-
position levels is

ted ted of 2 048 grid
(full width) (full width) points
Slice height in number of image rows 16 16 16
Buffér model (Thmd) 1,2 1,2 1,2
Long|precinct header enforcement flag (Lh) 0 0 0
Table A.3 — JPEG XS High profiles
Profile High High
444,12 4444.12
Numbper N, of smoothing buffer units of the decoder model 16 16
Smog¢thing buffer offset S, in bits 1024 1024
Comi)onent bit precision (B[i]) 8,10,12 g, 10,12
Internal precision (Bw) 20 20
# frartional bits for DWT coefficients (Fq) 8 8
Non-linear transform Disallowed Disallowed
Rawqmode selection per packet flag (RI) 0 0
Chroma sampling formats 4:0:0 4:0:0
4:2:2 4:2:2
4:4:4 4:4:4
1:2:2:4
1:4:4:4
Colowr transformation 0 (None) for 0 (None) for
any sampling for- | any sampling for-
mat, or optionally | mat, dgr optionally
1 (RCT) for 4:4:4 | 1 (RQT) for 4:4:4
and 4:4:4:4
Numbper of vertical decompositions 0,1,2 0,1,2
Numbper of horizontal"decompositions [1-5] [1-5]
Numbper compenents with suppressed decomposition (Sd) 0 0
Quantizer type’(Qpih) 0 (DZQ) g (DZQ)
1 (Unform) 1 ({[Unform)
Colu1nn mode (Cw) One column except| One cqlumn except
whemthemumberwirermrthe number of

vertical decomposi-
tion levels is zero @

zero @
Slice height in number of image rows 16 16
Buffer model (Thmd) 1,2 1,2
Long precinct header enforcement flag (Lh) 0 0

with ISO/IEC 21122-1 is allowed.

3 One column of full width if number of vertical decompositions larger than 0, otherwise any column width conforming

© ISO/IEC 2022 - All rights reserved
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16

Table A.4 — JPEG XS MLS profiles

Profile MLS.12
Number N, of smoothing buffer units of the decoder model Unconstrained
Smoothing buffer offset S, in bits n.a.
Component bit precision (B][i]) 8,10,12
Internal precision (Bw) Component precision
# fractional bits for DWT coefficients (Fq) 0
Non-linear transform Disallowed
Raw-ymodeselection perpacketflag (Rl 0
Chroma sampling formats 4:0:0
4:2:0
4:2:2
4:4:4
4:2:24
4:4:4:4
Colowr transformation 0 (None) for
any sampling format, or
optionally
1\(RCT) for 4:4:4 and
4:4:4:4
Numbper of vertical decompositions 0 (except for 4:2:0),1,2b
Numbper of horizontal decompositions [1-5]
Numper components with suppressed decomposition{Sd) 0
Quantizer type (Qpih) 0 (DZQ)
1 (Uniform)
Column mode (Cw) One column except when

the number of vertical
decomposition levels is

Zero 2
Slice|height in number of image rows 16
Buffer model (Thmd) 0 (Unconstrained)
Long precinct header enforcement flag (Lh) 0

a 0
width
b
with 4

conforming with IS@/IEC 21122-1 is allowed.

}:2:0 chroma sampling.

ne column of full width if.number of vertical decompositions larger than 0, otherwise any column

pnforming with ISO/IEC 21122-1, zero (0) vertical decompositions cannot be used in combination
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https://iecnorm.com/api/?name=2eec95236c4b38b363968d44c6e4e9e7

Table A.5 — JPEG XS Bayer profiles

ISO/IEC 21122-2:2022(E)

interpreted as
4-dimensional

Profile LightBayer MainBayer HighBayer
Number N, of smoothing buffer units of the decoder 4 8 16
model
Smoothing buffer offset S, in bits 1024 1024 1024
Component bit precision (BJ[i]) 10,12, 14,16 10,12, 14, 16 10,12, 14, 16
Internal precision (Bw) 18ifan NLTis | 18 ifan NLT is | 18 ifan NLT is
used, used, used,
20 ifno NLT is | 20 if no NLT is | 20 if no NLT is
| useda useda used 2
# fraftional bits for DWT coefficients (Fq) 6 if Bwis 18, 6 if Bwis 18, @ if Bwis 18,
8if Bwis 20P | 8if Bwis 205 | 8[if Bwis 20 P
Non-|inear transform None, None, None,
Quadratic, Quadratic, Quadratic,
Extended Extended Extended
Rawqmode selection per packet flag (RI) 1¢ 1 1
Chroma sampling formats Bayer pattern”| Bayer pattern | Bpyer pattern

interpreted as
4-dimensional

—
=

terpreted as
4{dimensional

vectors vectors vectors
Colowr 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)

Numbper of vertical decompositions 0 0,1 0,12
Numbper of horizontal decompositions [1-5] [1-5] [1-5]
Numbper components with suppressed decomposition 1 1 1
(5d)
Quantizer type (Qpih) 0 (DZQ) 0(DZQ) 0 (DZQ)

1 (Uniform) 1 (Uniform) | (Uniform)
Columnn mode (Cw) Disallowed Disallowed Disallowed
Slice(height in number of imdge rows 16 16 16
Buffér model (Thmd) 1,2 1,2 1,2
Long|precinct header énforcement flag (Lh) 0,1 0,1 0,1

trans

when

result

orm is not used.(le. no NLT is marker is present), otherwise the value 18 is used.

Bw is set\to18, while the value 8 is used when Bw is set to 20.

a2 The internal precisien (Bw) is selected in conformance with ISO/IEC 21122-1. The value 20 is used when
b The numberoffractional bits for DWT coefficients (Fq) is selected as specified in ISO/IEC 21122-1. The

¢ In this.profile, with zero vertical decompositions, the raw-mode selection per packet flag will not

ing‘codestream. However, it is set to 1 to match with the MainBayer and HighBayer profiles.

the non-linear

value 6 is used

influence the

Figure A.2 represents the relation of the profiles defined in Table A.1, Table A.2, Table A.3, Table A.4, and
Table A.5 in terms of inclusivity. The Light422.10 profile is for instance contained in both the Main422.10
profile and the Light444.12 profile. The Main422.10 profile is again included in the Main444.12 profile,
etc. Some profiles are not included in other profiles, like the Main420.12 and the MLS.12 profiles.

The Light and Light-Subline profiles are independent subsets of the Main profile. They need lower
memory and logic resources, and allow for lower latency, at the expense of a lower compression
efficiency.

© ISO/IEC 2022 - All rights reserved
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Light-Subline422.10

HighBayer High4444.12 MLS.12
High444.12
MainBayer Main4444.12 7
T Main420.12
Main444.12
LightBayer A\
Main422.10
Light444.12 T\
Light422.10
Figure A.2 — Inclusivity relation for the JPEG XS profiles
NOTE 7  Figure A.2 does not formulate additional constraints on decodefr_implementations. The relations

presented thg
Table A.5. Th3
Q provided th

The resultin
A pixel is ref]

re are implicit due to the profile specifications in Table A.1)Table A.2, Table A.3, Table A4, and

tis, a codestream conforming to a given profile P in this figure automatically conforms to a profile
ere is a path from P to Q in the direction of the arrows.

b maximum bits per pixel (bpp) in the decoded démdin for each profile is shown in Table A.6.
erred to as the samples of all components at aisingle sampling grid point.

T4ble A.6 — Maximum decoded bpp for €ach profile defined in this document
Profile Component bit Chroma sampling formats Maximym
precision decoded
bpp
Light 422.10 8,10 4:0:0, 4:2:2 20
Light 444.12 8,10,12 4:0:0, 4:2:2, 4:4:4 36
Light-Subling 422.10 8,10 4:0:0, 4:2:2 20
Main 420.12 8, 10,12 4:2:0 18
Main 422.10 8) 10 4:0:0, 4:2:2 20
Main 444.12 8,10, 12 4:0:0, 4:2:2, 4:4:4 36
Main 4444.1% 8,10,12 4:0:0,4:2:2, 4:4:4, 4:2:2:4, 4:4:4:4 48
High 444.12 8,10,12 4:0:0, 4:2:2, 4:4:4 36
High 4444.13 8,10,12 4:0:0, 4:2:2, 4:4:4, 4:2:2:4, 4:4:4:4 48
MLS.12 8,10,12 4:0:0, 4:2:0, 4:2:2, 4:4:4, 4:2:2:4, 4:4:4:4 48
LightBayer 10,12, 14,16 |Bayer pattern interpreted as 4-dimensional vectors 64
MainBayer 10,12, 14,16 |Bayer pattern interpreted as 4-dimensional vectors 64
HighBayer 10,12, 14,16 |Bayer pattern interpreted as 4-dimensional vectors 64

A.2.2 Profile signalling in the picture header

The profile of a codestream defines the capabilities of a decoder implementation necessary to decode
the image. This profile shall be indicated in the Ppih field in the picture header by the values defined in

Table A.7.

18
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The unrestricted profile uses the full syntax defined in ISO/IEC 21122-1 without any further constraint.

This unrestricted profile shall not be considered as a conformance point.

NOTE
evolve in the future.

The unrestricted profile is not a conformance point because the syntax defined in ISO/IEC 21122-1 can

Table A.7 — Mapping of profiles to values of the Ppih field in the picture header

. Ppih
Profile -
Binary Hex
Unrestricted 0000 0000 0000 0000 0x0000
Ligh422.10 0001 0101 0000 0000 0x1500
Ligh444.12 0001 1010 0000 0000 0x1A00
LighttSubline 422.10 0010 0101 0000 0000 0x2500
Main|420.12 0011 0010 0100 0000 0x3240
Main|422.10 0011 0101 0100 0000 0x3540
Main|444.12 0011 1010 0100 0000 0x3A40
Main|4444.12 0011 1110 0100 0000 0x3E40
High444.12 0100 1010 0100 0000 0x4A40
Highi4444.12 01001110 0100 0000 0x4E40
MLS.[L2 011011101100 0000 0x6ECO
LightBayer 1001 0011 0000 0000 0x9300
MainBayer 1011 0011 0100 0000 0xB340
HighBayer 1100 0011 0100.0000 0xC340

Reserved for ISO/IEC
purppses

all other values

A.3 |Levels

Levels define a lower bound on-the throughput in the decoded domain that a conforming decoder
implgmentation shall supporg: Levels are defined along the maximum permissible sampling grid points
per line, the maximum numbeér of sampling grid points per column height, the maximum number of
samplling grid points perdiinage, and the maximum sampling rate of grid points per second.| These levels
apply to all the profiles defined. Table A.8 defines all available levels.

Table A.8 — JPEG XS levels

Leyel 1 Maximum Max picture | Max number of | Max grid point Example res- | Example resolu-
picture width heightH . sampling grid sample rate olutions for tipns for Bayer

W ax [sampling | [sampling grid | pointsL ., per Ry max non-Bayer data data

grid points] 2 points] 2 image [sampling grid .
[sampling grid points/s] 3 > ;sor elemen:s
points] 2 @ framerate]

1k-1/ 1280 5120 2621440 83558400 1280x720@60 | 2 048x1080@60
bayer2k-1 2560x1 440@60
2k-1/ 2048 8192 4194 304 133693 440 1280x720@120 |2 560x1440@120
bayer4k-1 1920x1 080@30 | 3 840x2 160@30
1920x1 080@60 | 3 840x2 160@60
2 048x1536@30 | 4 096x3 072@30
2 048x2 048@30 | 4 096x4 096@30
2048x1 080@60 | 4 096x2 160@60
4k-1/ 4096 16 384 8912896 267 386 880 1920x1 080@120 |3 840x2 160@120
bayer8k-1 3840x2 160@30 | 7 680x4 320@30
4 096x2 160@30 | 8192x4 320@30

© ISO/IEC 2022 - All rights reserved
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Table A.8 (continued)

Level 1

Maximum
picture width
W hax [sampling
grid points] 2

Max picture
heightH
[sampling grid
points] 2

Max number of
sampling grid
points L .. per
image
[sampling grid
points] 2

Max grid point
sample rate
Rs,max
[sampling grid
points/s] 2:3

Example res-
olutions for
non-Bayer data

Example resolu-
tions for Bayer
data

[sensor elements
@ framerate] 4

4k-2/
bayer8k-2

4096

16 384

16 777 216

534773760

1920x1 080@240
3840x2160@60
4 096x3 072@30
4096x4 096@30
4 096x2 160@60

3840x2160@240
7 680x4 320@60
8192x6 144@30
8192x8 192@30
8192x4 320@60

4k-3/
bayer8k-3

4096

16 384

16 777 216

1069 547 520

1920x1080@480
2048x1080@480
4096x3 072@60
4 096x4 096@60
3840x2160@120
4096x2 160@120

3840x2 160[@480
4 096x2160@480
8 192x6144@60
8192x8 192@60
7 680x4 320@120
8192x4 320@120

8k-1/
bayer16k-1

8192

32768

35651584

1069 547 520

3840x2 160@120
7 680x4 320@30
8192x4 320@30

7 680x4 320@120
15 360x8 640@30
16 384x8 640@30

8k-2/
bayer16k-2

8192

32768

67 108 864

2139095 040

3840%2160@240
8.192x6 144@30
8192x8 192@30
7 680x4 320@60
8192x4 320@60

7 680x4 320@240
16 384x12 248@30
16 384x16 344@30
15 360x8 640@60
16 384x8 640@60

8k-3/
bayer16k-3

8192

32768

67 108 864

4278 190 080

3840x2160@480
4096x2 160@480
8192x6 144@60
8192x8 192@60
7 680x4 320@120
8192x4 320@120

7 680x4 320[@480
8 192x4 320@480
16 384x12 248@60
16 384x16 3§4@60
15360x8 640@120
16 384x8 64)@120

10k-1/
bayer20k-1

10 240

40960

104 857 600

3342336000

10 240x7 680@30
10240x10 240@30
10 240x4 320@60
10 240x5400@60

20480x15340@30
20480x20440@30
20480x8 640@60
20480x108(Q0@60

NOTE 1

grid points r

NOTE 2

specific level

given level.

Le
the case of Ba

vels have double names in ordér to allow logical association with their supported resolutidns. In
er data, each sampling grid xepresents a super-pixel. This means that the total number of sampling

uired to represent a Bayerjimage is four times smaller (i.e. width / 2 and height / 2) than th¢ total
number of sefsor elements.

Sipce levels define maximum permissible sample counts and sample rates, a decoder conforming to a
is also conforming to all levels that only require a smaller sample count and sample rate than the

NOTE3  THe maximum number of sampling grid points is not identical to the product of the maximum pfcture
height and th¢ maximum picture width.
NOTE4 In|the’case of Bayer pattern data, each sampling grid point represents a super-pixel, i.e. b 2x2

arrangement of sensor elements.

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)! value Nypp,
giving the maximum amount of bits per pixel for an encoded image of maximum permissible number of
sampling grid points according to the level to which the decoder is conforming (see Table A.6). Decoders

20
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conforming to a particular level and sublevel shall conform to the following constraints derived from
Nbpp:
S : Maximum admissible size of the entire codestream in bytes from SOC to EOC, including all

sl,max-
markers. S 1, is derived from Ny, and the maximum permissible number of sampling grid points

L.« defined by the level as follows:

Lmax ><Nb
pp
Ssl,max =\\— (A1)
8
NOTE The bits per pixel is here referred to as the total amount of bits required across all the component

1 L : L s 1 sl DD : alos P TSN | L ; ;
Samplre-vartesatra gve - Samprmg gria pomt ror Dayer mages s represents e totar amotitoT bits requ1red

to regresent a super-pixel (see clause 6).

— R maxt Maximum admissible encoded throughput in bits per second. R, ., is|derived from the
maximum grid point sample rate R of the level and the nominal bits per pixel value Ny, as

fpllows:

s,max

R R XNppp (A.2)

t,max — I's,max

Morepver, the size of the smoothing buffer unit S, in bits is derivéd, permitting compulation of the
overdll smoothing buffer of the decoder model defined in Annex B and Annex C.

0%}

=1 (A.3)

oo if level is unrestricted or sublevelis unrestricted
sbu —
C,max

XNppn otherwise

c mhx 1S defined to be the maximum column width.and depends on the chosen profile as follows:

(A4)

=
Y

2048 if profile is Light-Subline422.10
c,max _ w

nax otherwise

The gctual column width is computed by

8xCwxmax(s, [i])x2 4~ if Cw>0
d_ ,- (A.5)

S
Wf otherwise

wherp
aw is indicated in the picture header;
We igtlie image width;

sL[i] (is the chroma sampling factor of component i;

: 41 1 £1 o i | ) P | 3des
15 UIT HTUITIUTT UT'TIUTTZUIILAD WdVTITU UTLUIITPDUSIUIUILLS,

=
-
>

is the column width in sampling grid points (see ISO/IEC 21122-1).

W, max is an upper bound for the allowed column width: (g < W, ..

The nominal bits per pixel, Ny, is not identical to the maximum permissible amount of bits per pixel
for an encoded image that does not have maximum width and height. In this case, the amount of bits
per pixel for the encoded image may be larger than Ny, as long as the constraints on the codestream
defined by the sublevels are followed.

A.4.2 List of sublevels

Table A9 lists the sublevels defined in this document. The Full sublevel shall only be used if the profile
value (Ppih) is not unrestricted.
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Table A.9 — List of sublevels

Sublevel Nominal bpp, Ny,
Full Maximum decoded bpp (See Table A.6).
Sublev12bpp 12
Sublev9bpp 9
Sublev6bpp 6
Sublev3bpp 3
Sublev2bpp 2

NOTE1 By
conforming t

NOTE2 Sp
still restricts

this definition, a decoder conforming to a sublevel defined by a given value of Ny i
all sublevels defined by a smaller value of Nbpp. That is, sublevels are inclusive.

pcifying the Full sublevel is different from specifying an unrestricted sublevel, as the Full su
the maximum decoded bits per pixel.

5 also

blevel

vel to

A2,

NOTE 3 Compressing data as mathematically lossless in the MLS.12 profile can require setting the sublg
unrestricted.

NOTE 4 Injthe case of Bayer pattern data, the nominal bits per pixel, N, represents the number of bits per
super-pixel.The resulting constraints on conforming codestreams are listed in Table A.10, Table A.11, Table
Table A.13, arld Table A.14.

NOTES5  Since the constraint on conforming codestreams for the Full sublevel depends on the selected p|

they are not1

sted in the tables hereunder.

Table A.10 — Codestream constraints-for sublevel Sublev2bpp

Level Size of a smoothing Max codestream Max encoded
buffer unit S, [bits] size S, ...« [bytes] rate R, .., [Mbits/s]

1k-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.11 — Codestream constraints for sublevel Sublev3bpp

rofile,

ILevel Size of a smoothing Max codestream Max encoded
buffer unit S, [bits] size S ...« [bytes] rate R, .., [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 6291 456 1604
4k-3 12 288 6291 456 3209
8k-1 24576 13 369 344 3209
8k-2 24576 25165 824 6 417
8k-3 24576 25165 824 12835
10k-1 30720 39321600 10 027
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Table A.12 — Codestream constraints for sublevel Sublev6bpp

Level Size of a smoothing Max codestream Max encoded
buffer unit S, [bits] size S .« [bytes] rate R, ., [Mbits/s]
1k-1 7 680 1966 080 501
2k-1 12 288 3145728 802
4k-1 24576 6 684 672 1604
4k-2 24576 12 582912 3209
4k-3 24576 12 582912 6 417
8k-1 49 152 26 738 688 6417
8k-2 49 152 50331648 12 835
8k-3 49 152 50 331 648 25669
10k-1 61 440 78 643 200 20054

Table A.13 — Codestream constraints for sublevel Sublev9bpp

Level Size of a smoothing Max codestream Max encoded
buffer unit S, [bits] size S ..« [bytes] rate R, ., [Mbits/s]

1k-1 11 520 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
4k-3 36 864 18874 368 9625
8k-1 73728 40108 032 9625
8k-2 73728 75497 472 19 251
8k-3 73728 75497 472 38503
10k-1 92 160 117 964 800 30081

Table A.14 — Codestream constraints for sublevel Sublev12bpp

Level Size of a smoothing Max codestream Max encoded
buffer unit S, [bits] size S ., [bytes] rate R, .., [Mbits/s]
1k-1 15360 3932160 1002
2k-1 24576 6 291 456 1604
4k-1, 49 152 13 369 344 3209
4k2 49 152 25165 824 6 417
4k-3 49 152 25165 824 12 835
8k-1 98 304 53477 376 12 835
k2 98304 100-663-296 25-669
8k-3 98 304 100 663 296 51338
10k-1 122 880 157 286 400 40108

A.5 Signalling of levels and sublevels in the Plev field of picture header

The level and sublevel of a codestream define a lower bound on the throughput in both the encoded
and decoded domains which a conforming decoder implementation shall support when decoding the
codestream into an image. The level and sublevel shall be indicated in the Plev field of the picture header
defined in ISO/IEC 21122-1 by the values defined in Table A.15 and Table A.16.
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The unrestricted level does not impose any constraint on maximum picture width, maximum picture
height, maximum number of grid point samples, or maximum grid point sample rate. The unrestricted
sublevel does not impose any constraint on the nominal bits per pixel.

The unrestricted level and sublevel shall not be considered as conformance points.

Table A.15 — Signalling of the levels of a codestream in the Plev field

Level Binary value of Plev field

Unrestricted 0000 0000 XXXX XXXX
1k-1 0000 0100 XXXX XXXX
2k-1 0001 0000 XXXX XXXX
4k-1 0010 0000 XXXX XXXX
4k-2 0010 0100 XXXX XXXX
4k-3 0010 1000 XXXX XXXX
8k-1 0011 0000 XXXXXXXX
8k-2 0011 0100-XXXX XXXX
8k-3 0011 1000 XXXX XXXX
10k-1 01000000 XXXX XXXX
Reserved for|ISO/IEC purposes alllother values

An X indicatgs eithera O ora 1.

Table A.16 — Signalling of the sublevels of accodestream in the Plev field

Sublevel Binary value of Plev field

Unrestricted XXXX XXXX 0000 0000

Full XXXX XXXX 1000 0000
Sublev12bpp XXXX XXXX 00010000
Sublev9bpp XXXX XXXX 0000 1100
Sublev6bpp XXXX XXXX 00001000
Sublev3bpp XXXX XXXX 0000 0100
Sublev2bpp XXXX XXXX 00000011
Reserved for|ISO/IEC purposes all other values

An X indicatds eitheraOora 1,

24
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Annex B
(normative)

Packet-based JPEG XS decoder model

B.1 General

This
a deg
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B.2
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A cod
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hnnex defines a generic JPEG XS decoder model that precisely defines the tempaoral
oder model assuming a processing granularity of codestream packets. The tempor
essary to derive the requirements on conforming codestreams for a given transmis
fined in Annex C. The profiles and levels define the relevant parameters -of the de
fransmission channel model to impose requirements on the codestieams and

pperability of any decoder implementation.

Codestream fragments

Coded codestream fragments

er segments and packet headers located in various positions of the codestream.
sts of a packet header and a packet body. The last{packet of a precinct may be followed

ding to the following rules:

Hach coded codestream fragment shall contain exactly one packet, consisting of its p
and its packet body.

EC 21122-1 defines the JPEG XS codestream as a séquence of packets, complemente

ed codestream fragment shall be a subset ‘of consecutive bits of the codestream w

behaviour of
hl behaviour
sion channel
coder model
thus ensure

d by several
Each packet
by fill bytes.

hich is built

hcket header

— All headers, marker segments aiid markers shall be assigned to the subsequent coded codestream
fragment of the same codestréeam. If such a coded codestream fragment does not exist, they shall be
assigned to the previous'cdded codestream fragment.

— The padding bits ofaprecinct shall be assigned to the previous coded codestream fragment.

Figurne B.1 depicts theSegmentation of a codestream into fragments.

1\ &13(4|5(4|5714|5|6|3[45714|5/|6{7
\ v A — v A v J U v J
8 8 8 8 8

Key

1  boxes! + codestream header 5 packet body

2 slice header 6 fill bytes

3  precinct header 7  EOC marker

4  packet header 8 codestream fragment

Figure B.1 — Coded codestream fragment
NOTE See ISO/IEC 21122-3 for the definition of boxes that can precede the codestream header.
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B.2.2 Blanking codestream fragments

In some systems, images may be embedded into larger pixel containers as illustrated in Figure B.2. The
active image pixels are complemented by blanking periods that are not intended for display but that
pad the active image to a specified container size.

1

2

"

4

Key
1 active pixel
2 blankingpixel

When the underlying transport channel allows transmissien of bits of encoded data during the bla

3
4

active image area
blanking region

Figure B.2 — Blanking area

hking

periods, improved image quality, in terms of increased.target amount of bits per pixel, can be achjieved

by consideripng the blanking regions during which tratrsmission occurs in the buffer model. This|
hserting so called blanking codestream fragments into the sequence of coded codest

depicted in Figure B.3.

be done by i
fragments a

shall
ream

Coded dodestream
fragments
prefinct 0

Coded codestream
fragments
precinct 1

Coded codestream
fragments
precinctn-1

Horizontal blanking
codestream
fragment 0

Coded dodestream
fragments
prefinct n

Coded'codestream
fragments
precinctn + 1

Coded codestream
fragments
precinct 2n - 1

Horizontal blanking
codestream
fragment 1

Coded codestream
fragments
precinct (m-1) xn

Coded codestream
fragments
precinct(m-1)xn+1

Coded codestream
fragments
precinctmxn-1

Horizontal blanking
codestream
fragmentm - 1

Vertical codestream fragement

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

m=Ny,,)

According to ISO/IEC 21122-1, the codestream comprises n = N, , horizontally aligned precincts, where

Npx

is the number of columns,and m = N_ , vertically aligned precmcts For consideration of the blanking

period in the buffer model, a horizontal blanking codestream fragment f shall be inserted after each

26
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coded codestream fragment that terminates a row of horizontally aligned precincts. The size in bits
of the horizontal blanking codestream fragment shall equal Sy;(f) = 0. The duration of the horizontal
blanking codestream fragment is expressed in number of coefficient groups N, j,, associated to the
horizontal blanking codestream fragment.

After the last coded codestream fragment of an image, a vertical blanking codestream fragment f is
inserted. The size in bits of the vertical blanking codestream fragment shall equal S,;,(f) = 0. The
duration of the vertical blanking codestream fragment is expressed in number of coefficient groups

N, associated to the vertical blanking codestream fragment.

NOTE1 The time unit for the buffer model is based on coefficients groups. Since the number of all coefficients
covergd by all coefficient groups in the codestream is possibly larger than the number of image samples due
to pa@lding (as explained in ISO/IEC 21122-1), there is no strict integer relation between a pix¢l clock and a
coeffirient group clock. In order to avoid using different clocks in the buffer model, the blankinlg periods are
defingd as a multiple of coefficient groups instead of pixels.

NOTH2  The values of N, and N, are not signalled in the codestream itself)but in the |Buffer Model
Descriiption box, specified in ISO/IEC 21122-3.

B.2.3 Computation of the number of coefficient groups belonging to a horizontal
blanking codestream fragment

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

A1y Xy (B.1)
NC
Since 2 — coefficient groups represent up to Ny pixels, one coefficient group corresponds to up to:
Sy |l
i=1 "X
N
g
B.2
N 1 ( )
) A
Sk [1]
pixel$. Hence, N, ,, may be computed as:
N N 1
27 XN x Y LI
Neo hz = X & Sli] (B.3)
cghz — N .
g
wherp
NL'y is\the number of vertical decomposition levels;
N. £ iS the number of components in an image;
Ny, is the number of horizontal blanking periods in the pixel domain during which the

transmission channel continues transmission of the codestream;
s.[f] 1isthe sampling factor of component i in horizontal direction;
N, is the number of coefficients in a code group.

This relation is informative only, because the relation between the duration of a pixel and a coefficient
group is not prescribed by this document.
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B.2.4 Computation of the number of coefficient groups belonging to a vertical blanking
codestream fragment

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

Nb,yx(Wf+Nb,x) (B.4)

Consequently, N, may be computed as:

N, 1
Npy X(W +Np i )XY 7
Neg vt = == (B.5)
N
g
where
W; iIs the width of the image in samples;
N. is the number of components in an image;
Ny,  1s the number of horizontal blanking periods in the pixel\'domain during which the
fransmission channel continues transmission of the codestream,;
Ny,  isthe number of vertical blanking periods during which'the transmission channel contjinues
fransmission of the codestream bits;
sy[il]  1s the sampling factor of component i in horizontal direction;
N, iIs the number of coefficients in a code group.

This relatior] is informative only, because the relation between the duration of a pixel and a coeffjcient
group is not prescribed by this document.

B.3 Decofer model block diagram

Figure B.4 depicts the decoder block diagram that forms the base of any buffer model.
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1
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1 clock 4  decoderunit
transmission channel 5 output pixels
3 decoder smoothing buffer 6  decoder model

Figure B.4 — JPEG XS decoder model

The decoder model consists of a decoder unityclocked by a periodic signal with period T. Wjith each new
clock|cycle, the decoder unit starts decoding a new coefficient group, which — when not being blanking
coefflcient groups — may eventually be @utput in form of decoded output pixels. For this purpose, the
decodler unit reads with each clock cyele a variable number of bits from a decoder smoothing buffer.
This decoder smoothing buffer has.well-defined capacity, allowing a maximum amount [of bits to be
stored. The decoder shall be able'to read a variable number of bits per clock cycle, following a first-in-
first-put semantic. This means that when a bit v, is written into the decoder smoothing buffer before bit
v,, then this bit v; shall not betead after bit v,.

The decoder smoothing buffer is connected to a bit source that writes bits into the decodgr smoothing
buffef. In Figure B.4, this bit source is represented as a transmission channel, because for typical low
latenty applicatiens, a decoder is connected to an encoder by means of such a transmisgion channel.
Howgver, in gefieral, any other bit source is valid as well. The value D, in Figure B.4 define$ the number
of clock cycles-the start of decoding needs to be delayed relative to the time at which the first bit of the
codegtreamrarrives in the decoding smoothing buffer. Different methods are possible to generate this
valug, dnd this document does not prescribe any of them.

B.4 Decoder smoothing buffer

Bits written at clock cycle t into the decoding smoothing buffer are available to the decoder unit
immediately at clock cycle t. Let lje. 0y € N be the maximum number of bits that can be stored in the

decoder smoothing buffer. Let I,,.(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 (t):Idec (t_1)+wdec (t) (B-6)

© ISO/IEC 2022 - All rights reserved 29


https://iecnorm.com/api/?name=2eec95236c4b38b363968d44c6e4e9e7

ISO/IEC 21122-2:2022(E)

T'dec (t) < Idec (t) < Idec,max

lgec (£) =lgec (E=1)+Wyec (£) —Tgec (£) = idec (£)—Trgec (£)

B.5 Buffer model types

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

(B.7)

(B.8)

Tahla B 1 Rufformaoadaeliunaoc
Table BA—Buffermodeltypes
Value of Thmd Meaning

0 No upper limit of the decoder buffer assumed

1 Constant bit rate buffer model with limited transmission latency, see Fonmula (C.7

2 Constant bit rate buffer model with full use of decoder smoothing bufferi(variable traps-

mission latency), see Formula (C.7)
3-255 Reserved for ISO/IEC purposes
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Annex C
(normative)

Packet-based constant bit rate buffer model

C.1 General

This pnnex defines transmission channel models assuming a fixed upper bit rate thatqs|related to the
target compression ratio. Together with the decoder model of Annex B, it defines\the packet-based
consflant bit rate buffer model. It describes the conditions for a low latency interoperapility of any
confgrming decoder. These conditions are expressed by buffer model parameters that are|specified by
the profiles and levels defined in Annex A.

C.2 |Decoder unit

In ordler to decode a codestream fragment = 1, the decoder unit reads all bits that have be¢n generated
by the encoder for this codestream fragment f. Processing of codestream fragment fe N starts at cycle

tdec,startm:

f-1
tdec,start (f) = tchannel,start + Dch + ZNcg (1)
i=1
o (C.1)
tchannel start T D¢aq f=1

A\

Hec ,start (f) = .
{tdec,start (f_1)+Ncg (f) otherwise

D.4gEN is the delay of the detoding start relative to the start of the transmissjon channel.

tchanpel start € Z is the clock cycle€in which the transmission channel writes the first bit of the considered

codegtream into the decoding/smoothing buffer. In order to process codestream fragment f, all coded
bits df codestream fragment'f shall be contained in the smoothing buffer:

ec (tdec,start(f))zsbits (f) (C.Z)

~

The doded bits 0f each codestream fragment fe N are removed from the decoder smoothing buffer at
cycle|tgecread(f )€ N. The latter is computed as follows:

tdec,read(f):tdec,start (f)+Ncg (f)_l

o (C.3)
f

tdec,read (f) = tchannel,start + Dch + ZNcg (l) -1
i=1

The number of bits removed from the decoding smoothing buffer is defined as follows:

Sbits (f) Elf:tdec,read(f)zt

(C4)
0 otherwise

Ndec (t):{

where 3 stands for "there exists".

The decoder model is described by pseudo code in Table C.1.
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Table C.1 — Decoder model pseudo code

Operation Notes
wailt (Cgec,start (0)) Wait for tdec’start(O) clock cycles
r=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

wailt (N (£) - 1) Wait for Ne,(f) - 1 clock cycles. N, (f) is the processing time of
codestream fragment f.

bits= regdBits (Su;.s (1)) Read Sy (f) from the smoothing buffer and remove them from
smoothing buffer

decode_bits Decode the bits in the codestream fragment f

wait (1) Wait another cycle to complete codestream fragment|f

r=1f+ Advance to the next codestream fragment

}

C.3 Encoder-decoder system model

The packet-based constant bit rate buffer model is intended for, applications where an encoder is
connected tp a decoder by a transmission channel with a maxim@m upper bit rate R, (forf VBR
applications) or a constant bit rate R, ., (for CBR applications) that equals the target compressior] rate.

1
|
RA 10
I 5.
L |
] l '
! ! y Y /
| | - T T A
] —2———>i 3 i—»i i i—» 6 > > 8 9 >
l l '“‘"i
| |
: : 4 A
: : Dch
| |
L
Key
1 clock 6  transmission channel
2 input pixgls 7  decoder smoothing buffer
3 encoder it Q decoderunit
4  encoder smoothing buffer 9  output pixels
5 SoT 10 decoder model

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.

The packet-based constant bit rate buffer model can also be applied in situations where the transmission
channel operates in bursts and can hence only be approximated by a constant bit rate channel or a
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channel with a maximum bit rate. Then, however, means shall be provided to transform the actual
transmission behaviour into one corresponding to subclause C.4.

C.4 Transmission channel model

C.4.1 Transmission channel with maximum bit rate

The transmission channel model shall write at most R € Q bits per clock cycle into the decoder

trans
smoothing buffer for all cycles ¢ = ¢ pannel start-

NOTE T}lib iut,}udca thc b}dll}\ills I CS;UIID dcfiucd lL)_y lnv,Cg,hZ aud Inv7Cg,Vt'
SC max X8
Rtrans = Ny (C.5)
leNCg (f)
wherg
& max 1S the maximum size of the entire codestream in bytes from §0Cto EOC, including all markers.
In case the Lcod field of the picture header is unequal to zeto, S, .. shall equal the Lcod value;
N¢ is the number of codestream fragments including the'blanking codestream fragments;

Nco(f) is the number of coefficient groups in codestreamfragment f.

In many applications, the compression to apply is defined by a bit per pixel value B.. In|such a case,

¢ may €an be computed as:

=WfXHfXBr (C6)

C,max

The qumulative number of bits written inta'the decoder smoothing buffer can be computed as:

[

‘_1

"_,Wdec (T) pS |_(t - tchannel,start )XRtrans J (C-7)
70

The value of t

SySte m, tchannel,star
overflow.

channel,start d€pends on the system configuration, and in particular on the encgder. In a full
. should\be determined by the encoder in such a way that the decoder bufffer does not

C.4.2 Transmission channel with constant bit rate

For ttansmission channels with constant bit rate, the transmission channel model shall write Ry.,,s € Q

bits ger clock cycle into the decoder smoothing buffer for all cycles ¢ = t el start-

NOTE T}li) illb}udcb t}lC b}dll}\ill 1T iUllb dcﬁucd ll_) I,\V, dlld I,\V'
greg Y Vpx by

The value of t ., 1nel start 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 interruptions.

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

t
zwdec (T) = I_(t - tchannel,start )X Rtrans J (C.8)
7=0

The value of t
system, ¢

channel,start d€pends on the system configuration, and in particular on the encoder. In a full

channel,start Should be determined by the encoder.

The transmission channel is therefore described by Table C.2.
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Table C.2 — Transmission channel pseudo code

Operation Notes
r=20 Remaining fractional bits
wait (tepanpel,start) Wait until transmission channel starts to write bits
while (!end of stream) ({ Repeat until the source stops sending bits
writeBits (|Repans +X]) Write | Ry .5 + | bits to the decoder smoothing buffer
r = Reyans + £ = |Riyans 7] Update the number of fractional bits
wait (1) Wait for one cycle
} Comtimuesermrding data

C.4.3 Reldtion between the two channel models

In case an [encoder generates only codestreams having the maximum size S, 4, both channel
models defiped in subclauses C.4.1 and C.4.2 are effectively the same due to the definition of R, ..
in Formula (C.5). Consequently, the transmission channel model with constanttbit rate can be|used
to dimension the system. The transmission 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 respjonsibility of the encoder to manage the transmission in such a‘way that the decoder buffer
does not ovejrflow.

C.5 Decoder smoothing buffer

The decoderjsmoothing buffer shall behave as described insubclause B.4. Based on the selected huffer
model type dlefined in subclause B.5, the size of the decoding smoothing buffer [ ,. .y is computed as
follows:

oo Thmd =0
| : cbr Wf _
Idec,max ‘Ssbo+ min Idec,max' Rtrans N max hnesXZ Thmd =1
x[1]><sy (]
(C9)
cbr —
Idec,max Tbmd =2
Idec max *
where Idec,max = R : XRirans SIdec,max
trans
NOTE Thmd = 1 (essentially leads to a system where the maximum transmission latency in lipes is

independent ¢f the jimage width W;and the target compression rate R,,,,. See sublause D.3.

C.6 Buffermodelinstance

The following buffer model parameters are specified for the profiles, levels or sublevels, referring to the
buffer model defined in subclause C.5:

base size of the decoder smoothing buffer in bits due to sublevel and profile, not in-
cluding the smoothing buffer offset defined in Table C.3. Can be infinite, if the level is
unrestricted, or the sublevel is unrestricted.

chr N

dec,max €

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

NOTE 2  In practice, in the case that Idec ‘max =, the buffer model does not apply at all. This happens when the
level or sublevel is set to be unrestricted.
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AT hax lines upper bound for the transmission latency in lines. Can be infinite.
Sebo offset to the buffer size computation.
buffer model combined with those values is called a buffer model instance.

Buffer model instance parameters

Table C.3 specifies how to derive the buffer model instance parameters from the profile, level and
sublevel constraints for implementations conforming to the packet-based constant bit rate buffer model

defin,

Tal

odinsubclauses C4 2 and CS

le C.3 — Derivation of the buffer model parameters for the packet-based const3
buffer model

nt bit rate

Bu

fer model instance parameters Value

ICbI‘
dec,max

Ngpy * Sepy (see subclause A.4)

AT, Ng,, (see Table A.1, Table A.2, Tdble A.3, Table A.4, and

Table A.5)

max,lines

S See Table A.1, Table A.2, Table A.3, Table A.4, and T4

ble A.5

sbo

C.8

C.8.

A siy
1SO/I
arev
to the

Inca
establlishes an upper bound on thenumber of bits Y:_,wge. () written to the decode
buffef. For a conforming codestream, there shall exist a function wg,.(7) that is con|
For

C.8.
This

insta
writdg

t

chann

be th
of C(i

Buffer model conformance

1 Conformance of a single codestream

1gle codestream conforming to the bufferymodel instance shall also be confc
EC 21122-1. Finally, there shall exist a value "D.,4 € N such that Formulae (B.6) to (B

hlid for all cycles t, when the temporal behaviour of the channel and decoder models
specifications in subclauses C.2 to G¥6.

e the transmission channel uses variable bit rate as defined in subclause C.4.1, Formu

rming with
.8) and (C.2)

corresponds

la (C.5) only

la (C.5) and for which Eermulae (B.6) to (B.8) and (C.2) are true.

2 Conformanceé of a sequence of codestreams

subclause defines the conformance of a sequence C = [C(1),...,C(n)] of codestreams to a
hce. For that; define the symbol ¢y, 061 start(i) @s the clock cycle where the transmis
s the fikst bit of codestream C(i). Further, define the symbol D_,4(1) to be the dg
elLst4rt(1) and the start of decoding of codestream C(1). Moreover, define the symbol

p first' codestream fragment of codestream C(i) and Fy,(C(i)) to be the last codestre
(CONtahatha

r smoothing
sistent with

buffer model
sion channel
lay between
Ffirst(c(i)) to
hm fragment

o<t oo ttrir

SR DT max ot )0

the number of codestream fragments for codestream C(i).

N((C(1)) to be

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 subclause C.8.1, and in addition, the following shall hold:

and

Vis<i <n:tdec,start (Fﬁrst (C(i+1)) ztdec,read (Flast (C(i))+1

Se¢,max (C(1))x8

Ne(C(D))
le NCg (f)

=const =R,
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C.8.3 Decoder conformance

A decoder conforming to a buffer model instance shall be able to decode all codestreams that are
conforming with the buffer model instance.

C.8.4 Encoder conformance

An encoder is conforming to a buffer model instance if all codestreams it generates are conforming to
the buffer model instance. Moreover, the encoder shall provide the codestream fragments at such time
instances so that the decoder can receive them through the transmission channel at the time instances
assumed by the buffer model.

C.8.5 Decpder implementation deviations

A decoder implementation conforming to a buffer model instance may deviate from-the temjporal
behaviour of the decoder model defined in subclause C.2. However, it is then the responsibility ¢f the
implementation to take all necessary measures to ensure that this implementation i§able to decojde all
conforming fodestreams correctly.

C.8.6 Tramsmission channel deviations

Decoder implementations conforming to a buffer model instance assurme a bit rate transmission
behaviour gs defined in subclause C.4. In case the actual trapnsmission channel violates these
assumptiond, means shall be provided to transform the actual~transmission behaviour int¢ one
correspondihg to subclause C.4. These means should be defined4n application-specific specificatiIns.
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Encoder model, latency bounds and codestream conformance
properties for the packet-based constant bit rate buffer model

D.1

Anne

ik B and Annex C define the requirements on conforming decoders and codéstrear

General

enco
that
contd

Base

of co}forming codestreams and system implementations, consisting”of a conforming
er. This includes in particular a latency bound of conforming.encoder-decoder systen

deco

D.2

The €
being

smodthing buffer at cycle t

Neg({)

o~

LetS
mode

kystem implementations with low end-to-end latency are possible indépendent ¢
nt contained in the codestream.

h

er and decoder implementations of different vendors are interoperable. Moreover,

on the subclauses of Annex B and Annex C, it is possible to derive some fundament

Encoder model

ncoder unit of the system model described in subiclause C.3 generates a sequence of
a sequence of codestream fragments. Each codéstream fragment fe N is written tqg

(f)e Ng. Thelatter depends on the number of coeffi

enc,write
in codestream fragment i:

f=1

tenc(f—1) otherwise

f
nc,write (f)= ZNcg(i)J_lchg (f)+{
i=1

its(f) be the number of caded bits for codestream fragment f. Then data generation o
1 is described by the pseudo code in Table D.1.

Table D.1 — Encoder pseudo code

ns such that
they ensure
f the image

1]l properties
encoder and
ns.

rodestreams
the encoder

cient groups

(D.1)

[ the encoder

Operation Notes

L Reset codestream fragment counter

whilp (!end\of stream) ({ Repeat until the stream is interrupted
walf (Negf) - 1) Wait N ,(f) - 1 clock cycles
wrifreBits (bits, Spics(£)) Write Sy;s(f) bits to smoothing buffer
wait (1) Go to next cycle
f=rf+1 Go to next fragment

}

© ISO/IEC 2022 - All rights reserved
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D.3 Buffer relations

For the constant bit rate transmission channel model defined in subclause C.4.2, the fill level of the
encoder smoothing buffer at the end of cycle te Ny, is computed by:

Ienc (t)

> (D.2)
2 b1ts f)Xé enc write (f)) [(t +1- tchannel,start )X Rtrans :| Xé (t - tchannel ,start )
f=1

NOTE1  Whenty, . \rite(f) =0and ¢ panner start = 0, the encoder produces data in the cycle t = 0. and transmission
immediately startsat ¢t = 0.

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

tdec,read f) = tchannel,start + Dc2d + tenc,write (f) (D_B)

tdec ,start (1)

For a constdnt bit rate transmission channel model of subclause C.4.2, the fill level of the defoder
smoothing buffer at the end of cycle tyo. srar¢(1) + ¢ is computed as:

Idec (tdec start (1) +t)

(D-4)
:'_(tdec tart (1)+t tchannel start +1)XRtransJ Zsblts (f)Xé( enc write (f))
f=1

tdec start(1) 1§ the cycle where the decoder starts decoding.
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